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In a 1 m ol d m -3  solution of hydrogen chloride the dissolution o f liquid and solid 
gallium  anodes has been  studied as a function  o f m ercury present as an im purity. 
Already at a concentration  of 9 .7 X 1 0 -5  a t.% , m ercury alters the rate o f dissolution  
o f a solid gallium  anode in  both its active and passive regions. In  contrast, a liquid  
gallium  anode is dissolved at a rate w hich rem ains v irtu ally  unchanged even in  the  
presence of 1.7 X 10 ~2 at.%  mercury. The rate, lg j ,  o f the dissolution of a solid gallium  
anode w ith a sm all m ercury contam ination ( 1 0 -4  —1 0 -3  a t.% ) is linearly increased  
in  both the passive and active regions, w ith  increasing concentration of m ercury  
(lg C'ug). This increase caused by m ercury is reduced when its concentration increases,

a ig C ;
decreases.

- H8Presum ably th e  atom s of mercury present as an im purity adsorbed on the sur
face of solid gallium  w eaken the bonding of gallium  atom s adjacent to  them  and thus 
break up the oxide layer, which is present also in  the active region on the solid gallium  
surface and inhibits its  dissolution, in consequence o f this, anodic dissolution is enhanced.

T h e changes o f som e e lectrochem ical p ro p ertie s  of ga llium  as a fu n c tio n  
o f th e  p u r ity  o f th is  m e ta l can  be m easu red  accu ra te ly . T h u s, for in stan ce , 
p .p .m . m e ta l im p u ritie s  o f  gallium  are  e ith e r  ad so rb ed  on its  surface (H g, P b ), 
or change its  la ttic e  p a ra m e te rs  (Ag), b o th  affec ting  th e  hyd rogen  o v er
v o ltag e  [1].

I t  m ay  be ex p ec ted  th a t  changes in  th e  su rface  s ta te  or th e  c ry s ta l 
s tru c tu re  of th e  e lec tro d e  m eta l in  its  also a ffec t th e  ano d ic  b eh av io u r of ga l
lium . T here  is am ple in d ic a tio n  in  th e  l i te ra tu re  th a t  also s lig h t am o u n ts  o f 
a lloy ing  m etals s ig n if ican tly  change th e  anod ic  b eh av io u r o f m eta ls . A ccording 
to  s tu d ies  carried  o u t b y  I v a n o v  et al. [2 ], 0 .8 %  m ercu ry  in  a lum in ium  sh ifts 
th e  re s tp o te n tia l o f th e  la t te r  tow ards n eg a tiv e  values. Sm all am oun ts o f 
gallium , ind iu m  or th a ll iu m  (0.01 — 0 .02% ) s ig n ifican tly  a ffec t th e  anodic  
b eh av io u r of a lu m in iu m ; i ts  re s tp o te n tia l is sh ifted  to  n eg a tiv e  values an d , 
co m p ared  w ith  resu lts  fo r  p u re  a lum in ium , th e  ra te  o f  its  anod ic  d isso lu tion  
is s ig n ifican tly  increased  [3]. S im ilar re su lts  a re  described  [4] in  th e  cases o f 
a lu m in iu m  an d  in d iu m , o r a lum in ium  a n d  t in  alloys, i f  th e  q u a n t i ty  of alloying 
in d iu m  or t in  is be tw een  0.5 an d  6 .0% .

I n  a review  b y  K h o l o t y r k in  [5 ] , m en tio n  is m ad e  o f a  connection  
b e tw een  th e  p u r ity  o f th e  m e ta l an d  i ts  ra te  o f au to -d isso lu tio n : accord ing
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2 SZABÓ, SÓLYMOS: ANODIC BEHAVIOUR OF GALLIUM

to  th is ,  th e  ra te  of au to -d isso lu tio n  o f  p u re  iron  an d  th a t  o f  iro n  electrodes 
w h ic h  co n ta in  some a lloy ing  m e ta l d iffer b y  0.5 —1.0 o rd e r o f  m ag n itu d e . 
A lso in  th e  case of anodes in  g alvan ic  cells th e  effect o f m e ta l c o n ta m in a n ts  
h a s  b e e n  thorough ly  s tu d ie d . T h e  ra te  o f au to -d isso lu tio n  o f th e  n eg a tiv e  
p la te  o f  a  lead  cell is su b s ta n tia lly  in creased  b y  one p .p .m . p la tin u m ; th o u g h  
to  a  lesser degree, also co p p er, b ism u th  an d  silver im p u ritie s  acce lera te  th e  
a u to -d isso lu tio n  of lead  [6].

T h e  effects of th e  v a rio u s  a lloy ing  m eta ls  in  steel o r in  o th e r  s tru c tu ra l 
m e ta ls  are  ex tensively  s tu d ie d  also w ith  reg a rd  to  th e ir  re s is tan ce  to  co rro 
s io n  [7]. T he hydrogen  o v e rv o ltag e  o f  gallium  is s ig n ifican tly  increased  b y  
m e rc u ry  im purities. T his m ig h t be ex p la ined  by  th e  a d so rp tio n  o f m ercu ry  on 
th e  ga lliu m  surface, w hich  covers one p a r t  decreases th e  a rea  o f  free su rface  [8]. 
I t  m ig h t be supposed th a t  im p u ritie s  w ell adsorb ing  on th e  su rface  a ffec t also 
th e  an o d ic  behav iour o f g a lliu m  b y  chan g in g  th e  s ta te  o f th e  e lec trode  su rface . 
E a r l ie r  stud ies [8] show  t h a t  ga llium  is easily  c o n ta m in a te d  w ith  m ercu ry  an d  
t h a t  th e  concen tra tion  o f th e  la t te r  can  be ad ju s ted  precisely . T hus i t  seem ed 
e x p e d ie n t to  s tu d y  th e  e ffec t o f  m ercu ry  on th e  anodic  b e h av io u r o f ga llium .

Experimental

In  a cell described in  an earlier paper [9], solid or liquid electrodes of high-purity  
(99 .9999% ) gallium contam inated w ith  am ounts o f mercury betw een 9.7 X 10 “ 6 and 1.7 X 10 -2  
at.%  were immersed in a 1 m ol d m -3  solution of hydrogen chloride, saturated w ith  hydrogen. 
The liqu id  electrode was kept a t 32 °C, the solid gallium  electrode at 28 °C.

The gallium samples w ith  m ercury im purities were prepared as described in a previous 
com m unication  [8].

A  PA R  —170 type instrum ent was used for the recording of I  and E  data [10], at scan  
rates o f  2, 10 and 100 mV/s against the norm al hydrogen electrode. The rate o f potential 
change (V) does not significantly  affect the shape of the I  vs. E  curves are shown in Fig. 1 
for liq u id  and solid electrodes o f h igh -purity  gallium , and of gallium  w ith  1.7 X lO -2  at.%  
m ercury. The m axim um  rate o f  anodic dissolution (jmax) o f high-purity gallium  as a liquid  
electrode is greater than th a t o f  the solid electrode; in contrast, the jr’max values recorded for 
ga llium  w ith  1 .7Х Ю -2  at.%  m ercury were greater in the case o f the solid electrode. The 
m axim um  rate of active d issolution  of a solid gallium  electrode w ith  1.7 X 10 ~2 at.%  m ercury 
is greater by three orders o f  m agnitude than th a t o f a solid gallium  electrode of 99.9999%  
p u rity . The j max found for a liquid  electrode o f pure gallium differs h u t slightly  from  the Jmax 
fou n d  for a similar electrode w ith  1.7 X lO -2  at.%  mercury. I t  is only in the case o f solid  
gallium  th at mercury affects th e  rate o f anodic dissolution to a significant degree, therefore, 
experim ents carried out w ith  solid electrodes will be discussed first. F igure 2 shows th at at 
E  =  const., there is a linear correlation betw een lg jr and lg C^g for low  m ercury concentra

tions o f  10 to 10_5 at.%  in the active section , and that the slope ( 2- p Á j  varies in the range

from  1.09 to 1.19 (c f  Table I). H ow ever, a t greater concentrations of m ercury, the curve deviates  
from  th e  straight line: the increase of the rate o f active dissolution is dim inished at greater

concentrations of mercury i.e. the  value of j  decreases.

I t  m ust he noted th a t also in  the case o f solid gallium electrodes containing m ercury, 
th e  reproducibility o f I  vs. E  curves is worse than  w ith  liquid electrodes, as found in the case 
o f  h igh-purity solid gallium  electrodes [10]. The lg j  values were determ ined b y  a com puter  
from  th e  experimental I  — E  pairs. R epeated m elting and freezing o f gallium  sam ples con
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taining m ercury m ay alter the composition o f  th e  surface layer of the electrode: this is another  
detrim ental feature as reproducibility is concerned. Our tests have shown that re-m elting and 
freezing do not significantly  affect the param eters o f  the polarization curves o f solid gallium . 
Nevertheless, in  order to  achieve a better com parability , the l g j  vs. E  curves were p lotted  
using data obtained after the first freezing o f  gallium  electrodes containing mercury.

Fig. 1. lg j  vs. E  curves (1) for a solid gallium  electrode w ith 1.7 X  10 ~2 at.%  mercury, (2) for 
a liquid gallium  electrode w ith  the same am ount o f  m ercury, (3) for a solid, high-purity gallium  
electrode, (4) for a liquid, h igh purity gallium  electrode, all in  a 1 m ol d m -3  solution o f hydro

chloric acid. Rate of p oten tia l change v =  100 mV sec -1

Fig. 2. lg j  vs. CH„ curves for a solid gallium  electrode in  a 1 m ol d m -3  solution o f hydro
chloric acid, a t a potentia l o f  ( 1) —520 mV, (2 ) —530 mV, (3) —540 m V, (4) —550 m V, and  

(5) —560 m V. CHg is the concentration  m ercury in  at.%

1* Acta Chim. Acad. Sei. Hung. 103, 1980
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Table I

E
(mV)

/  6 i g j \*  
\8  lg CbJ e

— 520 1.09

- 5 3 0 1.16

- 5 4 0 1.14

- 5 5 0 1.16

- 5 6 0 1.19

* Slope in the active phase when E  =  constant

Slope of the lg j n vs. lg CHg curve, E  /  constant 

d  lg imax
d lg CHg

=  1.50

Slope of the \ g j p vs. lg CH„ curve plotted for the passive region; E

<> Igjp

constant

3 lg CHg
=  1.76

Discussion

W hen E  is c o n s ta n t, g rea te r a m o u n ts  o f  m ercu ry  in  th e  solid g a llium  
a n o d e  increase th e  r a te  o f d isso lu tion  in  b o th  th e  ac tive  an d  passive reg ion . 
W e suppose th a t  m ercu ry  is adso rbed  on  th e  su rface  of th e  gallium  electrode [8] 
a n d  covers its  fra c tio n  0 Hg. More m e rc u ry  reduces th e  n u m b e r o f free s ites 
fo r  d isso lu tion  (1 — 0 Hg) an£l t l̂e re su lt to  be  expected  is a decrease of th e  r a te  
o f  d isso lu tion  w hen  th e  m ercu ry  c o n te n t increases. H ow ever, ex p e rim en ta l 
d a ta  show  th a t  w ith  m ore  m ercu ry  p re se n t on th e  solid anode, th e  an o d ic  
d isso lu tio n  is en h an ced , w hile on th e  liq u id  gallium  anode no such  effect is 
n o ticeab le : th e  r a te  o f  anod ic  d isso lu tion  is n o t affected  b y  changes in  th e  
a m o u n t of m ercu ry  p re se n t. I f  th e  a d so rp tio n  o f m ercury  is supposed  to  occu r, 
th e  increase of th e  r a te  o f  d isso lu tion  m a y  be  exp lained  b y  th e  a ssu m p tio n  
t h a t  th e  m ercu ry  a to m s adso rbed  on th e  ga lliu m  surface loosening  th e  b o n d in g  
o f  gallium  atom s since a p a r t  of Ga G a in te rac tio n s are  rep laced  in  p a r t  
b y  w eaker Ga* H g  in te rac tio n s .

T his w eaken ing  effect supposed ly  e x e rte d  b y  m ercu ry  a tom s in  th e ir  
v ic in ity  rem oves th e  ox ide  layer, o therw ise  p re sen t on solid gallium  elec trodes 
a lso  in  th e ir  ac tiv e  p h ase  [11], w hich p re v e n ts  d isso lu tion . T h u s th e  escape 
o f  th e  m ore w eakly  b o n d ed  an d  m ore a c tiv e  gallium  ato m s from  th e  e lec tro d e  
su rface  needs a low er a c tiv a tio n  energy , consequen tly , th e  r a te  of an o d ic  
d isso lu tion  becom es g re a te r  as a re su lt o f  th is  w eakening effect. I n  th e  cou rse  
o f  ad so rp tio n  of m ercu ry , a frac tio n  0 Hg o f th e  surface becom es covered w ith
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m ercu ry  an d  th is  d im in ishes th e  r a te  o f  anod ic  d isso lu tion . T he d isso lu tio n 
en h an c in g  effect d u e  to  bond  w eak en in g  b y  ad so rb ed  m ercu ry  a tom s on solid 
gallium  is, how ever, m u ch  g reater, hen ce  m ore  m ercu ry  increases th e  r a te  o f 
anodic  d isso lu tion .

In  order to  u n d e rs ta n d  the  m ech an ism  b y  w hich  m ercu ry  affects d isso
lu tio n , we suppose t h a t  th e  am o u n t 0 Hg o f m ercu ry  ad so rb ed  on th e  gallium  
surface  governs th e  a m o u n t 0 Ga* o f  w eak ly  b o n d ed  gallium  atom s on th e  
oxide-free surface a re a s : 0 Ga* ~  0 Hg. T h e  ra te  o f d isso lu tio n  on surface a reas 
free o f m ercu ry  a n d  o f  w eakly  b o nded  g a llium  a to m s is j '  =  j °  (1 — 0 Hg— 0 Ga*), 
w here j °  is th e  r a te  o f  anodic  d isso lu tion  w hen  0 Hg =  0 an d  0 Ga* =  0.

T h e  ra te  o f d isso lu tio n  on a su rface  covered  w ith  loosened gallium  a to m s 
is j* .  0 Ga*, w here j *  is th e  ra te  of d isso lu tio n  w hen  0 Ga* =  1.

G enerally , i.e. w h en  0 <C 0 Hg <  1, th e  r a te  o f  d isso lu tion  of a so lid  
gallium  anode is

j = j ° (  l - 0 H g - 0 G a . ) + J * 0 Ga. ( 1 )

I f  we suppose th a t  a t  low  CHg, th e  0 Ga* =  к  0 Hg, w here  к  is in d ep en d en t o f 
th e  co n cen tra tio n  o f  m ercu ry , E q. (1) can  be  re a rra n g ed  to

U * — j° ) 1 +  T к в H g - (2)

I f  j*  j ° ,  an d  in  th e  ran g e  w here j  jf°, th e  e q u a tio n  is

j  ^  j*  0 Hg к  (3)

I t  is supposed  t h a t  th e  iso th e rm

0 Hg B C Hg (4)

describes th e  co n n ec tio n  betw een th e  coverage  b y  m ercu ry  0 Hg an d  th e  con
c e n tra tio n  of m ercu ry  CHg; i f  th is  is s u b t i tu te d  in to  E q . (3), th e  re su lt is

j  ^  j* k B C Hg (5)

or, w ith  th e  c o n s ta n ts  collected in  one  te rm : j * k B  =  A ,  an d  ta k in g  lo g a
rith m s,

I g j ^ l g  A  +  lg  CHg

i.e. lg  j ,  th e  lo g a rith m  o f th e  anodic d isso lu tio n  ra te  increases lin ea rly  w ith

lg  C Hg-
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T his is in  ag reem en t w ith  th e  f in d in g  th a t  a t  low co n cen tra tio n s  (10 
to  1 0 ” 3 a t .% )  o f m ercu ry , l g j  is a lin e a r  fu n c tio n  o f lg CHg w h en  E  is k e p t  
c o n s ta n t . D ev ia tions occur from  th is  l in e a r ity  w hen th e  c o n c e n tra tio n  o f  m e r
c u ry  becom es g re a te r  (c f. F ig. 2), co n seq u en tly , a t  g rea te r CHg, th e  s im plify ing  
a ssu m p tio n  of 0 Оа* ^  к  0 Hg is n o t  v a lid  and  also th e  0  =  f ( C Hg) iso 
th e rm  is m ore com plica ted . T he p re c ip ita tio n  of m ercu ry  on  th e  gallium  
su rface  w hen th e  co n cen tra tio n  o f th is  c o n ta m in a n t becom es g rea t is also 
possib le .

T h e  c u rren t j max also increases w h en  CHg increases; a t  low  co n cen tra tio n s  
o f  m e rc u ry  also th e  l g / max vs. lg  CHg cu rv e  is linear. F ro m  th is  s tra ig h t line , 
d e v ia tio n s  occur w hen  CHg becom es g re a te r  (Fig. 3). T he p o te n tia l  co rresp o n d 
in g  to  th e  p o in t w here  ymax is th e  g re a te s t  is changed  to w ard s p o sitiv e  va lu es  
w h en  th e  m ercu ry  co n cen tra tio n  increases. T his phenom enon  m ay  be in te r 
p re te d  as being a consequence o f th e  fo rm a tio n  of a p a ss iv a tin g  lay e r be ing  
h in d e re d  ra th e r  m ore on a gallium  su rface  co n tam in a ted  w ith  m ercu ry  th a n  
o n  a  p u re  gallium  surface . Since th e  ch em iso rp tio n  of oxygen  or w a te r, p reced 
in g  th e  fo rm atio n  o f  a p a ss iv a tin g  la y e r  is energetically  less fav o u red  on  a 
g a lliu m  surface t h a t  carries som e m e rc u ry  th a n  on pu re  gallium , th u s  th e  p ass i
v a t io n  o f gallium  is sh ifted  to  th e  m ore  p o sitiv e  p o ten tia ls  th e  m ore o f m ercu ry  
is on  th e  gallium  surface. In  th e  case o f th e  l g j max vs. lg  CHg cu rv e  show n in  
F ig . 3, th e  co n d itio n  o f  E  being c o n s ta n t  does n o t app ly .

M ost p ro b ab ly , th is  is th e  rea so n  w h y  th e  slope o f th e  cu rve  is g re a te r  
(1 .5) a t  low co n cen tra tio n s o f m e rc u ry  th a n  th a t  o f th e  lg  j  vs. lg  CHg 
c u rv e  in  th e  ac tiv e  sec tion  a t E  =  c o n s ta n t (cf. T able I).

As show n in  F ig . 4, th e  sh ap e  o f  th e  l g j p vs. lg CHg cu rv e , p lo tte d  fo r 
e x p e rim e n ta l p o in ts , in  th e  passive  sec tio n , is sim ilar to  th a t  o f  th e  co rresp o n d 
in g  cu rv e  for th e  ac tiv e  section , a n d  to  th a t  of th e  l g / max vs. lg  CHg cu rv e . 
T h e  lg /p  values in d ica te  th e  low est ra te s  o f d isso lu tion  in  th e  passive  sec tion  
o f  th e  lg jp  vs. E  cu rv e . The co n d itio n  th a t  E  is c o n s tan t does n o t ap p ly  h ere  
e ith e r ;  also th e  slope (1.76) is g re a te r  th a n  th a t  in  th e  ac tiv e  sec tio n  (cf. 
T a b le  I).

T he la t te r  ex p erim en ta l f in d in g  suggests th a t  th e  m echan ism  o f a c tio n  
o f  m ercu ry  is s im ila r in  th e  a c tiv e  a n d  th e  passive phases. A c o rre la tio n  
b e tw e e n  th e  change o f th e  ra te  o f ano d ic  d isso lu tion  due to  changes in  th e  co n 
c e n tra tio n  o f m ercu ry  and  th e  e ffec t th a t  w eakens th e  b o n d in g  o f g a llium  
a to m s  a d jacen t to  adso rbed  m ercu ry  a to m s an d  th u s  causes th e  p a r t ia l  d e s tru c 
t io n  o f  th e  oxide la y e r  was suggested ; th e re fo re , we m ay  ascribe  th e  co rre la tio n  
b e tw e e n  th e  change o f  d isso lu tion  r a te  in  th e  passive reg ion  w ith  th e  m ercu ry  
c o n c e n tra tio n  to  th e  sam e w eaken ing  effect, to  th e  d im in u tio n  o f  th e  p ro te c tiv e  
e ffec t o f th e  p assive  layer. T he s tu d y  o f th e  effect of im p u ritie s  on th e  r a te  o f  
an o d ic  d isso lu tion  m ay  help to  e lu c id a te  m ore accu ra te ly  th e  m ech an ism  o f 
p a ss iv e  d isso lu tion .
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Fig. 3. lgj'max vs. Ig CHg curve for a solid gallium  electrode in  a 1 m ol d m -3  solution of
hydrochloric acid

Fig. 4. lg jp  vs. lg C]_)g curve for a solid gallium  electrode in  a 1 m ol d m -3  solution o f hydro
chloric acid

E x p e rim e n ts  have show n th a t  no s ig n ifican t effect is ex erted  b y  m ercu ry , 
as an  im p u r ity , on th e  ra te  o f anodic d isso lu tion  o f liq u id  gallium : th is  m eans 
th a t  th e  e ffec t o f adsorbed  m ercu ry  a to m s is m uch  w eaker up o n  th e  su rface  
atom s o f liq u id  gallium  th a n  upon  th o se  on  solid gallium .

T his dependence o f th e  effect o f  c o n ta m in a n t m ercu ry  on th e  s ta te  o f 
gallium  m a y  be  ascribed to  th e  fac t t h a t  solid gallium  has a rhom bic , pseudo- 
te tra g o n a l, looser la ttic e  s tru c tu re  th a n  has liq u id  gallium , w hich  is m ore 
com pact. T h u s  th e  loosening effect o f m ercu ry  a tom s is g rea te r  on  th e  less
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c o m p a c t solid gallium  electrodes th a n  in  on th e  liq u id  ones. D ue to  th e  s tro n g e r 
loosen ing  effect, m e rcu ry  atom s on  th e  su rface  o f solid gallium  electrodes 
decom pose in  th e ir  v ic in ity  th e  ox ide la y e r  — a lread y  p re sen t in  th e  ac tiv e  
s ta te  — w hich in h ib its  d isso lu tion . T h is causes a su b s ta n tia l increase o f th e  
r a te  o f anodic d isso lu tio n  in  b o th  th e  ac tiv e  an d  th e  passive s ta te s . In  con
t r a s t ,  w hen th e  gallium  anode is liq u id , th e  s lig h t loosening effect causes h a rd ly  
a n y  increase in  th e  r a te  o f anodic  d isso lu tio n  in  th e  ac tiv e  p h ase  w hen  th e  
su rface  of th e  liq u id  gallium  m ay  he considered  free from  oxide. A lso, due  to  
th e  slightness o f th e  loosening effect, th e  ox ide lay e r w hich w orks a g a in s t 
d isso lu tio n  w ill n o t be  decom posed in  th e  passive  s ta te s , th u s  no su b s ta n tia l 
in c rea se  of anodic  d isso lu tion  will occur h ere  e ither.
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The investigation  o f m ass spectra o f some new ly synthesized  dithio-silacyclo- 
pentane com pounds was carried out. B oth  low  and high resolution spectra were taken  
and beside the m olecular ions the m ost characteristic fragm ent ions were also identified  
b y  photoplate detection and high precision m ass m easurem ent. The respective frag
m entation processes were suggested. Som e inform ation on properties o f the S — S i—S 
bond, and the respective heterocyclic ring, were obtained too.

Introduction

In  th e  la s t few  years a n u m b er o f he terocyclic  com pounds co n ta in in g  
silicon (or g erm an iu m , tin , lead) and  su lp h u r have been  p rep ared , w hich co n 
ta in  one or m ore Me — S bonds (Me =  Si, Ge, Sn, P b ) in  th e  heterocyclic  rin g . 
T h e  in v es tig a tio n  o f  th e se  ty p e s  of com pounds m ay  p ro v id e  in te re s tin g  in fo r
m a tio n s  on th e  (p  — d)jr c h a ra c te r  o f th e  S i—S bond . T h e  in v es tig a tio n  o f  th e  
m o lecu lar s tru c tu re  o f th ese  com pounds is especially  u sefu l since due to  th e  
re la tiv e  r ig id ity  o f th e  rings th e  n u m b er o f th e  possible conform ers is lim ite d  
a n d  th e  q u an tu m m ech an ica l t r e a tm e n t is, accord ing ly , s im pler. V arious ty p e s  
o f th e se  com pounds h av e  been  in v e s tig a te d  b y  m ass sp ec tro m e try , too [1, 2, 3]. 
I n  th is  p ap e r th e  re su lts  of a  m ass-spectroscop ic  s tu d y  o f som e new  com pounds 
sy n th esized  in  o u r la b o ra to ry , are  p resen ted . The com pounds in v es tig a ted  
an d  th e ir  m ass sp e c tra  are show n in  F igs 1 —4.

Experim ental

A double focusing m ass spectrom eter/graph of the typ e  JE O L  JMS —OISG — 2 was 
used for recording th e  low  and high resolution m ass spectra. The pressure in the electron im pact  
ion source was 1 — 2 .1 0 -6  torr, in the analyzer it  was lower than 1 .1 0 -7  torr. Ion-accelerating  
voltage  of 10 kV, electron energy o f 75 eV, and ionizing electron current o f  200 p A  were applied.

The low resolution spectra were taken and evaluated b y  the on-line data system  o f the  
instrum ent. The high resolution spectra were recorded on photoplates ILFO RD Q — 2. The  
low  and high resolution m easurem ents were carried out using a resolving power of 1500 and  
~ 2 0  000, respectively. The accuracy o f the m ass m easurem ent was m o stly  better than 15 ppm . 
Continuous sam ple-flow technique w as applied. T he preparation and purification of the com 
pounds have been described earlier [4].
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10 MÜLLEB et aL: HIGH RESOLUTION MASS-SPECTROMETRIC INVESTIGATION

Results and Discussion

a) Investigation  o f  the molecular ions

B o th  silicon an d  su lp h u r h av e  sev e ra l isotopes [5] a n d , accord ingly , 
m o lecu la r  ions of v a rious iso topic  co m p o sitio n  are to  be fo u n d , even i f  only  
th e  iso to p es of considerab le  a b u n d an ce  a re  ta k e n  in to  a cco u n t. D ue to  th is  
f a c t ,  th e  sp ec tra  are  m ore com plica ted , b u t ,  on th e  o th e r h a n d , th e  iso tope  
p e a k s  can  be used to  check th e  re lia b ility  o f  th e  id en tif ic a tio n  o f th e  ions in 
q u e s tio n . F o r th e  ca lcu la tio n  of ionic m asses th e  m ass tab le  o f D ie t z e ’s book [5] 
w as u sed .

Table I
Molecular ions o f  compounds I —IV

Rel. int. % m/e Chemical formula
calc. meas. Required

Mass
resolution

Compound I

49.7 164 C5H 12S,Si 164.015 164.016

5.6 165 13CC4H ]2S2Si
C3H 13S2Si

165.018]
165.023 165.021 — 37.000

6.1 166 13CC4H 13S2Si 166.026 166.025

0.9 167 >3CC4H 13S22SSi 167.026 167.026

Compound П

63.7 226 C10H 14S2SÍ 226.031 226.031

11.0 227 13CC9H 14S2Si 227.034 227.035

8.1 228 C ^ H ^ S S S i
C10H 14S23°Si

228.026]
228.027 228.028 ~  220.000

1.7 229 13CC9H I434SSSi
13CC9H 14S23°Si

229.030
229.031 ■ 229.031 ~ 220.000

0.4 230 C10H ,434S2Si
C10H1434SS3°Si

230.022
230.023 230.022 — 220.000

Compound III

100.0 288 C)5H16S2Si 288.046 288.047

22.5 289 I3CC14H 16S2Si 289.050 289.048

13.8 290 CI6H ,6S23°Si
CI5H 1634SSSi

290.043]
290.042 290.045 — 280.000

2.6 291 13CC14H 16S23°Si
13CC14H 1634SSSi

291.046’
291.045 291.047 — 280.000

0.8 292 C15H 1634SS33Si 292.039 292.043

Compound IV

100.0 240 C6H 12S4Si 239.959 239.961

14.4 241
13CC5H 12S4Si

240.967]
240.962

240.967 — 54.000

21.4 242 C6H I234SS3Si
C6H 12S430Si

241.955'
241.956

241.957 — 230.000
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T he ex p ec ted  a n d  m easured  iso top ic  m o lecu la r ions are sum m arized  
in  T ab le  I. O f co u rse , n o t all th eo re tica lly  possib le  com b in a tio n s of iso topes 
have been  con sid ered , on ly  those , g iv ing  su ffic ien tly  in ten s iv e  lines o n  th e  
p h o to p la te .

I t  is to  be m e n tio n e d , th a t  m ost o f  th e  sp e c tra l lines m easured  a re  in  
fac t v e ry  close d o u b le ts  n o t sep a ra ted  b y  th e  reso lv in g  pow er availab le . F o r  
th is  reaso n  th e  a c c u ra c y  o f th e  m ass m e a su re m e n t is n o t  as h igh  as u su a lly , 
an d  th e  in te n s ity  d a ta  are  also u n c e rta in  to  som e e x te n t. N evertheless, th e  
re liab ility  o f th e  id e n tif ic a tio n  of th e  ion ic  species in v e s tig a te d  is com plete ly  
sa tis fac to ry . S evera l p eak s of low  in te n s ity  ( < 1 % )  a n d  o m itted  in  th e  low  
reso lu tion  sp ec tra  p re se n te d , have  been re lia b ly  id en tif ied  using p h o to p la te  
de tec tion .

b ) The characteristic fra g m en t ions 
and the fragm enta tion  processes

T he ex p ec ted  a n d  m easured  m ass va lu es  o f  th e  fra g m e n t ions considered  
ch a rac te ris tic  are  p re se n te d  in  T ab le  I I .  T h e  base  p e a k  o f  com pounds I  a n d  I I  
is th e  peak  of th e  M  — C H 3“1 + frag m en t ion ,

c h 2- s  с ш Г  CH2- S  T
V /  1 -15  I \  .

I /s \  - С Н - Г /Sl  B
CH3—CH— S В (СНз; C6H5) CH3— CH— S

while th a t  of co m p o u n d  I I I  is th e  peak  o f th e  M +- m o lecu lar ion. T hus i t  c an  
be concluded, t h a t  th e  cleavage o f th e  S i—C H 3 b o n d  occurs m ost easily  [6], 
and  th e  fiv e  m em b ered  rin g  con ta in ing  th e  su lp h u r  a to m s i.e. th e  S —S i—S 
bond  is ra th e r  s ta b le . T h is s ta b ility  can  be ex p la in ed  b y  th e  overlap  of th e  р л 
and  d„ o rb ita ls  in  th e  S — Si bond . The s ta b il i ty  o f th e  m o lecu la r ion  o f co m 
p o und  I I I  can  be  in te rp re te d  b y  th e  in te ra c tio n  b e tw een  th e  delocalized л  
e lectrons o f th e  p h e n y l groups an d  th e  d -o rb ita ls  o f th e  silicon a tom .

A n o th e r c h a ra c te r is tic  f ra g m e n ta tio n  process is th e  successive loss o f  
a H 2S m olecule ( r a th e r  com m on for su lp h u r com pounds) m o st p ro b ab ly  in  
th e  follow ing w ay :

CH2- S

S i—R  ~ 34 - >-  CHs—  0 += C H —Si—В
I /  - H 2S II

СНз— CH— S s

F u rth e r  c h a ra c te ris tic  process is t l  e a d d itio n a l loss o f th e  C3H 4 group:

c h 3- c= c h - s; - b  -— s= sí- r  
II - C'H* s
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12 MÜLLER et al.; HIGH RESOLUTION MASS-SPECTROMETRIC INVESTIGATION

F ig. 1. Mass spectrum  o f l,l,3 -tr im ethyl-2 ,5 -d ith io-l-s ilacyclopentan e; Compound I

Fig. 2. Mass spectrum  o f l,3 -d im ethyl-l-p henyl-2 ,5-d ith io-l-silacyclopentane; Com pound П

ДО 100 150 200 250
m /e

F ig. 3. Mass spectrum  of l,l-d iph en yl-3-m ethyl-2 ,5 -d ith io-l-si!acyclopentan e; Com pound Ш

Д0 100 150 200
m /e

Fig. 4. Mass spectrum  of 2 ,7-d im ethyl-l,4 ,6 ,9-tetrath io-5-silasp iro[4.4]nonane; Com pound IV
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The m o st in tensive  p eak s  in  the  sp e c tru m  o f com pound  IV (beside th a t  o f  th e  
m olecular ion) a p p ea r a t  m ass n u m b ers  198 a n d  165 in d ica tin g  th e  successive 
loss o f th e  C3H 6 g roup  an d  HS' rad ica l, re sp ec tiv e ly , fo r w hich  th e  fo llow ing 
f ra g m e n ta tio n  and  rea rran g em en t p rocesses m ay  be suggested :

M +'
- 4 2

- C 5HG

S— C H s]+"

V
/  \  I .

S S— CH— CH3

—33
- H S '

я CH*
V II
Si—S — C— CH3

/s

Table II

High resolution mass spectral data o f  compound I (fragments)

m/e Chemical formula
calc. meas.

Mass

149 C4H 9S2Si 148.992 148.995

119 C2H 3S2Si 118.945 118.943

115 C4H 7SSi 115.004 115.005

109 CH6S2Si 108.960 108.962
105 CHS2Si 104.929 104.932

C3H9SSi 105.016 105.021

91 C2H 7SSi 91.004 91.007
75 CH3SSi 74.972 74.981
61 HSSi 60.957 60.956

58 C2H 6Si 58.024 58.025
C2H 2S 57.988 57.988

47 CH3S 46.996 46.996

45 CHS 44.980 44.982
43 CH3Si 43.000 43.003

C3H 7 43.055 45.056
41 CHSi 40.985 _

C3H 5 41.039 41.038

A nother p e a k  of re la tiv e ly  high in te n s ity  is fo u n d  a t  m ass n u m b er 133, th e  
e lem ental com position  o f  w hich is g iven  b y  th e  fo rm ula  C3H 5S2Si. I t  is q u ite  
in te re s tin g , th a t  th e  SiS^~ io n  is also fo u n d  in  th e  sp ec tru m  a t  m ass n u m b er 156, 
p resen tin g  a n o th e r ev idence  for the  s t r e n g th  o f th e  S —Si b o n d .

*

The authors are ind eb ted  to Dr. I. Co r n id e s  for helpful discussions and suggestions. 
Furthermore, we would like to  express our thank to  Mr. J. B r l ik  for his technical assistance.
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Table П . (cont.)

High resolution mass spectral data o f  compound II (fragments)

m /e Chemical formula
calc. meas.

Mass

2 1 1 C9H „S2Si 2 1 1 .0 0 7 2 1 1 .0 0 6

1 77 C9H9SSi 1 7 7 .0 1 9 1 7 7 .0 2 0

171 C6H7S2Si 1 7 0 .9 7 6 1 7 0 .9 8 0

1 49 C4H9S2Si 1 4 8 .9 9 1 1 4 8 .9 9 0

1 37 C6H5SSi 1 3 6 .9 8 8 1 3 6 .9 8 6

1 33 C3H5S2SÍ 1 3 2 .9 6 0 1 3 2 .9 5 7

121 C7H„Si 1 2 1 .0 4 7 1 2 1 .0 4 9

o f com pound П1 (fragments)

2 5 4 C15H I4SSi 2 5 0 .0 5 9 2 5 4 .0 5 6

2 4 6 ^ 12-^10^2^1 2 4 5 .9 9 9 2 4 5 .9 9 8

22 8 C13H 12SSÍ 2 2 8 .0 4 3 2 2 8 .0 4 3

2 1 6 C,2H,.,SSi 2 1 6 .0 4 3 2 1 6 .0 4 2

2 1 4 C,2H ,0SSi 2 1 4 .0 2 7 2 1 4 .0 2 7

2 1 2 С Д А Ч ! 2 1 2 .0 0 7 2 1 2 .0 0 6

21 1 C9H ,jS2Si 2 1 1 .0 0 7 2 1 1 .0 0 8

2 1 0 C9H10S2Si 2 0 9 .9 9 9 2 0 9 .9 9 9

181 C12H9Si 1 8 1 .0 4 7 1 8 1 .0 5 0

17 7 C9H9SiS 1 7 7 .0 1 9 1 7 7 .0 2 4

171 C6H7S„Si 1 7 0 .9 7 6 1 7 0 .9 8 1

1 5 4 C7H 10SSi 1 5 4 .0 2 7 1 5 4 .0 2 5

13 7 C6H5SSi 1 3 6 .9 8 8 1 3 6 .9 9 7

11 8 1 1 8 .0 7 8 1 1 8 .0 7 8

10 9 C6H6S 1 0 9 .0 1 1 1 0 9 .0 1 2

105 C6H5Si 1 0 5 .0 1 6 1 0 5 .0 1 9

7 7 C6H5 7 7 .0 3 9 —

o f compound TV (fragments)

2 2 5 C6H9S4Si 2 2 4 .9 3 6 2 2 4 .9 4 4

19 8 C3H6S4Si 1 9 7 .9 1 2 1 9 7 .9 1 6

18 3 C2H3S4Si 1 8 2 .8 8 9 1 8 2 .8 9 3

1 6 7 C3H7S3Si 1 6 6 .9 3 2 1 6 6 .9 4 9

16 5 C3H5S3Si 1 6 4 .9 3 2 1 6 4 .9 3 1

15 6 S4Si 1 5 5 .8 6 5 1 5 5 .8 6 4

15 1 C2H3S3Si 1 5 0 .9 1 7 1 5 0 .9 1 7

13 3 C3H5S2Si 1 3 2 .9 6 0 1 3 2 .9 6 2
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Triple ion  form ation of sod ium  iodide in 1-octanol at 25 °C has been studied  b y  
electrical conductance m easurem ents over the concentration range of 0 . 5 x l 0 ~4 — 
5 6 x l 0 -4 M . T he data were analyzed  b y  m eans of a conductance equation including  
ion atm osphere effects on ionic m o b ility . The equation used involves the lim iting m olar 
conductiv ity  o f the triple ions, /1 "L, and  im plic itly  the triple ion association constant, 
K T, as adjustable parameters. E qu al probabilities of form ing the two different kinds 
o f triple ions, N a2I + and N al2- , w ere assum ed in the calculations. Triple ion  form ation  
was found to be negligible at concentrations less than 3 . 6 x l 0 ~4 AT, w hich is in  good  
agreem ent w ith  the theory. The b est f i t  o f the conductance equation to the experim ental 
points was obtained for K j  =  97 M ~ l and A L  =  0.48 Л „ ,  where Л „  is the lim iting  
m olar conductiv ity  o f the simple ions.

As p a r t  o f a n  inv estig a tio n  [1] on  th e  reac tiv itie s  o f v a rious species, 
s im p le  ions, ion  p a irs , and  trip le  io n s , as  nucleophilic  reagen ts th e  ag g lo m era 
tio n  o f  sodium  iod ide  in  1-octanol a t  25 °C w as s tu d ied  b y  m easu rem en ts  o f 
e lec trica l con d u c tan ce . The o b jec tiv e  o f  th e  p resen t a rtic le  is to  d iscuss th e  
re su lts  o f th e  cond u c to m etric  in v e s tig a tio n , in  w hich a recen tly  deve loped  
m e th o d  [2] for e v a lu a tio n  of the  tr ip le  io n  association  c o n s ta n t and  th e  lim itin g  
c o n d u c tiv ity  of th e  tr ip le  ions is u sed .

Experim ental

T he water content o f the solvent used  (1-octanol, Riedel De H aen AG) w as found to  
be less than 0.02 vol.%  according to titra tio n  b y  the Karl Fisher m ethod. The so lven t was 
flu sh ed  for 3 h w ith  dry nitrogen to rem ove d issolved  oxygen. Its density at 25.00 ±  0.02 °C, 
corrected for the bu oyancy  effect of the air, w as 0.82167 g cm -3  using a Lipkin typ e  pycnom 
eter [3]. The electrolytic conductivity was less  than  4 X  10 -9 Q ~ l cm -1 . The values, e =  9.85  
for the relative perm ittiv ity  [4] and jj =  0 .073  P  for the v iscosity  [4], were used in th e  cal
culations.

Sodium  iodide (Merck, suprapur) w as predried for 2 h at 110 °C. Im m ediately before  
use it  w as dried again under these conditions.

Stock solutions o f sodium  iodide in 1-octanol were prepared by weight. The d ensity  
o f the solutions, determ ined as above, was fo u n d  to vary linearly w ith  the concentration of  
the sa lt according to F ig. 1.

M easurements o f  electrolytic co n d u ctiv ity  were carried out using a cond u ctiv ity  cell 
of the D a g g e t t  — B a i r — K r a u s  type [5] f it te d  w ith  bright platinum  electrodes and connected  
to a L eeds and Northrup 4666 conductivity bridge. The cell, which was of 1300 m l capacity , 
w as k ep t a t 25.00 ±  0.02 °C in a constant tem perature kerosene bath. Aqueous potassium  
chloride solutions were used for calibration [6 ] o f the cell. The cell constant, established b y  
several calibration, w as 0.062026 cm -1 .
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U sing a calibrated precision buret (M etrohm  H erisau, D osim at E  535), kept in an air 
th erm osta t at 25.00 ±  0 .02 °C, portions of a stock  sodium  iodide solution were successively  
added to  the cell in itia lly  containing a known am ount o f the pure solvent. The solution was 
a g ita ted  by a m agnetic stirrer. After each addition  th e  cell resistance was determined at  
different frequencies b etw een  2 — 3.3 kH z and extrapolated  to infinite frequency. A 20 k ß  
precision  resistor was co n n ected  in parallel w ith  th e  cell because the cell resistance was, for 
m ost concentrations in vestig a ted , outside the range o f the conductiv ity  bridge.

O 102/ M
F ig. 1. Dependence o f d en s ity  on electrolyte concentration for solutions o f N a l in 1-octanol

at 25 °C

Results

Tw o series o f  m easu rem en ts  w ere p e rfo rm ed . T he resu lts  are g iven  in  
T a b le  I  in  w hich th e  m o lar co n d u c tiv ity , Л , co rrec ted  fo r th e  c o n d u c tiv ity  
o f  th e  solvent, is g iv en  a t  several d iffe ren t co n cen tra tio n s , c.

D iscussion

E quations

I t  appears m o s t reasonable  to  assum e eq u a l p ro b ab ilities  of fo rm in g  
th e  tw o  d ifferen t k in d s  o f  tr ip le  ions, N a2I + a n d  N a I2 + .T h e  following eq u ilib ria  
w ill be  considered.

N a+ +  I -  N a l  (1)

N a l +  N a+  N a2I  + (2a)

N a l +  I -  ^  N a L f  (2b)

T h e  equilib rium  c o n s ta n t  o f (1), i.e. t h a t  o f  io n  p a ir  fo rm atio n , is deno ted  K A , 
w h ile  those o f (2a) a n d  (2b), being eq u a l o n  th e  a ssu m p tio n  above, are  d e n o t
ed  K T .

D enoting  b y  ca  th e  co n cen tra tio n s o f  N a+  an d  I - , respective ly , a n d  
b y  caT th e  c o n c e n tra tio n s  of N a2I  + a n d  N alJ", resp ec tiv e ly , we have,
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K A =  (1 — a  — 3aT)/(ca2y2) (3)

K r  =  <xT/[c a ( l  — a  — 3aT) (4)

w here  у  is th e  m ean  m olar a c t iv i ty  coeffic ien t, w hich  was ca lcu la ted  from  th e  
D e b y e —H ückel eq u a tio n  [7],

In у  l n /  =  — ß x /[2 ( l xR]  (5)

Table I

Electrical conductance data fo r  N a l  in  1 -octanol at 25 °C

Series A Series В

cx lO 4 Л CXlO* Л
M cm2 Q - 1 mol- 1 M cm2 Q- 1 mol- 1

0.54937 2.2333 0.62619 2.1529
1.0937 1.7793 0.83114 1.9624

1.6331 1.5412 1.0342 1.8192

2.1676 1.3868 1.2355 1.7096

2.6973 1.2769 1.4350 1.6203

3.2223 1.1922 1.6327 1.5450
3.7425 1.1251 1.8287 1.4810

5.9870 0.93687 2.0229 1.4255

10.417 0.75658 2.2154 1.3774

14.769 0.66312 2.4062 1.3347
21.158 0.58117 2.5954 1.2967
25.325 0.54496 2.7830 1.2625
29.422 0.51688 2.9689 1.2312

33.450 0.49451 3.1532 1.2030

37.411 0.47609 3.3359 1.1770
41.307 0.46061

47.031 0.44160

52.616 0.42617

56.265 0.41741

w here  f  is th e  m ean  ra tio n a l a c t iv i ty  coeffic ien t, R  is a d is tan ce  p a ra m e te r, 
a n d  ß  and  x  h a v e  th e ir  usual m ean ings.

In  th e  p resence  of b o th  sim p le  ions an d  tr ip le  ions th e  m olar co n d u c tiv ity  
m a y  be expressed ,

Л — m{ осЛ„ -f- а т Л 1 ) (6)
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w here  m  is a  m o b ility  co rrec tion  fac to r , w hich  correc ts  Л for ion  a tm o sp h ere  
effects an d ,

A .  =  ; T(N a+) +  A .( I - )  (7)

A l  =  M N a J  + J +  U N a l - )  (8)

A ccord ing  to  th e  conduc tance  e q u a tio n  o f F u o s s  an d  H sia  [8, 9] in  th e  
form  o f F e r n á n d e z -P r in i  [10] th e  m o b ility  co rrec tion  fac to r  m ay be expressed ,

m  =  ( Л .  -  Sc,1'2 +  F c ,1« log  c, +  J lC; -  Ъ с Г )1 Л „  (9)

w here S  an d  E  a re  coeffic ien ts w hich  depend  on Л _ , e, rj, an d  te m p e ra tu re  
w hile J x and  J 2 d ep en d , in  ad d itio n , on  th e  d is tan ce  p a ram e te r, R . T he  to ta l  
ionic co n cen tra tio n , ct, is  given b y  th e  expression ,

Cl =  c(oc +  a T) (10)

Concentration range fo r  ion p a ir  form ation

T h e p re sen t m e th o d  of ca lcu la tin g  tr ip le  ion  associa tion  co n stan ts  [2] 
req u ires  access to  th e  io n  p a ir associa tion  c o n s ta n t, K A, an d  th e  lim itin g  m olar 
c o n d u c tiv ity  of sim ple ions, Л „. To o b ta in  th ese  q u a n titie s  th e  co n cen tra tio n  
ran g e  fo r neglig ib le tr ip le  ion fo rm a tio n  w as e stab lish ed  b y  th e  fo llow ing 
p rocedure .

T he co n d u c tan ce  eq u a tio n  for pa irw ise  assoc ia ted  sy m m etrica l e lec tro 
ly tes  [8 —10],

Л  =  Л _  — Sc)12 +  Ec]° log c, +  J .c , -  J 2c f  -  К Асосу2Л  (11)

w here th e  sym bols h a v e  th e  sam e m ean ings as in  E q . (9), was f i t te d  to  th e  
fou r low est c o n c e n tra tio n  po in ts (с, Л ) o f Series A in  T ab le  I  using a p rev io u sly  
described  co m p u te r p rog ram m e [11]. B y  th is  m eans values of K A, Л „ , an d  
<т(Л), i.e. th e  s ta n d a rd  d ev ia tio n  be tw een  ex p e rim en ta l an d  com pu ted  Л -values, 
w ere o b ta in ed . T h is cu rv e  f i t t in g  w as re p e a te d  u p o n  increasing  step  b y  s te p  
th e  u p p e r lim it of th e  co n cen tra tio n  ran g e , i.e. E q . (11) was ap lied  to  th e  fiv e , 
six , etc. low est c o n c e n tra tio n  po in ts .

A g rap h  o f th e  dependence o f ог(Л) on th e  m ax im u m  sodium  iod ide  
c o n c e n tra tio n  is show n  in  Fig. 2. I t  c an  be seen th a t  th e  f i t  o f E q . (11) to  th e  
ex p e rim en ta l p o in ts  d e te rio ra tes  m ark ed ly  a t  co n cen tra tio n s  above a p p ro x i
m a te ly  З .б х Ю -4 M  in d ica tin g  th e  presence o f non-neglig ib le  am o u n ts  of 
tr ip le  ions a t  c o n cen tra tio n s  above th is  v a lue . T h is o b se rv a tio n  is in  v e ry  
good ag reem en t w ith  th e o ry  [12] acco rd ing  to  w hich  tr ip le  ion  fo rm a tio n  
o f 1 : 1 -electro ly tes in  1-octanol a t  25 °C is neglig ib le a t  con cen tra tio n s below
3.1 x i o - 4 M .
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In  th e  follow ing th e  c o n c e n tra tio n  range ab o v e  th e  ex p e rim e n ta lly  
d e te rm in ed  co n cen tra tio n  lim it o f 3 .6 х Ю -4 M  w ill be  referred  to  as th e  
“ tr ip le  ion  ra n g e ”  w hile th a t  below  th is  lim it will be re fe rred  to  as th e  “ ion  
p a ir  ra n g e ” .

T h e  six  low est co n cen tra tio n  p o in ts  o f  Series A an d  th e  po in ts  o f  Series В 
(T ab le  I) , w h ich  a re  a ll w ith in  th e  io n -p a ir  range, w ere used  to  d e te rm in e  K A

Fig. 2. D ependence of o f /1) on m axim um  sa lt concentration for application o f E q. (11) 
to conductance data o f N a l in  1-octanol at 25 °C

a n d  A „ . W ith  th e  d is tan ce  p a ra m e te r, JR, in  E qs (5) a n d  (11) set equal to  th e  
B je rru m  ra d iu s , q =  28.45 Ä, th e  fo llow ing  values of th e  co n stan ts  in  E q . (11) 
w ere  o b ta in e d : Л „  =  4.4674 cm 2 й -1  m o l-1 ; S  =  43.88; E  =  1036.4; J x =  
=  5823; J 2 =  67 100; an d  K A =  39 860 ( M -1).

Trip le  ion  form ation

T h e fo llow ing p rocedure  w as u sed  to  calcu late  th e  tr ip le  ion  a sso c ia tio n  
c o n s ta n t, K r , an d  th e  lim itin g  c o n d u c tiv ity , A f .  from  th e  13 h ig h est co n 
c e n tra tio n  p o in ts  o f Series A.

(i) F o r  each  ex p erim en ta l p o in t (c, A )  a f irs t ap p ro x im a tio n  fo r a  w as 
o b ta in e d  from  E q . (3) an d  th e  l f T-va lue  derived  above ap p ro x im a tin g  у  b y  
u n ity  a n d  a T b y  zero.

(ii) U sing  a  prese lec ted  v a lu e  o f  K T a second ap p ro x im a tio n  fo r  a T 
w as ca lc u la ted  fro m  E q . (4).

(iii) A second  ap p ro x im a tio n  fo r  у  w as derived  fro m  E q . (5) u s in g  с,- 
acco rd ing  to  E q . (10).

(iv) A b e t te r  e s tim a te  for « w as o b ta in e d  b y  in se rtin g  th e  values o f  a T 
acco rd in g  to  (ii) an d  у  accord ing  to  (iii) in  E q . (3).
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T his procedure w as rep ea ted  u n til  successive а -values as well as succes
sive a T-values differed  b y  less th a n  1 х Ю ~ 6.

T h e  fina l v a lues o f  a  an d  aT, w hich  y ie ld  c,-, an d  th e  values of Л „ , 
S , E , J v  and  J 2 d e riv ed  above were u sed  to  calcu la te , b y  m eans of E q . (9), 
th e  m o b ility  co rrec tion  te rm .

E q . (6) and  a p re se lec ted  value o f ЛЦ w ere used to  o b ta in  a ca lcu la ted  
v a lu e  o f  Л  and, hence, th e  difference,

ЛЛ — Л (ехр) — Л(са1с) ( 12)

fo r each  experim en ta l p o in t. The s ta n d a rd  d ev ia tio n , сг(Л), be tw een  ex p e ri
m e n ta l an d  ca lcu la ted  Л -values was o b ta in e d  from  th e  expression .

1/2
(13)

w h ere  N  is th e  n u m b e r o f  experim en ta l p o in ts .
T h e  procedure o u tlin e d  was re p e a te d  b y  m eans of a C yber 172 co m p u te r 

fo r d iffe ren t co m b in a tio n s  o f K T an d  A Tm to  f in d  th e  va lu es  o f these  p a ra m 
e te rs  w hich m inim ize сг(Л), i.e. w hich re s u lt  in  th e  b e s t f i t  o f E q . (6) to  th e  
e x p e rim e n ta l po in ts  in  th e  trip le  ion ran g e .

F ig . 3. Dependence o f ст(Л) on K j  for application o f Eq. (6) to conductance data for N a l  
in  1-octanol at 25 °C in  th e  triple ion range
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Som e resu lts  o f these  ca lcu la tions are show n in  F ig . 3 in  w hich cr(A) has 
been  p lo tte d  as a fu n c tio n  of K T for d iffe ren t v a lues o f  th e  q u o tien t, A j, / Л в .

To o b ta in  th a t  v a lu e  o f A Z  w hich resu lts  in  th e  b e s t f i t  o f E q . (6) to  th e  
e x p e rim e n ta l po in ts  th e  cond itiona l m in im um  va lu e  o f  <j(A) o f several cu rves 
of th e  k in d  show n in  F ig . 3 w as p lo tte d  vs. A Z /A „  in  F ig . 4. This p rocedure  
re su lted  in  a cu rve  w ith  a m in im um  a t  A Z /A „  =  0.48 suggesting  th a t  th e  
m o b ility  o f th e  tr ip le  ions is s ligh tly  less th a n  h a lf  th a t  o f th e  sim ple ions. 
I t  m ay  be n o te d  th a t  a lm o st ex ac tly  th e  sam e re su lt w as o b ta in ed  for lith iu m  
b rom ide  [2] in  1-octanol a t  25 °C fo r w hich  A Z /A „  =  0.43 w as derived . 
T his close ag reem en t suggests th a t  th e  p resen t m e th o d  m ig h t be usefu l to

Fig. 4. Dependence of conditional m inim um  о (Л ), cf. Fig. 3, on the ratio, Á L  / / 1 , for N a l
in 1-octanol a t 25 °C

A «s/A  OO
F ig. 5. E ffect o f the ratio, ЛХ./Л«., on K j  for N a l in  1-octanol at 25 °C
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F ig. 6. Experim ental values o f  A  in the triple ion  range as a function of the analytical con
centration  of N a l in 1-octanol at 25 °C. Curve 1: extrapolation of the equation  for pairwise 

association, Eq. (11), to  the triple ion range. Curve 2: best f i t  o f Eq. (6 )

F ig. 7. Concentrations o f sim ple ions (S), ion  pairs (P ), and triple ions (T) as a function  of th e  
analytical concentration o f N a l in  1-octanol a t 25 °C. K A =  39 860 (M -1 ); =  97 M - 1 ;

Л 1 /Л _  =  0.48
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o b ta in  in fo rm a tio n  reg a rd in g  trip le  io n  m obilities. P rev io u sly , ra th e r  a rb i t r a ry  
a priori  a ssu m p tio n s  concern ing  tr ip le  ion  m o b ilities have been m ade . F o r 
in stance , th e  values 1/3 an d  2/3 for A Z / A ^  h av e  b een  used  [7, 13].

T he cu rv e  in  F ig . 5 d em o n stra te s  how  th e  a ssu m p tio n  concern ing  th e  
trip le  ion  m o b ility  a ffec ts  th e  trip le  ion  assoc ia tion  co n stan t. F o r A ^ / A „  =  
=  0.48, co rresp o n d in g  to  <r(A) =  m in im u m , K T =  97 M -1. This v a lu e  m a y  
be com pared  w ith  K T =  80 M ~ x for l i th iu m  b ro m id e  [2] in  th e  p resen t so lv e n t 
a t  25 °C.

In  F ig . 6 th e  m easu red  /L v a lu es  in  th e  tr ip le  io n  ran g e  have been  p lo tte d  
as a fu n c tio n  o f th e  a n a ly tic a l sodium  iodide co n cen tra tio n . Curve 1 re p re se n ts  
an  e x tra p o la tio n  o f th e  co nductance  e q u a tio n  for pa irw ise  association , E q . (11), 
to  th e  tr ip le  ion  ran g e . C urve 2 rep re sen ts  E q . (6) w ith  K T an d  A Z . /A ^  se t 
equal to  th e  va lu es  97 M ~ x an d  0.48, re sp ec tiv e ly , a rr iv e d  a t  above. I t  c a n  be 
seen th a t  E q . (6) y ields an  excellent f i t  to  th e  e x p e rim e n ta l po in ts.

B y  F ig . 7 i t  is d em o n stra ted  how  th e  c o n cen tra tio n s  of th e  v a r io u s  
species, sim ple ions, io n  pairs , and  tr ip le  ions v a ry  w ith  th e  a n a ly tic a l co n 
c e n tra tio n  o f  th e  sa lt. E x ten s io n  of th e  u p p e r c o n c e n tra tio n  lim it of th e  s a l t  
tak in g  q u ad ru p o le  fo rm a tio n  in  acco u n t in  an a ly z in g  th e  co nductance  d a ta  is 
a m a tte r  o f fu r th e r  re sea rch .

*
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2,3-D ihydro-2.4-diphenyl-l,5-berizothiazepine glycoside acetates (VII—X) have  
been synthesized b y  the reaction o f 2-am inothiophenol and chalcone glycoside acetates 
(IH —VI), and th e  corresponding free glycosides (X I—XIV) were obtained on saponifi
cation. The chiroptical properties o f the compounds prepared have been studied.

One o f th e  in te re s tin g  g roups o f  b en zo th iazep ines com prises th e  2,4- 
d isu b s titu te d  2 ,3 -d ih y d ro -l,5 -b en zo th iazep in es  o b ta in e d  b y  th e  re a c tio n  of 
2 -am ino th iopheno l w ith  oc,/3-unsaturated ketones [1 — 6]. W e fo rm erly  sy n th e 
sized such com pounds s ta r tin g  from  chalcones [5, 6] an d  th e ir  n a p h th y l a n a 
logues [20]. In  th e  course  o f these  in v estig a tio n s i t  w as fo u n d  th a t  th e  reac tio n  
w as s ig n ifican tly  a ffec ted  b y  b o th  th e  electron  d e n s ity  a t  th e  Д-carbon  a to m  
of th e  a ,/3 -unsa tu ra ted  keto n e  a n d  s teric  factors. I n  th e  know ledge o f these  
effects i t  has becom e possible to  e s tab lish  such re a c tio n  cond itions w hich  can 
be w idely  used fo r th e  syn thesis  o f th e  above-m en tioned  benzo th iazep ines.

A lthough  n u m ero u s  ben zo th iazep in e  d e riv a tiv e s  h av e  been  described  
d u rin g  th e  la s t tw o  decades, to  o u r know ledge, ben zo th iazep in e  glycoside have  
n o t y e t been  m en tio n ed  in  th e  l i te ra tu re . O ur stud ies h av e  now  been  ex ten d ed  
to  th e  reactions o f 2 -am in o th io p h en o l w ith  chalcone glycosides, an d  th e  sy n th e 
sis an d  c ircu lar d ich ro ism  o f 2 ,3 -d ih y d ro -2 ,4 -d ip h en y l-l,5 -b en zo th iazep in e  
glycosides will be re p o r te d  in  th e  p re se n t paper.

Chalcone g lycoside ace ta tes  (III—VI) were sy n th esized  from  4 -hy d ro x y - 
(I) an d  4 '-h y d ro x y ch a lco n e  (II) w ith  a-acetobrom oglucose or a-acetobrom o- 
cellobiose accord ing  to  th e  m od ified  K oenigs — K n o rr  m ethod . C om pounds 
I I I - V I  w ere allow ed to  re a c t w ith  2 -am ino th iopheno l in  h o t an hydrous to lu en e  
as described  for chalcones [5, 6]. S ince a fte r  ev ap o ra tio n  of th e  so lv en t a je lly - 
like  m a te ria l was o b ta in e d , th e  resid u e  was boiled in  a m ix tu re  of an h y d ro u s 
m e th an o l an d  ace tic  acid . B y m eans o f th is  t r e a tm e n t, a n y  /S-(2-am inophenyl- 
m ercap to )k eto n e  g lycoside possib ly  p resen t in  th e  re a c tio n  m ix tu re  is con
v e rte d  in to  th e  co rrespond ing  benzo th iazep ine  g lycoside. 2 ,3-D ihydro-2 ,4-

* For Part V I, see Ref. [7].
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I : В 1 =  ОН, В 2 =  Н  
I I : В 1 =  Н , В 2 =  ОН

I I I : »B1 =  OG1(Ac)4, 
IV : В ‘ =  Н ,

V : В ‘ =  ОСЬ(Ас)7, 
VI: В ! =  Н ,

В 2 =  Н  
В 2 =  OGI(Ac)í 
В2 = н 
в2= ОС'Ь(Ае)7

X I: В г =  OG1, В 2=  H  
X I I : В 1 =  Н , В 2 =  OG1 

X I I I : В 1 =  ОСЬ, В 2 =  Н  
XIV : В 1 =  Н , В 2 =  ОСЬ

Gl =  ^-D-glucosyl; G1(A c)4 =  tetra  
СЬ(Ас), =  hepta-0-acetyl-/3-cellobiosyl.

V I I : В 1 =  OGl(Ac)i, В 2 = Н
V III: В ' = Н ,  В 2 =  OGl(Ac)i

IX : В 1=  ОСЬ(Ас)7, В 2 =  Н
X : В 1 =  Н, В 2 =  ОСЬ(Ас)7

0-acetyl-/3-D-glucosyl; Cb =  /З-cellobiosyl;

d ip h en y l-1 ,5 -b en zo th iazep in e  glycoside a c e ta te s  (V II—X) w ere th u s  ob ta ined  
in  q u ite  pure s ta te . T h e  ac e ta tes  gave th e  free  glycosides (X I—X IV ) on sapon i
f ic a tio n . On th e  basis  o f  th e se  resu lts  i t  can  be s ta te d  th a t  th e  cond itions used 
in  th e  reaction  o f 2 -am in o th io p h en o l w ith  chalcones can  also be  applied  for 
th e  sam e reaction  o f ch a lco n e  glycoside a c e ta te s , i.e. h en zo th iazep in e  glycoside 
a c e ta te s  can read ily  be  syn th esized  in  th is  w ay  (Table I).

The sign o f th e  tw o  CD bands (1B2u an d  2B lu) of th e  sim ple phenyl 
glycosides [8 —14] is d e te rm in ed  b y  th e  ty p e  of th e  glycosidic link ag e : b o th  
a re  n egative  for /З-g lycosides an d  positive  fo r th e  a -anom ers. I n  th e  case of 
glycosides hav ing  m o re  com plica ted  aglycones, w here v a rio u s chrom ophores 
a re  p resen t in  th e  m olecu le , e.g. flavono ids [15 —17], th e  co rre la tio n  is n o t so 
sim p le , since th e  c h iro p tic a l p roperties are  sig n ifican tly  in flu en ced  also b y  
th e  position  of th e  g lycosid ic  linkage. O n th is  basis i t  w as ex p ec ted  th a t  th e  
ch iro p tica l p ro p ertie s  o f  th e  2 ,3 -d ihydro -2 ,4 -d ip h en y l-l,5 -b en zo th iazep in e  g ly
cosides w ould so m ew h a t d ep en d  u p o n  th e  p o sitio n  o f th e  su g a r m oie ty .
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Table I

P hysical constants and analyses o f  the compounds prepared

Mol.
weight

Analysis, %

M.p., °c Yield, % Overall formula Calculated Found

C H C H

III 1 4 8 -1 4 9 24.3 Сгэ-НзоОп 554.53 62.81 5.41 63.02 5.54

IV 1 7 3 -1 7 4 26.0 ^29^30^11 554.53 62.81 5.41 63.07 5.45

V 2 0 7 -2 0 8 26.01 ^4dh(Ui9 842.78 58.43 5.46 58.64 5.35

VI 2 2 5 -2 2 6 28.3 Ql®46^l9 842.78 58.43 5.46 58.56 5.33

VII 1 9 0 -1 9 1 51.6 C36H36O10NS 661.63 63.54 5.29 63.39 5.19

VIII 1 6 0 -1 6 1 46.6 C35H35O10NS 661.63 63.54 5.29 63.69 5.34

IX 1 8 8 -1 8 9 79.1 c47h 51o 18n s 949.88 59.36 5.36 60.02 5.48

X 1 6 3 -1 6 4 72.3 c47h 54o 18n s 949.88 59.36 5.36 59.18 5.39

XI 1 9 6 -1 9 7 81.0 C27H270 6N S • 2H 20 529.49 61.24 5.48 60.28 5.75

XII 1 8 7 -1 8 9 87.8 c27h 27o6n s 493.49 65.72 5.47 64.86 5.51

XIII 2 2 6 -2 2 8 78.4 c33h 37o 1in s 655.63 60.45 5.64 59.51 5.71

XIV 2 1 6 -2 1 7 58.8 C33H37Ou N S 655.63 60.45 5.64 59.71 5.52

In  th e  UV sp e c tra  o f the  com pounds u n d e r in v es tig a tio n  (VII—XIV) 
th ree  in ten se  m a x im a  a re  found  in  th e  342 — 312, 2 7 8 —258 and  231—220 n m  
regions. T he UV s p e c tra  show  no d ifferences, p ro b ab ly  ow ing to  th e  fa c t t h a t  
th e  sugar p a r t  is a t ta c h e d  to  a p h en y l g roup  lo ca ted  a t  position  2 or 4 o f  th e  
hetero  ring .

As fa r  as th e  ch iro p tica l p ro p e rtie s  are  concerned , i t  m ust, above all, 
be m en tio n ed  th a t  th e se  com pounds are  s tro n g ly  ch ira l: th e  m a g n itu d e  o f

Table II

III and U V  spectral data of 2,'.i-dihvdro-2A-diphenyl- 1,5-benzothiazepine glycosides

IR
vC =N , cm-1

UV
Яшах N  (log e)

VII 1609 322 (3.70), 260 (4.36), 224sh (4 .37)

v m 1608 312(4 .30), 278(4 .28), 220sh (4 .29)

IX 1610 322 (3.87), 258 (4.31), 224sh (4 .35)

X 1604 318 (4.12), 276(4 .28), 224sh (4 .28)

XI 1610 318 (3.60), 265 (4.17), 231 (4.30)

XII 1600 342sh (3.75), 278(4.28), 222sh(4.29)
XIII 1600 318(3 .46 ), 258(4 .11), 224sh (4.16)

XIV 1610 326sh (4.00), 278(4.45), 226sh(4.39)
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th e ir  [а ]д  value is sev e ra l hundreds. T h is  is in  accordance w ith  th e  h igh  r o ta 
t io n a l  s tre n g th  of th e ir  CD m axim a. C o n tra ry  to  th e  UY sp e c tra , th e  shapes 
o f  th e  CD sp ec tra  a re  ch a rac te ris tic a lly  d iffe ren t depending  on  w h e th e r th e  
su g a r  com ponen t is lin k ed  to  th e  C-2 o r C-4 ph en y l group. H ow ever, th e  fa c t 
t h a t  th e  sugar m o ie ty  is a m onosaccharide  or d isaccharide, a c e ty la ted  or free 
su g a r, resu lts  on ly  in  m inor changes in  th e  m agn itu d e  o f th e  C o tton  effects 
(T a b le  I I I ) .

Table III

Chiroptical data o f  the compounds prepared

Wd
(in pyridine)

CD
Amax [nm] (̂ ®)

Ш -  29.0° (c =  0.86) —

IV — 20.0° (c =  0.70) —
V -  27.5° (c =  1.2) —

VI -  28.0° ( c =  0.75) -
VII -  814.9° (c =  0.35) 327 ( - 2 7 .7 6 ) ,  284 ( -3 5 .4 4 ) ,  257sh (+ 9 .7 4 ) , 

244 (+ 1 1 .2 2 ) , 233sh (+ 7 .9 7 ), 221 ( - 7 .3 8 ) ,  

208 (+ 3 3 .9 6 )

VIII -  493.1° (c =  0.53) 330 ( — 19.42), 292sh ( -1 4 .1 3 ) ,  260 (+ 4 .3 8 ),  

233 (+ 7 .5 4 ) ,  207 (+ 1 6 .7 3 )

IX -  524.8° ( c =  0.27) 328 ( - 2 2 .2 8 ) ,  285 ( -2 9 .5 2 ) ,  2 5 6 sh (+ 7 .5 2 )  

245 (+ 8 .3 5 ) ,  233sh (+ 6 .1 3 ), 222 ( - 6 .1 3 ) ,  

208 (+ 2 5 .3 5 )

X -  353.4° (c =  0.23) 328 ( - 2 7 .3 2 ) ,  289sh ( -1 7 .9 4 ) ,  258 (+ 3 .8 6 ) ,  

233 (+ 6 .6 2 ) ,  207 (+ 2 0 .1 5 )

XI -  853.9° ( c =  0.23) 332 ( - 2 0 .5 6 ) ,  286 ( -2 8 .1 3 ) ,  258 (+ 8 .5 1 ), 

247 (+ 9 .2 2 ) ,  224 ( - 9 .4 5 ) ,  210 (+ 2 6 .9 4 )

XII - 1 1 7 0 .5 °  ( c =  0.06) 325 ( - 3 7 .7 4 ) ,  289sh ( -1 8 .1 3 ) ,  257 (+ 7 .4 0 ),  

233 (+ 1 4 .0 6 ) , 206 (+ 3 4 .4 3 )

Х1П -  853.9° ( c =  0.23) 327 ( - 2 0 .9 6 ) ,  285 ( -2 8 .9 9 ) ,  248 (+ 8 .4 7 ) ,  

222 ( - 8 .0 3 ) ,  207 (+ 2 0 .7 4 )

x r v -  740.7° (c =  0.13) 328 ( - 3 1 .4 8 ) ,  289sh ( -1 7 .0 4 ) ,  257 (+ 6 .4 1 ) ,  

232 (+ 1 2 .6 3 ) , 201 (+ 8 .0 6 )

T he C-2 a to m  o f  these  b en zo th iazep in es  is a chiral cen tre , b u t  th e  agly- 
cone o f com pounds u n d e r  in v es tig a tio n  e x is t in  racem ic fo rm . T his is show n 
b y  th e  fac t th a t  th e  CD spectra  o f c o m p o u n d  V II p repared  from  th e  chalcone 
g lucoside ace ta te  I I I  or by  g lycosy la tion  o f  th e  corresponding  h y d ro x y p h en y l 
hen zo th iazep in e  (XVI) are  p rac tica lly  th e  sam e.
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In  view  of th e  co m p lex ity  o f th e  ch rom ophore , in te rp re ta t io n  of th e  re la 
tio n sh ip s  betw een  th e  e lec tro n  tran s itio n s  an d  th e  CD m a x im a  m u st aw a it 
th e  in v es tig a tio n  o f  fu r th e r  exam ples.

Experimental

M.p.’s are uncorrected.
IR  spectra were obtained in K Br discs w ith  a UNICAM  SP  200G instrum ent. UV  

spectra were recorded in  ethanolic solutions w ith  a UNICAM  SP  800 apparatus. CD spectra  
were measured w ith a JO B IN  Y Y O N  dichrograph at 10 -5  or 5 • 1 0 ~6 sensitiv ity  values in  
ethanolic solution at concentrations of about 1 m g/m l in  0.5 m m  cells at room temperature.

The chalcones (I and II) were prepared as described in  the literature [18, 19].

Chalcone glycosides (III—VI)

The chalcone (I or H ) (25 m m oles) was dissolved in acetone (100 m l), and the appro
priate a-acetobrom o sugar (30 m m oles) and 2.0 N  N aO H  solution (13 m l) were added. The 
m ixture was shaken for 24 h  at room tem perature, then poured into  water and the solution  
neutralized w ith 10% acetic acid. Crystallization from ethanol o f the separated oily  substance 
gave the product as w h ite  crystals (Tables I — III).

2 ,3-D ihydro-2,4-diphenyl-l,5-benzothiazepine glycoside acetates (V II— X )

The chalcone g lycoside (II I—VI) (2.5 m m oles) and 2-am inothiophenol (3.0 mmoles) 
were dissolved in dry toluene (35 ml) and refluxed for 3 h  in an apparatus provided w ith  a 
water separator; the so lvent was then rem oved under reduced pressure. The residue was 
refluxed for 1 h in a m ixture of anhydrous m ethanol (100 m l) and glacial acetic acid ( 1.0 ml). 
The product which separated after cooling was recrystallized from  m ethanol to obtain w hite  
crystalline material (Tables I —III).

2,3-D ihydro-2,4-diphenyl-l,5-benzothiazepine glycosides (X I— XIV)

2,3-D ihydro-2,4-diphenyl-l,5-benzothiazepine glycoside acetate (УП —X) (2.5 m m oles) 
was boiled for 10 m in in a m ixture of m ethanol (50 ml) and 1.0 N  N aO H  (10 m l), and the  
solution neutralized w ith  10% acetic acid. The solid which precipitated from  the solution was 
filtered off and recrystallized from m ethanol to afford w hite crystalline substance (Tables 
I —III).

j3-(4-Hydroxyphenyl)-/?-(2-am inophenylm ercapto)-propiophenone (X V )

4-H ydroxychalcone (10.0 g) and 2-am inothiophenol (7.0 m l) in  anhydrous toluene 
(200 m l) were refluxed for 3 h. The solvent was then evaporated in  vacuum  and the residue 
crystallized from ethanol to y ield  11.5 g (74.1% ) of the product, m .p. 146 —147 °C.

IR : r C = 0  1669; rN H 2 3343 and 3440 c m - 1.
C2lH 190 2NS (349.36). Calcd. C 72.20; H 5.44. Found C 72.27; H  5.41% .

2,3-D ihydro-2-(4-hydroxyphenyl)-4-phenyl-l,5-benzothiazepine (XV I)

Compound XV (10.0 g) was boiled for 1 h in a m ixture o f abs. ethanol (500 m l) and 
glacial acetic acid (5 ml). The solid m aterial which separated on cooling was recrystallized  
from  m ethanol to obtain 7.1 g (75.5% ) of a crystalline substance, m .p. 166 — 167 °C.

IR : j>C=N 1610 c m - 1.
C21H „O N S (331.35). Calcd. C 76.13; H  5.13. Found C 76.0; H 5.20% .
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2.3- D ihydro-2 -[4 -(tel ra-0-acetyl-/S-I>-glucosyloxy)-phenyl] -
4-phenyl-l,5-benzothiazepine (V II)

A m ixture of com pound XVI (3.3 g), a-acetobrom oglucose (5.0 g), 2.0 N  NaO H  (6.0 m l) 
and acetone (50 m l) w as stirred for 24 h  at room  tem perature, then poured into w ater and the  
solution  neutralized w ith  10% acetic acid. The separated oily product was crystallized from  
ethanol to afford 2.1 g (31.7% ) of w hite crystals, m .p. 189 — 190 °C, [a]D-805.6 (in pyridine, 
c =  0.53).

IR : j>C=N 1610 c m “ 1.
CD: Amax[nm] [Ae)\ 326 ( - 2 9 .2 7 ) ;  284 ( - 3 8 .0 6 ) ;  256sh (+ 9 .3 7 );  245 (+ 1 0 .8 3 );  233sh  

(+ 7 .9 0 );  221 ( - 9 .3 7 ) ;  208 (+ 3 3 .3 7 ) .
C36H 35O]0N S (661.63). Calcd. C 63.54; H  5.29. Found C 63.69; H  5.32% .

*
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Palladium (II)chloride in dim ethylform am ide catalyzes the hydrogenation of 
conjugated diolefins and alkynes in  hom ogeneous solution. M onoolefins are form ed  
selectively.

In tro d u c tio n

P a lla d iu m  com pounds are v e rsa tile  reag en ts  an d  ca ta ly s ts  fo r o rgan ic  
sy n th es is  [1]. In  com parison  to  o th e r  tra n s it io n  m eta l com plexes such  as th o se  
o f rh o d iu m , v e ry  few  h y d ro g en a tio n s h av e  been rep o rted  w ith  soluble p a lla 
d iu m  com plexes as ca ta ly s ts .

P rin c ip a lly  tw o  k inds of so luble p a llad iu m  c a ta ly s ts  are  know n d ep en d in g  
u p o n  th e  o x id a tio n  s ta te  of th e  m e ta l as can  be seen in  T ab le  I. T he f ir s t  g roup  
consists  o f Pd(O ) com plexes such as P d (P h 3P)4 or com plexes p rep a red  in  situ  
b y  th e  red u c tio n  o f P d (I I )  com pounds. T he second g roup  com prises v a rio u s  
P d ( I I )  com plexes. T he a c tiv ity  of P d(O ) co n ta in in g  c a ta ly s ts  can  be g en era lly  
en h an ced  b y  o x id a tio n  w ith  a ir or oxygen .

W e w ere in te re s te d  in  th e  sim p le  c a ta ly s t sy stem  PdC l2 in  d im e th y l
fo rm am id e  (D M F), w hich  was re p o r te d  b y  R y l a n d e r  an d  cow orkers [ I I ]  to  
h y d ro g e n a te  d icyclopen tad iene  in  hom ogeneous so lu tion . N orm ally , th e  so lu 
tio n s o f PdClo in  D M F re a c t w ith  H 2 v e ry  rap id ly  an d  f in e ly  d ispersed  b lack  
P d  m e ta l is fo rm ed alm ost in s ta n ta n e o u s ly . D icyclopen tad iene  is an  a p p ro 
p ria te  stab iliz in g  lig an d  and  th e  com plex  in  so lu tion  is ab le to  ca ta ly ze  its  
h y d ro g en a tio n .

W e found  th a t  from  PdC l2 in  D M F a c a ta ly s t is fo rm ed  in  th e  p resence  
o f co n ju g a ted  dio lefins and  alkynes [12] w hich h y d ro g en a tes  these  u n s a tu ra te d  
com pounds se lectively  to  m onoolefins. In  th e  absence of hydrogen , a lk y n es  
an d  dio lefins reac t w ith  PdC l2 in  D M F  u n d e r th e  fo rm a tio n  of P d  com plexes 
w ith  oligom eric a lkynes and  dienes as ligands. T hese com plexes are  also effec
tiv e  hom ogeneous ca ta ly s ts  for se lec tive  h y d ro g en a tio n  [22].

N ow  we re p o rt on ex perim en ts w ith  a n u m b er of u n sa tu ra te d  s u b s tra te s  
u sing  P dC l2 in  D M F.
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* Table I

P alladium  complexes as homogeneous hydrogenation catalysts

Pd(O) complexes Ref. Pd(II) complexes Ref.

P d(Ph3P )4 [2] PdCl2 [10]
P d(P h2PCH2CH2PPh2)2 [3] PdCl2(DM F)2 [11, 12]

P d X 2L2 +  N H 2N H 2 [4] PdCl2(DMSO)2 [13, 14]

P d X 2L2 +  NaBH a [5, 6, 7, 8] PdCl2(Ph3P )2 [4, 6, 15, 16]

P d X 2L2 +  R3A1 [9] Pd(CN)2(Ph3P )2 [16, 17]

where X  =  Cl, Br, I, CN Pd(salen) [18]

L =  Ph3P, B u3P, Pd(acac)2 [19]
NMP, DMSO C3H 6PdCl(PEt3)2 [20]

oxidized Pd(O) compl. [3, 6, 7, 21]

DMF =  dim ethylform am ide, DMSO =  dim ethyl sulfoxide, NMP =  .ZV-methyI-2-pyrroli- 
done, salen =  ethylenebis(salicylim ine)

Experimental

For the experim ents w e used commercial PdCl2 w ithout purification or PdCI2(DM F )2 
prepared as described b y  U go and coworkers [23].

The propargylethers were prepared as described in the literature [24]. Other alkynes 
and dienes and the so lv en t dim ethylform am ide were com mercial products which were freshly  
distilled under argon before use.

The catalytic  experim ents were run at room  tem perature in a sm all scale glass auto
clave [25], starting the reaction  by introducing H 2 under pressure and agitating the m ixture  
o f  2 m m ol substrate, 2.5 m l DM F and 0.01 m m ol PdCl2 or PdCl2(DM F)2. The pressure drop 
w as follow ed w ith a m anom eter. After the desired H 2 uptake, the pressure was released and  
the com position of the m ixture analyzed b y  gaschrom atography using standard com pounds 
and retention data from  th e  literature [26, 27]. For aliphatic alkynes and dienes: 10% 2,2'- 
oxydipropionitrile on 60 — 80 m esh Chromosorb P , 4 m , 4 m m  0 ,  1.4 1 H 2/hour, H W D , 
30 — 50 °C. In the case o f pentadienes and their hydrogenated products: 2,2'-oxydipropio- 
nitrile in a 50 m capillary colum n, 2 ml argon/min, F ID . For phenylacetylene and its hydro
genated products: 10% p olyethylen e glycol 20 M on 80 — 100 m esh Chromosorb P, 3 m, 3 m m  0 , 
3.1 1 H 2/hour, H W D , 100 °C. In the case of heteroatom  containing alkynes and their hydro
genated products: p o lyeth y len e  glycol 1500 in a 50 m  capillary colum n, 2 m l argon/min, F ID , 
100 — 150 °C.

Results and D iscussion

PdC l2 in  D M F  p ro v e d  to  be stab le  u n d e r  H 2 in  th e  presence o f several 
dienes an d  alkynes. T h ese  com pounds p re v e n t P d  deposition  an d  th e  colour 
o f  th e  solu tions rem a in s  orange or changes to  yellow . R ap id  H 2 u p ta k e  b y  th e  
hom ogeneous so lu tio n s could  be observed  w ith  b o th  ty p es  o f su b stra te s  a t  
ro o m  te m p e ra tu re  u n d e r  25 b a r  H 2 p ressure . M ostly , th e  b r ig h t yellow  or orange 
co lour of th e  re a c tio n  m ix tu re  was co nv inc ing  fo r hom ogeneity , an d  could 
be  observed  v isu a lly  w o rk ing  w ith  th e  glass au toclave . To p ro v e  th e  hom o
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geneity  o f th e  re a c tio n  m ix tu re  also b y  a n o th e r in d e p e n d e n t w ay we ad d e d  
th io p h en e , a s tro n g  poison for heterogeneous c a ta ly s ts . U p to  2 mol of th io p h en e  
per m ol P d  d id  n o t change th e  ra te  o f th e  c a ta ly tic  reac tio n . A t 100 m ol 
th io p h en e  p e r m ol P d , th e  colour of th e  ra c tio n  m ix tu re  becam e so m ew h at

Fig. 1. Products o f isoprene hydrogenation at various conversions using PdCl2 in  D M F
solution

lig h te r yellow  th a n  w ith o u t added  th io p h en e  an d  h y d ro g en a tio n  to o k  p lace 
only a fte r  a n  in d u c tio n  period  o f ab o u t 10 m in.

In  th is  hom ogeneous h y d ro g en a tio n  o f dienes th e  corresponding  m o n o 
olefins a re  fo rm ed  w ith  h igh se lec tiv ity , as can  be seen from  Table I I .  Iso m e r
iza tion  o f th e  o lefin ic  p ro d u c ts  does n o t ta k e  p lace. T he ra tio  o f p ro d u c ts  
rem ains p ra c tic a lly  un ch an g ed  d u rin g  th e  w hole ex p erim en t as can  b e  seen 
in  Fig. 1 in  th e  case o f isoprene.

A  p re fe re n tia l com plexing  of dienes as com pared  to  m onoolefins is e v id e n t: 
a fte r a ll th e  d io lefin  has been  consum ed  th e  s tab iliz ing  effect van ishes an d  
P d  m eta l ap p ears . T he P d  m e ta l so fo rm ed  ca ta ly zes  th e  slow h y d ro g e n a tio n  
of th e  o lefins to  a lkanes. F ro m  th is  p o in t on  th e  com position  of th e  o lefins 
is changed  due  to  iso m eriza tion  on m eta llic  P d .

W ith  b u ta d ie n e , isoprene an d  2 ,3 -d im e th y l- l,3 -b u tad ien e  as well, co n 
siderab ly  less th a n  equ ilib rium  2-bu tene , 2 -m eth y l-2 -b u ten e  an d  2 ,3 -d im ethy l- 
2 -bu tene  fo rm a tio n  in d ica tes  su b s ta n tia l 1,2 ad d itio n  o f H 2 besides 1,4 a d d itio n .

M ain ly  1,2 a n d  2,3 ad d itio n  of H 2 accoun ts fo r th e  p ro d u c t co m position  
from  3 -m e th y l- l,2 -b u ta d ie n e . Iso m eriza tio n  is p ra c tic a lly  negligible as can  
be seen fro m  th e  sm all q u a n tity  o f 2 -m e th y l- l-h u te n e .

A m ix tu re  o f diolefins w as h y d ro g en a ted  to  d e te rm in e  re la tiv e  re a c t iv 
ities. T h e  o rd e r fo u n d : c is -l,3 -p en tad ien e  >  tra n s- l,3 -p e n ta d ien e  > iso p ren e  >

3* Acta Chim. Acad. Sei. Hung. 103, 1980



36 SISAK e t al.: HOMOGENEOUS CATALYTIC HYDROGENATION

Table II

Homogeneous hydrogenation o f diolefins (2  m m ol) in  D M F  (2.5 m l) using PdCl2 or 
[ PdCl2(D M F ) 2] ( 0.01 m m ol) as catalyst precursor

P h 2 =  25 bar; RT
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Table II (cont.)
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2 ,3 -d im e th y l-1,3 -b u tad ien e  >  1 ,3 -cyclohexad iene  ]>  1 ,3 -bu tad iene , is in  accord  
w ith  th e  ra te s  m easu red  in d iv id u a lly .

T he p ro to n  N M R  sp ec tra  (F ig . 2) o f th e  1 : 1 reac tio n  m ix tu re  o f 2 ,3 -d i
m eth y l-1 ,3 -b u tad ien e  an d  PdC l2 in  h e p ta d e u te ro -D M F  un d er argon , show  th e  
s igna ls  of m e th y l p ro to n s  c h a ra c te ris tic  fo r a я -ally l ty p e  com plex  beside th e  
s tro n g  m ethy l p ro to n  signal o f u n re a c te d  2 ,3 -d im e th y l- l,3 -b u tad ien e . W hen

F ig. 2. Part of the 60 MHz 1H -NM R spectra o f 2 ,3-dim ethyl-l,3-butadiene and PdCl2 in
DM F-d7

th e  ra tio  of d iene to  PdC l2 was ra ised  to  5 : 1, th e  signals of th e  m e th y l p ro to n s  
in  th e  я>а11у1 com plex  becam e b ro a d e r  — p ro b a b ly  owing to  th e  in se rtio n  of 
o th e r  dienes in to  th e  P d —C b o n d  [22]. In  th e  presence of h y d ro g en  an d  a 
la rg e  excess o f  d ienes, th e  o ligom eriza tion  o f th e  su b stra te s  occurs on ly  to  
a  m in o r ex ten t. M ost p ro b ab ly , h y d ro g e n a tio n  ta k e s  place b y  hydrogeno lysis  
in  th e  sim ple rr-ally l stage.

F rom  1 ,3 -pen tad ienes severa l k in d s  o f jr-a lly l-P d  com plexes m a y  be fo rm ed  
w h ich  should  y ie ld  d ifferen t o lefins b y  hydrogeno lysis (F ig . 3). A p ro d u c t 
d is tr ib u tio n  w as ca lcu la ted  based  on  th e  s ta tis t ic a l  fo rm atio n  o f th e  jr-allyl 
ty p e  com plexes neg lec ting  an y  s te ric  or e lec tron ic  differences. F o r  cis-1,3- 
p e n ta d ie n e  th e  ex p erim en ta l d a ta  ag ree rea so n ab ly  w ith  th ese  sim p le  ca lcu
la tio n s . W ith  trans- 1 ,3 -pen tad iene , how ever, th is  is n o t th e  case possib ly  due 
to  th e  p re fe ren tia l fo rm atio n  o f th e  sy m m etrica l тг-ally l com plex  y ie ld ing  
frtm s-2-pen tene  as p ro d u c t.

2.4 2.0 1.6 1.2
[ . I___ I [ ■ I

2.4 2.0 1.6 1.2 & (ppm)
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O th er diolefins such  as 1 ,5-hexadiene, n o rb o rn ad ien e  an d  6 ,6-d im ethyl- 
fu lvene can  he read ily  h y d ro g e n a te d  in  hom ogeneous so lu tio n  using PdC l2 
in  D M F as well, b u t  w ith o u t se lec tiv ity . A lkanes fro m  olefins are  form ed a t 
n ea rly  th e  sam e ra te  as olefins from  th e  dienes. N o iso m eriza tio n  of 1,5-hexa- 
diene could be d e tec ted  in  th e  hom ogeneous s tage  o f th e  reac tio n . C yclopenta-

+ [Pd-H  : I P d -H ]

■Pd + \ ( - P d  + U -  Pd  +'  U  -  P d

I I ' M
Me

(-Pd

Me

( -P d  + <(- Pd 
Me

“i  V h /
/н 2

(Experience) \ j 2 b / »2
(Experience)

1 -pen tene 2 5 %  ( 1 7 % ) 1 - pen tene 33 % (3 2 %)
trans - 2 - pentene 50 % ( 70 % ) trans - 2- pentene 33 % (39 %)
cis - 2 -  pentene 25% ( 1 3 %) cis -  2 - pen tene 33 % (29 %)

Fig. 3. Assum ed statistical form ation of тг-allyl type com plexes from  1,3-pentadienes and 
PdCl2 in  DM F and their products after hydrogenolysis

diene, a ,/J-u n sa tu ra ted  ca rb o n y l com pounds an d  fu ra n e  deriv a tiv es  could n o t 
be h y d ro g en a ted  in  hom ogeneous solution.

T he o th e r g roup  of su b s tra te s  for w hich P dC l2 in  D M F is effective are  
alkynes (see T ables I I I  an d  IV ).

As can be seen from  th e  com position  of p ro d u c ts  in  th e  case of p en ty n es, 
h e p ty n e  an d  p h en y lace ty len e  hydrogenation , o le fin  fo rm a tio n  is p re fe rred  
w ith  h igh se lec tiv ity . I t  is o f  in te re s t th a t  2 -p en ty n e  re a c ts  fa s te r  th en  1-pen- 
ty n e . On heterogeneous c a ta ly s ts  in te rn a l alkynes a re  u su a lly  h y d ro g en a ted  
slower th a n  p rim a ry  a lkynes, p ro b ab ly  because a  te rm in a l tr ip le  bond  is less 
h indered  th a n  a n  in te rn a l one. A possible e x p la n a tio n  for our o b se rv a tio n  
m ay  be th a t  th e  easier co m p lex a tio n  of th e  less h in d e red  1-pen tyne  is n o t 
favourab le  for h y d ro g en a tio n . T he sam e effect m a y  acco u n t for th e  re la tiv e ly  
low ra te  of h y d ro g en a tio n  w ith  b u tad ien e  (Table I I ) .

W ith  sim ple alkynes lik e  pen ty n es an d  h e p ty n e  th e  com position  of 
alkenes e.g. th e  ra tio  o f 1 -alkene to  2-alkenes or th e  cis-trans  ra tio  of in te rn a l 
olefins does n o t change d u rin g  th e  h y d ro g en a tio n  re a c tio n  up  to  99%  con
version . I t  is well know n th a t  in  th e  presence of p a llad iu m  m eta l, isom erizations 
b o th  k inds occur u n d e r such  cond itions. A fter all a lk y n e  has been consum ed, 
th e  yellow  colour o f th e  so lu tio n  (orange in  th e  case o f pheny lacety lene) tu rn s  
b lack  due to  fo rm a tio n  of f in e ly  dispersed P d  m eta l. A t th is  p o in t th e  isom er
iza tio n  of olefins begins a n d  heterogeneous h y d ro g e n a tio n  to  a lkane tak es  
place slowly.
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Table III

Homogeneous hydrogenation o f  alkynes (2 mmol) in D M F  (2.5 m l) using PdCl2 ( 0.01 mmol)
as catalyst precursor

P h 2 =  25 bar; RT

Substrate
Conversion

Products (%)
Selectivity (%)

(%) (min) /  olefins *100 \ 
\  olefins +  alkane) /

l-P en ty n e 3.23 7 l-P entene 31.5 Pentane 0.8 97.7
2-Pentene 0.1

81.1 18 l-P entene 78.5 Pentane 2.4 96.8
2-Pentene 0.1

2-P entyne 34.3 5 cis-2-Pentene 33.8 Pentane 0.3 99.0
ír-2-Pentene 0.1

85.7 13 cis-2-Pentene 82.7 Pentane 1.4 98.3
ir-Pentene 1.7

1-H eptyne 49.0 12 1-H eptene 48.0 Heptane 0.9 97.9
2-H eptene 0.1

100 25 1-H eptene 89.0 Heptane 6.3

( P d * ) 2-H eptene 2.9

3-H eptene 1.8

Ethynylbenzene 80.0 56 Styrene 75.8 Ethylbenzene 4.2 94.7

ч

Table TV

Homogeneous hydrogenation o f oxygen, nitrogen or halogen containing alkynes (2 mmol) 
in D M F  (2 .5  m l) using PdCL  ((КО 1 mmol) as catalyst precursor

P h 2 =  25 bar; RT

Substrate
Conversion

Products (%)
Selectivity (%)

(%) (min) /  olefins *100 \ 
\  olefins +  alkane )

Propargyl-alcohol 78.9 19 Allyl alcohol 76.3 1-Propanol 2.6 96.7

2-M ethyl-3-butyn-
2-ol 93.0 18

2-M ethyl-3-buten- 
2-ol 91.0

2-Methyl-butan- 
2-ol 2.0 97.7

32.8 6 31.8 1.0 97.0
Propargyl methyl 

ether 70.4 40
Allyl m ethyl ether 

68.4
1-Propyl m ethyl 

ether 2.0 97.0

26.8 15 26.0 0.8 97.1
Propargyl 2-tetra- 

hydropyranyl 
ether 96.7 30

Allyl 2-tetrahydro- 
pyranyl ether 

86.3

1-Propyl 2-tetra- 
hydropyranyl 
ether 10.4 89.2

24.0 8 22.6 1.4 94.2
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T h e effect o f h e te ro a to m s in  a lkynes on h y d ro g en a tio n  varies. T he tr ip le  
b o n d  in  p ro p arg y la lco h o l, 2 -m eth y l-3 -b u ty n -2 -o l an d  in  tw o p ro p a rg y le th e rs  
can  be  h y d ro g e n a te d  to  th e  co rrespond ing  double  b o n d  w ith  h igh  se le c tiv ity  
in  hom ogeneous so lu tion  as can  be seen in  T ab le  IV .

3 -h ep ty n -2 -o l an d  iV ,iV -d ie thy l-l-p ropyn-3-am ine  are n o t ab le  to  s ta 
bilize P dC l2 an d  th e  so lu tion  becom es h eterogeneous. D esp ite  th e  o range 
colour o f th e  m ix tu re  no H 2 u p ta k e  could  be ach ieved  w ith  p ro p arg y lh ro m id e . 
N e ith e r  v o la tile  p ro d u c ts  no r u n ch an g ed  p ro p arg y lh ro m id e  could he fo u n d  
b y  GC. M ost p ro b ab ly , p o ly m eriza tio n  occurred .

U n s a tu ra te d  am ines, oxim es an d  n itro  com pounds stab ilize  P dC l2 in  H 2 
a tm o sp h e re  a t  R T  b u t  no H 2 u p ta k e  could  be ach ieved  even a t  h igher te m p e ra 
tu re s . A lip h a tic  oxim ino com pounds in  a 2 or 3 fold excess cause an  in d u c tio n  
perio d  an d  h y d ro g en a tio n  slows dow n b u t  th e  su d d en  deposition  o f P d  a t  th e  
end  o f h y d ro g e n a tio n  can he re ta rd e d . T he sam e effect could be ach ieved  w ith  
8 -h y d ro x y q u in o lin e  an d  salen . T h e  ra tio  o f h y d ro g en a tio n  d ro p p ed  30 fold 
a t  a m ole ra tio  of 1 : 1. A t m ole ra tio s  h igher th a n  1 : 1 for salen  an d  1 : 2 for 
8 -h y d ro x y q u in o lin e  th e  c a ta ly tic  a c tiv ity  com ple te ly  van ished .

P h o sp h in es  poisoned th e  c a ta ly s t  fo rm ed  from  PdC l2(D M F), a t  a  1 : 1 
m ole ra tio . D ienes could n o t be h y d ro g e n a te d  an d  th e  reac tio n  w ith  a lkynes 
becam e e x tre m ly  slow. I f  th e  o rd e r o f a d d itio n  w as reversed  an d  tr ia lk y l-  
phosph ines w ere ad d ed  to  th e  re a c tio n  m ix tu re  o f P dC l2, isoprene an d  D M F, 
th e n  a fte r  a n  in d u c tio n  period  o f 5 to  15 m in , h y d ro g en a tio n  d id  ta k e  p lace. 
T h is c a ta ly s t  also produces olefins selectively , b u t  am ong  th e  olefins 2 -m ethy l- 
2 -b u ten e  is fo rm ed  in  n ea rly  th e  th e rm o d y n a m ic a lly  expected  a m o u n t.
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In this report investigations are m ade on how the choice o f the K uh n—M ark— 
H ouwink constants taken from the literature affects the accuracy o f the calibration  
curves obtained on the basis o f universal calibration in gel perm eation chrom atography. 
I t  was found that the difference in th e  calibrations obtained using different K uhn— 
Mark —H ouwink constants is small, i.e. th e  effect of the choice is also sm all. For correct 
calculations the universal calibration curve m ust be constructed in  the elution range 
o f the low  molecular weight too; for low-m olecular-weight calibrating m aterials the  
intrinsic v iscosity  can be calculated using the “ theta data” for K u h n —M ark—H ouwink  
constants.

In  our prev ious p ap e r [1] som e m easurem ents w ere m ad e  to  de te rm ine  
th e  K u h n —M ark —H ouw ink  c o n s ta n ts  (K M H  constan ts) fo r som e hom o- and  
copolym ers. W ith  th e  help  of these  d a ta ,  B e n o it ’s [2 ] u n iv e rsa l c a lib ra tio n  
w as co n stru c ted  for tw o d iffe ren tly  w o rk ing  gel p e rm ea tio n  ch ro m a to g rap h  
(GPC) system s. T he v a lid ity  o f th e  c a lib ra tio n  was confirm ed  a n d  i t  was show n 
t h a t  un iversa l c a lib ra tio n  perm its  d e te rm in a tio n  of th e  m o lecu la r w eight in  
th e  case of d iffe ren t m ateria ls  i f  (i) th e  v iscosity  of th e  G PC e lu a te  is m easured  
co n tin u o u sly  an d  au to m a tica lly , or (ii) i f  th e  KM H c o n s ta n ts  are  know n for 
th e  m a te ria l te s ted .

I f  th e  in trin sic  v iscosity  c a n n o t be m easured a t  m a n y  po in ts  o f th e  
e lu tio n  region b y  an  au to m a tic  v isco m e te r, th e  know ledge o f  th e  K M H  con
s ta n ts  is necessary  for d a ta  processing  in  GPC practice  u sin g  u n iv e rsa l ca lib ra 
tio n . T he m easu rem en t o f th e  K M H  c o n s ta n ts  is tim e-co n su m in g  an d  requires 
n a rro w  frac tions o f know n ab so lu te  m olecular w eights, th e re fo re , th e y  are  
o ften  ta k e n  from  th e  lite ra tu re . H o w ev er, there  are m an y  d iffe ren t re la tio n s 
p u b lish ed  for th e  sam e m ateria l u n d e r  th e  sam e cond itions. T h is fac t seem s 
to  m ake th e  co rrec t ca lcu la tio n  ve ry  d ifficu lt or even im possib le , as w as assum ed 
b y  Ce r v e n k a  [3].

T he aim  o f th e  p resen t p a p e r is to  o b ta in  in fo rm a tio n  a b o u t th e  effect 
o f th e  choice o f pub lished  K M H  c o n s ta n ts  on the  accu racy  o f  th e  GPC m ethod , 
i f  th e  un iversa l ca lib ra tio n  is used  in  d a ta  evaluation .
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Experimental

Two GPC set-ups were used for the m easurem ents, one w as operated at 403 К  w ith  
1,2,4-trichlorohenzene (TCB), w hile the other apparatus at am bient temperature w ith tetra- 
hydrofuran (ТНГ) as so lvent. The details of the system s have been described [1], together  
w ith  the respective universal calibration curves.

Results and Discussion

F irs t o f all th e  p u b lish ed  K M H  co n stan ts  w ere co llected  for severa l 
po lym ers for the  c o n d itio n s , used  in  our GPC in s tru m e n ts  an d  listed  in  T able I . 
A s is seen from  T ab le  I ,  th e  v alue  o f a varies w ith in  a w ide  range for a g iven  
m a te r ia l under th e  g iv en  conditions. T hus i t  m ig h t he  supposed  th a t  h ig h ly  
d iffe ren t m olecular w e ig h ts  can  he o b ta in ed  for th e  sam e  m easu rem en t if  th e  
d iffe ren t K M H  c o n s ta n ts  are  used  to g e th e r w ith  u n iv e rsa l ca lib ra tion . To 
charac terize  th is  e ffec t th ro u g h  th e  w hole e lu tio n  ran g e , w e have  co n stru c ted  
th e  log  M  vs. e lu tio n  v o lu m e  ( V ) c a lib ra tio n  curve, f( F ) , w ith  th e  help of d irec t 
m easurem ents o f n a rro w  frac tio n s, an d  ca lcu la ted  th e m  from  the  un iv ersa l 
(log M  vs. V ) c a lib ra tio n  — F( V)  — w ith  th e  d iffe ren t K M H  constan ts in  
T ab le  I  on the  basis o f  E q . (1):

E X n - l o g K
a +  1 ( 1 )

w h ere  К  and  a are  th e  K M H  co n stan ts .
T hus a se t o f  c a lib ra tio n  curves can  be c o n stru c ted  fo r  a ce rta in  m a te ria l 

u s in g  th e  un iversa l c a lib ra tio n . In  Figs 1 — 5 th e  log  M  vs. V  ca lib ra tio n  
cu rv es are show n fo r th e  tw o GPC in s tru m en ts  as c o n s tru c te d  using th e  u n i
v e rsa l ca lib ra tion  a n d  th e  K M H  co n stan ts  in  T ab le  I . I n  tho se  cases w here 
to o  m an y  d a ta  w ere a t  d isposal [po lyethy lene, TC B , 403 К  and  p o ly v in y l
ch lo ride), T H F , 298 K ] o n ly  th e  regions are  show n w h ere  th e  ca lib ra tio n  
cu rv es are located , to g e th e r  w ith  th e  d irec tly  m easu red  ca lib ra tin g  p o in ts . 
T h e  curves ru n  v e ry  close to  each o th e r an d  to  th e  ex p erim en ta l p o in ts . 
I n  th e  case of p o ly e th y le n e  (P E ) also th e  ca lib ra tio n  re fe rr in g  to  the  “ th e ta ” 
co n d itions was c o n s tru c te d  (po in ted  line) w hich n ea rly  coincides w ith  the  tru e  
ca lib ra tio n  if  th e  m o lecu la r w eigh t is low. This fac t su p p o r ts  th e  assum ption  
t h a t  in  th e  case o f  sm a ll m olecules th e  ap p ro x im a tio n  a =  0.5 is va lid  [4]. 
I n  F ig . 1 the  tw o th ic k  lines show  th e  confidence lim its  o f  th e  curve ca lcu la ted  
fro m  th e  m easured p o in ts  a t  a 95%  sign ificance level. (T he ca lib ra tio n  curves 
w ere  ap p ro x im ated  b y  second  order po lynom ials f i t te d  to  th e  experim en tal 
p o in ts  b y  the  leas t sq u a re s  m ethod .) T he ca lib ra tio n s c o n s tru c te d  on th e  basis 
o f  T ab le  I  fall inside th e  reg io n  o f these  confidence lim its . T h is m eans th a t  a t  
le a s t  in  th is case th e  u n c e r ta in i ty  of d irec t ca lib ra tio n  is h ig h er th a n  th a t  of
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Table I

K u h n —M ark  — H omvink constants fo r  several polym er types taken from  the literature 
and measured on our laboratory

Polymer Conditions
К  х Ю* 
cms/g а Reference

PS
TCB, 403 К 0.89 0.727 BONI [4]

2.80 0.64 [1]
408 К 1.21 0.707 C o l l [5]

T H F, 296 К 0.682 0.766 B o n i [4]

PS 298 К 1.17 0.726 G o e d h a r d t [6 ]

1.14 0.72 O t o c k a [7]
0.609 0.768 [1]

TCB, 408 К 4.34 0.724 Co l l [5]
403 К 7.1 0.67 Со т е [8 ]

12.7 0.61 P r e c h n e r [9]
4.6 0.725 M e n d e l s o n [10]

5.23 0.70 Cr o u s e t [П ]
PE 9.54 0.64 W il l ia m s o n [12]

4.48 0.718 Ce r v e n k a [3]
5.1 0.706 O t o c k a [7]
3.92 0.725 W a g n e r [13]

5.26 0.70 P e y r o u s e t [14]
16.9 0.591 P a n a r is [15]

6.14 0.678 [1]

PP TCB, 408 К 1.37 0.75 Co l l [5]
403 К 0.74 0.83 [1]

T H F , 298 К 1.6 0.77 G o e d h a r d t [6]

4.98 0.69 F r e e m a n n [16]

1.63 0.77 F r e e m a n n [16]
PYC 1.5 0.77 E n d o [17]

5.32 0.67 B a i j a l [18]

4.48 0.70 [1]
303 К 1.27 0.82 BoHDANECKY [19]

12.9 0.54 K o b a y a s h i [20]
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Fig. 1. Calibration for P E  as computed by universal calibration and K uhn—Mark —H ouw ink  
constan ts (TCB, 403 K ). T he shaded band is the area where the lines fall, the  crosses are the  
m easured points, the d o tted  line is the least squares f i t  to these points, the thick lines are the  
confidence lim its o f th is  f i t  and the pointed line is the calibration using data corresponding

to theta  conditions

Fig.  2. Calibrations for PS as calculated b y  m eans of the universal calibration and K uhn — 
Mark—H ouwink constants (TCB, 403 K)

th e  line co m p u ted  on  th e  basis o f  th e  u n iv e rsa l ca lib ra tio n  using  d iffe ren t 
K M H  co n stan ts  ta k e n  from  th e  li te ra tu re .

The u n iv e rsa l ca lib ra tion  m a y  be u sed  on ly  in  th e  m o lecu la r w eight 
reg io n  w here m easu red  po in ts are  a t  d isposal. H ow ever, i t  is d ifficu lt to  m eas
u re  th e  in trin s ic  v isco sity  for low  m olecu la r w eigh t sam ples, th e re fo re , ex p eri
m e n ta l p o in ts  a re  m o stly  n o t a t  d isposal fo r h igh  values of e lu tio n  vo lum es. 
N evertheless, acco rd in g  to  B o n i et ál. [4] a n d  K u r a ta  and  St o c k m a y e r  [21], 
th e  values fo r low  m olecular w eig h t m a te ria ls  do n o t differ fro m  th o se  in
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Fig.  4. Calibrations for P S, com puted by m eans of universal calibration and the K uhn — 
M ark—H ouw ink constants (T H F, 298 K)

“ th e ta ”  so lu tions, i.e. th e y  ca n  he e s tim a ted  w ith  u sin g  th e  “ th e ta ”  d a ta . 
In  th is  w ay  th e  u n iv e rsa l c a lib ra tio n  can  be ex ten d ed  to  h ig h er e lu tion  volum es. 
F igure  6 shows th e  effect o f  th e  above a p p ro x im a tio n  on th e  re lia b ility  of 
ca lcu la tion  in  th e  case o f  th e  h igh  te m p e ra tu re  G PC . T he crosses in  F ig . 6 
rep resen t th e  ex p e rim en ta l p o in ts  fo r P E  s ta n d a rd s  a n d  n -paraffin s in  th e  
log M  vs. V  p lo t. T he fu ll lin e  is th e  ca lib ra tio n  cu rv e  co m p u ted  using  E q . (1) 
(o =  0.61, К  =  0.127 w ere u sed  in  E q . (1)) fro m  th e  u n iv e rsa l c a lib ra tio n  
curve w ith o u t p o in ts  in  th e  low  m olecular w eigh t reg io n , w hile th e  d o tte d  line
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Fig. 5. Calibration for РУС (T H F, 298 K ), com puted on the basis o f universal calibration  
and K u h n —Mark—H ouw ink constants. The shaded band is the area where the calibration  

lies and the points are m easured experim entally

F ig . 6 . Comparison betw een  the calibration curves constructed by m eans o f th e  universal 
calibration, if  the sm all m olecules are not taken in to  account (full line) and if  th ey  are (dotted

line) (TCB, 403 K)
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is s im ilarly  o b ta in ed  i f  low  m olecular w eigh t sam ples a re  also included  in to  
u n iv e rsa l c a lib ra tio n  using  th e  above ap p ro x im atio n .

T he curves in  F ig . 6 coincide in  th e  h igh  m o lecu lar w e ig h t region (w here 
ca lib ra tin g  po in ts  w ere used  in  b o th  cases), b u t  below  th e  m olecular w eight 
of a b o u t 2 х Ю 4 on ly  th e  d o tte d  line rep resen ts  a good f i t  to  th e  experim en ta l 
d a ta  (it was o b ta in ed  fro m  th e  un iversa l ca lib ra tio n  w ith  p o in ts  in  th e  high 
e lu tio n  volum e ran g e).

0.8

0.7

0.6

0.5

2+ log К

F ig .y i. Relation betw een the K u h n —M ark—H ouwink constants in Table I for polyethylene (1)
and poly(vinyl chloride) (2)

T hese in v es tig a tio n s  show  th a t  th e  choice o f K M H  c o n s ta n ts  from  th e  
p u b lished  d a ta  does n o t  a ffec t th e  accu racy  o f d a ta  p rocessing  w ith  un iv ersa l 
c a lib ra tio n  to  a m ark ed  degree. T he reason  fo r th is  is p ro b a b ly  th a t  d iffe ren t 
K M H  co n stan ts  m ay  lead  to  a good ag reem en t o f v isco m etric  d a ta  and  m olec
u la r  w eights i f  a c e r ta in  re la tio n  holds b e tw een  th e  К  a n d  a, as was show n 
b y  o th ers  (e.g. [22]). I f  th e  m easu rem en ts are  free from  gross exp erim en ta l 
errors — as can  be ex p ec ted  in  th e  case of p u b lish ed  d a ta  — th e  d a ta  o b ta in ed  
obey th is  re la tio n , a n d  supposed ly  can  be used  for ca lcu la tio n s in  b o th  visco- 
m e try  an d  gel p e rm e a tio n  ch ro m ato g rap h y . In  F ig . 7 th e  a va lues are p lo tte d  
ag a in s t log К  (see [22]) fo r p o ly e thy lene  an d  po ly (v in y l chloride), a n d  a 
n ea rly  lin ea r  dependence  can  be observed.

F o r co rrec t ca lcu la tio n s th e  un iv ersa l c a lib ra tio n  m u s t be  co n stru c ted  
for th e  w hole ran g e  o f  e lu tio n  volum es ava ilab le ; w ith  low  m olecular w eigh t 
sam ples th e  “ th e ta ”  d a ta  o f K M H  co n stan ts  can  be u sed  fo r th is  purpose .
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1,2,3-Cyclohexane trione dioxim e (1,3) (I) and 1,2,3-cyclohexane trione trioxim e  
(П) were synthesized. Their acid ity constants were determined b o th  by potentiom etric  
and spectrophotom etric m ethods, a t 20 °C and ionic strength o f  [i =  0.1 M , U V  and 
visible absorption spectra are presented. T he correlation betw een  acid ity  and m olecular 
structure is discussed.

D ue to  th e  e le c tro n -a ttra c tiv e  effect o f th e  C = N  doub le  b o n d , th e  oxim es 
a re  w eak  acids. T he p K  v a lu e  o f th e  acetox im e [1] is 12.22. T h e  su b s titu tio n  
o f  th e  m e th y l group , or o f th e  hyd ro g en , fo r m ore e lec tro n -w ith d raw in g  groups 
lead s to  th e  increase o f th e  ac id ity . T h u s , th e  pK  value o f  ace tophenoneox im e
[2] is 11.48, th a t  o f th e  benzophenoneox im e 11.30. T h e  a ro m a tic  aldoxim es 
are  even  stro n g er acids, especially  in  th e ir  а -form . In  th e  case o f  a-benzaldox im e 
p K  =  10.06 [3].

T he p resence o f a C = 0  g roup  in  a  position  increases th e  ac id ity  o f th e  
ox im e group [4]. A s im ila r effect can  be  observed w ith  a -d io n e  dioxim es, e.g. 
th e  p K x v alue  o f th e  d im eth y l-g ly o x im e [5] is 10.55. S uch  a n  increase o f th e  
a c id ity  is due to  th e  de loca lization  o f th e  C—N я -bond. I n  th e  case o f th e  
a-d ione  dioxim es a la rg e r delocalized  я -bond  system  leads to  fu r th e r  increase 
o f  th e  ac id ity . T hus th e  p K x v a lu e  o f th e  a-benzyld ioxim e is 10.12, th a t  o f 
a -fu ry ld io x im e  9.80 [5].

In  th e  case of th e  1 ,2 -cyclohexane dione dioxim e l i te ra tu re  p K x d a ta  
are  be tw een  10.41 an d  10.75 [5 — 9]. F o r th e  corresponding p K 2 values 12.16 [5] 
a n d  12.40 [7] h av e  been  re p o rte d .

As th e  ac id ity  o f th e  1 ,2 ,3-cyclohexane trione d iox im e (1,3) (I) a n d  of 
th e  1 ,2 ,3 -cyclohexanetrione trio x im e  (II) stud ied  in  th e  p re se n t p ap er, a re  
concerned , th e  presence o f  a CO group  be tw een  th e  oxim e g ro u p s m u st increase 
sen sib ly  b o th  ac id ity  c o n s ta n ts  o f (I) a n d  th e  ac id ity  o f  th e  oxim e g roup  
o f (II) in  position  2 m u st be  even  h igher.

O ne can  expect th e  p K 2 v a lu e  o f (П) to  be a little  low er, th e  p K 3 va lu e  
o f  (II) to  be a l i ttle  h ig h er th a n  th e  p K 2 v alue  of the  1 ,2 -cyclohexane d ione 
d iox im e.
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In  th is  paper th e  a c id ity  co n stan ts  o f (I) an d  (II) h a v e  been  determ ined , 
b o th  b y  p o ten tio m e tric  a n d  sp ec tro p h o to m etric  m eth o d s.

H2 H 2
/С '

HiC X'H2 
1 1

H2C CH2 
1 1

OH
II II
0 N

I
О
I

H

I  II

c 2h 5- o n o

C H ,-C O O H
NaNOi

Experimental

B y  the izonitrozation o f cyclohexanone w ith  ethyl n itrite in  th e  presence of acetic  
acid T r e ib s  and K u h n  [10] obtained the sodium  sa lt o f 1 ,2 ,3-cyclohexane trione dioxim e (1,3) 
according to the reaction.

The corresponding tr iox im e was obtained from  this w ith  an excess of hydroxylam ine.
In  the present paper a m odification of the above m ethod is proposed, which allows the  

purification of the products and the increasing of the yields.

Synthesis o f  1,2,3-cyclohexane trione dioxim e (1 ,3 )

410 g N a N 0 2 is d issolved  in approx. 800 m l w ater, 170 m l e th y l alcohol and then further 
w ater added to make 1700 m l. Separately 170 m l cone. H 2S 0 4 (d —  1.84) is dissolved in 800 m l 
w ater and 170 ml alcohol added, then diluted w ith  water up to 1700 ml. The acidic alcoholic 
solution  is added drop b y  drop to  the nitrite solution. The ethyl n itr ite  gas evolved is bubbled  
through 180 ml cyclohexanone acidified w ith  10 m l cone, hydrochloric acid for 5 — 6 hours, 
below  10 °C, under continuous stirring. After 5 — 6 hours of standing, the yellow precipitate  
form ed is filtered, washed w ith  dil. alcohol (1 : 1). The crude product is recrystallized from  
hot alcohol. Yield: 175 g, m .p. 224 °C.

C6H80 3N2 (156.1). Calcd. N  17.9. Found 18.1% .

Synthesis o f 1,2,3-cyclohexane trione trioxim e

60 g 1,2,3-cyclohexane trione dioxim e (1,3) is dissolved in  350 — 400 ml m ethanol and  
treated  w ith an excess o f hydroxylam ine hydrochloride (75 g). The m ixture is refluxed for 4 — 5 
hours. The trioxim e separates on evaporation as pink m icrocrystals. The crude product is 
recrystallized from a sm all volum e of water. Y ield: 60% , m .p. 176 —177 °C.

C6H90 3N 3 (171.2). Calcd. N  24.6, Found 24.5% .

Potentiom etric m easurem ents

Samples of about 0.01 M  solutions of (I) and (II) were titra ted  with 0.1 M  NaO H  
solution , potentiom etrically , b y  using an universal glass electrode. Measurements were per
formed at 20 °C and the ionic strength of the sam ples was /г — 0 .1 M ,  obtained by adding  
appropriate am ounts o f NaC104.
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Spectrophotom etric m easurem ents

The UV and visible spectra of (I) and (II) were recorded at different pH  values, on a 
SPECO RD recording spectrophotom eter.

In order to  derive acid ity  constants different phosphate buffers were prepared w ith  
pH  values betw een 5 and 13. T he ionic strength was adjusted to  fj. =  0.1 by adding an appro
priate am ount o f a NaC104 solution . Sam ples were k ep t in  ultratherm ostat at 20 °C. Ab
sorbance m easurem ents were perform ed on a V S U —2 spectrophotom eter in 1 c m  path  cells, 
against the sam e buffer solution, w ith ou t dioxime.

R esults

T he p o ten tio m e tric  t i t r a t io n  curves are p re se n te d  in  Fig. 1.
As seen from  curve  I ,  p ra c tic a lly  no p o te n tia l ju m p  is ob ta in ed  in  th e  

case o f (I). T he p H  v alue  in  th e  p o in t co rrespond ing  to  th e  n e u tra liz a tio n  
of a h a lf  o f th e  f i r s t  h y d ro g en  (p H li2, in d ica ted  b y  a n  a rro w  in  Fig. 1) is equal

Fig. 1. Potentiom etric titration  curves o f 1,2,3-cyclohexane trione dioxim e (1,3) (I) and of  
1,2,3-cyclohexane trione trioxim e (II) w ith  0.1 M N aO H  solution; t =  20 °C, ц — 0.1 M ,

c =  0.01 M

to  8.36. This m eans, th a t  th e  р К х v a lu e  m ust be v e ry  close to  th is  p H 12 v a lu e . 
T he f irs t  p o rtio n  o f th e  t i t r a t io n  cu rve , up  to  25 p e r c e n t n eu tra liz a tio n  o f th e  
firs t hyd rogen  (a  <[ 0.25), w as u sed  to  ca lcu late  К г as described  earlie r [11].

T he second a c id ity  c o n s ta n t w as derived  from  th e  p o in ts  o f th e  t i t r a t io n  
curves, correspond ing  to  i ^ >  0 .8 , b y  using  th e  K x v a lu e  derived  from  th e  f irs t  
p o rtio n  of th e  sam e t i t r a t io n  c u rv e . C alculations w ere p e rfo rm ed  as earlie r [11].

T he m ean  va lu es  o f p K x a n d  p K 2 derived  fro m  d iffe ren t po in ts  o f  th e  
t i t ra t io n  curves a re  p re sen ted  in  T ab le  I .
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Table I

A c id ity  constants derived fro m  potentiometric titration curves, t =  20 °C, p  =  1 M

Substance pK, pK, pK3

1.2.3- cyclohexane trione dioxim e (1,3)

1.2 .3- cyclohexane trione trioxim e

8.40 ±  0.03 

8.16 ±  0.06

9.83 ±  0.07 

11.11 ±  0.07 12.19 ±  0.25

As seen, th e  p K x v a lu e  is v e ry  close ind eed  to  th e  ab o v e  g iven  pH ]/2 
v a lu e .

C urve I I  of F ig . 1 show s a clear p o te n tia l ju m p  a t th e  f i r s t  equivalence 
p o in t .  Since p H j/2 <  10, its  v a lue  (8.16) can  be  ta k e n  for p K 3 [12]. B y  using  th e  
f i r s t  p o rtio n  of th e  t i t r a t io n  curves, u p  to  a  =  0.9, d iffe ren t ex p erim en ta l 
p o in ts  gave a p ra c tic a lly  c o n s ta n t v a lu e  fo r K v  As expected , th e  m ean  value 
o f  p K j ,  given in  T ab le  I ,  is p rac tica lly  id e n tic a l w ith  th e  p H 1/2 va lue . The 
seco n d  ac id ity  c o n s ta n t has been  derived  from  th e  p o rtio n  o f  th e  t i t ra t io n  
cu rv e s  corresponding to  1 <[ a  <C 1.4, a n d  i ts  m ean  value is p re se n te d  in  Table I.

T h e  th ird  a c id ity  c o n s ta n t has been  d eriv ed  from  th e  p o in ts  o f th e  t i t r a 
t io n  curves, co rrespond ing  to  1.8, b y  using  th e  above o b ta in e d  K x and  
K 2 v a lu es .

T h e  a rith m e tic a l m ean  of th e  re su lts  ob ta in ed  are  p re se n te d  also in  
T a b le  I.

I n  order to  see th e  possib ilities to  derive  th e  ac id ity  c o n s ta n ts , th e  UV 
a n d  v isib le  spectra  o f  (I) an d  (II) w ere reco rded  a t  d iffe ren t p H  values. In  
F ig . 2 th ree  re p re se n ta tiv e  sp ec tra  are  p re sen ted  for b o th  com pounds, re flec ting  
th e  genera l fea tu res o f  th e se  sp ec tra . C urves a w ere o b ta in ed  in  acid ic so lu tions 
(p H  ^  3), curves c in  b asic  ones (p H  12) an d  curves b a t  a low er p H  value 
th a n  curves c.

O n the  basis o f  th e se  curves severa l w ave leng ths w ere chosen  in  order 
to  o b ta in  ex p e rim en ta lly  th e  p H  d ependence  of th e  ab so rb an ce . T hese w ave 
le n g th s  are in d ica ted  b y  arrow s in  F ig . 2. R esu lts o b ta in e d  are  p resen ted  
in  F ig s  3 and  4.

As seen from  F ig . 3, cu rve  2 reco rd ed  a t  X =  292 n m  h a s  a m ax im um  
co rrespond ing  to  p H  =  9.15. T his allow s us to  use our tr ia l  an d  e rro r  procedure 
p ro p o sed  earlier [11] a n d  to  derive K 1 an d  K 2. R esu lts a re  g iv en  in  T able I I .

In  th e  case o f  co m p o u n d  (II) cu rve  1 o f F ig . 4 suggests th e  idea  th a t  a t  
211 n m  th e  m olar a b so rp tiv itie s  of th e  3 ionic species h a v e  p ra c tic a lly  th e  
sa m e  value, i.e. ex =  г2 =  e3, w here e,- s ta n d s  fo r th e  a b s o rp tiv i ty  of th e  
species H 3_ (- X '-  re su ltin g  from  th e  io n iza tio n  of th e  acid  H 3X  stu d ied . T hus, 
th e  v a ria tio n  of th e  ab so rb an ce  is governed  exclusively  b y  K v  O n th e  basis
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Fig. 2. UV and visiblejjabsorption spectra o f 1,2,3-cyclohexane trione dioxim e (1,3) (I) and 
o f 1,2,3-cyclohexane trione trioxim e (II); c =  5 x l 0 -5 M , 1 cm path  cell; (I) a — pH  =  2.95, 
b — pH  =  8.76, c — pH  =  12.7; (II) a — pH  =  2.95, b -  p H  =  9.82, c — pH  =  12.8

F ig. 3. Absorbance —pH  curves o f 1 ,2,3-cyclohexane trione d ioxim e (1,3), e =  6 X 10 ~5 M , 
Ц =  0.1 AT, i =  20 °C; 1 — % =  270 nm , 2 — A =  292 nm , 3 — Я =  332 nm
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o f th is  p resum ption  K 1 c a n  be derived as w ith  m o n o v a len t acids. The m ean  
v a lu e  of K x ob ta in ed  in  th is  w ay  is given in  T ab le  I I .

T he curve 2 show s a  c lear m ax im um  a t  p H  =  9.95 an d  E  has a p ra c ti
ca lly  co n stan t v a lu e  a t  h ig h e r p H , suggesting  th e  idea  t h a t  e2 ^  e3, allows 
th e  ap p lica tio n  of th e  ab o v e  m entioned  t r ia l  an d  e rro r m e th o d  to  derive b o th  
K r a n d  K 2 from  th e  e x p e rim e n ta l E  values (up  to  p H  =  10.6). R esults are 
p re se n te d  also in  T ab le  I I .

Since curve 3 show s a  v a ria tio n  o f E  even  a t  h ig h er p H  values th a n  
c u rv e  2, th e  la s t p o r tio n  o f  curve 3 allows us to  derive  th e  K 3 va lue , too.

F ig. 4. Absorbance — p H  curves o f 1,2,3-cyclohexane trione trioxim e, с =  1 0 -5  M, f i  =  0.1 M ,  
t =  20 °C; 1 — X =  211 nm, 2 -  X =  ,241 nm , 3 -  X =  290 nm

Table II

Acidity constants obtained spectrophotometrically, t =  20 °C, fi ~ 0.1 M

Substance рк. pK, pK, A
nm

1,2,3-cyclohexane trione d ioxim e (1,3) 8.50 ±  0.05 9.91 ±  0.05 — 292

1,2,3-cyclohexane trione trioxim e 8.14 ±  0.07 — — 211
8.38 ±  0.02 10.93 ±  0.02 — 241

— 11.96 ±  0.09 290
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T he abso rb an ce  o f a tr iv a le n t ac id  H 3X  can be g iven  as

E  H 3e0 +  K 1H *e1 +  K 1K 2H e2 +  K 1K 2K 3e3 ^
S  U

w here
2 7 =  H* +  K XH 2 +  K 1K 2H +  К , К 2К 3 (2)

w here H  s tan d s fo r th e  co n cen tra tio n  o f th e  h y d ro g en  ions, c fo r th e  an a ly tic a l 
co n cen tra tio n  of th e  ac id , an d  d for th e  p a th  o f th e  l ig h t beam  in  th e  so lu tion .

T he ab so rb an ce  e0 can  be d e riv ed  d irec tly  fro m  cu rv e  3, viz. from  th e  
abso rb an ce  a t  low  p H  values. In  o rd e r to  derive a n d  e2, th e  follow ing p ro 
cedure  has been  used :

F rom  each  ex p erim en ta l p o in t th e  frac tio n s o f  th e  species H 3X(oc0), 
H 2X _ (a1), H X 2 - (oc2) a n d  X 3 _ (a3) w ere  ca lcu la ted  fro m  th e  following ex p re s
sions [13]

H 2 X j H 2 K , K 2 H K , K 2K 3
(3)

K x an d  K 2 w ere o b ta in e d  from  cu rves 1 a n d  2, a n d  fo r  K 3 a n  a p p ro x im a te  
v a lu e  of 10  ~12 w as ta k e n .

In  th e  case o f th e  f irs t  p o rtion  o f  cu rv e  3, a 3 <  0.01, i.e. th e  c o n tr ib u tio n  
o f  X 3 - to  th e  ab so rb an ce  can be n eg lec ted , a n d  from  (1) th e  following ex p res
sion can  be o b ta in ed :

в. cd , e« cd ,  . , , E  — en cd an E  —  en cd an
—-------\- —-— -  =  1 w ith  b =  - 0 — 0 ; e = ----------5 ^

b e  a.l a 2
(4)

E q u a tio n  (4) allow s us to  derive ex a n d  e2 from  th e  in te rse c tio n  of a n u m b e r 
o f  s tra ig h t lines, co rrespond ing  each  one to  a n  e x p e rim e n ta l p o in t [14].

B y  m eans of th is  g raphical m e th o d  s 3 could be  w ell derived, b u t  e2 

values w ere r a th e r  sc a tte re d . B y ta k in g  th e  ex p e rim en ta l p o in ts  co rresponding  
to  0.02 <7 a 2 <7 0.3 a  p rac tica lly  c o n s ta n t v a lu e  could  be  o b ta in ed  fo r e2 b y  
m eans of th e  fo rm u la

E  —  (e0 x 0 -f- aq) cd 

a 2 cd
(5)

T he ac id ity  c o n s ta n t K 3 an d  th e  a b so rp tiv ity  e3 w ere derived  from  th e  
la s t  p o rtio n  o f cu rve  3, b y  m eans o f  (1) a n d  b y  usin g  th e  above described  
t r ia l  an d  erro r m e th o d . R esu lts  are  p re se n te d  in  T ab le  I I .
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D iscussion

A s seen from  T ab les  I  an d  I I ,  th e  p o ten tio m etric  a n d  spec tro p h o to - 
m e tr ic  m ethods give a lm o st th e  sam e v a lu es  fo r th e  ac id ity  c o n s tan ts . A t an y  
r a te ,  differences b e tw een  th e  p K  v a lu es  derived  by  m eans o f  b o th  m eth o d s 
a re  n o t  h igher th a n  d ifferences o b ta in e d  b y  deriv ing p K  sp ec tro p h o to m e tri-  
c a lly  fro m  curves co rrespond ing  to  d iffe re n t w ave leng ths.

T h e  ac id ity  o f th e  oxim e g roups is e x a c tly  as ex p ec ted  on th e  basis o f 
th e  m o lecu la r s tru c tu re .

In  th e  case o f com p o u n d  (I) th e  p resence  of th e  c a rb o n y l g roup  increases 
th e  a c id ity  of b o th  oxim es. T he e lec tro n rep u ls in g  effect o f th e  electric  charge 
o f  H X ~  is n o t v e ry  im p o r ta n t, since i t  is localized on a g roup  linked  to  th e  
C a to m  in  ^-position .

In  th e  f irs t  io n iza tio n  s tep  (II) is s tro n g e r acid, th a n  (I), b u t  in  th e  second 
one  i t  is a ra th e r  w eak  acid , since th e  e lec tric  charge o f H 2X _ is localized  on 
a  g ro u p  linked  to  th e  C a to m  in  а -p o sition . This is w hy th e  f i r s t  h y d ro g en  can  
be  t i t r a te d  sep a ra te ly . T he d ifference b e tw een  p K 2 an d  p K 3 is m uch  less, 
s ince  th e  new  charge  in  H X 2- ap p ea rs  in  /^-position, as in  th e  case o f (I).
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The nucleophilic addition to 3-keto-4,6 -diene steroids results in 7-substituted, 
3-keto-4-ene steroids. The position of the su bstitu en t depending on the nature of the  
nucleophilic agent is generally axial (a). PCILO calculations support these experim ental 
experiences. The study of the reasons leading to the form ation of the given configuration  
suggests th a t the degree of the steric interactions betw een the substituent and the  
steroid skeleton governs primarily the configuration to be realized.

I t  has been  w ell-know n for a long tim e  th a t  th e  3-keto -4 ,6 -diene ste ro id s  
un d erg o  n uc leoph ilic  ad d itio n s to  th e  C6—C7 doub le  bond . I t  is in te re s tin g  in  
th is  case t h a t  in  th e  g rea t m a jo rity  of exam ples pu b lish ed  in  th e  li te ra tu re  th e  
o b ta in e d  com pounds h av e  an  axial (a) 7 -su b s titu e n t (F ig . 1).

D o d s o n  an d  T w e it  [1, 2] carried  o u t th e  f ir s t  th io ace tic  acid a d d itio n  
to  3 -k e to -4 ,6 -d iene ste ro id s  o f an d ro s tan e  a n d  p reg n an e  ty p es (s tru c t. 1). 
T he re a c tio n  to o k  p lace b y  reflu x in g  in  excess o f th io ace tic  acid  ap p ly in g  U V  
ir ra d ia t io n  as well. A ccording to  th e ir  in v e s tig a tio n s  th e  ace ty lth io  g roup  
en te rs  th e  axia l p o sitio n  o f th e  con ju g a ted  sy s tem , so 7oc-acetylthio-3-keto-4-ene 
s te ro id  w as form ed.

S c h a u b  et al. [3] ca rried  ou t th e  a d d itio n  to  3-keto -4 ,6 -diene s te ro id s  
in  c o n c e n tra ted  acetic  acid using  HC1 as a  c a ta ly s t . T he nucleophilic  reag en ts  
w ere th io a c e tic  acid , m e th y lm ercap tan , th io c y a n ic  acid  an d  th e  reac tio n s  
re su lte d  in  3 -keto-4-ene s te ro ids, hav ing  th e  a fo rem en tio n ed  su lp h u r co n ta in in g  
su b s titu e n ts  in  7a position .

I n  cases o f 3-keto-4-ene steroids h av in g  o th e r  7 -su b stitu en ts  th e  e x p e r
iences w ere sim ilar. R in g o l d  an d  B o w e r s  [4, 5] p rep a red  7-cyano, 3 -keto-
4-ene s te ro id s  th e  p ro d u c t was a m ix tu re  o f  7a an d  7/9-cyano d e riv a tiv e s . 
Ca m b e l l  an d  B a b c o c k  [6 ] p rep ared  7 -m eth y l, 3-keto-4-ene stero ids p ro d u c in g  
7a d e riv a tiv e , 7/9 ep im er occurred  only in  th e  presence  of a 11-hydroxy  g roup .

In v e s tig a tin g  th e  a d d itio n  by  th e  p re p a ra tio n  o f th e  sp irono lac tone  
[7 a-ace ty lth io -1 7 a-(2 ,-carboxyethyl)-17 /3-hydroxy-androst-4-ene-3-one lac to n e] 
Ce l l a  an d  T w e it  [7] e s tab lished  th a t  a l i t t le  a m o u n t of 7/9, eq u a to ria lly  
s u b s ti tu te d  ep im er also w as y ielded  th o u g h  th e  m a in  p ro d u c t was th e  sp iro n o 
lac to n e . Since th is  la t te r  one con ta ined  7 a -ace ty lth io  group  i t  was s ta te d  th a t  th e  
th io a c e tic  acid ad d itio n  to  th e  C6 — C7 double  b o n d  w as trans d iaxia l ad d itio n .
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T w e it ’s [8 ] effo rt to  ge t a g rea te r p a r t  o f th e  ß  ep im er e ith e r  b y  th e  iso m er
iza tio n  o f th e  a  one o r b y  changing  th e  co n d itio n s o f  th e  reac tio n  rem ain ed  
unsuccessful. H e su p p o sed  th a t  u n d er th e  co n d itio n s n ecessary  to  th e  iso m er
iz a tio n  th io ace tic  acid  e lim ina tion  m ay  occu r as a side reac tio n .

T he availab le  experiences cau tio n  us to  ta k e  s te ric  in te rac tio n s  b e tw een  
th e  7 -su b s titu e n t an d  th e  stero id  sk e le to n  in to  considera tion .

T he degree o f th e se  in te rac tio n s  d ep en d s  m ain ly  on  th e  size an d  shape 
o f th e  su b s titu e n t. I t  is th o u g h t th is  is th e  d o m in a n t fa c to r  in  th e  fo rm atio n  
o f th e  th e rm o d y n am ica lly  p referred  7 -su b s titu te d , 3-keto-4-ene stero id  ep im er.

Model and calculations

T he PC IL O  m e th o d  [9—12] (P e r tu rb a tio n  C onfig u ra tio n  In te ra c tio n s  
using  Localized O rb ita ls) w as used in  th e  CN D O /2 h y p o th esis  to  s tu d y  th e  
above questions. T he correspond ing  Q C P E  p ro g ram  [16] used  in  our ca lcu 
la tio n s  w as m odified  b y  T h . W e l l e r .

T he PC IL O  m e th o d  proved  usefu l in  earlie r ca lcu la tions [13 — 15] to  
in v e s tig a te  m olecular conform ations so i t  w as hoped  th e  exp erim en ta l re su lts  
could  be in te rp re te d  in  o u r case too.

H ow ever, we h a d  to  ca rry  ou t th e  ca lcu la tio n s on  m odel com pounds 
since due to  our lim ite d  possibilities we could  n o t m ak e  calcu lations on  th e  
w hole m olecules. T he ca lcu la tions w ere m ad e  on a n  IC L  1903/A co m p u te r 
h av in g  a m ax im um  sto rag e  cap ac ity  o f 55 К  w ords ava ilab le .

T he basic 3 -k e to -4 ,6 -diene stero id  ( s tru c t. 1) y ields 7 -su b s titu ted , 3-keto- 
4-ene stero ids (s tru c t. 2a, b) in  nucleoph ilic  acc id ition . In  th e  7 -su b s titu ted  
com pound  th e  N u g roup  m ay  tak e  axia l (a, 2a) or equatorial (ß , 2b) p osition .

F ir s t  we in v e s tig a te d  th e  electron ic  s tru c tu re  o f com pound  1 for checking  
th e  nucleophilic  site , th e n  th e  to ta l  en e rg y  differences o f th e  7 -su b s titu te d  
epim eric  pa irs w ere ca lcu la ted .

T he reac tions to o k  p lace in  po la r m ed iu m  so i t  w as necessary  to  ca lcu la te  
also th e  charge d is tr ib u tio n  in  th e  s te ro id  m olecule p ro to n a te d  on th e  ca rbony l 
oxygen .

To th e  ca lcu la tio n  of th e  e lec tron ic  s tru c tu re  o f com pound  1 an d  its  
p ro to n a te d  form  m odel com pounds w ere chosen . T he m odels (3a—d) an d  th e ir  
ca lcu la ted  charge d is tr ib u tio n s  are show n in  F ig . 2.

Since no d a ta  h a v e  been  found  re fe rr in g  to  th e  m olecu lar geom etry  o f 
com pound  1 reasonab le  geom etry  w as assu m ed  on th e  basis of X -ra y  [17] 
an d  e lec tron  d iffrac tio n  [18] in v es tig a tio n s  o n  4 -p regnene-17a, 21-diol-3,20- 
d ione an d  cyclohexene, respective ly . T h e  О — H  le n g th  w as assum ed to  be 
1 Á (3c, d).
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0.015
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F ig. 2. The calculated charge distribution o f the 3a—d model com pounds. The charges ind i
cated at the m ethyl groups refer to the C atom s

I n  th e  follow ing th e  energy  differences o f th e  epim eric p a irs  w ere in v e s ti
g a te d  in  th e  7 -su b s titu te d , 3 -keto-4-ene stero ids. To th ese  ca lcu la tio n s m odel 
4 w as chosen. T his choice m ay  he verified  b y  th e  a ssu m p tio n  th a t  th e  in flu en ce  
o f  th e  3-keto  group is a p p ro x im a tiv e ly  eq u a l on th e  e lec tron ic  s tru c tu re  o f th e  
7 a  a n d  7/3 epim ers. F u rth e rm o re  th e re  can  n o t ex is t s ig n if ican t s te ric  in te r 
a c tio n  betw een  th e  3-keto  g roup  an d  th e  7 -su b s titu en t be ing  th e  tw o  g roups
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ra th e r  fa r  fro m  each  o th e r. So i t  is assu m ed  im p lic itly  th a t  th e  to ta l  energy  
difference o f  th e  epim eric  p a irs  depends decisively  on  th e  in te rac tio n s  ex is tin g  
in  th e  v ic in ity  o f th e  su b s ti tu te d  m o lecu la r site.

