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(ACID, BASE) SYSTEMS BY POTENTIOMETRIC
TITRATION
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A relationship is suggested for the quantitative determination of ampholytes
in multicomponent systems, by potentiometric titration.

First the one-component case is investigated assuming stepwise titration. The
resulting equation is applicable to the determination of ionization or total protonation
constants of ampholytes. Generalization of this equation to multicomponent ampholyte
systems leads to a relation linear in the initial concentrations.

A further generalization of the method is its application to systems with tauto-
mers. This yields a formula very similar to the above-mentioned, but the interpretations
of the constants differ from those.

For the determination of all ionization constants of ampholytes it is often
necessary to titrate them both with acids and bases. To have a titration curve without
a breakpoint a relation is given for the conversion of the two data types into each
other.

All relations are easily programmable in BASIC or Assembler languages and so
applicable to processing of titration data by titration controlling computers.

Introduction

Recently several papers have dealt with the shape analysis of potential
titration curves, the determination of ionization or protonation constants,
the endpoint approximation problem of potentiometric titration and related
topics [1—10].

Some attempts have been made for the quantitative determination of
several components by potentiometric titration [11, 12].

In this paper we try to develop a more general theory for the quantitative
analysis of multicomponent ampholyte systems in amphiprotic solutions.

We think it will he helpful in the evaluation of computer controlled
titration data of multicomponent systems.

The following restrictions characterize our model:

1. Each activity coefficient is equal to one,

*To whom correspondence should be addressed.

1* Acta Chim. Hung. 123, 1986
Akadémiai Kiadd, Budapest



4 BILLES, TOTH: MULTICOMPONENT AMPHOLYTE SYSTEMS

2. Association and chemical reactions between the components except
proton gain or loss are excluded,

3. The first attempt tautomerism is excluded (in Parts 2—4).

Below we use unorthodox notations for some constants to avoid the
accumulation of indices. Acidic equilibrium constants (ionization constants)
are labelled by K, protonation constants by B. Since this way the notations
of indexed ionization constants and ionic product may be confused, for the
latter the symbol k is applied.

One-component case

Ampholytes can gain and lose protons. For indexing the forms in pro-
tonic equilibria the following convention is chosen: the form without any
mobile protons (A) is indexed by zero, all other ones by the number of mobile
protons. Ampholytes are of basicity d and acidity e. Equilibria have the form

AH{Zi+< 1) + H+ *=; AH<~d+,) (1)

where electric charges are in parentheses. The equilibrium constants are
defined as

K _ [AH#+'"-U]-[H+] c™H 5
' [AH<-d+i> c, (4
where c(stands for [AH, d+'] and H for [H +]. Since
c,= m c, x4
A (3)
coH*
n Kr
Defining the total protonation constants
4)
IIII_1 Kr
with B0 -1, we have
a= cORiH1 ®)

Taking into account the electric neutrality of the solution
d+e L

2 P-@tH- —=0 (®)

Acta Chim. Hung. 123, 1986



BILLES, TOTH: MULTICOMPONENT AMPHOLYTE SYSTEMS 5

where Kk is the ionic product of the amphiprotic solvent HX
fc=[H+][X~] ©)

let ¢* he the total ampholyte concentration in the solution. Because of the
definition of Cji

d+e
c* = 2 ci (8)
i=o0
Substituting Eq. 5:
cr = ©
Dividing Eq. (5) by Eq. (9):
B'H*
d+e (10)
2B H*

Using this relation Eq. (6) may be modified to

2 (i-e)RiHi
I_0d+e L H (11

Since potentiometric titrations are carried out using mostly univalent
strong electrolytes HY, WOH, e.g. in water HC1, NaOH as titrants, the titrant
concentration cG is practically equal to the concentration of the protons,
of the hydroxide ions and of their counter ions Y~ and W + in the titrant,
respectively.

Using stepwise addition technique in potentiometric titration, the
following electric charge balance is formed in the titrate after the addition of
the Z-th titrant portion

2 (i-e)BIHI
c* 5+i bHi—— + eD=0 (12)
2B iHi 1
1=0

where the upper and lower sign applies to titration with bases and acids,
respectively, cGis the Y~ or the W + concentration in the titrate and c* is the
same for the ampholyte. These concentrations may be expressed by cDand c*,
respectively. Let V be the volume of the titrate before the beginning of the
titration 1=0 and vt the total added titrant volume after the Z-th step.
The total titrate volume

v, = V+.

Acta Chim. Hung. 123, 1986



6 BILLES, TOTH: MULTICOMPONENT AMPHOLYTE SYSTEMS

According to the law of conservation of mass

cf V,=¢c*V

e.g.
\
o =o% (13)

and

cP V, = cDv,
or

cp-co (14)

substituting Eqgs. (13) and (14) into Eq. (12) we have

d+e
2 (i-e)RiH[
=7 gre s VA - —1+e°Z1zZ-=0 (15)
2 BiHi H.} v
1=1
I=0,1,2, ....,m

where m stands for the number of titration steps.

Multicomponent system

Let n be the number of components indexed by j. Applying Eq. (15)
for this system

di+ei
—_ ai)BijH\
’ o VvV ,-V
Zlc* ~L |iq+i, ——————— + H, +*cCccC (16)
1= 2 RBiJH< y 1 H i y

/=0,1,2,...,m

To solve this equation for the cj concentrations with appropriate accuracy
beside the knowledge of the Rtj constants and the measurement of the T”and
H[ values the number of steps (m) must be higher than the number of com-
ponents (n). Labelling the coefficients of the c* concentrations in Eq. (16)
by aj, the sum of the second and third terms by bt, we have

2®R0=bi 1=012 ...m (17)

Acta Chim. Hung. 123, 1986



BILLES, TOTH: MULTICOMPONENT AMPHOLYTE SYSTEMS 7

or in matrix notation
ac*= b (18)

where, being m > re, ais ageneral quadratic matrix and is therefore not inver-
tible.
Applying the method of least squares the function to be minimized is

- * Qi e 19
F=2  2%jidi b (19)
Derivating F by c* concentration we have
n ol m \ n
1 = = e N (20)
f:1{<* %:Oajl aql J2:0aqlbl | 2

Eq. (20) may he simplified to

2 G- 1 21
5 q q
or in matrix formulation
Pc —g (22)

Since p is a square matrix the linear equation system may be solved by appro-
priate methods.

Determination of ionization constants

Equation (15) isapplicable to the determination of ionization constants.
The Htand V, values have to be measured and the R's are the unknown quan-
tities. Rewriting Eq. (15) we have

d+e

opiHi (i—ec*— LOv'i~ v (23)

For the first glance Eq. (23) is a homogeneous linear equation system. W ith
i = 0, however, 0= 1 and this term of the sum does not contain unknown
quantities, so the true form of Eq. (23) is

d+e .
. vV, -V ; V
5 i (i—ak VIl o Vi
Von. vV Ht \
(24)

In short form

d+e

2 B iA» B, (25)

Acta Chim. Hung. 123, 1986



8 BILLES, TOTH: MULTICOMPONENT AMPHOLYTE SYSTEMS

Applying the method of least squares (m > d -f- ) similarly to the case
of multicomponent systems the function to be minimized is

d+e
F= Y vi2 BiAum B,

1=0

where the y’s are weight factors. A recommended weight factor is

éP im
AV
where
a pH,= PH(— pH,.,
and

AV,= Vt— VI-1
Derivating F by the B ?s

d+e I'm m
2|Bi }JZ VAL A, = ~ ytA ; B, (26)
i= =0 , ;=0
In short form
d+e
Q\B i P4= Gq (27)
1=

Determining the total protonation constants the ionization constants can be
calculated by Eq. (4):

The numbering of these ionization constants is in accordance with Part 2.
for acids as usual, but for bases of opposite meaning.

Conversion of acidic and basic titration curves into each other

It is sometimes advisable to extend the investigated pH range in direc-
tions of both acidic and basic titrations. There are pure ampholytes (acids,
bases) or multicomponent systems having a pH value in solution near pk.
In these cases stepwise titration is needed with both acidic and basic titrant.

Since unified calculations are more profitable, conversion of acidic data
to basic ones and vice versa are very useful.

Let vibbe the volume of the titrate after the Z-th step in basic titration
and Vlathe same for acidic one. Since the c¢* concentration is the same, sup-
posing the identity of the pH values from Eq. (15) we have

. . K
V. H,— + c°| —cjpV = Vig Hr + caV (28)
H, HI

Acta Chim. Hung. 123, 1986



BILLES, TOTH: MULTICOMPONENT AMPHOLYTE SYSTEMS 9

where c|p and are the basic and acidic titrant concentrations, respec-
tively.

A similar relation may he derived from Eq. (16) for multicomponent
systems.

Effect of tautoinerism

Let t(be the number of tautomers in the ionic state i of an ampholyte.
The number of equilibria between these tautomers is 2 , but only i; 1

are independent. Since the state with i = 0 means the total absence of mobile
protons, t0O= 1.

dee
Fig. 1

Fig. 1. shows the graph arbour of the states it is an example. Branching
points are arbitrarily selected from the possible t's and indexed by one.
Tautometric equilibrium constants are defined as

Ris= — >= 1,2,...,*%,. (29)
c,i

where cis is the concentration of the s-th tautomer belonging to the i-th
ionization state. Of course Rn = 1. According to Eq. (29) the total concen-
tration of tautomers belonging to state i is

= en2 Rris (30)

lonization constants for the equilibria between the stressed tautomers are

i,iH
K (31)
Eq. (31) is the analogue of Eq. (2). Since
_ G
c11

similarly to Eq. (5)
*n = coli (32)

Acta Chim. Hung. 123, 1986



10 BILLES, TOTH: MULTICOMPONENT AMPHOLYTE SYSTEMS

with the modified total protonation constant

Bi=_ 1 (33)
rikK
r=li
Applying Eq. (8) and denoting
Ri= 2 R's
s=1
we have
d+e
= ¢c0 HR\Ri (34)

Introducing new constants for the virtual total protonation
D, = RiR, (35)
Equation (34) may be expressed in a shorter form
d+e
c* = c02_D, 4’
=0
Substituting this expression into Eq. (32) and applying Eq. (30)
» D,H?

2 d*hs

(36)

which is the total analogue of Eq. (10). The D: constants replace the total
protonation ones. Adopting the method described in Part 1. the final relation
for the concentration determination has the form of

i=0
All other relations of the former Parts are valid in the presence oftautomers,
too, replacing /3's by -D’s.
Virtual total protonation constants, for example, may be calculated
similarly to Eq. (24) based on the relation

d+e (i e) o K V, —V
2 DH"® v HT H,
« -H, =FcD Vi-Vv + ec* (38)
V \H, Y

Acta Chim. Hung. 123, 1986



BILLES, TOTH: MULTICOMPONENT AMPHOLYTE SYSTEMS U

The ratio of two virtual total protonation constants gives the virtual ionization
constant

A
A

w

These constants have a hardly interpretable physical meaning, they are defined
namely as

Discussion and broader aspects

The outlined theory is easily applicable in the practice of potentiometric
titration. Programming in BASIC and practical applications are in progress.
Relations (16), (18), (20) and (22) enable one to determine the concentrations
in multicomponent systems without tautomerism. When tautomerism also
occurs the method of data processing is identical, since Eq. (37) is a full
analogue of Eq. (16). The last two equations contain total protonation con-
stants. They are determinable together with the ionization constants from
Eqs. (24) and (38), respectively. Eqs. (24)—(27) can be used for those cal-
culations.

All these developed formulae can be easily programmed in Basic or
Assembler languages, which are the most frequented ones for mini- and micro-
computers. If the titration is computer controlled the data processing can be
carried out directly by the controller.

To make data processing easier it is worthwhile to convert the acidic
titration data of ampholytes into those of the basic titration ones or vice versa
see Eq. (28).

The unit values of activity coefficients cannot be maintained in practice.
This is only a more or less acceptable approximation, similarly to the assump-
tion of their constancy during the titration. There is, however, a possible solu-
tion to the problem of the activity coefficients by keeping the ionic strength
constant. At a high concentration of a neutral component (aid component) it
becomes nearly constant. For example, in aqueous solutions this requirement
is fulfilled by a higher K CI concentration. Adding always the same aid com-
ponent in the same concentration to the titrate in the case of determinations
of both concentrations and ionization constants, the accuracy of the con-
centration values increases.

Acla Chim. Hung. 123, 1986



12 BILLES, TOTH: MULTICOMPONENT AMPHOLYTE SYSTEMS

Virtual total protonation constants include both tautomeric equilibrium
constants and ionization ones. The independent determination of the /-
constants allows the determination of the K't values [see Eqs (33) and (35)].
If there exists a pH value where the forms of the i-th ionization state build
the bulk of all possible forms of the compound in question, the temperature
dependence of the spectra serves for distinguishing the spectra of the indi-
vidual species.

Applying an on-line mini- or microcomputer for the control and data
acquisition in the titration process the accuracy of the measurements increases.
Namely, by reproduction and data accumulation signal-to-noise ratio and
digital resolution improve.

Errors may be determined by recalculating the titration data from the
results and by determining the mean square deviation of measured and cal-
culated values.

The pH range of potentiometric measurements is limited by electrodes
and titrants. Normally the measurements in w'ater are carried out between pH
1 and 13. It is possible that pKa values beyond this region are unknown. In
this case Eq. (9), is only an approximation and becomes better and better
departing from the pH equal to the pKain question.

Since protonation equilibria [Eq. (1)] are temperature dependent all
the relations derived here hold exactly only under isothermic circumstances.
Temperature dependency of pKa values is of the magnitude of 10~2—10~3
pKa units/Kelvin [13].

List of applied symbols

constant in application of the method of least squares

constant in application of the method of least squares

virtual total protonation constant

function to be minimized

constant in application of the method of least squares

proton concentration

acidic equilibrium constant of protonation ionization constant

acidic equilibrium constant for protonic equilibrium between tautomers
constant in application of the method of least squares

tautomeric equilibrium constant

titrant volume, without low index: that before the beginning of titration
constant in application of the method of least squares

constant in application of the method of least squares

concentrations excluding that of protons

total ampholyte concentration in the titrate, without low index: that
before the beginning of titration

<P IUTAXIGOMNMOw?>

00 oo
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BILLES, TOTH: MULTICOMPONENT AMPHOLYTE SYSTEMS

concentration of the reagent in the titrant

basicity of the ampholyte

acidity of the ampholyte

constant in application of the method of least squares
number of mobile protons in the ion or molecule in question
serial number of the component in question

ion product

serial number of added titrant portions

total number of added titrant portions

number of components

constant in application of the method of least squares
serial number of the tautomer in question low index
number of tautomers

total volume of added titrant after adding the 1-th portion
total protonation constant

total protonation constant for protonic equilibria between
tautomers

weight factor

virtual ionization constant
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Heterocyclic compounds with the new triazaindenoindene skeleton (10, 12—16)
have been synthesized by the reactions of pyrimido[2,l-a]lphthalazinone (1), or its
derivatives substituted in the benzene ring (2, 3), with acetic or propionic anhydride.
The structures were elucidated by preparative and spectroscopic (IR, Xd-NMR,
13C-NMR and X-ray diffraction) methods. The hypothesis suggested as the reaction
mechanism of the formation of this skeleton is based on the high reactivity of the
zwitter-ionic starting compound to undergo addition reactions.

The isolated main product from the reaction of pyrimido[2,l-a]phthala-
zinone (1) with acetic anhydride was a compound of unknown structure; its
molecular formula was shown to be C15H 15N 30 3 by elementary analysis and
mass spectrometry [1]. In this paper the elucidation of the structure of this
product is discussed; further, by considering other models, the scope of the
reaction is studied. The models selected (2, 3) are derivatives of 1 substituted
in the benzene ring, which allow a study of the effect of electron-donating or
electron-withdrawing groups on the reactivity of the zwitter-ionic pyrimido-
pyridazinium-olate part of the molecule.

The 9,10-dimethoxy derivative (2) was prepared by cyclization of
4-(3-hydroxypropylamino)-6,7-dimethoxy-I(211)-phthalazinone [2] (Fig. 1);
the 8-nitro compound (3) was synthesized by the reaction sequence 7 — 8 —
—>»9a —+3 (Fig. 2), which is a well proved method for the preparation of
similar derivatives from 3-bromopropyl-3-nitrophthalimide [3, 4]. (Two iso-
mers, 9a = 8-NO02 and 9b = 5-NO02 could be formed from the asymmetric
nitrophthalimide 8. The product isolated had structure 9a, as it will be reported
[5] in a next paper of this series. The practically exclusive reactivity with
nucleophiles of the imide bond in a-position of 3-nitrophthalimide is in accord

* Part X: Acta Chim. Hung., 117, 371 (1984).
**To whom correspondence should be addressed.
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16 KORMENDY et al.: AMINOPHTHALAZINONE DERIVATIVES, XI

with the alcoholysis of 3-nitrophthalic anhydride which yields the a-ester as
the main product [6].)

The pyrimidine ring of compounds 1—3 is readily cleaved by potassium
hydroxide solution to give compounds 4—6 (cf. Fig. 1). These derivatives
were required because in the reaction of 1 with acetic anhydride ring fission
to a slight extent was observed (see Fig. 6; 17 [1]), thus the cleavage of the
pyrimidine ring could also be expected during the acetolysis of 2 and 3.

The molecular mass of 10 formed in the reaction of 1 with acetic anhy-
dride (Fig. 3) increases by 84.07 = C4H402 as compared with the starting
compound; this corresponds to the incorporation of two acetyl groups and the

KOH/H?20
Q
0
1-3 i-6
a Q3
1 H H H u
2 H MeO MeO 5
3 no2 H H 6
Fig. 1
1 2 eq. KOH/MeOH
2. 1eq. HCI
3. N2Ht
Fig. 2
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loss of two hydrogen atoms. According to mass spectrometry the primary
principal fragmentation is the loss of ketene, which indicates the presence
of a readily detachable acetyl group. Compound 10 remains unchanged in
boiling ethanol, but refluxing in sodium hydrogen carbonate solution removes
one acetyl group from the molecule (10 —11). With acetic anhydride in
pyridine the original compound is recovered (11 —m10). There is no unsatura-

NaHC03
+H2D
A1 A 11N30 (MeC0]20 A1SAMSN3®@S -MeCOOH c,3h,3N302
1 “HX 10 11
(MeC0),0
Py

Fig. 3

tion in compound 10, which should undergo hydrogenation in the presence
of Pd/C or Pt02catalyst at room temperature and under atmospheric pres-
sure. The infrared spectrum recorded in KBr pellets (Table I) has no band
attributable to an NH group; the three carbonyl bands at 1758, 1724 and
1702 cm-1 are due to the diacylamide and the amide carbonyl groups in the
five-membered ring. In the deacetylated product (11) the signal due to amide-
NH appears at 3200 cm-1, and the amide | hand characteristic of the five-
membered ring is found at 1695 cm-1.

No unequivocal conclusion for the structure of 10 could be drawn from
the results of the preparative, 1H- and 13C-NMR, or IR spectral studies;
therefore, determination of structure was complemented by X-ray diffraction
measurements, which showed compound 10 to have triazaindenoindene ske-
leton.

Table |

Important bands in the IR spectra of the triazaindenoindene
derivatives 10—16 (in KBr), cm-1

Com- V€O
pound VNH diacylamide, Amide | t/OCH, KCc—0—CH,) pNO,
isoindolinone
10 1758, 1724,
1702
" 3200 1695
(five-membered
ring)
12 1742, 1733,
1707
13 1748, 1708 2835 1210
14 1746, 1711 2840 1210
15 1757, 1713 1538, 1372
16 1748, 1710 1540, 1379

2 Acta Cliim. Hung. 123, 1986



18 KORMENDY et al.. AMINOPHTHALAZINONE DERIVATIVES, XI

Discussion of the crystal structure of compound 10

A perspective view of the molecular structure of 10 is given in Fig. 4,
computed from the final fractional coordinates, which are given with their
e.s.d.’s in Tables Il and Ill. The majority of the atomic distances (Table 1V)
and bond angles (Table V) does not exhibit significant deviations from the
expected values. The five-membered hetero-ring B of the isoindolinone moiety
is not perfectly planar (the mean deviation of the least-squares plane of the
five ring atoms is 2.4 pm) and 0(1) is out of the plane by 11.8 pm. Never-
theless its best plane makes only a dihedral angle of 2.7(1)° with that of the
phenyl A ring. Despite the vicinal oxo group separated by a multiple bond
[136.4(2) pm], N(6a) at the B/C ring junction retains some pyramidality
(2n = 0.36 rad) [7]. In accordance with the diminished pyramidality of
N(6a), ring C possessing chair conformation is pseudo-cis anellated to ring B
as shown by the same signs of the endocyclic torsion angles at the junction
[6.1(2)° for ring B and 48.1(2)° for ring C] and the near to zero value of one
of them. N(3a) is oriented pseudoaxially to ring B, whereas C(6) occupies
equatorial position (see the corresponding torsion angles in Table VI). Rings C

Fig. 4. A perspective view of the molecular geometry of compound 10 with atomic and ring
labelling. The bare numbers are for carbon atoms, unless indicated otherwise. The H atoms
are shown but not labelled

Acta Chim. Hung. 123, 1986
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Table 11

Fractional coordinates (105 for the x-coordinates of the hetero atoms and 101 for the other
coordinates) of 10 and equivalent isotropic thermal parameters (1 0 pm2for the non-hydrogen

atoms
Atom ® ylb *IC B(cq)
0(1) 10555.5(8) 6383(1) 1658(1) 4.79(4)
0(2) 63169(9) 2717(1) 62(1) 5.81(5)
0(3) 60874(9) 5500(1) 3032(1) 5.13(5)
N(3) 68357(9) 4302(1) 1582(1) 3.65(4)
N(3a) 77272(8) 4872(1) 2170(1) 3.25(4)
N(6a) 93201(8) 4796(1) 1615(1) 3.59(4)
c 7983(1) 3320(2) 431(1) 4.08(6)
0(2) 6950(1) 3342(1) 575(1) 4.08(6)
0(4) 8045(1) 3947(2) 3300(1) 3.97(6)
0(5) 9069(1) 4244(2) 3797(1) 4.36(6)
0(6) 9685(1) 3962(2) 2745(1) 4.29(6)
0(7) 9751(1) 6011(1) 1254(1) 3.59(5)
(m(7a) 9062(1) 6747(1) 307(1) 3.51(5)
0(8) 9167(1) 7976(2) —400(1) 4.56(6)
0(9) 8399(1) 8428(2) —1237(1) 5.30(7)
0(10) 7563(1) 7669(2) —1362(1) 5.29(7)
0(11) 7465(1) 6439(2) —653(1) 4.44(6)
G(lla) 8220(1) 5999(1) 205(1) 3.37(5)
G (llh) 8329(1) 4713(1) 1090(1) 3.31(5)
0(12) 6025(1) 4693(1) 2123(1) 3.98(5)
0(13) 5101(1) 4069(2) 1567(2) 5.95(8)

Beu= 4/3* trace (B*G) where G is the direct metric tensor

Table 111

Fractional coordinates (103) for the hydrogen atoms of 10 with isotropic
temperature factor Bj (10~* pm2

Atom x/a ylb wmc R
H(8) 977(1) 850(2) -31(1) 5.7(4)
11(9) 843(1) 931(2) 172(1) 6.3(4)
11(10) 705(1) 800(2) —194(1) 7.0(4)
L11) 807(1) 332(1) -51(1) 5.4(3)
11(12) 829(1) 252(2) 88(1) 5.7(4)
11(41) 797(1) 291(1) 309(1) 5-0(3)
11(42) 764(1) 416(1) 395(1) 4.8(3)
11(51) 925(1) 360(2) 454(1) 6.3(4)
11(52) 914(1) 524(1) 408(1) 5.1(4)
11(61) 969(1) 293(1) 249(1) 4.9(3)
11(62) 1033(1) 426(1) 297(1) 5.1(4)
11(111) 688(1) 587(1) -74(1) 5.1(3)
11(131) 464(1) 442(2) 202(2) 10.1(6)
11(132) 497(1) 425(2) 68(1) 9.8(6)
11(133) 512(1) 308(2) 164(2) 9.5(6)
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Table IV

Bond lengths (pm) for 10. E.s.d.'s are in parentheses

o(l) —C(7) 122.02) C() -C(llb) 152.6(3)
0(2) —C(2) 120.4(2) 0(4) -0(5) 151.0(2)
0(3) —C(12) 120.7(2) o(5) -0(6) 150.8(2)
N(3) —N(3a) 144.1(2) 0(7) —C(7a) 147.5(2)
N(3) -C(2) 140.7(2)  C(7a) —0(8) 138.3(3)
N(3) —C(12) 139.2(2) C(7a) —C(lla) 137.8(2)
N(3a) C(4) 148.8(2) 0(8) -0(9) 138.0(3)
N (3a)—C(llb) 150.3(2) 0(9) -0(10) 137.6(3)
N (6a)—C(6) 145.6(2) 0(10) —O0(11) 138.4(3)
N (6a)—C(7) 136.4(2)  0(11) —C(lla) 137.5(2)
N (6a)—C(llb) 145.1(2) C(lla)—C(llb) 151.1(2)
C() -C(2) 149.5(2) 0(12) 0(13) 148.9(2)
Table V

Bond angles (°) for 10. E.s.d.'s are in parentheses

N@Ba)  -N(3)  -0(2) 112.2(2)  0o(7)  —C(7a) -0(8) 129.7(3)
N(3a)  -N(3)  -0(12) 117.3(2)  0(7) C(ra)  —C(ila) 108.4(2)
0(2) -N(3)  -0(12) 1303(2) 0(8) —0(7a)  —C(lla) 121.9(3)
N(3) —N(3a) -0(4) 106.9(2)  C(7a) —0(8) —0(9) 117.6(3)
N(3) —N(3a) -C(lib) 101.3(2)  0(8)  -0(9) -0(10) 120.7(3)
0(4) —N(3a) -C(llb) 113.0(2)  0(9)  -0(10) -C (I) 121.2(3)
0(6) —N(6a) -0(7) 122.8(2)  0(10) -C (1) —cC(lla) 118.4(3)
0(6) —N(6a) -C(Ib) 1208(2) C(7a) —C(lla) —0(11) 120.0(3)
0(7) —N(6a) —C(llb) 112.8(2)  C(ra) —C(lla) —cC(llb) 109.4(2)
0(2) -c (1) -C (llb) 102.1(2)  0(11) —C(lla) -C(lIb) 130.5(3)
0(2) -C(2) -N(3) 125.2(3)  N(3a) —C(llb) —N(6a) 109.0(2)
0(2) -0(2) —0(1) 128.0(3)  N(3a) —C(llb) 0(1) 103.9(2)
N(3) -0(2) -c () 106.8(2) N(3a) —C(llb) —cC(lla) 110.8(2)
N(3a)  -0(4) -0(5) 110.7(2)  N(6a) —C(llb) -c(l) 117.5(2)
0(4) -C (5) -0(6) 109.7(2)  N(6a) -C (llb) -C(lla) 102.2(2)
N(6a)  -C(6) -0(5) 1083(2) o(1)  -C(llb) -C(lla) 113.5(2)
0(1) -0(7) —N(6a) 1251(3) 0(3)  -0(12) -N(3) 119.8(3)
0(1) -0(7) —C(7a) 128.1(3)  0(3)  -C(12) -0(13) 121.9(3)
N(6a)  -0(7) —0(7a) 106.8(2)  N(3)  -0(12) -0(13) 118.3(3)

and D are fused by a cis-junction along a slightly polarized [150.3(2) pm]
C(sp3— N (sp3) single bond. N(3a) has pronounced pyramidality (An = 1.15
rad) while N(3), due to the two neighbouring oxo groups each bound with
a multiple bond in the range 139—141 pm, exhibits an sp2 hybrid state
(An — 0.08 rad). N(3) is hound equatorially to ring C, whereas C(l) assumes
axial position to it (Table V1), ring D has envelope conformation with C(llb)
on the flap. The corresponding puckering parameters [8]: Q = 35.9(2) pm,
= 147.0(3)° and asymmetry factor [9] fCs= 1.9 pm indicating a mirror
plane bisecting C(llb). One of the three C =0 distances at C(7) is somewhat
longer than the others (122.0 vs. 120.6 pm) which may presumably be attri-
buted to the neighbouring C(8) proton.
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Table VI

Relevant torsion angles (°) for 10 E.s.d.'s are in parentheses

RING C
C(Ilb) —N(6a) C(6) - C(5) -52.2(3)
N (6a)-C (6)-C (5)-C (4) 54.4(2)
C(f>)—C(5)—C(4) -N(3a) -59.5(2)
C(5) C(4)—N(3a)—C(I1b) 56.5(2)
C(4)-N(3a) C(llb) —N(6a) —47.8(2)
N(3a)—C (llb) N (6a)-C(6) 48.1(2)
RING D

C (1)—C(2)—N (3)—N(3a) —3.0(2)
C(2) N(3)—N(3a)—C (Ilb) 24.6(2)
N(3) N(3a)—C (Ilb) —C(I) -35.7(2)
N (3¢)—C (11b)—C (I)—C(2) 34.4(2)
C(11b) —C (1)—C(2) —N(3) -19.7(2)
N (3a)- C(LIb) - N(6a)- C(7) -111.2(2)
N(3a)—C(1lb) - C(11a)—C(7a) 112.8(2)
C(6)-N(6a)-C(7)-C(7a) —165.4(3)
C(6) N(6a)—C (IIb)—C (lla) 165.4(3)
C(6)—N (6a)—C(7)—0(1) 14.7(3)
C (1)—C (11b)—N (3a)—C(4) 78.2(2)
c(N-C(llb) -N(6a)-C(6) -69.7(3)
N(3)-N(3a) C(4)-C(5) 167.1(3)
N (3)—N(3a)—C (I1b)—N (6a) -161.7(2)
C(12)-N(3)-N(3a)-C (llb) -159.3(3)
C(12) —N(3)—C(2)—C(l) -178.5(3)

The indent) [3a,4-alindene fundamental skeleton containing no nitrogen,
an analogue of compound 10, isnot known; in the literature three other variants
are mentioned, viz. the linear [1,2-a], [2,1-a] types condensed at the five-
membered rings, and a type condensed in the [7,1-cd] way. Similar ring anel-
lations are to be found in aspidospermidine alkaloids.

Triazaindenoindene compounds are formed also from models 2 and 3
(Fig. 5). The conversion 1 — 10 can be considered as completed after boiling
for 3 hours (yield: 71 to 77%). A substantial formation of tar could not be
suppressed by the addition of sodium acetate. As a by-product a small amount
(9%) of 17 was isolated [!]* The formation of the dimethoxy derivative (13)
is significantly slower; at least 10 hours of boiling are needed for complete
conversion and also the yield is lower (59%). If the reaction is interrupted
before completion, unchanged 2 can be isolated from the dark brown mother
liqguor, containing the tarry by-products.

No acylated product of type 17 indicating ring fission of compound 5
was detected. Reactions which proceed at two different rates were found in
the conversion 3 —m15 (Fig. 6), which can be achieved with remarkably high
yield (81—91%). About half of compound 3 is converted within 2 hours into
the end-product by the more rapid reaction A, while the zwitter-ionic 18
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Q, 0 10-16
React ion Boilhing . Product Yi;old , R! R2 Q, q2
1 .0 3 10 70.8- H MeCO H H
-77.1
10 £ ¢ 10 min. 1 514 H H H H
1 4 b 3 12 59.2 Me E1CO H H
2 4 a 10 13 59.1 H MeCO H MeO
2 4 b 10 K £9.6 Me E1CO H MeO
3 4 a 10 15 806
H MeCO no2 H
18 4 a 10 15 90.9
34D 10 16 53.9 Me EtCO no?2 H

Fig. 5. Synthesis of triazaindenoindene derivatives (Reagent: a = acetic anhydride,

pionic anhydride, ¢ = 10% NaHCO03 solution)

Table VII
111 and 13C chemical shifts of compound 10

»H d I'c

i
H—5 (a, e) ~ 19 (m) C—5 25.3
H -1 (syn) 2.68 (d)* C—(Rn CH3) 26.0
H—1 (anti) 3.70 (dy* C -1 364
H—4 (a) ~ 3.00 (m) G—4 36.8
H—4 (e) 3.75 (m) C-6 53.1
H-6 (a) ~ 3.00 (m) C-llb 78.8
H-6 (e) 455 (m) c—8 1315
H-8 7.85 (m) G—9 124.9
H—9 1~ 755 (m) Cc—10 134.7
H—10 f C -1l 1223
H -1l 7.35 (m) C—7a 131.1
H—R,. CH3 268 (m) C—1la 148.6
C-2 167.451
Cc-7 167.50Jr

C—(R, C=0) 1736

*Based on DNOE tests
** Assignments interchangeable
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formed in the side-reaction B gives, with acetic anhydride, compound 15 at
a much slower rate. Derivatives 12, 14 and 16 containing a methyl group at
position 1 are formed in analogous processes with propionic anhydride.

The signals due to the equatorial and axial hydrogens of the methylene
group vicinal to the nitrogen of the six-membered ring C are well separated
(Table VII) in the JH-NMR spectra at 250 MHz of the triazaindenoindene
derivatives 10 and 12. The chemical shifts and spin-spin coupling constants
are in accord with the chair conformation, stabilized at room temperature
of the six-membered ring. The diastereotopic geminal protons in ring D of
compound 10 form an AX spin system with a coupling constant of 21.3 Hz.
The assignment of the signals is based on DNOE experiments in the course
of which, when the doublet at 3.7 ppm is irradiated, the signals of the two
axial hydrogens in the N—CH2group of ring C become more intensive. This
observation supports the “anii” position to the benzene ring A, ofthe hydrogen
with chemical shift 3.7 ppm. The steric position of the methyl group Rj in

Side reactions

(MeCO)jO

boiling for
3h

A (fast)

j~3~j + (MeCOIjO
(slow) boiling for

10h
NO02 Oe
B (fost)
boiling for LIJ ’
2h

,N

Me-CO '

18 (46%)

Fig. 6
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Table VIII
41 and 13C chemical shifts of compound 12

m o] ;o it
H—5 (a, € —1.85 (m) c- (Ri,R2CH)) 8.3%**
H - 3.66 (g)* c—5 24.0
H - (R..CH3 (syn) 0.85 8?* ¢- (Rich,) 30.3
H—4 (a) —3.00 (m) C -l 35.5]!*‘
H—4 (e) 3.80 (m) c—4 37.6J
H—6 (a) —3.00 (m) C-6 51.4
H-6 (e) 455 (m) C-llb 81.4
H—s8 7.90 (m) c—s8 130.0
H—9 ) —7.55 (m) c—9 124.4
H-10 f C-10 131.3
H -1l 7.20 (m) c-ll 121.4
H - (Rj,CHJ3 125 (t) Cc—7a 132.4
H— (Rj.CtL) —3.00 (q) c—11a 143.6
c—2 170.7
c—7 166.9
c- = a=o0 173.7

* Based on DNOE tests
** Assignments interchangeable
*** Qverlapping signals

compound 12 referred to the axial hydrogens of ring C was also determined by
means of DNOE experiments (Table VII1). Irradiation of the methyne quartet
at 3.66 ppm intensifies the signals of the two axial hydrogens of the N—CH2-
group: this supports the “syn” position relative to the aromatic ring A, of the
methyl group, as expected for steric reasons.

In sum, it may he stated that the formation of triazaindenoindene deriva-
tives is promoted by the electron-withdrawing substituent (N02) ofthe benzene
ring, whereas the electron-donating substituent (MeO) has a slight hindering
effect. In the latter case diminished reactivity is shown by the fact that the
unchanged methoxy compound 2 is detectable in the reaction mixture even
after refluxing for 10 hours. The increase of reaction time in the conversion
3 — 15 is due to the side-reaction leading to the formation of substantial
amounts of 18, which has low reactivity.

In the knowledge of the structure of the tetracycle it is obvious that not
only acylation reactions occur, but the anhydride, by means of its loose hy-
drogen in a-position, is bound by Ilb-7’ addition to the C(lIb) atom of the
zwitter-ionic initial compounds (1—3). (Rowe et al. [10, 11] described similar
1,5-addition reactions in the case of several zwitter-ioDic phthalazone deriva-
tives.) At present, concerning this rather complicate 1 reaction mechanism
(Fig. 7) one may suggest that addition must be the ini .al step of the process,
since the non-zwitter-ionic 6-methylpyrimidophthalazone reacts in a different
way: treatment with acetic anhydride results in C(llb)=N (1) —aC(3)= C(4)

Acta Chime Hung. 123 ,1986
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(MeC0)20

Addition and
tautomerization

18
very slow
(MeC0)20
-MeCOOH
10,13 ,15
Fig. 7

isomerization [1]. Addition is followed by the fission of the phthalazine ring
and the formation of the azaindenone rings. In the conversion an important
role may be played by the intramolecular anhydride groups (the intramolec-
ular acylation of N(6) by the anhydride attached to the C(llb) atom may
also take place through the strainless bridged ring system), however, consider-
ing the great excess of acetic anhydride present, participation of the external
anhydride groups cannot be excluded.

This statement is based on the formation of the acetyl derivative 18
appearing in the reaction 3 —15. This process is not hindered by this inter-
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mediate of reduced reactivity, but the overall rate is significantly affected.
Undoubtedly, one cause of the deactivating effect is steric hindrance (addition
being impeded), but acetylation of the pyrimidine NH group may also be
a retarding factor, since the transacylation reaction leading to the final
product may not be a rapid process in the given medium.

Experimental

M.p.’s were measured with a Boetius apparatus. The IR spectra were recorded in KBr
pellets with a Zeiss Specord 75 spectrophotometer. The IH-NMR spectra at 250 MHz and
the 13C-NMR spectra at 62.9 MHz were recorded with a Bruker WM-250 spectrometer.