T he g eo m etry  o f m odel 4, w hich is a m odel o f th e  rin g  В an d  th e  in te re s t
ing  p a r t  o f  th e  rings C a n d  D of th e  s te ro id  m olecule, was assum ed on  th e  
basis o f th e  X -ra y  in v es tig a tio n s  o f D u p o n t  et al. [17]. Some C—C b o n d s  o f

4

th e  ste ro id  sk e le ton  w ere rep laced  b y  C — H  bon d s th e  d irections o f w hich  
coincided w ith  th e  o rig inal ones.

Som e o f th e  orig inal H C H  an d  CCH angles w ere v e ry  fa r  fro m  th e  
te tra h e d ra l va lue . T he ex p erim en ta l C — H  bo n d  len g th s  varied  from  0.89 to  
1.19 A. In s te a d  o f th e  X -ra y  d a ta  re fe rrin g  to  bonds co n ta in in g  H , we assu m ed  
m ore rea lis tic  C—H  b o n d  leng ths o f  1.095 A a n d  1.07 A for C—C —H  a n d  
C = C  — H  b o n d s, resp ec tiv e ly , as w ell n e a r  te tra h e d ra l  angles. T he fo llow ing 
su b s titu e n ts  (sym bolized in  general w ith  N u) w ere in v es tig a ted : — CN, — Cl, 
-—C H 3, — SCO CH 3. T he  necessary  geom etric  d a ta  w ere ta k e n  from  th e  l i te r a 
tu re  [20]. T h e  H —C7—N u angle angle w as n o t o p tim ized , i t  was accep ted  in  
every  case to  be n ea r te tra h e d ra l. T he e rro r m ade is e s tim a te d  in  th e  d iscussion . 
T he su lp h u r-ca rb o n  d is tan ce  in  th e  a ce ty lth io  g roup  w as assum ed bein g  
betw een  th e  C — S an d  C = S  bond len g th s . T h is choice based  on th e  s im ila r  
s itu a tio n  ex is tin g  in  th e  oxygen co n ta in in g  esters. T he accepted  v a lu e  o f 
th e  C—S b o n d  len g th  w as 1.77 A. T he g eo m etry  o f th e  groups connec ting  to  
th e  C7 a to m  is show n in  F ig . 3. The to ta l  energy  differences w ere ca lc u la ted  
fo r every  s u b s titu e n t b o th  in  axial an d  equatorial positions. In  th e  case o f th e  
m ethy l g roup  a ro ta tio n  o f 60° was m ade a b o u t th e  C7—S axis th a t  is b o th  th e  
staggered  a n d  eclipsed conform ations w ere ca lcu la ted . I n  th e  case of —SC O C H 3 

su b s titu e n t p o te n tia l cu rves w ere ex am in ed  ro ta t in g  th e  su b s titu e n t g ro u p  
ab o u t th e  C7— S axis, b o th  in  a and  ß  positions. T he p o te n tia l curves can  be 
seen on F ig . 4. A clockw ise ro ta tio n  a b o u t th e  C7 — S ax is from  th e  v iew  p o in t 
o f th e  C7 a to m  w as assum ed . T he orig in  co rresponds to  a n  a rran g em en t w here  
th e  H —C7—S — CO—C a to m s are  in  th e  sam e p lan e , th e  C7—S an d  C = 0 ,  
as well th e  H — C7 an d  C = 0  bonds are  in  cis p osition .

The en erg y  differences o f th e  a  an d  ß  epim ers a n d  th e  ex p e rim en ta lly  
found co n fig u ra tio n s a re  g iven  in  T ab le  I.
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Table I

The energy differences o f  the epim eric p a irs  in kcal!mol 
and the experimentally found configurations (references in parentheses)

E a  — E ß  (keal/mol) Exp. соnfiguration

- C N + 0 . 2 a, ß  [4 ,5 ]
- C l —  1.3 no exp data

-S C O C H 3 — 1.6 a [ 1 ,2 ,  3]

CHgstag - 5 . 6 a [6 ]
CH3ecl - 4 . 5 a [6 ]

Fig. 3. The geom etry of the su bstitu en ts connecting to the C7 atom

Fig. 4. The total energy of the 7a and Iß  acety lth io  derivatives as a function  of the rotation
angle about tbe C7 —S axis

Acta Chim. Acad. Sei. Hung. 103, 1980



NAGY, BEER: SEMIEMPIRICAL QUANTUMCHEMICAL CALCULATIONS 65

D iscussion

T he aim  of th e  p resen t ca lcu la tio n s  is to  com pare  th e  energy  differences 
of 7 ax ia lly  and  e q u a to ria lly  s u b s ti tu te d  3-keto-4-ene s te ro id s  h av in g  d iffe ren t 
su b s titu e n ts . F u rth e rm o re , we a re  go ing  to  in te rp re t th e se  A E values as com 
p a red  to  experim en t. Before m a k in g  it ,  how ever, som e rem ark s are necessary  
on th e  ca lcu la ted  ch a rg e  d is tr ib u tio n s .

As i t  can be seen  th e  positive  a n d  negative charges a lte rn a te  in  th e  con
ju g a te d  p a rts  o f m odels 3a—d. T h o u g h  while th e  c a rb o n y l g roup  bears  th e  
g rea te s t charges in  th e  m odels o f  th e  g round s ta te  (3a, b), th e  C4, C5 a to m s 
becom e th e  m ost p o s itiv e  and n e g a tiv e  centers in  th e  tra n s itio n  ion  (3c, d). 
N evertheless, b o th  ty p e s  of th e  m odels show a g re a te r  e lec tro p h ilic ity  o f th e  
C5 a to m  as com pared  to  C7. This r e s u l t  suggests th a t  th e  a d d itio n  should  ta k e  
place ra th e r  on th e  C4— C5 double b o n d  leading to  th e  fo rm a tio n  of a C-—N u o' 
bond . On co n tra ry , th e  ex perim en ts proved  th a t  th e  ad d itio n  tak es  place 
alw ays a t  th e  Ce — C7 double bond . T ak in g  th e  ca lcu la ted  charge d is trib u tio n s  
in to  acco u n t th e  ex p erim en ta l fa c t  m ay  be ex p la in ed  b y  steric  h in d ran ce .

T he a bond co n n en c tin g  to  th e  C5 a to m  m ay o n ly  h av e  an  ax ia l position . 
(The C7 a to m  can fo rm  p rincipally  b o th  axial and  equatorial bonds.) T he nucleo
philic  a t ta c k  from  th e  region ab o v e  th e  general p lan e  o f rings A an d  В is 
h in d ered  b y  th e  C19-m e th y l group . T h e  app roach  u n d e r  th e  general p lane  is 
easier b u t  i t  suffers fro m  the  rep u ls iv e  1,3 diaxia l in te ra c tio n s  w ith  th e  axia l 
hyd rogens of С4 a n d  C9 a tom s an d  th e  to ta l  steric  in te ra c tio n  w ith  th e  atom s 
of th e  rings A and  B. T h e  fo rm atio n  o f  a 1-axial bo n d  is h in d ered  also b y  th e
1,3-diaxial in te ra c tio n s  w ith  th e  a x ia l  hydrogens o f C9 an d  C14. H ow ever, 
th e re  is a g rea ter p o ss ib ility  for a m o re  conven ien t a rra n g e m en t of th e  a p p ro a c h 
ing nucleophilic g ro u p , since i t  ge ts  in  steric  in te ra c tio n s  a lm ost exclusively  
w ith  th e  ring  B.

I t  m ust be p o in te d  ou t th e  ca lcu la tio n s are based  on  h y p o th e tic a l m olec
u la r  geom etries. T hese  geom etries do  n o t re flec t th e  f in e  de ta ils  o f m olecular 
s tru c tu re s . A little  ch an g e  in  th e  m o lecu la r geom etry  does n o t a lte r  q u a lita 
tiv e ly  th e  charge d is tr ib u tio n , b u t  m a y  increase s ig n ifican tly  th e  steric  h in 
d rance  to  th e  fo rm a tio n  o f some new  bonds.

T hough  i t  is be liev ed  th a t  th e  assum ed  geom etries a re  n o t fa r  from  th e  
rea l ones (th e  m ost d a ta  are tak en  fro m  exp erim en ta l re su lts  re ferring  to  sim ilar 
com pounds), so th e  ch a rg e  d is tr ib u tio n s  should be q u a lita tiv e ly  good.

In  th is  case, how ever, we m u s t  suppose th a t  th e  connection  o f a su b 
s ti tu e n t  to  th e  C5 a to m  is hindered b y  ste ric  factors. T h is conclusion is s tro n g ly  
su p p o rted  by  th e  experience th a t  th e  nucleophilic a d d itio n  to  th e  C4—Cs 
double bond  is p ra c tic a lly  exluded in  th e  3-keto-4-ene ste ro id s  [19].

B e tu rn in g  to  o u r original a im s, i t  m ay  be said  t h a t  th e  conclusions can 
be d raw n  from  th e  ca lcu la ted  en erg y  differences o f th e  7 -su b s titu te d  stero ids
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a re  in  fa irly  good a g re e m e n t w ith  th e  ex p erim en t. W e h a v e  to  tak e  in to  
a cco u n t, of course, t h a t  th e  P C IL O  resu lts  a re  num erica lly  u n c e rta in  if  the  
en e rg y  difference is less th a n  0.5 kca l/m o l [15, 16].

A nother source o f  th is  u n c e r ta in ty  is th e  lack  of th e  o p tim iza tio n  of 
th e  H — C7—N u ang le . A ccep ting  a  h a rm o n ic  a p p ro x im a tio n  th e  to ta l  energy 
in crease  m ay  be g iven  as follow s: A E '  ^  1/2 kAq2, w here Aq  is th e  difference 
b e tw een  th e  ac tu a l a n d  o p tim ized  v a lu e  of th e  angle m en tio n ed , к  is th e  bend
in g  force co n stan t. T a k in g  th e  v a lu e  o f  к  equal 1 m d y n A /rad 2 [21] and  a Aq 
v a lu e  o f 0.1 ra d  ( th a t  is a ra th e r  g re a t va lue  for th e  difference) A E ' w ill be 
a b o u t 0.7 kcal/m ol.

T ak ing  in to  a c c o u n t th a t  th e  o p tim iza tio n  w as neg lec ted  a t  the  bo th  
m em b ers  of th e  ep im eric  p a irs , th e  erro rs in  th e  to ta l  energy  differences should 
be  less th a n  0.7 k ca l/m o l.

These tw o sources o f th e  u n c e r ta in ty  w ith  resp ec t to  th e  energy  differ
ences a t  th e  d iffe ren t epim eric  p a irs  suggest th a t  we m u s t n o t accep t th e  
to ta l  energy difference to  be s ig n ifican t i f  i t  is less th a n  1 kcal/m ol.

T he A E  =  E a — Eß  va lu e  is + 0 .2  kcal/m ol be tw een  th e  cyano  d eriva
tiv e s . This m eans t h a t  th e  a or ß  p o sition  o f th e  cyano s u b s ti tu e n t  does no t 
cause  a g rea t change in  th e  to ta l  energy , so th e re  is n o t a re a lly  p referred  
co n fig u ra tio n . T h is in te rp re ta t io n  is in  accordance  w ith  th e  experiences [6 , 7]. 
T h e  reac tio n  y ield  w as m en tio n ed  as a m ix tu re  of a and  ß  ep im ers, w ith o u t 
g iv ing  th e ir  ra tio  o b ta in e d .

A lthough th e  0.2 k ca l energy  difference is n o t s ig n ifican t fo r preferring  
a n y  con figura tion , a  re m a rk  m ay  be  m ade. Since th e  ca lcu la ted  energies of 
th e  7 a  and  ß cyano  d e riv a tiv e s  d iffer s ligh tly , i t  is th o u g h t, th is  is due to  
th e  s tre tch ed  sh ap e  o f  th e  CN g roup . T his shape  assures t h a t  th e re  is n o t 
s ig n ifican t repu lsion  w ith  th e  H 15 a to m  (th e  hyd ro g en  a to m  connec ting  to  C15) 
ev en  in  th e  equatorial position .

In  o ther cases, how ever, th e  s itu a tio n  is q u ite  d iffe ren t. T h e  Cl a tom  is 
rep u lsed  in  equatorial p o s itio n  (its lone p a irs  get too  close to  th e  C15—H  bond). 
T h e  S a to m  and  th e  CO group  of th e  equatorial —SCOCH3, th e  hydrogens of 
th e  equatorial —C H 3 g ro u p  are  also close to  H 15.

I f  th e  s u b s ti tu e n t is — SCO CH 3, th e  m ost fav o u red  ro ta tio n a l position  
o f  th e  a  and  ß ep im ers m u s t be fo u n d , an d  th e  to ta l  energies shou ld  be com 
p a re d  a t  th e  m in im a  o f th e  p o te n tia l curves. T he ca lcu la ted  energy  difference 
w as 1.6 kcal/m ol. T h is  va lu e  helps us to  u n d e rs ta n d  w hy  o n ly  a l i ttle  am o u n t 
o f  th e  Iß  epim er is o b ta in e d  in  th e  th io ace tic  acid  ad d itio n .

T his in te rp re ta t io n  of th e  ca lcu la tions suggests i t  is accep ted  th a t  th e  
ra t io  of th e  p ro d u c ts  is reg u la ted  b y  th e rm o d y n am ica l fac to rs . I f  i t  is so and  
equ ilib riu m  can  b e  supposed , i t  m eans th e re  are  no s ig n ifican t p o ten tia l 
b a rr ie rs  or a t  le a s t th e se  b a rrie rs  are  of sim ilar m ag n itu d e  in  th e  tw o cases. 
T o  prove th is  id ea  w e ca lcu la ted  th e  to ta l  energies o f th e  tw o  configurations
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a t  d ifferen t sep a ra tio n s o f  th e  C7 an d  S nuclei. T h is w as ta k e n  as a crude m odel 
of th e  tra n s itio n  s ta te s  o f  th e  ad d itio n a l reac tio n . W e ca lcu la ted  th e  energies 
along a special re a c tio n  p a th :  th e  geom etries o f th e  4 m odel com pounds d if
fered  only  in  th e  C7 — S se p a ra tio n .

T he ca lcu la tions w ere ca rried  o u t in  th e  ran g e  o f 1 .8 —2.8 Á. A t g rea te r  
sep a ra tio n  th e  PC IL O  m e th o d  has n o t found  a ccep tab le  b o n d  p o la rity  fo r 
th e  C7—S cov a len t b o n d .

B o th  p o te n tia l cu rves show  a s ligh t m in im u m  a t  2.0 Á, a steep  a n d  
a sligh te r increase in  th e  ra n g e  o f 2 .0 —2 .6  Á a n d  2 .6 —2 .8  Á, respective ly .

D isregard ing  th e  p lace  o f m in im um  — th e  P C IL O  m eth o d  does n o t 
give th e  leng th  o f th e  sing le  bo n d  correc tly  in  g enera l — th e  curves show  
too  large energy increase . T h is  is due to  th e  re s tr ic tio n s  on  th e  reac tio n  p a th , 
th e  lack  of geom etry  o p tim iz a tio n  an d  th e  m odel in  w h ich  th e  tra n s itio n  
s ta te s  w ere sim ply  ta k e n  as som e s tre tc h e d  s ta te s  o f th e  C7—S cova len t bond .

T he to ta l  energy  d ifferences, how ever, give in te re s tin g  in fo rm atio n . 
T he Л Е  =  — Eß  v a lu es  a n d  th e  C7—S se p a ra tio n  are  show n in  T able  I I .
I t  can  be seen th a t  th e  a  p o sitio n  is p referred  w ith  2.24 kcal/m ol a t  2.3 Á .

Table II

The total energy difference (in  kcal/mol) o f the 7a and 7ß thioacetyl compound 
at different C7—S separations

R c .- s 'A 1.817 2.0 2.3 2.6 2.7 2.8

J E  =  E % -  E ß - 1 .5 7 - 2 .0 4 - 2 .2 4 - 1 .9 5 - 1 .7 6 - 1 .3 9

This can  be exp la ined  w ith  ste ric  in te rac tio n s  in flu en c in g  th e  a  or ß  preference 
in  th e  g rea te s t m easure  a t  2.3 Á. T h is ex p lan a tio n  is su p p o rte d  by  th e  values 
ca lcu la ted  fo r th e  g re a te r  sep a ra tio n s : th e  g rea te r  th e  d is tan ce  betw een  th e  
th io ace ty l g roup  an d  th e  s te ro id  skele ton  is, th e  less th e  energy  difference is.

D espite  m an y  sh o rtco m in g s  of our m odel fo r th e  tra n s it io n  s ta te  th e  
following m ay  be conc luded : th e  ЛE  values show  th e  a  preference  in  th e  w hole 
range  in v es tig a ted . T h e  th io a c e ty l group ap p ro ach in g  from  th e  ß  d irec tion  
suffers increasing  s te ric  h in d ra n c e  as com pared  to  th e  a one. T his difference 
is m ax im al a t  th e  C7—S d is tan ce  o f a b o u t 2.3 Á. G e ttin g  n e a re r  to  th e  ste ro id  
В ring  th e  energy  o f “ fo rm a tio n ”  o f th e  C — S single b o n d  stab ilizes th e  ß  
position  too ; th e  Л Е  v a lu es  decrease in  th e  b ond ing  reg ion .

T he m eth y l s u b s ti tu e n t  m ay  possess p rac tica lly  on ly  a  p o sitio n  since th e re  
is an  even g rea te r en e rg y  difference betw een  th e  tw o  con figura tions. T he 
reason  is, in  th is  case to o , th e  s tro n g  repulsion  w ith  th e  H 15 a to m .

In v estig a tio n s  w ere p erfo rm ed  on th e  staggered  a n d  eclipsed conform a
tions of th e  m e th y l g roup  b o th  in  th e  a  and  ß  co n fig u ra tio n s. I t  is seen (Table I)
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t h a t  th e re  ex ists a  d ifference  (A A E )  o f  1.1 kcal/m ol b e tw een  th e  A E  values 
o f  th e  d ifferen t c o n fig u ra tio n s  due  to  th e  d ifferen t m e th y l conform ations. 
A  ro ta t io n  of 60° o f th e  m e th y l g ro u p  in  th e  a  ep im er re su lte d  in  an  energy 
c h a n g e  o f 2.2 kcal/m ol on  fav o u r o f  th e  staggered  fo rm . T h is v a lu e  is very  
s im ila r  to  th e  P C IL O  ca lcu la ted  ro ta t io n a l  b a rrie r  o f th e  e th a n e  (app r. 2 

k ca l/m o l [13, 16]). I t  suggests t h a t  th e  fac to rs in flu en c in g  th e  ro ta tio n  of 
th e  a  m e th y l group in  th e  ste ro id  d e riv a tiv e  do n o t d iffer s ig n ifican tly  from  
th e  ones in  the  e th an e  m olecule.

I n  th e  e q u a to ria lly  s u b s ti tu te d  ß  ep im er th e  m e th y l ro ta t io n  resu lted  
in  a n  energy difference o f  1.2 k ca l/m o l on ly . T hough  th e  s tag g ered  fo rm  was 
m o re  fav o u red  in th is  case too , th e  rep u ls iv e  in te rac tio n s  w ith  H 15 h a d  g rea ter 
e ffec t on th e  stag g ered  th a n  th e  eclipsed  form . T h is red u ced  th e  energy  gain  
o f  th e  p referred  co n fo rm atio n .

These num erica l re su lts  su p p o rt th e  assu m p tio n  th a t  p reference  of th e  
a x ia l  su b s titu tio n  over th e  equatorial one m ay  be exp la ined  e ssen tia lly  b y  steric  
e ffec ts .

Conclusions

O n th e  basis o f  th e  PC IL O  ca lcu la tio n s referring  to  th e  6,7 a d d itio n  of 
3 -k e to -4 ,6 -diene s te ro id s  i t  w as fo u n d  th a t  in  th e  7-cyano  d e riv a tiv e  th e  
equatorial position  is s lig h tly  p re fe rred  b u t  th e  ax ia lly  s u b s ti tu te d  epim er is 
s ig n if ic a n tly  m ore s ta b le  in  cases o f su b s titu e n ts  like —Cl, —C H 3, —SCOCH3. 
T h ese  resu lts  are  e ssen tia lly  due to  s te ric  effects. Som e b u lk ie r  su b s titu e n ts  
c a n  avo id  to  get to o  close to  th e  H 15 a to m  of th e  s te ro id  D rin g  on ly  in  a, 
a x ia l  position . T he conclusions d raw n  on  th e  basis o f th e  ca lcu la ted  energy 
d ifferences of epim eric  p a irs  are  in  good agreem ent w ith  ex p e rim en t. U pon 
a d d itio n  of th e  cyano g ro u p  a m ix tu re  o f th e  epim ers w ill be o b ta in ed , how ever, 
o n ly  th e  7a epim er is a w a itab le  p ra c tic a lly  in  cases o f —Cl, —C H 3, —SCOCH3 

su b s titu e n ts .
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G iving a brief historical overview in investigations concerning the works on the  
logical structure o f chem ical engineering system s, carried out from  the beginning of  
the seventies in H ungary, a possible w ay is dem onstrated o f how  to treat logical rela
tions, generally characterizing chemical engineering system s, b y  exact algebraic (la ttice  
theoretical) m eans. The m athem atical defin itions of properties, property  classes and the  
com m on occurrence of these properties, in  one word the possib ilities  of chemical engi
neering system s are given. I t  is proved th a t these  possibilities form  a lattice (in  an 
algebraic sense). The valuation  of this la ttice  is introduced corresponding to the con- 
servational transport theoretical substances in  chem ical engineering system s (m ass, 
energy, volum e, etc.). Thus chemical engineering problems m ay be investigated by  
la ttice  theoretical m eans and these investigations m ay also be com puterized, especially  
in interactive, dialogue mode.

1. Introduction

T he concep t o f  s tru c tu re  has been in tro d u c e d  v e ry  e a rly  to  ch em is try  
w ith  th e  s tru c tu ra l fo rm ula . In  chem ical eng ineering , in  o rd e r to  su rvey  co n 
n ec tions o f o p e ra tio n a l u n its , i t  also w as developed  v e ry  soon, b y  th e  1 9 th  
c en tu ry .

T he concep t o f  s tru c tu re  in  chem ical eng ineering  f ir s t  appeared  in  th e  
early  six ties  in  in d e p e n d e n t sources an d  la te r  in  m ore an d  m ore in te g ra te d  
form s. Since th e  e a rly  70’s one even m ay  sp eak  of a “ th e o ry  o f  chem ical en g i
neering  g rap h s”  or r a th e r  a k in d  of a “ chem ical eng ineering  g raph  th e o ry ” .

As to  th e  re le v a n t p relim inaries a n d  h is to rica l overv iew  th e  read e r is 
refered  to  [1 1 ].

T h e  g rap h  th e o ry , as a special re p re se n ta tio n  o f th e  s tru c tu re  concep t, 
appears u n d e r d iffe ren t synonym s in chem ical eng ineering  app lica tions. T h u s 
th e  S ov ie t school o f K a f a r o v  refers to  i t  as, “ th e  topo logy  o f chem ical in d u s
tr ia l sy s tem s” , th e  H u n g a ria n  K orach  school p refers th e  expression  “ te c h n o 
logical g rap h s” . I n  th e  Soviet U nion th e  f i r s t  im p o r ta n t re su lts  of chem ical 
engineering  cy b ern e tic s  ap p eared  in  th e  e a r ly  70’s.

In  th is  re sp ec t we feel th a t  th e  re su lts  o f  K a f a r o v  a n d  cow orkers [10] 
s ta n d  close to  o u r w ork . R eference [10], offers a su m m a ry  of references.

Acta Chim. Acad. Sei. Hung. 103, 1980



72 BUCKLE, FAY: STRUCTURE THEORY FOR CHEMICAL ENGINEERING

T he s tru c tu re  th e o ry , to  he in tro d u c e d  in  th e  sequel, aim s a t  fin d in g  
th e  a lgebraic  an d  logical s tru c tu re  o f chem ical engineering  system s.

M otives of a “ chem ical eng ineering  s tru c tu re  th e o ry ”  do n o t differ 
fro m  tho se  o f chem ical in d u s tr ia l cy b ern e tic s  nor o f th e  g rap h  th e o re tic a l 
a p p ro a c h : researchers a re  u rged  to  in v e s tig a te  s tru c tu re s  (no m a tte r  w h e th e r 
th e  s tru c tu re  is geom etrical, a lgebraic  o r logical) b y  th e  reco g n itio n  of th e  fa c t 
t h a t  th e  classical d escrip tion  m ethods u sin g  d ifferen tia l eq u a tio n s  are no longer 
su ffic ien t to  t r e a t  m odern  chem ical eng ineering  system s.

D uring  th e  la s t  tw o  decades th e  m a th e m a tic a l m odelling  o f chem ical 
o p e ra tio n s  has tu rn e d  o u t to  be m ore a n d  m ore im p o r ta n t  an d  w idesp read .

T he q u a n tita tiv e  d escrip tion  o f chem ical engineering processes is based  
o n  th e  use o f ba lance  eq u a tio n s [1, 8 ]. W hile , how ever, in  th e  case of exam ples 
fo u n d  in  tex tb o o k s  (being o ften  oversim plified  for d id ac tica l purposes) a v e r
b a lly  concep tualized  m odel is su ffic ien t to  se t up th e  ba lan ce  eq u a tio n s , th e n  
th e  co n stru c tio n  o f ba lance  eq u a tio n s — th e  very  es tab lish m en t of th e  m odel — 
in  p rac tice  c an n o t be carried  o u t on a  b a re  in tu itiv e -v e rb a l base. L ite ra tu re  
does n o t re fer to  an y  ty p e  o f logical techn iques concern ing  th e  m eth o d ic  
“ k now -how ”  o f estab lish in g  such m odels. The reasons for m ak ing  c e r ta in  
a ssu m p tio n s  an d  neglections in  a g iven  case generally  rem ain  “ w orkshop  
sec re ts” , an d  th e  clashes o f in te re s ts  also (for reasons, am ong  o thers, o f  legal 
p ro te c tio n ) p roduce  obstacles fo r resea rch ers , too , a g a in s t dealing  w ith  logical 
m e th o d s  of e stab lish ing  m odels in  chem ical engineering.

T he sy s tem a tic  in v es tig a tio n  o f  th e  (logical) s tru c tu re s  o f chem ical 
eng ineering  system s w as begun, to  th e  b es t of our know ledge, f ir s t  in  th e  
R esea rch  In s t i tu te  of Chem ical E n g in ee rin g  of th e  H u n g a ria n  A cadem y  of 
Sciences (MTA M Ü K K I, V eszprém , H u n g ary ). R eferences, p a r tly  h av in g  
E n g lish  an d  R ussian  sum m aries a re : [3, 4, 5, 12, 14]. N eedless to  sa y  th e  
a u th o rs  are  com plete ly  aw are of th e  fa c t th a t  w ith o u t th e  a id  of a logic- 
o r ie n te d  co m p u te r m ach in ery  th e  a t te m p t  o f revealing  th e  logical s tru c tu re  
o f  rea lis tic  chem ical engineering  system s w ould  be q u ite  u n rea lis tic .

F o rtu n a te ly , to d a y  a t  least th re e  sources are ava ilab le , h o pefu lly , to  
cope w ith  th e  enorm ous logical tread m illw o rk  to  get p ra c tic a lly  usab le  re su lts  
in  th e  case of chem ical engineering  sy s tem s of real com plex ity .

F irs t, th e re  is “ D IL O S ” , a d ialog  system  for in fo rm a tio n  re tr ie v a l, 
c o m p u ta tio n  an d  logical in ference, developed  by  V. R. B r ia b r in , D . A. 
P o s p e l o v  and  th e ir  g roup  in  th e  U S S R  [2]. The su bsystem  L P  (logical p ro ces
sor) of D IL O S w as im p lem en ted  th e re  a lready  in  1975. I t  gives th e  p os
s ib ility  o f deducing  new  fac ts  from  ex is tin g  axiom s a n d  te m p o ra ry  re su lts . 
(E x am p les  of axiom s ch arac te riz in g  chem ical engineering  system s w ill be 
g iv en  la te r  in  th is  paper.)

Second, th e re  is “ G U H A ” (G eneral U nary  H y p o th eses  A u to m a tio n ) 
b e in g  developed in  th e  C zechoslovak A cadem y  of Science, b y  P . H a j e k  an d
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his school since 1966, a m ethod  o f m echan ized  fo rm a tio n  of h y p o th eses , a 
co m p u te r  system  fo r fin d in g  logical re la tio n sh ip s  from  em pirically  g iven  d a ta . 
A v e ry  d e ta iled  d esc rip tio n  w ith  a co m p le te  reference l is t can  be found  in  [9].

T h ird , th e re  is “ P R O L O G ” a p ro g ram m in g  lan g u ag e  based  on m a th e 
m a tica l logic, deve loped  by  R. K o w a l s k y  in  E d inb u rg h  in  1974. This sy s tem  
w as im p lem en ted  in  H u n g a ry  as e a rly  as 1975 an d  since th e n  a n u m b e r of 
ap p lica tio n s h av e  b een  achieved. A m ong  th e  app lica tions th e re  are tw o , w h ich  
h av e  a t  th e  sam e tim e  logical a n d  chem ical eng ineering  ch a rac ter [6 , 7]. 
In fo rm a tio n  on th e  im p lem en ta tio n  on  sev era l com pu ters (such as IC L  1903 A, 
IC L  4/70, EM G 840, O D R A  1304, H O N E Y W E L L  66/20, etc.) is availab le  from  
N IM IG Ü S zI, R U D A P E S T , H U N G A R Y .

T he p re sen t a u th o rs  w ish to  use th e  expression “ log ica l s tru c tu re  th e o ry  
of chem ical en g ineering  system s” , o r “ s tru c tu re  th e o ry ”  fo r short. R y  usin g  
th is  te rm ino logy , d iffering  from  th e  p rev io u s tw o, we in te n d  to  express th a t ,  
in  o u r view , i t  is n o t  th e  geom etric connec tions of chem ical in d u str ia l sy s tem s 
th a t  are  p rim ary , h u t  ra th e r , in  a m ore  a b s tra c t w ay, th e  logical (or a lgebra ic) 
connections, b y  w h ich  we propose to  t r e a t  chem ical engineering sy stem s to  
be c o n stru c ted  fo r p ra c tic a l purposes.

As fo r th e  ap p lic a tio n  of a b s tra c t  a lgebraic  m eth o d s in  theo re tica l ch em 
is try , th e y  reach  n e a r ly  as fa r back  as th e  g ro u p -th eo re tica l fo u n d a tio n  o f  th e  
q u a n tu m  th eo ry . W h ile  these  in v e s tig a tio n s  (on a tom ic, m olecular an d  c ry s ta l  
phase levels) are a c tu a lly  s tru c tu re -o rie n ted , few resu lts  h av e  been o b ta in e d  
by  using  algebra in  th e  phenom enological descrip tion  o f chem ical reac tio n s .

2. Structure Theoretical Characterization 
of Chemical Engineering Systems

F ro m  now  on , th e  te rm  “ C hem ical E ng ineering  S y stem ” will be a b b re 
v ia te d  as “ CE sy s te m ” .

T h e  s tru c tu re  th e o ry  of CE sy stem s s ta rts  w ith  th e  following basic  
concep ts an d  ax iom s, th o u g h t in tu it iv e ly  as im m ed ia te ly  given. These e ssen tia l 
s ta te m e n ts  are fo rm alized  in  o rder to  illu s tra te  th e  w ork ing  m ethods a n d  
re su lts  o f s tru c tu re  th e o ry , to  ca lc u la te  resu lts  b y  e x a c t (form al log ical) 
m e th o d s, an d  to  c o n c e n tra te  our (q u a lita tiv e )  know ledge on  CE system s.

In  th is  p a p e r — due to  lim ited  space  — we can n o t l is t  all of th ese  s ta te 
m en ts . D etails o f p u re  techn ica l re lev an ce  (required  o n ly  for th e  in te rn a l, 
logical d ev e lo p m en t o f  th e  s tru c tu re ) , a re  o m itted  here.

O ur in tu it iv e  s ta r t in g  p o in t is t h a t  CE system s can  be ch a rac te rized  
b y  th re e  fac to rs : a co llection  of CE properties  d en o ted  b y  A (“ a t t r ib u te ” ), 
a h ie ra rch ica l group ing  (or c lassifica tion ) o f these p ro p ertie s  (e.g. a to m s, 
m olecules, phases, p h a se  system s, etc.) a n d  th e  possibilities  of th e  s im u ltan eo u s
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occu rren ce  (“ coex is ten ce” , “ c o m p a tib ility ” , co-occurrence) o f these p ro p 
e r tie s .

Once th e  properties , th e  property classes o f a system , a n d  th e  possib ilities  
o f  p ro p e r ty  co m b in a tio n s  are  g iven , one can  answ er num ero u s p ra c tic a l 
q u e s tio n s , as w ill be  show n in  C h ap te r 3.

2.1 B asic  Concepts

2 .1 .1 . Property

F o r in stan ce  a  p ro p e rty  of a ty p ic a l CE system  is th e  ( tru th  o f th e )  
fo llow ing  s ta te m e n t:
“ I n  a  g iven (i.e. g iv en  b y  a g iven m odel) CE sy stem , in  som e p o in t w ith  x , y ,  z 
co o rd in a te s  a t  tim e  t, an  HC1 m olecule can  be  found” .

To define th is  concep t, we s ta r t  w ith  th e  concept o f th e  “ e lem en ta ry  
CE sy s te m ” (“ E C E  sy s te m ” , for sho rt) as a  nondefined  fu n d a m e n ta l concep t. 
A n  E C E  system  is d e n o te d  by  th e  sym bo l Si;, w here S s tan d s  fo r th e  “ S y stem ”  
a n d  /, j  =  1 , 2 , . . . a re  indices to  d is tin g u ish  th e  d ifferent g ro u p s o f e lem en ta ry  
sy s te m s . I is th e  type  index , j  is th e  group index . So Si; deno tes “ th e  ECE sy s tem  
o f  ty p e  l in  th e  class j ” .

E xam ples o f th is  concep t are  show n in  th e  following lis t. In  a CE sy s tem  
p ro d u c in g  d ich lo ro e th an e , th e  follow ing E C E  system s can  be found:

Property
symbol

System 
ECE symbol Meaning

Type
1=

Class
j=

d, S„ chlorine atom 1 1

d2 S2i carbon atom 2 1

3̂ S31 hydrogen atom 3 1

b, S12 chlorine molecule 1 2

b2 S22 ethylene molecule 2 2

Ьз S32 hydrochloric acid 3 2

Ь4 S42 dichlorethane 4 2

Ь6 S52 trichloroethane 5 2

C! Si. liquid phase 1 3

c2 S23 gas phase 2 3

d4 S,4 liquid phase 1 4

d2 S24 gas phase 2 4

A fter th is , a property  o f a CE sy s tem  o f ty p e  l in  th e  jf-th class d en o ted  
b y  a tj  w ill be, b y  d e fin itio n , equal to  th e  fo llow ing s ta te m e n t:

atj  =  (3 R )  S T Y  R S tJ D E F
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H ere  S T Y  R S i; is th e  fo rm u la tio n  of th e  s ta te m e n t say in g : “ In  a space tim e  
p o in t R  (of a g iven  CE system ) th e re  ex ists an  E C E  sy s tem  S s t a y i n g  
(S T a Y ).”

3 R  is th e  sym bol fo r “ th e re  exists such an  R  t h a t ” .
T h a t  is, in  w ords, p ro p e rty  a • m eans th a t  in  th e  space-tim e p o in t R  

o f th e  g iven  CE sy stem , th e re  can  he found  an  E C E  sy s tem  S I t  is o ften  
m ore  conven ien t to  use m ain  sym bols in s tead  of class ind ices. As in  th e  exam ple , 
le t  a u  =  aa; a 21 =  a2; a 31 =  a 3; a l2 == b x; a22 =  b 2; a 32 =  b 3, etc. T hus we m ay  
ta lk  a b o u t th e  p ro p e rty  classes (“ g roups” ) A, B , C . . .

2 .1 .2 . Classification

In  in tu itiv e  te rm s, c lass ifica tio n  (“ g roup ing” ) is n o th in g  else b u t  d e te r
m in ing  w h e th e r “ p ro p ertie s  X  an d  Y  belong to  th e  sam e g roup” . I f  th is  is 
sym bo lized  by  SC L  X Y  (S C L : Sam e Class), th e n  i t  is ev id en t th a t  alw ays:

(1) SC L  X X  =  tru e
(2) SC L  X Y  — SCL Y X
(3) (SC L  X Y  Д X C L  Y Z) — SC L  X Z

W here  —- m eans “ if  and  o n ly  i f ”
A  m eans “ a n d ”

an d  —► m eans “ if  — th e n ”  (im plies).

In  th is  w ay  (p ro p erty ) c lassifica tion  generates a n  equ ivalence re la tio n  
[ th a t  is , a re la tio n  s ta tis fy in g  (1), (2) an d  (3)]. F o r ex am p le  SC Laxa 2 m eans 
t h a t  th e  p ro p e rty  say ing  th a t  a chlorine a to m  is s ta y in g  in  a (space — tim e) 
p o in t a n d  th e  one say ing  th a t  a ca rbon  a to m  is in  a p o in t (w hich m ay  differ 
from  th e  previous o n e !) belong to  th e  sam e p ro p e rty  class (n a tu ra lly  to  th e  
class o f a tom s). T h is does n o t, o f  course, m ean  th a t  th e  tw o  s ta te m e n ts  to g e th e r 
m u s t be tru e  a t  th e  sam e tim e .

T he c lassifica tion  o f p ro p ertie s  in  s tru c tu re  th e o ry  is to  be carried  o u t 
th ro u g h  re la tio n s (ra th e r  th e n  by  d e te rm in ing  all th e  classes them selves) 
since, in  p rac tice , th e  con cep t o f p ro p e rty  equ ivalence develops well before 
th e  v e ry  class co n cep t! (Two chem ical system s m ay  h a v e  th e  sam e sm ell 
a lth o u g h  we can n o t te ll w h a t “ class of sm ell” th e y  be long  to , sim ply  because 
we h av e  no no u n  to  n am e th e  class itself.)

2.1 .3 . P ossibility

L e t us look a t  th e  n e x t e ig h t s ta te m e n ts . I n  a  C E sy stem , con is tin g  
o f a film  reac to r, p ro d u c in g  d ich lo roethane , a h y d ro g en  a to m  can be found :
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1 ° in  e thy lene m olecules in  th e  liqu id  ph ase  o f th e  liq u id  film  (“ agbjcpl]” ); 
2 ° in  e thy lene m olecules in  th e  liqu id  phase  o f th e  sp ray  (“ а 3Ь2ср12” )
3 ° in  ethy lene m olecules in  th e  gas phase  o f th e  sp ray  (“ a 3b 2c2d2” );
4° in  hydrochloric  ac id  m olecules in  th e  liq u id  phase o f th e  film  (“ agbgCpij” ); 
5° in  hydrochloric acid  m olecules in  th e  liq u id  phase o f th e  sp ra y  (“ a3b 3C]d2” ); 
6 ° in  d ich lo roethane m olecules in  th e  liq u id  film  (“ a jlqC jd j” );
7 ° in  trich lo ro e th an e  m olecules in  th e  liq u id  film  (“ ajbgCjdj” );
8 ° in  trich lo ro e th an e  m olecules in  th e  sp ra y  drops (“ а 3Ь5с ^ 2” ).

E ach  of these  s ta te m e n ts  is considered  to  be a possib ility  fo r th e  hydrogen  
a to m . In  general, p ro p e rtie s  app earin g  to g e th e r (occu rring  toge ther) are 
ca lled  possibilities. ( I ts  fo rm al d e fin ition  w ill be o m itted  here .)

In  prac tice , th e  n u m b e r o f possib ilities of a CE sy s tem  m a y  be ex trem ely  
la rg e , th e  num ber o f possib le  p ro p e rty  com binations is, how ever, even  larger. 
I n  o u r  exam ple on ly  th e  n u m b e r of all th e  d u a l co m b in a tio n s am o u n ts  to  45.

T he designer m u s t h a v e  a re liab le  know ledge a b o u t th e se  possib ilities 
in  o rd e r to  set up , if  th is  c an  be done a t  all, som e q u a n ti ta t iv e  m odel for th e  
C E sy stem  in question .

S tru c tu re  th e o ry  offers tw o  w ays for th is . T he f irs t  is b ased  on th e  obser
v a t io n  th a t ,  for th e  designer, th e re  are well know n, m u tu a lly  exclud ing  p ro p 
e r tie s  belonging to  d iffe ren t p ro p e rty  classes. These are  th e  so-called “ paired  
p ro h ib itio n s” . F o r ex am p le  a  ca rbon  a to m  cannot be p re se n t in  th e  h y d ro 
ch lo ric  acid m olecule.

These p a ired  p ro h ib itio n s  exclude a g rea t n u m b er o f  possib ilities and  
th u s  all th e  possib ilities o f a  system  can  be de te rm in ed  b y  an  algorithm  
(w ith  th e  help of a co m p u te r  [14]).

T he basis o f th e  o th e r  ap p ro ach  is th a t  a lgebraic  op era tio n s can  be 
d e fin ed  betw een possib ilities, in o th e r w ords, th e  logical “ u n io n ” an d  “ in te r 
se c tio n ”  of possib ilities can  be form ed. T he “ possib ility  a lg eb ra” , developed 
in  th is  m anner, can  be  p ro v ed  to  be a “ la tt ic e ” , so th a t  possib ilities can  be 
p ra c tic a lly  calcu la ted . (As fo r la ttic e  th eo ry , see e.g. [9].)

In  th e  follow ing th is  la t te r  ap p ro ach  is discussed.

2.2. Possibility Algebra

2.2 .1 . D isjunction and  C onjunction o f  Properties

P roperties o f CE sy stem s, “ CE p ro p e rtie s”  fo r sh o rt, being  fo rm ally  
s ta te m e n ts  — can  be co n n ec ted  to  each o th e r b y  th e  help  o f  logical opera tions 
in  a  v e ry  n a tu ra l m an n e r. C onsider th e  follow ing s ta te m e n ts :

(b2) “ In  a g iven  s ta te  o f a given film  reac to r, p ro d u c in g  d ich lo roethane , 
in  p o in t x , y , z o f th e  re a c to r  a t  a given tim e , th e re  ex is ts  a n  e thy lene  m ole
cu le .”
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Sim ilarly , b 4 is th e  s ta te m e n t m ean ing  (now  m ore concisely),
(b4) “ T here ex ists  a (space-tim e) p o in t x, y ,  z, t w here  a d ich lo roethane  

m olecule is s ta y in g .”
B y  expressing  p ro p ertie s  b 2 an d  b 4 exp lic itly , th e  n e x t s ta te m e n t is th e  

“ u n io n ”  of th e  s ta te m e n ts  b 2 an d  b4:
(b2 V b4) “ T h ere  ex ists a p o in t x , y ,  z, t w here e ith e r  a n  e th y len e  m olecule 

(b2) or a d ich lo ro e th an e  m olecule (b4) is, or b o th  are, p re se n t.”
I t  is obvious th a t  th e  s ta te m e n t (b2 V b4) is to  be considered  as a p ro p 

e r ty  on th e  sam e g rou n d s as s ta te m e n ts  b 2 an d  b 4 h av e  been .
T h e  above is easily  generalized , p o s tu la te d  an d  fo rm alized : L e t a iy- an d  

a.kj be tw o  p ro p ertie s  belonging  to  th e  sam e (j- th )  g roup  (i, j ,  к =  1 , 2 , . . .) 
o f a CE system  R =  ( A ,  E , P )  w ith  E  с  A x  A ,  P  C  2A.

I f
a tJ =  (3 R )  S T Y  R.Sjj£A

and
akj =  (3 R )  S T Y  R Sfcyg A

th e n  b y  defin ition ,

a ,j V akJ =  (3 R )  [ S T Y  R S/y. V STY R S ^ ] D E F
and

a  ij V a  k] £ A .

W here  V is th e  sym bo l fo r “ o r” .
I t  is obvious t h a t  a íy- V akj also a s ta te m e n t ju s t  as a (y an d  akj (i , j , к  =  

=  1 , 2  . . .), and  i t  c a n  be p ro v ed  th a t  th e  follow ing (v e ry  im p o rta n t)  con d i
tions are  fu lfilled  fo r all i. j .  к, l =  1, 2 , . .

a /y- V a jk =  akj  V a,y (co m m u ta tiv ity )

a ij V a ij =  ay/ (idem potency)

a ij V {akJ V a/y) =  (a í; V akj) V aij (asso c ia tiv ity ).

T h is o p era tio n  is called  th e  d isjunction  o f  properties.
A gain , i t  is se lf-ev id en t th a t  th e  s ta te m e n t fo rm ed  o n ly  b y  su b s titu tin g  

th e  o p era tio n  “ a n d ”  fo r th e  o p e ra tio n  “ o r” , is also a  p ro p e r ty . I t  is called  
th e  conjunction  (or in te rsec tio n ) o f p roperties.

So, fo rm ally , le t

a  ij Л  a  kJ =  (3 R )  ( S T Y  R S i; Д S T Y  R S fty.) D E F

for all i , j ,  к  =  1, 2, . . ., w here Д is th e  sym bol o f th e  (logical) con juction  
(“ a n d ” ).
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Like d is ju n c tio n , th is  o p e ra tio n  also tu rn s  o u t to  be  co m m u ta tiv e , 
id e m p o te n t and  p o s t u l a t e d  to  be associative. F o r a ll j ,  k , l =  1 , 2 , . . . :

a jj Д а  kj =  a kj  Д a iy (co m m u ta tiv ity )

aij A aij =  aij (idem po tency ) (2 )

a tj Д  (akJ Д &j) =  (a,y Д akj) Д a; (a sso c ia tiv ity )

2 .2 .2 . Intersection and  un ion  o f  possib ilities

B y  defining th e  d is ju n c tio n  (V) an d  co n junc tion  (Д ) o f properties we 
m a y  in troduce  th e  co n cep ts  of un io n  an d  in te rsec tio n  fo r possib ilities  too .

D e fin itio n :  L e t aik £ A ,  fo r i , к  =  1, 2, . . .
and  P s =  asl, as2, as3 . . . g P s =  1, 2, . . .
and P r =  a rl, a r2, a rS . . . £ P r =  1, 2, . . .
be p o ssib ilities  o f a sy stem  R  =  ( A ,  E , P )  w ith  E  d  A x A ,  
P  d  2A . T h e  un io n  (in te rsec tion ) of th e  possib ilities  
P s a n d  P r is th e n
P s H  P r =  {(asi XX an ), (as2 XX a r2), (as3 XX a r3), . . .} D E F  

i ’s H  p r £ P
H  =  U, П; XX =  Д, V
U, V f ° r  u n io n  an d  П? Л  f ° r in te rsec tio n , re sp ec tiv e ly .

W e assum e fu r th e r  th a t  o p e ra tio n  U an d  fl d efin ed  be tw een  p ro p erties  
АЭ a ik (i , к =  1 , 2 , . . .) a re  co m m u ta tiv e , id e m p o n te n tia l an d  associative
(S ee  2.2.1. — (1), (2), (3)) and  do n o t lead  o u t from  A , i.e. i f  a ,b  £ A  th e n
a  fl b  and  a U b £ A .

2 .2 .3 . Possibility lattice

The concepts defin ed  on th e  above algebraic b a c k g ro u n d  are  n o t su ffi
c ie n t to  develop th e  m a th e m a tic a l too ls needed  to  valuate  CE system s.

In  order to  c o n s tru c t a m a th e m a tic a lly  easy -to -h an d le  effic ien t v a lu a tio n  
fu n c tio n  G(P), i t  is necessary  to  ch a rac te rize  fu r th e r  (like in  [12] an d  [14]) 
th e  algebraic s tru c tu re  P , (U , П) fo rm ed  b y  th e  possib ilities P  £ P  of R  =  
=  <A , E , P>.

The co m m u ta tiv e , id e m p o te n t a n d  associative c h a ra c te r  o f th e  op era
tio n s  U, П in tro d u c e d  above are  n o t enough  y e t to  te ll  a n y th in g  usefu l a b o u t 
th e  v a lu a tio n  fu n c tio n . I t  requ ires som e in fo rm atio n  a b o u t th e  connection 
o f  th e  two o p era tions.

N otice th a t  in  (m a th em a tica l)  logic th e re  is a  v e ry  sim ple connection  
b e tw een  th e  o p e ra tio n s  Д an d  V- L e t a an d  b be a rb i t r a ry  s ta te m e n ts . I f  i t
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h ap p en s  th a t  a V b  =  a(“ = ”  m ean ing  logical equ ivalence) th en , n ecessarily  
а  Д  b  =  b.

T h a t  is i f  th e  d is ju n c tio n  of tw o  s ta te m e n ts  is log ically  equal to  one 
o f  th e  s ta te m e n ts  th e n  th e ir  co n ju n c tio n  m u s t he eq u a l to  th e  other.

I f  th is  cruc ia l logical ru le is em ployed  to  possib ilities, we o b ta in  t h a t  
fo r an y  possib ilities Pj  ̂ an d  P 2

i f  P j U P 2 =  P 2 th e n  P j П P 2 =  P i-

L e t us consider, fo r exam ple, th e  follow ing tw o possib ilities.

P i = 

an d

{а1; b 3, Cj, d2}, t h a t  is, a chlorine a to m  ( a j  is fo u n d  in  h yd roch lo ric  
ac id  (b3) in  th e  liq u id  phase  ( c j  o f  th e  sp ray  (d2)

P 2 : {a15 b 3, c2}, t h a t  is, a chlorine a to m  ( a j  is fo u n d  in  h y d roch lo ric  
acid  (b 3) in  th e  liq u id  phase of som e phase system  (th is  
m eans th a t  p ro p e rty  class D is n o t  rep resen ted  in  th e  
possib ility ).

I n  th is  case, w h a t does th e  possib ility  P x U P 2 m ean . O bviously, i t  m eans 
th e  v e ry  p o ssib ility  P 2 since th e  s ta te m e n t “ e ith er sp ra y  or som e phase sy s tem  
(or b o th ) is p re se n t in  R ”  m eans ex ac tly  th a t :

“ Some p h ase  system  is p resen t in  R .”

T herefo re
P iU P 2 =  P2,

th a t  is, here we a c tu a lly  arrive  a t  a case w here th e  u n io n  of tw o possib ilities 
re su lts  in  one o f th e  possib ilities (P 2). T herefo re, we in fe r  to  th a t

Pi П P2 — Pi-

N otice  th a t  th is  is in tu itiv e ly  also tru e  since th e  s ta te m e n t say ing  “ th e  sp ra y  
and  an  a rb itra ry  p h ase  system  is p re se n t in  R  s im u ltan eo u sly ”  in  th is  case 
m eans ex ac tly  t h a t  th e  sp ray  is found  in  R .

In  th is  co n sid e ra tio n  we explored  th e  g rea tes t a d v a n ta g e  of th e  id ea  o f 
s tru c tu re  th e o ry  say in g  th a t  a  p ro p e rty  not presented  in  a  possib ility  is in d i f 
fe ren t to  th e  po ssib ility . I f  i t  is a c tu a lly  in d iffe ren t, le t  th e  a rb itra ry  p h ase  
sy s tem  be a sp ray . T h en  because oi " sp ray  and  sp ray  =  sp ra y ” , th e  s ta te m e n t 
above  is o b ta in ed . H ereupon , th e  above d u a l conn ec tio n  w ill be p o s tu la te d  
in  general, as a p rin c ip le , in  th e  follow ing form .
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P rinc ip le  of D u a lity : L e t ( A ,  E ,  P>  be  a CE system  a n d  Р Э  P , Q be 
tw o  o f  its  possibilities.

T h e n
P  U Q =  Q if  an d  o n ly  i f  P  f| Q =  P .

O n th e  basis o f  a sso c ia tiv ity , c o m m u ta tiv ity , an d  id em p o ten cy , th e  
su cceed ing  re la tio n sh ip  can  be p ro v ed  p re sen tin g  a useful con n ec tio n  betw een  
th e  u n io n  and  in te rsec tio n  o f possib ilities.

F o r  any  possib ilities РЭ A, B ,

А П (A U B) =  A. (1)
Proof: L et

A =  P  an d  A  U В =  Q (2)

th e n
P U Q  =  A U ( A U B )

P U Q  =  ( A U A ) U B  (by  associa tiv ity )

P  U Q =  A U В (by  idem potency)

P  U Q =  Q [according to  (2 )]

A ccording to  th e  p rinc ip le  o f d u a lity ,

P  П Q =  P

b y  su b s titu tio n  from  (2 ), we o b ta in

А П (A U B) =  A
as c la im ed  in  (1 ).

S im ila rly  we get:
A U (А П B) =  A (3)

O w ing to  th e ir  im p o rtan ce  in  a lg eb ra  (especially in  la ttic e  th eo ry ) 
re la tio n s  (1) and  (3) a re  called  th e  “absorption laws”  [9].

A lgebraic s tru c tu re s  w ith  tw o  o p era tio n s  fb  U, (P , fb  U), w here b o th  
o p e ra tio n s  are co m m u ta tiv e , associa tive , id em p o ten t an d  ab so rp tiv e  are called  
la tt ic e s  [17].

O ur re su lt so fa r  is th a t  we h av e  m an ag ed  to  define la ttic e  opera tions 
o n  th e  se t P  of possib ilities, o f a CE sy s tem .

I n  o th e r w ords, we h av e  p ro v ed  t h a t  th e  possib ilities o f a chem ical 
en g in eerin g  system  fo rm  a la ttic e  (in  a lg eb ra ic  sense). H a v in g  th is , лее m ay  
r e tu r n  to  th e  prob lem  o f v a lu a tio n  o f CE system s.
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2.2.4. V aluation and  measure

T ra d itio n a lly , fo r th e  descrip tion  o f  a CE system  in  chem ical eng ineering , 
ju s t  as in  th e o re tic a l ch em istry , ba lance  equa tions a re  u sed , expressing th e  
co n se rv a tio n  o f  su b stan ces. (Mass of d iffe ren t chem ical com ponents, en e rg y , 
m o m en tu m , e lec tric  charge, etc.) In  tra d itio n a l t ra n s p o r t  th e o ry  th e  c o n s tru c 
tio n  o f b a lan ce  eq u a tio n s  is based  on th e  con sid era tio n  th a t  th e  change of 
som e su b stan ce  in  u n it  tim e , in  a subspace  bo u n d ed  b y  a  surface, is e q u a l 
to  th e  re s u lta n t  o f su b stan ce  flow ing in  an d  o u t th ro u g h  th e  surface d u rin g  
u n it  tim e . T h is ph ilo so p h y  has been in ten s iv e ly  developed  in  chem ical en g i
neering  since 1936, s ta r tin g  w ith  th e  w orks o f D a m k ö h l e r . I ts  references, 
m a th e m a tic a l a sp ec ts  an d  a ty p ic a l ap p lica tio n  are i l lu s tra te d  in  [8 ] on a  level 
o f th e  m idd le  s ix ties. L á szló  an d  B e n e d e k  give a co m p le te  survey o f  th is  
su b jec t in  th e ir  book  [1 ].

T his v iew , as is well know n, h ad  to  be essen tia lly  m odified in  th e  case 
o f chem ical reac tio n s . Chem ical reac tio n s h a d  to  be ta k e n  in to  acco u n t b y  
in tro d u c in g  source te rm s to  th e  balance  equa tions.

N a tu ra lly , th e  tra n s p o r t  th eo ry  its e lf  p rovides no in fo rm ation  a b o u t 
how  to  f in d  th e se  te rm s . I n  consequence, no  method is av a ilab le  for co n s tru c tin g  
balance  eq u a tio n s  in  th e  case o f chem ical engineering processes occurring  in  
p rac tice , w here  b a re  in tu itio n  does% ot p ro v id e  th e  n ecessary  m ental s u p p o r t 
a n y  m ore.

Below , we o u tlin e  th e  m eth o d  p ro v id ed  b y  th e  s tru c tu re  th e o re tic a l 
ap p ro ach  for describ ing  th e  con serv a tio n  o f chem ical su b stan ces even in  th e  
case o f chem ical reac tio n s of an y  k ind .

O ur basic  id ea  is th a t  th e  m ost essen tia l fea tu re  o f  th e  substance is n o t  
th a t  i t  is co nserved  (in  th e  sense th a t  th e y  are , e.g. n o t ab so rb ed  or p ro d u ced ) 
b u t  ra th e r , t h a t  th e y  can  be tra c e d  from  possib ility  to  possib ility .

To c la rify  th is , le t us re tu rn  to  th e  p rob lem  of p ro d u c in g  d ich lo roe thane , 
discussed on  th e  p rev ious pages an d  t r y  to  tra c e  th e  hyd ro g en  atom s. T h e  
follow ing e le m e n ta ry  s ta te m e n ts  are obv iously  tru e  (a lth o u g h  of course n o t  
in  one-one correspondence  w ith  th a t  of s ta te m e n ts  1°— 8 ° o f 2.1.З.).

1. T he e th y len e  m olecule co n ta in s hyd ro g en  a to m s.
2. T he h y d ro ch lo ric  acid con ta in s a hyd rogen  a to m .
3. T he d ich lo ro e th an e  con ta in s h y d ro g en  atom s.
4. T he tr ic h lo ro e th a n e  m olecule co n ta in s  h y d rogen  a tom s.

M ore possib ilities  on th is  h ie ra rch ic  level (m olecu lar level) a re  n o t  
possible, regard less o f w h e th e r or n o t chem ical reac tio n  occur.

F u rth e rm o re :
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a) T he liqu id  p h ase  m ay  co n ta in  e th y len e .
b) T he gas phase  m a y  co n ta in  e th y len e .
c) T he liqu id  p h ase  m a y  co n ta in  h y d ro ch lo ric  acid.
d) T he liqu id  p h ase  m ay  co n ta in  d ich lo roe thane .
e) T he liqu id  p h ase  m ay  co n ta in  tr ich lo ro e th an e .

M ore possibilities a re  n o t considered  o n  th is  h ierarchic lev e l (phase level), 
a g a in , in d ep en d en tly  o f tr a n s p o r t  fea tu re s  su ch  as sources.

F u rth e rm o re :

a )  T he phase sy s tem  o f liqu id  film  co n ta in s  liquid  p h ase .
ß )  T he phase sy s tem  sp ra y  co n ta in s  liq u id  phase.
у )  T he phase sy s tem  sp ra y  co n ta in s  gas phase.

M ore possibilities are  n o t considered  on  th is h ie ra rch ic  level (phase 
sy s te m  level).

I t  follows th a t  th e  occurrence o f h y d ro g e n  atom  h as e ig h t possib ilities, 
th o se  lis ted  above u n d e r 1 ° — 8 °, and  th e  g is t o f  th e  descrip tion  o f  th e  processes 
is t h a t  o f  th e  changes in  th e  ac tua lized  possib ilities.

T o  describe changes w ith o u t an y  k in d  o f  d ifferen tia l eq u a tio n s  is, a d m it
te d ly ,  h a rd  even to  im ag ine . S till, th e re  a re  w ell developed tech n iq u es  fo r th is  
u n d e r  th e  heading of “ i te ra tiv e  a rra y s”  s if th  as cellular a u to m a ta , te sse la tio n  
sy s te m s , parallel p rocessing  system s, etc.

B y  tak in g  each  p o ssib ility  in to  a c c o u n t, we m ay d e te rm in e  th e  m ass 
o f  h y d ro g e n  belonging to  each  possib ility . T h e  to ta l m ass o f  hyd rogen  a to m s 
in  th e  system  is th e  su m  o f these  p a r t ia l  m asses. The p o in t o f  doing th is  is 
t h a t  n o th in g  is d eriv ed  m ore th a n  once a n d  noth ing  is o m itte d  from  th e  
ca lcu la tio n s . I f  Gf d eno tes th e  m ass o f h y d ro g en  atom s rep re sen ted  b y  th e  
p o ss ib ility  sym bol in  b races , th e n  to ta l  m ass  o f hydrogen  is o b ta in ed  b y  th e  
e q u a tio n  as follows:

= Gf{a3, b 2, cn di} + G/{a3, Ь25ci> d2} +
+ G/{a3, Ь35c2: d2} + G; { a3, b 3, cv  d j  +
+ G,{a3, b 3? Cl’ d2} + G,{a3, b 4, c i> d j  +
+ G,-{a3, b4, Cl>d2) + Gf{a3, b j, c i ’di} +
+ Gf{a3, 5̂» CV d2}

B y  generaliz ing  these  id eas  an d  sum m ing  u p  th e  earlier ones, th e  m a th em a tica l 
d e f in itio n  of th e  co n cep t o f CE system s ca n  be given in  th e  following w ay : 

W h en  we are ta lk in g  a b o u t a CE sy s te m  (more e x a c tly  a b o u t its  m a th e 
m a tic a l m odel), we m ean  th e  follow ing o rd e re d  trip le t:

R  =  ( A ,  E ,  P > ,
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w here A  is th e  se t of R  p roperties,

E  is a n  equ ivalence re la tio n , ( z 2 A,
P  =  ( P ,  П, U> is an  a lgebra ic  s tru c tu re , th e  possib ility  algebra o f R, 

w here  P  is th e  set o f all th e  possib ilities o f R, f] an d  U a re  la tt ic e  
o p e ra tio n s  defined  in  P . T h e  p o ssib ility  se t 2A P  is re s tr ic te d  
b y  th e  follow ing co n d ition : fo r ev e ry  p  £ P  th e re  ex is t a t t r ib u te s  
a,-, a j, . . . such  th a t

P  =  {a /: ap  • • • } » /  € A ,, aj  g Ay, . . .,

w here  A,-, A;- . . . are th e  equ iv a len ce  classes of th e  se t A  d e te r 
m ined  by  E —.

T he valuation  o f  th e  CE sy stem  R  is a  fu n c tio n  defined  in  th e  p o ss ib ility  
a lg eb ra  P  o f th e  system  R, assigning to  each  p  d P  a  n onnegative  re a l n u m b e r

G ÍP }  P i p

such  th a t  th e  follow ing cond ition  ho lds fo r ev e ry  p , q £ P  (c . f [13], ch a p 
te r  39).

G {p П q} +  U 9 } =  G { p }  +  G{g}

T he v a lu a tio n  fu n c tio n  is a measure b y  d efin itio n  if

G{<Z>} =  0

w here Ф is th e  “ e m p ty  possib ility” . (B ecause o f space shortage  w e sh a ll n o t 
deal w ith  its  fo rm aliza tion .)

B y  in tro d u c in g  th is  m easure co n cep t we s lig h tly  differ from  th e  te rm  [13] 
o therw ise  considered  to  be our guide. T h ere , “ a d d itiv e  v a lu a tio n ”  is  u sed  fo r 
w h a t we call a m easure, an d  th e  la t t ic e  in  q u es tio n  in  th a t  v a lu a tio n  is p re 
sum ed  to  be a  B oolean algebra, see [13], c h a p te r  47.

In  CE sy stem s, as m any  m easures can  be defined  as m an y  su b stan ces
ex ist.

T he m o st freq u en tly  occurring  ones are :

— m ass o f  d iffe ren t a tom ic  co m p o n en ts ;
— m ass o f  d iffe ren t m olecu lar co m p o n en ts ;
— n u m b e r of partic les,
— lin e a r size, surface, vo lum e, etc.

N a tu ra lly , these  m easure co ncep ts w ith in  th e  general co n cep t m u s t be 
defined  fo r each  concrete  m odel.
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3. C onstruction  P rincip les o f S tru c tu re  Theory

T h e  m easure G ( : P  — TR (w here T R  is th e  se t o f  nonnega tive  re a l n u m b ers  
a n d  i  —  1, 2 , .  . .) d efin ed  in  th e  p o ssib ility  la tt ic e  P  =  <P, p|, U ) o f th e  CE 
sy s te m  R  =  ( A ,  E , P y  m akes i t  possible to  in tro d u ce  homogeneous an d  
heterogeneous re la tiv e  m easure  (ratio ) w ith  th e  follow ing defin itions fo r th e  
homogeneous relative measure o f possib ilities P  a n d  Q:

/ Ч Р’ < Л = 7 ? ё г  DEF

T h e q u o tien t o f  m easures w ith  su b sc rip ts  i an d  j  for p o ssib ility  P  (e.g. 
th e  q u o tie n t o f m ass to  volum e) is th e  heterogeneous relative m easure :

У .{P} =  - b f } . Р ^ Ф  DEF
J Gj  {P}

In  CE system s i t  often  occurs an d  is v e ry  im p o r ta n t th a t  th e  ho m o 
geneous re la tiv e  m easu res  are constant, t h a t  is, th e y  are  in d ep en d en t o f  P  a n d  Q, 
a n d  th a t  th e  heterogeneous re la tiv e  m easu res a re  invariant, t h a t  is in d e p e n 
d e n t o f  i and j .

T h e co n stan cy  o f  th e  hom ogeneous re la tiv e  m easures an d  th e  in v a r i
ance  o f  th e  heterogeneous re la tiv e  m easures p ro v id e  an  o p p o rtu n ity  to  devel
op a lgo rithm s to  answ er some essen tia l q u estio n s concerning CE sy stem s.

A ch a rac te ris tic  fea tu re  of th ese  a lg o rith m s is th a t  d ialogues be tw een  
m a n  an d  m achine p la y  a n  im p o r ta n t ro le in  c o m p u te r  aided  o p era tio n  designs 
o f C E system s. A d e ta iled  re p o rt on  th ese  a lg o rith m s can be fo u n d  in  [14].

T yp ical in p u ts  a n d  o u tp u ts  o f th e  a lg o rith m s are:

In p u t O utput

— A  (property set); — all possibilities;
— A jÁ2, . . . property classes; — independent measures;
— dual prohibitions; — num ber of the independent
— m easure types; variables;
— constant homogeneous relative measure;
— invariant heterogeneous relative measure;
— balance equations.

— independence tests.

T h e in h e ren t d ialogue-like ch a ra c te ris tic s  o f  th e  algorithm s are m a n i
fe s ted  in  such a w ay  th a t  one a lg o rith m  has a n  in p u t th a t  is th e  o u tp u t  o f 
a n o th e r . These connec tions am ong a lg o rith m s, a  ty p e  of feedback , a re  co n 
tro lle d  th ro u g h  m a n —m achine d ialogues.
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T his is th e  p o in t w here s tru c tu re  th e o ry  is deep ly  co n n ec ted  to  d ia logue 
th e o ry . In  a rtific ia l in telligence re sea rch  several c y b e rn e tic a l th eo ries  o f 
dialogues h av e  been  e lab o ra ted  [2].
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The synthesis and som e chem ical properties o f a series of l-(2-chloroethyl)-, 
1-ehloroacetyl-, and l-d ich loroacetyl-3-(5-alkyl- (or aryl) -l,3 ,4-th iadiazol-2-yI) ureas, 
obtained b y  the addition o f 2-chloroethyl-, chloro acetyl- or dichloroacetyl isocyanates 
to  2-am ino-5-alkyl- or -aryl-1,3,4-thiadiazoles, have been investigated . Som e of the  
ureas were subsequently converted into the corresponding nitroso and/or hydantoin  
derivatives.

I n  co n tin u a tio n  of ou r p rev ious s tu d y  in  th e  th iad iazo le  series [1], 
we now  re p o rt th e  syn th eses  o f  som e l,3 ,4 -th iad iazo l-2 -y l-u reas  an d  re la te d  
com pounds.

I t  is well know n  th a t  d e riv a tiv es  of u rea  co n ta in in g  th e  1,3 ,4-th iadiazole 
rin g  possess bio logical a c tiv ity  [2—4]. B y  in tro d u c in g  a 2 -ch lo roethy l, ch lo ro 
ac e ty l or d ich lo roace ty l g roup  to  one of th e  n itrogen  a to m s in  u rea, we expec t 
t h a t  these  th iad iazo ly l-u reas  shou ld  have an tin eo p lastic  p roperties.

The l,3 ,4 -th iad iazo l-2 -y l-u reas  (1) were p re p a re d  b y  th e  re a c tio n  of
2 -ch lo roethy l iso cy an a te  [5] w ith  th e  co rresponding  2 -am ino-5-m ethyl- or 
-triflu o ro m eth y l-1 ,3 ,4 -th iad iazo les , in  anhydrous JV ,lV -dim ethylform am ide 
(D M F).

C om pounds l a  an d  b gave on n itro sa tio n  w ith  so d ium  n itr ite  in  98 —100%  
form ic acid th e  co rrespond ing  l-(2 -ch lo roethy l)-3 -(5 -m ethy l- (2a), or -tri- 
flu o ro m eth y l- (2b) - l,3 ,4 -th iad iazo l-2 -y l)-l-n itro so u reas .

X—-X

la: R = C H 3; X =  H 2a: R = C H 3; X =  XO

b: R = C F 3; X =  R b : R = C F 3; X = X O

T he s im u ltan eo u s fo rm a tio n  of 1-IV and  3-lV -nitroso deriv a tiv es  has 
b een  rep o rted  in  th e  n itro sa tio n  o f p -(2 -ch lo roe thy l)-3 -pheny lu rea  w ith  an  
aqueous so lu tion  o f sodium  n itr i te  [6]. W hen th is  re a c tio n  was effected  w ith
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Table I

No.
Formula Yield, % Nitrogen, % TLC

(Mol. w t.) M .p., °c
Calcd. Found R1

2a C6H 8C1N50 2S
(249.6)

44*
1 2 4 -1 2 5 °

28.04 27.81 0.85
(1 : 1 ether/methanol)

2b C6H5C1F3N60 2S
(303.6)

50
77 —80°

23.06 23.51 —

solid  sod ium  n itrite , th e  1-iV-nitroso d e riv a tiv e  re su lted  exclusively . W e 
o b se rv ed  in  our ex p e rim en ts  t h a t  in d ep en d en tly  of th e  w o rk in g  conditions, 
o n ly  a  single p roduc t w as fo rm ed .

T h e  position of th e  n itro so  group in  2a  an d  b was e s tab lish ed  by  com 
p a r in g  th e  H I-N M R s p e c tra  o f th e  com pounds w ith  those of th e  corresponding  
p a re n t  u reas  la  and  b. T h e  XH -N M R  sp ec tra  o f l a  an d  b (in DM SO -de) (Table II) 
re v e a le d  A2B2 m u ltip le ts  fo r th e  m ethy lene  p ro to n s, in  b o th  cases centered  
a t  (5 =  3.70. A fter n itro sa tio n , th e  signal due  to  th e  p ro to n s a d ja c e n t to  th e

Table II

No.
IR  spectra (cm-1 ) in  K B r  pellets NMR spectra (<5 in  ppm)

vNH Amide I Amide I I t>N —NO CH3 CH2 NH

la 3 1 0 0 -2 3 0 0 1690 1530 - 2.65 s 3.70 m 7.00 (N 1)

lb 3 1 0 0 -2 5 0 0 1715 1580 - — 3.70 m 7.20 (N 1) 
11.80 (N 3)

2a 3 3 0 0 -2 5 0 0 1700 1530 1530 2.65 s 3.70 t
(J  =  6 H z) 

4.28 t 10.00 (N 3)

2b 3 3 0 0 -2 7 0 0 1705 1520 1520 3.68 t
(J  =  6 Hz) 

4.23 t 10.00 (N 3)

N — N = 0  group has a dow nfie ld  sh ift: ő =  4.28 (J  =  6 ,4 z )  for 2a and 
(5 =  4 .23  (J  =  6 Hz) fo r  2b. T he chem ical sh ifts  o f th e  p ro to n s  ad jacen t to  
th e  ch lo rine  atom  re m a in  u n ch an g ed  (d =  3.70 in  2a) or are  l i ttle  changed 
(Ő =  3 .68 in  2b).

T h e  IR  spectra  o f  com pounds 2a an d  2b show s tro n g  ab so rp tio n s a t 
1700 c m “ 1 and  1705 c m -1 , re sp ec tiv e ly , due to  th e  N H —CO g roup  (Table II) .

A  series of 1 -ch lo roacety l- (3) an d  1-dichloroacetyl- (4) -3-(5 -alky l-l,3 ,4 - 
th iad iazo I-2 -y l)u reas w ere o b ta in e d  b y  th e  reac tio n s of 5 -su bstitu ted -2 -am ino- 
1 ,3 ,4 -th iad iazo les w ith  m ono- a n d  d ich lo roacety l iso cyana tes in  te trah y d ro - 
fu ra n  (T H F ) (Tables I I I  a n d  IV ).
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N — M

NHCONHCORi

3; 4

Ri
R

a ъ С d e f

3 CHsCl H СНз CVIb W - C 3 H 7 iso-СзНт 7 I - G 4 H 9

4 CHCh H СНз C2Hs «-С3Н7 Í S 0 - C 3 H 7 —

Ri
R

g h i j к m

3 CH2CI Í8 O-C4H9 — Tj-CgHii 9i-C6H , 3 7l-C7Hl5 CFs
4 CHCI2 iso-CdHs С(СНз)з И-С5Н11 M-C'tiHi3 — CF3

T he IR  sp e c tra  o f b o th  de riv a tiv es  3 and  4 d isp lay  tw o  ch a rac te ris tic  
ab so rp tio n s a t 1735 — 1685 c m -1  (com pounds 3) a n d  1742 — 1675 c m - 1  (com 
p ounds 4), w hich be long  to  th e  v ib ra tio n a l group CO — N H  — CO. In  accordance 
w ith  th e  d a ta  in  th e  li te ra tu re  [7], th e  h igher f req u en cy  b a n d  is ascribed  to  
th e  r asymCO, and  t h a t  o f low er freq u en cy  to  vsymCO. T hese d a ta  su p p o rt th e  
d ike to  s tru c tu re  R C O N H C O N H R  of these  com pounds, hence  n e ith e r th e  fo rm  
R C (O H ) =  N C O N IIR  n o r R C O N H C (O H )= N R 1 a re  p re se n t in  th e  solid s ta te .

C om pounds la ,  11» an d  3m w hen  h ea ted  w ith  a n h y d ro u s  sodium  a c e ta te  
in  D M F gave 2 -(2-oxo-im idazolid in-2-y l)-5-m ethyl- (5a), -5 -triflu o ro m eth y l- 
(5b) -1 ,3 ,4-th iad iazo le  an d  2 -(2 ,4 -d ioxo-im idazo lid in -l-y l)-5 -trifluo rom ethy I- 
1 ,3 ,4-th iad iazo le (5m ), re spec tive ly .

la ,Ъ and 3m
AcONa
D M F

5 a: И =СН з; У = Я 2 

b: R = C F 3; Y = H 2 

m: B = C F 3l Y = 0

T he IR  sp e c tra  o f am ides 3 m  an d  4m  in  ca rb o n  te tra c h lo rid e  so lu tions 
show  tw o groups o f  ab so rp tio n s  (3405 — 3400 cm - 1  a n d  3305 — 3295 c m -1) 
in  th e  range of N H  s tre tc h in g  v ib ra tio n s , ascribed  to  free  a n d  bonded  N H  in
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Table Ш

Formula (Mol. w t.) M.p., °c Yield,
%

Nitrog en, %

(Recryst. solvent)
Calcd. Found s

a C5H5C1N40 2S
(220.6)

1 9 7 -1 9 9  dec. 
(acetic acid)

25 25.39 24.95

b C6H,C1N40 2S
(234.6)

1 9 8 -1 9 9  
(acetic acid)

30 23.87 23.58

C C,H9C1N40 2S
(248.6)

1 8 9 -1 9 0  
(acetic acid)

60 22.52 22.49

d CgHjjClNjOjS
(262.7)

1 8 9 -1 9 0  dec. 
(ethanol 96%)

51 21.28 20.55

e C8Hn ClN40 2S
(262.7)

1 9 1 -1 9 2  
(ethanol 96%)

32 21.28 21.36

f C9H 13C1N40 2S
(276.7)

1 8 7 -1 8 8  dec.
(THF)

32 20.24 19.98

g C9H 13C1N40 2S
(276.7)

189 dec.
(THF)

40 20.24 20.36

i c 10h ]6c in 4o 2s
(290.7)

1 9 5 -1 9 6  
(ethanol 96%)

22 19.26 19.01

j Cu H17C1N40 2S
(304.8)

1 9 6 -1 9 7  
(ethanol 96%)

22 18.38 18.01

к C1,H 19C1N40 2S
(318.6)

1 9 4 -1 9 5  
(ethanol 96% )

32 17.58 17.48

m C6H4C1F3N40 2S
(288.6)

2 1 0 -2 1 1  
(ethanol 80% )

18 19.06 18.88

s overlapping w ith  the thiadiazole ring frequencies 
b d — doublet; t  — triplet

se c o n d a ry  amides [8 ]. T h e  low er frequencies are  no t in flu en ced  b y  progressive 
d ilu tio n ; th is confirm s t h a t  th e y  are due to  in te rm o lecu la r h y d ro g en  bondings 
in  a  6 -m em bered ring .

E xperim en ta l

A ll m .p.’s are uncorrected. TLC w as carried out on K ieselgel G -coated miscoscope 
slides, using Dragendorff reagent for detection. IR  spectra were recorded in K B r pellets and 
in  carbon tetrachloride so lution  w ith  a U R  10 spectrophotom eter (Carl Zeiss, Jena). ’II-AMR  
spectra  were determined w ith  a Varian A — 60D  spectrom eter in dim ethylsulfoxide-d6 solu
tio n s. The chemical shifts are expressed in  <5 un its (ppm , TMS internal standard).
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IR  spectra (cm-1 ) in K br pellets NMR spectra (ő in ppm , J  in  Hz)b

fN H =2* 
**

 
n

 n
 

II 
II 

oo
Amide I I  

(/3NH)
arom atic ring 

frequencies NH CH2C1 CH
O ther

protons

3180 1815 1 5 5 0 - 1300, 1190 11.3 4.56 9.3 (CH) _
3090 1685 1490a 1140, 740

3180 1720 1 5 5 0 - 1300, 1200 11.3 4.54 2.66 (CH3) —

3090 1695 1500a 1170, 750

3140 1720 1 5 5 0 - 1300, 1190 11.3 4.55 1.37 t  (CH3) —

1690 1490» 1170, 745

1-11

3200 1715 1 5 7 0 - 1300, 1195 11.3 4.55 0.90 t  (CH3) 3.00 t
1685 1500“ 1175, 745 "Q 11 (ArCH,)

3200 1715 1 5 5 0 - 1290, 1200 11.3 4.52 1.39 d (C H 3) —
1685 1490» 1170, 750 ( J = 7 )

3200 1730 1 5 7 0 - 1300, 1180 11.2 4.56 0.95 t (CH3) 3.05 t
1720 1500» 1140, 735 ( J = 7 ) (ArCH2)
1685

3195 1715 1 5 5 0 - 1300, 1200 11.3 4.55 0.98 d (CH3) —

1685 1500» 1170, 740 ( J = 7 )
3200 1730 1 5 7 0 - 1300, 1170 11.3 4.55 0.90 t (CH3) 3.03 t

1720 1500» 1160, 730 ( J = 7 ) ( J = 7 )
1685

3200 1730 1 5 7 0 - 1300, 1200 11.3 4.53 0.90 t  (CH3) 3.02 t
1500» 1170, 750 ( J = 7 ) II

1.4 (CH2) (ArCH,)

3200 1730 1 5 7 0 - 1300, 1200 12.7 4.55 0.90 t (CH3) 3.02 t
1720 1500» 1170, 750 ( J = 7 ) ( J =  7)
1685 1.3 (CH2) (ArCH„)

3190 1735 1 5 5 0 - 1300, 1200 11.5 4.55 — —
1685 1480* 1170, 750

l-(2-C hloroethyl)-3-(5-m ethyl-l,3 ,4-th iad iazol-2-yl)urea ( la )

To a suspension of 2-am ino-5-m ethyl-l,3 ,4-thiad iazole (3.45 g; 0.03 mole) in  20 m l 
anhydrous DM F w as added 2-chloroethyl isocyanate (2.6 ml; 0.03 m ole) and the m ixture  
was allow ed to stand overnight at room  tem perature. T he resulting solution was poured into  
w ater (80 m l), the solid filtered off, washed w ith ethanol and recrystallized from ethanol, 
to y ield  4.2 g (65% ) of the product, m .p. 173 — 174 °C; I(r 0.80 (1 : 1 ether/m ethanol).

C6H 9C1N40 S  (220.7). Calcd. N  25.16. Found 24.75% .

l-(2-C hloroethyl)-3-(5-trifIuorom ethyl)-l,3 ,4-th iadiazol-2-yl)urea ( lb )

I t  was prepared in the same m anner as la .  Y ield: 67% , m .p. 128 — 129 °C (from  20%  
ethanol).

C6H 6F 3C1N40 S  (276.6). Calcd. N  20.24. Found N  20.17% .
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Table IV

Yield,
%

N itrogen, %

(Mol. w t.) (Recryst. solvent) Calcd. Found

a C5H4C12N 40 2S
(255.0)

2 1 3 -2 1 5  
(ethanol 96% )

54 21.92 21.69

b C6H6C12N40 2S
(296.1)

2 2 0 -2 2 1
(acetic acid 80% )

77 20.81 21.01

C C,H8C12N40 2S
(283.1)

2 0 9 -2 1 0  
(ethanol 96% )

60 19.78 20.02

d C8H 10Cl2N4O2S
(297.1)

2 0 0 -2 0 1  
(ethanol 96% )

62 18.84 18.95

e C8H 10Cl2N4O2S
(297.1)

1 9 8 -1 9 9  
(erhanol 96% )

45 18.84 18.63

g C9H 12C12N40 2S
(311.2)

197 — 198 
(ethanol 40% )

48 18.00 17.92

h C9H 12C12N40 2S
(325.2)

2 4 0 -2 4 3  
(acetic acid)

35 18.00 17.88

i C10H I4Cl2N4O2S
(325.2)

1 7 1 -1 7 2  
(ethanol 50%)

42 17.22 17.11

j Сц H 16C12̂ 4^2^ 
(339.2)

148 — 150 dec. 
(ethanol 60% )

52 16.51 16.41

m CeHsClgF3N40 2S 
(323.0)

1 4 4 -1 4 5  
(ethanol 80% )

50 17.34 17.12

a overlapping with the thiadiazole ring frequencies
b s — singlet; d — doublet; t  — triplet; qu — quartet; sx  — sextet; hp t ■— heptet; ra — m ultiplet

l-(2 -C h loroeth y l)-3 -(5 -m eth y l- (2a) and -5-trifluoro-m ethyl- (2b) -l,3 ,4 -th iad iazo l-2-y l)
-1-nitrosoureas

Sodium  nitrite (1.72 g; 25 mmoles) was added  in portions to a stirred solution  of la  
or lb  (5 m m oles) in 20 m l form ic acid (98 —100% ) during 10 —15 m in, at 0 — 5 °C. The yellow  
precip itate was collected, washed w ith ethanol and ether. The analytical data are sum m arized 
in  T ables I and II.

l-C h loroacety l-3-(5-a lkyl-l,3 ,4 -th iad iazo l-2  -yl)ureas (3 )

T he appropiate 2-am ino-5-alkyl-l,3 ,4-th iad iazole (0.01 mole) in 50 m l anhydrous T H F, 
cooled to  5 °C, was treated dropwise, w ith stirring, w ith  1.19 g (0.01 m ole) o f  chloroacetyl 
isocyanate . The m ixture w as allowed to stand overn ight at room tem perature, the precipitate  
w as filtered  off, washed w ith  water and ethanol, and recrystallized from  the proper solvent. 
The experim ental data are given  in Table III.
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IR  spectra (cm-1 ) in  K br pellets NMR spectra in  DMSO-dJ3 (6 in ppm , J  in  Hz)

t>NH fas C = 0  
vB C=0

Amide II  
(/3NH)

Aromatic ring 
frequencies

CHC12 CH3 CH , CH

3180 1742
1710

1 5 5 0 -
1490“

1330, 1200 
1170, 750

6.80 — - —

3180 1738
1710

1 5 4 0 -
1520“

1330, 1200 
1170, 750

6.80 2.68 s — —

3185 1730
1710

1525 1330, 1190 
1160, 750

6.80 1.38 t  
( J = 7 . 5 )

3.03 qu —

3195 1730
1715

1525 1330, 1200 
-  760

6.80 1.00 t
( J = 7 )

1.80 sx —

3195 1740
1698

1 5 4 5 -
1520“

1310, 1200 
1170, 750

6.80 1.42 d
( J = 7 )

— 3.40 hpt

3200 1740
1695

1 5 5 0 -
1515»

1300, — 
1175, 760

6.80 0.98 d 
( J = 6 )

1 .0 8 -  
2.00 m 
(6 H)

1.16 — 
2.33 m

3195 1738
1695

1 5 5 0 -
1515»

1300, — 
1175, 760

6.81 1.46 s — —

3200 1738
1695

1 5 5 0 -
1515»

1290, — 
1175, 760

6.80 0.90 t
( J =  6)

1 .0 8 -  
2.00 m 
(6 H)

3195 1738
1695

1550 — 
1515“

1300, -  
1175, 760

6.80 0.90 t
( J =  6)

1 .0 8 -  
2.08 m  
(8 H) 
3.00 t  
(2 H)

3 4 6 0 -
3200

1740
1700

1530 1280, — 
-  760

6.80

m —m ultip let

l-D ich loroaeety l-3-(5-a lk yl-l,3 ,4 -th iad iazo l-2-y l)ureas (4 )

A  suspension o f the requisite 2-am ino-5-alkyl-l,3 ,4-th iad iazole (0.01 m ole) in  30 m l 
anhydrous T H F  (or 20 m l DM F) and 1.69 g (0.01 m ole) o f  dichloroacetyl isocyanate was allow ed  
to stand at room tem perature. The precipitate was filtered off, washed w ith  water and ethanol, 
and recrystallized. The experim ental data are given in  Table IV.

2-(2-O xo-im idazolid in -2-y l)-5 -m ethyl- (5 a ) , -5-trifluorom ethyl- (5b) -1,3,4-thiadiazole  
and 2 -(2 ,4 -d ioxo-im idazolid in -l-y l)-5 -trifluorom ethyl-l,3 ,4 -th iad iazo le  (5n i)

A nhydrous sodium  acetate (0.82 g; 10 m m oles) was added to a solution of 5 m m oles 
of l a  or 3m  in 15 m l DM F. The m ixture was heated  at 110 — 115 °C for 1 h, then cooled and  
poured in to  water. T he precipitate was filtered o ff and recrystallized from ethanol. The experi
m ental data are given  in  Tables V and VI.
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Tabic V

No.
M .p., °c

Y ield ,
%

Nitrog %
(Mol. wt.)

(Recry st. 
solvent) («/) Calcd. Found

5a C6H8N4OS
(184.2)

2 5 2 -2 5 3
(ethanol)

33 0.35
(8 : 2 ether/ 
m ethanol)

30.41 30.64

5b C6H5F 3N4OS
(238.2)

2 0 3 -2 0 4
(ethanol)

67 — 23.52 23.33

5m c6h 3f 3o 2s
(252.1)

2 0 3 -2 0 5
(water)

51 — 22.17 22.33

Table VI

No.
IR  spectra  (cm-1) in SJBr pellets

... .
NMR spectra (Ő ppm)

fN H Amide I Amide II *>CF CHa CHt NH

5a 3 3 5 0 -2 7 0 0 1720 1430 2.63 s 3.60 s 
4.08 s

—

5b 3 2 8 0 -2 8 0 0 1740 1490 1040 — 3.70 s 
4.20 s

8.20 (N 1)

5m 3 3 5 0 -2 7 0 0 1 8 0 0 -1 7 3 0 1500 1035 - 4.65 s —

НС

T he authors are ind eb ted  to Dr. D. P o s t e s c u  for encouraging discussions and to  
Dr. P . S o h Ar  for spectroscopic investigations.
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DETERMINATION OF THE CONFIGURATION 
AND CONFORMATION BY Ш  AND 13C NMR 

SPECTROSCOPY OF TWO 2,4;3,5-DI-0-BENZYLIDENE- 
1,6-DIBROMO-1,6-DIDEOXY-d-MANNITOL 

DIASTEREOMERS

P . S o h á r ,* T. H o r v á th  and G . A b r a h a m

( Institu te fo r  Drug Research, B udapest)

R eceived Decem ber 16, 1978 
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The configuration and stable conform ation of tw o 2 ,4;3 ,5-d i-0-benzylid en e-l,6”
dibromo-l,6-dideoxy-D-mannitol diastereomers were established b y  'II and 13C NMR
spectroscopy.

B enza la tion  o f  l , 6 -d ib ro m o -l,6 -d ideoxy-D -m annito l in  th e  presence of 
ZnCl2 y ields tw o m ono- an d  tw o dibenzylidene d e riv a tiv e s  [1]. One o f th e  
m onobenzylidene d e riv a tiv e s  (la ) proved  to  be a kn o w n  com p o u n d  [2 ], w hile 
th e  2a s tru c tu re  of th e  o th e r  one could be estab lished  b y  tran sfo rm in g  i t  in to  
a know n  deriva tive  [1 ].

T he tw o d ib enzy lidene  deriv a tiv es  can co n ta in  e ith e r  tw o  d ioxolane, tw o 
d ioxane or one d ioxo lane  an d  one d ioxepine ring , i.e. th e y  possess bicyclic 
s tru c tu re s  w ith  (5 +  5)-, (6  +  6 )- or (5 +  7)-m em bered  rings. D ue to  th e  
c h ira lity  o f th e  b en zy lid en e  g roup , th ree  d iastereom ers (R , R ; R , S; S , S) o f 
each ty p e  (2,3;4,5, 2 ,4 ;3 ,5- an d  3 ,4 ;2 ,5-d ibenzylidene d e riv a tiv es) can  be 
form ed. T he s tru c tu re  o f  th e  tw o  iso la ted  d ibenzy lidene  d e riv a tiv es  of m .p . 
161 °C an d  m .p. 165 °C, resp ec tiv e ly , h a d  to  be selec ted  from  am ong these .

F o r th is  p u rp o se  th e ir  XH  an d  13C N M R  sp e c tra  w ere analyzed , using  
th e  d iace to x y  d e riv a tiv e s  ( lb  an d  2b) of l a  an d  2a, as m odel com pounds 
(Tables I  and  II) .

B o th  d ibenzy lidene  d e riv a tiv es  possess a sy m m etric  s tru c tu re ; th e  p ro 
to n s  a n d  carbon  a to m s in  positions 1,6, 2,5 an d  3,4, as w ell as th e  benzy li
dene p ro to n s an d  ca rb o n s  gave iden tica l chem ical sh ifts , hence all th ree  
d iastereom ers of th e  5 -)- 7 -m em bered  bicyclic d e riv a tiv es  a n d  also th e  a sy m 
m etric  d iastereom ers o f  th e  b icyclic deriv a tiv es  w ith  tw o d ioxo lane and  tw o 
d ioxane rings could be excluded .

T h e  13C N M R chem ica l sh ifts o f th e  benzy lidene  ca rb o n  a to m s excluded  
th e  presence of d iox o lan e  rings, as th e  co rrespond ing  chem ical sh ift o f 2b

* Present address: “ E G Y T ” Pharm acochem ical W orks.
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З а

R

4 a 4b

R =  — CH2Br
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Table I

1H  N M R  data o f  compounds lb , 2b, 3b and  4a in  CDCl3 solution (áTMS =  0 ppm ) at 60 M H z

Compound <5H —1,1\6,6’ <5H —2,5 <5H —3,4
<5CHX 
s (Ш )

<5ArH
(5H)

<5CH3(Ac)
(3H)

lb 2 1 5 -2 4 0 * 2 5 0 -2 7 5 *  (2H )# 5.90 4 3 5 -4 6 5 * 2.12 +
(4H) 300-33C * (2H )*

2b 2 1 0 -2 3 0 * 2 9 0 -3 3 0 * 2 5 0 -2 8 0 * 5.95 ~ 7 . 4  s 2.14
(4H) (2H) (2H ) 2.20

3b 3.44 (2 H )^  
3.71 (2НУ© 230-29C * (4H) 5.70 + 4 2 0 -4 6 0 * ’ + —

4a 3.65 d° 4.20 t° 4.12 s 5.78 + 4 2 0 -4 6 0 * ’ + _
(4H ) (2H) (2H )

x benzylidene proton 
* m ultiplet in Hz 
+double proton number
^ H  —2,4

*H  — 3 t, overlapped w ith the H — 5 
^ m u ltip let, but is well identifiable 
^C alculated from the A B  part of the 

A B X  m ultip let

° J  =  5 Hz 
s: singlet 
d: doublet 
t: triplet

c o n ta in in g  a d ioxolane ring  w as m u ch  h ig h er (104.4 ppm ) th a n  th a t  m easu red  
for th e  tw o  dibenzylidene d e riv a tiv e s  (96.1 an d  94.6 ppm ). T he la t te r  va lu es  
are, h o w ever, close to  th e  chem ical sh if t o f th e  m onobenzylidene d e riv a tiv e  
lb  c o n ta in in g  a d ioxane ring  (95.0 ppm ).*

T h u s  b o th  dibenzylidene d e riv a tiv e s  co n ta in  tw o d ioxane rings, co n 
se q u e n tly  th e ir  s tru c tu re s  can o n ly  be 3 (S ,S) or 4 (R ,R ). B o th  o f th e se  s tru c 
tu re s  can  ex is t in  tw o ch a ir-ch a ir con fo rm atio n s, am ong w hich , considering  
only  th e  sk e le to n  w ith o u t su b s titu e n ts  (i.e. th e  co n figu ra tion  o f l,3 ;2 ,4 -d i-0 -  
m ethy len e-L -th re ito l), th e  “ 0 -in s id e ” -conform er (a) is m uch m ore s tab le  th a n  
its  “ i f - in s id e ”  p a ir  (b). The free  energies o f th e  tw o conform ers are a b o u t 
1.18 kcal/m ole  an d  5.35 kcal/m ole [6 ]. C onsidering, how ever, also th e  su b 
s ti tu e n ts , th e  tw o axial b ro m o m eth y l an d  tw o axial pheny l g roups in  con- 
fo rm er 3a increase th e  free energy  b y  ab o u t 5.8 kcal/m ole [7] a n d  6.2 
kcal/m ole [8 ], respective ly , re su ltin g  in  a m uch h igher v a lue  (13.2 kcal/m ole) 
for 3a. In  th e  case of 3b all su b s titu e n ts  are equatorial, co n seq u en tly  th e  free 
energy  is n o t  increased . This is in  accordance  w ith  our o b se rv a tio n  t h a t  th e  
N M R  sp e c tru m  of com pound 3 is n o t te m p e ra tu re -d e p e n d e n t, sugg estin g  
a c o n fo rm a tio n a lly  hom ogeneous sy stem .

B o th  conform ers of d iaste reo m er 4 co n ta in  tw o id en tica l su b s ti tu e n ts  
in  a x ia l p o sitio n , conform er a th e  b ro m o m eth y l, and conform er b th e  p h en y l

* A lthough according to num erous literature data (e.g. [3 — 5]) the 1И NM R chem ical 
shifts o f th e  benzylidene protons in derivatives w ith  dioxane or dioxolane rings show a char
acteristic difference, th is is not valid  for our com pounds (c f data of lb  and 2b, Table I); 
therefore th e  structures could not be elucidated b y  m aking use of this difference.
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Table II

13C N M R  chemical shifts o f  compounds lb , 2b, 3b and

Compound (5C-1 <5C —6 <5C —2 <5C —5 Ó C -3 «5C-4

lb * 32.8 27.9 67.7 63.9 76.0 72.8

2b* 30.7 31.5 71.1 72.3 77.3 78.2

3b 32 4 69 3 72 6

4a 29.1 68.1 75.3

* In  the case of the carbon atom  pairs 1,6, 2,5 and 3,4 an alternative assignment is also possible, 
+Benzylidene carbon atom  
x A cety l group 
° Overlapped signals

groups. Since th e  a x ia l  ph en y l or b ro m o m e th y l su b s titu e n ts  cause a sim ilar 
increase  in  th e  free en e rg y , th e  orig inal en erg y  difference (ab o u t 3.8 kcal/m ole) 
b e tw een  th e  “ O -inside”  (a) an d  “ H -in s id e”  (b) fo rm s of th e  skeleton  w ould  
re m a in  un ch an g ed , h u t  due to  th e  s te ric  h id ran ce  betw een  th e  tw o endo 
p h en y l groups i t  is in c rea sed  in  th e  case o f th e  b isom er. This difference is suf
f ic ie n tly  h igh  for consid erin g  also isom er 4 as a con fo rm atio n a lly  hom ogeneous 
sy s tem . H ow ever, in  c o n tra s t  w ith  th e  d ia s te reo m er 3 existing  in  con fo rm a
tio n  b, in  case o f iso m er 4 conform ation  a is m ore  stab le .

A ccording to  th e se  considerations, th e  s tru c tu re s  3b and  4a w ere to  be 
assigned  to  th e  iso la te d  substances m e ltin g  a t  161 °C an d  165 °C. T his could  
be  done on th e  basis  o f  th e  values o f  th e  p ro to n -p ro to n  coupling c o n s ta n ts  
J 2 3 =  J i  5. In  3b th e  co rrespond ing  d ih ed ra l angles a re  ~ 1 8 0 ° , while for isom er 
4a on ly  ^ 6 0 ° .

T he b ro ad  a n d  com plex  H-2,5 an d  H -3 ,4  m u ltip le ts  in  th e  XH  N M R  
sp e c tru m  of th e  su b s ta n c e  m elting  a t  161 °C affo rds evidence th a t  th e  coupling  
c o n s ta n t J 2 3 =h J i5  is la rge .

T he H -3,4 s igna l o f  th e  su bstance  m e ltin g  a t  165 °C is a singlet, an d  th e  
H -2,5  signal being  p a r t ly  overlapped  by th is  s in g le t is trip le t-lik e , co nsequen tly  
th e  coupling  c o n s ta n t J 2 3 =  5 m u st be  sm all, causing  no s ign ifican t sp littin g .
H en ce  th e  s tru c tu re  o f  th e  substance  m eltin g  a t  161 °C is 3b (S ,S), w hile s tru c 
tu re  4a (R ,R )  can  he  assigned  to  th e  iso m er m e ltin g  a t  165 °C. T he coupling  
c o n s ta n ts  J 2s =  J i5  o f  th e  form er co rresp o n d  th u s  to  an  axial-axia l in te r 
ac tio n , w hile th is  in te ra c tio n  is an  equatorial-axial one fo r th e  la t te r ,  th ere fo re

^  J2,з ( ^ а )-
T his s tru c tu re  a ss ig n m en t based  u p o n  th e  JH  N M R  d a ta  w as also con

firm e d  b y  13C N M R  spectroscopy . In  th e  s te rica lly  m ore crow ded isom er 4a
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4a in  CDCl3 solution (f5-pMS =  0 ppm) at 25.16 M H z

ЙСН*
3

6C + ÄCAr 6САг íC£r <5C=0*

20.7 95.0 136.9 126.1 128.4
129.3

169.5

170.2
20.8 104.4 135.9 126.6 128.4

129.8
169.6

169.7

— 96.1 136.9 126.3 128.6 129.6 —
— 94.6 137.6 126.1 128.9° 128.9° —

bu t the one given here is more probable

co n ta in in g  axia l b ro m o m eth y l g roups, th e  chem ical sh ifts  of th e  ca rb o n  
a to m s 1,6-, 2,5- a n d  th e  benzy lidene  ca rb o n  atom s a re  decreased  b y  th e  fie ld  
e ffec t [9] by  3.3, 1.2 an d  1.5 p pm , re sp ec tiv e ly  (Table I I ) .

B y  estab lish ing  th e  con fig u ra tio n s an d  conform ations of th e  com pounds 
in  question  i t  cou ld  th u s  be p ro v ed  th a t  th e  two d ibenzy lidene  d e riv a tiv e s  
re p re se n t a p a ir  o f  d iastereom ers c o n ta in in g  tw o d ioxane  rings each. T o  ou r 
know ledge, no ex am p le  has been described  so fa r in  th e  lite ra tu re  fo r th e  
s im u ltan eo u s fo rm a tio n  o f 2 ,4 ;3 ,5-d ibenzylidene ty p e  d iastereom ers.

E xperim en ta l

The preparation of the studied com pounds, as well as the structure elucidation o f c o m 
pounds la ,  b and 2a, b were described elsew here [1]. 1H NM R spectra were recorded on 
a JE O L  60-HL, and 13C NM R spectra on a V A R IA N  X L  100 FT-spectrom eter, in  
CDC13 solutions, at room  tem perature, w ith  t.etramethylsilane as internal standard.

The authors than k  Mrs. Jud it Csá k v á r i and Mr. Attila F ü r je s  for technical assistance
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Topics in  Current C hem istry, Vol. 75 
Organic Chem istry and Theory

Springer-Verlag, Berlin, Heidelberg, N ew  York, 1978, 187 pages

The 75th  vo lum e of the series Topics in  Current Chem istry is rather heterogeneous 
bu t, et least, it  is a collection  of m ultifarious papers. The first one is w ritten by a research team  
of spectroscopists and electrochem ists in Bologna, V . B a z a n i  and со-w o rk e r s ,  and is entitled  
“ Bim olecular E lectron Transfer Reactions o f the E xcited  States o f  Transition Metal Com plexes” . 
The topic is very interesting and tim ely. In the excited  state o f a m olecule (e.g., a m etal com 
plex) an electron is prom oted to a higher energy leve l and sim ultaneously a “vacant site” 
having a relatively  low  energy level is also form ed. The m olecule in the excited state  will 
possess a stronger reducing action owing to  the presence o f the electron of higher energy, 
while its oxidizing pow er is also enhanced b y  the presence of the vacant site of lower energy, 
as compared w ith  th e  ground state. In oxidation-reduction system s excitation by light m ay  
produce such an electron transfer which w ill m ove the system  far from the equilibrium  cor
responding to the com ponents in the ground state. In  this w ay the energy of light can be stored  
in the form of chem ical energy of a redox system ; this m ay have great practical im portance  
in the conversion and utilization  of solar energy. T hese questions are discussed very thoroughly  
and clearly in the paper which can be regarded as a significant source of scientific inform ation, 
together w ith the several hundred references listed  therein.

The second paper is o f more lim ited interest. I t  contains the results in a well defined  
field, achieved by an American team  of eight researchers headed b y  T. H. K o c h . The title  
of the paper is “ Photochem ical-R eactiv ity  o f K eto Im ino Ethers. T ype I Rearrangem ent and  
(2 -(- 2)-P hotocycloaddition  to the Carbon-Nitrogen Double B ond” . The authors attem p ted  
the photodim erization o f  keto imino ethers w hich can readily be prepared from cyclic im ides 
(e.g., succinim ide), and th ey  found instead a rearrangem ent accom panied by ring contraction , 
which can be regarded as an intramolecular cycloaddition of the [o2s -f- -72s] type. K eto  
im ino ethers in w h ich  th is rearrangement does not take place can participate in  cycloaddition  
reactions w ith olefins b y  m eans of the C = N b o n d . T he paper gives a good picture of a relatively  
narrow field, b u t presents no extraordinary surprises.

The longest paper in  the volum e is a theoretical speciality . Two Czechoslovakian authors* 
I. H u b a c  and P. C á r s k y , one of them  being a m athem atician  and the other a quantum  
chem ist, present a broad survey of the theoretical problem s and com putational m ethods of 
electron correlation w hich  are not negligible in  quantum  chem ical calculations of higher level. 
The title  of the paper is: “ Com putational M ethods o f Correlation E nergy” . The authors aim ed  
at collecting and eva lu atin g  the results of the work done in the field  of calculations of corre
lation  energy, thus m aking them  available for those who w ish to  use them  in routine quantum  
chem ical calculations. T he paper thus deals w ith  a fie ld  which is rather special even for quantum  
chem ists, but in ev itab ly  im portant and useful and, according to quantum  chem ist colleagues, 
it  offers a good sum m ary.

The final paper is relatively short but substantial: it is concerned w ith an interesting  
theoretical stereochem ical problem. The authors are Ivar U g i , professor of the Technical U n i
versity  M unich, and th e  m embers of his stereochem ical research team . The title  of the paper is:
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“ A  Q uantitative Measure o f Chemical Chirality and Its  Application to A sym m etric Synthesis.”  
F irst th ey  introduce and define the concept o f  chem ical chirality. The geom etric definition  
o f  chirality  (a form  n ot identical w ith its mirror im age) holds for a fixed  structure. From  the  
chem ical point o f view , on ly  such m olecules can be regarded as chiral, w hich cannot be trans
form ed into their mirror im ages by means o f the intram olecular m otions possible under the  
given  conditions of the observation. (Let us consider, e.g. gauche butane, w hich is a chiral 
conform ation, but at room  tem perature can easily  transform  into its mirror im age.) The authors  
in troduce the concept o f chiral genus as a q u a n tita tive  measure of chirality; this is related  
to  the number of bonds to  be split to achieve racem ization of a given chiral m olecule. This 
q u a n tita tive  measure allows a classification of stereoselective reactions, and the qu antitative  
characterization of asym m etric syntheses. The new concepts are explained b y  m eans of several 
exam ples.

The book containing a varied subject-m atter provides m uch interesting and valuable  
in form ation  for chem ists working in different fields.

M. K a j t á r

I .  H r o n s z k y —M. V a r g a : Történeti-tudom ány elméleti megjegyzések a kém iáról 

(H is to  risch-w issens ch afts  theo re tische  B em erkungen  ü b e r die Chemie)

Verlag der Ung. A kadem ie der W issenschaften , Budapest, 1978, 180 S. (Ungarisch)

»Unserer A nsicht nach  ist in der A nalyse der heutigen Entw icklung der Chemie ihr 
gegenw ärtiger Zustand als unabgeschlossene G eschichte zu betrachten. D ie Gegenwart der 
W issenschaft ist ebenfalls ein Vorgang, wo n ich t zeitgenössische, jedoch zur selben T ota litä t 
gehörende Elem ente Zusammenleben . . .« — schreiben die Verfasser in der E inleitung. D ies 
is t  sehr zu berücksichtigen. Meiner M einung nach  können die N aturw issenschaften näm lich  
nur historisch vorgetragen werden, einfach deshalb , weil sie sich geschichtlich entw ickelten  
und sich weiter auch auf diese W eise entw ickeln un d  verändern. H eute ist m an geneigt die zu 
einem  gegebenen Z eitpunkt bestehenden K entn isse als abgegrundetes Ganzes zu behandeln  
und im  Unterricht w eiterzuverm itteln, wodurch ein  gewisser D ogm atism us auf die Schülern  
übertragen wird, da sie den Eindruck erhalten, die Sache wäre kom plett und unabänderlich.

Aus diesem Grund war es nützlich, dieses B uch  zu veröffentlichen. D ie Verfasser greifen  
aus der ferneren und nahen Vergangenheit der Chemie gewisse Problem e und Fragen heraus 
und untersuchen sie nach m odernen w issenschaftstheoretischen G esichtspunkten.

D as B uch ist sehr lehrreich, auch w enn der Leser vielleicht nicht m it jeder Behauptung  
der Verfasser einverstanden ist. Ich war es auch n ich t immer. In der G eschichte sind jedoch  
nur die Ereignisse sicher (in  der W issenschaftsgeschichte manchmal auch diese nicht), das 
w ie und warum läßt sich schon auf m ancherlei W eise erklären. U ntersuchungen über das 
Problem , wie und warum  m an zu einer neuen E rkenntn is gelangte, sind jedoch für den heutige  
Forscher nützlich, da er daraus viel zu erfahren verm ag, was bei seiner eigenen Forschung von  
N u tzen  ist. Er erfährt z. B ., daß die E ntw icklung der Chemie stillsteht, w enn m an sich — was 
m eistens nach dem Sturz bedeutender H ypothesen  der Fall ist — keiner H ypothesen bedient. 
E s war vielleicht doch kein  Zufall, daß der N am e, m it dem  die klassische organische Struktur
theorie verbunden ist, K ekulé und nicht Couper ist. N ach letzteren muß näm lich jede Theorie 
vom  experim entellen und philosophischen Standpunkt aus richtig sein. Philosophische R ich
tun gen  gibt es aber verschiedene. Sehr unrichtig is t  es, eine naturw issenschaftliche Theorie, 
deren R ichtigkeit oder U nrichtigkeit erst durch die weitere Entw icklung bewiesen werden  
kann, von  philosophischen Standpunkten aus sofort zu verurteilen, wie dies schon oft geschehen  
ist; bei der Resonanztheorie und Q uantenchem ie eben in der nahen Vergangenheit.

Interessant sind die Erörterungen über den B egriff des naturw issenschaftlichen G esetzes. 
M anche behaupten nach K ant, Bedingung des G esetzes ist m athem atische Ausdrückbarkeit. 
So dachte auch Lothar M eyer. Deshalb ist n icht er der Entdecker des periodischen G esetzes, 
sondern M endelejew, nach dem  der quantitative Charakter nur den Grad der E xakth eit aus
drückt. Man könnte noch zahlreiche solche in teressante, an Beispielen orientierte Erörterungen  
aus dem  Buch anführen.

Beim  Lesen des B uches hat m an den E indruck als wären die Chemiker immer in der 
R ü stu n g  der vollständigen K entnis einer philosophischen Richtung zum  L aboratorum stisch  
getreten , um  zu forschen, und als hätten sie ihre Schlüsse nach gründlicher philosophisch
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w issenschaftstheoretischer Überl igung gezogen. Ich akzeptiere, daß herrschende Ideen eines 
Zeitalters auf die Forscher E influß ausgeübt haben, doch glaube ich , daß dies viel um bew ußter  
geschah als es dem  Buche nach den Anschein hat.

D as B uch ist K eine leichte Lektüre. E twas Chem iegenschichte muß man schon kennen, 
um es verstehen zu können.

F . SZABADVÁRY

M etal Ions in  Biological System s, Vol. 7

Sig e l , H . (ed.) Marcel Dekker, New York and Basel, 1978, XVII, 417 pp.

Iron is the m ost im portant transition m etal in  liv ing system s, being the m etal constit
uent o f  a large variety  of enzym es and proteins which p lay  a part in different bioredox and  
electron transport processes, and som e have oxygen-carrying properties. The biochem istry of  
iron is an enorm ously large field  as it  is also obvious from  th e  series of monographs listed  in  
Volum e 7 o f “ M etal Ions in  Biological System s” .

The introductory chapter w ritten by M. T. B e c k  deals w ith  the prebiotic coordination  
chem istry, i.e. the  role o f m etal ions (am ong them  th a t o f iron) in  the formation of com pounds 
essential for biological evolution , and also w ith the possible role o f transition m etal com plexes 
in the organization phase o f chem ical evolution. A s to the first point, the author considers 
both the transition m etal ions and the potential ligands (b oth  inorganic and organic) present 
in the prebiotic soup, and discusses the influence of com plex form ation on both the reactiv ity  
of the ligands and the catalytic  a c tiv ity  o f the m etal ion. A  short survey is given on the role 
that m etal ions m ight have played in the form ation of am ino acids, peptides, nucleobases 
and porphins. The author also deals w ith  the biochem ical fun ction  of transition m etal ions and  
with the evolu tion  o f m etalloenzym es.

The second review  w ritten b y  P. M. May , D. R. W ill ia m s  and P. W. L o n d er  is entitled  
“ Biological significance of low  m olecular weight iron (III) com plexes” . The m onograph is 
centered around a very  im portant problem , how low  m olecular w eight com plexes influence  
the iron m etabolism  in liv ing system s. Iron is follow ed as it  is transported through m em branes 
and bound to  different m olecules w ithin the cells. Sub-chapters are devoted also the chelation  
therapy and to the regulation of iron m etabolism . F inally  the authors show how com puter  
sim ulation studies help us to gain insight into m ulticom ponent equilibrium system s.

138 references close the review.
The third review , b y  T. E m e r y , has the title  “The storage and transport of iron” . 

The author’s m ain concern is microbial iron transport and storage, however, some discussion  
of plant and am im al system s is also presented. The author starts w ith  iron solubilization and  
transport both  in fungal and in bacterial system s. This is follow ed b y  a discussion of the stereo
chem istry of iron transport, and then com es back again to  th e  iron pathw ay, dealing w ith  the  
m echanism s o f both  reductive and hydrolytic iron release. T he la st two subchapters discuss 
the storage and transport o f iron in  higher plants and anim al system s.

128 references are given.
The fourth  review  w ritten b y  B. A. Av e r il l  and W. H. Or m e- J ohn son  is entitled  

“ Iron-sulfur proteins and their syn thetic analogs” . Iron-sulfur proteins (rubredoxins and  
ferredoxins) have an im portant role in m any bioredox processes including photosynthesis and  
nitrogen fixation . The authors in their review deal w ith  the properties o f iron-sulfur proteins 
including their biological activ ities, chemical and physical characteristics, sequence hom ology  
and folding patterns. T hen synthetic  iron-sulfur system s (tetram eric and dimeric Fe — S cluster, 
monomeric FeS4 system s) are discussed. This is follow ed b y  a description of the m ethods used  
to determ ine the typ e  of Fe — S clusters in proteins. Two m ethods have been developed so far 
for analytical purposes: (a) the th iol displacem ent reaction and (6) the interprotein cluster 
transfer. The final part of this review  is on iron-sulfur enzym es and on their function in  differ
ent biological system s.

174 references are listed.
The fifth  m onograph authored by P. J ones and I. W il s o n  is concerned w ith  “ Catalases 

and iron com plexes w ith  catalase-like properties” . In the introduction the authors deal w ith  
the form ation o f peroxide in organism s, and w ith the enzym ic utilization  of peroxides. This is 
followed b y  a discussion of catalases: the kinetic and m echanistic aspects o f their catalytic  
action and particularly those aspects which perm it com parison w ith  the reactions of protein-
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free ferrihemes. The review  deals also w ith  ferrihem es, their solution structures and aggregation  
equilibria, and w ith their catalatic  and peroxidatic activities. The final chapter is on the 
com parative catalytic behaviour of iron(III)-centered catalysts.

194 references are listed .
The sixth review , b y  P . G. D e b r u n n e r , I. C. Gu n sa lu s , S. G. Slig a r  and G. C. W a g n er , 

is en titled  “ M onooxygenase hem oproteins: Cytochrom es P — 450” . The authors deal w ith  the 
electronic structure of hem e (electronic absorption and resonance Ram an scattering spectra), 
w ith  th e  electronic structure of iron (E P R  and M ossbauer spectra) and w ith  cytochrom e m 
reaction states.

86 references close th e  review.
The seventh m onograph entitled  “ Syn thetic  analogs of the oxygen  binding hem o

protein s”  is authored b y  C. A. R e e d . The review  begins w ith  a brief description o f the oxygen  
carrying hem oproteins and th is continues w ith  a discussion of deoxyhem oglobin analogs, 
oxyhem oglobin  m odels, carbonm onoxyhem oglobin analogs and m ethem oglobin derivatives. 
T he purpose of the author w as to provide a basis on which the model approach of trying to 
un derstand  the b iochem istry of hem oproteins can be critically evaluated, and also to point 
out som e of the remaining problems.

81 references are listed.
T he next review in th is volum e, “ M echanism s for the m odulation of hem oglobin oxy

genation: A statistical m echanical analysis o f equilibrium  and kinetic data” w as w ritten by
H . E. S t a n l e y , R. B a n s il  and J .  H e r z p e l d . In the first chapter the authors present a statistical- 
m echanical approach to the study  of equilibrium  and kinetic properties o f allosteric proteins. 
This is follow ed by a qu an tita tive  description of the macroscopic behaviour expected  from 
m olecules conforming to a particular m odel. The authors make a thorough analysis of the 
o x y g en ation  equilibrium o f hem oglobin, and continue to deal w ith the kinetics o f hem oglobin  
oxygenation.

33 references close th e  review.
The final review, b y  E. R. H u g h e s , is entitled  “ H um an iron m etabolism ” . After a brief 

historical introduction of som e events in understanding the function of iron in biology, 
the subsequent chapters d iscuss the fate o f iron during m etabolism . The m ain topics outlined  
in  th e  present review are th e  absorption of iron, body iron kinetics and distribution and control 
m echanism s (including the role of intestinal m ucosa, and storage and transport proteins). 
T he fin a l chapter discusses disorders of iron m etabolism  (iron deficiency and iron overload).

53 references are listed .
Volum e 7 of this outstanding series dealing w ith  the part played by m etal ions in  biolog

ical system s, provides the reader w ith a w ealth  of inform ation on both the function  and role 
o f iron in  living organisms, and on the m odels w hich have been constructed w ith  the aim to 
arrive at a more thorough understanding of the m olecular basis of biochem ical-biological 
processes in  which iron is involved .

E .  KŐRÖS

C hristian  B i r r : Aspects o f  the M errifie ld  Peptide Syn thesis  
Reactivity and  Structure in  Organic Chemistry. Vol. 8

Springer-Verlag, Berlin, H eidelberg, N ew  Y ork 1978, 102 pages, 62 figures, 6 tables

E ver since the introduction  of the Merrifield peptide synthesis in  1962, it  has been one 
of th e  m ost disputed fields o f peptide chem istry. The author of the book has worked by the 
M errifield m ethod since the first years and several innovations have been associated w ith his 
nam e (use of sym m etric anhydrides o f amino acids, application of Ddz am ino acids and 0.5%  
divinylbenzene-containing polystyrene resin in centrifugal reactors in the solid phase peptide  
syn thesis).

E very  line of this concise book w ritten in  an interesting style reflects great practice and 
theoretical knowledge of the author in the given field. Since in the past years several com pre
hensive monographs have been published dealing w ith  the Merrifield m ethod, the author 
om itted  a detailed survey of th e  literature data o f the sixties, rather the results o f the seventies 
are discussed and the literature data critically  treated . As expressed in the preface and closing 
lin es, th e  purpose of the book was not to arrive at a final decision in the dispute betw een the 
follow ers and opposers o f th e  Merrifield m eth od  but the author w anted to  present a new
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aspect o f the m ethod and a critical discussion of the m ethodological innovations introduced  
recently, w hich, o f course, m ay again lead to further discussions.

There are five  chapters in the book (The principle; Chemical details of the m ethod; 
A utom atization  of the Merrifield peptide synthesis; Critical view  on the applicability o f  the  
M errifield synthesis; Conclusion). The discussion of the chem ical details o f the m ethod is very  
interesting; evid en tly , all new literature m ethods have  been tried in the laboratory of the  
author. Som e new, surprising aspects are brought up, e.g., that there is no difference in respect 
of chem ical reactions betw een polystyrene gel containing 0.5% divinylbenzene and the p o ly 
styrene “ liquid phase” ; the so-called autom atic peptide synthesizing apparatuses used hereto
fore have actually  been only  sem iautom atic apparatuses because th ey  give no indication about 
the reaction occurring, etc. A  very valuable suggestion is forwarded for the construction of  
a fu lly  autom ated  peptide synthesizing apparatus utilizing spectrophotom etric analysis o f  the  
reaction m ixture.

A great virtue of the book is that, as a result o f “ daily confrontation”  w ith the problem s 
o f the M errifield m ethod, the author is free from prejudices towards the various opinions. O f the  
221 literature references 142 were published later than 1970. The figures and tables in the book  
are excellent.

In sum m ary, this very  readable, lucid and useful hook can be recommended to all 
laboratories engaged in  peptide chem istry, to researchers working in related fields and to chem 
ists concerned w ith  the synthesis o f oligonucleotides.

B . P e n k e

D . P o l a n d ; Cooperative Equilibria  in  P hysical B iochem istry  

Clarendon Press, Oxford 1978, v iii 344 pp.

The developm ent o f the therm odynam ics o f  m ultiple equilibria is an intriguing problem  
of history o f science. Three practically independent paths can be noticed; the treatm ent of the  
stepw ise form ation of m etal com plexes, the com plicated equilibria occurring in gaseous phase  
and the equilibria involv in g  biopolymers. This book provided a m ost interesting, thought- 
provoking, although incom plete treatm ent of the m ultiple equilibria w hich undoubtedly play  
a crucial role in the understanding the function and behaviour o f biochem ical system s. P o la n d ’s 
book provides a fresh approach of the com plicated system s, stressing the deep analogy betw een  
the distribution of energy levels in quantum  statistica l ensem bles and distribution o f free 
energy states in chem ical equilibria. (The partition function is analogues to the a function of  
the coordination chem ists and sym bolised by in this book. The m icroconstants of coordination  
chem ists are treated as degeneracy of free energy levels.)

The first two chapters gives an excellent sum m ary of the therm odynam ical and sta tis
tical background furtherm ore a treatm ent o f interm olecular forces necessary to understand  
the equilibria involving biopolym ers by m odelling them .

The third chapter is an application of the form erly form ulated principles to the double
helix  and triple-helix equilibria, while the fourth chapter outlines a m atrix algebraic treatm ent 
o f the partition  functions o f linear chain m olecules. (A  short review  of m atrix algebra is given  
in  the appendix.)

The fifth  chapter deals w ith  problems o f cooperativity w hen sm all molecules are bound  
to  biopolym ers; the concluding chapter gives an approach of the specific sequence to the con
form ational equilibria.

N otes and references are given at the end o f each chapter. The lis t o f the quoted papers 
is very lim ited  and proves the valid ity  of the first sentences o f this review.

This stim ulating book w ould be even more helpful if  som e inform ations concerning the  
experim ental and com putational treatm ent of m ultip le equilibria were given.

M . T. B e c k
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A . R u s a n o v : Phasengleichgewichte und  Grenzflächenerscheinungen

Herausgegeben von  W . S c h ir m e r . Akadem ie Verlag,
Berlin 1978. X V II -j- 465 pp, Preis 90 Mark

B ekanntlich gibt es zwei, voneinander prinzipiell verschiedene M öglichkeiten bzw. 
A spekte, um  heterogene System e, die außer den ausgedehnten Raum phasen noch sehr dünne 
G renzschichten enthalten, therm odynam isch zu  behandeln. D ie eine M öglichkeit, der sich  
zuerst G ih bs  in seinen klassischen Arbeiten bed ien t hatte, besteht darin, daß m an das reale 
S y stem  m it einem solchen hypothetischen System  vergleicht, in welchem  die Grenzschicht 
durch eine fik tive  m athem atische F läche, die sog. Trennfläche (dividing surface) ersetzt wird 
und dann jede Änderung der therm odynam ischen Zustandsparam eter, die im  realen System  
gerade infolge der E xistenz der wirklichen G renzschicht endlicher D icke und inhom ogener 
Stoffverteilu ng  gegenüber dem  R eferenzsystem  auftritt, als Überschussgröße der Trennfläche  
zuordnet, darauf sozusagen “verschm iert” . D urch diesen zwar nicht sehr anschaulichen, 
aber gedanklich vollkom m en lückenfreien Form alism us versuchte Gib b s  die Schw ierigkeit 
zu um gehen , die sich daraus ergibt, daß die Zwischenschichten im  Sinne des von  ihm  einge
füh rten  Phasenbegriffs keine autonom en Phasen darstellen, da sie ja  R aum anteile des Mehr- 
p h ysensystem s verkörpern, in  denen diskontinuierliche Änderungen in den E igenschaften  auf- 
treten , w enn man von einer Raum phase in die andere übergeht.

D ie  andere Betrachtungsw eise geht au f v a n  d e r  W aals, B a r k e r , V e r s c h a f e e l t , 
insbesondere aber Gu g g e n h e im  zurück. Im  G egensatz zum  GiBBSschen Form alism us behan
delt m an hier auch die Grenzschichten als P hasen, denen bestim m te W erte der Zustans
variab len  (Substanzm enge, Volum en, usw .) zugeordnet werden können, da sie zwar sehr dünn  
im  V ergleich zu den Raum phasen sind, aber doch offensichtlich eine endliche Dicke, bestim m te  
Struktur usw. besitzen. Es is t  sofort einzusehen, daß man sich dieser B etrachtung nur dann  
bedienen  kann, wenn man die GiBBSsche D efin ition  der Phase aufgibt und bew ußt in K auf 
nim m t, daß in der Grenzphase Inhom ogenitäten  bzw. D iskontinuitäten auftreten.

Im  vorliegenden W erk hat sich R u sa n o v  die enorme Aufgabe gestellt, die E xak th eit  
des GiBBSschen Form alism us m it jener R ea litä t in  Einklang zu bringen, daß die Grenz
sch ich ten  doch ausgedehnte R aum teile endlicher D icke darstellen, die, w enn auch noch nicht 
im m er, aber doch bereits in einigen Fällen der unm ittelbaren experim entellen U ntersuchung  
zugänglich  sind. Daraus ergibt sich die M öglichkeit, die Theorie zu prüfen, w ovon an H and  
eigener Meßergebnisse auch Gebrauch gem acht wird.

Es sei nachdrücklich betont, daß es sich bei der “Versöhnung” der beiden K onzepte  
über Trennfläche bzw. Grenzphase um  keinen Kom prom iß handelt. R u sa n ov  hat die sich  
g estellte  Aufgabe m it einer derartigen K larheit und Konsequenz gem eistert, daß ein grund
sätz lich  neues logisches Bauwerk entstand, in das sich sowohl alle m ögliche Besonderheiten  
(gekrüm m te Grenzflächen, sehr kleine Teilchen, Dreiphasenlinien, usw .), wie auch praktische  
P roblem stellungen (z. B. Stofftrennung durch Anreicherung an Grenzflächen) lückenlos ein- 
fügen  lassen.

Aus der unten folgenden Übersicht der einzelnen K apitel geht deutlich hervor, wie 
gründlich und vielseitig der gesam te Problem kreis behandelt wurde. (D azu sei hier noch  
bem erkt, daß dieses Buch die von  M. B ü lo w  einwandfrei ins D eutsche übersetzte, vom  Ver
fasser vö llig  überarbeitete H erausgebe des zuerst 1966 in russischer Sprache erschienenen  
O riginalwerkes ist.) D ie E inteilung der M onographie ist wie folgt:

1. Grundbegriffe; 2. Anwendung der Therm odynam ik auf G renzflächenschichten und  
heterogene System e; 3. G leichgewicht zweier P hasen in Gegenwart einer ebenen D iskontinui
tä tsfläch e; 4. Abhängigkeit der G renzflächenspannung von  der Tem peratur; 5. Abhängigkeit 
der G renzflächenspannung vom  Druck; 6. A bhängigkeit der Grenzflächenspannung von  der 
Z usam m ensetzung der koexistierenden Phasen; 7. Abhängigkeit der Grenzflächenspannung  
v o n  den H auptzustandsparam etern; 8. T herm odynam ik der Stofftrennung durch Anreicherung 
an Phasengrenzen; 9. Das Zweiphasengleichgew icht in  Gegenwart einer gekrüm m ten D iskonti- 
nuitätsfläche; 10. Grenzflächenspannung gekrüm m ter D iskontinuitätsflächen; 11. E influß der 
K rüm m ung der D iskontinuitätsfläche auf die H auptparam eter des therm odynam ischen Gleich
gew ichtes; 12. Zusam m ensetzung gekrüm m ter G renzflächenschichten; 13. Besondere Beispiele  
für G leichgew ichte m it unvollständiger K om ponentenverteilung; 14. Therm odynam ik der 
F ilm e; 15. Grenzflächenenerscheinungen in Festkörpern; 16. Adsorptionsfilm e; 17. B enetzung  
un d  Dispergierung; 18. Energetik der B ildung neuer Phasen; 19. G leichgewichte zw eidim en
sionaler Phasen; 20. M ethoden für die Behandlung kleiner Objekte und ihre A nw endbarkeits
grenzen.
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K apitel 8 und 15 waren in der O riginalm onographie noch nicht enthalten, sie wurden  
gesondert für diese Ausgabe vom  Verfasser geschrieben, um  der schellen E ntw icklung auf 
diesen G ebieten gerecht zu werden. Die über 500 L iteraturangaben (die jüngste aus dem  Jahre  
1976) befinden sich am  Ende der einzelnen K apitel. E in Sachregister erleichtert die Orien
tierung.

Druck und A usstattung ist von hoher Q ualität. Der Preis ist angem essen, zum al in  
A nbetracht der T atsache, daß zum  H andsatz der über 1600 m eist sehr kom plizierten Form eln  
ein großer Arbeitsaufw and nötig war.

M it der H erausgabe dieser M onographie h a t der Akademie-Verlag erm öglicht, daß  
Professors R usanovs Oeuvre den Zugang auch  zu dem jenigen Leserkreis findet, welcher die 
russische Sprache n icht beherrscht. Diese M onographie sollte nicht in der Buchsam m lung des 
Lehrers, Forschers oder Praktikers fehlen, der sich  m it M ehrphasensystem en, sowie K ollo id
und Grenzflächenchem ie beschäftigt.

E . W o l f r a m

F ried rich  K l a g e s: A u fb a u  u n d  Eigenschaften der M aterie  
im  M ikro- u n d  M akrokosm os

256 Seiten, Sam m lung Göschen 2618, W alter de Gruyter, Berlin—N ew  York, 1979

D as B uch ist n icht für Fachleute, sondern für einen weiteren Kreis naturw issenschaftlich  
interessierter Leser bestim m t, m it der Z ielsetzung, ein zeitgem äßes B ild des Aufbaus unserer  
m ateriellen U m w elt zu verm itteln. Im  besonderen is t  der Verfasser bestrebt, zu zeigen, daß  
neben der unterschiedlichen chemischen Z usam m ensetzung das typische Erscheinungsbild  
der versch iedensten  irdischen Materiearten nach  dem  heutzutage erreichten Stand unserer 
K enntnisse auf verhältnißm äßig wenige, physikalisch  genügend bekannte zwischenatom are  
Effekte zurückgeführt werden kann. Darüber hinaus wird auch angedeutet, w ie diese unter  
den Bedingungen der Erdoberfläche “norm al” wirkende Materie bei Änderung allein der p h y si
kalischen U m w eltsbedingungen eine m ehr oder weniger tiefgehende U m w andlung erfährt, 
so daß m an in E xtrem fällen von einer “entarteten  M aterie”  spricht.

Der obigen Zielsetzung entsprechend gliedert sich das B uch in drei H auptteile:
I. D ie A tom e und die zwischen ihnen auftretenden K räfte, worin der A ufbau der 

Atom e aus Protonen, Neutronen und E lektronen , die zwischeatom aren A ssoziationskräfte, 
das Zustandekom m en der verschiedenen A rten der chem ischen Bindung und schließlich der 
Zusam m enschluß der A tom e zu M olekülen und zusam m enhängender M aterie behandelt wird;

II. D ie  M ateriearten der Erdoberfläche, m it K apiteln über niederm olekulare Sub
stanzen, Salze, Steine und Erden (m it Erörterung der verschiedenen Typen von  A tom gittern), 
E igenheiten der makromolekularen organischen M aterie, M etalle;

III . Der Zusam m enschluß der M aterie zu unserer U m w elt, m it K apiteln über die 
m ineralische U m w elt (Land und Meer, chem ische Um setzungen im  Mineralreich, V erw itte
rungserscheinungen), die lebende M aterie (m aterieller Aufbau, Gerüstsubstanzen, M annig
faltigkeit der E iw eißstoffe und Nucleinsäuren, W asserstoff brücken in der B iochem ie) und  
schließlich physikalisch bedingte U m w eltänderungen (Atm osphäre und G ravitation, P lan eten 
atm osphären, E influß der Temperatur, extrem  hohe Tem peraturen, A ufbau der Erdkugel).

D ie K unst des Verfassers, ein so gew altiges und verzweigtes W issensm aterial in  gut 
ausgewogener Menge und Verteilung auf knappem  Seitenum fang auf angenehm  lesbare und  
daher gu t verständliche W eise darzustellen, is t  recht bem erkenswert. D ie unverm eidliche  
N otw endigkeit von  Vereinfachungen und B eschränkung auf K nappheit führt jedoch bei der
artigen Schriften fa st immer dazu, daß hie und  da Form ulierungen unterlaufen, die n icht ganz 
stichhaltig  sind oder vom  Laienleser leich t m ißverstanden werden können. D as vorliegende  
B uch w eist erfreulich wenig derartige M ängel auf, ist aber doch nicht ganz frei von  ihnen. 
So ist z. B . die Bem erkung auf S. 21, daß m an im  Elektronenm ikroskop vom  W ellencharakter  
der Elektronen Gebrauch m acht, irreführend, da die Abbildung m it H ilfe von elektrischen und  
m agnetischen “Linsen” die Tatsache ausnützt, daß die E lektronen geladene Teilchen sind, 
und nur die M öglichkeit der Erzeugung von  Diffraktogram m en auf ihrer W ellennatur beruht. 
Man kann auch der Behauptung kaum zustim m en, daß das W asser an dem  eigentlichen b io 
chem ischen Geschehen nicht nennenswert b ete ilig t ist (S. 196), da ja  bei der A ssim ilation  der 
K ohlensäure, die für das Leben überhaupt v o n  grundlegender B edeutung ist, das W asser
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un ter  Freiwerden seines Sauerstoffs als W asserstoff quelle dient, andererseits die Verbrennung  
zu Kohlensäure und W asser im  Stoffwechsel die zur Aufrechterhaltung des Lebens nötige  
Energie liefert. D ie v o m  Verfasser vertretene Erw eiterung des M olekülbegriffs, wonach z. B. 
D iam ant, Quarz etc. und  sogar Koks (S. 188) ohne E inschränkung schlechtwegs als m akro
m olekulare Stoffe angesprochen werden, dürfte kaum  die Zustim m ung der Mehrheit der F ach 
leu te  finden.

Derartige verein zelte  Unzulänglichkeiten sind jedoch vom  G esichtspunkt des Leser
kreises, für den das B uch bestim m t ist, von  untergeordneter B edeutung, das W esentliche ist, 
daß ihm  ein um fassendes und anschauliches naturw issenschaftliches W eltbild geboten wird, 
un d  diese Aufgabe w urde von  Professor K la g es  m eisterhaft erfüllt, so daß das W erk natur
w issenschaftlich interessierten  Lesern zur W eiterbildung wärm stens em pfohlen werden kann.

G. S c h a y

Jü rg en  U. K e l l e r : Technische T herm odynam ik  in  B eispielen. 
Aufgaben, Rechenweg, Lösungen, B egriffssam m lung . T eil 1, Grundlagen

W alter de Gruyter, B erlin—N ew  York, 1979. 307 Seiten

J. U . K el ler s  B uch  ist ein hervorragendes H ilfsm ittel für das Studium . D ies w as zu 
erw arten, da der N am e des Verfassers durch sein  früheres erfolgreiches Lehrbuch (Therm o
dyn am ik  der irreversiblen Prozesse) bereits w ohlbekannt war (auch dieses erschien in der 
Serie der de Gruyter Lehrbücher).

Im  vorliegenden B uch  führt der Verfasser die Anwendungsm öglichkeiten und R ech en
w ege an 70 Beispielen vor. E s sind recht gut gew ählte praktische Aufgaben und die Art der 
B earbeitung ist didaktisch  sehr gut. Die E inteilung des ersten Teiles ist: Grundbegriffe der 
Therm odynam ik und M aßeinheiten; der nullte  H auptsatz und die therm ische Z ustands
gleichung; der erste H au p tsa tz  der Therm odynam ik; der zw eite H auptsatz der Therm odynam ik  
und M ehrphasensystem e. Dieser erste Teil m acht die H älfte des Um fangs des Buches aus.

Der zweite Teil (und praktisch die zw eite h ä lfte  des Buches) ist eine recht gut zusam m en
gestellte  Begriffssam m lung, welche die D eutung v o n  124 grundlegenden therm odynam ischen  
Begriffen in kurzen, eindeutigen , definitionsm äßigen Form ulierungen enhält. Der zw eite Teil 
is t  v ielleich t noch nützlicher als der erste, insofern als er den Studierenden eine außerordentliche 
H ilfe  b ietet, der sich m it der — tatsächlich überhaupt nicht leichten — Therm odynam ik  
b efa ß t und sie sich anzueignen bestrebt ist.

Im  Buch werden ausschließlich das SI-M aßsystem  und im  wesentlichen das neue  
S y stem  der chem ischen Bezeichnung und D efin ition en  angewendet. In  letzterer H insich t  
habe ich  jedoch gewisse Bedenken. So ist z. B. der B egriff Phase auf S. 250 nicht eindeutig, 
da z. B . Eis auch dann eine  Phase darstellt, w enn bei 0 °C mehrere E isstückchen im  W asser 
herum schwim m en. E benso halte ich es nicht für glücklich, den Ausdruck M olzahl anzuwenden. 
E s handelt ych  hier offensichtlich  einfach um  die Stoffm enge, ausgedrückt in ihrer E inheit, 
dem  Mol. Es gibt ja auch keine “Meterzahl” , nur die in ihrer E inheit, dem Meter, ausgedrückte  
Länge.

Alldiese Dinge — deren Gebrauch auch son st n icht ganz einheitlich ist — verringern  
jedoch  die wahren W erte des Buches keineswegs. A uch drucktechnisch ist das B uch schön  
ausgestattet; in didaktischer H insicht ist es gut gegliedert und redigiert, und die Sprache ist klar.

Zusam m enfassend ist  J. U. K e l l e r s  B uch ein sehr nützliches W erk, und es ist sicher 
ein Vergnügen, daraus zu lernen. So etwas wird eigentlich  in Rezensionen selten geschrieben, 
es is t  aber wahr.

E . B e r e c z
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L A N D O L T -B Ö R N S T E IN

N um erica l Data and F unctional R ela tionsh ips in  Science and Technology

N ew  Series, E d ito r  in  Chief: K .-H . H e l l w e g e  
Group II: A tom ic and Molecular Physics

Volum e 9, M agnetic Properties o f Free Radicals 
Part c l ,  Organic N-Centered Radicals and N itroxide Radicals 

A. R. F o r r e s t e r , F . A. N e u g eb a u e r

Editors: H. F is c h e r  and K .-H . H e l lw eg e  
Springer-Verlag Berlin—H eidelberg—New York 1979, 1066 pp

This book is the third part o f th e  supplem ent to the L a n d o lt-B ö r n s t e in  N ew  Series 
volum e II / l  entitled “ Magnetic Properties o f  Free Radicals” published in 1965. The com plete  
supplem ent (volum e II/9 ) will consist o f  th e  following parts:

a A tom s, Inorganic Radicals, and R ad ica ls in M etal Complexes 
b Organic C-Centered Radicals 
c l Organic N-Centered and NO R adicals
c2 Organic 0 - , P-, S-, Si-, Ge-, Sn-, P b-, A s-, Se-Centered Radicals 
d  Organic Radical Ions and Polyradicals, Spin Labelled Biom olecules

The scope o f th e  compilation and the organization of the Tables have been described  
in  a previous review  [A cta Chim. A cad . Sei. H ung., 98, 497 (1978)] The data are arranged  
in the following order:

— gross form ula, name, structural form ula
— description o f the generation o f  th e  radical
— specification o f the m ethod used  to determ ine g and a values
— absolute va lues o f the g-tensor elem ents
— elem ents o f  the hyperfine coupling tensors a^
— references

. The present book starts with the nitrogen-centered radicals o f the basic structure — N —, 
—N  — N —N —N = C \ ,  —N —0  —, — N —S —, N —Ő, and —N = N  — Ó, both  acyclic
and cyclic. Then the nitroxide radicals fo llow  constituting probably the largest chapter in  the  
w hole series. This is not surprising if  considering the remarkable ease o f production and sta 
b ility  o f  nitroxides and their special p lace, accordingly, in free radical chem istry. The num ber 
o f source papers cited  for nitroxide radicals only is around one thousand.

The literature w as considered for th e  period from 1964 through 1975 w ith  som e refer
ences from  1976.

I . H a r g it t a i
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ACTA CHIMICA

ТОМ 1 0 3 -В Ы П . I 

РЕЗЮМЕ

Влияние ртутных примесей на анодное поведение галлия

К. САБО и К. Г. ШОЙМОШ

Выло исследовано влияние ртутных примесей на анодное рстворение жидкого и 
твердого галлия в растворе 1 М НС1. Было установлено, что уже в количествах 9,7 • 10~5 
ат.% ртуть изменяет скорость анодного растворения твердого галлия, как на активно, 
так и на пассивном участках. В случае жидкого галлия, однако, скорость анодного ра
створения не изменяется значительно даже под влиянием трути в количестве 1,7 ■ 10~2 
ат.% В области низких концентраций ртути (10~4 -ь 10_3 ат.%) скорость анодного раство
рения твердого лаггия (Ig j) , как на активном, так и на пассивном участке, линейно возра
стает с концентрацией ртути (lg CHg). При более высоких концентрациях ртути повышение 
скорости растворимости с увеличением концентрации трути меньше (т. е. меньше 9 lg //
/ а  lg  C Hg)-

Наиболее вероятное объяснения влияния ртутных примесей заключается в сле
дующем. Атомы ртути, адсорбированные на поверхности твердого галлия, ослабляютв 
своей окружности связи атомов галлия и тем самым разрывают слой окиси, предотвраща
ющий растворение, который присутствует и на активном участке на твердом галлии. 
В результате этого повышается скорость анодного растворения.

Исследование гетероциклических соединений, содержащих связи S—Si—S, 
с помощью MC высокого разрешения

Т. М Ю Л Л ЕР, М. ЭЛЬ-К ЁРШ , к . БЕК ЕР-П А Л О Ш И  и  й . б а л л а

Было проведено иследование масс-епектров некоторых новых синтезированных 
соединений дитиосилациклопентана. Были сняти спектры как низкого, так и высокого 
разрешения и наряду с молекулярными ионами были идентифицированы также наиболее 
характерные фрагментные ионы с помощью детектирования на фотопластинкее и измере
ниями массы с большой точностью. Предлагается механизм фрагментации. Были получены 
также некоторые информации относительно свойств связи S—Si—S и соответствующего 
гетероциклического кольца.

Исследование образования тройных ионов. Йодистый натрий в 1-октаноле
при 25°С

П. БЕРО Н И У С  и Л . ПАТАКИ

Образование тройных ионов йодистого натрия в 1-октаноле при 25°С было исследо
вано методом электропроводимости в интервале концентраций от 0,5 • 10-4 до 56 • 10“4 
М. Данные анализировали с помощью уравнения проводимости, включая эффекты ионной 
атмосферыи на подвижность ионов. Использованное уравнение включает предельную 
молярную проводимость тройных ионов Ä L  и имплицитную константу ассоциации трой
ных ионов /<т, которые являются котировочными параметрами. В расчетах полагалась 
равная вероятность образования двух различных типов тройных ионов Na2l + и N ala“ . 
Образование тройных ионов оказалось незначительным при концентрациях меньших 
3,6 • 10-4 М, что находится в согласии с теорией. Наилучшее совпадение эксперимеж- 
тальных данных с уравнением проводимости было получено при /<т =  97 М-1 и Л 1,=0,48  
Л », где Л» является предельной молярной проводимостью простых ионов.



Оксазепины и тиазепины, VII

Синтез и циркулярный дихроизм 2,3-дигидро-2,4-дифенил- 
-1,5-бензотиазепин гликозидов

А. Л Е В А Н , Р. БО ГН А Р и Й. КАЙТАР

Ацетаты 2,3-дилидро-2,4-дифенил-1,5-бензотиазепин глихозидов (VII—X) были син
тезированы с помощью реакции 2-аминотиофенола с ацетатами халкон гликозидов (III— 
VI). При омылении первые дают соответствующие свободные гликозиды (XI—XIV). Были 
изучены также хироптические свойства этих соединений.

Гомогенное каталитическое гидрирование диолефинов и алкинов в 
присутствии комплексов палладия (II)

А. Ш ИШ АК, И. Я БЛ О Н К А И  и Ф. УНГВАРИ

Хлористый палладий(П) в диметилформамиде катализирует гидрирование со
пряженных диолефинов и алкинов в гомогенной фазе. Селективно образуется моноолефин.

Применение постоянных Кун—Марк— Хаувинка в методе универсальной 
калибровки в гельпроницательной хроматографии

Г. ШАМАЙ и Л . ФЮ ЗЕШ

Было исследовано влияние выбора постоянных Кун—Марк—Хаувинка из литера
туры на точность калибровочных кривых, полученных на основе универсальной калибра
ции в гельпроницательной хроматографии. Было найдено, что разница в калибрациях с 
использованием различных литературных постоянных Кун—Марк—Хаувинка мала, т. е. 
эффект выбора также мал. Для правильных расчетов универсальная калибрация должна 
быть сконструирована в интервале низкого молекулярного веса. Для калибраций мате
риалов с низким молекулярным весом собственная вязкость может быть рассчитана из 
«тета данных» для постоянных Кун—Марк—Хаувинка.

Константы кислотности 1,2,3-циклогексантрион-диоксима-1,3 и 
1,2,3-циклогексантрионтриоксима

Й. Ж А К О , А. Б Е Н К Ё , Й. ХОРАК1и Ч. ВАРХЕИ

Были синтезированы 1,2,3-циклогексантрион-диоксим-1,3 и 1,2,3-циклогексантрион- 
триоксим. Их константы кислотности были определены как с помощью потенциометри
ческого, так и с помощью спектрофотометрического методов при 20°С и с ионной силой 
/ t = 0 , l  М .  Приводятся спектры УФ видимого света. Обсуждается корреляция между 
кислотностью и молекулярной структурой.



Полуэмпирические квантово-химические расчеты конфигурации 
С7 некоторых 7-замещенных З-кето-4-ен стероидов

П. НАДЬ и Д Ь . Б  ЕР

Нуклеофильное присоединение к З-кето-4,6-диен стероидам приводит к 7-замещен- 
ным З-кето-4-ен стероидам. Положение заместителя, зависящее от природы нуклеофиль
ного реагента, обычно аксиальное (а). Расчеты PCILO подтверждают эти экспериментал- 
ные наблюдения. На основе исследования причин, приводящих к образованию данной 
конфигурации, было заключено, что образующаяся конфигурация, в первую очередь, 
определяется степенью стерического взаимодействия заместителя со стероидным скелетом.

Структурная теория для химической технологии

Т. Б Л И К Л Е  и Г. ФАИ

Давая краткий исторический обзор исследований, касающихся работ по логической 
структуре систем химической технологии, проведенных в начале семидесятых годов в 
Венгрии, демонстируется вероятный путь обработки логических отношений, характе
ризующих системы химической технологии с помощью точного алгебраического анализа 
(теория решеток). Приводится математические понятия свой ст в, к л а ссо в  свой ст в  и общего 
нахождения этих свойств, одним словом, в о зм о ж н о ст и  системхимической технологии. Было 
доказано, что эти возможности образуют решетку (в алгебраическом смысле). Оценка этой 
решетки приводится согласно консервативному транспорту теоретических субстанций 
в системах химической технологии (масса, энергия, объем и т. д.). Таким образом, пробле
мы химической технологии могут быть исследованы с помощью теории решеток и эти иссле
дования могут быть подвергнуты обработке на ЭВМ, особенно интерактивным, диалоги
ческим путем.

Синтез некоторых 1,3,4-тиадиазолилмочевин и их производных, II

3. Д Ь ЁРФ И  и Д Ь . ЧАВАШИ

Были исследованы синтез и некоторые химические свойства серии 1-(2-хлороэтил-, 
хлороацетил, дихлороацетил)-3-(5-алкил- или арил-1,3,4-тиадиазол-2-ил)мочевин, получен
ных присоединением 2-хлороэтил-, хлороацетил- или дихлороацетилизоцианатов к 2- 
амино-5-алкил- или арил-1,3,4-тиадиазолам. Некоторые из мочевин были затем превра
щены в соответствующие нитрозо и/или хидантоиновые производные.

Определение конфигурации и конформации двух диастереомеров 
2,4; 3,5-ди-0-бензилиден-1,6-дибромо-1,6-дидекси-П-маннита с помощью 

ЯМР— Н1 и ЯМР—С13 спектроскопии

П. Ш ОХАР, Т . ХОРВАТ и Г. АБРАХАМ

Конфигурация и стабильная конформация'двух диастереомеров 2,4; 3,5-ди-О-бензи- 
лиден-1,6-дибромо-1,6-дидеокси-2)-маннита были определены с помощью ЯМР—Н 1 и 
ЯМР—С13 спектроскопии.
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PULSE MICROREACTOR PESTICIDES 
HYDRODECHLORINATION

A. H . W e i s s  and R . B. L a P i e r r e *

(Departm ent o f  Chemical Engineering Worcester Polytechnic In stitu te  Worcester,
M assachusetts)

R eceived  Decem ber 8, 1978 
A ccepted for publication March 19, 1979

Catalytic hydrodechlorination of chlorinated pesticides and other environm en
ta lly  undesirable chlorinated m aterials into lower chlorine conten t com pounds has 
been studied in a pulse m icroreactor. Chlorine can be cata lytica lly  rem oved and replaced 
b y  hydrogen to produce partially  chlorinated interm ediates as well as com pletely  
dechlorinated hydrocarbons. Interm ediates are equivalent to  som e of those obtained  
b y  natural degradation.

The pulse m icroreactor is a simple technique to predict both  product com po
sition and reaction severity  required for laboratory scale preparation o f such deera- 
dation products.

In troduc tion

M any of th e  w idely  used  in sectic ides and  o th e r  o rg an ic  chem icals .«hich 
h av e  been  found to  p e rs is t in  th e  en v iro n m en t an d  in  th e  food  ch a in  are  ch lo
r in a te d  com pounds. T hese  species are lo st in  n a tu re  m a in ly  b y  chem ical 
d e g ra d a tio n  and  b a c te r ia l decom position . H ow ever, l i t t le  is know n  a b o u t th e  
p ro p ertie s  o f th e  co m pounds fo rm ed  b y  b reak d o w n  o f o rganoch lo rine  p e s ti
cides in  soil, w hich are  g en era lly  p roduced  a t  v e ry  low  co n cen tra tio n s . T he 
d iffe ren tia tio n  b e tw een  b io log ica l and  non-biological d e g ra d a tio n  is d ifficu lt. 
E x am p les  of th e  ty p e s  o f  d eg rad a tio n  th a t  occur are  in c lu d ed  below  for 
reference.

I t  w as show n th a t  14C D D T  is h y d ro d ech lo rin a ted  b y  m icroorganism s 
to  D D D  in  anaerobic  n o n -s te rile  soils [1]:

H  H

С1Ф— C— ФС1 С 1 Ф -С -Ф С 1  +  HC1
I I

CC13 CHC12

D D D  also form ed from  D D T  in  alfalfa  m eal-m uck  m ix tu re s . C onversion 
increases in  th e  presence  o f  lim e  an d  F e 2+ [2]. A  re la tio n sh ip  w as o b ta in ed  
b e tw een  th e  redox  p o te n tia l  o f  iro n  an d  D D T  d e g ra d a tio n  in  th e  soils [3].
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W ith  an  in  vitro  F e  red o x  sy s tem , 20%  of th e  o rig inal D D T  undergoes an  
irrev e rs ib le  red o x  ty p e  of re a c tio n . A roclor 1221 w as g ra d u a lly  decom posed 
to  low  m olecular w eig h t p ro d u c ts  b y  lake  w a te r  b a c te r ia  d u rin g  a 1 -m on th  
in c u b a tio n  [4]. T h e  d e g ra d a tio n  ra te s  decrease in  th e  o rd e r: b ip h e n y l >  2-chlo- 
ro b ip h en y l >  4 -ch lo ro b ip h en y l. I n  cu ltu res  co n ta in in g  g lucose, d ie ld rin  was 
d eg rad ed  [5]. T o x ap h en e  w as ra p id ly  deg raded  u n d e r an ae ro b ic  conditions 
esp ec ia lly  w here th e  soil w as m ix ed  w ith  alfalfa  m eal [6 ]. G. C. analysis o f 
to x a p h e n e  co m p o n en ts  w as u sed  to  d em o n stra te  th e  e x te n t  o f  d eg rad a tio n . 
T h e  m echanism  o f to x ap h en e  d e g ra d a tio n  in  th ese  sy s tem s is n o t know n.

M irex, С1иС112, con v erts  to  kepone, C10Cl10O, in  aerob ic  cond itions [7]. 
H o w ev er, in  th e  presence  o f an ae ro b ic  m icrobes, h y d ro d e c h lo rin a tio n  of M irex 
p roceeds to  y ie ld  C10H C ln  [8 ]. M irex  w as also show n to  u n d erg o  p h o to ly tic  
d e ch lo rin a tio n  to  C10H C ln  a n d  CjuCl10O [9 ]. B r o o k s  [10] has show n th a t  
p la n ts  are also cap ab le  of re d u c tiv e  h y d ro d ech lo rin a tio n  o f D D T  to  D D D , 
n a d  K u h r  [11] review s in sec tic id e  m etab o lites  in  an d  on p la n ts , show ing 
ex am p les  of re d u c tiv e  d ech lo rin a tio n .

The stud ies m en tio n ed  so fa r  show  th a t  h y d ro d e c h lo rin a tio n , or rep lace
m e n t of some o f th e  chlorine a to m s in  pestic ides b y  h y d ro g en  a to m s (ra th e r  
th a n  hyd ro x y l), is an  observed  p h enom enon  (to  som e e x te n t , a t  least) in  th e  
n a tu ra l  d eg rad a tio n  o f p estic ides in  th e  en v iro n m en t. H o w ev er, i t  is also 
possib le  to  proceed  b y  a p u re ly  chem ical ro u te  in  th e  la b o ra to ry .

C ata ly tic  h y d ro d e c h lo rin a tio n  can  p roduce , in  a s h o r t  tim e , large q u a n 
t i t ie s  o f d ech lo rin a ted  p ro d u c ts , som e of w hich  are th e  e q u iv a le n t of those  
p ro d u c e d  in  th e  e n v iro n m e n t. D e n n is  an d  Co o p e r  s tu d ie d  th e  d ech lo rin a to n  
o f  D D T , H e p ta c h lo r  an d  C hlo rdane and  L in d an e  [12] b y  th e  use of N aB H 4 

as a r e d u c ta n t in  th e  presence o f  c a ta ly tic  n ickel bo ride , N i2B . In  th is  p resen t 
p a p e r , we p re se n t re su lts  o b ta in e d  in  a pulse m ic ro reac to r on  th e  P d  ca ta ly zed  
h y d ro d e c h lo r in a tio n  o f PC B , D D T , D D D , an d  A ldrin . T h ese  re su lts  were used  
as guidelines fo r b a tc h  an d  co n tin u o u s  la b o ra to ry  scale s tu d ie s  on  th e  h y d ro 
d ech lo rin a tio n  o f D D E , D D D , P C B , A ld rin , D ie ld rin , an d  T o x ap h en e , th e  
re su lts  o f w hich a re  re p o rte d  in  a series of p ap ers  b y  L a P i e r r e , et al. [13— 16] 
as w ell as in  th e  F in a l K ep o rt [17] an d  E x ecu tiv e  S u m m ary  [18] o f th e  E P A  
fu n d e d  pro jec t.

The p rin c ip a l u ti l i ty  of th e  pu lse  m icro reacto r, also described  in  [17]. 
is fo r screening purposes — for ra p id  selection  o f u sefu l c a ta ly s t  types, foi 
ro u g h  choice o f p ressu re , te m p e ra tu re , an d  reac tio n  tim e  n eed ed  fo r a p a r t ic 
u la r  reaction . As se t up fo r th is  w ork , th e  pulse m ic ro reac to r  is p a rtic u la rly  
u se fu l for analysis o f reac tio n  p ro d u c ts  since i t  is a p a r t  o f  a  gas ch ro m ato g rap h  
assem b ly  and  can  be  coupled  to  a m ass sp ec tro m ete r for p ro d u c t id en tifica tio n .

B y d efin itio n , a pulse m ic ro reac to r is a system  w here  a pu lse  o f re a c ta n t 
is adsorbed , re a c te d , and  deso rbed  on a c a ta ly s t bed  in  a sh o rt period  of tim e . 
T h e  reac to r u sed  here  w as th e  glass lin er of th e  in je c tio n  p o r t  o f a P e rk in  -
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E im e r 900 gas ch ro m ato g rap h . T he in je c to r  p o rt a lum in iu m  block was h e a te d  
from  am bien t to  400 °C. A p rec ision  g round  glass lin e r slid  in to  th e  h e a te d  
b lo ck  an d  was re ta in e d  b y  a sp rin g  m e ta l in se rt and  se p tu m  cap. C arrie r gas 
w as in tro d u ced  in to  th e  h ea ted  b lo c k  an d  passed th ro u g h  an  annu lus in to  
th e  1m m  channel in  th e  glass lin e r . T em p era tu re  tra v e rse s  along th e  le n g th  
o f th e  liner w ith  H e ca rrie r gas flo w in g  show ed th ere  w as a zone 2 cm  long 
w here th e  te m p e ra tu re  v a ried  less t h a n  ^ 1  °C.

C a ta ly st beds ty p ic a lly  2 to  10 m m  long  con ta in in g  2 to  10 mg o f 1575 — 
2362 holes/m  (40 — 60 m esh) sieved  g ro u n d  ca ta ly sts  w ere placed in  th e  iso 
th e rm a l zone an d  sandw iched  b e tw een  plugs of p y rex  wool. C a ta ly sts  w ere 
th e n  p re tre a ted  a t  e lev a ted  te m p e ra tu re  in  flow ing c a rr ie r  gas, e.g., th e  su p 
p o r te d  m eta l c a ta ly s ts  w ere reduced  a t  250 °C w ith  0.030 L /m in  STP H 2 fo r tw o 
h o u rs  and  th e  re d u c tio n  was m o n ito red  ch ro m ato g rap h ica lly . A fter th e  c a ta ly s t  
w as p re tre a ted , 0.5 — 2 . 0 sampl es  o f  organochlorine com p o u n d  in  so lv en t w ere 
in je c te d  in to  the  in le t, reac ted , an d  p assed  d irec tly  to  a 1.52 m  OV-1 co lum n  for 
se p a ra tio n  and analy sis  b y  th e  P e rk in  E lm er 900 dual F ID  gas ch ro m a to g rap h  
in te rfa c ed  to  a D u P o n t 2 1 —491 d o u b le  focusing mass sp ec tro m ete r.

A lthough  th e  residence tim es , T, calcu la ted  on th e  basis  of ca rrie r flow  
r a te ,  w ere on th e  o rd e r of 1 0  2 s, r e a c ta n ts  rem ained  ad so rb ed  on th e  b ed  for 
sev e ra l m inutes d ep en d in g  on te m p e ra tu re , c a ta ly s t su rface  area, an d  v o la 
t i l i ty  of the  re a c tin g  m ix tu re . T h u s  th e  concep t o f r a te  m u st be ca re fu lly  
e v a lu a te d  w ith in  th e se  c o n s tra in ts . L arge  pore, low su rface  area c a ta ly s ts  
w ere used in  th is  s tu d y  to  m inim ize m ass tra n sfe r  effects.

Hydrodechlorination results
A. Aroclor 1248

Gas phase pu lse  m ic ro reac to r ex p erim en ts  were m ad e  to  de te rm ine  th e  
r e a c tiv i ty  and  se le c tiv ity  of p o ly c h lo rin a te d  b ipheny l (PC B ) in  ca ta ly tic  h y d ro 
dech lo rin a tio n . A roclo r 1248, a com m ercia l PCB m ix tu re  p roduced  b y  
M o n s a n t o , was u sed  as a m odel re a c tio n  m ix tu re . A roclo r 1248 is a c lea r 
v iscous oil co n ta in in g  48%  ch lo rine  a n d  h av in g  an  av e rag e  of 3.92 ch lo rin e  
a to m s  p er b ip h en y l m olecule.

A series o f ex p erim en ts  w as ca rr ied  ou t in  th e  pu lse  m ic ro reacto r a t  
220 %  5 °C and  2.3 b a r  abso lu te  p re ssu re  using a 0 .7 %  so lu tion  o f A ro c lo r 
1248 in  га-h ep tan e  over 5 mg of P d  o n  a-A l20 3 c a ta ly s ts  co n ta in in g  0.00, 0.05,
0.10, and  0 .35%  P d . T he e x te n t o f  re a c tio n  was m easu red  b y  chlorine con
v ers io n  X ,  defined  as:

i ФФ\

X  =  1 —  % ° - 

1 = 0
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Table I

Pulse microreactor Aroclor 1248 hydrodechlorination

фф°
C a t a l y s t  w t .  

( k g x  1 0 е )
5.0 4.6 5.0 5.0

% Pd 0.00 0.05 0.10 0.35

ФФ0 0.000 0.134 0.296 0.758

ФФ1 0.001 0.003 0.058 0.068 0.043

ФФг 0.007 0.013 0.129 0.140 0.094

ФФ3 0.259 0.305 0.337 0.279 0.078
фф4 0.532 0.493 0.236 0.166 0.026
фф6 0.201 0.189 0.091 0.046 —

X 0.000 0.013 0.304 0.469 0.855

■where ФФ\ is th e  %  o f  b ip h en y l c o n ta in in g  i chlorine a to m s  per m olecule 
a n d  ФФ° is th e  in it ia l  ch lo rine  co n ten t. R e su lts  are su m m arized  in  T ab le  I. 
W hile  a-Al20 3 w ith  no  P d  h ad  in s ig n ifican t ca ta ly tic  a c tiv ity , Fig. 1 shows 
t h a t  p ro d u c ts  of a n y  d es ired  chlorine c o n te n t could be p ro d u ced  b y  v a ry in g  
lo ad in g  o f th e  ac tive  co m p o n en t, P d . A d e ta ile d  k inetic  an a ly sis  o f these  re su lts  
a n d  ones su b seq u en tly  o b ta in e d  in  N i c a ta ly z e d  b a tch  au to c lav e  stud ies are

Fig. 1. Aroclor 1248 hydrodechlorination; 220 °C, 2.3 bar. Subscript indicates number of 
Cl atom s substituted on diphenyl molecule
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fo u n d  elsew here [13]. I t  shou ld  also be  n o te d  th a t  id en tica l co n secu tiv e  s te p 
wise rem o v al of chlorine an d  s im ila r re la tiv e  reac tiv ities  o f  in d iv id u a l isom eric 
species w ere observed  in  b o th  pu lse  m ic ro reac to r and  in  a u to c lav e  s tu d ies. 
T hese o b serv a tio n s estab lished  th e  u t i l i ty  o f  th e  pulse m ic ro reac to r  te ch n iq u e  
in  th e  s tu d y  o f h y d ro d ech lo rin a tio n  o f  p o ly ch lo rin a ted  su b stan ces .

B. D D T, D D E  an d  DDD

E x p e rim e n ts  were p e rfo rm ed  to  d e te rm in e  th e  e x te n t o f  th e rm a l decom 
p o sitio n  o f D D T  in  th e  pu lse  m ic ro reac to r . H a lf  m icro lite r sam ples o f 9 .5%  
D D T  in  p -x y len e  were in jec ted  in to  th e  e m p ty  in jec to r p o r t .  H eliu m  ca rrie r  
gas flow  ra te  w as fixed  a t  0.30 L /m in  w hile  th e  te m p e ra tu re  o f  th e  in le t w as 
v a ried  from  200 °C to  360 °C. D D E  w as id e n tif ie d  as th e  m a jo r decom position  
p ro d u c t b y  re la tiv e  re te n tio n  tim e .

I n  all cases th e  u n ca ta ly zed  re a c tio n  show ed h igh  se le c tiv ity  to  D D E  
b y  th e  follow ing reaction .

H
I

С 1 Ф -С -Ф С 1  ------- ► С 1 Ф -С -Ф С 1  +  HC1
I II
CC13 CC12

D ecom position  w as n o t sig n ifican t a t  te m p e ra tu re s  below  190 °C.
T h e  sam e series of 0.00, 0 .05, 0.10 a n d  0.35%  P d  on  a-A l20 3 c a ta ly s ts  

u sed  in  th e  A roclor experim en ts w ere u sed  to  investig a te  b o th  D D T  a n d  D D D  
h y d ro d e c h lo rin a tio n  in  th e  pu lse  m ic ro re a c to r  a t  220 °C, 2.3 b a r  H 2 an d  0.01 s 
residence  tim e .

E a c h  se t consisted  o f six  e x p e rim en ts . T he f irs t tw o in v e s tig a te d  th e rm a l 
reac tio n s  in  th e  em p ty  re a c to r  w ith  h e liu m  or hyd rogen  as th e  c a rr ie r  gas. 
T h e  la s t  fo u r experim en ts in  each  se t u sed  hydrogen  as a c a rr ie r  gas an d  th e  
series o f P d  on a-A l20 3 c a ta ly s ts  c o n ta in in g  0.00, 0.05, 0.10 an d  0 .35%  P d .

F igu res 2 an d  3 show  log response  ch rom atog ram s o f p ro d u c ts  o b ta in ed  
in  th e  D D T  an d  D D D  ex p erim en ts  re spec tive ly . Id e n tif ic a tio n  o f  m a jo r 
species p ro d u ced  as d e te rm in ed  b y  re la tiv e  re ten tio n  tim es  is lis ted  below  
an d  refe renced  num erica lly  to  F ig u res  2 a n d  3.

T h e  D D T  resu lts , F ig . 2, show  t h a t  th e rm a le r  ac tio n  w as m in im al u n d e r 
th e se  co n d itions an d  th a t  a-A l20 3 a lone ca ta ly zed  d eh y d ro ch lo rin a tio n /h y d ro - 
g en a tio n  reac tio n s on th e  a lip h a tic  p o r tio n  o f  th e  m olecule w ith  D D E  being  
th e  m a jo r p ro d u c t. In  th e  presence  o f  P d , how ever, ra p id  re d u c tio n  o f  D D T  
to  1 ,1 -b is-p arach lo ro p h en y l e th a n e , fo llow ed b y  stepw ise rem o v a l o f  a ro m atic  
ch lo rine , w as observed.

Acta Chim. Acad. Sei. Hung. 103, 1980
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5 10 15
Time (min)

20

Fig. 2. D D T  hydrodechlorination; 220° +  10 °C, 2.3 bar

The D D D  re su lts , F ig . 3, show sim ila r lack  o f  th e rm a l reac tio n ; 
a n d  d eh y d ro ch lo rin a tio n  b y  a-Al20 3 occured  to  a lesser ex ten t. P ro d u c t 
d is trib u tio n s  w ere m o re  com plex in d ica tin g  co m p e titiv e  ra te s  of a ro m a tic  
a n d  a lipha tic  h y d ro d e c h lo rin a tio n  over P d . D D D  w as genera lly  less re a c tiv e  
th a n  D D T a t  id e n tic a l conditions.

Acta Chim . Acad. Sei. H ung. 103, 1980
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Fig. 3. D D D  hydrodechlorination; 225° ±  5 °C, 2.3 bar

Identification o f  compounds 
H

Ф —  Í —Ф and Ф — С —Ф

Annotated in  F igures 2 and 3

R
N um ber o f arom atic chlorines

0 1 2

- C H 8 3 6 10

-CHCL, 9 12 16
- C H 2C1 4 7 11

-C C 13 — — 17

= C H 2 — - 15
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B ased  on th e se  encourag ing  re su lts  ex ten siv e  s tu d ies  w ere carried  o u t 
in  th e  gas phase in  a  con tin u o u s flow  re a c to r  [15] an d  in  C2H 5O H  —N aO H  
so lu tio n s in  th e  b a tc h  m ode [14]. A gain , s im ila r p ro d u c t d is trib u tio n s  a n d  
re la t iv e  reac tiv itie s  w ere  observed in  b o th  th e  pu lse  m ic ro reacto r and  co n 
tin u o u s  or b a tc h  ex p e rim en ts .

C. A ldrin

R eactions w ere c a rr ie d  o u t to  d e te rm in e  th e  h y d ro d ech lo rin a tio n  re a c 
t iv i ty  o f A ldrin , w h ich  co n ta in s  a lip h a tic  an d  olefinic ch lorine. T he s tru c tu re  
o f  A ld rin  is as follow s:

Cl

A n a ly tic a l grade A ld rin  o b ta ined  from  Chem  Service o f W est C hester, PA . 
w as used  for pulse m ic ro reac to r  screening .

E x p erim en ts  w ere  carried  o u t in  th e  pu lse  m ic ro reac to r a t  220 ^ 8  °C 
a n d  2 3 b a r ab so lu te  p ressu re  using  th e  sam e series o f 0.00, 0.05, 0.10 a n d
0 .3 5 %  P d  on a-A l20 3 c a ta ly s ts  used  in  th e  A roclor an d  D D T , D D D  screening 
ex p e rim en ts .

These e x p e rim e n ts  show ed th a t  no th e rm a l h y d ro g en a tio n /h y d ro - 
d e ch lo rin a tio n  o ccu red , b u t  th a t  oc-AI20 3 a lone co n v e rted  11%  o f th e  A ld rin  
to  a  p ro d u c t w hich  la te r  GC/MS stu d ies  on  liq u id  ph ase  p ro d u c ts  show ed w as 
A ld rin  w ith  one o le fin  h y d ro g en a ted . A s P d  m e ta l lo ad in g  increased , h y d ro 
d e ch lo rin a tio n  to  se v e ra l p a rtia lly  d ech lo rin a ted  p ro d u c ts  proceeded  in  p a ra lle l 
w ith  olefin  h y d ro g e n a tio n . D eta iled  ana ly ses  o f th e  d ech lo rin a ted  p ro d u c ts  
w ere  n o t o b ta ined . T h ese  d a ta  are su m m arized  in  T ab le  I I  an d  in  th e  fo rm

Table II

P ulse microreactor A ld rin  hydrodechlorination

Carrier gas 
Catalyst (mg)

% p<i
He
0

H 2
0

H 2
5.0
0.00

H ,
4.6
0.05

H 2
5.0
0.10

H ,
5.0
0.35

Product composition m ole %  

Hydrodechlorination products 0.0 0.0 1.3 9.1 27.1 61.2

Aldrin 95.6 94.4 83.0 20.3 7.8 2.9

Aldrin +  H2 3.3 4.7 13.7 65.9 61.3 32.8

Other 1.1 0.9 2.0 4.7 3.8 3.1
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F ig. 4. Aldrin reaction path  in  H 2; 220° ±  5 °C; 2.3 bar

of a re a c tio n  p a th  in  F ig . 4. T hese d a ta  also ind ica te  t h a t  A ld rin ' w as' th e  
le a s t  re ac tiv e  o f a ll com pounds s tu d ie d  in  th e  pulse m ic ro reac to r ex p erim en ts .

A ld rin  is a h ig h ly  n o n  p la n a r m olecu le  w hich m ay^be adso rbed  in  su ch  
a c o n fig u ra tio n  th a t  h y d ro d ech lo rin a tio n  reactions are  n o t  favo red . I n i t ia l  
h y d ro g e n a tio n  o f  an  olefin  m ay  in d ic a te  th a t  a d so rp tio n  in  th e  fo llow ing 
c o n fig u ra tio n  is fav o red .

Cl

C onversely , h ex ach lo ro cy clo p en tad ien e , w hich  has a m ix  o f a lip h a tic  a n d  
olefinic ch lo rine s im ila r to  th a t  o f A ld rin  can  he adso rbed  in  a p la n a r  co n 
fig u ra tio n  i.e.

Cl Cl
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P u lse  m icro reacto r ex p e rim en ts  showed t h a t  hexach lo rocyclopen tad iene  w as 
in d eed  m uch m ore re a c tiv e  th a n  A ldrin w ith  concerted  rem o v a l o f all ch lo rine 
to  a h y d ro carb o n  species. This beh av io r su p p o rts  th e  p rem ise  th a t  A ldrin  
h y d ro d ech lo rin a tio n  is s te rica lly  h indered .

In  b a tc h  s tu d ies  in  th e  presence o f  N i c a ta ly s t a t  50 b a r  an d  130 °C [16], 
A ld rin  (in itia lly  h y d ro g e n a te d ) reacted  to  p ro d u ce  less ch lo rin a ted  species i.e. 
C12H 8C16 Cl2H n Cl5 C12H 12C14 ->- C12H 15C13 -*  C12H 16C12, an d  D ieldrin  r a 
p id ly  lost one ch lo rin e , C12H 8C160  -  C12H 9C150 .  F u r th e r  reac tio n  of D ie ld rin  
to  rem ove a d d itio n a l ch lo rine  is d ifficu lt, a lth o u g h  C12H 10Cl4O form s [16]. 
As p red ic ted  b y  th e  pu lse  m icro reacto r re su lts , b o th  A ld rin  and  D ie ld rin  
re a c te d  m uch m ore slow ly  th a n  PCB or D D T .

Conclusions

P u lse  m ic ro re a c to r  stud ies on th e  h y d ro d ech lo rin a tio n s  of pestic id es  
an d  re la ted  su b stan ces  n o t only show th a t  p ro d u c ts  s im ila r to  some of th o se  
p ro d u ced  in th e  e n v iro n m e n t can be p ro d u ced  c a ta ly tic a lly , b u t also in d ica te  
th e  re la tive  sev e rity  re q u ire d  for la b o ra to ry  scale p re p a ra tio n . Such p ro d u c t 
p e rm it  to x ic ity  s tu d ie s  to  be u n d ertak en  w ich  d e te rm in e  th e  level of d e g ra d a 
t io n  requ ired  to  m ak e  th e  residues e n v iro n m e n ta lly  accep tab le .
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A  sim plified A r n d t  — R o s e n a u  synthesis has been elaborated which allow s the  
preparation o f differently substitu ted  3-m ercapto- and 3-m ethyIthio-benzo-as-triazines 
in  high yields from o-nitroanilines in m erely tw o steps. The syntheses o f the more than  
40 new  benzo-as-triazine derivatives described here also include alkylation and nucleo
philic replacem ent of the mercapto group. The ring closure of 5-chlorosubstituted  
o-nitroaniline showed an anomalous behaviour; this is explained b y  the influence of 
the nitro group exerting an electron w ithdraw ing effect on the para  position.

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 103 (2), pp. 123—133 (1980)

3-M ercap to b en zo -as-triaz in e-l-o x id e  (4a, Q = H ) ,  p rep a red  b y  A r n d t — 
R o s e n a u  [1] rin g  closure reac tio n , seem ed to  be a co n v en ien t s ta r tin g  m a te r ia l 
for th e  sy n th esis  o f d ifferen tly  s u b s ti tu te d  benzo -as-triaz ine  d e riv a tiv es . 
H ow ever, th e  p re p a ra tio n  o f th e  s ta r t in g  com pound  o f th e  above ring  closure, 
o -n itro p h en y lth io u rea  (3), has been described  in  th e  li te ra tu re  [1, 2] as a 
tw o-step  p ro ced u re  o f poor y ield . In  th is  s tu d y  a sim plified  ex p erim en ta l 
m eth o d  has b een  e lab o ra ted  fo r th e  A r n d t — R o s e n a u  rin g  closure, m ak in g  
possible th e  sy n th es is  o f several new  b en zo -as-triaz in e  d e riva tives.

T h is sim p lifica tio n  is b ased  on th e  evidence th a t  th e  read ily  av a ilab le  
c ry sta llin e  l-b en zo y l-3 -(o -n itro p h en y l)th io u rea  (2a, Q =  H ) can  be h y d ro ly zed  
b y  sod ium  h y d ro x id e  to  th e  free th io u re a  (3a, Q = H ) ,  an d  s im ultaneous r in g  
closure ensues to  give 3 -m ercap to b en zo -as-triaz in e-l-o x id e  (4a, Q = H )  (C h art 1).

F irs t, b en zo y lth io u rea  de riv a tiv es  (2) w ere p rep a red  b y  th e  reac tio n s o f 
o -n itroan ilines (1) w ith  b en zo y liso th io cy an a te  [3]. D a ta  o f  th e  p ro d u c ts  a n d  
reac tio n  tim es are sum m arized  in  T ab le  I .

A suspension  o f th e  b en zo y lth io u rea  d e riv a tiv e  (2) in  10%  so d ium  
h y d rox ide  so lu tion  gives, u n d er re flu x  cond itio n s, a deep red  so lu tion , a n d  in  
10 m in. th e  desired  m ercaptobenzo-a.s-triazine d e riv a tiv e  (4) can  be iso la ted  
in  c ry sta llin e  fo rm . As these  m ercap to  com pounds re a d ily  udergo  o x id a tio n  
in  a ir, th e ir  p u rif ic a tio n  is d ifficu lt; th e re fo re  th e  c rude  m ercap tan s  w ere co n 
v e rted  to  th e  s tab le  a lk y lth io b en zo -as-triaz in e  d e riv a tiv es  (5) b y  a lk y la tin g

* Part V I: B e n k ó  and L. P a l l o s : A cta Chim. (B udapest) 91, 327 (1976).
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о

Chart 1

Table I

l-Benzoyl-3-o-nitrophenyl thioureas and reaction times o f  their preparation

N H -C S—NH—COCr,H5

No. 4

Reac
tion

time,
min

M.p.,
°c

Yield,
%

Analysis

Calcd. Found

N s Cl N s Cl

2a [3] II 15 147-9 81 13.96 10.65 — 13.85 10.12 —

2b 4-C1 120 164 74 — 9.55 10.56 — 9.42 10.35
2c 6-C1 120 183-4 52 12.52 9.55 — 12.30 9.52 —
2d 5-C1 60 203-4 75 — 9.55 — — 9.80 —
2e 4 -CII3 15 177- 8 71 13.32 10.16 — 13.26 10.04 -
2 f 4-OCH3 15 151-2 70 12.68 9.68 — 12.75 9.60 —
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ag en ts  (e.g. d im e th y l su lfate  or m e th y l iodide). T he m e th y la te d  p ro d u c ts  
(5a f, R  =  CH3) can  also he p re p a re d  b y  d irec t m e th y la tio n  o f th e  c rude  red  
re a c tio n  m ix tu re .

R em oval o f  th e  N -oxide fu n c tio n  b y  th e  d ith io n ite  te ch n iq u e  [10] 
affords th e  co rresp o n d in g  deoxy co m p o u n d s (6 ) in  good yields. T ab le  I I  
com prises d a ta  o f th e  m ercap to  a n d  m e th y lth io  d e riv a tiv e s .

Table II

3-M ercaplo- and 3-methylthiobenzo-as-triazine derivatives

X

No. Q X R M.p.,
°c

Yield,
%

Analysis
Calcd. Found

4a[l]a H 0 SH — 7 7 — —

4b° 7-C1 0 SH — 80 — —
4c ̂ 5-C1 0 SH — 72 — —

4dD 6-SH 0 SH — 40 — —

46^ 7-CH3 0 SH — 72 — —

« □ 7 -OCH3 0 SH — 75 — —

5 a [l] H 0 SCH3 123 — 4 65 — —
5b 7-C1 0 SCH3 144—6 50 S 14.08 S 14.30
5c 5-C1 0 SCH3 225 57 S 14.08 Cl 15.57 S 14.10 Cl 15.95
5d 6-SCH3 0 SCH3 150-2 34 S 26.79 S 26.41
5e 7-CH3 0 SCH3 168-70 58 N 20.27 S 15.47 S 15.39 N 20.42
5f 7-OCH3 0 SCH3 152-3 60 N 18.82 S 14.36 S 13.97 N 19.03
6a [1] H — SCH3 104 73 — —
6b 7-C1 — SCH3 102-4 72 S 15.14 S 15.00
6c 5-C1 — SCH3 138-9 87 S 15.15 Cl 16.75 S 15.53 Cl 16.68
6d 6-SCH3 — SCH3 124-5 75 S 28.71 S 28.42
61 7-OCH3 SCH3 138-9 72 S 15.47 S 15.27

^ Isolated as a crude product, not su itable for analysis

T his re la tiv e ly  c o n v en ien t w ay  to  3 -m ercap to b en zo -as-triaz in e-l-o x id es
(4) offered  a  possib ility  o f  sy n thesiz ing  several new  deriv a tiv es . T hus th e  
reac tio n  o f  th e  m ercap to  com pounds w ith  ch lo roacetic  ac id  d e riv a tiv es  re su lts  
in th iog lycolic  acids, w h ereas  o ther a lk y la tin g  ag en ts  give rise  to  a lk y lth io  
de riv a tiv es  (5g— 5r a n d  6 g 6 n). These p ro d u c ts  are  sum m arized  in  T able I I I .
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Table III

Differently substituted C —3 sulfur-containing

X

No. 0 X R M.p.,
°c

Yield,
%

% H 0 SCH2C6N5 113 73

5h H 0 SCH2CON(CH2)5 154 58

Si H 0 SCH(CH3)C6H5 111 66

5j H 0 SCH2COOC2N 5 91 83

5k H 0 S-tetraacetyl-glucosyl 1 3 8 - 9 67

51 7-C1 0 SCH2CeH5 1 1 8 - 9 53

5m 7-C1 0 SCH2CON(CH2)5 168 48

5n 7-C1 0 SCH2C0N(CH2)40 1 5 6 - 8 46

5 o 7-C1 0 SCII2COOC2II5 108 45

5p 7-C1 0 SCH2COOH 157 48

5q 7-C1 0 s c h 2c n 115 51

5r 7-C1 0 S-tetraacetyl-glucosyl 191 49

6g H — SCH2C6H5 92 61

6h H — SCH2CON(CH2)5 98 58

61 7-C1 — SCH2CeH5 9 2 - 3 65

6m 7-C1 — SCH2CON(CH2)6 1 3 9 - 4 0 45

6n 7-C1 — SCH2C0N(CH2)40 1 9 1 - 3 69

T he fac t t h a t  th e  m e th y lth io  group  in  th e  3 -position  o f th e  benzo-as- 
tr ia z in e  ring  re a d ily  re a c ts  w ith  nucleoph ilic  reag en ts  also  m ad e  possib le th e  
sy n th es is  of am ine  d e riv a tiv e s . T he am inobenzo-as-triaz ine  d e riv a tiv es  (7) 
w ere  ob ta ined  as c ry s ta llin e  com pounds genera lly  in  good y ields a n d  w ere 
c o n v e rted  to  th e  d eo x y  de riv a tiv es  (8 ) b y  th e  d ith io n ite  m e th o d  (C h art 2). 
T hese  la t te r  p ro d u c ts  can  also be  m ade b y  th e  reac tio n  o f  3 -m eth y lth io b en zo - 
as-triaz in es  (6 ) w ith  am ines.

The reac tio n  o f  3 -m eth y lth io b en zo -as-triaz in e -l-o x id es  (5) w ith  h y d ra 
z in e  h y d ra te  also re su lts , beside a su b s titu tio n  reac tio n , in  red u c tio n  o f  th e  
iV-oxide function ; th e  p ro d u c ts  are  3 -hydrazinobenzo-as-triaz ines (9 )  (C h art 3). 
A s th ese  are k ey  co m pounds fo r fu r th e r  rin g  closure reac tio n s  [11], th is  th re e -
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benzo-as-triazine derivatives

Method 
of prepn.

Solvent 
for recryst.

Analysis

Calcd. Found

A E tA c N  15.60 S 11.95 N  15.81 S 12.57
В iPrOH S 10.55 S 10.61

A AcOH N  14.83 S 11.39 N  15.03 S 11.62
C MeOH N  15.84 S 12.08 N  15.62 S 12.53

F H20 /E tO H N  8.48 S 6.29 N  8.02 S 5.85
A E tA c N  13.88 S 10.55 N  13.51 S 10.40
В iPrOH S 9.45 S 9.56

В BuO H C 45.81 H 3.8 S 9.38 C 45.60 H 4.0 S 9.62

С iPrOH S 10.70 S 11.18
D MeOH C 39.78 H 2.2 S 11.80 C 40.10 H 2.5 S 11.96
E iPrOH Cl 14.03 S 12.69 Cl 13.70 S 13.00
F H20 /E tO H S 5.89 S 6.00
G CH N  16.65 S 12.65 N  16.22 S 12.50
H CH S 11.10 S 10.80

G CH a  12.32 S 11.14 Cl 12.07 S 11.09

H ССУРЕ N  17.36 S 9.93 N  17.02 S 10.10

H AcN N  17.24 S 9.84 N  17.08 S 10.21

Abbreviations: E tA c =  ethyl acetate; iPrOH =  isopropanol; AcO H  =  acetic acid; 
MeOH =  methanol; E tO H  =  ethanol; BuO H  =  butanol; CH =  cyclohexane, CC14 =  carbon 
tetrachloride; AcN =  acetonitrile

step  synthesis, s ta r tin g  from  o-n itroan ilines, has consid erab le  im portance . 
T ab le  IV  con ta in s th e  d a ta  o f  th e  am ino a n d  h y d ra z in o  com pounds 
p rep ared .

T hough th is  sim plified  p ro ced u re  fo r th e  sy n th es is  o f  benzo-as-triaz ine  
deriv a tiv es  can h e  generalized  fo r  m a n y  com pounds as show n in  Tables I —IV , 
th e  ring  closure re a c tio n  of l-b en zo y l-3 -(2 '-n itro -5 /-ch lo ro p h en y l)th io u rea  (2d) 
show ed some anom alies (C hart 4). T o  clarify  th e  s tru c tu re s  o f  th e  f in a l reac tion  
p ro d u c ts  in  th is  case, in te rm e d ia te  3d w as iso la ted  in  c ry s ta llin e  form , an d  
tre a te d  w ith  h o t a lk a li so lu tion . A lth o u g h  th e  p ro d u c t iso la te d  b y  our general 
p rocedure  co n ta in ed  a  m e th y lth io  g roup  in  p o sitio n  3, e lem en ta ry  analysis 
revea led  th e  presence o f  a n o th e r  m e th y lth io  g roup  in s te a d  o f  th e  chlorine
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Table TV

Substituted 3-aminobenzo-as- 

X

No. Q X И
Reac
tion

time,
h

M.p.,
°C

Yield,
%

7a [7] H 0 Morpholino 6 1 7 3 - 5 62
7b H 0 D i(hydroxyethyl)am ino 3 114 40

7c [5] 7-C1 0 Morpholino 6 175 60

7d 5-C1 0 Morpholino 2 225 57
7e 6-SCH3 0 Morpholino 6 1 5 6 - 7 68

8a H — Morpholino 6 125 75
8b H — D i(hydroxyethyl)am ino 3 125 55
8c 7-C1 — Morpholino 4 168 68

8d 5-CI — Morpholino 6 1 6 7 - 9 51
8c 6-SCH8 — Morpholino 5 1 3 2 - 4 70
8 f H - Piperidino 1 40 75

H - iV-m ethylpiperazino 4 72 70

8h 7-Cl - Piperidino 8 103 68
8i 7-C1 — A'-methylpiperazino 4 98 58

9a [7] H - Hydrazino 3 1 7 3 - 5 70

9b 7-CI — Hydrazino 3 2 2 0 - 2 65
9c 7-CH3 - Hydrazino 3 1 0 9 - 1 0 65

9d 7-OCH3 — Hydrazino 3 2 3 1 - 2 72

For abbreviations, see Table III.

a to m  (5d). A n o th e r p ro d u c t, 2 -n itro -5 -ch lo ro p h en y lcy an am id e  (10) w as also 
iso la te d  on ac id ifica tio n  of th e  re a c tio n  m ix tu re .

W e suggest th a t  th is  anom alous b eh av io u r is due to  th e  follow ing s tru c 
tu r a l  p ecu la rity : th e  chlorine a to m  in  th e  s ta rtin g  m a te ria l 2d is in  para  posi
t io n  to  th e  n itro  g roup . The th io la te  an ion  3d form ed in  th e  a lka line  solu tion  
a t ta c k s  therefo re  th e  chlorine a to m  o f an o th e r, in ta c t m olecule; th e  a tta c k in g  
m olecule is th u s  co n v erted  to  th e  cy an am id e  (1 0 ) iso la ted  from  th e  reaction  
m ix tu re , and  th e  r e a c ta n t  is c o n v e rte d  to  5 -m ercap to -2 -n itro p h en y lth io u rea  
w h ich  affords f ir s t  a b is-(m ercap to )-benzo -as-triaz ine  d e r iv a tiv e  w ith  sodium  
h y d ro x id e , and  gives f in a lly  th e  b is-(m eth y lth io ) com pound  (5d) on reaction  
w ith  m ethy l iodide.
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triazines

Method 
of prepn.

Recryst.
from

Analysis

Calcd. Found

I AcOH — _
к EtAc C 52.79 H 5.2 N  22.38 C 52.51 H 4.8 N  22.40

I EtAc — —

I EtOH N 22.35 N  22.43

I AcOH N 2 0 .1 3  S 11.52 N 20.32 S 11.65

I ,  G CH N 25.91 N  26.00

К EtAc N 23.91 N  23.80

I CH Cl 14.15 H  22.35 Cl 14.05 N  21.96

I EtOH Cl 13.39 N 2 2 .3 5 Cl 13.61 N 22.03

I CH N 2 1 .3 6  S 12.22 N  21.50 S 12.55

I E t0 H /H 2O N 26.15 N  26.62

I CH N 30.54 N  30.47

I CH Cl 14.25 N 2 2 .5 2 Cl 13.90 N  22.61

I CH Cl 13.44 N  26.69 Cl 13.60 N  26.41

L AcN — —

L AcN Cl 18.13 N 3 5 .8 0 Cl 17.82 N  35.41

L AcN N 40.12 N  39.86

L AcN N 36.64 N 36.32

T he s tru c tu re  o f  th e  new c y an am id e  (10) is su p p o rte d  b y  th e  I R  b a n d  
a t 2250 c m - 1  (cyano g roup). F or fu r th e r  co n firm a tio n  o f th e  s tru c tu re , com 
p o und  10 was co n v e rted  to  a c ry s ta llin e  carbod iim ide  d e riv a tiv e  (11) b y  t r i ty l  
ch lo ride (C hart 5). C om parison of th e  w avenum bers o f th e  cyano  an d  ca rb o 
d iim ide IR  bands in  com pounds 10  an d  11 is in  good ag reem en t w ith  th is  
reac tio n .

E x p erim en ta l

Infrared spectra w ere recorded w ith  a U nicam  SP 200 spectrophotom eter. M.p.’s are 
uncorrected. 5-Chloro-2-nitroaniline [8], 6-chloro-2-nitroaniline [4], the chloroacetic acid 
derivatives [6] and iodoacetonitrile [9] w ere prepared according to standard procedures.
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l-B enzoyl-3-(Q -2-n itrophenyl)th iourea (2 )

Freshly distilled benzoyl chloride (0 .2  m ole) was added to a refluxing solution of am m o
nium  rhodanide (0.2 m ole) in  acetone (200 m l). The mixture was stirred and refluxed for 10 m in., 
then  a solution of o-nitroaniline (0.2 m ole) in  acetone (200 m l) was added. After additional 
stirring and refluxing for th e  period g iven  in  Table I, the m ixture w as poured into water. The 
precipitate was filtered off, dried and recrystallized  from benzene or dioxane. For data o f the  
products, see Table I.

3-Mercapto- and 3-m ethylth io-Q -benzo-os-triazine-l-oxides (4 , 5)

A  m ixture of l-benzoyl-3-(Q -2-nitrophenyl)thiourea (2) (50 m m oles) and 240 m l of 
10% sodium  hydroxide solution  was refluxed  for 10 min. During th is tim e the in itial orange- 
coloured suspension turned to a deep red solution . After cooling, th e  reaction m ixture was 
poured into  a mixture o f hydrochloric acid  (80 m l) and ice (400 g), and after 15 m in the red 
crystals which separated were filtered b y  suction.

The crude m ercapto compound (4) (4 .4  m m oles) was dissolved in  hot 2% sodium  
hydroxide solution (150 m l) and the red solution  was filtered. D im eth y l su lfate (7 ml; 9.1 g; 
72 m m oles) was then added to the hot (70 — 80 °C) solution, whereupon an oil separated which  
soon solidified. The product was filtered o ff  after 30 min, and recrystallized from  an appro
priate solvent (Table III).

The m ethylthio com pounds (5) can also be prepared w ithout iso lation  of the mercapto 
derivatives (4): the red alkaline reaction m ixture obtained in the cyclization  reaction described 
above w as cooled, m ixed w ith  crushed ice (80 g), and a m ixture o f ethanol (20 m l) and m ethyl 
iodide (16 ml) was added to it  by  drops, w ith  stirring. After 1 h, the resulting yellow  precip
ita te  was filtered off and recrystallized.

3-M ercapto- and 3-m ethylthio-Q -benzo-os-triazines (6 )

The derivatives w ithou t N -oxide fu n ction  (6 a —f) were prepared b y  sodium  dithionite  
reduction , according to m ethod G (see below ).

Further reactions of 3-mercapto- 
and 3-m ethylth io-benzo-as-triazine derivatives (5 — 9)

A lkyla tion  of 3-m ercaplobenzo-as-triazine derivatives

M ethod A :  A m ixture o f the m ercapto com pound (4), ethanol (20 m l), alkyl chloride 
(5.2 m m oles) and a solution o f sodium carbonate (1.0 g) in  water (20 m l) was shaken for 3 h. 
A solid precipitated, w hich was filtered o ff  and recrystallized from  the appropriate solvent.

M ethod B :  The requisite chloroacetic acid derivative (5.0 m m oles) was slowly added 
to a m ixture of triethylam ine (1 ml), th e  m ercapto compound (4) (5.0 m m oles) and ethanol 
(20 m l). The m ixture was stirred for 30 m in. a t 50 °C and for an additional 30 m in at room  
tem perature; it  was then poured into water. The precipitate was filtered  off and recrystallized.

M ethod C: To a m ixture of the m ercapto com pound (4) (8.0 m m oles) and sodium  ethoxide  
solution  (prepared from 0.45 g  o f  sodium and 30 m l of ethanol) there w as added ethyl bromo- 
acetate (10 mmoles), w ith  stirring, at 5 °C. T he m ixture was then stirred for 30 m in at 5 °C 
and 30 m in. at room tem perature. After filtra tion , the product was recrystallized from the  
given  solvent.
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Method D :  To a so lution  o f the m ercapto com pound (4) (3.0 m m oles) in pyridine 
(4  m l), iodoacetonitrile (3 .0  m m oles) was added at room temperature during a period of 10 min. 
T he product was recrystallized from  ispropanol.

Method E :  To a m ixture o f the m ercapto com pound (4) (3 .0  m m oles) and sodium  
carbonate solution (2.0 g in  30 m l of water), brom oacetic acid (3.2 m m oles) was added, and 
th e  m ixture was allowed to  stand at room  tem perature for 30 m in; the pH  was then adjusted  
b y  hydrochloric acid to a va lue betw een 4 and 5, whereupon the product precipitated as 
y e llo w  crystals.

Method F : To a so lu tion  of the m ercapto com pound (4) (30 m m oles) in  dim ethyl- 
form am ide (220 ml), sodium  ethoxide solution (prepared from 30 m m oles o f sodium  and 25 ml 
o f  ethanol) was added. E th an o l w as then rem oved in vacuum  On a rotatory evaporator at 
5 0  °C (30 min). A solution  o f  tetraacetylbrom oglucose (30 m m oles in  20 m l o f dim ethylform a- 
m id e) was then added to th e  above solution and the m ixture was stirred at 50 °C for 30 min. 
I t  w as poured into w ater, the precipitate was filtered off and recrystallized from aqueous 
ethanol.

Deoxygenation o f  benzo-as-triazine derivatives

Method G: To a so lu tion  o f 3-m ethylthiobenzo-as-triazine (5 a —f) (0.1 m ole) in dim ethyl- 
form am ide (130 m l), a so lu tion  of 20%  sodium  dithionite solution (0.22 m ole of N2S20 4) was 
added. After stirring for 10 m in, a colourless crystalline solid precipitated which was filtered  
o ff  and, without purification , treated w ith  a m ixture of 20% potassium  ferricyanide solution  
(0 .25 mole) of K 3[Fe(CN )6] and cone, am m onium  hydroxide solution (25 ml). After stirring 
for  30 m in, the product w as isolated  either b y  filtration or b y  ex traction  w ith m ethylene  
chloride. Solvents for re crystallization  are given in  Table III.

Method H : To a suspension of the appropriate thioglycolic acid derivative (5h. m, n) 
(3 .0  mmoles) in pyridine (10 m l), a solution of sodium  dithionite (7.2 m m oles) in water (10 ml) 
w as added. In a few  m inutes a colourless solution was obtained w hich was treated w ith 20%  
potassium  ferricyanide so lu tion  (25 m l). The product was isolated from  the bright yellow  sus
pension  by extraction w ith  chloroform.

Nucleophilic substitution reactions

Method I :  A m ixture o f the m ethylth io compound (5 a —f; 6 a —f) (0.03 mole) and the  
am ine (0.6 mole) was refluxed for the period given in Table IV. The reaction m ixture was 
th en  poured into w ater. T he crude product was filtered off and recrystallized from the given  
solvent.

Method K :  A  m ixture o f the m ethylth io com pound (5a—f; 6 a —f) (5.0 mmoles) and 
diethanolam ine (10 m l) w as stirred at 125 — Í30 °Cfor 3 h, and the reaction  m ixture was extract
ed continuously w ith  ether for 6 h. After evaporation of the so lvent, the residue was recrystal
lized  from ethyl acetate.

Method L :  A  m ixture o f 3-m ethylth iobenzo-os-triazine-l-oxide (5), 100% hydrazine  
hydrate  (3 ml) and bu tanol (3 m l) was refluxed for 3 h. During this tim e a deep yellow solution  
w as formed and the evo lu tion  of m ethyl m ercaptane was observed. On cooling the m ixture, 
th e  product separated as needles; after filtration  it  was recrystallized from  the solvent given  
in  Table IV.

Ar-(5-chloro-2-nitrophenyl)thiourea (3d)

A mixture of l-benzoyl-3-(3-chloro-6-nitrophenyl)th iourea (2d) and 2% sodium hydrox
ide solution (100 m l) w as m aintained at 70 — 80 °C until the starting m aterials had dissolved  
(2 — 3 min.). After cooling, the reaction m ixture was acidified w ith  acetic  acid. The precipitated  
product was filtered o ff and recrystallized from dioxane to obtain 2.7 g (75% ) of compound 3d; 
m .p. 1 9 1 -1 9 3  °C.

C7H6C1N30 2S (231.67). Calcd. S 13.9. Found S 13.4%.

3 ,6-B is-(m ethylth io)-benzo-as-triazine-l-oxide (5d) 
and 5-chloro-2-nitrophenylcyanam ide (1 0 )

A m ixture o f ]V-(3-chloro-6-nitrophenyl)thiourea (3d) (10.0 g; 46 mmoles) and 5%  
sodium  hydroxide so lution  (100 m l) was boiled for 5 m in. A deep red solution was obtained  
w hich, after cooling, w as treated w ith  a m ixture of m ethyl iodide (10 m l) and ethanol (30 ml).
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The reaction  mixture was extracted w ith  chloroform  and the isolated  product recrystallized  
from isopropanol to give 3.5 g (34% ) of 5d as yellow  needles.

The aqueous phase remaining from  the extraction was neutralized w ith acetic acid, 
whereupon a precipitate form ed. It was filtered  off and recrystallized from dioxane to  give 
3.4 g (40% ) of 5-chloro-2-nitrophenylcyanam ide, m .p. 165 — 167 °C.

C,H4C1N30 2 (197.59). Calcd. N 21.26; Cl 17.94. Found N  21.20; Cl 18.04 %
IR  (K B ri 2250 cm “ 1 (C = N ).

l-(5-Chloro-2-nitrophenyl)-3-triphenylcarbodiim ide (1 1 )

A  m ixture of 5-chloro-2-nitrophenylcyanam ide (10) (0.5 g; 2.5 m m oles), pyridine (5 ml) 
and tr ity l chloride (0.8 g; 2.8 mmoles) was refluxed for 30 m in. The resulting yellow  solution  
was evaporated and the residue triturated w ith  acetone. A pale yellow  solid was obtained, 
which was filtered off and recrystallized from  acetonitrile to give 0.55 g (50% ) o f the carbo- 
diim ide 11, m .p. 163 —165 °C.

C26H 18C1N30 2 (439.89). Calcd. Cl 8.06. Found Cl 8.47% .
IR  (CHC13): 2000 cm - 1 , intense band ( —N  =  C =  N  —).
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Процессы сополимеризации а-олефинов с такими полярными мономе
рами, как акрилонитрил, винилацетат, винилхлорид и т. п. в присутствии 
комплексных катализаторов Циглера—Натта, как правило, весьма затруд
нены вследствие того, что эти мономеры вступают в реакцию с одним или 
обоими компонентами каталитической системы. При этом активность пос
ледних значительно снижается или ж е полностью уничтожается [1—4].

Сейчас однако уже ясно, что при модифицировании системы этот не
достаток предотвращается, и реакция успешно завершается. Модификация 
каталитической системы в основном может произойти двумя путями. Пер
вый, это модификация каталитической системы с помощью комплексообра
зующих электродоноров, путем введения насыщенных соединений в реак- 
ционну зону [3, 4]. Второй путь, это образование комплекса между одним 
или обоими компонентами катализатора и полярным винилмономером перед 
реакцией сополимеризации [2—3], [5—7].

Комплексы, образующиеся при взаимодействии полярных винилмоно- 
меров и солей металла или металл-алкила, играют значительную роль в про
цессах полимеризации [8—11 ]. Скорость полимеризации комплексированно- 
полярных винилмономеров (акрилонитрил, акрилаты, винилпиридин и т. д.) 
значительно повышается. При комплексообразовании мономера могут из
меняться некоторые параметры реакции, как скорость инициирования, 
константа роста или обрыва цепи или же сам механизм реакции [1, 12, 13].

Комплексы, играющие большую роль в процессе полимеризации, были 
отделены и изучены методом ИКС или другими способами [2, 14—17]. По 
мнению авторов, такие мономеры как  акрилонитрил, акриловая кислота, 
акрилаты, акриламид, т. е. вообще полярные ненасыщенные соединения, 
имеют два активных центра. Благодаря этому координация может происхо
дить или с помощью полярной группы или же по двойной связи мономера [18].

Исследования по ИК, ЯМР и УФ спектроскопии доказывают, что комп- 
лексообразователь, находящийся во взаимодействии с мономером, нужно рас-
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сматривать как новый заместитель в мономере, который повышает энергию 
сопряжения последнего и придает электронной оболочке молекулы дополни
тельную поляризацию [14, 16, 17]. До настоящего времени были изучены 
многочисленные комплексы различного строения, образующиеся при взаимо
действии металл-алкила и полярного винилмономера. Ямамото [19] изучал 
комплекс акрилонитрила и никеля диэтилпиридила. По его мнению, атом ни
келя координируется через двойную связь мономера. Другой тип взаимо
действия был обнаружен при реакции акрилонитрила с такими металл- 
алкилами, как AlEtCl2 [8, 20, 21 ], AlEt2Cl [22] и Al(i-Bu)2Cl [23]. При этом А1 
координируется с помощью группы нитрила [24]. При молярных соотно
шениях метилметакрилат-триэтилалюминий >  1, образуется комплекс, моляр
ный состав которого 1 : 1 .  Алюминий координируется через карбонил [12, 13, 
25, 26]. Акриловая кислота и ее гомологи образуют комплекс с металл- 
алкилом, причем комплексованный мономер находится в виде соли [27]. 
Однако строение комплексов рассматривалось постоянным по всей продол
жительности реакции полимеризации. Поэтому мы в настоящей работе с 
помощью ИКС стремились показать изменения, происходящие в строении 
комплекса за счет его старения. Мы предполагаем, что на основе этих данных 
(по изменению строения комплекса) можно дать ответ на некоторые ано
малии, обнаруженные в процессе сополимеризации пропилена и полярного 
винилмономера [2, 3].

Экспериментальная часть

Толуол (растворитель) и мономеры были высушены молекулярным ситом (клино- 
сорб-4), потом дистиллированы при атмосферном или пониженном давлении. Перегонка 
производилась в присутствии инертного газа.

Триэтилалюминий (производство E G A  Chemie) был также перегнан в вакууме в 
присутствии инертного газа. В экспериментах был использован a-TiCl3 (Stauffer АА).

Комплексообразование было проведено в специальном стеклянном сосуде ем
костью 6 см3. Это стеклянное приспособление было снабжено зашлифованными пробками. 
Благодаря этому инертная атмосфера была обеспечена и во время отбора проб. Для при
готовления комплекса необходимое количество AlEt3 было добавлено к толуольному 
раствору мономера при О °С. После тщательного перемешивания раствор нагревался до 
комнатной температуры и потом, с помощью шприца, помещался в измерительную кювету 
для инфракрасного анализа. Молярные соотношения мономер AlEt3 были следующие 
1 : 1; 1 : 1,5; 1 :2. Концентрация мономера в толуоле — 1 моль/л.

Исследования были проведены на двухлучевом спектрофотометре UR-10. Полосы 
поглощения толуола были скомпенсированы с помощью кюветы регулируемой толщины.

При отнесении полос инфракрасных спектров пользовались следующими сим
волами:

V — для частот валентных колебаний
6 — для частот деформационных колебаний (плоскостные)
у  — для частот деформационных колебаний (внеплоскостные: у а — веерное 

(wagging), y t — крутильное (twisting) и у т — маятниковое (rocking).
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Обсуждение результатов

С и ст ем а  а к р и л о н и т р и л  ( A N ) - - A l E t 3

Ниже в таблице I перечислены положения некоторых полос в спектре 
акрилонитрила (AN) и его комплекса с A lEt3. При сливании растворов AN и 
AlEtg, между ними протекает быстрая реакция комплексообразования, со
провождающаяся смещением полосы валентных колебаний С == N от 2235 до 
2225 и 2275 см-1 (рис. 1). Смещение в сторону более высоких частот полосы 
валентных колебаний С =  N свидетельствует о том, что комплекс образуется 
в случае реакции преимущественно благодаря донорно-акцепторному взаи
модействию за счет неподеленной пары электронов атома азота [28, 29].

ЧАС ТОТА , СМ

Р и с . 7. Инфракрасный спектр акрилонитрила (верхний) и комплекса акрилонитрил-AlEt,
(нижний)

Следовательно первый комплекс имеет строение СН2 =  СН—C = N  : 
•AlEt3 (комплекс I).

Комплекс I в отсутствии избыточного AlEt3 при 20°С стабилен в течение 
нескольких часов, однако при небольшом избытке A lEt3 он сравнительно 
быстро переходит в другой комплекс (комплекс II).

В ИК спектре нового комплекса, образующегося одновременно с разло
жением комплекса I, полоса валентных колебаний C = N  расположена при 
2225 см-1 (рис. 2). К ак  это доказывается, со старением комплекса интенсив
ность полосы при 2275 см-1 уменьшается, а при 2225 см-1 повышается. Ско
рость разложения комплекса I не является функцией молярного соотноше
ния AN—AlEt3. В то же время скорость образования комплекса II сильно 
зависит от молярного соотношения компонентов (рис. 3 и 4). Об этом подробно 
описано нами ранее [2, 3].
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Надо сказать, что измерение оптической плотности полосы 2275 см-1 
при большой выдержке (длинное время старения) комплекса таит в себе не
которые трудности, так как к этому времени полоса частично перекрывается 
слабой полосой при 2288—2300 см-1. Это последнее полгощение характери
зует третий вид комплекса. Интенсивность полосы поглощения при 1640 см -г 
в спектре постоянна. В области 1000—900 см-1 абсорбции довольно слабые и 
сильно перекрыты полосами поглощения металл-алкила.

При данных условиях частота полосы в области валентных колебаний 
С =  С смещается мало. Полоса при 1650 см-1 с образованием комплекса по
является при 1640 см-1. В то же время полоса внеплоскостно-деформацион- 
ных колебаний СН смещена от970 см-1 до 955 см-1 [30].Трудно решить вопрос, 
какому комплексу соответствует это небольшое смещение, так как в реакцион-

Таблица 1

А к р и л о н и т р и л  и  е го  к о м п л ек с  с  A lE t3

Акрилонитрил Комплекс акрилонитрил-AlEtg

частота отнесение частота отнесение
(СМ-1) полос AN-a ( с м - 1) полос AN-a

2235 V (CN) 2 3 0 0 -2 2 8 5 ]
2275 I V (CN)
2225
1640 О II О

1650 v ( C = C )
970 >'„(СН2) 955 У»(СН 2)

ной зоне одновременно существуют комплексы различного строения. Мы пред
полагаем, что донорноакцепторное взаимодействие (комплекс I) еще не 
влияет значительно на электронную оболочку связи С =  С. В таком случае в 
этой области колебаний не ожидается изменения.

Слабое смещение в сторону низких частот (на 2225 см-1) полосы валент
ного колебания С =  N в спектре комплекса II свидетельствует об отсутствии 
координации по атому N, а малые изменения в области валентных колебаний 
С =  С указывают на отсутствие сильной л  связи между двойной связью AN и 
атомом А1 (в случае комплексов с сильной л  связью между Ni нулевой валент
ности и акрилонитрилом полоса валентного колебания С =  С смещается до 
1446 см-1. Полоса валентного колебания CN смещается до 2200—2145 см-1, а 
полоса деформационного колебания С Н до 916 см-1) [30].

Определенные соображения о структуре комплекса II высказать труд
но, но судя по тому, что в его спектре полоса валентных колебаний CN сме
щается в область более низких частот по сравнению с комплексом I, можно 
предполагать, несмотря на малые изменения в области валентных колебаний
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Р и с .  2 . Изменение интенсивностей полосы поглощения при 2225 и 2275 см-1, молярное 
соотношение AN— AlEt3 = 1 : 1  (a), 1 : 1,5 (b), 1 :2  (с); время реакции (снизу вверх) 
в минутах: (а) -  15,32,50,65,78; (Ь) -  6,21,65,101,120; (с) -  5 ,24 ,65 ,98 , 130

С =  С, что в комплексообразование здесь вовлечена и связь С =  С, как это 
показано в работе [31].

С увеличением молярного соотношения AN—AlEt3 и времени старения 
комплекса увеличивается вероятность образования комплекса II (рис. 2 ,4,5).

Кривые изменения оптических плотностей имеют максимум, то есть 
комплекс II также переходит за несколько часов в новый продукт, в спектре 
которого полоса валентных колебаний С =  N расположена уже в области 
2288—2300 см-1.

Кинетические характеристики перехода комплекса I в комплекс II, 
а также комплекса II в конечный продукт приведена в работах [2, 3].
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Г С h ]

Р и с .  3. Изменение оптической плотности 
AN—AlEt3 = 1 : 1  (1);

полосы при 2275 см-1; молярное соотношение 
1 : 1,5 (2); 1 : 2 (3); r(h) -  час

Г Ih]

Рис. 4. Изменение оптической плотности полосы при 2225 см-1; молярное соотношение
AN—AlEt3 =  1 :1 (1); 1 : 1,5 (2); 1 : 2 (3)
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Р и с . 5 . Изменение значений ГХ225/0 2, 75 в зависимости от времени; молярное соотношение 
A N -A lE t3 = 1 : 1  (1); 1 : 1,5 (2); 1 : 2 (3)

С и ст ем а  в и н и л а ц е т а т  (V A c )  — A l E t 3

В соответствии с литературными данными при взаимодействии сложных 
эфиров с различными акцепторами электронов (например, А1С13, А1Ме2С1, 
AlMeCLj) образуются комплексы типа С =  О . .  . М, устойчивые при 20 ° С 
[10, 15, 32—35]. Комплексообразование подобного типа сопровождается 
смещением полосы валентного колебания С =  О эфира в область более низ
ких частот, от 1740—1720 см-1 на 50—130 см-1, и смещением полосы валент-

о

ного колебания С—О в с "  в область более высоких частот, от 1180 -1250
\ о

см-1 на 50—150 см-1.
В то ж е время полоса валентного колебания С—О алкоксигруппы прак

тически не смещается [10, 36]. Наблюдаемое смещение полосы валентных 
колебаний С =  О в область более низких частот рассматривается как мера 
кислотности производных алюминия [35]. Аналогичная картина наблюдается 
и при взаимодействии VAc—AlEt3.

В таблице 11 перечислены положения некоторых полос в спектре винил
ацетата (VAc) и его комплекса с AlEt3.

На рис. 6 показан спектр винилацетата и его комплекса с AlEt3. В обра
зовании комплекса очень важную роль играет возникновение взаимодей-
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Таблица П

В и н и л а ц е т а т  и е го  к о м п л ек с  с A lE í3

В и н и л ац етат  | К ом п лекс  ви н илацетат-A lE t,

частота отнесение частота отнесение
(CM-1) полос V ac-a (СМ -1) полос VAc-a

1760 V (С =  0) 1679 V  (С =  0)
1648 V (С =  С) 1640 V (С =  С)
1390 <5(СН2), <5а(СН3) 1390 <5(СНг) и <5а(СН„)
1375 <5S(CH3) 1375 <5S(CH3)
1220 V (С—О—С) 1325-

1290
V (С—О—С)

1145 v (C -O -C ) 1155—
1123

V (С—О—С)

ствия карбонильной группы винилацетата и металл-алкила. В спектре ком
плекса полоса валентного колебания С =  О смещается от 1760 см -1 до 1679 
см-1 (рис. 6.) Сопоставление величины смещения полосы валентного колеба
ния С =  О в случае системы VAc— AlEt3 (~ 8 2  см-1) и приведенных в работе 
[35] данных для различных метальных производных алюминия показывает, 
что AlEtg приблизительно такая же по силе кислота, как и А1Ме3 (в спектре 
смеси А1Ме3—С7Н15—COOEt сдвиг равен 79 см -1).

Комплекс Vac—A lEt3, описанный выше, нестабилен и при 20 °С быстро 
разлагается. Разрушение комплекса сопровождается выделением свободного

Р и с .  6 . Инфракрасный спектр винилацетата (верхний) и комплекса винилацетат-AlEta
(нижний)
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VAc в количестве от 50% (при исходном соотношении AlEt3/VAc =  1: 1,5) до 
20% (при соотношении AIEt/VAc =  2) от исходного. Разложение комплекса 
доказывается повторным появлением полосы поглощения карбонильной 
группы некомплексированного VAc при 1760 см-1 (рис. 7). Интенсивность 
этой полосы с увеличением времени реакции увеличивается. Одновременно 
интенсивность полосы при 1679 см-1 понижается. Однако надо сказать, что в 
спектрах разложений комплекса понижение интенсивности полосы комплекс
ного карбонила (рис. 8) и одновременное повышение интенсивности абсорбции 
свободной карбонильной группы (рис. 7) носит в себе некоторые противо
речия. К ак видно, скорость разложения комплекса только при относительно

Р и с . 7. Кинетика повторного появления полосы при 1760 см-1, характеризующей группу 
С =  О, молярное соотношение VAc—AlEt3 = 1 : 1  (1); 1 : 1,5 (2); 1 : 2 (3)

Рис. 8. Изменение оптической плотности полосы при 1679 см-1; молярное соотношение
VAc—AlEt3 = 1 : 1  (1); 1 : 1,5 (2); 1 :2 (3); r(h) -  час

3 Acta Chim. Acad. Sei. Hung. 103, 1980



144 ДАНКОВИЧисотр.: ВЗАИМОДЕЙСТВИЯ НЕКОТОРЫХ ПОЛЯРНЫХ ВИНИЛМОНОМЕРОВ

небольшом избытке металлалкила зависит от молярного соотношения компо
нентов (рис. 8).

В то же время судя по повторному появлению полосы свободного 
карбонила, этот процесс во всех случаях является функцией молярных со
отношений реагирующих веществ. Эти кривые имеют максимум (рис. 7).

Противоречие исключается, если предполагаем, что на составные части 
разлагается только некоторая часть первичного комплекса. Так как в спек
трах смесей, записанных через несколько часов после начала взаимодействия, 
в области валентных колебаний С =  О присутствует только полоса VAc, 
можно предположить, что рядом с полным разложением комплекса протекает 
и перегруппировка следующего типа:

сн3
\

С =  О . . . A lEts ------ *
/

СН2 =  СН — о
E t
I

------ ► СН3 С О AlEt,
IО СН =  сн2

При этом эфирная группа С—О—R вытесняет винилацетат из комплекса, что 
и приводит к регенерации 50% исходного VAc:

СН3

С =  О . . . A lE tj +  - С  О R
/  /

С Н 2= С Н —О

\ с
/  \

О . . . AlEtj +  CHgCOO СН =  СН2
/

R

Естественно, что при избытке металл-алкила степень регенерации понижа
ется (рис. 7).

Изменения, происходящие при образовании и разложении комплекса, 
равноценны изменениям, происходящим в интенсивностях полосы поглощения
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карбонила. Комплексообразование приводит к смещению полосы ассиметрич- 
ного валентного колебания С—О—С в сторону боле высоких частот (от 1220 
см-1 до 1290—1325 см-1) вследствие индуктивного эффекта.

Разложение комплекса доказывается понижением интенсивности поло
сы поглощения С—О—С при 1325 см-1 (рис. 9) и повторным появлением аб
сорбции при 1220 см-1. Кинетическая кривая изменения интенсивностей 
полосы 1325 см-1 имеет такой же вид, как и приведенные на рис. 8 данные для 
полосы 1679 cm -1.

Р и с . 9 . Изменение оптических плотностей полосы при 1325 см -1; молярное соотношение 
V A c - A lE t3 1 : 1 (1); 1 : 1,5 (2); 1 : 2 (3)

В области валентного колебания алкоксильной группы при комплексо- 
образовании полоса поглощения в случае системы VAc—AlEt3 смещается от 
1145 см-1 до 1123 и 1155 см-1.

Изменение интенсивностей полос поглощения при 1325 (рис. 9) и 1123 — 
1155 см-1 (рис. 10) является функцией соотношения реагирующих веществ 
только при молярных соотношениях VAc/AlEtg =  0,5. При этом в дублете 
1120—1155 см-1 при VAc/AlEtg =  1 : 1 преобладает первая, а при VAc/AlEt3 =  
=  1 :2  — последняя полоса.

Из экспериментальных данных следует, что период полураспада со
ставляет примерно 60 минут, и к  концу третьего часа комплекс данного строе
ния почти полностью разлагается (рис. 10).

Полоса валентного колебания С =  С в спектре комплекса при сравни- 
тельноя небольшом избытке алкила практически мало смещена по сравне
нию со спектром чистого винилацетата (от 1648 до 1640 см-1). Однако ее по
луширина значительно больше, повидимому, вследствие колебательного 
взаимодействия связей С =  О и С =  С.

Полоса валентного колебания при 1640 см-1 в зависимости от моляр
ного соотношения винилацетат-А1Е1;3 в спектре комплекса появляется или в
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Р и с .  10 . Зависимость «оптическая плотность полос-время» (при 1375 и 1120 см-1); молярное 
соотношение VAc—AlEt3 = 1 : 1  (1); 1 : 1,5 (2); 1 : 2 (3)

виде плеча на полосе 1648 см-1 или же как самостоятельная полоса средней 
интенсивности (при VAc/AlEt3 = 1 : 2 ) .

Дублет 1375—1390 см-1 с образованием комплекса перегруппируется 
(рис. 10). Соответственно этому из двух полос преобладает последняя 
(1390 см-1).

Область инфракрасного спектра 900 —1000 см-1 интерпретируется труд
но, так как она сильно перекрыта полосами металл-алкила (как и в случае 
акрилонитрила).

С и с т е м а  м е т и л м е т а к р и л а т  ( М М  А )  — A l E t 3

Положение и отнесение некоторых полос в спектре метилметакрилата 
и его комплекса дано в таблице III.  Кроме данных, приведенных в табл. III, 
в спектре находятся еще полосы поглощения с очень слабой интенсивностью

Таблица III

Метилметакрилат и его комплекс с AlEt3

М ети лм етакри лат К ом плекс м етилм етакрилат-A lE t*

частота (см -1)
относение полос частота отнесение п олос

М МА-а (СМ->) М МА-а

1725 V (С =  0 ) 1670 V (С =  0 )
1640 V (С =  С) 1630 у (С =  С)
1445-1441 Ö (СН2) 1470-1455 <3(СН2)
1328-1305 Д С - О - С )

М С - О - С )
1360-1340 V (С—0 —С)

„а(с—О-С)
1203-1168 V (С—0 —С) 1245-1235

1190
V ( С - О - С )
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при 990, 1380 и 1408 см -1. Эти поглощения соответствуют деформационным 
колебаниям СН.

Полосы валентных колебаний С—С могут перегруппироваться в зави
симости от соотношения компонентов.

ИК спектры метилметакрилата и его комплекса с A lEt3 показан и на 
рис. 11.

С образованием комплекса метилметакрилат-А1Е1:3 полоса валентного 
колебания С = 0  смещается от 1725 см-1 в направлении более низких частот 
(1670 см-1). В то же время полоса валентного колебания С—О смещается от 
1168—1203 см-1 в область более высоких частот (рис. 11). Картина совер
шенно аналогична комплексу винилацетат-AlEtg. Все данные непременно 
означают, что при сливании растворов ММА и AlEt3 быстро образуется ком
плекс, в котором металл-алкил координирован по карбонильной группе. 
Судя по величине смещения полосы валентного колебания С = 0  при ком- 
плексообразовании (~ 5 5  см-1), кислотность AlEt3 примерно такая, как у 
А1Ме3. Предполагаем, что основным продуктом взаимодействия ММА и 
AlEtg является комплекс, обладающий строением карбонил-металла сле
дующего типа:

О . . . AlEtj
II

СН2= С —С—ОСН3

сн3

Рис. П . Инфракрасный спектр метилметакрилата (верхний) и комплекса метилметакрилат-
AlEt3 (нижний)
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Кинетические измерения показывают (рис. 12), что исходный комплекс не
стабилен и медленно разлагается, хотя скорость его распада значительно 
меньше, чем в случае аналогичного комплекса AlEt3—VAc. Со старением 
комплекса в спектре снова появляется полоса свободной карбонильной 
группы при 1725 см-1 . В то же время интенсивность полосы комплексного 
карбонила понижается (рис. 12). Устойчивость комплекса является функ
цией молярных соотношений ММА—AlEt3. Стабильность увеличивается с 
понижением молярного соотношения ММА—AlEt3.

Поскольку распад комплекса сопровождается с понижением интен
сивности полосы валентного колебания С =С  при 1630 см-1 (рис. 13), можно 
предположить два пути разложения исходного комплекса (наряду с реге
нерацией некоторой части ММА).

Р и с .  12 . Кинетика разложения комплекса по полосе поглощения при 1670 см-1; молярное 
соотношение ММА—AlEt3 = 1 : 1  (1); 1 : 1,5 (2); 1 : 2 (3); r(h) — час

Рис. 13. Изменение оптической плотности полос при 1630 см-1; молярное соотношение
ММА—AlEtj = 1 : 1  (1); 1 : 1,5 (2); 1 : 2 (3)
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1) Перегруппировка с разрывом С = 0  с образованием связи О— А1 
(см. раздел «Система винилацетат-AlEtg»). В пользу возможности такого 
процесса свидетельствует появление в спектре полосы 1055 см-1 (рис. 14), 
которую можно отнести к колебанию группировки С—О—А1 [37].

2) Полимеризация ММА или ее комплекса. В пользу возможности 
такого процесса свидетельствует появление новых полос поглощения в об
ласти 1700—1800 см“ 1 (1705, 1740, 1770 см-1) при длительной выдержке 
(21—26 часов) комплексов.

Изменения в интенсивностях валентных колебаний С = 0  соответ
ствуют изменениям интенсивности полос С О —С (рис. 14, 15). В то же время 
очень важно, что с образованием комплекса полоса группы С = 0  смеща-

Р и с . 14 . Зависимость «оптические плотности полос-время» (при 1235 и 1055 см-1)» молярное 
соотношение ММА—AIEt3 = 1 : 1  (1); 1 : 1,5 (2); 1 :2  (3)

Рис. 15. Кинетика разложения комплекса по оптической плотности полосы при 1340 см-1,
молярное соотношение ММА—AlEt3 =  1:1  (1); 1 : 1,5 (2); 1 : 2 (3)
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ется в направлении более низких, а полоса группы С—О -  в область более 
высоких частот (1190, 1235—45 и 1340 —1360 см-1). Можно утверждать, что 
скорость изменения интенсивности последних является функцией молярных 
соотношений исходных компонентов. Изменения особенно значительны в пер
вые три часа реакции.

При молярных соотношениях компонентов MMA/AlEt3 =  1 : 1 в дубле
те при 1235- 1245 см-1 преобладает последняя полоса. В случае избытка ме- 
талл-алкила преобладает первая полоса. Контур дублета при 1340—60 см-1 
изменяется только при длительной выдержке комплекса.

С и с т е м а  акри ловая  к и сл о т а  ( А К ) —A l E t 3

В таблице IV даны положения некоторых полос акриловой кислоты 
(АК) и ее комплекса с A lEt3. Как видно, с образованием комплекса в инфра
красном спектре происходят значительные изменения (см. также рис. 16) 
Известно, что алюминийорганические соединения легко вступают в реакции 
взаимодействия с веществами, содержащими подвижные атомы водорода 
(вода, кислоты, спирты и т. д.). Эти реакции протекают с выделением углево
дородов за счет расщепления связи А1—С [38]. В случае взаимодействия 
акриловой кислоты и A lEt3 при молярном соотношении компонентов 1 : 1 
можно ожидать протекания следующей реакции:

J d

СН2= С Н —СООН +  A lE t,----- * СН2= С Н —С—О—AlEt2 +  С2Н в

Анализ ИК-спектров подтверждает это предположение. При смешивании 
растворов акриловой кислоты и AlEt3 из спектров исчезают полосы валент
ного колебания С = 0  кислоты в димерной форме при 1703 и 1720 см-1, а 
такж е полосы валентного колебания С—О и деформационного колебания ОН 
кислотной группы при 1300 и 1247 см-1 [36]. Одновременно в спектре по-

Таблица IV

Акриловая кислота и ее комплекс с AlEt3

А криловая ;кислота Комплекса акриловая кислота-AIEts

^частота относение полос частота; относение полос
(CM-1) АК-ы (СМ-1) АК-ы

1720 v (С =  0 ) 1590-1568 j>as(C 02- )
1703 V (С =  0 )
1635 v (С =  С) 1645 ?(С =  С)
1435 V (С—0 ) 1470-1455 vs (С О ,-)

1300-1247 v(C — 0 )  и 
<5 (ОН)

1073 1 1080 1
1050 } Гг(СН2) 1065 J •л(СН2)
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Ч А С Т О Т А ,  СМ'1

Р и с . 1 6 .\  Инфракрасный спектр акриловой кислоты (верхний) и комплекса акриловая
KHCnoTa-AlEt3 (нижний)

Р и с . 1 7 . Оптические плотности полос при 1590 см-1 (а), 1568 (Ь) и 1580 см-1 (с); r(h) — час; 
молярное соотношение AK— AlEta = 1 : 1  (1); 1 : 1,5 (2); 1 :2  (3)

являются полосы колебаний иона: асимметричное валентное колебание 
СОО~ при 1590—1568 см-1 (рис. 17) и симметричное валентное колебание 
СОО- при 1470— 1455 см-1 [39,40,41 ] (см. рис. 16,18). В то же время полосы 
колебаний двойной связи при переходе (практически) смещаются мало: для 
кислоты 1635 см-1, для иона — 1645 см-1 (рис. 16). Газохроматографические 
исследования также подтверждают вышесказанное предположение. При 
сливании растворов действительно было обнаружено выделение газа. С по
мощью газохроматографии было показано, что выделяющийся газ является 
этаном. В целом процесс взаимодействия и строение комплекса близки к
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описанной в литературе системе AlEt2Cl — акриловая кислота [11,41]. Ин
тенсивность полосы поглощения при 1568—1590 см-1 изменяется незначи
тельно. В то же время интенсивность полос при 1470— 1455, 1235, 1388 и 
1645 см-1 является функцией относительной концентрации мономера и 
металл-алкила. Последняя полоса (при 1645 см-1) особенно сильна при 
молярном соотношении компонентов 1 : 1 .  Ее интенсивность при избытке 
металлалкила понижается.

При соотношении компонентов 1 : 1 продукт взаимодействия стабилен в 
течении более 4-х часов. За это время наблюдаются лишь слабые изменения в 
относительной интенсивности полос в области 1590—1560 см-1: интенсив
ность полосы 1568 см“ 1 незначительно возрастает (см. рис. 17), в то время, 
как двойная связь в продукте сохраняется.

В тех случаях, когда в смеси присутствует избыток металл-алкила (при 
соотношениях кислота: AlEt3 =  1 : 1,5 и 1 : 2), в спектрах присутствуют ин
тенсивные полосы при 1580 и 1470 —55 см-1, (рис. 16, 17, 18). Одновременно 
при 1415 см"1 появляется новая полоса, интенсивность которой в случае 
AK/AlEt3 >  1 значительна (рис. 18). Однако при этом резко понижается 
интенсивность полосы 1645 см-1, что свидетельствует о протекании процессов 
с участием двойной связи. Низкая донорная активность связи СН2 =  СН — 
делает маловероятной возможность образования стабильных комплексов 
типа —СН =  СН2 . . . А1 [42]. Реакции алкилирования растворителя в дан
ном случае также не протекают, так как в спектрах отсутствует полоса в об
ласти 800—820 см -1, характерная для образующихся при алкилировании 
толуола пара-дизамещенных бензольных циклов [43].

Можно предположить, что исчезновение двойных связей при избытке 
A lEt3 связано с реакцией полимеризации комплексированной акриловой кис
лоты (возможно, по анионному механизму). Интересно отметить, что при из-

•  (1 )

»  ( 2 )

о  °

•

1
f  Г Ы

•

—^ ---- О --------  0  С’
± .____ ______ 1____ 1__

•

J_____I_______ I---------- I-------- I----------- I--------- L

1 2 3
Т [h]

Р и с . 18. Оптические плотности полос при 1415 и 1470 см-1, молярное соотношение 
A K -A lE t3 = 1 : 1  (1); 1 : 1,5 (2); 1 : 2 (3)
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бытке алюминийорганического соединения в системе сохраняется часть исход
ных кислотных групп (около 10% от начальной концентрации кислоты), 
поглощающих при 1703 см-1. В инфракрасном спектре акриловой кислоты 
полоса деформационного колебания СН находится при 1050 и 1073 см-1.

С образованием комплекса (соотношение комплементов 1 : 1 )  появляет
ся только единственная полоса при 1080 см -1. Эта же полоса с увеличением 
относительной концентрации металл-алкила >  1 находится при 1065 см -1.

С и с т е м а  а к р и л а м и д ( А А )  - -  A l E t 3

Положения некоторых полос в спектре акриламида (АА) и его комплек
са с AlEtg перечислены в таблице V. Исследование самого акриламида было 
проведено в твердом состоянии, так как мономер в толуоле не растворяется. 
При добавлении толуольного раствора металл-алкила к акриламиду, по
следний растворяется, и при этом происходят глубокие изменения и в спектре 
поглощения (рис. 19). Этот факт сам по себе говорит о комплексообразовании. 
Изменения в спектре намного значительнее того, чтобы объяснить это прос- 
тым^азовым переходом. В спектре акриламида в области 1600- 1700 см-1 при
сутствуют две полосы большой интенсивности. Эти полосы сильно перекрыты 
другими поглощениями. Исходя из того положения, что во всех исследован
ных нами системах валентное колебание группы С =  С находилось в области 
1640—1670 см-1, мы предполагаем, что и в случае системы акриламид-AlEtj 
поглощение непредельной связи С =С  находится также в этой области. Это 
подтверждается и другим мнением [44]. Кроме того на примерах преды-

Р и с . 19 . Инфракрасный спектр акриламида (верхний) и комплекса акриламид-AlEtj
(нижний)
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дущих систем было показано, что при комплексообразовании полярных ви- 
нилмономеров полосы, характеризующие полярные группы, сильно смеща
ются. В то же время полоса винильной связи смещается незначительно 
(8— 10 см-1). При комплексообразовании акриламид-AlEtg в области 1640— 
1670 см-1 сложная полоса исчезает, и остается только одно самостоятельное 
поглощение средней интенсивности при 1650 см-1. Исходя из этих сообра
жений, можно предполагать, что в спектре комплексированного акриламида 
полоса при 1650 см -1 характеризует группу С=С.

Таблица V

А к р и л а м и д  и  е го  ком п л ек с  с A lE t3

А кри лам и д К омплекс ак ри лам и д-A lE tj

частота отнесение полос частота отнесение полос
( с м - ) АА-а (СМ -1) А А -а

1680-
1670- амид I и

1650 v ( C = C )

1660 V  (С  =  С)
1615—
1608
1430

амид II
1

1580-1565 амид I

1356 /амид III
995
967 }г.(сн2)

1000
960 }  >’„(СН2) 

12305-2285
2275 1 V (CN)
2225 I

Молекула акриламида как и молекула акриловой кислоты, содержит 
подвижный атом водорода. Значит в этом случае также наиболее вороятна 
реакция с разрывом связи А1—С.

В ИК спектре продукта взаимодействия при соотношении компонентов 
АА—AlEtg 1 : 1; 1 : 1,5; и 1 : 2 отсутствуют характерные для спектра кристал
лического акриламида полосы амид I при 1670 см-1 и амид II при 1615 см-1. 
В то же время появляются интенсивные широкие полосы при 1580, 1505 и 
1305 см-1 (рис. 19), которые можно отнести к поглощению ациламидной груп
пировки CONH- . . . М+. Интенсивность последних полос поглощения меня
ется относительно незначительно (рис. 20— 22).

Мера смещения полосы поглощения амид I при комплексообразовании 
является функцией молярных соотношений реагирующих компонентов. При 
небольшом избытке металл-алкила она смещается на 90 см-1, а в случае 
AA/AlEtg <  1 на 105 см-1.

При этом наблюдается значительное изменение и в интенсивностях.
Полосы колебаний винильной группы при взаимодействии акриламида 

и AlEtg смещаются мало: полоса валентного колебания С =  С расположена
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J_______ I______ I_______ I_______ I----------1---------- 1---------- ■---------- L

2 3 4
Т сиз

Р и с . 2 0 . Зависимость «оптическая плотность полос-время» (при 1565 и 1580см *); молярное 
соотношение А А —AlEt3 = 1 : 1  (3); 1 : 1,5 (2); 1 :2  (1); r(h) — час

Р и с . 2 1 .  «Оптическая плотность полосы при 1505 см-1 — время»; молярное соотношение 
АА—AlEtj = 1 : 1  (3); 1 : 1,5 (2); 1 :2  (2); r(h) -  час

Р и с . 2 2 . «Оптическая плотность полос-время» (при 1235 и 1305см~ '); молярное соотношение 
A A -A lE t3 =  1 :1 (3); 1 : 1,5 (2); 1 : 2 ( 1 )
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при 1650 см-1 (в спектре акриламида 1660 см-1), а полосы деформационных 
колебаний у  (СН) находятся в области 1000 960 см-1 (в спектре акриламида 
994 и 960 см-1) [36].

Кроме того, газохроматографией было доказано, что при образовании 
комплекса выделяющийся газ является этаном. Эти данные позволяют пред
положить следующую реакцию в системе АА—AlEt3 при соотношении ком
понентов 1: 1:

О
У

СН2=СНСО NH2 +  AlEtg—— > СН2=СН С—Н —AlEt2 +  С2Н6

В соответствии с кинетическими измерениями в отсутствии избытка A lEt3 
продукт устойчив в течение нескольких часов.

При данных соотношениях (1 : 1) компонентов полоса колебания сво
бодной амидной группы появляется снова в спектре только после 16 24 
часов реакции. В небольшом избытке металл-алкила продукт также устойчив.

Интенсивности полос при 1507—1505 и 1305 см -1, характеризующие 
группировки NH и CN, при образовании комплекса изменяются мало (рис. 
21, 22).

В тех случаях, когда взаимодействие протекает в избытке AlEt3, ис
ходным продуктом являются также ациламидные соединения, однако полосы 
колебаний групп CONH2 при этом смещаются дальше в направлении более 
высоких частот и расположены при 1565 и 1505 cm-1 (рис. 20, 21).

Скорость разложения комплекса увеличивается в присутствии значи
тельного избытка металл-алкила. Так при молярном соотношении АА : 
AlEtg = 1 : 2  комплекс после 6 часов старения полностью разлагается (рис. 
20— 22).

Однако при этом в системе протекают дальнейшие химические превра
щения, сопровождающиеся частичным распадом ациламидной группы и 
образованием нитрильных групп, поглощающих при 2275, 2225 и 2300 см-1 
(рис. 23). Эти превращения не затрагивают винильной связи:

С и м е н с о м ! - ! —A lEt2 +  AlEt3 ------>-

------ > СН2=СН  C = N  • AlEtg +  Al • комплекс

Поведение образующихся в этой реакции комплексов АА -A lEt3 
аналогично тому, которое наблюдается в системе AN—A lEt3. В начале обра
зуется комплекс, поглощающий при 2275 см-1. Кривая оптических плотнос
тей поглощений характеризуется максимумом, причем ход кривой не зави
сит от молярного соотношении компонентов. Предполагаем, что эта форма 
взаимодействия является донорно-акцепторной реакцией. Реакция осущест
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вляется благодаря свободной паре электронов атома азота (как и в случае 
акрилонитрила). Эта комплексная форма является нестабильной и одновре
менно переходит в комплекс, поглощающий при 2225 см-1 (рис. 23).

Р и с .  2 3 . Кинетика появления полосы поглощения при 2275 и 2225 см-1; молярное соот
ношение АА—AlEt3 =  1 : 1,5 (1); 1 : 2 (2)

При старении этот комплекс также разлагается и образовавшийся но
вый продукт поглощает при 2300 см-1.

Обращает на себя внимание сходство взаимодействия АА AlEt3 и 
А К —AlEtg. В реакцию вступают подвижные атомы водорода, входящие в со
став групп СООН или NH,.

Полосы деформационных колебаний СН расширяются, их интенсив
ность уменьшается. Полосы частично прекрыты полосами деформационных 
колебаний металл-алкила.

Выводы

Смещение полосы валентных колебаний C =  N b сторону более высоких 
частот при комплексообразовании акрилонитрила — AlEt, свидетельствует о 
том, что комплекс в первую очередь образуется за счет неподеленной пары 
электронов атома азота. Вероятность этого взаимодействия понижается при 
повышении реакционного времени и понижения молярного соотношения 
AN/AlEtg. При увеличении времени реакции преобладает комплексообразо- 
вание, в которое вовлечена и связь С =  С.

В образовании комплекса винилацетат-AlEtg важную роль играет кар
бонильная группа. Определено, что стабильность взаимодействия является 
функцией молярного соотношения мономера и металл-алкила. С понижением 
концентрации металл-алкила стабильность комплекса повышается.
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В случае образования комплекса метилметакрилат-А1Е1:3 взаимо
действие компонентов происходит через группы С =  О метилметакрилата. 
При молярном соотношении MMA/AlEt3 >  1 стабилность комплекса по
вышается. С увеличением времени реакции и концентрации металл-алкила 
могут происходить и реакции переалкилирования.

При взаимодействии акриловой кислоты и акриламида с A lEt3 в реак
цию вступают подвижные атомы Н. С понижением молярного соотноше
ния AK/AlEt3 стабильность взаимодействия понижается. Стабильность ком
плекса АА—AlEt3 понижается с увеличением концентрации металл-алкила. 
Появление абсорбции при 2225 и 2275 см-1 в инфракрасном спектре при от
носительно большом избытке металл-алкила доказывает преобладание до
норно-акцепторного взаимодействия между компонентами и реакции, про
исходящей с образованием нитрильной группы.

Из приведенных данных видно, что все исследованные виниловые моно
меры вступают в энергичные реакции с AlEt3. Первичные продукты этих вза
имодействий стабильны в течении нескольких часов лишь при отсутствии 
избытка алюминийорганического соединения. Поскольку обычно реакция 
сополимеризации виниловых мономеров и олефинов проводится в условиях, 
когда концентрация винилового мономера ниже, чем концентрация AlEt3 
[1, 2], необходимо принимать во внимание также возможность дальнейших 
химических превращений в реакционной смеси, которые либо выводят часть 
винилового мономера из сферы реакции сополимеризации вследствие рас
хода двойных связей, либо приводят к образованию комплексов новых ви
ниловых мономеров.

Summary

The formation o f vinylm onom er — A lE t3 com plexes was investigated  b y  IR  Spectros
copy.

A shift in the position  o f the » C a N  band due to the form ation of acrylonitrile — A lE t3 
com plexes proves the predom inance o f  donor — acceptor interactions in  th is reaction. The 
contribution  of this interaction, how ever, decreases w ith  increasing A N /A lE t3 ratio. I f  the 
reaction-tim e is longer, the С =  C bonds also take part in the form ation o f com plexes.

The carbonyl group plays an im portant role in the form ation o f v in y l acetate — A lE t3 
com plexes. I t  was found th a t the stab ility  o f  th is interaction decreases as the molar ratio of the 
A lE t3 increases.

In the case o f m ethyl m ethacrylate — A lE t3 com plexes the С =  О group o f the MMA is 
responsible for the interaction . The com plex showed greater stab ility  when the A lE t3/MMA 
m olar ratio was less than one. In the case o f  prolonged reaction-tim e or greater A lE t3 concentra
tio n s an exchange o f the alkyl groups m ight occur.

The analysis o f the IR  spectra o f acrylic acid and A lE t3 m ixtures show ed th at the 
form ation of com plexes is due to the m obile H atom s. The stab ility  o f this interaction  as well as 
th a t o f  the acryl amide — A lE t3 com plexes was higher at smaller A lE t3 molar ratios.

The appearence o f bands at 2225 and 2275 cm -1 (at relatively  high A lE t3 concentrations) 
proves the existence o f the donor — acceptor interaction and the increased form ation rate of 
nitrile groups.

Each v inyl m onom er investigated  w as found to react readily w ith  A lE t3 and the primary 
products were stable for hours if  no A lE t3 surplus existed . As th is latter condition is n o t fulfilled  
for  m ost industrial processes, the possib ility  o f  secondary reactions should also be taken into 
consideration. In the course of these secondary reactions the v in y l groups for new  types of 
com plexes or have no contribution at all.
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The shape cf the blackening curve is highly influenced by the scattered light 
of the n icroder.siton-.eter. Its interfering effect can be neglected in continuous spectra, 
while at line spectra increases with the enhancement of у-value and decrease of line 
breadth, respectively. In consequence of this, ihe linear section of the blackening curve 
of line spectra always declines applying conventional microdensitometer, e . g .  type Zeiss 
G II. The effect of scattered light is decreased by fog density. At the application of 
/-transformation, the fog density can he taken into account by adjusting Sp =  0.

In troduction

T he f irs t p a p e r o f  our series [2] w as dealing  w ith  th e  fac to rs  in fluenc ing  
th e  re su lts  of d e n s ity  m easu rem en t in  details. D ifferences found  betw een  
d en sities m easured  w ith  d iffe ren t ty p es o f m icro d en sito m eters  are due p a r tly  
to  th e  d ifferen t geom etric  se ttlin g  of th e  m easuring  sy stem s [3], p a r tly  to  th e  
sy s te m a tic  errors (s c a tte re d  lig h t, lin e a rity  fa u lt of th e  p h o to m e tric  system ) 
[4 — 8 ] o f  d en sity  m easu rem en t. T he effect of th e  ab o v e  fac to rs  m ay  d iffer 
u n d e r vario u s p h o to g ra p h ic  cond itions. T herefore, from  th e  p o in t o f v iew  
o f sp ec tro g rap h ic  p ra c tic e , i t  is n o t su ffic ien t to  com pare  th e  differences o f 
th e  d e n s ity  values, b u t  th e  shape  of th e  b lacken ing  cu rve  shou ld  he d e te r 
m ined  u n d e r v a rious c ircum stances . Since th e  shape  o f  th e  b lacken ing  curve  
is d e te rm in ed  p rim a rily  b y  p h o to g rap h ic  fac to rs, th u s  th e  observed  differences 
give in fo rm atio n s re g a rd in g  th e  re la tionsh ips ex is tin g  b e tw een  p h o to g rap h ic  
and  p h o to m e tric  fa c to rs . T ak in g  in to  accoun t th e  d ifferences o f th e  b lacken ing  
curves de te rm ined  fro m  con tinuous an d  line sp ec tra  [9, 10] com ing from  
p h o to g rap h ic  and  p h o to m e tric  effects, respective ly , f ir s t ly  th e  b lacken ing

* Previous paper: K. F l ó r i á n , Gy . H e l t a i , K. Z i m m e r : Acta Chim. Acad. Sci.Hung. [1]
Papers of this series are simultaneously published in Magyar Kémiai Folyóirat in 

Hungarian language.
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c u rv e s  o f line sp e c tra  are  in v e s tig a te d  an d  follow ing i t  th e  re la tionsh ips 
e x is tin g  betw een b lack en in g  curves o f line an d  co n tin u o u s sp ec tra  are d is
cu ssed . In  th e  course o f  th e se  ex p erim en ts , th e  m ost im p o r ta n t  p a ram ete rs  
o f  th e  b lackening cu rv e , th e  values o f  y,  S L an d  S LL h av e  been  de te rm ined  
g rap h ica lly , while v a lu es  у  a n d  к  w ith  th e  help  of a co m p u te r p ro g ram  described 
in  th e  previous p a p e r o f  th is  series [1]. P re se n t p ap er gives f ir s t  a sh o rt com par
iso n  o f b lackening cu rv es d e te rm in ed  from  line an d  con tin u o u s sp ec tra , 
re sp ec tiv e ly , th e n  e x am in a tio n s  o f b lack en in g  curves o f  line sp ec tra  carried  
o u t  w ith  th e  co n v en tio n a l C. Zeiss G I I  m ic ro d en sito m ete r are rep o rted . 
P r im a r ily , th e  len g th  A S l. =  S ll — S l o f th e  s tra ig h t sec tio n  o f  th e  b lacken ing  
c u rv e  m easured in  d e n s ity  has been  s tu d ie d  in  fu n c tio n  o f th e  y-value . A ccord
in g  to  form er e x a m in a tio n s , th e  d ifference A S L was fo u n d  to  he ab o u t 1.25 
d e n s ity  u n it in  th e  case o f d iffe ren t ty p es  o f em ulsion [11, 12]. In  co n trad ic tio n  
to  th is , when ap p ly in g  m o d ern  m icrodensitom eters o f w ide m easu ring  range, 
i t  cou ld  be s ta te d  t h a t  th e  s tra ig h t sec tion  of th e  b lack en in g  curve  is o ften  
c o n tin u e d  even to  d e n s ity  4.0  to w ard s h ig h  densities. F u r th e r  on, th e  decline 
o f  th e  b lackening cu rv e  experienced  a t  p rev ious m easu rem en ts  w as found  
to  b e  n o t a p ro p e rty  o f  em ulsion , b u t  i t  is owed to  th e  sy s te m a tic  e rro r caused 
b y  th e  sca tte red  l ig h t fa llin g  on to  th e  d e tec to r of th e  m icrodensitom eter 
[6 — 8 , 13, 14]. As d en sitie s  h ig h er th a n  S LL can n o t be used  re liab ly  fo r a n a 
ly t ic a l  chem ical p u rp o ses , from  p rac tica l p o in t o f view  i t  is o f u tm o s t im por
ta n c e  to  s ta te  th e  lim its  o f v a lid ity  of th e  above re g u la r ity .

E ffec t o f th e  type of spectrum

I t  is know n t h a t  th e  shapes o f b lacken ing  curves d e te rm in ed  b y  line 
a n d  continuous sp e c tra , re sp ec tiv e ly , are  d iffering [8 , 9, 16] due to  p h o to 
g ra p h ic  effects — m a in ly  to  EBERHARD-effect [15]. T h e  y -va lue  dete rm in ed  
fro m  continuous sp e c tru m  is low er th a n  th a t  o b ta in ed  fro m  line sp ec tru m  
[10, 11, 17]. The tw o cases are , how ever, differing  also from  th e  p o in t of view  
o f p h o to m e try . W h en  m easu rin g  d en sity  o f b ack g ro u n d -free  sp ec tra l lines, 
th e  tra n sp a re n t su rro u n d in g s  o f th e  sp ec tra l line does n o t im pede  th e  sca tte red  
l ig h t  to  reach th e  d e te c to r . O n c o n tra ry  in  th e  case o f co n tin u o u s sp ec tru m , 
th e  d irec t en v iro n m en t o f th e  m easu red  surface is ac tin g  like a f ilte r , w hich 
w eakens the  sc a tte re d  l ig h t p ro p o rtio n a lly  to  th e  tra n s m itta n c e  m easured  
a n d  considerab ly  decreases its  in te rfe rin g  effect. In  T ab le  I .  va lues y, S L, S LL 
a n d  A S l determ ined  a t  w av e-len g th  300 n m  on th e  basis o f  con tin u o u s sp ec tra  
o f  a  deu terium  sp e c tra l lam p  an d  of background-free  iro n  sp ec tra  produced  
b y  d .c . arc ex c ita tio n  are  show n. T he sp ec tra  w ere reco rd ed  on th e  sam e 
sp e c tra l  p la te  ty p e  A g fa -G ev aert 23 D 56 w ith  th e  help  o f  sp ec tro g rap h  Q 24. 
P h o to m e tr ic  e v a lu a tio n  was perfo rm ed  b o th  by  th e  co n v en tio n a l Zeiss G I I
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an d  th e  m o d ern  G I I —M F K I m icro d en sito m ete rs . In  th e  ta b le , va lu es  o f  у  
and  S L w ere dete rm in ed  b y  a co m p u te r  p ro g ram  [1] an d  S ll w as d e te rm in e d  
g rap h ica lly .

Table I

Parameters o f  blackening curves o f  line and continuous spectra, respectively, 
on spectral p late Agfa-Gevaert 23 D  56, at wave-length 300 nm

M icrodensitometer
Type

of spectrum У Sl Sll JSl

Zeiss G  II line 1 .98 0 .5 7 1 .80 1 .23

continuous 1 .60 0 .4 9 > 2 . 5 0 > 2 .01

G  II-M FK I line 2 .1 9 0 .6 1 2 .2 0 1 .5 9

continuous 1 .63 0 .4 4 > 2 .8 0 > 2 .3 6

T he d a ta  of th e  ta b le  w ell re p re se n t t h a t  in  th e  case o f line sp e c tra  
decline o f th e  b lacken ing  cu rv e  a t  h ig h  den sitie s  ap p ears  even  if  ap p ly in g  m ic ro 
d en sito m e te r  o f w ide m easu rin g  ran g e . O pposite  w ith  th is , decline o f  b lack en in g  
curve h as  n o t  been  observed  even  a t  th e  u p p e r lim it of th e  m easu rab le  v a lu e s  
(ab o u t d e n s ity  2.5) w hen  using  m ic ro d en sito m e te r Zeiss G I I .  S im ila rly  in  th e  
case o f m ic ro d en sito m ete r ty p e  G I I —M F K I h av in g  w ide m easu rin g  ra n g e , 
th e  d e n s ity  va lu es  to  be m easu red  d id  n o t  reach  th e  u p p er lim it o f th e  lin e a r  
section  o f  b lacken ing  curve.*

T hese  observa tions also p ro v e  th a t  decline o f th e  b lacken ing  cu rv e  a t  
h igh den sitie s  — is n o t ow ed to  th e  s a tu ra tio n  exposure of p h o to g ra p h ic  
em ulsion , b u t  to  th e  sc a tte re d  l ig h t d is tu rb in g  th e  d e n s ity  m easu rem en t o f 
sp ec tra l lines [6  — 8 , 13, 14]. S im u ltan eo u sly , i t  has also been  ju s tif ie d  t h a t  if  
m easu ring  con tinuous sp ec tra , th e  in te rfe rin g  effect o f sc a tte re d  lig h t is co n 
s id e rab ly  low er, and  using  m ic ro d en sito m e te r  o f good q u a lity , i t  is n o t  s ig 
n if ic a n t.

F in a lly , i t  can  also be observed  th a t  th e  re la tio n  A S ^  ш  1.25 is v a lid  
on ly  a t  line sp ec tra , in  th e  case o f  m ic ro d en sito m e te r ty p e  Zeiss G I I .

Exam ination of blackening curve o f line spectra by means 
of m icrodensitom eter o f conventional type

B lack en in g  curves o f sp e c tra l p la te s  ty p e s  O RW O  W U 3 a n d  A gfa- 
G ev aert 23 D  50 have  been  ex am in ed  in  a w av e-len g th  range  o f 230— 380 n m . 
B y m eans o f  d.c. arc e x c ita tio n  iro n  sp ec tro g ram  series w ere m ade v a ry in g

* In  th is case the upper lim it o f the m easurable density has not been reached, since 
the exposure tim e necessary to this w ould la st for several hours w ith  the given deuterium  
lamp. In  the practice, there is no need for so long exposure and measuring so high background  
density.
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th e  illu m in a tio n  in te n s i ty  of a PGS-2 g ra tin g  sp ec tro g rap h , in  1st o rd er, th e  
s l i t  w id th  being 2 0  p m  an d  using a th re e -s te p  filte r .

T he O R W O  W U 3 p la tes b y  O R W O  F 43, while A gfa-G evaert 23 D 50 
p la te s  w ere developed  b y  A gfa 1 developer. I n  th e  above w ay  p ra c tic a lly  back- 
g round-free  line s p e c tra  have  been o b ta in e d  in  th e  exam ined  range  o f w av e
le n g th  exclud ing  th e  glow ing electrode tip s  d u rin g  th e  illu m in a tio n . T he s lit 
w id th  o f  th e  m ic ro d en sito m ete r was se t to  co rrespond  to  th e  2/3 o f th e  s lit 
w id th  o f th e  sp ec tro g ra p h . Values S l an d  S ll de te rm in ed  a t  d iffe ren t w av e
le n g th s  were p lo tte d  ag a in st th e ir  co rrespond ing  у-values (Figs 1 an d  2). 
I t  c a n  be seen well in  th e  figures, th a t  a t  sp e c tra l p la te  ty p e  23 D 50 th e  values 
o f  S L and  S ll are  in c reasin g  p rac tica lly  p ro p o rtio n a lly  w ith  th e  increase  of 
y - v a lu e , th e ir  av e rag e  difference is A S l 1.20. A t p la te  ty p e  W U 3, th is  is
t ru e  on ly  if  у  >  1.4. I f  у  is lower th a n  1.4, S ll an d  A S L increase s ig n ifican tly . 
T h e  difference can  be un d ersto o d  w hen considering  th e  fac t th a t  in  th e  case 
o f  p la te  ty p e  23 D 50 th e  у -values are  g en era lly  h igher th a n  1.4, on ly  th e  low est 
v a lu e  falls n ea r to  1.4. C oncluding th e  e x p e rim e n ta l resu lts , i t  can  be s ta te d  
t h a t  ru le  A S L ш  1.25 is va lid  even fo r line  sp ec tra , if  th e  y - value is h igher

Fig 1. (  hange o f values S l and S ll 'n function  у -value on spectral 
plate type A gfa-G evaert 23 D 50

5lL

П20 I 

-1

u u0 0 10 2 0 J .

Fig. 2. Change of values S l and Sll in function of у -value on spectral plate type OR V» О W U3
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th a n  a ce rta in  lim it (in  p re se n t case th is is 1.4) an d  i f  ap p ly in g  co n ven tiona l 
m ic ro d en sito m ete r ty p e  Zeiss G I I .  I t  is also reaso n ab le  th a t  by  fu r th e r  
in creasin g  th e  у-v a lu e , above re la tio n  can  ho ld  only  u n til  th e  v alue  of S LL 
does n o t  reach  d e n s ity  2 .0 , w here th e  m easu rem en ts  are con sid erab ly  in te rfe re d  
b y  th e  sca tte re d  lig h t as p ro v ed  by  our e x am in a tio n s  [2]. In  th e  case o f p la te  
ty p e  A gfa-G evaert 23 D 50 th is  up p er lim it o f  у -va lue  is a b o u t 3.0.

G enerally  in  th e  basis of th e  above re su lts  i t  can  be concluded th a t  
degree of in te rfe rin g  e ffec t o f th e  sc a tte re d  lig h t occu rring  in  th e  m icro 
d en sito m e te r is in flu en ced  b y  th e  у-value. T herefo re  th e  decline of th e  b lack en 
ing cu rve  in  fu n c tio n  o f  у -value begins a t  d iffe ren t densities. C onsequen tly , 
because  th e  у-value is d ep en d in g  on th e  w av e-len g th , th u s  S LL is also chang ing  
w ith  th e  w ave-leng th .

In flu en ce  o f th e  у -value  is p ro b ab ly  cau sed  by  th e  connection  betw een  
th e  line profile  an d  у -v a lu e . Increasing  th e  у -value  th e  c o n to u r sharpness o f 
th e  lines increases a n d  th e  pho to g rap h ic  w id th  o f th e  lines decreases. 
In  th is  w ay , a h igher q u a n t i ty  of sca tte red  lig h t m ay  reach  th e  d e tec tio n  sy stem  
from  th e  v ic in ity  o f th e  line , th u s  th e  b lack en in g  cu rve  declines a t  low er 
d e n s ity . This su p p o sitio n  prov ides an  e x p la n a tio n  fo r th e  decrease of S LL 
values w hen  increasin g  th e  у-value , in  th e  case o f sm all у -value (a t у <  1.4).

To su p p o rt th is  id ea , th e  d ensity  profile  of an  iro n  sp ec tra l line o f w av e
le n g th  348 nm  w as d e te rm in ed  by  m easuring  th e  densities /лт b y  /лт b o th  on  
an  O R W O  W U 3 ( y —  1.60) and  an  A gfa-G evaert 23 D 50 (y =  2.67) sp ec tra l 
p la te , resp ec tiv e ly . T h e  d e n s ity  value co rrespond ing  to  th e  p eak  h e igh t o f th e  
line w as found  to  be a p p ro x im a te ly  sim ilar in  b o th  cases, ab o u t 1.80 (F ig. 3).

Fig. 3. D ensity profile o f  an iron spectral line of w ave-length  348 nm , photographed on spectral 
plate ty p e  ORW O W U  3 and Agfa-G evaert 23 D  50, respectively
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H ow ever, if  th e  у -value is h ig h e r th a n  1.4, th e  v a lu e  o f S LL s ta r ts  to  
au g m e n t sim u ltan eo u sly  w ith  t h a t  o f S l . T his fa c t can  p ro b a b ly  be exp la ined  
so t h a t  th e  increase  o f th e  c o n to u r  sh a rp n ess  is co u n te rb a lan ced  b y  o th e r 
p h o to g rap h ic  fac to rs . N am ely , th e  у-va lue  increases in  fu n c tio n  o f w av e
le n g th  especially  above 300 n m . W h ereas  s im u ltan eo u sly  w ith  th is , the  
a b so rp tiv ity  of silver ha lides decreases , so th e  p h o to n s o f  th e  illu m in a tin g  
l ig h t are able to  e n te r  even  th e  d eep er lay e rs  of th e  em ulsion . I n  consequence 
o f  th is , th e  d e n s ity  o f  sp e c tra l lines is fo rm ed  in  th e  m ore an d  m ore  th ic k  
la y e rs  of th e  em ulsion , an d  th e  p h o to g ra p h ic  w id th  o f lines also increases in  
a  sm all degree. B o th  p h en o m en a  red u ce  th e  q u a n tity  o f  th e  s c a tte re d  lig h t 
fa llin g  on to  th e  d e te c to r , w h a t ex p la in s  th e  slow increase o f S LL.

A ccordingly, th e  у -value o f th e  p h o to g rap h ic  em ulsion  in fluences th e  
sh a p e  of th e  d en sity  p ro file , th e  p h o to g ra p h ic  w id th  an d  d e p th  of th e  sp e c tra l 
line  in  th e  em ulsion. A t d en sity  m e asu rem en t above fac to rs  in fluence  th e  q u a n 
t i t y  o f sca tte red  lig h t com ing  fro m  th e  v ic in ity  of th e  line  an d  fa llin g  on to  
th e  d e tec to r and  th ro u g h  th is  th e  v a lu e  o f d en sity  m easu red  an d  th e  sh ap e  of 
b lack en in g  curve , to o . I f  com paring  F ig u re s  1 an d  2 i t  can  also be assum ed  th a t  
th e  co n to u r sharpness o f th e  lines is th e  decisive fac to r. In  th e  case o f sp ec tra l 
p la te  ty p e  O RW O  W U 3 h av in g  av e rag e ly  low er у-value, th e  va lu es  o f S LL are 
a lw ays h igher th a n  a t  p la te  ty p e  A g fa-G ev aert 23 D 50 h av in g  re la tiv e ly  
h ig h e r у -value. T he sm aller is th e  у-v a lu e , th e  less is th e  in te rfe rin g  effect 
o f  th e  sca tte red  lig h t. A S l ^  1-25 is a ru le  w hich is v a lid  o n ly  w ith in  ce rta in  
lim its  of у -value a n d  is c h a ra c te r is tic  o f th e  effect of th e  sc a tte re d  l ig h t in  th e  
case o f m icro d en sito m eter ty p e  Zeiss G I I .

I n  th e  case of a g iven  ra d ia t io n  source th e  shape a n d  w id th  o f sp ec tra l 
lines are  f irs t  o f a ll d e te rm in ed  b y  th e  w ay  o f lig h t d ispersion . I t  has also been  
show n, how ever, t h a t  th e  p h o to g ra p h ic  shape  is also d ep e n d e n t on th e  p ro p 
e r tie s  of em ulsion. These fac to rs  in flu en ce  th e  q u a n ti ty  o f th e  sc a tte re d  
l ig h t  reach ing  th e  de tec tio n  sy s tem  w h en  m easu ring  th e  d e n s ity  of th e  sp ec tra l 
lin es . Beside th is , one has to  ta k e  in to  considera tion  th e  v a lu e  o f th e  slit 
w id th  of th e  m ic ro d en sito m ete r, to o . T hese effects are rep re se n te d  b y  d a ta  
o f  T ab le  I I .  T he ta b le  co n ta in s  th e  re su lts  o f ev a lu a tio n  o f iro n  sp ec tra  o b ta in e d  
b y  v a rio u s ty p es  o f lig h t d ispersion  (g ra tin g  in  1 s t an d  2 n d  o rd er, an d  p rism ), 
m easu red  w ith  m ic ro d en sito m ete r o f d iffe ren t s lit w id th  a t  a w av e-len g th  of 
300 nm . In  ad d itio n  to  sym bols a lre a d y  defined  [1], dsp m eans th e  s lit w id th  
o f  th e  sp ec tro g rap h , wdiile dm t h a t  o f th e  m icro d en sito m eter. ŐS (2.0) deno tes 
th e  d ev ia tio n  of th e  C hurchill p re lim in a ry  curve  from  th e  s tra ig h t line o f  45° 
rep re sen tin g  th e  co rrec t va lues, a t  an  abscissa  value o f 2 .0 , in  th e  d irec tio n  
o f th e  o rd ina te  [1 ].

This la t te r  v a lu e  d em o n stra te s  th e  in te rfe rin g  effect o f th e  sc a tte re d  lig h t 
w h en  using  th e  sam e sp ec tro g rap h  an d  s tep  filte r . On th e  basis  of th e  d a ta  of 
T ab le  I I  i t  is c lear th a t  by  in c reasin g  th e  s lit w id th  of th e  sp ec tro g rap h  and
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Tabic II

Parameters o f  blackening curves o f  line spectra, 
determined under various conditions o f  recording at wave-length 300 nm

Spectral
plate

Spectrograph 
(order of spectrum) ^ap dm У к SL •Sll J S L ŐS(2.0)

23 D 50 P G S - 2  1st 20 f t m . 2/3 dsp 2.00 0.17 0.34 1.55 1.21 0.22

order 1/3 dsp 2.20 0.16 0.35 1.65 1.30 0.15

23 D  50 P G S - 2  1st 40 f i n l 2/3 dsp 2.22 0.16 0.36 1.70 1.34 0.09

order 1/3 dsp 2.32 0.18 0.41 1.75 1.34 0.06

1st order 2/3 dsp 2.05 0.17 0.35 1.50 1.20 0.23

23 D 50 P G S -2 20 f i m

2nd order 2/3 dsp 2.20 0.20 0.44 1.60 1.21 0.11

23 D  56 Q — 24 20 /tm 2/3 dsp 1.97 0.29 0.57 1.80 1.23 0.07

red u c in g  th a t  of th e  m ic ro d en sito m e te r, th e  effect o f th e  sc a tte re d  l ig h t can  
be decreased  in  a sm all degree. S im ila rly  l i ttle  change is caused  b y  d ecreasin g  
th e  slope o f th e  line d en sity  c o n to u r  accord ing  to  d a ta  concern ing  th e  s p e c tra  
of 1st a n d  2nd  o rder. I t  is also o b serv ab le  th a t  a t  lig h t d ispersion  w ith  p rism  
th e  in te rfe rin g  effect o f th e  s c a tte re d  lig h t is less th a n  in  th e  case o f a p p ly in g  
g ra tin g  lig h t d ispersion  o p e ra tin g  w ith  id en tica l s lit w id th  o f th e  sp ec tro g rap h . 
P r im a rily  th is  is due to  th e  g re a te r  line  w id th . I n  su m m ary  i t  can  be  e s ta b 
lished , to o , th a t  th e  effect o f  ab o v e  fac to rs  can  be d e tec ted , a lth o u g h  i t  is 
n o t s ig n ifican t. C onsequen tly  ru le  ASj_ 1.25 is va lid  w ith in  th e  lim its  of 
e x p e rim e n ta l e rro rs, assum ing  i f  th e  у -value falls in to  th e  range  d e te rm in e d  
p rev iously .

E x am in a tio n s  described  so fa r  re la te d  to  sp ec tra  essen tia lly  w ith o u t fog 
an d  b a ck g ro u n d  d en sity . I t  c an , how ever, be supposed  th a t  in te n s ity  o f  th e  
s c a tte re d  lig h t is w eakened  b y  th e  fog or b ack g ro u n d  d en sity  of th e  d ire c t 
v ic in ity  o f th e  line an d  so its  in te rfe r in g  effect is reduced . N a tu ra lly  a t  th e  sam e 
tim e  p h o to g rap h ic  effects also in flu en ce  th e  shape of b lacken ing  curve. F u r th e r  
on, o n ly  th e  effect o f fog d e n s ity  w ill be discussed. Im p a c t o f b a c k g ro u n d  
d e n s ity  w ill be t re a te d  in  a fo llow ing  pu b lica tio n .

S im ila rly  to  th e  f irs t  a n d  second  figures in  F igure  4 values o f S, an d  
S LL are  p lo tte d  ag a in s t th e  у -v a lu e , o b ta in ed  on a sp e c tra l p la te  ty p e  A gfa- 
G ev ae rt 23 D 50 s to red  for a lo n g e r perio d  o f tim e , hav in g  fog d en sity  Sp  0^0.25. 
T he p h o to m e tric  ev a lu a tio n  w as p erfo rm ed  on tw o w ays. F irs tly , as in  g en era l 
th e  S =  0 d en sity  value w as a d ju s te d  a t  th e  unexposed  sp o t of th e  p h o to 
g rap h ic  em ulsion , i.e. Sp  =  0. Secondly , th e  em ulsion  w as rem o v ed  fro m
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F ig. 4. C h a r m o f  values S L and S[_L in function o f y -value on spectral plate type Agfa-Gevaer 
23 D  50 havig fog density Sp 0.25; by adjusting the density  zero point in  two different ways

som e m m 2 area  o f th e  p la te  and  S  =  0 v a lu e  w as a d ju s te d  on th e  clear glass 
p la te . The figu re  u n am b ig u o u sly  proves t h a t  th e  fog d en sity  reduces th e  
a m o u n t of sc a tte re d  lig h t. B y  the usual w ay  o f p h o to m e try , curves p rac tica lly  
s im ila r  to  those seen in  F ig . 1 are o b ta in ed . I n  th e  second case, how ever, values 
o f S L an d  S LL eq u a lly  m o v ed  in to  th e  d ire c tio n  o f h igher densities to  an  e x te n t 
co rrespond ing  to  Sp  fog  density . In  th is  case, th e  u p p er lim it of th e  re liab ly  
m easu red  densities is g re a te r  w ith  th e  v a lu e  o f  fog d ensity . A t th e  sam e tim e , 
how ever, because o f  th e  sim ilar increase o f S L va lu es  ru le  A S p  ш  1.25 held  its  
v a lid ity .

A ccording to  e a r lie r  exam inations, th e  /- tran sfo rm a tio n  can be applied  
ev en  a t  re la tiv e ly  h ig h  fog  density , b u t  in  th is  case th e  range  of den sity  su itab le  
fo r th e  analysis is m o re  narrow  [18]. F ro m  p ra c tic a l p o in t o f view  i t  bears 
also  im p o rtan ce  t h a t  f ro m  am ong th e  tw o  m e th o d s  of a d ju s tin g  th e  zero p o in t 
w hich  produces su ch  d e n s ity  values for th o se  th e  /-tran sfo rm a tio n  is va lid . 
I t  is well seen th a t  th e  difference b e tw een  d en sity  values m easured  on tw o 
d iffe re n t w ays are  e q u a l to  fog den sity  Sp. A ccord ingly , th e  a d ju s tm e n t of 
zero p o in t does n o t in flu e n c e  the  у-value, w hile  it  increases th e  /с-value w ith  

S p
sP = -----value co rresp o n d in g  to  th e  re d u ced  fog density . O n th e  basis of th e

ab o v e  and  th e  d e f in it io n  of /- tra n sfo rm a tio n  [19] i t  m ay  be p roved  th a t  
/-va lues ca lcu la ted  fro m  densities m easured  on tw o w ays can  be iden tica l only 
i f  S F =  0. I t  is s im ila rly  conceivable th a t  Zl/-values belonging  to  given differ
ences A Y  are eq u a l o n ly  if  Sp =  0. T h u s /-tra n sfo rm a tio n  c an n o t p roduce 
c o rre c t resu lts  in  b o th  cases, w hen th e  fog d e n s ity  is n o t negligible. In  T ab le  I I I  
y-  a n d  /с-values d e te rm in e d  w ith  ite ra tio n  accu racy  of 0 .0 0 1  from  d en sity  
v a lu es  m easured  on  tw o  w ay, as well as s ta n d a rd  dev ia tio n  s^j of zlZ-values 
belong ing  to  th e  tw o  s te p s  of the  step  f i l te r  a re  d em o n stra ted . I t  can  be seen 
t h a t  co rrec t resu lts  c a n  be  ob ta ined  by  /- tra n sfo rm a tio n , i f  a t  d en sity  m easu re
m e n t d ensity  S =  0 is a d ju s te d  to  fog d e n s ity . W hen  th is  can  n o t be solved
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Table III

Change o f  values у , к and  s j /  in function o f  wave-length, when density S  =  0 
was adjusted to fog density and glass plate, respectively, 

on spectral plate type Agfa-Gevaert 23 D  50

S =  0 adjusting to fog S = 0 adjusting to glass

У к ‘A У к ’A

235 1 .3 0 0 .25 0 .0 0 6 0 1.41 0 .57 0 .0 2 4 1

240 1 .7 7 0 .2 4 0 .0 0 7 2 1 .77 0 .4 5 0 .0 2 6 0

250 2 .0 8 0.21 0 .0 0 4 4 2 .08 0 .3 8 0 .0 1 9 7

27 0 2.02 0.21 — 1.93 0 .37 0 .0 1 9 7

300 2.00 0 .2 3 0 .0 0 7 0 1.93 0 .4 4 0 .0 2 8 1

320 1 .9 9 0.22 0 .0 0 6 7 1 .96 0 .41 0.0220
332 2 .1 4 0 .2 3 0 .0 0 6 8 2 .15 0 .51 0 .0 3 9 6

348 2 .4 6 0.21 0 .0 1 7 7 2 .55 0 .47 0 .0 3 4 2

because o f th e  to o  h igh  fog d en sity , va lu e  S  — 0 can  be  ad ju s ted  also on th e  
glass p la te  free  o f  em ulsion . In  th is  case, how ever, /- tran sfo rm a tio n  shou ld  
n o t be p e rfo rm ed  w ith  densities m easu red , b u t  w ith  th a t  corrected  b y  fog 
S '  =  S  — Sp.  T h u s , d e fin itio n  of /- tran sfo rm a tio n  is to  be m odified  acco rd ing  
to  eq u a tio n

/ '  =  s ' -  (k -  s') d '

S '  S
w here s '  =  —  =  —

V У У
belonging  to  s '  [19]. A ccord ingly , red u ced  fog d en sity  sF can  be en ro lled  in to  
am ong th e  c o n s ta n ts  o f /- tran sfo rm a tio n

—— =  s — sF, a n d  d '  is th e  G au ssian  difference lo g a r ith m

/ ' =  s — sF — (к  — s -f- Sp) [s — Sp — log (1 0 s Sf — 1)]

Conclusions

T he ab o v e  re su lts  docu m en t th a t  th e  sc a tte re d  l ig h t occurring  in  th e  mi- 
c ro d en sito m e te r h ig h ly  in fluences th e  shape  of th e  b lack en in g  curve. T he sy s
te m a tic  e rro r cau sed  b y  th e  sca tte red  lig h t is s ig n if ican t m ain ly  a t p h o to m e tric  
e v a lu a tio n  o f  line  sp ec tra , w hile a t  co n tin u o u s sp e c tra  i t  can  be neg lec ted . 
In  th e  case o f m easu rem en t carried  o u t b y  c o n v en tio n a l Zeiss G I I  m ic ro 
d en sito m e te r i t  w as fo u n d  th a t  th e  s tra ig h t  sec tion  o f  th e  b lacken ing  cu rv e  
of line sp e c tra  is alw ays declin ing in  th e  d irec tio n  o f h ig h  densities, w hile a t  
con tinuous sp e c tra  th is  phenom enon  c a n n o t be o b served  a t  all up to  th e  u p p e r 
lim it of m easu rab le  densities. In  th e  la t te r  case, n am e ly , in te n s ity  o f th e  s c a t 
te red  lig h t is w eakened  by  th e  lig h t ab so rp tio n  of th e  v ic in ity  of th e  su rface  
m easured .
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T he ru le zlSL 1.25 re la ted  to  th e  le n g th  of the  s tra ig h t section  o f th e  
b lack en in g  curve  is v a lid  only  w ith in  d e te rm in ed  lim its o f у -v a lu e , fo r b lack en 
in g  curves of line sp e c tra  o b ta in ed  b y  m ean s o f m icro d en sito m eter ty p e  Zeiss 
G I I .  In fluence  o f у-va lue  can  be ex p la in ed  w ith  th e  con n ec tio n  ex isting  b e 
tw e e n  th e  shape o f  th e  den sity  line p ro file  an d  у -value. E v e ry  effec t, decreasing  
th e  co n to u r sh a rp n ess  o f sp ec tra l lines, o r increasing  th e  w id th  o f th e  
lin e  — reduces s im u ltan eo u sly  th e  in te rfe r in g  effect o f th e  sc a tte re d  lig h t, 
to o . T he in te rfe rin g  effect of th e  sc a tte re d  l ig h t is s im ilarly  decreased  b y  th e  
fog- an d  b ack eg ro u n d  densities. In  th e se  cases, th e  a m o u n t o f sc a tte re d  
l ig h t  is reduced  b y  he  fog an d  b a c k g ro u n d  densities in  th e  v ic in ity  o f th e  
lin e . W hen  fog d e n s ity  is occurring  in  a  s ig n ifican t degree, i t  has to  be ta k e n  
in to  accoun t also a t  em ploy ing  th e  /- tra n sfo rm a tio ri.This can  be  solved e ith e r  
b y  ad ju s tin g  d e n s ity  S  =  0 to  th e  fog, o r i f  i t  is im possib le (w hen th e  zero 
p o in t  w as a d ju s te d  on  a glass p la te  a f te r  rem ov ing  th e  em ulsion) th e  va lu e  
o f  fog  d en sity  shou ld  be su b tra c te d  fro m  densities  m easured . I n  th is  la s t case, 
th e  reduced  fog d e n s ity  Sp is co u n ted  to  be also a tra n s fo rm a tio n  c o n s ta n t in  
a d d itio n  to  у  an d  к  c o n s ta n ts  o f /- tra n sfo rm a tio n .
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The shapes of blackening curves determ ined b y  m icrodensitom eters o f different 
typ e  (m odern and conventional, respectively) are different due to the scattered light 
having various intensity, and th is difference rapidly increases in the function  of density. 
Values y ,  S L and SLL determ ined by instrum ents o f different types are different. U sing  
m odern instrum ents containing little  scattered light intensity , the upper lim it S ll o f 
reliably m easured densities is higher b y  density  0.5 —1.5 than in the case o f conventional 
instrum ents. Contrary to above differences, value к is independent on the ty p e  of 
instrum ent, and values Al being equal to the logarithm  of relative in ten sity  values can  
be determ ined w ith the sam e accuracy, and even the Lvalues got by different instru
m ents are approxim ately equal.

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 103 (2), pp. 171 — 179 (1980)

In tro d u c tio n

M easuring  w ith  m icro d en sito m ete rs , th e  m ost sign ifican t source o f sy s te m 
a tic  e rro rs  is th e  sc a tte re d  l ig h t o ccu rrin g  in  th e  in s tru m e n t [2, 3]. D en sity  
is decreased  b y  i t ,  and  also th e  h ig h e s t v a lu e  o f m easurab le  d e n s ity  is o p tica lly  
lim ited  [2]. A t th e  ap p lica tio n  o f c o n v en tio n a l m icrodensitom eters th e  s tra ig h t 
sec tio n  o f th e  b lacken ing  cu rve  declines a t  h igh  densities because  o f  th e  in te r 
fe rin g  e ffec t o f  th e  sc a tte re d  l ig h t — th e  sh ap e  of th e  b lacken ing  cu rv e  becom es 
d is to r te d  [4 —11]. In flu en ce  o f  th e  sc a tte re d  lig h t becom es s ig n ifican t, i f  its  
in te n s ity  is com m ensurab le  w ith  th e  l ig h t in te n s ity  co rrespond ing  to  th e  
m easu rab le  d en sity . H ow ever, its  v a lu e  is in flu en ced  also b y  th e  c h a ra c te r  
o f th e  m easu rab le  p a r t  of im age a n d  b y  th e  p ro p ertie s  of p h o to g rap h ic  em u l
sion. I t  w as show n th a t  m easu rin g  co n tin u o u s sp ec tra , th e  e rro r  caused  b y  
sc a tte re d  l ig h t can  be n eg lec ted , w hile  in  th e  case o f line sp e c tra  i t  has a 
s ig n ifican t effect [1 , 10]. In  th e  l a t te r  case, th e  u p p er lim it o f s tr a ig h t  sec tion

* Previous paper: Gy . H e l t a i, K. Z im m e r , M. Ma t h e r n y , K. F l ó r iá n , A cta Chim. 
Acad. Sei. H ung., 103, 161 (1980).