7-Hydroxy-9,10-dimethoxy-1,2,3,4-tetrahydropyrimido[2,1-a]
phthaluzin-5-ium bromide (2. HBr)

A mixture of azeotropic hydrobromic acid (15 mL) and 4-(3-hydroxypropylamino)6,7-
dimethoxy-1(2H)-phthalazinone [2] (2.79; 0.01 mol) was boiled for 10 min. The mixture,
which crystallized to a mass while still hot, was allowed to cool, suspended in ethanol, and
filtered off. Yield: 3.18 g (93%) of colourless needles (from water), m.p. 251—253 °C.

C13H 18BrN30 3 (342.2). Calcd. Br 23.4. Found Br 23.2%.

IR (KBr): i>OH 3380, rNH© 3300-2600, rC=N 1580, rC-O0-C 1221 cm-1

9,10-Dimethoxy-1,2,3,4-tetrahydropyrimido[2,l-o]phthalazin-5-ium-7-olate (2)

The product, which separated from a hot aqueous solution of 2. HBr with ammonium
hydroxide, crystallized as colourless needles from a dilute hot solution of water. M.p. (with
sublimation) 253—256 °C.

Ci3H 15N 3 (261.3). Calcd. CH30 23.8; N 16.1. Found CH30 23.5; N 16.2%.

IR (KBr): vNH 3500—2500, rC=N, rCO 1568, 1515, vC—O -C 1214 cm-".

2-(3-Ammoniumpropyl)-6,7-dimethoxy-2H-phthalazin-l-one-4-olate (5)

Compound 2 (0.522 g; 2 mmol) was dissolved in hot 10% KOH (10 mL). After boiling
for 1 h, the cooled solution was adjusted to pH 7—8, to give 0.43 g (77.1%) of the product,
which was sparely soluble in hot water. For purification the crude product was dissolved in
hot, dilute KOH solution and re-precipitated, after filtration, at pH 7—=8 to obtain a colourless
powder, m.p. 271—273 °C (with decomposition).

C,3HIN3D4(279.3). Calcd. N 15.0. Found N 15.1%.

IR (KBr): FNH® 3250 -2250, amide I, i>C=N 1613, 1564, rC -0 -C 1218 cm*“1

3-Bromopropyl-3-nitrophthalimide (8)

To a suspension in chloroform (30 mL) of 3-nitrophthalic anhydride (19.3 g; 0.1 mol)
placed into a flask equipped with a reflux condenser and a dropping funnel, a solution of
3-aminopropanol (7.1 g; 0.1 mol) in chloroform (20 mL) was added. After refluxing for a short
time, the solvent was evaporated and the residue was fused in an open flask for 1 h in a bath
of 160 —180 °C. The fused mass was dissolved in hot benzene (150 mL) and phosphorus tri-
bromide (6.4 mL) was added dropwise; the mixture was then boiled, with frequent shaking,
until the evolution of hydrogen bromide had ceased (about 30 min). Decomposition by pouring
onto ice was followed by evaporation of the benzene. The residual yellow suspension was
filtered. Recrystallization from methanol gave light yellow crystals (26 g; 83%), m.p. 111—
112 °C.

CuH®BrN24 (313.1). Calcd. Br 25.5. Found Br 25.3%.

IR (KBr): rCO 1771, 1710, rNO, 1553, 1364 cm -1
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4-(3-Hydroxypropylamiiio)-8-nitro-1(2H)-phthalazinone (9a)

The bromo compound 8 (31.3 g; 0.1 mol) was refluxed for 30 min in a solution of potas-
sium hydroxide (13.4 g) in methanol (500 mL). After cooling in ice-water, the solution was
slightly acidified with cone, hydrochloric acid, then 15 mL of 99% hydrazine hydrate was
added and the mixture was refluxed for further 60 min. This mixture was diluted with water
and the methanol evaporated; the resulting suspension was neutralized with hydrochloric
acid, and the crystals which separated were filtered off to yield 11.39 (43.1%) of tbe product.
Yellow crystals from a mixture of dimethylformamide and ethanol, m.p. 211 —212 °C.

CuHI2N404 (264.3). Calcd. N 21.2. Found N 21.1%.

IR (KBr): i-OH, vNH 3320, amide | 1655, vNCL 1537, 1335, vC—O 995 cm 'L

8-Nilro-1,2,3,4-letrahydropyrimido [2,1-u] phthalazin-5-iuni-7-olate (3)

Compound 9a (5.28 g; 0.02 mol) was dissolved in 48% hydrobromic acid (20 mL) and
the mixture was refluxed for 15 min. The residue of evaporation under reduced pressure
was taken up in hot water and made alkaline with cone, ammonium hydroxide. The base
separated in the form of a yellow powder (4.81 g; 97.8%). It was insoluble in common solvents,
but could be recrystallized from a large amount of dimethylsulfoxide. M.p. above 360 °C.

CuH10N403 (246.2). Calcd. N 22.8. Found N 22.8%.

IR (KBr): vNH 3300-2100, i>C=N, i>CO 1578, 1553, vNO, 1528, 1362 cm -1

2-(3-Ammoniumpropyl)-2H-5-nitro-phthalazin-l-one-4-olate (6)

Compound 3 (0.492 g; 2 mmol) was dissolved in 10% potassium hydroxide solution
(10 mL). After boiling for 30 min, the solution was cooled and adjusted to pH 7—8. The
product which separated (0.47 g; 89%) crystallized from water as ochre-yellow elongated
plates; m.p. 257—260 °C (evolution of gas).

C, H,iN404 (264.3). Calcd. N 21.2. Found N 21.4%.

IR (KBr): vNHf! 3300—2200, i-CO, vC=N 1567, rN02 1525, 1378 cm-*.

Triazaindenoindene derivatives
3-Acetyl-5,6-dihydro-177,477,777-3,3a,6a-triazaindeno[3a,4-alindene-2(377),7-dione (10)

Pyrimidophthalazinone (1) (11.85 g; 0.05 mol) in boiling acetic anhydride (80 mL)
gave a rapidly coloured solution. After refluxing for 3 h, the dark brown solution was eva-
porated under reduced pressure and the crystalline residue suspended in water. After standing
for 30 min, this suspension was evaporated to dryness in vacuum. In order to remove the bulk
of the tarry by-products, the dry residue was suspended in a 7 : 3 mixture of water and metha-
nol, and poured onto a glass filter where it was thoroughly washed with aqueous methanol.
Recrystallization from ethanol in the presence of activated carbon gave well developed colum-
nar crystals (10.1 11.0 g; 70.8—77.1%), m.p. 208—209 °C; it crystallized and melted again
at 212-212.5 °C.

C,6H 15N30 3 (285.11, as determined by mass spectrometry [1]). For data of elemental
analysis, see [1].

IR (KBr): cf. Table I.

>H- and LiC-NMR, cf. Table VII.

5,6-Dihydro-177,477,777-3,3a,6a-triazaindeno [3a,4-a]indene-2(377),7-dione (11)

In 20 mL of a 10% aqueous sodium hydrogen carbonate solution, the finely powdered
acetyl derivative 10 (1.14 g; 4 mmol) was refluxed, with stirring. Within a few minutes a solu-
tion formed, with the evolution of carbon dioxide. Rapid cooling precipitated a hydrate
(m.p. 102 105 °C), which lost water over P,Os in vacuum at 78 °C to give a colourless powder
(0.50 g; 51.4%), m.p. 173—174 °C. The product could be recrystallized from water.

C,3HISN30,, (243.3). Calcd. C 64.2; H 5.4; N 17.3. Found C 64.3; H 5.5; N 17.4%.

IR (KBr):" cf. Table 1.
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I-Mcthyl-3-propionyl-5,6-dihydro-1li,4/i,7H-3,3a,6a-Iriazaindeno[3a,4-a]
indene-2(3H),7-dione (12)

A mixture of propionic anhydride (30 mL) and 4.74 g (0.02 mol) of 1 was refluxed for
3 h to give a dark brown solution. This was evaporated to dryness under reduced pressure
(bath temperature 80 °C), and the solid residue was suspended in a 1:1 mixture of water
and ethanol, and filtered off. Recrystallization from ethanol in the presence of decolourizing
carbon gave 3.71 g (59.2%) of a colourless compound. Needles separated first from the solution,
which disintegrated on standing to a salt-like powder, m.p. 201—202 °C.

CIH 19N 3 (313.4). Calecd. C 65.1; H 6.1; N 13.4. Found C 65.0; H 6.1; N 13.5%,

IR (KBr): cf. Table I.

1H- and 13C-NMR: cf. Table VIII.

3-Acetyl-9,10-dimethoxy-5,6-dihydro-IH,41f,7f/-3,3a,6a-triazaindeno[3a,4-a]
indene-2(3//).7-dione (13)

A solution of 2 (2.61 g; 0.01 mol) in acetic anhydride (20 mL) was refluxed for 10 h
and then evaporated under reduced pressure. The solid residue was suspended in water, allowed
to stand for a short time, and then filtered off. The brownish crude product was extracted
with chloroform (the small amount of undissolved substance was unchanged 2), and the
extract was treated in hot ethanolic solution with active carbon. Colourless plates from ethanol:
or from chloroform-petroleum ether mixture (2.04 g; 59.1%); m.p. 245—247 °C.

Ci7TH 1N305 (345.4). Calcd. C 51.1; H 55.; N 12.2. Found C 51.1; H 54; N 12.4%.

IR (KBr): cf. Table I.

I-Melhyl-3-propionyl-9,10-dimcthoxy-5,6-dihydro-li/,47/,7/f-3,3a.6a-triazaindeno
[3a.4-0]indene-2(3//),7-dione (14)

In the way described for the preparation of 13, compound 2 (2.61 g; 0.01 mol) gave,
with propionic anhydride (20 mL), 1.85 g (49.6%) of compound 14. Colourless crystals from
ethanol; m.p. 217-220 °C.

Ci9H 22N 5 (373.4). Caled. C 61.1; H 6.2; N 11.3. Found C 61.0; H 6.1; N 11.4%.

IR (KBr): cf. Table 1.

3-Acetyl-8-nitro-5,6-dihydro-l1i/,4/7,77/-3,3a,6a-triazamdcno[3a,4-u]
indene-2(3//),7-dione (15)

(a) Compound 3 (2.46 g; 0.01 mol) was refluxed in acetic anhydride (100 mL) for 2 h
to obtain a solution. After further boiling (10 h altogether), the dark brown solution was
evaporated under reduced pressure. The solid residue was suspended in water, filtered off,
and washed with ethanol. The dichloromethane extract from the crude product was recrystal-
lized from glacial acetic acid in the presence of activated carbon to give colourless crystals
(2.66 g; 80.6%); m.p. 270-272 °C.

(b) Compound 18 (288 mg; 1 mmol), isolated during the reaction of 3 with acetic
anhydride, was further refluxed in acetic anhydride to convert it into compound 15 in the
course of a slow reaction (10 h). Yield: 300 mg (90.9%); m.p. 270—272 °C.

Ci6H 14N406 (330.3). Calcd. C 54.5; H 4.3; N 17.0. Found C 54.6; H 4.4; N 17.1%.

IR (KBr): cf. Table 1.

If the 3-1-15 reaction in acetic anhydride was interrupted immediately after the
formation of a solution (refluxing for about 2 h), a yellow precipitate separated on cooling
(1.32 g; 45.8%), which was insoluble in dichloromethane (in contrast with compound 15).
Yellow needles from a mixture of glacial acetic acid and ethanol; m.p. above 360 °C.

C13H 12N404 (288.3). Calcd. N 19.4. Found N 19.6%.

IR (KBr): amide | 1673, vN 02 1537, 1387 cm-1.

Hydrolysis of 18 in 20% hydrochloric acid gave back compound 3; prolonged boiling
in acetic anhydride resulted in the tetracyclic compound 15 (see there).
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1-Methyl-3-propionyl-8-nitro-5,6-dihydro-171,4N,7/1-3,3a,6a-triazaindeno [3a,4-0j
indene-2(3//),7-dione (16)

Proceeding in a similar way as in the synthesis of compound 15, the reaction 3 16
(2.46 g of 3; 50 mL of propionic anhydride, boiling for 10 h) gave 1.93 g (53.9%) of a product,
which was crystallized in the presence of active carbon from ethanol to obtain colourless, salt-
like crystals, m.p. 226—228 °C.

C,7H,8N405 (358.4). Calcd. C 57.0; H 5.1; N 15.6. Found C 57.0; Il 5.1; 15.7%.

IR (KBr): cf. Table 1.

Crystal and molecular structure of 10

Crystal data. CjsHIN303 M — 285.11. Monoclinic, o= 1421.6(3), 6 = 934.4(2), c=
= 1043.9(1) pm, B — 96.95(1)°, V = 1.3765(8) nm 3 (by least-squares refinement) on diffractom-
eter angles for 25 automatically centred reflections (A= 71.073 pm) space group P2j/n,
Z= 4,Dc= 1.337 Mg.m-3, F(000) = 600, fi= 0.092 mm*“L1

Data collection, structure determination and refinement were carried out with a CAD-4
diffractometer and a PDP-11/34 minicomputer, co/20 scan in the range 1.5 0  30° with
scan width 0.5 + 0.4 tan 0 using graphite monochromated Mo—Ka radiation. Three standard
reflections were monitored every hour and showed no significant decay of intensities. 2986
unique observations were recorded of which, after data correction for Lorenz and polarization
effects (Lp) but not for absorption, 2121 with F2> 1.5 a(F2 were used for the structure
analysis and refinement. The structure was solved by MULTAN [12]. The full matrix least-
-squares refinement minimized Aic(zIF)2Final R = 0.043, Rw— 0.055,1?tot= 0.057, S= 2.71,
W= [crAF) -(-0.25 (p * F)2]-1 where p = 0.01. The hydrogen positions were generated from
assumed geometries and were refined in the final stage of the least-squares procedure in the
isotropic mode. Program system applied: Enraf-Nonius Structure Determination Package
with local modifications adapted to PDP-11/34 minicomputer. Atomic scattering factors were
taken from standard tables [13]. Lists of structure factors and anisotropic temperature param-
eters are available from the authors on request.

Elemental analyses were made in the Microanalytical Laboratory of the Department
(Head: Dr. H. Medzihradszky); the mass spectrum of compound 10 was recorded by Dr. J.
Tamas (Central Research Institute of Chemistry, Hungarian Academy of Sciences, Budapest).
All this assistance is gratefully acknowledged.
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The ionization constants (pKa) of some new p-aminohippuric acid (PAH)
derivatives, especially of some Schiff bases, derivatives of PAH, have been determined
using the spectrometric (1JV-VIS) method. The corresponding pKa values were cal-
culated either directly from the electronic spectra or by a computer FELIX C256
using a FORTRAN program to separate the overlapping ionization constants.

Introduction

p-Aminohippuric acid (PAH) and its derivatives still present a pharma-
cological interest [1, 2]. Therefore, in our laboratory some new derivatives
were synthesized, aiming at a potentiated pharmacological action [3—5].
There were also synthesized some other structures, derivatives of PAH, having
in view properties other than those mentioned above. In this sense, the Schiff
bases of PAH present above all a licrystal structure [6—8]:

rfo >d;'Fn’0 /\r| <MCH =N "~ 0 - CONH-CH.COOR

Schiff bases Schiff bases of PAH
(Licrystal structure) (New synthesized structures)

Besides the known licrystal properties, the existence of such new struc-
tures of Schiff bases, PAH derivatives, do not offend the known correlation
between a potentiated pharmacodynamic effect at phase transitions of licrys-
tals [9].

From this point of view, the determination of the ionization constants
of the Schiff bases, derivatives of PAH, presented in this paper, can give
important indications regarding the behavior of these compounds in bio-
chemical systems.

*To whom correspondence should be addressed.

Acta Chim. Hung. 123, 1986
Akadémiai Kiadd, Budapest



32 DRUGARIN, BALINT: DETERMINATION OF THE IONIZATION CONSTANTS

The UV-YIS spectrometric method used, though is more time-consuming
than the potentiometric or conductometric methods, has the advantage of
high accuracy. In addition, the low solubility in water of the compounds
studied, required the spectrometric method, which can give in the same time
important biochemical information.

In order to clear up some interpretational problems, it was necessary
to determine the ionization constants of some other compounds having
simpler structures but which are present in the new structures studied.

Experimental

The substances studied, Schiff bases PAH, were synthesized and purified in our labo-
ratory using PAH and the corresponding aldehydes either FLUKA or MERCK.

The experimental procedure applied to determine the ionization constants was generally
that indicated by Albert and Serjeant [10].

For all the compounds studied, stock solutions (100 cm3) in bidistilled water were
prepared, with concentrations between 10-4—10~5mol/dm3, which were diluted (1 : 10)
with 0.1 N HC1; 0.1 N NaOH; C2H50H and water, respectively.

The electronic spectra of these solutions were recorded on a Carl Zeiss spectrophotom-
eter model SPECORD UV VIS, using silica cells of 2 or 1 or 0.1 cm length, jacketed cell holders
connected to a thermostatically controlled bath, at a temperature of 20 £ 0.1 °C and, as
references, the same solvents were used (1 : 10) diluted with bidistilled water. From these
spectra the convenient “analytical” wavelength (Aanai) and the optimal concentrations were
selected for the determination of the ionization constants.

The absorbance values, corresponding to different pH’s, necessary for calculating the
ionization constants, were obtained at the previously selected analytical wavelength from
the absorption spectra recorded for a series of solutions prepared from the stock solution
diluted (1 : 10) with different 0.1 M buffer solutions, viz. chloroacetic acid, formic acid, acetic
acid, phosphoric acid, trishydroxymethylaminomethane (“Tris”) and sodium carbonate,
respectively. When the differences between the absorbance values at Aanal were great for two
solutions having close pH values, two buffer solutions were mixed, obtaining intermediate
pH values, but maintaining the ionic strength of all the solutions at a constant value (0.09 M).

The pH values were measured with a pH-Meter 28 Radiometer (Kopenhagen). The glass
and calomel electrodes as well as the standard solutions came from the same supplier.

Results and Discussion

From the UV spectra of the compounds studied in acidic, basic, aqueous
and ethanolic medium, as Aanai adequate for the Schiff bases of PAH and
their esters, the value of 263.1 nm was selected and the ionization of an
existing hydroxy group as substituent was followed at 312.5 nm.

As examples, are given the UV spectra of p-[(/>-hydroxybenzylidene)-
amino]hippuric acid in different media searching for Aanai (Fig- 1) and Hie UV
spectra of p-(benzylideneamino)hippuric acid at different pH values (Fig. 2).

The ionization constants (pKa) w-ere calculated in the usual way, using
the measured pH values and the registered absorbances (At) at AAT-A typical
example of the calculations is given for p-[(ja-methoxybenzilidene)amino]-
hippuric acid, methyl ester (Table I).
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nm
200 250 300 350

Fig. 1. The UV spectra of p-[(p-hydroxybenzylidene)amino]hippuric acid in different solvents.
The aqueous stock solution (5 X 10“4 M) diluted (1 : 10) in: a — 0.1 N HC1; b — Ethanol;
c- 01 N NaOH; d — Water
<£>CH = N-@-CONH-CHjCO00H

250 300 nm

Fig. 2. The UV spectra of p-[(p-benzylidcne)amino]hippuric acid at different pH values.
The aqueous stock solution (5x10~4 M) diluted (1 :10) in 0.1 M buffers
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Table

Determination of the ionization constant (pKa) of p-\(p-methoxybenzylidene)amino]hippuric acid
methyl ester from spectrometric data
Concentration

Cell length

Temperature
Analytical wavelength
Absorbance in HC1 0.1 N
Absorbance in NaOH 0.1 N

i pHf

2.25
2.30
2.37
2.55
2.65
2.92
3.14
3.25
3.30
3.45

QOWONOUTA WN -

=

Absor-
bances
Ai

0.420
0.430
0.446
0.478
0.501
0.545
0.604
0.625
0.647
0.673

Ai—ASCi  ANaOH—+

0.390
0.380
0.364
0.332
0.309
0.265
0.206
0.185
0.163
0.137

5x10-5M
1 cm
20 °C

263.1 nm

(d Hei) =

0.063
0.073
0.085
0.121
0.144
0.188
0.247
0.268
0.290
0.316

0.357
(*Naol-i) — 1.080

on

-ANaOH—A i

Ai—"H

+ 0.790
+ 0.710
+0.630
+0.440
+ 0.330
+ 0.150
—0.078

0.160
—0.250
—0.360

Cl

Vi

PKa =

1 +vi

Vil

3.04
3.01
3.00
2.99
2.98
3.06
3.06
3.08
3.05
3.08

pKa= 3.03 + 0.05

For some of the substances, the pKa values calculated, presented a
tendency of a continuous increase for the increasing pH values, then the
existence of two overlapping ionization constants was supposed. In such cases,
for the plot of the absorbance (at Aanai) versus pH, either a jump of the values

Fig. 3. Variation of the absorbance (at Aanag = 263.1 nm) as a function of pH. Substance:
p-[(p-benzylidone)amino Jhippuric acid Concentration: 5XH ~5 /1/; cells: 1 cm; temperature:
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Fig. 4. Variation of the absorbance (at Aana] = 263.1 nm) as a function of pH. Substances:
a. p-[(p-methoxybenzylidene)amino]hippuric acid, b. p-[(p-methoxybenzylidene)amino]hippu-
ric acid methyl ester. Concentration: 5x10-5 M; cells: 1 cm; temperature: 20 °C

of A t, like in Fig. 3, or a variation in steps like in Fig. 4a, was obtained, instead
of a continuous curve which is obtained in case of only one pKa value, like
in Fig. 4b.

The separation of two overlapping constants, which correspond to two
ionizing groups in the molecule, implies, firstly, the calculation of the ab-

Table 11

Calculation by computer FEL X C256 ofthe ionization constantsfrom speclromclric data in the case
of p-[(p- hydroxybenzylldene)am|no]h|ppur|c acid

Concentration 5x10~s M
Cell length 1 cm

lonic strength :0.09
Analytical wavelength :263.1 nm
Absorbance in HC10.1 N :0.445

Absorbance in NaOH 0.1 IV: 1.080
STEP | (Computer Program)
(The convergence check is not reproduced here) The result by computer given is: em = 15384
STEP Il (Computer Program)

pH A e X M pK, pK,

1.85 493 9860.0 —.16316E-04 —.52155E-02 2.501

2.15 .505 10100.0 —.52298E-05 .25525E-02 2.681

2.45 567 11340.0 —.29938E-05 J10974E-02 2.547

2.70 .602 12040.0 —.13076E-05 —.54768E-02 2.587

2.95 .695 13900.0 —.81749E-06 —.16971E-03 3.990

3.68 .875 17500.0 —.91562E-07 .84602E-04 3.939

4.05 .963 19260.0 —.35168E-07 J11583E-03 3.894

4.75 1.020 20400.0 —.30306E-08 .58325E-04 4.227

5.28 1.040 20800.0 —.40970E-09 .27878E-04 4.553
AVERAGE VALUES: 2.579 4121
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Absorbance in HClI (Aq)
Absorbance in NaOH (Ag)
Cell length (d)
lonic strength (1)
pH values in increasing order (pHj) and the
corresponding absorbances values (A;)
at the analytical wavelength (Aanai)
Number of determinations (N)
i=1,
|
The N values of Aj are separated into two groups. The
first Q values are referred to the stronger ionizing
group and the other N-Q values to the weaker group.
Q = Proposed number

fa-A./cd E; —Aj/cd

From the equation s

t
K, K, o oX

From the equation *
©

E t o X I ) o BRX B
1Q-PH T 10HY K, 10pH+ K K2 "K, Erte 102K, 10 pH*K, k2 J
r *JO!pH K'b tea KKZ K2 I_E e e 10‘2pH
K 10%PH - K, 10'pH*K, K2 —oM@L % qgpH | AT 1020H »K, HO'pH+K, K2J

for i=1; Q by the least squares is calculated

for i=Q +t,N by the least squares is calculated
Em(1) - (Initially «=11 /1=0).

Emizl « (Initially J-«» i \I'-0).

eM(1) ~eM(2|
2

|
OPH pEc E|_Emev
K £fa T O™ OEEA

By the least squares are calculated

b MAV =
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Fig. 5. Determination of the overlapping ionizaton constants from spectrophotometric data
in case of substances having an acidic as well a basic group, the ionization process being:

diprotonatcd species monoprotonated species 4 1 nonprotonated species
A; STEP I: Determination of the molar absorptivity of the monoprotonated species
B; STEP IlI: Determination of the thermodynamic ionization constants

sorbance and the molar absorptivity of the monoprotonated species (eM).
Both the calculation of eM and the separation of the two pKa values was
performed on a computer FELIX C 256 using a FORTRAN program. The
scheme of the program is given in Fig. 5.

The separation of two overlapping ionization constants, pK xand pK2is
exemplified for p-[(p-hydroxybenzylidene)amino]hippuric acid in Table II.

In order to interpret the results obtained for our new synthesized com-
pounds, in Table IIl are presented the ionization constants of some simpler
structures, which contain the main groups of the new moiety studied. These
values are literature data for the first three compounds (I111/1—3) and values
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Table 11

Characterization by UV spectral data and ionization constants o fsome basic compoundsfor interpreting

No. Compound

LITERATURE DATA

1 Aminobenzene

2 Benzoic acid

3 p-Aminobenzoic acid
EXPERIMENTALLY OBTAINED]

4 Benzoic acid methyl ester

Q -COOCHS3

5 p-(Aminobenzoic)acid ethyl ester

H2N ~ C0° C2H5

6 Hippuric acid

CONH- CH2CO00H

7 p-Aminohippuric acid

WA ™ 4y H I-C°OH

8 p-Aminohippuric acid methyl ester

H~CO~*-C.-COOZC,

Acta Chim. Hung. 123, 1986

Molar cone.

[mol/dm3]

1.25X10-3

4.50X10-5

5.00x10-5

5.00X10- 5

l.ooxio-3

Solvent: .

:l . ch,olé OH oH cal%?:tlé?jj;?:t:hi{
111. HC1
IV. NaOH [(cm mol)-1

| 9.60

¥ 7.68 _

11 1.05 —

v 13.09

|

| — _

11 1.05

v 12.95 —

I 445

i 8.30 _

11 1.05 18800(203)

v 12.75

I 4.45

I 5.10 19400(207)

11 1.45

v 11.55 —

I 4.25

| _ .

11 1.05 —

v 12.75
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the experimental results

absorptivities
wavelength indi-

dm3]; [nm]

10100(232)
11200(230)

10100(232)
not stable

Anix

11600(227)
16200(288)

13800(230)
12800(232)
14100(230)
13300(233)

18200(214)
19400(214)
13000(226)
18000(214)

450(212)
880(215)
360(225)
420(215)

800(275)
936(274)
768(281)

800(275)

960(265)

17640(273)
19800(283)
12000(265)
18800(272)

390(278)
980(282)

525(277)

Molar
absorptivities
Manal

[mu]

263.1

263.1

263.1

263.1

lonization

pK,

4.6

4.16
4.198

2.40

2.76+0.08

3.61+0.07

2.88

2.87+0.07

constants

Notes
pK, pK,

— — Literature [10]

[10]
- - [11]

4.80 [10]

Calculated

— — pKa= 3.59
vl

4.49 By computer
obtained

— — Calculated
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Table IV

Characterization by UV spectral data and ionization constants obtained for the compounds studied,

No. Compound

R*
1 /»-(Benzylideneamino)benzene

—H

© -

2 p-(Benzylideneamino)benzoic acid

C H axh

3 p-(Benzylideneamino)hippuric acid

—conh- ch2cooh

Ob

hippuric acid
ch3” j - conh-ch2cooh
5 p- [(p-Methoxybenzylidene)amino]
hippuric acid methyl ester
CH3 °-<~AN)- j —conh-ch2cooch3

6 p-[(p-Hydroxybenzylidene)amino]
hippuric acid

H n j -CONH-CH200H

7 p-(p-Hydroxybenzylidene)amino]
hippuric acid methyl ester

ho-o j V — conh- ch, cooch.

8 p-[(p-Hydroxy-m-methoxybenzylidene)-
amino Jhippuric acid

— CONH-CHjCOOH

Solvent:
Molar cone. %
[rrrovdnrs]  JOCAOH
1V. NaOH
|
n
5.00x 10_1 1
v
500x10-= |
1
11
v
|
5.00X10-= |
i
v
|
5.00X10-= 11
11
v
|
5.00x10-= I
1
v
|
5.00X10-= 11
11
v
|
1.70X 10-= 1
1
v
5.00x10-=

5.75
8.00
1.45
12.80

1.05
12.95

1.00
12.82

4.55
6.35
1.08
12.75

5.65
7.15
1.10
13.00

4.62
6.25
0.90
12.85

4.85
4.45
1.02
12.85

Maximal molar
calculated at the
cated

[(cm mol)-1

16850(245)
23000(242)
15700(252)
16500(245)

10000(217)
15600(231)

17200(215)
25600(217)
15400(232)

17600(201)
14400(205)
12000(202)

16400(217)
16000(207)
15540(203)

19600(217)
19600(223)
10200(245)

14411(220)
33530(224)
14411(224)
*14558(242)
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absorptivitics
wavelength indi-

s S

3200(283)
3600(286)
1640(286)
3200(283)

18800(255)
19840(252)
14000(250)
21960(257)

15000(276)
18740(284)

18200(265)

11600(215)
13000(218)
10800(223)
11600(215)

22800(280)
17200(218)
14800(223)
16400(217)

24000(280)
22000(285)
12800(285)
17400(280)

19700(284)
24550(287)
10440(284)
14500(285)

15200(266)
16400(268)
2800(278)

15200(283)
17000(281)

8000(287)
15200(283)

21000(281)
10760(285)
24000(280)

17600(377)
22000(331)

25000(333)

Manal

[nm]

271.7

263.1

263.1

263.1

263.1

263.1

312.5

263.1
344.8

263.1

344.8

lonization constants

pK,

4.55%0.03

1.97

2.065

2.21

3.03+0.05

2.58

2.89%0.15

2.21

pK, pK,
4.47
3.635
4.08
4,12
7.40£0.07
7.69+0.03
3.56
7.22+0.02

Notes

pKa value calcu-
lated at pH
values near to
4.5

By computer
obtained

By computer
obtained

By computer
obtained

Calculated

By computer
obtained
Calculated

Both calculated

"Initial values

By computer
obtained
Calculated

41



42 DRUGARIN, BALINT: DETERMINATION OF THE IONIZATION CONSTANTS

determined by us for the others, in the same experimental conditions as for
the Schiff bases studied (Table 1V).

The ionization constants of aminobenzene (111/1) pKa= 4.60 and benzoic
acid (111/2) pKa= 4.198 are very close, due to the inductive and mesomeric
effects, which have the same signs in aminobenzene and opposite signs in
benzoic acid.

As in the experimental conditions given, for the ester of benzoic acid
(I11/4) no pKa value can be determined, the hydrolysis does not take place;
the relatively small pKavalue (2.76) obtained for the ester (111/5) is attributed
to the NH2 group attached to the substituted ring of the esterified benzoic
acid. The pKa (2.87) is in agreement with this value for p-aminohippuric acid
methyl ester (111/8), which is the basic “ring” of the azomethinic compounds
studied.

p-Aminobenzoic acid (111/3) has two ionization constants (2.40 and
4.80) [11] and these are close to the values (2.88 and 4.49) found for p-amino-
hippuric acid (111/7). In the assignment of the pKa values determined to the
acidic and basic group, respectively, we have to take into account the zwit-
terionic character of these compounds.

It is well known that zwitterions are defined as molecules which have
an acidic pKanumerically lower than the basic pKa, in so far as it has acidic
and basic groups strong enough to neutralize each other [12].

The test applied to the compounds studied confirm their zwitterionic
character, namely:

— one of the pKa values is markedly different from that of the cor-
responding ester;

— there is a shift to shorter wavelengths in the long — wave absorption
band on adding alkali.

W ith the two ionization constants of PAH, pKxand pK2named “macro-
scopic”, using Adam’s equations [13] and Bryson’s relation [14], the “micro-
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scopic” constants pKg, pKR, pKc, pKDand pKz respectively were calculated.
The supposed ionization process and the calculated constants are given be-
low.

In order to elucidate some aspects of the results obtained for the synthe-
sized Schiff bases (Table IV), two simpler substances: p-(benzylidene)amino-
benzene (IV/1) and p-[(benzylidene)amino]benzoic acid (IV/2) were studied.

In aqueous solutions, especially in acidic medium, the — CH =N — bond
is broken, the reaction being known and studied in the literature [15, 16].

</Ny-CH=N-© > + HO0 — . - <gVcHO+NH2-C !>
(1v /1)

C ~ ch=n" coo- n2o ~ < ~N)-cho + NH2-">-COOH
(1v/2)

For the first compound (IV/1) one pKawas obtained (4,55), correspond-
ing to the resulting aminobenzene and for the second compound (1V/2) two
pKa values (4.47 and 1.97) were obtained corresponding to the zwitterionic
p-aminobenzoic acid. All these values are in agreement with those obtained
for the pure states (111/1) and (111/3), respectively. The aldehydic part resulting
in the reactions mentioned above (even for substituted aldehydes) does not
disturb the absorption at | anai-

The Schiff bases studied in identical hydrolysis conditions, present the
same splitting reaction of the azomethinic bond. For the molecular fragment
corresponding to the zwitterionic PAH there are two pKa’s obtained (1V/3,
IV/4) and only one for the molecular part corresponding to the methyl ester
of PAH (IV/5) (provided that the ester bond does not split in the given experi-
mental conditions).

In the case of the compounds containing in the aldehydic ring a p-hy-
droxylic substituent (1V/6; 1V/8) there are three ionization constants obtained:
two corresponding to zwitterionic PAH and the third to the hydroxy group
of the aldehydic fragment. The determination of the latter constant was made
at another Aana). For the corresponding ester (1V/7) the blocking of the carboxy
group causes the existence of two ionization constants (2.89 and 7.69), which
can be identified and attributed to the NH, group from the PAH fragment
and to the OH group, respectively.

The position and the nature of the substituents from the aldehydic
fragment influence the values of the ionization constants, as can be observed
for the compounds presented (1V/4—1V/8).

Acta Chim. Hung. 123, 1986
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It was shown by preparative model experiments and colloid chemical investi-
gations that the light absorption, serving as basis for the determination of arsenic
with silver diethyldithiocarbamate, does not arise from silver colloid, but from a poly-
nuclear dithiocarbamate complex with silver (O) and arsenic(lll) central atoms, forming
in pyridine a molecular solution.

V. Vasak and V. Sedivec were the first to use the solution of silver diethyl-
dithiocarbamate (AgDDTC) in pyridine for the spectrophotometric determi-
nation of trace quantities of arsenic [1]. Our method recently developed is
also based on the use of this reagent [2]. Arsine (AsH3), produced by the
reduction of arsenic compounds with sodium tetrahydroborate in hydrochloric
acid medium, is absorbed in AgDDTC solution in pyridine, and the light
absorption of the red solution formed is determined at 540 nm.

Data in the literature concerning the chemical composition of the chro-
mophore serving as basis of the determination are incomplete or inconsistent.
G.W. Powers et al. [3], then W. Fresenius and W. Schneider [4], finally
J. Steinke [5] mention the formation of a red complex, but without reference
to structure or composition. H. Bode and K. Hachmann [6] attribute the
appearance of the red colour to the formation of colloidal silver:

AsH3+ 6 AgDDTC — 6 Ag + 3 HDDTC + As(DDTC)3 (1)

This equation is cited also in two monographs [7,8]. L. Dubois et al. [9]
mention the simultaneous formation of metallic silver and a complex com-
pound, but assign the colour to the complex, and not to silver. The two absorp-
tion maxima of the red solution, always present in the visible spectral range,
are explained by S. Sandhu and P. Nelson [10] with the following complex
forming reaction, however, without an indication of the composition of the
complex:
AsH3 -f- AgDDTC —»AgDDTC-arsenic complex -f-
-f- AgDDTC-hydrogen complex (2)

*To whom correspondence should be addressed.
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The aim of our work was to clear inconsistencies in connection with the
chemical composition of the red chromophore used as basis of arsenic deter-
mination, and to interpret chemical processes proceeding during arsenic
determination.

Experimental
Instruments and reagents

Unicam SP 800B ultraviolet spectrophotometer, Pye Unicam SP 1000 infrared spectro-
photometer, MOM 3180 analytical ultracentrifuge (with Schlieren optics). Reagents of analyti-
cal grade were used for the measurements.

Preparation of AgDDTC

9.0 g of sodium diethyldithiocarbamate (NaDDTC) is dissolved in 400 cm3 distilled
water. The solution is filtered if necessary, then, while stirring, admixed to a solution of 6.8 g
silver nitrate in 400 cm3 water. The yellow precipitate formed is filtered, after settling and
decantation, on a separatory funnel in vacuum, washed with distilled water, and dried in a
vacuum desiccator.

Preparation of As(DDTC) 3
1.97 g As(lll) oxide is dissolved in 100 cm30.5 m sodium hydroxide, the hydrogen ion
concentration of the solution is adjusted with 0.1 m hydrochloric acid to about pH 3 and the

solution of 10.81 g NaDDTC in 200 cm3distilled water is added under continuous stirring.
The precipitate formed is filtered, washed and dried as described in the preparation of AgDDTC.

Results and Discussion

Examination of ultraviolet and visible absorption spectra

The red solution formed in the reaction of AsH3 with AgDDTC has
absorption maxima at 410 and 540 nm (Fig. 1). The chromophore is formed in

Fig. 1. Light absorption curves of the red chromophore, prepared in solutions of (1) 5; (2) 10;
(3) 20; (4) 30; (5) 40; (6) 50 pg As/5 cm3content, (d = 5 mm, reference solution: 0.5% AgDDTC
in pyridine)
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alkaline medium, e.g. in pyridine or in chloroform containing also organic
bases (1-ephedrine or brucine) [11]. The location of the first absorption maxi-
mum does not depend on the solvent, while the second appears in chloroform
at a shorter wavelength than in pyridine. The first absorption bands of the
chromophores formed in the determination of both As(lll, ¥Y) and Sb(lll, Y)

J1(nm)

Fig. 2. Light absorption curves of chromophores corresponding to a concentration of 20 fig

As/5 cm3 in pyridine containing AgDDTC solutions of different As : Ag molar ratios; (1) 1:1,

1:3,1:6; (2) 1:12; (3) 1:50; (4) 1:100; (5) 1:300; (6) 1:500. (d = 10 mm, pyridine
reference solution containing the respective quantities of AgDDTC)

appear at 410 nm, while the nature of ions considerably affects the location
of the second absorption maximum (As 540 nm, Sb 500 nm).