Papers o f this series are sim ultaneously published in Magyar K ém iai F olyóirat in  
Hungarian language.
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o f b lack en in g  cu rves de term ined  b y  m ic ro d en sito m e te r ty p e  Zeiss G I I  is 
in  d e n s ity  ran g e  1 .5 —2.0, and  b y  in creasin g  th e  у-value , th e  in te rfe rin g  
e ffec t o f sc a tte re d  l ig h t increases, to o . O w ing to  th is  fa c t, th e  earlie r e x p e ri
enced reg u la rity , accord ing  to  which th e  len g th  o f th e  s tra ig h t section  of b lack en 
in g  cu rv e  m easu red  in  d ensity  is eq u a l to  ZlSL =  Sll — SL ^  1.25 [1 2 , 13], 
is v a lid  on ly  w ith in  lim ited  у-values even  i f  u sing  th e  m en tioned  m ic ro d en sito 
m e te r . T he у-value h as , nam ely , an  in flu en ce  on th e  shape  of th e  p h o to g rap h ic  
line p ro fil, and  th ro u g h  th is  th e  q u a n t i ty  o f sc a tte re d  lig h t g e ttin g  to  th e  
d e te c to r  [1 ].

A ccording to  fo rm er in v estig a tio n s [3, 7] in te n s i ty  o f sc a tte re d  lig h t 
g e ttin g  o n to  th e  d e te c to r  is d ifferen t in  v a rio u s ty p e s  of m icro d en sito m eters , 
th u s  its  in te rfe rin g  e ffec t is d iffering, to o . As seen fro m  above, these  differences 
can  be s tu d ied  e x p ed ien tly  by  line sp e c tra , an d  th e  in flu en ce  of у-value  is also 
to  be ta k e n  in to  acco u n t. In  our p re se n t p a p e r  — considering  above re la tio n 
sh ips — influence  o f th e  m icro d en sito m eter ty p e  u p o n  th e  shape o f th e  b la c k e n 
in g  cu rv e , th e  le n g th  o f  th e  s tra ig h t sec tio n  an d  u p o n  th e  shape o f th e  /- tr a n s 
fo rm ed  b lacken ing  cu rves are d ea lt w ith . F ro m  th e  p o in t o f view  o f spec tro - 
g rap h ic  analysis th e se  exam in a tio n s b e a r of ex tre m e  im p o rtan ce  in  o rd er 
to  e s tab lish  th e  u p p e r  lim it o f d en sity  — an d  co rrespond ing  o f co n c e n tra tio n  
ran g e  — re liab ly  m easu red  w ith  th e  g iven  ty p e  o f  m icro d en sito m eter. F u r th e r  
on , a n o th e r im p o r ta n t  question  is w h e th e r below  th ese  lim its  th e  sy s te m a tic  
e rro rs  o f d en sity  m easu rem en ts h av e  an  in flu en ce  on  th e  an a ly tic a l re su lts  
or n o t, i.e. w h e th e r id en tica l resu lts  a re  o b ta in e d  b y  d en sity  tra n s fo rm a tio n  
in th e  case of a p p ly in g  various ty p es o f  m ic ro d en sito m ete rs .

E xperim en tal

B ackground-free  line  spec tra  to  these  ex am in a tio n s  h a v e  been p roduced  as described  
in  th e  p rev ious p a p e r o f o u r  series [1]: by  d. c. a rc  e x c ita tio n  o f iro n  electrodes, exclud ing  th e  
g low ing electrode ends, v a ry in g  th e  illu m in a tio n  in te n s ity  o f a  p lan e  g ra ting  PG S 2 sp ec tro 
g ra p h  o f 20 /m i slit w id th , ap p ly ing  a th ree -s tep  filte r. T he series o f spec trogram s w ere reco rded  
in f i r s t  o rd e r on A g fa -G ev aert 23 D 50 a n d  A g fa -G evaert 34 В 50 spec tra l p la tes  developed  
in d eveloper A gfa 1. S p ec tro g ram s were e v a lu a te d  a t  w av e-len g th  300 nm  b y  several m ic ro 
d en sito m ete rs  o f th e  sam e an d  d ifferen t ty p es . T h u s, b lack en in g  curves de te rm in ed  u n d e r  
s im ilar cond itions could  be  com pared  beside y -values у  ш  2.0 (p la te  ty p e  23 D 50) an d  
у  a s  1.0 (p la te  ty p e  34 В 50). M easuring w ith  co n v en tio n al m icrodensitom eter in  th e  f ir s t  
case, th e  ru le  AS  1.25 w as valid  accord ing  to  ou r experiences, while in th e  second case 
A Sl >  1.25 [1].

D en sity  o f sp e c tra l lines falling in to  th e  w av e-len g th  ra n g e  300 i  2 nm  w as m easu red  
on th e  f i lte r  steps of 100%  a n d  50%  tran sp a re n cy  w ith  th e  follow ing e ight m icrodensitom eters: 
3 Zeiss G I I ,  1 M F 2, 1 Jo y c e  -  Loebl M K I I I  CS, 1 M F 2 -M F K I (supplied  w ith  green glass 
p re -s lit* ), 1 M F 2 -M F K I (w ith  m etal p re-slit* ), 1 G II -M F K I (w ith  m eta l pre-slit*). T ak in g  
in to  co n sid era tio n  th e  en la rg em en t o f in s tru m e n ts , th e  slit w id th  was ad ju s ted  so, as to  be  
eq u al to  th e  2/3 p a r t  o f  th e  s lit-w id th  of th e  sp ec tro g rap h  [15].

* T h e  second p a p e r  o f  th is  series gives a  p ic tu re  on th e  m o d ern  p h o to m etric  sy s tem  and  
on th e  a u to m a te d  m ic ro d en sito m ete r developed  in  th e  R esearch  In s t i tu te  o f T echnical Physics, 
B u d a p e s t [14]. D esig n a tio n  M F K I alw ays in d ic a te s  th is  k in d  o f m easuring  system .
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R esu lts

F rom  series o f  d en sity  value p a irs  m easu red  b y  v a rious m ic ro d en sito 
m eters  f irs tly  у -v a lu e , S L an d  S ll densities belonging  to  th e  s ta r tin g  an d  
fin ish ing  of th e  lin e a r  section  of th e  b lack en in g  cu rve  w ere de te rm in ed  b y  
g rap h ica l p re lim in a ry  curve  m ethod  [16, 17]. Follow ing th is  y- and  k -co n stan ts  
o f  /- tra n sfo rm a tio n  w ere determ ined  b y  m eans of a co m p u te r  p ro g ram  e lab o 
ra te d  b y  us, w ith  th e  help  of v a lue-pa irs  consisting  o f densities low er th a n  th e  
o b ta in e d  d en sity  S Ll [18, 19], th e n  v a lu e -p a irs  (Za, Zb) belonging to  d e n s ity  

v a lu e  p a irs  (S a; S b) th e ir  differences /d/a b , as well as th e  average Al  a n d  
s ta n d a rd  d ev ia tio n  s^j of these  la t te r  v a lu es , have  b een  calcu la ted .

E x p e rim e n ta l resu lts  are  sum m arized  in  T ab les I  an d  I I .  In  th e  ta b le s  
va lues S Lb re p re se n t th e  resu lts  o f th e  g rap h ica l d e te rm in a tio n .

O n th e  basis  o f  tab les  th e  follow ing s ta te m e n ts  can  be m ade:
a) The ty p e  o f  m icrodensitom eter h as  considerab le  in fluence u p o n  th e  

shape  of th e  b lack en in g  curve. V alues o f  y, S L an d  S Ll p aram ete rs  a re  d if
fe re n t w hen  using  v a rio u s ty p es of m icro d en sito m ete rs . H ow ever, in  th e  case 
o f th e  th ree  id e n tic a l typ es Zeiss G I I  m ic ro d en sito m ete rs  p rac tica lly  s im ila r 
re su lts  w ere o b ta in e d . In  ag reem ent w ith  earlie r ex p erim en ts  of sim ilar k in d  
[4 — 7] i t  is w ell seen  th a t  — in  th e  case o f line sp ec tra  — th e  S Ll d e n s ity  th e  
u p p e r  lim it o f  th e  re liab ly  m easured  densities  is h ig h er b y  0.5 —1.5 d e n s ity  
u n i t  a t  m odern  in s tru m e n ts  of w ide m easu rin g  range  (Joyce-L oebl M K I I I  CS, 
G II-M F K I) th a n  a t  th e  conven tiona l M F 2 an d  G I I  m ic rodensitom eters.

Table I

Parameters o f blackening curves determined by means o f various types o f microdensitometers 
and the result o f  l-transformation, at wave-length 300 nm, using spectral plate type Agfa-Gevaert

23 D 50 (zlY m =  0.289)

Microdensitometer У к SL -Sll zIS-l Л ± Г Л

Zeiss G II 1. 2.12 0.18 0.39 1.55 1.16 0.290 ±  0.0076
2. 2.12 0.18 0.38 1.60 1.22 0.289 ±  0.0066
3. 2.02 0.17 0.34 1.55 1.21 0.289 ±  0.0090

MF 2 1.81 0.17 0.30 1.20 0.90 0.291 ±  0.0108

MF 2-M FKI green
glass pre-slit 2.05 0.17 0.35 1.60 1.25 0.289 ±  0.0097

MF 2-M FKI m etal
pre-slit 2.37 0.18 0.42 1.90 1.48 0.288 ±  0.0098

G II-M FK I m etal
pre-slit 2.38 0.18 0.42 2.10 1.68 0.288 ±  0.0107

Joyce — Loebl
MK III CS 2.19 0.20 0.43 2.10 1.67 0.291 ±  0.0190
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Table П

Parameters o f blackening curves determined by means o f  various types o f  microdensitometers 
and the result o f l-lransformation, at wave-length 300 nm, using spectral p late type Agfa-Gevaert

34 В  50 (A Y m =  0.289)

M i c r o d e n s i t o m e t e r У к Sb ■St .t , J S j , Al ± *Ai

Zeiss G II 1. 1.05 0.41 0.43 2.00 1.57 0.288 ± 0.0127
2. 1.07 0.41 0.43 2.00 1.57 0.289 ± 0.0137
3. 1.07 0.39 0.42 2.00 1.58 0.289 ± 0.0151

MF 2 0.94 0.38 0.36 1.70 1.34 0.287 ± 0.0172

M F 2-M FKI green 
glass pre-slit 1.10 0.41 0.45 2.00 1.55 0.289 ± 0.0144

M F 2-M FKI metal
pre-slit 1.17 0.40 0.47 — — 0.289 ± 0.0149

G II-M FK I metal
pre-slit 1.17 0.41 0.48 3.00 2.52 0.291 ± 0.0175

Joyce Loebl 
MK III CS 1.14 0.52 0.60 3.00 2.40 0.289 ± 0.0217

T h ese  differences can , f ir s t  o f all, be e x p la in e d  b y  th e  v a rio u s a m o u n t o f s c a t
te re d  lig h t in  d iffe re n t ty p es o f m icro d en sito m ete rs . I n  F ig . 1 S LL values 
o b ta in e d  b y  d iffe ren t k inds of m ic ro d en sito m e te rs  are d e m o n s tra te d . T he le f t
s id e  colum ns p re se n t S LL values go t on  sp e c tra l  p la te  ty p e  23 D  50 (у ш  2 .0), 
w h ile  th e  m idd le  co lum ns show  th o se  g o t o n  p la te  ty p e  34 В 50 (y ^  1.0). 
I n  th e  rig h t-s id e  S max values, c h a ra c te r is tic  o f th e  a m o u n t o f  th e  s c a tte re d

Loebl

F ig. 1. S max density values characteristic o f  the am ount of scattered ligh t and S lL values  
obtained w ith  m icrodensitom eters o f different types at different y-values
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lig h t, a re  show n accord ing  to  th e  re su lts  discussed in  th e  f i r s t  p ap er of o u r 
series [3]. O ne can  w ell see, th a t  th e  v a lu e  of S LL chan g es p a ra lle l w ith  th e  
a m o u n t o f sc a tte re d  lig h t. I t  can  also  be observed th a t  a t  each  m ic ro d en sito 
m e te r  th e  d e n s ity  ran g e  m easu red  w ith o u t in te rfe ren ce  decreases w hen  th e  
y -va lue  is in creased . T he ru le  A S L ^  1.25 was found  to  be  v a lid  on ly  in  th e  
case o f m ic ro d en sito m e te r ty p e  Zeiss G I I  w ith in  у-values g iven  earlier, in  o u r 
case у  Qaí 2 .0. A t u p - to -d a te  in s tru m e n ts  of w ide m easu rin g  ran g e  th e  v a lu e  
o f ZISl a lw ays exceeds 1.25.

b) T he d ifferences of у-values can  be explained  b y  th e  d iffering  am o u n ts  
o f s c a tte re d  lig h t. T h e  d ifferences o f  у -values expressed  in  p e rcen t is p ra c ti
ca lly  th e  sam e in  th e  case o f b o th  p la te s . D ue to  th e  d ifferences o f y -values 
b lack en in g  curves o b ta in e d  b y  v a rio u s  ty p es  o f m icro d en sito m eters  are d iv e r
gen t. W h en  using  m ic ro d en sito m ete rs  ty p es  M F 2 a n d  G I I  th e  у-values are  
low er, an d  th u s  th e  b lack en in g  cu rves o b ta in ed  b y  th e m  lie  below  tho se  go t 
b y  in s tru m e n ts  o f  w id er m easu rin g  ra n g e  (Jo y c e —L oeb l M K  I I I  CS, G I I -  
M F K I). T hese are  rep re sen ted  in  F igs 2a and  b . In  com m on  ranges of re liab ly  
m easu rab le  densities b y  all m icrodensitom eters d e te rm in e d  by  S ix -v a lu e  
o b ta in e d  w ith  m icro d en sito m eter M F 2  o f th e  narro w est m easu ring  range , th e  
av e rag e  an d  s ta n d a rd  d ev ia tio n  o f d en sities m easured b y  v a rio u s  m icro d en sito 
m e te rs , a t  th e  g iven  sp ec tra l lines h a v e  been  calcu la ted . I n  th e  figures, s ta n d a rd  
d e v ia tio n  ss  o f  d e n s ity  values w as p lo tte d  against th e  m e a n  d en sity  S. I t  is 
w ell seen t h a t  s ta n d a rd  d ev ia tio n  o f  densities m easu red  w ith  various in s tru 
m en ts  ra p id ly  increases in  fu n c tio n  o f d en sity , and  in  th e  v ic in ity  of d e n s ity  
1 .5 —2.0 i t  even  reaches th e  v a lu e  ^ 0 .1 5 .  T he dev ia tio n s a n d  accord ingly  th e  
s ta n d a rd  d ev ia tio n s , to o , increase m ore  rap id ly  in  th e  case o f p la te  of h ig h er 
у-va lue  th a n  low er y -value.

c) In  c o n tra d ic tio n  to  above differences i t  is s tr ik in g  th a t  th e  fc-constant 
o f /- tra n s fo rm a tio n  is p rac tica lly  e q u a l a t  th e  various ty p e s  o f m icro d en sito 
m ete rs ,*  t h a t  is i t  does n o t d ep en d  on  th e  ty p e  of in s tru m e n t.

d) I t  w as p ro v ed  th a t  /- tra n sfo rm a tio n  can be ap p lied  a t  each ty p e  o f  
in s tru m e n ts  se p a ra te ly  w ith  a  su ita b le  accuracy . The d ifference betw een  f i l te r  

c o n s ta n t A Y m an d  Al average  v a lu e  is , in  m a jo rity  o f th e  cases, equal to  0.001. 
A ccord ing ly , a g iven  lo g a rith m  in te n s i ty  difference is co rrespond ing  to  th e  
sam e ^ /-d iffe ren ce  a t  each  in s tru m e n t.

e) T h e  h ig h er th e  у -value , th e  m ore precise is th e  /- tran sfo rm a tio n . 
N am ely , th e  s ta n d a rd  d ev ia tio n  o f  m easu rem en t of a  g iven  d en sity  v alue  w ith  
a m ic ro d en sito m ete r can  he re g a rd e d  c o n s tan t — d isreg a rd in g  th e  erro rs of

* One o f  the reasons for the difference experienced w ith  th e  J o y ce—Loebl m icro
densitom eter is probably the uncertainty o f  the у-determ ination. The autom atic scanning  
provides no opportunity to  correct the sharpness of the im age. E ventual deterioration of 
sharpness leads in  all cases to decreased у -values, and gives rise to  an increase in  the standard  
deviation  o f the determ ination. The у -value, being lower than th e  actual value, causes the  
value к to  increase in  accordance w ith  th e  relationship к =  S L/y.

5 Acta Chim. Acad. Sei. Hung. 103, 1980



176 HELTAI, ZIMMER: PHOTOGRAPHIC AND PHOTOMETRIC EFFECTS

deve lopm en t. C o n seq u en tly , i f  у-value is increased , th e  re d u c e d  d ensity  values 
a n d  due to  th is  th e  s ta n d a rd  d ev ia tio n  o f  /-values decrease because  of d iv id ing  
b y  y. In  con fo rm ity  w ith  th is , th e  av erag e  o f  s ta n d a rd  d ev ia tio n s  sji o b ta in ed  
b y  d ifferen t in s tru m e n ts  on  th e  sp ec tra l p la te  ty p e  34 В 50 o f  lower y-value, 
w as found  to  be ± 0 .0 1 5 9 , w hile on p la te  ty p e  23 D 50 o f h igher y-value 
± 0 .0 1 0 4 .

F ig2a  and b. Standard deviations ss  o f densities m easured by m icrodensitom eters of different 
ty p es  in  function of average density  3 ,  in the case o f spectral plates typ es Agfa-Gevaert 

23 D  50 and 34 В 50, a t w ave-length 300 nm
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f) I t  w as v erified , too , t h a t  b y  app ly ing  /- tra n s fo rm a tio n , n o t on ly  th e  
co rrespond ing  zj/-values are id en tica l, b u t  a p p ro x im a te ly  id en tica l /-values 
are o b ta in ed  on th e  basis o f densities m easured  w ith  v a rio u s  m icro d en sito 
m eters. In  F igures 3a an d  b  s ta n d a rd  d ev ia tio n  st o f /-va lues d e te rm in ed  
w ith  d iffe ren t ty p es  o f m icro d en sito m eters  a t  th e  single sp ec tra l lines, in  
fu n c tio n  of / average  va lu e , w as p lo tte d . I t  can  be seen th a t  th e  s ta n d a rd

Fig. 3a and b. Standard deviation  s( o f /-values determ ined b y  m icrodensitom eters o f different 
types in function  o f the average /-va lu e, in the case o f  spectral p lates typ es Agfa-G evaert 

23 D  50 and 34 В 50, a t w ave-length 300 nm
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d e v ia tio n  of /-va lues does n o t exceed: ^ 0 .0 3 0  in  none o f th e  cases, an d  in  th e  
v ic in ity  of fe-value, i t  is m in im al. T h e  s ta n d a rd  dev ia tio n s a re  low er in  th e  case 
o f  h ig h er у-values. W h en  using  p la te  ty p e  23 D 50, th e  s ta n d a rd  d ev ia tio n  
rem a in s  p rac tica lly  below  ^ 0.020, w hile a t  p la te  ty p e  34 В 50 i t  falls betw een  
v a lu e s  ^ 0 .0 2 0  a n d  0.030.

C onclusions

The shape o f b lack en in g  cu rve  is in flu en ced  b y  th e  ty p e  o f  m icrodensito 
m e te r , too. In  g en era l, th e  d e n s ity  ran g e  re liab ly  m easu red  b y  th e  d ifferen t 
ty p e s  of m icrodensitom eters is n a rro w er th a n  th e  to ta l  m easu rin g  ran g e  lim ited  
b y  th e  featu res o f  th e  in s tru m e n t (s ta b ility , lin e a rity , sc a tte re d  lig h t) [3]. 
T h e  in terfering  e ffec t o f s c a tte re d  lig h t is m in im al a t  co n tin u o u s  sp ec tra  [1], 
w h ereas  in  th e  case o f  line sp e c tra  i t  is in creased  b y  ra is in g  th e  у -value. The 
d iffe rin g  in te n s ity  va lu es  o f s c a tte re d  l ig h t [3] re su lt in  d iffe ren t shapes of 
b lack en in g  curves in  th e  case o f  vario u s ty p es  o f m ic ro d en sito m ete rs . T he 
l in e a r  section o f  b lack en in g  curves d e te rm in ed  b y  m o d ern  in s tru m e n ts  con
ta in in g  little  s c a tte re d  lig h t is co n sid e rab ly  longer — b y  0.5 — 1.5 u n i t  — th a n  
in  th e  case of c o n v en tio n a l m ic ro d en sito m ete r. T he slope o f  th e  curves is also 
h ig h e r.

L im it v a lue  S LL shou ld  alw ays be g iven  to  th e  co n cre te  exp erim en ta l 
co n d itio n s in  p ra c tic a l sp ec tra l analysis , since because o f i ts  dependence on 
у -v a lu e , no d a ta  v a lid  even  fo r one in s tru m e n t can  be g iven . T he m ax im al 
v a lu e  of th e  c o n c e n tra tio n  m easu rab le  w ith  n ecessary  accu racy  is d e te rm in ed  
a lso  b y  the  value o f S LL. T he v a lu e  o f S LL can  sim ply  be d e te rm in ed  b y  g rap h 
ic a l p re lim inary  cu rv e  m e th o d  [16, 17, 18]. A ltho u g h  th e  b lack en in g  curves 
a re  d ivergen t — as seen ea rlie r — th e  /-tra n sfo rm a tio n  can  be ap p lied  p ra c ti
c a lly  w ith  sim ilar accu racy  in  th e  sam e d e n s ity  range  a t  each  in s tru m e n t. 
U sin g  у-values d ep en d in g  on th e  ty p e  o f  m ic ro d en sito m ete r an d  fe-values 
in d e p e n d e n t of th is , n o t on ly  th e  zll-values co rrespond ing  to  th e  g iven A Y  
lo g a r ith m  in te n s ity  d ifference, b u t  also th e  /-values — i.e. th e  /-tran sfo rm ed  
b lack en in g  curves — d e te rm in ed  b y  m eans o f v a rious m icro d en sito m eters  
a re  ap p ro x im ate ly  id en tica l. T he h ig h er are  th e  у -values a n d  th ro u g h  it  th e  
acc u ra cy  of /- tra n sfo rm a tio n , th e  less is th e  range  o f in te n s i ty  m easurab le  
b y  p h o tog raph ic  m e th o d  an d  s im u ltan eo u sly  th e  m easu rab le  co n cen tra 
t io n  range.

I n  the  case o f d e n s ity  values low er th a n  S Ll, w hen  ap p ly in g  /- tra n sfo r
m a tio n  and у-values d epend ing  on th e  m icro d en sito m eter a n d  к -values in d e
p e n d e n t of i t  — a n a ly tic a l curves in d e p e n d e n t o f th e  ty p e  o f m icro d en sito 
m e te r  can  be p lo tte d . H ow ever, th e  u p p e r lim it o f re liab ly  m easu red  densities 
is h ig h er, and th u s  th e  m easu rab le  c o n cen tra tio n  range  is w ider in  th e  case 
o f  u p -to -d a te  m icro d en sito m eters .
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The literature contains contradictory data on the form ation and structure of  
neutral g lyco l—boric acid com plexes. L iquid-liquid extraction  is well suited for the  
investigation  of these system s. The distribution o f boric acid, further of electrolytes 
and neutral m olecules in re-alcohol—water system s was investiga ted  in detail, and from  
data measured in b u ta n o l—w ater system  the stab ility  constants o f the boric acid  
com plexes o f D-sorbitol, D-m annitol, dulcitol and butane-1 ,3-d iol were determ ined. 
The form ation of th e  boric acid and borate com plexes o f butane-1,3-diol was investi
gated  also b y  pH -m etry. The form ation of neutral boric acid com plexes could not be 
detected in the case o f ethylen e glycol, propane-1,2-diol and glycerol. On the basis 
o f the results, the form ation equilibria o f g lycol—boric acid and —borate com plexes 
are discussed.

I t  has been  estab lish ed  a long  tim e  ago th a t  th e  ac id ity  o f boric  acid  
so lu tio n  is increased  b y  com plex  fo rm ation*  w ith  n e u tra l  di- and  p o lya lco 
hols [ I , 2]. H ow ever, ev en  to d a y  th e re  are m a n y  c o n trad ic tio n s  in  the l i te r 
a tu re  w ith  re sp ec t to  th e  re a c tio n  and  th e  com plexes fo rm ed. T he m ost 
d e b a te d  questions are  th e  fo rm a tio n  an d  th e  s tru c tu re  o f 1,2- an d  1 ,3 -g lycol— 
boric  acids (Fig. 1) in  aqueous so lu tio n , and  th e  s ta b il i ty  cond itions o f th e se  
a n d  o f th e  an ion  com plexes.

Som e au th o rs  p resu m e also in  aqueous so lu tio n  th e  fo rm atio n  of glycol 
an d  b isg ly co l—boric  acids, s tro n g e r acid th a n  b o ric  acid  [7 —13]. A ccord ing  
to  K a l a c h e v a  et al. [10 ], th e  1 : 1 com plexes h a v e  a tr ig o n a l p la n a r s tru c tu re . 
An t ik a in e n  [11] assum ed  an  equ ilib riu m  be tw een  th e  p la n a r  “ p seu d o ac id ” 
an d  th e  te tra h e d ra l io n -p a ir, w hile o thers [1 2 ] fo r b isg ly co l—boric  acids in  
ch lo ro fo rm  th e  e q u ilib riu m  am ong  th ree  com plexes o f d iffe ren t s tru c tu re  
(F ig . 1). A ccording to  F is c h e r  an d  L o c h n e r  [13 ], in  aqueous so lu tio n  f i r s t  
p la n a r , th e n  b y  th e  u p ta k e  o f one m olecule o f w a te r  te tra h e d ra l  g lycol—boric

* Planar g lyco l— boric acids are called by several authors “ esters” , while g ly co l—borates 
o f  tetrahedral structure “ com plexes”  [3 — 5]. Since boric acid is a Lewis acid, it  is ionized by  
the uptake of hydroxide ion, but as up to pH  14 proton does not dissociate from its OH- 
groups ( i . e .  no H2B 0 3~ is form ed) [6], it  can not be considered in  aqueous solution as a H -acid, 
so th at we think that this d istinction  is not necessary. G lyco l—boric acids, which for th at  
m atter are formed and decom posed instantaneously , as contrary to esters, will be called in the  
follow ing also com plexes ( e . g .  [l,3-a lkaned iolato-hydroxo-borate(III)]).
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acid  is formed, and th e  proton dissociates subsequently. This were to  explain  
according to the said  authors th at th e  borate com plex o f m annitol bound as
1,3-glycol has a higher stab ility  th an  1,2-diols, because the OC—CO bond  
angle o f the latter is less than  the bond angle o f planar boric acid, and hereby 
th e  first step o f com plex form ation is hindered.

D ale [3], on th e  other hand, th inks th at the form ation o f 1 ,2-d io l—boric 
acids in aqueous so lu tion  is im possible because o f the different bond angles. 
T hese compounds can  be prepared only  in  non-aqueous m edium , and due to  
th e  strain of the ring, these acids w ill be actually  stronger than  boric acid [14].
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F ig. 1. Different representations of the structure o f g lycol—boric acid m ononuclear com plexes
in the literature

The decrease in  p H  caused  b y  1,2-diols o r po lyalcohols in  boric  acid 
so lu tio n  is exp la ined  also b y  o th e r a u th o rs  [15, 16] b y  th e  fo rm a tio n  of te t r a 
h e d ra l glycol—b o ra te s , i.e. w ith o u t th e  assu m p tio n  o f n e u tra l  com plexes, b y  
a  s h if t  o f th e  d isso c ia tio n  eq u ilib riu m  o f boric  acid . M oreover, c e r ta in  au th o rs
[16] do n o t reckon  w ith  th e  fo rm a tio n  o f g lyco l—boric  ac id  com plex  even in  
th e  case of 1 ,3-diols, fe a tu r in g  a n  OC—CO angle co rresp o n d in g  to  th a t  o f 
p la n a r  boric acid.

Co n n e r  an d  B u l g r i n  [16] a re  o f th e  op in ion  th a t  th e  b o ra te  com plexes 
o f  1,2-diols have a co n sid e rab ly  h ig h er s ta b ili ty  th a n  tho se  o f 1,3-diols because 
o f  a  sligh te r decrease in  ro ta tio n a l freedom . D a l e  [3] exp la in s th e  sam e p h e 
n o m en o n  b y  th e  a c tio n  o f  th e  a xia l В — O H  group p re se n t in  1 ,3 -g lycol—b o ra te
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of c h a ir  con fo rm ation , w hile acco rd ing  to  o th ers  [17] th e  s tab ilitie s  o f 1,2- a n d
1 ,3 -d io l—b o ra te s  are la rge ly  th e  sam e.

T h e  q u estio n  m igh t he  ra ised , w h e th e r th e  d isp u te  on th e  s tru c tu re  o f 
th e  com plexes is o f p ra c tic a l im p o rtan ce . A ctu a lly , from  th e  a sp ec t o f  th e  
m a th e m a tic a l descrip tion  o f  p H  change caused  in  boric  ac id  so lu tions b y  th e  
a d d itio n  o f glycol, th e  fo rm a tio n  o f boric  acid  com plexes or th e ir  absence  is 
o n ly  o f  th e o re tic a l in te re s t, b ecau se  in  th e  case o f a la rg e r glycol excess th e  
sy stem s b eh av e  as m onobasic  acids even  i f  on ly  th e  an io n  com plexes are  
fo rm ed  [18]. M easured d a ta  a re  described  th ere fo re  b y  m a n y  a u th o rs  w ith  
th e  a id  o f  “ a p p a re n t p ro to n a tio n  c o n s ta n ts” [9, 19, 20]. H ow ever, in  th e  s tu d y  
o f  th e  reac tio n s  o f boron  com plexes [2 1 , 2 2 ] i t  is essen tia l to  know  th e  b o n d  
ang le  o f  b o ro n  an d  th e  charge  o f  th e  com plex , p a r tic u la r ly  i f  a d is tr ib u tio n  
b e tw een  phases o f th e  com plex  m u s t also be reckoned  w ith .

A ll th is  holds tru e  also fo r th e  in v es tig a tio n  of th e  b o ro n  com plexes o f 
d ru g s, a n d  in  general, fo r th e  in  vivo  b eh av io u r o f bo ric  acid , as show n b y  
th e  fo llow ing tw o  exam ples.

I t  h as  been  described  th a t  th e  te ra to g en ic  an d  to x ic  e ffec t o f b o ric  ac id  
is b a sed  on its  b in d ing  to  r ib o fla v in , b o ra te  ion  a tta c h e d  to  th e  r ib i ty l  side 
ch a in  [27]. H ow ever, boric  ac id  m ay  also he a tta c h e d  to  th e  r ib ity l  g ro u p , 
a n d  th u s , th e  com plex m ay  loose its  charge  during  a b so rp tio n  or e x c re tio n . 
T h is q u es tio n  has n o t been ra ised , th o u g h  i t  m ig h t exp la in  in co n sis ten t e x p e ri
m e n ta l re su lts  concerning th e  pharm aco log ical a c tio n  o f r ib o fla v in —boric  
ac id  [24].

K r a l  and  S t r a u s s  fo u n d  th a t  th e  so lub ility  of th e  b o ra te  com plex  of 
a m p h o te ric in  В (an  an tib io tic  c o n ta in in g  1,3-glycol g roups b o th  a t  its  m acro lid  
r in g  a n d  th e  m ycosam ine p a r t)  is h ig h er b o th  in  a lkaline  a n d  ac id  so lu tio n s, 
th a n  t h a t  o f th e  an tib io tic  [25]. T h is has been  a t t r ib u te d  to  th e  fo rm a tio n  o f 
th e  b o ra te  com plex, s tab le  also in  a  so lu tio n  of p H  2.5. H ow ever, th is  o b se r
v a tio n  in d ica tes  according to  o u r op in ion  th a t  th e  com pound  can  fo rm  com 
p lexes w ith  boric  acid an d  b o ra te  ion  alike.

H ow ever, in  th e  s tu d y  o f th e  b o ro n  com plexes of b io log ically  a c tiv e  su b 
stan ces  even  w orking  h y p o th ese s  can  n o t be fo rm u la ted  u n til  we h a v e  no  
gen era l p ic tu re  on th e  fo rm a tio n  o f 1,2- an d  1,3-glycol—boric  ac id  an d  —b o ra te  
com plexes an d  th e ir  s ta b ility .

I n  ou r earlier w orks [18, 26, 27] g lycol—b o ra te  com plex  fo rm a tio n  
e q u ilib ria  h av e  been in v e s tig a te d  in  d e ta il. I t  has been  fo u n d  [18] t h a t  o n ly  
bo ric  ac id  com plexes of n ea rly  id e n tic a l s ta b ili ty  as th a t  o f th e  an ion  com plexes 
can  be  in v es tig a ted  b y  p H -m e tr ic  m e th o d . P e t t e r s s o n  a n d  A n d e r s s o n  [28] 
s tu d ie d  th e  boric  acid com plex  o f m a n n ito l b y  p o la rim e try . T he e x tra c tiv e  
p ro ced u re  has been  u tilized  in  th e  case o f ap o la r 1,3-glycols a n d  so lv en ts  also 
fo r  an a ly sis  [5, 29, 30]. W e w ished  to  in v es tig a te  th e  boric  ac id  com plexes of 
p o la r  glycols, therefo re , an  o rgan ic  so lv e n t—w ate r sy s tem  h a d  to  be fo u n d ,
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in  w hich  boric acid  h a s  a read ily  m easu rab le  d is tr ib u tio n . V arious n -alcohols 
w ere  com pared  fro m  th is  p o in t of v iew , to  s tu d y  th e n  th e  fo rm atio n  o f th e  
b o ric  acid com plexes o f  b u tane-1 ,3 -d io l, D -m ann ito l, D -sorbitol, d u lc ito l, 
e th y le n e  glycol, 1 ,2 -p ro p y len e  glycol a n d  glycerol.

Experimental

Reagents, analytical methods

B o r ic  a c id  r e c r y s t a l l i z e d  th r e e  t im e s  f r o m  h o t  w a t e r ,  t h e  m e d iu m  f r a c t io n  o f  t h e  d i s t i l 
l a t e  ' o f  b u t a n o l  o f  a n a l y t i c a l  p u r i t y ,  a n d  c h e m ic a ls  o f  a n a l y t i c a l  p u r i t y ,  c h e c k e d  f o r  a c i d - b a s e  
i m p u r i t i e s  w e re  u s e d .

O w in g  t o  t h e  s o l i d i f i c a t i o n  p o i n t  o f  l a u r o l  (2 5  °C ), d i s t r i b u t i o n  w a s  i n v e s t i g a t e d  a t  
2 7  ±  2 °C.

F o r  t h e  m e a s u r e m e n t  o f  e le c t r o m o t iv e  f o r c e  a n d  p H ,  R a d i o m e t e r  i n s t r u m e n t  p H m 4  
a n d  R a d i o m e t e r  e l e c t r o d e s ,  f o r  t h e  p o t e n t i o m e t r i c  t i t r a t i o n s  M e t r o h m  P o t e n t i o g r a p h  E 5 3 6  
a n d  D o s i m a t  E 5 3 5  i n s t r u m e n t s  w e re  u s e d . I n f r a r e d  s p e c t r a  w e r e  t a k e n  o n  a  s p e c t r o p h o t o m 
e t e r  U N IC A M  S P  1 0 0 0  i n  b u t a n o l  s o lu t io n s  o f  0 .1  m o l /d m 3 c o n c e n t r a t i o n ,  a t  a  l a y e r  t h i c k n e s s  
o f  0 .1  m m , a g a i n s t  b u t a n o l .

I n  t h e  i n v e s t i g a t i o n s  o f  d i s t r i b u t io n ,  t h e  h y d r o g e n  b r o m i d e ,  p e r c h lo r ic  a c id  a n d  ( a f t e r  
t h e  a d d i t i o n  o f  g ly c e r o l )  t h e  b o r i c  a c id  c o n c e n t r a t i o n  o f  t h e  s a m p l e s  t a k e n  f r o m  t h e  p h a s e s  
w a s  d e t e r m in e d  w i th  s u i t a b l y  d i l u t e d  s o d iu m  h y d r o x i d e  s t a n d a r d  s o lu t io n  i n  n i t r o g e n  a t m o s 
p h e r e .  S o d iu m  b r o m i d e  w a s  d e t e r m in e d  p o t e n t i o m e t r i c a l l y  w i t h  s i lv e r  n i t r a t e ,  a n d  t h e  c o n 
c e n t r a t i o n  o f  c o m p o u n d s  c o n t a i n i n g  1 ,2 -g ly c o l g r o u p s  w a s  m e a s u r e d  b y  t i t r a t i o n  w i t h  p e r io d ic  
a c i d  ( in  t h e  c a s e  o f  s a m p l e s  t a k e n  f r o m  th e  a lc o h o l  p h a s e ,  t h e  s o l v e n t  h a s  b e e n  f i r s t  r e m o v e d  
i n  v a c u u m ) .  T h e  га- a lc o h o l  c o n t e n t  o f  t h e  a q u e o u s  p h a s e s  w a s  d e t e r m i n e d  b y  a c e t y l a t i o n  [3 1 ] , 
t h e  w a t e r  c o n te n t  o f  b o t h  p h a s e s  b y  K a r l  F i s c h e r ’s  m e t h o d ,  t h e  s o d iu m  p e r c h lo r a t e  c o n t e n t  
b y  d r y in g  a t  130 °C  t o  c o n s t a n t  w e ig h t .

T h e  b u ta n e - 1 ,3 - d io l  c o n t e n t  in  t h e  b u t a n o l  p h a s e  w a s  m e a s u r e d  b y  g a s  c h r o m a t o g r a p h y  
( C a r lo  E r b a  G D  c h r o m a t o g r a p h ,  C h ro m o s o rb  1 0 2 , c a r r i e r  g a s :  h y d r o g e n ,  2 .3  k p / c m 2, c o lu m n  
t e m p e r a t u r e :  270  °C , F I D ) .  T h e  b u ta n e - 1 ,3 - d io l  c o n t e n t  o f  t h e  a q u e o u s  p h a s e  w a s  c a l c u l a t e d  
i n  k n o w le d g e  o f  t h e  w e i g h t  o f  t h e  s a m p le  a n d  t h e  p h a s e  v o lu m e s  a f t e r  d i s t r i b u t io n .

T h e  d e n s i ty  o f  t h e  s o lu t io n s  w a s  m e a s u r e d  b y  m e a n s  o f  p y c n o m e t r y .

Symbols

H B ,  В " ,  В  I !  ~, H B D ,  H B D 2 s y m b o l  o f  b o r ic  a c i d ,  b o r a t e  io n ,  g ly c o l— b o r a t e  a n d  — b o r ic  
a c id  c o m p le x e s  [1 8 ]

D  1 ,2 - o r  1 ,3 - d io l  o r  p o ly a lc o h o l
c d  t o t a l  c o n c e n t r a t i o n  o f  b o r ic  a c id  a n d  g ly c o l ,  r e s p e c t iv e ly ,  i n  t h e  s o lu t io n ,  m o l  d m -3

(  ) ,  [ ] s y m b o l  o f  c o n c e n t r a t i o n  (m o l  d m -3 )  i n  t h e  a lc o h o l  a n d  t h e  a q u e o u s  p h a s e ,  r e 
s p e c t iv e ly

[N ]  c o n c e n t r a t i o n  o f  b u t a n o l  in  t h e  a q u e o u s  p h a s e
ß N =  [ H B N ]  [ H B ] -1  [ N ] - 1  s t a b i l i t y  c o n s t a n t  o f  t h e  b u t a n o l — b o r i c  a c id  c o m p le x  [3 2 ]  
ß uo  p r o t o n a t i o n  c o n s t a n t  o f  b o r ic  a c id
ß oll =  [ B D - ] [ B - ] -1  [ D ] - 1  s t a b i l i t y  c o n s t a n t  o f  t h e  g l y c o l — b o r a t e  c o m p le x  
/?P =  ( H B D )  ( H B ) -1  ( D ) - 1  s t a b i l i t y  c o n s t a n t  o f  t h e  1 : 1 g l y c o l —b o r i c  a c id  c o m p le x  f o r m e d  

in  t h e  a lc o h o l  p h a s e
K D =  [ ( H B )2D ]  [ H B D ] - 1  [ D ] - 1  e q u i l ib r iu m  c o n s t a n t  o f  t h e  r e a c t i o n  c o r r e s p o n d in g  in  t h e  

c a s e  o f  h e x i to l s  t o  t h e  l in k a g e  o f  t h e  s e c o n d  b o r ic  a c id  
ßp =  [ H B D ]  [ H + ] -1  [ B D ] - 1  p r o t o n a t i o n  c o n s t a n t  o f  t h e  g ly c o l— b o r i c  a c id  c o m p le x  in  

a q u e o u s  s o lu t io n
d  d i s t r i b u t i o n  c o e f f i c i e n t  m e a s u r e d  e x p e r i m e n t a l l y ,  r a t i o  o f  t h e  t o t a l  c o n c e n t r a t i o n

o f  t h e  s u b s t a n c e  t e s t e d  (a s  in d i c a t e d  b y  t h e  s u f f ix )  f o u n d  i n  t h e  a lc o h o l  a n d  a q u e o u s  
p h a s e s

I  io n ic  s t r e n g t h
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Elaboration o f  the measuring techniques

T h e  d i s t r i b u t i o n  o f  b o r ic  a c id ,  e l e c t r o ly t e s  a n d  w a te r  h a s  b e e n  i n v e s t i g a t e d  in  v a r io u s  
a lc o h o l  — w a t e r  s y s te m s .  I n  a d d i t i o n  t o  t h e  f i r s t  тг- a lc o h o l  o n ly  l i m i t e d l y  m is c ib le  w i t h  w a t e r  
( b u t a n o l )  a n d  to  t h e  l a s t  n - a lc o h o l  l i q u i d  a t  r o o m  t e m p e r a t u r e  ( l a u r o l ) ,  o c t a n o l  h a s  b e e n  
i n v e s t i g a t e d .  W a t e r  s a t u r a t e d  w i t h  a lc o h o l  a n d  a lc o h o l  s a t u r a t e d  w i th  w a t e r  w e re  u s e d  i n  t h e  
e x p e r im e n t s .

B o r ic  a c id  s o lu t io n  o f  0 .0 2 5  m o l /d m 3 c o n c e n t r a t i o n  a n d  h y d r o g e n  b r o m i d e  o r  s o d iu m  
b r o m i d e  s o lu t io n s  o f  0 .0 5  m o l /d m 3 c o n c e n t r a t i o n  w e re  s h a k e n  w i th  a n  i d e n t i c a l  v o lu m e  o f  t h e  
a lc o h o l  t e s t e d .  A f te r  4 8  h o u r s  o f  s t a n d i n g  a n d  fo l lo w in g  c e n t r i f u g a t io n  s a m p le s  t a k e n  f r o m  t h e  
p h a s e s  w e re  a n a ly z e d .  A s  s e e n  f r o m  t h e  r e s u l t s  (T a b le  I ) ,  t h e  “ a lc o h o l”  p h a s e  o f  t h e  b u t a n o l  —

Table I

Distribution data relevant to various n-alcohol — water equilibrium systems

Butanol Octanol Laurol

M o le  f r a c t io n  o f  w a te r  in
th e  a lc o h o l p h a s e 0 .5 2  ±  0 .0 2 0 .2 8  ±  0 .01 0 .2 6  ±  0 .01

C o n c e n t r a t io n  o f  a lc o h o l  in
th e  a q u e o u s  p h a s e ,
m o l /d m 3 0 .7 9  ±  0 .0 6 < [ 0 .2 5 -  0

<^HB 0 .4 8  ±  0 .0 8 0 .2 4  ±  0 .01 0 .1 8  ±  0 .01
<^HBr 0 .3 3  ±  0 .0 2 0 .1 2  ±  0 .02 0 .1 2  ±  0 .0 2
^N aB r 0 .0 4 9  ±  0 .0 0 7 0 .0 0 9  ±  0 .0 0 2 -  0

w a t e r  e q u i l i b r iu m  s y s t e m  is  a n  a lm o s t  s to i c h io m e t r i c  b u t a n o l — w a t e r  1 : 1 m i x t u r e .  W i t h  
i n c r e a s in g  l e n g t h  o f  c a r b o n  c h a in  t h e  s o d iu m  b r o m id e  c o n te n t  o f  t h e  a lc o h o l  p h a s e  d e c r e a s e d  
to  a  g r e a t e r  e x t e n t  t h a n  t h e  r a t i o  o f  t h e  H - b o n d  f o r m in g  w a te r  o r  o f  h y d r o g e n  b r o m i d e .  O f  t h e  
c o m p o u n d s  i n v e s t i g a t e d  t h e  d i s t r i b u t i o n  c o e f f ic ie n t  o f  b o r ic  a c id  is  t h e  h ig h e s t ,  a n d  t h i s  i n d i 
c a t e s  b e s id e s  t h e  f o r m a t i o n  o f  h y d r o g e n  b o n d s  a ls o  o t h e r  s p e c ia l  s o l v a t a t i o n .  T h is  m i g h t  b e  
t h e  h y d r o x o  — a lk o x o  l i g a n d  e x c h a n g e ,  p r o c e e d i n g  in  t h e  a lc o h o l p h a s e .  I n  t h e  i n f r a r e d  s p e c t r a  
o f  b o r i c  a c i d  a n d  b o r o n  t r i o x id e  d i s s o lv e d  in  b u t a n o l  r O H  a n d  Ő O H  v i b r a t i o n s  c h a r a c t e r i s t i c  
o f  “ f r e e ”  w a t e r  a c t u a l l y  a p p e a r  ( a t  a b o u t  3 6 0 0  a n d  1 6 5 0  c m -1 ), w h ile  t r i e t h y l  b o r a t e ,  i n v e s t i 
g a t e d  a t  t h e  s a m e  t im e ,  e x h ib i t s  a ls o  i n  b u t a n o l  s o lu t io n  a  s p e c t r u m  id e n t i c a l  t o  t h a t  p u b l i s h e d  
in  t h e  l i t e r a t u r e  [3 3 ] .

N e x t ,  t h e  c h a n g e  in  t h e  d i s t r i b u t i o n  o f  t h e  v a r io u s  c o m p o u n d s  in  t h e  b u t a n o l  w a t e r  
s y s t e m  m o s t  f a v o u r a b le  f r o m  t h e  p o i n t  o f  v ie w  o f  w a s  i n v e s t i g a t e d  a s  a  f u n c t i o n  o f  io n ic  
s t r e n g t h .  E x p e r i m e n t s  w e re  c a r r i e d  o u t  a s  d e s c r ib e d  b e fo re .  I n  t h e  f i r s t  e x p e r im e n ta l  s e r ie s  
t h e  s t a r t i n g  a q u e o u s  p h a s e  c o n ta in e d  o n ly  v a r io u s  q u a n t i t i e s  o f  s o d iu m  p e r c h lo r a t e .  I n  t h e  
f u r t h e r  i n v e s t i g a t i o n s ,  b e s id e s  s o d iu m  p e r c h l o r a t e ,  u s e d  f o r  t h e  a d j u s t m e n t  o f  io n ic  s t r e n g t h ,  
0 .0 2 5  m o l /d m 3 o f  b o r ic  a c id  o r  p e r c h lo r ic  a c id  o r  0 .1 0  m o l /d m 3 o f  D - m a n n i to l  w a s  a ls o  d is s o lv e d  
in  t h e  s o lu t io n s .  F ig u r e  2 s h o w s  t h e  c h a n g e  o f  t h e  d i s t r i b u t i o n  c o e f f ic ie n ts  d e t e r m in e d  a s  a  f u n c 
t i o n  o f  io n i c  s t r e n g th .  I t  c a n  b e  s e e n  t h a t  w i t h  in c r e a s in g  I  t h e  d i s t r i b u t i o n  c o e f f ic ie n t  o f  p e r 
c h lo r ic  a c i d  in c re a s e s  t o o ,  t h e  p r o t o n  r e a d i l y  s o lv a t a b l e  in  a lc o h o l d o e s  n o t  “ c o m p e te ”  f o r  t h e  
h y d r a t e  s h e a t h .  A f te r  i n i t i a l  in c r e a s e ,  t h e  d v a lu e  o f  s o d iu m  p e r c h l o r a t e  d e c r e a s e s  p a r a l l e l  
w i th  t h a t  o f  w a te r .  T h e  l a t t e r  c h a n g e s  o n ly  s l i g h t ly  a s  a  f u n c t io n  o f  / ,  w h ic h  p r o v e s  t h e  s t a 
b i l i t y  o f  t h e  b u t a n o l  w a t e r  a s s o c ia t e  in  t h e  a lc o h o l  p h a s e .  T h e  d i s t r i b u t i o n  c o e f f ic ie n t s  o f  
m a n n i t o l  a n d  b o r ic  a c id  a r e  s im i la r ly  o n ly  s l i g h t ly  in f l u e n c e d  b y  t h e  io n ic  s t r e n g th .

S in c e  t h e  a lc o h o l  p h a s e  c o n t a i n e d  a  l a r g e  q u a n t i t y  o f  w a te r ,  i t  h a s  b e e n  p r o v e d  in  
a  s e p a r a t e  e x p e r im e n t  t h a t  B (O H ) .f  io n s  a r e  n o t  e x t r a c t e d .  T h is  w a s  d o n e  b y  t h e  d e t e r m i n a 
t i o n  o f  t h e  p r o t o n a t i o n  c o n s t a n t  f r o m  e x t r a c t i o n  d a t a ,  w h ic h  (lo g  ß uo == 8 .9 4  J r  0 .0 6 , I  — 0 .5 0 , 
27  °C ) w a s  in  g o o d  a g r e e m e n t  w i t h  t h e  c o n s t a n t  m e a s u r e d  e a r l ie r  p H - m e t r i c a l l y  (8 .8 4 , I  =  1 .0 0 , 
25  °C  [1 8 ] ) .  P r e s u m in g  o n ly  t h e  e x t r a c t i o n  o f  b o r ic  a c id ,  t h e  p r o t o n a t i o n  c o n s t a n t  w a s  c a l 
c u l a t e d  o n  t h e  b a s is  o f  t h e  p H  d e p e n d e n c e  o f  d HB in  t h e  u s u a l  w a y  [3 4 ] .
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I

F ig. 2. Change of d istribution  coefficients in  b u tanol—w ater system  as a function of the ionic  
strength  of the aqueous phase, a HC104, b B (O H )3, c H 20 ,  d  NaC104, e D-mannitol

An evaluation o f  our experim ents showed th a t th e  system  bu tan o l—water is suitable  
for th e  study of boric acid com plexes, if  the ionic strength  o f the aqueous phase is high, and 
rem ains constant during th e  investigations.

In  the investigation  o f  boric acid—glycol com plexes, perchloric acid, boric acid and 
sodium  perchlorate were d isso lved  in the aqueous phase in quantities to  give after the establish
ing o f equilibrium pH  2.0 , CB =  0.02 and I  =  0.50. T he concentration o f glycols varied between  
0 and 0.6 m ol/dm 3 (th a t o f  du lcito l only up to 0.15 m ol/dm 3, because of its poor solubility). 
The solutions were shaken w ith  an equal volum e o f butanol, and after 48 hours of standing  
th e  to ta l boric acid co n ten t o f  both  phases was m easured. In  the case o f hexitols, experim ents 
were carried out also in  so lutions of CB =  0.01 boric acid concentration.

Calculation o f  the stability constants fro m  extraction data 

In absence o f g lyco l, th e  experim entally m easurable distribution coefficient o f boric
acid is:

(H B ) (H B ) 1
HB [H B ] +  [H B N ] [H B ] 1 +  /Sn [N ] K '

The concentration o f b u tan o l transferred during extraction  into th e  aqueous solution of 0.50 
ionic strength was determ ined in  a separate experim ent. The stab ility  constant of the butanol — 
boric acid com plex form ed in the aqueous phase, ß ^ , is 0.65 [32]. In  the presence of glycol, 
w hen a 1 : 1 com plex is form ed in both  phases:

dHB =
(H B ) +  (H BD)

[H B ] +  [H B N ] +  [H B D ]
(H B ) 1 +  ß& dD [D] 
[H B ] 1 +  /?n [N ] +  |8d [D] ( 2)

Since the ratio (H B )/[H B ] is the distribution coefficient o f  boric acid, (1) divided b y  (2)

d H B _______ 1 +  /?n [N ]  -f- f o [ D ]  / «
HB (1 +  M N ] )  (1 +  ß b  d D  [D ]) V '

Owing to th e  large excess o f the com plex former: [D] ^  CD. The stab ility  constants  
can be calculated on th e  basis o f (3) num erically, b y  curve fittin g . This route was follow ed in  
th e  case o f butane-1,3-d iol, the distribution coefficient o f which (dD =  0.57 :: 0.07) was 
determ ined in a separate experim ent.

In the case o f h ex ito ls  a straight line is obtained, when the ratio o f the distribution  
coefficients is p lotted  as a fun ction  of glycol concentration (F ig. 3). This indicates that com plex  
is form ed only in the aqueous phase. Since [N] is constan t during the investigation, in the case 
o f ß =  0 (3) is actually  th e  equation of a straight line:

^HB _ 1  I ß o

<*DHB +  1 +  M N ]
[D]
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Fig. 3. R atio o f  th e  distribution coefficients o f  boric acid, m easured in  the absence (cÍhb) 
and in  the presence (df{ß) o f glycol, as a function o f g lycol concentration, a D-Sorbitol, b D-man- 
nitol, c dulcitol, d  e thy len e glycol, e 1,2-propylene glycol, f  glycerol, g  butane-1,3-dioi

The constant can be calculated on the basis o f the slope. H ow ever, a second boric acid m ay  
also be attached to  hexitols. I f  1 : 1 and 1 : 2 g ly co l—boric acid com plexes are formed in  the  
aqueous phase, then:

ĤB _ 1 , Pd (1 + * d[HB]) mi
dDHB -  +  1 +  f t, [N] 1 J

Since experim ental data m easured in solutions o f different boric acid concentrations were 
located  along the sam e straight line, the form ation o f 1 : 2 com plexes could be excluded  

In  the case o f  glycerol and 1,2- diols, the form ation of g ly co l—boric acid com plex could  
n o t be detected either in  th e  aqueous or in  the alcohol phase.

Table П

Stability  constants o f  glycol—boric acid and —borate complexes 
(reliability is expressed as the confidence interval belonging to  the 95% level)

Glycol
Type of 
complex

Experi
mental

conditions

Symbol Numerical value

of the constant

E thylene glycol B D - a ßoil 1.83 ±  0.18
IIBD b not formed

1,2-Propylene glycol B D - a ßoil 3.17 ±  0.20

H BD b not formed

Glycerol B D - a 0̂11 23.6 ±  2.5
H BD b not formed

Butane-1,3-diol B D - c ßoil 1.38 ±  0.11
H BD c ßo 0.54 ±  0.11

b 0.42 ±  0.24

Dulcitol 0.91 ±  0.30
D-Mannitol H BD b ßo 1.10 ±  0.37
D-Sorbitol 2.52 ±  0.48

a pH -m etry, 25 °C, J =  0.08 [26]; 
b extraction, 27 °C, I  — 0.50, present work; 
c pH -m etry, 25 °C, /  =  0.01, present work
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The stability constants o f butane-1,3-diol com plexes were determ ined also by pH -m etry  
in  so lutions of pH  8 — 9 and o f 0.01 ionic strength. M easuring techniques (cell w ithout trans
ference, m ethod of “ e.m .f. difference m easurem ent” ) and mode of calculation were identical 
w ith  those given earlier [26, 27]. According to the pH -m etric investigations, butane-1,3-diol 
form s in  weakly alkaline solution a 1 : 1 com plex both  w ith boric acid and the borate ion.

Stability  constants determ ined are contained in  Table II.

D iscussion

S tab ility  o f  glycol— boric acid complexes

T he agreem ent b e tw een  th e  s ta b ili ty  co n stan ts  of m a n n ito l—boric acid 
m easu red  b y  us and  p u b lish ed  in  th e  l i te ra tu re  (0.72 ^  0.05, I  =  3.00, 25 °C, 
p o la r im e try  [28]) is a ccep tab le . D a ta  re le v a n t to  th e  2 ,2 -d ip h en y lp ro p an e -l,3 - 
d io l — boric  acid  com plex  (ß D =  0.59 i  0 .10, I  =  0.5 [5]) c an  also be w ell 
f i t t e d  to  co n stan ts  m easu red  b y  us.

T he s ta b ility  b e h a v io u r o f h e x ito l—boric  acids can  be  in te rp re te d  on 
th e  basis  of Fig. 4. T he bo ric  acid  com plex  o f  th e  com pound co n ta in in g  1,3-cis- 
g lyco l group is cyclic, o f ch a ir  co n fo rm atio n  [3]. In  th e  d u lc ito l com plex one

a b e
F ig. 4. The m ost probable structures o f 1 ,3 -g lyco l- boric acids on the basis o f calotte m odels. 

a D u lc ito l—, b D-m annitol— , c D-sorbitol — boric acid

o f th e  alcoholic h y d ro x y  g roups gets in to  u n fav u rab le  a x ia l position . O n th e  
la rg e  equatorial side ch a in  o f D -m annito l com plex  fo rm ed  w ith  th e  CjO — C30  
g ro u p , th e  steric  positio n  o f th e  C5—O H  g ro u p  is m ore u n fav o u rab le  th a n  th a t  
o f  th e  C2— O H  group in  D -so rb ito l—boric  ac id . In  th e  la t te r  case th e  side ch a in  
o f  th e  com plex form ed w ith  th e  C40  — C60  dio l quasi tu rn s  aw ay  from  th e  rin g .

R esu lts o b ta in ed  show  th a t  th e  decrease in  ro ta tio n a l freedom  o f th e  
l ig a n d  plays a decisive ro le in  th e  fo rm a tio n  of g lycol—b o ric  acid com plexes. 
I n  h ex ito ls  only  th e  ro ta t io n  of th e  te rm in a l groups is possib le, th e re fo re , 
g lyco l groups of p o sitio n  1,3 get easier in to  overlapp ing  p o sitio n , th a n  in  th e  
case  o f bu tane-1 ,3 -d io l. T h e  boric  acid com plex  of th is  l a t te r  glycol is s tab ilized  
b y  th e  e lectron  donor effect o f th e  m e th y l group, how ever, th e  ro ta tio n a l 
freed o m  of th e  ligand  decreases to  a g re a te r  m easure, th a n  in  h ex ito l com plexes.
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T he C2—O il group o f g lycero l d im in ishes e lec tron  d e n s ity  a t  th e  neighbouring  
ca rb o n  a tom s, b u t  does n o t  su b s ta n tia lly  h in d er a t  th e  sam e tim e  th e  ro ta tio n  
of th e  te rm in a l g roups, th is  b e ing  th e  reason  th a t  no com plex  is form ed.

I t  can  be estab lish ed  th a t  p o la r b u ta n o l is m ore  su ita b le  fo r th e  e x tra c 
tiv e  in v es tig a tio n  o f  low  s ta b ili ty  boric  acid com plexes, th a n  th e  apo lar 
so lven ts used earlier. T h is is su p p o rte d  besides th e  good ag reem en t of th e  ßD 
va lues of b u tan e -1 ,3 -d io l—boric  acid  m easured  b y  p H -m e try  an d  b y  e x tra c 
tio n  also b y  th e  fa c t  t h a t  th e  e x tra c tio n  of th e  com plex  in to  b u ta n o l could 
also be follow ed. U sing  an  ap o la r so lven t, th is  com plex  could  n o t be d e tec ted
[5], th o u g h  its  fo rm a tio n  has b een  described  earlie r [30].

General conclusions

O ur m easu rem en ts su p p o rt D ale’s conclusion  [3], accord ing  to  w hich 
1 ,2 -d io l—boric acid  com plexes a re  n o t form ed in  aq u eo u s so lu tio n  because 
of rin g  s tra in . This excludes a t  th e  sam e tim e th e  fo rm a tio n  of g lyco l—boric  
acids con ta in in g  te tra c o o rd in a te d  b o ro n  (Fig. 1). T h u s , th e  p H  o f th e  b o ra te  
so lu tio n  on a d d itio n  o f  1 ,2 -diols decreases exclusively  b ecau se  o f th e  fo rm atio n  
o f an ion  com plexes.

F igu re  5 sum m arizes th o se  boric  acid a n d  b o ra te  com plex fo rm a
tio n  equ ilib ria , w h ich  cou ld  be p ro v ed  ex p erim en ta lly .

1,3-Diols d im in ish  th e  p H  o f th e  b o ra te  so lu tio n  in  a sligh te r m easure 
th a n  1 ,2 -diols, because  b o ric  ac id  com plex is also fo rm ed  besides b o ra te  com 
p lex . Conner  an d  B ulg rin  d id  n o t ta k e  th is  in to  co n sid e ra tio n , an d  th o u g h t 
th e re fo re  th a t  th e  b o ra te  com plexes o f  th e  la t te r  a re  co n sid e rab ly  m ore s tab le
[16]. A ccording to  o u r in v e s tig a tio n s , th e  s ta b ility  o f  th e  five- an d  six-m em - 
b e red  cyclic b o ra te  com plexes is a lm ost equal, a n d  th is  is con sis ten t w ith  
find ings based  on n B -N M R  m easu rem en ts [17].

T he fac t th a t  1 ,3 -d io l—boric  acid  com plexes h a v e  a  low er s ta b ility  
th a n  an ion  com plexes m a y  be caused  by  oxygens g e ttin g  in to  overlapp ing  
p o sitio n , w hich is o n ly  p a r t ly  co u n te rb a lan ced  b y  th e  ceasing  o f ax ia l В — O H  
in  b o ra te  com plexes.

T he boric acid  com plexes o f 1,3-diols are  s tro n g e r  acids th a n  boric acid. 
I t  can  be deduced t h a t  th e  ra tio  o f th e ir  p ro to n a tio n  c o n s ta n t and  of th a t  o f 
boric  acid

ßp __ ßp  

ßuo ßon

is fo r all th e  glycols in v e s tig a te d  (T able I I ,  [26]) sm alle r th a n  1.0. I n  th e  case 
o f po lyalcohols i t  is o f  an  o rd er of m ag n itu d e  of 1 0  ~3, because  on ta k in g  up  
n eg a tiv e  charge, th e  1 ,3-diol b o n d  reac ts  to  form  1 ,2 -d io l com plex, su b s ta n 
tia lly  m ore stab le  as an  an ion . T h u s, th e  system s b e h av e  as acids stro n g er
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F ig. 5. Formation equilibria o f the glycol com plexes o f boric acid and borate ion  in aqueous
solution

t h a n  boric  acid, th o u g h  th e  a c c e p to r s tre n g th  of b o ro n , c a r r ie r  th e  Lewis 
a c id  ch a rac te r, d ecreases b y  th e  c o o rd in a tio n  o f th e  nucleo p h ilic  glycol.

O ur resu lts ca ll th e  a t te n t io n  to  th e  fa c t th a t  in  re a c tio n s  w here th e  
fo rm a tio n  of b o ro n —glycol com plexes is to  be assum ed , th e  fo rm a tio n  of less 
s tu d ie d  glycol—boric  ac ids m u s t also  be  ta k e n  in to  c o n s id e ra tio n  besides th e  
fo rm a tio n  of an ion  com plexes.
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The increase in  pH  in boric acid —borate buffer on addition of polar organic 
com pounds was attributed to  the form ation o f 1 : 1 boric acid—Lewis base complexes. 
When the reagents were added instead of borate buffer to  phosphate buffer o f the same 
pH , only little  changes in pH , caused by the m edium  effect o f the polar organic com 
pounds have been observed. Correcting w ith these pH  changes data measured in boric 
acid—borate solutions, the stab ility  constants o f the boric acid com plexes o f dioxane, 
dim ethyl form am ide, d im ethyl su lfoxide, acetone, butanol, propanol, m ethanol and 
acetonitrile have been determ ined.

It was concluded on the basis o f the results that neither does the medium effect 
of glycols cause any considerable error in  the pH -m etric determ ination of the stabil
ity  constants o f  glycol —borate com plexes.

In  th e  p H -m e tric  d e te rm in a tio n  of th e  s ta b ility  c o n s ta n t o f d io l—b o ra te  
com plexes th e  c o n c e n tra tio n  o F to ta l  boron  is genera lly  k e p t a t  a low value 
(m ax. 0.025 m o l/dm 3) in  th e  so lu tio n  [1, 2], to  avo id  th e  fo rm a tio n  of p o ly 
b o ra te  ions [3]. O w ing to  th e  low  s ta b ili ty  o f th e  com plexes, th e  co n cen tra tio n  
of diol has to  be th u s  in creased  d u rin g  th e  in v es tig a tio n , som etim es up  to
0.5 — 2.0 m ol/dm 3. T his ra ises th e  q uestion , w h e th e r p H  v a lu es  m easured  in  
th e  co n cen tra ted  so lu tio n  o f th e  organic reag en t are  a c tu a lly  ch a rac te ris tic  
o f th e  d io l—b o ra te  com plex  fo rm ing  reac tio n , or are  to  be a t tr ib u te d  to  th e  
general m edium  effect of th e  diol.

A ccording to  N a z a r e n k o  a n d  E r m a k  [4], diols e x e rt an  im p o r ta n t effect 
on th e  re la tiv e  p e rm itt iv i ty  o f th e  m edium , th e re fo re , th e  v a lu e  of th e  m eas
u rab le  a p p a re n t s ta b ili ty  c o n s ta n ts  w ill depend  also on th e  p rev a ilin g  glycol 
co n cen tra tio n . H ow ever, th e  su b s ta n tia l  m ed ium  effect described  by  th em  
could  n o t be rep ro d u ced  b y  o th e r  au th o rs  [1, 5]. In  th e  d e te rm in a tio n  of th e  
s ta b ility  of di- and  p o ly a lco h o l—b o ra te  com plexes, Co n n e r  an d  B u l g h in  
used 2 -m ethoxy  e th an o l fo r m ed ium  effect co rrec tion . T itra t in g  w ith  th is  com 
pound d ilu te  te tr a b o ra te  so lu tions, th e y  observed  a s lig h t increase in  p H  
(as c o n tra ry  to  th e  s ligh t decrease in  p H , accom pany ing  th e  fo rm atio n  o f 
d io l—b o ra te  com plexes). T h ey  assum ed  th a t  2 -m eth o x y  e th a n o l does n o t 
in te ra c t w ith  th e  b o ra te  io n  o r w ith  boric  acid , an d  used  th e  p H  changes 
o b ta in ed  as a n u m erica l m easu re  of m ed ium  effect fo r th e  co rrec tion  of th e
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p H  values m easu red  in  th e  in v e s tig a tio n  of di- an d  polyalcohols [1]. E van s  
et al. [5] ad o p ted  th is  m eth o d  w ith  th e  rem ark  th a t  i t  is questio n ab le , w ith in  
w h ich  lim its th is  co rrec tio n  is v a lid .

I t  was fo u n d  in  ou r earlie r w ork  [6 , 7] th a t  on ad d in g  p o la r so lven ts 
(d im e th y l fo rm am id e , d im e th y l su lfox ide) to  a b o ra te  bu ffe r, a considerab ly  
la rg e r  increase in  p H  is o b ta in ed , th a n  on add ing  th e  sam e reag en ts  to  o th e r 
so lu tions o f s im ila r p H  an d  b u ffe r c a p a c ity  (e.g. to  g lycine buffer). T his find ing  
w as explained b y  th e  fo rm a tio n  o f  bo ric  a c id —Lew is base  com plexes, th e  
s ta b il i ty  co n stan ts  o f  w hich  h av e  b een  dete rm in ed  [6 ].

This p ap e r re p o r ts  on th e  in v e s tig a tio n  o f th e  fo rm a tio n  o f boric  acid 
com plexes of fu r th e r  six  po lar o rg an ic  com pounds (d ioxane, ace tone , ace to 
n itr ile , m ethano l, p ro p an o l, b u tan o l) .

E xperim en ta l

Symbols

H B , B ~  boric acid, B (O H )3, and the borate ion, B (O H )j 
N  the com plex-form ing polar organic com pound (Lewis base)
H B N  symbol o f th e  com plex

=  [H B N ] [H B ]-1 [ N ] -1  stab ility  constant o f  the com plex  
ß 110 according to  th e  sym bol used in  an earlier com m unieation [2], the protonation

constant o f  boric acid
Cß total concentration  of the boron-containing particles in  the solution
С^а concentration o f sodium  ions, equivalent to sodium  hydroxide getting into the

solution on partial neutralization of boric acid
s, i as suffix  to  other sym bols, th ey  indicate values relevant to the starting solution

(containing o n ly  borate buffer) and to other solutions titrated  at the single measur
ing points (containing borate buffer and a given qu antity  o f  organic reagent), 
respectively

E  electrom otive force
Л Е  =  E s — E i on titra tin g  the buffer w ith  th e  polar organic com pound, the change in electro

m otive force, referred to the value before the beginning o f titration  
/11'-),, /ti'.p AE  values m easured in the borate and phosphate buffer, respectively  
A E C0Tr difference o f  th e  preceding tw o values, see expression (1)

Methods

Boric acid was recrystallized three tim es from hot water. The other reagents were of  
analytical purity, checked for acid and base impurities.

Electrom otive force w as measured in a vessel therm ostated at 25 ±  0.2 °C, w ith a 
R adiom eter pHm4 instrum ent and a R adiom eter G200B glass electrode in the following cell:

glass electrode | te st solution | 0.50 m ol/dm 3 NaC104 |
0.49 m ol/dm 3 NaC104, 0.01 mol/dm3 NaCl j Ag/AgCl

Stability constants were determ ined b y  the “ e.m .f. difference m ethod” [2]. Electro
m otive  force (Es) was m easured in the test solution containing 0.020 m ol/dm 3 boric acid and 
th e  pH  was adjusted w ith  sodium  hydroxide to  about 8.0 then adding reagent to the solution, 
e.m .f. values (E ,) belonging to the given Lewis base concentration were noted down. During 
th e  experim ents, the q u a n tity  o f reagents in  the solution increased up to 0.5 m ol/dm 3.

The change in e.m .f. ( AE (,) belonging to  a given Lewis base concentration m ay be caused 
besides the formation o f  th e  boric acid com plex also by the m edium  effect o f  the reagents. 
To elim inate this la tter  non-specific interaction , the experim ents were carried out under com 
p le te ly  identical conditions instead of boric acid w ith  another buffer. In the earlier experi
m ents [6] glycine has been  used, in the present work a phosphate buffer, containing sim ilarly 
to  borate a tetrahedral ion. According to our experim ents AE  values m easured in glycine and
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phosphate solutions were virtually  the sam e very  low  values, not exceed ing even at a reagent 
concentration of 0.50 m ol/dm 3 1.5 mV. In absence of borate, the electrom otive force increased  
on th e  addition o f m ethanol, propanol and butanol, while it  decreased in  th e  case o f the other  
reagents.

Standard deviation of E s in parallel experim ents was 1.2 mV, w hile A E  could be repro
duced very  precisely, w ith a standard deviation o f ± 0 .3  mV.

Changes in e.m .f. m easured in  the borate buffer (AE^) were corrected w ith the values  
obtained in the phosphate buffer (A E p):

-1 ̂ Jcorr ~  IC'h  ̂Cp (1)

Calculations o f stab ility  constants

On the basis o f electroneutrality, during a titration, when th e  ions of sodium  per
chlorate are om itted:

CNa +  [ H + ] =  [ B - ] +  [O H -] (2)

Under the pH  and concentration conditions used, the proton and hydroxide ion concentrations 
can also be om itted in (2). The boron concentration o f the solution before the addition o f the  
com plex former can be described w ith  Eq. (3) and during titration w ith  E q. (4):

cBs= [H B ]S +  [ B - ] s 

CB i=  [H B ] ,.+  [B - ] ,. - [HBN],-
(3)

(4)

D iluting the solution w ith  the reagent, Cg and Cjsja decrease in  the sam e ratio, because  
the change in pH is small:

^Nas _ C ß i  C’Nai / r \
r  rt \°/
'-'Nas

On the basis of Eqs (2) —(5)
^Na/

[H B ]S [ H B ] ,+ [ H B N ] ,
[ B - ] s

su bstitu tion  of the stab ility  constants gives:

[B -

Aio [H + b  =  ßno  [Н +]г +  ß tiß n o  [H +], [N]

and after reduction and rearrangement:

[H +L  
[H + ], =  1 +  ß n  [N]

pH , -  pH s =  dpH  =  lg (1 +  ß N [N]) (6)

Fig. 1. Increase in  pH  (zlpH) in borate solution on the addition of polar organic com pounds, 
as a function  of reagent concentration; a D ioxane, b dim ethyl form am ide, c dim ethyl sulfoxide, 

d  acetone, e butanol, /  propanol, g  acetonitrile, h m ethanol
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/1рII can be calculated, from  the value of zlEcorr, w hile [N] can be considered as identical w ith  
th e  total concentration o f  th e  com plex former, because of the large excess o f the latter. The  
d a ta  o f measurements are show n in Fig. 1.

All the data m easured could be described on the basis o f E q. (6), the formation of the  
com plexes [B(OH)3N 2] or [B (O H )2N ] (-f-) could be excluded [6]. S tab ility  constants are given  
in  Table I.

Table I

Stability  constants o f the complexes formed between boric acid and po lar organic compounds in  
aqueous solution at 25 °C and 0.50 ionic strength. The errors o f the constants are expressed by the 

confidence interval belonging to the 95% confidence level

Complex former ßN

D ioxane 0.89 ±  0.15

D im eth yl formamide 0.81 ±  0.04 [6]

D im eth yl sulfoxide 0.75 ±  0.06 [6]

A cetone 0.68 ±  0.12

B utanol 0.65 ±  0.13

Propanol 0.61 ±  0.13

A cetonitrile 0.46 ±  0.16

M ethanol 0.12 ±  0.11

D iscussion

Interaction  o f  boric acid w ith  polar organic compounds 
in aqueous solution

The in te ra c tio n  o f m ethano l, p ro p an o l, b u ta n o l a n d  boric acid can  be 
p ro b ab ly  a t tr ib u te d  to  th e  fo rm ation  o f [a lk o x o -d ih y d ro x o -b o ra te (III)]  v ia  
th e  ligand exchange

B (O H ) 3 +  R O H  B (O R )(O H )2 +  H 20 .

T h is  is supp o rted  b y  th e  find ing  th a t  th e  in fra red  sp e c tru m  of boric acid  
d issolved in  b u ta n o l in d ic a te s  besides th e  ap p earan ce  o f  w a te r  form ed in  th e  
re a c tio n  th e  p resence  o ftri-co o rd in a ted  b o ro n  [8 ]. O w ing to  th e  coo rd ina tion  
o f  th e  alkoxy g ro u p , e lec tro n  density  is increased  a t  th e  boron , its accep to r 
s tre n g th  is red u ced , w h ich  represses th e  co o rd in a tio n  o f th e  hydrox ide ion. 
I n  aqueous so lu tio n  th e  reac tio n  proceeds in  a ju s t  d e te c ta b le  m easure.

A protic, p o la r m olecules m ay form  w ith  boric acid  L ew is-type a c id -b ase  
a d d u c ts :

O H
/

Н О — В +
\

O H

O H
▲

H O  ► В M 
▼

HO
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T his is su p p o rted  also b y  o b se rv a tio n s rep o rted  in  th e  lite ra tu re , acco rd in g  
to  w h ich  th e  io n iza tio n  ra te  o f boric  ac id  decreases in  d im e th y l su lfox ide—w a te r  
m ix tu re , as com pared  to  th a t  in  aqueous so lu tio n  [9], an d  boric acid is p re se n t 
also in  acetone — d im eth y l su lfox ide m ix tu res  in  th e  m onom eric fo rm  [ 1 0 ]. 
T he s ta b ili ty  co n stan ts  of these  com plexes (Table I) re f le c t in  aqueous m ed ium  
th e  Lew is base s tre n g th  of th e  p o la r  com pound  w ith  re sp ec t to  boric  ac id , 
an d  can  be  com pared  on ly  p a r tly  w ith  o th e r expressions of th e  donor s tre n g th , 
because  th e  Lewis a c id —base in te ra c tio n  is accom pan ied  b y  o th e r processes 
(change in  sy m m etry  ab o u t b o ro n , a decrease on В — О bond o rd e r [11]). 
I t  can  be estab lished , how ever, t h a t  th e  o rd er o f th e  ß N values in  th e  series 
d im e th y l fo rm am ide — acetone  •— ace to n itrile  follows th a t  of th e  d o n a c ity  [1 2 ], 
w hile th e  com plex o f d im eth y l fo rm am id e  even in  th e  case o f boron  tr ih a lid e s  
is m ore s tab le  th a n  th e  com plex o f d im e th y l su lfox ide [13]. In  ad d itio n  to  th e  
m a g n itu d e  of th e  (<5—)-charge o f  Lewis bases, th e  h a rd -so ft c h a ra c te r  also 
asse rts  itse lf, and  th is  m ay  ex p la in  th e  fa c t th a t  th e  bo ric  acid com plex o f  th e  
le a s t p o la rizab le  d ioxane has a so m ew h at h igher s ta b ili ty , th a n  th e  com plexes 
o f  th e  m ore  basic  so lven ts.

I t  is n o te w o rth y  th a t  th e  s ta b il i ty  o f th e  Lew is ac id —base a d d u c ts  
ap p ro ach es th a t  o f  th e  cyclic d io l—boric  acid com plexes.

Correction o f  the m edium  effect o f  po lar com pounds in  the determ ination o f  the 
stab ility  constants o f  boric acid and  borate complexes by electromotive force

m easurem ent

T h e o rder of m ag n itu d e  o f  E p va lues m easu red  in  p h o sp h a te  b u ffe r  is 
in  good ag reem en t w ith  re c e n tly  pu b lish ed  s im ila r d a ta , m easu red  b y  
K a k a b a d s e  et al. [14] for th e  sy s te m  acidic m e th a n o l—w ate r w ith  a  glass 
e lec tro d e . I t  is n o te w o rth y  th a t  alcohols, s tro n g er p ro to n  donors th a n  w a te r , 
an d  Lew is bases accep to rs a t  th e  H -b o n d , caused  p H  changes of o p p o site  
d irec tio n . I t  seem s an  accep tab le  a p p ro x im a tio n  to  ch arac terize  th e  m ed iu m  
effec t o f th e  com pounds w ith  th e se  d a ta , th o u g h  i t  w as found  by  th e  a u th o rs  
m en tio n ed  [14] t h a t  in  m e th a n o l—w a te r  m ix tu res  o f th e  sam e com p o sitio n  
th e  change in  e .m .f. depends also on th e  k in d  o f glass electrode used . T h u s , 
an  in c rease  in  th e  co n cen tra tio n  o f  th e  p o la r com pounds does n o t e x e r t  its  
in flu en ce  on th e  v a lu e  o f th e  e lec tro m o tiv e  force m easu rab le  in  th e  so lu tio n  
th ro u g h  th e  chang ing  of th e  ionic a c tiv itie s  alone.

In  th e  d e te rm in a tio n  of th e  s ta b ili ty  co n s ta n ts  o f g lycol—b o ra te  co m 
p lexes, “ m edium  effect co rrec tio n ”  w ith  2 -m e th o x y  e th an o l, as rep o rted  ea rlie r 
in  th e  l i te ra tu re  [1, 5], gives e rroneous resu lts . C alcu la tions on th e  b as is  of 
“ p H  co rrec tio n s”  p u b lished  [1, 5] show  th a t  th is  com pound  form s a  b o ric  
acid  com plex  of ß N ^  0.2 s ta b ility . Co n n e r  an d  B u l g r in  did n o t ta k e  th is  
in to  co n sid e ra tio n , an d  th is  is th e  reaso n  w hy  th e y  p u b lished  h igher v a lu es
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fo r  th e  s ta b ility  c o n s ta n ts  o f d io l—b o ra te s , p a r tic u la r ly  o f 2  : 1 com plexes, 
t h a n  o th e r  au th o rs . (T hey  found  e.g. for th e  lg  ß x an d  lg ß2 c o n s ta n ts  o f e th y len e  
g ly c o l—b o ra te  0.33 a n d  0.06 [1], as c o n tra ry  to  th e  values 0.27 a n d  — 1.00 o f 
o th e r  au th o rs  [15] a n d  to  ou r resu lts  o f 0.23 an d  —0.85 [2].)

W e in v es tig a ted  how  fa r  th e  ea rlie r p u b lish ed  s ta b ili ty  co n stan ts  o f 
g ly c o l—b o ra te  com plexes ca lcu la ted  on th e  basis  o f u n co rrec ted  e.m .f. va lues 
a re  m odified  b y  th e  m ed iu m  effect co rrec tio n  u sed  b y  us.

W ith  A E P d a ta  o b ta in e d  in  th e  t i t r a t io n  o f  p h o sp h a te  b u ffe r w ith  e thy lene  
g lyco l (in  th e  case o f 1 .0  m ol/dm 3 glycol c o n c e n tra tio n  an  e .m .f. increase  o f 
2.51 mY) the  m ed ium  effect co rrec tion  h as  b een  carried  o u t fo r ou r m easu re 
m e n ts  [2] re le v a n t to  th e  e thy lene  g lyco l—b o ra te  system . T h e  lo g a rith m  o f 
th e  s ta b ili ty  c o n s ta n t o f  th e  1 : 1 com plex  w as reduced  th e re b y  from  0.23 to
0 .18 , t h a t  of th e  2 : 1 e th y len e  g lycol—b o ra te  com plex from  —0.85 to  —1.10.

I t  can  be seen  fro m  th is  th a t  th e  m ed iu m  effect o f glycols is a c tu a lly  
m a n ife s te d  in  c o n c e n tra te d  so lu tions d u rin g  p H  m easu rem en t, b u t  re su lts  
o n ly  sm all p H -sh ifts , w h ich  do scarcely  a ffec t th e  value o f th e  s ta b ili ty  cons
ta n t s ,  an d  do n o t a l te r  th e  general v iew  on  th e  g lycol—b o ra te  com plexes [2 , 8 ].
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The activities o f surfactant ions and counterions were directly  obtained b y  EM F  
m easurem ents in aqueous solutions of sodium -octanoate depending on the concentration  
and the tem perature. The m ean activ ity  coefficient were also calculated. From  these  
data, together w ith  the tem perature and concentration dependence of the surface 
tension the CMC and its dependence on the temperature w ere determined.

The m ean activ ity  coefficient a t the CMC was found to  be considerably smaller 
then  that calculated by the D e b y e —H ückel equation, w hich can be explained by the  
premicelle formation.

The am ount o f adsorption and the heat o f adsorption were calculated using the  
Gibbs adsorption isotherm  for the adsorption of sodium -octanoate.

On the basis o f the tem perature dependence of the AG°, AH ° and AS° for the 
m icelle form ation it  can be concluded that the entropy is th e  m ost im portant factor  
in  stabilizing the hydrophobic bonds o f the micelle form ation, due to changes in  the  
water structure.

The charged phase separation m odel was verified as th e  m echanism  of the m icelle 
form ation, and the degree of counterion attachm ent was calculated to be 0.665.

In troduc tion

O n th e  basis o f e x p e rim en ta l resu lts  [1, 2, 3, 4] i t  can  be concluded  
th a t  sh o rt chain  a lky l ca rb o x y la te s  form  p o ly n u c lear agg regates (m icelles). 
T hese ag g rega tion  processes can  be exp lained  in  te rm s  o f  th e  s tru c tu re -s ta b i
lizing  effect o f h y d ro ca rb o n  ch a in s  on w ater on th e  one h an d , an d  o f th e  
increased  to rs io n a l v ib ra tio n s  o f h y d ro carb o n  chains as th e y  agg regate  on 
th e  o th e r  [5].

T h e  s tu d y  of th e  a c tiv ity  o f  th e  aqueous s u r fa c ta n t so lu tions is im p o r ta n t 
as a bassis for in te rp re tin g  th e  p ro p ertie s  of these  sy s tem s. H ow ever, th e re  
h av e  b een  few such  rep o rts  [6 —9] because of th e  d iff ic u lty  of m easu rem en t 
a t  low  co n cen tra tio n s w here su rfa c ta n ts  are generally  u sed  a n d  o f th e  in ev itab le  
e rro r invo lved  in  th e  m eth o d s o f  m easu rem en t. The a c tiv i ty  m easu rem en t of 
th e  ionic su rfa c ta n ts  requ ires th o se  o f b o th  th e  s u r fa c ta n t  ion  and  th e  coun
te r  ion.

A m ong th e  v a rious m e th o d s th e  m easu rem en t o f  th e  e lec trom otive  force 
o f a co n cen tra tio n  cell c o n ta in in g  an  ion-exchange m em b ran e  sem iperm eable
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to  a  su rfa c ta n t an io n , a n d  th e  p N a  m easu rem en ts fo r th e  co u n te rio n  have 
p ro v e d  to  be th e  m o st e ffec tive  [1 0 , 1 1 ].

T he d e te rm in a tio n  o f th e  a c tiv ity  an d  surface te n s io n  fo r th e  aqueous 
so lu tio n s of su rfa c ta n ts  allow s to  d raw  conclusions in  th e  te m p e ra tu re  in te rv a l 
ex am in ed  for th e  m ech an ism  o f th e  m icelle fo rm atio n , th e  s tru c tu re  of the  
m icelles and  th e  degree o f c o u n te rio n  a tta c h m e n t, as well as th e  app licab ility  
o f  th e  G ibbs’ a d so rp tio n  iso th e rm  an d  th e  D ebye — H iickel eq u a tio n .

1. E xperim en ta l

To achieve the goals set in the introduction, the EMF of aqueous sodium -octanoate  
solutions (NaC8) in cells assem bled to the purpose, and the surface ten sion  of the solutions 
and their dependence on tem perature and concentration were determ ined.

The activity o f sodium  ions (aNa) was m easured b y  using an OP — N a 711 type Radelkis 
sod ium  responsive glass electrode.

pN a electrode NaC8 1 M  n h 4n o 3 KC1 calomel electrode
aNa 4%  agar 

bridge
sat. saturated

A  sodium  chloride of k n ow n  a ctiv ity  was used to  control the cell for th e  N em stian  response.
For the m easurem ent o f the activ ity  o f octanoate ions (а0с4) a concentration cell of the  

fo llow ing type was used:

calom el KCl 1 1 M  n h 4n o 3 NaCs NaC8 KC1 1 M  n h 4n o 3 calomel (2)
el. sat. sat. 1 4% agar 

1 bridge
°Oct «Oct sat. 4% agar 

bridge
el. sat.

T he sam ple solutions (a0ct) and the standard solutions (a ‘)ct) were kep t apart b y  a [МЛ -4 0  
ty p e  anion-exchange m em brane (U SSR )]. The reference (standard) solution  was 0.20 m ol/dm 3 
NaCg.

Four percent agar in  1.0 m ol/dm 3 N H 4N 0 3 solution was used to  prepare the bridges. 
T h e membrane was stored in  an aqueous 0.50 m ol/dm 3 NaCl solution, and prior to use it  has 
been  soaked in the 0.20 m ol/dm 3 NaCg reference solution for two or three days, and then rinsed 
w ith  deionized water. W hen not in use, both  parts o f the cell were filled  w ith  the standard 
solution .

The EMF was m easured b y  using an OP 205 type Radelkis “ Precision pH Meter”  
w ith  a sensitivity o f 0.10 MY. Steady EM F value (E m f) was usually obtained  after 3 0 —60 min, 
and the equilibrium value (U MF) w as calculated b y  taking into account th e  asym m etry poten- 
tia l ( £ as):

-^mf := •E'mf E as (3)

T he asym m etry potentia l w as m easured b y  filling both  sides o f the m em brane w ith the refer
ence solution.

The surface tension  w as m easured using a К  8600 type du N oüy-tensiom eter. Steady  
valu es were obtained after 30 m in and adopted as equilibrium values.

The EMF and surface tension m easurem ents were carried out at 20, 30, 40, 50°( +  0.1 °C)
The salt sodium-octanoate used was an analytically  pure product o f  Merck. I t  was dried 

under vacuum  at 120 °C for 48 h to purify it  from  traces of water.
The water used w as ion-exchanged distilled water.
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2. R esu lts  an d  D iscussion

2.1. Calculation o f  the activ ity  and activity coefficients 

T he a c tiv ity  of sod ium  ions (oNa) was ca lcu la ted  from

, 0.4343 F  , „  .
10g ° N a  —  ----- Z ~ Z --- V-^MF.Na — “ N a,oJ

K1
(4)

w here E MF,N a

F
T
Eua.O
R

T he i/[sja,o 
fu n c tio n  [1 2 ]:

EM F o f cell (1),
F a ra d a y  c o n s ta n t (C m o l-1 ), 
abso lu te  te m p e ra tu re  (K ),
a c o n s ta n t d ep en d in g  on th e  calom el and  glass e lectrodes (V), 
gas c o n s ta n t.
values w ere d e te rm in ed  b y  e x tra p o la tin g  an  e x tra p o la tio n

^Na —

ЕыаО —

0 .4 3 4 3 F

R T

R T

0 .4 3 4 3 F

E M F ,Na

lim  A Na
С—0

log с (5)

( 6 )

w here: с: th e  co n cen tra tio n  o f th e  sod iu m -o c tan o a te  so lu tions.
T he a c tiv ity  of o c ta n o a te  ions (aoct) was ca lcu la ted  on th e  basis of 

E M F  in  th e  (2) co n cen tra tio n  cell (F MF oet) '

E M F .O ct
A u R T  log  “ o a

0 .4 3 4 3 F  agct ( ? )

w here  A u  =  иoct — mn3; noct a n d  “ Na are th e  tra n s p o r t  n u m b ers  o f th e
o c ta n o a te  an d  sodium  ions in  th e  m em b ran e , 

aoct an d  «ось th e  a c tiv itie s  o f th e  o c tan o a te  ion  in  th e  sam ple  an d  th e  
s ta n d a rd  so lu tions, respective ly .

T he v alue  o f zlu o f is close to  u n ity  and  co n stan t [13], t h a t  is th e  d iffer
e n tia tio n  of E q . (7) w ith  re sp e c t to  log c gives:

d  -EMF,Oct/d log c =  (A u  2.303 R T jF )  (d log «oct/d l°g  c) (8 )

Since d F m f , O c t /d  log c is fo u n d  to  be n ea rly  equal to  2 .303. R T /F  in  th e  
c o n c e n tra tio n  range from  5.0 • 1 0 - 4  to  1.0 • 10 - 1  m ol/dm 3 E q . (8 ) gives:

A u  (d log aoct/d log c) öá 1 (9)

Since d log aoct/d log c is n o t g re a te r  th a n  u n ity  for such  d ilu te  so lu tions as 
in  th e  p re sen t ex p erim en t, zlu is ex p ec ted  to  be nearly  e q u a l to  u n ity .
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T hus, E q. (7) can  b e  reduced , and  th e  u n k n o w n  a c t iv i ty  of th e  o c tan o a te  
ions is given by

log « o c t
0 .4 3 4 3 F

R T
E M F ,O ct log «O ct ( 10)

T h e  a c tiv ity  of th e  o c ta n o a te  ions in  th e  re fe rence  so lu tio n s w as also d e te r
m in ed  b y  e x tra p o la tin g  an  ex trap o la tio n  fu n c tio n  [1 2 ]:

an d

^o c t —
0.4343F

R T
E MF.Oct lo g c ( 11)

log aoct =  — lim  zloct 
с-*- o

( 12)

On th e  basis  o f  th e  io n ac tiv ities  (ома, ooct) c a lc u la ted  accord ing  to  
E q s  (4) and  (10) th e  m e a n  a c tiv ity  (a±) o f  N aC 8, th e  in d iv id u a l ( y Na, y o c t )  

a n d  m ean  a c tiv ity  coeffic ien ts  (y±) can  be d e te rm in ed :

« ±  =  (« N a  « O c t ) l /2

У± =  ( У N a y O c t ) l /2  (13)

The in d iv id u a ./io n ac tiv itie s  and  a c tiv ity  coeffic ien ts , as well as th e  m ean  
a c tiv itie s  and a c t iv i ty  coefficients an d  th e ir  d ependence  on  th e  co n cen tra tio n  
a n d  tem p era tu re  a re  show n  in  Tables I —IV  an d  in  F igs 1 —4.

F ig . 1. The mean activity and activity coefficient of the surfactant in the aqueous sodium-
octanoate solutions depending on the concentration at 293 К
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Fig. 2. The m ean activ ity  and activ ity  coefficient o f the surfactant in the aqueous sodium - 
octanoate solutions depending on the concentration at 303 К

F ro m  F igs 1 —4 th e  CMC v alues w ere d e riv ed ; these  d a ta  an d  th e  
co rrespond ing  densities o f th e  so lu tions a re  given in  T ab le  V.

T he CMC is affec ted  b y  m an y  variab les , th e  m o st im p o r ta n t o f w hich  
are  te m p e ra tu re  an d  p ressu re . S u rfac tan ts  u su a lly  show  a shallow  m in im u m  
in  th e  CMC as a fu n c tio n  o f te m p e ra tu re  [14, 15]. I n  th e  case o f ionic d e te r 
gents th e  m in im u m  can  be exp la ined  b y  th e  d ifference in  te m p e ra tu re  d e p e n d 
ences o f th e  head -g ro u p  an d  h y d ro ca rb o n  chain  in te ra c tio n s  [16]. As is show n 
in  F ig . 5, th e  CMC of th e  aqueous sodium  o c tan o a te  d epend ing  on th e  te m p e r 
a tu re  has a m in im u m  a t  313 K .

F ig. 3. The mean activity and activity coefficient of the surfactant in the aqueous sodium-
octanoate solutions depending on the concentration at 313 К
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Table I

The activity  o f  the surfactant in  the aqueous sodium-octanoate 
solutions depending on the concentration at 293 К

e/mol dm-8 4n» 4)ct —log aNa —log “oct —log a± —log у +

5.0 • io-J 3.73 1.42 3.3011 3.3046 3.3033 0.0022

1.0 • io-3 3.69 1.33 3.0430 3.0899 3.0688 0.0688

3.0 • 1 0 - 3 3.65 1.25 2.6126 2.7108 2.6614 0.1393

5.0 • 1 0 - 3 3.64 1.21 2.3975 2.5129 2.4548 0.1522

8.0 • 1 0 - 3 3.58 2.3598 2.3838 2.3227 0.2225

1.0 • 1 0 - 2 3.56 1.13 2.1737 2.2891 2.2321 0.2331

5.0 • 1 0 - 2 1.5369 1.8244 1.6809 0.3796

1.0 • 1 0 - 1 1.2787 1.6351 1.4577 0.4610

1.5 ■ 1 0 - 1 1.1410 1.4802 1.3122 0.4880

2.0 • 1 0 - 1 0.9345 1.4200 1.1780 0.4788

2.5 • 1 0 - 1 0.9008 1.3167 1.1095 0.5109

3.0 • 1 0 - 1 0.8484 1.2651 1.0570 0.5362

3.2 1 0 -1 0.8484 1.2651 1.0570 0.5630

4.0 • 1 0 - 1 0.8226 1.2478 1.0369 0.6369

4.5 io-1 0.7968 1.2651 1.0325 0.6882

5.0 1 0 - 1 0.7709 1.2823 1.0291 0.7341

5.5 1 0 - 1 0.7431 1.3015 1.0223 0.7637

6.0 1 0 - 1 0.7172 1.3192 1.0184 0.7959

F ig . 4. The mean activity and activity coefficient of the surfactant in the aqueous sodium-
octanoate solutions depending on the concentration at 323 К
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Table II

The activity o f  the surfactant in  the aqueous sodium-octanoate solutions depending 
on the concentration at 303 К

с/ mol • dm -8 4н» 4>ct —log aNa —log Ooct —log o± —log У+

5.0 ■ io-* 3.76 1.38 3.3370 3.3370 3.3364 0.0362
1.0 • io-3 3.71 1.28 3.0926 3.1343 3.1211 0.1141
3.0 • io-3 3.65 1.18 2.6682 2.7598 2.7145 0.1926
5.0 • 1 0 - 3 3.64 1.16 2.4602 2.5600 2.5114 0.2104
8.0 ■ 1 0 - 3 3.57 1.09 2.3270 2.4269 2.3789 0.2785
1.0 • 1 0 - 2 3.55 1.07 2.2438 2.3520 2.2986 0.3003
5.0 • 1 0 - 2 3.48 1.6197 2.8777 1.7496 0.4518
1.0 • io-1 1.3617 1.6613 1.5129 0.5119
1.5 • io-1 1.2202 1.5115 1.3677 0.5484
2.0 • io-1 1.0871 1.4200 1.2551 0.5541
2.5 • io-1 0.9872 1.3451 1.2360 0.5659
3.0 • io-1 0.9789 1.2868 1.2001 0.6709
3.2 • io-1 0.9788 1.2868 1.2001 0.7110
4.0 • io-1 0.8957 1.3055 1.1009 0.7077
4.5 • io-1 0.8790 1.3201 1.1009 0.7479
5.0 • IO -1 0.8541 1.3367 1.0960 0.7991
5.5 • IO“ 1 0.8262 1.3489 1.0880 0.8326
6.0 ■ IO -1 0.8020 1.3693 1.0856 0.8698

to brZ

F ig . 5. The CMC and the mean activity at the CMC depending on the temperature
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Table 1П

The activity o f  the surfactant in the aqueous sodium-octanoate solutions depending 
on the concentration at 313 К

c j  mol ■ dm-8 4 ia ^Oct —log “Na —log Ooot —log a  + —log y +

5.0 • 1 0 -4 3.79 1.35 3.3383 3.3495 3.3441 0.0434

1.0 • io-3 3.71 1.25 3.1208 3.1481 3.1347 0.1339

3.0 • 1 0 - 3 3.65 1.15 2.7019 2.7775 2.7393 0.2161

5.0 • 1 0 - 3 3.63 1.13 2.5006 2.5761 2.5387 0.2381

8.0 • io-3 3.56 1.03 2.3668 2.4634 2.4151 1.3170

1.0 • 1 0 - 3 3.54 1.02 2.2911 2.3748 2.3329 0.3335

5.0 • 1 0 - 2 3.46 1.6708 2.8995 1.7857 0.4842

1.0 • io-1 1.4211 1.6578 1.5396 0.5388

1.5 ■ io-1 1.2680 1.5289 1.3983 0.5712

2.0 • 1 0 - 1 1.0747 1.4000 1.2376 0.5378

2.5 ■ io-1 1.0457 1.3517 1.1989 0.5941

3.0 • io-1 1.0747 1.2872 1.1812 0.6611

3.2 • 1 0 - 1 1.0747 1.2872 1.1812 0.6903

4.0 • io-1 0.9538 1.3275 1.1410 0.7367

4.5 ■ io-1 0.9377 1.3436 1.1418 0.7925

5.0 • io-1 0.9135 1.3678 1.1407 0.8326

5.5 • 1 0 - 1 0.8907 1.3740 1.1334 0.8674

6.0 • io-1 0.8643 1.3807 1.1228 0.8964

R egressional an a ly sis  on th e  basis o f Figs 1 — 4 show s th a t  

log  y2±93 =  - ( 0 .2 1  log  c +  0.646)

log y* 3 =  - ( 0 .2 1  log  c +  0.747) (14)

log y3±13 =  - ( 0 .1 8  log c +  0.698) 

log  y®3 =  - ( 0 .2 2  log c +  0.780)

ho ld  for th e  c o n c e n tra tio n  region from  5.0 • 10 _ 4 m o l/dm 3 up to  th e  CMC.
The m ean  a c tiv i ty  coefficient fo r th e  CMC depend ing  on th e  te m p e ra 

tu re  was found  to  be  y ± =  0.22 — 0.29. T h is is con sid erab ly  sm aller th a n  th e  
v alue  у , =  0.73, c a lc u la ted  by  th e  D e b y e —H iickel eq u a tio n  [17] w hich ta k e s  
in to  accoun t th e  m o lecu la r size (ionic d iam ete r). T he low  y ± values can  be  
exp la ined  b y  th e  d im eriza tio n  or prem icelle  fo rm a tio n  o f su rfa c ta n t m o le
cules [26] due to  th e  e ffec t o f long h y d ro p h o b ic  chains in  th e  m olecule. A s im ila r
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Table IV

The activity o f  the surfactant in the aqueous sodium-oclanoate solutions depending 
on the concentration at 323 К

с/ mol • dm-3 4n» 4)ct —*°g aNa —log “oct —log a ± —log Y±

5.0 • io-4 3.80 1.34 3.3396 3.3594 3.3495 0.0507
1 .0  ■ IO“ 3 3.70 1.24 3.1367 3.1643 3.1507 0.1505
3.0 • IO -3 3.64 1.12 2.7229 2.8052 2.7639 0.2423
5.0 • IO“ 3 3.61 1.10 2.5277 2.6022 2.5648 0.2650
8.0 • IO -3 3.55 1.02 2.3872 2.3773 2.4325 0.3345
1 .0  • IO -2 3.51 0.99 2.3092 2.4070 2.3580 0.3593
5.0 • IO“ 2 3.42 1.7159 1.9308 1.8243 0.5292
1 .0  • io-1 1.4739 1.6810 1.5779 0.5730
1.5 ■ io-1 0.3099 0.5561 1.5330 0.6013
2.0 • io-1 1.1382 1.4000 1.2691 0.5712
2.5 ■ io-> 0.0992 1.3766 1.2381 0.6321
3.0 • io-1 1.1538 1.2985 1.2262 0.7038
3.2 • io-1 1.1538 1.2985 1.2262 0.7266
4.0 • 10 —3 1.0055 1.3609 1.1831 0.7802
4.5 • io-1 0.9899 1.3766 1.1842 0.8419
5.0 • 1 0 -1 0.9664 1.3844 1.1755 0.8771
5.5 • io-1 0.9498 1.3905 1.1709 0.9267
6.0 • io-1 0.9274 1.4125 1.1702 0.9602

difference has b een  observed  fo r o th e r su rfa c ta n ts  to o  [10, 13, 18] from  w hich  
the conclusion  h as  been  d raw n  th a t  m olecular in te ra c tio n s  ex ist w hich are  
neglected  in  th e  D e b y e —H iickel eq u a tio n  [19].

2.2. The surface tension o f  the aqueous sodium-octanoate solutions

T he su rface  ten s io n  (o') o f  th e  d ifferen t aqueous so d iu m -o c tan o a te  so lu 
tions as a fu n c tio n  o f th e  co n c e n tra tio n  for vario u s te m p e ra tu re s  are  p re sen ted  
in  Figs 6 —9. T he va lu es  o f CMC derived  from  th e se  cu rves show  a  good 
ag reem en t w ith  th e  CMC o b ta in e d  on th e  basis o f F igs 1—4.

2.3. The adsorption isotherm  and  the determ ination o f  the adsorption heat

G ib b s’ a d so rp tio n  iso th e rm  is w ritte n  in  i ts  gen era l from  for 1— 1 e lec tro 
ly tes as:

Г =  ~ Л "  -  (15)
2 R T  d  In a , 2jRT  d  In
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Table V

The CM C and density values as functions o f the temperature

Nr. T/K СМС/mol dm -3 -Хсмс e/g СШ-"

l 293 3.00 • 1 0 —t 5.597 lO -3 1.0092

2 303 2.63 ■ 1 0 - 1 4.910 IO“3 1.0041

3* 308 2.50 • 10 ~ l

4 313 2.29 • 10-» 4.278 IO“ 3 0.9986

5* 318 2.56 • 1 0 - 1

6 323 2.75 ■ 1 0 - 1 5.193 IO“ 3 0.9949

(The values marked w ith  an asterisk were obtained by extrapolation)

w h ere : a surface te n s io n  o f th e  so lu tio n  (Jm  2),
Г  am oun t o f a d so rp tio n  fo r th e  so lu te  com ponent,
a ± m ean a c t iv i ty  o f th e  so lu te  com ponen t,
y ± m ean a c tiv i ty  coefficien t o f th e  so lu te  com ponen t.

I n  a num ber o f  s tu d ies  re p o rte d  earlie r, th e  m ean  a c tiv ity  coefficien t 
o f  E q . (15) was c a lc u la ted  e ith er b y  u sin g  th e  D ebye—H iickel eq u a tio n , o r it  
w as assum ed to  be u n i ty  [17, 20, 21]. O ur m ethod  enables to  d e te rm in e  b y  
d ire c t m easurem ent, th e  m ean  a c tiv i ty  and  a c tiv ity  coeffic ien ts , and  th e  
a m o u n t of adso rp tio n  to o .

80i T=293 К

=55 -2.0 -1.0 0 logo

F ig . 6. The surface tension of the aqueous sodium-octanoate solutions depending on the
concentration at 293 К
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F ig. 7. The surface tension of the aqueous sodium -octanoate solutions depending on the
concentration at 303 К

E q u a tio n  (15)is re w ritte n  for the  aqueous so lu tio n  o f  so d iu m -o c tan o a te  as

p _ __________ —0.4343 d n /d  log c__________
R T  d log aNa/d log c r  d  log o0ct/d  log  c

A ccording to  E q . (16), th e  am o u n t of ad so rp tio n  as a fu n c tio n  of th e  c o n c e n tra 
tio n  a t  d ifferen t te m p e ra tu re  can he ca lcu la ted  from  d cr/d log c, w hich  is 
o b ta in ed  from  th e  slope o f th e  curves in  F igs 6 —9, an d  d log aNa/d  log  c 
an d  d log Ooct/d log c w hich  are  o b ta ined  on  th e  basis o f T ables I —IV .

á l 
ból  T = 313 К

Fig. 8. The surface tension of the aqueous sodium-octanoate solutions depending on the
concentration at 313 К
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F ig . 9. The surface tension of the aqueous sodium -octanoate solutions depending on the
concentration at 323 К

T he a d so rp tio n  iso th e rm s c a lc u la ted  fo r 293 К  an d  303 К  are  g iven  in  
F ig . 10 an d  th e  m ax im u m  a m o u n t o f  a d so rp tio n  as a fu n c tio n  o f te m p e r
a tu re  in  T ab le  V I.

T he d iffe ren tia l a d so rp tio n  e n th a lp y  (A H adS) can  be  ca lcu la ted  w ith  
a  good ap p ro x im a tio n  b y  th e  R e h b in d e r eq u a tio n  [22] from  th e  te m p e ra tu re  
dependence  o f ad so rp tio n :

A H ads =  R T 2 (17)

T h e  ad so rp tio n  e n th a lp y  values d e te rm in e d  fo r various te m p e ra tu re s  in  th e  
s a tu ra te d  range  o f th e  a d so rp tio n  iso th e rm  (1 0  —1 0 " 1 m o l/d m 3) are  also
su m m arized  in  T ab le  V I.

1010 rmax/mol cm"‘

F ig . 10. The adsorption isotherm of the aqueous sodium-octanoate solution at 293 К and 303 К
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Table VI

The maxim um  amount o f  adsorption 
and the adsorption heat as functions of the temperature

T / K 1010 jT m a x / m ° l  c m - * —afi»d»/kJ m ol1

293 3.37 7.4908
303 3.07 8.0108
313 2.69 8.5483
323 2.51 9.1032

T he sign of th e  a d so rp tio n  e n th a lp y  is negative , w h ich  corresponds to  
th e  ten d e n c y  of th e  so lu te  m olecules in  th e  aqueous so lu tions o f th e  su rfa c ta n ts  
fo r sp o n tan eo u s ad so rp tio n  o r o r ie n ta tio n  on th e  su rface  re su ltin g  a decrease 
in  th e  free energy of th e  sy stem .

2.4. Therm odynam ics o f  m icellization

F o r th e  th e rm o d y n am ics  o f m icelle fo rm atio n  tw o  m odels h av e  been  
used  to  in te rp re t th e  b e h av io u r of m icelles. The f irs t a p p ro ach  to  be developed  
w as th e  m ass-ac tion  m odel [24], th e  second one in tro d u c e d  la te r  w as th e  phase- 
s e p a ra tio n  m odel [23, 25]. A ccord ing  to  th e  p h ase -sep a ra tio n  m odel th e  m icelles 
o f an  ionic d e te rg en t, to g e th e r  w ith  th e ir  bound  c o u n te rio n s , are considered  
as a se p a ra te  phase. F ro m  th e  phase  ru le  i t  follows, th a t  m onom ers and  m icelles 
a re  in  equ ilib rium  fo r o n ly  one m onom er co n cen tra tio n , th e  CMC. T h u s, 
m onom er a c tiv ity  above th e  CMC should  rem ain  c o n s ta n t.

T he equations d eriv ed  fo r th e  s ta n d a rd  free en erg y  (ZlG°) and  e n th a lp y  
(A H °) o f th e  micelle fo rm a tio n  are  sim ilar in  form  an d  a re  deduced  from  b o th  
m odels [27, 26]:

AG° — 2R T  In а ±смс (18)

A H °  =  —2R T 2 э1п а±Смс/зТ (19)

w here  а ± смс: is th e  m ean  a c tiv ity  o f su rfa c ta n t a t  th e  CMC, and

а ± см с =  У± * cmc

T he num erica l va lues o f  ZlG° an d  A H °  ca lcu la ted  from  th e  tw o m odels 
d iffer because th e  m ole frac tio n s  ( # cm c) are  ca lcu la ted  in  d iffe ren t w ays [26]. 
In  th e  phase  sep ara tio n  a p p ro a c h  th e  to ta l  n u m b er o f m oles is equal to  th o se  
o f th e  w a te r  plus m onom er. In  th e  m assaction  a p p ro ach  micelles an d  free

Acta Chim. Acad. Sei. Hung. 103, 1980



212 BEDŐ, BERECZ: AQUEOUS SODIUM-OCTANOATE SOLUTIONS

Table VII

The AG°, AH ° and A S° o f  the micellizalion depending on the temperature

T/K °±CMC JG °/kJ m ol“ 1 <dH°/kJ m o l-1 T J S ° /k J  m o l-1

293 0.0877 -1 1 .8 5 2 46.971 58.823

303 0.0631 -1 3 .9 1 5 10.513 24.428

313 0.0589 — 14.732 0 14.732

323 0.0605 -1 5 .0 5 9 - 4 .6 4 7 10.412

c o u n te r  ions are also  in c lu d ed . (O ur ca lcu la tions w ere done b y  th e  phase- 
s e p a ra tio n  m odel.)

The values o f  AG°, A H °  an d  T  A S °  d e te rm ined  from  E q s. (18) and  (19) 
as fu n c tio n  of th e  te m p e ra tu re  are p re sen ted  in  T ab le  V I I  an d  in  Fig. 11.

T he en th a lp y  o f  m ice lliza tion  can  be exp la ined  as th e  h e a t effect of th e  
m ice lle  s tab iliz a tio n  b y  h y d ro p h o b ic  in te ra c tio n s  [28].

T he sign of A H °  is d e te rm in ed  by  th e  s tre n g th  of th e  hyd ro p h o b ic  in te r 
a c tio n s  w hich increases  w ith  th e  rise in  te m p e ra tu re  u p  to  a ce rta in  tem per-

AG'/kJ m o l1 
ДНУ kJ m o l1 

ТД  S7 kJ m o l '

F ig . 11. The AG°, A H °  and A S °  of the micellization depending on the temperature
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a tu re  an d  decreases a t  h ig h e r te m p e ra tu re s  [28, 29]. On th e  basis o f th e  re su lts  
in  T ab le  V II  an d  Fig. 11 i t  can  be concluded  th a t  th e  s ta n d a rd  e n th a lp y  o f 
th e  aqueous so d iu m -o c tan o a te  so lu tions decreases w ith  th e  rise  in  te m p e ra tu re , 
an d  a t  th e  te m p e ra tu re  re la te d  to  th e  m in im al CMC A H °  =  0 [23, 28]. Con
seq u en tly  th e  te m p e ra tu re  ran g e  u n d e r considera tion  th e  s tre n g th  o f hyd ro - 
phob ic  in te rac tio n s  increases w ith  increasin g  te m p e ra tu re . T he change in  th e  
sign of A H °  is due to  th e  te m p e ra tu re  v a r ia tio n  of th e  CMC’s (F ig . 5), becom ing  
m ore an d  m ore n eg a tiv e  as th e  te m p e ra tu re  increases [28, 30].

C onsidering th e  sign  o f  th e  th e rm o d y n am ic  func tions of m icelle fo rm a 
tio n  in  aqueous so lu tions o f so d iu m -o c tan o a te  (AG° <C 0, A S °  >  0, A H °  0) 
we can  conclude th a t  th e  e n tro p y  is th e  m ost im p o rta n t fa c to r  in  s tab iliz in g  
th e  h y d ro p h o b ic  bounds o f th e  m ice lliza tion  and  it  is due  to  changes in  th e  
w a te r  s tru c tu re  [29]. D u rin g  th e  m icelle fo rm atio n  th e  s ta b ili ty  o f th e  sy s tem  
increases (G° <  0) an d  in  th e  te m p e ra tu re  range  exam ined  th e  s ta n d a rd  free 
energy  decreases as th e  te m p e ra tu re  rises.

2.5. M icelle fo rm a tio n  and  counterion attachm ent

T he degree of co u n te rio n  a tta c h m e n t, r, o f an  ionic m icelle is described  
in  d iffe ren t w ays b y  th e  m odels o f m icelle fo rm ation  p roposed  in  [25, 31, 32] 
V arious m eth o d s h av e  been  em ployed  to  e s tim a te  r [10, 33 — 35]; th e  values 
are  sp read  over a w ide ran g e  d ep en d in g  on th e  exp erim en ta l m ethods.

In  th is  s tu d y , th e  a c t iv i ty  m easu rem en ts  allow th e  in te rp re ta tio n  o f  th e  
m ice lliza tio n ’s m echan ism , an d  th e  dgree of coun terion  a tta c h m e n t. W e shall 
now  su rv ey  th e  m ain  p o in ts  o f th e  tw o  m odels in  th e  re sp ec t m en tioned  above. 
A ccord ing  to  th e  m ass-ac tio n  law , th e  m icelle fo rm ation  o f sod iu m -o c tan o a te  
is expressed  in  te rm s o f hom ogeneous equ ilib rium  as

p  O c t -  +  q N a+  +  (N a? O ctp) - (p“ 9) 

an d  th e  cond itio n  of th e  eq u ilib riu m  by

[«м/aoct ' aha. =  c o n s ta n t]pT (2 0 )

w here a M is th e  a c tiv ity  o f th e  m icelles, an d  p  and  q are th e  num bers o f O c t-  
an d  N a + ions, resp ec tiv e ly . A ccord ing  to  th e  p h ase -sep ara tio n  th e o ry  th e  
m icelles a re  considered  as a s e p a ra te  m icrophase  or p seudophase  [31, 32] an d  
th e  m icelle fo rm atio n  is expressed  as follow s:

a ) in  th e  case of an  u n ch a rg ed  phase  sep a ra tio n  by

p  O c t-  -f- p  N a + N ap O ctp
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a n d  th e  equ ilib rium  co n d itio n  b y

[a Na • «Oct =  c o n s ta n t]pT (2 1 )

b)  in  th e  case o f c h a rg e d  p h ase -sep ara tio n  b y

p  O c t -  +  q N a+ í= b  (N a , O ctp)-^ -e>

a n d  th e  equ ilib rium  co n d itio n  by

[ « N a  • «Oct =  c o n s ta n t]  pT (22)

E q s  (2 0 —2 2 ) m ay  be  su m m arized  to  give, since r =  qjp,

log  aoct +  г log оща 5 =̂ c o n s ta n t (23/a)

fo r th e  m ass ac tio n  m odel, and

log aoct +  r log «Na =  c o n s ta n t (23/b)

fo r th e  phase s e p a ra tio n  m odel, w hen
r =  1 for th e  u n ch a rg ed  p h ase -sep a ra tio n  m odel, 
r #  1 for th e  c h a rg ed  p h ase -sep a ra tio n  m odel.

On th e  basis o f  o u r ex p erim en ta l re su lts  Fig. 12 show s log aoct p lo tte d  
a g a in s t log «ма fo r th e  te m p e ra tu re  ran g e  exam ined , g iv ing  para lle l s tra ig h t  
lines expressed b y

log «oct +  r  l°g  « N a  =  c o n s ta n t (24)

log a

-120

-1.30

-1.40

-1.10 -1.00 -0.90 -0.80 -0.70 log a Na

293 К

F ig .  12 . log o0ct v s . а[ч|а above CMC
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w ith  r =  0.665 an d  th e  values o f c o n s ta n t depend ing  on th e  te m p e ra tu re  
in v e s tig a te d  are : —1.795, —1.902, — 1.965 and —2.029. A ccording to  E q s  
(23/b) an d  (24) th e  charged  p h a se -se p a ra tio n  is th e  m ost p ro b ab le  m ech an ism  
o f th e  m icelle fo rm atio n  in th e  aqueous so lu tion  of so d iu m -o c tan o a te ; th e  
ch a rg ed  m icelles w ith  th e  degree o f co u n te rio n  a tta c h m e n t of 0.665 a re  co n 
sidered  as be in g  form ed in  th e  c o n c e n tra tio n  range from  CMC to  6.0 • 1 0 - 1

T h e charged  p h ase-sep ara tio n  m odel accounts fo r th e  slow in crease  o f 
th e  m ean  a c tiv ity  (a ±) above th e  CMC [9, 36], w hich is show n in  F igs 1 —4 
p re se n tin g  ou r exp erim en ta l resu lts .
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T he ion  ac tiv ities , an d  th e  m ean  a c tiv itie s  a n d  a c tiv ity  coefficients o f th e  su r
f a c ta n t  in  th e  so d iu m -o ctan o ate  — h e av y  w a te r  sy s tem  depend ing  on th e  te m p e ra tu re  
a n d  co n ce n tra tio n  w ere d e te rm in ed  on th e  basis o f E M F m easurem en ts. F ro m  th ese  
d a ta  th e  CMC a n d  its  dependence on th e  te m p e ra tu re  w ere given.

T he in flu en ce  o f th e  so lv en t’s q u a lity  on  th e  CMC of th e  su rfa c ta n t so lu tions, 
on  th e  m ean  a c t iv ity  an d  th e  a c tiv ity  coefficien t o f th e  su rfa c ta n t for th e  CMC, a n d  on 
th e  s ta b ility  o f  th e  m icellar so lu tion  exam in ed  w ere stud ied .

On th e  basis o f th e  te m p e ra tu re  depen d en ce  of A G °, A H °  an d  d S °  fo r th e  
m icelles in  th e  N aC 8 — D20  sy stem  is sm alle r th a n  t h a t  in  th e  NaCg—H 20  sy stem , 
w hich  can  he  in te rp re te d  b y  th e  decrease  o f th e  s tre n g th  of hydrophob ic  b o n d s in  
h e av y  w ater.)

T he s ta b ility  o f  th e  m icelles fo rm ed  in  th e  aqueous so lu tions o f th e  su r
face -ac tiv e  agen ts is a ffec ted  m ain ly  b y  th e  n a tu re  o f th e  hyd rophob ic  bonds*  
developed . T he s tre n g th  o f th ese  h y d ro p h o b ic  bon d s m ay  be d iffe ren t d ep e n d 
in g  on  th e  q u a lity  o f th e  so lv en t an d  so lu te  [1 ].

I n  th is  p ap e r, to  s tu d y  th e  in flu en ce  o f th e  so lv en t’s q u a lity  on th e  co n 
d itio n s o f th e  s ta b ili ty , we w ill com pare  th e  c ritica l m icelle co n cen tra tio n s  
(CMC), th e  m ean  ac tiv itie s  an d  m ean  a c tiv i ty  coeffic ien ts a t  th e  CMC, an d  th e  
th e rm o d y n am ica l fu n c tio n s o f m icelle fo rm a tio n  in  th e  so d iu m -o c tan o a te  
— w a te r  and  so d iu m -o c tan o a te  — h ea v y  w a te r  b in a ry  m icellar sy stem . T h e  
know ledge of th ese  ch a rac te ris tic  q u a n titie s  gives p o ssib ility  to  d raw  co n 
clusions on th e  basis  o f our ex p e rim en ta l re su lts  fo r th e  effect d e te rm in in g  
th e  s ta b ili ty  an d  m icelle fo rm a tio n  in  th e  tw o  system s exam ined .

1. Experimental

T o achieve th e  goals m en tioned  above, th e  io n  ac tiv itie s  an d  th e ir  dependence on  th e  
co n ce n tra tio n  an d  te m p e ra tu re  w ere d e te rm in ed  on th e  basis o f th e  E M F m easu red  in  th e  
so d iu m -o ctan o ate  (N aCs) — h eav y  w a te r  system .

* T h e  fo rm atio n  o f  a  hyd ro p h o b ic  b o n d  can  be considered  as a d im eriza tion  or tr i-  
m eriza tio n  reac tio n  o f tw o  or m ore h y d ro p h o b ic  chains su rro u n d ed  b y  w a ter, w hen  th e  to ta l  
n u m b e r  o f  w a te r m olecules in  c o n ta c t w ith  th e m  an d  th e  tran s la tio n a l and  ro ta tio n a l e n tro p y  
a re  decreasing  [5].
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T h e  ex p e rim e n ta l m e th o d , and  th e  p re p a ra tiv e  p ro ced u re  h av e  been  described  else
w here  [2].

D eu teriu m  ox ide  (99 .7%  D) was o b ta in e d  fro m  th e  C entra l R esearch  I n s t i tu te  fo r 
P hysics.

2. Results and D iscussion

T he m eth o d  o f th e  ca lcu la tion  o f th e  a c tiv ity  o f sodium  an d  o c ta n o a te  
ions (aNa? <*oct) th e  m ean  a c tiv ity  (a ±) an d  th e  m ean  a c tiv ity  coeffic ien t ( y ± ) 

are  described  also elsew here [2 ].
T h e  in d iv id u a l io n  activ ities an d  a c tiv i ty  coefficients, as well as th e  m ean  

a c tiv itie s  and  a c tiv i ty  coefficients an d  th e ir  dependence on th e  co n c e n tra tio n  
a n d  te m p e ra tu re  a re  show n in  Tables I  — IV  an d  in  Figs 1 — 2.

T he c ritica l m icelle  co n cen tra tio n  d e riv ed  from  th e  b reak -p o in ts  o f  th e  
f ig u res , and  th e  v a lu es  of th e  m ean  ac tiv itie s  an d  a c tiv ity  coefficients a t  th e  
CMC depend ing  on  th e  tem p e ra tu re  are  g iven  in  T ab le  Y.

O n th e  basis o f  o u r experim en ta l in v e s tig a tio n  o f th e  te m p e ra tu re  d ep en d 
ence o f  CMC — correspond ing  w ith  m an y  pu b lica tio n s [1, 3, 4] — a shallow  
m in im u m  of these  fu n c tio n s  can  be concluded . As show n in F ig . 3 th e  CMC 
of th e  so d iu m -o c tan o a te  — heav y  w a te r  so lu tions depending  on th e  te m p e r
a tu re  — sim ila rly  to  th e  aqueous so lu tio n s — has a m in im um  a t  313 K .

Table I

The activity  o f  the surfactant in the NaCs D 20  system depending 
on the concentration at 293 К

c/mol dm-3 4 i a Ajct

...............

— 4  aNa —-lg “out —ig »  + — >g У±

1 .0 1 0 -3 3.921 1.160 3.0192 3.0588 3.0389 0.0388

3.0 10-3 3.899 1.120 2.5631 2.6027 2.5826 0.0597

5.0 10-3 3.850 1.040 2.3909 2.4564 2.4235 0.1223
8.0 IO -3 3.826 1.020 2.2102 2.2843 2.2472 0.1501

1 .0 IO "2 3.815 0.976 2.1242 2.2155 2.1699 0.1697

5.0 10-2 3.788 1.4529 1.7077 1.5805 0.2792

1 .0 io-1 1.1861 1.4926 1.3392 0.3390

1.5 1 0 -1 0.9968 1.3205 1.1589 0.3348

2.0 io-1 0.8503 1.2000 1.0253 0.3260

2.5 io-1 0.8244 1.1693 0.9970 0.3948

3.0 io-1 0.7556 1.1398 0.9476 0.4246

4.0 io-1 0.7384 1.0805 0.9093 0.5111
5.0 io-1 0.7040 1.0681 0.8860 0.5849

6.0 io-1 0.6420 1.0189 0.8303 0.6082
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Table II

The activity o f  the surfactant in  the NaCs—D t O system  depending 
on the concentration at 303 К

cl m o l  d m - 8 A>ct — l g  “ N a — l g  “ o o t — lg “± — ig r±

1 .0  • i o - 3 3 .9 2 4 1 .1 2 8 3 .0 4 6 3 3 .0 3 2 4 3 .0 3 9 4 0 .0 3 9 2

3 .0  • i o - 3 3 .8 9 6 1 .0 9 2 2 .5 9 6 0 2 .5 9 1 3 2 .5 9 4 0 0 .0 7 0 9

5 .0  • 1 0 ~ 3 3 .8 4 9 1 .0 1 1 2 .4 2 1 6 2 .4 4 9 9 2 .4 3 6 0 0 .1 3 4 6

eo1огЧОc
d 3 .8 1 1 0 .9 8 2 2 .2 5 5 2 2 .2 7 5 1 2 .2 6 5 1 0 .1 6 8 0

о м о 1 3 .7 9 7 0 .9 6 0 2 .1 7 2 0 2 .2 0 0 0 2 .1 8 6 1 0 .1 8 6 0

5 .0  • ю - 2 2 .7 7 3 1 .4 9 7 9 1 .7001 1 .5 9 9 5 0 .2 9 8 3

о —
1 о 1 1 .2483 1 .4 7 6 2 1 .3 6 2 3 0 .3 6 2 0

1 .5  ■ 1 0 - 1 1 .0402 1 .3 0 9 8 1 .1 7 5 1 0 .3 5 0 9

2 .0  • 1 0 - 1 0 .8821 1 .1 6 0 0 1 .0 2 1 1 0 .3 2 1 9

2 .5  • 1 0 - 1 0 .8 7 3 8 1 .1 3 8 4 1 .0 1 2 2 0 .4 0 3 9

3 .0  • i o - 1 0 .8 1 5 5 1 .1 1 8 4 0 .9 6 6 9 0 .4 4 3 9

О О
1 0 .7 9 0 6 1 .0 6 8 5 0 .9 2 9 4 0 .5 3 1 4

5 .0  • 1 0 - 1 0 .7 5 7 3 1 .0601 0 .9 0 8 6 0 .5 7 9 4

6 .0  • ю - 1 0 .6 6 1 2 1 .0 5 0 0 0 .8 5 5 5 0 .6 3 3 5

Table Ш

The activity o f  the surfactant in the NaCs - D20  system  depending 
on the concentration at 313 К

c/mol dm-3 4 ja A>ct —tg “Ka lg aoct —lg o ± —tgy±

1.0 Í O - 3 3 .9 2 6 1 .1 2 3 3 .0 6 3 6 3 .0 1 7 0 3 .0 4 0 3 0 .0 4 0 1

3 .0 I O - 3 3 .9 0 9 1 .0 7 3 2 .6 2 7 8 2 .5 9 0 0 2 .6 0 8 9 0 .0 8 5 9

5 .0 I O - 3 3 .8 6 4 0 .9 8 8 2 .4 5 0 6 2 .4 5 3 1 2 .4 5 1 8 0 .1 5 0 7

8 .0 IO " 3 3 .8 2 1 0 .9 6 1 2 .2 9 7 5 2 .2 7 5 9 2 .2 8 6 7 0 .1 8 9 6

1 .0 ío-2 3 .8 0 5 0 .9 4 5 2 .2 1 7 0 2 .1 9 5 3 1 .9 6 4 3 0 .2 0 6 0

5 .0 1 0 - 2 3 .8 2 3 1 .5403 1 .7 1 2 0 1 .5 0 5 2 0 .3 2 5 0

1 .0 1 0 - ! 1 .2 9 8 6 1 .4 7 0 3 1 .3 0 3 9 0 .3 8 4 2

1 .5 ío-1 1 .0 7 3 0 1 .3 0 9 2 1 .1 0 6 6 0 .3 6 6 9

2 .0 1 0 - 1 0 .9 5 2 2 1 .1 4 0 0 1 .0 3 9 0 0 .3 4 7 1

2 .5 ío-1 0 .9 2 8 0 1 .1255 0 .9 8 9 7 0 .4 2 4 5

3 .0 ío-1 0 .8 6 3 6 1 .0 5 1 4 0 .9 6 9 5 0 .4 3 4 5

4 .0 1 0 - 1 0 .8 3 9 4 1 .0 7 5 6 0 .9 5 3 4 0 .5 5 9 4

5 .0 ío-1 0 .8 0 7 2 1 .0675 0 .9 3 7 3 0 .6 3 6 0

6 .0 ío-1 0 .7 1 0 5 1 .0 5 9 4 0 .8 8 4 9 0 .6 6 2 8
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Tabic IV

The activity o f  the surfactant in the NaCe —D.,0 system depending 
on the concentration at 323 К

с /mol dm-8 •^Na 4>ct —!g «Na —lg «oct —! g “  + —!gy+

1.0 IO -3 3.913 1.126 3.0274 3.0436 3.0355 0.0394

3.0 I O - 3 3.866 1.063 2.5980 2.6298 2.6639 0.0909

5.0 IO -3 3.816 0.974 2.4263 2.4971 2.4617 0.1606

8.0 IO“ 3 3.768 0.950 2.2701 2.3176 2.2939 0.1967

1.0 IO -2 3.749 0.938 2.1921 2.2317 2.2118 0.2117

5.0 IO“ 2 3.745 1.4973 1.7711 1.6342 0.3331

1.0 io-1 1.2865 1.5213 1.4039 0.4037

1.5 1 0 -1 1.0523 1.3574 1.2049 0.3807

2.0 io-1 0.9508 1.1700 1.0605 0.3613

2.5 io-1 0.9118 1.1622 1.0341 0.4348

3.0 io-1 0.8493 1.0997 0.9744 0.4515

4.0 io-1 0.8260 1.1232 0.9745 0.5763

5.0 io-1 0.7947 1.1154 0.9550 0.7099

6.0 io-1 0.6932 1.1075 0.9003 0.6782

W e can exp la in  th e  observed  b eh av io u r only  p a r t ly  in  te rm s  o f hydro- 
p h o b ic  bonds or d iffe re n t te m p e ra tu re  dependence o f th e ir  in te rac tio n s . In  
case  o f  ionic d e te rg en ts  th e  s ta b ili ty  o f th e  micelles is a ffec ted  b y  th e  m ac
ro sco p ic  dielectric p ro p e rtie s  o f th e  m ed ium  as well [1 ]; low ering  th e  re la tive

lg T.

0

-050

-to

-3 0 - га  -1.0 0 ige

F ig . 1. The mean activity and activity coefficient of the surfactant in the NaC8—D20  system
depending on the concentration at 293 К
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Table V

The CMC in the NaCs—D 20  system, and the surfactant's mean activity  
and mean activity coefficient at the CM C as a function o f  the temperature

T,K СМС/m ol dm -3 —ln “ + CMC —1“  7 +CMC

293 2.345 io-1 2.3025 0.8524
303 1.995 io-1 2.4864 0.8744

308* 1.880 io-1
313 1.698 IO -1 2.5558 0.7826
318* 1.920 io-1
323 2.188 IO“ 1 2.5094 0.9899

(The values marked w ith au asterisk were obtained b y  extrapolation)

p e rm ittiv ity  of th e  m ed ium  (b y  increasing  th e  te m p e ra tu re )  should  te n d  to  
b reak  u p  th e  m icelles, i.e ., to  ra ise  th e  CMC b y  in c reas in g  th e  repu lsive  force 
betw een  th e  ionic head s o f th e  d e te rg e n t m olecules.

T here  are  th u s  tw o  opposing  effects to  consider: a t  low  te m p e ra tu re s  
th e  h y d rophob ic  effect p red o m in a tes  over th e  d ie lec tric  effect, an d  a t  h igh  
te m p e ra tu re  th e  oppo site  te n d e n c y  is realized . T h u s, th e  observed  m ax im u m  
in  th e  s ta b ility  can be  ex p la in ed  su ffic ien tly .

T he change o f th e  CMC’s v a lu es , a ffec ted  b y  th e  q u a lity  of th e  so lven t, 
can  be in te rp re te d  b y  ta k in g  in to  acco u n t th e  d ie lec trica l p ro p erties  o f th e  
m edium  an d  th e  s ta n d a rd  free en e rg y  change of fo rm a tio n  o f th e  hyd ro p h o b ic

Fig. 2. The mean activity and activity coefficient of the surfactant in the NaC8—D 20  system
depending on the concentration at 303 К

Acta Chim. Acad. Sei. Hung. 103, 1980



222 BEDŐ, BERECZ: SODШМ-OCTANOATE-HEAVY WATER SOLUTIONS

b o n d  [1]. The to ta l  s ta n d a rd  free energy  change o f fo rm a tio n  o f  th e  hydro- 
p h o b ic  bond can be w r itte n  as [5]:

AG°„ =  /IGw +  A G l

th e  s ta n d a rd  free energy  change derived  from  th e  change of th e  
w a te r s tru c tu re ,
th e  s ta n d a rd  free energy  change derived  from  th e  change in  th e  
s ta te s  o f  th e  side chains.

Since the  re la tiv e  p e rm ittiv ity  o f D 20  is only v e ry  s lig h tly  low er th a n  
t h a t  o f  H 20  over th e  w ide te m p e ra tu re  ran g e , th e  e lec trical c o n tr ib u tio n  m akes 
th e  m icelle only n eg lig ib ly  less s tab le  in  D 20  a t  an y  p a r tic u la r  te m p e ra tu re  
t h a n  in  H 20 .

Discussion o f th e  free energy  change of th e  h y d ro p h o b ic  b o nds is con
s id e ra b ly  m ore eq u ivoca l. T he in flu en ce  o f th e  so lu tes on  w a te r  s tru c tu re  is 
com plica ted , a d e fin ite  p red ic tio n  is im possib le.

Since th e  h ea v y  w a te r  has a h ig h er energy  d en sity  th a n  th e  H 20 ,  in sertion  
o f  th e  h y d rocarbon  cha ins, h av in g  m uch  sm aller en erg y  d en sity , in to  th e  
h e a v y  w ater is m ore u n fav o u rab le  (from  th e  p o in t o f v iew  o f free  energy) 
t h a n  in  case of H 20 .  T he changes in  th e  s tru c tu re  o f w a te r  su rro u n d in g  th e  
h y d ro c a rb o n  chains p la y  an  im p o r ta n t ro le in  th e  fo rm a tio n  o f hydrophob ic  
b o n d s  and  in  th e  d e te rm in a tio n  o f th e  free energy  change fo r th e  process [5]. 
T h e  effect of th e  d isso lved  h y d ro ca rb o n  m olecules on th e  w a te r  s tru c tu re  has

w here  AGw

A G°s

F ig . 3. The CMC and the mean activity at the CMC depending on the temperature
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been  discussed by  F r a n k  an d  E v a n s  [ 6 ] ,  who in tro d u c e d  th e  concep t of 
“ iceberg” , i .e .  an increased  o rdering  of w a te r a round  th e  h y d ro c a rb o n  chains, 
accom pan ied  b y  an  increase  in  th e  degree of hydrogen  bond ing . Since D 20  
is th e  m ore s tru c tu re d  so lv en t, th e  fo rm a tio n  of icebergs in  h ea v y  w a te r has 
a la rg e r th e rm o d y n am ica l p ro b a b ility  th a n  in case o f H 20 .

H ow ever, th e  tw o processes affec ting  th e  values o f  CMC — th e  d ie lec trical 
an d  h y d ro p h o b ic  in te ra c tio n s  — (especially  the  la tte r )  as a fu n c tio n  o f th e  
te m p e ra tu re  and  th e  q u a lity  o f th e  so lv en t and th e  so lu te  are  vario u s for 
ev e ry  concre te  system s, th e re fo re  th e  m ethods of th e  a c cu ra te  p red ic tio n  can 
n o t be t r e a te d  y e t.

In  th e  system  o f so d iu m -o c tan o a te  — heavy  w a te r  th e  values of CMC 
are  sm aller, th e  m ean  ac tiv itie s  an d  th e  m ean  a c tiv ity  coeffic ien ts  a t  th e  CMC 
are  la rg e r th a n  th o se  o f so d iu m -o c tan o a te  — w ate r so lu tions. O n th e  basis 
o f  the  know ledge of th ese  d a ta  fu r th e r  th erm o d y n am ic  p ro p e rtie s  o f th e  ex am 
in ed  m icellar so lu tions can  be com pared .

To exp la in  th e  in fluence  o f th e  q u a lity  of th e  so lv en t on  th e  th e rm o 
d y n am ic  ch a rac te ris tic s  o f th e  m ice lla r system , th e  s ta n d a rd  free energy  
change (AG°), th e  e n th a lp y  change (A H °) an d  the  e n tro p y  change (ZlS°) for 
th e  m icelle fo rm atio n  in  th e  so d iu m -o c tan o a te  — h ea v y  w a te r  sy stem  were 
d e te rm in ed  on th e  basis of th e  req u ired  th eo re tica l co n sid e ra tio n  [2 ].

T he va lu es  o f AG°, A H 0 an d  T A S °  as a fu n c tio n  o f th e  te m p e ra tu re  
concern ing  th e  tw o system s exam ined , are  p resen ted  in  T ab le  V I an d  in  Fig. 4.

A ccord ing  to  th e  v alues of th e  m ean  a c tiv ity  a t  th e  CMC in  th e  system s 
o f th e  so d iu m -o c tan o a te  — w a te r an d  so d ium -oc tanoa te  — h ea v y  w a te r , and  
on  th e  basis o f th e  th e rm o d y n am ic  fu n c tio n s of m ice lliza tio n  fo r th e  tw o 
so lu tions (AG h 2o <  AG d2o; T A S h2o >  T/1Sd2o) as w ell, we can  d raw  th e  
conclusion  th a t  th e  s ta b ili ty  o f th e  m icelles of so d iu m -o c tan o a te  in  D 20  is 
sm alle r th a n  in  H 20 ,  w hich  can  be in te rp re te d  by  a decrease  in  th e  hydro- 
p h o b ic  b o n d  s tren g th .

T he m ean  a c tiv ity  coeffic ien t for th e  CMC depend ing  on th e  te m p e ra tu re  
w as found  to  be  y± =  0.37 — 0.43, w hich  — sim ilarly  to  th e  aqueous so lu tions

Table VI

The AG°, AH ° and  ZlS° o f  the m icellization depending on the temperature

T, к — zJG°/kJ m ol-» idH°/kJ mol-1 rjs°/k j m ol-»

293 11.212 26.239 37.451
303 12.521 10.589 23.110
313 13.295 0 13.295
323 13.471 — 8.046 5.425
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Fig. 4. The AG°< A H °  and A S °  o f the m icellization depending on the temperature

o f  th e  so d iu m -o c tan o a te  are  sm aller th a n  th e  v a lu e  ca lcu la ted  b y  th e  
D e b y e —H iickel e q u a tio n  [2]. T his d ifference can  be  ex p la in ed  b y  th e  “ p re 
m icelle” fo rm atio n  [7], t h a t  k in d  o f m olecular in te ra c tio n s  are  neglected  in  
th e  D eb y e—H iickel e q u a tio n  [8 , 9, 10].
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ACTA CHIMICA
ТОМ 103-ВЫП. 2

РЕЗЮМЕ

Гидродехлорирование пестицидов в импульсном реакторе
А. X. ВЕЙС и Р. Б. ЛАПЬЕР

Каталитическое гидродехлорирование хлористых пестицидов и других хлориро
ванных материалов, не желаемых с точки зрения охраны природы, в соединения с более 
низким содержанием хлора было исследовано в импульсном реакторе. Хлор может быть 
каталитически удален и замещен водородом, давая как частично хлорированные проме
жуточные продукты, так и полностью дехлорированные углеводороды. Промежуточные 
продукты эквивалентны некоторым продуктам, полученным природной деградацией.