Using data published in the literature [6], the effect of the ratio of
arsenic hydride and AgDDTC on chromophore formation was investigated
(Fig. 2). It was found that at the 1:6 AsSH¥AgDDTC molar ratio given in
Eqg. (1) there is no light absorption yet in the wavelength region from 330
to 650 nm. At a fiftyfold excess of ADDTC an absorption maximum appears
at 330 nm, which is shifted towards longer wavelengths by a further AgDDTC
excess. The second maximum (540 nm) too, appears only at a 1:50 molar
ratio of Asll3: AgDDTC, and reaches its maximum value at an about three-
hundredfold AgDDTC excess. Our analytical measurements were carried out
at several hundred- or thousandfold AgDDTC excess [2].

For the identification of the absorption maxima at 410 and 540 nm the
spectra of AgDDTC, of As(DDTC)3prepared by us and of the decomposition
products of NaDDTC (diethylamine and carbon disulfide) were recorded.
None of the maxima of the chromophore could be assigned to the substances

given above.
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Effect of reaction conditions on the chromophore

It was investigated how the magnitude and the location of the two
characteristic absorption peaks are influenced by temperature (from —20 °C
to 100 °C), various electrolytes (KCI, LiCl, HC1, pyridinium sulfate), oxidizing
agents (oxygen, iodine, chlorine) and reducing agents (hydrazine sulfate,
hydroxylamine sulfate). The maximum at 540 nm decreases while that at
410 nm increases with increasing temperature (Fig. 3). The maximum at

Fig. 3. Absorption curves of the chromophore, prepared in solutions containing 20 /ig As/5 cm3;
(1) measured immediately; (2) after 15 minutes, (3) 1 hour, (4) 2 hours of heating on a water
bath at 100 °C. (d = 10 mm, reference solution: 0.5% AgDDTC in pyridine)

N (nm)
Fig. 4. Absorption curves of silver (0) sol in pyridine-solution (1) 120, (2) 121, (3) 122, (4) 123
hours after preparation. (5 cm5 0.5% pyridine-containing AgDDTC solution reacted with
6.19 X10-5 mol hydroxylamine.) (d — 2 mm, reference solution: 0.5% AgDDTC in pyridine)
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540 nm disappears by the action of hydroxylaminc, and red silver colloid is
formed. The other above said investigations of solutions containing the chro-
mophore showed that in the red solutions exposed to various effects the quan-
tity of the compound giving a maximum at 540 nm decreases, while that of
the compound giving rise to the maximum at 410 nm scarcely changes. When
using higher hydrogen quantities than given in the analytical procedure,
the absorption maximum at 410 nm of the red solution formed considerably
increases at identical arsenic content, while that at 540 nm does not change.

In the determination of antimony under identical experimental con-
ditions a similar behaviour was found.

These investigations indicate that the absorption maximum at 540 nm
is characteristic of the given chromophore used for analytical purposes.

Colloid chemical investigations

Colloid chemical investigations were carried out to clear whether the
red chromophore prepared by the analytical process forms a colloidal or
molecular solution.

First a silver sol was prepared in pyridine-containing solution by the
reduction of AgDDTC with hydroxylamine sulfate. For this purpose, 5 cm3
of a 0.5% pyridinic AgDDTC (9.7x10~5 mol) solution was reduced with
6.19x10-5 mol hydroxylamine sulfate. The absorption maximum of this
silver sol, red in transmitted light and greyish green in incident light, appeared
at 390 nm (Fig. 4), in contrast to the bands of the solution containing the
red chromophore prepared according to the analytical prescription, which
appear at 410 and 540 nm.

The turbidities of the two kinds of solution were compared on a Spekol
photometer, fitted with a turbidity headpiece. The turbidity of the silver sol
prepared as described above was found to be 89% (A= 543 nm, d = 1 cm,
500-fold amplification). The red chromophore prepared according to the
analytical prescription does not show turbidity.

H. Bode and K. Hachmann [6] ultracentrifuged the red chromophore
for 5 hours at a speed of 50 000 rpm (120 000 g) at 0 °C. They presumed the
development of sol (colloidal) state from the concentration distribution
obtained.

On centrifuging the pyridine solution of the red chromophore prepared
by the analytical procedure (9.34 X 10_8 mol As/5 cm30.5% AgDDTC solution)
against pyridine in a two-sector equilibrium cell at a speed of 40 000 rpm
(~ 120 000 g) at 20 °C, a pattern characteristic of regular equilibrium con-
centration distribution could be observed. The equilibrium of sedimentation
and diffusion material flows was established in about 3 hours. The 0.5%
AgDDTC reagent showed a completely analogous picture.
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On the other hand, silver sol prepared with hydroxylamine reducing
agent revealed a fundamentally different behaviour. Centrifuging as described
above, the major part of the red substance settled in a brieftime and suffered
irreversible changes.

The molar mass of the red chromophore prepared according to the
analytical prescription cannot be determined with the ultracentrifuging
method, because a high (about 300-fold) excess of AgDDTC is needed for
the development of the chromophore. The equilibrium concentration distri-
bution described above is characteristic of AgDDTC present in large excess.
Centrifuging the red chromophore and the AgDDTC absorbent solutions
against one another, patterns completely masking one another are obtained,
indicating the establishing of an identical equilibrium concentration distri-
bution.

According to the above said, the pyridine-containing solution of the red
chromophore formed during arsenic determination is not a colloidal solution.

Experiments for the preparation of the model of the red chromophore

According to our assumption, silver(O), formed in the arsine reduction
of AgDDTC, plays an important part in the formation of the red chromo-
phore. Therefore, experiments were carried out, in which AsH3 used as
reducent in the determination of arsenic, was replaced by other reducing
agents.

It became evident during these investigations that the presence of
silver(O) and AgDDTC is not sufficient for the formation of the red chromo-
phore, obtained in arsenic determination. Therefore, in our further experiments
separately prepared As(DDTC)3 complex was also dissolved in the pyridine-
containing solution of AgDDTC. The reduction of silver(l) was carried out
in this solution. In the first series of experiments hydroxylamine, then hy-
drogen was used as reducing agent.

Performing the reduction with hydroxylamine, in solutions containing
hydroxylamine and As(DDTC)3 equivalent to 20— 1000 /ig of arsenic no red
chromophore was formed. However, the colour changed from yellow to red,
and after two days red silver sol appeared, from which metallic silver pre-
cipitated in a few days. Hydroxylamine proved to be a too vigorous reducing
agent.

In our reduction experiments with hydrogen produced by sodium tetra-
hydroborate in the presence of As(DDTC)3, equivalent to 20—20 000 ~g
arsenic (2.67x10-7 to 2.67x10-4 mol) dissolved in 5 cm30.5% AgDDTC in
pyridine, the reduction resulted in the appearance of the red chromophore.
Spectra recorded for solutions of different As(DDTC)3 concentration are
shown in Fig. 5 by the series of curves drawn in full.
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Fig. 5. I. Absorption curves of red chromophore prepared according to the analytical prescrip-

tion in pyridine containing solutions, at different degrees of hydrogenation: Reduction with:

(1) 10; (2) 8; (3) 6; (4) 4; (5) 2cm3of 10% NaBH4solution. (2.67 X10-7 mol (20 fig) As/5 cm3

0.5% AgDDTC solution containing pyridine, d = 10 mm, {reference solution: pyridine-contain-
ing 0.5% AgDDTC).

I1. Absorption curves of red chromophore formed in the hydrogenation of As(DDTC)3
and AgDDTC, in solutions containing different quantities of As(DDTC)3: (a) 7.70 X10-6;
(b) 1.54 X 10'5; (c) 2.30 X10“5; (d) 2.69 X 10-»; (e) 3.40 x 10~5; (f) 5.50 X 10"1mol of As(DDTC)3
in 5 cm3 of 0.5% AgDDTC in pyridine, (d = 10 mm, 0.5% pyridine-containing AgDDTC

reference solution, hydrogen evolved from 20 cm3 of 10% NaBH4)

For comparison the red chromophore was prepared also according to
the prescriptions of the analytical procedure [2] in solutions of identical
arsenic content, changing the extent of hydrogenation. (Fig. 5, series of
curves drawn in dotted lines.) The course of the two series of curves was of
identical character.

Investigation of the chromophore, prepared hy hydrogenation with
sodium tetrahydroborate in a solution containing As(DDTC)3 proved that
As(DDTC)3the central atom of which is As(lll), is not reduced by hydro-
genation to arsine.

Next, the ultracentrifugal behaviour of the solutions containing red
chromophore, prepared in the two different ways, was studied. For comparison
solutions of identical absorbance at the location of the absorption maximum
(540 nm) were ultracentrifugcd.

Solutions containing red chromophore, prepared according to the analyt-
ical prescription by reduction with AsH3, were centrifuged in a capillary cell
with a supernatant layer of pyridine. A triple peak appeared on the picture
(Fig. 6/b). Since our red solution contains besides the red chromophore a
large excess AgDDTC, when centrifuged against pyridine as solvent, the
resultant of the concentration gradients of the red chromophore and AgDDTC
is obtained. Therefore, we investigated what kinds of gradient curves are

4* Acta Chim. Hung. 123, 1986
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developed, if the solution containing red chromophore, the pyridine solution
of AgDDTC and pyridine are centrifuged in the possible variations against one
another. Figure 6 shows the gradient curves of samples prepared according to
the analytical prescription (9.34x10-8 mol As/5 ¢cm3 0.5% AgDDTC), deve-
loped at a speed of 30 000 rpm in a capillary cell at 20 °C, 4 minutes after the
pouring on ofthe reference solution. The red solution gives against the AgDDTC
absorbent a peak of negative position (Fig. 6/a), the AgDDTC absorbent
against pyridine a peak of positive position (Fig. 6/c). The red solution gives
against pyridine the resultant of the two former, the characteristic triple
peak (Fig. 6/b). The cause of the peak of negative position is that the red
chromophore has a negative refractivity-concentration (dre/dc < 0).

Fig. 6. Gradient curves of red chromophore-containing solution, prepared according to analyti-
cal prescription, after 4 minutes of centrifuging. (30000 rpm; 20 °C, capillary cell) a) red
chromophore (9.34 X10-8 mol (7 /Lig) As/5 cm30.5% AgDDTC solution containing pyridine),
against pyridine containing 0.5% AgDDTC reference solution, b) red chromophore in pyridine
solution, against pyridine, ¢) 0.5% AgDDTC solution in pyridine, against pyridine
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Fig. ". Gradient curves of solutions containing red chromophore prepared from As(DDTC)3

and AgDDTC by hydrogenation, after 4 minutes of centrifuging (30 000 rpm; 20 °C, capillary

cell). Hydrogenation with 20 cm3of 10% NaBH 4 solution, a) solution containing red chromo-

phore (1.64 X10-5 mol As(DDTC)35 cm3 0.5% AgDDTC containing pyridine), against non-

hydrogenated reference solution of the same composition, b) solution containing red chromo-
phore, against pyridine, c) reference solution used in a), against pyridine

The gradient curve series of red chromophore solutions, prepared from
As(DDTC)3and AgDDTC by hydrogenation (1.64 X 10~5molAs(DDTC)35 cm3
0.5% AgDDTC), determined under identical conditions as above, is shown
in Figs 7/a, b, c. A comparison of Figs 6 and 7 clearly shows that red chromo-
phore solutions prepared by the two different methods behave in the same
way during centrifuging.

Sedimentation rate constants could not be determined because of the
high diffusion rate of the substances.

Solutions prepared in the two ways, but of identical absorbance at 540
nm, behaved similarly under the effect of changes in temperature, electrolytes,
oxidizing and reducing agents.
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Conclusions

It becomes evident from all these experiments that a chromophore of
identical behaviour with the red chromophore formed during the determination
of arsenic with silver diethyldithiocarbamate could be prepared by the reduc-
tion with hydrogen of the As(ll1)(DDTC)3containing solution of Ag(l)DDTC
in pyridine. The ultraviolet and visible spectra of the solutions prepared in the
two different ways are identical, chemical effects and ultracentrifuging pro-
duce the same changes in both types of systems. According to colloid chemical
investigations neither of the solutions is to be considered colloidal.

It was shown that the silver content of AgDDTC can he reduced with
hydrogen to metallic silver. However, silvcr(O) formed in the reaction remains
in molecular solution in the presence of an equivalent quantity of As(III)
(DDTC)3 and a high excess of AgDDTC. The absence of any of the latter two
compounds (as well as a lower than 300-fold AgDDTC excess) results in the
precipitation of silver(O) in the form of metallic silver.

All this indicated that the red chromophore formed in the determination
of arsenic with AgDDTC is a polynuclear dithiocarbamate complex, containing
silver(O) and arsenic(lll) as central atoms. The extreme conditions of chromo-
phore formation (high AgDDTC and high reducing agent (hydrogen) excess,
further the apolar solvent) made it impossible to determine the composition
of the complex by equilibrium analysis.

Similar conclusions were drawn concerning the chromophore formed
during antimony determination.
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Reactions of ort/fo-amino-substituted aromatic carboxylic acid JV-methyl-
hydrazides la, Ic with acetaldehyde and simple ketones gave condensed triazepinones 4,
whereas the JV-unsubstituted hydrazides Ib furnished hydrazones 3. The role of IV-sub-

stitution is discussed and the difference between the aliphatic and aromatic series is
pointed out.

The rearrangement of ort/io-aniinobenzoyl-iV-methylhydrazones of "-di-
carbonyl compounds was investigated previously and the existence of a ring-
chain equilibrium in solution was observed by NMR spectroscopy [1]. The aim
of the present work was to study this ring closure with simple monocarbonyl
compounds and to utilize it in the synthesis of new heterocycles.

In ring-chain tautomerism the formation of the cyclic products initiated
by nucleophilic attack upon the sp2carbon atom can be regarded, according
to Baldwin [2], as an endo-trigonal process which is favoured in case of six-
and seven-membered rings. The ring-chain tautomerism of 2-and 3-amino-
alipliatic-hydrazones has been studied and the formation of hexahydro-1,2,4-
triazine and imidazolidine rings and/or a ring-chain equilibrium of the hydra-
zones were demonstrated [3—6]. Interestingly, from 3-aminoalkyl-1V-alkyl-
liydrazones seven-membered rings could not be obtained [6].

Aromatic amino- and heteroaromatic ring NH-groups may also parti-
cipiate in the ring-chain tautomerism [7—9]. Anthranilic acid hydrazones are
known as “open chain” products [10—11], but the /3-nitrogen-substituted
hydrazides reacted with carbonyl compounds to afford 3-amino-1,2,3,4-tetra-
hydroquinazolin-4-ones [12—14].

The first example of the formation of a seven-memberedring from an
ort/io-amino-substituted aromatic hydrazide was the reaction of anthranilic

* Presented at the Annual Meeting of the Working Committee for Heterocyclic Chem-
istry of the Hungarian Academy of Sciences, Balatonfiired, 1984.
**To whom correspondence should be addressed.
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acid iV,iV’-dimethylhydrazide with carbonyl compounds [15]. As the formation
of a Schiff base on the ortho-amino groups was ruled out, the only possible
direction of this reaction was ring closure.

In the present case the same reaction starting with anthranilic acid
iV-methylhydrazide la is not unambiguous, because it may proceed either on
the hydrazide /3-nitrogen exclusively (leading to the hydrazone 3), or with
participation of the ortho-amino group (ring closure to 4).

The reaction products of the ort/w-amino-substituted aromatic carboxylic
acid hydrazides la—c with carbonyl compounds are shown in Scheme 1.

Anthranilic acid and 5-amino-l-phenyl-4-pyrazolecarboxylic acid N-me-
thylhydrazides la, Ic gave either cyclic products 4 (with acetaldehyde, acetone
and cyclohexanone), or liydrazones 3 (with benzaldehyde), or a ring-chain
equilibrium mixture of 3g ~ 4g (with acetophenone). Pyrazolecarboxylic acid
iV-unsubstituted hydrazide Ib gave the hydrazones 3, similarly to the cor-
responding anthranilic hydrazide derivatives [10, 11].

The structures of the cyclic products 4 were proved by the NMR and
UV spectra. In the case of the acetaldehyde and actone derivatives (4a, 4b,
4c, 4d) the IH-NMR spectra showed methyl signals at 6 — 1.22, 1.26, 1.33
and 1.40 ppm, respectively, corresponding to the sp3 C—CH3, in contrast to
the hydrazone 3e where the N=C — (CHJ32methyl signals appeared at 6 = 1.9
and 2.0 ppm. In addition, in the ring closed products 4 there were two dif-
ferent NH signals, further in 4a and 4c the phenyl proton in ortho position
to the carbonyl group appeared at 6= 7.61 and 7.74 ppm, respectively,
separately from the multiplet (6.58—6.8 ppm) of the other aromatic protons,
thus indicating the fixed position of the carbonyl group. The same type of
cyclic structure was established for 4f, a pyrazole analogue, by its 13C-NMR
spectrum; the shift of the spiro carbon (&= 73.3 ppm) evidenced the ring
formation.

There was a significant difference in the UV spectra of the hydrazones 3
and the cyclic products 4. The characteristic n —»n* band ofthe hydrazones [11]
was missing from the spectra of products 4.

Hydrazones 3b and 3c could be hydrogenated over Pd/C to the cor-
responding IV-methyl-IV’-benzylhydrazides, while the condensed triazepi-
nones 4 remained unaffected by the same procedure. No ring cleavage of the
latter occurred either in polar solvents or at higher temperature.

The cyclization seems to be favoured in the interactions of ortho-amino-
substituted aromatic carboxylic acid IV-methylhydrazides la, Ic and mono-
carbonyl compounds, in contrast with the IV-unsubstituted hydrazides Ib,
also with the corresponding aliphatic analogues, where hydrazone formation [4]
or a ring-chain equilibrium [5, 6] was observed (in the latter case even with
the 1V-mcthyl substituted hydrazide derivatives). The difference can be ex-
plained by the reaction mechanism (Scheme 1) and by the relative stability of
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Table 1

Physical and spectral data for 3 and 4

1 ’ IF?/
& ROR R v \G=0 \%? VAH

3a Pyrazole H H CH3 102-105" 60 1614 — 3481
3416
3310
3231

3b Ph CH3 H Ph 131-133d 69 1615 - 3470
3360

3c  Pyrazole CH3 H Ph 136-137* 97 1600 - 3400
3300

3d Pyrazole H H Ph 248-249* 69 1630 — 3390
3230-
—3280b

3e Pyrazole H CH3 CH3 202-203" 66 1620 - 3470
3290

3185

3f Pyrazole H cyclohexyl 224-226" 97 1620 2940 3470
2930 3340
2850

3g Ph CH3 CH3  Ph | 3340
132—134h 86 1600
3260
4g Ph CH3  CH3 Ph |

3h Pyrazole CH3 CH3 Ph 135—137b 86 1595 - 3427
3312

3i Pyrazole H CH3 Ph 173-174* 80 1622 - 3460
3377
3333
3167

4a Ph CH3 H CH3 157-159* 68 1600— - 3370
—1615b 3315
3240

4b Pyrazole CH3 H CH3 215-217* 76 1593 — 3314
3260

4c Ph CH3 CH3 CH3 128-130“ 64 1600 — 3300
3280

4d Pyrazole CH3 CH3 CH3 177-179% 75 1580 — 3370
3230

4e ph CH3  cyclohexyl 132—134b 82 1615 2910 3275
2830 3240

4f Pyrazole CH3  cyclohexyl 201-202* 97 1615 2920 3280
2850 3230

Solvent of recrystallization: “EtOH, bEtOH/H,0, “benzene, doenzene/petroleum ether,
'‘acetone, Chromatographed over silica, eluent EtOAc/MeOH 9 : 1
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Solvent for NMR: g) CDC13 h) DMSO-de 'ratio of tautomers 1: 1 i) pyrazole ring-H, j)
13C-NMR data, k) pyrazole ring-C shift

Acta Chim. Hung. 123y 1986



60 GAL et al.: RING-CHAIN TAUTOMERISM, |

the products. Dehydration of the carbinolhydrazine 2 may proceed via the 2a
intermediate, when deprotonation of the /3-hydrazino nitrogen leads to hydra-
zone 3 (route A). This step may be delayed in the presence of a more basic
/3-hydrazino nitrogen (R=Me). Then intramolecular nucleophilic attack of the
o-amino group can initiate the ring closure (route B). No “open chain” product
was observed in reaction mixtures of 4a—f, because the aromatic amino
character of the o-amino group can facilitate its deprotonation during ring
formation. The 2-amino aliphatic analogues undergo such a deprotonation less
readily, resulting in ring-chain equilibrium [5, 6]. The lack of substitution on
the hydrazide moeity (R=H) in the series of 2-amino aliphatic carboxylic
acids does not always hinder the ring formation, but in these exceptional cases
it is the more nucleophilic 2-amino group which participates in the first attack
during the reaction to give a carbinolamine intermediate on the 2-amino
group. This intermediate can give rise to the formation of five-membered rings
by the nucleophilic attack of the a-hydrazino nitrogen atom [4].

The possibility of conjugation between the azomethine and aromatic
ring electrons contributes to the destabilization of the hetero ring in 4, there-
fore the hydrazones 3b and 3c derived from benzaldehyde do not undergo
cyclization. As a result of different effects (ring closure, possibility of con-
jugation, steric hindrance), the acetophenone derivatives exist in an equi-
librium mixture 3gi="4g. The ratio of the 3gT="4g tautomers in chloroform
solution changes after dissolution of the samples. The quantity of 3g increases
in time indicating that 4g predominates in the solid state. The 1 : 1 equilibrium
ratio is attained in 8 hours at room temperature.

All m.p.’s are uncorrected. IR spectra were measured using aPerkin EImer 577 spectrom-
eter. IH-NMR spectra were obtained at 60 MHz on a Jeol 60 HL spectrometer, using TMS
as internal standard. 13C-NMR spectra were recorded on a Varian XL-100 spectrometer
(25.16 MHz).

Experimental

Reaction of orl/io-amino-substitutcd aromatic carboxylic acid hydrazides X with
carbonyl compounds

The hydrazides 1 were prepared by known methods [16 —18]. The hydrazides 1 (3 mmol)
were allowed to react with the carbonyl compounds in the presence of TsOH (0.01 g) under
the following conditions:

3.3 mmol of acetaldehyde in ethanol (10 mL) at 0 °C;

3.3 mmol of acetophenone in benzene (15 mL) under reflux conditions; water was
removed by azeotropic distillation;

1.5 mL of benzaldehyde at room temperature;

1.5 mL of cyclohexanone at room temperature;

10 mL of acetone, with reflux.

The crystals which precipitated were filtered off, washed with the reaction solvent
(3x2 mL) or with petroleum ether (3x5 mL) and recrystallized. Melting points, yields and
spectral data are shown in Table I.

*

The authors wish to thank Miss R. Andersen for technical assistance.
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BOOK REVIEWS

C. Engelmann, G. Kraft, J. Paulwels, C. Vandercasteele: Modern Methods
for the Determination of Non-Metals in Non-Ferrous Metals

Walter de Gruyter. Berlin/New York 1985. 410 pages

The book presents recent analytical methods suitable for the quantitative analysis of
light non-metallic elements occurring in trace quantities in non-ferrous metals of wide-spread
industrial use. The non-metallic elements investigated, O, N, C, B, S and P, are the metal
impurities most often met. Non-ferrous metals investigated are: Al, Cu, Ti, Zr, Cr, Ag, Zn,
Cd, Ta, Nb, Mo, W, Ni, Na, Be, V, Y, Sn and their more important alloys.

Of the 9 chapters of the book the first three deal with general theoretical and practical
problems of analysis, while further chapters describe in detail concrete analytical processes.

The authors discuss first the effects of the presence and concentration of non-metallic
elements on the more important technological properties (c.g. corrosion resistance, hardness,
ductility, mechanical strength, conductibility, castability, utilizability in nuclear technology)
of non-ferrous metals of industrial importance. In the major part of the cases discussed the
non-metals are “impurities” of harmful character, but in certain cases they can he considered
as useful “additives”.

The next chapter deals with nuclear analytical methods, thought of prominent impor-
tance in the field investigated, with thermal and fast neutron activation analysis (NAA),
charged particle activation analysis (CPAA), and photon activation analysis (PhAA). The
ratios of this chapter reflect the intention of the authors to offer directly usable practical
information for research and industrial analysis. The concise presentation of the theoretical
basis of the processes is followed by the detailed description of the procedures, of the problems
of calibration and measuring technique, and of the applicable methods of evaluation and
calculation.

In conformity with practical purposes aimed at, and in accordance with wide experi-
mental experiences of the authors, testified by numerous references, a separate chapter deals
with problems of sample preparation, considered as the main source of error. In this chapter
problems of surface analysis and the elimination of possible inconsistencies of surface and bulk
analysis are also discussed.

Further chapters comprise methods of analysis of the selected non-metals, organized
according to analytical methods and the more important matrices (pure metals and alloys).
The primary commitment of the authors to nuclear analysis is reflected by the fact that all the
other methods are discussed under the title “chemical methods”; beginning with titrimetry
this includes also emission and absorption optical spectroscopic methods and mass spectro-
metry. Technical description of measurements, prescriptions of methods requiring chemical
separation are given, with the exactness of a handbook, both for “chemical” and nuclear
methods (NAA, CPAA, PhAA), discussed separately. Problems of calibration standards and
error analysis are dealt with in detail corresponding to their importance. All the chapters are
closed by the comparative evaluation of the methods discussed. Where possible, this is based
on the results of intercomparisons organized for tests of reference materials circulated by CBR
(Community Bureau of References), while less attention is given to analysis results of other,
e.g. NBS, reference materials.

The excellently organized book covers a large material, and gives very useful practical
information to research and industrial chemists of the given field. It should be emphasized
that among the numerous tabulated and separately listed data there is scarcely any clerical
error or misprint.

Department of Applied Chemistry,
Technical University, Budapest
Lajos Gy. Nagy
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I. Hargittai: The Structure of Volatile Sulphur Compounds
Akadémiai Kiadd, Budapest, 1985, 316 pages

This work can be regarded as a special chapter of structural inorganic chemistry written
with the purpose to compile accurate S—X, S=X, etc. distances formed by sulphur atoms
with X = H, B, C, O, CI, etc. in different valence states, coordinations and environments
described in term of atomic distances, bond angles and internal rotations. The author who has
been actively involved in the structure analysis of numerous volatile sulphur compounds since
1967 by the use of the electron diffraction technique, now as an expert of the field guides the
reader through these structures with great skill. He is equally at home in the application of
microwave spectroscopy, the second powerful technique of molecular studies in the gaseous
state. He does not miss to point out convincingly thatthe majority of the volatile molecules
being built up only by a few atoms permit very accurate measurements of atomic distances;
e.g. such a simple molecules as SC12 enabled scientists to observe difference between the S—CI
distance assumed in the ground state (201.525 pm) and the excited vibrational state (201.538
pm). The author convinces the reader about the advantages of combining electrondiffraction
and microwave information in the determination of such structures where there is strong
correlation among the parameters (e.g. sulphones. p. 169).

In order to elucidate the structural relationships — whenever it is possible — he tries
to present correlations established between the geometrical parameters of the molecules and
various physical constants, e.g. electronegativities or spectroscopic data, and to use the results
of quantum chemistry (semiempirical and ab initio calculations), as well. Of course, it is
admitted that due to their excellent descriptiveless, two simple qualitative models have been
mostly used throughout this work: Gillespie’s YSEPR theorem and Bartell’s atom-atom
non-bonded interactions.

After a concise and well-written introduction (10 pages) the compounds of known
structures are discussed in five chapters accompanied by a rich bibliography (pp. 275—293)
reporting more than 800 publications.

Chapter 1 (pp. 11—39) reports the structures with one-coordinated sulphur, starting
with the most frequently observed C= S double bonds formed with C—sp2and C—sp atoms.

In Chapter 2 (pp. 40—136) Hargittai presents a great variety of volatile structures
with two-coordinated sulphur atom. Starting with symmetrical sulphides, he deals with saturat-
ed and aromatic rings incorporating S atom(s) up to the structures with =S = and — bond
systems.

In the short Chapter 3 (pp. 137—162) molecules with three-coordinated sulphur are
described. A dozen of vapour-phase sulphoxides (including selenium analogues), three simple
thionyl compounds and a few (seven) cyclic sulphites (and selenites) are discussed here.

Chapter 4 (pp. 163—264) offers again a rich collection of structure determinations
together with manifold empirical and theoretical investigations. Of the reported molecules
with four-coordinated sulphur, sulphones are perhaps the most important. Here the author
also summarizes his studies on the correlation between analogous sulphones, sulphoxides.
sulphides and related systems.

Since there are only a few volatile compounds with five- and six-coordinated sulphur
(the majority of them can be and have already been studied only in crystalline state by X-ray
diffraction) their structures (altogether five including SeFe) are reported together in Chapter
5 (pp. 265—274).

Some remarks: It is misleading if differences in bond lengths, bond angles, etc. smaller
than their errors are discussed, as can be seen, e.g., in Fig. 66, where such a small differences as
1.6 pm isregarded as significant versus o = 2.0 pm for the two distances compared. No agree-
ment or disagreement between atomic distances, bond angles and internal rotations observed
by similar or different techniques can be established without scrutinizing their errors (e.g.
3 a test, etc.). Consequently,it is rather embarrassing to notice that the standard deviations
(or other error parameters) of numerous atomic distances, etc. are missing (cf. Tables 4, 7, 17,
30, 51, 64, 80, etc.).

Question: were they just deliberately omitted as in the case of structure cin Table 51, or
were they not disclosed in the original sources? Even in the latter case at least their magnitudes
ought to have been estimated.

For the same reason, the conclusion that the r (O ... O) distances measured in crystalline
state by X-rays are shorter (presumably due to intermolecular interactions?) than the constant
value of 248.4 pm, determined in volatile sulphones by MW spectroscopy, is not convincing.
Apart from the fact that the reliability of the structural parameters of 36 randomly selected
X-ray analyses (Table 77) cannot be estimated without their e.s.d’s, Hargittai’s statement is

Acta Chirn. Hung. 123, 1986



BOOK REVIEWS 65

querried immediately by its own example cited from Sands (p. 219), where the S= 0 distances
are corrected against thermal motions resulting in r(0 ... 0O) = 249.2 pm! Similarly, if the
mean S= 0 distance of the crystal structures listed in Table 77 (143.6 (10) pm) is increased by
the thermal correction given by Sands on a cautious 50% probability level (A — 1.1 pm),
then — using the mean 0 = S=0 angle of 118.5 (13)° (practically uninfluenced by the thermal

correction) — the corresponding r(0 ... O) distance of 248.7 pm also hardly differs from the
mean of the MW and r(0 ... O) distances listed in Table 76. Further, the sum of the uncor-
rected mean of the 35 r(0 ... O) and its mean e.s.d. is also 248.6 pm. Unfortunately, the accu-

racy of the randomly selected X-ray data (most of them have been transplanted without any
revision from an earlier work of Hargittai: Sulphone Molecular Structures, Lecture Notes in
Chemistry, Springer Verlag, Berlin, 1978) is questionable since 25 of the 36 structures were
determined more than 10 years ago mainly on the basis of film technique. Accordingly, if the
author wants to discuss such a question as intermolecular effects on the basis of “< 2 pm”
difference and if this question has real significance at all, then he must be very precise using
a few dozen of new and accurate sulphone structures selected with high criteria (e.g. R < 0.05
for no less than 2500 observed reflections, etc.), from the Cambridge Crystallographic Data
Base which increases annually by approximately 5000 new crystal structures; among them
there are hundreds of organosulphur compounds (since January 1980 598 novel sulphone and
sulphoxide structures have been reported by the end of 1985).

This altogether well-written hook is a good compillation of the simple structures contain-
ing S atom(s) and useful correlations between their parameters. In addition to the workers
of the field, spectroscopists (IR,UV ,etc.), some of the quantum chemists and others may also
use it well.

Alajos Kalman
Central Research Institute for
Chemistry, Hungarian Academy
of Sciences, Budapest

Metal lons in Biological Systems. Vol. 19. Antibiotics and Their Complexes
Ed. H. Sigel, Marcel Dekker, New York and Basel, 1985, XXVI + 429 pp.

lonophores are substances of moderate molecular weights and are produced by various
microorganism. They promote the translocation of metal cations from one side of a lipid
bilayer membrane to the other. Some ionophores function as carriers and others as pore- for-
mers or ion channels. Several of these compounds, also termed antibiotics, are used against a
variety of bacterial infections. The present volume is devoted to these biologically important
compounds, to the more thorough understanding of their coordination chemistry and action,
and to stimulate further researches.

The volume opens a historical account of the discovery of ionophores by B. C. Pressman.
In the following chapter R. B. Martin describes the properties of tetracyclines and daunorubicin;
their structures, and proton- and metal-binding abilities (75 references).

In chapter 1the author, J. Hajdd, writes on the “Interaction of metal ions with strepto-
nigrin and biological properties of the complexes”. Streptonigrin is one of the most effective
agents for the treatment of human cancers. The author deals with the structural and chemical
properties of streptonigrin and its metal complexes, and with the biological activity and
antitumor action of streptonigrin. It appears from the results shown in the chapter, that an
approach based on understanding the chemistry involved in the mechanism of action of the
drug should be a promising route to improve its chemotherapeutic properties (56 references).

“Bleomycin antibiotics; metal complexes and their biological action” is the title of
chapter 4. The authors (Y. Sugiura, T. Takita and H. Umezawa) write on the structural and
synthetic aspects of bleomycin, on its metal complexes, on the redox cycle of the iron-blcomy-
cin complex, on the interaction of DNA of its complexes. They also discuss the molecular
mechanism of bleomycin action (65 references).

Chapter 5 authored by K. R. K. Easwaran is entitled: “Interaction between valinomy-
cin and metal ions.” Among the neutral ionophores valinomycin has emerged as an extra-
ordinary molecule due to its high specificity for K + over Na+. The monograph deals with the
structure and conformation of free valinomycin and its metal ion complexes, and with the role
of valinomycin- metal ion complexes in transmembrane ion transport (81 references).

A separate chapter is devoted to beauvericin and the other enniatins (L. K. Steinrauf).
These compounds have provided an interesting opportunity to explore some of the aspects of
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the membrane transport behaviour of free carriers. The author discusses their ion-binding
properties, the mechanism of their transport across the membrane, and deals briefly with the
analogs of enniatins (54 references).

Chapter 7 authored by J. F. Hinton and R. E. Koeppe is on the “Complexing properties
of gramicidins”. Their ion-complexing and transport properties are discussed, and much is
reported on the ion selectivity of gramicidin channels (122 references).

“Nactins: their complexes and biological properties” written by Y. Nawata, K. Ando
and Y. litaka is the title of chapter 8. Here again emphasize is laid on their molecular structure
and complexes (including also ternary complexes). A brief subchapter is devoted to their
biological properties (49 references).

G. R. Painter and B. C. Pressman are the authors of chapter 9: “Cation complexes of
the monovalent and polyvalent carboxylic ionophores: lasalocid (X-537A), monensin, A23187
(calcimycin), and related antibiotics.” The subchapters have the following titles: Structure of
ionophore-cation inclusion complexes; Techniques for measuring equilibrium ionophore — ion
affinities; Carboxylic ionophoric — mediated ion transport; Biological test systems; Confor-
mational aspects of ion capture and membrane transport; Biological application of ionophore
(130 references).

“Complexes of D-cycloserine and related amino acids with antibiotic properties”
(p. O’Brien) is the title of chapter 10. The author writes on their metal ion coordination prop-
erties, mode of action, and organic chemistry (51 references).

In chapter 11 J. B. Neilands and J. R. Valenta deal with “Iron-containing antibiotics”.
They discuss the mechanisms of antibiosis related to iron, the prospects for chemotherapeutic
intervention, the iron(ll)- and iron(lll)-complexes of a variety of antibioties and finally
miscellaneous compounds including among others pulcherrimin, mycelianamide, hadacidin,
lipoxamycin, actinonin and thiohydroxamic acids (70 references).

The volume closes with a consideration of factors governing the selective cation — iono-
phore interactions (H. Gresh and A. Pullman). The author present an approach how to compute
on a firmer basis, the main components of the association and their interplay for a certain
number of representative ionophore-ligand complexes.

First they outline the methodology, then write on the selective binding of alkali cations
by valinomycin, and that of K+, Na+ and KH| by nonactin. They deal also with the selective
binding of Mg2+ and Ca2+ by ionophore A23187, with the structural properties of some iono-
phores, the energy profiles for single and double occupancy by Na+ of the gramicidin A
channel (131 references).

Volume 19 of this excellent series of books on the role of metal ions in biological system
is a source of novel informations, and can be highly recommended to biochemists, biologists,
biophysicists and also to chemists interested in life processes.

Endre Kéros
Institute of Inorganic and
Analytical Chemistry,
L. Edtvés University of Budapest,
Budapest

Chromatography, the state of the art. Volumes I—11

Edited by H. Kaldsz and L. S. Ettre, Akadémiai Kiad6, Budapest, 1985, 903 pages
ISBN 963 05 4081 9

This two-volumed work, published as Vol. 27 of the series “Symposia Biologica Hun-
garica”, contains the papers presented at the Chromatography Conference held in Budapest,
June 1—3, 1983.

The book consists of 62 papers discussing the development and applications of various
chromatographic techniques.

The work includes 9 chapters dealing with “Theoretical Aspects”, “Stationary Phases
for Chromatography”, “Chromatography of Amines and Amino Acids”, “Separation of
Peptides and Proteins”, “ Separation of Drugs and Metabolites”, “Thin-layer Chromatography”,
“Gas Chromatography”, “Calculation and Optimization Methods”, as well as a chapter entitled
“Various Topics”.

Several studies in the volume deal with the most recent theoretical considerations and
the development of various chromatographic techniques. Many papers are concerned with the
separation and determination of substances having biological activity; other articles report
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on the newest results of the investigation of amines, nucleotides, amino acids, peptides,
proteins, steroids, various drugs, their metabolites, etc.

Although heterogeneous from the point of view of the chromatographer, the book well
illustrates how widely chromatographic techniques have found use in studies of different
substances of biological interest.

The book gives an overview of the development and applications of different chroma-
tographic techniques. It should be mentioned, however, that the time of two years which
elapsed between the conference and the publication seems to be too long in such a rapidly
developing field as chromatographic techniques.

The editors did a remarkable job in the arrangement of the book and in correcting the
papers of different quality. The book is well redacted, the printing is well legible. The figures
usefully illustrate the topics discussed. The list of contributors and the subject index given at
the end of Vol. 2 are of great assistance in finding contributions to various topics.

This book should be welcomed not only by chromatographers, but also by chemists,
biochemists and physicians working in different fields of biology and medical research.

Department of Chemical
Technology, Technical
University, Budapest Laszl6 Szepesy

D. N. Kursanov, Z. N. Parnes, M. I. Kalinkin and N. M. Loim: lonic Hydrogena-
tion and Related Reactions

Harwood Academic Publishers, Chur, London, Paris, New York, 1985. xv -f- 252 pages

This book is the first volume of the Soviet Scientific Reviews Supplement Series:
Chemistry, edited by M. E. Yol’pin. The intention of the new series is to present monographs
of Soviet Scientistscovering those areas of chemistry in which their contributions have been
particularly significant.

lonic hydrogenation is based on the ability of many organic compounds to undergo
protonation with the formation of carbocations which easily abstract a hydride ion from
different compounds. As a result hydrogenation of the double bond takes place. The most
frequently used combination of proton and hydride donors is the CF3COOH -f- HSiEt3couple.

The book treats this subject in 8 chapters. Four of these are devoted to the hydrogena-
tion of different types of unsaturated organic compounds (unsaturated hydrocarbons, hetero-
cyclic compounds, compounds with a C=0 bond and compounds containing other types of
multiple bonds). One chapter is concerned with the mechanism of the reaction. The last three
chapters contain information on some modified applications of the general principle outlined
above: ionic dehydrogenation and disproportionation, ionic hydroalkylation and alkylation,
and catalytic ionic hydrogenation. The Appendix gives detailed descriptions of 27 individual
applications of ionic hydrogenation for the preparation of organic compounds. About 450
references lead the reader to the original scientific literature.

The most important feature of the book is that it directs attention to this somewhat
unusual type of reduction. Not much had been known in this field before the authors started
their systematic and broad investigation of ionic hydrogenation. Now it can be seen that this
is a convenient preparative method in organic chemistry, with a very distinctive selectivity
for internal olefinic double bonds with three substituents — a group of substrates usually
difficult to hydrogenate by more conventional means.

In some cases the boundaries between catalytic hydrogenation and ionic hydrogenation
seem to be diffuse, as can be clearly seen from the chapter on catalytic ionic hydrogenation.
The reader even may have the impression that the authors prefer ionic mechanisms also in
such cases where such explanations may be rather disputable. Nevertheless, the unusual view
of the authors on several of these examples is stimulative and certainly will initiate new
research.

Unfortunately, the book does not contain author or subject indexes, which impairs
its use as a handbook. Nevertheless, it is a very useful addition to the organic chemist’s book-
shelf since — as far as known to the reference — it is the only book available on this special
type of hydrogenation.

Laszl6 Marko
Veszprém University of Chemical
Engineering, Department of Organic
Chemistry, Veszprém
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Proceedings of the Advances in Liquid Chromatography
Szeged, Hungary, September 10-14, 1984

Edited by
H. Kaldsz and L. S. Ettre

In English. 1986. X1l + 612 pages. 17 x 25 cm
Hardcover approx. $59.00

ISBN 963 05 4341 9

Symposia Biologica Hungarica 31

Authors from Canada, Czechoslovakia, Egypt, the German
Democratic Republic, Hungary, Poland, Romania, Sweden, the
USA and the USSR submitted their results mainly in the field of
applied column chromatography. Especially the synthesis and
characteristics of stationary phases, chromatographic separation
of drugs, metabolites, biologically active and endogenous com-
pounds were the targets of the investigations. At the same time in-
sightinto the general and theoretical aspects of chromatography, as
computer assisted data evaluation, displacement chromatography,
electrochemical detection, etc., are also given in the book.

A total of 54 papers has been divided into 5 chapters: “General
topics”, “Stationary phases for chromatography and their in-
teractions”, “Drugs, metabolites, biologically active compounds
and endogenous substances”, “Separation of amino acids, poly-
peptides and nucleotides” and “Separation of substances of various
classes” yield 7, 12, 23, 8 and 4 papers, respectively.

This book gives up-to-date papers on the separation of several
special and very important substance-groups, in-depth studies on
the chromatography of amino acids, peptides, drugs, metabolites,
nucleotides, interesting papers on stationary phases. The volume
may count on the interest of chemists and biochemists working in
theoretical and practical fields alike.

Akadémiai Kiadd, Budapest



Chromatography. The State of the Art
Vols 1-2

Proceedings of the Budapest Chromatography

Conference

June 1-3,1983

Budapest, Hungary

Symposia Biologica Hungarica Yol. 27

Edited by

H. Kalasz and L. S. Eure

In English. 1985. 902 pages. 315 figures. 127 tables.

17X25 cm. Hardcover $75.00/DM 225,—/£52.50

ISBN 963 05 4081 9

The volume containts the papers presented at the different sessions of the
Budapest Chromatography Conference, which was held in Budapest, Hungary,
through June 1-3, 1983.

The book includes altogether 9 chapters dealing with “Theoretical Aspects”,
“Stationary Phases for Chromatography”, “Chromatography of Amines and
Amino Acids”, “Separation of Peptides and Proteins”, “Separation of Drugs
and Metabolites”, “Thin-layer Chromatography”, “Gas Chromatography”,
“Calculation and Optimization Methods”, as well as “Various Topics”.

The papers in the book present the most recent theoretical considerations,
practical approaches and results as well as the trends ofthe latest development.
Several papers deal with fields closely connected to biology or medicine (as
the fate, action, analysis of drugs and metabolites, isolation of biologically
active natural products), some other articles detail such very important theo-
retical or practical fields as HPLC ofnucleotides, amines, amino acids, peptides,
proteins, steroids, etc., forced-flow thin-layer chromatography, ion-exchange
thin-layer chromatography, capillary liquid chromatography, short and effec-
tive columns, etc. These fields may be very interesting to readers who are in-
volved either in chromatography or in separation dealing with any substances
with a biological activity.

Since the authors of the papers are either specialists of chromatography or
the users of the separation methods in their every-day work, the papers pub-
lished in the book are up-to-date, and the figures and tables help the under-
standing of the written text

AKADEMIAI KIADO Distributors:
KULTURA

BUDAPEST Hungarian Foreign Trading Co.
P. O. B. 149.

H-1389 Budapest
Hungary



RECENT PROGRESS
IN POLYAMINE RESEARCH

Edited by
L. Selmeci, M. E. Brosnan and N. Seiler

In English. 1985. X Il + 634 pages, 156 figures. 92 tables.
17X15 cm. Hardcover $65.00/DM 164,—/£45.50
ISBN 963 05 4243 9

This volume provides an overview of current research efforts in the exciting and
rapidly expanding field of polyamines. Attention is focussed on aspects con-
sidered most up-to-date within the scope of this subject. The book discusses
the general and posttranslational regulation of ornithine decarboxylase and
related enzymes, the regulation of polyamine levels and control functions of the
polyamines, the enzymes and inhibitors of polyamine biosynthesis and catab-
olism, the roles ofthe polyamines in cellular differentiation and tissue regener-
ation, the significance of the polyamines in cancerogenesis and clinical oncol-
ogy, the metabolism of the polyamines in bacteria, the roles of polyamines in
plant physiology, macromolecular polyamine derivatives and methods of poly-
amine research.

This volume will be of interest to biochemists, molecular biologists, molecular
geneticists, cellular physiologists, plant physiologists, pharmacologists, micro-
biologists and oncologists.

AKADEMIAI KIADO
BUDAPEST

Distributors:

KULTURA Hungarian Foreign Trading Co.
P. O. B. 149

H-1389 Budapest

Hungary



Akadémiai Kiadd presents

EUROANALYSIS
Volume V

Reviews on Analytical Chemistry

Edited by
A. HULANICKI

Series Editors:

W. FRESENIUS and H. MALISSA

In English. Forthcoming 1986. 192 pages.
17 x 25 cm. Hardcover approx. S 19.00
ISBN 963 05 4186 6

Euroanalysis is a triennial conference of the Federation of European Chemical
Societies (FECS), produced by the Working Party on Analytical Chemistry of
FECS.

This volume contains a collection of invited lectures presented at Euroanalysis V,
Cracow, Poland, 26-31 August, 1984. The Plenary Lectures dealt with the modern
methods of automatic analysis, including electroanalytical techniques, environ-
mental problems, chemical analysis of extraterrestrial materials and the current
status and future trends in the application of computer systems in the laboratory.
The problems of trace analysis, qualitative analysis of organic materials, continuous
analysis of process streams, speciation in organic surface analysis and the lectures
devoted to environmental problems — the topics of the seven Keynote Lectures—
indicate that the attention of analytical chemists seems to have been focused on
those modern methods of analysis, which were developed from the modern tech-
niques and mathematics.

This volume gives an overview of the present state of European analytical chem-
istry and will be of great interest to scientists seeking to obtain an insight into
the most important techniques and their application in analytical chemistry.

AKADEMIAI KIADO
Budapest



THE PHARMACOLOGY OF BENZOPYRONE
DERIVATIVES AND RELATED COMPOUNDS

by
M Gabor

In English. 1985. appr. 228 pages, 10 figures, 4 tables
17 x 25 cm. Hardcover appr. $25.00
ISBN 963 05 4124 6

Research into benzopyrone derivatives has enjoyed a renaissance during the
past twenty years. It has become an increasingly more difficult task to follow
the chemical and pharmacological monographs dealing with this subject, not
to mention the countless publications in various journals.This new book,there-
fore, fills a gap, as it discusses the pharmacological effects not only of the
benzo-y-pyrones, but also of benzo-a-pyrone and related benzofuran derivatives.

The monograph consists of three parts:
I. Pharmacokinetics of benzopyrone derivatives and related compounds.
Il. Effects of benzopyrone derivatives on various enzyme activities.

lll. Pharmacology of benzopyrone derivatives and related compounds.

The monograph is not only an indispensable source-book for those dealing with
this topic, but also serves as a guide to research in the future.

Its presentation of the most up-to-date research being carried out throughout
the world, together with its compilation of nearly 800 literature references, make
this long-needed work of great value for the physician, the chemist, the pharma-
cist and the clinical pharmacologist.

—B
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Text

The text of the paper should be concise. The description of new compounds (in the
Experimental) must include the complete analytical data. Special attention must he paid
to structural formulas given within the text. Complicated (non-linear) formulas should be
drawn on separate sheets of paper and their position in the text should be clearly marked.
The numbering of formulas and equations (in parentheses on the right-hand side) is only
needed if they are referred to in the text. Units should conform to the International System
of Units (SI). In nomenclature the rules of the I.U.P.A.C. are accepted as standard. Symbols
for physical quantities are printed in italic type and should, therefore, he underlined in the
manuscript.

References

References should be numbered in order of appearance in the text (where the reference
number appears in brackets) and listed at the end of the paper. The reference list, too, should
by typed double-spaced. Journal titles are to be abbreviated as defined by the Chemical
Abstracts Service Source Index.

Examples:

[1] Brossi, A., Lindlar, H., Walter, M., Schneider, O.: Helv. Chim. Acta, 41, 119 (1958)

[2] Parr, R. G.: Quantum Theory of Molecular Electronic Structure, Benjamin, New York
1964

[3] Warshel, A.: in Modern Theoretical Chemistry, Vol. 7, Part A (Ed. G. A. Segal), Plenum
Press, New York 1977

Tables

Each table should be given a Roman number and a brief informative title. Structural
formulas should not he used in column headings or in the body of tables.

Figures

Figures should be numbered consecutively with Arabic numerals. Their approximate
place should be indicated in the text on the margin. All figures must be identified on the back
by the author’s name and the figure number in pencil. Standard symbols (such as circles,
triangles, squares) are to be used on line-drawings to denote the points determined experi-
mentally. Line-drawings must not contain structural formulas and comments. Spectra or
relevant segments thereof, chromatograms, and X-ray diffraction patterns will be reproduced
only if concise numerical summaries are inadequate to replace them. Drawings and graphs
should be prepared in black ink on good-quality white or tracing paper. Photographs should
be submitted on glossy paper as high-contrast copies. Xerox or similar copies are not suitable
for reproduction, but may be used for duplicate copies.

Redrawn illustrations will be sent to the authors for checking. No corrections of figures
will, therefore, be accepted in the proofs.

Submission of manuscript

After having completed the corrections suggested by the referees and editors, the final
manuscript should be submitted in duplicate, in a form ready for publication. If the corrected
manuscript is not returned to the editors within six weeks, the intended publication of the
paper will be regarded as withdrawn by the authors.

Page charge will not be assessed for the publication, however, authors from overseas
countries must contribute to the postage of correspondence by sending, together with the
manuscript, international postal coupons to the value of U.S. $ 10.—

Proofs and reprints

A set of proofs will be sent to the submitting author. The proofs must be returned
within 48 hours of receipt. Late return may cause a delay in the publication of the paper.
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REACTIONS OF 5-HYDROXY-6-OXOSTEROIDS, VI*

ACID-CATALYZED ISOMERIZATION OF SOME 5a-HYDROXY-6-OXOSTEROIDS

Wojciech J. Szczepek
(Department of Chemistry, University of Warsaw, 02093 Warszawa, Pasteura 1, Poland)

Received July 17, 1985
Accepted for publication December 18, 1985

It has been found that a mixture of KHS04—CF3COOH is a good reagent for
the conversion of some 5a-hydroxy-6-oxosteroids into 5/S-hydroxy-6-oxosteroids. The
same reaction was also accomplished with ZnClI2—CF3COOH, TsOH. H20 —CF3COOH
and BF3.Et20 —CF3COOH mixtures. These reagents can be used in the case of halo-
genated and C-7 substituted steroids, when the known basic isomerization cannot be
applied. A change in the isomerization mechanism catalyzed by acid and base is proposed.

The expected application of KHS04—(CF3C0)20 —CF3COOH mixture,
analogous to KHS04—Ac20 —AcOH [2], in the Westphalen-type rearrange-
ments required information about the action of strong acid medium (KHS04—
CFjCOOH) on some 5<x-hydroxy-6-oxo- and 5/?-hydroxy-6-oxosteroids. The
starting compounds 1, la, 2, 4,5, 6,7 and 8 for the isomerizations were readily
prepared by known methods (see Experimental). Only conversion of 3/?-ace-
toxy-7cc-bromo-5-hydroxy-5a-cholestan-6-one (2) to the 7/S-bromo epimer 3
was essential. Rowland reported [3] that attempted epimerization of 2 with
hydrogen bromide in acetic acid (applied by Cookson [4] for 5ce-acetoxy-7a-
bromoketone) failed, hut treatment with excess lithium bromide in DMF at
751 2 °C for 24 h resulted in the formation of 3/?-acetoxy-7/?-bromo-5-hyd-
roxy-5a-cliolestan-6-one (3) in 52% vyield. A lower yield (32%) of this IR-
bromo-hydroxyketone was reported by Hanna [5] for epimerization at C-7
with Li2C03in boiling DMF (8 min). Other 7«-bromo-5a-hydroxyketones were
epimerized with LiBr—DMF during an extended period at room tempera-
ture [3, 5, 6] or under conditions of precise control of temperature [3].

W ith regard to the serious difficulties in application of these methods
of epimerization, a simplified procedure was wanted. Since it was previously
noted [7] that the 7/3-bromo-hydroxyketone 3 was formed in 11% vyield
under dehydrobromination conditions, attempts with DMF—H2 or DMA—
H20 were carried out. The desired 7/3-bromo-hydroxyketone 3 was obtained
from 7a-bromo-hydroxyketone in 75% yield by heating under reflux in
DMA—H2 (9 : 1) mixture, or in 62% vyield by heating under reflux in
DMF—I120 (9 : 1) mixture.

*Part V: See Ref. [1].

1* Acta Chim. Hung. 123, 1986
Akadémiai Kiad6, Budapest



70 SZCZEPEK: 5-HYDROXY-6-OXOSTEROIDS, VI

Treatment of the 5a-hydroxyketone 1 with anhydrous KHSO04 in tri-
fluoroacetic acid (TFA) at room temperature for a few days resulted in the
formation ofless polar products in addition to the main compound, 5/?-hydroxy-
ketone la. Chromatography of the crude product (isolated after 14 days)
afforded the known [8] 5/5-hydroxyketone la in 67% yield. Under the same
conditions the 5/?-hydroxyketone la gave less polar products and 72% of the
recovered starting compound. Similar treatment of the hydroxyketone 5
(17 days) gave the isomeric 5/3-hydroxyketone 5a (52%). The chloroketone 4
(17 days) yielded mainly the product of isomerization (5/3-hydroxyketone 4a,
40%) accompanied by the less polar dichloroketone 4b (16%). The latter
arose from 5oc-hydroxyketone 4 and/or 5/3-hydroxyketone 4a and HC1 (formed

1 Rp1= p-CeHI7l H; R: —0Acj R —H la R =OAcj R=H

2 Ri= P-CeH,7, Hi R2=0Ac; Rs=a.-Br 2a R =0Ac) R=<-Br
3 R = (3-CeH,7, Hi &=0n0 < e 32 Re=OAcj R =R-Br
U RI=P-cshl7, Hi Re=d j R3=H Aa rz=cii R3=H

5 RI=0jRj=OAc i Re=H 5a R:=OAciR=H
5b R1=0 j R. = OCOCFs } Rs =H

8 R,= P-CBHI7, Hi R: =0H; R =H 8a R =OHj Rs=H

9 Ri1= P-CeHI17, HiR: =0COCF: i r3=h

u) ni7

4b
Fig. 1
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SZCZEPEK: 5-HYDROXY-6-OXOSTEROIDS, VI 71

either in elimination or in substitution reaction at C-3) via substitution at
C-7 [9].

In the case of the hydroxy-bromoketones 2 and 3 better results were
obtained when commercial anhydrous (without additional drying) KI11S04
was used. Starting from 2 (after 14 days) the known [8] 5/3-hydroxy-bromo-
ketone 2a (22%) was obtained together with the unchanged substrate (68%),
while 5a-hydroxy-bromoketone 3 (after 5 days) afforded 5/5-hydroxy-bromo-
ketone 3a (33%). Unexpectedly, the configuration of the bromine substituents
at C-7 remained unchanged in the 5/S-hydroxyketones 2a and 3a and in the
recovered substrates 2 and 3, respectively.

The presence of considerable quantity of water in the reaction mixture
caused hydrolysis of an acetate group with the formation of the trifluoro-
acetate derivative. For example, treatment of the 5a-hydroxyketone 5 with
KHS04in TFA—H2 (8 :2) mixture gave mainly the trifluoroacetate 5b
(20 days, 36%), in addition to the substrate and 5/S-hydroxyketone 5a. The
use of 10% of water resulted only in a decrease of the yield of trifluoroace-
tate 5b.

A marked difference in the reaction course was observed only in the
case of the hydroxy-diketone 6 and hydroxy-enone 7. The former furnished
the known [10] endione 6a nearly quantitatively. The latter gave a complex
mixture of products which was not further investigated. Also the reaction
of the dihydroxyketone 8 differed from those described above, leading to the
formation of the 3/?-trifluoroacetate 9.

All 5/3-hydroxy products were readily identified on the basis of their
U1-NMR data (see Table 1). Thus, the 19-H signals of the 5/?-hydroxy prod-
ucts appeared at higher field, than those of the corresponding 5a-hydroxy
compounds. Furthermore, the half-bandwidths of the 3a-H signals of the
5/3-hydroxy compounds were compatible with their equatorial nature. Con-
figurational assignments ofthe trifluoroacetates 5b and 9 were based on the
comparative 1H-NMR analyses (Table 1). In both cases the 7a-H signal
appeared as a triplet at low field (& ca. 2.8) indicating a 5a-hydroxy-6-oxo
structure. The magnitudes of half-bandwidths of the 3-H signals proved
retention of configuration at C-3.

We have recently shown [9] that the 5/9-hydroxyketone la was formed
as a by-product when the 5o0e-hydroxyketone 1 was treated with anhydrous
ZnCl2in boiling acetic acid. Since KHS04 and ZnCl2 as well as p-TsOH.H20
and BF3.Et20 catalyzed the same reaction (formation of 2,4-dien-6-one from
3/?-acetoxy-5a-liydroxy-6-ketone [9]), the conclusion was drawn that ZnCl2—
TFA, p-TsOIl.1120 —TFA and BF3.Et20 —TFA mixtures would be also good
reagents for the isomerization reaction. Therefore further qualitative (con-
trolled only by TLC) reactions with K11S04, ZnCI2,/j-TsOIl.H 2 or BF3.Et20
in trifluoroacetic acid were performed using the 5a-hydroxy-bromoketone 3.

Ada Chim. Hung. 123, 1986



72 SZCZEPEK: 5-HYDROXY-6-OXOSTEROIDS, VI

Table 1
IH-NMR data for 5a-hydroxy-6-oxo- and 5R-hydroxy-6-oxosteroids

Compound 18-H 19-H OAc 5-OH 3a-H Others Lit.

| 0.66 0.82 2.00 3.73 5.00“ 2.76 (t,J = 11.8,7a-H) —

0.66 0.75 2.06 3.92 5.06b

la 067 070 196 376 4.90 m
064 072 194 375 490 121]
2 068 083 200 347 5.09* 4.15 (d,J = 3.8,7jS-H) _
070 083 201 325 512 4.20 (7/S-H) 3]
070 081 205 364 504b 3.06 (dd,J = 16 and 3.8,4a-H),
2a 4.40 (d,J = 3.5,7/5-H) —
070 077 198 356 4.92 295 (4a-H), 4.35 (7/S-H) 18]
3 068 079 200 371 501“ 514 (d,J = 9.1,7a-H) _
070 0.80 200 393 503 520 (7a-H) 3]
3a 070 074 204 392 505b 4.62 (d,J = 9.7,7a-H) —
4 063 082 — —  417% 267 (t, ] = 127a-H) —
4a 065 077 — _ 458b 256 (dd,J = 148 and 4.94a-H)  —
5 085 084 200 385 4.98° 287 (t,J = 11.57a-H) —
5a 086 078 204 384 512b _
5b 086 086 — 324 524% 287 (t,J = 12,7a-H) —
8 066 080 — —  396% 272 (t,] = 12,7a-H) —
8a 065 074 _ 442 404° 432 (d,J = 9.9,3/?-OH) -
066 074 — 442 405 4.34 (3/1-OH) [13]
9 065 083 — . 5.24% 273 (t,J = 12.1,7a-H) —

abroad multiplet (U2 = 20—26 Hz)
bnarrow multiplet (w/2 = 7,5—10 Hz)
cdoublet of multiplets (J = 9.9 Hz), after D2 exchange: narrow multiplet.

For comparison bromoketones 3 and 3a were dissolved in neat TFA and kept
under the same conditions. In all cases the isomerization reactions leading
to an equilibrium mixture of 3 and 3a were observed and TLC showed that
the reaction rates with the different catalysts decreased as follows:

BF3.Et20 >p-TsOH.H2 >KHS04> ZnCI2%& CF3COOH

Apart from isomerization reaction, the formation of less polar products was
found. Extension of the reaction time indicated that formation of these
products from the 5a-hydroxyketone 3 is faster than from the isomeric 5/?-
hydroxyketone 3a.

Acta Chim. Hung. 123, 1986
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G H |

Fig. 2

The catalysts studied may he useful in isomerization reactions of other
reactive tertiary a-hydroxyketones, where application of the known basic
[11, 1] or acidic [12] conditions is impossible.* The suitable catalyst may be
easily selected on the basis of TLC-controlled experiments.** This reaction
is the shortest and probably the only way for the preparation of 5/5-hydroxy-
7/?-bromoketones, since epimerization of 5/?-hydroxy-7a-bromo-6-ketone at
C-7 does not occur [3].

The stereochemical course of equilibration (see Fig. 2) of the 5a-hydroxy-
6-oxo A and 5/1-hydroxy-6-oxo steroids F, proposed in our work, is different
from that described in the literature [11]. In the present paper it is postulated
that isomerization proceeds under both acidic and basic conditions practically

*In the light of our earlier experiments concerned with aromatization processes [9],
p-TsOH.H2, and first of all CF3S03H in boiling acetic acid cannot be used in case of the
described 5a-hydroxyketones. The application of basic conditions for halogenated hydroxy-
ketones is similarly impracticable.

** The presence of residual TFA on the TLC plates results in a better separation of the
spots of the isomeric hydroxyketones (e.g. 5a-hydroxyketone 1 and 5/S-hydroxyketone la
have the same Rf values in TLC in the absence of TFA).

Acta Chim. Hung. 123, 1986



74 SZCZEPEK: 5-HYDROXY-6-OXOSTEROIDS, VI

via the 5a-hydroxy-4a-oxo-A-homo-B-nor intermediate D. Thus, in acidic
medium the pathway A B C(z£ D) z: E F, and under basic condi-
tions the similar route A G H ("t D) it I F is realized. The solvolysis
product of 5-hydroxy-3/?-tosyloxy-5/?-cholestan-6-one (the 3/3-tosyloxy coun-
terpart of la) [13] and products of the Westphalen-type rearrangement of
3/S-acetoxy-5-hydroxy-5/S-cholestan-6-one (la) [14], which all have the cor-
responding A-homo-B-nor structure, strongly support the presence of the
non-isolable intermediate D under equilibrium conditions.

It is noteworthy that the attempted isomerization of 5se-acetoxy- and
50e-methoxy derivatives of the 5a-hydroxyketone 1 failed, proving that the
presence of free 5-hydroxyl group is necessary for the conversion of 5a-hydroxy-
6-ketone into 5/?-hydroxy-6-ketone.

Experimental

IR spectra were taken on a UR-20 spectrophotometer using KBr pellets or CHC13
solutions. Specific rotations were measured on a Perkin-Elmer 241 polariméter in CHC13
solutions at 25 °C, concentrations are expressed in mg per mL. 4I-NMR spectra were recorded
on aJeol INM-4H-100 apparatus (100 MHz) in CDC13solutions with TMS as internal standard.
The chemical shifts are given in ppm on the $scale. M.p.’s were determined on a Kofler appa-
ratus of Boetius type, and are uncorrected. For column chromatography Kieselgel (70—230
mesh, Merck) was used.

Syntheses of 3/S-acetoxy-5-hydroxy-5a-cholestan-6-one (1) [15], 3/?-acetoxy-7a-bromo-
5- hydroxy-5a-cholestan-6-one (2) [15], 3/?-acetoxy-5-hydroxy-5a-androstane-6,17-dione (5)
[16], 3/3-acetoxy-5-hydroxy-5a-cholest-7-en-6-one (7) [7] and 3/S,5-dihydroxy-5a-cholestan-6-
one (8) [15] were reported earlier from this laboratory. 3/S-Acetoxy-5-hydroxy-5/5-cholestan-
6- one (la) was obtained by a modified procedure [1] of Mazur and Nussim [11]; the product
was identical with an authentic sample [9]. 3/?-Chloro-5-hydroxy-5a-cholestan-6-one (4) was
prepared from 3/S-chloro-5-cholestene via epoxidation and subsequent oxidation of the mixture
of epoxides with Cr03—H2 [17] in acetone. The product had m.p. 180—183 °C (Me2CO)
(lit. m.p. 182—183 °C [18]). 5-Hydroxy-5a-cholestane-3,6-dione (6) was obtained by the
known method [19]; it had m.p. 230—233 °C (Me2CO); <5(Py-d5: 0.65 (18-H), 1.03 (19-H),
2.72 and 3.10 (ABg J= 15.6, 4-H2), 2.99 (t, J = 12.1, 7a-H) (lit. m.p. 232-234 °C [19]).

Modified procedure of the preparation of 3/j-acetoxy-7/?-bromo-5-hydroxy-5a-cholestan-
6-one (3)

(a) A solution of the 7a-bromoketone 2 (19.624 g) in DMA—H20 (9 : 1) mixture (200
mL) was refluxed for 2 h. The solvent was evaporated under reduced pressure and the residue
extracted with benzene and washed with water. The organic layer was dried and evaporated
to dryness. The crude product was recrystallized twice from Me2CO—MeOH (1 : 9) to afford
the pure 7/9-bromoketone 3 (9.722 g). Chromatography of the residue gave 2.387 g (12%)
of recovered starting compound 2 and 5.02 g of 7/?-bromoketone 3 (total yield: 14.742 g;
75%). The 7/5-bromoketone 3 obtained in this way was identical in all respects with an authentic
sample [7].

(b) A solution of the 7a-bromoketone 2 (12.485 g) in DMF—H2 (9 : 1) mixture (250
mL) was refluxed for 2 h. Isolation of products, as above, and chromatography gave 1.254 g
(10%) of unchanged compound 2 and 7.777 g (62%) of the 7/S-bromoketone 3. The fractions
of more polar products were not investigated.

Isomerization reactions of the hydroxyketones 1, la, 2, 3, 4, 5, 6 and 7 with KHS04
in trifluoroacetic acid

General procedure: To a solution of the substrate in trifluoroacetic acid (TFA) powdered
potassium hydrogen sulfate was added and the mixture was allowed to stand at room tem-
perature for a definite time. It was then evaporated at 35 °C under reduced pressure, diluted

Acta Chim. Hung. 123, 1986
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Table 11
Substrate TFA KHS04 Time Products
© (mb) © (days) @ %)
1 (5.01) 40 10* 14 la (3.357, 67%)
la (5.046) 40 10» 14 la (3.633, 72%)
2 (3.641) 29 3.6b 14 2 (2.486, 68%), 2a (0.794, 22%)
3 (2.59) 20 ib 5 3 (0.17, 7%), 3a (0.849, 33%)
4 (0.919) 20 > 17 4b (0.15, 16%), 4a (0.368, 40%)
5 (4.934) 50 5» 17 5a (2.573, 52%)
6 (5.311) 53 5.3» 45 h 6a (4.167, 82%)
7 (2.02) 20 i 48 h a complex mixture of products which was not
separated

“freshly prepared anhydrous KHS04
b commercial anhydrous KHS04

with water and ether, and extracted with benzene. The organic layer was washed successively
with water, aqueous potassium carbonate and water, and dried over anhydrous Na2S04
After evaporation of the solvent the crude product was chromatographed on silica gel and/or
crystallized to give the corresponding pure compounds. The results are summarized in Table I1I.

The isolated products had the following data: 3/?-acetocy-5-hydroxy-5/?-cholestan-6-one
(la) - m.p. 141-143 °C (Me2CO), rmax: 3447, 1276, 1703, 1275, 1171 cm"1 (lit. m.p. 142-
143 °C [8]); 3/?-acetocy-7a-bromo-5-hydroxy-5/?-cholestan-6-one (2a) — m.p. 138—140 °C
(Me2CO-hexane), rmax: 3465, 1718, 1287, 1054 cm-1 (lit. m.p. 137—139 °C [8]); 3/?-acetoxy-
7/?-bromo-5-hydroxy-50-cholestan-6-one (3a) — m.p. 153—156 °C (Et20-hexane), [a]p +47.2°
(c = 10.8), vmax: 3476, 1728, 1285, 1191, 1059, 731 cm*“1 (found: C 64.51; H 8.80; calcd. for
C,OH404Br: C 64.55: H 8.78%); 3/?,7a-dichloro-5a-cholestan-6-one (4b) — m.p. 116—118 °C
(MeOH), [a]D +25.8° (c = 11.6), vmax: 1730, 759 and 745 (C-Cleq) cm“1 (found: C 71.15;
H 9.71; calcd. for C2H440C12: C 71.19; If 9.74%); 3/?-chloro-5-hydroxy-5/?-cholestan-6-one
(4a) — m.p. 170-173 °C (Me2CO), [a]D -5.9° (c = 10.9), rmax: 3438, 1714, 702 (G—Clgo
cm-1 (found: C 74.11; H 10.40; calcd. for C2Z7H4502CL: C 74.19; If 10.38%); 3/?-acetoxy-5-
hydroxy-5/?-androstane-6,17-dione (5a) — m.p. 194—197 °C (Me2CO), [a]p> +30.8° (c = 11.4),
Prax* 3446, 1737, 1278, 1173 cm-1 (found: C 69.51; H 8.30; calcd. for C2H 3005: C 69.59; H
8.34%); 4-cholesten-3,6-dione (6a) — m.p. 121—122 °C (MeXO-hexane), rmax: 1699, 1612,
1226 cm -1, G 0.72 (18-H), 1.17 (19-H), 6.17 (4-H) (lit. m.p. 122-123 °C, & 0.78 (18-H),
1.20 (19-H), 6.05 (4-H) [10]).

Reactions of 5a-hydroxyketone 5 witlif KI1SO, in TFA—H ,0 mixtures

(a) To asolution of the hydroxyketone 5 (2.681 g) in TFA—H,0 (8 : 2) mixture (55 mL)
powdered KHS04 (5.5 g) was added and the reaction mixture was left stand at room tempera-
ture for 20 days. Chromatography of the crude product (isolated as above) afforded 1.094 g
(36%) of 5-hydroxy-3/?-trifluoroacetoxy-50c-androstane-6,17-dione (5b), m.p. 223—226 °C
(benzene-hexane), [a]D —4.2° (c = 11.8), vmax: 3486, 1789, 1728, 1229, 1174 cm-1 (found:
60.48; H6.59; calcd. for CAH 20 5-3: C 60.57; H 6.54%). The more polar fractions contained
the starting compound 5 and 5/1-hydroxyketone 5a, whose quantities were not determined.

(b) To a solution of the hydroxyketone 5 (2.024 g) in TFA—H2 (9 : 1) mixture (40 mL)
powdered KHS04 (4 g) was added and the reaction mixture was stored at room temperature
for 20 days. The crude product (isolated as above) showed the presence of the trifluoroacetate
5b (smaller quantity than in the preceding experiment), substrate 5, the 5/i-hydroxyketone 5a
and other by-products. It was not further investigated.

Reaction of the dihydroxyketone 8 with KHS04 in TFA
To a solution of the dihydroxyketone 8 (5.614 g) in TFA (56 mL) powdered anhydrous
KHSO04 (freshly prepared, 5.6. g) was added and the reaction mixture was kept at room tem-

perature for 44 h. Chromatography of the crude product (isolated as above) gave 1.95 g (28%)
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of 5-hydroxy-3/3-trifluoroacetoxy-5cc-cholestan-6-one (9), m.p. 182—184 °C (hexaue), [a]o
-44° (c = 10.7), vmax: 3467, 1787, 1715, 1227, 1179, 940, 865, 781, 735 cm"1 (found: C 67.73;
H 8.75; calcd. for CoH4504F3: C 67.68; H 8.81%). The residue after crystallization of com-
pound 9 and the remaining fractions were hydrolyzed in the usual manner. Chromatography
ofthe mixture of the obtained alcohols afforded 0.898 g (16%) of 3/S,5-dihydroxy-5/?-cholestan-
6-one (8a), m.p. 102—104 °C (hexane), »m : 3523, 3428, 1709, 1165, 1097 cm-1 (lit. m.p.
62 °C [20], m.p. 100—101.5 °C [13]). The more polar fractions contained substrate 8, whose
quantity was not determined.
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It was found that KHS04—(CF3CO)20 mixture is the best reagent for the
Westphalen-type rearrangement of 5a-hydroxy-6-oxosteroids. The reactions can be
effected in tetrahydrofuran or in some cases in trifluoroacetic acid as solvents, at room
temperature. It seems that this reagent will also be useful in other rearrangements
of the same type.

Reactions of 6/9-substituted 3/9-acetoxy-5a-hydroxysteroids with H2S 04—
AcXO [1] or KHS04—AcXO [2] (except 6/9-N3 [3], 6/9-metliyl [4], 6/9-1 [1] and
6/9-H [5]) give good yields of tbe corresponding Westphalen-type products.
In contrast to these results, it was found that 6-oxosteroids without a 2/9-
or 4/9-substituent give only ca. 10% vyield of the rearranged product [2, 6],
or no such product at all [7], whereas introduction of a 2/9- or 4/9-substituent
gives rise to higher the yields of rearranged compound [2, 7, 8].

Previous results of the Westphalen-type rearrangement of 3/9-acetoxy-
5-hydroxy-5a-cholestan-6-one (1) with KHSO04—Ac30 under varying con-
ditions [9] have shown that the use of potassium hydrogen sulfate-trifluoro-
acetic anhydride in tetrahydrofuran (KHSO04—TFAA/THF) or potassium
hydrogen sulfate-trifluoroacetic anhydride in trifluoroacetic acid (KHS04—
—TFAAJ/TFA) is most effective in increasing the yield of the rearranged
products.