Импульсный реактор представляет собой простую технику, позволяющую пред
сказывать как состав продуктов, так и условия реакции, требуемые для получения таких 

еградированных продуктов в лабораторных масштабах.

Конденсированные асим-триазины, VII

Упрощенный метод синтеза производных бензо-асим-триазина

А. МЕССМЕР, ДЬ. ХАЙОШ, П. БЕНКО и Л. ПАЛЛОШ

Был разработан упрошенный синтез типа Арндт—Розенау, приводящий к образо
ванию 3-меркапто-бензо-аомг-триазинам. С помощью данного синтеза 3-меркапто- и 
3-метилтио-бензо-ааш-триазины могут быть получены из орто-нитроанилинов на двух 
ступенях и с высоким выходом. Синтезы более чем 40 новых производных бензо-а си м -  
триазина, описанные здесь, включают в себя алкилирование и нуклеофильное замещение 
меркапто-группы. Циклизация 5-хлорозамещенного о-нитроанилина протекает аномально; 
это объяснялось электроноакцепторным эффектом нитрогруппы на пара-положение.

Изучение взаимодействия некоторых полярных винилмономеров с AlEt, 
методом инфракрасной спектроскопии

А. ДАНКОВИЧ, Л. ЛЕНДВАИ, Ю. В. КИССИН и И. СЕЛЛЕШИ

Смещение полосы валентных колебаний C=N при комплексообразовании акрило
нитрила — AlEt3 в сторону более высоких частот свидетельствует о том, что комплекс в 
первую очередь образуется за счет неподеленной пары электронов атома азота. Вероят
ность этого взаимодействия понижается при повышении реакционного времени и пониже
нии молярного соотношения AN/AlEt3. При увеличении времени реакции преобладает 
комплексообразование, в которое вовлечена и связь С =  С.

В образовании комплекса винилацетат-AlEt., важную роль играет карбонильная 
группа. Определено, что стабильность взаимодействия является функцией молярного 
соотношения мономера и металл-алкила. С повышением концентрации металл-алкила ста
бильность комплекса повышается.

В случае образования комплекса метилметакрилат — AlEt3 взаимодействие компо
нентов происходит через группы С =  О метилметакрилата. При молярном соотношении 
MMA/AlEt3 <  1 стабильность комплекса повышается. С увеличением времени реакции и 
концентрации металл-алкила могут производить и реакции переалкилиоования.



При взаимодействии акриловой кислоты и акриламида с AlEt3 в реакцию вступают 
подвижные атомы Н. С понижением молярного соотношения AK/AlEt3 стабильность 
взаимодействия понижается.

Стабильность комплекса А А —AlEt3 понижается с увеличением концентрации ме
талл-алкила.

Появление абсорбции при 2225 и 2275 см~‘ в инфракрасном спектре при относи
тельно большом избытке металл-алкила доказывает преобладание донорно-акцепторного 
взаимодействия между компонентами и реакции, происходящей с образованием нитриль- 
ной группы.

Из приведенных данных видно, что все исследованные виниловые мономеры вступа
ют в энергичные реакции с AlEt3. Первичные продукты этих взаимодействий стабильны 
в течении нескольких часов лишь при отсутствии избытка алюминийорганического со
единения. Поскольку обычно реакция сополимеризации виниловых мономеров и олефинов 
проводится в условиях, когда концентрация винилового мономера ниже, чем концентра
ция AlEt3 (1, 2), необходимо принимать во внимание также и возможность дальнейших 
пимических превращений в реакционной смеси, которые либо выводят часть винилового 
мономера из сферы реакции сополимеризации вследствие расхода двойных связей, либо 
приводят к образованию комплексов новых виниловых мономеров.

Влияние фотографических и фотометрических параметров на 
спектрографическую оценку, IV

Исследование кривой почернения. Зависимости фотографических и 
фотометрических параметров при фотометрии полосовых спектров

ДЬ. ХЕЛТАИ, К. ЦИММЕР, М. МАТЕРИИ и К. ФЛОРИАН

Рассеянный свет, попадающий в фотометр полосовых спектров в значительной мере 
влияет на вид кривой почернения. В случае непрерывного спектра этим мешающим дей
ствием можно пренебречь, однако, при измерении полосовых спектров с увеличением 
величины у  это действие возрастает с уменьшением ширины полосы. В результате этого, 
линейный участок кривой почернения полосовых спектров, при использовании обычного 
фотометра полосовых спектров Zeiss GII, всегда загибается. Поэтому правило для длины 
zlSL, измеренной при почернении на линейном участке кривой почернения, согласно кото
рому /dSL 1,25, справедливо лишь в определенном интервале величин у .  Вуальное по
чернение также понижает влияние рассеянного света.

Влияние фотографических и фотометрических параметров на 
спектрографическую оценку, V

Влияние типа фотометра полосовых спектров на вид кривой почернения 
полосовых спектров и на оценку с помощью /-трансформации

ДЬ. ХЕЛТАИ и к. ЦИММЕР

Сравнивая контуры кривых почернения, полученных с помощью фотометров поло
совых спектров различного типа (обычных и современных) было установлено, что формы 
кривых различаются вследствие различной интенсивности рассеянного света и эти от
клонения, в зависимости от почернения, быстро увеличиваются. Величины у ,  Sl h Sl l , 
определенные на различных приборах, различаются. В современных приборах с неболь
шим рассеянным светом, высшее — надежно измеряемое — предельное значение почер
нения SLl больше на 0,5—1,5 почернения, нежели в случае обычных приборов. Однако, 
величины к , в противоположность этому, не зависит от типа прибора и величины AI, 
равные логарифму величины относительной интенсивности, могут быть определены с 
помощью /-трансформации с одинаковой точностью, к тому же значения /, полученные на 
различных установках, приблизительно одинаковы.



Исследование равновесий комплексообразования между гликолями и борной 
кислотой в водных растворах

Т. Л. ПААЛ

В литературе встречаемся с противоречивыми представлениями относительно строе
ния и образования нейтральных комплексов гликолей с борной кислотой. Для исследова
ния таких систем с успехом может быть применим метод экстракции жидкость — жид
кость. Подробно было изучено распределение борной кислоты, а также электролитов и 
нейтральных молекул в системе н-спирт — вода, а затем из данных измерений в системе 
бутанол — вода, были определены константы равновесия комплексов D-сорбита, D-ман- 
нита, дульцита и бутан-1,3-диола с борной кислотой. Образование комплексов бутан-1,3- 
диол с борной кислотой и боратами было исследовано pH-метрически. В случае этиленгли
коля, пропан-1,2-диола и глицерина не удалось обнаружить образования нейтральных 
комплексов с борной кислотой. На основе полученных результатов обсуждаются равно
весия комплексообразования между гликолями и борной кислотой, а также боратами.

Исследование слабых взаимодействий в водных растворах между борной 
кислотой и полярными органическими соединениями

Т. Л. ПААЛ

Повышение pH, наблюдаемое при добавлении полярных органических соединений к 
буферным растворам борная кислота — борат, объясняется на основе образования комплек
сов борная кислота — основание Льюиса с составом 1: 1.  При добавлении тех же самых 
реагентов к буферным растворам с тем же pH, в которых вместо бората присутствует фос
фат, наблюдалось лишь минимальное изменение pH, вызванное влиянием среды полярных 
органических соединений. Внося поправку на это, были рассчитаны константы равновесия 
комплексов диоксана, диметилформамида, диметилсульфоксида, ацетона, бутанола, пропа
нола, метанола и ацетонитрила с борной кислотой.

На основе полученных результатов было заключено, что влияние среды гликолей 
не оказывает какого-либо эффекта на постоянные величины констант равновесия комп
лексов гликолей с боратами, определенных рН-метрически.

Исследование бинарных систем с поверхностно-активным веществом, I

Исследование водных растворов октаноата натрия с помощью изменения
активности

Ж. БЕДЁ и Э. БЕРЕЦ

Активности ионов поверхностно-активных веществ и противоионов были непо
средственно получены ие ЭДС измерений в водных растворах октаноата натрия в зависи
мости от концентрации и температуры. Был рассчитан также средний коэффициент ак
тивности. Из этих данных, а также из температурной и концентрационной зависимости по
верхностного натяжения были определены ККМ и их зависимости от температуры.

Было найдено, что средний коэффициент активности при ККМ значительно ниже, 
чем рассчитанный с помощью уравнения Дэбая—Хюккеля, что может быть объяснено пре- 
мицеллярным образованием.

Количество адсорбции и теплота адсорбции были рассчитаны, используя изотерму 
адсорбции Гиббса для адсорбции октаноата натрия.

На основе температурной зависимости A G ° , А Н °  и AS° для образования мицелл 
было заключено, что наиболее важным фактором в стабилизации гидрофобных связей при 
образовании мицелл является энтропия, вследствие изменений в структуре воды.

Модель заряженного разделения фаз изменялось с механзмом образования мицелл; 
рассчитанная отсюда степень присоединения противоионов равна 0,665.



Исследование бинарных систем с поверхностно-активным веществом, II

Исследование растворов октаноата натрия в тяжелой воде с помощью
измерения активности

Ж. ВЭДЁ и Э. БЕРЕЦ

На основе ЭДС измерений были определены активности ионов, средние активности 
и коэффициенты активности поверхностно-активного вещества (ПАВ) в системе октаноат 
натрия — тяжелая вода в зависимости от температуры и концентрации. Исходя из этих 
данных приводятся ККМ и ее температурная зависимость.

Было исследовано влияние качества растворителя на ККМ растворов ПАВ, на 
среднюю активность и коэффициент активности ПАВ для ККМ, а также на стабильность 
мицеллярных растворов.

На основе температурной зависимости A G ° , А Н °  и Д6'° при образовании мицелл 
было заключено, что стабильность мицелл в системе NaC8—D20  меньше, чем в системе 
NaCg—Н20 , что объясняется уменьшением силы гидрофобных связей в тяжелой воде.
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In this report w e describe the application of the flam e ionization detector (F ID )  
for the m easurem ent o f urease activ ity  as an exam ple. T he m ethod is uniquely suited  
to  the study of rates o f  enzym atic reactions accom panied b y  C 02 evolution. The C 02 
is stripped w ith H 2 from  the reaction m ixture and then m ethanized in  a catalytic re
actor. The concentration o f methane produced is m easured b y  F ID . In  steady sta te , 
the measured ion ization  current is str ictly  proportional to  th e  reaction rate.

T he m ethod  d esc rib ed  here w as o rig inally  deve loped  in  our lab o ra to ry  
to  m o n ito r oscillating  C 0 2 an d  CO ev o lu tio n  in  th e  B elo u so v —Z habotinsk ii 
reac tio n  [1 ]. M any en z y m a tic  reac tio n s are  also follow ed b y  C 0 2 evo lu tion  
an d  th is  fa c t is th e  b as is  o f  th e  well k n o w n  m an o m etric  m e th o d s  [2]. O ur aim  
w as to  rep lace th e  m a n o m e tric  W arb u rg  a p p a ra tu s  w ith  a  ra p id  an d  sensitive 
an a ly tica l system . To th is  end, th e  in s tru m e n t show n in  F ig . 1 w as designed

Fig. 1. Schem atic drawing o f  th e  apparatus used for the determ ination o f urease activ ity . 
See te x t for description o f the various com ponents

1 Acta Chim. Acad. Sei. Hung. 103, 1980



226 NOSZTICZIUS et a t :  DETERMINATION OF ENZYME ACTIVITIES

b)

F ig . 2. Two types o f the applied enzym e reactors for continuous (a) and integrating (b)
m easurem ents

a n d  b u ilt . The in s tru m e n t can be o p e ra te d  in  tw o m odes; in  a d irec t an d  in  
a n  in te g ra tin g  w ay  ap p ly in g  tw o k in d s  o f enzym e re a c to rs , as can  be seen 
in  F ig . 2.

T he system  c a n  be  used w h en ev er a  biochem ical o r chem ical re a c tio n  
p ro d u ces  C 02. W e d iscuss th e  u rea -u rease  reac tio n  as an  exam ple .

M ateria ls an d  M ethods

Urea, urease and other reagent grade chem icals were supplied b y  R eanal F ine Chemical 
F actory  Budapest. The enzym e and substrate solutions were prepared according to the litera
ture [3].

The incorporation o f  the F ID  in th e  instrum ent used for the determ ination of urease 
a c tiv ity  is illustrated in  F ig. 1. The instrum ent consists of the follow ing m ain com ponents:

(A) E lectrolytic H 2 generator producing an electronically controlled, constant m olar 
flow -rate  o f H2.

(B ) Therm ostated enzym e reactor, F ig . 2 (a) or (b).
(C) Catalytic converter containing N i as catalyst, heated electrically to 300 °C.
(D ) F ID  unit: H ere a pump producing a constant flow  of clean air and a stabilized h igh  

v o lta g e  source (300 V ) w as also incorporated.
(E ) The current o f  the F ID  was m easured by a K eithley 610-B electrom eter.
(F ) The m easured current was recorded by a Radelkis O H-814/1 potentiom etric re

corder.
(I) An injection port for calibration b y  C 02 could be inserted betw een (B ) and (C).

M ethod a

The procedure to m easure the urease ac tiv ity  w ith the enzym e reactor depicted in  Fig. 2 
(a) was as follows. A n aliquot o f enzym e solution  was introduced into  th e  reactor. T ypically  
1 cm 8 aliquots were used. The whole system  was flushed by allowing the H 2 to bubble at a con-
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NOSZTICZIUS et al.: DETERMINATION OF ENZYME ACTIVITIES 227

stan t flow  rate (30 cm3/m in) through the reactor and to flow  through the other com ponents. 
A fter th a t the flam e was ignited. I t  is im portant to apply a f ixed  restrictor (e.g. a narrow glass 
capillary) just before the enzym e reactor to achieve a high “ bubbling frequency” and not to  
disturb the flam e. W hen the system  stabilized and the background current dropped below  
40 pA (about 5 m in), 1 cm 3 substrate solution was introduced from a syringe m ounted to the  
top  of the reactor. The w aiting tim e can he reduced if  the catalytic  reactor is m aintained in  H 2 
atm osphere during the filling procedure of the enzym e reactor: a bypass pipe can be inserted  
for this purpose.

After the addition of the substrate solution to the enzym e reactor, the decom position  
of the urea begins and the evolving C 02 is continuously stripped b y  the H2 flow. If the rate 
of the reaction is constant, a steady state will he achieved after a transient period. In the steady  
state  the am ount of C 02 produced in the reaction is equal to the am ount stripped from the  
reaction m ixture, thus F qos, the m olar flow  rate of C 02 in H 2, is a quantitative measure of the  
reaction rate. In the catalytic  converter, the C02 is m ethanized and the burning of m ethane  
causes an ionic current in the F ID . A graph produced in th is w ay is depicted in Fig. 3a.

The electric current ( I )  produced by the F ID  can he described b y  the equation

I  — I 0 kN ( 1)

where J„ is the background current, usually 10—20 pA , Fj^e is the m ethane flow  rate in m ol/s, 
kMe is a factor of proportionality shew ing the ionization efficiency, C/mol. In practice F Me =  
=  F qq,, thus the expression

■ =  F,
Hie

COi (2)

gives the evolution rate o f carbon dioxide in the steady state. I b is the ionic current correspond
ing to the steady state.

The enzym e activ ity  can he calculated on the basis th a t 1 enzym e unit produces 0.5 
/im ol C 02/min. (This is a consequence of the international convention according to which 1 
enzym e un it produces 1 /m iol N H 3 in 1 minute. )Ц |

Determination of and substrate concentrations

Introducing a known am ount of C 02 («со ,) into the system , can be determined. 
B y definition CO

"COi — Д F COtdt (3)

thus, based on Eq. (2)

^ M e  —

f  ( /  -  I  о) dt
ti

n CO.
(4)

W here t,- is the tim e of introduction of C 02. In practice, it  is easy to find a At tim e interval for 
w hich the approxim ation

00 U +A t

j  — h)  d* ^  j  ( I  -  I 0) dt (5)
U U

holds w ithin the experim ental error. The system  can he calibrated w ith  gaseous C02 or w ith  
a chem ical or biochem ical reaction producing a known am ount of C 02.

Conversely, an unknown am ount of a substrate can he determ ined measuring q, 
produced from the substrate during the enzym e reaction

U + A t

nCOi. ~  I ( I  -  I q) dt (6)
и

Method b

This procedure differs from  the previous one m ainly in the applied enzym e reactor. 
The schem atic diagram of this system  is given in Fig. 2b. Here a filter paper is w etted by an 
aliquot o f the enzym e substrate m ixture (usually 0.1 cm 3). Thus the tim e constan t o f the system

* Acta Chim. Acad. Sei. H ung. 103, 1980



2 2 8 NOSZTICZIUS et al.: DETERMINATION OF ENZYME ACTIVITIES

is  reduced due to the smaller volum e and larger specific surface o f the reaction m ixture [4]. 
T he filter  paper is placed in to  a glass tube G w hich can be changed easily.

V a lve  V I has two positions: an “ open” position  when the H 2 saturated in water-filled  
saturator W  flows through enzym e reactor R , and a closed position when the H2 is stagnating

a/

F ig . 3. Ionization current vs. tim e curves m easured by the continuous (a) and the integrating
m ethod (b)

in  th e  reactor thus allowing the C 02 evolving from  the reaction m ixture to accum ulate in  the 
closed  volum e. After an accum ulation period o f some m inutes (VI is closed), a shorter purging 
period follows (VI is open). Stopcock V2 is open only during the short tim e when valve VI 
changes position to prevent th e  flam e to go out. The C02 collected in  this w ay was m ethanized  
again  and appeaed in the F ID  liker a chrom atographic peak. The area under th is peak divided  
b y  the tim e elapsed in  the closed position gives the evolution rate o f carbon dioxide th a t is the

Acta Chim. Acad. Sei. Hung. 103, 1980
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reaction  rate

Fco. =  -j—  u t - T -
reMe {o *c

where Ic is the m om ent w hen Y1 was closed to  concentrate the evolving C 02, t0 is the m om ent 
w hen V I was opened to  flush  C02 toward th e  detector, and is the m om ent when the system  
reached the steady state w ithin the experim ental error. A lternately F qq can be calculated  
using the I t  value and expression (2) again, how ever, applying reasonable conditions, E q. (7) 
gives a more accurate result. A  graph o f an experim ent according to procedure b is show n in  
Fig. 3b.

Comparison o f  m ethods a and b

M ethod a is well su ited to substrate determ inations because the enzym e and th e  sub
strate solution can be m ixed in  the reactor. W hen it  is used to determ ine enzym e activ ities, 
it  takes to change the whole reactor and to  reach the steady state.

M ethod b is well suited to activ ity  determ inations. The samples can be changed rapidly  
and th e  steady state is reached quickly. A s th e  m ixing of the solutions on the filter paper is 
difficu lt, it  is not convenient to measure su bstrate  concentrations in  th is way.

(7)

R esults

T h e sen sitiv ity  o f F ID  w as k ^ e  =  79.7 i  0.4
mC

m ol CO,
m easu red  in

M arch  1977. &ме w as m easured  again  in  O cto b er and  i t  w as fo u n d  to  be 79.8 ^  
mC

rb 0.4 j q  . A ccord ing  to  th is , a  C 0 2 flow  ra te  of 1 /tm ol/m in  causes an

io n iza tio n  c u rre n t o f 1328 ^  6 pA . C a lib ra tio n  w ith  gaseous C 0 2 (ca lcu la ted  
to  n o rm a l s ta te )  an d  w ith  C 0 2 p ro d u ced  from  a know n a m o u n t o f u rea  b y  u rea se  
gave th e  sam e resu lts  w ith in  th e  e x p e rim e n ta l e rro r o f 0 .5 % . T h u s th e  m e th o d  
is su ita b le  to  m easure  unknow n co n c e n tra tio n s  o f u rea as w ell.

M ethod a

T h e  re su lt o f an  ex p erim en t b y  m e th o d  a can  be seen in  F ig . За. 1 cm 3 
enzym e so lu tion  (co n cen tra tio n  0.11 m g/1  cm 3 0.02 M  p H  7.0 p h o sp h a te  bu ffe r) 
w as p ip e tte d  in to  th e  enzym e re a c to r  a n d  1 cm 3 su b stra te  so lu tio n  (c o n c e n tra 
tio n : 30 m g urea/1 cm 3 0.75 M , p H  7 .0  p h o sp h a te  buffer) w as ad d ed  w ith  from  
a sy ringe . T he s te a d y  s ta te  io n iza tio n  c u rre n t was 1540 ^  20 pA , th u s  th e  
m easu red  a c tiv ity  w as 2.32 ^  0.03 U . T h e  specific a c tiv ity  w as ca lcu la ted  to  
be 21.1 b ; 0.3 U /m g. A p p lica tion  o f  a lb u m in e  or m ore c o n c e n tra ted  enzym e 
so lu tio n s  m akes th e  m ix tu re  foam y a n d  th u s  produces a n o isy  signal.

M ethod b

T w o curves p ro d u ced  b y  m e th o d  b a re  depicted  in  F ig . 3 h . T he tw o  
peaks d iffe r only  in  th e  tim e  o f gas co llec tio n : 3 m inutes fo r th e  f ir s t  one a n d  
4 m in u te s  for th e  second one. The p ro ced u re  w as as follows. A 100 /Л a liq u o t
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230 NOSZTICZIUS et al.: DETERMINATION OF ENZYME ACTIVITIES

o f enzym e su b s tra te  m ix tu re  w as in jec ted  o n to  a piece o f  fo lded  filte r  p a p e r  
(size 6 cm X 1.5 cm ).

T h e  in teg rals o f  th e  d ashed  areas w ere 222 pA  m in  a n d  305 pA  m in , 
re sp ec tiv e ly . The re c o rd e d  curves were in te g ra te d  n u m erica lly  app ly ing  S im p
so n ’s ru le . The c a lc u la te d  s te a d y  s ta te  c u rre n ts  w ere 74.0 pA  and 76.3 pA . 
T h e  specific a c tiv ity  b a se d  on five ex p erim en ts  w as fo u n d  to  be 20.6 ^  0.4 
U /m g.

To check m e th o d s  a b, th e  specific a c t iv i ty  o f  u rease  was de te rm in ed  
acco rd in g  to  th e  l i te r a tu r e  [3] b y  t i t r a t io n  o f  th e  am m o n iu m  produced  from  
u re a , an d  i t  was fo u n d  to  be 22 ^  1 U /m g. T h u s  th e  re su lts  m easured  b y  th e  
c lassica l and th e  new  m e th o d s  agree w ith in  th e  ex p e rim en ta l error.

D iscussion

T he ad v an tag es  o f  th e  m ethod  re p o r te d  here  m a y  be sum m arized  as 
fo llo w s:

1. I t  is an  a b so lu te  m eth o d  in  th e  sense th a t  th e  w hole am o u n t o f  C 0 2 
p ro d u c e d  in  a re a c tio n  is m easured  an d  th e  c a lib ra tio n  does n o t depend  o f th e  
o rig in  of the  carb o n  d iox ide .

2. The m e th o d  is  especially  su itab le  fo r k in e tic  m easu rem en ts because  
th e  signal is d irec tly  p ro p o rtio n a l to  th e  r a te  o f th e  reac tio n .

3. The flam e io n iz a tio n  d e tec to r ap p lied  here  h a s  som e well know n a d 
v a n ta g e s : a high se n s it iv ity , a w ide lin ear d y n am ic  ran g e  a n d  a good s ta b ili ty . 
E x p e rim en ts  are  in  p ro g ress  to  apply  th e  m e th o d  for o th e r  enzym atic  reac tio n s  
co u p led  w ith  C 0 2 p ro d u c in g  steps to  m easu re  enzym e a c tiv itie s , k inetic  p a ra m 
e te rs  and  su b s tra te  co n cen tra tio n s  as well.

*
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The hydroxyl—fluorine exchange reaction of 3-hydroxypregn-5-en-20-one (13) 
w ith  F A R  (4) was investigated  in detail. Besides the 3/3-fluoro derivative 18 the ester  
15, the 3,3’-ether 17, the 3a ,5-cyclo-6a-m ethoxy compound 20, as well as the correspond
ing 6a-hydroxy derivative 21 were isolated  as by-products. T he solvent dependence of 
the product distribution is explained b y  the proposed m echanism  o f the reaction. Am ong  
the solvents tried, chloroform w as found to  give the highest y ields o f the fluorinated  
steroids. Four further 3/?-fluoro-5-ene steroid derivatives 23, 25, 27 and 29 were also 
synthesized. All structures were unam biguously established b y  PM R spectroscopy.

The in te re s tin g  biological p ro p ertie s  [1] of f lu o rin a te d  stero ids p ro m p ted  
th e  syn th esis  o f 3-fluoro-5 ,6-d ihalogeno  d e riva tives. S uch  com pounds can  be 
o b ta in e d , in  princ ip le , s ta r tin g  fro m  3-hydroxy-5-ene s te ro id s  1, rep lac ing  f irs t  
th e  h y d ro x y l g roup  b y  flu o rin e  (2) an d  th e n  sa tu ra tin g  th e  double  bond  w ith  
ha logen  (3). A ccordigly , th e  in flu en ce  o f  th e  d ifferen t re a c tio n  cond itions on 
th e  O H —F  exchange reac tio n  o f  3 -h y d ro x y -5 ,6 -u n sa tu ra ted  ste ro id s  w as in 
v e s tig a te d  in  de ta il.

Fig. 1

T he m e th o d  in tro d u ced  b y  O l a h  et al. [2], app ly in g  a 9 : .1 H F -p y r id in e  
com plex  fo r th e  rep lacem en t o f  seco n d ary  an d  te r t ia ry  h y d ro x y l groups b y  
f lu o rin e , w as found  unsuccessfu l in  o u r case. A n o th er m e th o d  [3] recom m ending  
100%  H F  fo r th e  sam e reac tio n  gave th e  flu o rin a ted  co m pounds in  v e ry  low  
y ie ld , co n seq u en tly  i t  is n o t su itab le  fo r large-scale syn th esis .

* To whom  correspondence should be addressed.
** Present address: In stitu te  o f Agricultural Chemical T echnology, U niversity o f  

Technical Sciences, Budapest.
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232 NÉDER et al.: FLUORINATED STEROIDS, I

In  1 9 5 0  P r u e t t  et al. [4] described  th e  syn thesis  o f  2 -ch lo ro - l,l ,2 - tr i-  
f lu o ro tr ie th y la m in e  4  w hich  w as successfully  app lied  b y  Y a r o v e n k o  an d  
R a k s h a  [ 5 ]  for th e  rep lacem en t o f h y d ro x y l groups b y  f lu o rin e . This reag en t 
w as in tro d u ced  fo r th e  syn thesis  o f f lu o rin a te d  s te ro id  d e riv a tiv e s  s im u lta 
n eo u sly  b y  A y e r  [ 6 ]  as well as b y  K n o x  et al. [ 7 ]  in  1 9 6 2 .  Tw o years la te r  a 
d e ta iled  s tu d y  w as p u b lish ed  [8] ab o u t th e  flu o rin a tio n  o f  3 -hydroxyste ro ids 
b y  m eans o f 4. In  all th e se  p ap ers , am ong  o th e r s te ro id s , th e  reactions o f

FC1
+  F e 

4

+  S t—OH

12 10 9

St =  steroid

S c h e m e  1

F ^  ^CHFCl

/ \
F N E tj

C

®NEt2
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3/5-hydroxyandrost-5 -ene  an d  -p regn-5-ene  deriv a tiv es  w ith  4  w ere also de
scribed , b u t  A yer iso la ted  only th e  co rrespond ing  3/3-fluoro d e riv a tiv es  in  ex
cellen t y ields, w hereas K n o x  et al. m en tio n ed  th a t  in  th e  case o f 3/?-hydroxy- 
androst-5-en-17-one th e  expected  3/3-fluoro isom er cou ld  on ly  be iso la ted  in 
a y ie ld  o f  58% , an d  th e  co rrespond ing  3/S,3’/3-ether w as o b ta in e d  as a b y -p ro d 
u c t  [8]. F ro m  th e ir  d e ta iled  in v e s tig a tio n  of s a tu ra te d  3 -hy d ro x y ste ro id s  it  
becam e obvious, t h a t  th e  O H -F  ex ch an g e  reac tio n  p roceeds via  an  ac tive  
“ es te r-am id e”  5 in te rm e d ia te , w hich  is form ed from  4  a n d  th e  co rrespond ing  
h y d ro x y ste ro id  b y  e lim in a tio n  o f H F  [6 — 9] (Schem e 1). T he in te rm e d ia te  5 
can  un d erg o  th ree  ty p e s  of re a c tio n : i t  can decom pose to  th e  ace tam ide  7 
y ie ld ing  sim u ltan eo u sly  th e  stero id  c a tio n  6 ( a ) ;  i t  c an  be  tra n sfo rm e d  by  a 
d irec t Sn2 m echanism  in to  th e  f lu o r in a te d  stero id  8 (b )  an d , in  th e  presence 
o f m o is tu re , i t  can y ie ld  th e  stero id  e s te r  11 via  e lim in a tio n  o f  d ie th y lam in e  ( c) .  
T he  s te ro id  cation  6 fo rm ed  by  ro u te  ( a )  m igh t be s tab ilized  b y  d ep ro to n a tio n  
y ie ld ing  an  u n sa tu ra te d  deriv a tiv e  10 ,  or ad d itio n  o f  f lu o rin e  ta k e s  p lace. In  
th e  la t te r  case, d ep en d in g  on th e  fe a tu re  o f  th e  ca tio n  6 a t  least tw o  d iastereo- 
m ers 8 an d  9 can be e x p e c te d  th e o re tic a lly , or if  6 is s tab iliz ed  b y  delocalization , 
o th e r  isom ers can also fo rm . In  th e  case o f  sa tu ra te d  h y d ro x y ste ro id s  inversion  
o f  con figu ra tion  was observed* , show ing  th a t  th e  exchange reac tio n  m ay  ta k e  
p lace via  ro u te  (b ) . W h en  th e  ca tion  6 is s tab ilized  b y  d e localization , i t  can  be 
a tta c k e d  n o t only b y  flu o rid e , w hich is a ra th e r  w eak  nucleoph ile , b u t  also by  
th e  h y d ro x y l group o f  th e  u n reac ted  h y d ro x y ste ro id , le ad in g  to  th e  fo rm atio n  
o f  th e  correspond ing  e th e r  12.

K n o x  et al. [8 ]  in v e s tig a te d  th e  in fluence  o f d iffe ren t so lven ts an d  th a t  
o f th e  te m p e ra tu re  on th e  reac tio n  o f  4  w ith  3 /3-hydroxyandrostan-17-one 
an d  iso la ted  only th re e  p ro d u c ts , th e  u n sa tu ra te d  s te ro id  10 , th e  3a-fluoro 
isom er 8, an d  th e  este r 11, in  d iffe ren t am oun ts.

In  o u r ex perim en ts f ir s t  th e  re a c tio n  of 4 w ith  3/3-hydroxypregn-5-en- 
20-one ( 13)  was s tu d ie d , choosing te tra h y d ro fu ra n , m eth y len e  chloride, 
a ce to n itrile  an d  ch lo ro fo rm , re sp ec tiv e ly , as so lvents. In  c o n tra d ic tio n  to  th e  
li te ra tu re  [6, 8] five p ro d u c ts  could b e  iso la ted  in s te a d  o f  th re e  (Schem e 2). 
In  ad d itio n  to  th e  k n o w n  3/3-fluoride 18 ,  th e  e th e r  17  (analogous to  12) ,  th e  
3/S-ester 15 (analogous to  11) ,  and  tw o  3a,5-cyclo d e riv a tiv e s , co n ta in in g  a 
m e th o x y l (20 ) or a h y d ro x y l group (21 )  a t  position  6 w ere se p a ra te d  (T able I). 
T he e s te r  15 is fo rm ed on  hydro lysis [8] o f  th e  ac tive  este r-am id e  14 ,  w hich is 
th e  f irs t  in te rm ed ia te  o f th e  reac tio n . I t s  s tru c tu re  could  be p ro v ed  b y  sp ec tro s
copy. T he este r ca rb o n y l b an d  a p p e a re d  in  its  IR  sp e c tra  a t  1750 an d  1770 
c m “ 1, besides th e  c a rb o n y l a b so rp tio n  o f  th e  20-keto  g roup  a t  1705 c m -1 . 
In  its  P M R  spec trum  th e  CHFC1 group  gave a ch a rac te ris tic  d o u b le t a t  5.8 and

* The statem ent of A y e r  [6] that ’’the replacem ent of hyd roxyl b y  fluorine proceeds 
w ith  essentially  com plete inversion o f configuration” cannot be generalized and is even contra
dicted by his own findings, discussed at the beginning of Ayer’s paper.
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T a b le  I

Solvent-dependent product distribution (yields in  % )  o f  the reaction* o f  1 3  with 4

Solvent ester
1 5

ether
1 7

3/J-fluoride
1 8

6cc-methoxy
20

6a-hydroxy
21

THF 9.4 1 . 6 19.7 32.6 < 1.0

CH.A < 1.0 < 1.0 87.0 < 1 .0 < 1.0

CH3CN < 1.0 10.5 30.4 3.7 14.8
CHClJ < 1.0 < 1.0 90.4 1.5 1.5

* Reaction conditions: 4  was applied in a three-fold molar ratio. The reaction temperature 
was in  the case of TH F 0 °C, 2 h  and then 25 °C, 2 h; in all other cases 0 °C, 1 h, then 25 °C, 3 h

6.65 ppm , re sp ec tiv e ly  ( J h f  50 H z). A ll th e  o th e r  co m pounds can  o rig inate  
f ro m  th e  non-classical hom oally lic  ca tio n  [8] 16 . T h eo re tica lly  an y  nucleophile 
c a n  a t ta c k  a t e ith e r o f  th e  “ te rm in a l”  a to m s, C-3 an d  C-6. O w ing to  steric  fa c 
to r s ,  th e  more s tab le  3 /3 -su b stitu ted  5-ene d e riv a tiv es  17 a n d  18 w ill be fo rm ed  
p re fe ra b ly  in  a th e rm o d y n a m ic a lly  con tro lled  re a c tio n  [10, 11]. The s tro n g  
so lv e n t dependence o f  th e  ra tio  o f  th e  iso la ted  p ro d u c ts , how ever, suggested  
t h a t  significant a m o u n ts  o f  a less s tab le  [12], 3a,5-cyclo-6-fluoro  in te rm ed ia te  
19  ca n  also be fo rm ed  in  a k in e tic a lly  con tro lled  reac tio n ; th is  is th e n  decom 
p o sed  during th e  w o rk -u p  o f  th e  reac tio n  m ix tu re  to  give th e  corresponding  
6 a -m eth o x y  (20) a n d  6 a -h y d ro x y  (21 )  d eriv a tiv es . In  c o n tra d ic tio n  to  th e  
l i te ra tu re  [13, 14] w h ic h  assigned  6/1-con fig u ra tio n  to  th e se  d eriv a tiv es , P M R  
p ro v e d  th e ir  6a s t ru c tu re .  T he p ro b lem  o f th e  ste ric  a rra n g e m en t o f th e  su b s tit
u e n t  a t  C-6 in  3 a ,5 -cyc loste ro ids w as d iscussed in  1952 in d e p e n d e n tly  b y  tw o  
re se a rc h  groups [15, 16] in  d e ta il, b u t  w ith  c o n tra d ic to ry  re su lts , suggesting  
e.g. th e  6ß  [15] an d  6 a  c o n fig u ra tio n  [16], re spec tive ly , for th e  sam e 3a,5-cyclo- 
cholestan-6-ol. T his p ro b lem  is s till unso lved , an d  th e  d iffe ren t au th o rs  re fe r 
to  one or the  o th e r a lte rn a tiv e  m ak in g  th e  s itu a tio n  even  m ore  confused.

T he above m e n tio n e d  s tereochem ical p rob lem  can  be solved u n am b i
g u o u sly  by  NM R sp ec tro sco p y , ta k in g  in to  con sid era tio n  th e  conform ation  o f  
th e  m olecules. In  20 th e  4 ,4 ’-p ro to n s o f  th e  s tra in e d  cy c lo p ro p y l rin g  ap p eared  
as a double of d o u b le ts  a t  0.4 an d  0.55 p p m  (J  2.5 H z), a n d  th e  signal of
6 -H , th e  proton g em in a l to  th e  m e th o x y l group , gave a t r ip le t  a t  2.75 p p m  
w ith  a coupling c o n s ta n t  o f J  3 H z, p rov ing  its  equatorial a rran g em en t* . 
I n  stero ids w ith  A /B -ircm s-fused rings th is  w ould  m ean  a 6a  p ro to n , accord ing  
to  th e  chair c o n fo rm a tio n  o f r in g  B. In  th e  3a,5-cyclo  d e riv a tiv e s , how ever, 
r in g  A resem bles a n  A -nor-5 /?-substitu ted  s te ro id , co n seq u en tly  th e  s te ric  
a rra n g e m en t of th e  A /В  rings is ra th e r  like an  A/В  cis fu sed  system , due to

* L it. [13] data: t a t 2.77 ppm , (J  2.5 Hz).
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20 R  =  O M e

21 R  =  O i l
Scheme 2
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Table П

IR  and P M R  data* of compounds 15, 18, 20, 21, 23, 25, 27 and  29

Com
pound

IR
(*’c=0 cm -1) H—3 H—6 CH8— 18 СН,—19 СН,—21 Other signals

15 1705,1750, 
1770

4.8
(28)

5.35 0.65 1.05 2.15 5.8; 6.65 (J HF =  50 Hz) 
CHFC1

17 1700 3.3
(25)

5.35 0.65 1.00 2.10

18 1700 3.95;
4.80
(30)

5.45
(10)

0.65 1.05 2.15 J HF =  52 Hz

20 1705 2 7 е!
( d , J =  3 Hz)

0.66 1.05 2.10 0.40; 0.55 (d d ,J  =  2.5 Hz) 
H -4,4’; 3.32 CH30

21 1690 3.35
(d ,J  =  3 Hz)

0.70 1.10 2.15 0.30; 0.45 (dd, J =  3 H z) 
H -4,4’

23 3.85;
4.70
(26)

5.35
(10)

0.70 1.05 «TpiP =  52 Hz

25 1770 3.85;
4.65
(30)

5.35
(10)

0.95 1.05 J HF =  52 Hz

27 1640 3.90;
4.75
(30)

5.45
(8)

0.95 1.08 2.27 6.72 ( t, J  =  3 Hz) H-16; 
»/h f  =  51 Hz

29 1682 3.90;
4.85
(26)

5.40
(10)

0.65 1.03 2.15 3.20 CH30 ;  4.35 H-16; 
JTpjp =  57 Hz

* 0-scale, half band w idth in Hz is given in brackets

w hich  ring  В has to  a d o p t a b o a t co n fo rm atio n , an d  th e  equatorial p ro to n  in  
p o sitio n  6 is ^ -o rie n te d , in d ica tin g  th e  а -a rran g em en t o f  th e  gem inal su b s ti t
u e n t. The sam e ho lds fo r th e  6 -h y d ro x y  d eriv a tiv e  21, w here  th e  signal o f th e  
cyclo p ro p y l p ro to n s  ap p e a r a t  0.3 a n d  0.45 p p m  as a double  o f doub le ts  
(J  3 H z), an d  th e  6 -H  gives a t r ip le t  a t  3.35 ppm , th e  coupling  c o n s ta n t being 
J  3 (Table I I ) .

I t  is w o rth  m e n tio n in g  th a t  th e  e th e r  17 is form ed p re fe ren tia lly  in  ace to 
n itr ile . In  th is  so lv en t th e  reac tio n  is v e ry  slow an d  ab o u t 10%  o f u nchanged  
s ta r t in g  m a te ria l c an  be recovered . O n th e  o th e r h an d , th e  know n  w eak  nucleo- 
p h ilic ity  of th e  f lu o rid e  ion  is fu r th e r  decreased  b y  th e  so lv en t w hich , due to  
its  s tro n g  donor c a p a c ity , form s a v e ry  stab le  so lv a ted  com plex  w ith  anions. 
T h e  re la tiv e  h igh  c o n c e n tra tio n  o f  th e  u n reac ted  s ta r tin g  m a te r ia l fac ilita tes 
e th e r  fo rm ation .

To in v es tig a te  th e  s tru c tu re —a c tiv i ty  re la tio n sh ip , th e  sy n th es is  o f several 
o th e r  3/J-fluorosteroids w as also accom plished . As accord ing  to  o u r in v es tig a 
tio n s  th e  m ax im u m  y ie ld  (90% ) o f th e  3/J-fluoro d e riv a tiv e  18 could  be a tta in e d  
in  chloroform  so lu tio n , th e  co rresp o n d in g  3-hydroxy-5-ene d e riv a tiv e s  w ere 
allow ed to  re a c t w ith  4 in  th is  so lv en t.
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3 Д-H y d ro x y  androst-5-ene (22) gave th e  ex p ec ted  3Д-fluoride 23 in  an  
•excellent y ield . W h en  th e  3 /?-hydroxy-17-lactone (24) w as t re a te d  w ith  4 , th e  
•corresponding 3Д-flu o rid e  25 was o b ta in e d  in  a m o d era te  y ie ld  only , p ro b a b ly  as 
a consequence o f th e  d ifferen t w o rk -u p  o f th e  re a c tio n  m ix tu re . As th e  so lu b il
i t y  o f  com pound  25 in  th e  b y -p ro d u c t 7 o f th e  re a c tio n  is m uch  h ig h er th a n

22 R =  OH
23 R  =  F

24  R  =  O H

25 R  =  F

26 R  =  O H

27 R = F

F ig . 2

28  R  =  O H

29 R  =  F

t h a t  o f  th e  a fo rem en tio n ed  f lu o rin a ted  s te ro id s ,’tw o  su b seq u en t c h ro m a to g ra p h 
ic s tep s  h a d  to  be ap p lied  for th e ir  c o m p le te  sep ara tio n .

R eac tio n  of th e  5,16-dien 26, as w ell as th e  16a-m ethoxy  d eriv a tiv e  28 , 
w hich w as ob ta in ed  fro m  th e  fo rm er b y  t re a tm e n t w ith  m e th an o l in  th e  p re s 
ence o f K 2C 0 3 as a b y -p ro d u c t, g av e  th e  expec ted  ЗД-fluoro  d e riv a tiv es  27 
an d  29, resp ec tiv e ly , in  fa irly  good y ie ld s .

A ll ЗД-fluorostero ids had  c h a ra c te r is tic  P M R  sp ec tra , p rov in g  n o t o n ly  
th e  p resence  of a p ro to n  gem inal to  th e  flu o rin e  a to m  ( J h f  50 — 55 H z), b u t  
also th e  Д-position  o f  th e  fluorine, as th e  h a lf  b an d  w id th  o f  th e  co rrespond ing  
gem inal p ro to n  v a ried  betw een 26 — 30 H z, in  accordance w ith  its  axial (a) 
a rra n g e m en t [8] (T able  I I ) .

E x p erim en ta l

M .p.’s were determ ined w ith a Boetius apparatus and are uncorrected. TLC was effected  
on K ieselgel H F254 w ith benzene-tetrahydrofuran 40 : 3 (A ). For detection  a 20% solution o f  
SbClj in chloroform was used w ith  subsequent heating  at 110 °C. Column chrom atography w as
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carried  out on W oelm  Silica Gel (63— 200 /um) using beneze (B ), benzene-tetrahydrofuran  
25 : 1 (C) and acetonitrile saturated w ith  cyclohexane (D ) for elution. The PM R spectra were 
recorded at 60 MHz w ith  a JE O L -60-H L  spectrom eter in deuterochloroform , using tetra- 
m eth y lsilan e  as internal standard. IR  spectra were recorded in  K B r pellets w ith  a Perkin— 
E lm er 577 spectrom eter. M ass spectra were ob ta ined  w ith  a Varian MAT SM-1 instrum ent.

A ll evaporations w ere performed in a rotary evaporator under dim inished pressure after 
h a v in g  dried the organic solutions over sodium  su lfate. The reactions w ith  2 -ch loro-l,l,2 -tr i- 
fluorotriethylam ine [17] (F A R , 4) were carried o u t in  glassware previously dried at 110 °C. 
O ptica l rotations were determ ined in chloroform (c — 1).

The reactions o f 3/3-hy<lroxypregn-5-en-20-one (13) w ith  FA R  (4 )

M ethod (a ) ,  using tetrahydrofuran as solvent

To a stirred so lu tion  o f 13 (5 g; 15.8 m m oles) in  dried tetrahydrofuran (80 m l) FA R  (4 , 
8 m l; 53.5 mmoles) w as added dropwise at 0 °C. T he reaction m ixture was stirred at 0 °C for  
2 h  and  then at room tem perature for 2 h. Sodium  fluoride (8 g; 190 m m oles) was then added to  
bin d  th e  hydrogen fluoride. After 1 h the reaction  m ixture was cooled to 0 °C and the excess 
o f  4  w as decomposed b y  th e  addition of dry m ethanol (8 m l). The precipitated inorganic sa lts  
w ere filtered off and th e  residue of the evaporated filtrate  was separated b y  colum n chrom
atography , using so lvent C for elution.

The fractions hav in g  R t  0.76 (A ) were re-chrom atographed using solvent (В ) for elution. 
T he residue obtained after evaporation was recrystallized from ethanol to y ield  3/S-fluoropregn-
5-en-20-one (18, 0.99 g; 19.7% ), m.p. 166.5— 168 °C, [<x]b° + 1 2 ° ;  lit. [18] m .p. 164— 165 °C, 
[a]b° + 1 4 ° .

The fractions hav in g  R t  0.70 (A ) were re-chrom atographed using solvent (B ) for elution. 
O n evaporation and recrystallization  of the residue from ethanol, 3/S-(chlorofluoroacetoxy)- 
pregn-5-en-20-one (15, 0.61 g; 9.4% ) was obtained, m .p. 138— 139 °C, [a]“  + 7 .5 ° .

C23H 320 3C1F (410.95). Calcd. C 67.1; H  7.83; Cl 8.62; F  4.62. Found C 66.98; H  7.74; 
Cl 8.50; F  4.87% .

The fractions hav in g  R t  0.60 (A ) gave on  evaporation and recrystallization of the residue  
from  ethanol 3a,5-cyclo-6a-m ethoxy-5a-pregnan-20-one (20, 1.70 g; 32.6% ), m .p. 122— 124 °C, 
[ot]D + 1 1 7 ° ;  lit. [19] m .p . 114 °C, [a]b° + 1 2 1 ° .

The fractions o f R t  0.55 (A ) gave on evaporation  and recrystallization of the residue from  
eth an o l di-(pregn-5-en-20-one)-3lS-yl ether (17, 0.16 g; 1.6% ), m .p. 2 2 5 - 2 2 8  °C, [a]b° + 2 3 ° .

MS: peaks at m/e 614 [(M +), 19.2% ], 314 (65), 300 (68), 299 (100), 298 (65), 281 (21), 
161 (26) and 149 (20).

C42H 620 3 (614.92). Calcd. C 8202; H  10.16; О 7.8. Found C 82.15; H  9.93; О 8.11% .
The fractions havin g  R j  0.40 (A ) gave on evaporation and recrystallization of the residue 

from  ethanol traces o f  3a,5-cyclo-6a-hydroxy-5a-pregnan-20-one (21), m .p. 181— 182 °C, [a]l> 
+  119°; lit. [14] m .p. 180— 181 °C, [cc]d + 1 2 3 °  (c =  0.663).

M ethod (b ), using dichloromethane as solvent

To a stirred solution  of 13 (5 g; 15.8 m m oles) in dry dichlorom ethane (150 m l) com pound  
4  (8 m l; 53.5 m m oles) w as added dropwise at 0 °C. Stirring was continued at 0 °C for 1 h and  
th en  at room tem perature for 3 h. The reaction m ixture was then poured into ice. The organic  
so lu tio n  was separated and washed w ith  a saturated aqueous solution of sodium  carbonate  
(3 X 50 m l) and then w ith  water. The dried so lution  was evaporated and the residue recrystalliz
ed  from  m ethanol to give a first crop of the m ixture containing the different com ponents. T he  
m other  liquor was evaporated , then decaline (10 m l) was added to, and evaporated from, th e  
residue at 0.05 mm H g to  rem ove the bulk of the contam inating acetam ide 7. The residue gave  
a second crop of the isom eric m ixture which w as separated together w ith  the first crop by co l
um n  chrom atography (so lvent C) yielding besides the 3/?-fluoro derivative 18 (4.39 g; 87% ) 
th e  other com ponents 15, 17, 20 and 21 only in  yields < 1 % , all o f them  being indentical w ith  
th o se  obtained according to m ethod (a).

Method ( c) ,  using acetonitrile as solvent
To a stirred slurry of 13 (6.4 g; 20.2 m m oles) in dry acetonirtile (175 ml) com pound 4  

(10.5 ml; 70 m m oles) w as given dropwise at 0 °C. The resulting clear solution was processed as 
described in m ethod (b). The following com pounds were isolated: 18 (1.96 g: 30.4% ) 15 (below  
1% ); 20 (0.25 g; 3 .75% ), 17 (1.30 g; 10.55% ) and 21 (0.82 g; 14.8% ).
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Method (d ) ,  using chloroform as solvent

To a stirred solution of 13 (5.0 g; 15.8 m m oles) in  dry chloroform (150 m l) com pound 4  
(7 m l; 46.8 m m oles) was given dropwise at 0 °C. The reaction m ixture was processed as described  
in  m ethod (6). The follow ing compounds were isolated: 18 (4.55 g; 90.4% ), 20 (0.1 g; 1.5% ) and  
21 (0 .08 g; 1.5% ).

3/j-Fluoro-androst-5-ene (23)

To a stirred slurry of 3/?-hydroxyandrost-5-ene [20] (22 ; 6.5 g; 23.8 m m oles) in  dry 
chloform  (60 m l) com pound 4 (7.5 ml; 50 m m oles) w as added dropwise at 0 °C. Com plete 
solution  was obtained after 5 ml of the reagent had been added. The reaction m ixture was 
stirred for 2 h  at 0 °C and then for 2 h at room  tem perature. After work-up according to m ethod  
(b), com pound 23 (5.79 g; 89% ) was obtained, m .p. 95— 97 °C, R t  0.82 (A ), [oc]g,0 — 94°.

C19H29F  (276.42). Calcd. F 6.87. Found F  6.85% .

3 ’(3/?-Fluoro-17/3-hydroxyandrost-5-en-17-a-yl)propanoic acid lactone (2 5 )

A  stirred solution of compound 24 [21] (3 g; 8.75 m m oles) in dry chloroform (30 m l) w as 
treated  w ith  com pound 4 (3 ml; 20 m m oles) a t 0 °C. Stirring was continued at 0 °C for 1 h  and  
then  at room  tem perature for 3 h. Sodium fluoride (2 g) was then added to the reaction m ixture  
and, after cooling to 0 °C, m ethanol (2 m l) was added dropwise. The precipitated salts were 
filtered  o ff after 1 h  o f stirring and the filtrate was evaporated. The residue was separated from  
the am ide 7  by colum n chromatography using solvent D  for elution. The residue o f the evap o
rated eluate was re-chromatographed using solvent C for elution. The fractions havin g  R j
0.74 (A )  were evaporated to yield, after recrystallization  from  m ethanol, com pound 25 (1.98 g; 
66% ), m .p. 1 1 5 -1 1 7  °C, [<x]b° - 9 6 .5 ° .

C22H 310 2F  (346.49). Calcd. F  5.50. Found F  5.30% .

3/3-Fluoropregna-5,16-dien-20-one (27)

A  solution of com pound 26 (5 g; 16 m m oles) in  dry chloroform (50 m l) was treated  w ith  
com pound 4  (5 ml; 33.3 m m oles) as described in  m ethod (b ) .  A fter column chrom atography, 
the fractions having R ,  0.80 (A ) were evaporated and the residue recrystallized from m ethanol 
to give com pound 27 (3.71 g; 73.5% ), m .p. 1 8 7 - 1 9 3  °C (subl.) [a ß 0 - 4 0 ° .

C21H 29OF (316.49). Calcd. F 6.0. Found F  6.35% .

3/S-Fluoro-16a-m ethoxypregn-5-en-20-one (29)

A  solution of com pound 28 (10.0 g; 29 m m oles) in  dry chloroform (80 ml) was treated  
w ith com pound 4 (10.5 m l, 70 mmoles) as described in  m ethod (b). After column chrom atogra
phy, the fractions having R < 0.55 (A ) were evaporated to give, on recrystallization from  
m ethanol, com pound 29 (7.15 g; 71.3% ), m .p. 102— 104 °C, [a]f>° — 37°.

C22H 330 2F  (348.46). Calcd. F 5.48. Found F  5.75% .

The authors are indebted to Gy. H o r v á t h  for recording and evaluating the m ass spectra.
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Selective hydrogenation of phenol to  cyclohexanone using a palladium  cata lyst  
on a molecular sieve support was studied  in  the tem perature range of 145 to 175 °C. 
The kinetic equation y ield ing the best f itt in g  to integral conversion data was deter
m ined by computerized non-linear param eter estim ation. The k inetic equation allows 
to  presume that the introductory step o f  se lective  hydrogenation takes place betw een  
atom ically adsorbed hydrogen and gaseous phenol (R ideal — E ley  type m echanism ), 
w hile adsorbed atom s and molecules participate  in the further steps (L angm uir— 
H inshelwood mechanism).

In tro d u c tio n

J o r i s  and  V i t r o n e  [1] w ere the  f i r s t  to  h y d ro g en a te  pheno l se lec tive ly , 
in  th e  liq u id  phase and  a t  a tm ospheric  p re ssu re , u tiliz ing  a p a llad iu m  c a ta ly s  
on  a c tiv e  carbon  su p p o rt. T h ey  la te r m o d ified  th e  p ro ced u re  b u t  c o n tin u ed  
to  use  pa llad iu m  as c a ta ly s t on  various su p p o rts .

A ccording to  th e rm o d y n am ic  ca lc u la tio n s  [2], selec tive  h y d ro g en a tio n  
is p ra c tic a lly  irreversib le  below  200 °C, i.e . th e  eq u ilib riu m  o f th e  re a c tio n

CeH 5OH +  2 H 2 CeH 10 (1)

is essen tia lly  sh ifted  in  th e  d irec tion  o f  th e  p ro d u c t cyclohexanone.
O n ly  tw o papers concern ing  th e  k in e tic s  o f th e  ab o v e  process could  be 

fo u n d  in  th e  lite ra tu re . S t r e l e t s  and  cow orkers [ 3 ]  d e te rm in ed  th e  r a te  o f  
th e  re a c tio n  in  a  c ircu la tio n  reac to r , in  t h e  te m p e ra tu re  ra n g e  o f 110—150 °C. 
A  p a lla d iu m  c a ta ly s t on a lu m in a  s u p p o r t w as used  [4]. A lread y  a t  110 °C, 
a  side  reac tio n  to o k  place in  w hich  cy c lo h ex an o l w as fo rm ed . T he resu lts  w ere 
e v a lu a te d  by  com pu ter using  th e  g rad ien t m e th o d . jThe conclusion  was m ade 
t h a t  hyd ro g en  is adso rbed  a tom ica lly  a n d  on  d iffe ren t a c tiv e  cen ters th a n  
p h e n o l; cyclohexanol is p ro b a b ly  fo rm ed  from  cyclohexanone slow ly bein g  
d eso rb ed  from  th e  c a ta ly s t surface.

H a n c i l  a n d  c o w o r k e r s  [ 5 ]  s t u d i e d  t h e  h y d r o g e n a t i o n  o f  p h e n o l  t o  c y c l o 

h e x a n o n e  a n d  t h e  h y d r o g e n a t i o n  o f  c y c l o h e x a n o n e  t o  c y c l o h e x a n o l ,  u s i n g  a

2 Acta Chim. Acad. Sei. Hung. 103, 1980



2 4 2 MÁTHÉ et al.: SELECTIVE HYDROGENATION OF PHENOL

p la tin u m  ca ta ly s t. T h e y  ca lcu la ted  th e  p a ra m e te rs  o f th e  k in e tic  e q u a tio n  
u s in g  lin ea r an d  n o n -lin e a r leas t squares m eth o d s. T he b e t te r  so lu tion  w as 
o b ta in e d  w ith  th e  n o n -lin ea r m ethod . E v en  m a th e m a tic a l s ta tis t ic a l  co n sid era
tio n s  d id  n o t allow  to  e stab lish  essen tia l d ifferences b e tw een  th ree  k in e tic  
eq u a tio n s . The a u th o rs  consider th e  k in e tic  eq u a tio n  th e  m o st likely , acco rd ing  
to  w h ich  th e  su rface  re a c tio n  betw een  p h en o l an d  tw o ad so rb ed  h y d ro g en  
m olecules is th e  ra te -c o n tro llin g  step .

As m ay  be seen, th e  au th o rs  o f th e  c ited  tw o papers h o ld  ra th e r  d iffe ren t 
o p in ions as to  w h a t m echan ism  is lik e ly  in  th e  se lective h y d ro g en a tio n  o f  
p heno l.

T he ob jec tive  o f  o u r experim en ts w as to  de te rm ine  th e  m ost like ly  r e 
a c tio n  m echanism , b a se d  on deta iled  k in e tic  stud ies a n d  co m p u terized  e v a lu 
a t io n  o f  th e  re su lts . T h ese  stud ies w ere m ad e  possible b y  th e  h igh  a c t iv i ty  
a n d  se lec tiv ity , re m a in in g  unchanged  for severa l h u n d red  h o u rs , of th e  c a ta ly s t  
u tiliz e d  in  our p rocess [6] for cyclohexanone p rod u c tio n .

E xperim en ta l

1. A pparatus
Selective hydrogenation was investigated in  an isotherm al integral flow  reactor. H ydro

gen and argon (used as d ilu ting gas) were introduced into the preheater of the reactor through  
flow  control, stabilized and measuring units and gas purifying equipm ent (deoxygenation and  
drying). Molten phenol w as also introduced into the preheater at a constan t rate, using a h igh  
precision dosing device. T he granular glass packing similar in grain size to the catalyst and  
accom m odated above the ca ta lyst bed ensured th a t the characteristic flow  conditions o f th e  
reaction m ixture should be established already before it  reaches the ca ta lyst bed. The tem per
ature o f the catalyst bed  was measured w ith  an iron-constantan therm ocouple and kep t a t  
constant temperature w ith in  ± 1  °C by m eans o f su itab ly controlled electric heating. T h e  
m ixture leaving the reactor was cooled and passed through a gas-liquid separator. The analysis  
o f th e  products was perform ed with a Chrom-III gas chromatograph. Argon carrier gas a n d  
flam e ionization detection  w as used. Q uantitative evaluation was performed w ith an e lectronic  
integrator. The accuracy o f the analysis was ± 0 .5 % .

2. Characteristics o f  the catalyst

The catalyst support was a natural m olecular sieve occurring in  H ungary and co n 
tain ing about 70 vol.%  clinoptilite. The support was im pregnated w ith  a palladium  ch lorid  
solution , treated w ith  0.1 N  NaOH and fina lly  reduced in the reactor in  hydrogen stream  
a t 200 °C. A t this tem perature, the catalyst reaches m axim um  a c tiv ity  and selectiv ity  a fter  
1 hr o f activation. W e w ish  to  note that w ith  the ca ta lyst containing 0.4 —0.5 wt%  P d (th is w a s  
found to be the best), at a conversion of 90% , the cyclohexanol content o f the reaction m ixtu re  
is less than 1 m ol% , and does not exceed 3 m ol%  even at conversions of 99%. In our k in etic  
m easurem ents the m axim um  conversion was 50% , i.e. the reaction proceeded un eq u ivocally  
according to Eq. (1) and no by-product form ation (above all th a t o f  cyclohexanol) had to  b e  
taken  into account. The ac tiv ity  and loadability o f the catalyst is characterized by the fo llo w 
ing: 5 to 8 mol phenol p er  1 g o f palladium can be converted per hour to  cyclohexanone. T h e  
a c tiv ity  and se lectiv ity  o f the catalyst did not decrease in the course of continuous operation  
for more than 500 hours.

3. K inetic  measurements

The reaction described by Eq. (1) is exotherm ic and accom panied by a change in  th e  
num ber of m olecules, i.e. b y  volum e change. Therefore we used argon as diluting gas in  th e  
kinetic studies. The am ounts o f diluting gas and catalyst were chosen so as to ensure th a t th e
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Volum e change o f the reaction m ixture due to conversion should n ot exceed 3%. Mass transport 
b y  longitudinal diffusion did not exceed  5% o f the total m ass flow , i.e. the reactor w as close  
to  th e  operation o f th e  ideal tube reactor. The change in the particle size o f the support be
tw een  0.6 and 2.5 m m  did not affect th e  a c tiv ity  o f the cata lyst, dem onstrating th a t pore

Table I

Conversion o f  reaction (1);
tota l pressure 1 atm ; in itial hydrogen to  phenol mole ratio: raft/rep], =  6 : 1 ;  initial partial pressure

of phenol ppt, =  0.0552 atm

8 - 1

( g P d g m l x s )

Convph 
(mol % )

nPh X  103 

(m o lphg^u )
P P h

( ä t m )
P H

( a t m )
P O N

( a t m )

0 0 1 . 8 1 8 1 0.0552 0.3312 0

Tem perature 145 °C

1.173 12.48 1.5912 0.0490 0.3219 0.0070
1.374 14.83 1.5485 0.0478 0.3202 0.0083

1.686 17.62 1.4978 0.0464 0.3179 0.0099

2.347 23.12 1.3978 0.0436 0.3138 0.0131

3.198 30.06 1.2715 0.0399 0.3082 0.0172

4.463 35.51 1.1725 0.0370 0.3039 0.0204

Tem perature 155 °C

1.173 15.22 1.5413 0.0476 0.3199 0.0085
1.374 17.55 1.4990 0.0464 0.3181 0.0098

1.686 20.52 1.4450 0.0449 0.3157 0.0115

2.347 27.90 1.3422 0.0411 0.3100 0.0156
3.198 32.47 1.2278 0.0387 0.3063 0.0183
4.463 39.02 1.1087 0.0351 0.3010 0.0225

Tem perature 165 °C

1.173 17.58 1.4985 0.0464 0.3180 0.0099
1.374 20.27 1.4495 0.0450 0.3160 0.0114

1.686 23.96 1.3825 0.0431 0.3130 0.0136
2.347 31.16 1.2515 0.0394 0.3075 0.0178
3.198 38.26 1.1225 0.0356 0.3017 0.0221

4.463 46.42 0.9742 0.0311 0.2950 0.0270

Tem perature 175 °C

1.173 24.36 1.3752 0.0429 0.3128 0.0138

1.374 27.70 1.3145 0.0412 0.3102 0.0158
1.686 31.61 1.2434 0.0391 0.3070 0.0181

2.347 39.58 1.0985 0.0349 0.3007 0.0229
3.198 48.86 0.9298 0.0296 0.2931 0.0285
4.463 56.08 0.7985 0.0258 0.2870 0.0329
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diffusional inhibition is negligible. This was to be expected  since phenol cannot penetrate 
in to  th e  pores of the c a ta ly st and diffusion control is improbable w ith  hydrogen. Our experi
m en ts also convinced us th a t diffusion control across the gas film  can also be disregarded.

K inetic m easurem ents were performed w ith  4.75 g  catalyst on 1 — 1.4 m m  particle size 
support. This catalyst am ount allows to neglect all interfering effects o f  the above factors.

Table П

Conversion o f  reaction (1);
total pressure 1 atm; nft/oph =  8 : 1 ;  гарц= 0.0552 atm

s-1
( g P d  g m i x 8)

C o n v p h  
( m o l  % )

n p f c X l O 3

( m o l P b g - | lx )
P P h

( a t m )
P H

( a t m )
P O N

( a t m )

0 0 2 . 1 0 8 7 0 . 0 5 5 2 0 . 4 4 1 6

Temperature 145 °C

1.361 15.58 1.7802 0.0474 0.4319 0.0088

1.594 17.75 1.7344 0.0463 0.4306 0.0100

1.944 22.30 1.6285 0.0440 0.4275 0.0126

2.723 29.51 1.4864 0.0402 0.4229 0.0168

3.718 34.83 1.3742 0.0374 0.4193 0.0200

5.182 41.61 1.2313 0.0337 0.4141 0.0240

Temperature 155 °C

1.361 17.97 1.7298 0.0462 0.4304 0.0100

1.594 21.16 1.6625 0.0446 0.4284 0.0118

1.944 24.51 1.5919 0.0428 0.4261 0.0137

2.723 30.89 1.4573 0.0359 0.4220 0.0174

3.718 38.35 1.3000 0.0355 0.4169 0.0216

5.182 46.46 1.1290 0.0311 0.4108 0.0270

Temperature 165 °C

1.361 20.80 1.6700 0.0448 0.4286 0.0118

1.594 23.58 1.6115 0.0433 0.4268 0.0134

1.944 27.99 1.5185 0.0410 0.4238 0.0159

2.723 35.86 1.3525 0.0369 0.4187 0.0206

3.718 43.45 1.1925 0.0328 0.4153 0.0252

5.182 52.70 0.9975 0.0277 0.4065 0.0308

Temperature 175 °C

1.361 28.78 1.5018 0.0406 0.4234 0.0164

1.594 31.56 1.4432 0.0392 0.4216 0.0181

1.944 36.40 1.3411 0.0366 0.4181 0.0209

2.723 46.62 1.1256 0.0311 0.4114 0.0271

3.718 54.42 0.9611 0.0268 0.4059 0.0320

5.182 61.90 0.8035 0.0225 0.4000 0.0366
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Table H I

Conversion o f reaction (1);
total pressure 1 atm ; пн/прл =  10 : 1; =  0.0552 atm

S “ 1

( g P d  g m lx * )

C o n v p h  
( m o l  % )

« P h  X  1 0 3 

( m o l p h g - , 1, )
P P h
a t m

P H
( a t m )

P O N
( a t m )

0 0 2 . 5 0 9 8 0 . 0 5 5 2 0 . 5 5 2 1 0

Temperature 145 °C

1.080 12.76 2.1895 0.0489 0.5457 0.0071

1.621 18.28 2.0510 0.0461 0.5429 0.0103
1.898 21.13 1.9795 0.0446 0.5415 0.0119
2.314 24.60 1.8925 0.0428 0.5395 0.0140
3.239 32.56 1.6926 0.0386 0.5354 0.0186

4.416 39.34 1.5224 0.0350 0.5317 0.0218

Tem perature 155 °C

1.080 15.15 2.1300 0.0476 0.5445 0.0084

1.621 21.17 1.9785 0.0446 0.5414 0.0118

1.898 24.40 1.8974 0.0429 0.5398 0.0137
2.314 28.54 1.7935 0.0407 0.5374 0.0160

3.239 35.04 1.6304 0.0373 0.5341 0.0197

4.416 43.25 1.4243 0.0329 0.5295 0.0245

Tem perature 165 °C

1.080 16.39 2.0985 0.0470 0.5439 0.0092
1.621 23.80 1.9125 0.0432 0.5401 0.0135
1.898 26.64 1.8413 0.0417 0.5386 0.0152
2.314 31.38 1.7223 0.0392 0.5359 0.0179

3.239 36.69 1.5137 0.0348 0.5316 0.0229
4.416 48.13 1.3018 0.0302 0.5269 0.0281
6.165 54.95 1.1307 0.0264 0.5223 0.0322

Tem perature 175 °C

1.080 22.18 1.9531 0.0440 0.5409 0.0126
1.621 31.01 1.7315 0.0394 0.5363 0.0177
1.898 34.14 1.6350 0.0378 0.5346 0.0196

2.314 39.39 1.5212 0.0350 0.5316 0.0227

3.239 50.06 1.2534 0.0292 0.5259 0.0293
4.416 58.46 1.0426 0.0245 0.5211 0.0345

6.165 64.49 0.8912 0.0211 0.5169 0.0383
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Table IV

Conversion o f  reaction (1); 
total pressure 1 atm; temperature 165 °C

S~l C o n v p h nphXlO’
P  P h P H P O N

( g P d g m l x * ) ( m o l  % ) ( m o l p h g m i x )
( a t m ) ( a t m ) ( a t m )

n^j/uph =  4 : 1 ;  P ph =  0.0552 atm

0.000 0.00 1.5976 0.0552 0.2208 0.0000

1.031 15.41 1.3513 0.0475 0.2074 0.0087

1.208 17.21 1.3226 0.0466 0.2058 0.0097

1.473 21.01 1.2618 0.0446 0.2023 0.0119

2.063 27.24 1.1623 0.0414 0.1967 0.0155

2.810 33.65 1.0600 0.0380 0.1907 0.0193

3.929 42.30 0.9217 0.0334 0.1824 0.0245

n °/n°ph = 6 : l ; Ppij =  0.1104 atm

0.000 0.00 5.3120 0.1104 0.6624 0.0000

1.714 18.55 4.3252 0.0935 0.6482 0.0214

2.007 21.02 4.1941 0.0915 0.6462 0.0243

2.447 23.83 4.0453 0.0888 0.6437 0.0278

3.428 27.97 3.8250 0.0848 0.6404 0.0329

4.671 31.95 3.6132 0.0808 0.6368 0.0380

n °  /n ° h = 6 : 1 ;  P ph =  0.0276 atm

0.000 0.00 0.7856 0.0276 0.1656 0.0000

1.014 10.83 0.7002 0.0248 0.1606 0.0030

1.187 12.74 0.6853 0.0242 0.1594 0.0035

1.448 14.40 0.6712 0.0238 0.1589 0.0040

2.027 17.08 0.6514 0.0231 0.1577 0.0048

2.762 19.75 0.6300 0.0224 0.1563 0.0055

3.863 22.55 0.6080 0.0212 0.1548 0.0063

Conversion was determ ined at 165 °C, at four different hydrogen/phenol m ole ratios 
and 6 different feed rate o f phenol. In one series o f experim ents the initial partial pressure of  
phenol was kept constant, w hile in another series the hydrogen/phenol m ole ratio was constant 
and the initial partial pressure o f phenol was varied. A t 145, 155 and 175 °C, the experim ents 
were carried out a t three different hydrogen/phenol m ole ratios. The a ctiv ity  o f  the ca ta lyst 
did not change in  the course of the experim ents; this was established from the identical con
versions measured under sim ilar conditions in the initial and final stage o f each series.

Conversions m easured under controlled steady state  conditions, and partial pressures 
o f the reactants calculated from  the conversion values are listed  in  Tables I, II, I I I  and IV. 
From  these data, integral conversion curves were p lotted  (F ig. 1), representing the am ount 
o f unconverted phenol vs. reciprocal flow  rate. The derivative o f these integral conversion  
curves directly furnishes the rate o f reaction, expressed in molpf1gpd_1s _1 units (the dim ension  
o f  conversion is molp^gmixture. and the reciprocal flow  rate is expressed in gpdgm ix tu res).
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hprfio3 ( ^ £ 4 )

F ig. 1. Conversion curves o f reaction (1); to ta l pressure 1 atm; hydrogen to  phenol mole ratio  
in the feed 10 : 1; in itia l partial pressure of phenol 0.0552 atm ; tem perature 145 °C (1), 155 °C

(2), 165 °C (3), and 175 °C (4)

W e also studied the effect o f  cyclohexanone partial pressure on the rate o f  reaction. 
Phenol and cyclohexanone were fed  together onto the catalyst. W e found th a t a change in  
the partial pressure o f cyclohexanone does not affect the rate o f reaction or the se lectiv ity . 
In the m ixture leaving the reactor, no cyclohexanol could be detected, i.e. the rate o f further 
hydrogenation of cyclohexanone is substantially  lower than that o f  phenol hydrogenation to  
cyclohexanone.

R esults

1. K ine tic  equations and com puterized data processing

T he c a ta ly tic  conversion  proceed ing  u n d e r th e  p a r tic ip a tio n  o f phenol 
a n d  tw o  m olecules o f hyd ro g en  can  he  d iv ided  in to  e lem en ta ry  step s  on th e  
basis o f  tw o p resum ed  m echanism s:

(i) L a n g m u ir—H inshelw ood m echan ism , i.e. th e  su rface  reac tio n  p ro 
ceeds b e tw een  so rbed  pheno l an d  hyd ro g en ,

(ii) R id e a l—E ley  m echanism , i.e. on ly  one re a c ta n t is so rb ed , and  reac ts  
w ith  th e  gasous re a c ta n t  in  th e  surface reac tio n .

In  b o th  m echanism s, we reck o n ed  w ith  th e  possib ilities o f m olecular 
a n d  a to m ic  ad so rp tio n  o f hyd rogen . In  m echan ism  (i), we to o k  in to  con
s id e ra tio n  th e  possib ilities o f c o n cu rren t a n d  n o n -co n cu rren t a d so rp tio n . F o r 
th e se  cases, we se t up  th e  co rrespond ing  k in e tic  eq u a tio n s, u sing  know n 
m eth o d s [7], by  assum ing  one p a r tic u la r  s tep  as ra te  con tro lling . T h e  equ a tio n s 
a re  p resen ted  in  T ab le  У  an d  V I.

T hese equa tions a re  non -linear w ith  re sp ec t to  th e  p a ra m e te rs . H ougen 
a n d  W atson [7] linearized  th e  equ a tio n s a n d  selected  th e  k in e tic  eq u a tio n
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Table V

Kinetic equations based on Langm uir— Hinshelwood mechanisms

R a t e - c o n t r o l l i n g  s t e p

O H

H, + L

OH

L -j- H2L

OH

L +  2H jL

O H  

+ L

H , + .2 L  

OH

L  +  2H L  

OH

L +  4HL 

OH

Li +  H 2I-.2 * 

OH

L i  +  2 H iL 2 - 

OH

U+2HU -  

O H

L i  +  4H L * -

HjL

a - -

OH

la +  2 la

a ” —  &

1 II

O H

|| L  +  2 L

OH
|| I. +  4 L

a ” -

a “ -
O H

|| L, +  2 L 2

\\ L, +  4 L t

W  =  к

W = k

W =  к

W =  к 

1F= к

W =  к 

W =  к

W = k

K i n e t i c  e q u a t i o n

Pph
1 +  K Hp H +  K 0Np 0N

________PH_____________

1 +  -KphPPh +  -KoNPON

^Ph^HPphPH
(1 +  K Php Ph +  K hP h +  ^ onP on)’

_________ J^ph^HPphPH__________
(1 +  K Php Ph +  K Hp H +  -KqnPon)3

Pph

W — к-.-.

1 +  (-KhPh)1̂  +  ^ onPon

_____________ P p h _____________
(1 +  K php ph +  K0 nPon)!

^ph^HPphPH

1F= к 

W =  к

W =  к

W =  к 

W =  к

(1 -f- KPhpPh +  { К н Р н )Ч *  +  K q n P o n ) 3

^ph^HPPhP2H ________
(1 +  KphPPh +  ( K h P h Y ' 2 +  -^onP no)5

______________ -K p h ^ H P P h P H

(1 +  J^PhPPh +  -KonPOn) (1 +  -KhP h)

______________ K p h K h P p h P b ______________ _

(1 +  KphPPh +  ^ONPOn)(1 +  К н Р н У

____________ ^ P h^ H P phP H ______________
(1 +  X Php p h+ K 0Np 0N) ( l  + ( K Hp Hy i* y

______________K p h K 'U  P p h P H _______________

(1 +  ■Kphp Ph+ K ONp ON)(l+ (lC H P H )1̂ 2)4

F or th e  m ean ing  o f sym bols, see fo o tn o te  to  T able  V I
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Table VI

K in e t i c  eq u a tio n s b a s e d  o n  R i d e a l — E le y  m e c h a n is m s

L is th e  ac tive  site o f th e  ca ta ly st 
W  is th e  reac tio n  ra te  (m ol g sec-1)
к  is th e  ra te  co n stan t (m ol g sec-1 a tm -1 ) (o r w ith o u t a tm )
К  is th e  ad so rp tion  equ ilib rium  constan t ( a tm -1 )
p  is th e  p a r tia l  pressure (a tm ); and su b sc rip ts  P h , H , and  O N  refer to phenol, hydrogen , cyclo

hexanone , respectively

b est f i t t in g  th e  ex p erim en ta l d a ta  b y  th e  le a s t sq u ares  m ethod . L a te r  severa l 
ob jec tions w ere ra ised  against th is  t r e a tm e n t. B a r d  an d  L a p id u s  [8] d em 
o n s tra te d  th a t  th e  k in e tic  eq u a tio n s  can  fo rm ally  he  linearized , h u t  in  th is  
case p a r t ia l  p ressu res w ill appear o n  b o th  sides o f  th e  eq u a tio n , i.e. as b o th  
d ep en d en t an d  in d e p e n d e n t v a ria b le s . C onsequen tly , th e  e rro r o f  a q u ite  
d iffe ren t e q u a tio n  w ill be  m in im ized , a n d  its  is im p ro b ab le  th a t  th e  m in im a 
of th e  e rro r  functions o f  th e  tw o e q u a tio n s  sh o u ld  occur a t  id en tica l va lues 
of th e  p a ra m e te rs .

O n to p  of th e  ab o v e  co u n te r-a rg u m en ts , w e considered th e  H o u g en — 
W atson  m e th o d  u n sa tis fac to ry , b ecau se  ca lcu la tio n  o f  th e  p a ra m e te rs  o f th e
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lin ea rized  equ a tio n s w ould  have  in v o lved  th e  use o f  g raph ica l d e riv a tiv es  
o f  th e  in teg ra l conversion  curves, an d  w ould  th e re b y  h av e  in tro d u ced  a fu r th e r  
s ig n if ic a n t erro r. W e th e re fo re  decided  to  a t te m p t  a so lu tion  o f th e  problem  
b y  co m p u te r  ca lcu la tio n  allow ing to  o b ta in  p a ra m e te rs  o f th e  non -lin earized  
e q u a tio n s .

I n  order to  c a lc u la te  th e  p a ra m e te rs  o f  th e  k in e tic  eq ua tions, th e  d iffer
en ce  betw een  e x p e rim e n ta l an d  ca lcu la ted  values shou ld  be m in im ized , i.e.

M
( 4 m  — nphj)2 => m in im um  (2)

<=i

w h e re  M  is th e  n u m b e r  o f  m easu rem en ts , n Ph is th e  a m o u n t o f ph en o l in  m ol 
p e r  g ram  of m ix tu re , a n d  nphP an d  rep},0 are  ex p e rim en ta l an d  ca lcu la ted  values, 
re sp ec tiv e ly  belong ing  to  one an d  th e  sam e flow  ra te .

T he values o f nphC were ca lcu la ted  as follows:

nph'c =  J  \ x )  d ( l/S )  (3)
0

w h ere  S  is th e  m ass flow  ra te  re la tiv e  to  u n i t  m ass o f c a ta ly s t: g m |Xtu r e  g p d  s - 1 ,  

a n d  f(X ) is one o f  th e  k in e tic  eq u a tio n s  in  T ab les  V an d  V I.
N um erical in te g ra tio n  can be perfo rm ed  using  th e  tra p e z iu m  m eth o d  

o r  th e  Sim pson fo rm u la . B o th  gave closely  s im ila r f ittin g .
N um erous m in im u m  search ing  p rocedures h av e  been described  in  th e  

l i te ra tu re  [8, 9]. W e chose th e  m eth o d  o f H o o k e  an d  J e e v e s  [10], th is  be ing  
a  d ire c t search  m e th o d , i.e. i t  does n o t req u ire  th e  ca lcu la tio n  o f d e riv a tiv e s . 
T h e  com pu ter p ro g ra m  was checked b y  m eans o f th e  fu n c tio n  described  b y  
R o s e n b r o c k  [11]:

f(*i, x2) =  100(x2 — *i)2 +  (1 — x t f  (4)

w hich , in  effect, co rresponds to  a steep-w all p arab o lic  valley . W e fo u n d  th a t  
in  i ts  original fo rm , th e  H oo k e—Jeev es m e th o d  is n o t qu ite  e ffic ien t a n d  y ields 
erro n eo u s resu lts  in  som e cases. W e th e re fo re  m odified  th e  p ro ced u re  so as to  
a llow  a rap id  ch an g e  o f  th e  search  d irec tion .

2 . Selection o f  the m ost probable k inetic  equation

A CDC 3300 co m p u ter w as used  for ca lcu la tions. W e f ir s t  e v a lu a te d  
d a ta  m easured  a t  165 °C w ith  all k in e tic  eq u a tio n s. W e have show n th a t  w ith  
a ll  equations c o n ta in in g  th e  p a ra m e te r  K p ^  (eq u a tio n s No. 102— 104 a n d  108 —
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114 in  T ab le  V, a n d  eq u a tio n  No. 222 in  T ab le  V I), th e  v a lu e  o f  К рь  is n e g a tiv e  
in  th e  m in im um  o f th e  erro r fu n c tio n  (2), an d  hence  th e se  eq u a tio n s  can  be  e x 
c lu d ed  since th e y  do n o t sa tisfy  th e o re tic a l req u irem en ts .

Table V ila

Values o f  прь calculated with equations No. 216, 217, 219 and 220; temperature 145 °C

n f jp  X 103 » g ^ x lO *

(molph gm iz) (molpb g m i)

No. 216 217 1 219 220

" H / « P h  =  6 : 1

1.8181 1.8181 1.8181 1.8181 1.8181

1.5912 1.6081 1.5930 1.5918 1.5938

1.5485 1.5735 1.5577 1.5562 1.5586

1.4978 1.5261 1.5049 1.5030 1.5059

1.3978 1.4273 1.3987 1.3958 1.3999

1.2715 1.3112 1.2736 1.2693 1.2749

" H / " P h = 8 : 1

2.1087 2.1087 2.1087 2.1087 2.1087

1.7802 1.7879 1.7812 1.7838 1.7836

1.7344 1.7384 1.7305 1.7335 1.7333

1.6385 1.6673 1.6575 1.6611 1.6608

1.4864 1.5207 1.5070 1.5118 1.5114

1.3742 1.3499 1.3311 1.3373 1.3359

2.5098 2.5098 2.5098 2.5098 2.5098

2.1895 2.1854 2.1998 2.1985 2.1987

2.0510 2.0386 2.0592 2.0573 2.0576

1.9795 1.9669 1.9904 1.9883 1.9886

1.8925 1.8637 1.8913 1.8889 1.8892

1.6926 1.6510 1.6865 1.6836 1.6840

T he b e s t f i t  w as o b ta in ed  w ith  eq u a tio n s  N os 216, 217, 219 an d  220. 
T hus th e  n u m b er o f p ro b ab le  equ a tio n s could  be  red u ced  to  four. S ince th ese  
k inetic  eq u a tio n  describe  a sim ilar m echan ism , we e v a lu a ted  th e  d a ta  m easu red  
a t  145, 155, 165 a n d  175 °C w ith  a ll fo u r eq u a tio n s. V alues ca lcu la ted  fo r
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n p *  w ith  d iffe ren t e q u a tio n s  are  lis te d  in  T ab les V i la ,  b , c an d  d. F o r com 
p a riso n , ex p erim en ta l values nphP a re  a lso  p resen ted . Sum s o f sq u a red  dev i
a tio n s  a t  th e  d iffe re n t tem p era tu res , o b ta in e d  w ith  th e  four eq u a tio n s , a re

Table V llb

Values o f  пр[]с calculated with equations N o. 216, 217, 219 and 220; temperature 155 °C

пи?Х Ю » n fg 'x lO *

(molpb gmix) (m olpb gm ii)

No. 216 217 1 219 220

" A / " P h  =  6 : 1

1.8181 1.8181 1.8181 1.8181 1.8181

1.5413 1.5810 1.5622 1.5612 1.5612

1.4990 1.5446 1.5228 1.5216 1.5217

1.4450 1.4903 1.4640 1.4624 1.4625

1.3109 1.3830 1.3477 1.3451 1.3455

1.2278 1.2567 1.2106 1.2067 1.2074

2.1087 2.1087 2.1087 2.1087 2.1087

1.7298 1.7454 1.7376 1.7405 1.7395

1.6625 1.6906 1.6814 1.6847 1.6836

1.5919 1.6118 1.6006 L6045 1.6032

1.4573 1.4479 1.4319 1.4372 1.4354

1.3000 1.2592 1.2372 1.2441 1.2417

2.5098 2.5098 2.5098 2.5098 2.5098

2.1300 2.1425 2.1603 2.1584 2.1597

1.9785 1.9794 2.0046 2.0019 2.0038

1.8974 1.9002 1.9289 1.9259 1.9280

1.7935 1.7873 1.8208 1.8174 1.8198

1.6304 1.5541 1.5971 1.5929 1.5959

g iven  in  T ab le  V I I I .  B y m eans o f th e  F - te s t  w ell know n in  m a th e m a tic a l 
s ta tis tic s  [12], e q u a tio n  No. 216 c a n  un eq u iv o ca lly  be excluded . T h e  ra tio s  
o f  th e  sum s o f sq u a re d  deviations c a lc u la ted  b y  m eans o f eq u a tio n s No. 217, 
219 and  220 do n o t  exceed th e  c ritic a l va lues o f  F  d is tr ib u tio n . O n th e  b as is
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t h a t  th e  sum  of sq u a red  dev ia tio n s o b ta in e d  w ith  eq u a tio n  N o. 219 is sm allest 
a t  all tem p era tu res , th is  k inetic  e q u a tio n  m ay  be considered  as th e  m ost 
p ro b a b le , th a t  is, th e  b e s t  k inetic  e q u a tio n  o f th e  se lec tive  h y d ro g en a tio n  
o f  pheno l in  the  te m p e ra tu re  range o f  145 to  175 °C is

W  =  k — ~ н ? р ь Р н ------  (5 )
[1 +  (К н р н )1'2]2

Table VHc

Values o f  пн,1с calculated w ith equations No. 216, 217, 219 and 220; temperature 165 °C

ngPxlO»

(molph gm(*x)

No. 216 I 217 j 219 j 220

"н / пр ь  —  ^ : *

1.8181 1.8181 1.8181 1.8181 1.8181
1.4985 1.5468 1.5150 1.5142 1.5149
1.4495 1.5061 1.4693 1.4682 1.4690
1.3825 1.4457 1.4013 1.3998 1.4009
1.2515 1.3273 1.2676 1.2653 1.2669
1.1225 1.1912 1.1135 1.1097 1.1120

n° / n° h = 8 : l

2.1087 2.1087 2.1087 2.1087 2.1087
1.6700 1.6937 1.6831 1.6860 1.6851
1.6115 1.6322 1.6197 1.6231 1.6220
1.5185 1.5445 1.5290 1.5330 1.5317
1.3525 1.3657 1.3434 1.3488 1.3471
1.1925 1.1638 1.1330 1.1399 1.1377

пн /пРЬ —  1 °  : 1

2.5098 2.5098 2.5098 2.5098 2.5098
2.0985 2.0863 2.1143 2.1123 2.1126
1.9125 1.9015 1.9409 1.9381 1.9385

1.8413 1.8126 1.8572 1.8541 1.8546
1.7223 1.6862 1.7381 1.7346 1.7350
1.5137 1.4304 1.4963 1.4921 1.4926

nnl'xio»

(molph gmlr)
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Table V nd

Values o f  nphC calculated with equations No. 216, 217, 219 and 220; temperature 175 °C

■ f f x M - c * 10’
(m o lp b g -^ ) (mo'fb S “ i )

No. 216 217 1 219 220

" н / n p h  =  6 : 1

1.8181 1.8181 1.8181 1.8181 1.8181

1.3752 1.4574 1.4069 1.4059 1.4089

1.3145 1.4063 1.3481 1.3468 1.3502

1.2434 1.3315 1.2617 1.2598 1.2640

1.0985 1.1873 1.0946 1.0914 1.0972

0.9298 1.0291 0.9101 0.9051 0.9128

„ ° / n° h = 8 : l

2.1087 2.1087 2.1087 2.1087 2.1087

1.5018 1.5601 1.5449 1.5485 1.5485

1.4432 1.4839 1.4657 1.4699 1.4699

1.3411 1.3760 1.3553 1.3583 1.3584

1.1256 1.1639 1.1313 1.1378 1.1380

0.9611 0.9355 0.8909 0.8991 0.8995

" н /" Р Ь = 1 0 :1
2.5098 2.5098 2.5098 2.5098 2.5098

1.9531 1.9414 1.9848 1.9824 1.9825

1.7315 1.7060 1.7658 1.7627 1.7627

1.6530 1.5948 1.6620 1.6585 1.6586

1.5212 1.4384 1.5126 1.5117 1.5118

1.2534 1.1337 1.2294 1.2250 1.2250

Table УШ

Sums o f  squared deviations calculated with equations No. 216, 217, 219 and 220

Temp
(°C)

A I= 15
£  ( - Й - - Я У Х 1 0 .

( fa o lp b g -^ )

No. 216 217 219 220

145 9.815 3.133 2.916 3.011

155 20.939 12.542 11.261 11.709

165 32.002 7.187 6.255 6.528

175 74.441 13.215 12.863 13.038
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3. Tem perature dependence o f  the kinetic  constants

T h e  values o f th e  a d so rp tio n  equ ilib rium  c o n s ta n ts  a n d  ra te  c o n s ta n ts  
a t  d iffe ren t te m p e ra tu re s  a re  sum m arized  in  T ab le  IX . T h e ir lo g a rith m s 
vs. 1 /Т , i.e. th e  A rrhen ius re la tio n sh ip s  are  re p re se n te d  in  F igs 2 an d  3. F ro m

Table IX

Rate constants (k )  and adsorption equilibrium constants o f  hydrogen fo r Eq. (5 )

Temp
(°C)

fcxlO*

(molphgpj atm -')
K H

(atm -1)

145 2 .6 7 0 .6 6 5

155 3 .0 6 0 .6 9 4

165 3 .71 0 .8 8 7

175 5 .0 3 1 .0 0 5

Fig. 2. Tem perature dependence of the rate constants

Fig. 3. Temperature dependence o f the adsorption equilibrium  constants o f hydrogen
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th e  slope of th e  s t r a ig h t  line  in  F ig . 2, th e  ac tiv a tio n  energy  o f  th e  ra te - 
c o n tro llin g  surface re a c tio n  is 7.3 kcal/m ol.

F ro m  th e  te m p e ra tu re  dependence o f  th e  equ ilib riu m  c o n s ta n t o f  h y d ro 
gen  ad so rp tio n  (F ig . 3), i t  follows th a t  d issocia tive  ad so rp tio n  is endo therm ic  
a n d  i ts  energy re q u ire m e n t is 5 kcal/m ol.

D iscussion

E q u a tio n  (5), y ie ld in g  th e  b es t f i t ,  describes a re a c tio n  th a t  s ta r ts  w ith  
d isso c ia tiv e  ad so rp tio n  o f  hyd rogen , fo llow ed b y  th e  re a c tio n  o f  gas-phase 
p h e n o l w ith  tw o ad so rb e d  hydro g en  a to m s  in  an  irrev e rs ib le  ra te -co n tro llin g  
s te p . The su b seq u en t u p ta k e  o f tw o  h y d ro g en  a to m s an d  th e  tau to m eric  
re a rra n g e m e n t o f cyclohexeno l in to  cyclohexanone is a  fa s t process a n d  p ro 
ceeds p resum ab ly  on  th e  surface b e tw een  sorbed in te rm e d ia te s . H ow ever, 
b a se d  on chem ical co n sid e ra tio n s, th is  m echan ism  ap p ears  im p ro b ab le , since 
i t  in v o lv es  a te rn a ry  collision  in  th e  ra te -co n tro llin g  s tep . This w ould  involve 
s t r ic t  geom etrical re q u ire m e n ts  for th e  ad so rb ed  h y d ro g en  a n d  collid ing phenol, 
w h ich  w ould again  re d u c e  th e  p ro b a b ility  o f  th e  m echanism . A n o th e r m echa
n ism , also consisten t w ith  th e  m ost p ro b ab le  k inetic  e q u a tio n  can, how ever, also 
b e  conceived: a to m ic a lly  adso rbed  h y d ro g en  reac ts  w ith  gas-phase pheno l in  
a rev ers ib le  step :

I n  th e  in te rm ed ia te  o f  th e  above re a c tio n , th e  electron ic sy stem  o f th e  a ro m atic  
r in g  is n o t y e t b ro k e n  dow n, b u t  on ly  po larized  in  p a r t .  W hen  th e  follow ing 
h y d ro g e n  a tom  is a d d e d , th e  a ro m a tic  rin g  ceases to  ex is t, an d  hence  th is  is 
th e  ra te -co n tro llin g  a n d  irreversib le  s te p :

I f  th e  surface c o n c e n tra tio n  o f ad so rb ed  hydrogen  a to m s is h ig h er b y  several 
o rd e rs  of m ag n itu d e  th a n  th a t  o f th e  in te rm e d ia te  fo rm ed  in  (6), i.e.

[H P h L ]ads <  [H L ]ads,
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th e  m echanism  described  b y  E qs (6) a n d  (7) will re su lt in  a  k in e tic  e q u a tio n  
id e n tic a l w ith  E q . (5). I n  th is  m ech an ism , no te rn a ry  collision  is in v o lv ed  an d  
no geom etrical req u irem en ts  co n cern in g  adsorbed  h y d ro g en  an d  collid ing 
p h en o l arise.

C yclohexadienol fo rm ed  in  re a c tio n  (7) adds tw o fu r th e r  h y d ro g en  a to m s 
in  a  fa s t  reac tio n :

a n d  su b seq u en tly  cyclohexenol is re a r ra n g e d  in to  cyclohexanone an d  d eso rb ed :

T h u s  th e  in tro d u c to ry  s tep  o f th e  process, nam ely  re a c tio n  (6), p roceeds 
acco rd in g  to  th e  R id e a l—E ley  m ech an ism  betw een  a n  ad so rb ed  h y d ro g en  
a to m  a n d  a  colliding pheno l m olecule fro m  th e  gas phase , w hereas th e  fu r th e r  
s te p s  p roceed  acco rd ing  to  th e  L a n g m u ir—H inshelw ood m echan ism  b e tw een  
a d so rb e d  atom s a n d  m olecules.

T h e  above d iscussion exem plifies how , on th e  basis o f  th e  m ost p ro b ab le  
k in e tic  eq u a tio n  fo u n d  b y  co m p u te rized  p a ram e te r e s tim a tio n , chem ical 
co n sid e ra tio n s w ill he lp  derive  a m o re  p ro b ab le  reac tio n  m echan ism  w hose 
k in e tic  e q u a tio n  will ag ree w ith  th e  e q u a tio n  found  to  f i t  b e s t  to  ex p erim en ta l 
d a ta .

*

T he authors wish to thank Prof. Dr. F . N a g y  and Prof. Dr. P. F e j e s  for helpful d is
cussions. —
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T hioacylation of isoquinolinioam ide furnished the JV-isoquinolinio(thioam idates) 
2a— 2c. D epending on the so lvent, 2c ex ists either as a m ixture w ith  its tricyclic ta u to 
mer 5, or exlu sively  as the latter. The N M R  and mass spectra, and the photochem istry  
o f com pounds 2a— 2c are discussed. The photoproducts obtained include 3 ,4-d im ethoxy- 
benzonitrile, 3,4-d im ethoxy(th iobenzam ide), O-ethyl thiocarbam ate, l(2H )-isoquinoline- 
thione (7a), l(2H )-isoquinolinone (7b) and [l,3 ,4]th iadiazolo[2,3-a]isoquinolin-4-ium -2- 
-olate (8a). Differences betw een the fragm entation  upon electron im pact and the photo
chem istry o f the thioam idates o f T ypes 1 and 2, as well as betw een  the photochem istry  
o f the thioam idates 2 and their am idate counterparts o f  T ype 3 are discussed. P otassium  
perm anganate oxidation  o f [l,3 ,4]th iadiazolo[2 ,3-o]isoquinolin-4-ium -2-thiolate (8b 
furnishes the olate 8a and 1-isoquinolyl th iocyanate  (12).

W hile th e  ch em istry  [1], in c lu d in g  th e  p h o to ch em is try  [2], o f e lec tro n  
d e fic ien t h e te ro a ro m atic  am m o n io am id a tes  has been ex ten siv e ly  s tu d ie d , 
l i t t le  is know n a b o u t th e  re la te d  th io a m id a te s . The on ly  know n m em bers o f 
th e  la t te r  class o f  com pounds w ere som e th io sem ica rb azid e  d e riv a tiv es  o f 
T y p e  1 [3 — 5] (w ith  isoquinoline [6], acrid in e  [7] and p y raz in e  rings [8] re p la c 
ing  th e  p y rid in e  rin g  in  som e cases); a n d  on ly  th e  th io a m id a te s  1 (R = M e , 
R ’= H )  an d  1 ( R = P h ,  R ’= M e )  h av e  been  su b jec ted  to  ir ra d ia tio n  to  y ie ld  
th e  p a re n t p y rid in e , su lfu r an d  an  IV -cyanoam ine b y  p h o to fra g m e n ta tio n  [4]. 
T h e  fra g m e n ta tio n  o f th e  la t te r  com pounds in  th e  m ass sp ec tro m ete r w as 
id en tica l w ith  th e ir  p h o to frag m en ta tio n  [4].

W e w ish to  re p o rt here  on th e  sy n th es is  o f th e  iV -isoquinolinio(thio- 
am id a tes) 2a— 2c, th e ir  f ra g m e n ta tio n  u p o n  e lectron  im p a c t an d  th e ir  p h o to 
ch em istry . Som e differences betw een  th e  p h o to ch em is try  o f  th e se  th io am id a te s  
a n d  th e ir  a m id a te  co u n te rp a rts  o f T ype 3 w ill also be p o in te d  ou t.

T he th io a m id a te s  2a— 2c w ere o b ta in e d  b y  allow ing to  re a c t 2 -am ino- 
iso qu in  o lin ium  chloride (4) [6] in  th e  p resence o f  base w ith  S -[3 ,4 -d im ethoxy- 
(th io b en zo y l)]th io ace tic  acid [10], O -ethy l S -m eth y l d ith io ca rb o n a te  [11] an d

* For Part X V II, see B a r t a -S z a l a i , G., F e t t e r , J., L e m p e r t , K ., M ö l l e r , J.: A cta  
Chem. Scand. B , 33, 79 (1979)
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m e th y l d ith io p iv a la te  [12], respective ly .*  A cy la tio n  o f 4  w ith  3 ,4 -d im ethoxy- 
b en zo y l chloride in  th e  p resence o f base s im ila rly  fu rn ish ed  com pound  3a.

1 1 v— v ® [ V - / T

4 N .

N 4 L 3 * i

[ s ' ^ R o '  4 R

NHR
I

2
2, 3

a: R =  3,4-(МеО)2СбНз 
b : R =  EtO 
c : R =  <-Bu

3

T he th io p iv a la m id a te  2c an d /o r its  ta u to m e r  5 (see below) are r a th e r  
u n s ta b le : th e y  decom pose, as show n b y  TLC an d  changes o f  th e  XH  N M R  
sp e c tra  (of w hich th e  ap p earan ce  o f  a d d itio n a l t-b u ty l signals is th e  m o st 
conspicuous), in  C H 2C12 an d  CDC13 so lu tions rap id ly  a t  ro o m  te m p e ra tu re  in  
th e  d a rk , m ore slow ly in  e th an o l so lu tio n  (decom position  s ta r ts  in  C H 2C12 
so lu tio n  w ith in  15 m in , an d  w ith in  2 h  in  e thano l) an d  even  in  th e  c ry sta llin e  
s ta te .  2c 5 is even  less stab le  a t e lev a ted  te m p e ra tu re s . As a resu lt, reco v ery  
a f te r  rec ry s ta lliza tio n  is low , and  th e  rec ry sta llized  p ro d u c t is less p u re  th a n  
th e  crude m a te ria l (1H  N M R ); m oreover, th e  m ass sp ec tru m  is tim e  d ep en d en t. 
S o lu tions o f th e  th io a m id a te s  2a and  2b are  m ore stab le  a t  room  te m p e ra tu re  
b u t  th e y , too , decom pose a t  e leva ted  te m p e ra tu re s . T h e ir  recovery  on r e 
c ry sta lliza tio n  is th e re fo re  low. A ltho u g h  th e  m .p .’s o f  th e  crude p ro d u c ts

* W ith 0 ,0 ’-d iphenyl thiocarbonate as the acylating agent com pound 2 (R = P h O )  
has recently been obtained b y  R . H u i s g e n  and M. B e h r e n s  [13].
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w ere  sligh tly  ra ise d  upon re c ry s ta lliz a tio n , th e  c ru d e  p ro d u c ts  w ere a lread y  
essen tia lly  pu re  (TLC, 1H  N M R ). A ll reac tions of th e  th io a m id a te s  w ere th e re 
fo re  carried  o u t w ith  th e  c rude  p ro d u c ts .

1H NMR spectra and tautom erism  of the thioam idates

The m ost ch a rac te ris tic  fe a tu re s  o f  th e  1H  N M R  sp e c tra  (CDC13) o f  th e  
th io a m id a te s  2a a n d  2b are th e  low -fie ld  one-p ro ton  signals a t  <5 8.85 a n d  9.3 
p p m , respective ly , o f  th e  C (l)-p ro to n s  w hich  are d iag n o stic  for th e  isoquinoli- 
n io (th io am id a te ) s tru c tu re . T hese  signals are considerab ly  sh ifted  u p fie ld  as 
co m p ared  w ith  th e  co rrespond ing  signals  of th e  re la ted  am id a te s  3a and  3b [6 ], 
w h ich  appear a t  9.86 and  10.02 p p m  [6 ], respective ly .

There is no correspond ing  low -field  signal in  th e  1H  NM R sp ec tru m  
(m easu red  in  CDC13) o f the th io p iv a la m id a te  2c, an d  th e  in te n s ity  o f th e  low- 
f ie ld  signal a t ő 8.80 ppm  in th e  sp e c tru m  o f th is  com pound  m easured  in  CD3OD 
is a b o u t 0.65 H . A dd ition  of T F A  to  th e  CDC13 so lu tio n  o f 2c resu lts  in  th e  
ap p ea ran ce  of a signal a t  ő 9.35 p p m  (in te n s ity  abou t 0.8 H ). T hese o b serv a tio n s 
a re  ra tio n a lized  b y  th e  a ssu m p tio n  o f  a n  equ ilib rium  b e tw een  th e  th io a m id a te  
fo rm  2c and  a cyclic form , p ro b a b ly  5, w hich is p ra c tic a lly  com pletely  sh ifted  
to w a rd s  th e  cyclic form  in CDC13 so lu tio n , while in  th e  m ore p o la r so lv en t 
C D 3OD the  ra tio  o f  th e  d ipo lar io n ic  (2c) an d  the  non -io n ic  form s (5) is a b o u t 
2 : 1 .  As T F A  p ro to n a te s  th e  acyclic  n itro g en  a tom  o f  2c, th e  eq u ilib riu m  is 
sh if te d  tow ards 2c • H®.* S tru c tu re  5 is su b s ta n tia te d  b y  th e  presence o f  tw o  
o n e -p ro to n  doub le ts  a t  <5 6.35 a n d  7.25 p p m  (co rrespond ing  to  6 -H  an d  5-H , 
re sp ec tiv e ly , of th e  cyclic form ) in  th e  CDC13 sp ec tru m . A nalogous changes 
co u ld  be expected  i f  i t  were th e  d im eric  form  6a, w hich  is in  equ ilib riu m  w ith  
th e  th io a m id a te  fo rm  2c. H ow ever, s tru c tu re  6a is less lik e ly  th a n  s tru c tu re  5 
fo r  th e  non-ionic fo rm , since th e re  is n o  in d ica tio n  of th e  p resence  even o f tra c e s  
o f  th e  re la ted  d im er 6b in th e  *H N M R  sp ec tru m  of th e  p iv a la m id a te  3c (m eas
u re d  in  CDC13). T he read y  fo rm a tio n  o f  5, while no an a logous tricyclic  t a u to 
m er is form ed from  th e  p iv a la m id a te , m ay , on th e  o th e r  h a n d , be easily  ex 
p la in e d  in  term s o f  th e  w ell-know n differences in th e  nucleoph ilic ities o f su lfu r 
a n d  oxygen.

N o tricyclic  ta u to m e rs  are  fo rm ed  from  th e  th io a m id a te s  2a a n d  2b. 
T h is  is read ily  exp la ined  b y  n o tin g  th a t ,  while th e  -j-J-e ffec t o f th e  t-b u ty l 
g ro u p  ten d s  to  destab ilize  th e  th io a m id a te  m oiety  o f  2 c, th e  —/-e ffec t o f  th e
3 ,4 -d im eth o x y p h en y l an d  th e  e th o x y  g roups in  2a a n d  2b, re spec tive ly , has 
th e  opposite  effect.

* T hat the in ten sity  o f  the <5 9.35 ppm  signal is less than 1 H , probably reflects partial 
decom position  of 2c 5 before the addition o f T FA .
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Mass spectra

T h e mass sp e c tra  o f  all th ree  th io a m id a te s  2a— 2c e x h ib it  m olecular 
io n s  a n d  (M —H )+ ions o f  v a riab le  ab u n d an ces , as h a d  b een  observed  earlie r 
fo r  th e  re la ted  iV -isoquinolin ioam idatcs [14, 15]. In te re s tin g ly , these  tw o 
p e a k s  are  th e  m ost a b u n d a n t  in  th e  sp e c tru m  o f th e  ( th e rm a lly )  least s tab le  
c o m p o u n d  2c. The s tru c tu re s  a  m ay  be assigned  to  th e  (M — H )+ ions b y  a n a l
o g y  [14, 16]. E lim in a tio n  o f  R C N  from  th e  m o lecu lar ions o f  2 a— 2c furnishes 
th e  m/г  161 ion w hich  m a y  be fo rm u la ted  e ith e r  as b' or as b". (F o r th e  la t te r ,  
cf. th e  form ula tion  o f  th e  correspond ing  oxygen -co n ta in in g  io n  in  th e  sp ec tra  
o f  som e iV -isoquinolin ioam idates 3 in  R ef. [14].) In  th e  case o f  com pound 2a  
th e  sam e frag m en ta tio n  o f  th e  m olecular ion , b u t  w ith  r e te n tio n  o f  th e  positive
c h a rg e  on th e  co m p le m e n ta ry  p a r t ,  leads to  th e  fo rm atio n  o f  th e  m/z  163 ion  

+ •
(R C N ) contain ing  a s ta b le  co n ju g a ted  a ro m a tic  skeleton  ( cf. R ef. [14]), an d  
su b se q u e n t consecu tive  e lim in a tio n  o f -C H 3 an d  CO fro m  th e  la tte r  to  th e  
fo rm a tio n  of th e  т / г  148 an d  120 ions. T he in sig n ifican t ab u n d an ce  of th e  
[ M — R C N ]+- ions a n d  th e  co m p ara tiv e ly  low  in te n s ity  o f  R C N + ' in th e  case 
o f  iV -isoqu inolin iobenzam idate  [14] as co m p ared  w ith  t h a t  o f  2a  ind icate  th a t  
th e  above-m entioned  re a rra n g em e n t (h e te ro a to m  m ig ra tio n ) is favoured  in  
th e  T y p e  2 sulfur co m p o u n d s ra th e r  th a n  in  th e ir  T ype 3 oxygen  analogues.

T he base p eak  in  a ll th re e  sp ec tra  is th e  m/z  129 p e a k  corresponding  to  
th e  m olecular ion o f  isoqu ino line , th e  p a re n t  he terocycle . T h is  ion could, in  
p rin c ip le , be form ed e i th e r  d irec tly  from  M +4 b y  cleavage o f  th e  N —N bond , 
o r  b y  elim ination  o f  su lfu r  from  th e  m/z  161 ion . In  th e  absence  o f  ap p ro p ria te  
m e ta s ta b le s  i t  was n o t  possib le to  es tab lish  w h e th e r one o r th e  o th e r (or b o th ) 
o f  th e se  path w ay s o p e ra te . The m olecular ions o f th e  p a re n t  heterocycles 
(p y rid in e  and  iso qu ino line , respective ly ) h av e  also been o b se rv ed  in th e  m ass 
s p e c tra  of com pounds 1 an d  3. H ow ever, in  th e  fo rm er case th e y  are form ed 
ex c lusive ly  b y  co n secu tiv e  loss of su lfu r a n d  a cyanoam ine  [4] (w hereas no 
fra g m e n ts  due to  e lim in a tio n  o f su lfur w ere observed  in  th e  p resen t case); 
a n d  in  th e  case o f th e  com pounds 3 th e  m o lecu lar ion  o f  isoqu ino line  is fo rm ed  
e i th e r  b y  cleavage o f  th e  N —N  bond  o f th e  am id a te  or b y  consecutive loss o f 
R - a n d  'NCO [14, 15]. E lim in a tio n  o f th e  g ro u p  R  (w ith  re te n tio n  of th e  posi
t iv e  charge e ith er on th e  M —R  (187) or th e  R  (57) f ra g m e n t h a s  been observed
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am ong  th e  com pounds 2 on ly  in  th e  case o f 2c^=^5. T he loss o f -ЗСзНд from  
th e  m olecular io n  o f 2b to  y ie ld  th e  m /z  171 fra g m e n t, r a th e r  th a n  t h a t  of 
•OC2H 5 to  fu rn ish  th e  m/z  187 fra g m e n t, is in te re s tin g  because i t  in d ica te s  
(p a r tia l  and  p ro b a b ly  th e rm a l)  iso m eriza tio n  (cf.  R e f’s [17 —19]) o f th e  m olec
u la r  ions p rio r  to  f ra g m e n ta tio n  to  a large e x te n t; th is  m ay  be responsib le  
fo r th e  a lm ost com ple te  lack  o f  R C N  elim in a tio n  in  th is  case. T he co m p ara tiv e  
w eakness o f th e  0 - —C2H 5 bo n d  in  th e  m olecu lar ion  o f 2b is show n also b y  th e  
fo rm a tio n  o f th e  lo w -in ten s ity  M —E t  (m /z  203) peak .

E lim in a tio n  o f H C N  from  m/z  129 gives rise to  th e  fo rm atio n  o f th e  m/z 
1 0 2  frag m en ts  in  a ll th re e  sp ec tra . A d d itio n a l peaks are  fo u n d  a t  m/z 229, 210 
a n d  134 in  th e  sp ec tru m  o f 2c^=b5; th e  fo rm er tw o arise  from  elim in a tio n  o f 
•CH 3 an d  H 2S, re sp ec tiv e ly , from  M +\  w hile th e  m/z 134 p eak  is, as show n by  
th e  a p p ro p ria te  m e ta s ta b le , th e  re su lt o f H CN  e lim in a tio n  from  m/z 161. 
In te re s tin g ly , th e  m/z 134 p eak  is p rac tica lly  ab sen t from  th e  m ass sp e c tra  o f 
com pounds 2 a a n d  2 b.

Photochem istry

I r ra d ia tio n  o f  com pounds 2a— 2c in  e thano lic  so lu tio n  w ith  a h ig h -p res
su re  m ercu ry  im m ersion  lam p  th ro u g h  P y re x  u n d er n itro g en  fu rn ish ed  th e  
follow ing p ro d u c ts :

from  2a: 3 ,4 -d im eth o x y b en zo n itriIe  [20] (36% ), l(2 H )-iso q u in o lin e th io n e  
(7a) [21] (41% ), a n d  3 ,4 -d im ethoxy(th iobenzam ide) [22] (8 % );

from  2b: isoqu ino line  (55% ), O -ethy l th io c a rb a m a te  [23] (41% ), an d  
[l,3 ,4 ]th iad iazo lo [2 ,3 -a ]iso q u in o lin -4 -iu m -2 -o la te  (8a) (9 .3 % );

from  2c^=i:5 : l(2 H )-iso q u in o lin e th io n e  (7a) [21] (36% ) an d  l(2 H )-iso - 
qu ino linone (7b) [24] (1 .5% ).

In  all th re e  cases considerab le  am o u n ts  of h igh ly  inso lub le , h ig h -m elting  
p ro d u c ts , p ro b a b ly  po lym ers (w hose s tru c tu re s  were n o t e lucidated ) w ere also 
fo rm ed .

T he s tru c tu re s  o f th e  p h o to p ro d u c ts  w ere derived  from  th e ir  m ass a n d  
IR  a n d /o r N M R sp ec tra , an d  th o se  o f th e  know n com pounds w ere su b s ta n tia te d  
b y  com parison  w ith  a u th e n tic  sam ples. F o r th e  p ro o f o f s tru c tu re  o f com pound  
8a (w hose m ass sp ec tru m  is v e ry  sim ilar to  th a t  of th e  know n  com pound  8b 
[25] an d  w hich m a y  be ra tio n a lized  b y  assum ing  s tru c tu re  9 fo r th e  m o lecu la r 
ion , cf. Ref. [26]) see below .

T he p h o to c h e m is try  o f com pounds 2a— 2c th u s  con sid erab ly  differs fro m  
t h a t  o f  b o th  th e ir  iV -pyrid in io (th iocarbam oylam ide) (1) [4] an d  iV-isoquinoli- 
n io am id a te  (3) c o u n te rp a r ts  [6 , 9, 27]. A lthough  th e  p a re n t he terocycle  a n d  
n itr ile s , co rrespond ing  to  cleavage o f th e  N —N  bond  o f th e  th io a m id a te  an d  
e lim in a tio n  o f S fro m  th e  side cha in , h av e  been  ob ta in ed  b o th  from  com pounds 
1  an d  2 , im p o r ta n t d ifferences ex is t b e tw een  th e  tw o cases. W ith  com pounds 1
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p h o to fra g m e n ta tio n  s ta r ts  w ith  th e  e lim in a tio n  o f su lfu r (recovered  as e lem en
ta l  su lfu r) and  n o t w ith  ru p tu re  o f th e  N —N  bo n d  w hich  shou ld  lead  via  a

R — N H —C <(^ I n an d /o rth io ca rb am o y ln itren e

in se r tio n  p roduc ts o f  th e  la t te r .  Such p ro d u c ts  have , how ever, as exp lic itly  
s ta te d  in  Ref. [4], n o t  been  observed. I n  c o n tra s t, 3 ,4 -d im ethoxy(th iobenz- 
am ide) and  O -ethyl th io c a rb a m a te , iso la ted  from  th e  pho to ly sis  m ix tu res o f 
com pounds 2a an d  2b, re sp ec tiv e ly , are o b v io u sly  form ed via  th e  co rresponding  
th io ca rb am o y l n itren es . O n th e  o th e r h a n d , fo rm atio n  o f  th io x o  deriv a tiv es  
s tru c tu ra lly  re la ted  to  l(2 H )-iso q u in o lin e th io n e  (7a) has n o t been  observed on 
p h o to ly sis  o f T ype 1 com pounds.

7a: Z =  S 
7b: Z =  0

The m esoionic co m p o u n d  8a, to o , is a novel ty p e  p h o to p ro d u c t, analogs 
o f  w hich  have n ev e r been  observed  in  th e  pho to lysis m ix tu re s  o f T ype 1 or 3 
com pounds. The p h o to ch em ica l fo rm atio n  o f  a m esoionic com pound  is in  its e lf  
u n iq u e ; th e  deta ils  o f  th e  process lead ing  from  2b to  8a an d  invo lv ing  (form al) 
loss o f  one m olecule o f  e th a n e  are n o t k n o w n .

Irra d ia tio n  o f  iV -isoquinolin ioam idates has alw ays been  found to  re su lt 
in  pho to iso m erisa tio n  to  th e  co rrespond ing  Ar-(l-isoqu ino ly l)am ides (10) [6 , 9, 
27] w hich, depend ing  on  th e  n a tu re  o f R , m a y  ex ist as th e  correspond ing  im id ic  
ac id  tau to m ers  11 [15], an d  in  no case in  p h o to frag m en ta tio n .*  C om pound 3a

* Photofragm eutation to y ield  the parent heterocycle has been observed in the case o f  
other electron deficient heteroarom atic am m onioam idates [2].
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has now  been found  to  y ie ld , in  a d d itio n  to  th e  im id ic  ac id  11a, th e  f ra g m e n ta 
tio n  p ro d u c t 3 ,4 -d im ethoxybenzam ide in  28%  y ie ld  on  p h o to lysis .

T he s tru c tu re  o f  com pound  8a w as es tab lish ed  b y  o x id a tio n  o f  th e  know n  
8b [25] w ith  p o ta ss iu m  p e rm an g an a te  in  ace tone  an d  b y  d ip o la r cycloadd ition  
o f  ca rb o n y l su lfide to  th e  know n [5] iso q u in o lin io am id e . F ro m  th e  o x id a tio n  
m ix tu re  o f 8b a second  com pound (co n ta in in g  one su lfu r  a to m  less th a n  8a) 
w as iso la ted  in  a d d itio n  to  8a. I ts  m ass a n d  IR  sp e c tra  suggested  th e  s tru c tu re  
o f 1 -isoquinolyl th io c y a n a te  (1 2 ) for th is  com pound , an d  th is  s tru c tu re  w as 
p ro v en  b y  com parison  w ith  an  a u th e n tic  sam ple  o b ta in e d  b y  allow ing to  re a c t 
l(2 if)- iso q u in o lin e th io n e  (7a) w ith  cyanogen  b ro m id e  in  th e  presence o f a lk a li.

Experim ental

Mass spectra were obta ined  at 70 eV w ith  an A E I MS-902 using direct sample insertion, 
4 I-N M R  spectra at 60 M Hz w ith  Perkin—E lm er R 12 and Varian A 60D  spectrom eters using, 
except where noted, TMS as the internal reference. The FT 'H  N M R spectrum  o f com pound  
8a was obtained on a Varian X L  spectrometer. TJV spectra were recorded w ith  Specord UV V IS  
(Carl Zeiss, Jena, G DR) and IR  spectra w ith  Spektrom om  2000 (H ungarian Optical W orks, 
Rudapest) and Specord IR  75 (Carl Zeiss) spectrom eters, respectively.

iV-IsoquinoIinio-3,4-dim ethoxy(thiobenzam idate) (2 a )

21V aqueous N aO H  (1.8 m l) was added b y  drops to a m ixture o f 2-am inoisoquinolinium  
chloride (4) [6] (0.25 g; 1.35 m moles), S-[3 ,4 -d im eth oxy(th iobenzoyl)]th ioacetic  acid [10] 
(0.4 g; 1.4 m moles) and w ater (4 m l) to obtain 0 .34 g (74% ) o f  the t itle  com pound as an insoluble 
product, m .p. 134— 137 °C w hich, according to  TLC, proved hom ogeneous. A ttem pted recrys
ta llization  from benzene, chlorobenzene or bu tanol led to partial decom position. An a n a ly ti
cally pure sample was therefore obtained b y  stirring the product w ith  1000 parts o f  E tO H  at 
room  temperature and iso latin g  the insoluble m aterial (about 30% ) which had m.p. 144— 
146 °C.

C isH ieN A S  (324.4). Calcd. C 66.64; H  4.97; N  8.64. Found C 66.55; H  5.23; N  9.05% .
UV (EtŐ H ): 224 (4 .57 ), 260 (4.28), 289 (4.29). UV  (E tO H -J V /1 0  HCl, 1 : 1): 225 (4.54); 

259 (4.28); 284 (4.29).
*H NMR (CDC13): <5 3.9 s -f- 3.95 s, (MeO)2; 6.85 d, J  =  9 H z, 1 H  5-H of d im ethoxy- 

phenyl group; 7 .55—8.15 m , 8 H , 3-H  — 8-H  o f  isoquinoline ring, -j-2-H  and 6-H  of d im ethoxy- 
phenyl group; 8.85 s, 1 H , 1-H  of isoquinoline ring. After add ition  o f TFA: ő 3.95 s, 6 H , 
(MeO)2; 6.95 d, J  =  9 H z, 1 H , 5-H of d im ethoxyph en yl group; 7 .6 —7.85 m  -f- 8 .1—8.45 m , 
to ta l in tensity  8 H , 3-H  — 8-H  of isoquinoline ring, - f  2-H  and 6-H  o f d im ethoxyphenyl 
group; 9.55 s, 1 H, 1-H , isoquinoline ring. The spectra did not change on prolonged standing.

MS (150 °C), m /z  (rel.int.): 324 (2 .2 , M ); 323 (2.5, M — H ); 164 (5.5); 163 (72 , 
[MeO]2C6H 3CN+ ); 161 (13 ,M -163); 149 (2.4); 148 (28 ,1 6 3  —  Me); 130 (8.3); 129 (100, C *H ,N +);

128 (19); 120 (10, 148-CO); 117 (4); 103 (5.5); 102 (30, 129 — H CN); 101 (4.5); 92 (9.4); 77 (17).
B y  concentrating in  vacuum  the ethanolic filtrate o f the pure product, a further, less 

pure crop, 50% , m.p. 138— 140 °C, was obtained.

JV-Isoquinolinio[ethoxy(thioform am idate)] (2b)

A  solution o f 2-am inoisoquinolinium  chloride (4) [6] (1.8 g; 10 m m oles) in water (4 m l) 
and subsequently 2N  aqueous NaOH (18 m l) were added to a so lution  o f O-ethyl S -m ethyl 
dithiocarbonate [11] (2 .0  g; 14.5 mmoles) in dry ethanol (25 m l). The m ixture was stirred for  
1 h at room temperature. W ater (10 ml) was added and the m ixture kept for 1 h in a refrigera
tor to yield 1.7 g (73.5% ) o f  the title  com pound, m .p. 124 — 125 °C.
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C12H 12N 2OS (232.3). Calcd. C 62.04; H  5.21; N  12.06; S 13.80. F o u n d  C 62.33; H  5 .34; 
N  11.80; S 14.44% .

UY (E tO H ): 226 (4 .54); 248 (4.45); 277 (3.98); 327 (3.62); 354 (3.35), sh.
ЧН N M R  (CDClg): <5 1.4 t ,  3 H , + 4 .5 5  qu , 2 H , J  =  7 H z, O E t;  7 .7— 8.05 m , 5 H ,

4 -H  — 8-H ; 8.4 dd , J  =  7.5 an d  1.5 H z, 3 -H ; 9.3 d , J  =  1.5 H z, 1 H , 1-H .
MS (110 °C), m / z  (re l-in t.): 233 (1 .7); 232 (8.9, M ) ;  231 (2.4, M - H ) ;  203 (1.1, M - E t ) ;  

171 (7.8, M - S E t ) ;  161 (1 .2 , M - E tO C N ) ;  160 (1 .0); 130 (11); 129 (100, C9H 7N + ') ;  128 (19); 
103 (6); 102 (22, 129 JL  H C N ); 101 (5); 64 (8 .5 ); 51 (8).

lY -Isoquinolinio(thiopivalam idate) (2 c )

The m ixture o f an ethanolic (40 m l) so lution  o f m ethyl d ith iop ivaloate [12] (1 .7  g; 
10 m m oles) and an aqueous (5 m l) so lution  o f 2-am inoisoquinolinium  chloride (4) [6] (1.6 g; 
9 m m oles) was treated w ith  2IV aqueous N aO H  (14 m l), allowed to stand  for 1 h at room  
tem perature and evaporated to dryness in  vacuum . The residue was taken  up in water to ob ta in
l .  9 g (86% ) of the yellow  crystals o f the t it le  com pound, m .p. 78 —81 °C. The crude product 
w as dissolved in  9 m l of h ot E tO H  to y ield  0.68 g (36% recovery) o f  recrystallized m aterial,
m . p. 83— 85 °C, which, according to its ’l l  N M R  spectrum  was less pure than  the crude product.

CuH leN 2S (244.36). Calcd. N  11.47; S 13.12. Found N  11.53; S 12.72% .
UV (EtO H ): 221 (4.46); 259 (4.05); 285 (3.89); 325 (3.62), sh; 354 (4.42), sh.
4 1  NM R (CDC13; f r e s h l y  prepared so lu tion  o f c r u d e  product): <5 1.37 s, 9 H , i— B u; 

6.35 d +  7.25 d, 1 H, each, J  =  8 Hz, 6-H  and 5-H  of the cyclic form  5; 7.35 — 7.7 m, 5 H 
7-H  — lOb-H of 5. D ecom position on stan ding  is indicated by the appearance o f signals a t  
<5 1.43 and 1.54 in  addition  to the m ain t — B u  signal a t 1.37 ppm. The spectrum  o f the r e c r y s t a l 

l i z e d  product is essentia lly  identical, but w eak  signals at ő  1.4 (as a shoulder on the m ain t  — B u  
signal at 1.37 ppm ) and 1.5 were already present in  the spectrum  o f the fresh solution.

4 1  NM R, crude product (CDClg +  T F A , added after about 1/2 h): <5 1.4 weak s +  1.5 s +  
+  1.65 weak s, to ta l in ten sity  9 H , t — Bu; 7 .95 — 8.5 m, about 6.2 H , 3-H  — 8-H  of protonated  
form , +  olefinic and arom atic H ’s o f decom position  products; 9.35 broad s, about 0.8 H , 
1-H  o f protonated form. The spectrum  rem ained essentially  unchanged after the so lution  w as 
allow ed to stand for 4 days at room tem perature.

Щ  NM R (recrystallized  product, freshly  prepared solution; CD3O D, CHD2OD =  3.35): 
<5 1.40 w eak s +  1.46 s +  1.71 weak s, to ta l 9 H , t —Bu; 7.0 —8.5 m , about 6.35 H , 3-H  — 8-H  
o f  th ioam idate form, +  olefinic and arom atic H ’s o f cyclic form and of decom position  products; 
8.80 s, 0.65 H , 1-H of thioam idate form. The in ten sity  o f the latter signal slightly  decreased  
after the solution  had been kept for 24 h  at room  tem perature in  the dark.

The MS (130 °C) is tim e-dependent, ind icatin g  decom position and/or isom erization in  
th e  m ass spectrom eter. In itia l spectrum  (130 °C), m/z (rel.int.): 246 (2.6); 245 (8.8); 244 (38, 
M ); 243 (30, M - H ) ;  229 (1.1, M -M e ) ;  211 (1.5); 210 (9.4, M - H 2S); 203 (2.8); 188 (3.8); 
187 (38, M  -  i= B u );  162 (4.4); 161 (43, M  — t= B u C N ); 160 (11); 145 (14); 134 (9.0, 161 *- 
Л . HCN); 131 (6.6); 130 (23); 129 (100, C9H 7N + ‘); 128 (33); 118 (2.5); 117 (5.6); 116 (4.7); 102, 
(18, 129 A -H C N ); 101 (9.4); 90 (7.5); 89 (11); 57 (36); 51 (11).

The filtrate o f  the recrystallized product w as evaporated to dryness in vacuum  and the  
residue was taken up in  CH2C12 to  obtain 0.3 g o f a crystalline product, m .p. 223 — 227 °C, o f  
unknow n structure.

iV-Ie9ijiTmDlinio-3,4-:lim3th9xybenzitnidate (За)

2-A m inoisoquino lin ium  chloride (4) [6] (0 .9  g; 5 m m oles) w as h e a te d  w ith  3 ,4 -d im ethoxy- 
b en zo y l chloride (3.0 g; 15 m m oles) fo r 2 h  a t  105 — 110 °C. T he m ix tu re  w as allow ed to  cool, 
ta k e n  u p  in  CH2C12 a n d  sh a k e n  w ith  dil. aq u eo u s N aO H  u n til th e  aq u eo u s ph ase  re m a in e d  
d is tin c tly  a lkaline. R o u tin e  w ork-up  of th e  C H 2C12 so lu tion  an d  re c ry s ta lliz a tio n  fro m  benzene  

fu rn ish e d  0.76 g (49 .5% ) o f th e  t it le  co m pound , m .p . 132 — 134 °C.
C18H ieN 20 3 (308.3). Calcd. C 70.12; H  5.23; О 15.57. F o u n d  C 70.16; H  5.39; О 15 .33% .
!H  N M R  (CDC13): <5 3.95 s an d  3.97 s, (M eO)2; 6.9 d, J  =  8 H z, 1 H , 5 -H  o f d im e th o x y - 

p h e n y l g ro u p ; 7 .7— 8.15 m , to ta l  in te n s ity  7 H , 4 -H  — 8-H  of isoqu ino line  rin g , + 2 - H  a n d
6 -H  o f  d im e th o x y p h en y l g roup ; 8.45 dd , ,/  — 7 an d  1.5 H z, 1 H , 3 -H  o f isoquino line  r in g ; 
9 .86 s, 1 H , 1-H  of isoquino line  ring.

IR  (K B r): no  am ide  I  b an d ; h y d ro ch lo rid e : 1700 c m -1 .
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Л -Isoquinoliniopivalam idate (3c)

T his com pound w as ob ta in ed  as described  in  R ef. [9].
Щ  N M R  (CDC13): <5 1.32 s, 9 H , t - B u ;  7 .7— 8.1 m , 5 H , 4-H  -  8 -H ; 8.26 dd , J  =  7 an d  

1.5 H z, 1 H , 3-H ; 9.65 s, 1 H , 1-H.

Irradiation of compounds 2a, 2b, 2c 5 and 3a

Nitrogen-flushed ethanolic solutions o f the t itle  com pounds were irradiated w ith a high- 
pressure mercury im m ersion lamp (H PK -125, P hilips) trough Pyrex w ith  continuous stirring 
and ice-cooling until, according to TLC, the starting com pounds were com pletely used up. 
T he solvent was evaporated in vacuum  and th e  residues were worked up by conventional 
procedures.

(a )  Compound 2a (1.0 g; 3.1 m m oles) was irradiated for 8 h  in ethanol (300 ml). The 
dry residue was taken up in CHjCl^, the insoluble m aterial (A; 0.03 g) filtered off and the  
filtrate worked up b y  preparative TLC (K ieselgel Р Г 2в4+:,се, Merck; benzene-CHCl3-E tO H , 
8 : 1 : 1) to obtain, in  descending order of their Rr values, 0.18 g (36% ) o f 3 ,4-dim ethoxy- 
benzonitrile, m.p. 66— 67 °C (MeOH), lit. [20] m .p . 67— 68 °C, IR  (K Br): 2230 cm -1 ; 0.2 g  
(41% ) of l(2H )-isoquinolineth ione (7a), m .p. 168— 169 °C (E tO H ), lit. [21] m .p. 171 °C; 
0.05 g (8% ) of 3,4-d im ethoxy(th iobenzam ide), m .p . 187— 189 °C (dec,; aqueous E tO H ), lit. 
[22] m .p. 193— 194 dec.); and another 0.17 g of fraction A , probably polym eric m aterial w hose  
structure was not elucidated.

Mass spectra, m/z (rel. intensity). 3,4-D im ethoxybenzonitrile (150 °C): 164 (11); 163 
(100, M ); 148 (22, M JL M e); 120 (11, 148 JLCO); 102 (5.4); 92 (8.8); 17 (13); (2H )-isoquinoline- 
th ione (150 °C): 163 (5.4); 162 (10); 161 (100, M ); 134 (11, M  -  HCN); 128 (35, M  -  SH ); 
101 (5, M  — HCN — SH ); 80.5 (8, M ++); 67 (9, 134++): 3 ,4-dim ethoxy(thiohenzam ide) 
(180 °C): 199 (6.1); 198 (11); 197 (100, M ); 182 (6); 181 (7); 264 (68, M  -  SH ); 163 (13); 148 
( 8) .

( b)  Compound 2b (0.6 g; 2.6 m m oles) was irradiated for 14 h in  ethanol (250 ml). Steam  
distillation  of the dry residue furnished 0.17 g (55% ) o f  isoquinoline (isolated b y  extraction w ith  
ether from  the d istillate after saturation w ith  NaCl). The non-volatile m aterial was extracted  
w ith  CHClg, and the com bined organic phases were dried and evaporated to dryness. The residue  
was triturated w ith m ethanol to obtain 0.1 g o f a h igh ly  insoluble, high-m elting and probably  
polym eric substance w hich was discarded. The m ethanolic filtrate o f this product was worked  
up by preparative TLC (K ieselgel PF254+366; benzene-CHCl3-EtO H , 1 : 1 : 1) to obtain 0.11 g 
(41% ) o f O-ethyl thiocarbam ate,* identified b y  com parison (IR , NM R, TLC) w ith  an authentic  
sam ple [23], and 0.05 g (9.3% ) of com pound 8a, m .p. 234 — 235 °C, identified  by com parison  
w ith  an authentic sam ple obtained as described below.

NM R (CDC13): 6 1.23 t, 3 H, + 4 .5 2  qu, 2 H , J  =  7.1 Hz, O Et; 6.4 very  bs, 2 H , N H 2.
(c )  Compound 2c +  5 (1.2 g; 5 m m oles) w as irradiated for 1.5 h in ethanol (1000 ml). 

The dry residue was worked up as described under (a )  to obtain, in  addition to a considerable 
am ount of a high-m elting, highly insoluble polym eric m aterial, 0.28 g (36% ) of l(2H )-iso -  
quinolinethione (7a), identical (m.p., IR , TLC) w ith  an authentic sam ple [21], and 0.01 g 
(15% ) of l(2H )-isoquinolinone (7b), m .p. 2 0 1 - 2 0 2  °C (M eOH), lit. [24] m .p. 2 0 7 - 2 0 8  °C.

l(2U )-Isoquinolinone. Mass spectrum  (120 °C), m/z (rel.int.): 146 (8.2); 145 (100, M ); 
131 (1.5); 118 (25, M — H CN); 117 (8.1); 90 (20, C ,H 6+ ) ;  89 (40% ); 58.5 (8.4; 117++).

(d )  Compound 3a (0.61 g; 2 m m oles) w as irradiated for 6 h in  ethanol (500 m l). The  
dry residue was recrystallized from m ethanol to ob ta in  0.35 g (57% ) o f l-[(a-hydroxy-3 ,4-d i- 
m ethoxybenzylidene)am ino]isoquinoline (11a), m .p. 158— 160 °C.

CisH i6N 20 3 (308.3). Calcd. C 70.12; H  5.23; N  9.04. Found C 69.68; H  5.63; N  9.01% .
IR  (KBr): no am ide I band.
MS (140 °C), m /z (rel. int.): 310 (2.5); 309 (24); 309 (100, M ); 307 (60, M  -  H); 293 (6); 

292 (12, M  -  N H 2); 280 (15, M  -  CO); 279 (16, M  — HCO); 171 (45, M  — dim ethoxyphenyl); 
166 (6.2); 165 (50, d im ethoxybenzoyl+), 128 (25, 171 — HNCO).

The m ethanolic filtrate o f compound 11a w as worked up by preparative TLC (K ieselgel 
PF 254+3e6; benzene-chloroform -ethyl acetate, 1 : 1 : 1) to obtain 1.0 g (28.5% ) of 3 ,4-d im ethoxy- 
benzam ide, m .p. 162 — 163 °C (MeOH), lit. m .p. 164 °C [28].

IR  (KBr): 3370, 3290 sh, 3175, 3080 sh, 1650 cm -1 , identical w ith  the spectrum  o f an  
authentic sample.

* D istillation  even  in  vacuum  causes considerable decom position o f this com pound.
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H y d r o ly s is  o f  c o m p o u n d  1 1 a :

T h e  a b o v e  p r o d u c t  (0 .4 4  g ;  1 .4 5  m m o le )  w a s  r e f lu x e d  f o r  4  h  w i t h  2 0 %  a q u e o u s  H C 1  
a n d  t h e  m ix tu r e  e v a p o r a t e d  t o  d r y n e s s .  T h e  r e s i d u e  w a s  t r i t u r a t e d  w i t h  2 iV  N a O H  t o  o b t a i n  
a n  in s o lu b le  p r o d u c t  (0 .1 8  g ;  8 7 % )  w h ic h  p r o v e d  id e n t i c a l  ( I R )  w i t h  a n  a u t h e n t i c  s a m p l e  o f  
1 - a m in o is o q u in o l in e .  T h e  a lk a l in e  f i l t r a t e  o f  t h i s  p r o d u c t  w a s  a c i d i f i e d  t o  y ie ld  0 . 1 6  g  ( 6 1 % )  
o f  3 ,4 - d im e th o x y b e n z o ic  a c id .

[ 1 ,3 ,4 ]  T h i a d i a z o lo [ 2 ,3 - a ] i s o q u in o l in - 4 - iu m - 2 - t h io l a t e  ( 8 b )

A  m ix tu r e  o f  t h e  d im e r  (6 c )  [5 ]  (1 .0  g ;  3 .5  m m o le s )  o f  i s o q u in o l in io a m id e ,  e t h a n o l  
(5  m l )  a n d  C S2 (1 m l)  w a s  s t i r r e d  f o r  2 h ,  a n d  a l lo w e d  to  s t a n d  o v e r n i g h t  t o  y ie ld  0 .6 5  g  ( 4 6 % )  
o f  t h e  t i t l e  c o m p o u n d ,  m .p .  2 6 5 — 2 6 7  °C  ( A c O H ) ,  lit. [1 3 ]  m .p .  2 6 3  °C  (d e c .) ,  w h ic h  w a s  w a s h e d  
w i t h  A c O H  a n d  E t O I l ;  a c c o r d i n g  t o  T L C , i t  p r o v e d  h o m o g e n e o u s  b e f o r e  r e c r y s t a l l i z a t i o n .

T h e  U V  s p e c t r u m  w a s  id e n t i c a l  w i t h  t h a t  r e p o r t e d  in  l i t e r a t u r e  [1 3 , 2 5 ] .
M S  (1 5 0  °C ) m /z  ( r e l . i n t . ) :  2 2 0  (6 .3 ) ;  2 1 9  ( 8 .4 ) ;  2 1 8  (6 9 ,  M ) ;  1 8 6  (1 .8  M S ) ;  1 7 4  ( 1 .7 ,  

M -  C S ); 161  (3 ) ;  1 6 0  (1 6 , M  -í_  N C S ) ;  1 5 9  (6 ) ;  1 5 4  (1 1 , J V f - 2  S ) ;  1 3 4  (3 ) ;  1 3 3  (1 1 , 1 6 0  —  H C N ) ;  
1 2 9  (1 5 ) ;  12 8  (1 0 0 , C9H 6N + ) ;  12 7  (3 ) ;  1 1 6  (1 2 ,  1 6 0  —  C S ); 10 9  (M ++);  1 0 2  (7 ) ;  101  (1 2 ,  1 2 8  A - 
H C N ) ;  8 9  (2 1 ) ;  75  (8 ) .

[ l ,3 ,4 ] T h ia d i a z o l o [ 2 ,3 - a ] i s o q u in o l in - 4 - iu m - 2 - o l a t e  ( 8 a )

(a )  F in e ly  p u lv e r i z e d  K M n 0 4 w a s  a d d e d  i n  s m a l l  p o r t i o n s  t o  a  r e f lu x i n g  s u s p e n s i o n  o f  
c o m p o u n d  8 b  (0 .5  g , 2 .5  m m o le s )  i n  a  m i x t u r e  o f  a c e to n e  (5 0  m l)  a n d  w a t e r  (1  m l )  u n t i l  t h e  
v i o l e t  c o lo u r  w a s  p e r s i s t e n t .  T h e  M n 0 2 w a s  f i l t e r e d  o f f ,  w a s h e d  w i t h  a c e to n e ,  a n d  t h e  c o m b in e d  
f i l t r a t e s  w e re  e v a p o r a t e d  t o  d r y n e s s .  T h e  r e s id u e  w a s  t a k e n  u p  i n  c h lo r o f o r m .  T h e  i n s o lu b le  
i m p u r i t i e s  w e re  f i l t e r e d  o f f ,  a n d  t h e  f i l t r a t e  w a s  e v a p o r a t e d  t o  d r y n e s s  t o  o b t a i n  0 .2 5  g  o f  a  
m i x t u r e  w h ic h  w a s  w o r k e d  u p  b y  p r e p a r a t i v e  T L C  (K ie s e lg e l  P F 254+366; b e n z e n e - C H C l3- E t O A c ,  
1 : 1 : 1 ) .  T h e  f o l lo w in g  tw o  c o m p o u n d s  w e r e  o b t a i n e d  i n  d e s c e n d in g  o r d e r  o f  t h e i r  R j  v a l u e s :

l - i s o q u in o ly l  t h i o c y a n a t e ,  1 2 ,  0 .1  g  ( 2 1 % ) ,  i d e n t i c a l  ( m .p . ,  I R ,  R j)  w i th  a n  a u t h e n t i c  
s a m p l e ,  o b t a in e d  a s  d e s c r ib e d  b e lo w ;

c o m p o u n d  8 a ,  0 .0 7  g  ( 1 5 % ) ,  m .p .  2 3 4 — 2 3 5  °C  ( m e th a n o l ) .
I R  ( K B r ) :  no b a n d s  in  t h e  c u m u l a t i v e  d o u b le  b o n d  r e g io n .
H I  N M R  (C D C 13):  ö 7 .6 5  d ,  J =  7 .7  H z ,  1 H ,  6 - H ;  7 . 7 5 -  8 .1  m ,  4  H ,  [7 - H  -  1 0 - H ;  

8 .4  d ,  J =  7 .7  H z ,  1 H ,  5 -H .
M S  (1 5 0  °C ), m /z  ( r e l . i n t . ) :  2 0 4  (5 .2 ) ;  2 0 3  (1 2 ) ;  2 0 2  (100, M ) ;  1 7 4  (1 .4 , M -  C O ); 1 6 1  

( 1 .1 ) ;  16 0  (1 2 . M - N C O ) ;  1 5 9  (2 .4 ) ;  14 7  (2 .2 ) ;  1 4 6  (1 8  A -  N 2C O ); 1 4 5  ( 1 0 ,  1 4 6  A_ H ) ;  1 4 2  ( 0 .9 ) ;  
1 3 3  (3 , 16 0  A - H C N ) ;  1 2 9  (4 .2 ) ;  1 2 8  (3 1 ,  C9H 9N + ) ;  1 1 6  (1 6 0 -C S ); 1 0 2  (1 8 , 1 4 6  A .  C S  a n d  12 8  
-A  C 2H 2) ; 101 (4 .4 ,  M + + ) ;  89  (6 .6 ) ;  75  (4 ) ;  51  (4 ) .

(b )  T h e  d im e r  (6 c )  [5 ] (0 .2 5  g ;  0 .8 7  m m o le )  o f  i s o q u in o l in io a m id e  w a s  s t i r r e d  a t  r o o m  
t e m p e r a t u r e  f o r  3 d a y s  w i t h  a  s o lu t io n  o f  c a r b o n y l  s u l f id e  [2 9 ]  (1 .7  g ;  2 8  m m o le s )  i n  e t h a n o l  
(6 0  m l) .  T h e  m i x t u r e  w a s  e v a p o r a t e d  t o  d r y n e s s ,  t h e  r e s id u e  t a k e n  u p  in  C H C 13 a n d  w o r k e d  
u p  b y  p r e p a r a t i v e  T L C  K ie s e lg e l  P F 254+3e6; E t O A c — E t O H ,  4  : 1 ) t o  o b t a i n  0 .1 5  g  ( 4 6 % )  o f  
c o m p o u n d  8 a ,  i d e n t i c a l  ( m .p . ,  I R ,  T L C )  w i t h  t h e  p r o d u c t  p r e p a r e d  a c c o r d i n g  t o  (a ) .

1 - I s o q u in o ly l  t h io c y a n a t e  ( 1 2 )

A  s o lu t io n  o f  K C N  (0 .3  g ;  4 .6  m m o le s )  i n  w a t e r  (1 .7  m l)  w a s  a d d e d  b y  d r o p s ,  w i t h  s t i r 
r i n g  a n d  ic e -c o o l in g ,  t o  B r 2 (0 .2  m l ;  3 .9  m m o le s )  c o v e r e d  b y  w a t e r  (1  m l) ,  u n t i l  t h e  c o lo u r  o f  
b r o m i n e  j u s t  d i s a p p e a r e d .  T h e  r e s u l t i n g  a q u e o u s  s u s p e n s io n  o f  B r C N  w a s  t r e a t e d  a t  0  °C  w i t h  
c o n t in u o u s  s t i r r i n g  w i t h  t h e  s o lu t io n s  o f  l ( 2 H ) - i s o q u i n o l i n e t h i o n e  (7 a )  [2 1 ]  (0 .3 2  g ;  2 m m o le s )  
i n  a c e to n e  (5 m l)  a n d  N a O H  (0 .0 8  g ;  2 m m o le s )  i n  w a t e r  (5  m l) .  T h e  m i x t u r e  w a s  k e p t  f o r  1 h  
a t  0 °C  a n d  a l lo w e d  to  s t a n d  o v e r n i g h t  a t  r o o m  t e m p e r a t u r e  t o  o b t a i n  0 .1 8  g  ( 5 0 % )  o f  t h e  
t i t l e  c o m p o u n d ,  m .p .  6 5 — 6 6  °C .

C 10H 6N 2S (1 8 6 .2 ) .  C a lc d . N  1 5 .0 5 . F o u n d  N  1 4 .6 0 , 1 5 .1 5 % .
I R  ( K B r ) :  2 1 6 5  c m " 1.
M S  (1 3 0  ° C ) / m / z  ( r e l . i n t . ) :  18 8  (4 ) ;  18 7  (8 ) ;  18 6  (6 8 , M ) ;  1 6 0  (1 .8 ,  M - C N ) ;  1 5 9  (1 .5 ,  

M — H C N ) ;  12 9  (1 0 ) ;  1 2 8  (100,  M - S C N ) ;  101  (1 2 ,  12 8  A_ H C N ) ;  93  (4 ,  M ++);  89  ( 3 .5 ) ;  7 7  
( 5 .5 ) ;  75  (7 .0 ) .
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A t t e m p t e d  r e c r y s t a l l i z a t i o n  o f  c o m p o u n d  1 2  f r o m  b e n z e n e  r e s u l t e d  in  t h e  f o r m a t io n  o f  
a  n e w  c o m p o u n d ,  m .p .  1 2 6 — 1 3 0  °C , w h ic h ,  a c c o r d in g  t o  i t s  M S , h a s  a  m o l .  w t .  o f  2 8 8  a n d  
c o n ta in s  tw o  i s o q u in o l in e  r i n g s  a n d  o n e  S  a to m .

*

T h e  a u t h o r s  a r e  g r a t e f u l  t o  M rs . H .  M e d z i h r a d s z k y - S c h w e i g e r  a n d  M rs. I .  B a l o g h - 
B a t t a  a n d  s t a f f s  f o r  t h e  m ic r o a n a ly s e s ,  t o  D r . L . R a d io s  f o r  t h e  F T  'H  N M R  s p e c t r u m  o f  
c o m p o u n d  8 a ,  t o  D r .  P .  K o l o n it s  a n d  M r. I .  K ö v e s d i  f o r  t h e  o t h e r  l H  N M R  s p e c t r a  a n d  t o  
D r .  F .  R u f f  f o r  t h e  I R  a n d  U V  s p e c t r a .
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RING TRANSFORMATION OF CHROMONES INTO 
4-HYDROXYCOUMARINS

У. S zabó , J . B o r d a  and E . T h e isz

(Inst itu te  o f  A pplied  Chemistry, Kossuth Lajos University,  Debrecen, Hungary)

R e c e iv e d  M a r c h  2 , 1 9 7 9  
A c c e p te d  f o r  p u b l i c a t i o n  A p r i l  2 6 , 1 9 7 9

T h e  r e a c t i o n  o f  c h ro m o n e  a n d  i t s  C -3  s u b s t i t u t e d  a n a lo g u e s  w i th  h y d r o x y l a m i n e  
i n  a q u e o u s  s o lu t io n  r e s u l t e d  i n  i s o x a z o le s  I I  via  a  m o n o o x im e  in t e r m e d i a t e  (V I) .  U n d e r  
a l k a l in e  c o n d i t i o n s  b o t h  V I  a n d  I I  t r a n s f o r m e d  i n to  t h e  n i t r i l e  I I I  w h ic h  is  i n  a  r i n g —c h a i n  
t a u t o m e r i c  e q u i l i b r iu m  w i th  c o u m a r in  i m i n e  IV , d e p e n d e n t  o n  t h e  s u b s t i t u t i o n  c o n d i 
t i o n s  a n d  h y d r o x y l  io n  c o n c e n t r a t i o n .  C o m p o u n d s  IV  c o u ld  b e  c o n v e r t e d  i n to  4 - h y d r o x y -  
c o u m a r in s  (V ) w h ic h  r e a c t i o n  o f f e r s  a  g e n e r a l i z a b le  r i n g  t r a n s f o r m a t i o n  o f  C -2  u n s u b s t i 
t u t e d  c h r o m o n e s  i n to  4 - h y d r o x y c o u m a r i n  d e r iv a t iv e s .

I n  p rev io u s p ap ers  [1 — 3] we h av e  described  th a t  h y d ro x y lam in e  a tta c k s  
chrom one (la ) an d  iso flavone (Ic) a t  positio n  C-2. As a  re su lt o f th is  a t ta c k , 
th e  y -py rone  rin g  is cleaved and  a p h e n y l (Па) or d iphenylisoxazole  d e riv a tiv e  
(He) is fo rm ed  v ia  a m onooxim e in te rm e d ia te  (Via, c). T he s tru c tu re s  o f  th e  
p re p a re d  isoxazole de riv a tiv es , u n su b s ti tu te d  a t  C-3, w ere p roved  b y  c leavage 
o f  th e  isoxazole  rin g  u n d e r a lkaline  cond itions to  o b ta in e  4 -h y d ro x y co u m arin  
d e riv a tiv e s . T h is la t te r  reac tio n  u n eq u iv o ca lly  su p p o rts  b o th  th e  s tru c tu re  of 
th e  isoxazole  d e riv a tiv e  an d  th e  p lace o f  a t ta c k  o f hyd ro x y lam in e . T his re a c tio n  
is g enera lizab le  fo r ce rta in  chrom one d e riv a tiv es  as i t  has been p o in ted  o u t in  
our p rev io u s p a p e r  [4]. T he p resen t w ork  deals w ith  th e  details an d  co n d itio n s 
o f  th is  r in g  tra n s fo rm a tio n  reac tio n .

Results and Discussion

I t  h as  been  rep o rted  th a t  b o th  chrom one [3] an d  iso flavone [1, 2] 
tra n s fo rm  in to  isoxazole П  on t r e a tm e n t  w ith  h y d ro x y lam in e  in  aqueous 
e th a n o l o f  d iffe ren t p H , via  an  a ldox im e in te rm ed ia te  VI, an d  th e  tw o  com 
p ounds show ed d iffe ren t reac tiv itie s . T h e  difference ap p ea red  b o th  in  th e  ra te  
o f th e  nucleoph ilic  su b s titu tio n  (th e  r a te  o f  conversion o f la  was low er th a n  th a t  
o f  Ic) a n d  also in  th e  d irec tion  o f  th e  reac tio n . N am ely , in  a lkaline so lu tio n  
(p H  =  8 — 12) chrom one (la) tra n s fo rm e d  in to  a m ix tu re  of th e  a ldox im e V ia  
an d  th e  d iox im e VHa, w hereas fro m  iso flavone (Ic) th e  isoxazole d e r iv a tiv e  
He w as o b ta in e d  in  a good yield . C om pound  V ia could  be read ily  s e p a ra te d  
from  УПа an d  cyclized in to  H a u n d e r m ild  acidic cond itions.
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Table I

The conditions o f reactions I П  and the physical data o f  the 4.5-diphenylisoxazoles formed

Compound
Reaction

tim e,
h

Yield, M.p., Analysis UV-spectrum IR-spectrum  (cm - 1) NM R-spectrum (ppm*)

% °c
N% A max (nm) lg e OH C = N N—0 С,—H OH оси ,

l ie 3.0 92.8 1 6 3 -1 6 4 C: 5.90 228 4.28 3420 1620 970 9.05 10.10
F: 5.84 263 4.03

d 4.0 82.0 1 5 5 -1 5 7 C: 5.24 236 4.16 3170 1600 975 8.60 9.75 3.65
F: 5.20 279 3.96

e 8.0 75.1 1 6 5 -1 6 6 C: 5.24 233 4.17 3150 1615 975 8.67 9.70 3.80
F: 5.35 276 3.90

f 0.5 87.2 3 3 1 -3 3 2 C: 9.39 
F: 9.20

275 4.04 3150 1620 980 8.80 9.62 —

C =  calculated  
F =  found
* The NMR spectra were recorded in DMSO-de solutions
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form aldox im e VIb to  give th e  co rrespond ing  n itrile  I llb , w hich th e n  undergoes 
im m ed ia te  ring  closure.

N a tu ra lly , th e  isoxazole  rin g  o f  l ib  can also be cleaved  i t  th e  a lka li con
c e n tra tio n  is as h igh  as t h a t  used fo r  th e  sp littin g  o f  lb , y e t th e  ring  cleavage 
in  th is  case is som ew hat slow er. I t  w as su rp ris in g  t h a t  I llb  could n o t he d e tec ted  
as an  in te rm ed ia te  even  in  4M  sod ium  h y d rox ide  so lu tio n . A cid ification  o f th e  
re a c tio n  m ix tu re  gave IYb in  a good y ie ld .

T he d eh y d ra tio n  process V ia — Il i a  was also observed  w ith  chrom one 
(la ), nevertheless th e  ro u te  I —► VI — III —► IV is n o t p roposed  for th e  syn thesis  
o f IVa, because com p o u n d  I lia  is s ta b le  u n d er a lka line  cond itions, i t  also reac ts  
w ith  hyd ro x y lam in e , a n d  th e  fo rm a tio n  of a h ith e r to  u n id en tified  b y -p ro d u c t 
m akes th e  sep ara tio n  d ifficu lt.

T he isoflavones Ic-—f  gave th e  co rrespond ing  isoxazoles ( l ie — f), via  th e  
m onooxim e in te rm e d ia te s , in  excellen t y ields even u n d e r  a lkaline cond itions. 
T he isoxazoles could be con v erted  in to  th e  n itriles (IIIc— f) in  reasonab le  yields 
in  1 .0— 1.25M  sodium  h y d rox ide  so lu tio n s (Table I I ) .  T hese n itrile s  are less 
s tab le  in  th e  c rysta lline  s ta te  th a n  I l ia  a n d  cyclize to  give th e  co u m arin  im ines 
I V c - f  on th e  effect o f  lig h t or m o d e ra te  hea tin g . T h e  rin g  closure w as found  
to  be v e ry  rap id  u n d e r b o th  acidic o r m ild  a lkaline cond itio n s.

A cid hydro lysis o f  com pounds IVa — f  re su lte d  in  4 -h y d ro x y co u m arin s  
V a - f  [6, 8 - 1 0 ] .

4 -H y d ro x y co u m arin  im ines a re  s tab le  n e ith e r  in  acidic n o r in  a lkaline 
co n d itio n s. W ith  th e  ex cep tio n  of IVb, all th e  im ines u n d erg o  rin g  cleavage to  
y ield  th e  co rrespond ing  /S-ketonitriles (III) in  1 —4 M  sod ium  h y d ro x id e  so lu
tio n , a t  a ra te  d ep en d en t b o th  on th e  a lk a li c o n cen tra tio n  an d  th e  su b s titu tio n

Table II

Physical characteristics o f  2-hydroxy-a-nitrilodeoxybenzoins

Compound Yield*, M .p., Analysis UV-spectrum IR-spectrum  | cm -1)

% °c N% ^mai (nm) lg E c=o C = N OH

lile 78.0 9 7 - 9 9 C: 5.90 
F: 5.84

285 4.00 1640 2250 3150**

d 66.5 98— 100 C: 5.24 
F: 5.13

282 3.97 1645 2260 3150**

e*** 55 81— 83 C: 5.24 
F: 5.19

286 3.98 1625 2240 3150

f 76.5 105— 107 C: 9.39 
F: 9.19

288 4.06 1620 2230 3260
3580

C =  calculated 
F  =  found

* The yields are calculated for the nitriles prepared by m ethod (a).
** NMR (CDC13, ó ppm ): IIIc: 11.75 (s, 1 H , OH broad, disappearing on treatm ent with

D20 )
Hid: 11.40 (s, 1 H , OH broad, disappearing on treatm ent with 

D *°>*** The isolation of com pound l i l e  was difficult
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p a t te r n .  A t th e  sam e tim e , I I I  is co n v e rte d  in to  IV  a t  a ra te  in c reasin g  w ith  
th e  decrease of th e  a lk a li co n cen tra tio n . T his o b se rv a tio n  su p p o rts  our ea rlie r 
experience  [2] th a t  I I I  an d  IV are  re la te d  as rin g -ch a in  ta u to m e rs , th e ir  ra tio  
b e in g  dependen t, a p a r t  from  th e  s u b s titu e n t effect, on th e  h y d ro x y l ion  con
c e n tra tio n .

As th e  sim plest k in e tic  p a ra m e te rs , th e  va lu es  o f th e  decom p o sitio n  tim es 
o f  th e  in vestiga ted  isoxazoles, d e te rm in e d  u n d e r  analogous co n d itio n s, su p p o rt 
th e  m echanism  p ro p o sed  in  o u r ea rlie r  p ap ers  [1*, 2] (T able I I I ) .

Table III

Reaction times o f  the conversion П  H I IV

Compound Ha b c d e f

Reaction tim e, h > 3 6 > 3 6 3 5 4.5 1

The reactions were m ade w ith a 0.66%  solution of II in 0.75M  aqueous ethanolic sodium  
hydroxide (ethanol 25% ). The reactions were monitored b y  TLC, and the given reaction tim es 
m ean the period necessary for the disappearence of the spot o f  the starting material.

Table IV

The conditions o f the thermal reaction П  -*  IV and the physical data o f  the 4-hydroxycoumarin imines
prepared

Reaction

Yield,
%

M.p.,
°c

L it.
M.p., ° e

UV-spectrum IR -spectrum , (cm -1)

Com
pound tempe

rature
°C

time
min. ^max (nm) lg £ C = N NH

IVa 190 120 96.2 2 7 2 -2 7 3 2 7 2 -2 7 5  [6] 290 4.06 1640 3250
NH, OH,

broad
c 160 15 94.1 2 2 5 -2 2 6 2 1 9 -2 2 0  [8] 262 3.88 1645 3380

302 4.06
d 180 15 88.0 2 2 4 -2 2 5 2 1 4 -2 1 5 .5  [9J 257 3.97 1630 3370

307 3.95
e 190 15 85.4 2 4 0 -2 4 1 232—232.5 [8] 253 4.20 1635 3370

305 4.14
f 240 10 90.2 3 2 9 -3 3 0 — 248 4.17 1625 3360

306 4.14

* Sim ultaneously w ith  our com m unication , Ita lian  authors [5] also suggested this re
action  mechanism
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D iphenylisoxazoles are m ore  sensitive  to  bases th a n  pheny lisoxazo les. 
F u rth e rm o re , e lec tron -donor s u b s ti tu e n ts  an d  e lec tro n -w ith d raw in g  s u b s t i t 
u en ts  (in b o th  a ro m a tic  rings) low er or acce lera te , re sp ec tiv e ly , th e  ra te  o f  th e  
reac tio n . T hus, th e  m echanism  o f n itrile  fo rm a tio n  p ro b a b ly  includes in i t ia l  
d ep ro to n a tio n  fo llow ed by  ru p tu re  of th e  N  — О b o n d  o f th e  resu ltin g  in te r 
m ed ia ry  anion.

The in v e s tig a te d  isoxazoles tra n sfo rm  in to  co u m arin  im ines via  th e  
corresponding  /J-ketonitriles on th e  effect o f  h e a t. U n d e r con tro lled  co n d itio n s , 
good yields h a v e  been  o b ta in ed . T he g re a te r  r e a c tiv ity  o f d ipheny lisoxazo les 
is ev id en t also in  th is  reac tion  (T able  IV ).

E xperim en ta l

TTV spectra w ere obtained in ethanol solutions w ith  a UNICAM  SP-800 instrum ent. 
IR  spectra were recorded in KBr pellets w ith  a Spektrom om  2000 instrum ent. The N M R  
spectra were obtained w ith  a Jeol M H-100 (100 M Hz) spectrom eter. The reactions were m o n i
tored on DC-Alurolle K ieselgel 254 F  (Merck) layer using 9 : 1 benzene—ethanol as the so lv en t  
system . M.p.’s are uncorrected.

2-Hydroxy-co-form yIacetophenone aldoxim e (V ia )

To a solution o f  chromone (la ) (0.438 g; 3.0 m m oles) in  ethanol (6 ml) a so lution  o f  
0.84 g (12 m m oles) o f  hydroxylam ine hydrochloride in  B r itto n — R obinson buffer (pH  12) 
(6 m l) was added. T he p H  o f the m ixture was then  adjusted w ith  2M  sodium  hydroxide so lu tion  
to 12 and the m ixture w as kept at room  tem perature for 35 m in. The colourless product w h ich  
precipitated on acid ification  with acetic acid, was filtered off, w ashed w ith  water and recrysta l
lized from  aqueous ethano l to obtain pure V ia (0.22 g; 40.9% ), m .p. 126—127 °C. A s a b y 
product the dioxim e V ila  was isolated.

C9H9N 0 3 (179.17). Calcd. N  7.82. Found N  7.67% .
UV, Amax (nm ): 243 (lg e: 4.20); 299 (lg e: 4.02).
IR , v U m -1): 920 (N — 0 ); 1640 ( C = N , C = 0 ) ;  2850 (CH2); 2 9 0 0 -3 4 0 0  ( N - O H , O H ). 
NMR(DMSO-d|.; 8 ppm); 3.92— 3.98 (d, 2 H , CH2); 6 .68— 7.60 (m , 4 H, arom atic); 

8.30 (s, 1 H, C3— H ); 10.50 (s, 2 H, N — OH and OH, broad, disappearing on the addition  o f
d 20 ) .

5-(2- H ydroxyphenyl)isoxazole (П а)

A solution o f  V ia  (1.79 g; 10 m m oles) in ethanol (30 m l) and cone, hydrochloric acid  
(1 m l) were boiled for 1 — 2 min. The m ixture was cooled, d iluted w ith  water and evaporated  
until a colourless solid precipitated. I t  w as washed w ith  water un til neutral and crystallized  
from aqueous ethanol to  give Ha (1.50 g; 93.1% ), m .p. 185— 185.5 °C.

C9H 7N 0 2 (161.16). Calcd. N 8.69. Found N  8.68% .
UV, Amax (nm ): 261 (lg e: 4.26); 272 (lg e: 4.14); 306 (lg e: 4.02).
IR , v (c m -1): 940 ( N - 0 ) ;  1615 (C = N );  3080 (CH); 3400 (O H , broad).
NM R (DM SO-d6, 8 ppm): 6.70— 7.25 (m , 4 H , arom atic); 7 .65—7.70 (d, 1 H , C4— H );  

8.35— 8.37 (d, 1 H , Ca— H ); 10.25 (s, 1 H , OH, disappearing on the addition of D20 ) .

4-M ethyl-5-(2-hydroxyphenyl)isoxazoIe ( l ib )

A m ixture of 3-m ethylchrom one (lb ) (0.48 g; 3. О m m oles) and hydroxylam ine h yd ro
chloride (0.84 g; 12 m m oles) in 80% aqueous ethanol (15 m l) was boiled for 8 h. The conversion  
was found to be cca. 35% , and the product was separated from  the unchanged lb  by preparative
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layer chrom atography, using benzene as the e lu ant. T he product was eluted from  the adsorbent 
to  y ield  0.17 g (32.2% ) of l ib ,  m .p. 1 1 9 -1 2 0  °C.

Cl0H9NO2 (175.18). Calcd. N  8.00. Found N  7.83% .
U V , Amax(nm): 252 (lg  e: 4.02); 293 (lg e: 3 .73).
IR , v ( c m - 1): 940 (N — O); 1600 (C =C ); 1640 (C = N );  2920 (CH3); 2950 -  3300 (CH, OH).

General procedure for the preparation o f  4,5-diphenylisoxazoles (П с — f)

A  solution of hydroxylam ine hydrochloride (2.0 g; 30 mmoles) and crystalline sodium  
aceta te  (3.92 g; 30 m m oles) in  80% aqueous eth a n o l was added to the isoflavone (Ic—f) (10 
m m oles). The pH of the m ixture was then adju sted  to 8 with 2M  sodium  hydroxide solution  
and it was boiled until the sp ot o f the starting II  had  disappeared on the thin-layer chrom a
togram . Concentration of th e  reaction m ixture resu lted  in the precipitation o f the product, 
w hich  was filtered off, w ashed  w ith  water and crysta llized  from 80% aqueous ethanol. The con
d itions of the reactions and th e  physical param eters o f the products are sum m arized in Table I.

2 - Hydroxy-co-nitriloacetophenone (I lia )

(a )  A solution of I la  (0.8 g; 5 mmoles) in  a m ixture of ethanol (10 m l) and 4 M  sodium  
hydroxide (40 ml) was k ep t a t  room tem perature for 1 day. It was then  cooled to 0 °C and 
acid ified  w ith  acetic acid. T he colourless crystals w h ich  separated were quick ly filtered off and 
w ashed  w ith  water until neutral to yield 0.45 g (56 .2% ) of H la, m.p. 113— 114 °C.

From  the m other liquor of I l ia  4-hydroxycoum arin  imine (IVa) w as isolated (0.19 g; 
23.7% ), m .p. 2 6 6 -2 6 7  °C.

(b )  Compound IVa (4.83 g; 30 m m oles) w as dissolved in 4 M  sodium  hydroxide and the  
so lu tion  was kept at room  tem perature for 1 day . W orking up the reaction m ixture as described  
in  m ethod (a )  gave 3.70 g (76.6% ) of H la, m .p . 113— 113.5 °C. (L it. \6, 7] m .p. 108— 110 °C.) 
T he m ixed m .p. o f the sam ples prepared by m eth ods (a )  and (b) did not show  depression.

UV, Amax (nm): 253 (lg  e: 3.94); 327 (lg e: 3.66).
IR , v ( c m -1): 1620 ( C = 0 ) ;  2220 (C = N ); 3350 (OH).
NM R (DMSO-d6, <5 ppm ): 4.60 (s, 2 H , CH2); 6 .70—7.60 (m, 4 H , arom atic); 10.83 (s, 

1 H , O H, disappearing on treatm ent w ith D 20 ) .

General procedure for the preparation of 2-hydroxy-a-nitrilodeoxybenzoins (II Ic —f)

(a )  From  isoxazoles (II —-  III)
The 4,5-diphenylisoxazole derivative ( l i e —f)  was dissolved in a m ixture of ethanol 

(10 m l) and 2.5M  sodium  hydroxide solution (10 m l). The homogeneous yellow  (in the case o f  
H f: brown) solution was k ep t at room tem perature for about 1 h and then worked up as descri
bed for the preparation o f  I l ia  [method (a ) ] .

The preponderant am ount of the b y-p rod uct (IVc—f) remained in  the acidic aqueous 
phase; the product was purified by quick recrystallization  from 80% aqueous ethanol.

( b)  From  coumarin im ines  (IV —► П1)
The 4-hydroxycoum arin imine (IVc—f; m m ole) was dissolved in  a 1 : 1 m ixture of  

ethano l and 4M  sodium  hydroxide solution (6 m l) and the solution was kept a t room tem pera
ture for 30—60 min. W ork-up followed the procedure described above for the preparation of  
I l ia  [m ethod (a )] .

The physical data o f the prepared com pounds (IIIc—f) are sum m arized in  Table II.

3-M ethyl-4-hydroxycoum arin imine (IVb)

Compound lb  (0.32 g; 2 mmoles) was d issolved  in ethanol (6 m l) and treated w ith  a 
solution  of hydroxylam ine hydrochloride (0 .56  g; 8 mmoles) in pH  =  12 B r itto n —Robinson  
buffer (6 ml). The pH  of the m ixture was adju sted  to 12 w ith aqueous sodium  hydroxide and 
i t  was kept at room tem perature for 2 h. It was th en  acidified w ith hydrochloric acid to pH  =  2 
and a part o f the ethanol w as evaporated. T he precipitated colourless product was filtered off, 
washed w ith water and crystallized from ethanol to  give 0.15 g (46.8% ) o f  IVb, m .p. 240— 
241 °C. (L it. [6] m.p. 238— 241 °C.)

UV, Amax(nm): 307 (lg e: 4.07).
IR , v (c m -1): 1600 (C = C ); 1640 (C = N );  2920 (CH3); 3080 (CH); 3240 (O H, N H , broad).
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Preparation of 4-hydroxycoum arin im ines (ГУa, c—f) from the corresponding isoxazoles in  a
thermal reaction  (П  ■+ IV)

1 M illimole o f the 5-phenyl-(IIa) or 4,5-diphenylisoxazole (П с—f) derivative was m ain
tained in  a closed capillary tube at a tem perature higher than the m .p. for 10— 60 m in. After 
cooling, the product was crystallized from ethanol.

The conditions of th e  reactions and th e  physical data o f the products are sum m arized  
in Table IV.

Preparation of 3-(p-nitrophenyl)-4,7-dihydroxycoum arin (V f) from  the corresponding im ine (IV f)

1 M illimole of the im ine IVf was dissolved in 2M  hydrochloric acid (5 ml) and the solution  
was refluxed for 1 h. The precipitated yellow  substance was filtered o ff and washed w ith  water  
until neutral to obtain pure V f (0.26 g; 86.9% ), m .p. 314—315 °C.

ClsH 9NOe (299.24). Calcd. N 4.68. F ound N  4.60% .
U V , Amax(nm): 247 (lg e: 4.23); 307 (lg e: 4.17).
IR , v ( c m -1): 1670 ( C = 0 ) ;  3250 (O H).
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The propagation of a fin ite  am plitude gas dynam ic disturbance headed b y  a w ave  
front o f an arbitrary shape through a chem ically reacting gas m ixture is studied. The  
influence o f the therm odynam ic properties on the w ave propagation when the m edium  
ahead of the w ave is in a state  o f chem ical equilibrium or disequilibrium is discussed. 
The effects o f the w ave front curvature on the growth and decay behaviour o f  these  
waves are also investigated .

1. In tro d u c tio n

Cl a r k e  [1] an a ly sed  th e  one-d im ensional u n s te a d y  m otio n  of a re a c tin g  
gas in  th e  presence  o f p lan e  w aves on ly . Since Cl a r k e  [1 ] considered o n ly  
p lan e  w aves, he d id  n o t d e te rm in e  th e  effects o f  w ave fro n t cu rv a tu re  on th e  
g row th  and  decay  p ro p ertie s  o f th e  w aves. T h is p a p e r, w hich p resen ts in  a 
generalized  form  th e  re su lts  o f [1 ], deals w ith  th e  th ree-d im en sio n a l u n s te a d y  
m otio n  of a re a c tin g  gas m ix tu re  in  th e  presence o f  a f in ite  am p litu d e  gas 
dynam ic  d is tu rb an ce  h ead ed  b y  a w ave fro n t o f an  a rb i t r a ry  shape. T he th e r 
m odynam ic  p ro p e rtie s  o f th e  m ed ium  are  assum ed  to  be  th e  sam e as w as th e  
case o f [1 ].

The basic eq u a tio n s  govern ing  th e  u n s te a d y  m o tio n  of a reac tin g  gas 
m ix tu re , neg lec ting  th e  vario u s tra n s p o r t  effects, a re  [1 ]

Эр
—  +  It,- Q i +  QUU =  0 , ( 1 )

duj
Ö —  +  QUj Uij  +  p }i =  0 (2 )

—  +  m, p ,í +  e af  u i,i =  e ( y  — ! )  QWnco, (3 )

3c
------ b u, c , — — lVnco,
a t  ' •

(4)

w here u ;. are  th e  gas v e lo c ity  com ponen ts, p  is th e  p ressu re , q is th e  d en sity , 
c is th e  m ass fra c tio n  o f th e  r e a c ta n t  species X , w hich  ta k e s  p a r t  in  th e  sim ple
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rev e rs ib le  reac tio n  n  (Y is th e  p ro d u c t species w hich can  d issociate
to  p ro d u ce  n m olecules o f  X ), W  is th e  m o lecu la r w eight o f X , у  is th e  frozen 
sp ec ific  h e a t ra tio , ap  g iven  b y  ( i j  =  y p j  Q is th e  frozen sou n d  v e lo c ity , Q  is 
th e  en e rg y  o f fo rm a tio n  p e r  u n it m ass o f  X , a n d  to is th e  re a c tio n  ra te  g iven b y

со — t _ 1 { c"  — (1 — c) <5}

w h ere  th e  q u an titie s  t  a n d  <5 are, re sp ec tiv e ly , th e  fo rw ard  re a c tio n  tim e  an d  
th e  equ ilib rium  c o n s ta n t given by

a n d
T- 1 =  F  e x p (— E x q / p )  

0 =  2 e x p (— nQg/p)

w h ere  E x is th e  a c tiv a tio n  energy, an d  F  a n d  z are co n stan ts  w hich  depend  on 
th e  p h ysica l p ro p ertie s  o f  th e  gas on ly . In  E q s (1 — 4), th e  su m m a tio n  conven
t io n  on rep ea ted  ind ices is em ployed, a n d  a  com m a follow ed b y  an  in d ex  de
n o te s  p a r tia l d iffe re n tia tio n  w ith  re sp e c t to  a space v ariab le . T h e  ran g e  o f th e  
in d ices  i, j  is ta k e n  to  be  1, 2, 3.

2. W ave as a  s in g u la r surface

L e t f(Xj, t) =  0 o r, for b re v ity  E(t).  deno te  th e  w eak d isc o n tin u ity  sur-
f iface . L e t us den o te  b y  n f =  ----- ’ . th e  com ponents o f  th e  u n it  no rm al

to  27(l) an d  by  =  —
9//9t

|g ra d  / I

; th e  n o rm a l speed of p ro p a g a tio n  to  E(t). H ere
|g ra d  / I

w e shall re s tr ic t o u r a tte n tio n  to  s in g u la r  surfaces E(t)  across w hich th e  flow  
v a ria b le s  ut, p ,  g a n d  c are  essen tia lly  con tin u o u s b u t  d isco n tin u itie s  in  th e ir  
d e riv a tiv e s  are  p e rm itte d . W e in fe r t h a t  th e  q u an titie s  a;  a n d  со will b ehave 
s im ila r ity  an d  th a t  th e y  will h av e  su b sc r ip t “ 0 ”  values a t  th e  w ave fro n t. 
A  su b sc rip t “ 0”  in d ic a te s  a value in  th e  m ed ium  ju s t  a h ead  o f  th e  w ave fro n t. 
T h e  u n p e rtu rb ed  f ie ld  ah ead  of th e  w ave, w hose b ehav iou r is to  be  in v es tig a ted , 
is assum ed  to  be sp a tia lly  uniform , a n d , therefo re , E qs (1) — (4) y ield

g0 =  co n s tan t, u 0 =  0 ,
'Эр

dt
Q0(y  — 1 ) QWncog an d =  —  W n c ű g

(5, 6 , 7, 8 )

T h e  reac tio n  ra te  co0 w ill be zero i f  th e  chem ical tim e  r  becom es in fin ite  or, 
m o re  p rac tica lly , o f  th e  s ta te  ah ead  o f  th e  w ave is one of chem ical equ ilib rium .
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F o r th e  p re se n t case, th e  g eo m etrica l and k in em a tic  cond itions o f  f ir s t  
a n d  second order d ed u ced  by Thomas [2] reduce to

[Z, ,] =  B ra,; [
9 Z1
—  =  - G B91 J

\ Z , i j \  =  B  n in j  +  t ß B ,*(ni Xj,ß +  nj Xi,ß) -  B g*ßg a0 Ьшт X i ß  x j,i

d2Z

дх/ dt
- G B +  * *  

öt
n i -  Gg*ß B  a x tJ

(9)

( 10)

w here  th e  q u a n tity  Z  m a y  rep resen t a n y  of the  flow  v a riab le s  ut, p ,  q a n d  c. 
T h e  sq u a re  b rack e ts  s ta n d  for the  v a lu e  of th e  q u a n ti ty  enclosed im m ed ia te ly  
b eh in d  th e  w ave su rface  m inus its  v a lu e  ju s t  ahead  o f th e  w ave su rface . T he 
q u a n titie s  В  =  [ Z (]re, a n d  В  =  [ Z I;] npij  are  defined  on th e  singu lar su rface 
E (t). T h e  o p era to r öjöt =  d/dt -(- Gnt d /d x t denotes th e  tim e  d e riv a tiv e  along  
an  o rth o g o n a l tr a je c to ry  o f E(t). A  com m a follow ed b y  a G reek in d ex  (a) 
d en o tes  p a r tia l d iffe ren tia tio n  w ith  re sp ec t to  th e  su rface  co o rd in a te  y x. 
T h e  ran g e  o f th e  G reek  indices is ta k e n  to  be 1, 2. T he f ir s t  an d  second fu n d a 
m e n ta l form s of E(t)  a re  denoted  b y  g,a,i and  6a/S, re sp ec tiv e ly . W e also recall 
th e  follow ing re la tio n s  w hich we sh a ll be using in  o u r su b seq u en t analy sis

~ g ße bßax iti; 2 Q  =  f * b eß ( 11)

w h ere  Ü  is th e  m ean  c u rv a tu re  of Z (t) .
T a k in g  ju m p s, ac ross Z(t),  in  E q s  (1— 4) a n d  m ak in g  use of (6 ) a n d

(9) we h av e ,

GC =  Qo A; re,., e 0 GA,. =  GS =  Q0a ) x t n,., Gr, =  0  ( 1 2 , 13, 14, 15)

w h ere  Xt =  [ui ; ]n ; , f  =  [/),]n.,, C =  [q, ,]n (- an d  r) =  [c, ,]n ; a re  th e  q u a n titie s  
d efin ed  on  th e  w ave f ro n t  E(t).

N ow  if  G =7^ 0, th e n  77 =  0 a n d  i t  follows from  E q s (13) an d  (14) th a t

-  a})  =  0  (16)

w h ere  A =  А, п,- is th e  am p litu d e  o f th e  d isco n tin u ity .
E q u a tio n  (16) suggests  th a t  e i th e r  G =  rk a/ 0 o r A =  0. Since A c an n o t 

v a n ish , fo r i f  i t  does, th e n  i t  follows fro m  (12, 13, 14) t h a t  A =  |  =  f  =  0, 
w h ich  v io la tes  th e  basic  a ssum ption  a b o u t  E(t). H ence, fo r a n  ad v an c in g  w ave, 
w e sh a ll ta k e

G =  afo (17)
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W e thus n o te  t h a t  th e  d isco n tin u ity  su rface  27(f) p ro p ag a te s  th ro u g h  
th e  m edium  w ith  th e  frozen  so und  velocity  a n d  th e  re la tio n s  (12, 13) becom e

A =  £/(?о^ =  ££/(?o ( 1 8 )

3. B ehav iour a t th e  w ave fron t

D ifferen tia ting  E q s  (2) an d  (3) w ith  re sp ec t to  x k a n d  ta k in g  ju m p s a- 
cross 27(f), we f in d  o n  using  (6 ), (91, (10), (11), (17) an d  (18) th a t

ÖX —
Qo — - \ - { £  —  Qo « / .  К  n t) =  0 

ot
(19)

Y t  ~  «/o(í -  Ö0 a fo  i t  n t) — 2(Л + A + a u Q )  £  +  (y + 1) 6o «/. A2 = 0 (20)

w here

a n d

A,' =  [Ui,jk] П/Пк, £ =  [pj i] ЩП; ,

1 ( у -  l )2 Q E x W n
A

(Poleo)2
® o - ( l  - c o ) ra —  7 7 "

T 0  E x

Л 0 =
1 у — 1 0  ТЕшу0

2 У (Po/ßo)

( 21)

( 22)

E lim in a tin g  th e  te rm  (£ — 6oa/ 0̂ int) betw een  (19) a n d  (20) a n d  using  (17) a n d
(18), we get

- f  b g  {(go a/.)* *} +  A -  (Л +  Of. Q)  =  0  (23)
ot 2

w h ere
^  -j- Л 2 .

In te g ra tin g  (23) b e tw e e n  f,. (w here A =  A;) a n d  f, we o b ta in

A =
4 af J af A  exP { J  (Л  +  а / ß )  df} 

it

1 +  Я/J K > * > iexp  | ' ( Л +  a/»f í) dt d t

(24)

E q u a tio n  (24) gives th e  v a r ia tio n  o f d isc o n tin u ity  A asso c ia ted  w ith  27(f) as 
i t  m oves in to  a re a c tin g  gas m ix tu re . I t  is ev id en t from  (24) t h a t  th e  te m p o ra l
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b e h a v io u r  of th e  v e lo c ity  g rad ien t a t  th e  w ave h ead  w ill depend  c ritica lly  on 
th e  sign o f A.

E q u a tio n  (24) can  he  specialized  to  w aves w ith  p lan e  (Q  =  0), cy lindrical 
(Q  =  — 1/2R)  an d  sp h erica l (Ü  =  — 1 /R )  geom etry  w here  R(t)  is th e  rad iu s  
o f  th e  w ave fro n t a t  a n y  tim e  t.

4. D iscussion

Case (i). I f  co0 is zero , so th a t  th e  m ed ium  ah ead  o f  th e  w ave is one o f
1 ( у - l )  Q2 W n 2

u n ifo rm  eq u ilib rium , (21) an d  (22) show  th a t  А  =  A x —  —
(P oIQo)2

Ü0
(1 — c0) -— <  0. A lso, th e  m ean  c u rv a tu re  Q(t) a t  a n y  p o in t of th e  w ave

su rface  E(t)  is given b y  [3]

Q(t) K q a f o  t

1 —  2  Q 0 at t К  a \1 2

w here  Q 0 an d  K 0 a re , re sp ec tiv e ly , th e  m ean  and  G aussian  cu rv a tu res  o f E(t)  
a t  t =  0. H ere  t(- h as  b een  se t equal to  zero for convenience. T hen  E q . (24) 
becom es

1,- (1 —  2 Q 0 au  t +  K 0 a% t2)~^ exp (— \ A \ i ) ______
A =

1 +  X i J  i (1 ~  2 Q °  af°1 +  K ° a2f°i2)_i exp (“  Iл  I di

(25)

w hich  can  be specialized  to  w aves of p lane , cy lindrical an d  spherica l geom etry .
E q u a tio n  (25) show s th a t  i f  Я,- >  0 (i.e. an  ex p ansion  w ave fron t) th e n  

Я —*■ 0 as t —>- o o ,  i.e. th e  w ave decays an d  dam ps o u t u lt im a te ly . Also if  Яг- <  0 
(i.e. a  com pression w ave fro n t)  an d  |Я(- | <  Яс, w here Яс is a positive  q u a n tity  
g iven  b y

Яc

2  \ A  \ / ( y  +  1 )

, [И |а / ,  U exP (~И1До/Д/.)
31 R o I ( y  +  l ) e r f c ( \ A \ R 0laf r f  

2 «/, ex p  (— | Л | Д 0/я/о)
(у + l ) R 0 E l( \ A \ R 0lafa)

for a p lan e  w ave 

for a cy lind rica l w ave

for a sp h erica l w ave

w here  erfc (x ) =  2/|/я: \  e ( df, E[(x) =  f i _1  e 1 df an d  R 0 is th e  value o f R
X X

a t  t — 0, th e n  Я —► 0 as t —*■ o o ,  th e  w ave dam ps ou t u ltim a te ly . B u t, if  Яг- < 0
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a n d  |Л,-1 >  Яс, th e n  th e re  ex ists a f in ite  tim e  ts given by

1Л
log 1

2  IЛ I

(R JR)*  exp  ( — |Л |i) d t =

( R J R )  exp  ( — |Л |t) d t =

h \  (У +  1) 

2

I*,I ( У + 1 )

2

for a p lan e  w ave

for a cy lin d rica l w ave

for a sp h erica l wave
N ( y  +  i )

Ü

su ch  th a t  |A| —>- <x> as t —► ts, i.e. th e  w ave te rm in a te s  in to  a shock  a t  an  in s ta n t  
ts. T h u s  we fin d  t h a t  a  com pression  w ave steepens up in to  shock  a fte r  a f in ite  
tim e  on ly  if  th e  in it ia l  d isc o n tin u ity  assoc ia ted  w ith  th e  w av e  is su ffic ien tly  
s tro n g . F rom  th e  a b o v e  expressions o f  Ac, one can see t h a t  Ас/Э | Л | >  0 w hich  
m ean s th a t  th e  chem ical reac tio n s in  th e  flow  have  a s tab iliz in g  effect on th e  
te n d e n c y  of th e  w ave surface to  grow  in to  a shock in  th e  sense th a t  an  in 
c rease  in  \A\ will cause  Ac to  increase . A lso, d^c/d R 0 <C 0? w h ich  im plies th a t  th e  
c u rv a tu re  has a s tab iliz in g  effect in  t h a t  an  increase in  th e  in itia l c u rv a tu re  
causes an  increase in  Ac.

Case (i i). I f  th e  m ed ium  a h e a d  is in  a s ta te  o f d iseq u ilib riu m , i.e. a>0 ^  0, 
a n d  one considers o n ly  a sh o rt in te rv a l o f tim e , so th a t  th e  q u a n titie s  Од an d  Л  
do  n o t change ap p rec iab ly  be tw een  t(- an d  t, i t  is ev id en t th a t  (24) can  be 
w r it te n  in th e  ap p ro x im a te  form

А,- exp  ( [ &f Q  d t) exp  (Л t)

Я ^  ■

+  ^  V ~ Я'J | exp (j äf°Qdt

(26)

exp (Л i ) l  d t

w h ere  Од and  Л  in d ic a te  su ita b le  m ean  values over th e  in te rv a l t, to  t, an d  t(- 
h a s  been set equal to  zero fo r convenience.

A n ex am in a tio n  o f (26) leads to  th e  conclusion th a t  i f  Я,- <  0 and  Л  >  0, 
th e n  th ere  ex ists a f in ite  tim e  t* g iven  b y

- i -  log
IЛ  I ё

1 +
2 Л

* , | ( y + i )

J [ W o  +  « /.f)]* exP (A t ) d i =
Я/Ку +  1 )

for a p lan e  w ave 

for a cy lin d rica l w ave

■<
r  2

J  [ H 0/( f? 0 +  0 д  t)] exp (A t)  d t =  —-j—— for a spherica l w ave
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such  th a t  |A| —► oo as t —► t f , p ro v id ed  (26) rem ains v a lid  over th e  req u is ite  
period . T hus, we f in d  th a t  in  a s ta te  o f  d isequ ilib rium , a d isc o n tin u ity  asso
c ia ted  w ith  a com pression  w ave, no m a tte r  how  sm all, a lw ays steepens up  
in to  a shock a f te r  a f in ite  tim e  a n d  th e  stab iliz ing  in flu en ce  o f th e  w ave fro n t 
c u rv a tu re  is u n a b le  to  overcom e th e  ten d en cy  of th e  w ave su rface  to  grow  
in to  a shock. O n th e  o th e r h ap d  if  А,- )> 0 and  Л  >  0, th e n , using  l’H o sp ita l’s 
ru le , i t  follows from  (26) th a t  fo r a p lane , cy lind rica l or a spherica l w ave, 
/  —<• 2 Ä /(y  -f- 1) as t —*• oo. T hus, w hen  th e  m edium  ah ead  o f  th e  w ave is in  a 
s ta te  o f d isequ ilib rium , i t  is in te re s tin g  to  n o te  th a t  a d isc o n tin u ity  associa ted  
w ith  an  expansion  w ave ten d s  to w ard s a fixed  v alue  w hich  is in d ep en d en t of 
its  in itia l value.
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In this paper the effect o f background density upon the y-value o f the line spec
trum  has been investigated , comparing th e  differences o f the shape o f blackening curves 
determ ined on the basis of line and continuous spectra, respectively.

The ratio y L/yu  does not depend on the w avelength, how ever, it  is defin itely  
dependent on the ty p e  and condition o f  em ulsion. W ith increasing the background  
den sity  the value y L+u ° f  the line spectrum  decreases as a saturation function. On the  
basis o f the m athem atical description o f  experim ental data an equation has been deduced  
w hich is suitable for the simple calcu lation  of yL+ и front values y L and y \j. The equation  
includes only one param eter depending on the experim ental conditions.

In tro d u c tio n

I n  o u r earlier p u b lica tions i t  h a s  b e e n  show n in  acco rdance  w ith  l i te ra tu re  
d a ta  t h a t  th e  shapes o f  b lacken ing  c u rv e s  d e te rm in ed  on th e  basis  o f  line a n d  
c o n tin u o u s  spectra  a re  differing, a n d  th is  difference is to  be ta k e n  in to  con
s id e ra tio n  in  p rac tica l sp ec tra l an a ly s is  w hen  ap p ly ing  b ack g ro u n d  co rrec tio n  
in  o rd e r to  increase th e  len g th  o f th e  lin e a r  p o rtio n  o f th e  a n a ly tic a l cu rve  
a n d  th e  accu racy  [2 — 8 ]. These d iffe rences are  due p a r t ly  to  p h o to m e tric  
[3, 4 ], p a r t ly  to  p h o to g rap h ic  effects [6 , 7, 9, 10]. A ccord ing  to  our e x a m i
n a tio n s , in  th e  above tw o  cases th e  p h o to m e tr ic  in te rfe rin g  effect o f s c a t
te re d  l ig h t  appears in  d iffe ren t degrees in  th e  m ic ro d en sito m ete r: fo r con tinuous 
sp ec tra  i t  is a lm ost neglig ib le, how ever, fo r line sp ec tra  i t  is q u ite  s ig n ifican t
[L  4].

A s i t  h as  a lread y  b een  po in ted  o u t  th e  in te rfe rin g  effect o f th e  sc a tte re d  
lig h t ap p e a rin g  in  th e  m ic ro d en sito m ete r alw ays reduces th e  у -value  o f line  
sp ec tra , th ere fo re  i t  c an  n o t be a t  a ll th e  cause of th e  fa c t t h a t  y L-value  re-

* Previous Paper: Gy. H e l t a i , K. Z i m m e r : A cta Chim. Acad. Sei. H ung., (In  the press)
Papers o f this series are sim ultaneously published in  Magyar K ém iai F olyóirat in H un

garian language.
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la t in g  to  line sp ec tru m  is alw ays h ig h er th a n  y u  o f th e  co n tin u o u s  sp ec tru m  [2 ]. 
A cco rd ing ly , th is  d ifference  is p rim a rily  o f p h o to g rap h ic  o rig in , an d  is m ain ly  
th e  consequence o f  th e  E b e r h a r d  effec t [9, 10].

In  p rac tica l sp e c tra l analysis th e  sp ec tro g ram s a re  g enera lly  form ed 
b y  th e  sim ultaneous e ffec t of th  eline sp e c tru m  co n ta in in g  th e  usefu l in fo rm a
tio n  an d  b ackground  o f con tinuous sp ec tru m . T h a t is, in  genera l, line sp ec tra  
o f  v a rio u s b a ck g ro u n d  densities are  o b ta in e d . I t  is su pposed  th a t  for th ese  
sp e c tra , b lacken ing  cu rv es n e ith e r  o f  th e  co n tin u o u s, n o r o f th e  b ack g ro u n d - 
fre e  line  spec trum  do n o t  hold , an d  уъ+и  v a lu e  d e te rm in ed  b y  m eans o f these  
s p e c tra  falls b e tw een  y L a n d  у  и va lues. W hile  th e  d ifference b e tw een  y0  an d  yL 
is  caused , f irs t o f a ll, b y  developing  [9], in  th e  d ifference b e tw een  уь+ и  an d  
y L th e  illum in a tio n  m a y  also p lay  a ro le . N am ely , u p o n  th e  effect o f com ple
m e n ta ry  illu m in a tio n  th e  steepness o f b lack en in g  cu rve  is decreasing  [3, 11] 
a n d  its  influence is th e  s tro n g est i f  i t  is s im u ltan eo u s w ith  th e  m ain  illu m in 
a tio n  [12]. The b a c k g ro u n d  rad ian ce  can  be reg a rd ed  e ssen tia lly  as a com 
p le m e n ta ry  illu m in a tio n  affecting  s im u ltan eo u sly  w ith  th e  line sp ec tra  o f th e  
m a in  illum ination .

A ccording to  th e  above m en tio n ed , to  perfo rm  a b ack g ro u n d  co rrec tion  
th e  a p p ro p ria te  b lack en in g  curves a re  to  be  ta k e n  in to  co n sid era tio n . In  fav o u r
a b le  cases, i t  is en ough  to  ca lcu la te  th e  line  in te n s ity  on th e  basis  o f  b lack en in g  
cu rv es  of line sp e c tra  and  th e  b ack g ro u n d  in te n s ity  on tho se  o f con tin u o u s 
s p e c tra  [2, 8 ]. T h is m e th o d  can, how ever, be app lied  on ly  a t  such re la tiv e ly  
low  background  d e n s ity , a t  w hich th e  sh ap e  o f b lack en in g  cu rve  o f th e  lin e  
sp e c tru m  is n o t s ig n ifican tly  changed  b y  th e  b ack g ro u n d . T he a im  o f ou r in 
v es tig a tio n s  was to  s tu d y  th e  re la tio n  ex is tin g  am ong th e  b lacken ing  curves 
o f  line and  co n tin u o u s sp ec tra . F ir s t  o f all, th e  effect o f b ack g ro u n d  d e n s ity  
u p o n  th e  shape o f th e  b lacken ing  cu rve  o f  line sp ec tru m  w as exam ined . E a rlie r  
th e se  k inds of ex p e rim en ts  w ere h in d e red  b y  th e  q u ite  n a rro w  m easu ring  ran g e  
o f  th e  conven tiona l m icro d en sito m eters , w hile w ith  th e  help  o f th e  u p - to -d a te  
m ic ro d en sito m ete r ty p e  G I I-M F K I [13] a su ffic ien tly  w ide ran g e  o f  d e n s ity  
c a n  be m easured  [1, 3].

E xperim en ta l

Instrum ents and method

Our experim ents have been carried out b y  m eans of spectrograph type Q 24. A deuterium  
spectral lamp served to  produce continuous spectra. Thus, continuous spectra in the w ave  
len g th  range o f 230—360 nm  could be studied. Background-free line spectrum  was produced  
— as described in  our earlier papers [1, 4] — b y  d.c. arc excitation  of iron electrodes excluding  
th e  glowing electrode-ends. Series o f spectrogram s necessary to  p lot the blackening curves 
were prepared b y  varyin g  the exposure tim e applying a selective, tw o-step , '/-com pensation  
lig h t filter type N a g y  [14]. The slit w id th  o f  the spectrograph was 20 fim. D ensities w ere  
m easured w ith m icrodensitom eter type G II-M F K I, its slit w idth  was m ostly  adjusted so as 
to  correspond to th e  2/3 o f  the spectral line breadth. Param eters o f blackening curve and
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i-transform ation [15], as well have been determ ined, as described earlier, graphically w ith  pre
lim inary curve [16, 17] and w ith com puter program , respectively [18].

L ine spectra o f different background densities were modelled b y  the successive exposure  
o f th e  tw o types o f spectra. During a prelim inary experim ent the effect o f the sequence o f the  
tw o different types o f illum ination on th e  shape of the blackening curve was investigated . 
Line spectra of different background densities were exposed on the sam e Agfa-G evaert 23 D 56 
ty p e  spectral p late b y  previous and subsequent illum ination w ith  deuterium  spectral lam p. 
For th e  sake o f comparison, also background-free line spectra were recorded on the plate. 
V L + V  aiJd /cl + li values determined at w ave len gth  300 nm  are presented in Table I. I t  is clear 
th a t the sequence o f the two kinds of illum ination  has no influence upon the results. In  the

Table I

The JT +u °a d  fcL+ и values determined at 300 nm wave length on the basis o f  successive exposed line 
and continuous spectra, in various sequence, to spectral plate type Agfa-Gevaert 23 D  56 at two back

ground levels

Sequence of exposure SU Vl + V k b  + TJ

1. Deuterium  spectral lamp, 2. DC iron arc 0.15 1.94 0.33

0.39 1.76 0.36

1. DC iron arc, 2. Deuterium spectral lamp 0.15 1.87 0.33

0.39 1.77 0.35

DC iron arc 0.00 2.02 0.31

course o f  our further experim ents, the exposure o f continuous spectra alw ays preceded th a t  
of line spectra.

Our exam inations were performed w ith  various kinds of spectral plates produced b y  
A gfa-G evaert, em ulsion type 23 D 56 was m ainly used, in  which case the difference am ong the  
blackening curves o f the two kinds of spectra can be well studied.

Results

1. Comparison of the blackening curves o f the two kinds of spectra

a) In f luence  o f  the wave length

B ack g ro u n d -free  line an d  co n tin u o u s  sp ec tra  were reco rd ed  on  th e  sam e 
sp e c tra l p la te  ty p e  A gfa-G evaert 23 D 56. I n  th e  w ave len g th  ran g e  o f  240— 360 
n m  v a lu es  у l a n d  уц  belonging to  th e  tw o  k inds of sp ec tra  (F ig . 1), th e ir  
d ifference a n d  ra tio  (Fig. 2) an d  th e  /г-va lues w ere de te rm ined  (F ig . 3). I t  can  
be seen t h a t  th e  d ifference of th e  tw o  k in d s  o f  y-values increases as th e  w ave 
le n g th  does, w hile th e ir  ra tio  rem ain s ap p ro x im a te ly  c o n s ta n t. M ean v a lu e  
o f th e  d ifferences у l — yu  is 0.48, th e ir  s ta n d a rd  dev ia tion  is ^ 0 .1 9 ,  w hile 
in  th e  case o f th e  ra tio  уь/уи  th e  above  fa c to rs  are 1.26 i  0.07. I n  c o n tra s t
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F ig. 1. Variation o f y L and у ц  values determ ined b y  line and continuous spectra in function  
of wave len g th  in  the case o f em ulsion typ e  Agfa- G evaert 23 D 56

Fig. 2. Variation'of th e  difference and ratio o f y\_ and у ц  values in  fuction of wave len gth  in  
th e  case o f  em ulsion typ e  A gfa-G evaert 23 D 56
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К
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F ig . 3. Variation o f  k L and кц  values determ ined b y  line and continuous spectra in  function  
of w ave length in the case o f  em ulsion type A gfa-G evaert 23 D 56

to  th e  difference in  у-values, th e  k -values belonging to  th e  tw o d iffe ren t ty p e s  
o f  sp ec tra  a re  p ra c tic a lly  id e n tic a l an d  in d ep en d en t on  th e  w avelen g th , i.e. 
к ь  =  /cu

ll) Influence o f  the type o f  the spectral plate

A gfa-G evaert sp ec tra l p la te s  o f  v a rio u s types h a v e  been  com pared  a t  a 
chosen  (300 nm ) w aveleng th . E x p e r im e n ta l resu lts  a re  to  be  seen in  T ab le  I I .  
I n  a d d itio n  to  th e  sym bols a lre a d y  defin ed  in  the  ta b le  th e  following sym bo ls 
a re  used : fog d e n s ity  Sp, dp s lit w id th  o f  th e  sp ec tro g rap h  an d  dm o f th e  co r
re sp o n d in g  m icro d en sito m eter s lit  w id th . I t  is clear t h a t  b o th  th e  ra tio  an d

Table II

'/l and У и values determined on spectral p la tes o f  different types at wavelength 300 nm on the basis
o f  line and continuous spectra

M eaning of denotations: Sp fog density: dm: slit w idth of m icrodensitom eter; dL slit w idth  of
spectrograph

Plate yL ± sVL v v  ±  ‘ y v Уъ — У и
У ь
У и

23 D 56 2.190
± 0 .1 5 1

1.664
± 0 .089

0.526 1.315

Sp ай 0.2 
34 В 50

1.148
± 0 .0 7 9

1.008
± 0 .1 2 6

0.140 1.139

S F sa 0.5 1.097
± 0 .0 4 9

1.050
±0.071

0.047 1.044

dm = 2 / 3  dL 
23 D 50

1.472
± 0 .0 9 1

1.377
± 0 .0 6 6

0.095 1.070

dm =  1/3 dL 1.535
± 0 .1 2 0

1.364
± 0 .095

0.171 1.124
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d iffe rence  o f th e  tw o k in d s  o f  y-values d ep en d  on th e  ty p e  a n d  conditions 
o f  p la te  to o . In  general i t  can  be estab lish ed  th a t  th e  h ig h er a re  th e  y-values 
th e  g re a te r  is th e ir  d ifference. T h is is th e  e x p la n a tio n  of th e  e ffec t o f  fog d en sity  
a t  th e  em ulsion ty p e  34 В 50. N am ely , a t  a n y  w aveleng th  th e  y -value  of each 
p la te  decreases d u rin g  s to ra g e  ow ing to  th e  increase o f fog  d en sity . W hen  
a p p ly in g  old p a tes  or m ild e r developer th e  d ifference of low er y-values is also 
sm alle r.

I n  th e  above co m p ariso n  th e  re la tio n  o f th e  s lit w id th s  o f th e  spec
tro g ra p h  an d  th e  m icro  d en sito m e te r shou ld  also  be  ta k e n  in to  consideration . 
I f  th e  s lit w id th  of th e  m icro  d en sito m ete r is red u ced , th e  у L-v a lu e  de term ined  
on  lin e  sp ec tru m  in creases , w hile y ^-v a lu e  o f  con tinuous sp e c tru m  rem ains 
u n c h a n g e d , therefo re  th e ir  d ifference increases. This is re p re se n te d  b y  d a ta  
g iv en  fo r em ulsion ty p e  23 D 50.

2. In flu e n c e  of b ack g ro u n d  density  upon th e  shape of b lack en in g  curves of line 
sp ec tra

T hese in v es tig a tio n s  w ere carried  o u t w ith  spec tra l p la te s  types Agfa- 
G e v a e rt 23 D 56 an d  23 D 50 b y  successive ex p o su re  of co n tin u o u s  an d  line spec
t r a  as described  above. T o  in v es tig a te  a  su ffic ien t w ide range  o f  b ack g ro u n d  d en 
s ity  m ore  sp ec tra l p la te s  w ere req u ired  a n d  th ere fo re  b o th  lin e -free  con tinuous 
a n d  b ack g ro u n d -free  lin e  sp e c tra  w ere exposed  on every  p la te  fo r com parison. 
E m u ls io n  ty p e  23 D 56 a t  w ave leng ths 300 an d  340 nm  w as ev a lu a ted , w hile 
em u lsio n  ty p e  23 D 50 a t  300 n m  w as e v a lu a te d  w ith  m ic ro d en sito m ete r h av in g
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F ig . 4 . V a r i a t i o n  o f  y L + U ’ ^ L + u  a n d  S l  v a lu e s  i n  f u n c t i o n  o f  b a c k g r o u n d  d e n s i t y  S jj i n  t h e  
c a s e  o f  e m u ls io n  t y p e  A g f a - G e v a e r t  23  D  56 a t  w a v e  l e n g t h  30 0  n m .  S L u> m e a n s  t h e  S ^ - v a lu e  

d e t e r m i n e d  o n  t h e  b a s i s  o f  c o n t in u o u s  s p e c t r a
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a  s lit w id th  d m correspond ing  to  2/3 a n d  1/3, respective ly , o f  th e  s lit w id th  
o f  th e  sp ec tro g rap h . T he a p p ro p ria te  у ь+ и  an d  &L + U values w ere d e te rm in e d  
on  th e  basis o f  a t  le a s t 30 d a ta  p a irs  a t  each  o f th e  b a ck g ro u n d  values. F ro m  
th e  у ы -U" a n d  kL+U’v ahies th e  d e n s ity  v alues also w ere ca lcu la ted . O ur 
m easu rin g  re su lts  a re  show n on  F igs 4, 5 an d  6 . F o r com parison  th e  k\j-  a n d

Fig. 5. Variation o f 7 l +U> ^L + U anfl  va lues in  function  of background density S v  in  the  
case o f em ulsion type Agfa-Gevaert 23 D 56 at w ave length 340 nm. S L и means the S L-value  

determined on the basis o f continuous spectra

Fig. 6. V ariation of y^ + u value determined b y  two different <fm slit w idths of m icrodensitom eter  
and o f ííl+ u and S L values in  function o f background density S(j using em ulsion type A gfa- 
G evaert 23 D 50, at w ave length 300 nm . S L ц m eans the value determ ined on the basis o f

continuous spectra
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S l,и -values d e te rm in ed  o n  continuous s p e c tra  are  also show n in  th e  F igu res. 
N a tu ra lly  these  do n o t  b e lo n g  to  a fix e d  ab sc issa  value .

O n the  basis o f  th e  re su lts  th e  fo llow ing  s ta te m e n ts  can  he m ade:
a)  The у ь+ и -v a lu e  o f  line sp ec tra  decreases b y  en h an c in g  th e  b ack g ro u n d  

d e n s ity  in every  case a n d  a f te r  reach ing  a specia l lim it i t  becom es p ra c tic a lly  
eq u a l to  th e  y u -v a lu e  o f  th e  con tinuous sp ec tru m . In  th e  case of em ulsion  
ty p e  23 D 50 i t  c an  b e  observed , th a t  th e  y L + и -value is in fluenced  b y  th e  
m icro d en sito m eter s lit  w id th , too . T he у -v a lu e  o f background-free  line sp e c tra  
is h ig h er th a n  у  и p r im a r ily  because o f th e  E b e r h a r d  effect [9]. The develop ing  
a g e n ts  can  diffuse to  th e  surface of th e  em ulsion  a t  th e  sp ec tra l lines from  th e  
so lu tio n  n o t only  a t  r ig h t ,  b u t a t  o th e r  an g les  an d  w ith in  th e  em ulsion lay e r 
fro m  th e  v ic in ity  o f  th e  line. In  the  case o f  con tin u o u s sp ec tra  [8 ], how ever, 
dev e lo p m en t on a la rg e  surface decreases th e  co n cen tra tio n  of develop ing  
a g e n ts , and  th e re b y  th e  ra te  of th e  d ev e lo p m en t, to o , w hich f in a lly  re su lts  
in  a  low  yu 'V alue. W ith  line spectra  b y  en h an c in g  th e  b ack g ro u n d  d e n s ity  
th e  possib ility  o f d iffu sio n  change w ith in  th e  em ulsion la y e r  g rad u a lly  decreases 
a n d  th e  developer so lu tio n  in  the  v ic in ity  o f  th e  lines is ex h au sted  m ore an d  
m ore . So th e  d ifference  in  th e  ra te  o f  d ev e lo p m en t o f line and  b ack g ro u n d , 
re spec tive ly , g ra d u a lly  decreases and  a f te r  exceeding a ce rta in  lim it i t  becom es 
p ra c tic a lly  neglig ib le, a n d  so th e  у-v a lu es  o f  tw o k in d s becom e p ra c tic a lly  
eq u a l. This lim itin g  b a c k g ro u n d  den sity  is a p p ro x im a te ly  equal to  S l in  th e  
cases stud ied .

b)  The к -c o n s ta n t  o f  /- tra n sfo rm a tio n  b y  enh an c in g  th e  b ack g ro u n d  
d e n s ity  p rac tica lly  does n o t change, as th e  h o rizo n ta l lines show  in  F igs 
4 , 5, 6 . The va lu e  к  show s a sm all in c rea se  on ly  w ith  b ack g ro u n d  densities 
ap p ro ach in g  th e  v a lu e  o f  S l - In  these  e x tre m e  cases, w hich  p rac tica lly  do n o t 
occu r in  th e  course o f  analyses (so th e  h o riz o n ta l lines a t  these  are n o t  con
tin u e d ) th e  u n d e rex p o sed  p a r t  of th e  b lack en in g  curve  is sh o rtened  to  such  an  
e x te n t, th a t  th e  d e te rm in a tio n  of kb + u -v a lu e  becom es unreliab le . I f  th e  Su 
reach es or exceeds th e  v a lu e  o f S l, th e  d e te rm in a tio n  o f  кь + и is po in tless also 
th eo re tica lly . C onsidering  th e  above i t  c a n  be estab lished , th a t  th e  v a lu e  of 
к ь + и  th a t  can be d e te rm in e d  re liab ly  does n o t depend  on back g ro u n d  d en sity . 
P rev iously  i t  w as p ro v e d  th a t  кц =  к l (F ig . 3), so th e  low er lim it o f th e  lin ea r  
p a r t  o f th e  b lack en in g  curve, th e  S l d e n s ity  is reach ed  a t  th e  sam e exposu re  
in  th e  case of e ith e r  lin e  or con tinuous sp e c tra  or th e ir  sim ultaneous effect; 
i.e . Y l =  kk =  k u  =  кь + и-

N um erous fu n c tio n s  of d ifferen t k in d s  seem  to  be su itab le  to  describe 
th e  co rre la tion  e x is tin g  betw een yL + i r  v a lu e  an d  b ack g ro u n d  d e n s ity  Su 
i f  considering th e  g ra p h ic a l p lo tting . B ased  on th is , th e  m a th em a tica l d escrip 
tio n  of th e  c o rre la tio n  w as ap p ro x im a ted  w ith  th e  follow ing functions:

у  — ax  -f- b (1 )
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1у  =  --------------
ax +  b (2 )

У =  У ax - f  b (3 )

1

\  ax - j -  b (4)

у  =  1 п (а д ;  - f -  b) (5 )
I axу  =  be (6 )

a
у  = ------------------

1  +  bcx (7)

У =  a( 1  — bcx) (8 )

A bove e q u a tio n s  con ta in  b a c k g ro u n d  d e n s ity  S u  or th e  co rresp o n d in g  
Zu values as in d e p e n d e n t v a riab le s . T h e  d ep e n d e n t va riab le  was in  each  case 
Yu+uIyu- 1 11 ev e ry  case exam ined  th e  co rre la tio n  coefficien t w as h ig h e r  th a n
0.8. F ro m  th is  th e  conclusion can  be  d raw n  t h a t  a  n u m b er o f fu n c tio n s  can  be 
f i t te d  to  th e  re la tiv e ly  few m e a su rin g  p o in ts  beside considerab le  s ta n d a rd  
d ev ia tio n . A t each  d a ta  rank , h o w ev er, in  th e  case o f s a tu ra tio n  fu n c tio n s  (7) 
an d  (8 ) co rre la tio n  coefficients g en era lly  m u ch  h igher th a n  in  o th e r  cases, 
r  ea: 0.950, h a v e  been  obtained . E q u a tio n  (7) a lw ays p roduced  an  r v a lu e  h ig h er 
b y  0 .0 0 1 - 0 .0 0 2  th a n  (8 ).

In te rp re ta t io n  o f co n stan ts  in  E q . (7) is rep resen ted  b y  d a ta  o b ta in e d  
b y  em ulsion 23 D 56 a t  w av e len g th  300 n m . T he regression  e q u a tio n  is as 
follow s:

У =
a

1 +  be*
x = Sv y  = Yl+u

Yu
Y L+U 

Yu
______1.015________

1 —  0.159 0 .054 S u  

r  =  - 0 .9 5 1

I n  th e  e q u a tio n  p a ram ete r “ a ”  re p re se n ts  th e  s a tu ra tio n  value. T h e  th e o 
re tic a l va lu e  o f  th is  is th e  u n it, th e  v a lu e  d e te rm in ed  from  ex p e rim en ta l d a ta  
is 1.015, w hich  is a  q u ite  good a g re e m e n t. C onsidering th is , th e  v alue  o f  p a ra m 
e te r  b can  also b e  in te rp re te d , n a m e ly  i f  S \j —  0, y t+ u  =  у l an d  cSv =  cO =  
=  1 , th e n

Zk =  .J L _  6 =  ^ - 1
Y u 1 +  6  Yl
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I n  th is  case уL =  2 .095 , y \j =  1.740 an d  fro m  i t  follows th a t  b =  —0.170. 
T h is v a lu e  shows a  good  ag reem en t w ith  —0.159, ca lcu la ted  on th e  basis  o f 
e x p e rim e n ta l d a ta . E a r l ie r  i t  has been  p ro v ed  t h a t  in  th e  case o f a g iven sp e c tra l 
p la te  th e  value у о /у ь  is  in d ep en d en t on th e  w av elen g th , an d  co n seq u en tly  
so is b.

T ak in g  in to  c o n s id e ra tio n  th e  above m e n tio n e d  th e  v alue  y L+u can  be 
ex p ressed  from  th e  reg ress io n  eq u a tio n  as fo llow s:

Yl+u —
Yl ‘Yи _ _ _ _ _ _ _

y L( l  —  Cb'n )  +  y u

T h e  e q u a tio n  is m ad e  m ore  rep re sen ta tiv e  b y  a  sim ple tran sfo rm a tio n

1

Yl+u

1 — c6’u 

Yv
+

c6v

Yh

T h u s , i t  is clear t h a t  c6u v a lu e  has a decisive ro le  in  th e  a d d itio n  o f th e  y -values 
o f  th e  tw o  d iffe ren t k in d s  o f sp ec tra . I t  is also  u n d e rs ta n d a b le  t h a t  c °  v a lu e  
c a n  n o t  exceed 1, so c <! 1. As th e  above ex am in a tio n s  show , th e  v a lu e  of 
f a c to r  c is d epend ing  o n  th e  ty p e  an d  s ta te  o f  em ulsion , on th e  co n d itio n s o f 
d ev e lo p m en t an d  o th e r  exp erim en ta l c ircu m stan ces , too . A ccord ing ly , th e  
th e o re tic a l c a lcu la tio n  o f  fac to r  c can  n o t b e  so lv ed  on a sim ple w ay, how ever 
i ts  v a lu e  can be c a lc u la te d  on th e  basis o f a  sing le  y L+u d e te rm in a tio n , in  th e  
know ledge of у l a n d  yxj.

Conclusions

On th e  basis  o f  th e  exp erim en ta l re su lts , in  ag reem en t w ith  earlie r ones 
[2  — 1 0 ] i t  can  be  e s ta b lish e d  th a t  th e  shap es o f  b lacken ing  curves o f  lin e  a n d  
c o n tin u o u s  sp ec tra  a re  d iffering . T he у -values a re  d iffe ren t due to  p h o to g rap h ic  
effec ts , while th e  k -v a lu es  are  id en tica l. D ifference  o f yo an d  у  у d epends, 
th e  ra tio  of у l a n d  у  о , how ever, does n o t d ep e n d  upon  th e  w av e len g th , on ly  
o n  th e  ty p e  an d  c o n d itio n  of p la te  an d  on  o th e r  exp erim en ta l cond itio n s. As a 
g en era l ru le, i t  c an  b e  s ta te d  th a t  th e  d e v ia tio n  increases w ith  increasin g  th e  
y -va lues. A t low er, 1.0 — 1.5 у -values, th e  d e v ia tio n s  can  freq u en tly  be neg lec ted  
fro m  th e  p o in t o f v iew  o f b ackground  c o rrec tio n . A t h igher у -values th is  neg
ligence is n o t p e rm itte d . In  th is  case, h o w ev er, one has to  ta k e  in to  co n sid e ra 
tio n  th a t  th e  v a lu e  o f  yt+v ° f  th e  line sp e c tru m  is decreasing w ith  th e  in 
c reas in g  o f S o  b a c k g ro u n d  d en sity  acco rd in g  to  th e  sa tu ra tio n  fu n c tio n . T he 
k -v a lu e  proved  to  b e  in d ep en d en t on th e  b ack g ro u n d  den sity , so i ts  va lu e  
d e te rm in ed  a t  lo w er b ack g ro u n d  d en sity  ca n  also  be app lied . I f  th e  у l-value 
o f  th e  b ack g ro u n d -free  line spec trum , a n d  yo  o f con tinuous sp e c tru m  are
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k n o w n , th e  va lu e  o f  co n stan t o n ly  n ecessa ry  to  th e  d esc rip tio n  of th e ir  re la tio n  
can  also he d e te rm in ed , by  m easu rin g  th e  уь + и v a lu e  a t  a  given b ack g ro u n d  
d e n s ity  Su- F o llow ing  th is , value у ь + и  can  be c a lcu la ted  even  b y  an  a rb i t r a ry  
b a ck g ro u n d  v a lu e  a n d  i t  can be u tiliz e d  fo r th e  ca lcu la tio n  o f line in te n s itie s . 
I t  is, how ever, m o re  freq u en tly  th e  case th a t  уь+ и  can  be  m easu red  b y  a  g iven  
b ack g ro u n d  d e n s ity  S u, and  yu  v a lu e  is to  be  d e te rm in ed  to  th e  b ack g ro u n d  
co rrec tio n  w ith o u t m easuring. B ased  on  th e  above e q u a tio n s  th e  v a lu e  yu  
can  th e o re tic a lly  b e  calcu lated  b y  m easu rin g  th e  уь + и v a lu e  belonging  to  
th re e  d iffe ren t b ack g ro u n d  values.
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A  spectrographic method developed for pollution  control is described and evalu at
ed on the basis o f  chosen parameters. The m ethod  m ay serve as a basic m ethod for  
dem onstration o f the optim ated evalu ation  application  which has been dealt w ith  in  
earlier works. A ll disadvantages were p o in ted  out w hich can be avoided b y  using th e  
optim alized evaluation . The results thu s obtained  will be discussed in  a separate paper.

1. In tro d u c tio n

P rev io u s  p ap ers  o f  th is  series h a v e  g iven  a d e ta iled  su rv ey  on th e  fa c to rs  
in fluenc ing  th e  sp ec tro g rap h ic  e v a lu a tio n  a n d  on th e  possib ility  o f  th e ir  
o p tim a tio n . Follow ing  th eo re tica l e x p e rim e n ts , th e  o p tim a tio n  possib ilities 
w ere s tu d ie d  in  co n cre te  an a ly tica l ta sk s . F o r  th e  d em o n stra tio n  of th e  re su lts  
ach ieved  a ta s k  espec ia lly  im p o rta n t in  e n v iro n m e n ta l an a ly tica l ch em is try  
has been  chosen: th e  d e te rm in a tio n  o f  t r a c e  e lem en ts in  aeria l d u s t d eposits .

P re se n t p a p e r gives a  descrip tion  a b o u t  th e  sp ec tro g rap h ic  m eth o d  b ased  
on co n v en tio n a l e v a lu a tio n , w hich is th e  co n tro l o f  ou r re su lts  ach ieved  in  
o p tim a tio n  o f  e v a lu a tio n .

A p p lica tio n  o f  physico-chem ical m icrom ethods in  environm ental 
analytical chem istry

R e c e n tly  sev era l an a ly tica l ch em ica l m e th o d s  su itab le  fo r th e  d e te r 
m in a tio n  o f  th e  gaseous co n tam in an ts  p re s e n t in  a ir  h av e  been  e lab o ra ted , 
how ever, th e  m e th o d s  fo r  th e  in v es tig a tio n  o f  d u s t developed  m uch slow er. 
T he reason  fo r th is  is p rim a rily  th a t  th is  ta s k  is m u ch  m ore com plica ted , th e  
so lu tion  o f  w hich  can  be  perform ed o n ly  w ith  th e  help  o f th e  m ost m o d ern

* Previous paper: K . Z im m e r , Gy. H e l t a i: A cta  Chim. Acad. Sei. H ung., 103, 289 (1980) 
Papers o f this series are sim ultaneously published in  Magyar K ém iai F olyóirat in  

H ungarian language.
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(and no w idely spread) analytical chem ical m ethods. This analytical chem ical 
ta sk  has been characterized b y  Malissa  and Grasserbauer  [1] as follow s:

a)  large-scale  analy sis  o f pow der sam ples fo r all th e  assum ed  e lem en ts ,
b) c h a ra c te r iz a tio n  o f in d iv id u a l com p o n en ts  o f th e  sam ples,
c) s tu d y  o f  size a n d  m orphology  o f  sam ple  partic les.
A ccording to  experiences o b ta in e d  o n  su ch  sam ples b y  th e  above a u th o rs , 

o n ly  those  m e th o d s  can  he considered  w h ich  are :
a )  m icro m eth o d s,
b) m e th o d s w ith  h igh  pow er o f  d e te c tio n ,
c)  selective a n d  specific for e lem en ts  as m uch as possible,
d)  m ake possib le  th e  s im u ltan eo u s d e te rm in a tio n  o f all th ese  e lem en ts  

r a th e r  w ide c o n c e n tra tio n  ranges,
e) rap id  a n d  sim ple,
f )  su ita b ly  prec ise  an d  re liab le  u n d e r  th e  given c ircum stances,
g )  m eth o d s n o t  req u irin g  th e  d ig es tio n  o f sam ples.
The above described  cond itions a re  w ell m e t also b y  em ission sp e c tra l  

ana ly sis , h u t  b ecau se  o f its  g rea t s ta n d a rd  dev ia tio n  (1 0  — 1 0 0  in  re la tiv e  % ) 
th is  m ethod  h as  b een  lis ted  on ly  am o n g  th e  se m iq u a n tita tiv e  a n a ly tic a l 
m e th o d s  [2 ].
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2. Elaboration of em ission spectral analytical method

P rio r to  th e  e lab o ra tio n  of th e  m e th o d , th e  com position  o f sam p les  to  b e  
an a ly sed  w as ex am in ed  in  order to  be ab le  to  estab lish  th e  e x p e rim e n ta l co n 
d itio n s  to  be ap p lied  on th e  basis o f th e  occurrence o f elem ents.

Characterization o f  aerial dust deposit samples and choosing 
o f elements to be determined

The d raw b ack  o f th e  w idespread  B e i g e r h o f f  m ethod  [3] em p lo y ed  fo r  
th e  sam pling o f  d u s t  deposits is th a t  th e  pow der sam ple should  be se p a ra te d  
from  ra in  w a te r  b y  ev ap o ra tio n  d u rin g  w h ich  gases soluble in  w a te r  can  re a c t  
w ith  th e  pow der a n d  consequen tly  th e  chem ical com position  o f  th e  sam p le  
m a y  change [1]. Som e sam ples o b ta in e d  b y  th is  m ethod  h av e  been  used  as 
s ta r tin g  m a te ria l fo r th e  e lab o ra tio n  o f  th e  m ethod . T he sam ples w ere e v a p 
o ra ted  in  P t-d ish  on a w a te r b a th , th e n  d ried  a t  105 °C. A ccording to  th e  p lace  
o f  sam pling  p o w d er sam p)es w eighing  b e tw een  3.7 an d  224 m g w ere o b ta in e d . 
B y  e lab o ra tio n  o f th e  m ethod  one h as  to  consider th e  fac t th a t  in  ex tre m e  cases 
on ly  a v e ry  l i t t le  a m o u n t of sam ple can  be availab le .

W hen choosing  th e  elem ents to  b e  d e te rm in ed  we s ta r te d  f ir s t  o f a ll fro m  
83 lite ra tu re  d a ta  re p o rte d  b e tw een  1970 an d  1975, an d  es tab lish ed  w h ic h  
e lem ents p re se n t in  d u s t sam ples h a d  been  exam ined  b y  sp ec tro ch em ica l
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m eth o d s. C orrespond ing  to  our a im s, o n ly  such  m eth o d s w ere considered w hich  
offered  th e  s im u ltan eo u s  d e te rm in a tio n  o f a t  le a s t 5 e lem ents. N a tu ra lly , 
re q u ire m e n ts  o f  p o llu tio n  contro l a n d  to x ico logy  w ere ta k e n  also in to  con
s id e ra tio n  [4] (see T ab le  I). The d e te rm in a tio n  o f th e  fo llow ing elem ents w ere 
re q u ire d : Ag, As, B , B a, Bi, Cd, Cr, Co, Cu, F e , H g, M n, Mo, N i, P b , Sb, Sn, 
Sr, T i, У  an d  Zn. A l, Ca, Mg an d  Si w ere  considered  as m ain  com ponen ts.

Table I

Systematization o f  elements from  the p o in t o f  view o f pollution control and toxicology [4]

Group
Toxicological

characterization
Necessity of 
examination Elements

A  I strongly toxic absolu tely
necessary

Ba, Cd, Co, Cr, Cu, Mn, Ni, Pb

A II toxic absolutely
necessary

As, Ca, Fe, H g, K , Mo, Sn, У, 
Zn

В toxic necessary Ag, A], Au, B , Mg
C l toxic suggested Be, Bi, Ge, Sb

C I I toxic suggested Ga, In, N b, Os, Pd, P t, Та, Те, 
TI, Zn, W

D — according to 
conditions

Li, Si, Ti, lanthanides

N a tu ra lly , th e  d e te rm in a tio n  o f  som e o f th e  ab o v e  lis ted  21 e lem ents 
(As, H g) b y  em ission sp ec tra l analysis  invo lv es  d ifficu lties, fu r th e r  i t  is w ell- 
know n t h a t  some e lem en ts  have a n a ly s is  line on ly  in  th e  visib le range  (e.g. 
B a, Sr a n d  p a r tly  Cr, P b , too), while o th e rs  h av e  i t  in  th e  fa r  u ltra -v io le t ran g e  
(e.g. B a, A s, Cd). T h is is w h y  th e  d e te rm in a tio n  o f  all e lem en ts  in  one single s tep  
can h a rd ly  he rea lized , a lth o u g h  th e re  e x is ts  such  a w av e len g th  range in  w hich  
m a jo r ity  o f  th em  can  be  determ ined  o n  a  single sp ec tru m . Such  a w aveleng th  
range  is e.g. betw een  270 an d  350 nm , w h ere  w ith  th e  ex cep tio n s o f As, B , B a, 
Cd, H g  a n d  Sr th e  re m a in in g  15 e lem en ts  can  be  d e te rm in ed .

Choice o f  the com position  o f  the m atrix

F o r th e  d e te rm in a tio n  of d u s t d ep o sits  th e re  are  no  n a tu ra l reference 
sam ples o f know n com position  ava ilab le , a n d  even  n o t such  q u a n ti ty  of sam ple , 
from  w hich  th e  com position  o f s ta n d a rd  sam ples b y  m eans o f o th e r an a ly tica l 
chem ical m eth o d  cou ld  be  de te rm in ed . T herefo re , on ly  sy n th e tic  s ta n d a rd  
sam ples can  he ap p lied , b u t  in  th is  case  th e  e ssen tia l p ro b lem  is to  choose a n  
a p p ro p ria te  m a trix . F o r  th is , th e  n e c e ssa ry  in fo rm atio n s  w ere p rov ided  p a r t ly  
b y  l i te ra tu re  d a ta  (T able  II), p a rtly  b y  a n a ly tic a l d a ta  on th e  Ca- an d  M g-con- 
te n ts  o f  som e sam ples (T able III). C onsidering  th e  d a ta  o f  th e  tab les  a n d
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Table П

Percental composition o f  the m ain components o f  powder samples based on literature data

Main Composition in %
component

[5 ] [«1 [7] [81 PI

S i02 sxio 20.0 28.0 60.0 32.0

F&jOs S 20.0 8.0

MgO S 50.0 2.0 5 .0 —6.0

CaO s X l O 25.0 6.0 20.0

Na20 3.0

K20 1.0
AJ203 S 5.0 6.0

M n0 2 0.2

Note: s =  some

Table Ш

Ca and M g content o f some dust deposit samples

Sample
(place of sampling Ca (%) Mg (%)

K osice 25 22.0 22.3

Humenné 6.0 0.7

K osice 41 20.0 35.6

K osice 38 29.0 37.0

Roznava 15.0 0.7

K osice 26 69.0 19.0

K osice 39 62.0 12.0

p ecu lia ritie s  o f th e  sam pling  area  (K osice an d  v ic in ity ) th e  follow ing m a tr ix  
com position  w as chosen:

40%  S i0 2, 40 %  CaO, 15%  MgO, 5 %  A ^O ,.

T h e  ap p ro p ria te  m a tr ix  w as p re p a re d  b y  m ixing sp ec tra l p u re  m e ta l o x ides 
(J  o h n so n —M a tth e y ) .

D eterm ination o f  the op tim al ratio o f  m ix ing  the sam ples, and  
experim ents aim ed to decrease the m atrix  effect

O n th e  basis  o f  th e  l i te ra tu re  d a ta  (T able I I )  a n d  ex p e rim en ta l re su lts  
(T ab le  I I I )  i t  is assum ed  th a t  th e  co n c e n tra tio n  of th e  m a in  com p o n en ts  o f  
th e  sam ples ex am in ed  can  v a ry  w ith in  w ide lim its. T herefo re , th e  s ta n d a rd
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an d  e x p e rim e n ta l sam ples should  be  m ix ed  w ith  th e  ad d itiv e s  in  su ch  a ra t io  
t h a t  th e  m a tr ix  effect [10, 11] be re d u c e d  as m uch  as possible. B y  n eg lec tin g  
th is  fa c t  a sy s te m a tic  e rro r can be in tro d u c e d  [1 2 ].

F o r  th e  in v e s tig a tio n  of s im ila r sam p les , AgCl [5, 13], LiCl [7], a n d  N aC l 
o r N a F , N a ^ O g  [8 ] ad d itives h av e  b e e n  u sed  m ost freq u en tly , e ith e r  in  i ts e lf  
or m ix ed  w ith  g ra p h ite  pow der. In  o u r  case also  silver w as d e te rm in ed , a n d  N a F  
an d  LiCl w ere n o t  av a ilab le  in  sp ec tro sco p ica l p u r ity . B ased  on o u r fa v o u ra b le  
re su lts  o b ta in e d  earlie r [14, 15], N a2C 0 3 a n d  LÍ2CO3 ad d itiv es  w ere em p lo y ed  
in  th e  follow ing ra t io :  1 p a r t  of sam ple  — 1 p a r t  o f ad d itiv e  (N a2C 0 3 an d  Ь ^ С 0 3, 
resp .) — 2 p a r ts  o f  carbon . The tra c e  e lem en ts  to  be d e te rm in ed  a n d  th e  a p 
p ro p ria te  reference elem ents w ere in tro d u c e d  in to  th e  pow der m ix tu re  b y  
ad d in g  th e m  to  carbon .

D egree o f red u c in g  th e  m a trix  e ffec t w as in v es tig a ted  on th e  sh ap e  o f  th e  
a n a ly tic a l cu rve  o f  som e elem ents a p p ly in g  sy n th e tic  sam ples p re p a re d  p a r t ly  
from  th e  m a tr ix  chosen, p a r tly  fro m  its  a d d itiv e s  (CaO, M gO, S i0 2, A120 3) 
and  p a r t ly  from  p u re  carbon . N am ely , i f  th e  shapes o f an a ly tic a l cu rves in  th e  
d iffe ren t k in d  o f sam ples are id en tica l th e n  i t  is assum ed th a t  in  co n cre te  cases 
th e  g re a t v a r ia tio n  o f th e  co n cen tra tio n  o f  th e  m ain  com ponen ts w ill n o t  p ro 
duce s ig n ifican t m a tr ix  effect. T he m a tr ix  effect used  to  m an ifest i ts e lf  b y  
p a ra lle l sh iftin g  o f  an a ly tic a l curves o r  b y  th e  change of th e ir  slope.

Fig. 1. Shape of the analytical curves of line pair N i/P d  in  various m atrices, adding N a 2C 0 8 . 
1: m atrix, 2: CaO, 3: M gO, 4: S i0 2, 5: C, 6: A l2Os

6 Acta Chim. Acad. Sei. Hung. 103, 1980
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F ig . 2. Shape of the a n a ly tica l curves o f line pair P b /In , in various m atrices, adding N a 2C 0 3 
1: m atrix, 2: CaO, 3: M gO, 4: S i0 2, 5: C, 6: A120 3

F ig. 3. Shape of the analytical curves o f line pair N i/P d  in  various m atrices, adding L i2C 0 3. 
1: m atrix, 2: CaO, 3: MgO, 4: S i0 2, 5: C, 6: A120 3

Acta Chim. Acad. Sei. Hung. 103, 1980
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Fig. 4. Shape o f  the analytical curves o f line pair P b/In  in  various m atrices, adding L i2C 0 3.
1: m atrix, 2: CaO, 3: MgO, 4: S i0 2, 5: C, 6: A120 3

R esu lts  ach ieved  in  some ty p ic a l cases w ith  NagCOg ad d itiv e , a re  show n  
in  F igs 1 an d  2, w hile w ith  L^COg a d d itiv e  in  F igs 3 a n d  4. B ased  on th e se , 
i t  can  he p o in te d  o u t th a t  in  th e  case o f Na2C0 3 a d d itiv e  som e m a tr ic  e ffec t 
can  s till be observed , h u t  w ith  Li2C 0 3 a d d itiv e  th is  effect does n o t occur a n y  
m ore. T he a n a ly tic a l curves are  p ra c tic a lly  o f id en tica l sh ap e  as i t  is p ro v ed  
also b y  th e  s ta tis t ic a l  com parison  [16] o f  c o n s ta n ts  A x ,r a n d  B x  d efin ing  th e  
curves. T his re su lt  is n o t su rp rising  a t  all, i f  i t  is considered  th a t  1 p a r t  o f  
LijCOg co n ta in s  spectrochem ically  effective ca tions h a lf  as m uch ag a in  as 
1 p a r t  o f N a2C 0 3.

A ccord ing  to  above  resu lts , fu r th e r  Li2C 0 3 a d d itiv e  w as em ployed  in  a 
m ix ing  ra tio  g iven  earlier.

Choosing o f  experim ental conditions

T he d e tec tio n  pow er o f spec trochem ica l m e th o d s fo r tra c e  analysis can  
be  reg a rd ed  to  be  o p tim a l accord ing  to  K a i s e r  [ 1 7 ]  if:

a )  lin e /b ack g ro u n d  in te n s ity  ra tio  is m ax im um ,
b)  th e  reso lv ing  pow er a n d  th e  rec ip ro cal d ispersion  are  chosen co r

rec tly ,

6* Acta Chim. Acad. Sei. Hung. 103, 1980
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c) such e x p e rim e n ta l co n d itions a re  app lied  w ith  w hich  th e  average  
b a c k g ro u n d  d en sity  is  a b o u t 0 .2 .

I n  order to  im p ro v e  th e  d e te c tio n  pow er o f  sp ec tro g rap h ic  m e th o d s, 
q u es tio n s  of reso lv ing  pow er [18, 19, 20] a n d  ro le o f su ita b le  p h o to g rap h ic  
em u lsio n  [20, 21, 22] h a v e  been tr e a te d  b y  severa l au th o rs . In flu en ce  o f r e 
so lv in g  pow er a n d  rec ip ro ca l d ispersion  o f  g ra tin g  sp ec tro g rap h s  u p o n  th e  
e ffic ien cy  of th e  m e th o d  w as th o ro u g h ly  s tu d ie d  [23, 24]. A th e o re tic a l re-

ТаЫе IV
Experim ental conditions

Spectrograph PGS-2 grating spectrograph, m =  2
dispersion 0.363 nm  • m m -1
blaze wave length 280 nm

W  ave length range 270 — 350 nm
Focussing Zeiss-type 3-lens system
Aperture of intermediate diaphragm 3.2 mm
Slit w idth 20 p m
Electrodes Product o f Elektrokarbon n.p. Topolcany carbon 

(SW -), or graphite (SU-), resp.
carrier electrode ty p e  — 302
counter electrode type — 201

Em ulsion ORW O, W U-3
D evelopm ent 10 min at 20 °C in developer type ORWO F-43
E xcitation total burning d.c. arc
Generator UBI-1
E ffective  current in ten sity 7.5 A
E xposure time 82 s (using tim e-switch of the U B I generator)

so lv ing  pow er R  =  100 000 was fo u n d  to  be o p tim al w hen  using  g ra tin g  
sp ec tro g rap h  ty p e  P G S-2 , w hich is co rresp o n d in g  to  th e  second o rd e r sp ec tru m  
o f  a  g ra tin g  of g ra tin g  p itc h  651 lines/m m . A t th e  ap p lica tio n  o f  v a rio u s g ra tin g  
ty p e s  an d  single o r doub le  ra d ia tio n  p a th ,  re sp ec tiv e ly  [24], i t  h as  been  e s ta b 
lish ed  th a t  to  choose an  op tim a l s lit w id th  an d  in te rm e d ia te  d iap h rag m  is 
a lso  v e ry  im p o r ta n t. H ow ever, th e se  a re  to  be  chosen for each  ta s k  se p a ra te ly  
so, as th e  lin e /b ack g ro u n d  in te n s ity  ra tio  reach  th e  h ighest v a lue .

Series of sp ec tro g ram s w ere p ro d u ced  u n d e r th e  ex p erim en ta l cond itions 
su m m arized  in  T a b le  IV . T he s lit w id th , th e  in te rm e d ia te  d iap h rag m  an d  th e  
ex p o su re  tim e w ere g rad u a lly  changed . O n sp ec tra  o b ta in ed  in  th is  w ay , som e 
sp e c tra l  lines a n d  th e  a d ja c e n t b a c k g ro u n d  d en sity  w ere m easu red , th e se  
v a lu e s  were c o n v e rte d  in to  in te n s ity  v a lu es  b y  /-tran sfo rm a tio n , th e n  line / 
b ack g ro u n d  in te n s i ty  ra tio s  w ere fo rm ed . T he o b ta in ed  J l/ I u values w ere  
p lo tte d  against th e  p a ra m e te rs  chosen. Som e ch a rac te ris tic  d a ta  are  rep re sen ted  
in  F igs 5, 6  an d  7. B ased  on these , th e  fo llow ing can  be e stab lish ed :

a)  Change o f  I l/1 u ra tio  u p o n  th e  s lit  w id th  is h igh ly  d ep en d en t on th e  
ty p e  o f th e  g iven e lem en t an d  on th e  ty p e  an d  position  in  th e  sp ec tru m  o f
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th e  chosen sp e c tra l line, in  genera lly , how ever, th e  20 /ип w ide slit w as fo u n d  
to  he th e  m o s t conven ien t.

b)  T h e  lin e /b ack g ro u n d  in te n s ity  ra tio  u n am b ig u o u sly  varies in  fu n c tio n  
of th e  in te rm e d ia te  d iap h rag m  w ith  th e  on ly  ex cep tion  o f  B i, th e  m ost f a v o u r
ab le d iap h rag m  is o f 3.2 m m . W ith  re g a rd  to  th e  ap p lied  ex c ita tio n  m e th o d  
and  th e  re la tiv e ly  sm all e lec tro d e  g ap -len g th  th is  is q u ite  com prehensib le .

•  Sb 287 о Ti 337 о  Fe 302

c) T he m o st com plicated  ta s k  of a ll is th e  d e te rm in a tio n  of th e  o p tim a l 
exposure tim e , since  in  th is  case we h av e  to  m a n ip u la te  w ith  th e  m ix tu re  o f  
easily , av erag e ly  a n d  h a rd ly  e v a p o ra tin g  e lem ents. I n  th e  f irs t  group (e.g. 
Bi an d  P b) th e  m ax im u m  line in te n s ity  is reach ed  a fte r  a b o u t 40 s arcing  tim e  
an d  follow ing th is  o n ly  th e  b a ck g ro u n d  in te n s ity  is increasing . In  c o n tra s t  
w ith  th is , in  th e  second and  m a in ly  in  th e  th ird  g roups (e.g. N i, T i an d  Mo) 
line in te n s ity  becom es m axim um  va lu e  o n ly  ju s t  p rio r to  th e  to ta l  ev ap o ra tio n . 
In  th is  case th e  re q u ire d  sa fe ty  is p ro v id ed  b y  to ta l  ev ap o ra tio n , how ever, 
even th e n  exposu re  tim e  82 s sh o u ld  n o t he  exceeded.

Acta Chim. Acad. Sei. Hung. 103, 1980
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Choosing o f  the suitable reference element and  electrode type

A lthough  b y  th e  ap p lica tio n  o f  d.c. e x c ita tio n  a n d  to ta l  ev ap o ra tio n  
th e  se lective effects o f  th e  e v a p o ra tio n  process a re  ro u g h ly  e lim in a ted  [26], 
from  th e  p o in t o f v iew  o f th e  su ita b le  reference e lem en t th e  ev ap o ra tio n  p ro c 
esses a re  exped ien tly  to  he ta k e n  in to  co n sidera tion . I t  is im p o r ta n t ch iefly  
fo r th e  fac t, because, a lth o u g h  th e o re tic a lly  i t  w ou ld  be  ad v isab le  to  ap p ly  
to  each  elem ent th e  c h a ra c te r is tic a lly  m ost s im ila r reference  elem ent, in  th e  
p rac tice , how ever, g en era lly  a t  m o st tw o  reference e lem en ts a re  em ployed  [27].

In  em ission sp e c tra l analysis th e  ev ap o ra tio n  processes are  s tu d ied  w ith  
th e  h e lp  of tim e-reso lved  sp ec tra  a n d  ev ap o ra tio n  or so-called  re la tiv e  in-

D, J

CD

v1 U_,

г  °

l

<

A В C D E F G

mm 30 22 3 6 3 2 3

A В C D E F G H I

mm 30 24 4 6 3 2.5 3.5 1.5 1

Electrode
type

Specific electrical 
resistance 
[ jd  S? cm ]

Specific thermal 
conductivity 
[W/m. К ]

SU - 1000 КО
SW - 6000 20

Fig. 8. E lectrodes applied and their m ain features
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Table У

Spectral lines used and their m ain features [38, 39]

Elem ent W avelength
Excitation 
energy, eV

Intensity  
in  Cu-arc

M n l 279.48 4.44 800

C u l 282.44 5.78 50

Р Ы 283.31 4.37 950

S n I 286.33 4.32 1000

S b l 287.79 5.36 140

N i l 300.24 4.16 320

F e l 302.11 4.16 300

CrI 302.16 5.13 360

Pd I 302.79 5.05 130

I n i 303.94 4.08 800

B i l 306.77 4.04 3600

Mo I 313.26 3.96 1800

V I 318.34 3.91 420

Pd I 325.16 5.06 300

I n i 325.86 4.08 300

Cu I 327.40 3.78 2500

Ti II 336.12 3.71 600

A g  I 338.29 3.66 2800

Z n l 330.26 7.78 90

C o l 345.35 4.02 1300

te g ra te d  ev ap o ra tio n  cu rv es, re sp ec tiv e ly  [28]. F o r th is  p u rp o se  th e  series o f  
sp ec tro g ram s is m ad e  b y  ca sse tte  m oving  m eth o d , or b y  g ra d u a lly  chang ing
S- [29] or T- [30] d iap h rag m s o f th e  sp ec tro g rap h . In  o rd e r to  ga in  m ore d a ta  
to  p lo ttin g  curves I  =  f(t), sp e c tra  w ere reco rded  b y  m oving  con tin u o u sly  
w ith  a ra te  of ab o u t 1 m m /s th e  ca sse tte  o f th e  sp ec tro g rap h  PG S-2 in  th e  fu ll 
h e ig h t o f th e  p la te , w h a t  co rresponded  to  exposure  tim e  76 s. T he sp ec tra  w ere 
e v a lu a te d  p h o to m e trica lly  each  b y  2  m m , a t  sm all s lit h e ig h t, o b ta in in g  th e  
d e n s ity  d a ta  in  in te rv a ls  o f  2  s an d  from  th ese  b y  m eans o f  th e  /- tra n sfo rm a tio n  
th e  su itab le  in te n s ity  v a lu es , resp ec tiv e ly . E v a p o ra tio n  p rocesses w ere s tu d ied  
b y  g rap h ite  (SU) a n d  ca rb o n  (SW ) ca rrie r e lectrodes, th e  m a in  ch a rac te ris tic s  
o f  electrodes in  F ig . 8 , th e  u sed  sp ec tra l lines an d  th e ir  ch ie f fea tu re s  on 
T a b le  Y are show n. P a r t ly  b ased  on lite ra tu re  d a ta  [6 , 8 , 13], p a r t ly  on o u r 
ow n experiences [14, 15] as reference  e lem ent P d  (to  e lem en ts ev ap o ra tin g  
h a rd ly  and  in  av e rag e  m easure) an d  In  (to  easily  e v a p o ra tin g  elem ents) 
w ere  used.
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Shape o f v o la tiliz a tio n  curves proves th a t  th e  e v a p o ra tio n  o f P h , B i a n d  
In  a re  sim ilar (F ig . 9); th e  sam e is ho ld ing  fo r Cu, Sb a n d  Zn, th o u g h  e v a p o ra 
tio n  o f In  is th e  fa s te s t  am ong  th e  elem ents lis ted . T h e  course o f e v a p o ra tio n  
o f th e  Sn, Mo, F e  a n d  P d  is sim ilar (Figs 10 a n d  11), th e  sam e is th e  s itu a tio n  
w ith  Co, N i an d  T i. W ith  good ap p ro x im a tio n  V an d  P d  (F ig . 10) w ere fo u n d  
to  vo la tilize  sim ila rly , j u s t  as in  th e  case of Ag a n d  Cr. A  fu lly  d iffe ren t s i tu 

a tio n  is offered b y  th e  com parison  o f th e  v o la tiliz a tio n  o f  M n an d  P d , M n a n d  
In , re sp ec tiv e ly  (F ig . 12). V o la tiliza tion  o f Mn does n o t  resem ble n e ith e r  to  
th a t  of P d , nor o f In . T h is is also ju s tif ie d  b y  F ig . 13 rep re sen tin g  a  co rre la tio n  
o f in ten sitie s  ch an g in g  in  tim e  of th e  analysis a n d  re ference  elem ents on  th e  
basis o f co rre la tio n  coeffic ien ts  r. I t  can  be observed  t h a t  P d  is a fav o u rab le  
reference e lem en t to  som e e lem ents (Co, F e , Mo, N i), w hile to  o thers (Cr, V, T i) 
th e  co rre la tio n  can  be s till accep ted  in  th e  period  o f ex posu re  during  w hich In  
is vo la tiliz ing . I n  th e  case o f  Mn a su itab le  co rre la tio n  is go t only  w ith  b a c k 
ground in te n s ity  I  и m easu red  beside th e  line. C orre la tion  o f  in te n s ity  v a lu es  
w as in v e s tig a te d  also b y  electrodes m ade of o th e r  m a te ria ls  (g raph ite  — SU) 
(F ig. 14). H ow ever, o u t o f  10 cases in  7, th e  ap p lic a tio n  o f  carbon  (SW ) elec
tro d es is m ore fav o u rab le . A  fu r th e r  ex p erim en ta l experience  is th a t  in  th e  case 
o f ca rb o n  e lec trode  th e  a rc  is b u rn in g  m uch  m ore  q u ie tly  an d  evenly  d u rin g  
th e  w hole exposu re  tim e . T he a p p ro p ria te  reference  e lem ents an d  e lec trode  
ty p es h av e  been  chosen  o n  th e  basis o f above re su lts .
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Fig. 10. Evaporation curves o f  Pd, Sn and V

Fig. 11. Evaporation curves o f Mo, Fe and Pd



FLÓRIÁN, PLIESOVSKÁ: PHOTOGRAPHIC AND PHOTOMETRIC EFFECTS, V II 315

Fig. 12. Comparison o f  the evaporation curve o f Mn w ith those o f  P d and In, respectively

1.0

Bi Cr Co Fe Mn Mo Ni Pb Sn V Г. (X)

'x / 1 In Q b< ^Pd jj W Ли

Fig. 13. Correlation coefficients characterizing the correlation betw een in tensities o f analysis
and reference elem ents
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Л  SW - 302/-201 Q  SU - 3 0 2 /-201

Fig. 14. Correlation coefficients characterizing the correlation betw een intensities o f analysis  
and reference elem ents when applying 2 different types o f  electrodes

-4.0 -3.0 -2.0 ___»  log c 10 0O

Fig. 15. Shape o f  analytical curves o f line pair Fe/Pd using blank correction (K O R R )

•  Fe 302 / Pd 302 
о Fe 302 / Pd 302 KORR.
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3. E v a lua tion  o f  th e  m ethod  e laborated

P r io r  to  discussion o f th e  c o n c re te  re su lts  a sh o rt su rv e y  is g iven on th e  
m e th o d s  o f evalu a tio n , a n d  th e  chosen  e v a lu a tin g  p a ra m e te rs  are  defined  w hich  
p la y  a n  im p o rta n t ro le  in  th e  d iscu ssio n  of resu lts  ach iev ed  b y  o p tim a te d  
ev a lu a tio n .

Course o f  evaluation

T h e  f irs t s tep  o f  th e  e v a lu a tin g  process is th e  d e n s ity  tra n s fo rm a tio n . 
T h e  1-tran sfo rm a tio n  [25] was ap p lied , th e  g rad a tio n  у  o f  th e  sp ec tra l p la te s  
a n d  tra n sfo rm a tio n  c o n s ta n t к w ere d e te rm in ed  w ith  th e  h e lp  o f a co m p u te r , 
as re p o r te d  earlier [31].

F o r  q u a n tita tiv e  analysis th e  a n a ly tic a l curves w ere ap p lied  in  th e  fo l
low ing  form :

A Y  =  A x , r +  B x  log cx  (1)

9 s ta n d a rd  sam ples — p rep a red  on th e  w ay  described ea rlie r — served  to  th e ir  
p lo tt in g . These s ta n d a rd  sam ples c o n ta in e d  th e  e lem en ts to  be d e te rm in ed  
in  1 .0 - 0 .3 1 6 - 0 .1 - 0 .0 3 1 6 - 0 .0 1 - 0 .0 0 3 1 6 - 0 .0 0 1 - 0 .0 0 0 3 1 6 - 0 .0 0 0 1 % .  F iv e  
p a ra lle l spectrogram s w ere m ade on  e ach  sam ple, th e  c o n s ta n ts  an d  th e  o th e r  
im p o r ta n t  p a ram ete rs  o f  lin ear p a r t  o f  th e  an a ly tica l cu rv es  w ere ca lcu la ted  
b y  m ean s of a co m p u te r  [32].

T h e  value of d e tec tio n  lim it [33] essen tia l in  tra c e  analy sis  w as d e te r 
m in ed  on  th e  basis o f  th e  m ean  v a lu e  o f  b ackground  in te n s i ty  n e a r th e  given 
sp e c tra l line and  its  s ta n d a rd  d e v ia tio n , respective ly , on th e  sp ec tru m  o f  th e  
sam p le  o f low est c o n c e n tra tio n  — as  suggested  b y  Ma t h e r n y  [34].

In  th e  lack  o f su itab le  re fe ren ce  sam ples of n a tu ra l  o rig in , accu racy  o f 
th e  m e th o d  e lab o ra ted  w as in v e s tig a te d  b y  2  sy n th e tic  c o n tro l sam ples con
ta in in g  th e  elem ents to  be  d e te rm in ed  in  0.0658 and  0 .00658% , resp ec tiv e ly . 
B y  sam p les  3 p a ra lle l sp ec tra  w ere reco rd ed . C o n cen tra tio n  values w ere ca l
c u la te d  b y  using su ita b le  com pu ter p ro g ra m . Some d u s t d ep o sit sam ples being  
a t  o u r  d isposal w ere sim ila rly  a n a ly sed .

E valuating  param eters o f  efficiency

F o r  th e  com parison  o f various sp ec tro g rap h ic  m e th o d s an d  for th e  e v a lu 
a tio n  o f  th e ir  efficiency th e  fo llow ing p a ra m e te rs  are  su g g ested  [23]:

a )  th e  relative sen sitiv ity  o f th e  m e th o d  w hich is exp ressed  b y  th e  slope 
B x  o f  th e  an a ly tica l cu rv e  [35], o p tim a lly  B x  =  1,

b)  s ta n d a rd  d ev ia tio n  c h a ra c te r is tic  o f th e  relative precision  o f th e  
m e th o d  [36]

• M % )  =
2.3  S jy

B x
( 2)
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■where N  is th e  n u m b e r o f  ca lib ra tio n  co n cen tra tio n s  a n d  К  is th e  n u m b er o f  
p a ra lle l m easu rem en ts p erfo rm ed  b y  co n cen tra tio n s ,

c ) D etection  p o w er o f  th e  m eth o d  can  be c h a ra c te riz e d  b y  th e  values 
o f  detection lim its  o f  th e  single elem ents.

In  add ition  to  th e se  th e  s ta tis tic a l te s t  o f  l in e a r ity  [32] is also im p o r ta n t, 
th is  serves to  decide w h e th e r  th e  ex p e rim en ta l p o in ts  su re ly  lie on a s tra ig h t 
lin e  or n o t. The te s t  is d e s tin e d  for to  co m p are  th e  s ta n d a rd  d ev ia tio n  o f p o in ts  
d e te rm in ed  e x p e rim en ta lly  re la ted  to  th e  th e o re tic a l reg ression  line w ith  th e  
su m  o f  s tan d a rd  d e v ia tio n s  o f th e  re p e a te d  m easu rem en ts .

F rom  th e  p o in t o f  v iew  o f th e  a c tu a l ta s k  a fu r th e r  im p o r ta n t  fa c to r  is 
th e  co n cen tra tio n  ra n g e  w hich  can be covered  b y  lin e a r  a n a ly tic a l fu n c tio n , 
i.e . w ell applicable fo r th e  analysis. N am ely , d e te rm in a tio n  o f  such a con
c e n tra tio n  is n o t ad v isa b le  by  th e  given m e th o d , w hich  lies considerab ly  o u t o f  
th e  ran g e  lim ited  b y  v a lu es  emax — cm|n.

As i t  is com m only  know n th e  ex ac tn ess  o f th e  a n a ly tic a l m ethod  is d e 
te rm in e d  by  its  p rec is io n  an d  accu racy  [37]. P recision  o f  th e  m eth o d  is g iven  
e ith e r  b y  sc/c va lue  or on th e  basis o f re p e a te d  analysis  o f  th e  sam ples to  be  
an a ly sed :

*?M%) =  4r ■ 100 (3)
c

w h ere  sc is th e  s ta n d a rd  d ev ia tio n  of th e  re p e a te d  d e te rm in a tio n s . A ccu racy  
o f  th e  m ethod  is ch eck ed  b y  th e  analysis o f co n tro l sam ples (in  o p tim al case 
e ta lo n s). In  our case th e  follow ing p a ra m e te r  w as used  fo r th is  purpose:

M % )
C alculated c measured 

C alculated
•  100 (4)

D iscussion

T he ev a lu a tin g  p a ra m e te rs  an d  d a ta  a re  su m m arized  in  T ab le  V I. I t  c an  
b e  seen th a t  o u t o f 16 lin e  pa irs  used (a t  Cu, 2 line p a irs  w ere  app lied : th e  spec
t r a l  line of Cu a t  282 n m  a t  h igher, w hile t h a t  o f Cu a t  327 nm  a t  low er con
c e n tra tio n  ranges) o n ly  in  4 cases was th e  upper lim it  (cmax) o f  the concentration  
range o f linear p a r t  o f  an a ly tic a l cu rve  eq u a l w ith  t h a t  o f th e  co n cen tra tio n  
ra n g e  exam ined (1 .0 % ). T h is is p a r tly  caused  b y  th e  b en d in g  of ca lib ra tio n  
cu rves due to  se lf-ab so rp tio n  (it is va lid , how ever, on ly  fo r 4 cases) on th e  o th e r  
h a n d , th e  h igh d e n s ity  v a lu es  are  m easu red  in a c c u ra te ly  ( th e  tra d itio n a l m icro 
d en sito m e te r ty p e  G  I I  is ab le  to  re liab ly  m easu re  d e n s ity  o n ly  as h igh as 1.7). 
I n  th is  respect n ecessa rily  an  im p ro v em en t is ex p ec ted  b y  app ly ing  th e  op- 
t im a te d  eva lua tion .
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T a b le  V I

Values o f  evaluating parameters

Line pair Ag 328 Bi 306 Co 345 Cr 302 Cu 282 Cu 327 Fe 302 Fe 302* Mn 279
P d  325 In  303 P d  325 P d  302 In  303 In  325 Pd 302 Pd 302 P d  302

cmax (%) 0.01 0.1 0.316 0.1 1.0 0.0316 0.316 0.316 0.0316

cmln (%) 0.000316 0.00316 0.00316 0.001 0.1 0.000316 0.01! 0.0316 0.001

B x 0.738 0.884 0.841 0.973 0.644 0.803 0.675 0.930 0.805

V е (% ) 14.4 12.0 14.1 5.8 17.5 16.3 6.6 10.7 6.3
c (ppm) 0.3 13 46 7.6 110 1.1 (1.8) — 4.0
Ac(%)  I. — 12.8 29.1 13.9 — — 6.6 20.4 —

II. 9.8 21.2 21.4 8.1 — 89.9! — — 14.4

Line pair Mo 313 Ni 300 Pb 283 Sb 287 Sn 286 Ti 336 V 318 Zn 330
Pd 325 Pd 302 In  303 In  303 P d  302 Pd 325 Pd 325 In  325

cmax (% ) 0.0316 0.316 0.1 1.0 1.0 0.316 0.1 1.0
cmin (%) 0.001 0.00316 0.001 0.1 0.00316 0.01 0.00316 0.1

B x 0.904 0.790 0.643 0.787 0.919 1.044 0.960 0.720

*</*(%> 9.8 14.1 13.7 11.0 6.4 8.4 5.0 13.6
c (ppm) 3.6 8.4 5.4 102 16 26 10 1400
^ c(% ) I. — 6.5 — — 6.0 22.4 1.4 —

II. 2.3 25.5 11.1 — 7.1 16.5 8.1 —

* Data obtained w ith blank correction
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The lower lim it o f  th e  co n cen tra tio n  ran g e  exam ined  (0 .0001% ), how ever, 
is corresponding to  th e  ra n g e  o f d e te rm in ed  d e tec tio n  lim it  va lues. The c v a lu e  
ca lcu la ted  was fo u n d  to  b e  less th a n  th is  v a lu e  on ly  in  a single case (Ag), a n d  
in  an o th e r case (Cu) i t  ap p roaches th is  v a lu e . A t all o f  th e  o th e r elem ents th e  
lower lim it o f  the concentration range (cmjn) covered  b y  a  lin e a r  an a ly tica l cu rv e  
is  h ig h er th a n  th is  v a lu e  b y  one (Cr, M n, Mo, P b ), one a n d  a h a lf  (Bi, Co, N i, 
S n , У) and  even m o re  o rders of m a g n itu d e . E spec ia lly  u n fav o u rab le  values 
h a v e  been o b ta in ed  fo r  Sb a n d  Zn, a n d  th e  a p p ro p ria te  c v a lu es  were sim ilar, 
to o .

A special case is  p resen ted  b y  th e  a n a ly tic a l cu rv e  o f  F e /P d  line p a ir  
(F ig . 15), w hich is d e v ia tin g  from  lin ea r line  u n d e r c o n c e n tra tio n  0 .01%  due 
to  th e  b lank  v a lu e , a n d  is p rac tica lly  h o rizo n ta l. I t  is p re su m ab ly  caused  b y  
th e  iron  c o n ta m in a tio n  o f  th e  “ spec tro scop ica lly  p u re ”  com pounds and  a u x il
ia ry  electrodes, re sp e c tiv e ly . These estab lish m en ts  are  su p p o rte d  by  th e  shape  
o f  th e  calib ra tion  c u rv e  ca lcu la ted  b y  b la n k  co rrec tion  (F ig . 15), and  th e  va lu es  
o f  th e ir  pa ram ete rs , re sp ec tiv e ly . H ow ever, from  th e  p o in t o f view  of th e  m e
th o d  elabora ted  th e  ab o v e  c ircum stance  does n o t cause a d raw back , since in  
th e  given sam ples th e  e x p e c te d  F e -co n ten t falls m o stly  in to  th e  range of h ig h er 
co n cen tra tio n s. T h is f a c t  is also re fe rred  to  b y  l i te ra tu re  d a ta  ind ica tin g  F e  
as m a in  com ponen t [5, 8 , 9].

The relative se n s itiv ity  o f th e  m e th o d  scarce ly  reaches th e  o p tim a l 
J3x =  1 value (Cr, Y  a n d  T i), in  som e cases i t  is co n sid e rab ly  sm aller th a n  1 
(A g, Cu, Mn, N i, P b , Sb an d  Zn). B y  th e  ap p lica tio n  o f  th e  o p tim a ted  ev a lu 
a t io n  im provem en t ca n  be  expec ted  also in  th is  fie ld , as th e  ph o to m etric  e rro r 
cau sed  by  sc a tte re d  l ig h t  occurring  a t  h ig h e r densities is n o t  negligible.

The relative p rec is io n  (sc/c) o b ta in e d  fo r th e  a n a ly tic a l curves of th e  in 
d iv id u a l line p a irs  is lo w er th a n  i l 5 %  ex cep t one case (Cu) an d  in  7 cases 
t h a n  i l O % .  T he s f / c  v a lu es  (Table V II)  ca lcu la ted  on  th e  basis  of th e  re su lts

Table VII

Relative precision o f  analyses

E l e m e n t Ag B i Cr Cu M n M o P b S n T i V

4 / c  ( % ) 14.0 1 2 .9 10.1 9 .2 13 .1 7 .1 21.0 9 .1 12.4 8.8

o f  concrete  analyses a re  som ew hat h ig h er, b u t  even th e y  re m a in  below ^ 1 5 % ,  
w ith  th e  exception  o f  P b . T he resu lts  ach iev ed  can  be q u a lif ied  as sa tis fac to ry , 
a n d  b y  all m eans m u c h  b e t te r  th a n  th o se  g iven  for th is  m e th o d  in  th e  l i te ra tu re  
o f  env ironm en ta l p o llu tio n  con tro l [1 , 2 ].

Ac values c h a ra c te r iz in g  th e  accuracy o f  method a re  sim ila rly  accep tab le . 
T h e  only exception  is re p e a te d ly  th e  Cu. B o th  e v a lu a tin g  p a ram ete rs  can  be
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im p ro v ed  to  a ce rta in  e x te n t  w hen  in tro d u c in g  th e  o p tim a te d  e v a lu a tio n , 
ow ing to  p h o to m e tric  e v a lu a tio n  re su ltin g  in  m ore co rrec t va lues.

V alues o f detection lim its  do n o t  exceed 10 p p m  in  th e  h a lf  p a r t  o f  th e  
e lem en ts  exam ined . F u r th e r  o p tim a tio n  o f  th e  values o b ta in e d  can  be  ach ieved  
b y  using  a m ore sensitive  a n d  c o n tra s ty  em ulsion. B ecause o f th e  en la rg ed  
m easu rin g  range  (S =  4.0) no ob jec tio n s can  be m ad e  a g a in s t th e se  k in d s

Table VIII

Characterization o f  the method elaborated

Element
The determined concentration values in x cases from 15 are

X < £ £ ^  ■X <C cmin cmin '‘С X  '‘С Сщах X  ^  cmax

Ag 7 4 4 —

Bi — 6 4 5
Cr — — 10 5

Cu — — 11 4

Fe — — — 15

M n — — 1 14

Mo 15 — — —

Ni 15 — — —

Pb — — 15 —

Sb 15 — — —

Sn — 4 11 —

T i — — 12 —

V — 1 14 —

Zn 15 — — —

of em ulsions (owing to  th e  co n sid e rab ly  h igher у -values th e  c o n c e n tra tio n  
ra n g e  to  be exam ined  decreases).

O ur m eth o d  e lab o ra ted  h as  been  app lied  for th e  analysis  o f  15 d u s t 
d ep o sit sam ples being  a t  o u r d isposal. D a ta  sum m arized  in  T ab le  V I I I .  also 
serve  th e  ch a rac te riza tio n  o f  th e  m e th o d . These d a ta  g roup ing  th e  ex p e ri
m e n ta l re su lts  show  th a t  in  th e  case o f som e elem ents (F e , Mn, p a r t ly  B i, 
Cr a n d  Cu) th e  u p p e r lim it o f  th e  p re se n tly  ex am inab le  c o n c e n tra tio n  ran g e , 
w hile in  o th e r  cases (Mo, N i, Sb a n d  Zn) th e  d e tec tio n  pow er o f th e  m e th o d  
sh o u ld  be im proved . Q uestion  o f  d e tec tio n  pow er can n o t be  d iscussed  from  
th e  p o in t o f view  o f d e tec tio n  lim its  to  be  ach ieved , since no d a ta  — d efin ing  
th e  m in im al tra c e  e lem ent co n c e n tra tio n s  in  aeria l d u s t d eposits  — are  a v a il
ab le , as  i t  is in  th e  case o f d r in k in g  w a te r.

*

T he authors are indebted to  Prof. K . Z i m m e r , D. S c ., for his valuable com m ents.
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RECENSIONES

E . H . A n d r e w s , P . E . R e e d , J .  G. W il l ia m s  a n d  С. B . B u c k n a l l

A dvances in  P o ly m er Science, Vol. 27 
F ailure  in  Polym ers, M olecular and Phenomenological Aspects

Springer Verlag, Berlin, Heidelberg, N ew  York, 1978 
153 pages, 97 figures, 2 tables, 216 references

This volum e consists o f three separate chapters, covering three distinct but com plem en
tary aspects o f the fracture of polymers.

T he first chapter: “ Molecular Fracture in  Polym ers”  b y  E. H. A n d r e w s  and P. E . R e e d  
starts w ith  a very brief sum m ary o f the different theories o f  fracture and their developm ent. 
The authors then review  the experim ental m ethods o f the detection of structural changes in  
m aterials under stress. Special emphasis is laid on electron spin resonance, as i t  gives direct 
inform ation about the rupture of the polym er chain, b u t other m ethods such as infrared spec
troscopy, low  angle X -ray scattering etc. are also m entioned. This chapter gives a clear qualita
tiv e  picture about the role o f  molecular fracture in the failure of polymeric solids.

T he second chapter, “ A pplications o f L inear Fracture Mechanics”  was w ritten b y  J. G. 
W i l l i a m s . The reader is step by step introduced to fracture mechanics o f perfectly e lastic  
m aterials. The m odifications necessary to apply the results o f the above theory to the brittle  
fracture o f polym ers are discussed in  detail and som e exam ples o f application are shown. The 
author deals w ith  the tim e dependence of crack growth, tem perature and environm ental ef
fects, fa tigue and im pact testing. For the reader who is n o t fam iliar w ith general fracture m e
chanics it  m ay be advantageous to read this chapter first.

The third chapter “ Fracture and Failure o f  M ultiphase Polymers and Polym er C om posi
tes”  was w ritten  b y  С. B . B u c k n a l l . In this chapter the special problems of fracture o f  filled  
polym ers are shown. P lastics filled w ith  rigid particles, rubbers and voids (i.e ., polym eric  
foam s) are treated but fibers are excluded. The m echanism  and kinetics o f yielding is discussed  
in  detail and the applicability o f linear elastic fracture m echanics and ductile fracture m echan
ics is investigated . The author also em phasizes th a t several basic questions of this field  have  
to be answered in the future.

This book does not cover all aspects o f failure of polym ers, but all three chapters on their  
own are good review s o f their field. The book is valuable not only for polym er scientists but 
also for engineers who m eet the everyday problems of polym er application.

T . T . N a g y

M. W . R a n n e y : F uel A dd itives fo r  In tern a l Combustion E ngines
Recent developments

Chemical Technology R eview  No. 112.
Energy Technology R eview  N o. 30.

N oyes D ata Corp.,
Park Ridge, N .J. U .S.A . (1978)

This recent hook o f the Noyes D ata Corporation presents the review  of the la test de
velopm ents on the field  o f fuel additives, based — sim ilarly to  the earlier publications of the  
series — on the more than 200 U.S. pate^'.s issued betw een January 1975 and February 1978 
in  th is field.
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F uel additives as chem ical compounds are chem ically  very  diverse. Thus the author also 
follow s the usual w ay, arranging and describing the various types o f fuel additives according  
to their functions. In  th is w ay, one chapter is devoted  to  each o f the following groups:

— detergents and anti-icing additives
— flow  improvers and pour depressants
— oxidation and corrosion inhibitors
— octane im provers and anti-knock com pounds
— antistats, biocides, dyes and other special additives.

Com bustion aids and fuel com positions are dealt w ith  in  a separate chapter.
In  the introduction o f each chapter a short description is given on those com bustion  or 

other engine problems w hich necessitate the use o f  add itives w ith  the given function . This 
introduction  is followed b y  th e  review  of the separate patents, arranged into groups on the basis 
of ty p es  o f  chemical com pounds. Patent exam ples and experim ental data showing the effec
tiven ess o f the given additives are also frequently included in the review.

A s it  is declared in  the foreword of the book, there has been no bias in  the selection of  
patents for inclusion, practically  all patents issued on the subject in  the U nited  States during 
the period m entioned above are reviewed and included. In  accordance w ith the purpose of the  
book no com parative evaluations of the additives or fuel com positions are given b y  th e  author, 
b u t on ly  descriptive inform ations are offered. A t the sam e tim e, b y  indicating all the inform a
tion  th a t  is significant and elim inating legal jargon and juristic phraseology, the descriptions 
togeth er w ith  the included data make possible for the reader to m ake comparisons and evalu a
tions in  m any cases.

This publication o f the Noyes D ata Corporation presents a valuable review  o f a very  
diverse research and developm ent field, describing its la test results in  well arranged, easy to  
handle form. For experts dealing w ith fuel additives — and w ith additives for the petroleum  
ind ustry  in  general — the book can be used as a handbook, saving a lot of tim e and energy for 
i t ’s user. On the other hand it is a very useful book for the expert who is ju st interested  as it  
provides a com prehensive picture of the research and technological developm ents on the field  
of fuel additives.

T he book contains 300 pages, 5 figures and several tables in the tex t. Indexes o f  the  
review ed patents by com pany, inventor and paten t num ber help in providing easy  access to 
the inform ation contained.

I .  S Z E B É N Y I

A dvances in  Polym er Science , Vol. 29

Structure and Properties o f Polym ers 
(Springer Verlag, Berlin—H eidelberg —N ew  York, 1978)

This volum e of the series contains three treatises. The first is about photoconductive  
polym ers, the second discusses the characterization o f graft polym ers and the third deals w ith  
th e  preparation and stu dy  o f block copolymers w ith  ordered structures.

These topics are rather divergent, thus are better studied  one by one.
1. Polymers with Photoconductive Properties. M ilan S t o l k a  and Dam odar M. P a i  (X erox  

Corporation, Rochester), 46 pages, 159 references.
A  survey of the photoconductiv ity  o f organic polym ers is given. P hotoconductiv ity  is 

th e  increase of conductance in  consequence of the irradiation of a solid phase. This phenom enon  
is com posite and its occurence requires the sim ultaneous realization of several processes, viz. 
th e  form ation of charge carriers and the m igration o f charges due to an external field. Follow ing  
th e  elucidation of fundam ental principles and the description of the experim ental techniques 
su itab le for the m easuring o f this phenom enon, the m echanism  of the form ation of these charge 
carrier particles is explained, poly JV-vinylcarbazole PNVC and a 1 : 1 m ixture o f PNVC w ith  
2,4,7-trinitro-9-fluorenone T N F  serving as exam ples. The m igration of charged particles in  
an electrostatic field depends on the chem ical com position of the polym er film .

Photoconductive polym ers can be classified as follows.
a )  Polymers h igh ly  conjugated in their principal chain. These can be used in visible  

lig h t and in the near-infrared region of the spectrum .
b) Polym ers w ith  a condensed arom atic group w ithin  the principal chain or bound to it. 

G enerally, these polym ers are photoconductors on ly  in  the ultraviolet region below  400 p m
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since it  is radiation in this region which these substances absorb; in other ranges they  are 
charge carriers only.

c) Various com pounds which contain su b stitu ted  aromatic amino groups. These too are 
ph otoactive  in the region below 400 /im  and include the m ajority o f substances used in electro
photography.

A  w ide range o f industrial applications is open  to these photoconductive organic polym er  
system s though the fundam ental theoretical inform ation concerning them  is far from  com plete  
as yet.

2. Characterization o f Graft Copolymers. Y . I k a d a , 46 pages, 36 references.
In  the case o f graft copolym erization, the product is a m ixture o f hom opolym er A, 

hom opolym er В and graft copolym er A B . The effective  means of how  to  separate the graft 
copolym er and how  to determ ine its purity, are described. Also the determ ination of the num ber  
of branchings and o f the lengths of lateral chains in  the graft copolym er, as w ell as the charac
terization  o f the skeleton polym er are discussed.

Frequently , characterization b y  m eans o f statistica l com putation is m uch more sim ple 
than b y  m eans o f experim ental work. Such a description of the product is successful provided  
th at reliable data concerning the probability o f th e  grafting of the m onom er onto the polym er  
skeleton are known.

Selective precipitation and extraction can be used for the separation o f the graft copoly
mer. A ccording to experim ents, selective precip itation  is a suitable technique when it effects 
the precip itation  of poly-A  and poly A B , i.e. the  graft copolymer, and leaves poly-B  dissolved. 
I f  a th eta  so lvent is found whose theta tem peratures for the two hom opolym ers are w idely dif
ferent, precipitation can be effected b y  changing th e  temperature of the solution .

E xtraction  w ith  the help of selective so lvents seem s to be simpler, thou gh  th is technique  
is tim econsum ing. In practice, the graft copolym er m ay dissolve, owing to  the form ation of  
m icelles, also in a so lvent th at dissolves but one o f  the homopolymers. W hen separating the  
hom opolym er from  the graft copolym er, the m icrostructure of the product m ust be taken into  
account.

There are but few  m ethods suitable for the determ ination of the pu rity  o f  a graft copoly
mer after its  separation, such as density gradient ultracentrifuging and th in-layer chrom atog
raphy (TLC). Turbidim etry, ultraviolet, infrared and NM R spectroscopy cannot he said to be 
reliable in  this application. TLC is easier to carry out than ultracentrifuging, consequently, 
th is m ethod  is m ore general.

The m ost im portant data concerning the chem ical structure o f a separated and purified  
graft copolym er reveal the number of branchings and the molecular m asses o f the skeleton and 
of the lateral chains, respectively. Generally, one has to be content w ith  average figures since 
the recording o f distributions is a very com plicated  job and very often  cannot be carried out 
at all. T he determ ination o f these figures is illustrated  by means of three exam ples: redox  
graft copolym erization, irradiation graft copolym erization, and the case o f  a graft copolym er  
prepared via  the coupling reaction of prepolym ers.

Surface grafting belongs into a separate group: here grafting occurs on the surfaces o f  
film s, fibres, or plastics bodies, and the usual m ethods cannot be applied or only  w ith  m odifi
cations.

In the case o f graft copolym ers where b io logically  active substances, e.g. proteins, hor
m ones or polysaccharides becom e bound to natural or synthetic polym ers, also the nature of 
the chem ical bond betw een the two polym ers of different kind m ust be defined; further, the  
configuration o f the graft biopolym er and its denaturation should also be known. A note
w orthy instance o f such copolym erization is the f ix a tio n  of enzymes: the industrial utilization  
o f th is is h igh ly  im portant.

3. Preparation and Study o f Block Copolymers w ith Ordered Structures. R. B e r n a r d  and 
M. G a l l o t , 129 pages, 285 references.

One of the m ain endeavours of polym er chem ists is the synthesis o f novel substances 
which are em inently  applicable for given specific  purposes. The use of novel m onom ers, each  
for a separate instance o f application, is not feasible, thus mixtures o f polym ers have been re
sorted to in  the last tw en ty  years. H ow ever, polym er m ixtures which w ould  possess all the  
required qualities cannot be produced because the incom patibility o f th e  com ponents. This 
difficu lty  can be surm ounted by creating covalent bonds between them  and thus producing 
block or graft polym ers. In  these, the incom patib ility  o f  the polymer chains is turned to advan
tage: separation b y  phases in the blocks produces the micro-domains w hich are responsible for 
the specific properties o f these block polym ers. For instance: a com bination of rubber- 
elastic and therm oplastic blocks produces a polym er which is rubber-elastic a t room tem 
perature b u t is a m elt at elevated tem peratures and can be worked like a therm oplastic 
polym er.
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The review d iscusses only properties o f  block polym ers w hich are relevant to th is  
m icro-dom ain structure.

Syntheses o f copolym ers are feasible either b y  m aking hom opolym er A react w ith m ono
m er B , or by m aking hom opolym ers A and В react w ith  each other. T he techniques them selves 
are m anyfold; the m ajority  o f block polym ers are m ade by anionic polym erization.

The structure o f a block polym er is stud ied  m ostly  b y  X -ray  diffraction or electron  
m icroscopy. The m icro-dom ains or regions have the form  of p latelets, rods or globules, depend
ing  on the per cent com position  of the copolym er. As far as their sizes are considered, the m icro
regions are surprisingly regular: electron m icroscopy shows th is clearly.

The copolymers w h ich  contain only am orphous blocks can be divided into three principal 
groupes, viz. block copolym ers w ith polybutadiene, those w ith  polyisoprene, and those w ith  
no polydiene content.

A separate group am ong copolymers w ith  amorphous and crystallizable blocks is th a t o f  
m ultiblock and m ultiphase polym ers w ith  polyurethane segm ents: in  these, hard segm ents 
alternate w ith soft ones and  thus various m echanical properties can be realized. H ow ever, 
polyurethane block copolym ers do not posses a regular periodic structure, thus are not dealt  
w ith  in  any detail in  th is  discussion.

Other copolym ers com posed of amorphous and of crystallizable blocks have well ordered  
periodic structures. In  th is  group belong polystyrene-poly(ethylene oxide) (SEO), po ly- 
butadiene-poly(ethylene oxide) (BEO ) and sim ilar block copolym ers. The phase diagrams o f  
these  always show tw o phases: at temperatures higher than the m elting  point of the crystalliz
able chains they show  either a hexagonal or a lam ellar structure, a t temperature lower th an  
th e  m elting point, th e y  crystallize via folding o f the crystallizable chains. The crystal structure  
th a t emerges depends also on the solvent, i.e. whether the so lvent o f  the crystallizable or th a t  
o f the amorphous phase is used. The periods o f chain folding can be substantially affected b y  
the choice o f conditions.

The copolym er w hich  contains polyvinyl blocks and hydrophobic polypeptide blocks, 
and th a t which contains saccharide and polypeptide blocks and has been prepared b y  th e  
tea m  working w ith  th e  author, m ay becom e qu ite im portant from  the view  point o f biology.

This volum e inform s about three new fields in  which progress is quite rapid. The su m 
m aries prepared by lead in g  authorities greatly facilitate orientation for readers interested in  
these  topics.

G. B o d o r

Ch. S . S o d a n o : V ita m in s , Synthesis, Production and Use. Advances since 1970

Chem ical Technological R eview  No. 119. 305 pages 
N oyes D a ta  Corporation, Park R idge, N ew  Y orsey, U S A  1978

The series published  by the N oyes D ata  Corporation including the present volum e, a 
technological sum m ary dealing w ith vitam ins, is based essentially  on U SA  patents and has a 
double purpose: it  g ives detailed  inform ation for both  the industry  (including research in sti
tu tes) and commerce, n o t on ly  on the newest procedures patented, b u t also about the m ethods  
and possibilities o f use. T he subject-m atter has remained, to a large exten t, un-published in  
periodicals, thus the book supplies a want in the modern process o f  the developm ent of industry , 
although the rather long  period of patenting is certainly a hidrance to  rapid practical applica
tion . On the other hand, th e  N oyes Company reduced the tim e required for publishing th e  
book by the use o f a n o v e l printing technique to allow quick applicability  of the procedures.