Reaction of the hydroxyketone 1 with KHS04—-TFAA in THF at
room temperature gave the known [2, 10] rearranged acetoxyketone la (62%).
It was additionally identified by hydrolysis and subsequent oxidation (Cr03—
H20 in acetone) to the known hydroxyketone Ib [11] and diketone Ic [12].
In the same manner, starting from the hydroxybromoketone 2, the oily,
unstable bromoketone 2a (25%) was obtained. The low chemical shift of
the 5/9-methyl signal in the IH-NMR spectrum of the bromoketone 2a (d 1.80)
relative to that of ketone la (d 1.34) supports retention of the configura-
tion of the bromine substituent at C-7 and also proves the conformatio-
nal mobility of ring B of Westphalen-type compounds, as it has been ear-
lier confirmed [13]. Rearrangement of the hydroxyketone 3, having the

*Part VI: See preceding paper in this Journal.
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polar 17-oxo group, proceeded analogously to give the acetoxyketone 3a
(55%). Hydrolysis of this compound gave hydroxyketone 3b which, after
oxidation, afforded the known [14] triketone 3c. Further reaction of the
hydroxyketone 4, also containing a polar 17/3-acetoxy group, yielded a mix-
ture of products. The main component of this mixture was the rearranged
diacetoxyketone 4a, while the minor one was the simple dehydration prod-
uct, the diacetoxy-enone 5. Although the latter was not obtained in the
pure state, its presence in the post-reaction mixture was sufficiently evi-
denced by the IH-NMR spectrum. The presence of signals due to 19-H, 3oc-H
and 4-H at 6 1.03, 5.30 and 6.06, respectively, strongly indicated a 3[1-acetoxy-
-4-en-6-ox0 structure for this compound [2]. The structure of the diacet-
oxyketone 4a was confirmed by chemical transformations. Alkaline hydro-
lysis of 4a furnished the dihydroxyketone 4b, which on oxidation with
Cr03—H20 in acetone afforded the triketone 3c described above.

A different reaction course was observed in the case of the hydroxy-
enone 8. When treated with KTISO04—TFAA in TFIF for 28 h it gave the oily
ketone 9 (28%) as the major product, but after 46 h afforded ketone 10 and

KHSOI, -TFAA

1 R, =P-C8H17, H, RR=H 1Q R3= (3-0Ac, H
1b R3= (3-0H, H
1 R3=0

2 R, =(3C8H,, Hi R2=Br 2a R3=p-OAc, H

3 R=0, RR=H 3a R3=p-OAc, H
3b  R3=p-OH, H
3c RB O

4 R,=/3-OAc, H, R2=H 4Q R3=P-OAc H

4b R, =R3=P-OH, H
1d Ri=p-COHI H, r2=n
R3- 0 9a /IOot-epoxy

OAc

Fig. 1
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the oily ketone 11 as the main products. The positions of the double bonds
in these compounds were deduced from their IR and ~-N M R spectra.
IH-NMR spectra of compounds 9, 10 and 11 showed, respectively, the following
signals: strongly deshielded signal of 9a-H (d 2.79) as for ecdysteroids and
Zfi-6-oxosteroids [15, 16], AB quartet of the C-7 methylene group as for
Zj8(14)-6-0x 0sterOids [17], and deshielded doublet of the C-21 methyl group
(6 0.97) as for backbone-rearranged products [18, 19]. The assignments of
signals of the 5B-Me and 14/?-Me groups agree well with the data reported
by Kirk et al. [18] for backbone-rearranged steroids.

The reaction of the hydroxydiketone 6 also differed from those described
above. Treatment of this compound with KHS04—TFAA in THF at 6—10 °C
gave a mixture of the rearranged diketone Ic and enedione 7. Owing to diffi-
culties in separation of this mixture, it was treated with MCPBA in ethereal
solution at room temperature. The reaction was stopped when epoxidation
of a control sample of the enedione 7 started (the same result was obtained
when epoxidation of a control sample of the diketone Ic was complete).
Separation of the products gave 4-cholesten-3,6-dione (7) as the major product
and the known [20] a-epoxydiketone Id as the minor one (6%).

Application of trifluoroacetic acid (TFA) as the solvent in the rear-
rangements of hydroxyketones 1 and 2 resulted in no change of the reaction
course as compared with the considerably slower reaction of hydroxyketones
of this type with KHS04—TFA [21]. The corresponding rearranged products
la and 2a were isolated in 56% and 50% vyield, respectively. However, treat-
ment of the hydroxyketone 4 with KHS04—TFAA in TFA afforded only the
rearranged diacetate 4a, which was not contaminated by the product of
simple 1,2-dehydration, diacetoxy-enone 5.

Fig. 2
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In order to shed light on the course of the rearrangement reaction of
5a-hydroxy-7-en-6-oxosteroids, the experiment with hydroxy-enone 8 must
be reinvestigated; further the behaviour of the 17/3-acetoxy and 17-oxo
counterparts of enone 8 will be studied in respect of the backbone product
formation.

Experimental

For general experimental directions, see Ref. [21].

Syntheses of 3/S-acetoxy-5-hydroxy-5a-cholestan-6-one (1) [22], 3/5-acetoxy-5-hydroxy-
5a-androstane-6,17-dione (3) [23], 3/?,17/?-diacetoxy-5-hydroxy-Sa-androstan-6-one (4) [23]
and 3/S-acetoxy-5-hydroxy-5<x-cholest-7-en-6-one (8) [16] were previously reported from this
laboratory. 3/?-Acetoxy-7/S-bromo-5-hydroxy-5a-cholestan-6-one (2) was obtained by a modi-
fied method of epimerization at C-7 [21]. 5-Hydroxy-5a-cholestane-3,6-dione (6) was prepared
according to Suga et al. [24].

Reactions of 5a-hydroxyketones with potassium hydrogen sulfate (KHS04) and
trifluoroacetic anhydride (TFAA) in letrahydrofuran (THF) or trifluoroacetic acid
(TFA)

General procedure: To a solution of the starting compound in THF or TFA powdered
anhydrous KHS04 and TFAA were added. The mixture was stirred and allowed to stand at
room temperature for the specified time (TLC control). It was then evaporated at 40 °C
(45 °C for TFA) under reduced pressure. The residue was treated with water and ether and
shaken until the complete dissolution of KHS04, then extracted with benzene. Usual work-up
and chromatography on silica gel gave the corresponding pure products. Detailed data are
summarized in the Table I.

The isolated products had the following data: 3/J-acetoxy-5-methyl-19-nor-5/?-cholest-
-9(10)-en-6-one (la), m.p. 94-95.5 °C (MeOH-Me2CO); pmax: 1745, 1713, 1261, 1245 cm*“1;
<5 0.76 (18-H), 1.34 (5/?-Me), 2.05 (OAc), 5.18 (m, w/2 = 10 Hz, 3a-H) (lit. m.p. 94—96 °C;
<& 0.74 (18-H), 1.36 (5/S-Me), 2.04 (OAc), 5.10 (3a-H) [2]);

3/?-acetoxy-7/?-bromo-5-methyl-19-nor-5/3-cholest-9(10)-en-6-one  (2a), an oil; [a]o
+20.9° (c = 11.2); rrax: 1722, 1257 cm*“1; <& 0.84 (18-H), 1.80 (5/3-Me), 2.06 (OAc), 4.20
(d,J ~ 2 Hz, 7a-H), 5.16 (m, w/2 = 12 Hz, 3a-H) (no elemental analysis was made because
of the fast decomposition of this compound);

Table 1
Compound KHS04 TFAA Solvent Time Yield of products
()] @ (mb) (mL) Q)] @ %

2 (5.007) 10 50 THF, 20 66 la (2.983, 62%)
3 (2.046) 4.2 33 THF, 40 24 2a (0.5, 25%)
4 (5-114) 10 30 THF, 20 54 3a (2.673, 55%)
6 (0-72) 0.4 35 THF, 7 43 4a and 5 (0.589, 85%)“
b 54.393) 8.8 15 THF, 60 24 crude (3.105)b
8 6-10 °C 7 (2.7, 64%), Id (0.266, 6%)
8 (2-5) 1 5 THF, 30 28 8a (0.679, 28%)
, 21.463) 3 9 THF, 10 455 8b (0.164, 12%), 8c (0.344, 24%)
3 (5.007) 10 20 TFA, 20 43 la (2.694, 56%)
4 (6.055) 12 24 TFA, 24 48 3a (2.9, 50%)

(0.785) 0.4 4 TFA, 8 43 4a (0.4, 53%)

“The ratio of 4a to 5, determined from integration of the 4-H signal in 5 and the 17a-H
signal in the mixture, was ca. 85 : 15.

b A solution of the crude product (3.105 g) in 100 mL of ether was treated with an excess of
MCPBA at room temperature. After the complete epoxidation of Ic, the isolated crude product
was chromatographed on silica gel to give the corresponding compounds 7 and Id.
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3R-acetoxy-5-methyl-19-nor-5/?-androst-9(10)-en-6,17-dione  (3a), m.p. 168—170 °C
(Me2CO); [a]D +67.0° (c = 12.1); vmax: 1742, 1718, 1244 cm’ 1; <& 0.97 (18-H), 1.38 (5/S-Me),
2.06 (OAc), 5.13 (m, w/2 = 9 Hz, 3a-H) (found: C 73.20; H 8.23; calcd. for C2ZIH20 4: C 73.23;
H 8.19%);

3/?,17/S-diacetoxy-5-methyl-19-nor-5/?-androst-9(10)-en-6-one (4a), m.p. 118 -122 °C
(ethcr-hexane); [aJo —18.2° (c = 18.2); Jmax: 1740, 1715, 1254, 933 cm-1; 6: 0.90 (18-H),
1.37 (5/S-Me), 2.06 (2xOAc), 4.61 (t,J = 7.4 Hz, 17a-H), 5.12 (m, w/2 = 9 Hz, 3a-H) (found:
C 71.16; H 8.32; calcd. for CH306: C 71.11; H 8.30%);

3/S,17/?-diacetoxy-4-androsten-6-one (5), isolated as an impure fraction (contaminated
with compound 4a) showed the following signals corresponding to this compound, <& 0.83
(18-H), 1.03 (19-H), 5.30 (m, 3a-H), 6.06 (broad s, 4-H);

4-cholesten-3,6-dione (7) was identical with an authentic sample [21];

9,10-epoxy-5-methyl-19-nor-5/?,9a,10a-cholestane-3,6-dione (1d) was identical with an
authentic sample [9];

3/?-acetoxy-5-methyl-19-nor-5/?-cholesta-1(10),7-dien-6-one (9), an oil; [aJo +155.7°
(c = 10. 8) vmax: 1722, 1665, 1648, 1250 cm '1; O 0.64 (18-H), 1.40 (5/S-Me), 2.02 (OAc), 2.79
(dd, J = 11 and 6.1 Hz, 9a-H, 495 (m, u>2 = 14 Hz, 3a-H), 548 (t,J = 3.9 Hz, 1-H), 5.65
(broad s, 7-H) (found: C 78.87; H 10.14; calcd. for COH440 3: C 79.04; H 10.06%);

3j0-acetoxy-5-methyl-19-nor-5/?-cholesta-8(14),9(10)-dien-6-one (10), m.p. 115—117 °C
(MeOH); [a]D +36.5° (c = 12.5); vmax: 1737, 1721, 1263 cm“1; &: 0.89 (18-H), 1.40 (5/S-Me),
2.05 (OAc), 2.99 and 3.31 (ABqg,J = 19.1, 7-H2), 5.15 (m, u>2 = 10 Hz, 3a-H) (found: C 79.01;
H 9.97; calcd. for COH440 3: C 79.04; H 10.06%);

3/J-acetoxy-5,"l14-dimethyl-18,19-di-nor-5/?,14/S-cholesta-9(10),13(17)-dien-6-one (11), an
oil; [a]D-41.2° (c = 12.4); vmax: 1730, 1260 cm*“1; € 0.97 (d,J = 6.6 Hz,21-H3),1.05 (14"-Me),
1.25 (5/?-Me), 2.05 (OAc), 5.19 (m, u>2 = 9 Hz, 3a-H) (found: C 78.88; H 10.11; calcd. for
C,9H440 3: C 79.04; H 10.06%).

Hydrolysis of the rearranged acetoxy compounds

A solution of the appropriate acetate (la or 3a or 4a) in methanol-THF mixture (9 : 1)
was treated with an excess of 20% aqueous NaOH solution at room temperature, until the
substrate had disappeared (TLC control). After addition of a saturated aqueous solution of
sodium bicarbonate, the product was extracted twice with ether and then twice with benzene.
Usual work-up and removal of solvent under reduced pressure gave the corresponding alcohol
in nearly quantitative yield. The isolated products had the following data: 3/S-hydroxy-5-
methyl-19-nor-5/?-cholest-9(10)-en-6-one (Ib), m.p. 100—101.5 °C (hexane); Pmax: 3611, 3455,
1710, 1657 cm* 1: & 0.77 (18-H), 1.43 (5£-Me), 4.19 (m, w/2 = 9.5 Hz, 3a-H) (lit. m.p. 70-72 °C
(MeOH—Me2CO—H); & 0.75 (18-H), 1.45 (5,6-Me) [11]);

3/?-hydroxy-5-methyl-19-nor-5/?-androst-9(10)-en-6,17-dione  (3b), m.p. 213—217 °C
(CHC13—MeOH); [a]D +70.7° (c = 11.8); rmax: 3450, 1737, 1705 cm*“ 1 <& 0.98 (18-H), 1.47
(5/3-Me), 4.19 (m, w2 = 9 Hz, 3a-H) (found: C 75.54; H 8.59; calcd. for C,9H,c0 3: C 75.46;
H 8.67%);

3/?,17/?-dihydroxy-5-methyl-19-nor-5/i-androst-9(10)-en-6-one (4b), m.p. 157.5—160 °C
(THF-benzcne); [a]D -1.6° (c = 6.2, Py); vmax: 3330 (broad), 1715, 1053, 1023 cm*“1; <5(Py):
0.97 (18-H), 1.67 (5/?-Me), 3.78 (t, J = 7.4 Hz, 17a-H), 4.30 (m, w/2 = 10 Hz, 3a-H) (found:
C 75.02; H 9.25; calcd. for CIH20 3: C 74.96; H 9.27%).

Oxidation of the rearranged alcohols

A solution of alcohol Ib in acetone-ether (10 : 1) was treated with an excess of 43%
aqueous Cr03 solution at room temperature until the starting compound had disappeared
(TLC). After addition of water, the product was extracted twice with ether and then twice
with benzene. The crude ketone was chromatographed on silica gel to give a nearly quantitative
yield of 5/S-methyl-19-nor-5/S-cholest-9(10)-en-3,6-dione (lc), m.p. 100—102 °C (MeOH);
jmax: 1716 cm*“1; O: 0.89 (18-H), 1.27 (5/S-Me) (lit. m.p. 102-103 °C; <& 0.81 (18-H), 1.22
(58-Me) [12]).

A solution of the alcohol 3b or 4b in acetone-THF (8 : 2) was oxidized as above. The
crude product was extracted four times with chloroform and then chromatographed on silica
gel to give 5-mcthyl-19-nor-5/?-androst-9( 10)-en-3,6,i7-triono (3c) in nearly quantitative yield
m.p. 166—170 °C (Me2CO-ether); rdss: 1740, 1719 (inflexion) cm-1; 6: 0.99 (18-H), 1.24
(5/?-Me) (lit. m.p. 175-177 °C [14]; m.p. 175-176 °C; v,Sx 4: 1740, 1718 cm*“1 [25]).
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Translation diffusion D, sedimentation S*, intrinsic viscosity [r/]] and flow
birefringence, the properties of samples and factions of new comb-like polymers of
the alkoxyphenyl-acryloyl oxybenzoate series and two samples of alkoxyphenylmetha-
cryloyl oxybenzoates, have been investigated.

The following dependences relating molecular mass M to [rj], D and S* were
obtained for poly(mothylphenyl-p-acryloyloxybenzoate): [rj]= 0.26 X 10_3 M 0-40,
D= 3.4X10-9M-°46 and S*= 4.4X10-12 M°'64 The equilibrium rigidity of the
molecules of this polymer was determined: the Kuhn segment was determined from
diffusion data Ap — 80 20 A and viscometric data A,, — (65 * 15) A and the hydro-
dynamic diameter of the molecules was also determined: dp = (45 £ 5) A and dv =
= (355) A

The values of optical anisotropy of the segment of the macromolecules inves-
tigated depend on the length of the side-chain group, fall in the range of (500—850) X
x 10-3 m1 and reflect a high intramolecular orientational order determined by the
interaction between mesogenic side groups.

Introduction

The properties of mesomorphic polymers in bulk and in solutions are
widely studied by various physical methods [1]. Special investigations have
shown [1, 2] that the study of polymers on the molecular level is of con-
siderable importance for the understanding of the nature of generation of
polymer mesomorphism.

The present paper deals with the investigation of molecular properties
of a number of new comb-like polymers with mesogenic groups in side chains
in dilute solutions. These polymers have the following structural formulae:

*To whom correspondence should be addressed.
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Experimental

The polymers were obtained by free-radical polymerization from phenyl and p-alkoxy-
phenyl esters of para-acryloyloxybenzoic acid [3]. It has been shown [3, 4] that these polymers
form anisotropic structures either during the cooling of their melts or when the concentration
of their solutions increases. Sample 2 was fractionated into 7 fractions by fractional precipi-
tation from a chloroform solution with hexane. All the samples and fractions of polymer 2
were investigated in one solvent (tetrachloroethane) by flow birefringence (FB), viscometry,
sedimentation and translational diffusion. The intrinsic viscosities [?;] of samples and fractions
were determined in a capillary viscometer with the flow time of the solvent= 51.2s at 21 °C
(Tables I and I1). The translational diffusion coefficients of samples and fractions were measured
with a polarizing diffusometer at 24 °C according to a previously described method [5]. The
refractive index increment measured from the areas under the diffusion curves An/Ac— 0.093-3
m3kg. The flotation of non-fractionated samples and that of fractions of polymer 2 in tetra-
chloroethane was investigated and the buoyancy factor was found to be (1 — vq)= —0.322
according to pycnometric measurements at 24 °C. Flotation coefficients S* were measured
with a 3170 MOM centrifuge (Hungary) with a polarizing interferometric attachment [5].
The experiments were carried out in a cell with the formation of an artificial boundary at
a rotational speed of 60 000 rev/min (for unfranctionated samples at a rotational speed of
40 000 rev/min). Solution concentration ¢ was Q- 0.2Xx 10“3 kg/m3. The dependences of
log x on t (x is the coordinate of the peak top along radial direction and t is the experiment
time) are approximated by straight lines (Fig. 1). The values of floration coefficients S* and
molecular masses M of samples and fractions are given in Table | and II.

FB was measured by a visual method [6] in a metal dynamooptimeter with an inner
rotor (rotor height was 3X 10-2 m and the gap between the rotor and the stator AR was
2.9X10-4 m). All solutions were molecularly disperse, as is confirmed by the type of the
dependence of FB on shear stress g m(rj — rj0) for polymer solutions at different concentrations
(Figs 2, 3). The values of r] and rja are the viscosities of the solution investigated and of the
solvent, respectively, at 21 °C.
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Fig. 1. Dependence of A In x on t for the fraction of polymer 2 in tetrachloroethane

Table 1

Optical and hydrodynamic characteristics of macromolecules of alkoxy-phenylacryloyl-oxybenzoates
in tetrachloroethane

N wxIO> S*x 1013 DxlO1n MxIO-'" 4 4 io. ax—a2x 1031 AXx. X103
I PAB 0.55 —24 1.33 15.5 — 42 — 510
2 MPNB 0.14 1.6 3.6 39 — 42 — 600 —21
3 EPAB 0.49 2.6 14 15.9 -50.54 -600-650
4 PPAB 0.65 — 19 1.49 149 -65 70 —780—850
5 BPAB 0.70 24 1.49 16.5 60 70 730 850
6 MPMB 0.13 —17 35 4.2 - 40 — 480
7 MPMEB 0.11 1.6 3.25 4.2 — 10 — 120
poly(butyl acrylate)
(toluene) 30 0.82 10 11

(for comparison)

Table 11

Characteristics of fractions of poly(methylphenyl-n-acryloyloxybenzoate) in tetrachloroethane

N [7]X101 DX10n $*x108 MSDx10-'1 JIXFOk  LxI0w “oedP Woxio» X
1» 0.13 3.6 -1.25 2.66 3.06 222 0.822 3.72 40 484
1] 0.134 3.3 -1.0 2.32 2.65 195 0.814 3.26 —41 -496
1 0.11 3.6 -0.85 1.83 2.50 154 0.800 3.12
\V4 0.10 5.0 -0.65 0.98 2.73 82 0.771 3.54 33 -390
Vv 0.07 7.7 -0.35 0.36 2.67 30 0.750 3.56 -25 - 300
VI 0.064 7.7 -0.3 0.32 2.49 27 0.750 3.32

40 was
2.68+0.14 3.42 0.22
VIl 0.05 9.5 — 0.25* 2.56** 23 0.750 —

*MDj] AO= 2.68X10-16 J/K KkmoH/3; ** A0= AJA miNOrt (A,,)av.
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Fig. 2. Dependence of the value of An on shear stress g (rj — r/n) for solutions of the polymers
investigated in tetrachloroethane. Numbers on the curve are polymer numbers is
Table |

Fig. 3. Dependence of the value of An on shear stress g (rj — r/n) for the polymers 6 (line 1)
and 7 (line 2) in tetrachloroethane

Discussion
Hydrodynamic properties. Table | lists the experimental results for
unfractionated samples, and Table Il gives those for fractions of sample 2.

Analysis of hydrodynamic properties of the polymers under investigation was
carried out taking fractions of polymer 2 as example.
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Fig. 4. Dependences of log [rj] (lines | and '), log D (lines 2 and 2’) and log S* (lines 3 and 3’)
on log M for a model of the non-draining Gaussian coil (lines 1, 2 and 3) and a model of a short
thick cylinder (broken lings 1’, 2’ and 3’)

The plots in Fig. 4 show the dependences of log [tj], log D and log S*
on log M for polymer 2. The experimental points fall close to straight lines 1,
2 and 3 described by the equations

w — 5 ®WMa = 9.7x10-5 M°5

Q = *'O aM~b = 4.7xI0-9M 05
s* = ks WM 1-7= 6.5X10-18M °-5

The molecular masses of polymer 2 given in Table Il correspond to
relatively short lengths (L) of molecules since the molecular mass of the mono-
mer unit of polymer M 0= 298 kg/kmol, the degrees of polymerization of
fractions, z, range from 90 to 8, which corresponds to the values L <[ 200 A.
If it is taken into account that the length of molecules of polymer 2 is small
and the polymers investigated exhibit a comb-like structure (L/d <[ 13, where
d is the geometrical diameter of the molecule), it follows from Eq. (1) that
intramolecular hydrodynamic interaction is strong at low coiling of the main
chain. Quantitative evaluations of molecular characteristics of polymer 2
according to the data of measurements of [tj], D, S* and M were carried out
in accordance with low L and the comb-like structure of molecules on the
hasis of hydrodynamic theories for the model of a weakly bending rodlike
spherocylinder [7, 8]. These theories take into account the perturbation of
the liquid flow near the ends of the model. Figure 5 shows the experimental
dependence of on InL (open circles) and of [bnrjOLD)jKT on InL
filled circles (k is Boltzmann’s constant) and the corresponding theoretical
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curves 1,2,5,8 and 3, 4, 6, 7 and the following values fA and d: A = 60 A,
= 40 A (curve 1), Av= 80 A, dv= 30 A (curve 2), AD= 60 A, dD= 50 A
(curve 3), AD= 100 A, dD = 40 A (curve 4), Av= 80 A, dv= 20 A (curve 5),
Ad = 100 A, dD= 20 A (curve 6).
It has been previously observed [9] that the values of the Kuhn segment
A obtained from the results of measurements of translational friction coeffi-
cients and viscometry for polymers with various chemical structures repre-
sented by wormlike coils do not coincide. The same discrepancy is observed n
this work for polymer 2 the molecules of which are represented by weakly
bending thick cylinders. This discrepancy [9] between the values of AD and
A is due to the inconsistency between the theories of translational friction
and intrinsic viscosity of the wormlike model and, hence, of the wormlike
spherocylinder. Another manifestations of this inconsistency [10] is the dif-
ference between the average experimental value of hydrodynamic constant
AO0= 3.4X10~le J/JK moll/s obtained for common flexible-chain polymers
and the limiting theoretical value A» = 3.7 X 10-16 J/K moll/3 at L —* Q0.
According to the data of measurements of iff, [?;] and D for fractions of poly-
mer 2, the calculated values of AQ are AO0= rj0D([r]] mM)”. T 100-1"3
(Table I1). The value of A 0 average over fractions (MQOav is 2.68x10~16 J/K
moW 3. No systematic change in A0Ois observed with the change in the mole-
cular mass of the fractions. This value is much low'er than the average experi-
mental value of AO0— 3.4X10~le J/JK moll4 for flexible-chain polymers.
For fractions of polymer 2 at the values of A = 80 A and d — 40 A the
ratios Ag/A” relating A 0to the limiting value were calculated according
to known theories [7, 8] (Table Il). The value of Am for the polymer under
investigation obtained from the experimental values of A 0and the calculated
ratios Ag/A” with subsequent averaging over fractions is (3.4 ~ 0.17) X 1016
J/IK kmoll/3 and coincides with the average experimental value of J 0 for
flexible-chain polymers. Moreover, the ratios (A” exp./(Mmtheor)2 and AJA D)
are 0.8. For fraction 7 of polymer 2 the value of AOwas not determined because
the measurements of S* were absent. This value was, from the average limiting
value, (A'Jjav = 3.4x10~16 J/K moll3 (column 8 in Table Il) and the value
of Ag/A~ = 0.75 for fraction 7 (column 3 in Table Il). In this case the value
of AOwas AO= 2.55X10~16 J/K kmoll/l3 and M D]= 2400 Kg/kmol. It is
noteworthy that the hydrodynamic diameters of molecules of polymer 2
obtained from the data of measurements of translational friction, d* =
= (46 i 5) A and viscometric data d = (35 5) A are high. Both values
greatly exceed the length of a completely extended side group of polymer 2,
I ~ 17 A, just as the value of the diameter of molecules of polymer 2 obtained
from the measurements of polymer density dg = 15 A. However, as can be
seen from curves 5 and 6 in Fig. 5, hydrodynamic data cannot be represented
on the basis of a wormlike model with a diameter d </ 20 A. Similar values
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of diameters of cylinder-shaped macromolecules were given in [3] based on
X-ray and GPC measurements. Here the hydrodynamic molecular volume
exceeded that measured in the glassy bulk by X-rays. These high values of
the hydrodynamic diameter of macromolecules are probably due to a strong
interaction between side chain radicals containing mesogenic groups.

In (1-10s)

Fig. 5. Experimental dependences of M 2[rj] and 3n rf DL/KT on InL and the corresponding

theoretical curves 1,2, 5 (7) and 3, 4, 6 (6) at the following values of A and d: Ar.= 60 A,

d4= 40 A (curve 1), A,,= 80 A, dv= 30 A (curve 2), AD= 60 A, dD= 50 A (curve 3),

Ad= 100 A, d) = 40 A (curve 4), Ay = 80 A, drj= 20 A (curve 5), Aq= 100 A dD= 20 A
(curve 6)

At this high value of hydrodynamic diameter of molecules d ~ (30—40) A,
the degrees of asymmetry of molecules p = Ljd for the fractions investigated
are small: they range from (7—5.5) to (1—0.7). In this range ofp the depend-
ences of [rj] and D on M for rodlike particles expressed in the form of the
Mark— Kuhn equations are characterized by the values of exponents a and
b lower than 0.5 [5]. This makes it possible to consider Eqs (1) approximating
the dependences of [tj], D and S* on M (Fig. 4, straight lines 1, 2 and 3)
only as the first approximation. Straight lines 1°, 2’ and 3’ (broken lines in
Fig. 4 plotted by the least-squares method) with slopes less than 0.5 represent
the main features of hydrodynamic properties of molecules more closely and
are in quantitatively better agreement with the experimental points.

The equations
0.26x10-3M °-4

[ti]
D = 34 xi0 -3M-°-% 2)
S* =4.4 X10~2M°5
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are the qualitative and quantitative refinements of Eqs (1). The value of
the invariant rj0-KDK*/31001/3 T = 2.6 X 10-16 J/K kmoll/3 is in agreement
with that of (AQav = 2.7 X KO16kmoll/3is in agreement with that of (A Qav =
= 2.7X 1016 J/JK kmol¥3 found for the fractions investigated.

Optical properties

Flow birefringence (FB) observed for polymers listed in Tables | and 11
and characterized by the value of the shear optical coefficient [n]/[i?] is
negative in sign. This means that the side groups of these polymers exhibit
high positive optical anisotropy in a system of their own axes and the optical
polarizability of the monomer unit is higher in the direction perpendicular
to the axis of the greatest length of the molecule. This experimental fact con-
firms the comb-like structure of these polymers, and it supports the aperiodic
helical model proposed for these polymers in [3], too.

The values of shear optical coefficients of polymers 1—5 in Table | are
relatively high, and comparison of polymers with the same molecular mass
shows that [n]/[??] increases with the module with increasing length of side
groups.

It should be noted that since FB was measured in a solvent whose refrac-
tive index nsis not equal to that of the polymers investigated nk (refractive
index increment of the polymer-solvent system An/Ac ~ 0.093 X10- 3 m 3kg),
the form effect, mainly the microform effect [5], provides a certain contri-
bution to the FB value because the rigidity of the molecules under investiga-
tion is relatively high (A = 70 ~ 10 A). The evaluation of contribution of the
form anisotropy (always positive) shows that the value of the shear optical
coefficient [re]/[*] corresponding to the intrinsic anisotropy of these molecules
may be 15—20% higher than those listed in Table I.

A certain decrease in the value of [re]/[rj] observed for fractions of poly-
mer 2 (Table Il) with decreasing molecular mass may be due to the non-
Gaussian type of the molecules investigated at low M, as has already been
mentioned in the discussion of their hydrodynamic properties. For unfrac-
tionated samples and for fractions of polymer 2 (from the highest value of
[rel/[ry] the differences between the polarizabilities of the statistical segment
ofl— a2 proportional to the optical anisotropy of the entire molecule y1— y2
were determined according to the Kuhn equation [11]

45K T ns

Xi )

4n(n* + 2)3

The data listed in Table | and their comparison with the differences
between the polarizabilities of comb-like macromolecules without mesogenic
groups [12] indicate that the introduction of groups favouring the formation
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of the liquid-crystalline structure in low molecular weight liquids (double
benzene rings) into the side chain radical leads to a considerable increase in
the optical anisotropy of the entire molecule.

The optical anisotropy of poly(butyl acrylate) (PBA) [12] whose side
chain is of the same length as that of the polymers investigated but does not
contain the mesogenic group, is by a factor of 40—45 lower than that of poly-
mers 1—5. This phenomenon has been observed in a series or comb-like polymer
molecules based in methacrylic chains [1]. However, in this case this pheno-
menon is not so pronounced as, for example, for polymers of the type of
phenylmethylacrylic esters of cetyl- or nonyloxybenzoic acids [1, 2] the mole-
cules of which also contain mesogenic side groups hut of greater length.

If it is assumed that the equilibrium rigidities of polymers listed in
Table | are close to that of polymer 2, it becomes clear that these polymers
are characterized not only by high values of ax— aEbut also by relatively
high anisotropies of the monomer unit Ax = (oq— o"/S = (21 + 3) 10~3m3
(S is the number of monomer units in a segment). This is also characteristic
of macromolecules containing strongly interacting side groups [1]. The data
in Table I and Fig. 3 indicate that on passing from polymer 6 to polymer 7
(comparison was carried out in the same solvent) the shear optical coefficient
(and, correspondingly, the optical anisotropy) decreases several times. Hence,
the contribution provided by the anisotropy of side group to the optical
anisotropy of the molecule as a whole decreases although the length of this
group increases as a result of the introduction of the aliphatic group — C2H4—.
This decrease is due to a higher freedom of the mesogenic group, which leads
to a decrease in the optical anisotropy of the molecule. Similar experimental
facts have been observed in the investigation of a number of flexible-chain
polymers containing optically anisotropic side groups.

For polymer 7 in Table | this increase in the distance between the
mesogenic group and the main chain and the increase in its freedom of rotation
are accompanied by a decrease in the interaction between the mesogenic
fragments and the disappearance of high intramolecular orientational order.

In conclusion, it may be said that the hydrodynamic and optical char-
acteristics of the macromolecules investigated show that short chain molecules
containing mesogenic groups also exhibit orientational intramolecular order
as a result of strong interaction between the side groups. This order is reflected
in the relatively high equilibrium rigidity of the main chains, high hydro-
dynamic diameters of the molecules and high optical anisotropy of the segment
and the molecule as a whole.
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Nb(V) and Ta(V) react with barbituric acid in aqueous media forming pink and
reddish coloured soluble complexes having maximum absorbance at 534 nm and 494
nm, respectively. The metal to ligand ratio has been found to be 1:2 for the Nb(V)
complex and 1 :1 for the Ta(V) complex. The reaction has been used for spectrophoto-
metric and potentiometric determination of these metals.

Niobium and tantalum have been determined in aqueous media by
gravimetric, spectrophotometric and polarographic methods using various
reagents [1—4]. There is, however, no reference in the literature regarding
potentiometric estimation of these metals together in aqueous media though
a few analyses of Nb(V) and Ta(V) in pure solutions in non-aqueous media
are reported [5—7]. Estimation of niobium and tantalum in mixture by
instrumental methods is of interest since the two metals show close resem-
blance in their properties. In the present communication barbituric acid
(2,4,6-trihydroxy pyrimidine) has been used for spectrophotometric and also
potentiometric determination of Nb(V) and Ta(V) together in aqueous media.
Barbituric acid gives a pink and reddish colour with Nb(V) and Ta(V) with
maximum absorbance at 534 nm and 494 nm, respectively. Estimation of
these metals by potentiometric method was also possible since there is a sharp
change in potential at the equivalence point which corresponds to 1:2 and
1:1 (metal :ligand) ratio for Nb(V) and Ta(Y) complexes, respectively.
Spectrophotometric studies also indicated the same metal to ligand ratio.

Experimental

pH and potential measurements were carried out on a Toshniwal CL 43 pH-mcter
having a combined glass-calomel electrode. Absorption measurements were carried out on
a Beckman DB spectrophotometer using quartz cells of one cm path length.

Preparation of solutions

Solutions of pure Nb205 and Ta206 (Fluka) were prepared by fusing them separately
with potassium hydrogen sulfate and extracting the melt with 10% aqueous solution of oxalic
acid [8]. Nb(V) and Ta(V) were estimated in their respective solutions by precipitating with

*To whom correspondence should be addressed.
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tannic acid and finally weighing as pentoxides [1]. These solutions were used as stock solutions
and diluted to the required concentration during operation.

0.04 M solution of barbituric acid was prepared by dissolving its calculated amount
in doubly distilled water and further diluted whenever require.

Results and Discussion
Spectrophotometric determination

Nb(V) and Ta(V) solutions give pink and reddish colour immediately
on mixing with barbituric acid solution at pH 4.5 and 6 having maximum
absorbance at 534 nm and 494 nm, respectively. The reagent solution did not
show any absorbance in these regions.

The systems were found to obey Beer’s law within the range of 5 to
68 ppm of Nb(V) and 5to 130 ppm of Ta(V). Stoichiometry of both complexes
has been determined by Job’s method of continuous variation [9] and mole
ratio method [10]. For the niobium complex the metal to ligand ratio was
found to be 1 :2 whereas for the tantalum complex it was 1 : 1.

Interference by foreign ions

Nb(V) can be estimated in the presence of Mg2+, AlI3+, Bi3+, Cr3+,
Fe3+, Co3+, V5+, Tab+, W6+ and U6+ but Cu2+, Pb2+,Ti2+ and Zr4+ interfere.

Ta(V) can be estimated by this method in the presence of Mg2+, Al3+,
V3+, Nb5+, Mo6+, and Ue+, but Cu2+, Pb2+, Ti2+, Co3+, Fe3+, and Zr4+
interfere.

Spectrophotometric determination of Nb(V) and Ta(V) can be done
directly. Some results of spectrophotometric estimations are given in Tables |
and I1.

Potentiometrie determination

Both direct and reverse titrations were carried out. 1X 10-2, 5X 10~3
and 2.5 X 10~3M solutions of Nb(V) and Ta(V) were used in direct titrations
and Ix10 -3, 5x10-4 and 2.5 X 10~4 A/ solutions in the reverse titrations.
In the direct titration the metal solution was added from a micro-burette
to the ligand solution in the cell and vice versa in reverse titration. Ligand
solutions of similar concentrations were used. Concentration of the solution
in the burette was kept 10 times higher than that of the solution in the cell
during titration. A sharp change in potential was observed at equivalence
point. The end-point was obtained by plotting AE/AV against volume added
and it corresponded to 1:2 and 1 :1 metal to ligand ratios for the Nb(Y)
and Ta(V) complex, respectively.

W hile titrating the mixture of Nb(V) and Ta(V), the titration curve
showed two distinct inflections and two peaks were obtained when AE/AV
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was plotted against, the volume added. This indicates that the presence of
one metal does not interfere with the determination of the other by this
method.

Results of some potentiometric estimations are given in Tables Ill and
IV and also represented graphically in Figs 1, 2, 3a and 3b.