The book dealing w ith  nearly 270 patents actually consists o f tw o main parts: in  the  
first part the knowledge patented  since 1970 regarding the m ost im portant prosthetic and in 
du ctive  vitam ins is sum m arized in such a w ay th at, beyond the synthesis o f a given v itam in é, 
th e  preparation o f its  isom eric and other derivatives, the relevant problem s in m edical, nu tri
tional and veterinary hygien ic sciences, industrial form ulation m ethods and stabilization  
possibilities are also treated . Thus inform ation is offered for the solution of m any problem s 
w hich m ay appear as a faraw ay research project to some research institu tes. Special a tten tion  
should be paid to th e  results obtained in enriching food, nutrim ents, baby food and fodder  
w ith  vitam ins, and in m aintain ing the quality o f  the enriched food, w hich can lead to reductions 
in  the developm ent costs in  som e im portant econom ic sections. The te x t is free from special 
legal terms it can easily  be understood; o f course, detailed inform ation cannot be always g iven ,
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b u t the descriptions are suitable for calling atten tion  to many facts and serve well as a guide 
how  to look for som e actual answer.

The second part o f the book deals w ith  com binations o f v itam in s and offers a very  in
teresting picture of the broad field  where v itam in s can successfully applied today. This field  
is very heterogeneous, as illustrated b y  a few  exam ples. Thus, v ita m in  com binations have been  
developed for the rapid curing o f H erpes sim plex , for reducing or stopping the sm oking or 
drinking habit, etc. Several com binations have been patented for increasing the deliciousness 
o f  food stuffs, m ainly sw eets, e.g., o f breakfast cereals, jellies, so ft drinks, and for preventing  
fat-containing products from becom ing rancid, etc. In this part th e  packing and m arketing  
m ethods of vitam in  m ixtures is also discussed often  representing very  practical solutions for a 
given application e.g., patents are review ed dealing w ith the novel preparation of injections, 
or w ith  the dispersion o f  an inductive (fat-soluble) vitam in m ixture in  a simpler w ay than be
fore. Other patents are concerned w ith  th e  reduction of the sm ell o f  vitam in  com binations, 
w ith  the controlling o f their absorption and o f  the tim e required for it , and w ith the elim ination  
o f  som e defects o f pills containing vitam ins.

The exam ples m entioned seem  to  be enough to indicate th e  richness and variousness 
characteristic o f  the review . I t  m ust be em phasized again, however, th a t the value of the book  
is the richness o f  topics; the possibility o f actual realization m ust be determ ined by the virtual 
user in the knowledge o f his own aims. In  v iew  o f alljthese, the book is a useful help for experts 
dealing w ith vitam ins. The book contains a very  good table o f  conten ts, an author index, 
paten t index and a lis t o f the patentee com panies. The book, w ith  its fine  getting up, is a good  
supplem ent to the recently  rather scarce literature of vitam in tech nology  and application.

É . B e r n d o r f e r - K r a s z n e r

Acta Chirn. Acad. Sei. H ung. 103, 1980





INDEX

PHYSICAL AND INORGANIC CHEMISTRY

A  N ovel Method for D eterm ination of E nzym e Activities, E. N o s z t i c z iu s , D. K a l m á r ,
Z. N o s z t i c z i u s ............................................................................................... .......................................  225

A Study on the K inetics o f  the Selective Hydrogenation of Phenol, T. MÁTHÉ, J. P etró,
A . T u n g l e r , Z. C s ű r ö s , К . L u g o s i ............................................................................................. 241

On F in ite A m plitude W aves in a Chem ically Reacting Gas M ixture, V. D. S h a r m a ,
R a d h e s h y a m .............................................................................................................................................  281

o r g a n ic  c h e m is t r y

Fluorinated Steroids, I. 3-F luoro-5,6-U nsaturated D erivatives, Á. N é d e r , A. U s k e r t ,
É. N a g y , Z s . M é h e s f a l v i , J . K u s z m a n n ...................................................................................  231

Electron D eficient H eteroarom atic Am m onioam idates, X V III. T he Synthesis and P hoto
chem istry of som e IV-Isoqum olinio(thioam idates), M. L e m p e r t -S r é t e r , К .
L e m p e r t , J. T a m á s , К . V é k e y ....................................................................................................  259

R ing Transformation o f Chromones into  4-H ydroxycoum arins, V. Szaró, J .  B orda ,
E. T h e i s z .................................................................................................................................................... 271

a n a l y t ic a l  c h e m is t r y

Influence o f Photographic and Photom etric E ffects on Spectrographic Evaluation, VI. 
Investigation  o f B lackening Curves o f Line and Continuous Spectra. Effect o f B ack
ground D ensity  upon the Shape o f Blackening Curve of L ine Spectra, K. Z i m m e r ,
Gy. H e l t a i  ............................................................................................................................................. 289

Influence o f Photographic and Photom etric E ffects on Spectrographic E valuation, V II. 
M ulti-Elem ent Spectrochem ical M ethod for Pollution Control — a Basis for Optima- 
tion  of Spectrographic E valuation , K . F l ó r iá n , N. P l i e So v s k á  .................................  301

RECENSIONES 323



P rin ted  in  H ungary

A kiadásért felel az Akadém iai K iadó igazgatója 
A kézirat nyom dába érkezett:

Műszaki szerkesztő: Zacsik Annamária 
1979. IX . 19. —  Terjedelem: 10,15 (A/5) ív , 62 ábra

80.7513 A kadém iai N yom da, B udapest —  Felelős vezető:^B em át György



304
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STEREOCHEMISTRY: BASIC PRINCIPLES AND 
APPLICATIONS

Going well beyond the level of introductory textbooks, but not burdening the reader 
with details required only by the specialist, this book has been designed for those 
who wish to widen their knowledge of stereochemistry and bring it to an up-to-date 
level. The subject matter includes a modem summary of the fundamentals, static 
stereochemistry, a description of methods determining the configuration, resolution 
and dynamic stereochemistry, a thorough treatment of the main types of conforma
tional motions. Great attention is paid to problems of stereoselectivity and its role 
in concerted reactions and also in enzymic reactions. A brief treatment of the stereo
chemistry of polymers and inorganic complexes completes this concise and modem 
book.
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purpose of the operation is to enhance wanted or avoid unwanted changes 

in the material. The object of this monograph is to supply this informa

tion. The sequence of ideas is applicable to the grinding of all brittle 

materials. This book should thus be of interest to the plant- and research 

workers of many industries, covering e.g. cement, ceramics, ore and 

coal dressing, chemistry, colours, pharmaceuticals, etc. The problems 

of cement grinding and those of ball milling are explained in more 

detail. The main chapters are: granulometry, grinding kinetics, energet

ics, grindability, classification, perspectives. The problems of energy 

consumption, relative investment costs and availability are discussed for 

all sorts of equipment.
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ACTA CHIMICA

TOM 103—ВЫП 3

РЕЗЮМЕ

Новый метод определения активности форментов
Э. НОСТИЦИУС, Д. КАЛЬМАР и 3. НОСТИЦИУС

Описывается применение детектора ионизации пламени (ДИП) для измерения ак
тивности на примере уреазы. Метод уникально применим для исследования скоростей 
ферментативных реакций, сопровождаемых выделением С02. Двуокись углерода вытесня
ется из реакционной смеси с помощью Н2 и метанизируется в каталитическом реакторе. 
Концентрация образующегося метана измеряется с помощью ДИП. В стационарном со
стоянии измеряемый ток ионизации строго пропорционален скорости реакции.

Фторированные стероиды, I
3-Фтор-5,6-ненасыщенные производные

А. НЕДЕР, А. УШКЕРТ, Е. НАДЬ, Ж. МЕХЕШФАЛВИ и Й. КУСМАНН

Детально была изучена реакция обмена ОН—F 3-гидрокси-прегн-5-ен-20-она (13) 
с FAR (4). Наряду с 3 /9-фторо производными 18, эфир 15, 3,3’-эфир 17, 3 а, 5-цикло-6а- 
метоксисоединение 20, были изолированы в качестве побочных продуктов соответству
ющие ба-гидроксипроизводные 21. Распределение продуктов в зависимости от раствори
теля может быть объяснено на основе предположенного механизма реакций. Среди ра
створителей хлороформ дает наиболее высокие выходы фторированных стероидов. Были 
синтезированы также дальнейшие 4 производные 3/3-фторо-з-ен-стероида 23, 25, 27 и 29. 
Структура полученных соединений была определена с помощью ЯМР—Н1 спектроскопии.

Исследование кинетики селективного гидрирования фенола
Т. МАТЭ, Й. ПЕТРЭ, А. ТУНГЛЕР, 3. ЧЮРЁШ и К- ЛУГОШИ

Селективное гидрирование фенола до циклогексанона на палладиевом катализаторе, 
нанесенном на молекулярные сита,,-было исследовано в интервале температур 145—175°С. 
Кинетическое уравнение, дающее наилучшее совпадение с данными интегральной конвер
сии, было получено методом нелинейного определения параметров на ЭВМ. На основе ки
нетического уравнения можно полагать, что на вводной ступени селективного гидрирова
ния происходит взаимодействие водорода, адсорбированного атомно, с фенолом в газовой 
фазе (механизм типа Ридиля-Или), а затем адсорбированные атомы и молекулы взаимо
действуют на следующих ступенях (механизм Лангмюра—Хиншельвуда).

Электроно-обедненные гетероароматические аммониоамидаты, XVIII

Синтез и фотохимия некоторых iV-изохинолинио тиоамидатов
М. ЛЕМПЕРТ-ШРЕТЕР, К. ЛЕМПЕРТ, Й. ТАМАШ и К. ВЕКЕИ

Тиоацилирование изохинолиниоамида дает 2\Г-изохинолинио(тиоамидаты) 2а—2с. 
В зависимости от растворителя, 2с существует либо в смеси с его трициклическим тауто
мером 5, либо исключительно как последний. Обсуждаются спектры ЯМР и MC, а также 
фотохимия соединений 2 а -  2с. Среди фотохимических продуктов были найдены 3,7-ди-



метоксибензонитрил, 3,4-диметокси(тиобензамид), О-этил тиокарбамат, 1(2Н)-изохинолин- 
тион (7а), 1(2Я)-изохинолинон (7с) и [1, 3, 4] тиадиазоло [2, 3-а] изохинилин-4-ий-2-олат 
(8а). Обсуждаются различия между фрагментацией под действием электронного удара и 
между фотохимией тиоамидатов типа 1 и 2, а также между фотохимией тиоамидатов 2 и их 
амидатных дубликатов типа 3. Окисление [1, 3, 4] тиадиазоло [2, 3-а] изохинолин - 4-ий-2- 
тиолата (8Ь) с помощью перманганата калия дает олат 8а и 1-изохинолил тиоцианат (12).

Циклические превращения хромонов до 4-гидроксикумаринов
В. САБО, Е. БОРДА и Э. ТЭЙС

Хромой и его С3-замещенные производные (I) в водноспиртовой среде с гидроксила- 
мином дают изоксазоли II через монооксимы VI. Соединения VI и II в щелочной среде также 
превращаются в нитрилы III, которые в зависимости от замещения и концентрации гидрок- 
сидного иона, находятся в таутомерии цикл-цепь с кумаринимином IV. Соединение VI в 
кислой среде превращается в 4-гидроксикумарин (V). Таким образом удалось осуществить 
циклическое превращение хромон -<• 4-гидроксикумарин, являющееся всегда справедли
вым для хромонов, не замещенных в положении 2.

О волнах с конечной амплитудой в химически реагирующей газовой смеси
В. Д. ШАРМА и РАДЕШЬЯМ

Был исследован рост газово-динамических возмущений конечной амплитуды, встре
чающихся с волновым фронтом произвольной формы, через химически реагирующую газо
вую смесь. Обсуждается влияние термодинамических свойств на рост волны, когда среда, 
находящаяся перед волной, находится в состоянии химического равновесия или неравно
весия. Были исследованы также эффекты искривления фронта волны на возрастание и 
затухание этих волн.

Влияние фотогафических и фотометрических эффектов на 
спектрографическую оценку, VI

К. ЦИММЕР и Г. ХЕЛЬТАИ

В настоящем сообщении обсуждается эффект плотности фона на величину у  полоса
тых спектров, сравнивая различные формы кривых почернения, определенных из полосатых 
и непрерывных спектров, соответственно.

Отношение y j y u  не зависит от длины волны, но определеннозависитоттипа и условий 
эмульсии. С увеличением плотности фона величина yL+u полосатого спектра уменьшается 
подобно функции насыщеня. На основе математического описания экспериментальных 
данных было выведено уравнение для простого расчета yL+u из величин уьи у [ :. Это уравне
ние содержит лишь один параметр, зависящий от экспериментальных условий.

Влияние фотографических и фотометрических эффектов на 
спектрографическую оценку, VII

Мультиэлементарный спектрохимический метод контроля 
загрязнений — основа для оптимальности спектрографической оценки

К. ФЛОРИАН и Н. ПЛИШОВСКА

Описан спектрографический метод для оценки загрязнений, разработанный на 
основе выбранных параметров. Метод может служить для демонстрации применения опти
мальной оценки, что уже рассматривалось в более ранней работе. Были отмечены все по
мехи, которые могут быть устранены, используя оптимализированную оценку. Получен
ные результаты будут обсуждены в другой статье.
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BAEYER—VILLIGER OXIDATION 
OF 3-j3-CHLOROCHOLEST-5-EN-7-ONE

SHAFIULLAH and E . A . K h a n

( D e p a r t m e n t  o f  C h e m i s t r y ,  A l i g a r h  M u s l i m  U n i v e r s i t y ,  A l i g a r h ,  I n d i a )

R ece iv ed  M arch 8, 1979 
A ccepted  fo r p u b lic a tio n  A pril 9, 1979

O x id a tio n  of 3/?-chlorocholest-5-en-7-one (1) w ith  perb en zo ic  acid  (1 o r 2 m ole 
eq u iva len ts) in  th e  presence of p -to lu en esu lfo n ic  acid m o n o h y d ra te  as c a ta ly s t a ffo rded  
3 /?-chloro-5,6-a-oxido-5a-cholestan-7-one (2), 3/S-chloro-7a-oxa-B -hom ocholest-5-en-7- 
one (3), 3/j-chloro-5-form yl-6-oxa-5a-cholestan-7-one (4) a n d  3/?-chloro-5-oxo-5,7-seco-
6-norcholestan-7-oic acid  (5). W ith  3 m ole equ iva len ts, 1 p ro v id ed , in  ad d itio n  to  2 -5 ,
5-oxo-5,7-seco-6-norcholest-3-en-7-oic acid  (6). T he seco-acids 5 a n d  6 were co n v erted  
to  th e  m eth y l esters (7) and  (8). T h e  s tru c tu re s  of th e  co m p o u n d s h av e  been estab lished  
on th e  basis o f th e ir  sp ec tra l p ro p e rtie s , chem ical tran s fo rm a tio n s  a n d  com parison  w ith  
a u th e n tic  sam ples.

B aeyer—Y illiger o x id a tio n  o f  co n ju g a ted  s te ro id a l enones is n o te d  fo r 
th e  m u ltip lic ity  of th e  p ro d u c ts  i t  fu rn ishes. P a s t e ffo rts , p rin c ip a lly  w ith  
4-en-3-one system s, have  en lig h ten ed  th e  m ech an is tic  an d  stereochem ical 
a sp ec ts  of rea rran g em en t p h en o m en a  [1, 2]. In  co m p ariso n , l i ttle  has b een  
done on th e  p erac id  o x id a tio n  o f 5-en-7-ones. W e  i l lu s tra te  h ere  o u r ex tension  o f 
th e  above w ork  em ploying 3/S-chlorocholest-5-en-7-one (1).

T he ti t le  com pound 1 w as su b m itte d  to  perbenzo ic  acid  o x id a tio n  a t  
d iffe ren t co n cen tra tio n s using  p -to lu en esu lfo n ic  acid m o n o h y d ra te  as c a ta ly s t. 
R eac tio n  of 1 w ith  1 or 2 m ole e q u iv a le n t o f perac id  g av e  3/?-chIoro-5,6oc-oxido- 
5oc-cholestan-7-one (2), 3/3-chloro-7a-oxa-B -hom ocholest-5-en-7-one (3), 3ß- 
ch lo ro -5-form yl-6-oxa-5a-cholestan-7-one (4) and  3/?-chloro-5-oxo-5,7-seco-6- 
norcho lestan -7 -o ic  acid  (5). T re a tm e n t o f 1 w ith  3 m ole eq u iv a len ts  o f p e rac id  
gave , along w ith  2 -5 , 5-oxo-5,7-seco-6-norcholest-3-en-7-oic ac id  (6).

T he id e n tity  o f 2 w as p a r t ly  e s tab lish ed  from  its  I R  sp ec tru m  show ing  
s a tu ra te d  carb o n y l a t  1700 cm -1  (also  ev idenced b y  a tra n s p a re n t  UV spec
tru m ) an d  epoxy  g roup ing  a t  910 c m -1  [3]. T he P M R  sp e c tru m  gave a b ro a d  
m u ltip le t a t Ő 3.88 p p m  for th e  C-3 p ro to n . T he h a lf-b an d  w id th  (20 Hz) of th is  
s ig n a l w as a c lear in d ica tio n  o f its  a x ia l (a) n a tu re  and  a trans  A /В  ring  ju n c tio n  
[4], p rov id ing  th e  а -position  o f th e  epox ide  in  2. The C-6 p ro to n  appeared  as a 
s in g le t a t  d 2.91 ppm .

S u p p o rt fo r th e  oc, /? -u n sa tu ra ted  lac tones s tru c tu re  3 cam e from  th e  U V  
sp ec tru m  (<5max 238 nm ) an d  th e  IR  b a n d  a t  1685 cm -1  fo r co n ju g a ted  carbony l. 
In  th e  PM R  sp ec tru m , th e  v iny lic  p ro to n  w as seen a t  ö 5.75 p p m  and  th e  d iag 
nostic  C-8 m eth in e  p ro to n  w as o b serv ed  as a b ro ad  u n reso lv ed  signal c en tred  
a t  <5 4.1 p pm , w ith  its  end m erg ing  w ith  th e  m u ltip le t c e n tre d  a t  ö 3.8 ppm  fo r

1 Acta Chim. Acad. Sei. Hung. 103, 1980
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C8Hi7

1 2 3

5 R == H  
7 R =  СНз

6 R  =  H 
8 R =  СНз

9

th e  C-3 p ro to n . T h e  oxygen  in se rtio n  be tw een  C-7 an d  C-8 in  3 ra th e r  th a n  
C-6 and C-7 d e m o n s tra te d  th a t  th e  m ig ra to ry  ten d en cy  o f a m ore  su b s titu te d  
ca rb o n  like C-8 a lm o s t para lle ls  th a t  o f  C-6, a v iny lic  p ro to n .

The p resence o f  a fo rm yl group  a n d  lac tone  rin g  in  4 w as estab lished  b y  
th e  IR  bands a t  1750 cm -1  (ő-lactone) an d  1720 cm -1  (fo rm yl) [5] and  w as 
u p h e ld  b y  th e  P M R  signal fo r an  a ld eh y d ic  p ro to n  a t  8 9 .56 ppm  (singlet). 
T h e  con figu ra tion  (a  o r ß) of th e  C-5 fo rm y l func tion  w as decided  on th e  basis 
o f  th e  C-3 p ro to n  m u ltip le t  a t  8 4 .23 p p m  hav in g  a h a lf-b a n d  w id th  of 17 H z. 
E v id e n tly , th is  p ro to n  is axia l (a) an d  th e  A /В  ring  ju n c tio n  is trans  [4], re n d e r
in g  th e  fo rm yl g ro u p  to  assum e an  a -o rien ta tio n . A p o sitiv e  F eh ling ’s te s t  
chem ically  a sc e rta in ed  th e  presence o f  a ldehyde.

The IR  sp e c tru m  o f th e  k e to  seco-acid 5 ex h ib ited  a b ro a d  f la tte n e d  b an d  
a t  ab o u t 3200 cm - 1  fo r acid  h y d ro x y , a n d  hands a t  1720 a n d  1710 cm -1  fo r 
th e  acid an d  rin g  ca rb o n y ls . B esides th e  acid p ro to n  signal a t  8 8.15 ppm  th e  
P M R  spec trum  h a d  o th e r  signals o f in te re s t  a t  8 4.66 m  p p m  (С З-аН ; W l/i l2  H z) 
a n d  a m u ltip le t-lik e  signal sp read  b e tw een  8 3.86 an d  3.13 ppm  (C-4-H2). 
T h e  acid 5 w as co n v e rte d  in to  th e  e s te r  7  b y  d iazo m eth an e.
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T he u n s a tu ra te d  ke to  seco-acid  6 derived  from  5 u p o n  e lim in a tio n  of 
HC1, w as id en tified  b y  its  sp e c tra l fea tu re s , m .p. an d  tra n s fo rm a tio n  to  th e  
e s te r  8. B o th  6 an d  8 w ere id e n tif ie d  b y  m eans of a u th e n tic  sam ples [5, 6].

T he ex perim en ts have  p ro v e d  th a t  th e  fo rm yl d e r iv a tiv e  and  seco-acid 
a rise  b y  ac id -ca ta ly zed  rea rra n g em e n ts  o f th e  epoxy enol la c to n e  in te rm e d ia te  
an d  th a t  /?-epoxy enol lac tones le ad  to  5a-form yl d e riv a tiv e s  an d  vice versa [1]. 
T h u s  9 m ay  he ta k e n  as th e  in te rm e d ia te  in  th e  conversion  o f 1 in to  4 an d  5. 
Loss o f HC1 from  5 affo rded  6.

E xp erim en ta l

All m .p’s are uncorrected. UV spectra were determined in ethanol and IR  spectra were 
m easured in K Br on a Perkin — Elm er 621 Granting Infrared Spectrophotom eter. PMR  
spectra were run in  CDC13 on a Varian A 60 instrum ent with SiMe4 as the internal standard. 
TLC plates were coated w ith  silica gel and sprayed w ith a 20% solution  of perchloric acid. 
L ight petroleum  refers to a fraction of b .p. 60 — 80 °C. The com pounds 2 — 5 and 7 gave a pos
it iv e  B eilstein test for halogen. (PMR: s, singlet; d, doublet; m, m ultip let; hr, broad).

Perbenzoic acid oxidation of 1
(a ) W ith 1 or 2 m ole equivalents o f perbenzoic acid

To a solution of 1 (m .p. [7] 144— 145 °C; 3 g) in  chloroform (20 m l) there were added a 
freshly prepared chloroform solution of perbenzoic acid (1 mole equivalent) and a few  crystals 
of p-toluenesulfonic acid m onohydrate, and the reaction m ixture was allow ed to stand at room  
tem perature for 140 h. The solvent was th en  rem oved under reduced pressure. The residue 
was extracted  w ith ether and the ethereal solution  washed w ith  w ater, sodium  bicarbonate 
solution  (5% ) and water, and dried over anhydrous sodium  sulfate. On rem oval o f the solvent, 
the crude product (ca. 2.9 g) was chrom atographed over silica gel (70 g). (Fractions of 30 m l 
each were taken.) E lution w ith  a m ixture o f  ligh t petroleum  and ether (20 : 1) gave 2 which  
was recrystallized from ligh t petroleum  to obtain  the product (100 m g), m .p. 106 °C.

C27H430 2C1. Calcd. C 74.65; H 9.90. Found C 74.53; H  9.81% .
IR : v m ax 1700 ( C = 0 ) ,  910 (epoxy), 705 cm -1  (C—Cl).
PM R: Ő 3.88 br,m  (C-3-к H; W l/2  20 H z), 2.91s (C-6-ß H ), 1.03s (C10-CH 3), 0.63s 

(C13-CH 3), 0.90, 0.80 (rem aining m ethyls).
L ight petroleum  ether (19 : 1) elu ted  the unchanged 1; recrystallized from  light petro

leum  (200 m g), m .p. and m .m .p. 145 °C.
E lutes from light petroleum  ether (10 : 1) furnished 4, w hich w as recrystallized from  

ligh t petroleum  to give 200 m g of the product, m .p. 113 °C.
C27H430 3C1. Calcd. C 72.0; H  9.55. Found C 71.98; H  9.45% .
IR : v m ax 1750 (ő-lactone), 1720 (form yl), 755 cm -1  (C — Cl).
PM R: Ö 9.56s ( H C = 0 ) ,  4.23 hr,m  (C-3oc H ; IF1/217 Hz), 1.31s (C 10-C H 3), 0.60s (C 13- 

CH3), 0.9, 0.8 (remaining m ethyls).
E lution  w ith  light petroleum  ether (5 : 1) gave 3, (100 m g) recrystallized from light 

petroleum , m .p. 140 °C.
C27H430 2C1. Calcd. C 74.65; H  9.90. Found C 74.55; H 9.85% .
LTV: A m ax 238 nm  (e 6,820).
IR : v m ax 1685 ( C = 0 ) ,  1625 (C = C ), 830 cm - 1 (C -C l) .
PM R: <5 5.75s (C-6-H ), 4.1br (C-8-jS H ), 3.8br,m  (C-3-a H ), 1.29s (C 10-C H 3), 0.65 (C 13- 

CH3), 0 .9, 0.8 (remaining m ethyls).
L ight petroleum  ether (3 : 1) furnished the seco-acid 5 (240 m g); recrystallized from  

ligh t petroleum  ether, m .p. 170 °C.
C26H430 3C1. Calcd. C 71.23; H 9.81. F ound C 71.25; H 9.89% .
IR : v m ax 3200br (acid-O H ), 1720, 1710 (acid CO and C = 0  unassigned), 720 cm -1 

(C —Cl).
PM R: S 8.15 (acid-OH ; exchangeable w ith  deuterium ), 4.66m  (C-3-oc H ; IF1/2 12 H z), 

3 .86—3.13m  (C-4-H2), 2.75m  (C-8-/SH ), 1.1s (C10-C H 3), 0.7s (C13-CH 3), 0 .9, 0.8 (remaining 
m ethyls).
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Methyl 3h-chloro-5-oxo-5,7-seco-6-norcholestan-7-oate (7 )

An ethereal so lution  o f 5 (150 m g) was treated w ith  an excess o f  an ethereal solution  
o f  diazom ethane in  the cold  and, after 10 m in. the reaction m ixture was worked up in  the usual 
m anner. Rem oval o f the so lven t gave 7 which w as crystallized from  lig h t petroleum  to give  
th e  product (100 mg), m .p . 77 °C.

C27H450 3C1. Calcd. C 71.68; H  9.95. Found C 71.60; H  9.95% .
IR : v m ax 1730 (ester  CO), 1710 ( C = 0 ) ,  1170, 1080 ( C - O ) ,  730 cm " 1 (C -C l) .
NMR: 8 4.74m  (СЗ-а H ; 11Т/2 10 H z), 3.48s (COOCH3; the signal for C4-H2 was around  

and beneath  this signal), 2 .56m  (Cü—ß  H ). 1.0s (CIO C 1 !■>). 0.75s (О З -С Н 3), 0.91, 0.83 (rem aining 
m eth yls).
(b) R eaction of (1) w ith  2 m ole equivalents o f perbenzoic acid in a sim ilar manner also pro

v id ed  products 2 —5.

(c )  W ith 3 mole equivalents o f perbenzoic acid

The ketone 1 (13 g) on treatm ent w ith  3 m ole equivalents o f  perbenzoic acid in the m an
ner described above produced, in  addition to 2 — 5 obtained as above, com pound 6 which was 
recrystallized from ligh t petroleum  to obtain  the pure seco-acid (130 m g), m.p. and m .m .p. 
1 8 0 - 1 8 1  °C [5, 6].

PMR: 8 6.81m  (C3—H ; major J  =  10 H z), 5.91d (C 4-H ; J  =  10 H z), 1.1s (ClO-CHg), 
0.65s (C13-CH3), 0.9, 0.8 (rem aining m ethyls).

The acid 6 was identica l w ith  an authentic sam ple [5].

M ethyl 5-oxo-5,7-seco-6-norcholest-3-en-7-oate ( 8)

The seco-acid 6 (100  m g) was m ethylated  w ith  diazom etnane in  the manner described 
a b o v e  to afford the ester 8  (80 m g) as a non-crystallizable oil, which was in  all respects identical 
w ith  an authentic sam ple [6 ]. «

The authors than k  Prof. W. R a hm a n , H ead,’ D epartm ent of Chem istry, for facilities, 
Prof. M. S. Ahmad for a helpful discussion and CSIR (N ew  D elhi) for financial assistance to  
one o f us (EAK).
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R eaction of 4-m ethylcholest-4-en-3-one (1) w ith excess hydrazoic acid (B F S- 
etherate catalyst) provided 3-aza-A -hom o-4a-m etbylcholest-4a-en-4-one (2) and 3-aza- 
A -hom o-4a-m ethylcholest-4a-eno[3,4-d]tetrazole (3). Under sim ilar reaction conditions, 
4,4-dim ethylcholest-5-en-3-one (4) gave 4,4-dim ethyl-5a-cholestan-3,6-dione (5) and
4-aza-A -hom o-4a,4b-dim ethylcholest-5-eno[4,3-d]tetrazole (6). R eaction  of the 4-m ono
ethyl analogue (7) of (1) afforded 3-aza-A -bom o-4a-ethylcholest-4a-eno[3,4-d] tetrazole
(8) and its 4-aza isom er (8a), whereas the 4,4-diethylcholest-5-en-3-one (9) analogue of 
(4) furnished 4,4-diethyl-3,4-scco-4/}-azidocholest-5-en-3-nitrile (10) and 4-aza-A-hom o- 
4a,4b-diethylcholest-5-eno[4,3-d]tetrazole (11). The structures o f these com pounds 
were established on the basis o f their spectral properties. A m echanism  of the abnormal 
transform ation is suggested.

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 103 (4), pp. 333 — 337 (1980)

Stero idal te trazo les  h av e  becom e o f in te re s t in  recen t y ea rs  on accoun t 
o f  th e ir  pharm aco log ical p o ten tia litie s  [1, 2 ]. F o r th is  reason  we s ta r te d  a p ro 
gram  o f syn thesiz ing  s te ro id a l te trazo les  from  sterically  h in d e red  ketones, such  
as 4-m ethy lcho lest-4 -en-3 -one (1) an d  4 ,4-d im ethy lcho lest-5 -en-3 -one (4) an d  
th e ir  e th y l analogues 7 an d  9, re spec tive ly .

T he reac tio n  of (1) [3] w ith  an  excess o f hydrazoic  ac id , in  th e  presence 
o f  B F 3 c a ta ly s t, fu rn ish ed  3 -aza-A -hom o-4a-m ethylcholest-4a-en-4-one (2) as 
an  oil an d  3 -aza-A -hom o-4a-m ethy lcho lest-4a-eno [3 ,4 -d ]te trazo le  (3).

T he oily com pound  2 analyzed  fo r C28H 47NO in d ica tin g  th e  in sertion  o f 
o n ly  one n itro g en  a to m , w hich  was co n firm ed  b y  th e  I R  a n d  N M R  sp ec tra . 
T h e  3 -aza s tru c tu re  o f th e  la c tam  2 w as conclusively  show n b y  th e  b ro ad  signal 
a t  ö 3.6 in  its  N M R  sp ec tru m , w hich  can  be  ascribed  to  th e  C 2-H 3 p ro to n s in  
th e  v ic in ity  of th e  n itro g en  a tom . T he 3 -aza  fo rm u la tio n  o f  th e  la c tam  was 
chem ically  su p p o rted  b y  tre a tin g  th e  k e to n e  1 w ith  one m ole eq u iv a len t o f 
sod ium  azide in  su lfuric  acid ; th e  com pound  iso lated  w as s im ila r to  2 in  all 
re sp ec ts .

C om pound 3 h ad  co rrec t analysis fo r C2gI!46N 4 show ing th e  presence of 
a  te tra z o le  m o ie ty  in  th e  m olecule. Choice be tw een  s tru c tu re s  3 an d  its  isom er 
3a w as possible on  th e  basis o f th e  N M R  sp ec tru m . A m u ltip le t a t  <5 4.35 fo r 
tw o  p ro to n s  su p p o rted  th e  presence o f th e  m e th y len e  group d ire c tly  a tta c h e d  to  
th e  rin g  n itro g en  a to m  [4].

S im ilar t re a tm e n t o f 4 [3] a ffo rded  5 an d  6. C om pound 5 analysed  cor
re c tly  fo r C29H 480 2, th u s  ad d itio n  o f one oxy g en  atom  to  th e  su b s tra te  is in d i
ca ted . T he IR  sp ec tru m  o f com pound  5 h a d  a s trong  b a n d  a t  1700 cm -1
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2
R R

1 —CHs 3 —CHj

7 CHi— СНз 8 —СЙ2—СНз

R

-СНз

-CH2— CH3

(> C  = 0 )  (negative  te tra n itro m e th a n e ) . S tru c tu re  5 w as also su p p o rted  b y  th e  
N M R  spectrum  w h ich  was clean in  th e  dow nfield  reg ion  an d  did no t show  a n y  
signal for v iny lic  p ro to n s . To acco u n t for th e  fo rm a tio n  o f th e  d ik e to n e  5, 
th e  following m ech an ism  is p roposed .

Com pound 6 h a d  correct an a ly sis  for C ^ H ^N ,, w h ich  is clear ev idence 
fo r th e  presence o f  th e  te trazo le  m o ie ty  in  th e  com pound . T he 4-aza s tru c tu re
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CaH17

+

of com pound  6 is su p p o rte d  b y  th e  N M R  sp e c tru m  w hich d isp lay ed  a m u ltip le t 
cen tred  a t  ö 3.16 (— N  = C —C2— H 2) [4]. T h e  in se rtio n  o f n itro g en  betw een  
C3 an d  C4 causes considerab le  dow nfie ld  sh if t o f th e  C 4a-d im ethy l p ro tons.

C om pound 7 [3] w hen  sub jec ted  to  s im ila r reac tio n  co n d itions gave th e  
isom eric te trazo les  8 an d  8a, w hereas th e  k e to n e  9 [3] a ffo rded  th e  n itrile  10 
and  th e  te trazo le  11. T h e  fo rm ation  o f  a n itr ile  such  as 10 h as been  rep o rted  
earlie r [5]. The s tru c tu re s  of these  co m p o u n d s are co m p atib le  w ith  th e ir  
sp ec tra l d a ta  show n in  T ab le  I.

Table I

Compound I R  (v m a x ;  c m - 1 ) N M R *  <5

2 3400(NH), 1650(CONH) 
1635 ( > C = C < 3 ~

<5 3.6br (C2—H 2), 6.27s (N H , exchangeable b y  
D 20 ) ,  2.25s (C4a—CH3), 0.91 and 0.81 (re
m aining m ethyls).

3 1600 ( > C = C < ) ,  1510, 1450, 
1375 (C = N , N = N )

<5 4.35m c (2C—H2), 2.31s (C4a—СНз), 0.98 and 
0.88 (remaining m ethyls)

5 1700 ( > C = 0 ) d 2.2 m e (m ethylene protons), 0.95 and 0.85 
(rem aining m ethyls)

6 1640 ( > C = C < ) ,  1510, 1460, 
1375 (C = N , N = N )

(5 6.17 (C 6 -H ) ,  3.16 me (C2—H 2), 1.94 and 1.82 
(C4a—ß — CH3), 0.9 and 0.8 (remaining m ethyls)

S 1600 ( > C = C < ) ,  1510, 1450, 
1380 (C = N , N = N )

4.39 m e (C2—H 2), 0.95 and 0.85 (remaining 
m ethyls)

8a 1630 ( > C = C < ) ,  1530, 1450, 
1370 (C = N , N = N )

2.89 m e (C2—H ,). 0.9 and 0.8 (remaining 
m ethyls)

10 2240 ( —C = N ), 2100 ( - N , ) ,  
1630 ( > C = C < )
1635 ( > C = C < ) ,  1510, 1450, 
1380 (C = N , N = N )

5.28 me (C6—H ), 0.9 and 0.8 (remaining 
m ethyls)

11 5.89 m e (C6 — H ), 2.96 me (C2—H 2), 0.83 and 
0.8 (remaining m ethyls)

* C l0/3 and C13/S-methyls appeared betw een <5 1.22 and 0.67
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E xperim en ta l

All m .p.’s are uncorrected. IR  spectra were determ ined in  N ujol w ith  a P erkin—Elm er  
237 spectrophotom eter. NM R spectra were run in  CDC13 on a Varian A60 instrum ent w ith  
Me4Si as the internal standard. TJY spectra were obtained in  m ethanol w ith  a Beckm ann D K 2  
spectrophotom eter. TLC plates were coated w ith  silica gel. A 20%  aqueous solution o f perchloric 
acid  was used as the spraying agent. L ight petroleum  refers to a fraction of b.p. 60 — 80 °C. 
A nhydrous sodium su lfa te  was used as drying agent. NM R values are given in ppm  (s =  singlet, 
d =  doublet, t  =  tr ip let, br =  broad, m e =  m ultip let centred at).

Reaction of (1 ) w ith hydrazoic acid-BF3 etherate

(A )  A  solution of 1 (2 .0  g) in  benzene (25 m l) w as added during 5 h to a m ixture of hydrazoic  
acid  [6] in  benzene and borontrifluoride etherate (2 m l) (freshly distilled) m aintained at 0 °C. 
A fter having com plete addition, the reaction m ixture was allowed to stand at room  tem pera
ture for 3 days. Thereafter i t  was washed w ith  sodium  bicarbonate solution (5% ) and w ater  
and dried. R em oval o f th e  solvent yielded an o ily  residue (1.7 g), w hich was chrom atographed  
on  a column of silica gel (40.0 g). E lution  w ith  ligh t petroleum  ether (9 : 1) gave an oil 2 
(0 .53  g).

C28H47NO. Calcd. C 81.35; H 11.38; N  3.38. Found C 81.40; H  11.32; N  3.29% .
Further e lu tion  w ith  light petroleum  benzene (3 : 4) furnished a solid 3 w hich w as 

recrystallized from eth y l alcohol (0.78 g), m .p . 141 °C.
C28H46N4. Calcd. C 76.71; H 10.50; N  12.78. Found C 76.30; H  10.56; N  12.85% .

Reaction of (4 ) w ith  hydrazoic acid-BF3 etherate

В  ) A solution o f th e  ketone 4 (2.0 g) in  benzene (25 m l) w as treated w ith hydrazoic a c id -  
boron trifluoride as above. After the usual work-up, the residue (1.8 g) obtained was chrom a
tographed on silica gel (40.0 g). E lution w ith  ligh t petroleum  ether (16 : 1) gave the d iketone  
5 w hich was recrystallized from petrol (0.40 g); m.p. 168 °C (lit. [3] m .p. 140 —146 °C). 

C29H480 2. Calcd. C 81.30; H 11.21. Found C 81.28; H 10.98% .
Further e lu tion  w ith  light petroleum  ether (14 : 1) gave com pound 6 as a solid w hich  

w as recrystallized from  ethyl alcohol (0.83 g), m .p. 132 °C.
C29H48N4. Calcd. C 76.99; H 10.61; N  12.38. Found C 76.40; H  10.72; N  12.47% .

Reaction of (7 ) w ith  hydrazoic acid-BF3 etherate

(A )  The ketone 7  (2.0 g) was treated as above and chrom atographed. E lution w ith  petroleum  
ether-ether (7 : 1) ga v e  a solid 8, which was recrystallized from  petroleum  ether (0.43 g), 
m .p. 96 °C.

C29H48N4. Calcd. C 76.99; H 10.62; N  12.39. Found C 77.0; H  10.59; N  12.35% .
Further e lu tion  w ith  petroleum ether-ether (6 : 1) gave another solid 8a which was 

recrystallized from petroleum  ether (0.39 g), m .p. 72 °C.
C29H48N4. Calcd. C 76.99; H 10.62; N  12.39. Found C 77.12; H 10.58; N  12.36% .

Reaction of (9 ) w ith hydrazoic acid-BF3 etherate

(B )  The ketone 9  (2 .0  g) was subjected to the sam e reaction conditions and chrom atography. 
E lution  w ith petroleum  ether-ether (19 : 1) gave 10 as a pure oil (0.23 g).

C31H52N4. Calcd. C 77.5; H 10.83; N  11.66. Found C 77.5; H 10.83; N  11.66% .
Further e lu tion  w ith petroleum ether-ether (2 : 1) gave 11 as a solid, which was recrystal

lized  from ethyl alcohol (0.69 g), m.p. 135 °C.
C31H52N4. Calcd. C 77.5; H 10.83; N  11.66. Found C 77.66; H  10.80; N  11.63% .

The authors are grateful to Prof. W . R a h m a n , H ead, D epartm ent o f Chem istry, for  
providing necessary facilities, to Prof. M. S. A h m a d  for encouragem ent, and to CSIR (N ew  
D elhi) for financial assistance to one o f us (M .A.G.).

Acta Chim. Acad. Sei. Hung. 103, 1980



SHAFIULLAH, GHAFFARI: STEROIDAL TETRAZOLES 337

R E F E R E N C E S

[1] S h r o f f , A. P.: J . Med. Chem., 16, 113 (1973) and references cited therein
[2] M e c h o u l a m , R.: Isr. J. Chem., 6, 909 (1968)
[3 ] J u s t , G., R i c h a r d s o n , K e i t h , St. C.: Canad. J .  Chem., 4 2 , 4 6 4  (1 9 6 4 )
[4 ] D i M a i o , G., P e r m u t t i , V.: Tetrahedron, 2 2 , 2 0 6 3  (1 9 6 5 )
[5] S i n g h , H ., M a l h o t r a , R. K ., P a r a s h a r , У. V .: Tetrahedron Letters, 1973, 2583
[6] M o u r a l , J ., S y h o r a , K .: Coll. Czechoslov. Chem. Commun., 35, 3018 (1970)

Sh a f iu l l a h  J D e p a r tm e n t o f  C hem istry , A ligarh  M uslim
M o h a m e d  A b u z a r  G h a f f a r i  J U n iv e rs ity , A ligarh-202001, In d ia

Acta Chim. Acad. Sei. Hung. 103, 1980





A cta  Chimica Academ iae Scien tia ru m  H ungaricae, Tom us 103 ( 4 ) ,  p p . 339 — 341 (1 9 8 0 )

ELIMINATION OF PHENOLIC HYDROXYL GROUP: 
CONVERSION OF (-)-«-NARCOTOLINE INTO 

(-)-jS-HYDRASTINE
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(In stitu te  o f Organic Chem istry, Kossuth L ajos University, Debrecen, H ungary)
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Natural ( —)-a-narcotoline was converted into n arcotoline-8-( 1-phenyl-177-5- 
tetrazolyl) ether which yielded ( —)-/?-hydrastine on catalytic hydrogenation.

I n  an  earlie r p a p e r  [1] th e  e lim ina tion  o f th e  C-3 phenolic  h y d ro x y l 
g roup  o f  m orph ine  was re p o rte d . O f th e  m e th o d s know n fo r th e  e lim in a tio n  of 
p heno lic  h y d ro x y l g roups [1], th e  hydrogeno lysis o f th e  p h e n y lte tra z o ly l e th e r  
w as em ployed .

OMe OMe

(— )-«-Narcotoline (111: VS)

1 2

Hs/PtOs
3l05Pa

R =

N = /
/  \

V •CBHs

(— )-/3-Hydiastine (1 7Í: VS)

3
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In  th e  p re se n t p a p e r  th e  conversion  o f n a tu ra l  (— )-a-narco to line  (1) 
in to  (— )-/3-hydrastine (3) is discussed.

E arlier, T e i t e l  a n d  O ’B r i e n  [2] e ffec ted  sim ilar conversions in  p h th a lid e -  
isoqu ino line  a lk a lo id s . In  th e ir  m e th o d , th e  m eth y len ed io x y  g roup  of 
(— )-/3-hydrastine w as  c leaved  b y  m eans o f b o ro n  tr ich lo rid e , and  th e  p ro d u c t 
c o n ta in in g  tw o p h en o lic  h y d ro x y l groups w as co n v erted  in to  th e  b is-pheny l- 
te tra z o ly l e ther, w h ich  w as th e n  su b jec ted  to  ca ta ly tic  h y d ro g en a tio n . O n th e  
b as is  o f the  N M R , O R D  and  CD sp ec tra  o f  th e  p ro d u c t i t  w as s ta te d  t h a t  n o  
racem iza tio n  h a d  o ccu rred  during  th e  hyd rogeno lysis , a n d  th e  abso lu te  co n 
f ig u ra tio n  of th e  p ro d u c t  (1R, l ’S) w as id e n tic a l w ith  t h a t  o f  th e  s ta r tin g  m a 
te r ia l .

In  the  course o f  o u r stud ies, (—)-a -n a rco to lin e  (1) w as allowed to  r e a c t  
w ith  5 -c h lo ro -l-p h e n y l-lJ i- te tra z o le  u n d e r  th e  u su a l cond itio n s, and  th e  desired  
p h e n y l-te trazo ly l e th e r  (2) was o b ta in ed  in  a sa tis fa c to ry  y ie ld . H ydrogeno lysis  
o f  th e  e ther a t an  in i t ia l  p ressure of 3 • 105 P a  y ielded  (— )-/?-hydrastine (3). 
O n  th e  basis of p h y s ic a l d a ta  (ro ta tio n  a n d  R j  va lue) IR  and  P M R  sp ec tra  
o f  th e  p ro d u c t, i t  p ro v e d  to  be id en tica l w ith  n a tu ra l  (— )-/3-hydrastine; i ts  
m e ltin g  po in t w as h ig h e r  b y  10 °C th a n  th e  v a lu e  re p o rte d  in  th e  l ite ra tu re  [3]. 
N o  racem ization  w as observed  during  th e  reac tio n .

E x p e r im e n t a l

M.p.’s are uncorrected . The IR  spectra were recorded w ith a Perkin — Elmer 283 spectro
photom eter in K Br p e lle ts, the PMR spectra were obtained w ith  a Jeol Minimar 100 M Hz 
instrum ent in deuterochloroform . Chemical sh ifts are given in  ppm  (<5) values, using TMS 
internal standard. T he rotation  values were m easured w ith a B endix  N P L  143 D and w ith  a 
P erk in —Elmer 241 polarim éter.

!\arcotoline-8-(]-phcnyl-1 Я -5 -tetrazolyl) ether (2 )

A mixture o f ( —)-a-narcotoline (4.0 g; 10 m m oles), 5-ch loro-i-ph en yl-l/f-te trazo le  
(1 .8  g; 10 mmoles) and K 2C 0 3 (2.8 g; 20 m m oles) in  anhydrous acetone (150 ml) was refluxed  
for 24 h; the reaction m ixture was poured in to  water (150 m l) then  extracted w ith  CHC13 
( 1 x 5 0 ,  2 x 3 0  ml). T he chloroform solution w as w ashed w ith  10% NaO H  (3 X 2 0  m l), w ith  
w ater (2 X 30 ml), dried (M gS04) and evaporated to  dryness.

The solid crude product (5.4 g) was tw ice  recrystallized from  ethanol; the y ield  was 
4 .4  g (81% ), m. p. 2 0 9 - 2 1 0  °C (d.).

C28H26N A  (543 .52). Calcd. C 61.87; H  4.64; N  12.89. Found C 62.14; H 4.78; N  12.52% .
M b5 -  112° (c =  1.0; CHC13).
IR: r C =  0 1760 c m - 1.
PMR: 2.52 (3 H , s, NC H 3), 3.84 and 4.02 (6 H , 2s, 2 x O M e ), 4.21 (1 H, d, J  =  4 H z, 

C -l H ), 5.38 (1 H , d, J  =  4 H z, C-Г  H ), 5.96 (2 H , s, OCH20 ) , 6.53 (1 H , d, J  =  8 H z, C-7’ H ), 
6.99 (1 H, d, J  =  8 H z, C-6’ H), 6.61 (1 H , s, C-5 H ), 7 .5 —7.9 (5 H , m, aromatic protons).

( — )-ß-H ydrastine (3 )

A solution of th e  phenyltetrazolyl ether (2) (8.18 g; 15 m m oles) in  anhydrous ethanol 
(500 ml) was hydrogenated in the presence o f 10% Pd/C (1.6 g) at an in itial pressure of 3 • 105 Pa 
a t 80 °C for 9 h. A fter th e  absorption of hydrogen had ceased, the catalyst was filtered off
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and the solvent evaporated in vacuum . The residue was dissolved in  chloroform (200 m l), 
washed w ith  10% NaO H  (3 X 7 5  m l) and water (2 X 50 m l), dried (M gS04) and evaporated to  
dryness. A yellow  oil (6.05 g) was obtained, which solidified on rubbing w ith  anhydrous ether  
(25 ml) to give 4.1 g o f  the crude product, m. p. 140 — 142 °C. This was recrystallized from eth a
nol (19 m l) (3.8 g; 66% ), m .p. 1 4 1 - 1 4 3  °C.

C21H 21NO„ (383.39). Calcd. C 65.78; H 5.52; N  3.65. Found C 66.00; H  5.57; N  3.78% . 
[а]Ь5 -  59.9° (c =  1.0; CHCIj); lit. [4] [a ]g  - 6 1 °  (c =  0.8; CHC13).
Ш : v С =  О 1760 c m - 1.
PMR: 2.52 (3 H , s, NCH 3), 3.84 and 4.04 (6 H , 2s, 2 X OCH3), 5.86 (2 H, s, OCH20 ) ,  

3.95 (1 H , d, J  =  4 H z, C-l H ), 5.42 (1 H, d, J  =  4 H z, C -l’ H ), 6.48 (1 H, d, J  =  8 H z, 
C-7’ H), 7.04 (1 H , d, J  =  8 H z, C-6’ H ), 6.36 and 6.52 (2 H , 2s, C-8 and C-5 protons).

*
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( —)-a-Narcotine (ÍR , l ’S) (1) and ( +  )-/?-narcotirie (IS , l ’S) (4) were allow ed  
to react w ith cyanogen bromide in tetrahydrofuran-w ater or ethanol-chloroform  so lven t  
m ixture in the presence of m agnesium  oxide. The reactions of both  narcotine isom ers 
in  tetrahydrofuran-w ater solvent m ixture yielded the sam e product, ( —)-JV-cyano- 
l(S )-h y d ro x y -l,2 -seco -l’(S)-narcotine (5a). W hen ethanol-chloroform  solvent m ixture  
w as used , com pounds, 1 and 4 gave again the sam e product, which was ( —)-N -cyano- 
l(S )-e th o x y -l,2 -se e o -l’(S)-narcotine (5b). The corresponding enantiom eric narcotine  
isom ers, nam ely, (-f)-a -narcotine (IS , l ’R) (2) and ( —)-/J-narcotine (1R , UR) (3), yielded  
the enantiom eric seco com pounds (6a and 6b) under identical reaction conditions. 
R efluxing  o f the seco com pounds in  dilute hydrochloric acid resulted in  cyclization , 
thu s 5 a —5b and 6 a —6b were converted into  (+)-/?-narcotine and ( —)-/3-narcotine, 
respectively , as the m ain product.

The absolute configuration o f the seco com pounds was determ ined and an inter
pretation  of the stereochem ical course o f th e  ring cleavage and ring closure reactions is 
suggested .

In  a n  earlie r p a p e r  [1] we re p o rte d  on  th e  re a c tio n  o f (— )-a-n a rco tin e  (1) 
w ith  cy an o g en  b rom ide. T he conversion  w as effected  in  one of th e  so lv en ts  
genera lly  u sed  in  th e  v o n  B rau n  re a c tio n  [2], benzene. T he “ cy an am id e”  
form ed on  cleavage o f th e  te trah y d ro iso q u in o lin e  ring  could n o t be iso la ted  
from  th e  re a c tio n  m ix tu re  as a un ifo rm , w ell-defined  substance . R eflu x in g  o f 
th e  c ru d e  p ro d u c t w ith  d ilu te  hyd ro ch lo ric  ac id  re su lted  in  cycliza tion , a n d  
(+ )-/S -n arco tin e  (4) w as iso la ted  as th e  m ain  p ro d u c t. The reac tio n  o f (— )-/3- 
n a rco tin e  (3) and  (-|-)-/5-narcotine (4) u n d e r  id en tica l cond itions led to  th e  
s ta r tin g  n a rc o tin e  isom ers. O n th e  basis  o f  th e  ex perim en ts ca rried  o u t u p  to  
th a t  tim e , th e  /З-isom ers seem ed to  fa il in  re a c tin g  w ith  cyanogen  brom ide.

A m erican  researchers [3] w ere th e  f i r s t  to  re p o r t  th e  reac tio n  o f te r t ia ry  
am ines w ith  cyanogen  b rom ide u n d e r so lvo ly tic  cond itions. T he so lven ts p a r 
tic ip a tin g  in  th e  von  B rau n  reac tio n  w ere w a te r  an d  e th an o l. In  th e  case o f  
th e  reac tio n s  carried  o u t w ith  yoh im bine  an d  pseudoyoh im bine , ring  cleavage 
was o b serv ed  an d  th e  seco com pounds, o b ta in e d  in  h igh y ields, co n ta in ed  a 
h y d ro x y l o r e th o x y l group a tta c h e d  to  th e  ben zy l ca rbon  a to m , w hile th e  
hyd rogen  b ro m id e  fo rm ed  in  th e  re a c tio n  w as b o u n d  by  th e  alkalo id  used  in  
1 m ole excess.

T he reac tio n s w ith  yoh im bine  y ie lded  one single epim eric seco com pound  
and , on th e  basis  o f  th e  s tru c tu re  o f th e  p ro d u c ts , th e  au th o rs  concluded th a t  
th e  N - cy an o  q u a te rn a ry  sa lt in te rm e d ia te  w as su b jec ted  to  nucleophilic  a t ta c k  
b y  w a te r  o r e th an o l, an d  th e  inversion  o f c o n fig u ra tio n  to o k  place in  an  Sn2

Acta Chim. Acad. Sei. Hung. 103, 1980



3 4 4 K EREK ES, CAÁL: REACTIONS OF NARCOTINE ISOMERS

A da  Chim. Acad. Sei. Hung. 103, 1980



KEREKES, GAÁL: REACTIONS OF NARCOTINE ISOMERS 345

reac tio n . In  th e  case of p seu d o y o h im b in e , a m ix tu re  of epim eric seco com pounds 
w as iso la ted  and  th e  fo rm atio n  o f  ep im ers w as exp lained  b y  s im u ltaneous Sn I  
a n d  Sn2 reactions.

T he von  B rau n  reac tio n  e ffec ted  u n d e r  so lvoly tic  co n d itions w as exam ined  
fu r th e r  b y  R ö n s c h  [4]. In o rg an ic  bases w ere tr ie d  for b in d in g  th e  hyd ro g en  
b ro m id e  form ed in  th e  reac tio n ; o f  th e se , m agnesium  oxide p ro v ed  to  be th e  
m o st su itab le . T he a u th o r  used  o n ly  racem ic  alkalo ids in  th e  reac tions, th u s  
ste reochem ica l changes were n o t d iscussed  b y  him .

In  v iew  of th e se  recen t re su lts , we re -exam ined  th e  re a c tio n  o f th e  fo u r 
possib le  n a rco tin e  isom ers w ith  cy an o g en  b rom ide.

T he reac tions o f (— )-a -n a rco tin e  ( ÍR , l ’S) (1) and  (-f-)-/S-narcotine ( IS , 
l ’S) (4) w ith  cyanogen  brom ide in  te tra h y d ro fu ra n -w a te r  so lv en t m ix tu re  in  
th e  p resence  of m agnesium  oxide y ie ld ed  th e  sam e seco co m p o u n d , (— )-N -  
c y a n o -l(S )-h y d ro x y -l,2 -sec o -l’(S )-n a rco tin e  (5a) in  high y ie lds, in  th e  form  of 
a hom ogeneous sub stan ce . F o rm a tio n  o f th e  C -l isom eric co m p o u n d  could n o t 
be d e tec ted .

T he reac tio n  effected  in  th e  ch lo ro fo rm - e thano l so lven t m ix tu re  y ielded 
an  analogous resu lt. B o th  isom ers (1 a n d  4) w ere converted  in to  th e  sam e seco 
com pound , w hich w as (— )-lV -cy an o -l(S )-e th o x y -l,2 -seco -l’(S )-n a rco tin e  (5b), 
in  60%  yie ld . The fo rm atio n  of an  isom eric  com pound  w as n o t observed  in  th is  
re a c tio n  e ith er.

R eflux ing  of th e  seco com pounds 5a an d  5b in  d ilu te  hyd ro ch lo ric  acid 
re su lted  in  ring  closure. The m ain  p ro d u c t  iso la ted  from  th e  re a c tio n  m ix tu re  
was (-|-)-/3-narcotine (4) in  ab o u t 50 %  y ie ld . O n th e  add ition  o f (-f-)-a-narco tine
(2), th e  m o th e r liq u o r o f c ry s ta lliz a tio n  y ie lded  th e  v e ry  scarce ly  soluble
( 1 )  -a -n a rco tin e  (a-gnoscopine). T he a m o u n t o f th is  com pound in d ic a te d  th a t  
(— )-a -n a rco tin e  (1) h a d  also been  fo rm ed  d u rin g  th e  ring  c losure s tep  in  10%  
yield .

As expec ted , th e  o th e r tw o n a rc o tin e  isom ers (-(-)-a -narco tine  ( IS , l ’R )
(2) an d  (— )-/?-narcotine (1R, l ’R) (3) gave th e  p ro d u c ts  being in  enan tiom eric  
re la tio n sh ip  w ith  th e  fo rm er (5a an d  5b) seco com pounds, i.e. (-f-)-IV-cyano- 
l(R )-h y d ro x y -l,2 -se c o -l’(R )-narco tine  (6a) an d  (+ )-lV -c y a n o -l(R )-e th o x y -l,2 -  
seco-l’(R )-narco tine  (6b), resp ec tiv e ly , w as iso la ted  from  th e  so lv en t m ix tu res 
used  in  th e  reac tio n .

In  th is  case, th e  m ain  p ro d u c t o f  r in g  closure occurring  on reflu x in g  in  
d ilu te  acid  w as (— )-/3-narcotine (3), a n d  on  th e  ad d itio n  of (— )-a -n arco tin e  
th e  m o th e r  liq u o r y ie lded  a-gnoscopine, th u s  (- |-)-a -narco tine  (2) h a d  also been 
fo rm ed  in  th e  reac tion .

In  th e  seco com pounds 5a an d  6 a , th e  re la tiv e  co n fig u ra tio n  o f th e  C -l 
a to m  re la te d  to  th e  C - l’ ch ira l c e n tre , as well as its  abso lu te  co n fig u ra tio n  
(since th is  cen tre  rem ains u nchanged  d u rin g  th e  reac tio n , th ere fo re  its  abso lu te  
c o n fig u ra tio n  is know n), w ere d e te rm in ed  on  th e  basis of th e  P M R  sp ec tra .
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In  th e  P M R  spec trum  o f (— )-a -n a rco tin e  (1) th e  coup ling  c o n s ta n t o f  
th e  H - l  and  H - l ’ p ro to n s is low ( J t r  =  4 H z), and  th e  chem ical sh ifts o f th e  
H -6 ’ and  H -7 ’ a ro m a tic  p ro tons (6.99 an d  6.09 ppm ) in d ica te  th a t  th e  H -7 ’ 
a ro m a tic  p ro to n  in  ring  D falls in to  th e  sh ie ld ing  region o f rin g  A ; on th e  basis  
o f  th ese  co n sid e ra tio n s, th e  m ost p ro b ab le  co n fig u ra tio n  o f th e  com pound  is 
th e  follow ing [5, 6 ]:

(1) (1)

In  th e  P M R  sp ec tru m  of th e  seco com pound  5a, th e  coup ling  c o n s ta n t 
o f  th e  H - l  an d  H - l ’ p ro to n s is J 11, = 8  H z, in d ica tin g  th e  p resence  o f p ro to n s  
o f  a n tip e r ip la n a r  p o sitio n ; th e  chem ical sh ifts  o f th e  H -6’ a n d  H -7 ’ p ro to n s  
(7.02 an d  6.20 pp m ) also show  th a t  H -7 ’ o f  r in g  D is w ith in  th e  sh ie ld ing  reg ion  
o f  rin g  A. O f th e  six  possible s taggered  con fo rm atio n s o f th e  seco com pounds 
t h a t  can  be d eriv ed  from  (— )-a-n arco tin e  b y  re te n tio n  or in v e rs io n  o f th e  con
f ig u ra tio n  o f th e  C -l ca rbon  a tom , th e se  sp e c tra l d a ta  are  o n ly  in  accordance  
w ith  th e  B1 co n fo rm atio n , th u s  th is  seem s to  be th e  m ost p o p u la te d  one.

In  view  o f th e se  fac ts  i t  can  be  s ta te d  t h a t  d u ring  th e  r in g  cleavage o f 
th e  a-isom ers in v ers io n  of th e  co n fig u ra tio n  a t  C -l tak es  p lace.

T he s tag g ered  conform ations o f  th e  seco com pound 5a in  th e  case o f  
re te n tio n  are  as follow s:

H,.

A I  A 2 A 3

T he s tag g ered  conform ations o f th e  seco com pound 5a in  th e  case o f 
in v e rsio n  are:
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T he spec tro scop ic  d e te rm in a tio n  o f  th e  co n fig u ra tio n  o f (— )-lV-cyano- 
l(S )-h y d ro x y -l,2 -se c o -l’(S )-narco tine, p re p a re d  from  (— )-a -n a rco tin e , is also 
su p p o rte d  b y  th e  X - ra y  d iffrac tion  an a ly sis  of th e  co m p o u n d  [7].

S im ilar co n sid e ra tio n s  hold for th e  co n firm a tio n  o f  th e  co n fig u ra tio n  of 
th e  seco com pound 6a.

A ccording to  th e  PM R  sp ec tra l d a ta  o f ( ~ )-/3 -narco tine, th e  H - l  an d  
H - l ’ p ro tons are  in  th e  sam e p o sitio n  as in  (— )-a -n a rco tin e  = 4  H z),
y e t  th e  resonance s ig n a ls  of th e  H -6’ a n d  H -7 ’ p ro to n s  a p p e a r a t  n ea rly  id e n ti
ca l fie ld  s tren g th s  (6 .96 an d  7.18 p p m ), as in  th is  case th e  p ro to n s o f rin g  D are  
o u ts id e  th e  sh ie ld ing  reg ion  of rin g  A . T he m ost p ro b ab le  c o n fig u ra tio n  o f 
(— )-/?-narcotine (3) is th e  following:

(3 ) (3)

The PM R  sp e c tru m  of th e  seco com pound  6a is e n tire ly  id en tica l w ith  th e  
sp ec tru m  of co m p o u n d  5a (J h l. = 8  H z; H -6’ 7 .02; H -7 ’ 6.2 ppm ), th u s  A2 
is th e  m ost p ro b a b le  one of th e  s ix  possib le  s tag g e red  con fo rm ations o f  th e  
seco com pounds t h a t  can  be d eriv ed  from  (— )-/?-narcotine th ro u g h  re te n tio n  
o r inversion.

C onsequen tly , th e  ring  cleavage o f th e  /1-isomers involves th e  re te n tio n  
o f  th e  C -l c o n fig u ra tio n .

The s tag g e red  conform ations o f th e  seco co m p o u n d  6a in  th e  case o f 
re te n tio n  are th e  fo llow ing:
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A 1 A  2 A 3

T he staggered  co n fo rm atio n s o f th e  seco com p o u n d  6a in  th e  case o f in 
version  are:

OH OH OH

В ] В 2 В 3

T he above conclusions are in  accordance w ith  th e  ex p erim en ta l o b se rv a 
tio n  th a t  (— )-a- a n d  (-j-)-ß -narco tine , as well as (— )-/?- a n d  ( - f  )-a -narco tine  
yield  enan tiom eric  seco com pounds (5a and  6a, resp ec tiv e ly ).

In  th e  know ledge o f th e  ab so lu te  co n figu ra tion  o f  th e  seco com pounds, 
th e  follow ing s ta te m e n ts  can  be m ade as regards th e  ste reochem ica l course o f 
th e  reac tio n .

In  th e  case o f a -n a rco tin e  (erythro) isom ers, th e  iV -cyanoam m onium  sa lt 
[8] fo rm ed  p rim arily  is a tta c k e d  b y  th e  nucleophilic  w a te r  or alcohol on th e  
side opposite  to  th e  C -l-N  bond , an d  an  Sn2 reac tio n  occurs w ith  th e  in version  
of con figu ra tion .

In  th e  case o f  Д-n a rco tin e  (threo) isom ers, a re a c tio n  o f Sn I ty p e  is a s 
sum ed, w hich  resu lts  in  re te n tio n , in s te a d  o f racem izatio n , because  th e  carb en iu m  
ca tio n  fo rm ed  on fiss io n , o f th e  C -l-N  bo n d  is p ro b ab ly  sh ie lded  by  th e  oxygen  
a to m  o f th e  lac tone  r in g  from  th e  side opposite  to  th e  a t ta c k  o f th e  nucleophilic  
agen t.

T he c ritica l im p o rta n c e  o f th e  p resence of th e  lac to n e  r in g  is also s u p p o r t
ed b y  th e  ex p erim en ta l o b se rv a tio n  th a t  th e  ring  cleavage o f 1 (R)-(— )-laudano- 
sine an d  l(S )-(-f-)-laudanosine  [9] w ith  cyanogen  b ro m id e  in  te tra h y d ro fu ra n — 
w a te r so lven t m ix tu re  w as accom pan ied  by  com plete racem iza tio n . T he p ro d 
u c t  o b ta in ed  from  b o th  isom ers w as id en tica l w ith  th e  seco com pound  p rep a red  
from  (ib )-lau d an o sin e  b y  R ö n s c h  [4].
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D urin g  th e  rin g  c losure  s tep , i t  is p ro b a b ly  th e  n o n -p ro to n a te d  form  of 
th e  seco n d ary  am ine, fo rm ed  on acid  h y d ro ly sis  th a t  effects an  in te rn a l nucleo
p h ilic  a t ta c k  (SnÍ) on  th e  C -l ca rb o n  a to m  o f ben zy l ty p e , w h ich  is supposedly  
a lso  a ffec ted  b y  a co m p lex  n e ig h b o u rin g  g roup  p a r tic ip a tio n  (ch ira l cen tre, 
e lec tro n ic  in te ra c tio n ), a n d  th e  re a c tio n  a t  th e  C -l ca rbon  a to m  ta k e s  place 
m a in ly  w ith  re te n tio n  o f  th e  co n fig u ra tio n  (fo rm ation  o f /З-isom ers o f th reo  

r e la t iv e  con fig u ra tio n ), a n d  inversion  occurs to  a lim ited  e x te n t o n ly  (form ation  
o f  a-isom ers of e r y th r o  re la tiv e  co n fig u ra tio n ).

Experim ental

M .p.’s are uncorrected. The IR  spectra were recorded w ith a U nicam  SP  200 instrum ent 
in  K B r pellets, the PM R  spectra were obtained w ith  a Jeol Minimar 100 M Hz apparatus in  
deuterochloroform . The chem ical shifts are given in  ppm  (<5) related to TMS internal standard. 
T he rotation  values were m easured w ith a B endix  N P L  143 D polariméter.

( — )-lV -C y a n o -l(S )-h y d ro x y -l,2 -seco -l’(S)-narcotine

(а) From  ( — )-a.-narcotine

( —)-a-Narcotine (1) (20.65 g; 50 m m oles) was dissolved in  a m ixture o f T H F  (215 ml) 
and w ater (85 ml), then  MgO (2.5 g), and cyanogen bromide (6.3 g; 60 m m oles) were added. 
T he reaction m ixture w as allow ed to stand at room  tem perature for 4 h  w ith  occasional shaking. 
T he inorganic substance w as then  filtered off, washed w ith  some water, and T H F  was removed 
in  vacuum . The oily product solidified on standing; it  was filtered off, w ashed w ith  water and 
dried . The crude product (22.3 g) was crystallized from  ethanol (180 m l) to  y ield  20.15 g (88% ) 
o f  5a , m. p. 154—156 °C.

€ 23H ,,N ,0o (456.44). Calcd. C 60.52; H 5.30; N  6.14. Found C 61.04; H 5.35; N  6.26% .
[ot]fe° —56° (c =  0.5; CHC13).
IR : v C = N  2220, v OH 3380 cm " 1.
PMR: 2.76 (3 H , s, N C H 3), 3 .85 ,4 .01  and 4.07 (9 H , 3s, 3 X  OCH3), 4.92 (1 H , d, J  =  8 H z, 

C -l H ), 5.86 (1 H, d, J  =  8 H z, C -l’ H ), 5.98 (2 H , s, OCH20 ) , 6.20 (1 H , d, J  =  8 H z, C-7’ H), 
7.02 (1 H , d, J  =  8 H z, C-6’ H ), 6.47 (1 H , s, C-5 H).

(б) From (-j-)-/S-narcotine

A  solution of ( +  )-/S-narcotine (4) (4.13 g; 10 m m oles) in a m ixture o f T H F  (43 ml) and 
w ater  (17 ml) was allow ed to react w ith  cyanogen bromide (1.26 g; 12 m m oles) in the presence 
o f  MgO (0.5 g) as described above.

The crude product (4 .3  g) was crystallized from  ethanol (35 m l) to y ield  3.75 g (82% ) 
o f  the product, m. p. 154 — 156 °C; no m .p. depression was observed in  adm ixture w ith  the seco 
com pound prepared from  ( — )-a-narcotine.

[а]Ь5 -  53° (e =  0,5; CHC13).
IR : v C = N  2222, v OH 3381 c m - 1.

(+ )-lV -C y a n o -l(R )-h y d ro x y -l ,2 -seco -l’(R )-narcotine

(a) From (-{-)-a-narcotine

A solution of (-|-)-a-narcotine (2) (1.03 g; 2.5 mmoles) in  a m ixture o f T H F  (11 ml) 
and water (4 ml) was a llow ed to react w ith  cyanogen bromide (0.32 g; 3 m m oles) in  the presence 
o f  MgO (0.12 g) at room  tem perature for 4 h.

The crude product (1.05 g) was crystallized from ethanol (9 m l) to  yield 0.9 g (79% ) 
o f  6a, m.p. 157 —158 °C.

C23H21N A  (456.44). Calcd. C 60.52; H 5.30; N  6.14. Found C 60.37; H  5.34; N 6.15% .
[а]Ь6 +  52° (c =  0.5; CHC13).
IR: v C = N  2220, v OH 3378 c m - 1.
The PMR spectral data were com pletely identical w ith those o f 5a.
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(b) From  ( —yß-narcotine

( —)-/j-narcotine (3) [10] (4.13 g; 10 m m oles) was allowed to react as described above. 
The crude product (4.05 g) w as crystallized from  ethanol (35 m l) to obtain 3.65 g (80% ) 

of the product, m .p. 156 — 157 °C; no m ixed m elting point depression was observed w ith  the  
seco com pound prepared from ( +  )-a-narcotine.

[a ]o  +  56° (c =  0.5; CHC13).
IR : v C = N  2222, v OH 3380 c m ' 1.

Cyclization o f the 5a seco compound [ ( ; - ) - /; -  and ( — )-a-narcotine]

A m ixture of 5a (2.3 g; 5 m m oles) and 6%  hydrochloric acid (70 m l) was refluxed for 
8 h. After cooling, the m ixture was m ade alkaline w ith  cone. N H 4O H , the precipitate w as f i l 
tered off, washed w ith  water and dried.

The crude product (1.9 g) was recrystallized three tim es from  ethanol to obtain 1.0 g 
(48% ) o f (-t-)-jS-narcotine, m. p. 176 —177 °C; [а]Ь6 +  92° (c =  0.5; CHC13).

The alcoholic m other liquors were evaporated to about 12 m l, then  a solution of (-j-)-a- 
narcotine (0.5 g) dissolved in hot ethanol (11 m l) was added. W hite needles separated (0 .6  g, 
m .p. 220 — 223 °C). The product was crystallized from  a m ixture o f chloroform (4 ml) and e th a 
nol (20 m l) to y ield  0.48 g, m. p. 228 — 229 °C of ( +  )-a-narcotine (а -gnoscopine). N o m . p. 
depression was observed w ith  authentic а -gnoscopine. The quantity  o f the product corresponds 
to 11.5%  o f ( —)-a-narcotine.

Cyclization o f the 6a seco compound [ ( — )-/?- and (-f-)-a-narcotine]

Compound 6a (2.3 g; 5 m m oles) and 6%  hydrochloric acid (70 m l) were refluxed for  
8 h. The crude product (1.95 g) obtained from  the reaction m ixture was recrystallized three  
tim es from  ethanol to  obtain 1.05 g (51% ) o f ( — )-/?-narcotine, m. p. 176 — 177 °C; [<x]j} — 82° 
(c =  0.5; CHC13).

The alcoholic m other liquors were treated as described above; thus (rt)-oc-narcotine 
(m .p . 230 — 231 °C) was isolated on the addition o f ( —)-a-narcotine (0.5 g). The y ield  (0 .4  g) 
corresponds to 10% of (+ )-a-n arcotin e.

( — )-]V -C yan o-l(S )-eth oxy-l,2 -seco -l’(S )-narcotm e (5b )

(a) F rom  ( —)-a -narcotine

( —)-a-narcotine (1) (4.13 g; 10 m m oles) was disolved in  a m ixture o f anhydrous ethanol 
(10 ml) and dry chloroform (30 ml), then MgO (0.5 g) and cyanogen brom ide (1.26 g; 12 m m oles) 
were added to the solution. The reaction m ixture was allowed to stand at room tem perature  
for 24 h, w ith  occasional shaking. The inorganic m aterial was rem oved b y  filtration and th e  
solvent evaporated in  vacuum . The residue was tw ice recrystallized from  m ethanol, to  g ive  
3.05 g (63% ) o f 5b, m. p. 129 — 132 °C.

C36H28N20 8 (484.49). Calcd. C 61.97; H  5.82; N  5.78. Found C 62.31; H  5.80; N  5.95% .
[а]Ь6 -  40° (c =  1.0; CHC13).
IR : v C = N  2219 c m - 1.
PM R: 1.16 (3 H , t, С Н з-С Н 2- 0 ) ,  3.55 (2 H , q, C H j - C J L - O ) ,  2.80 (3 H, s, N C H 3), 

3.78, 3.88 and 4.07 (9 H , 3s, 3 X OCH3), 4.76 (1 H , d, J  =  8 H z, C-l H ), 5.81 (1 H, d, J  =  8 H z, 
C-Г  H ), 6.02 (2 H , s, OCH20 ) ,  6.13 (1 H, d, J  =  8 H z, C-7’ H ), 7.08 (1 H , d, J  =  8 Hz, C-6’ H ), 
6.47 (1 H , s, C-5 H).

(6) From  (-{-)-ß-narcotine

(+)-/S-narcotine (4) (2.06 g; 5 m m oles) was allowed to react in  the above m anner; 
the crude product was tw ice recrystallized from m ethanol to yield 1.3 g (54% ) of the product, 
m. p. 128 — 131°C; no m. p. depression was observed in adm ixture w ith  the seco com pound  
prepared from  ( —)-a-narcotine.

[а]Ь6 -  40° (c =  1.0; CHC13).
IR : v C = N  2220 c m - 1.
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(+ )-N -C y a n o - l(R )-e th o x y - l,2 -s e c o - l’(.R)-narcotine (6b )

(а) From  (-\-)-a.-narcotine

(-f-)-ot-narcotine (2) (0.82 g; 2 m moles) w as allow ed to react in  the above manner, and 
th e  crude product was tw ice  recrystallized from  m ethanol to obtain 0.56 g (58% ) of 6b, m. p. 
129 — 131 °C.

C26H28N20 8 (484.49). Calcd. C 61.97; H  5.82; N  5.78. Found C 62.00; H  5.84; N  5.88% .
[a ft6 +  39.5° (c =  1.0; CHC13).
IR : v C = N  2220 c m - 1.

(б) From  ( —)-/3-narcotine

The product obta ined  from ( —)-/3-narcotine (3) (2.06 g; 5 m m oles) was tw ice recrystal
lized  from  methanol. Y ield  1.41 g (59% ), m. p. 129— 132 °C, no m ixed m elting point depression 
w as observed w ith the seco compound prepared from  (-f-)-a-narcotine.

[a]oG +  38.5° (c =  1.0; CHC13).
IR : v C = N  2203 c m - 1.

Cyclization of the seco com pound 5b [(+ )-/3-narcotine]

A mixture of 5b (4 .84  g; 10 mmoles) and 6%  hydrochloric acid (145 m l) was refluxed  
for 8 h. The product obta ined  on processing the reaction m ixture was recrystallized from etha
nol three tim es, to y ield 2.05 g (50% ) of ( +  )-/S-narcotine, m. p. 175 —176 °C; no m. p. depression  
w as observed with an auth en tic  sample.

Cyclization of the seco com pound 6b [ (— )-/i-narco!inc|

A  mixture of 6b (2 .42  g; 5 mmoles) and 6%  hydrochloric acid (70 m l) was refluxed for 
8 h. The product obtained on processing the reaction  m ixture was recrystallized from ethanol 
three tim es. The yield w as 0.95 g (46%), m. p. 174 — 175 °C; no m ixed m elting point depression  
w as observed w ith ( —)-/S-narcotine.

The alcoholic m other liquor was concentrated to about 10 ml, then  a solution of ( —)-a- 
narcotine (0.5 g) in  h ot ethanol (10 ml) was added to  it. The crystalline substance which sep
arated  was recrystallized from  a mixture of chloroform  and ethanol to obtain 0.4 g o f ( ± ) - a -  
narcotine, m. p. 228 — 229 °C. The yield corresponds to 10% of (-f)-a -narcotine.

(-• )  - IV-Cyano-1-hy droxy-1 ,2 -seco-laudanosine

(а) A solution of l(R )-( —)-laudanosine [9] (0.9 g; 2.5 m m oles) in a m ixture of T H F  
(50 m l) and water (20 m l) was mixed w ith cyanogen bromide (0.32 g) in  the presence of MgO 
(0 .12  g), and stirred for 1.5 h. The crude product (0.88 g, m. p. 108 —110 °C) was crystallized  
from  a m ixture of T H F  and ether, to obtain 0.6 g o f the product, m. p. 109 — 111 °C, which  
gave  no m elting poin t depression in adm ixture w ith  the seco com pound prepared from ( i ) -  
laudanosine [4].

(б) The data o f  th e  product obtained from  l(S )-(+ )-]au d an osin e  (0.9 g; 2.5 m m oles) 
after purification were: 0 .6  g, m. p. 109 — 111 °C.

*
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A com puter program, SP E F -3, o f low  m em ory requirem ents and of short running  
tim e, has been elaborated for the evaluation of equilibria o f the type: g M - f - p L - f -  
-|- г H+  M?L p(H +)r from spectrophotom etric m easurem ents (r and/or q m ay be equal 
to zero). The program calculates the optim al values and probable errors of form ation  
constants and m olar extinction  coefficients o f the species giving the best f it  w ith  th e  
m easured absorbancies. The calculation of the values o f the param eters is made according  
to the G a u s s  m ethod by a least squares procedure from  the experim ental data: Т од , 
T L, [H +] and A .  The best convergence was found b y  num erical differentiation w ith  
respect to the log ß  values.

The program , w ritten in ASA FO R TRAN language, m ay be used in the case o f  
the form ation o f as m any as 9 com plex species, for the sim ultaneous treatm ent o f  
m easurem ents m ade at a m axim um  of 3 wavelengths and for the refinem ent o f 2 — 5 
param eters in one refining cycle. The program can easily be extended  and portions can  
be used for the evaluation of other types o f com plex equilibria.

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 103 (4), pp. 355 — 363 (1980)

S p e c tro p h o to m e try  is a m eth o d  freq u en tly  used  fo r th e  s tu d y  of com plex  
eq u ilib ria . F o r th e  ca lcu la tio n  of th e  fo rm atio n  co n s ta n ts  an d  m olar ex tin c tio n  
coeffic ien ts , an d  som etim es also th e  com positions of th e  species form ed in  a 
s tu d ied  sy stem , m an y  num erica l an d  g raph ica l m ethods [1, 2] have  been e lab 
o ra ted . H ow ever, th e se  m ethods m ake possible on ly  th e  ev a lu a tio n  of sim pler 
sy stem s, w hich  re s tr ic ts  th e  a p p licab ility  o f th is  e x p e rim e n ta l m ethod . F o r  
th e  ev a lu a tio n  o f m ore  com plica ted  system s c o n ta in in g  severa l mono- an d  
p o ly n u c lear, as w ell as m ixed  lig an d  com plexes, only  co m p u te rized  p rocedures 
are  app licab le . M ost o f th e  co m p u te r p rogram s pu b lish ed  u p  to  th is  tim e  [3 — 
12] can  be u sed  o n ly  fo r th e  ca lcu la tio n  o f sim p ler sy stem s, h u t  some of th e m  
can  he used  in  th e  case of th e  fo rm a tio n  of m ore th a n  tw o  com plexes, e ith e r  
a fte r  im p ro v em en t [8, 9] o r i f  th e  ex p erim en ta l cond itions a re  favorab le  [11]. 
T he m ost effec tive  p ro g ram s so fa r  are  th e  L E T A G R O P -S P E F O  [13, 14], its  
im p ro v ed  vers io n  [15], an d  th e  SQ U A D  pro g ram  [16], w h ich  is based  on th e  
p rincip le  of th e  SCOGS p ro g ram  [17].

T he p re se n t p a p e r  deals w ith  th e  S P E F -3*  p ro g ram  an d  rep o rts  on th e  
resu lts  o f ou r ex p e rim en ts  to  s tu d y  its  a p p licab ility  an d  o p era tin g  fea tu res .

* The program, w ith  the necessary inform ation, is available upon request.
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T h is  p rogram  is an  im p ro v ed  version  o f  th e  p rev iously  p u b lish ed  [18] and  
successfu lly  em ployed  [19—21] S P E F C A  p ro g ram , w hich  can  also be used  in  
cases of several m ono- an d  po ly n u c lear species.

Problems to be evaluated and the principle of evaluation

In  th e  case o f  sp ec tro p h o to m e tric  m easu rem en ts , 3 ty p e s  o f problem s 
o ccu r m ost often:

1. The p ro to n a tio n  ( + r )  or d e p ro to n a tio n  ( —r) o f th e  ligand (s):

r H +  + P L  —  (H  + )rLp (1)

2. O nly th e  m e ta l ions and  lig an d s  fo rm  com plexes:

q M +  p  L  M9Lp (2)

3. P ro to n a te d  (d ep ro to n a ted ) m e ta l com plexes are  fo rm ed :

q M + p  L  +  г H +  ^  M ,L p(H + )f ( = c y) (3>

T h e  equ ilib rium  c o n s ta n t o f th is  la s t p rocess is as follows:

=  [Mg L p(H +)r]

rqp [M ]" [L ]P [H + ]r ( '

W ith  om ission of th e  re a c ta n ts  ab se n t from  th e  process, E q . (4) is v a lid  fo r  
a ll th e  th ree  p rocesses an d  is used in  th e  p rogram .

A ssum ing th e  v a lid ity  of B eer’s law , fo r th e  a b so rb a n c y  reduced  to  1 cm 
la y e r  th ickness o f an  equ ilib rium  sy s te m  con ta in ing  N  com plex  species we 
m a y  w rite :

A m =  £M[M] +  £l [L] +  2  £ j c i  =  £m [M] +  sl [L] + 2  (,Зу£,[м № П Н  + Г )у-
j= i j = 1

( 5 )

In  sp ec tro p h o to m etric  m easu rem en ts  th e  follow ing ex p e rim en ta l d a ta  
a re  availab le: th e  to ta l  ligand  and  th e  to ta l  m eta l ion  co n c e n tra tio n s  ( T l and 
T m), th e  m easu red  absorbancies ( A m) o f  th e  reactions m ix tu re s , and , if  th e  
chem ical process is pP I-dependen t, th e  free hydrogen  ion  co n cen tra tio n s . T he 
a im  of th e  ca lcu la tio n s is to  o b ta in  fro m  th ese  d a ta  th e  v a lu e  o f th e  fo rm atio n  
c o n s ta n t and  m o la r ex tin c tio n  coeffic ien t o f each com plex fo rm ed  and , if  th e  
com positions of th e  com plexes a re  u n k n o w n , these  to o . W ith  th e  S P E F -3
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p ro g ram  the  o p tim a l va lues of th e  p a ra m e te rs  can  be c a lcu la ted  th a t  give th e  
sm a lle s t dev ia tion  b e tw een  th e  m easu red  (A m) an d  ca lc u la ted  (^4calc) ab so rb an 
cies in  th e  least sq u a re s  sense:

e x p ts

U —  ^  ( Л т,1 —  ^ c a lc ,/ )2 - (6 )

In s te a d  of U i t  is m o re  ad v an tag eo u s to  ca lcu la te  an d  use fo r th e  m easure  of 
th e  f i t  th e  s ta n d a rd  d ev ia tio n , a(A ),  because  th is  q u a n t i ty  h as  to  be as large 
as th e  errors e s tim a te d  a fte r  th e  e x p e rim e n ta l con d itio n s an d  th e  rep ro d u c i
b il i ty  o f m easu rem en ts.

T he course o f th e  ca lcu lation  in  th e  p ro g ram  is as follow s: f ir s t , th e  n u m 
b er o f com plexes (N ) an d  th e ir  com positions (rqp  co m b in a tio n s), as well as 
th e ir  ß- and  e-values, a re  assum ed. T h e n  co rrec tion  v a lu es  are ca lcu la ted  fo r 
th e  p a ram ete rs  ß  a n d  e, an d  th e  in it ia l  va lues are  co rrec ted . F in a lly , th e  e x te n t 
of th e  f i t  is checked a n d , i f  i t  is n o t sa tis fa c to ry  or ap p ea rs  to  be  im p ro v ab le , 
th e  re fin em en t cycle is rep ea ted , ta k in g  th e  co rrec ted  p a ra m e te r  values as in itia l 
ones. T h is process ca n  be  rep ea ted  se v e ra l tim es u n til  th e re  is no  fu r th e r  signif
ic a n t  change in th e  p a ra m e te r  va lues in  th e  course o f su b se q u e n t re fin em en ts .

Calculation of the optim al values of parameters

In  a m a th e m a tic a l sense th e  p ro b lem  to  be solved is th e  ca lcu la tio n  of th e  
p a ra m e te rs  of th e  fu n c tio n  of ty p e  y i =  f(yx, y2, . . . y m; x ß ,  w h ich  give th e  
m in im um  error sq u a re  sum  (I/) o f th e  m easu red  (y,) an d  ca lcu la ted  (yCalc,i) 
in ten s itie s . F o r th e  m in im iza tio n  of su ch  a fu n c tio n  th e  G a u s s  m eth o d  [22, 23] 
is follow ed. B y th is  m e th o d  the  e lem en ts  of th e  v e c to r  h co rrec tin g  th e  in itia l 
va lu es  o f p a ram ete rs  c a n  be ca lcu la ted  b y  th e  fo llow ing e q u a tio n :

i T T  1h  =  (GT W G ) - 1 GT W d (7)

In  E q . (7) W  is th e  w eig h tin g  m a tr ix , W  =  d iag  (nq, w2, w 3, . . . ivn), d is 
th e  d ev ia tio n  v ec to r th e  elem ents o f w h ich  are th e  d ifferences betw een  th e  
m easu red  in tensities (y,-) an d  those c a lc u la ted  (y°) from  th e  in itia l values o f  
th e  p a ram ete rs . The m a tr ix  G consists o f  th e  e lem ents g tj =  d f j d y j . T he errors 
in  th e  p a ram ete rs  [o(y; )] can  be ca lc u la ted  from  th e  d iag o n a l e lem ents (g'ß ) 
o f (G rG )_1 as follows:

(re an d  P  are  the  n u m b e r o f  ex p erim en ta l p o in ts  an d  p a ra m e te rs , resp ec tiv e ly ).
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I t  can be seen t h a t  for th e  ca lcu la tio n  of th e  co rrec tio n  v ec to r  acco rd ing  
to  E q . (7), only th e  c a lcu la tio n  o f th e  e lem en ts o f d an d  G is necessary . T he ele
m e n ts  of th e  m a tr ix  G can  be o b ta in e d  b y  n u m erica l or a n a ly tic a l d iffe ren tia 
tio n . The sim plest fo rm u la  for th e  fo rm er is g,j =  (y° — y'jj)IAtj, w here у'ц 
m ean s th e  in te n s ity  ca lcu la ted  b y  in c reasin g  th e  jf-th p a ra m e te r  b y  th e  in c re 
m e n t Atj. For sp e c tro p h o to m e tric  m easu rem en ts  th e  fu n c tio n  is o f th e  ty p e  

A t =  f(ß, e, T m, T l , [H  + ]) and  th e  a n a ly tic a l d iffe re n tia tio n  o f E q . (5) w ith  
re sp e c t to  th e  /Ts y ie ld s :

8 i j  —
dAj

dßj
(9a)

O n th e  o ther h a n d , m ak in g  th e  d iffe re n tia tio n  w ith  re sp ec t to  th e  e’s, one 
g e ts :

8 i j  —
d A t
dsj

(9b)

I t  can  he seen t h a t  i f  th e  co n cen tra tio n s  o f th e  species are  c a lc u la ted , th e n  th e  
m a tr ix  G can easily  be  b u ilt up . A  fu r th e r  im p o r ta n t fe a tu re  o f fo rm u la  (9b) 
is th a t  i t  is v a lid  fo r  th e  free species [M] an d  [L] to o , an d  i f  th e y  are  ta k e n  as 
th e  ( N  -f- l ) - th  a n d  ( N  -)- 2 )-th  species, th e ir  m olar e x tin c tio n  coeffic ien ts w ill 
a lso  be refinab le  p a ra m e te rs .

Description o f the program

The S P E F -3  p ro g ram  can  be  u sed  in  its  p re se n t fo rm  i f  a m ax im u m  o f  
n in e  com plexes a re  fo rm ed , an d  fo r  s im u ltaneous c a lcu la tio n  o f th re e  w a v e 
le n g th  d a ta  red u ced  to  1 cm la y e r  th ick n ess . T he e x p e rim e n ta l p o in ts  are n o t  
w eigh ted . The p ro g ra m  calcu la tes th e  values o f fo rm a tio n  c o n s ta n ts  an d  m o la r  
ex tin c tio n  coeffic ien ts  of th e  species, as well as th e  e rro rs  in  th e se  p a ra m e te rs . 
I n  th e  p rog ram  th e  m olar e x tin c tio n  coefficients o f th e  r e a c ta n ts  are  d e a lt  
w ith  as unknow n p a ra m e te rs .

The m ain  p a r t  o f th e  p ro g ram  w ritte n  fo r th e  re f in e m e n t of p a ra m e te rs  
(F ig . 1) has been  co n s tru c te d  as a u n i t  w hich  can be u sed  fo r th e  ca lcu la tio n  
o f  th e  co rrec tion  v e c to r  e lem ents a n d  o f th e  e rro r in  each  p a ra m e te r , in d e p e n 
d en tly  of th e  e x p e rim e n ta l o rig in  o f th e  e lem ents o f d a n d  G. In  th e  p re sen t fo rm  
o f th e  p rogram , o f  th e  (in p rin c ip le ) u n lim ited  n u m b e r o f  p a ra m e te rs , a m a x i
m um  of five can  b e  refined  s im u ltan eo u sly , w ith  th e  in p u tt in g  o f th e ir  se ria l 
num bers.

In  th e  p ro g ra m  a p o ssib ility  is also given fo r th e  “ sea rch ”  o f th e  in i t ia l  
values of p a ra m e te rs , e ith er w ith in  a given in te rv a l or a ro u n d  th e ir  assum ed  
values. This p a r t  o f  th e  p ro g ram  can  also be used  to  f in d  th e  v a lu e  o f a p a ra m -
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Fig. 1. The flow  chart o f the refinem ent o f param eters

e te r  w hen  th e  c o n tr ib u tio n  o f  i ts  com plex to  th e  m easu red  ab so rb an cy  is 
sm all, e.g. owing to  i t s  re la tiv e ly  low  co n cen tra tio n  in  th e  m easured  range. 
In  su ch  cases i t  o ften  occurs t h a t  th e  p a ram ete rs  can  n o t  be re fin ed  a t  all.

T h e  EQ U SO LV  su b ro u tin e  is w ritte n  fo r th e  so lu tio n  o f  m ass b a lance  
eq u a tio n s  and  fo r th e  c a lcu la tio n  o f th e  co n cen tra tio n s o f species for a given 
se t o f ß's .  The m ass b a lan ce  eq u a tio n s  to  be solved a re  as follow s:

Г «  =  [M] + 2  (9 /W [H +]r [M]* [ L f ) y (10)
J - 1
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T l  =  [L] + 2  (Pßrqp[Н +Г  [M ]9 [L ]p)y- (11)
j - 1

T h e  equa tions h av e  tw o  u n k n o w n s, [M] an d  [L ], since [H  + ] is a m easured  
q u a n t i ty .  The only  ex cep tio n  is w hen  th e  p ro to n a tio n  (d ep ro to n a tio n ) of a 
species tak es  place a n d  th e re fo re  o n ly  E q . (11) w ith  one u n k n o w n  is to  he 
so lv ed .

F o r th e  so lu tio n  o f  th e  m ass b a lan ce  eq u a tio n s  tw o  i te ra t iv e  procedures 
a re  u sed  in  th e  p ro g ra m . T he f i r s t  is th e  N ew ton  — R ap h so n  m e th o d , w hich 
h a s  th e  sho rtest conce iv ab le  ru n n in g  tim e , b u t  w ith  p o o r in it ia l  values or 
w ith  equations c o n ta in in g  te rm s  o f  h ig h er degrees i t  can  d iverge . In  our ex
pe rien ce , if  convergence occurs, th e  th i rd  or fo u r th  ite ra tio n  cycle y ields sa tis
fa c to ry  or exact so lu tio n s , b u t  i f  th e  fo u r th  cycle does n o t  give a  so lu tio n  e ither, 
i t  u su a lly  ind ica tes d ivergence . In  such  a case th e  p ro g ram  a u to m a tic a lly  tu rn  
to  th e  o th e r m eth o d  [24, 18], w h ich  m odifies th e  s ta r tin g  v a lu es  ta k e n  for th e  
u n k n o w n s [M] an d  [L] b y  sy s te m a tic a lly  a lte rn a tin g  in c rem en ts  u n til  th e  dif
fe ren ces betw een th e  e x p e rim e n ta l an d  ca lcu la ted  to ta l  co n c e n tra tio n s  are less 
th a n  th e  desired v a lu e . T h is  m e th o d  gives a sa tis fa c to ry  so lu tio n  in  ev e ry  case, 
b u t  on ly  a fte r 80 —150 i te ra tio n  cycles.

T he EX TC A LC  su b ro u tin e  o f  th e  p ro g ram  ca lcu la tes  th e  absorbances 
w ith  th e  co n cen tra tio n s  of th e  species ca lcu la ted  b y  th e  E Q U S O L Y  subro u tin e  
a n d  w ith  th e ir  m o la r e x tin c tio n  coeffic ien ts . T his su b ro u tin e  also co n ta in s th e  
ca lcu la tio n  of th e  su m  o f squares.

D iscussion

B y th e  d ev e lo p m en t o f S P E F -3 , a sim ple co m p u te r p ro g ra m  o f low  m em 
o ry  requ irem en ts a n d  o f sh o rt ru n n in g  tim e  has been  c o n s tru c te d  for th e  
e v a lu a tio n  of eq u ilib ria  o f ty p e  (1) — (3). In  co n stru c tin g  th e  p ro g ra m  we took  
c a re  w ith  regard  to  ea sy  ex ten sio n  an d  also to  th e  p o ss ib ility  o f u sing  p a rts  of 
th e  p rogram  for o th e r  p ro b lem s w ith o u t a n y  a lte ra tio n s . B y  in se rtio n  or su b sti
tu t io n  of certa in  s ta te m e n ts , th e  p ro g ram  can be ex te n d e d  to  deal w ith  an y  
n u m b e r of com plexes, to  c a rry  o u t ca lcu la tio n s w ith  an y  la y e r  th ick n ess , and  
to  th e  w eighting  o f  e x p e rim e n ta l p o in ts .

In  spite  of i ts  s im p lic ity , th e  Ga u s s  m eth o d  used  in  th e  p ro g ram  for th e  
re fin em en t of p a ra m e te rs  has p ro v e d  to  be a good an d  re liab le  p rocedure , i f  
n o t  m ore th a n  fo u r p a ra m e te rs  a re  s im u ltan eo u sly  re fin ed . A lth o u g h  five or 
m ore  p aram eters  can  b e  re fin ed , d ivergence  can easily  occur. In  th is  case tro u b le  
m a in ly  arises from  th e  p a ra m e te rs  n o t su b s ta n tia lly  d e te rm in e d  b y  th e  experi
m e n ta l d a ta , i.e. i f  th e ir  com plexes are  form ed only  in  sm all co n cen tra tio n s  re la 
t iv e  to  o thers. H o w ev er, th e  ap p lic a b ility  of th e  p ro g ram  is n o t  re s tr ic te d  b y  
th is , because th e  p a ra m e te rs  can  alw ays be re fin ed  b y  d iv id in g  th em  in to  
g ro u p s of 2 or 3.
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To ca lcu la te  th e  elem ents o f  m a tr ix  G, th e  a p p licab ility  of b o th  n u m erica l 
an d  an a ly tic a l d e riv a tio n  has been  ex am ined . T he a n a ly tic a l one req u ires  less 
ru n n in g  tim e , because i t  needs a c tiv iz a tio n  of th e  EQ U SO L Y  su b ro u tin e  o n ly  
tw ice , viz. a t  th e  beg inning  o f th e  re fin em en t an d  a f te r  th e  co rrec tion  o f  th e  
values o f th e  p a ram e te rs . H ow ever, w ith  th is  m eth o d  severa l d ifficu lties arise . 
T he m o st serious is th e  slow convergence, and  som etim es d ivergence. T hese  
o rig in a te  from  th e  fac t th a t  th e  a n a ly tic a l d iffe ren tia tio n  can be ca rried  o u t 
on ly  w ith  re sp ec t to  th e  /9-values. T h is  re su lts  in  a d ifference of as m u ch  as
6 —8 o rders o f  m ag n itu d e  betw een  th e  d e te rm in in g  va lu es  o f m a tr ix  G; th e  
d ifference ap p ears  as one of 12 —16 o rders of m ag n itu d e  betw een  th e  e lem en ts  
o f  m a tr ix  (G G). T h is m igh t be th e  m o st reasonab le  e x p lan a tio n  of th e  w ro n g  
co rrec tion  v alues. A lthough  th e re  a re  su itab le  m a th e m a tic a l m ethods to  solve 
th is  p rob lem  [25], ou r aim  w as to  f in d  th e  cond itions t h a t  g u a ran tee  re liab le  
convergence w hile m a in ta in in g  sim p le  m a th em atics  an d  sm all p ro g ram  size.

A fu r th e r  d ifficu lty  occurring  in  th e  an a ly tica l d iffe ren tia tio n  is th e  t r e a t 
m en t o f n o n ab so rb in g  com plexes, because  th e ir  d iffe ren tia tio n  w ith  re sp e c t 
to  th e  e-values re su lts  in  colum ns o f in f in ite  v a lue  in  th e  m a tr ix  G.

B y  u sin g  n u m erica l d iffe re n tia tio n  w ith  re sp ec t to  th e  log ß  v a lu es  to  
ca lcu la te  th e  e lem en ts of m a tr ix  G, a v e ry  good convergence was fo u n d  in  a ll 
cases. In  th is  case th e  colum ns o f  G a re  o f n ea rly  th e  sam e o rder of m a g n itu d e  
an d  th e  ca lcu la ted  correction  va lu es  o f  th e  p a ram e te rs  a re  rea listic . F u r th e r  
a d v an tag es  a re  t h a t  i t  is possible to  re fin e  s im u ltan eo u sly  th e  log ß  va lues a n d  
th e  m o la r e x tin c tio n  coefficients, w hile  th e  fo rm atio n  c o n s ta n ts  do n o t becom e 
n eg a tiv e , b u t  ra th e r  th e ir  va lues w ill decrease to  a la rg e  e x te n t. T herefo re  
overa ll, n u m erica l d iffe ren tia tio n  is u sed  in  th e  p ro g ram , a lth o u g h  th is  in 
creases th e  ru n n in g  tim e  of th e  p ro g ra m  to  som e e x te n t , fo r  th e  E Q U SO L V  
p ro ced u re  m u st be  ru n  as m an y  tim es  as th e re  are /3’s to  be  re fin ed . H ow ever, 
th is  su rp lu s  tim e  is recovered  b y  fa s te r  and  m ore re liab le  convergence.

O ur ex p erim en ts  to  fin d  th e  o p tim a l values o f th e  in c rem en ts  of p a ra m e 
te rs  (A t) b y  n u m erica l d iffe ren tia tio n  h av e  led to  th e  conclusion th a t  th e ir  
effects on th e  e ffec tiv ity  of convergence is less th a n  one w ould  expect. I t  h as  
been  fo u n d  t h a t  i f  th e  fo rm atio n  o f a  species is n o t to o  sm all, th e  follow ing v a l 
ues are o p tim u m : i f  log ß <' 10, th e n  At  =  0.03 — 0.04; i f  10 <C log ß  <  20, 
th e n  At  =  0.04 — 0.05, etc. F o r th e  in c rem en ts  o f m o lar e x tin c tio n  coeffic ien ts , 
th e  b e s t va lu es  are  1 —5%  of th e ir  to ta l  value.

B y  th e  usage o f th e  re fin em en t process several possib ilities h av e  been  
observed  th a t  s to p p ed  th e  ru n n in g  o f  th e  p rog ram . M ost o f th ese  h av e  b een  
e lim in a ted  b y  su itab le  s ta te m e n ts . T h is  p a r t  o f th e  p ro g ram  now  w orks in  a 
re liab le  w ay , ex cep t in  th e  case o f e rro r  in  in p u t or b a d  guesses.

F o r th e  ca lcu la tio n  of th e  e rro rs  o f  p a ram e te rs  accord ing  to  (8), in d iv id 
u a lly  ca lcu la ted  e rro r square  sum s ( I / ’) are used  in  th e  p ro g ram , em ploy ing  
on ly  th o se  ex p e rim en ta l po in ts  w here  th e  fo rm atio n  o f a species re la tin g  to  a
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p a ra m e te r  is s ig n ifican t. In  th is  w ay , i.e. le av in g  o u t ex p erim en ta l p o in ts  th a t  
g ive  no  in fo rm ation  a b o u t a p a ra m e te r  re fin e d , th e  errors an d  th e  reliab ilities 
of th e  o b ta ined  p a ra m e te r  values can be ju d g e d  b e tte r ;  e.g. w h e th e r th e ir  e rro r 
o rig in a te s  from  in a c c u ra te  m easu rem en ts (if  so a (A )  is large) or th e  experim en
t a l  m e th o d  is n o t sen s itiv e  to  d e tec t som e species, etc. F u r th e r , th e  n u m b er of 
e x p e rim e n ta l p o in ts  ( re la tiv e  to  th e  to ta l)  t h a t  give usefu l in fo rm a tio n  fo r a 
p a ra m e te r  can also h e  seen . I f  i t  is to o  sm all, fo r exam ple, th e  v a lu e  of such 
a p a ra m e te r  is n o t w ell defined  and  can  n o t  be  used.

A n im p o rta n t p re lim in a ry  re q u ire m e n t o f th e  re fin em en t process is th e  
ap p ro x im a te  know ledge of th e  values o f th e  p a ram e te rs  to  be op tim ized . 
A lth o u g h  th ere  are  m e th o d s  fo r th e  c a lcu la tio n  of th e  m olar e x tin c tio n  coeffi
c ie n ts  o f com plexes fo rm ed  [1], these  m e th o d s  can  he used  on ly  fo r th e  fo rm a
tio n  of n o t m ore th a n  tw o  com plexes. I f  th e re  are th re e  or m ore com plexes 
in  th e  system  s tu d ie d , o n ly  rough  e s tim a te s  can  be o b ta in ed  fo r th e  e’s. On th e  
o th e r  h an d , for th e  v a lu e s  of fo rm atio n  c o n s ta n ts , only  th e  o ften  laborious 
n u m erica l or g rap h ica l m eth o d s can give re su lts , if  th e re  are  no  availab le  d a ta  
f ro m  th e  lite ra tu re . H o w ev er, as our ex perience  has p roved , i t  is n o t necessary  
to  ta k e  troub le  w ith  th e se  d ifficulties, because  i t  is possible to  f in d  sa tis fac to ry  
in i t ia l  values for th e  fo rm a tio n  co n stan ts  even if  only rough  estim a tes  of m olar 
e x tin c tio n  coeffic ien ts are  availab le . T h erefo re , we can suggest in itia tin g  th e  
c a lcu la tio n  w ith  th e  “ so u g h t”  values of p a ra m e te rs , and  to  use o th e r m ethods 
o n ly  if  th is  is unsu ccessfu l or th e  re su lts  o f  re fin em en t seem  to  be checked.

T he ru n n in g  t im e  o f th e  S P E F -3  p ro g ram  is v e ry  fav o rab le  in  sp ite  o f th e  
n u m erica l d iffe re n tia tio n  used. The m a tr ix  o p era tions of th e  re fin em en t process 
re q u ire  only seconds. T h e  tim e-d e te rm in in g  opera tions are  th e  so lu tion  of th e  
m ass  balance e q u a tio n s , i.e. th e  ru n n in g  tim e  o f th e  EQ U SO L V  sub ro u tin e . 
T h is  sub rou tine  is c o n s tru c te d  in such  a w ay  th a t  a f te r  th e  f ir s t  ru n  th e  ro o ts  
fo u n d  in  th e  p rev io u s one are ta k e n  as s ta r t in g  ite ra tio n  values. B y  th is  m eans, 
g en era lly  one or tw o  N ew ton  — R ap h so n  cycles are  successful fo r each experi
m e n ta l po in t.

F inally , i t  m u s t  be  em phasized th a t  th e  chem ical usefulness of th is  p ro 
g ra m  is only to  f in d  th e  b est f i t  of th e  ex p e rim en ta l d a ta  w ith  one or severa l 
m odel(s). H ow ever, re liab le  conclusions can  n o t be d raw n from  th e  resu lts  o f 
su ch  calcu lations w ith o u t a c ritica l check  of th e  ca lcu la ted  p a ra m e te r  values 
f ro m  a chem ical p o in t  o f  view , an d  in  th e  accep tance  of one o f th e  fo rm ally  
possib le  m odels th e  chem ical evidence m u s t be decisive even if  th e  accep ted  
m odel gives a less fa v o ra b le  f i t  th a n  a n o th e r.
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6-0-M esylneopine, a com pound not ye t reported in  the literature, has been pre
pared and some o f its  nucleophilic substitu tion reactions have  been exam ined. As a 
result o f the reactions, the б/3-chloro-, 6/?-bromo- and 6/?-azido derivatives, unknow n  
up to now, have been obtained, furtherm ore, 6-dem ethoxythebaine, described so far 
only as an assum ed interm ediate has been prepared sim ply and in a satisfactory yield. 
This product offers several interesting possibilities for further conversions follow ing  
from its structure. An SN2 -}- E m echanism  is suggested in the form ation of 6-dem ethoxy- 
thebaine. The structures o f  the new  compounds are su bstantiated  b y  the elem ental 
analyses IR , PM R and 13C-NMR spectra and by chem ical conversions.

In  an  earlier p a p e r [1] a new , effic ien t and c o n v en ien t p rocedure  w as 
described  for th e  p re p a ra tio n  o f n eop ine  from  th eb a in e . I n  th e  m ean tim e  th e  
iso la tio n  o f n a tu ra l neopine w as a lso  achieved w ith o u t in te rfe ren ce  w ith  th e  
te ch n o lo g y  o f processing p o p p y -h ead  b y  th e  K ab ay  m e th o d  [2].

O f th e  m orph ine  group , n eo p in e  is one o f th e  le a s t ex am in ed  com pounds
[3 ] . In  connection w ith our in vestigation s, only the work o f R apoport et al.
[4] shou ld  he m en tio n ed  here. T h ey  p rep a red  Zl8-desoxycodeinc from  6 -0 -to sy l- 
neop ine  w ith  lith iu m  te tra h y d r id o a lu m in a te ( I I I ) .

In  th e  p resen t w ork, th e  s ta r t in g  m ate ria l was 6 -0 -m esy lneop ine , w hich  
can  be  p rep ared  m ore easily  [1] a n d , in s tead  o f th e  h y d r id e  an ion , F - , Cl- , 
B r - , I -  or Nj" anions w ere em ployed  as th e  nucleophilic  p a r tn e rs .

C om pound 1 d id  n o t y ie ld  th e  ex p ec ted  6/3-fluoro d e riv a tiv e  w ith  te t r a -  
b u ty lam m o n iu m  flu o rid e  in  a c e to n itr ile , b u t  6 -d em eth o x y th eb a in e  (2) w as 
o b ta in e d  in stead , in  a h igh  y ie ld .

O n th e  effect o f lith iu m  ch lo ride  in  d im eth y lfo rm am id e , th e  6/5-chloro 
d e r iv a tiv e  (3) w as fo rm ed ; how ever, 2 could  also be iso la ted  from  th is  re a c tio n . 
T h e  tw o  p ro d u c ts  w ere fo rm ed  in  6 : 4 ra tio .

W h en  lith iu m  b rom ide  w as u sed  in  d im eth y lfo rm am id e , th e  6/?-bromo 
d e riv a tiv e  (4) was o b ta in ed  to g e th e r  w ith  2, th e ir  ra tio  b e in g  7 : 3.

* Part X X I: G. Som o g yi, S. Ma k l e it , R . B ogn á r : Acta Chim. Acad. Sei. H ung., 97, 
339 (1978); G. Som ogyi, S. Ma k l e it , R . B o g n á b : Magyar K ém iai Folyóirat, 83, 327 (1977) 

** 3-M ethoxy-4,5-a-epoxy-6a-m ethanesulfonyloxy-8,14-didehydro-17-m ethylm orphinan  
*** To whom  correspondence should be addressed
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T he reaction  w ith  so d ium  iodide in  d im eth y lfo rm am id e  gave only  2, 
a n d  no  p ro d u c t c o n ta in in g  halogen  could  be  iso la ted .

In  connection  w ith  th e  fo rm a tio n  o f th e  above com pounds i t  was assum ed 
t h a t  th e  f irs t  s tep  o f  th e  re a c tio n  is an  Sn2 ty p e  reac tio n  o f  th e  nucleophilic 
a g e n t yield ing th e  6/?-halogen d e riv a tiv e  a n d  these  are  co n v e rte d  in to  6-de- 
m e th o x y th e b a in e  in  a n  e lim in a tio n  step .

5: X  = N 3 

6 : X = X H 2

The Sn2 c h a ra c te r  o f th e  f irs t s tep  could  be in fe rred  from  th e  conditions 
o f  th e  reaction  an d  fro m  th e  s tru c tu re  o f  th e  halogen  d e riv a tiv e s  form ed. In  
com pounds 3 an d  4 th e  6ß position  of th e  halogen a to m  w as confirm ed u n 
am biguously  b y  th e  J j e  v a lu e  c h a rac te ris tic  o f th e  so-called  iso deriva tives: 
th e  ac tu a l value w as 9 .5 — 10 H z fo r b o th  3 an d  4 [5].

In  order to  co n firm  th e  above s ta te m e n ts , 1 w as allow ed to  reac t w ith  
so d iu m  azide in  d im eth y lfo rm am id e  to  o b ta in  th e  6/?-azido deriv a tiv e  (5) 
(Js , e 10 H z); th is  w as th e n  converted  in to  th e  6/S-amino com pound  (6) w ith  
l i th iu m  te tra h y d r id o a lu m in a te ( I I I ) . T he la t te r  was fu r th e r  reduced  in  th e  
p resence  of p la tin u m  d iox ide  in to  th e  6/5-am inodihydrocodeine deriv a tiv e  
(3-m ethoxy-4 ,5a-epoxy-6-/3 -am ino-17-m ethy lm orph inan) (7), w hich h ad  been 
p re p a re d  by  us ea rlie r a n d  its  steric  s tru c tu re  h ad  also b een  estab lished  [6].

The e x te n t o f  th e  e lim ina tion  is a fu n c tio n  o f th e  re a c tio n  conditions. 
I t  w as a su rp rising  ex p erien ce  th a t  u n d e r th e  cond itions m en tio n ed  the  6/3-fluoro 
d e riv a tiv e  was n o t fo rm ed  even in  tra c e s ; th is  can  be  exp la ined  in  v iew
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o f th e  s ta te m e n t in  th e  l i te ra tu re  t h a t  te tra a lk y la m m o n iu m  sa lts  a re  v e ry  
su ita b le  for effecting  e lim ination  re a c tio n s  [7].

W hen  exam in in g  th e  effect o f  th is  reag en t on th e  halogen  d e riv a tiv e s  o f 
n eo p in e , in  th e  case o f  com pounds 3 a n d  4 i ts  was observed  th a t  u n d e r id e n tic a l 
re a c tio n  conditions in  aceton itrile  m ed iu m  th e  e x te n t of e lim in a tio n  w as 50 %  
from  3, w hereas 4 w as q u a n tita tiv e ly  co n v erted  in to  2.

T he ra tio  of th e  halogen d e r iv a tiv e s  (3 or 4) to  2 can  be re liab ly  d e te r 
m in ed  b y  th e  P M R  m eth o d .

T he s tru c tu re  o f  2 was v e r if ie d , bey o n d  th e  IR , P M R  an d  13C-N M R 
sp e c tra , b y  tis conversion  w ith  h y d ro g e n  peroxide in  form ic acid in to  th e  
k n o w n  com pound [8], 14-hydroxy-aZZopseudocodeine (8).

O f th e  new com pounds p re p a re d , com pound  2 has been  m en tio n ed  in  th e  
l i te ra tu re  as a p ro b ab le  in te rm ed ia te  [9] in  connection  w ith  th e  h y d ro b o ra tio n  
o f  th e b a in e . This com pound  has n o w  b een  o b ta in ed  v e ry  co n v en ien tly  an d  in  a 
s a tis fa c to ry  yield. A  considera tion  o f  i ts  s tru c tu re  suggests severa l im p o r ta n t 
possib ilities  for fu r th e r  conversions.

E x p e r i m e n t a l

H o m o g e n e i ty  o f  t h e  s u b s ta n c e s  w a s  c h e c k e d  i n  e a c h  c a s e  b y  T L C  u s in g  c h lo r o f o r m :  
a c e t o n e  : d ie th y la m in e  ( 5 : 4 : 2 )  d e v e lo p in g  m i x t u r e  o n  S il ic a  g e l  G  l a y e r .  T h e  d e t e c t i n g  a g e n t  
w a s  D r a g e n d o r f f  r e a g e n t .  M .p . ’s a r e  u n c o r r e c t e d ;  t h e y  w e re  m e a s u r e d  o n  a  K o f f l e r  h o t - s t a g e .  
W i t h  a l l  s u b s ta n c e s  t h e  I R  (U n ic a m  S P  2 0 0 G  a n d  P E  2 8 3 ) a n d  P M R  ( J e o l  10 0  M H z )  s p e c t r a  
w e re  r e c o r d e d ;  t h e  13C - N M R  s p e c t r u m  o f  2  w a s  a ls o  o b t a in e d  ( V a r ia n  X L  1 0 0  M H z ) .

6 -O -M e s y ln e o p in e  ( 1 )

N e o p in e  (1 0 .0  g ;  3 3 .4 1  m m o le s )  w a s  d i s s o lv e d  i n  a n h y d r o u s  p y r id i n e  (4 0  m l) ,  c o o le d  t o  
0 °C , a n d  a  s o lu t io n  o f  m e th a n e s u l f o n y l  c h l o r i d e  (3 .3 2  m l ;  4 .9  g ;  4 2 .7  m m o le s )  i n  a n h y d r o u s  
p y r i d i n e  (4 0  m l)  w a s  a d d e d  d ro p w is e . T h e  s o l u t i o n  w a s  s t i r r e d  a t  t h i s  t e m p e r a t u r e  f o r  2 h  t h e n  
a l lo w e d  t o  s t a n d  a t  r o o m  t e m p e r a t u r e  f o r  2 4  h .  I t  w a s  t h e n  p o u r e d  in t o  w a t e r  (1 0 0 0  m l)  s a t u r a t 
e d  w i t h  s o d iu m  c a r b o n a t e  a n d  e x t r a c t e d  w i t h  c h lo r o f o r m  (3  X 1 00  m l) .  T h e  c h lo r o f o r m  s o l u t io n  
w a s  w a s h e d  w i th  w a te r ,  d r i e d  a n d  e v a p o r a t e d  t o  d r y n e s s .  T h e  r e s id u e  w a s  r u b b e d  w i t h  a n 
h y d r o u s  e t h e r  w h e r e u p o n  i t  c r y s ta l l iz e d  r a p i d l y  t o  g iv e  1 1 .3  g  ( 8 9 .6 % )  o f  1 . I t  w a s  r e c r y s t a l l i z e d  
f r o m  m e t h a n o l ;  m .p .  1 77  — 178 °C .

C 19H 23N 6O S  (3 7 7 .4 7 ) .  C a lcd . N  3 .7 ;  S  8 .4 7 .  F o u n d  N  3 .1 9 ; S  8 .4 1 % .
M b  +  14° (c =  0 .5 ,  c h lo ro fo rm ) .

6 - D e m e th o x y th e b a in e  ( 2 )

( а )  6 -O -M e s y ln e o p in e  (1 )  (6 .6  g ; 1 7 .4 8  m m o le s )  w a s  d is s o lv e d  i n  a n h y d r o u s  a c e t o n i t r i l e  
(4 0 0  m l )  a n d  t e t r a b u t y l a m m o n i u m  f lu o r id e  ( 2 1 .5 8  g ;  8 7 .4  m m o le s )  w a s  a d d e d ;  t h e  s o lu t io n  
w a s  t h e n  r e f l u x e d  fo r  2 .5  h .  I t  w a s  th e n  p o u r e d  i n t o  w a t e r  (3 0 0 0  m l)  a n d  e x t r a c t e d  w i th  c h lo r o 
f o r m  (5  X 1 5 0  m l.)  T h e  c h lo r o f o r m  s o lu t io n  w a s  w a s h e d  w i th  w a te r ,  d r i e d  a n d  e v a p o r a t e d  t o  
d r y n e s s .  T h e  s t i c k y  r e s id u e  c r y s ta l l i z e d  o n  s t a n d i n g  t o  g iv e  3 .8 1  g  ( 7 7 .7 % )  o f  2 , m .p .  68  — 7 0  ° C .

C i s H i A N  (2 8 0 .3 5 ) .  C a lc d .  N  4 .9 9 . F o u n d  N  4 .7 5 % .
W d  — 1 9 4 °  (c  =  0 .5 ,  c h lo ro fo rm ) .

(б )  6 -O -M e sy ln e o p in e ^  (5 .0  g ; 1 3 .2 4  m m o le s )  w a s  d is s o lv e d  i n  a n h y d r o u s  d im e th y l -  
f o r m a m i d e  (2 5 0  m l) ,  s o d iu m  io d id e  (1 9 .7 8  g ;  1 3 2  m m o le s )  w a s  a d d e d ,  a n d  t h e  s o lu t io n  w a s  
r e f lu x e d  a t  12 0  °C  f o r  30  h .  I t  w a s  t h e n  p o u r e d  i n t o  w a t e r  (5 0 0  m l)  a n d  e x t r a c t e d  w i t h  e t h e r
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( 4  X 1 0 0  m l) .  T h e  e th e r e a l  s o l u t i o n  w a s  w a s h e d  w i t h  w a t e r ,  d r i e d  a n d  e v a p o r a t e d  t o  d r y n e s s  t o  
l e a v e  0 .8  g  (2 1 .6 % )  o f  2 . T h e  r e a c t i o n  m i x t u r e  w a s  e x t r a c t e d  w i t h  c h lo r o f o r m ;  i n  t h i s  w a y  1  
( 2 .0  g ;  3 6 % )  c o u ld  b e  r e c o v e r e d .

(c )  T h e  b r o m o  d e r i v a t i v e  (4 )  (0 .5  g ;  1 .3 8  m m o le s )  w a s  d is s o lv e d  i n  a n h y d r o u s  a c e to 
n i t r i l e  (3 0  m l)  a n d  a f t e r  t h e  a d d i t i o n  o f  t e t r a b u t y l a m m o n i u m  f lu o r id e  (1 .6 3  g )  t h e  s o lu t io n  
w a s  r e f l u x e d  f o r  4 h .  T h e  m i x t u r e  w a s  p r o c e s s e d  a s  d e s c r ib e d  u n d e r  ( a )  t o  o b t a i n  2  (0 .2 8  g ;  
7 2 % ) .

( d )  T h e  c h lo ro  d e r i v a t i v e  (3 )  (0 .2 5  g ;  0 .7 8 6  m m o le s )  w a s  d is s o lv e d  i n  a n h y d r o u s  a c e to 
n i t r i l e  (1 5  m l)  a n d  t h e  s o l u t i o n  w a s  r e f lu x e d  i n  t h e  p r e s e n c e  o f  t e t r a b u t y l a m m o n i u m  f lu o r id e  
f o r  4  h ;  p ro c e s s in g  o f  t h e  m i x t u r e  a s  u n d e r  ( a )  g a v e  a  1 : 1 m i x t u r e  o f  2  a n d  3  (0 .2  g ).

6 ß -Chloro derivative (3 )

6 -O -M e s y ln e o p in e  ( 5 .0  g ;  1 3 .2 5  m m o le s )  w a s  d i s s o lv e d  i n  a n h y d r o u s  d im e th y l f o r m a m id e  
( 1 5 0  m l ) .  L i th iu m  c h lo r id e  ( 5 .5 9  g ;  132  m m o le s )  w a s  a d d e d  t o  t h e  s o lu t io n  a n d  i t  w a s  r e f l u x e d  
a t  1 2 0  ° C  f o r  6 h .  T h e  s o l u t i o n  w a s  t h e n  p o u r e d  i n t o  w a t e r  (5 0 0  m l)  a n d  e x t r a c t e d  w i th  b e n z e n e  
(3  X 1 0 0  m l) .  T h e  b e n z e n e  s o l u t i o n  w a s  w a s h e d  w i t h  w a t e r ,  d r i e d  a n d  e v a p o r a t e d  t o  d r y n e s s  
t o  l e a v e  a  s o l id  r e s id u e  ( 2 .9  g ) ,  w h ic h  w a s  r e c r y s t a l l i z e d  f r o m  m e t h a n o l  t o  y ie ld  1 .6  g  ( 3 8 .2 % )  
o f  3 ,  m .p .  145 °C .

C 18H 20O 2N C l ( 3 1 7 .8 1 ) .  C a lc d .  N  4 .4 ;  C l 1 1 .1 . F o u n d  N  4 .2 ;  C l 1 0 .8 2 % .
[“ I d  — 121° (c  =  0 .5 ,  c h lo ro fo r m ) .

T h e  m o th e r  l i q u o r  o f  t h e  c r y s t a l l i z a t i o n  f r o m  m e t h a n o l  w a s  p ro c e s s e d  a n d  6 - d e m e th o x y -  
t h e b a i n e  (2 )  (1 .2  g ) , v e r y  s l i g h t l y  c o n t a m i n a t e d  w i t h  3 , w a s  i s o la te d .

6/S-Bromo derivative (4 )

6 -O -M e s y ln e o p in e  ( 3 .0  g ;  1 1 .3 2  m m o le s )  w a s  d i s s o lv e d  i n  a n h y d r o u s  d im e th y l f o r m a m id e  
( 1 2 0 )  m l)  a n d  l i t h i u m  b r o m i d e  (9 .8  g ;  113  m m o le s )  w a s  a d d e d .  T h e  s o lu t io n  w a s  t h e n  r e f l u x e d  
a t  1 2 0  °C  f o r  11 h .  T h e  r e a c t i o n  m ix tu r e  w a s  p r o c e s s e d  a s  d e s c r ib e d  f o r  t h e  p r e p a r a t i o n  o f  3  t o  
o b t a i n  a  s o lid  r e s id u e  (1 .6 4  g ) ,  w h ic h  w a s  r e c r y s t a l l i z e d  f r o m  m e t h a n o l  t o  g iv e  0 .9 4  g  ( 3 2 .6 % )  
o f  4 ,  m .p .  1 4 9 - 1 5 1  ° C .

C i8H 20O2N B r  ( 3 6 2 .2 8 ) .  C a lc d . N  3 .8 6 ;  B r  2 2 .0 5 .  F o u n d  N  3 .9 7 ;  B r  2 2 .0 5 % .
[ a ] o  — 1 3 2 °  (e  — 0 .5 ,  c h lo ro fo r m ) .
F r o m  th e  m o t h e r  l i q u o r  0 .7  g o f  a  p r o d u c t  c o u ld  b e  i s o l a t e d ;  t h i s  c o n ta in e d  2 a n d  4  

i n  3  : 1 r a t i o .

6/i- Azido derivative (5 )

6 -O -M e s y ln e o p in e  (10 .0  g; 26.5 m m o le s )  w a s  d is s o lv e d  i n  a n h y d r o u s  d i m e t h y l f o r m 
a m i d e  (300 m l) . S o d iu m  a z i d e  (17.22 g; 265 m m o le s )  w a s  a d d e d  t o  t h e  s o lu t io n ,  a n d  i t  w a s  
r e f l u x e d  a t  100 °C  f o r  24 h .  I t  w a s  t h e n  p o u r e d  i n t o  w a t e r  (1000 m l)  a n d  e x t r a c t e d  w i t h  e t h e r  
( 4 X 100 m l) . T h e  e t h e r e a l  s o lu t io n  w a s  w a s h e d  w i t h  w a t e r ,  d r i e d  a n d  e v a l p o r a t e d  t o  d r y n e s s .  
T h e  r e s id u e  w a s  a  c r y s t a l l i n e  s u b s ta n c e  (4.8 g; 55 .8% ); a f t e r  r e c r y s t a l l i z a t i o n  f r o m  e t h e r -  
p e t r o l e u m  e th e r  i t  h a d  m . p .  112 —115 °C .

C 18H 20O2N 4 ( 3 2 4 .3 7 ) .  C a lc d . N  1 7 .2 7 . F o u n d  N  1 7 .0 5 % .
[ o í] d  — 7 6 °  (c  =  0 .5 ,  c h lo ro fo r m ) .
I R :  N 3 2 1 0 0  c m - 1 .

6 -Am ino derivative (6 )

A  s o lu t io n  o f  5  ( 1 .0  g )  in  d r y  e th e r  w a s  a d d e d  d r o p w is e  t o  a  s u s p e n s io n  o f  l i t h i u m  t e t r a -  
h y d r i d o a l u m i n a t e ( I I I )  i n  d r y  e t h e r  (1 0 0  m l) ,  w i t h  c o o l in g  a n d  s t i r r i n g ;  t h e  m ix tu r e  w a s  t h e n  
r e f l u x e d  f o r  1 h .  T h e  e x c e s s  r e a g e n t  w a s  d e c o m p o s e d  w i t h  e t h e r  s a t u r a t e d  w i th  w a t e r  o r  w a t e r  
s a t u r a t e d  w i th  e th e r .  T h e  a q u e o u s  p h a s e  w a s  e x t r a c t e d  w i t h  e t h e r .  T h e  e th e r e a l  s o lu t io n s  w e r e  
c o m b in e d ,  d r ie d  a n d  e v a p o r a t e d  to  d r y n e s s  t o  l e a v e  a  c r y s t a l l i n e  p r o d u c t  (0 .3  g ;  3 2 .9 % ) ,  m .p .  
1 2 8  — 13 0  °C .

C 18H 220 2N 2 ( 2 9 8 .4 ) .  C a lc d . N  9 .3 8 . F o u n d  N  9 .7 3 % .
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6 / j - A m in o - d ih y d r o  d e r iv a t iv e  ( 7 )

C o m p o u n d  6  (0 .2  g )  w a s  d is s o lv e d  i n  5 0 %  a c e t ic  a c i d  (1 0  m l)  a n d  h y d r o g e n a t e d  i n  t h e  
p r e s e n c e  o f  p l a t i n u m  d io x id e  (0 .0 5  g ) c a t a l y s t .  T h e  c a t a l y s t  w a s  r e m o v e d  b y  f i l t r a t i o n ,  t h e  
s o lu t io n  w a s  e v a p o r a t e d  t o  d r y n e s s ,  t h e  r e s id u e  w a s  d is s o lv e d  i n  w a te r ,  m a d e  a lk a l in e  w i t h  
1 0 %  s o d iu m  h y d r o x i d e  a n d  e x t r a c t e d  w i t h  c h lo r o f o r m .  A f t e r  w a s h in g  a n d  d r y in g  t h e  s o l u t i o n  
w a s  e v a p o r a t e d  t o  d r y n e s s ,  t h e  r e s id u e  w a s  r u b b e d  w i t h  e t h e r  a n d  a  c r y s ta l l in e  p r o d u c t  w a s  
o b t a i n e d  (0 .1 2  g ) . I t s  p h y s i c a l  d a t a  w e re  i d e n t i c a l  w i t h  t h o s e  g iv e n  i n  t h e  l i t e r a t u r e  [6 ] .

1 4 -H y d ro x y - a l lo p s e u d o c o d e in e  ( 8 )

6 - D e m e t h o x y t h e b a i n e  (1 .0  g ) w a s  d i s s o lv e d  i n  8 5 %  f o r m ic  a c id  (4  m l)  a n d  3 0 %  h y d r o g e n  
p e r o x id e  (0 .5  m l)  w a s  a d d e d .  T h e  m i x t u r e  w a s  t h e n  s t i r r e d  a t  4 0  °C  f o r  2 h ,  p o u r e d  i n t o  ic e -  
w a t e r  a n d  m a d e  a l k a l in e  w i t h  a m m o n iu m  h y d r o x i d e .  A f t e r  s t a n d i n g  f o r  2 h ,  t h e  m i x t u r e  w a s  
e x t r a c t e d  w i t h  c h lo r o f o r m ,  w a s h e d  w i t h  w a t e r ,  d r i e d  a n d  e v a p o r a t e d  t o  d r y n e s s .  T h e  w h i t e  
c r y s t a l l i n e  r e s id u e  w a s  c r y s ta l l i z e d  f r o m  a  m i x t u r e  o f  c h lo r o f o r m  a n d  p e t r o l e u m  e t h e r  t o  
o b t a i n  0 .8  g  ( 7 1 .2 % ) ,  o f  a  p r o d u c t  w h ic h  w a s  i n  e v e r y  r e s p e c t  i d e n t i c a l  w i t h  8  d e s c r ib e d  i n  t h e  
l i t e r a t u r e  [8 ] .  ( C o m p o u n d  8  w a s  a lso  p r e p a r e d  a c c o r d i n g  t o  R e f .  [8 ] f r o m  6 - 0 - to s y l - 1 4 - h y -  
d r o x y c o d e in e  b y  s o lv o ly s i s . )  M .p . 135  — 1 3 7  °C .

[ a ] D — 2 7 0 °  (c  =  0 .5 ,  c h lo ro fo r m ) .

T h e  a u t h o r s ’ t h a n k s  a r e  d u e  t o  t h e  A l k a lo id a  C h e m ic a l  W o r k s ,  T i s z a v a s v á r i ,  H u n g a r y  
f o r  s u p p o r t i n g  t h i s  r e s e a r c h ,  a n d  to  t h e  a n a l y t i c a l  a n d  s p e c t r o s c o p ic a l  l a b o r a t o r i e s  o f  t h e  
I n s t i t u t e  f o r  t h e  a n a l y s e s  a n d  f o r  t h e  r e c o r d in g  a n d  e v a u l a t i o n  o f  t h e  I R  a n d  P M R  s p e c t r a .  
R e c o r d in g  o f  t h e  13C -N M R  s p e c t r u m  is  g r a t e f u l l y  a c k n o w le d g e d  t o  D r .  L . R adios.
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iV-DEMETHYLATION OF MORPHINE ALKALOIDS. 
PREPARATION OF NORNEOPINE

S .  H O SZ T A FI, S .  M a K LE IT *  and  R .  B O G N Á R

(In stitu te  o f  Organic Chem istry, Kossuth Lajos U niversity,
Debrecen, H ungary)

R e c e iv e d  M a r c h  9 , 197 9  
A c c e p te d  f o r  p u b l i c a t i o n  M a y  2 1 , 1 9 7 9

O n  t h e  b a s i s  o f  a n  a n a ly s i s  o f  t h e  m e th o d s  r e p o r t e d  f o r  t h e  iV - d e m e th y la t io n  
o f  m o r p h in e  a l k a l o i d s ,  tw o  r e a c t i o n  p a t h s  h a v e  b e e n  e l a b o r a t e d  f o r  t h e  p r e p a r a t i o n  o f  
n o r n e o p in e ,  a  c o m p o u n d  u n k n o w n  u p  to  n o w ; t h e  s t a r t i n g  m a t e r i a l  w a s  n e o p in e  o f  
a l ly la m in e  s t r u c t u r e .

iV - N i t r o s o - n o r n e o p in e ,  a ls o  u n k n o w n  in  t h e  l i t e r a t u r e ,  h a s  b e e n  p r e p a r e d ,  w h ic h  
y ie ld s  n o r n e o p in e  o n  h y d r o ly s i s  w i t h  d i l u t e  h y d r o c h lo r i c  a c id .  I n  c o n n e c t io n  w i th  t h i s ,  
t h e  J V - d e m e th y la t io n  o f  c o d e in e  a n d  d ih y d r o c o d e in e  d e s c r ib e d  i n  a  s im i la r  m a n n e r  w a s  
r e - e x a m in e d .

T h e  r e a c t i o n  o f  n e o p in e  a n d  a z o d i c a r b o x y l i c  a c id  d i m e t h y l  e s t e r  w a s  f o u n d  e v e n  
m o r e  s u i ta b le  f o r  t h e  p r e p a r a t i o n  o f  n o r n e o p in e .  T h e  r e a c t i o n  o f  th e b a in e  a n d  a z o 
d ic a r b o x y l ic  a c i d  d i m e t h y l  e s te r  r e p o r t e d  i n  t h e  l i t e r a t u r e  w a s  a ls o  s tu d i e d ,  a n d  m o d i 
f i e d  c o n d i t io n s  l e a d i n g  t o  t h e  p r e p a r a t i o n  o f  n o r th e b a in e  f r e e  f r o m  t h e b a i n e  a r e  d e s c r ib e d .

IV -D em ethylation  o f m orphine alkalo ids can be ach iev ed  in  several w ays.
T he von B rau n  re a c tio n  [1], u s in g  cyanogen b rom ide , is one o f th e  o ldest 

a n d  m ost freq u en tly  em ployed  m eth o d s .
A zodicarboxylic  ac id  esters [2] h a v e  also been  used  fo r long for th e  de- 

m e th y la tio n  of codeine, how ever, n o rco d e in e  is o b ta in e d  in  th is  w ay  in  a v e ry  
low  y ield  (16% ) only .

A n o th e r p o ss ib ility  is offered b y  th e  m eth o d  o f Sp e y e r  an d  W a l t h e r

[3], w here th e  iV -m ethyl group is co n v e rte d  in to  th e  N -n itro so  d e riv a tiv e  w ith  
n itro u s  acid , and  th e  n o r  com pound is th e n  ob ta in ed  b y  t r e a tm e n t  w ith  d ilu te  
h y d ro ch lo ric  acid.

In  connection  w ith  th is  m eth o d  i t  m a y  be n o ted  th a t  on ly  a few  exam ples 
a re  know n  for th e  n itro sa tio n  of t e r t ia r y  am ines an d  th e  y ie ld s are  low [4].

L a te ly , several p a p e rs  have d e a lt  w ith  th e  e x am in a tio n  o f iV -dem ethyla- 
tio n  reac tio n s by  m ean s o f  alkyl ch lo ro fo rm ates [5], w h ich  can  also be used in  
th is  fie ld  and  the  ap p lic a tio n  of 2 ,2 ,2 -trich lo ro e th y l ch lo ro fo rm ate  [6] can  be 
reg a rd ed  as p a rtic u la r ly  favourab le , since  th e  conversion o f th e  u re th a n e  d e riv 
a tiv e  in to  th e  nor co m p o u n d  can be e ffec ted  u n d er v e ry  m ild  cond itions.

Special m ethods h a v e  also b een  described  for th e  conversion  of codeine 
in to  norcodeine, such  as th e  o x id a tio n  of codeine-IV-oxide w ith  p o tassium  
c h ro m a te  [7] or th e  p h o to -o x id a tio n  o f  codeine [8].

* T o  w h o m  c o r r e s p o n d e n c e  s h o u ld  b e  a d d r e s s e d
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T he von B rau n  m e th o d  is p ra c tic a b le  fo r th e  p re p a ra tio n  o f th e  n o r deriv 
a tiv e s  of m ost m o rp h in e  a lkalo ids, a lth o u g h  th e  y ie ld s v a ry . H ow ever, th e  
re a c tio n  of th eb a in e  (1) w ith  cyanogen  brom ide does n o t  y ie ld  th e  desired 
p ro d u c t;  instead , a so-called  cy an o -n o rm eth in e  (2) is iso la ted  [9, 10, 11], as a 
r e s u lt  o f cleavage of th e  n itro g en -co n ta in in g  ring .

W hen alkyl ch lo ro fo rm ates  w ere allow ed to  re a c t  w ith  th eb a in e  (1), 
a g a in  th e  n itro g en -co n ta in in g  rin g  w as sp lit and  th e  p ro d u c t w as acyl-norm e- 
th ine-codeinone (3) [12].

N orthebaine w as f ir s t  sy n th esized  b y  B a r t e l s-K e it h  [13] from  di- 
hyd ronorcode inone , a n d  la te r  R a po po r t  et al. [14] also p re p a re d  i t  in  a sim ilar 
m a n n e r . In  1966 a D u tc h  p a te n t  [15] described  th e  p re p a ra tio n  o f n o rth eb a in e  
fro m  thebaine  b y  th e  u se  o f azod icarboxy lic  esters, in  50 %  y ie ld . T he u n stab le  
a d d itio n  p roduc t (4) can  be decom posed  w ith  s a tu ra te d  am m onium  chloride 
so lu tio n  or py rid ine  h y d ro ch lo rid e .

5 a :  R = C H 3 

5 b : R — H

The d isad v an tag e  o f th e  m e th o d  is th a t  th e b a in e  a c tin g  as a philodiene 
p a r tn e r  will also e n te r  a D iels— A lder reac tio n  w ith  com pounds of th e  
RO O C —N = N — C O O R  ty p e  [16].

M orphine a lk a lo id s  w hich  c o n ta in  8 ,14-double b o n d  a n d  th u s  have an  
ally lam ine  s tru c tu re , re a c t w ith  cyanogen  brom ide like  th e b a in e  does. T h is 
w as observed w ith  A8-desoxycodeine ( =  desoxyneopine) an d  neop ine (5a) [17].
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R ecen tly , azod icarboxy lic  esters  h av e  been  in creasin g ly  em ployed  for 
JV -dem ethylation: in  th e  case o f  th e  so-called B e n t l e y  com pounds [18, 19], 
benzom orphanes [20] an d  also o f  5 /5 -m ethyk lihydrom orph inone (M etopon) [21], 
a lth o u g h  th e  y ields are  low er th a n  50% .

In  co n tin u a tio n  o f th e  w ork done b y  us la te ly  on n eop ine  [22, 23, 24], we 
w ished to  p rep a re  th e  n o r d e riv a tiv e  (5b) (3-m ethoxy-4 ,5a-epoxy-8 ,14-d ide- 
h y d ro m o rp h in an ) from  neopine o f a lly lam ine  s tru c tu re  (5a), ta k in g  in to  con
s id e ra tio n  all th e  experiences rep o rted  b y  users o f th e  ab o v e  m ethods.