Table |

Spectrophotometric estimation of Nb(V) and Ta(V) in pure solutions

Nb(V) Nb(V) Error Ta(V) Ta(V) Error
No. present found %) present found (%)
(fig) (Fg) (Mg) (Mg)
i 25.34 35.24 0.24 50.68 50.91 0.42
2 55.75 55.60 0.27 60.34 60.26 0.13
3 64.70 64.82 0.12 126.70 126.21 0.36
Table 11

Spectrophotometric estimation of Nb(V) and in mixture

Nb(V) Nb(V) Error T«(V) Ta(V) Error
No. present found %) present found (%)
09 (Mg) (Mg) (Mg)
l. 28.28 28.30 0.23 26.98 27.90 0.29
2. 52.50 52.55 0.10 54.82 54.91 0.17
3. 59.18 59.26 0.14 108.42 108.66 0.22
Table 111
Potentiometric estimation of Nb(V) and Ta(V) in pure solutions
Direct Titration Direct Titration
Nb(V) solution vs. bar- Ta(V) solution vs. bar-
No. bituric acid solution in cell bituric acid solution in cell
Nb(V Nb(V Nb(V Nb(V
pres(en)t fou(nd) Error pres(en)t dou(m} Error
M) (Mg) ) (Mg) ) <)
l. 23.25 23.19 0.26 90.50 90.68 0.19
2. 11.63 11.61 0.17 45.75 45.16 0.20
3. 5.81 5.79 0.34 22.63 22.58 0.22
Table IV
Potentiometric estimation of Nb(V) and Ta(V) in mixture
Estimation of Nb(V) Estimation of Ta(V)
No. Nb(V) Nb(V) Error Ta Ta(V) Error
present found (%) present found (%)
(Mg) (Mg) 0*9) (Mg)
l. 23.25 23.19 0.26 90.50 90.67 0.21
2. 11.63 11.60 0.26 45.25 45.17 0.18
3. 5.81 5.80 0.17 22.63 22.57 0.27

Acta Chim. Hung. 123, 1986



96 LATA, SHIVAHARE: DETERMINATION OF Nb(V) AND Ta(V)

Fig. 1. Direct titration of Nb(V) with barbituric acid; (1) titration of 1.OxI0-2 M soln. of

Nb(V) with 50 ml of 1.Ox 10-3 M soln. of barbituric acid, (2) titration of 5.0X 10~3 M soln.

of Nb(V) with 50 ml of 5.0X 10-4 M soln. of barbituric acid, (3) titration of 2.5X 10~3M soln.
of Nb(V) with 50 ml of 2.5X10-4 M soln. of barbituric acid

Volume added (ml] —*
1Soln. of Ta (v) ]

Fig. 2.Direct titration of Ta(V) with barbituric acid; (1) titration of Ix 10_r M soln. of Ta(V)

soln. with 50 ml of Ix10 -3 M soln. of barbituric acid, (2) titration of 5x10_3 M soln. of

Ta(Y) soln. with of 50 ml of 5x 10-4 M soln. of barbituric acid, (3) titration of 2.5X 10-3 M
soln. of Ta(V) soln. with 50 ml of 2.5X10-4 M soln. of barbituric acid
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Fig. 3a. Titration of a mixture of 1X 10-2 M Nb(V) and 0.01 M Ta(Y) soln. with 1X 10-3 M
soln of barbituric acid

I Mixture of Nb (vl and To (v) soln. ]

Fig. 3b. Direct titration of a mixture of Nb(V) and Ta(V) with barbituric acid; (1) Nb(V) soln.
with ligand soln., (2) Ta(V) soln. with ligand soln.
Interference by foreign ions

Nb(V) can be estimated potentiometrically using barbituric acid in
the presence of Mg2+, Co2+, Pb2+, Fe3+, Mo°+, N03,C1-, oxalata but Cd2+,

Zr4+, V5+, WG+ HO3-, |-, Br~ and citrate interfere.
Ta(V) can be estimated in the presence of Mg2+, Co2+, Fe3+, Y5+, Mo0+,
NO~, Cl-, oxalate and citrate but Pb2+, Cd2+, Zr4+, We+, Br-, | “ and

BO3- interfere.
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The relationship has been studied between the rate of hydrolysis of 1l-aryloxy-
silatranes —and concentrations of NaOH in aqueous solution as well as in media of dif-
ferent polarity. The results allowed to hypothesize the possibility of operating of the
Sjvj-I-Si mechanism of the reaction parallel to that of Sn-2-Si.

Investigation of the relationship between the rate constant, k, and water con-
centration in aqueous methanol supported the validity of the hypothesis.

The percentage contribution of the hydrolysis reaction occurring according to
the SN-1-Si mechanism to the overall process has been found to range between 0 and
60 depending on the conditions.

The hitherto reported studies on the mechanism of solvolysis, in partic-
ular hydrolysis, of silicon and organosilicon compounds have led to conclusion
that the reactions proceed via the SN-2-Si mechanism [1, 2].

Voronkov and associates have reported [3—5] results showing that as
far as the mechanism of the hydrolysis is considered, the compounds can be
divided into two groups: 1l-alkylsilatranes with R = CH3, C2H5 n-C3H7,
iso-C3H7 where the constant p calculated from the Hammett’s equation, is
g= +4.76 [3] and 1l-alkoxysilatranes (R = CH30, C2H3, n-C3H70, iso-
C3HT70, tert-C4H 0, n-C4H 0, iso-C4H 0, sec-C4H D), where the constant is g =
= +2,60 [3]. In another paper [4], the authors classify the compounds using
the some criterion into two groups, one embracing alkoxysilatranes, and
the other aryloxysilatranes. For the group of alkoxysilatranes (with
R = OC2H5 n-C3H70, i-C3H70, t-C4H9, t-C4HXCH), the Hammett’s con-
stant was ¢g= —1.26. Whereas for 1l-aryloxysilatranes (with R = C6H50,
2-CH3C6H40, 3-CH3C6H40, 4-CH3CeH40, 4-CH30CrH40, 4-CIC6H40 and
C6H5CH20), the constant was g = —0.23.

In the group of compounds with positive g values, the rate determining
step of the reaction was the nucleophilic attack of the water molecule or of

+ Part IV.: Lukasiak, J., Samet, A., Lipniewicz, I., Nadolski, A.: Studies on 1l-aryloxy-
silatranes. Part IV. Analysis of relationships between the minimal inhibitory concentration
and properties of 1-aryloxysilatranes, Farmacja Polska, 41, 283 (1985).
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3 Acta Cliim. Hung. 123, 1986
Akadémiai Kiadd, Budapest



100 bUKASIAK, JAMROGIEWICZ: 1-ARYLOXYSILATRANES, V

the hydrated OH~ ion, whilst in the group with negative o values there was
the attack of the hydroxonium ion.

Despite the failure of detecting sililenium ion among the hydrolysis
products of the compounds [6—11], Boe [12] suggested that the mechanism
of solvolysis of compounds containing the Si—OC bond can be both Sn-2-Si
and SN-1-Si.

The sililenium ions have yet been observed either in the gas phase or
under conditions of mass spectrometry [9, 13]. In [14—16], mass spectra
allowed to identify a fragment with m/e = 174, assigned to [N(CH2CH20)3Si]+.

The results of our investigations are concerned with the Kkinetics of
hydrolysis of 1-aryloxysilatranes of the general formula Rn—C6H5 —
— O—Si(OCH2CH23N, with R = H, Br, I, Cl, CH3 C2H5 NO02 OCH3 and
n— 1,2, 3 and were published in [17]. The calculated Hammett’s constant
of the compounds was 0.31. The close to zero value of the constant did not
allow to determine the type of the reaction mechanism (as for |gf < 1 even
the sign of the constant does not provide a sound basis to classify the reaction
mechanism) [18].

Experimental

The preparation of the compounds, their identification and the determination of the
rate constants were described in the previous reports [16, 17, 19]. The structure of the new
compounds 1-(2-phenylphenoxy)silatrane, I-(4-phenylphenoxy)silatrane and I-(2-carbon-
amidophenoxy)silatrane was based on the results of elemental analyses and the IR spectra
listed in Table I.

The relationship was determined between the rate constant of hydrolysis and the
concentration of NaOH for l-aryloxysilatranes of the general formula:

0-Si (OCH2CHz2)s N

where R = H, Br, CH3, OCH3, Cl, CeH6 and CONH2 with n = 1 and 2. The concentration
of the silatranes in the solutions was about 10-4 M, whereas that of NaOH was varied within
0.01—0.06 M. For selected compounds, also the relationship between the rate constant and
water concentration was studied.

Results

Equations of linear regression of the relationships were computed by
the least-squares method. In all equations the regression coefficients were
higher than 0.99.

The measurements of the rate constant, k, for eleven 1-aryloxysilatranes
for various NaOH concentrations in water allowed the following linear regres-
sion equation to be derived.

log k = alog [NaOH] -(- b

where numerical values of parameters a and b are shown in Table II.
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Compound

I-(2-phenylphenoxy)-silatrane

I-(4-phenylphenoxy)-silatrane

I-(2-carbonamidophenoxy)-
silatrane

Parameter ~ --eeeee

% c

62.95
61.93

62.95
62.05

50.32
49.85

2-C.H,

0.98
-0.71

Elemental analysis

Calcd.

Found
% H

6.16
6.10

6.16
6.12

5.84
5.62

% Si

8.18
8.01

8.18
7.98

9.04
8.99

Table |

Results of analysis
Interpretation of IR spectra [20, 21)

At(NCH.) mng%-) fae(C—0Si) Vv(C—OSi) Vv(Si—OAr) .(Si0.) d (skel)

1270 s 1110 ¢ 1090 a 1020 m 940 m 910 m 650 m 590 9

1275 m 1120 s 1100 9 1020 m 940 m 900 ¢ 640 m 580 m

1270 s 1120 9 1090 9 1020 m 940 m 900 s 630 m 595 ra

Table M

Numerical values ®f the parameters in regression equation,

4-Br

0.97
-0.67

4-CH,

0.91
-0.82

log k= a log [NaOH] - b

-Si (OCW2CH2)3 N

4-OCH, H 2-CONH, 4-C.H, 2—Cl 2-CH, _(Zéel;’)y 2,6-Cl,
0.87 0.87 0.83 0.82 0.80 0.79 0.71 0.66
-0.83 -0.89 -0.73 -0.92 -0.77 -1.2 -1.4 -0.99
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Table LU

Numerical values of the parameters in regression equation,
log k= alog [NaOH] + b

Compound METHANOL
1-phenoxy- 1-(2,6-dimethyl- I-(2-phenylphenoxy)- I-(4-phenylphe-  I-(2-carbonamido-
silatranc phenoxy)silatrane silatrane noxy)silatrane phenoxy)silatrane
Cone, ofwater % vv V- 2 b a b a b a b a b
100 0.87 —0.89 0.73 134 098 —0.71 082 —092 083 —0.73
85 091 —106 080 -1.36 099 -0.92 089 —098 077 —1.02
70 098 —1.16 0.90 148 096 —112 099 —1.03 0.72 —1.27
50 0.97 —142 104 149 104 —132 107 —121 089 —1.38
Table IV

Numerical values of the parameters in regression equation,
log k= a log [NaOHj -j- b

ETHYLENE GLYCOL ACETONITRILE

1-Phenoxysilatrane 1-(2,6-dimethyl- 1-Phenoxysilatrane
phenoxy)-sdatfane
a b a b a b

100 0.87 —0.89 0.73 —134 0.87 -0.89
85 0.90 —1.08 0.78 —1.39 0.90 —1.13
70 0.93 -1.18 0.82 —157 0.94 —1.22
50 0.99 -1.42 092 —178 0.98 —1.39
30 — - - - 0.97 —151

For all linear regression equations the correlation coefficient r > 0.995

A similar equation holds for relationship between the rate constant kK
and the concentration of NaOH for 1-phenoxysilatrane and 1-(2,6-dimethyl-
phenoxy)silatrane, I-(2-phenylphenoxy)silatrane,l-(4-phenylphenoxy)silatrane
and |-(2-carbonamidophenoxy)silatrane in aqueous methanol. Numerical
values of a and b are shown in Table III.

For 1-phenoxysilatrane and 1-(2,6-dimethylphenoxy)silatrane similar
investigations were also carried out in the water — ethylene glycol and
water — acetonitrile solvent systems. The coefficients are shown in Table IV.

It was experimentally verified that in the specified solvent systems, the
relationship between the concentration of NaOH and its activity expressed
in terms of electrolytic conductivity, A was linear:

log A= A log [NaOH] + B, where A = 0.97 — 1.05

This allows to ignore the influence of the variations in the activity of
NaOH in the solutions on the rate constants occurring in regression equations
as the coefficient a.
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If the hydrolysis occurred according to the SN-2-Si mechanism, the rate
of the reaction could be expressed by equation

v = kO mCs mCgH~

where CoH- = CNaOH* Cs — is the silatrane concentration, and n is the order
of reaction relative to NaOH. In the case of the Sjm2 mechanism, n = 1.

Owing to a large excess of NaOH as compared with the silatrane con-
centration, the reaction was assumed to be first-order (pseudo-first-order),
hence the found k value, kf = kO mCgh— In logarithmic form:

log kf = log kO + n log COH-

where n corresponds to the experimentally found a value (Tables I1—1V).

Data in Tables (I1—1Y) reveal that there is no neat SN-2 mechanism of
the hydrolysis, because the experimentally found order of the reaction relative
to NaOH is both fractional and variable. When the solution’s polarity
decreases, the value of coefficient a approaches unity.

The a value depends primarily on the medium polarity, as evidenced
by inspection ofthe avalues for the systems: water — ethylene glycol, water —
acetonitrile and water — methanol the dielectric constant of methanol is
31.2, whereas that of ethylene glycol and acetonitrile is 38.8 at 20 °C.

Data in Table Il show that para-substituents increase the a values and
the ortho-substituents decrease the value as compared to that of 1-phenoxy-
silatrane. In di-substituted compounds the effect is stronger that in the mono-
substituted ones, with the exception of I|-(2-phenylphenoxy)silatrane and
I-(4-phenylphenoxy)-silatrane where the influence of the position of sub-
stitution is just reverse.

An analysis of the phenomena allowed to hypothesize that during the
hydrolysis of 1-aryloxysilatranes two parallel mechanisms are operating, Sn-2
and Sn-1, the contribution of either of them depending on the conditions of
experiment, in particular on the medium polarity.

In order to verify the hypothesis, a relationship was investigated between
the water concentration and the rate constant of hydrolysis, k, for 1-phenoxy-
silatrane, |-(2,6-dimethylphenoxy)silatrane, I-(2-phenylphenoxy)silatrane, 1-
(4-phenylphenoxy)silatrane and I-(2-carbonamidophenoxy)silatrane in aqueous
methanol. The results allowed to derive equations of linear regression

Ink= ao¢[H20] + R

Coefficients a and R for two concentrations of NaOH are listed in Table Y.
Investigation of the effect of NaOH activity expressed by its electrical
conductivity, A, in relation to water concentration in aqueous methanol
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Table V

Numerical values of the parameters in regression equation,
In k= a [HD] + B

1-Phenoxysilatrane I-(2,6-dimethylphenoxy)- I-(2-phenylphenoxy)- I-(4-phenylphenoxy)- I-(2-carbonamido-
NaOH silatrane silatrane silatrane phenoxy)silatrane
a R a R a R a R « B
0.01 0.063 -9.5 0.071 -10.2 0.062 -9.45 0.066 -9.52 0.063 -8.9
0.05 0.050 -7.4 0.048 -8.1 0.058 -7.68 0.051 -7.34 0.057 -7.3
Table VI

Rate constants, kl and k2for the hydrolysis reactions occurring via SN-1 and S”-2 mechanisms, respectively

SOLVENT
Methanol Ethylene glycol Acetonitrile
I-Phenoxyeilatrane I-(2,6-dimethylphenoxy)- 1-Phenoxysilatrane I-(2,6-dimethylphenoxy)- 1-Phenoxysilatrane
eilatrane silatrane
10«*, 10«*, 10'fc, 10«*2 10« 10% 10«*, 104, 104X 104,
% H,,0 s_1 8_,dmsmol~1 g1 s dinsinol_1 8-1 8- dmamol-1 8.1 8- dmamol_1 81 8- 1dmamol-1
100 8.0 1700 9.6 800 8.0 1700 9.6 800 8.0 1700
85 3.0 1100 5.3 700 3.6 1050 3.9 690 3.6 950
70 0.4 700 11 450 1.8 800 2.8 400 1.3 500
50 — 400 0.1 400 0.1 400 0.5 200 0.3 400

30 - = - — Z — — - 0.3 250

(o]

‘SAINVYHLVTISAXOTAYV-T :ZOIMIIDQHNVL ‘HNVISVIN']



LUKASIAK, JAMROGIEWICZ: 1-ARYLOXYSILATRANES, V 105

allowed to derive the following equation:
In A= c¢c[H2O] + B

Coefficient x amounted to 0.027 and was independent of the NaOH
concentration over the range 0.01—0.05 M, thus indicating that the variations
in a values in Table ¥ cannot be ascribed to variation in the activity of NaOH,
but to the nature of the compound studied.

As expected the « values decrease with increasing NaOH concentration
(Table V), thus supporting the hypothesis.

Starting from the relationship between constant k for the process
involving parallel reactions and kx constants of partial processes, one can
write:

K = k1 k2 e CoH ,

where K is the constant of the hydrolysis reaction: ky is the rate constant of
a reaction following the SN-1 mechanism and k2is the rate constant of a reac-
tion proceeding according to the SN2 mechanism, and COH~ is constant.

On the basis of the k values calculated from the regression equation
for two different NaOH concentrations (Tables Il and IV) rate constants
kx and k2 were estimated for particular hydrolysis conditions of 1-phenoxy-
silatrane and |-(2,6-dimethylphenoxy)silatrane. The results are shown in
Table VI.

Data in Table VI show a decrease of kx with decreasing polarity of the
mechanism and a weak relationship between conformation of the compounds
and kx for the given medium polarity.

On the other hand, k2values are clearly dependent on the conformation
of the compounds and only slightly on the medium polarity.

The results suggest that the effect of ortho-substituents on the rate
of hydrolysis consists mainly on hampering the Sn-2 reaction, whereas vari-
ations in the medium polarity affect predominantly the SN-1 reaction.

Depending on conditions, the percentage contribution of the SN-1
reaction to the overall process has been estimated to range between 0 and 60.

Conclusions

A comparison of the linear regression lines by using the parallelity test
showed that statistically significant differences between coefficients a occur:
(i) for the In k = f(cHO) curves for 0.01 and 0.05 M NaOH concentra-
tions in the case of 1-phenoxysilatrane at a significance level a < 0.001,
whereas in the case of I-(2,6-dimethylphenoxy)silatrane at x < 0.01.
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(ii) for curves described by the equation
log k = alogcOH- + b

in the case of 1-phenoxysilatrane in water and aqueous methanol (1 : 1) at
a = 0.15 as well as for I-(2,6-dimethylphenoxy)silatrane at « < 0.002. For

l-phenoxysilatrane and [|-(2,6-dimethylphenoxy)silatrane in water and
water— ethylene glycol mixture.
(iii) statistically significant differences were noted at a < 0.05

a < 0.02, respectively. For 1-phenoxysilatrane in water and water—acetoni-
trile (1 : 1) the differences were noted at a < 0.05.

The differences are justified by our hypothesis admitting the occurrence
of parallel SN-1-Si and SN-2-Si mechanisms of the hydrolysis of l-aryloxy-
silatranes.

The complexity of the reaction is further supported by the deviation
from linearity of the plots of the Eyring and Arrhenius equations for I-(2-
methylphenoxy)silatrane and 1-(2,5-dimethylphenoxy)silatrane [17].
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The mixed ligand complexes of palladium(ll), platinum(ll), iridium(lll),
rhodium (I11) and platinum(1V) with phthalimide as primary and diimines (dipyridyl
and o-phenanthroline) as secondary ligands have been synthesized and characterized
on the basis of elemental analysis, electrical conductance, magnetic measurements
and spectral (electronic and infrared) data. [M(P)aAM)] where M = Pt(Il), Pd(ll);
P = deprotonated phthalimide and Am = amines were planar and [Pt(P)4(Am)] and
[M(P)a(AT)(HrO)] were M= Ir(lll), Rh(Ill) were of octahedral structure, various
ligand field nephelauxetic parameters have also been evaluated.

The antitumor activity of bis-(amine) platinum (1) complexes with two
cis anionic leaving groups is by far one of the most ouststanding results in the
field of the bioactivity of metal complexes, the cis-platin, i.e. cis [Pt(NH 3)2€12]
according to the recent reports is the largest selling anticancer drug. This
class of complexe exhibits activity, ehrlich ascites, carcinoma and leukemeas
[1, 2]. The complexes of platinum metal ions with o-phenanthroline and
related bases have been shown to be lethal to many bacteria and pathogenic
fungi [3]. Beside this the utility of platinum metal complexes as homogeneous
catalyst in the reactions of industrial importance is an established fact.
Keeping in view the above facts and the pharmacological [4—8] and industrial
[9, 10] importance of phthalimide and heterocyclic bases [11—15], it is,
therefore, of interest to synthesize such complexes. Activity of these class of
organic compounds is reported to have generally been enhanced when they
are allowed to form complexes with metals [16, 17]. Hence in this paper we
report the preparation and characterization of mixed ligand complexes of
Pt(1l1), Pd(Il), Pt(lY), Ir(lll) and Rh(IlIl) with phthalimide as primary and
1,10-phenanthroline and 2,2-dipyridyl as secondary ligands.

* Correspondence to be made at: Vikas Nagar, 134/3, University of Roorkee, Roorkee-
247667, U. P., India.
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Experimental

Reagents and solutions

The platinum metal salts used were obtained from Johnson Mathey Products, London.
Phthalimide and amines used were of A. R. (B. D. H.) grade. Palladium(ll) chloride was
dissolved in dilute HC1 while the solutions of all other reagents were prepared in distilled
water.

Physical measurements

The infrared spectra were recorded on Beckman IR-20 spectrophotometer using KBr
film technique. The electronic spectra (in solutions and solid states) were recorded on a Carl
Zeiss ‘SPECORD’ UV-VIS’ fitted with a reflectance attachment of the Rd/O. Conductance
measurements were carried out with a Systronics conductivity bridge type 302, in DMSO.
The cell constant was 0.69. Magnetic studies were made on a Princeton Applied Research
Model 155 VSM at room temperature. Calibration was made with a pure nickel pellet.

Preparation of complexes

Palladium (I1) phthalimide

The solutions of palladium(ll) chloride in dilute HC1 and of potassium phthalimide
(prepared by mixing the solutions of alcoholic phthalimide and alcoholic potassium hydroxide
in the ratio of 1:1) in distilled water were mixed in 1 :2 ratio and stirred with a magnetic
stirrer w'hich gave a thick precipitate of light yellow colour. They were filtered, washed several
times with distilled water and finally with methanol and dried in a vacuum desiccator over
silica gel.

Diphthalimido-diimine palladium(I1); (diimino = dipyridyl or o-phenanthroline)

The palladium(ll) phthalimide and amine were mixed in 1 :1 ratio and the mixture
was then refluxed in absolute alcohol for about eight hours which gave blackish precipitates.
They were filtered, washed several times with alcohol and then dried in a vacuum desiccator.

Potassium dipththalimidodichloroplatiuate(ll)

Potassium tetrachloroplatinate(ll) was obtained by reducing of potassium hexa-
chloroplatinate(1V) with sulphur oxide [19]. The solutions of K2[PtCl4] so obtained and
potassium phthalimide were mixed in 1 : 3 ratio. The pH of the mixture was adjusted to about
7 by the addition of KOH. The solution was evaporated on a water bath. The complex was
dissolved in a 1: 1 mixture of acetone and alcohol. After filtration, the solvent was evaporated
and the solid product was collected which corresponded to the formula K2[Pt(CsH402N)2CI2].

Diphthalimidodiiminoplatinum (1)

The alcoholic solutions of K2[Pt(C8H40 2N2CI2] and amine were mixed in a 1: 1 ratio
and the mixture was refluxed on a water bath for about ten hours which gave brown coloured
precipitates. They were filtered, washed several times with water and alcohol and then dried
in a desiccator over silica gel.

Platinum (IV) phthalimide

All efforts to prepare the imido complex with K2[PtCle] as starting material were
unsuccessful. Metal perchlorate was prepared by adding required amount of PtCl4 (obtained
from K2PtCI4[20]) and silver perchlorate AgC104 in a small amount of water. On digestion
for about an hour a white precipitates (AgCl) separated. An aqueous solution containing
Pt(C104)4 and that of potassium phthalimide were mixed in 1 : 6 ratio raising the pH of the
mixture to about 8.0 with KOH and then refluxing on a water bath for more than ten hours.
The yellow precipitate was filtered, washed several times with water and alcohol and then
dried in a vacuum desiccator over silica gel.
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[Pt(C8H ,02) 4aminc)] were similarly prepared as the complexes of Pt(ll).

M (I11) phtlialimide ; [M  rhodium(111) crisidiuin(111)]

Metal perchlorate were prepared by mixing the aqueous solutions of MC13 and AgC104
in the required ratio, the mixture was heated on a water bath for about an hour and AgCl
was removed by centrifugation. Small amount of KC1 was added to ensure the complete
precipitation of silver as silver chloride.

[M(C8H40 2N)3] were prepared by mixing the aqueous solutions of metal perchlorate
and potassium phthalimide in 1 : 6 ratio and then heating the mixture in water bath for about
half an hour. The yellow precipitate was filtered, washed with distilled water and dried in
a vacuum desiccator.

Triphthalimidoaquodiiminc metal(l111)]

[M(C8H40 2N)3(H0)(amine)] were also similarly prepared.

All complexes are soluble in dimethylsulphoxide (DMSO). The results of chemical
analysis, conductance and magnetic measurements are given in Table I. All complexes are
nonelectrolytes.

Results and Discussion
Magnetic and electronic spectral studies

The palladium(ll) and platinum(ll) complexes were diamagnetic,
consistent with the square planar structure of the d8 metal complexes. The
electronic spectra of palladium(Il1) complexes gave three spin allowed d—d
bands corresponding to the transitions *Alg —»1A 2g; 1A Ig —1B Igand xA Ig —»1Eg
and two charge-transfer bands while platinum (I1) complexe' gave only three
charge-transfer bands (Table IlIl). The d—d bands were obscured by these
charge-transfer bands. The charge-transfer band of lowest energy involves
transitions from the highest filled metal orbitals to the most stable empty
ligand molecular orbital, i.e. a2u(n*). The first charge-transfer transition

“ma:u(n*) "Aig—miBItl) is orbitally forbidden and has low intensity.
The second and third charge-transfer transitions correspond to alg(<7*) —a2g{n*)
("41g 1A 2u) and eg(n*) —mam(n*) (LA lg —ml1E U, respectively. The values of
Ax, A2 and A3are given in Table IIl for comparison purposes. For these com-
plexes was the largest, indicating thereby more stronger antibonding cha-
racter of dx_y« than other d orbital. A3 for platinum(11) complexes is less
than for the corresponding palladium(ll) complexes. Thus d.2in the case of
platinum (11) was more stable than dxy, dyz. This was compatible with the idea
that the axial interaction of the solvent molecules in the case of Pd(Il) is
greater than in the case of Pt(1l1). The complexes of Ir(l111), Rh(Ill) and Pt(1V)
are also diamagnetic as expected. This is consistent with an octahedral ar-
rangement of the donor atoms around the metal ions, producing a stronge
field [21, 22].
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Complexes

[Pt(C8H4ON)2CIOH 8N 2)]
[Pt(C8H40 2N)2CI2HEN2)]
[Pd(CBHAON)ACIHEND)]
[Pd(C8H40 N)ACIH &N 2]
[Pt(C8H402N)4(C10HBN2)]
[Pt(C8H40 N)4CIHEND)]
[Rh(C8H402N)3C10HEN2H 20]
[Rh(C8H40 iN)3(H,0)(C 22H8N2)]
[Ir(C8H 102N)3H 20)(CI0H&N 2]

[Ir(C8H40 2N)&(H D)(CIHAND)]

Table |

Analytical data of complexes

Colour

Brown

Brown

Bluish
Black
Bluish
Black
Green

Yellowich

Green
Black

Black
Pale

Y cllow
White

M%

Calc.
(Found)

30.32
(29.90)
28.46
(27.95)
19.13
(18.85)
17.78
(17.50)
20.86
(20.40)
19.95
(19.70)
14.40
(14.29)
13.94
(13.48)
23.90
(23.72)
23.21
(23.00)

c%

Calc.
(Found)

48.52
(48.46)
49.05
(48.96)
56.31
(56.25)
56.37
56.30
53.90
(53.75)
54.04
(53.92)
57.06
(56.90)
58.45
(58.20)
50.75
(50.70)
52.17
(52.08)

H%

Calc.
(Found)

2.48
(2.40)
2.33
(2.25)
2.88
(2.82)
2.68
(2.52)
2.56
(2.40)
2.45
(2.30)
3.07
(3.10)
2.97
(2.80)
2.74
(2.66)
2.66
(2.56)

N%

Calc.
(Found)

8.70
(8.62)
8.39
(8.22)
10.10
(10.82)
9.68
(9.60)
8.98
(8.84)
8.76
(8.60)
9.79
(9.68)
9.47
(9.33)
8.70
(8.66)
8.45
(8.38)

I-Lett

(8. M)

0.00
0.00
0.00
+0.12
+0.46
+ 0.32
0.00
—0.14
—0.18

-0.22

Conductance
in DMSO(ohm_1
cm2mol_1)

10.20
10.34
10.26
11.20
10.00
10.21
10.80
10.68
11.24

11.18

SIXITdINO0D ANVOIT AIXIN IIAYVYN 'VINYVHS



SHARMA, NARVI: MIXED LIGAND COMPLEXES m

The ground state of a low spin demetal ion is xAlg. The ligand field tran-
sition —»tlgRglgives to two spin allowed ifTlg and 1T2g and two spin for-
bidden 3Tlg and 3jT2g excited states. Accordingly four bands can be expected.
Bands corresponding to charge-transfer from ligand to metal generally do
not appear in visible region in these systems [23]. However, each complex
gave two spin allowed bands involving transitions M Ig —17’lg and 1A 1g —m1T%X
and one very weak spin forbidden a band due to 1Alg—m3TIlg. The bands

Table 11

Spectral properties of the d8 complexes

Complexes ~max ®max Assignment
[Pd(Phth)Xdipy)] 40000 28500 'Eu
34500 8500 £ CA*
31000 . e
28400 At |{
23100 wg =1
[Pd(Phth)ZAPhen)] 40000 28500 5 g
34500 8500 IAlg Ay
31000 '‘A,g 'Eg
28400 ‘A, ‘Bu
23100 'A* A,
[Pt(Phth)Adipy)] 41000 1850 1A n-
39500 29000 'EU
36000 2000 la; ‘B lu
[Pt(Phth)APhen)] 41000 1850 1A, ‘A m
39500 29000 ‘A, 'Eu
36000 2000 IA g« 'B
Table 111

Metal d-orbital energies for square planar complexes

| nxs_yz
A AXy
A3 Vv
dxzedyz

Orbital energy differences (cm-1) for F2 10700 cm-1

Complexes 4 4 A
[Pd(Phth),(dipy)] 25550 6700 2250
[Pd(Phth),,(Phen)J 25550 6700 2250
[Pt(Phth)2Adipy)J - 12000 3250
[Pt(Phth)APhen)] — 12000  -3250

Phth = deprotonatcd phthalimidc
dipy = dipyridyl
Phen = o|g-phenanthroline
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112 SHARMA, NARVI: MIXED LIGAND COMPLEXES

Table IV

Electronic spectral data (cm-1) of platinum(l\), iridium(1\), and rhodium(l11) complexes

s. BA - I LFSE.

No. Complexes (cm-1y © 10Dg B 8 C  C/B Keasimole
1. [Pt(Phth)4(dipy)] 19000 27000 35250 31000 515.6 0.72 4000 7.76  35.42
2. [Pt(Phth)4(Phen)] 19000 27000 35250 31000 515.6 0.72 4000 7.76 35.42
3. [Ir(Phth)dipy)HD] 18000 23500 29500 26250 375.0 0.57 2750 7.33  29.99
4. [Ir(Phth)3(Phen)HD] 18000 23500 29500 26250 375.0 0.57 2750 7.33 29.99
5. [Rh(Phth)Xdipy)HD] 15000 19500 26250 21750 421.8 0.58 2250 533 24.85
6. [Rh(Phth)3Phen)HD] 15000 19500 26250 21750 421.8 0.58 2250 5.33 24.85

observed, their assignments, B, &, C, C/B and the values of L. F. S. E. are
listed in Table IY. These spectra resemble those of other six coordinated d6é
complexes [22, 24]. The electronic spectra of these dc complexes can be used
[25] to evaluate ligand field and nephelauxetic parameters. The B value
obtained in the range 57— 72% of the free ion values suggest considerable
orbital overlap with strong covalency in the metal-ligand a bond. In addition
to d—d transition, platinum (1Y) complexes have two charge-transfer bands
at 39 000 and 48 500 cm- 15 iridium(l11) complexes also have two charge-
transfer bands at 37 500 and 45 000 cm-1 whereas only one charge-transfer
band at 45 000 cm-1 was observed in the spectra of rhodium (111) complexes.
These may be assigned as ligand too metal charge-transfer bands since empty
ligand orbitals are expected at too high energy too participate to any extent
in bonding. The values of 10 Dg and hence the stability of these complexes
decrease in the order Pt(1V) > Ir(lIl) > Rg(lll) which is in agrement with
the spectrochemical series of the metal ions.

The reflectance spectra gave the bands at nearly the same frequency
as were obtained in their solution spectra indicating no dissociation of the
complexes in solutions.

Infrared studies

The general appearance of the spectra of all the complexes were of the
same type because of the presence of same constituents inside the coordination
sphere i.e. phthalimide and diimine (dipyridyl or o-phenanthroline) except
the complexes 7—10 (Table 1) which gave two extra bands at around 860 and
650 cm-1 due to wagging and rocking modes of coordinated water [26].
A band due to coordinated water molecule was also obtained at around
3400 cm -1.

Phthalimide has two important (NH and CO strecthing) frequency
regions. These frequencies, however, can not make a sharp distinction whether
coordination is through imido nitrogen or carbonyl oxygen because any change
in the imido nitrogen which is directly linked to the carbonyl group, alters
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the environment of the molecule and hence the frequency of the later even if
it is not coordinated [27]. However,on the basis of Lewis acid concept, coor-
dination through negatively charged phthalimide nitrogen is more probable
than that through oxygen [28]. Secondly, there is steric hindrance if the
ligand is coordinated through oxygen. There is a shift of carbonyl stretching
frequency from 1750 to 1700 i 10 cm-1 in the spectra of complexes. This
negative shift may be due to mass effect [29]. Further the filled orbital of
phthalimide nitrogen is made available quasi-aromatic delocalisation which
gives lower bond order to C=0 and thus a low frequency. There is also a shift
in the C—N stretching frequency from 1470 cm-1 in free phthalimide to
1485—90 cm-1 in the spectra of complexes, thereby provides information
about coordination of imido group through nitrogen. The absence of the sharp
characteristic peaks in the region 3500 to 3300 cm-1 due to VN_H means the
deprotonation of the primary ligand. The possibility of simultaneous coor-
dination of oxygen of C=0 group and that of imide nitrogen to the same or
two neighbouring metal ions ruled out in the light of steric hindrance and small
shift (s="50 c¢m-1) in the carbonyl stretching frequency. In the spectra of
dipyridyl and o-phenanthroline complexes two bands observed generally at
around 755 cm-1 and 905 cm-1 in the spectra of free ligand due to out of
plane bending (0gr—H) modes have been suggested most useful diagnostic in
their complexes where these bands shift towards higher side [30]. In our case
the former hand shifted to 775 cm-1 in the spectra of Rh(IIl) and Ir(IIl)
complexes and to 785—88 cm-1 in the spectra of others. The second band
shifted to 920 cm -1 in the spectra of Ir(l111) and Rh(Ill) and to 935—45 cm-1
in the case of others. A sharp band at 1600— 1606 cm-1 in the spectra of
mixed ligand complexes was assigned to characteristic heterocyclic ring
vibration. These band confirm the coordination of diimines through nitrogen.
Other ring vibrations in the ante 1600—1320 cm-1 could not be distinguished
because of the mixing or overlapping with the imide vibrations. All these
bands increased in intensity in the spectra of complexes which is also a charac-
teristic feature of dipyridyl and o-phenanthroline complexes [26, 30].

In the far i.r. region all the complexes gave a broad band at 400—425
cm-1 due to M—N frequencies of coordinated imide and diimine and could
not be separately assigned due to the overlap of these frequencies. While
a very weak band at around 350 cm-1 assignable to rm-o was observed only
in the spectra of the complexes 7— 10 (Table 1I).

Thermal analysis

Thermogravimetric and D. T. curves indicate the presence of one coor-
dinated water molecule only in the complexes of Ir(I1l1) and Rh(Ill).
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The complete sets of both O—O cis and O—O Irans furan-2-aldehyde force
constants were calculated based on the geometry determined by electron diffraction.
The force constant sets were scaled in first approximation by scaling factors of furén,
acrolein and glyoxale. A refinement procedure demonstrates the very good trans-
ferability of furan scaling factors.

Temperature, solvent and phase dependent infrared spectra and liquid phase
Raman spectra were measured.

Total energy distribution and band assignments are given according to the
calculations.

Introduction

The infrared and Raman spectra of furan-2-aldehyde were first studied
by Allen and Bernstein [1]. They interpreted the observed doublets based on
their temperature and solvent dependency by the conformational equilibrium.
They found the conformer with higher dipole moment (0—0 cis) more stable
in liquid and solid states. They did not give, however, the assignment for all
band pairs because the intensity changes of the weak overlapping band pairs
were uncertain.

A series of papers have dealt with the vibrational spectra of furan-2-
aldehyde later. Green and Harrison [2] published a full assignment based on
infrared and Raman spectra. Katritzky [3], Senechal and Saumagne [4],
Claverie et al. [5] have given the characteristic frequencies. Monnig and
coworkers [6, 7] and Miller and coworkers [8] have investigated the far infrared
spectra.

The approximate normal coordinate analysis of furan-2-aldehyde was
carried out by Adamek and coworkers [9]. They applied the same force field
for both conformers (0—O cis and O—O0 trans) using Scott’s [10] force
constants for the furan ring and estimated force constants for the aldehyde

*To whom correspondence should be addressed.
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group. Adopting this furan force field unchanged, the effect of the aldehyde
group on the furadn ring force constants was not taken into account. The bulk
of the fundamentals were assigned from the vapor phase vibrational spectra
but no measurements were carried out in the far infrared.

Sheinker et al. [11] have calculated the normal vibrations of furan-2-
aldehyde based on the force fields of furdn and acrolein. They have inter-
preted only two band pairs with the conformational equilibrium. Their funda-
mentals show a definite difference from those of Adamek [9] (e.g. band pairs
at 926—946, and 1146—1154 cm -1, respectively, are two band pairs of con-
formers according to Adamek and four independent fundamentals in Schein-
ker’s assignment).

In this paper we try to give a coherent view of the force fields and
vibrational spectra of furan-2-aldehyde conformers.

Experimental

The infrared spectra of furan-2-aldehyde were recorded in the 400—4000 cm-1 region
on a Digilab FTS-14 and a Nicolet 7199 Fourier transform infrared spectrometer. The thin
layers of liquids and the solids were measured between KBr windows. For temperature depend-
ing measurements a SPECAC-Mode-20010 cell was adopted in the temperature interval
210—310 K. The concentrations in the applied solvents (carbon-tetrachloride and carbon-
disulfide) were 0.01 mol «dm-3 at a cell thickness of 0.1 mm. The vapour spectra were recorded
at room temperature in a 10-cm gas cell.

Far infrared spectra were scanned in polyethylene cells in the 20—400 cm-1 region
by a Grubb Parsons IS3 spectrometer.

Raman spectral data were obtained in liquid phase on a Ramanor HG. 2S spectrometer
equipped with an argon ion laser ILA 120, using the 515 nm line for excitation.

Furan-2-aldehyde was freshly distilled before measurements.

The infrared and Raman spectral data are listed in Table I. Since the samples are
temperature, solvent and phase dependent mixtures of the two conformers, the recorded
spectra contain both spectra in the ratio of their concentrations. In general, the bands of the
conformers stand near to each other or overlap each other.

Calculations

The complete set of non-redundant coordinates is based on the internal coordinate
set of furan [12] with the addition of coordinates belonging to the aldehyde group (Table II).
The transferability of scaling factors requires the separation of stretching and bending motions.
Coordinates meeting this requirement were applied.

In our calculations experimental data determined by electron diffraction were used
as reference geometry [13] for both O O trans and O—O cis conformers. The results of the
electron diffraction measurements were evaluated supposing that the geometry during the
rotation of the aldehyde group was constant.

According to the CNDO/2 force method the forces were calculated analytically for
appropriately distorted nuclear configurations around the reference geometry. The force
constants were then evaluated numerically from the changes in forces.

For calculating the in-plane force constants the forces acting on the atoms were deter-
mined for both positive and negative displacements. In the case of out-of-plane force constants
there is no sense of making a distinction between positive and negative displacements. There-
fore four additional displacements were sufficient. The atomic displacements did not exceed
0.5 pm.

Owing to the systematic errors of the force constants obtained from the CNDO/2
calculations, these cannot be directly applied for predicting vibrational frequencies. A great
deal of the errors can be corrected by empirical scaling factors [14].
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Table |
Vibrational spectral data offuran-2-aldehyde (cm-1)

Infrared Raman Species
Vapour* Solution** Liquid Solid Liquid A* A"
3150 vw 3150 w 3142 w 3155 w
3144 vw 3138 m "o
3128 vw 3128 m 3128 vw Vs
3113 8
3103 vw 3108 w 3106 w 3108 vw
2920 m 2919 w 2916 w
2841 w i 2838 w 2856 w 2848 m 2858 vw
2804 w B 2800 m 2816 w 2812 m 2818 vw Vs
2754 vw B 2750 w 2760 vw 2763 vw 2760 vw
2714 vw B 2712 vw 2720 vw 2715 w 2722 vw
2660 vw
2540 vw
2100 vw
2032 vw 2042 vw
1900 vw 1900 vw
1798 w
1767 vw 1770 vw 1781 w 1770 vw 1780 vw
1733 w 1743 vw
1718 vs+ A 1701 vs 1692 vs 1694 vs 1692 vs 2
1688 w A 1684 vs 1673 vs 1677 vs 1672 vs
1655 w 1643 m 1645 w
1637 vw 1630 w 1633 m
1627 m
1577 m+ A 1570 s 1571 s 1568 w 1570 m g
1508 vw 1520 vw 1511 m 1520 vw
1479 m A 1477 m 1473 s 1478 s 1475 vs v
1473 m A 1465 s 1464 s 1475 sh 1465 vs J
1447 vw 1442 vw 1444 vw
1399 vw A 1395 m 1395 s+ 1402 m 1396 vs Vs
1394 vw B 1393 sh '
1365 vw 1364 w 1370 B 1368 m 1370 vs
1365 m
1277 vw A 1275 m 1277 s 1288 s 1280 vw 710
1272 w 1265 sh 1265 w "1
1242 w A 1245 m 1244 m 1245 vw
1232 vw A 1237 m 1227 sh 1237 w 1227 sh
1220 vw A 1218 vw 1222 w 1229 vw 1223 w
1207 vw 1210 vw 1208 vw
1164 w A 1157 m 1158 m + 1167 m 1158 s "
1155 w A 1148 w 1157 sh 1152 s
1085 w A 1084 m 1082 m 1081 m 1078 m VI3
1018 w A 1015 m 1021 s 1036 vs 1022 m
1011w A 1010 m 1022 vw vu
995 sh 993 vw 995 vw
947 w A 946 w 949 w 945 sh 947 w .
933 vw B 929 w 930 s 930 s 930 s 5
900 vw 908 m
888 w A 887 m 888 s 881 m 885 m "1«
882 vw C 872 vw 864 w Vto
830 w C 830 w 841 w 845 vw Vu
825 vw C V2,
759 8 C 758 vs 768 s 774 vs 775 vw 1, "3
756 s C 754 vs 754 vs 770 vs 755 w [ 1 )
746 s A 748 s 748 s 750 sh "
639 vw 632 sh 633 vw
622 vw 623 vw 625 sh

4' Acta Chim. Hung. 123, 1986
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Table 1 (cotinued)

Infrared Raman Species

Vapour® Solution** Liquid Solid Liquid A’ A~

593 m 593 m 598 vs 596 vw vas

498 sh 501 vw 510 vw 504 vs i 18

495 vw 496 sh 507 vw |

295 vw 302 vw 303 vw 1y vas

249 vw 256 vw 252 vw r

211 vw 215 vw 215 w 1

167 vw 170 vw 170 sh 14 var

150 vw 152 vw 154 m jf

aonly the wavenumber of the band middle (Q branch) is given
b between 400—4000 cm-1 the solvent was carbondisulfide, between 20—400 cm-1 benzene
+ band structure referring to dublet

In the first attempt an approximate force field was constructed. The in-plane force
constants having the same definition as in furan (Rx—R9 and Rn—RIs) were corrected by
scaling factors obtained for furadn by fitting the experimental normal frequencies of furan
and its six deuterated derivatives to the calculated frequencies [12]. The in-plane bending
force constants of the aldehyde group (f?10, 1il8and Rm) were corrected according to the cor-
responding scaling factors for acrolein and glyoxale [15]. Since the stretching force constant
are more sensitive to the chemical environment, they were scaled by estimated factors (Rle
and R1?). Ring and aldehyde OCH force constants were handled separately since in accordance
with our experience [16] the CNDO/2 method does not distinguish appropriately these bond
types. Most of the force constants of out-of-plane motions (R20—R 2 were scaled like the cor-
responding furdn coordinates. The out-of-plane CH bending (R27) force constant of the aldehyde
group was corrected by the same factor as the CH bending force constants of furan. Although
the torsion of the aldehyde group is a large-amplitude motion, the calculated force constant
can be formally scaled. The transferability of such a scaling factor is, however, obviously
restricted (R2).

W ith this scaling factor set the reproduction of the experimental frequencies of furan-2-
aldehyde was satisfactory.

As a second level of approximation, a refinement procedure was carried out to fit the
force constants (the scaling factors) to the observed normal frequencies of the 0 —0 Irans
and O —O cis conformers and also to those of furan and its six deuterated derivatives. During
these calculations the scaling factors of the in-plane bending of the aldehyde group (R0, Ri8
and fil9 were kept constant.

Results and Discussions

The scaling factors are listed in Table Ill together with those for furan
[12]. The transferability of the furan scaling factors is well demonstrated.
When furan scaling factors were used for frequency calculations of furan-2-
aldehyde instead of its own ones, the deviations in the calculated values
did not exceed 5 cm-1.

Table IV contains the force constants of the O— O trans and O— 0 cis
conformers and their deviations. Analyzing these values it is conspicuous that
pivot elements of the force constant matrices do not differ essentially. The
change in the configuration acts on the electron distribution. This effect is,
however, only moderately reflected in the diagonal valence bond force con-

Acta Chim. Hung. 123, 1986
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Table 11

Internal coordinates of furan-2-aldehyde (for both conformers)

Internal coordinate (i?j)

»0,—C,)

r(Cs=C3)

r(C,-C4

v(C4&=C9

r(C5=0,)

v(C2—Ce)

r(C3-H 7

v(C4-H 8

v(C,-H9

/9(0,- C,—Ce) - /9(C3= C2—C¢)

B(C2= C3—HT7)- /9(C4 C3—H7)

/9(C6=C4-H 8 - /9(C3-C 4 H §

/9(0,—C6—H.) - /9(C.= C5—H9)

/9(C,—0,—C8) + cos 144°[/9(0,-C2= C3) + /9(0,- C6= C4)] +
+ c0s 72°[/)(C2= C3—C4) + /9(C3-C 4=CH)]

(1-cos 72° [£(0,—C2=C3) - [ O ,-C5C4)] +
+ (cos 144°-cos 72°) |/?(C2=C3-C4) - £(C,-C4= Co)]

r(C80,0)

r(C,-H,,)

9(C2 C.=0,00- /9(0,0=C ,- 1I1,)

f9(C2 C6 1,,) /9(0,0=Ce—H,,)

J(Ce—C3—0,—C2

y(H, C4&-C 2-C 3

y(H8—C6—C3—C4)

y(H9 O, C4 Cp

t(C2=C3-C4C9 +
+ cos 144° [¢(C3- C4&=C5—0,) + ¢(0,-C2=C3 C4)] +
+ cos 72°[¢(C4 - C6—0,—C2 + ¢(C6—0, —C2—C3)]

(1-cos 72°) [¢(C3 C4 C50,) - ¢0,-C2=C3 C4] +
+ (cos 144°-cos 72°)[¢(C4&= C8—0O,—C2 — ¢(C5 0,-C 2=C 3)]

t(C3=C,-C80,0

y(H,, C20 10-C 9

The numbering of atoms is as follows:

X H,

v, stretching: /9, in-plane bending; r, torsion; y, out-of-plane bending. The normalization
factors are not given.

stants. The transition from the O—0 cis to the O—O0 trans conformer decreases
the double bond character of the aldehyde carbonyl bond and increases the
same of the 0,—C2 bond.

There are many interactions very sensitive to the rotation of the alde-

hyde group. As it was expected, the interactions of coordinates belonging to

Acta Chim. Hung. 123y 1986
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Table 111

Applied scaling factors for furan and furan-2-aldehyde

Scaling factors for Serial number of
Type of coordinate furan -2- coordinates for
aldehyde
r(C-C) 0.389 0.388 2,3, 4,6
v(C-H) 0389 0388 7,8 9
v(C-0) 0.243 0.242 1, 5
LC-H) 0.681 0.688 11, 12, 13
/S(nng) 1.467 1.445 14, 15
r(ring) 0.540 0.541 24, 25
y(C-H) 0.802 0.818 20, 21, 22, 23,
27

f(C—H)ad 0.344 17
jlicro hid 0.260 16
/?(C-H)ald 0.800 19
/3(C=0)ald 0.800 18
/2(Cimg—"ald) 0.800 10
r(ald) 2.500 26

the aldehyde group (in-plane: /110, 116 N17, 018 N19 and out-of-plane:

n~, RMj) show this effect above all. Extremely high deviations are in Fio,is
and F10 19. It is conspicuous, however, that there are also great effects on
aldehyde motion interactions with ring angle bending Ru (only with this and
not with J115 and ring valence bond coordinate /16 and the CH motion /8.
The behaviour of /1810 is curious, since the corresponding coordinates are very
far from each other. In contrast to the in-plane modes the interactions of the
out-of-plane aldehyde motions with both ring out-of-plane motions are sen-
sitive to the aldehyde rotation.

The comparison of the ring valence force constants of furan-2-aldehyde
and furan [12] shows differences in accordance with the negative electron
effect of the aldehyde group. The substitution yields an increase in the force
constants in the neighbourhood of the substituent (bond Or—C2and C2=C 3
and a decrease in the force constants of other bonds.

Experimental and calculated frequencies for both furan-2-aldehyde con-
formers are presented in Table ¥ together with the elements of the TED
(total energy distribution matrix) [17]. Contributions of less than 10% are
not included.

In general the calculated and experimental frequencies agree well.
There is, however, a relatively great deviation at normal modes 6. and 7.
(A similar discrepancy was observed at the corresponding furan vibrations 17.
and 3. [12]). The r(C=C) vibration takes part in both modes in a high per-
centage. Since the CNDO/2 method underestimates the conjugation between
the furdn ring and the aldehyde group, the y(C=C) force constants and con-
sequently the calculated frequencies increase. Deviations at modes 9. and

Acta Chim. Hung. 123, 1986
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1

12

13

14

16

17

18

19

Table IV

In-plane (lower triangle) and out-of-plane (upper triangle) force constants of O O-lrans- and O—O-cis furan-2-aldehyde (stretching force constants in 102N.n 1, bending ones in 10 '/'S .m.
rad-2, stretching-bending interactions in 10/ N.rad-2 units) and their derivatives ( ¢ 10")

5.242
5.230
12

0.526
0.530

-0.037
-0.040

0.136
0.1l

0.271
0.268

0.325
0.320

0.008
0.008

—0.037
- 0.038

-0.004
-0.004

0.165
0.163

0.009
0.008

—0.007
-0.007

0.029
-0.029

0.109
0.103

0.171
0.175

—0.013
0.030
17

0.003
0.012

0.052
—0.055

—0.021
0.061.
87

8.166
8.167

0.784
0.791

-0.230
—0.236

0.238
0.241

0.458
0.455

0.170
0.171

0.014
0.014

- 0.046
-0.045

-0.156
- 0.143
13

0.145
0.146

0.011
0.011

—0.014
—0.014

-0.150
—0.153

0.089
- 0.092

- 0.099
-0.077
22

0.016
0.003

- 0.018
0.043

0.048
-0.007
55

6.283
6.281

0.770
0.773

—0.148
-0.148

-0.094
-0.096
— 2

0.158
0.160

0.165
0.165

0.009
0.008

-0.016
—0.026
10

0.130
-0.131

-0.137
0.137
0

-0.009
-0.009
0

0.222
0.225

—0.016
-0.016

0.049
0.058

0.005
0.003

0.005
0.017

-0.009
—0.019
10

20

8.060
8.057

0.653
0.656

—0.003
-0.003

0.014
0.015
— 1

0.171
0.171
0

0.176
0.176
0

—0.008
ILHill
7

0.013
0.012
1

0.150
0.150
0

0.121
—0.121
0

-0.206
-0.203
— 3

0.080
0.082
2

—0.034
0.040
6

-0.006
-0.005

—0.016
—0.009
7

0.009
0.004
5

20

0.376
0.384
— 8

21

5.074
5.070

-0.071
—0.067
— 4

—0.038
—0.039

0.007
0.007

0.161
0.161

—0.031
—0.042
u

—0.008
—0.008

0.007
0.007

0.132
0.131
1

0.064
0.064

-0.194
-0.195

0.021
0.039
18

0.007
-0.002

0.000
0.026
26

—0.006
—0.029
23

21 22
—0.026 0.006
—0.027 0.006
1 0
0.383 - 0.022
0.382 - 0.022
1 0

22 0.383

0.383
0
23
O—O0 trans
0—0O0 cis
deviation
5.822
5.829

J— 7 7
—0.001 5.414
-0.002 5.413
1 1
0.002 0.001
0.002 - 0.001
0 0
0.004 0.002
0.003 0.002
1 0
0.070 0.001
0.021 0.001
49 0
—0.003 - 0.012
-0.003 - 0.012
0 0
—0.003 0.007
—0.004 0.007
1 0
0.009 0.003
0.007 -0.003
2 0
0.238 0.063
0.221 0.065
17 2
-0.204 0.214
-0.199 0.217
5 3
0.586 0.002
0.577 0.000
9 2
0.149 0.000
0.141 0.000
8 0
0.206 0.000
0.201 0.000
5 0
0.055 0.000
0.052 0.001

3 1

23
0.015
0.017

2

0.003
0.003
0

-0.028
- 0.028
0

0.332
0.331
1

24

5.412
5.412

0.000
0.000

—0.037
—0.004

0.007
0.007

0.011
0.011

0.003
0.003

—0.064
-0.064

-0.221
-0.222

0.002
0.003

0.001
0.001

-0.001
0.004

0.002
-0.002
4

24
-0.095
-0.097

2

0.166
0.173
— 7

-0.178
-0.178
0

0.096
0.097
1

0.511
0.514
— 3

25

5.404
5.404

0.004
0.004

—0.003
-0.004

—0.004
—0.004
0

0.020
0.019
1

0.191
0.190

0.148
0.148

0.001
0.001

0.001
0.001

0.003
—0.002

—0.001
0.003
— 4

25
—0.095
—0.100

5

0.067
0.067
0

0.069
0.069
0

—0.121
-0.122
1

—0.004
—0.004
0

0.358
0.358
0

26

10
0.536
0.519

17

—0.001
—0.002

0.008
0.009

0.011
0.010
1

0.109
0.101

0.000
0.002

0.036
—0.065
101

—0.034
0.034
68

0.103
0131
233

—0.097
0111
— 208

26

0.125
0.154
— 29

0.009
0.002
7

0.006
0.007
1

-0.014
—0.013
1

—0.026
-0.042
16

0.014
—0.003
17

0.179
0.186
— 7

27

u
0.394
0.397

—0.008
—0.008
0

0.008
0.008
0

—0.057
—0.056

—0.006
1t.007

0.000
—0.001

0.000
0.001

0.001
—0.002

—0.001
0.002
3

27
0.063
0.001

62

—0.001
0.004
— 5

0.003
0.000
3

0.003
—0.009
12

-0.022
0.008
— 30

—0.019
0.022
— a

0.026
0.067
— a

0.270
0.286
16

0.394
0.394

0.003
0.003

—0.057
—0.057

0.013
0.013

0.000
-0.002

-0.002
0.000

0.002
—0.004

—0.003
».1)02
5

0

13
0.447
0.447

0.092
0.093

0.002
0.002

0.002
-0.002

0.000
1).002

-0.004
0.004

-0.002
0.005
7

14
2.049
2.048

0.061
-0.057

0.045
0.016
29

0.009
0.023

0.052
—0.015
67

—0.015
0.040
— 55

15
1.781
1.784

-0.007
-0.006

-0.011
-0.009

-0.005
- 0.009
4

-0.020
-0.015
— 5

16
10.60
10.62

20

0.263
0.265

0.187
0.197
10

—0.273
0.285
12

17
4.402
4.400

—0.196
-0.191
— 5

0.078
0.075
3

18
0.928
0.922

-0.375
- 0.365
— 10

19
0.745
0.731

14
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Table V
Normal vibrations offuran-2-aldehyde
. . Vi/cm_‘l TED % Corresponding
Species | trane/cis trans/cis furan or substi-
exper. calc. tuent mode

| 3150 3146 »CH, 8 (81/80), rCH, (18/19) [

3146
2 3144 3137 VCH7 (57/58), rCll, (39/38) 15
3136
3 3128* 3123 rCHT78 (57/58), i-ClI9 (43/42) 16
3123
4 2804 2821 rCHald (100/100) vCHald
2841 2821
5 1694b 1705 vC=C (60/45), /2CCald (17/19), /?CHald (15/15) s- o
1721
6 1577 1628 vC=C (66/58), vC=0 (10/24) 17
1598
7 1473 1552 rC=C (61/56), /ring (14/15) 3
1479 1549
8 1399 1401 tC-C (36/36), ,dCHT7i8 (14/16), /SCII9 (16/18) 4
1399
A’ 9 1365 1367 /?CHald (36/54), rC =0 (20/18) CHald
1394 1349
10 1277 1290 rC O (31/27), ,CCald (11/20), /ring (16/15), 2,j'CCald
/2CHald (20,10)
1237
11 1242 1237 [2CHT7S (36/34), RCH, (30/27), vC C (14/17), 18
1272 1232 rC=0 (8/10)
12 1155 1128 /SCH7 (33/34), /SCII9 (22/27), j-C=C (24/21) 20
1164 1124
13 1085 1065 /2CH7 (26/25), vC O (36/41), vC C (15/14) 6
1075
14 1011 1007 rC -0 (29/17), vC-C (8/10), /SCII7,8 (54/65) 7
1018 1018
15 947 961 VvC 0 (24/23), vC—C (18/13), BlirR (27/36),
933 946  RCH, (11/11) 5
16 888 872 Qring (67/66), VC O (24/29) 21
868
17 746 736 Bting (37/25), vCCald (19/20), /2C=0 (19/18) 8
726
18 495 467 BC—O (36/36), RCCM (18/20), vCCald (17/17) Rc=o
498* 488
19 213" 196 ~CCald (68/67), RC—O (23/24) 19//2CCald
183
20 882 880 yCH7,8 (54/64), yCHald (34/34) 9
866
21 830 851 yCH8 (49/45), yCHald (35/40), yCH (14/14) yCHald
848
22 825 809 YCH78 (55/59), yCH9 (26/25), yCllald (19/16) 12
808
23 756 752 yCH, (60/61), yCH8 (29/27) 13
759 750
A" 24 639* 637 Tring (82/87) 1
622» 635
25 595 578 Tring (100/99) 14
582
26 245 260 yCCald (62/84), rCCald (30/12) 10/yCCald
280" 251
27 145" 143 rCCald (67/76), yCCad (26/5) TCCald
134* 139

Experimental frequencies are take from our vapour spectrum except those marked: a,
solution spectrum b, carbonyl stretching frequency unperturbed by Fermi resonance [18];
¢, far infrared vapour spectrum [8].
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10. can be explained by the transferred and unoptimized scaling factors of
the bending force constants of the aldehyde group.

The mean deviation of the experimental and calculated frequencies for
the O— O trans and the O— O cis conformers are 24 cm-1 and 29 cm-1 (in-
plane modes), 13 cm-1 and 14 cm-1 (out-of-plane modes), respectively. The
directions of deviations are the same for most of the modes.

The conformational equilibrium does not produce considerable resolu-
tions in furan-2-aldehyde spectra. The calculated frequencies, however, do not
reflect this fact. The calculations result in deviations also at modes where
no resolution is observed in the spectra (e.g. modes 6., 10., 16., etc.). We can
explain this by three reasons:

1. The CNDO/2 method is only a rough approximation and is not able
to take into account appropriately the small differences in the force field
of the two conformers.

2. The same scaling factors were used for both conformers, i.e. the
force fields were not scaled individually.

3. The calculated frequencies are very sensitive to the applied reference
geometry (no individual geometries were used).

In our paper on furdan force field [12] it was dealt with the substituent
effect of the furdan fundamentals. Comparing its frequencies to those of furan-
2-aldehyde, normal frequencies of modes 11, 14 and 21 were declared as furan

skeletal characteristics.
*

The authors are very grateful Dr G. Pongor for the possibility of using his refinement
program.
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A unified mechanism is proposed to describe the Os04-catalysed decomposition
of hydrogen peroxide. The decomposition is induced by the nucleophilic attack of HO®
ion on 0s04.aq, resulting in a cherry-red transient (absorption maximum at 530 nm)
in the range of 9 < pH <13. The peroxide adduct of the catalyst undergoes fast
intramolecular redox reactions. The first step results in an osmium(VII) superoxide
radical pairs, the second gives dioxygen and osmium(V1). The latter species is then
reoxidized by hydrogen peroxide in a two-electron step. This redox cycle represents
the molecular component of decomposition with a rate maximum at pH 10.6—10.7,
where the concentrations of the osmium(VI1Il) and osmium (V1) species are just equal.
At lower pH, undissociated osmium(VI) acid is formed and peroxidized. The peroxo-
osmium(V1) acid undergoes homolysis, and 'OH and osmium(VII) radicals are formed.
The latter is reduced by hydrogen peroxide, whereby a radical chain reaction is evolved
with the formation of superoxide radicals. The radical chain process involving the 'OH
radical depends on the pH, exhibiting a maximum at pH 8.5. At lower pH, the radical
component predominates in the decomposition. During the decomposition, the formation
of singlet oxygen is also observed in low yield. The proposed reaction scheme proves
suitable for simulation the main characteristics of the catalysed decomposition.

Introduction

Due to its advantageous properties, osmium tetroxide is a widely used
catalyst. Although 0s04is a highly covalent compound, it undergoes strong
solvation and therefore dissolves readily both in water and in non-aqueous
solvents. Further, it has the great advantage that it can be applied in acidic,
neutral and alkaline media. Its general use might be restricted by its relatively
high price, but its exceptionally high catalytic activity (it is usually enough
to apply it in 10~8—10~5M concentration) means that the price is not a real
limiting factor.

Osmium tetroxide catalyses both non-complementary and comple-
mentary (in which the partners change their valencies by the same amount)
redox reactions. In acidic medium, osmium tetroxide catalyses the oxidation
of arsenic(lll) by one-electron oxidants such as cerium(IV) or permanganate
[1, 2], but it also accelerates the two-electron reduction of hydrogen peroxide
and different monoperoxo acids by arsenous acid [3].

*To whom correspondence should be addressed.
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The widespread use of hexacyanoferrate(lll) as a strong oxiuizing
agent is made possible by the application of 0s04catalysis in alkaline medium.
The oxidation of some inorganic [4—6] and organic [/—13] substrates by
hexacyanoferrate(lll) has been investigated kinetically, and the catalysis was
explained by oxidation of the given substrates by osmium (VIIl), followed by
the fast reoxidation of osmium(Y1) by hexacyanoferrate(lll). In other cases
[14, 15], the formation of an osmium(V1l) intermediate has been postulated.

Oxidation with chloramine-T (IV-chlorotoluenephenylsulphoxide) can
be achieved only through 0s04 catalysis. In the oxidation of some organic
substances [16—21] by chloramine-T, the Os04-catalysis is similarly explained
by the formation of a complex between the catalyst and the substrate, which
decomposes into osmium(Y1) and products. In these investigations, however,
the postulated valence change of the catalyst is supported only by kinetic
evidence.

Osmium tetroxide is a widely used reagent in organic syntheses involving
the transformation of olefins into a-diols in hydroxylation reactions. The
oxidative hydroxylations of aliphatic alicyclic and aromatic olefins are
explained in terms of the intermediate formation of osmium (V1) acid esters,
the hydrolysis of which yields glycols. Chlorates, hydrogen peroxide or molec-
ular oxygen are used to reoxidize the osmium (V1) formed [22, 23]. A special
feature of hydroxylations effected by 0s04 is that these always result in
cis-a-diols, in contrast to the other diol-forming catalysts such as Mo, W, Se,
etc., which furnish irans-a-diols. Details of the kinetics of the hydroxylation
reactions are not known.

Based on this short review it can be concluded that in osmium-catalysed
redox reactions investigated kinetically without exception a complex formation
between the catalyst and the given substrate is postulated followed by the
reduction of osmium(VIIl) to osmium(VI) and then the reoxidation of os-
mium (V1) with the oxidizing reagent applied. Experimental evidences, how-
ever, do not support the assumed mechanisms.

In this paper an attempt is made to give a unified explanation of experi-
mental facts [24—29] related to the Os04-catalysed decomposition of hydrogen
peroxide with the hope that further insights and some support would be
acquired into the mechanisms of redox catalysis by osmium tetroxide.

General properties of the OsO4-catalysed decomposition of hydrogen
peroxide

W hen osmium tetroxide or some other osmium species of lower oxidation
states solution is added to alkaline hydrogen peroxide (9 <CpH < 13) solution
a transitory cherry-red coloration is observable and the decomposition of
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hydrogen peroxide starts immediately [30]. According to the method of
Krajlic and Mohsni 0.26 and 0.6% of the total dioxygen evolved appeared
as singlet oxygen at pH 8.6 and 10.6, respectively (Fig. 1).

The rate of 02evolution was found to depend on the pH of the reaction
mixture, with a maximum at pH 10.6 (Fig. 2, upper part, points denoted

[IMIDAZOLE]/mol dm"3

Fig. 1. Detection of singlet oxygen; curve 1: 2.27X 10~7 M 0Os04, 454X 10-2 M H202 4.35X

x 10-5 M RNO, 0.1 M ethanol (to scavenge all of the ‘OH radical formed), pH 8.6 (phosphate

buffer), cell thickness: 1 cm, curve 2: 1.62X 10-7 M 0Os04, 2.55X10-2 M H20 2 4.35X10-5 M

RNO, O.IfJvf ethanol (to scavange all of the 'OH radical formed), pH 10.6 (phosphate buffer),
cell thickness: 1 cm

by ¢). During the decomposition, hydroxyl and superoxide radicals are formed.
The initial rate of formation of ‘OH radicals displays a maximum at pH 8.5
as a function of pH (Fig. 2, upper part, points denoted by X). The super-
oxide radical was measured by e.s.r. method at pH >9.5; its concentration
increased monotonously when the pH was raised (points denoted by m).

The hydroxyl radical is produced mostly in a chain process. This can be
concluded from the observation that when -OH scavengers (2-propanol,
ethanol, RNO, etc.) were added to the reaction mixture the overall rate of
decomposition was reduced drastically. At pH < 9, the contribution of the
*OH radical chain process to the overall decomposition is considerable, but
falls to 1—5% at pH > 9 (see Fig. 2, lower part, points denoted by A
and m).

It was observed that at pH > 8.5, osmium (VII11) is progressively reduced
with hydrogen peroxide to osmium(VI) [28]. At pH 10.6, where the rate of
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Fig. 2. pH-dependence of catalysed decomposition; curve 1: Initial rate of decomposition of
hydrogen peroxide: 3.0X 10~8 M 0s04, 1.8x 10-2 M H202 298 K, pH adjusted by pH-stat.
Experimental values: «; computed values obtained by steady-state treatment: full line;
computed values obtained by Gear method: dashed line, curve 2: Initial rate of 'OH radical
formation: 1.74X 10-7 M 0s02 8.2X 10~2M H22 298 K, pH adjusted by pH-stat. Experi-
mental values: x; computed values by steady-state treatment: full line, curve 3: Change in
concentration of superoxide radical: 1.OxIO-6 M 0s04, 0.1 M H22 298 K, 0.1 M phos-
phate buffer. Superoxide content measured by e.s.r. method in frozen samples near liquid
nitrogen temperature after 2 min conversion. Measured values: m; computed values obtained
by steady-state treatment: full line, curve 4: Change in valency state of catalyst during
decomposition. Measured values of ([Os(VI11)]/[Os]total)X 100: o ; computed values by steady-
state treatment: dashed line, curve 5: Proportion of rate of formation of 'OH radical to total
decomposition rate: (R@OH/Rtotal) X 100 values: A; Bleaching of RNO during a constant 10%
conversion of hydrogen peroxide: 4.0X 10-7 M Os04, 2.0x 10-2 M H202 2.3X 10-5 M RNO,
298 K, 440 nm, cell thickness: 1 cm (AA/AQ)x 100 values denoted by O, curve 6: ([H2[60s02
(OH)4]1/[Os(V1)]total) X100 vs pH, curve 7: ([H[60sO2OH)4]-1/[Os(VI)]t0tai)X 100 vs. pH,
curve 8: ([[60sO2OH)4]2-1/fOs(V1)]t0ta])X 100 vs pH

decomposition reaches its maximum, the concentration ratio [osmium (Y II1)]/
/Tosmium (V)] is about one (see Fig. 2, lower part, points denoted by o).
The overall rate of decomposition at lower conversions (< 30%) was
found to be proportional to the first power of the initial concentration of
hydrogen peroxide.
Between pH 9 and 12 the initial rate was proportional to the concentra-
tion of the catalyst in the 10-9—10~6 M interval. At pH < 9 and at higher
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Fig. 3. Dependence of decomposition rate on concentration of catalyst; curve 1: 0.15 M HD 2

298 K, pH 5.4 (phosphate buffer), experimental values: ¢, computed values by steady-state

treatment: dashed line, curve 2: 0.02 M H22 298 K, pH 10.85 (controlled by pH-stat),
experimental values: «, calculated values: full line

concentrations of osmium tetroxide, the power of the catalyst concentration
(m) in rate equation (1)
R = fc[0s04f [H202]" m

is less than one. When the concentration of catalyst reaches or exceeds 10~3M
the rate becomes independent of the catalyst concentration (Fig. 3, curves 1
and 2).

Discussion

It has been shown recently [30] that Os04-aq is attacked by the strongly
nucleophilic HOj“ ion present in the alkaline reaction mixture:

H2A11+ + 1102 1)
OsO4eaq + HOf5= 0s02(0H)300) - @)

This intermediate complex is considered to be the cherry-red transient species.

The fate of the cherry-red transient

The complex is composed of an oxidizing (osmium(V11l)) and reducing
(HO”") entity. It is therefore plausible to assume that the adduct undergoes
a fast intramolecular redox reaction*:

s0S020H)302) ’0s020H)307) ©)

* For convenience, the oxidation number of osmium is given as a left upper index.
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resulting in an osmium(VIl) — superoxide radical pair in the solvent cage.
W ith regard to the high electron affinity of the osmium(V1I) radical, it seems
probable that only a small proportion of the radical pairs escape from the
solvent cage:

FOBO2(0H)3(0r) + H2D - H[70s02(OH)4 + 07 (4)
the majority of them reacts within the cage according to step (5):
FOB02(0H)3(07) + H2 - H[«Os02(OH)4]- + 02. (5)

Taking reactions (3) and (5) into consideration, if k5 does not exceed k3 con-
siderably and equilibrium (2) is shifted to the right, then the osmium(YIl) —
superoxide radical pair will accumulate considerably.

The molecular component of the catalysed decomposition

Between pH 9 and 12 hydrogen peroxide decomposes almost entirely
to dioxygen, and the radical route is negligible. In this pH range osmium (V111)
is gradually reduced to osmium(VI). At the rate maximum of dioxygen
evolution, the concentrations of the two valency states of osmium were
found to be equal.

The following may be said concerning the fate of osmium(Y1l) formed
in step (5).

Osmium(YI) formed undergoes protolysis:
H[e0sO2(0H)4]- + H3D+ A H2[«0s020H)4 + HX (6)
H[f0sO20H)4“ ~ [60s020H)4]2- + H+ @)
and is then peroxidized by H 20 2:
H2[60s020H)4] + H2025=t H2[P s0 2(011)3(00H)] + H2 (8)

The analogous reactions of the mono and dianionic osmium (V1) species could
also take place. At lower pH, peroxoosmium(V1) acid is transformed by 0.0
bond homolysis into -OH and an osmium(VI) acid radical, which then rear-
ranges quickly into osmium(VII):

H2[60s020OH)3(O0OH)] — ... — H[Ms02(0H)4 + -OH 9)
At higher pH, the peroxoacid is deprotonated:
H2[cOs02(OH)3(O0OH)]* H+ + H[«Os02(OH)3(O0H)]- (10)

and then rearranges quickly into osmium(VIII):

H[BDS02AOH)30O0H)]- - 80s020H)30-) + HX (11)
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The possible peroxide derivatives of osmium(V1) anions, however, can
not undergo homolysis as they have free negative charge(s) and the HOH
radical (or its conjugated base, O') formed take off the electron(s) imme-
diately before escape from the solvent cage, i.e. the osmium (V1) acid radical
is oxidized to osmium (V1) within the cage. Hence, we formulate 2-equivalent
steps for osmium (V1) anions:

H[e0sO20H)4]- + H202—80s020H)30-) + 2H (12)
[0s020H)4]2* + H02— 80s020H)30-) + OH- + HX (13)

The experimental fact that the ratio [Os(YIII)]/[Os(VI)] progressively
decreases as the pH is increased can easily be explained by assuming that
k12 > k13 i.e. the reoxidation of osmium(VI) slows down with an increase
in pH.

In this respect we call attention to the previous observations connected
with the formation and decay of peroxosulphurous [32] and peroxonitrous
acids [33] in alkaline medium. These derivatives decompose by intramolecular
rearrangement of the 0.0 group, as a results of which the two peroxide 0
atoms appear within the sulphate and nitrate formed. Further, the rates of
decay of these peroxides were found to be indirectly proportional to the pH,
which is the case in the present system, too.

The distribution curves of the osmium(YI) acid species (Fig. 2, curves
6—38) reveal that, in the pH range 9—12, the undissociated osmium(Yl) acid
and its reaction with hydrogen peroxide can be neglected at the discussion
of the rate maximum of dioxygen formation.

The overall rate of decomposition of hydrogen peroxide (or twice the
rate of dioxygen evolution) is equal to the sum of the rates of the oxidation
and reduction of hydrogen peroxide. At any pH, the concentrations of the
-f-8 and -j-6 valency states of osmium change until the rates of the reduction
processes become equal to the rates of the oxidation processes.

If steps (2), (3) and (5) are summed

80s04-aq -)- HOjj- —»H [f0s02(0H )4] “ 02 [cred
we can write:
kred[0s04.aq] [HO02] = [H202] [K1H[80s020H4]-] + k13[["0s02(0H )4]2-]}
As to the pH-dependence of the individual reactions, both the reduction
and the oxidation reactions depend on the pH, but in opposite directions,

and consequently their resultant rate (the overall rate of decomposition) must
pass through a maximum.
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The balance equations are:

[Osltotal = [Os(VIIN]total + [Os(VI)]total

[H20 2)totai = [H202] + [HO02]

[Os(VII)]total = [0s0.4aq] + [0s04] + [sO0s02(0H)4] ~ [0s04-aq]
because the concentrations of the latter two species are extremely low.
[Os(VI)]total = [H2[60s02(OH)4]] + [H[60sO02(0H)4]~] + [[e0s020H)4]*-]

Using the appropriate protonation equilibrium constants, we obtain:

[O 5] total "™red 1

[Os(V I)]total = / [OsTtor (A)

[ H Q
bred — -+ h M2 “—t  fCi3— -
7" YTt e £g2
where

/= '

K1 K6 [H+]
[H+] [H+]2
=1% w7 KkeKk7

Substituting [Os(VI)]totai into the overall rate:
AR g s Fins D=
dt
— [H 20 2]total[Os]total j~red 0- -]:----1‘ n~12 ¢ . ~~/~—“ + &I13 f (B)
Q i+ f Qi+ f.