N eopine is m u ch  less sensitive  to  acids th a n  th e b a in e ; there fo re  th e  de- 
m e th y la tio n  m e th o d  u tiliz ing  th e  IV-nitroso d e riv a tiv e  suggested  b y  S p e y e r  
an d  W a l t h e r  [3] w as tr ie d  f irs t  w ith  codeine an d  d ih ydrocode ine , since fo r 
th ese  com pounds th e  au th o rs  [3] s ta te d  y ields id e n tic a l w ith  those  o b ta in ab le  
b y  von  B ra u n ’s m e th o d , b u t  d id  n o t p u b lish  th e  a c tu a l d a ta .

W hen  s ta r tin g  from  codeine, th e  above m e th o d  y ie lded  th e  IV-nitroso 
d e riv a tiv e  in  50%  y ie ld ; its  hyd ro lysis  occurred  in  86%  y ie ld , and  th e  p re p a ra 
tio n  o f th e  base from  th e  h y d roch lo ride  w as ach ieved  in  80 %  y ie ld ; th u s  nor- 
codeine w as o b ta in ed  in  30%  overall y ie ld  (by  th e  v o n  B ra u n  m eth o d , codeine 
a n d  6-O -acetylcodeine can  be co n v erted  in to  norcodeine in  38 an d  70%  yie ld , 
respective ly ).

W hen d ihydrocodeine  was t r e a te d  accord ing  to  R ef. [3], th e  y ields w ere 
even  low er: 33%  fo r n itro sa tio n , 79%  fo r hyd ro lysis , a n d  64 %  in  th e  conversion  
o f  th e  hyd roch lo ride  to  th e  base, th e  o vera ll y ield  th u s  b e in g  16.6% . (No li te ra 
tu re  d a ta  are  av a ilab le  fo r th e  yield o f th e  von  B ra u n  reac tio n .)

A ccording to  o u r in v estig a tio n s, th e  p re p a ra tio n  o f  norneop ine  (5b) can  
be  ach ieved  in  th e  m a n n e r g iven fo r d ihyd rocodeine , a lth o u g h  in  a low  y ie ld . 
T he IV-nitroso d e riv a tiv e  w as o b ta in ed  in  25%  y ie ld , i ts  hyd ro lysis  in to  n o r
neopine w ith o u t th e  iso la tio n  o f th e  c h lo ro h y d ra te  could  be  ach ieved  in  73%  
yie ld , th u s  th e  o vera ll y ie ld  w as 18 .2% .

The m ost p ro m ising  m eth o d  w as, in  ou r op in ion , IV -dem ethylation  b y  
m eans of azod icarboxy lic  este r. H ow ever, th e  cond itions o f  th e  D u tch  p a te n t  
[15] of p rep arin g  n o rth e b a in e  w ere f ir s t  exam ined  an d  m odified . W e fo u n d  
th a t  w hen a 1.1-fold excess o f azod icarboxy lic  acid d im e th y l es te r (A D D E ) 
is used, a sig n ifican t a m o u n t of th e b a in e  rem ains u n ch an g ed  and  th eb a in e  
hydroch lo ride  c an n o t be  sep a ra te d  from  n o rth eb a in e  h y d ro ch lo rid e  b y  c ry s ta l
liz a tio n  from  w a te r. T he a m o u n t o f  u n ch an g ed  th e b a in e  can , how ever, be 
red u ced  b y  th e  use o f  a 1.5-fold excess os A D D E . In  th is  case th e  D iels— A lder 
a d d u c t also appears am ong  th e  p ro d u c ts , b u t  th e  la t te r  can  be  sep a ra ted  from  
n o rth eb a in e  w ith o u t d ifficu lty , since th e  a d d u c t is w ell so luble  in  h o t e th an o l, 
w hile n o rth eb a in e  h y d ro ch lo rid e  is inso lub le . I n  th is  re a c tio n  p u re  n o rth eb a in e  
hydroch lo ride  can  be o b ta in ed  in  30%  yield .

W hen  using  a tw ofo ld  excess o f  A D D E , neop ine gives th e  norneopine 
base in  35%  yield . I t  is adv isab le , how ever, to  iso la te  th e  a d d u c t (of ty p e  4)
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a n d  ca rry  ou t th e  h y d ro ly s is  w ith  aqueous am m onium  ch lo ride; th e  h y d ro ch lo 
r id e  can n o t he iso la te d , as i t  is w ell so luble in  b o th  w a te r  an d  e th an o l. T he 
so lu b ility  of also th e  n o rn eo p in e  base  in  w a te r  is sign ifican t.

I t  is to  be m e n tio n e d  th a t ,  accord ing  to  o u r ob se rv a tio n s, b o th  th e b a in e  
a n d  neopine re a c t w ith  A D D E  m u ch  slow er th a n  codeine does (codeine w as 
com ple te ly  con v erted  in  3 h  w ith  A D D E ). T he a d d u c t o f ty p e  4 is v e ry  u n stab le  
(h y d razo  ester) an d  th e  p resence of th e  n o r d e riv a tiv e  can  be  d e te c te d  in  th re -  
a c tio n  m ix tu re  befo re  h y d ro ly sis . T he com pound  to  be d e m e th y la te d  is allow ed 
to  re a c t p referab ly  in  b en zen e : th e  use o f alcohols as so lven t is u n fav o u rab le  
b ecau se  of in te ra c tio n  o f  th e  so lven t an d  A D D E  [25].

Experimental

H om ogeneity o f  th e  com pounds was checked in  each case b y  TLC using chloroform: 
: diethylam ine : acetone ( 5 : 2 : 4 )  developing m ixture on | Silica gel G layer; D ragendorff 
reagent was used for detection . M .p.’s are uncorrected; th ey  were m easured on a Koffler hot- 
stage. IR  (Unicam  SP 200 G and P E  203) and PM R (Jeol 100 M Hz) spectra of the com pounds 
were recorded.

N-Nitroso-norneopine

Neopine (1.5 g) and sodium  nitrite (7.5 g) were dissolved in  w ater (45 m l) and 2 N  
sulfuric acid was added dropwise at 90 °C, w ith  stirring, at a rate of using 35 —40 ml of sulfuric 
acid during 1.5 h. A fter som e tim e a crystalline substance precipitated, w hich was filtered o ff  
after cooling. The filtra te  was extracted w ith  chloroform (3 X 20 m l), th e  com bined organic 
phase was washed w ith  10%  hydrochloric acid (3 X 10 m l), then w ith w ater, dried and the sol
v e n t  evaporated. The residue was com bined w ith  the crystalline substance w hich had been fil
tered off previously, and recrystallized from  som e water to obtain 400 m g of the product, m .p. 
1 8 0 - 1 8 2  °C.

C17H 18N20 4 (314). Calcd. N  8.92. Found N  9.15% .

Norneopine (5b)

(а) N -N itroso-norneopine (300 m g) was refluxed in ethanol saturated w ith hydro
chloric acid (10 m l) for 1 h, then the solution was evaporated to dryness. The residue w as  
dissolved in water and m ade alkaline w ith  25% am m onium  hydroxide solution , then extracted  
w ith  chloroform (3 X 10 m l). The com bined organic phase was washed w ith  water, dried and 
evaporated to dryness. T he residue was crystallized from ethyl ecetate to obtain. 190 m g  
(73% ) of 5b, m .p. 185 — 187 °C. I t  was in  all respects (TLC, IR , PM R) identical w ith  the product 
prepared according to  (6) (see below).

(б) Neopine (1 .5  g; 5 m m oles) and azodicarboxylic acid d im ethyl ester (1.5 m l; 10 
m m oles) were refluxed in  dry benzene (10 m l) for 4.5 h. The solution w as evaporated to dryness 
and the residue rubbed w ith  ether. The solid was filtered off, dissolved in  96%  ethanol (50 m l), 
an aqueous solution (10 m l) o f am m onium  chloride (4 g) was added, and the m ixture w as 
refluxed for 5 h. A fterw ards, I N  HC1 (20 m l) was added and the ethanol evaporated in vacuum . 
T he residual solution w as extracted w ith  chloroform (3 X 20 ml), the cold aqueous phase was 
m ade alkaline w ith  10%  sodium  carbonate and extracted w ith  chloroform  ( 4 x 2 0  m l). The  
combined organic phase was washed w ith  water saturated w ith sodium  chloride and dried. 
Amorphous norneopine (1.15 g) was obtained on evaporation (35% ); th is w as crystallized from  
ethyl acetate, m .p. 184— 187 °C; after repeated recrystallizations, m .p . 189— 191 °C.

[oc]D -  44° (c =  0.5, chloroform). b \ [U r  f bk
Ci,H 19N 0 3 (285). Calcd. C 4.92. Found N  4.94% . The structure was confirm ed by the  

IR  and PMR spectra.
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STEUERUNG METALLKATALYSIERTER 
REAKTIONEN, V H P

D IE  L IG A N D K O N Z E N T R A T IO N S-ST E U E R U N G SK A R T E  DES  
SYSTEMS N IC K E L /B U T A D IE N /D IP H E N Y L P H E N O X IP H O SP H A N

A . SlSAK1, H .  SCHENKLUHN1’2 und P .  HEIMBACH1’2

( 1 M ax-P lanck-Institu t fü r  Kohlenforschung, M ülheim /Ruhr, B R D , 2 U niversität Essen  — GH S,
Fb 8 Organische Chemie I, B R D )

E ingegangen am  6. April 1979 
Zur Veröffentlichung angenom m en am  25. Mai 1979

Durch Variation des D iphenylphenoxiphosphan-N ickel-M olverhältn isses ([L ]0/ 
[M ]0) in  einem Intervall von  sieben Zehnerpotenzen wurde die S e lek tiv itä t der hom oge
nen katalytischen B utad ien -Cyclooligom erisation untersucht. D ie Auftragung der Pro
duktverteilung als F unktion von  lg  ( [L ]0/[M ]0) (Ligandkonzentrations-Steuerungskarte) 
erm öglicht die Erkennung v o n  Ligandassoziationsphänom enen bei den verschiedenen  
K om plexen der katalytischen  Cyclen und von  K opplungen der einzelnen Teilcyclen.

Einführung

D ie C yclooligom erisation  v o n  1 ,3 -B u tad ien  fü h r t  in  G egenw art von  N- 
bzw . P -m o d ifiz ie rten  N ick e l-(0 )-K ata ly sa to ren  zu G em ischen v o n  C yclodim eren 
u n d  - tr im e re n  [2, 3]. E s w urde  be i n eu eren  U n te rsu ch u n g en  d a rau fh in g ew iesen , 
d a ß  d iese R eak tio n  ein ausgezeichnetes M odell is t, den  E ffe k t e iner L ig an d 
k o n z e n tra tio n sv a ria tio n  a u f  die P ro d u k tse le k tiv itä t  zu s tu d ie re n  [4].

Ergebnisse

W ir u n te rsu ch ten  die C yclooligom erisation  von  B u ta d ie n  in  G egenw art 
des k a ta ly tis c h e n  System s [Bis-(c£s, c£s-C ycloocta-l,5-dien) N ickel (0)]/D i- 
p h en y lp h en o x ip h o sp h an . D as M olverhältn is  L igand /M eta ll w u rd e  im  In te rv a ll 
10~ 5 b is 102 v a riie r t. W ir fan d en , d aß  der P rozeß  —- äh n lich  w ie frü h e r p u b li
z ie r t [2, 3, 4] —  zu P ro d u k tg em isch en  von  fa s t aussch ließ lich  C yclo trim eren  
u n d  -d im eren  fü h r t  (Tabelle I).

* Steuerung m etallkatalysierter R eaktionen: V II. M itteilung (siehe [1])
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Tabelle I

Versuchsdaten zur Ligandkonzentrations-Steuerungskarte des Systems N ickel/ Butadien/Diphenyl-
phenoxyphosphan. Reaktionsbedingungen:

T  =  60 °C, t  =  15 h, N i0 =  40 mMol l -1 , N i/B utadien =  1 : 160

„  lg (Mo/ Nr. , [Ni],)
Oligomere (Mol-%, bezogen auf Umsatz = 100%) Um satz

Butadien
(Gew.-%)VCH COD n-OT ш -CDT ffc-CDT Icc-CDT

1 — oo 4,3 4,6 1,4 73,1 5,7 10,9 98,5
2 — oo 3,7 4,2 0,9 75,0 5,5 10,7 98,9
3 - 5 ,0 0 3,8 4,5 1,4 74,1 5,6 10,6 98,9
4 - 4 ,5 1 3,9 4,5 1,4 73,7 5,9 10,6 97,4
5 - 3 ,9 0 4,1 4,6 1,3 73,4 5,6 11,0 98,4
6 - 3 ,4 7 4,0 5,4 1Д 73,4 5,6 10,6 97,9
7 - 3 ,3 0 3,9 5,8 1,0 72,8 5,6 10,9 96,8
8 - 3 ,2 3 3,7 4,5 1,0 73,3 5,8 11,7 97,9
9 - 2 ,9 5 3,9 6,8 1,2 74,0 5,7 8,4 98,1

10 - 2 ,7 9 3,9 7,7 1,3 73,9 5,7 7,5 96,5
11 - 2 ,6 5 3,6 6,8 1,4 74,2 5,7 8,2 98,6
12 - 2 ,5 1 4,6 11,9 1,6 71,3 5,2 5,4 99,0
13 - 2 ,4 6 4,0 11,3 1,9 73,4 5,3 4,1 97,4
14 - 2 ,4 3 4,1 11,2 2,2 72,6 5,4 4,5 97,6
15 - 2 ,3 4 4,3 13,9 2,2 72,1 5,2 2,3 99,1
16 - 2 ,1 5 4,4 14,7 1,2 73,0 5,4 1,3 98,8
17 - 1 ,8 6 5,3 17,6 0,9 69,7 5,1 1,4 98,5
18 - 1 ,7 5 6,5 22,7 0,9 64,8 4,7 0,4 99,7
19 - 1 ,5 1 8,5 29,7 0,7 56,9 3,9 0,3 99,0
20 - 1 ,2 6 8,5 30,7 0,4 55,9 4,0 0,5 99,8
21 - 1 ,1 5 11,7 41,7 0,7 42,5 3,1 0,3 100,0
22 - 1 ,1 5 10,7 37,4 0,8 47,6 3,2 0,3 99,6
23 - 0 ,7 2 15,4 52,8 — 29,9 1,9 — 99,7
24 - 0 ,5 3 17,0 56,3 — 25,2 1,5 — 99,3
25 - 0 ,3 4 17,9 57,1 — 23,6 1,4 — 99,8
26 - 0 ,0 7 20,5 62,2 0,5 15,7 1,0 0,1 99,4
27 0,21 28,4 69,8 0,4 1,3 0,1 — 99,8
28 0,25 28.8 68,4 0,2 2,4 0,2 — 99,7
29 0,41 35,7 63,8 0,1 0,3 0,1 — 99,6
30 0,58 42,5 55,7 1,8 — — — 97,7
31 0,58 42,4 55,8 1,8 — — — 98,3
32 0,78 42,9 51,6 5,5 — — — 98,3
33 0,93 50,8 46,1 3,0 0,1 — — 95,1
34 0,93 51,0 45,2 3,6 0,2 — — 95,0
35 1,29 66,9 28,9 4,0 0,2 — — 58,5
36 1,49 73,6 19,0 7,1 0,3 — — 34,1
37 1,77 77,2 12,6 8,9 1,3 — — 8,0
38 1,77 77,8 12,1 9,0 1Д — — 5,5

Bei den  an g ew an d ten  R eak tio n sb ed in g u n g en  b ild e te n  sich  drei Isom ere 
des 1, 5, 9 -C yclododecatriens (CDT) ( la  —c).

/ X X X x xCo X X
ш -CDT tfc-CDT (cc-CDT

( la ) ( lb ) ( l c )
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sowie 4-Уin y l-1 -cyclohexen (VCH) (2), cis, c is-C ycloocta-l,5 -d ien  (COD) (3) 
u n d  c£s-l,2 -D iv iny l-cyclobu tan  (DVCB) (4)*

bi

Abb. la .  L igandkonzentrations-Steuerungskarte für das katalytische System  N ickel/B utadien/ 
D iphenylphenoxiphosphan (Produktverteilung in  M ol-%  bezogen auf um gesetztes B utadien). 
Keaktionsbedingungen: T  =  60° C, N i =  40 mMol l -1 ; t =  15 h, N i/B u tad ien  =  1 : 160,

Lösungsm ittel: Toluol
Abb. lb . Teilvergrößerung der Abb. l a  (Sym bole: (1) VCH, (2) COD, (3) n-OT,

(4) ttc-CDT, (5) tcc-CDT)

* Bei einem B utadien-U m satz kleiner 85%  kann im  Produktspektrum  auch cis-1,2- 
-D ivinyl-cyclobutan (4) nachgewiesen werden. W egen der von  uns gew ählten langen K eaktions- 
zeit (15 h) lagerte sich (4) vollständig in (2) und (3) um  [2].
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n eb e n  geringen M engen v o n  o ffen k e ttig en  D im eren  [vor allem  O cta trien isom e- 
re n  (ra-OT) (5a, b)].

Z u r B estim m ung  d e r Z usam m enhänge  zw ischen der L ig an d k o n zen tra tio n  
u n d  d e r P ro d u k tv e r te ilu n g  erw ies sich  eine h a lb lo g arith m isch e  A u ftrag u n g , 
d ie  w ir  L ig a n d k o n zen tra tio n s-S teu eru n g sk a rte  [4] nen n en , als zw eckm äßig . 
D ie  Sum m e aller O ligom eren  w urde gleich 100 P ro z e n t gese tz t u n d  die e inzel
n e n  P ro d u k te  (in M ol-% ) als F u n k tio n  des lo g arith m isch en  M olverhältn isses 
L ig a n d  zu M etall (lg [L ]0/[M ]0) au fg e trag en  (A hb. la ) .  E in en  T e ilau ssch n itt

Abb. 2. Teilsteuerungskarte für die Oligom erenverteilung (Mol% bezogen auf eingesetztes 
B utadien). Sym bole: (1) Monomere, (2) Dim ere, (3) Trimere

Abb. 3. Teilsteuerungskarte für die Trim erenverteilung (Sum m e der Trimeren gleich 100%  
gesetzt). Sym bole: (1) Mt-CDT, (2) ttc-CDT, (3) tcc-CDT

Acta Chim. Acad. Sei. Hung. 103, 1980



ISAK et al.: STEUE NG METALLKATALY IERTER REAKTIONEN, V III 381

Abb. 4. Teilsteuerungskarte für die D im erenverteilung (Summe der Dim eren gleich 100%  
gesetzt). Sym bole: (1) VCH, (2) COD, (3) n-OT

ze ig t die A bbildung  lb .  D iese D a rs te llu n g  is t jedoch  fü r  eine In te rp re ta t io n  
zu  kom p liz ie rt. D eshalb  w urde  die S teu eru n g sk arte  in  d re i T e ilk a rte n  zerleg t. 
I n  A bb . 2 sind die P ro d u k te  n ach  dem  O ligom erisationsgrad  zu sam m en g efaß t, 
in  A b b . 3 u n d  4 jew eils die isom eren  T rim eren  bzw. D im eren  gesondert d a r 
geste llt.

D ie P ro d u k tv e rte ilu n g  is t v o m  jew eiligen L igand /N ickel-Y erhältn is  
ab h än g ig . E s ergeben  sich ty p isch e  “ T itra tio n sk u rv e n ”  m it U m sch a ltb ere ich en  
v o n  ca. zwei Z ehnerpo tenzen  im  L igand /N ickel-Y erhältn is .

A bw eichend von  E rfah ru n g en  m it  P y rid in  als L ig an d  [4] ergeben sich 
be i P h o sp h an en  w eitere  P ro d u k tu m ste u e ru n g e n  [5, 6]. D iese E rsch e in u n g en  
s ind  d u rch  w eitere  L igandassozia tionsprozesse  der s tä rk e r  assoziierenden  
L ig an d en  m it P h o sp h o r als Z e n tra la to m  erk lä rb a r.

D iskussion

D ie im  u n te rsu c h te n  S ystem  a u f tre te n d e n  L ig an d assoz ia tionsphänom ene  
sin d  in  d re i G rundform en  (A bb. 5) e in zu o rd n en .

W en n  irgend  eine Spezies M (z. B . ein  Z w ischenkom plex  eines k a ta ly t i 
schen  Cyclus) einem  zw eistufigen A ssoziationsprozeß  eines L ig an d en  L u n te r 
lieg t, so e rg ib t sich fü r  die M olenbrüche* von  M, ML u n d  M L2 in  h a lb lo g arith -

* Der Molenbruch ist hier auf [M ]0 bezogen und dam it eigentlich ein (Lewis-) ’’Säure
bruch” [7]; dem entsprechend sind in unseren L igandkonzentrations-Steuerungskarten die 
K onzentrationen der Produkte den “M etallbrüchen” (z. B . Ä'M =  [M ]/[M ]0) proportional, d. b. 
den M olenbrüchen der Zwischenprodukte, bezogen auf die G esam tm enge des zugegebenen  
k ata lytischen  Ausgangskom plexes M.

Acta Chim. Acad. Sei. Hung. 103, 1980



382 SISAK et al.: STEUERUNG METALLKATALYSIERTER REAKTIONEN, V III

a)
M ML ML2

Abb. 5. Typische T itrationskurven: (a) für eine stufenweise M ehrfachassoziation eines Ligan
den L an einen M etallkom plex M; für eine L igandassoziation an einen m it einer anderen  

Spezies N  (b) gekoppelten bzw. (c) davon isolierten M etallkom plex M

m ischer D arste llu n g  d as  in  A bb. 5 a d arg este llte  B ild . A lle A ssoziationsstu fen  
s in d  durch  ty p isch e  T itra tio n sk u rv e n  e rk en n b ar.

W enn m ehrere  isom ere Z w ischenproduk te  d er g leichen  A ssoziationsstufe  
ex istie ren , erg ib t s ich  ein  B ild en tsp rech en d  A bb. 5b bzw . A bb. 5c, je  n a c h 
dem , ob die Spezies m it gleicher A ssozia tionsstu fe  (M u n d  N) m ite in an d e r 
gekoppelt sind o d er n ic h t.

D ie jew eiligen G le ichgew ich tsk o n stan ten  b ee in flu ssen  n a tü rlich  die L age 
d e r U m schaltungen . E b en so  w ird  sie au ch  d ad u rch  b e e in f lu ß t, daß das M etall 
n ic h t au f alle k a ta ly tis c h e n  T eilcyclen  g leichm äßig  v e r te i l t  is t. I s t  z. B . n u r  
1 %  der zugegebenen M enge des M etalls im  K om plex  des p ro d u k tb es tim m en d en  
E le m e n ta rsc h ritte s  e ines T eilcyclus v o rh an d en , so v e rsc h ie b t sich die U m schal-
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tu n g  fü r  diesen u m  zw ei Z ehnerpo tenzen  zu k le in e ren  W erten . D ie F o rm fa k 
to re n  d er a u f tre te n d e n  A n-, Ab- und  U m sc h a ltk u rv e n  sollen im  R ah m en  d ieser 
P u b lik a tio n  n ic h t d is k u tie r t  w erden.

In  einem  h o m o g en  m e ta llk a ta ly s ie rten  P rozeß  w erden  im  allgem einen  
n ic h t alle K o o rd in a tio n ss te llen  der a k tiv e n  M etallspezies d u rch  das S u b s tra t  
be leg t, so daß  sich  je  n a c h  A rt und  K o n z e n tra tio n  zug ese tz te r L ew issäuren  
u n d  -basen  w eitere  A ssoziationsprozesse e n tsp rech en d  fo lgendem  P r in z ip 
schem a ergeben  (L =  L ig an d , P  =  P ro d u k t, S =  S u b s tra t ,  m  =  M eta llru m p f
kom plex).

S-l -f- S2 m Sj-m-Sg ——> P  A  m
(6)

11Л 41
Si +  S2 -j- mL Sj-m-Sg — * P ’ - j-  m L

L
(7)

Die P ro d u k ts e le k tiv i tä t  [P /(P -f-P ’)] is t ab h än g ig

a) von  den sich  einstellenden  G le ichgew ich ten  (“ th e rm o d y n am isch e  
S e le k tiv itä t” ) und

b) von  der L eb e n sd a u e r der e n tsp re c h e n d en  K om plexe  (6) bzw . (7) 
(“ k in e tische  S e le k tiv itä t” ).

Je d e  A ssoziation  b e e in f lu ß t O rien tie ru n g sfak to ren  d e r Zw ischenkom plexe 
(Ä nderung  von  K o n fo rm a tio n  und K o n fig u ra tio n  d er o rgan ischen  L igan d en  
sowie d er gesam ten  S t r u k tu r  der K om plexe), b e e in f lu ß t som it das P ro d u k t
sp ek tru m  u n d  e rö ffnet v ie lfä ltig e  S teuerungsm ög lichke iten .

D a die B ildung  d e r  jew eiligen P ro d u k te  d en  en tsp rech en d en  ak tu e llen  
Z w isch en k o m p lex k o n zen tra tio n en  p ro p o rtio n a l is t , so llten  sich in  k a ta ly tisc h e n  
S ystem en  bei V a ria tio n  d e r  K o n zen tra tio n  d er L ig an d en  im  P rin z ip  ähn liche 
Z usam m enhänge wie in  A b b . 5a—c zeigen. D ie ev tl, versch iedenen  A b reak 
tionsgeschw ind igkeiten  so llte n  zusätzlich  die L age d er U m scha ltungen  in  d er 
K o n z e n tra tio n s-S te u e ru n g sk a rte  versch ieben , be i A k tiv ie ru n g  zu  n iedrigeren  
u n d  bei H em m ung  zu h ö h e re n  [L ]0/[N i]„-V erhältn issen .

D ie L ig an d k o n zen tra tio n s-S teu eru n g sk a rte  A bb . l a  zeig t ein zu k o m p li
ziertes S te u e ru n g sv e rh a lte n , um  sie d ire k t a n h a n d  d er P rin z ip b ild e r A bb. 5 
in te rp re tie ren  zu k ö n n en . D agegen ist die T e ils teu e ru n g sk a rte  des O ligom eri- 
sa tionsg rades A bb. 2 dem  A ssoziationsschem a A bb . 5a seh r v e rw an d t.

D an ach  e rg ib t sich  folgendes A ssozia tionsschem a fü r  die in  dieser T eil
s teu e ru n g sk a rte  s ic h tb a re n  Zw ischenkom plexe [L =  P(O CeH 5)(CeH 5)2]:
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L L
{DIMs} ^  {D IM l } ^  {STOP}*

©  ©

© I bzw . '][lM 

{TRIM }

D u rc h  die A b reak tio n  (7) (k inetische  K o p p lu n g ) bzw . das G leichgew icht l a  
( th e rm o d y n am isch e  K opplung) is t die T rim eren b ild u n g  b e v o rte ilt  (beim  
lig an d fre ien  K a ta ly sa to r  liegt der re la tiv e  A nte il der D im eren  bei ca. 1 0 % ); 
d ie  L igan d asso z ia tio n  (¥) fü h r t  zu r aussch ließ lichen  D im eren b ild u n g  (vgl. 
A b b . 5b , w enn N u n d  ML das gleiche P ro d u k t liefern); die n äch s te  L igand- 
A ssoz ia tion  (7) e rg ib t d a n n  den k a ta ly tis c h  in a k tiv e n  “ S to p k o m p lex ” .

D ie T e ils teu e ru n g sk arte  der T rim eren  (A bb. 3) äh n e lt d er en tsp rech en d en  
P y r id in -K o n z e n tra tio n s -S te u e ru n g sk a rte  [4]. A uch h ie r is t d e r A b sch a ltp ro zeß  
in  d e r B ildung  v o n  tcc-CDT (lc ) bei e inem  ers tau n lich  n iedrigen  L igan d /M eta ll- 
V e rh ä ltn is  v o n  1 0 ~ 3'5 b is 10~2. D ie s te a d y -s ta te -K o n z e n tra tio n  d er e n tsp re 
ch en d en  Z w ischenkom plexe sollte also seh r n iedrig  sein ( ca. 1 %  des zugegebe
n e n  M etalls).

A nders als bei d er P y rid in -S te u e ru n g  erfo lg t die A b sch a ltu n g  v o n  ( l c )  
n ic h t zu g u n sten  des T rim eren  ( la ) ,  so n d ern  des D im eren  COD (3), w ie ein  
B lick  a u f  den  T e ilau ssch n itt d er G esam ts teu e ru n g sk a rte  A bb . lb  d eu tlich  
ze ig t. D ie T e ils teu e ru n g sk arte  d er T rim eren  tä u sc h t dies n u r  au fg ru n d  d e r  
a n d e rsa rtig e n  N orm ieru n g  (Sum m e a lle r T rim eren  gleich 100%  g esetz t) v o r.

In  d er T e ils teu e ru n g sk arte  d e r D im eren  (A bb. 4) f in d e t sich  d e r o b en  
e rw äh n te  U m scha ltp rozeß  von  ( lc ) in  (3) in  dem  A nstieg  des COD bei v e rg le ich 
b a rem  [L ]0/[N i]0-V erhältn is  w ieder. Y C H  und  ra-OT tä u sc h e n  w egen d e r  
N o rm ie ru n g  (Sum m e a ller D im eren  gleich  100%  gesetzt) den  e n tsp re c h e n d en  
G egenprozeß  vo r. D er A nstieg  d er D im eren  COD u n d  YCH  im  B ereich  [L ]0/ 
[N i]0 v o n  10-2  b is 10-0,3 erfo lg t p ro p o rtio n a l (vgl. A bb. la ) ;  dem  e n tsp re c h e n d  
s in d  die K u rv en zü g e  b e ider P ro d u k te  in  d e r T e ils teu e ru n g sk arte  A bb. 4 p a ra lle l. 
D aß  n ic h t jew eils alle d rei Isom eren  (2, 3, 5) an  gleicher S telle d er D im eren - 
T e ils teu e ru n g sk a rte  u m g esteu e rt w erd en , d e u te t au f eine k in e tisch e  S e p a ra tio n

* D ie geschw eiften Klam m ern sym bolisieren jeweils einen Zwischenkom plex aus dem  
k ata lytischen  T eilcyclus, der durch das in  K lam m ern in Abkürzung angegebene P rodukt ge
kennzeichnet ist; (D IM ) bzw. {TRIM } sym bolisiert also einen Zwischenkom plex des T eil
cyclus, aus dem  heraus D im e  re bzw. T rim ere  des Butadiens gebildet werden; {STOP} ste llt  
einen  Siopkom plexldar, der n icht mehr k a ta ly tisch  aktiv ist. D ie m it den G leichgew ichtspfeilen

L
sym bolisierten L igandassoziationen (z. B . ^  Q im plizieren nicht ein direktes A ssoziations-

® L
gleichgew icht der entsprechenden Zwischenkom plexe (z. B. {DIM l} v  {STO P}), sondern

®
eine therm odynam ische K opplung der jew eiligen  Teilcyclen. W elche Z w ischenkom plexe der 
jew eiligen  Teilcyclen das im  Einzelfall ta tsäch lich  sind, muß im  jew eiligen Fall dann noch  
gesondert untersucht werden.
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dieser T eilcyclen  h in . W eitergehende In te rp re ta t io n e n  so llten  m it H ilfe k in e 
tisc h e r M essungen m öglich  sein.

W ie die v o rliegende  A nalyse des S ystem s N ick e l/B u tad ien /D ip h en y l- 
p h en o x ip h o sp h an  ze ig t, erm öglich t die A u fste llu n g  d er L ig an d k o n zen tra tio n s- 
S te u e ru n g sk a rte n  eine M echan ism enanalyse  u n te r  b eso n d ere r B erü ck sich tig u n g  
der th e rm o d y n a m isc h e n  S e lek tiv itä t. E s  ergeben  sich A ussagen  ü b er die M ini
m alzah l der Z w ischenkom plexe  u n d  d e ren  K o p p lu n g . E in e  vo rh erig e  K e n n tn is  
der S tru k tu r  d e r a u f tre te n d e n  Z w ischenkom plexe w ie des R eak tio n sm ech an is
m us is t  n ic h t erfo rd erlich . F ü r  e inen  g ezie lten  E in g riff  in  das System  (z. B . 
E rw e ite ru n g  a u f  k a ta ly tisc h e  M eh rk o m p o n en ten sy stem e) ergeben  sich w e r t
volle In fo rm a tio n e n  ebenso wie fü r  eine O p tim ie ru n g  e inzelner P ro d u k te .

E xperim en teller Teil

Alle O perationen wurden unter Schutzgas (Argon) durchgeführt. D ie verwendeten L ö
sungsm ittel, inneren Standards und B utadien  wurden m it N a/K -L egierung bzw. A10C2HS(C2H6)2 
absolutiert. Der L igand POC6Hs(C6H6)2 wurde aus PCI(CeH6)2 entsprechend der Literatur [8] 
hergestellt (R einheit lt . slP-NM R-Spektrum  97% ).

Ni-Standardlösung

Zu 5,36 g (19,5 mM ol) [Ni(COD)2] wurden hei —78 °C in einer 500 m l-Am pulle 200 m l 
Toluol, 40 m l T etralin  (innerer Standard) und 250 m l flüssiges B utad ien  gegeben. Das Gem isch  
wurde bis zur völligen  A uflösung des Ausgangskom plexes bei — 15 °C gerührt, die orange-rote 
Lösung anschließend über N acht bei —30 °C getem pert.

Ligand-Standardlösung

Zur V ariation des L igand/N ickel-V erhältnisses (von  10“ 5 bis 1) wurden von  einer m olaren  
Lösung von  POC6H s(C6H 5)2 in  T oluol/D odecan (2 : 1) Verdünnungen in Zehnerpotenzen ange
fertigt. D azu wurde das gleiche Lösungsm ittelgem isch Toluol/D odecan (2 : 1) verwandt.

Für [L ]0/[N i] „-Verhältnisse größer 1 wurde der Ligand m it der entsprechenden Menge 
des inneren Standards D odecan direkt in  K atalyse-A m pullen  (s. o.) eingewogen.

Versuchsdurchführung

D ie K atalysen  w urden in graduierten 10 m l-A m pullen durchgeführt. N ach der E ingabe  
der entsprechenden M engen Ligand-Standard-Lösung wurden die A m pullen bei —78 °C m it  
der entsprechenden N ickel-Standardlösung versetzt, wobei sich eine G esam treaktionslösung  
von  bis zu 8 —9 m l ergab. N ach sorgfältigem  V erschließen wurde ausgew ogen und anschließend  
15 h  bei 60 °C therm ostatisiert.

D ie Stopfen u nd H ähne m ußten wegen des sich bei der R eaktionstem peratur entw ickeln
den erheblichen B utadien-Ü berdrucks gut g efettet und gesichert sein.

GC- A nalyse

D as gekühlte R eaktionsgem isch wurde nach K ontrollwägung direkt in  einem Siem en3 
L 350-G aschrom atographen aufgetrennt. Zur A bscheidung des K atalysators war als Vorsäule 
ein m it Glaswolle gefü lltes 16 cm Glasrohr eingebaut.

G C-Bedingungen: 70 m  G las-Kapillarsäule (OV 101),
Trägergas N 2 1,5 bar
Tem peraturprogram m  230 °C/140 °C/230 °C
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Kontrollversuche, Korrekturen

D ie eingesetzte M etallverbindung [N i(C O D )2] enthält kom plex gebundenes (3), das die 
k ata ly tisch en  Ergebnisse verfälscht. Bei der H erstellung der N ickel-Standardlösung en tsteh t  
w äh rend des Lösungsprozesses des [Ni(COD)2] ein  katalytischer Z wischenkom plex m it einer 
C12-K ette , gebildet aus drei Butadien-M olekülen. Zu Beginn der anschließenden K atalysen  
reagiert diese zu CDT ah [4].

U m  diese K orrekturen berücksichtigen zu können, wurde die N ickel-Standardlösung  
m it P(OC6H6)C6H5)2 in  einem  M olverhältnis [L ]0/[N i]0 von sechs versetzt und direkt der GC- 
A n alyse  unterworfen. D iese ergab ein V erhältn is [Ni] : [(3)] : [la )]  von  1 : 2 : 1 .  D em ent
sprechend wurden alle m it der N ickel-Standardlösung angesetzten Versuche korrigiert.

D ie  Elim inierung system atischer Fehler in  den Ligand-Verdünnungsserien durch en t
sprechende K ontrollkatalysen über D irekteinw aagen wurde an anderer Stelle im  D eta il publi
z iert [4].

*

Einer der Autoren (A . S.) dankt der M ax-Planck-G esellschaft zur Förderung der W is
senschaften  für ein Forschungsstipendium .
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An apparatus suitable for th e  determ ination of the m echanical-rheological 
properties o f elastic specimens of low  m echanical strength (e.g. o f sw ollen polym er gels) 
has been developed, which m akes possible a t unidirectional com pression the sim ulta
neous m easurem ent of force and deform ation belonging to it  a t a h igh accuracy ( ± 1  X 
10 ~4 N  and rb6 p m, resp.) and in a w ide range (from l X l O -4 N  to  2.000 N , and  
from  6 fim  to 3.333 mm, resp.). U sing stress deformation functions determ ined for gels 
o f various degree of cross-linking prepared from  polyvinyl alcohol, the m olecular  
param eter characteristic o f the structure o f networks, the quantity  o f  e lastically  active  
network chains has been calculated. I t  was found that values obtained  experim en
ta lly  considerably differ from data calculated  for ideal model system s.

1. In tro d u c tio n

O ne of th e  m ost im p o rta n t p reco n d itio n s  of reliab le m echan ical-rheo log i
c a l m easu rem en ts  is to  produce hom ogeneous, iso trop ic  d e fo rm a tio n . In  th e  
case o f a g iven bo d y  th is  can be rea lized  b y  u n id irec tiona l te n s io n  or com pres
sio n , an d  b y  sim ple shearing. In  th e  fo rm e r cases th e  h y d ro s ta tic  co m p o n en ts  
o f th e  ten sile  or com pressive force are  also  ac tive , and  can  n o t be a lw ays neg
lec ted . In  sim ple shearing  th is  has n o t  to  he  ta k e n  in to  co n sid e ra tio n .

D ep en d in g  on th e  m echan ical p ro p e rtie s  of th e  te s t  sy s tem s, v a rio u s  
d ifficu ltie s  m a y  arise  in  th e  c a rry in g  o u t o f  th e  m easu rem en ts. F o r  hom oge
n eous, iso tro p ic  specim ens of h igh  s tre n g th  an d  high elastic  m odu lus (e.g. for 
m e ta ls) th e  ty p e  o f  deform ation  m o st o ften  used  is s tre tc h in g , because  th e  
c la m p in g  of th e  sam ple is re la tiv e ly  easy . T h is is d ifficu lt to  rea lize  in  ru b b er- 
e la s tic  sy stem s, due  to  th e  inhom ogeneous stress field  developing  in  th e  sam ple  
in  th e  en v iro n m en t o f th e  c la m p in g  nead s holding th e  sam ple . H ow ever, 
d ifficu lties  can  be elim inated  b y  an  a p p ro p ria te  techn ica l a rra n g e m e n t an d  
b y  th e  su itab le  selection  of th e  fo rm  o f th e  sam ple.

W ith  so ft system s, i.e. w ith  sy stem s o f low m echanical s tre n g th  an d  low 
e lastic  m odu lus, o ften  already  th e  c lam p in g  of th e  sam ple is p ro b lem atic , 
th u s  th e  in v es tig a tio n  of th e ir  m ech an ica l-rh eo lo g ica l p ro p ertie s  can  be  u su a lly  
rea lized  on ly  in  a special a p p a ra tu s . O ne o f  th e  possib ilities is to  expose th e  
t e s t  sam ple  to  shearing  stress in  th e  g ap  o f concentric  cy lin d ers  as u sed  in
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ro ta tio n  v iscom etry . T h o u g h  p e rm ittin g  m easu rem en ts  o f  h igh  accuracy , th is  
exp erim en ta l a r ra n g e m e n t has tw o d isad v an tag es , re s tr ic tin g  its  ap p licab ility  
in  several respects. O n  th e  one h an d , i t  is su itab le  o n ly  fo r th e  in v es tig a tio n  o f 
lio-gels form ed in  th e  g ap , an d  on th e  o th e r h a n d , fo r c e r ta in  sam ples th e  de
pendence  of m ech an ica l p ro p erties  on th e  degree o f sw elling o f th e  system  can 
n o t  be studied.

I t  can he e s ta b lish e d  on th e  basis o f th e  a fo resa id  th a t  o f th e  sim ple 
ty p e s  of d e fo rm ation  p r im a rily  u n id irec tio n a l com pression  is su itab le  fo r th e  
in v estig a tio n  o f so ft sy stem s, because no c lam ping  o f  th e  sam ple is needed  in  
th is  case, and th e  d e te rm in a tio n  of th e  m echan ica l p ro p e rtie s  of th e  specim en 
becom es possible ev en  w hen th e re  is a change in  v o lum e.

The p resen t co m m u n ica tio n  re p o rts  on an  e x p e rim e n ta l a p p a ra tu s  o f  
o u r own co n stru c tio n , w hich  m akes possib le th e  ra p id  a n d  accu ra te  d e te rm in a 
tio n  of the  s tre ss-d e fo rm atio n  re la tio n sh ip  of so ft, e las tic  specim en.

2. Principle of operation of the apparatus

The in s tru m e n t (F ig . 1) is a m od ifica tion  o f th e  an a ly tica l balance. T he 
v e r tic a l glass ro d  w ith  f la t  end (1), fa s ten ed  to  th e  h o ld in g  fram e of th e  ba lan ce  
p a n  serves for th e  com pression  of th e  te s t  sam ple. T h e  sam ple (2) is lo ca ted  
in  th e  double-w alled th e rm o stab le  sam ple ho ld er (4), fa s ten ed  to  th e  su p p o rt
(3), betw een tw o  p a ra lle l glass p la te s  (5). T he force ac tin g  on th e  sam ple is 
e q u a l to  th e  d ifference  o f th e  w eigh t p laced  on th e  b a lan ce  p a n  and  th e  w eigh t 
s e t  on the  dial. C hange in  h e igh t occurring  d u rin g  d e fo rm atio n  can be follow ed 
on th e  balance in d ic a to r  (1 scale d iv ision  is 27.4 ц т ).  T h e  ap p a ra tu s  m akes
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possible a v e ry  a c c u ra te  m easu rem en t o f d efo rm atio n  an d  stress ( +  6 uni an d  
+  1 X 1 0 -4  N) w ith in  a r a th e r  w ide ran g e  (from  6 f im  to  3.333 m m , an d  from  
l X l O “ 4 N  to  2.000 N , respective ly ). T h e  h e ig h t re g u la tin g  disc a rran g ed  on 
th e  su p p o rt p e rm its  th e  d e te rm in a tio n  o f  th e  u n d efo rm ed  sam ple a t  a h igh  
accu racy  ( +  0.005 m m ). (Since a know ledge o f th e  la t te r  is of fu n d a m e n ta l 
im p o rtan ce  on acco u n t of its  role in  th e  th e o re tic a l re la tio n sh ip s  d iscussed in  
th e  fo llow ing, its  v a lu e  has been d e te rm in ed  for a ll th e  system s in v es tig a ted  
also b y  an  in d e p e n d e n t m ethod , w ith  a one-d im ensional co m p ara to r o f ty p e  
Zeiss-A bbe. V alues m easu red  agreed w ith in  0 .1% .)

3. Gel p rep ara tio n

In v e s tig a tio n s  o f  m ost of th e  a u th o rs  w ere ca rried  o u t on gels p re p a re d  
b y  cross-link ing  p o ly m eriza tio n  [1]. I n  system s o f th is  k in d  segm ent d is tr i
b u tio n  is g en era lly  n o t  hom ogeneous, th e  s tru c tu re  o f th e  gel m ay  be consider
ab ly  a ffec ted  d u rin g  cross-linking a lre a d y  b y  sm all changes in  ex te rn a l cond i
tio n s, an d  th e  rep ro d u c tio n  of th e  p rocess is v e ry  d ifficu lt.

C ross-link ing  o f a po lym er in  so lu tio n  has th e  a d v a n ta g e  th a t  b y  chang ing  
th e  c o n c e n tra tio n  o f th e  so lu tion  an d  th e  q u a n ti ty  o f th e  cross-linking ag en t 
in tro d u ced  in to  th e  sy stem  m akes possib le  th e  p re p a ra tio n  of gels of d iffe ren t 
m echan ica l p ro p e rtie s  an d  of d iffe ren t liq u id  co n te n t. M oreover, th e  cross- 
link in g  process is g en era lly  easier to  c o n tro l, and  rep ro d u c ib ility  im proves.

In v e s tig a tio n s  w ere carried  ou t on po ly v in y l alcohol (PVA, P o v a l 420, 
J a p a n )  gels, c ross-linked  a t  6w %  p o ly m er co n cen tra tio n  an d  a t  four k inds (50, 
100, 200, 400) of degrees o f cross-linking (dc, th e  m o lar ra tio  of th e  m onom er 
o f th e  p o ly m er an d  o f th e  cross-link ing  ag en t). C ross-linking was carried  o u t 
w ith  g lu ta ric  a ldehyde  (GDA. M erck, G F R ).

Gels w ere p re p a re d  by  filling  th e  so lu tion  (p H  =  1.5) of th e  p o lym er, 
th e  cross-link ing  a g en t an d  th e  c a ta ly s t (2n HC1 so lu tion ), hom ogenized b y  
s tirr in g , in to  a d em o u n tab le  gel p o u rin g  fram e  (F ig. 2), su itab le  for th e  p re p 
a ra tio n  o f cy lin d rica l gel pieces. Gel fo rm a tio n  p roceeded  u n d er iso th e rm a l 
cond itio n s, in  a th e rm o s ta t ,  a t  298 +  0.1 К  in  ab o u t 2 hou rs. The cy linders

Fig. 2. Gel pouring frame. 1. Base plate, 2. gel pouring form, 3. sliding lid, 4. sam ple,
5. fix ing screw
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w ere  placed a f te r  a d a y  in to  w eigh ting  b o ttle s  w ith  g round  lid , an d  w ere le ft 
s ta n d in g  for tw o d a y s  fo r th e  com plete  p roceed ing  o f  th e  processes. N ex t th e  
m ed iu m  of th e  gels w as exchanged  fo r d istilled  w a te r, an d  th e  sam ples w ere 
s to re d  u n til use in  a re fr ig e ra to r  a t  278 K .

4. E xperim en ta l resu lts  an d  th e ir  evau la tion

Since an  a p p a ra tu s  of new  ty p e  an d  a novel gel p re p a rin g  process w ere 
u se d  in  our in v es tig a tio n s , a s tu d y  o f th e  rep ro d u c ib ility  o f  m easu rem en t an d  
sam p le  p re p a ra tio n  w ere th o u g h t to  be  necessary . R e lev an t re su lts  are  su m 
m arized  in  T ab le  I .

I t  can be seen from  th e  ta b le  t h a t  th e  rep ro d u c ib ility  o f b o th  gel p re p 
a ra tio n  and m ech an ica l m easu rem en t is w ith in  2 — 3% .

M oreover, in v es tig a tio n s  w ere u n d e r ta k e n  to  e s tab lish  th e  change in  
sh ap e  of th e  gel cy lin d ers  u n d e r s tress (F ig . 3). I t  can  be seen also from  th e  
f ig u re  th a t  no so-called  b a rre lling , in d ic a tiv e  o f inhom ogeneous stress d is tr i
b u tio n , occurs d u rin g  defo rm ation , th e  gel cy linders are  u n ifo rm ly  f la tte n e d  
b e tw een  th e  glass p la te s  w ell w e tte d  b y  th e  m edium  (see F ig . 1). I t  has been  
fu r th e r  estab lished  t h a t  on reliev ing  com pression  th e  sam ples reg a in  th e ir  o rig 
in a l  shape, p e rm a n e n t defo rm atio n  could  n o t be d e tec ted  in  a n y  o f th e  sy stem s.

The possible ch an g e  in  th e  degree o f sw elling of th e  gel sam ples b y  de
fo rm a tio n  has also been  s tud ied . Ow ing to  th e rm o d y n am ica l reasons, a change 
in  degree of sw elling  b y  d e fo rm ation  is n am e ly  to  be ex p ec ted . D u rin g  o u r 
m easu rem en ts  c a rr ie d  o u t in  a re la tiv e ly  n a rro w  defo rm ation  ran g e , no change 
in  degree of sw elling h as  been observed  in  a n y  o f th e  system s.

Table I

Reproducibility test

(Polym er concentration at cross-linking: 6w% , degree of cross-linking: 200, T  =  298 K)

Gel 1 Gel 2 Gel 3*

L oX\  mm 11.33 11.32 11.32

Force, N deformation, mm

0.0196 0.43 0.43 0.42 0.42 0.42 0.42 0.43 0.43 0.42

0.0490 1.02 1.02 1.02 1.02 1.02 1.01 1.02 1.02 1.01

0.0784 1.51 1.52 1.51 1.51 1.51 1.51 1.51 1.52 1.51

0.0980 1.83 1.83 1.83 1.82 1.82 1.81 1.83 1.83 1.82

0.1176 2.13 2.14 2.13 ' 2.13 2.12 2.12 2.14 2.14 2.12

0.1470 2.49 2.50 2.49 2.49 2.49 2.48 2.50 2.50 2.49

* Sample 3 was prepared at a different tim e than the other samples

Acta Chim. Acad. Sei. Hung. 103, 1980



HORKAY et al.: MECHANICAL-RHEOLOGICAL PROPERTIES OF GELS 391

Fig. 3. Shape of the deformed and undeform ed gel cylinders (а. Л х =  0.85 
b. Л х =  0.80 e. Л х =  0.75)

F o r th e  ev a lu a tio n  o f th e  m ech an ica l te s ts  th e  a r ith m e tic  m ean  of 3 
p a ra lle l m easu ring  d a ta  w as u sed  in  each  case. The sy stem s w ere k e p t a t  a 
te m p e ra tu re  o f 298 +  0.1 K .

T he stress-d efo rm atio n  fu n c tio n  w as de te rm ined  fo r  each  system . Since 
th e  degree o f sw elling of th e  gels w as d iffe ren t, to  fa c il i ta te  com parison , th e  
d e fo rm ation  ra tio  A x =  L xIL 0x (L 0x b e ing  th e  leng th  o f  th e  u ndefo rm ed , L x 
t h a t  of th e  defo rm ed  sam ple in  th e  d irec tio n  of th e  x  ax is) has been used  in  
th e  figu re  fo r th e  ch a rac te riza tio n  o f  d e fo rm atio n  (Fig. 4). I t  can  be e stab lish ed  
on th e  basis of th e  figure  th a t  th e  m ech an ica l p roperties o f th e  gels co nsiderab ly  
change w ith  th e  degree of cross-link ing . A t th e  sam e tim e , in  th e  case o f sys
te m s  o f h ig h er degree o f c ross-link ing  a su b s ta n tia lly  la rg e r  force is needed  
to  p ro d u ce  th e  sam e defo rm ation .

W hen  th e  m echan ical p ro p e rtie s  o f th e  netw orks a re  k n o w n , in fo rm atio n s 
on th e  s tru c tu re  of th e  system s can  b e  o b ta in ed  b y  d e te rm in in g  on th e  basis 
o f ca lcu la tions fo r su itab le  m odel sy s tem s th e  re la tio n sh ip  be tw een  th e  m acro 
scopic p a ram e te rs  m easured  e x p e rim e n ta lly  an d  th e  m o lecu la r q u a n titie s  re le 
v a n t  to  th e  m odel.

A ccording to  th e  genera lly  u sed  theo ries based  on d iffe ren t idealized  
m odels, th e  change in  H elm h o ltz  en e rg y  accom pany ing  th e  d efo rm atio n  of 
a cross-linked p o ly m er [1, 2] is:
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A A  = K 1k T v e 1 ! 2 , ^ 2 I /j2 K 2k T v eI л   ̂  ̂ л
( 4 c  +  Л У +  Л 2 -  3 ) ----------- - ----- (ln  Л хЛ хЛ г)

2 '  2

a n d  th e  force need ed  fo r  d efo rm atio n  a t  c o n s ta n t vo lu m e V:

/  =
<)AA I _  K xvelk T  ^

. dL  JTiV ~  L 0X
Л ? ) ,

w h ere  K l and K 2 a re  c o n s ta n ts , ve\ is th e  n u m b e r o f  th e  e la s tic a lly  active n e t 
w o rk  chains, A x, A y  a n d  A z a re  d efo rm atio n  ra tio s  m easu red  in  d iffe ren t d irec
t io n s , к  is B o ltzm an ’s c o n s ta n t, a n d  T  is th e  te m p e ra tu re .

F o r swollen n e tw o rk s  th e  force re fe rred  to  th e  u n it  in it ia l  cross sec tion  
( a t  qi =  1), ad, is in  th e  follow ing re la tio n sh ip  w ith  d e fo rm atio n  ra tio  [1]:

=  K . R T v l q f  q ^ { A x A ( 1 )

w h ere  qt is th e  degree o f  iso tro p ic  vo lu m etric  sw elling, q0 th e  so-called m em ory  
p a ra m e te r , th e  q u a n t i ty  in  m oles of th e  e la stica lly  a c tiv e  netw ork  chains 
in  th e  d ry  ne tw ork  o f  u n i t  vo lum e, an d  R  th e  gas c o n s ta n t

On th e  o th e r h a n d , in d ep en d en tly  of an y  m o lecu lar m odel, th e  d en sity

o f  s to red  H elm holtz  en e rg y
A

е л ~ т
can  he  given in  a com plete ly  genera l

fo rm  fo r the  d e fo rm a tio n  o f e lastic , hom ogenous, iso trop ic  an d  incom pressib le 
b o d ies , as a fu n c tio n  o f  th e  sca la r in v a ria n ts  fo rm ed  from  th e  m ain  defo rm ation  
ra t io s  [3]:

Qa  =  2  C t ß  1 -  3 )г ( I 2 -  3 / ,  (2)
1=0, j=0

w h ere  I x and L, a re  th e  f i r s t  an d  th e  second sca la r in v a r ia n ts , while th e  Сц  
v a lu e s  are m a te ria l c o n s ta n ts . I ,  an d  J 2 can  be expressed  w ith  th e  defo rm ation  
ra tio s , th us:

h  =  A l + A l + A \  (3)

I2 =  A 2x A 2y + А 2х А 2г + 4 4

The eq u a lity  I 3 =  A 2AyA~ =  1 rep resen ts  th e  co n s ta n c y  o f th e  vo lum e. 
W h en  only th e  f ir s t  tw o  te rm s  o f th e  su m m atio n  accord ing  to  E q . (2) are ta k e n  
in to  consideration , th e  so-called M o o n e y  — R iv l in  eq u a tio n  is o b ta ined  [4 ]:

Qa  =  C i,o (/i 3) -f- C 0>1( / 2 3) =  C1( I 1 3) -f- C2( I 2 3). (4)

From  re la tio n sh ip s  (3) an d  (4) th e  expression

/  =  2 CX(A X -  Л “ *) +  2 C2(A x -  Л ^ ) Л - 1  (5)

is ob ta in ed  for th e  fo rce . I t  can  be clearly  seen from  E q . (5) th a t  if  C2 =  0, 
th e n  2CX is id e n tic a l w ith  th e  fa c to r  in  E q . (1), c o n ta in in g  th e  m olecu lar
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Ax 0.8 0.9

Fig. 4. Force deformation ratio functions (dc: (1) 50; (2) 100; (3) 200; (4) 400)

1.05 1.10 1.15 1.20 1.25 1.30 A'i

Fig. 5. M o o n e y — R iv lin  plots (dc: (1) 50; (2) 100; (3) 200; (4) 400)

ch a rac te ris tic s  re le v a n t to  the  n e tw o rk . W hen  C2 ^  0, th is  m ay  give in fo rm a 
tio n  on th e  d ev ia tio n  from  th e  m odel system  se lec ted .

U n d e r consid era tio n  of th e  ab o v e  sa id , i t  becom es possible to  ca lcu la te  
from  th e  e x p e rim en ta lly  de te rm ined  force (or s tre ss) — deform ation  ra tio  fu n c 
tions th e  co n s ta n ts  Cx an d  C2 in E q . (5), an d  w hen  C2 is zero, to  ca lcu la te  from  
C1 th e  m o lecu lar p a ra m e te rs  c h a ra c te ris tic  of th e  s tru c tu re  of th e  n e tw o rk .

On th e  basis o f th e  f  — Л х fu n c tio n s  fo r v a rio u s PYA gels (F ig . 4), 
exam ples are  show n fo r th e  ap p lica tio n  of E qs (5) an d  (1). F unctions acco rd in g  
to  re la tio n sh ip  (5) a re  show n in F ig . 5. F ro m  th e  ax ia l section of th e  s tra ig h t 
lines e x tra p o la te d  to  A ~ x =  1, from  th e ir  slope, Cx a n d  C2 can be d e te rm in ed . 
A ccording to  ou r experiences, a v a lu e  o f C2 =  0 w as o b ta ined  w ith in  ex p e ri
m en ta l e rro rs for all fo u r system s. T h is  is co n sis ten t w ith  th e  re su lt accep ted  
in  th e  l i te ra tu re  th a t  in  u n id irec tio n a l com pression  C2 generally  does n o t p la y  
a  su b s ta n tia l ro le [5, 6].
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In  Fig. 6 th e  fo rce  re ferred  to  u n i t  in it ia l  cross section (qt =  1) w as 
p lo tte d  as a fu n c tio n  o f  Л х — Л “ 2. T he slope o f th e  s tra ig h t lines o b ta in ed  gives 
in fo im a tio n  on th e  m o lecu la r p a ram e te rs  in  E q . (1). T h u s, i f  ce rta in  a ssu m p 
tio n s  are  m ade co n cern in g  th e  values o f K 1 a n d  q0, Pel can  be de te rm ined .

Fig. 6. A pplication  o f Eq. (1) to PYA gels (dc: (1) 50; (2) 100; (3) 200; (4) 400)

The q u a n t i ty  o f  e lastica lly  ac tiv e  n e tw o rk  chains in  th e  d ry  n e tw o rk  
o f u n it  volum e ca n  b e  ca lcu la ted  also on th e  basis o f th e  chem ical reac tio n , 
w hen  th e  n u m b e r o f  cross-linking m olecules in tro d u c e d  in to  th e  sy s tem  is 
know n. U nder co n sid e ra tio n  of th e  fa c t t h a t  th e  n e tw o rk  con ta in s free  ( te r
m inal) chains, w h ich  a re  linked  only  a t  one end  to  th e  n e t nodes, an d  p ro b a b ly  
do n o t p lay  an  a c tiv e  p a r t  during  d e fo rm a tio n , th e  q u a n tity  o f e la s tica lly  
ac tiv e  ne tw o rk  c h a in s  can  be ca lcu la ted  from  th e  follow ing e q u a tio n  [2];

v x  =  v x
(6)

w here vx is th e  q u a n t i ty  in  mole o f th e  to ta l  n e tw o rk  chains re fe rred  to  u n it  
vo lum e, M n is th e  a rith m e tic  m ean re la tiv e  m olecu lar m ass of th e  p o ly m er chains 
in  th e  in itia l so lu tio n , and  d2 is th e  d e n s ity  o f th e  p u re  polym er.

In  T ab le  I I  Pel values ca lcu la ted  on th e  basis of th e  chem ical reac tio n  
an d  those  d e te rm in e d  ex p erim en ta lly  a re  sum m arized .

I t  can  be  seen  from  th e  d a ta  t h a t  va lu es  m easured  and ca lc u la ted  differ 
considerab ly . T h is  d ev ia tio n  decreases w ith  in creasin g  degree of cross-link ing .

T he d iffe rence  betw een  th e  v a lu es  fo u n d  ex perim en ta lly  an d  th e  values 
ca lcu la ted  can  h e  p ro b a b ly  a t t r ib u te d  to  reasons of solution s tru c tu re .

I t  shou ld  b e  m en tio n ed  f in a lly  t h a t  w hen  th e  estab lish ing  o f eq u ilib riu m  
defo rm ation  is in s ta n ta n e o u s  in  th e  m ech an ica l m easurem ents, th e  stress- 
defo rm ation  fu n c tio n  can be d e te rm in ed  fo r th e  single gel sam ples w ith in  10 — 
15 m inu tes. W e ca ll th e  a tte n tio n  to  th e  fa c t th a t  th e  a p p a ra tu s  is su itab le
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Table П

Vg| values o f  P  VA gels

(Polym er concentration at cross-linking: 6 w% , T  — 298 K)

Degree
of

cross-
-linking

vx , mol el • m~ 8

values calculated 
on the  basis of 

Eq. (6)

values determined 
experim entally 

(К, =  1, t ,  =  qe)

50 701 174

100 338 64

200 159 21

400 70 6

w ith o u t a n y  m od ifica tio n  for th e  reco rd in g  of th erm o m ech an ica l cu rves, an d  
w ith  a s lig h t m od ifica tion  i t  can  be  u sed  also as p en e tro m e te r or as v is
com eter.

*
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A com puter programme has been constructed for the calculation of the protona
tion  constants o f large m olecules able to bind (release) a great num ber of hydrogen ions 
and for the calculation of the stab ility  conscants o f m etal com plexes w ith the com posi
tion  M^Lp. The present PH -PO T programme is a variant o f the author’s SPEF-3 pro
gramme to evaluate potentiom etric m easurem ents. W ith the programme the values o f  
equilibrium  constants resulting in the m inim um  value of H  (A E )2 can be calculated  
from  experim ental data TH, T qh , T l and E, or 7’M, TL and E  resp., and the constants 
of a blank pH -m etric titration curve.

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 103 (4), pp. 397—403 (1980)

In tro d u c tio n

F o r th e  ca lcu la tio n  of p ro to n a tio n -d e p ro to n a tio n  c o n s ta n ts  o f po lyp ro tic  
acids an d  p o ly h y d ro x y l bases a g rea t n u m b e r of n u m erica l and  g rap h ica l 
m e th o d s are  know n [1, 2]. H ow ever, th ese  m e th o d s are  in su ffic ien t in  th e  case 
o f la rg e  m olecules w h ich  are ab le to  b in d  o r d issocia te  m a n y  p ro tons (e.g. 
p ro te in s). In  such cases th e  only  pow erfu l m e th o d  for th e  ev a lu a tio n  of ex p e ri
m e n ta l d a ta  is th e  ap p lica tio n  of co m pu ters. T h is is also necessita ted  b y  th e  
la rg e  n u m b e r o f c o n s ta n ts  an d  by  th e  fa c t th a t  to  d raw  u n am b ig u o u s conclusions 
a la rge  a m o u n t of e x p e rim e n ta l d a ta  m u st be  e v a lu a te d  a n d  v e ry  often severa l 
possible m odels m u s t be exam ined . T he co m p u te r  p ro g ram m e P H -P O T *  
in tro d u c e d  in  th e  p re se n t p a p e r has been successfu lly  ap p lied  fo r th e  ev a lu a tio n  
o f som e co m plica ted  system s [3, 4]. I t  has a s im ila r ity  to  severa l pub lished  
p ro g ram m es [5 —15], i.e. supposing  a m odel i t  c a lcu la tes  th e  values of s ta b ility  
c o n s ta n ts  w hich  give th e  b est ag reem en t be tw een  m easu red  and  ca lcu la ted  
q u a n titie s . T his p ro g ram m e is based  on th e  p rin c ip le  o f S P E F C A  [18] an d  
S P E F -3  [19] p rog ram m es an d  is ab le to  ca lcu la te  th e  o p tim a l value of a n y  
co n stan ts . T he p rog ram m es have  som e p a r ts  in  com m on.

* The programme, w ith  the necessary inform ation, is available upon request.
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The problem s to  be solved

F o r th e  p ro to n a tio n  ( -)-r) o r d e p ro to n a tio n  (—r) eq u ilib ria  of a com p o u n d  
ab le  to  b ind  or re lease h y d rogen  ions ( =  release/b ind  h y d ro x y l ions) i t  can  
b e  w r itte n :

+  r H +  + p L ^ = ±  H rL p ( =  crp or e j )

[H rL p]

Vrp [H +]±r • [L ]p

F ro m  m a th e m a tic a l p o in t o f v iew  th e  choice of th e  p ro to n a tin g  or d e p ro to n a t-  
in g  species is o p tio n a l: i t  can  be e ith e r  th e  n e u tra l m olecule (Н Л,Ь) or one of 
th e  p a r t ly  p ro to n a te d  species or th e  com plete ly  d e p ro to n a te d  m olecule (L). 
I n  th e  la s t case on ly  p ro to n a tio n  c o n s ta n ts  are to  be ca lcu la ted , b u t  in  th e  
p re v io u s  one acid ic d issocia tion  c o n s ta n ts  are also to  be ca lcu la ted .

E q u a tio n  (1) is va lid  also fo r th e  fo rm atio n  of m e ta l com plexes w ith  th e  
co m p o sitio n  M?L p, i f  th e  free m e ta l io n  co n cen tra tio n  is s u b s ti tu te d  fo r [H  + ].

T he d e te rm in a tio n  of e q u ilib riu m  co n stan ts  d e te rm in ed  by  E q . (1) can 
b e  m ad e  from  p o te n tio m e tric  m easu rem en ts  in  e ith e r  o f tw o  cases: 1.) th e  
c h an g e  in  hyd rogen  ion co n c e n tra tio n  is m easured  b y  t i t r a t in g  th e  so lu tion  o f 
th e  com pound  u n d e r in v e s tig a tio n  w ith  s tro n g  acid or b ase , or 2.) th e  change 
in  m e ta l ion co n cen tra tio n  is m easu red  a t  add ition  o f lig an d . R e s tr ic tin g  th e  
fu r th e r  d iscussion fo r th e  so m ew hat com plica ted  p H -m e tric  case, w hen  each  
re a c tio n  m ix tu re  can  co n ta in  b o th  s tro n g  acid  (T H) an d  s tro n g  base (T он) in  
k n o w n  am o u n t, as a re su lt o f t i t r a t io n s  th e  E  or [H  + ] versus (T н — Т он) 
cu rv es  are av a ilab le . F ro m  th ese  e x p e rim e n ta l d a ta  th e  n u m b e r of p ro to n s  
b o u n d  or d issocia ted  p er m olecule (Z h) can  be ca lcu la ted  b y  th e  fo llow ing 
e q u a tio n :

„  (T H -  T oh ) +  (K s/[H +]) -  [H+]
Z,H — ------------------ '--- —------------------------ ( 2)

H e re  T l is th e  co n cen tra tio n  o f th e  p ro to n a tin g  m olecule (e.g. p ro te in ) in  
ea c h  reac tio n  m ix tu re  and  K s is th e  ion ic  p ro d u c t o f w a te r  (so lvent). T he ta s k  
o f  an  ev a lu a tio n  process is to  d e te rm in e  th e  m ost p ro b ab le  values o f p ro to n a 
t io n  co n stan ts  from  th e  T H, T qh , T l a n d  E  (or [H  + ] or Z h) e x p e rim e n ta l d a ta .

The re fin em en t of th e  p a ram e te rs  an d  the choice of e rro r square  sum

F o r th e  re fin em en t of p a ra m e te rs  th e  procedure b ased  on G auss’ m e th o d  
is  used , w hich  w as discussed in  th e  p rev io u s papers [18, 19].

The b est choice for th e  c a lcu la tio n  o f th e  error sq u are  sum  to  be m in im ized  
is  a q u a n tity  th e  d ev ia tions o f w h ich  can  be sum m ed u p  w ith  th e  sam e (un it)
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w eig h tin g  fac to rs , even if  th e  t i t r a t io n  is c a rried  o u t in  a large p H  ran g e . 
A ccord ing  to  l i te ra tu re  d a ta  [20] th e  E  a n d  Z h values fu lfil th is  re q u ire m e n t. 
H ow ever, we h a v e  found th a t  th ese  q u a n tit ie s  do n o t h av e  th e  sam e re la tio n  
to  th e  m easu red  hydrogen  ion c o n c e n tra tio n : m in im izing  27 (A E )2 v a lu es , th e  
e rro r sq u are  sum  depends on log ([H  + ]meas/[H  + ]caic), h u t  i f  th e  27 ( zIZ h ) 2 is 
m in im ized , i t  is d e te rm ined  b y  ([H  + ]meas — [H  + ]caic) in  acidic m ed iu m  an d  
b y  ([O H ~ ]meas — [O H _ ]caic) in  a lka line  m ed ium . F rom  th e  tw o possib ilities  
th e  m in im iza tio n  o f 27 (A E )2 gives b e t te r  convergence an d  is used  in  th e  p ro 
g ram m e. T h u s th e  aim  of th e  ca lcu la tions ca rr ied  o u t b y  th e  p re sen t p ro g ram m e  
is to  f in d  th e  v a lu es  fo r p a ram ete rs  fo r w h ich :

expts
U =  ^  (Fmeas.i — -Ecalc.i)2 =  m in im um  (3)

The calcu lation  o f 27Caic values

I f  a p H -m e tr ic  t i tra tio n  is m ade in  a b ro a d  p H  ran g e , th e  e.m .f. (E ) o f 
a cell consisting  o f a hydrogen  ion  sen sitiv e  an d  a reference e lectrode can  be 
given b y  th e  fo llow ing equation :

E  =  E °  + g  ■ log [H +] -  Ун • [H  + ] - y 0H • (K S/[H  + ]) (4)

E °  is th e  n o rm a l p o te n tia l o f m easu ring  (glass) e lectrode, g =  59.16 m V  (a t 
25 °C), Ун and  Уон are  constan ts  to  ta k e  in to  accoun t th e  d iffusion p o te n tia ls .

In  E q . (4) E °,  у'н and  j ’o h  are  u n k n o w n  p a ram e te rs , b u t i t  is ad v isab le  
to  t r e a t  also th e  co n stan ts  K s an d  g  as a d ju s ta b le  p a ram ete rs . T h is m ak es 
possible a check  on th e  re liab ility  of e x p e rim e n ta l d a ta . F u r th e r , i t  m ay  som e
tim es be n ecessary  to  determ ine th e  v a lu e  o f K s corresponding  to  th e  ionic 
s tre n g th  used . T herefo re , before th e  ca lcu la tio n  o f equ ilib rium  co n stan ts  th e re  
is a fu r th e r  p ro b lem  to  be solved, th e  d e te rm in a tio n  of th e  v alue  o f E ° ,  j h , 

У он  an d  occasionally  of K s and g  c o n s ta n ts . T h is can  be m ade from  th e  d a ta  
of a b la n k  t i t r a t io n  cu rv e  carry ing  o u t th e  m in im iza tion  accord ing  to  E q . (3) 
b y  th e  re fin em en t process of th e  p ro g ram m e. To ca lcu la te  E Caic b y  E q . (4), 
th e  know ledge o f  th e  free hydrogen  ion  co n c e n tra tio n  is necessary  a t  e v e ry  
p o in t o f th e  b la n k  ti t ra t io n , in a d d itio n  to  guessed values of th e  above f iv e  
p a ram e te rs . T his can  be ca lcu la ted  b y  th e  e q u a tio n  expressing th e  e lec tro n eu 
tr a l i ty  as w ell as th e  T н and  Тон values w ith  th e  follow ing fo rm ulas:

i f  T h >  T 0 h :
[H +] =  (T H -  T qh) +  [ (T H -  T OH)2 +  4 K sp  (5

2 K s
if Т о н  >  T H:

[H +] =  --------------------------^ --------------------------- (5b)
(T 0H -  T H) +  [ (T OH -  T H)2 +  4K S] ^
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A t th e  re f in e m e n t o f th e  values of eq u ilib riu m  co n stan ts  also th e  ca lcu la 
tio n  o f E calc values is c a rr ie d  ou t accord ing  to  E q . (4) using  th e  values o b ta in e d  
b y  th e  previous ca lcu la tio n . T he ca lcu la ted  free  hyd rogen  ion co n cen tra tio n s, 
how ever, are th o se  w h ich  can  be ca lcu la ted  w ith  a given se t of ß's.  F ro m  th e  
m ass balance e q u a tio n s  (6) and  (7) i t  can  be  seen th a t  one of th e  unknow ns is 
th e  necessary  [H  + ], a n d  th e  o th e r one, [L] is th e  co n cen tra tio n  of th e  p ro to n a t-  
in g /d ep ro to n a tin g  free  species:

(T H -  T 0H) =  [H  + ] -  (K S/[H  + ]) + Z r j  • cj

=  [H  + ] -  ( K s/[H  + ]) + Z r j ß j [ R  + ]r< [L]p> (6)

T l =  [L] +  Z p j  • cj

=  [L] + Z Pj ß j [ n  + ]r’ [L ]P< (?)

T he description o f th e  program m e

The P H -P O T  p ro g ram m e in p re sen t fo rm  is applicab le  for th e  fo rm a tio n  
o f  a m ax im um  o f 12 com plex  species, b u t  i t  can  be ex ten d ed  to  tr e a t  an y  n u m 
b e r o f com plexes. In  a d d itio n  to  th e  d iscussed  p H -m e tric  app lica tion , th e  fo rm a 
tio n  co n stan ts  o f M^Lp ty p e  m eta l com plexes can  be ca lcu la ted  from  p o ten tio -  
m e tric  m easu rem en ts , i f  th e  free m e ta l ion  co n cen tra tio n  is m easured . In  th is  
l a t te r  case th e  T M v a lu es  form  th e  T н a r ra y , th e  elem ents of th e  Т он  a r ra y  
a re  equal to  zero, a n d  K s is a su itab le  sm all n u m b e r w hich m akes Í f s/[M ] in  
E q . (4) and  (6) neg lig ib le .

T he p a ra m e te r  re fin in g  p a r t  of th e  p ro g ram m e is th e  sam e as t h a t  o f th e  
S P E F -3 . The on ly  d ifference is th a t  th e  su b ro u tin e  EX TCA LC is o m itte d  an d  
th e  sum  of sq u are  o f residua ls is ca lcu la ted  in  su b ro u tin e  P R IN T IN G .

The ca lcu la tio n  o f E ca\c values is c a rried  o u t in  th e  sub ro u tin e  EQ U SO LY . 
I f  th e  five p a ra m e te rs  a re  to  be ca lcu la ted , th e  [H  + ] values ca lcu la ted  b y  E q .
(5) m ust be s u b s ti tu te d  in to  E q . (4), b u t  i f  th e  o p tim al values of eq u ilib riu m  
co n stan ts  are to  be de te rm in ed , th e  n ecessa ry  [H + ] values are o b ta in e d  b y  
solv ing m ass b a lan ce  eq u a tio n s (6) an d  (7).

The so lv a tio n  o f  th e  m ass balance  e q u a tio n s , w hich determ ines th e  r u n 
n in g  tim e of th e  p ro g ram m e, is ca rried  o u t e ith e r  by  th e  N ew ton — R ap h so n  
m eth o d  or, i f  th is  does n o t y ield  a s a tis fa c to ry  so lu tion , by an in c rem en t- 
a lte rn a tin g  i te ra tio n  p rocedure  [18, 21]. T h e  ru n n in g  tim e  of th e  f irs t  m e th o d  
is from  one h u n d re d th  to  one te n th  of th e  second one, if  th e  p a r tia l d e riv a tiv e s  
necessary  to  th e  c a lcu la tio n  of th e  co rrec tio n  values of roo ts are m ade as fo l
low s. Assum e fo r th e  ro o ts  [H  + ] and  [L] o f E q . (6) and  (7) chem ically  re a so n 
able s ta rtin g  v a lu es  a n d  denote  b y  (T н — Тон)са1с and  T L|Caic th e  te rm s  ca l
cu la ted  by  s u b s ti tu t in g  these  values. D efin e  th e  follow ing q u an titie s : Т а =  
=  (T H — T OH)caic — (T H — T q h ) an d  T B =  (T L,caic — T u). I f  th e  c o n c e n tra 

Acta Chim. Acad. Sei. Hung. 103, 1980



GAIZERt COMPUTERIZED CALCULATIONS OF COMPLEX EQUILIBRIA, II 401

tio n  of th e  in d iv id u a l species is c a lcu la ted  se p a ra te ly  (c;- =  /?y[H + p [ L ] P;), 
th e  p a r t ia l  d e riv a tiv es  of T A an d  T B w ith  respect to  th e  unknow ns can  be  o b 
ta in e d  as follow s:

д Т А/д[H  + ] =  1 + K S[H  + ]~* + Z r 2j ■ Cj/[H  + ], 

d T A/d[L] =  27 Tj ■ p j  ■ Cjl [L ], etc.

In  th is  p rogram m e th e re  is also in c lu d ed  a sh o rt p a r t  to  fin d  th e  s ta r t in g  
values o f p a ram e te rs . T h is p ra c tic a lly  e lim inates th e  necessity  fo r o th e r  
m ethods fo r th e ir  d e te rm in a tio n .

D iscussion

B y th e  p resen t p rogram m e th e  o p tim a l values an d  erro rs o f p a ra m e te rs  
o f a supposed  m odel can be ca lcu la ted . To d em o n stra te  th e  a p p licab ility  o f 
th e  p ro g ram m e, th e  ev a lua tion  o f o u r ex p erim en ts  [22] d e te rm in in g  th e  p ro to 

n ig . 1. The pH  m etric titration of the polypeptide gordox. T otal gordox =  3.2 X 10 -3  m ol/dm 3, 
Т н =  4.8X  1 0 ~2 m ol/dm 3. 1. =  blank curve, 2. =  peptide containing solution, 3. =  Z H. The 
curves are the calculated ones w ith the b est constants (Table I). E very third experim ental

point is p lotted  in  the Figure
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n a tio n  co n stan ts  o f  th e  po ly p ep tid e  go rdox  co n sisting  of 59 am ino  acids is 
in tro d u c e d . As can  be  seen  in  F ig . 1, th e  v a lu e  o f  Z h  v aries  from  4.5 to  —8.5 in  
th e  m easured  ran g e . T o  describe th e  e x p e rim e n ta l cu rves, ca lcu la tio n s h av e  
b een  carried  ou t acco rd in g  to  th e  m odels su m m arized  in  T ab le  I . I t  can  be seen

Table I

The evaluation o f the pH -m etric titration curve o f  the polypeptide gordox according to various models

(r<p) log values

( 6 , 1) 22 .21

( 5 , 1 ) 1 9 .3 0

( 9 , 2 ) 38 .7 3 8 .5 5 3 8 .6 6 3 8 .6 9 3 8 .6 9 3 8 .7 1

( 3 , 1) 13 .04 1 2 .9 8

( 6 , 2 ) 2 8 .8 6 2 8 .8 3 2 8 .8 6 2 8 .7 6 2 8 .7 6 2 8 .7 7

( 4 , 2 ) 2 1 .1 4 2 1 .3 5 2 1 .3 5 2 1 .3 8

(3 , 2 ) 1 7 .3 4

( 1 , 1) 5 .11 5 .1 1

( 2 , 2 ) 1 3 .1 2 1 2 .8 4 1 2 .6 3 12 .63 1 2 .6 3

( 1. 2 ) 8 .0 9 8 .2 8 .2 3 8 .2 4 8 .2 7

( - 1 , 2) -  5 .3 6 -  5 .3 6

( - 2 , 2 ) - 1 3 . 0 1 - 1 2 . 9 3 - 1 2 . 9 2 - 1 2 . 9 4 - 1 3 . 0 0

( - 1 , 1) -  7 .9 8 —  7 .9 8 -  7 .9 8

( - 2 , 1) - 1 6 . 7 8 - 1 6 . 7 8 - 1 6 . 7 —  1 6 .7 - 1 6 . 7 - 1 6 . 7 5 - 1 6 . 6 7 - 1 6 . 8 9

( - 3 , 1 ) - 2 6 . 4 - 2 6 . 3

( - 4 , 1 ) - 3 5 . 9 8 — 3 5 .9 8 - 3 5 . 9 6 - 3 5 . 9 9 - 3 5 . 9 9 - 3 5 . 9 9

( - 5 , 1 ) - 4 6 . 2 3 - 4 6 . 2 4

( - 7 ,  1) - 6 7 . 2 7 — 6 7 .2 7 - 6 7 . 2 7 — 6 7 .2 7 - 6 7 . 2 7 - 6 7 . 3 9 - 6 7 . 2 6 - 6 7 . 3 8

( - 9 ,  1) - 8 9 . 8 2 - 8 9 . 8 2 - 8 9 . 8 2 - 8 9 . 8 2 - 8 9 . 8 2 -  8 9 .6 7 - 8 9 . 8 2 - 8 9 . 6 8

O ( E ) ,  m V 4 .7 7 4 .5 6 6 .7 4 .8 2 .8 1 .79 2 .0 6 1 .8 2

t h a t  th ere  are th re e  m odels w hich give fo rm ally  sa tis fa c to ry  f i t .  T he accep tance  
o f  an y  of th em  can  be  m ade only  on th e  bases o f chem ical reasons or evidences.

O ur experiences o b ta ined  b y  th e  ap p lica tio n  of th is  p rog ram m e are  v e ry  
favo rab le : even i f  12 equ ilib rium  c o n s ta n ts  are  ca lcu la ted , i t  has a ra th e r  sh o rt 
ru n n in g  tim e  an d  a re la tiv e ly  low  m em ory  req u irem en t. T h e  convergence, i f  
2 — 5 pa ram ete rs  a re  refined  s im u ltan eo u sly , is re liab le  an d  fa s t. D uring  th e  
re finem en ts th e  o n ly  s ta b ility  c o n s ta n ts  req u irin g  special a tte n tio n  are  th o se  
w hich  belong to  com plexes th e  fo rm a tio n  o f w hich  is sm all re la tiv e  to  th o se  
o f o th e r com plexes. In s te a d  of th e  re fin em en t of such  c o n s ta n ts , i t  is ad v isab le  
to  use th e  p ro g ram m e  p a r t  w ritte n  to  search  th e  v alue  o f a given p a ra m e te r .
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To fin d  th e  o p tim a l cond itions of convergence we h a v e  found th a t  th e  
m in im iza tio n  of 27(zd.E)2is m ore ad v an tag eo u s th a n  th a t  o f  E  (A Z h)2 and  n e v e r  
fails. W e have also fo u n d  th a t  i t  is m uch  b e tte r  to  ca lc u la te  th e  e lem ents o f 
m a tr ix  G b y  n u m e ric a l d iffe ren tia tio n  accord ing  to  log ß  va lues, because th e  
e lem en ts of th e  m a tr ix  are th e  sam e o rder of m ag n itu d e . T h e  favorab le  r u n 
n ing  tim e  using  n u m e ric a l d iffe ren tia tio n  is due to  th e  fa c t th a t ,  as can be seen 
from  th e  d is tr ib u tio n  o f  species in  F ig . 1, th e  change in  th e  v a lu e  of a p a ra m e te r  
in fluences only  one p a r t  (here ab o u t one te n th )  o f th e  ex p erim en ta l p o in ts . 
H ow ever, th is  in flu en ce , especially  if  th e  va lu e  of p a ra m e te r  is no t fa r from  
its  o p tim a l va lu e , is n o t  so large th a t  one or tw o  N ew ton  — R aphson  ite ra tio n s  
w ould  y ie ld  a sa tis fa c to ry  so lu tion , if  th e  ro o ts  of th e  p rev ious solu tion  a re  
ta k e n  as s ta r tin g  v a lu es .

F in a lly , i t  m u s t be em phasized  th a t  in  th e  p re se n t sy stem  th e  ca lcu la tion  
o f  p a ra m e te r  e rro rs  u sin g  only  those  ex p erim en ta l p o in ts  w here th e  fo rm atio n  
o f th e  co rrespond ing  species is considerab le, is especially  ju s tif ie d  and re su lts  
in  m ore reliab le  p a ra m e te r  errors.
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D eriv a tiv es o f [l,2 ,4 ]tr iazo lo  [4,3-6 |py ridaz ine-3 -carboxy lic  acid  ( l b —d, 6 a —f) 
h a v e  b een  syn thesized  from  new  h y d razo n es  (2 a —d) p rep ared  fro m  3-hydraz ino -6 - 
-ch lo ropyridaz ine  an d  glyoxylic  acid  d e riv a tiv es. In te rm ed ia te s  (5 a —c) o f th e  rin g  
c losure  o f  2 b y  b rom ine  in  acetic  acid  w ere iso la ted . R ed u ctiv e  d ech lo rin a tio n  of l c  gave 
th e  triazo les 7 —9 besides 6d.

T h e [l,2 ,4 ]triazo lo [4 ,3 -& ]pyridazine  ring  system  w as f ir s t  re p o rte d  b y  
T a k a y a sh i in  1955 [2]. L a te r  on severa l deriv a tiv es  [3] w ere described , how 
ever, th e  3-carboxy lic  acid  rem ained  u n p u b lish ed . Now som e re p re se n ta tiv e s  o f 
th is  ty p e  lb  d, have  been  p rep ared .

1

l a  R=CO O H  

lb R=COOM e

l c  R =C O O E t C,—\  J A -N H N = C H C 0 R

14 R =  CONH2 N —N
1 2

l e  R = H

2 a  R = O H  

2 b R = O M e  

2 c R = O E t  

2 d  R = N H Z

C om pound  l c ,  accom pained  b y  2c, w as f i r s t  iso la ted  in  ou r la b o ra to ry  as a 
b y -p ro d u c t  from  th e  fo llow ing re a c tio n :

Cl-
\ \  /

N — N

NHNHi +CIS02CH2COOEfc
NEtj.
DMF Cl W  / /

N - N

■NHNHSOiCHaCOOEfc - f l c  +  2 c

T h e s tru c tu re s  l b —d are  su p p o rte d  b y  th e ir  unam b ig u o u s sy n th es is . 
C on d en za tio n  o f 3 w ith  glyoxylic ac id  an d  e th y l g lyoxala te  y ie ld  2a an d  2c, 
re sp ec tiv e ly . T ran ses te rifica tio n  of 2c gives 2b, while tre a tm e n t w ith  m eth an o lic  
am m o n ia  o f  2c yields 2d. O x id a tiv e  rin g  closure b y  b rom ine in  ace tic  ac id  or 
b y  lead (IV ) a c e ta te  [3] fu rn ishes th e  com pounds 1. In  th e  course o f rin g  closure, 
2a u n d e rw e n t d eca rb o x y la tio n  and , in s te a d  o f la ,  th e  know n com p o u n d  l e  [2]

* F o r  P a r t  I ,  see R ef. [1]
** P re s e n t  address: „ E G Y T ”  P h a rm aco ch em ica l W orks. Spectroscopic D e p a rtm e n t. 

H —1475 B u d a p e s t,  P . O. B ox  100
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Table I

Characteristic IR  and 1H  N M R  data o f  compounds lb  d, 2a —d, 4,

IR  (K Br)b cm“1 *H NMR,

C o m -
ген,'p o u n d rNH vC=0 Skeletal Other вен,«

v i b r .® b a n d s l(3H) qa (2H)

lb° 1745 840 _ _ _
1735 830

l c d - 1725 835 — 1.40 4.50

ld d -> 3395 1680r 830 /JNH — _
—> 3305 -> 1630

2ad -> 3240' 1695* 850 |ŐNH _ _
-> 24001 15751 -> 1 4 1 5
-> 18801 1415‘

2bd 3200—2700 1735 850 — — —

2cd 3 2 0 0 -2 7 0 0 1715 845 — 1.25 4.20

2dd ->3400, ->3360 1690r 845 /9NH — _
3 2 0 0 -2 7 0 0 ->1600

4 d ->3250 1725 845
3 2 0 0 -2 7 0 0 1350 1.30 4.25

vs S 0 2
1150
<5 S 0 2 
490

5b° ->3280 1725 845 /SNH
->1490 1.40 4.40

6a° ->3320 1660' 825 (SNH 1.00°
->3250 1560

->1470
6b° — 1740 825 vC—Ow — —

1730 1120
1115

6cd 3 7 0 0 -2 7 0 0 1685r 830 v C—Ow _ _
810 1120

/SNH
1620

6d° — 1725 820 — 1.50 4.60

6ed ->3380 1695r 820 0N H
3 3 0 0 -2 7 0 0 ->1620 —

6 fc 1650' 810 v C -  Ow _
1110

7d ->3190 1705 _ vCN 1.40 4.45
3 3 0 0 -2 5 0 0 2230

y = C H v
720

8d 3 3 0 0 -2 5 0 0 1740 — i>CN 1.35 4.40
2235

9d ->3220 1720 — vCN 1.35 4.40
3 3 0 0 -2 5 0 0 2260
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5b, 6 a - f ,  7 —9a

' 5 T M S = ° P P m ° ’<i

dCH,
<50CH,
a(3H)

JCH=N  
* (1H) <5H-6

<5H-7
or

H-58

<5H-8
or

H-4K
<5NH

broad (1H)

_ 4 .1 5 _ _ 7 .4 0 h 8 .3 0 “ _
( 1 0 ) ( 10 )

— — — — 7 .7 0 “ 8 .6 5 “ —

( 1 0 ) ( 10 )

_ _ _ _ 7 .6 5 “ 8 .6 0 “ .— 8 .1 5
( 1 0 ) ( 1 0 ) — 8.35

__ 7 .5 0 _ 7 .7 0 s — 8.5 '
(2 H )

_ 3 .8 0 7 .5 5 _ 7 .8 0 “ 7 .6 5 “ 9k

( 10 ) ( 1 0 )
— — 7 .5 0 — 7 .7 0 “ 7 .5 5 — 12.3
— — ( 1 0 ) ( 10 )

7 .4 0 — 8 .0 5 “ 7 .7 5 “ — 7 .2 1
( 1 0 ) ( 1 0 ) — 12.0

4 .5 0 “ — — —

7 .7 0 “ 7 .3 0 “ — 9.9"
( 1 0 ) ( 1 0 )

7 .7 0 “ 7 .5 5 “ - 9 . 4
( 1 0 ) ( 10 )

— 1 .7 P
^ 3 . 6 q — — — 7 .5 5 “ 7 .8 5 “ — 8.1

( 1 0 ) ( 10 ) — 9 .1 r
— 3 .6 ' 4 .1 0 — — 7 .1 0 “ 8 .0 0 “ —

— 3 .9 ‘ ( 1 0 ) ( 10 )

— 3 .6 s 7 .4 5 “ 8 .1 5 “ ?k

—  3 .8 ‘ ( 1 0 ) ( 10 )

_ _ 8 .7 5 “ 7 .4 0 “ 8 .3 5 “ _
(4 , 2) (9 , 4 ) (9 , 2 )

_ _ _ 8 .8 0 “ 7 .5 0 “ 8.50" — 8 .2"’r
(5 , 2) (1 0 , 5) ( 1 0 , 2 )

— 3 .9 ' ’“ — — 8 .5 5 “ 7.20" 8 .20 " —
(4 , 2) (1 0 , 4 ) ( 1 0 , 2 )

_ _ _ _ 6 .1 5 “ 7 .4 0 “ ?“
( 1 2 ) ( 12 )

6 .6 5 “ 7 .6 5 “ ?k
(1 6 ) (1 6 )

2 .9 5 ' — — — ?k
3 .1 5 '
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w a s  o b t a i n e d .  T r e a t m e n t  o f  2b —d w i t h  b r o m i n e  f i r s t  g i v e s  t h e  i n t e r m e d i a t e s  

5 a —c f r o m  w h i c h  t h e  e n d - p r o d u c t s  c a n  b e  o b t a i n e d  b y  s h o r t  d e h y d r o b r o m i n a -  

t i o n  w i t h  a  b a s e .  B y  a n a l o g y  w i t h  l i t e r a t u r e  d a t a  [ 5 ,  6 ] ,  T i s l e r  [ 3 b ]  p r o p o s e d  

t w o  a l t e r n a t i v e  p a t h w a y s  f o r  t h e  c y c l i z a t i o n  w i t h  b r o m i n e .

5 s  R  =  O M e 

5 b  R  =  O E t  

5 c  R = K H 2

6 a  R 1 =  R 2 =  n - b u tila m in o  

6 b  R 1 =  m o rfo lin o , R 2= O M e  

6 c R 1 =  m o rfo lin o , R 2 = N H 2 

6 d  R 1 =  H , R 2 =  O E t  

6 e  R l =  H , R * = N H s 

6 f  R 1 =  H , R 2 =  m o rfo lin o

-<--------------
a Data for 5a and 5c are not included since, owing to their instability, the samples were 

alw ays impure.
b rC—О type group frequencies o f ester groups of compounds lb ,c , 2b,c, 4, 5b, 6b,d, 7, 

8  and 9, are in the ranges 1280—1150 and 1080—1020 cm -1 . 
c In CDC13 
d In DMSO-d6
e Skeletal vibration bands of the pyridazine ring. Additional bands for the triazolopyrida- 

zines 1 and 6 were observed at 1580 20, 1405 ±  15, 915 ^  10 and 750 i  20 cm -1 , respectively
f J  =  7 Hz
8 Numbering H-7, H -8 is valid for 1 and 6, numbering H-4, H-5 for 2, 4 and 5. W ith 7 

and 8 the numbering of the parent pyridazine ring was retained; protons in  alpha- and beta- 
position  in respect to the triazole ring are identified as H-7 and H -8, respectively.

h The A  and В  part o f an A B  spectrum. B oth d (1H), J  да  values [in Hz] are in parentheses. 
1 The IR  spectrum o f 2a taken in K Br pellet showed that these m olecules are partly present 

as zwitterions. The i>NH (3240) and r C = 0  (1695) bands originate from molecules containing a car
b o x y l group, the rN+H  (2400, 1800) and vCO ~ (1575, 1415) bands, in turn, from those present 
in  the zwitterionic form.

1 Overlapping broad signal (2H) for carboxylic—OH and am ine—NH  
k Overlapping signal for N H  and water content of the solvent 
1 Amide - N H ,  s (2H ) 
m Signal for SÓ2CH2 group, s (2H)
P 2H
°6H
p Signal for C—CH2— CH2—C group, m  (4H)
1 Signal for N —CH2 group, t (2H) 
r Amide group
s Signals for N —CH2 group in the morpholine ring, m (4H)
4 Signals for 0  — CH2 group in the morpholine ring, m (4H)
u One of the three double dublets ( 3 x l H )  of the A M X  spin system  for H -6—8. Two 

coupling constants for each are given in  parentheses [in Hz].
v "!( - - CH) frequency, characteristic o f Z  1,2-disubstituted ethylenes 
wrC—О type band of the m orpholine ring
z A  and В  part ( 2 x 2 H )  of the A A 'B B '-type m ultiple! for the —CH2—CH2— group 

o f  the side chain.
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T h e in te rm ed iacy  o f com pounds 5 in d ica tes  th a t  th e  f ir s t  s tep  is a su b s ti
tu t io n  follow ed b y  th e  e lim in a tio n  of hyd rogen  b rom ide. T h e  la t te r  re a c tio n  
req u ires  a few  day s a t  room  te m p e ra tu re , b u t  i t  is v e ry  fa s t  in  th e  p resence 
o f  base .

Since l c  co n ta in s an  e s te r  g roup  an d  an  a c tiv a te d  ch lo rine  a to m , i t  c an  
be  c o n v e rted  to  6a b y  tw o m oles o f n -b u ty lam in e . W ith  m o rpho line  in  m e th a 
nol, th e  ch lorine a to m  is s u b s ti tu te d  selectively , w hile th e  c a rb e th o x y  group  
on ly  undergoes tra n se s te r if ic a tio n  to  give th e  m eth y l e s te r 6b. P u re  Id  can  
o n ly  be  p rep a red  b y  ring  closure from  2d; am inolysis o f  th e  e s te r  l e  does n o t 
p ro v id e  a hom ogeneous p ro d u c t.

C hlorine is read ily  rem oved  from  l c  b y  red u c tio n  a n d  th e  e th y l e s te r  
g roup  in  6d can  th e n  be sm o o th ly  su b jec ted  to  am inolysis to  o b ta in  6e or 6f.

I n  th e  course of th e  re d u c tiv e  dech lo rin a tio n  of l c ,  a series of in te re s tin g  
b y -p ro d u c ts  (7 9) were fo rm ed  w hose s tru c tu re s  w ere d ed u ced  from  th e ir
I R  an d  1H  N M R  sp ec tra  (cf. T ab le  I).

N -------NC\ 1 I
C =C / A J^ T ;O O E t 

/  \  HH H
7

\
c = c

CN
\
H

COOEt

NG— CH2 — CH2

N ------- N„AAN COOEt 
H

T he fo rm a tio n  o f th e  n itriles 7 —9 can  be  exp lained  b y  c leavage o f th e  N — N  
b o n d  in  th e  p y rid az in e  ring  to  give 7 follow ed b y  iso m eriza tio n  or s a tu ra tio n  
o f th e  doub le  b o n d  to  y ield  8 an d  9, re spec tive ly . A n analogous pho to ch em ica l 
c leavage o f  [l,2 ,4 ]triazo lo [4 ,3 -6 ]p y rid az in es  (proceeding b y  free -rad ica l m ech
anism ) has been  rep o rted  [7, 8]. T h e  re la tiv e  co n fig u ra tio n s o f th e  g eo m etri
ca l isom ers 7 an d  8 are b ased  on  va lu es  o f th e  v ic in a l coup ling  c o n s ta n ts  
(12 H z fo r 7 an d  16 Hz for 8), c h a ra c te r is tic  of Z  an d  E  o lefins [9], re spec tive ly . 
C a ta ly tic  h y d ro g en a tio n  o f b o th  7  an d  8 gives 9. In  th e  course o f th e  red u c tio n  
7 an d  8 becom e eq u ilib ra ted .

E xperim en tal

M .p.’s are uncorrected. IR  spectra were recorded in  KBr pellets on a P erkin—Elm er  
577 instrum ent. 4 1  N M R spectra were taken  on a V A R IA N  XL-100 FT and on a JE O L -60-H L  
instrum ent w ith  TMS as internal standard, MS spectra on a VARIAN-M AT-SM -1 instrum ent.
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К/
Molecular
formula

Mol.
weight

M.p.,
°c

lb 0 .3 5 -0 .4 0  ( K - E ,  F) C7H 5C1N40 2 212.61 170

lc 0 .4 0 -0 .4 5  (E , F) c8h 7c in 4o 2 226.64 168

Id 0 .2 5 -0 .3 0  (E , F) c6h 4c in 5o 197.59 250

le 0 .3 0 -0 .3 5  ( K - E ) c6h 3c in 4 154.57 208 [1]

2a 0 .2 0 -0 .2 5  (M) c6h 5c in 4o 2 200.59 248

2b 0 .6 0 -0 .6 5  ( K - E ) c7h 7c in 4o 2 214.62 254

2c 0 .8 5 -0 .9 0  (E) c8h 9c in 4o 2 228.65 224

2d 0 .2 5 -0 .3 0  (E) c6h 6c in 5o 199.61 260

3 0 .7 0 -0 .7 5  (E) c4h 5c in 4 144.57 140 [1]

4 0 .9 0 -0 .9 5  (E) C8H u C1N40 4S 294.73 165

5a C7H6BrClN40 2 293.53 124

5b C8H8BrClN40 2 307.57 125

5c C6H 6BrClN60 278.52 180

6a 0 .5 0 -0 .5 5  (M) c 14h 22n 6o 270.38 228

6b 0 .1 5 -0 .2 0  (E) C11H 13N503 263.26 222

6c 0 .4 5 -0 .5 0  (M) CioH12N 60 2 248.25 > 2 6 0

6d 0 .6 0 -0 .6 5  (M, F) С в Н Д 0 2 192.18 162

6e 0.40—0.45 (M, F) C6H6NsO 163.15 245

6f 0 .5 0 -0 .5 5  (M) C ,o H „ N A 233.24 173

7 0 .6 5 -0 .7 0  (E) c8h 8n 4o 2 192.18 210

8 0 .6 0 -0 .6 5  (E) c8h 8n 4o 2 192.18 155

9 0 .4 0 -0 .4 5  (E) ^ 8 ^ 1 0 ^ 4 ^ 2 194.20 145

Table II

Analyzis

С I H  I N  I a  I Br

Found (Calcd.)

40.01 (39.54) 

42.35 (42.40)

35.91 (35.93) 

39.16 (39.17) 
42.00 (42.02)

32.74 (32.55)

25.70 (25.87)

50.02 (50.18) 

48.52 (48.38) 

49.82 (49.83) 

45.01 (44.17)

49.70 (49.83) 

49.67 (49.83) 

49.87 (49.47)

2.28 (2.37) 

3.20 (3.11)

2.55 (2.51) 

3.44 (3.29) 

4.05 (3.97)

3.82 (3.72)

2.25 (1.80)

4.98 (4.98) 

5.01 (4.87) 

4.21 (4.19) 

4.17(3 .90)

4.18 (4.19)

4.18 (4.19) 

5.16(5.19)

26.30 (26.35) 

24.68 (24.72) 

35.56 (35.45) 

36.22 (36.24)

28.01 (27.93) 

25.98 (26.11)

24.47 (24.53)

34.40 (35.20) 

38.74 (38.76) 

19.08 (19.00)

19.01 (19.09) 

18.10 (18.22) 

24.82 (25.14) 

27.80(28.94)

26.40 (26.60)

32.92 (33.85)

29.02 (29.15)

41.47 (42.93) 

29.87 (30.03) 

28.89 (29.15)

28.92 (29.15) 

28.80 (28.85)

16.69 (16.67)

15.65 (15.65)

18.00 (17.94) 

22.85 (22.93)

17.66 (17.67) 

16.55 (16.52) 

15.49 (15.51) 

18.20(17.80)

24.01 (24.52)

12.01 (12.05) 

11.57 (12.08) 

11.10 (11.53) 

23.45 (25.46)

28.10 (27.22) 

26.00 (25.98) 

(B r+ C l, in  Cl)
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Table HI

M ass spectral data

C o m 
pound M +  (rel. int.) m/e (rel. int.)

l c 2 26  (1 7 .5 ) 1 5 4  (1 0 0 ) , 181 (3 9 ) , 155  (2 5 ) ,  18 2  (2 2 .5 ) ,  
2 2 6  ( 1 7 .5 ) ,  6 4  (1 0 .5 )

2c 22 8  (7 ) 155  ( 1 0 0 ) ,  73  (1 0 ) , 22 8  (7 ) ,  20  (5 ) , 183  (4 ) ,  
12 9  (3 .5 ) ,  75  (3 .5 )

6d 192  (2 3 ) 120  (1 0 0 ) ,  148 (2 6 ) , 192  (2 3 ) , 9 3  (2 1 ) , 65  (1 6 ) ,  
1 6 4  (2 .5 )

6e 163  (7 3 ) 1 20  (1 0 0 ) ,  163  (7 3 ) , 147  (4 2 ) , 9 3  (1 7 ) ,  6 5  (1 5 ) ,  
6 4  ( 7 ) ,  135  (6 )

8 192  (3 1 ) 120  (1 0 0 ) , 147  (3 8 ) , 19 2  (3 1 ) , 7 9  (2 1 ) ,  
14 8  ( 1 8 ) ,  149 (1 2 )

9 194  (9 .5 ) 122  (1 0 0 ) , 81  (3 8 ) , 149  (2 9 ) ,  150  (1 0 ),  
12 6  ( 9 .7 5 ) ,  194  (9 .5 ) , 148  ( 9 ) ,  1 5 4  (7 .5 )

TLC was performed on Kieselgel H F254 plates, w ith ethyl acetate (E ), m ethanol (M), and 
chloroform -ethyl acetate (1 : 1) ( К —E) as eluants; the spots were detected  in UV light. Som e 
o f the substances showed vio let fluorescence (F ) when irradiated at 254 nm. A nalytical data  
are com piled in Table II , the mass spectral data in Table III .

l-(E thoxycarbonylm ethylsulfonyl)-2-(6-chloro-3-pyridazinyl)hydrazine (4 )

To a solution of 3 (28.9 g; 0.2 m ole) [2] and dry triethylam ine (20 g; 0.2 m ole) in dichloro- 
m ethane (400 m l), ethyl 2-chlorosulfonyl acetate (31.8 g; 0.17 m ole) [10] was added dropwise 
at —5 °C. The m ixture was stirred for 10 h at room temperature and boiled for 2 h. The solution  
w as washed several tim es w ith  water and evaporated. Trituration w ith  isopropanol o f the  
residue gave 4 (17.9 g; 30% )c.

l-Ethoxycarbonylm etliylene-2-(6-chloro-3-pyridazinyl)hydrazine (2c)

(а) 2c was isolated  from the m other liquor of 4  by chrom atography on a Kieselgel-40 
colum n. First the contam inations were eluted w ith  chloroform; 2c (150 m g) was then the first 
fraction w ith ethyl acetate.

(б) A m ixture of 3 (8.85 g; 0.061 m ole), ethyl g lyoxalate (3.08 g; 0.061 m ole) [11] 
containing about 30%  acetic acid and m ethanol (50 m l) was stirred at room  tem perature for 
2 h. The product (10.1 g; 72.5% ) crystallized directly, and it  was in  every respect identical 
w ith  2c.

B y  the same m ethod, 2a was obtained in 80% yield.

l-M ethoxycarbonylm ethylene-2-(6-chIoro-3-pyridazinyl)hydrazine (2b)

Compound 2c (2.28 g; 0.01 m ole) was refluxed for 2 h  in  m ethanol (100 ml) in  the  
presence o f triethylam ine (0.02 m ole); 2b (2.1 g; 98% ) crystallized on cooling overnight.

l-A m inocarbonylm ethylene-2-(6-chloro-3-pyridazinyl)hydrazine (2d)

On stirring 2c (2.28 g; 0.01 m ole) in  7%  m ethanolic am m onia (100 ml) for 3 days, 2d 
(1.67 g; 84% ) crystallized directly from the solution.

6 * Acta Chim. Acad. Sei. Hung. 103, 1980
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Ethyl 6-chloro-[l,2 ,4]triazolo[4,3-b]pyridazine-3-carboxyIate ( l e )

(a) l e  (500 mg) w as obtained  as a second fraction on chrom atography of the mother 
liquor o f  4.

(b) To a solution o f 2c  (4.57 g; 0.02 m ole) in  acetic acid (40 m l) 90%  lead (IV) acetate  
(5 .6  g; 0.013 mole) was added in  portions. Stirring was continued for 5 h, thereafter the solution  
w as poured onto water (200 m l). N eutralization  w ith  solid K H C 0 3, extraction  w ith  chloroform, 
evaporation  and chrom atography of the residue on K ieselgel-40 w ith  chloroform -ethyl acetate  
(1 : 1) gave  l c  (1.19 g; 26% ) besides unchanged 2c (0.8 g).

(c) To a solution o f 2c (11 .4  g; 0.05 m ole) and sodium  acetate (11 g), brom ine (8 g; 0.05 
m ole) in  acetic acid (10 m l) w as added dropwise during 20 m in. Stirring w as continued for 3 h, 
th e  m ixture diluted w itb  w ater (1000 m l), the precipitated crystals were filtered off, 
w ashed  w ith  water and dried over phosphorus pentoxide to give 12.5 g (82% ) of 5b.

5b (12.5 g) was refluxed  in  isopropanol (200 m l) w ith  triethylam ine (5 ml) for 1 h. The 
so lu tion  w as evaporated and th e  residue washed thoroughly w ith water to give a product (9.25 g; 
77% ) identical in every resp ect w ith  lc .

M ethod (c) was applied  to prepare 5a (50% ), 5c (66% ) and therefrom  lb  (41% ) and Id  
(71% ), respectively.

7V-n-B utyl-6-n-butylam ino-[l,2,4]triazolo[4,3-b]pyridazine-3-carboxam ide (6a)

l c  (0.23 g; 1 m m ole) w as refluxed for 1 h w ith  n-butylam ine (1 m l) in  m ethanol (10 ml). 
A fter evaporation in vacuum  the residue was thoroughly washed w ith w ater to  give 6a (0.15 g; 
52% ).

Methyl 6-m orpholino-[l,2 ,4]triazolo[4,3-6]pyridazine-3-carboxylate (6b)

l c  (1.13 g; 5 m m oles) and m orpholine (2 m l) were refluxed for 1 h  in  m ethanol (20 ml) 
o f  g iv e  6b (0.96 g; 73% ) after  workup as described for 6a.

6-M orp lio lino-[l,2 ,4 ]triazolo[4,3-b]pyridazine-3-carboxam ide (6 c )

Refluxing of Id  (100 m g; 0.5 m m ole) and m orpholine (0.2 ml) on isopropanol (5 ml) for 
3 h  gave  6c (25 mg; 20% ) after workup as described for 6a.

E thyl [l,2,4]triazolo[4,3-b]pyridazine-3-carboxylate (6d)

l c  (6.75 g; 0.03 m ole was hydrogenated in  dim ethylform am ide (100 m l) in  the presence 
o f  triethylam ine (4.8 m l) and  Pd-C catalyst. After evaporation of the so lvent in  vacuum  the  
residue was chrom atographed on K ieselgel-40 w ith ethyl acetate as eluant to give in this order 
7 (0 .50  g), 8 (0.37 g), 9 (0 .96 g) and 6d (2.82 g; 49% ).

E thyl 5-cyanoethyl-[l,3 ,4]triazole-2-carboxylate (9 )

Hydrogenation o f 8 (96 mg; 0.5 m m ole) and subsequent chrom atography as described 
for  6d, gave 7 (25 mg), unchanged 8 (15 m g) and 9 (52 mg; 53% ).

[l,2,4]T riazolo[4,3-b]pyridazine-3-carboxam ide (6 e )

Stirring of 6d (0.96 g; 5 m m oles) in 7% m ethanolic am m onia (20 m l) for 3 h, evaporation  
in  vacuum  and trituration o f  the residue w ith  acetone yielded 6e (0.7 g; 86% ).

[ 1.2.1 jTriazoloj 4,3-b] pyridazine-3-carboxylic acid morpholide (6 f)

6d (0.37 g; 1.93 m m oles) was refluxed w ith  morpholine (2 ml) and isopropanol (10 ml) 
for 5 h. Evaporation in  vacuum  and chrom atography of the residue on K ieselgel-40 w ith  m eth
anol as eluant gave 6 f (0 .35  g; 78% ).

*
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The ring-expansion reaction o f 6-chloroacetam idopenicillanic acid-S-sulfoxide  
trichloroethyl ester (I) gave the corresponding deacetoxycephalosporin derivative (П). 
Rem oval of the trichloroethyl group o f II w ith zinc—form ic acid resulted in  7-chloro- 
acetam ido-3-deacetoxycephalosporanic acid (П1).

B y  the reaction of m esyl- and tosyloxyacetic acid 8-quinolyl esters (Villa, b) 
w ith various heteroaryl-m ercapto com pounds the active esters IXa—d were synthesized. 
The latter com pounds have been prepared and successfully used earlier for the acylation  
o f 7-am ino-3-deacetoxycephalosporanic acid (IV).

The nucleophilic replacem ent reaction of the m esyloxy- and tosy lo x y  group of
7-m esyloxy (Va)- or tosyloxyacetam ido-3-deaeetoxycephalosporanic acid (Vb) w ith  
heteroaryl-m ercapto com pounds offers a new  route for synthesizing several 7-[(hetero- 
aryl-thio)acetam ido]-3-deacetoxycephalosporanic acids (Via—d).

In  our prev ious com m unica tion  [I]  th e  p re p a ra tio n  an d  biological p ro p 
e rtie s  of some 7 -[(h e te ro ary l-th io )ace tam id o ]-3 -d eace to x y cep h a lo sp o ran ic  
acids w ere rep o rted . F o r th e  sy n th es is  o f th e  la t te r  com pounds 7-ch lo roacet- 
am ido-3 -deace toxycepha lospo ran ic  acid  (H I), o b ta in e d  b y  th e  acy la tio n  of
7 -am ino-3 -deace toxycepha lospo ran ic  acid  (IV), was used . T he p re p a ra tio n  of 
III from  penicillin  su lfox ide esters  h as  been  know n in  th e  p a te n t  l i te ra tu re  [2]; 
th e  rin g  expansion  o f 6-ch lo roacetam idopen ic illan ic  acid -su lfox ide p -m e th o x y - 
b en zy l ester or of 6 -trich lo ro acetam id o p en ic illan ic  acid-su lfox ide tr ic h lo ro 
e th y l e s te r led  to  th e  co rrespond ing  d eace to x y cep h a lo sp o ran ic  acid analogues. 
R em oval o f th e  p -m e th o x y b e n z y l g roup  w ith  tr if lu o ro a c e tic  acid  or t re a tm e n t 
o f  7 -trich lo roacetam ido-3 -deace toxycephalospo ran ic  ac id  tric h lo ro e th y l e s te r 
w ith  zinc-fo rm ic  acid  re su lted  in  com pound  III.

In  th e  p re sen t w ork  6 -ch lo roacetam idopen ic illan ic  ac id  sulfoxide tr ic h lo 
ro e th y l ester (I), p re p a re d  earlie r in  o u r la b o ra to ry  [1], w as used  for th e  rin g  
expansion  reac tion  (F ig . 1). On re flu x in g  I in  b e n z en e -d im eth y lace tam id e  in  
th e  presence of m ethanesu lfon ic  ac id , c ry sta llin e  — 7-ch lo roacetam ido-3-de- 
ace to x y cep h a lo sp o ran ic  acid  tr ic h lo ro e th y l este r (II) w as o b ta in ed  in  41 %  
y ie ld . T he physica l p ro p e rtie s  ( IR  sp ec tru m , decom position  p o in t an d  TLC) o f II 
w ere  in  good ag reem en t w ith  th o se  o f  an  au th en tic  sam p le  p rep ared  earlie r in 
an  in d ep en d en t ro u te  [1]. T re a tm e n t o f II w ith  z in c -fo rm ic  acid  gave 7-chloro-

* Part I, see Ref. [1].
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Fig. 1. Synthesis o f 7-chloroacetam ido-3-deacetoxycephalosporanic acid by ring expansion
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H 1 —S O 2O C H 2COO11 

VII IV

+ 8-quinolinol 

DCOl
R 1 - S 0 2( )CH oCOCl 

w ater-acetone

+R 2SH 

DM F 

20 °G 

12 h

+ R2SH 

DM F 

20°C 

12 h

Fig. 2. Synthesis o f 7-[(heteroaryl-thio)acetam ido]-3-deacetoxycephalosporanic acids
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ace tam id o -3 -d eace to x y cep h a lo sp o ran ic  ac id  (III) in  60%  yield . T he reac tio n  
o f III w ith  th io u rea , acco rd ing  to  a know n  p ro ced u re  [2], re su lted  in  75%  of
7 -am ino-3 -deace toxycepha lospo ran ic  ac id  (IV).

U tiliz ing  th e  com m only  know n h ig h  re a c tiv ity  of th e  m esyl an d  to sy l 
e s te rs  o f  various o rgan ic  com pounds (i .e . c a rb o h y d ra tes , an tib io tic s  or a lk a 
lo ids) in  nucleophilic  rep lacem en t reac tio n s , a new  m eth o d  w as e lab o ra ted  for 
th e  syn thesis  of 7 -[(h e te ro ary l-th io )ace tam id o ]-3 -d eace to x y cep h a lo sp o ran ic  
ac id  d e riv a tiv es  (Via d), as follows (F ig . 2).

T re a tm e n t of m esyl- o r to sy lo x y ace tic  acid  (VII) [3] w ith  8-hydroxy- 
q u in o lin e  in  th e  p resence  o f !V ,lV -dicyclohexylcarbodiim ide re su lted  in  th e  
a c tiv e  esters V illa  an d  V lllb , re sp ec tiv e ly . R eac tio n  of V illa  or VUIb w ith  
sev e ra l m ercap to  co m pounds (in !V ,lV -dim ethylform am ide a t  room  te m p e ra 
tu re )  gave th e  co rrespond ing  h e te ro a ry l- th io ac e tic  acid qu ino ly l esters  IX a-d. 
T h e  ph y sica l c h a rac te ris tic s  of th e  p re p a re d  este rs  w ere in  good ag reem en t w ith  
th o se  o f th e  sam ples p re p a re d  earlie r in  an  in d ep en d en t ro u te  [1], an d  th e  
y ie ld s  w ere also n e a r ly  th e  sam e.

A cy lation  o f 7 -am in o -3 -deace toxycepha lospo ran ic  acid  w ith  th e  ac tive  
e s te rs  IXa, b, d has been  recen tly  re p o rte d  [1]. A cy lation  of IV w ith  th e  este r 
IX c gave 37.7%  o f d eace to x y cep h a lo sp o ran ic  acid  Vic.

T h e acy la tion  o f  7 -am ino-3 -deacetoxycephalospo ran ic  acid  (IV) w ith  
e i th e r  acyl chlorides or 8 -qu ino ly l a c tiv e  este rs  gave 7-m esyloxy- (Va) and
7 -to sy lo x y ace tam id o -3 -d eace to x y cep h a lo sp o ran ic  (Vb) acids. B y  nucleophilic 
re p la c e m en t of th e  m esy loxy- or to sy lo x y  g roup  in  th e  la t te r  com pounds w ith  
h e te ro a ry l-m ercap to  com pounds, a new  m e th o d  w as e lab o ra ted  fo r th e  sy n th e 
sis o f  several 7 -[(h e te ro ary l-th io )ace tam id o ]-3 -d eace to x y cep h a lo sp o ran ic  acids 
(V la -d ). These co m pounds have  been p re p a re d  ea rlie r [1] s ta r tin g  w ith  7-chlo- 
ro ace tam id o -3 -d eace to x y cep h a lo sp o ran ic  ac id  (III).

O n tre a tm e n t o f Va or Vb w ith  sev era l m ercap to  com pounds in  N ,N - di- 
m eth y lfo rm am id e  a t  room  te m p e ra tu re , th e  co rrespond ing  d eace to x y cep h a 
lo sp o ran ic  acid d e riv a tiv e s  (Via d) w ere o b ta in e d  in  good y ie ld . T he s tru c tu re s  
o f th e  p repared  co m pounds w ere p ro v ed  b y  com parison  of th e ir  p h ysica l d a ta  
(m .p . IR , TLC) w ith  a u th e n tic  sam ples.

Experim ental

M. p.’s were determ ined in capillary tubes and were uncorrected. The IR  spectra were 
recorded in KBr pellets w ith  a UNICAM SP  200 G instrum ent. Thin-layer chrom atography  
w as carried out on DC-Alurolle K ieselgel 60 F  254 (Merck) layer, using (A) 7 : 3 : 1  b enzene- 
e th y l acetate-acetic  acid and (В ) 1 : 1 benzene-ethyl acetate solvent m ixtures. The spots were 
visualized  w ith iodine vapour.

7-Chloroacetam ido-3-deacetoxycephalosporanic acid trichloroethyl ester (II)

A solution of 6-chloroacetam idopenicillanic acid -S-sulfoxide trichloroethyl ester (I) 
(4 .4  g; 0.01 mole) in  benzene (450 ml) and !V,lV-dim ethylacetamide (90 m l) was refluxed for 
20 h. During this period (a t 0, 6 and 12 h) 0.7 m l o f m ethanesulfonic acid was added in portions,
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and the m ixture was continuously absolutized b y  the addition of “ K linosorb 4” . The m ixture 
w as then distilled in vacuum  to rem ove benzene, the d im ethylacetam ide solution was diluted  
w ith  water to 200 m l and extracted  w ith  ethyl acetate. The organic layer was washed w ith  
water, dried over M gS04 and decolourized w ith  carbon and Fuller’s earth and finally  evaporated  
to dryness. The residue was crystallized by the addition o f ether (20 m l) to obtain 1.75 g 
(41.46% ) of II, m.p. 120 °C, Rf (A) =  0.9, R; (B ) =  0.88.

The chromatographic m obility , m .p. and IR  spectral data o f the product were in good 
agreem ent w ith that o f a sam ple prepared [1] by the acylation of 7-am ino-3-deacetoxycepha- 
losporanic acid trichloroethyl ester.

7-Chloroacetam ido-3-deacetoxy-ceph-3-em -4-carboxylic acid (III)

To a solution of II (1.7 g; 0.004 m ole) in  90% formic acid (30 m l) zinc dust (1.7 g) was 
added, and the m ixture w as stirred for 2 h  at room  tem perature. The unchanged zinc dust was 
then  rem oved by filtration , the filtrate was diluted w ith water to 100 m l and extracted w ith  
e th y l acetate. The organic layer was washed w ith  water, dried over MgSO, and evaporated to 
dryness. The residue was crystallized from  aceton e-ligh t petroleum  to give III (0.7 g; 59.93% ), 
m .p. 174 °C (dec.), Rf(A) =  0.41; [oc] d ° + 1 2 7 °  (c =  1, dim ethylform am ide).

The physical characteristics (R j , m .p ., IR  spectrum and [<x]D) of III were in good agree
m ent w ith that of an authentic sam ple prepared [1] by the acylation  o f IV.

7-Aininodeacetoxy-ceph-3-em -4-carboxylic acid (IV )

This compound was synthesized according to the paten t procedure [2]. R e-acylation  
of the product iV w ith chloroacetyl chloride gave III.

Sulfonyloxyacetic acid 8-quinolyl esters (V illa ,b )

A solution of 8-hydroxyquinoline (1.45 g; 0.01 mole) the su lfon yloxyacetic  acid (Vila 
or Vllb) (0.01 mole) and IV,IV-<iicyclohexylcarbodiimide (2.06 g; 0.01 m ole) in (a) ethyl acetate  
(50 m l) or (b) in  dichlorom ethane (100 m l) was stirred at room  tem perature for 2 h. The precip
ita ted  dicyclohexylurea was rem oved by filtration  and the filtrate  evaporated to dryness in  
vacuum . The crystalline residue was recrystallized (a) from ether or (6) from  ether-ligh t petro
leum  to obtain pure Villa and VHIb.

Villa 2.35 g (83.6% ); m .p. 123 °C (dec.).
C^H uOjNS (281.28). Calcd. S 11.40; N  4.98. Found S 11.42, 11.32; N  5.09, 5.22% .
VHIb 2.05 g (57.4% ); m .p. 9 7 - 9 9  °C.
C18H 160 5NS (357.37). Calcd. S 8.97; N  3.91. Found S 8.61, 8.47; N  3.97, 3.85% .

H eteroaryl-thioacetic acid 8-quinolyl esters (IX a— d)

A solution of 0.01 m ole o f the su lfonyloxyacetic acid 8-quinolyl ester (Villa or Vlllb), 
the required heteroaryl-m ercapto com pound (0.01 mole) and tr ie thy l am ine (1.4 m l) in  N ,N -  
dim ethylform am ide (20 m l) was allowed to  stand at room tem perature for 12 h. The reaction  
m ixture was then diluted w ith  water to 100 ml and extracted w ith  ethyl acetate. The organic 
layer was washed w ith  water, dried over M gS04 and concentrated. The residue was crystallized  
(a, b) from ether or (c, d) from  eth er-ligh t petroleum .

IXa from Villa, 3.2 g (80.4% ), m .p. 133 °C. 
from VHIb, 1.45 g (36.5% ), m.p. 133 °C.

IXb from Villa, 2.0 g (53.19% ), m .p. 130 °C. 
from VHIb, 1.29 g (34.2% ), m .p. 130 °C.

IX c, prepared from chloroacetic acid 8-quinolyl ester [1], 2.05 g (72.1% ), m.p. 88 —91 °C. 
C19H i5N50 3S (393.41). Calcd. S 8.15, N. 17.81. Found S 8.02, 7.93; N  17.72, 17.67% .

IX c, prepared from Villa, 1.8 g (45.8% ), m.p. 8 8 —91 °C. 
from VHIb, 1.6 g (40.7% ), m .p. 8 8 - 9 1  °C.

IXb, prepared from Villa, 2.5 g (71.02% ), m.p. 100 —102 °C.
from VHIb, 1.6 g (45.45% ), m .p. 100 — 102 °C. The physical data (i.e. m .p ., m .m .p. and 

R f)  o f com pounds IXa—d were in good agreem ent w ith that o f authentic sam ples prepared [1] 
in an independent route.
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7-(Sulfonyloxyacetam ido)-3-deacetoxycephalosporanic acids (V a, b)

To a solution of IV (2 .14  g; 0.01 m ole), sodium  hydrogen carbonate (2.5 g) in 2 : 3 w a ter-  
aceton e (250 ml), a so lution  o f  the corresponding acid chloride (0.011 m ole) in  acetone (10 m l) 
w as added by drops. A ceton e w as then evaporated, the aqueous solution  was acidified w ith  
dilu te  HC1 to pH 2 and ex tracted  w ith  ethyl acetate. The organic layer was dried over M gS04 
an d  evaporated to dryness in  vacuum . The residue was crystallized (a) from  m ethanol or (b) 
from  acetone-water.

Va 1.8 g (51.4% ), m .p . 163 °C (dec.).
Cn H140 7N2S2 (350.37). Calcd. S 18.30; N  7.99. Found S 18.31, 18.40 N  7.97, 7.85% .
IR  (KBr): v C = 0  (jö-lactam) 1780; v C = 0  (am ide I) 1680; v C = 0  (COOH) 1725; 

v N H  (amide) 3280 cm ~j.
Vb 2.02 g (47.41% ), m .p. 162 °C (dec.).
Ci,H 18N20 ,S 2 (426.46). Calcd. S 15.03; N  6.57. Found S 15.00, 14.96; N  6.30, 6.22% .
IR  (KBr): v C = 0  (/?-lactam) 1775; v C = 0  (am ide I) 1680; v (COOH) 1725; N H  (am ide) 

3285 cm -1 .
In the acylations o f  IV w ith  the active esters (VIII), the y ield  o f Va and Vb was 42.85 

and 60.32%  respectively.

7-[(H eteroaryl-th io)acetam ido]-3-deacetoxyceph-3-em -4-carboxylic acids (V ia —d)

A solution of the 7-(sulfonyloxyacetam ido)-3-deacetoxycephalosporanic acid (Va or Vb) 
(0 .01 mole) and tn eth y la m m e (2.8 m l) in  N , ZV-dimethylformamide (40 m l) was allowed to 
stan d  at room tem perature for 12 h. The reaction m ixture was then diluted w ith  water to 100 ml 
and acidified to pH  2 w ith  dilute hydrochloric acid. The solid precip itate was filtered off and 
recrystallized from the so lv en t given in Ref. [1].

V ia from Va, 2.0 g (42.90% ), m.p. 185 °C (dec.), 
from Vb, 2.3 g (49.3% ), m .p. 185 °C (dec.).

VIb from Va, 2.8 g (62.90% ), m .p. 185 °C (dec.), 
from Vb, 1.6 g  (36.10% ), m.p. 185 °C (dec.).

VIc from Va, 2.6 g (56.50% ), m.p. 178 °C (dec.), 
from Vb, 2.0 g (43.5% ), m .p. 178 °C (dec.).

VId from Va, 3.0 g (71.42% ), m.p. 208 °C (dec.), 
from Vb, 3.18 g  (75.66% ), m .p. 208 °C (dec.).

Compounds V ia —d were identical in every respect (m .p ., m. m .p ., chrom atographic 
m obility , and IR  spectrum ) w ith  the corresponding standard sam ples prepared earlier in an 
independent way.
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A C T A  C H IM IC A

ТОМ  1 0 3 -В Ы П . 4

РЕЗЮ М Е

Окисление зр-хлорохолест-5-ен-7-она по Бейер-Виллингеру

Ш А Ф И У Л А Х  и Э. А. Х АН

Окисление 3/3-хлорохолест-5-ен-7-она (1) с помощью гидроперекиси бензоила (с 1 и 2  
мольэквивалентами), используя моногидрат n-толуолсульфокислоты в качестве катализа
тора, дает 3/?-хлоро-5,6 а-оксидо-5а-холестан-7-он (2), 3/3-хлоро-7а-окса-В-хомохолест-5- 
ен-7-он (3), 3/3-хлоро-5-формил-6-окса-5а-холестан-7-он (4) и 3/3-хлоро-5-оксо-5,7-секо-6- 
норхолестан-7-кислоту (5). С тремя моль-эквивалентами гидроперекиси бензола 1 дает  
помимо 2 — 5, такж е 5-оксо-5,7-тсо-6-норхолест-3-ен-7-кислоту (6). Кислоты 5 и 6 были 
превращены в их метиловые эфиры (7) и (8). Структура этих соединений была определена  
на основе их спектральных свойств, химических превращений и сравнения с подлинными 
образцами в известных случаях.

Стероидальные тетразолы конденсированные по кольцу А
Ш А Ф И У Л Л А Х  и М. А. ГА Ф Ф А РИ

Реакция 4-метилхолест-4-ен-3-она (1) с избытком гидразойной кислоты (BF3-3TepaT 
в качестве катализатора) дает 3-аза-А-гомо-4а-метилхолест-4а-ен-4-он (2) и З-аза-А-гомо- 
4а-метилхолест-4а-ено[3,4-</]тетразол (3). П ри подобных условиях реакции 4,4-диметил- 
холест-5-ен-З-он (4) дает 4,4-диметил-5а-холестан-3,6-дион (5) и 4-аза-А-гомо-4а,4й-ди- 
метил\'олест-5-ено[4,3-(7 |тетразол (6). В реакции 4-моноэтильного аналога (7) соединения  
1 были получены 3-аза-А-гомо-4а-этилхолест-4а-ено[3,4-<7] тетразол • (8) и его 4-аза-изо- 
мер (8а), в то время как 4-диэтилхолест-5-ен-3-он аналог (9) соединения 4 дает 4,4-диэтил-
3,4-тсо-4/3-азидохолест-5-ен-3-нитрил (10) и 4-аза-А-гомо-4а,4&-диэтилхолест-5-ено[4,3-d] 
тетразол (11). Структура этих соединений была определена, исходя из их спектральных 
свойств. Приводится механизм необычных первращений.

Отщепление фенольного гидроксила: превращение (-)-а-наркотина в
(-)-Р-гидрастин

П. К Е Р Е К Е Ш , Д Ь . Г А А Л  и Р. Б О Г Н А Р

Природный (2)-а-наркотин был превращен в наркотолин-8-(1-фенил-5-тетразолил) 
эфир, который при каталитическом гидрировании дает (-)-/?-гидрастин.

Реакции изомеров наркотина с бромистым цианом
П. К Е Р Е К Е Ш  и Д Ь . ГААЛ

(-)-а-Наркотин (1 R, 1 ’S) (1) и (+)-/?-наркотин (IS , l ’S) (4) были подвергнуты взаимо
действию с бромцианом в смеси растворителей тетрагидрофуран-вона, этанол-хлороформ и в 
присутствии окиси магния. Реакция обоих изомеров наркотина в смеси тетрагидрофуран- 
-вода приводит к одинаковому продукту, а именно, к (-)-Л'-циано-1(5)-гидрокси-1,2-секо- 
l ’(S)-HapKOTHHy (5а). При использовании смеси этанол-хлороформ и, исходя из 1 и 4, 
вновь был получен одинаковый продукт, а именно, (-)-,\'-циано-1(3')-этокси-1,2-m co-l ’(S )-  
наркотин (56). Соответствующие знантомерные изомеры наркотина, а именно, (Н -)-а-нар- 
котин (IS , PS) (2) и (-)-(Рнаркотин (IR , V R ) (3) такж е дают знантомерные секо-соединения  
(6а и 6Ь) в идентичных условиях реакции. Рефлексирование секосоединений с разбав



ленной соляной кислотой приводит к циклизации, т. о. 5а и 5b, a такж е 6а и 6Ь были- 
первращены в основные продукты  (+)-/3-наркотин и (-)-/?-наркотин, соответственно.

Была определена абсолю тная конфигурация секо-соединений и были сделаны попыт
ки интерпретации сетерохимического пути реакций раскрытия кольца и циклизации.

Оценка комплексных равновесий с помощью ЭВМ, I

Общая программа для оценки спектрофотометрических измерений равновесий
Ф. Г А Й ЗЕ Р  и М. М АТЭ

Д л я  оценки спектрофотометрических измерений равновесий типа 

</М +  pL ±  гН* М ,Ь;,(Н +)±Г

где г  и/или q могут быть равными нулю, была разработана программа для ЭВМ, требу
ющая малую меморию и с коротким временем пробега. Из экспериментальных данных 
7'l, Т м, [Н + ] и  А  программа рассчитывает, используя метод наименьших квадратов, кон
станты образования и молярные коэффициенты экстинкции, дающие наилучшие совпаде
ния с экспериментальными кривыми. Расчет оптимальных значений констант происходит  
с помощью метода Гаусса. Бы ло найдено, что числовое дифференцирование по величинам 
1 g  ß  дает наилучшую конвергенцию.

Программа, составленная на языке AS А F O R T R A N , в случае образования 9 комп
лексны х частиц, способная и одновременному уточнению 2 —5 параметров, исходя из дан
ных, измеренных на трех дл ин ах волн. Программа м ож ет быть легко расширена, и части ее 
в общ ей формулировке м огут быть использованы такж е для оценки других измерений 
комплексных равновесий.

Исследованиетозиловых и мезиловых производных в морфиновом ряду, XXII

Некоторые нуклеофильные реакции замещения 6-0-мезилнеопина
Ш. Б Е Р Е Н И , Ш. М А К Л Е Й Т, Р . Б О Г Н А Р  и А. Т Е Г Д Е Ш

Былсинтезирован 6-О-мезилнеопин, не известный в литературе, и исследованы его 
некоторые нуклеофильные реакции замещения. В результате были получены его dß-хлор-, 
6/?-бром- и 6/?-азидопроизводные, также не известные в литературе. Был получен простым 
путем и с хорошим выходом, упоминаемый в литературе лишь в качестве промежуточного  
продукта, 6-деметокситебаин, который, благодаря своему строению, имеет широкие возмож
ности для целого ряда дальнейш их ценных превращений. Д ля образования 6-деметокси- 
тебаина полагался механизм SN2 +  Е. Строение полученных новых соединений было 
доказано с помощью И К , ПМ Р, ЯМ Р—С13 исследований, а также на основе их хими
ческих превращений.

N -  Деметилирование морфиновых алкалоидов. Получение норнеопина
Ш . Х О СТА Ф И , Ш. М А К Л Е И Т  и Р. Б О Г Н А Р

На основе анализа методов для .V-деметилирования морфиновых алкалоидов были 
разработаны два пути получения до сих пор не известного норнеопина, исходя из неопина 
со строением аллиламина.

Был синтезирован не описанный до сих пор в литературе JV-нитрозонорнеопин, гид
ролиз которого с помощью разбавленной соляной кислоты дает норнеопин. В связи с этим, 
снова было исследовано .V-деметилирование кодеина и дегидрокодеина, описанное подоб
ным образом.

Реакция неопина с диметиловым эфиром азодикарбоновой кислоты оказалась также  
пригодной для получения норнеопина. Последний метод обладает некоторыми преиму
ществами. Исследуя реакцию тебаина с диметиловым эфиром азодикарбоновой кислоты, 
описанную в литературе, были найдены те условия, при которых нортебаин может быть 
получен без тебаина.



Контроль реакций, катализированных металлами, VIII

Контрольная карта концентрации лиганда системы никель/бутадиен/
дифенилфеноксифосфан

А. Ш ИШ АК, X . Ш Е Н К Л У Н  и П. Х Е Й М Б А Х

Селективность гомогенной каталитической циклоолигомеризации бутадеина была 
исследована при изменении молярного отношения дифенилфеноксифосфан/никель ([L ]0/  
[М]0) в интервале 10-5 н- 102. При изображении распределения продуктов в зависимости от 
lg([L ]0/[M ]0) (контрольная карта концентрации лиганда) были обанружены явления ас
социации лиганда для каталититечских промежуточных продуктов и связь каталити
ческих циклов.

Прибор для исследования механо-реологических свойств гелей
Ф. Х О РК А Й , М. Н А Д Ь  и М. З Р И Н И

Был разработан прибор для определения механо-реологических параметров уп р у 
гих тел с небольшой механической прочностью (напр., набухш ие гели полимеров), который  
позволяет, в случае однонаправленного сжатия, одновременно и с высокой точностью  
( ±  1 ■ 10-4  N , т. е. ±  6 м) измерять нагрузку и соответствующ ую ей деформацию в ш иро
ком диапазоне (от 1 • 10-4 N  до 2 000 N , т. е. от 6 /им до 3,333 мм).

С помощью зависимостей нагрузка-деформация, определенных для гелей поливи
нилового спирта с различной степенью сшивки, были рассчитаны молекулярные парамет
ры, характеризующ ие пространственную сетку, и количество цепей сшивки, действую щ их  
эластично. Было обнаруж ено, что экспериментально полученные величины значительно  
отличаются от результатов расчетов, соответствующих модели идеальной системы'.

Расчет комплексных равновесий с помощью ЭВМ, II

Расчет констант протонитрования полифункциональных лигандов и констант 
стабильности металлистических комплексов из 

потенциометрических данных
Ф . Г А Й З Е Р

Была разработана программа ЭВМ для расчета констант протонирования болы пих 
молекул, способных связывать (выделять) большое число водородных ионов, а такж е для  
расчета констант стабильности металлических комплексов с составом М,Бр. Н астоящ ая  
программа P H — РО Т является вариантом программы автора S P E F -3  и предназначена для  
оценки потенциометрических измерений. С помощью этой программы из эксперименталь
ных данных 7'н , Т 0 н» T L и Е  или Тм, TL и Е, соответственно, а также из констант кривой  
слепого pH -метрического титрования могут быть рассчитаны величины констант равнове
сия, получаемые при минимальной величине 27(ЭЕ)2.

Исследования в области соединений с пиридазиновым кольцом, II

Производные [1,2,4]триазоло [4,3-6 ]пиридазин-3-карбоновой кислоты
Ю. К О Ш А РИ  и П. Ш О Х А Р

Были получено новые производные циклической системы [1,2,4] триазоло [4,3-6] 
пиридазина, содерж ащ ие функцию карбоновой кислоты в положении 3 (1 b—d; 6а - /) . 
Исходными соединениями служили до сих пор не известные гидразоны, образующ иеся и 
З-гидразино-6-хлорпиридазина с производными гликосальной кислоты (2а—d). П ри цик
лизации 2 с помощью системы В 2—АсОН удалось изолировать такж е промежуточные про
дукты (5а—с), которые в некоторой степени изменяют у ж е  сложившиеся представления



относительно механизма циклизации. При восстановительном дегалогенировании 1с 
наряду с ожидаемым продуктом 6Д, были изолированы неизвестные производные триазола 
7—9, строение которых было выяснено на основе их ИК и ЯМР—Н1 спектров.

Синтез 7-[(гетероарил-тио)ацетамидо]-3-деацетоксицефалсспораноЕОЙ 
кислоты и ее производных, II

Л . Н . Ф А Н , И . М ИШ КОЛЫ ДИ, Ф . С Т А РИ Ч К А М  и Р. Б О Г Н А Р

С помощью реакции расширения кольца были получены трихлорэтильный эфир 
S -сулфоксида б-хлороацетамидопенициллановой кислоты (1) и соответствующее деаце- 
токсицефалоспориновое производное (II). У даление трихлороэтильной группы соединения  
II с помощью муравьинокислого цинка приводит к 7-хлороацетамидо-З-деацетоксицефалос- 
порановой кислоте (III).

З а  счет реакции 8-хинолиловых эфиров мезил- и тозилоксиуксусной кислоты  
(V illa , Ь) с различными гетероарилмеркаптановыми соединениями были синтезированы  
активные эфиры IXa—d. П оследние соединения были получены и успешно использованы  
ранее для ацилирования 7-амино-З-деацетоксицефалоспорановой кислоты (IV).

Реакция нуклеофильного замещения мезилокси и тозилокси групп в 7-мезилокси- 
(Va) или в 7-тозилоксиацетамидо-З-деацетоксицефалоспорановой кислоте (Vb) с помощью  
гетероарилмеркаптановых соединений приводит к новому пути синтеза 7-[(гетероарил- 
тио)-ацетамидо]-3-деацетоксицефалоспорановы х кислот (V ia—d).
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