Equation (B) describes a maximum curve as a function of the pH. For the
rate coefficients foed, k12 and k13, numerical values were chosen by trial which
gave the best fit for the experimentally determined overall decomposition
rate vs pH and the [Os(YII]/[Os(YI)] vs pH functions. The agreement
between the computed and the measured rate values and [Os(VIIN]/[Os(VI)]
values as a function of pH is shown in Fig. 2, curves 3 and 4.

The ®OH radical chain component of the catalysed decomposition

The contribution of the rate of the reaction route involving -OH radicals
to the overall rate of decomposition was found to decrease as the pH was
increased. Another characteristics of the radical component is that the rate
of radical production passes through a maximum as a function of pH, the
maximum lying at pH 8.5. Comparison ofthe pH profile of the relative impor-
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tance ofthe FOH radical route (Fig. 2, curve 5) with the change in concentration
of the osmium (Y1) species as a function of pH (Fig. 2, curve 6) suggests that
the undissociated osmium (V1) acid species is responsible for KOH radical
production. As mentioned before, homolysis of peroxoosmium (V1) acid results
in FOH and osmium(VIIl) radicals:

H2[00sO2OH)300H)] — ... — H[70s020H)4] + 'OH (9)

The fates of these radicals might be as follows. Osmium(VII), like the inter-
mediate valency state species of most elements (e.g. chromium(V)), can be
reduced or oxidized by hydrogen peroxide:

H[70s02(0H)4] + H202- H2[«0s02(0H)4] + OJ + H+ (14)
H[70s02(0H)4 + H202 —8s02(0H)4+ -OH + H2 (15)
Step (14) results in osmium(Y1) acid again, which, through steps (8) and (9),
produces, the above radicals and thereby a reaction chain is developed. With
respect to the chain propagation, step (15) can be considered a termination
reaction. The length of the chain was found to be about 70 at pH 6.8, and

about 10 at pH ~ 9.
At higher pH, osmium (V1) dissociates as an acid:

H[70s02OH)4] ~ H+ + [70s020H)4]~ (16)
and 08mium (V1) is oxidized to osmium(VIII):
[70sOA0H)4]- + HD2— & s0A0H)4+ -OH + OH- (17)

The highly reactive FOH radical is converted by hydrogen peroxide into
the superoxide radical (see later). The rate of initiation of FOH radicals is:

Ronu = fO[H2[s0A0H)J00H)]] = V i8[HZA4)s0A0H)4]] [H20 2]
[H2[60 s0A0H)3 (OOH)]] =

From equation (A):

el [HA]
KJIH+]+ Ky

n&h=m: 4 H 20aWaI[H+[]

’ [Os\] .

The characteristic pH-dependence of the rate of FOH radical formation arises
from the fact that [Os(VI)]totai increases monotonously with increasing pH
(see equation (A)), while the concentration of undissociated osmium (V1) acid
(together with that of its peroxo derivative) decreases. The agreement between
the experimentaland computed values can be seen in Fig. 2, curve 2.
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The role and fate of superoxide radicals

Superoxide radicals are produced in different reaction. The 'OH radical
formed at lower pH is transformed by the substrate species into the super-
oxide radical:

*OH+ H A "“or + H3+ (18)

“OH + HOT - 0J+ HX (19)

It has been mentioned that the superoxide radicalis produced in reaction (14),
too. Further, reaction (4) is considered a third source, when some of the
osmium (V1) and 02 radical pairs escape from the solvent cage.

The superoxide radical is a not too reactive species and therefore no
decisive role has been attributed to it in the catalysed decomposition scheme.
The most important reaction of the superoxide radical is its dismutation.
At lower pH, when the protolysis furnishes HO02in considerable concentrations:

HO-"H+ + 0OJ (20)

the fastest dismutation step
HOj + OJ- HOI + 02 (21)

removes most of the superoxide formed. In this pH range, the superoxide
radical can be detected only by the most sensitive means (e.g. with tetranitro-
methane), and not by the e.s.r. method. At higher pH, the decay of superoxide
radicals slows down as step (22)

02 -)-02 FH+-—»HO, 02 (22)

is very slow. As a consequence of this, superoxide radicals progressively accu-
mulate with increasing pH. Under such circumstances, superoxide radicals
can easily be detected by the e.s.r. method.

Dependence on the concentration of OsOi

At lower pH, when the concentration of the catalyst exceeds 10~5 M,
it was found that the order with respect to the catalyst falls below one, and
it progressively decreases to zero when the catalyst concentration reaches
10~3 M. The catalysed decomposition is induced by the peroxidation equilib-
rium (2), and therefore the overall rate is regulated by the concentrations of
catalyst and of HOI- At pH 7 (or below), the concentration of HOI drops
well below the concentration of catalyst, HOI being a strong base, and from
then on the rate of decomposition is independent of the concentration of
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0s04*ag. We can write:

[H O r]total
[Os(V I11)]total

[HO”] + [«OsOz(OH)3Or)] and
[Os04*aq] + [0s04] + [80s02(0H)4] +

+

[80s02(0H)3(0r)] ~ [Os04.aq]

for under the reaction conditions pH = 7 and 0.1 M H202we have [HOI] ~
~ 2.5 10 6M, and therefore the concentrations of the adduct and of the other
osmium (VIIIl) species are negligible. Further, from equilibria (1) and (2) we
obtain:
K2[0s04.a K'x
[80 50 2(0H )3(02)] [ al [H20 Ztotal
I+ K 2[0s04.aq][H+] + KXx

When 1 < .K2[0s04.aq], the term 1 in the denominator can be neglected and
therefore the concentration of the adduct (and hence the overall rate of decom-
position) is independent of the total concentration of catalyst. This can be

seen in Fig. 3, curves 1 and 2.

Formation of singlet oxygen

It has been found that about 0.3 and 0.6% ofthe total dioxygen evolved
appears in the form of singlet oxygen at pH 8.5 and 10.6, respectively. Recent
investigations [34—37] have proved convincingly that the proton-induced
dismutation of superoxide radicals (step (21)) does not result in singlet oxygen,
probably because of the very efficient quenching of singlet oxygen by the
superoxide radical in water. The rate coefficient of step

02 + 102—»302-f02

is 1.6 xIO9M~Is-1 [35, 36]. If we are not victims of some artifacts and the
102 has not arisen from reactions of impurities in the buffers or sodium
hydroxide used, we have to look for a redox reaction in which the singlet
transition state is favored. Perhaps osmium(VIl) can be regarded as such
a potential partner, but further investigations are necessary to support this
assumption.

pH -dependence of apparent energy of activation

The apparent energy of activation of the overall rate of decomposition
shows a definite pH-dependence: in the temperature range 278—328 K,
values of 105, 75, 47 and 11 kJ mol-1 were obtained at pH 7, 8.1, 9 and 10,
by measuring the rate of dioxygen evolution. The temperature-dependence
of the bleaching rate of RNO (which is indicative of the reaction component
involving the OH radical) was different: apparent activation energies of 110,
105, 103 and 39 kJ mol-1 were found at pH 7, 8.1, 9and 10. These observations
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are in good agreement with the mechanism proposed. At lower pH, where the
radical chain component of decomposition predominates, a considerable
activation energy (105—110 kJ mol-j) is required to break the 0-0 bond
of peroxoosmium (V1) acid (see step (9)), while the molecular route of decom-
position needs an activation energy of only 11— 12 kJ mol-1.

Simulation of OsO”catalysed decomposition

The useful results of model calculations involving steady-state treatment
to characterize the typical features of this catalytic reaction encouraged us
to attempt to simulate the system as a whole by solving the differential equa-
tion system corresponding to the above reaction steps. With the most reliable
rate coefficient and equilibrium constant values from the literature, and with
the best estimations obtained by trial for the unknowns, computation by the
method of Gear [41] resulted in reasonable agreement with the experimental
results. The satisfactory agreement between the observed and computed
dependences on the reaction parameters, e.g. the pH profiles of the overall
rate and of FOH and superoxide radical production, as well as the change in
valency state of the catalyst, suggests that the proposed series of reactions
are all necessary for characterization (see Fig. 3). The assumed mechanism
accounts for the transient formation, the reaction orders with respect to the
substrate and catalysts, as well as the attainment of a limiting decomposition
rate when the catalyst concentration exceeds 10-3 M. The rate coefficients
[M-1s-1 or s-1] and equilibrium constants [M or JVf-1] used were as follows:

Kx= 2.5x10-12 [38] * 9 = 2.0x 103 (estimated)

k3 = 2.4X 103 (estimated) h = 1.0X 102 (estimated)

ks = 2.4x104 (estimated) K6 = 3.2x10-9 [29]

K7= 4.0XI10-11 [29] *g - 1.0 x 103 (estimated)

k9 = 1.3XI103 (estimated) *10 = 3.3 x 10-9 (estimated)

kix = 1.1 X104 (estimated) k12 = 1.1 x 104 (estimated)

k13 = 2.3X103 (estimated) ku = 1.8 x 10s (estimated)

kls = 1.3X105 (estimated) *jg = 3.2 x 10-9 (estimated)

k17 = 8.6X104 (estimated) Ag — 2.7 x 107 [39]

k19 = 7.5X109 [39] x00 = 1.78x10 -s [40]

*21 = 1.02x10s [40] kr = 0.35 [40]
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The behaviour of tetracyanoquinodimethane (TCNQ) polymer film electrode
in contact with aqueous quinolinium chloride/quinoline buffer and 1-ethylquinolinium
iodide supporting electrolytes has been studied by cyclic voltammetric and spectro-
electrochemical methods.

Basically similar behaviour of the Pt-TCNQ electrode was observed in the
presence of quinolinium salts relative to supporting electrolyte solutions containing
alkali metal ions. However, differences in the interaction and swelling conditions
affected the shape of the cyclic voltammetric curve, the stability of the film, and the
passivation in acid medium.

Introduction

Tetracyanoquinodimethane (TCNQ), having excellent electron acceptor
properties, has been widely studied ever since its preparation [1]. These
investigations aim at learning the fundamental chemical, electrochemical
and spectroscopical properties of TCNQ and related compounds [2—12].
Interest of the physicists was also aroused by the fact that several salts of
this compound (such as tetrahiafulvalene-TCNQ, quinolinium-TCNQ) are
quasi-one-dimensional electron conductors with very good conducting pro-
perties [13—19].

These interesting features gave motivation to prepare a polymer of the
compound [20], and to use this polyester-TCNQ for the preparation of polymer
film electrodes [21]. These TCNQ polymer film electrodes in contact with
aqueous electrolyte solutions have been studied by means of electrochemical
(cyclic voltammetry, chronocoulometry) and spectroscopical (ultraviolet,
visible, near infrared and ESR) methods [22—26]. The basic electrochemical
and chemical processes occurring inthese electrodes and their dependence on
the experimental conditions have been elucidated [22—26]. The TCNQ
electrode proved to be very stable, both in aqueous solution, or when stored
dry over a longer period. This was all the more remarkable, since in aqueous

*To whom correspondence should be addressed.
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solution reactions between the reduction products of TCNQ (TCNQ ' and
TCNQ2-) and oxygen, even if the latter is present in trace quantities, are
rapid and irreversible [6]. Its stability and fast colour change accompanying
electrochemical reduction make this electrode very suitable for use in electro-
optical display. In the case Pt-TCNQ a further possibility of application is
offered as a pH indicator [24]. Using supporting electrolytes containing alkali
metal, alkali earth metal or tetraalkyl ammonium cations, the TCNQ electrode
showed a behaviour fundamentally corresponding to the electrochemistry of
dissolved TCNQ electrode; accordingly, it was reduced in two single-electron
steps and depending on the pH, this process can be coupled by protonation.
In addition to the dimer dianion, TCNQj-, observed in the solution [3], the
presence of the mixed-valence dimer, TCN”"~ can also be detected in the
film [22]. Though the mixed-valence dimer has a decisive role in the expla-
nation of the unusually high electric conductivity of solid TCNQ salts, no
metal-like behaviour was observed in the case of TCNQ polymer film electrode.
The probable reason is that TCNQ is here incorporated in a polymeric chain,
and thus no crystallization takes place because of steric hindrance. Hence,
the parallel stacking in columns of the planar TCNQ molecules, characteristic
of the crystal structure of solid TCNQ salts, cannot occur. Therefore, in the
use of quinolinium salts as supporting electrolytes, our aim was not to obtain
a polymer film with properties similar to those of the quinolinium-TCNQ
crystal, yet it seemed interesting to study the effect of an aromatic, organic
cation, as the importance of the nature and concentration of the counter ion
on the electrochemical behaviour of the TCNQ electrode had been demon-
strated earlier [22, 26].

In the present communication the cyclic voltammetric and the cyclic
voltabsorptometric behaviour of the Pt-TCNQ polymer film electrode was
studied in the presence of quinolinium chloride/quinoline buffer system and
1-ethylquinolinium iodide supporting electrolytes in agueous medium.

Experimental

The preparation of the electrode, the electrochemical cells and instruments used have
been described previously [21—24]. Freshly vacuum-distilled quinoline was used. The buffer
system was prepared by adding a calculated amount of hydrochloric acid. 1-Ethylquinolinium
iodide of analytical grade was used without further purification.

Results and Discussion

In the buffer system containing quinolinium chloride and quinoline,
the behaviour of the Pt-TCNQ polymer film electrode differed in several
respects from the behaviour observed in the presence of alkali metal, alkali
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earth metal or tetraalkylammonium ions. This is illustrated by the cyclic
voltammogram shown in Fig. 1, obtained in a pH 4.4 quinolinium/quinoline
buffer system of 0.5 mol/dm3 concentration for a Pt-TCNQ -electrode of

Fig. 1. Cyclic voltammogram of a Pt-TCNQ electrode ' = 3X 10~8 mol/cm2in the presence
of 0.5 mol/dm3 quinolinium chloride and 0.5 mol/dm3 quinoline, pH = 4.4 at a polarization
rate of v= 0.005 V/s

= 3X10 8 mol/cm2 surface concentration at a polarization rate of v =
= 0.005 Y/s. According to our experiences gained so far, the first pair of peaks
is to he attributed to the reaction

TCNQ + e--f M+ TCNQ“ M+, 1)

where M+ is the counter ion.

Comparison with earlier results [22] shows that in the presence of the
quinolinium/quinoline buffer system the peak potentials characteristic of this
redox pair are shifted in the direction of more positive potentials. It follows
that in the presence of quinolinium ions TCNQ can be more readily reduced
(the actual redox potential is more positive), which can be explained by the
stronger interaction between quinolinium ion and the TCNQ ' radical anion.
This may also be the explanation of the fact that while earlier the passivation
of the film was observed at pH 5.5 values [23] in the presence of quinolinium
ions a reversible redox behaviour was found even in more acidic media. Pas-
sivation was interpreted by presuming that in a moderately or strongly acidic
(pH < 6.0) solution the analogous hydroquinone compound, TCNQH2 is
formed, and then, similarly to the phenomenon observed in the case of hydro-
quinone polymer film [27], the rate of charge transport in the film decreases
by orders of magnitude.
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Since the value of the dissociation constant of the equilibrium

TCNQH2;=+ TCNQH- + H+ @

was found to be pKa= 6.9 in solution of 0.5 mol/dm3 alkali metal ion con-
centration, it follows that even in moderately acid solutionsthe equilibrium
is largely shifted in the direction of the lower arrow, i.e. the formation of
TCNQH2 However, the apparent equilibrium constant of reaction (2) depends
on the nature and concentration of the M+ counter ions through the M +-
dependent stability constant of TCNQH-M+ [28]. Thus, it is not surprising
that in the presence of quinolinium ions the value of pKa may be lower, and
even at pH = 4.4 only the formation of the species TCNQH- is to be taken
into account. The cyclic voltammetric peak, corresponding to the reaction

TCNQ-M+ + e- + H+ #* TCNQH-M+ 3)

actually appears, though at pH = 4.4 already strongly merged with the peak
of reaction (1). It is a consequence of the shift of the peak potential of reaction
(3) by 120 mVperpH unit towards more positive potentials [23], while step (1),
in which H+ ions do not participate, is fundamentally not sensitive to pH
changes.

However, cyclic voltammetric results do not provide yet sufficient
evidence of the abovesaid, as other products with reversible electrochemical
behaviour may also be formed; moreover, they do not give information on
the character of the interaction. In order to obtain further data supporting
our assumption, a spectroelectrochemical investigation of the system seemed
necessary, as this method was found well applicable also earlier in the case
of TCNQ electrodes [22]. The spectrum of the reduced film basically cor-
responded to the absorption curves obtained in the ultraviolet, visible and
near infrared regions with the counter ions investigated earlier [22]. Since
the maxima characteristic of the reduced species (TCNQ-, TCNQ2-) appeared
at the same wavelengths, and new peaks were not observed, it could be con-
cluded that, under the conditions of our investigation, no fa-complex is
formed between quinolinium (Q+) and TCNQ"'. This result also means that
the reduced species Q+TCNQ"' is similar in character to those formed in
other systems, and is not inconsistent with our assumption that the ion pair
or salt formed is more stable than that obtained with the participation of
alkali metal ions. The transient behaviour can be readily followed on the cyclic
voltabsorptometric curve (CYA), shown in Fig. 2. The curve in Fig. 2 was
recorded simultaneously with the cyclic voltammetric curve in Fig. 1, and
shows the optical absorption of the film at the wavelength 9= 830 nm,
where the species TCNQ ' has maximal absorption. This curve proves that
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in the potential range 0.2—0.0 Y vs. 0.5 M Ag/AgCl actually TCNQ ' is
formed. In the potential range from 0 to —0.2 Y second electron transfer
with protonation takes place. The product of this reaction is TCNQH-,
absorbing in the ultraviolet region; this is evidenced by a decreasing light

Abs
0i

02

02 0 -0.2 0 02
E/V vs 05M Ag/AgCI

Fig. 2. Change in light absorption at /1= 830 nm as a function of the potential, recorded
simultaneously with the cyclic voltammogram shown in Fig. 1

absorption. During reoxidation, first TCNQH- is oxidized at about 0.0 V
and, in a reversible reaction, TCNQ ' is formed again, which is accompanied
by an increased absorption of the film; then at potentials more positive than
0.1 V neutral TCNQ is formed in the process according to reaction (1). (Neutral
TCNQ has maximal absorptions at 412 and 432 nm.) Thus, spectroelectro-
chemical investigations fundamentally supported our conclusions drawn from
the cyclic voltammogram.

It is noteworthy that the behaviour of the Pt-TCNQ polymer film
electrode does not essentially differ, whether quinolinium or 1-ethylquino-
linium salt is used as the supporting electrolyte. The TCNQ film swells better
in their presence and is dissolved at higher pH values. By way of example a
cyclic voltammogram series obtained for a Pt-TCNQ electrode is shown in
Fig. 3. In this case the base electrolyte was 1-ethylquinolinium iodide of
0.5 mol/dm3 concentration (pH = 7, non-buffered system). On comparing
the consecutive curves, a decrease of the peak current (and charge consumed
by the film calculated from the integrated area) can be observed, which indi-
cates the slow dissolution of the film. It was shown by investigations in neutral,
non-buffered medium that the pH of the film was alkaline [22], thus the
second pair of peaks can he attributed here to the formation and the reoxida-
tion of the species TCNQ2-M+. It is interesting that charge transport is
faster in the second electron transition, whereas just the opposite effect was
observed in the presence of alkali metal ions. This is probably due to the dif-
ferent swelling conditions.
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In summary, it can be established that the Pt-TCNQ electrode has
basically similar behaviour in the presence of quinolinium salts to the per-
formance observed in solutions of alkali metal base electrolytes. However,

E/V vs. SCE

Fig. 3. A cyclic voltammogram series, continuously recorded for a Pt-TCNQ electrode at
a polarization rate of v= 0.02 Y/s, in neutral 0.5 mol/dm3 1-ethylquinolinium iodide base
electrolyte at 20 °C

stronger interaction between the quinolinium ions and the redox sites of
reduced TCNQ, further the changed swelling conditions affect the shape of
the cyclic voltammetric curve. The change in protonation constants is reflected
by the fact that in moderately acid solutions the film is not yet passivated.

*

The present work was sponsored by the U. S. A. R. O. (Project 140. P17715-C).
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New chloromethylphosphane oxides, as well as phosphane oxide-substituted
benzyl alcohols, benzaldehydes, aromatic nitro compounds, anilines, and phenols were
synthesized as intermediates for the introduction of the phosphane oxide function into
bioactive molecules. NMR characteristics of the newly synthesized compounds are
discussed in detail.

Introduction

Introduction of a phosphane oxide group into biologically active molec-
ules may significantly modify the biological properties. The phosphane oxide
group increases hydrophilicity, and as a result influences the pharmaco-
kinetical characteristics of a molecule [1]. Another feature of possible biological
impact is the electronic structure of the P=0 group. The 4sp3 orbitals of the
phosphorus atom overlap with the 2p orbitals of P=0 oxygen to four o-bonds,
superimposed by a m-bonding system, a fact of probable significance in inter-
acting with the active site on a biological macromolecule. Phosphane oxides
as substituents are strongly electronegative, e.g. the dimethylphosphinoyl
group has a amvalue of 0.42 [2]. At the same time, the phosphane oxide group
is chemically inert, thus an increased hydrophilicity of the parent compound
can be achieved without introducing a reactive moiety, such as hydroxyl,
carboxyl or other function.

Only a handful of drugs bearing phosphane oxide substituents has been
described. Some of the few examples found in the literature are the dimethyl-
phosphinoylmethyl containing antihistamine [3], analgetic [4, 5], hypotonic [6]
and sleep-inducing [7] substances.They were prepared by using chloromethyl-
dimethylphosphane oxide (3a, R= R,= Me) as alkylating (phosphinoylmethyl-
ating) agent in the final synthetic step.

*This work was performed in the framework of the UNDP/UNIDO/FAO sponsored
project “Research on non-toxic insecticides”.
**To whom correspondence should be addressed.
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Synthesis

In this paper we report on the preparation of a series of functionalized
phosphane oxides, such as chloromethylphosphane oxides, phosphane oxide-
substituted benzyl alcohols, benzaldehydes, aromatic nitro compounds, anilines
and phenols. These new compounds can be used as intermediates for the
introduction of phosphane oxide moiety into the molecule of candidate drugs,
pesticides, and other biologically active compounds, whenever their synthesis
route includes the use of alkylating agents, benzyl alcohols, benzaldehydes,
nitrobenzenes, anilines, or phenols, respectively.

Chloromethylphosphane oxides 3b—e were prepared by reacting chloro-
methylmethylphosphinoyl chloride 1 with Grignard reagents 2b—e (Method A).
Chloromethyldiphenylphosphane oxide (3f) was synthesized from chloro-
methylphosphonic dichloride (C12P0CH2C1) and phenylmagnesium bromide
(Method B).

The (phosphinoylmethoxy)benzaldehydes 5a—c were obtained by
reacting the properly substituted chloromethylphosphane oxide 3a or 3b
with the corresponding hydroxybenzaldehyde 4a—c in the presence of anhyd-
rous potassium carbonate under energetic conditions. Reduction of the benzal-
dehydes 5a—c with sodium borohydride yielded the corresponding benzyl
alcohols 6a—c.

1 CH Cl CH,CI
+ R MgX - —
e cl R R
1 2 3
=R=Me d : R- Me, R'=i -MeO
=Me, R'= Ph e : R=Me, R'=CH:Ph
-Me, R'=4-Cl- Ph Q=25 Ph
4 5a,f sa f

R=Me, R=H, R"=3-CHO (5) or 3-CH20H (s)
: R=Me, R=2-MeO, R'=i-CHO (5) or 4--CH20H
: R-Ph, R=H, R"=3-CHO (5} or 3-CH:0H (s)
: R=Me, R=H, r’=2-NO: (5) or 2-NHz (s)
: R=Me, R=H, R"=4-NO. (5) or L-NH: (s )
: R=Me, R=2—€l, R"=4-NCL. (5) or 4-NH: (s)
: R=Me, R :2-OH, R'=H

: R=Me, R; 4-OH, ReH

S @ - ® 2 o T ®
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Reacting the nitrophenols 4d—f with chloromethyldimethylphosphane
oxide 3a in the presence of potassium carbonate gave crystalline (phosphinoyl-
methoxy)nitrobenzenes 5d—f, which on reduction with sodium sulfide [8]
yielded the expected phosphane oxide-containing anilines 6d—f.

The monoethers 5g and 5h of pyrocathecol (4g) and hydroquinone (4h)
were obtained in good yields by reacting equimolar quantities of 3a and the
appropriate diphenol in the presence of potassium carbonate.

The compounds described above can be regarded as models for obtaining
analogous substances in search for bioactive substances.

Spectroscopic studies
IR spectra

The postulated structures of the newly synthesized compounds 3b—f,
5a—h, and 6a—f were proved on the basis of spectroscopic investigations.
The most important IR, 31P, 44 and 13C NMR data are given in Tables I,
Il and III.

The characteristic intensive vP —0O band of the phosphane oxide group
[9] appears between 1145 and 1200 cm-1. The absorption bands of the sub-
stituents, such as the carbonyl (vC=0) band of 5a—c, the nitro bands [vasN 02
wNO02 and /%NO02 of 5d—f, the OH band of 59, 5h, and 6a—c and the
VasNHa and vBNH 2 bands of 6e—f, as well as the yCarH and yCArCar bands of
the aromatic ring can be found in the expected intervals (see Table 1).

JH NMR spectra

In the *H NMR spectra (Table Il), the methyl and methylene protons
attached to the phosphorus atom have split signals due to 2 (P, H)-type
interactions. In the case of compounds 3b—e, 5c, and 6c, the methylene hydro-
gens are chemically non-equivalent. Hence the PCH2 group represents an
AB X spin system, the AB part which (two dd’s) appears in the 44 NMR
spectrum. The chemical shift of the PCH2 group differs significantly for the
compounds of type 3 and for the other ones (5a—h and 6a—f) because of the
presence of the neighbouring oxigén atom in the latter, deshielding the
methylene protons.

The *H NMR signals of the substituents can be identified in all cases
(see Table I1).

13C NMR spectra

The carbon signals of the PCH3 and PCH2 groups are doublets due to
P, C-interactions (see Table 111). The X{P, C) coupling constant is higher
(80—87 Hz) for the latter groups (the corresponding splittings of the methyl

6 Acta Chim. Hung. 1231 1986



148 MATOLCSY et al.: PHOSPHANE OXIDES

Table 1

Characteristic IK frequencies (cm-1) in KBr discs and 3,P NMR chemical shifts in CDC13solution*
[OHPO, (85%) = 0 ppm] at 101.2 MHz for compounds 3a—f, 5a—h and 6a—f

w- 0 yCArii Other IR bands o
3a 1173 39.9
3b 1177 764 yCarCar- 696 33.0
744
3c 1244 835 32.5
3d 1190 831
1177 818 32.8
3e 1180 773 YAATCAr: 700 42.2
3f 1196 725 yCArCAr: 702 26.1
5a 1186 774 vC=0: 1697, 1680 39.6
1150 754
5b 1185 720 vC=0: 1675 37.9
1165
5c 1186 731 vC=0: 1697 31.3
5d 1167 750 NO02: 1522, 1348, 860 39.8
1148
5e 1167 850 NO02 1514, 1348, 858 38.7
5f 1182 744 NO02: 1514, 1346, 856 40.1
723
59 1161 756 vOlIl: ~ 3060 38.5
1148
5b 1157 825 vOH: ~ 3130 38.6
6a 1153 786 vOH: ~ 3350 41.7
692
6b 1161 775 vOlIl: ~ 3310 41.3
6C 1169 744 VvOH: ~ 3350 33.1
694
6d 1171 760 VNH2: 3460, 3292 39.5
6e 1155 825 VNH2: 3385, 3234 40.7
6f 1169 758 VNH2: 3333, 3190 41.2

*In DMSO-d6for compounds 5b, d, g, h

carbon signals are 68—71 Hz) in case of compounds 5 and 6, while for the
3-type analogues the reversed relation is found (the methyl and methylene
carbon signals are split by 71—75 and 65—71 Hz, respectively). This may
be explained by the Walsh rule [10], by taking into account that the s-cha-
racter of the phosphorus atom is concentrated in bonds with the most electro-
positive substituent, as well as that the \/(P, C) values increase proportionally
with the s-character of the P—C bond. The electron density around the
methyl carbon is higher in compounds 3 than in derivative 5 and 6, increasing
the s-character of the P—C(H3) bond and, consequently, the */(P, C) values
[ii]; this is also manifested in higher shielding (in the upfield shift of the
methyl carbon signal) in case of compounds 3a—f relative to the others.
Similarly, the reversed situation is observed for the X (P, CH2 coupling
constants due to the electron-donating character of the phenoxy groups.
The chemical shift of the methylene carbon is influenced primarily by the
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Table 11

41 NMR data (6-pjyis= 0 ppm,J in Hz) of compounds 3a—f, 5a—h and 6a—f in CDC130or DMSO-d,
(5b, d) solution at 250 MHz

pouns  PCH, da PCHIt d ArH CH,_/OH

3a 165 (13.2) 3.61 (8.2) _ _

3b 193 (133) 367 and 3.76b 75—7.7, m (3H), 7.8-7.9, m (2H)° -

3c 1.92 (13.3) 3.65 and 3.75b 7.55 and 7.78, 2Xm (2x2H)d -

3d 1.89 (13.3) 3.64 and 3.73b 7.03 and 7.74, 2Xm (2x2H)d 3.86, s, 3H

3e 160 (12.9) 3.47 and 3.51b ~ 7.33, s (5H) 3.32, d (14.3),
2H

3f — 4.05 (6.6) 7.45-7.6 m (6H), 7.75-7.9, m _

(4H)C
5a 169 (132) 4.32 (8.1) 7.5, m (IH)»~, 7.45-7.6, m (3H)  10.00, s, 1H
5b 155 (13.5) 4.48 (6.5) 7.25-7.75, m (311) 3.90, s, 311

9.90, s, 1H
5¢ 1.96 (13.5) 4.40 and 4.50b 7.2-7.6, m (7TH), ~ 7.9, m (2H)° 9.95, s, Il
5d 157 (13.7) 4.58 (7.2) H-4' 7.22, ~t, H-6" ~ 753, ~d, _

H-5' 7.74, ~t, H-3" 7.95 ~d
5e 1.72 (13.3) 4.38 (7.9) 7.08, 8.22, 2xm (2x2H)< -
5f 1.76 (13.3) 4.42 (8.4) H-6' 7.14, d (9.0), H-5" 8.21, dd, —

59 168 (13.1) 4.32 (4.6) H-3" 8.30, d (2.6)

68—7.0 m (4H) ~ 45, s, (1H)*
5h 166 (13.3) 4.18 (8.0) 6.75, 6.81, 2Xm (2x2H)< ~ 45, s, (1H)8
6a 152 (13.3) 4.10 (8.2) H-6" 6.72, ~d, H-2', 4" ~ 6.92, 457, s, 211

m, H-5" 7.22, m ~ 3.28 ~ s, 1H

3.83, s, 3H
6b 167 (135) 4.27 (7.7) 6.8—7.0, m (3H) 461, s, 2H
5.858, s, 1H
6c 172 (135) 4.14 and 4.21b H-6" 6.65, m, H-2', 4" ~ 6.85, m, 450, s, 2H

H-5" 7.10, m H-3",4",5"

~ 7.4 m, H-2/l6/[: ~ 7.7, m ~ 4.3, ~ sb81H
6d 1.66 (13.3) 4.28 (7.6) ~ 6.75, ~ 6.88, 2xm (2x2H) ~ 3.78 ~ s, 2H
6e 1.62 (13.2) 4.16 (8.1) ~ 6.64, ~ 6.76, 2Xm (2x 2H)' ~ 3.58 ~s, 2H
6f 1.68 (13.4) 4.20 (8.3) H-5" 6.57, dd, H-3" 6.75, d (2.6),

H-6" 6.82, d (8.7) ~ 3.88 ~ s, 2H

a3H (3b,c,d, e, 5¢c and 6¢) or 6H (3a, 5a, b, d—b and 6a, b, d—f); b In case of3b, ¢, d, e, 5¢
and 6¢ A and B part (2x dd) of an ABX multiplet J(A, B), J(A, X) and J(B, X): 13.7, 8.4 and
7.0 (3b), 14, 9 and 8 (3c), 13.5, 8.2 and 6.7 (3d), 13.8, 8.2 and 7.9 (3e), 12.2, 8.5 and 6.8 (5¢), 12.4,
8.6 and 7.1 Hz (6¢c); Oori/io-protons of the phenyl ring; dAA'BB'X multiplet, J(A, B) at 9,
J(A, X) at 11, J(B,X)at2 Hz; eH-6' signal; *AA'BB' multiplet, J(A, B): 9.2 Hz; 8broad
signal; b overlapped by the PCH2multiplet.

attached heteroatom: the chloro-substitution is revealed by a strong shielding
(upfield shift due to heavy atom effect [12a]), whereas the oxygen causes
a significant downfield shift (decreasing the electronic excitation energies and
the radii of p-orbitals); consequently, there are large differences in the methyl-
ene shifts of the 3-type and 5- or 6-type compounds: 35—40 ppm for the
former, and 66—69 ppm for the latter.

As a rule, the signals of the aromatic carbons, as well as those of the
substituents in the ring are identifiable, without exception. The OCH3 groups
give lines at 55.4 (3d), 57.5 (5b) and 56.0 (6b); the carbonyl shifts of 5a—c
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Table 111

13C NMR data [btms — 0 ppm, *J(P| C) in Hz] for compounds 3a—f, 5a h and 6a—f in CDCI-,
solution*™ at 20.14 MHzb

OPCH, >J(P,CH,) 6PCH, mJ(P,CHJ c-I' Cc-2' C-6' Cc-3 C-5' Cc-4 Other lines

3a 131 71.9 37.3 67.6 — — — —
3b 13.0 74.5 38.9 69.6 130.6 128.7 1325 -

3c 13.2 75.0 38.9 70.4 132.3 129.3 139.6 —
3d 13.3 74.8 39.4 70.0 1221 132.6 114.6 163.3 OCH3: 55.4
3e 12.0 71.1 35.3 67.1 130.9 129.4 129.3 127.4 —
35.8 65.6
3f - 37.5 71.7 130.9 128.2 132.0

3a 14.7 69.6 66.6 83.6 1595 121.3 1137 1384 1305 1246 C=0: 1913
5b 15.7 68.4 68.9 80.4 1559 151.1 1123 115.0 126.9 1322 OCH3: 575
C=0: 1928
5¢c 12.7 70.9 66.9 84.3 ?C 130.2° 128.3° 131.9° C=0: 191.0
158.9 121.0 113.4 137.6 129.9 123.7
5d 15.8 68.6 69.2 80.6 153.2 1414 1174 1269 136.4 1234 -
Se 141 69.7 66.5 82.1 163.1 1144 125.4 1421 —
5f 14.9 70.0 67.4 81.7 159.0 124.0 112.6 126.3 1241 1427 -
59 15.8 67.8 69.8 81.3 149.0 1488 117.1 118.0 1241 12038 -
5h 15.8 68.0 69.2 82.4 153.6 117.6d 153.9 -
6a 14.3 69.2 66.5 85.3 158.9 1129 1135 143.7 129.6 1204 OCH2: 64.5
6b 14.2 68.7 68.1 86.2 147.6 150.3 111.8 116.1 119.4 137.2 OCH3: 56.0
OCH2: 64.4
6¢ 13.3 70.9 66.8 86.2 131.6° 130.3° 128.5° 132.1°
158.7 112.8 1133 143.8 129.3 120.2 OCH2:64.1
6d 14.8 69.0 67.3 83.5 146.5 136.8 112.8 1159 1186 123.0 -
6e 13.6 68.9 66.3 85.0 151.0 114.9 115.4 140.6 —
6f 14.5 69.0 68.4 83.9 1472 1243 117.0 1165 1143 1424 —

aln case of 5b, d, g, h the solvent was DMSO-d6; bat 62.89 MHz in case of 3d, 5a and 6b;
csignals of the phenyl substituent R; dtwo overlapping lines.

are at 191.3, 192.8 and 191.0 ppm; the signals of the hydroxymethyl groups
in 6a—c are at 64.5, 64.4 and 64.1 ppm, respectively.

The C-T doublet of the p-substituted aromatic carbons (in 3b, ¢, f, 5¢
and 6c¢) is not observable. The only exception is 3d, where the observed
C-T doublet is at 122.1 ppm, split by 107.4 Hz. The 2(P, C-2', 6'), the
J(P, C-3', 5" and the 4(P, C-4") coupling constants are 8—10.5, 10—13 and
2—3 Hz for compounds 3b, ¢, d and f, respectively. The 3(P—CH2—0—C-Il)
coupling constants of compounds 5 and 6 are between 8 and 13 Hz. Splittings
due to 4 (P —CH2—0—C—C-2', 6') interactions are not significant.

31IP NMR spectra

The 31P chemical shifts (Table 1) are influenced primarily by the nature
of the substituents attached to the phosphorus atom: one aryl substitution
causes shielding at about 7 ppm, in accordance with the literature. (The shifts
of the molecules OPPh3 and OPE1t3 are, e.g. 27 and 48 ppm [12b].)
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The signals of the dimethyl-substituted derivatives (3a, 5a, b, d—h and
6a, b, d—f) appear in the interval 38—45 ppm, while for the aryl-methyl
analogues 3b—d, 5c¢, 6¢ this chemical shift is found between 31 and 33 ppm.
In the spectrum of the diphenyl-substituted compound 3f a further upfield
shift of about 7 ppm was observed (the 31P signalis at 26.1 ppm). Consequently,
the influence of the substituents is additive.

It is interesting to note that the presence of a benzyl group gives rise
to a downfield shift similar to that caused by a methyl substituent (cf. the
shift of 42.2 ppm, measured for 3e), while chloromethyl substitution has
a similar effect on the 31P shift to that of a phenyl ring (see the similar shifts
of 3a, on one hand, and of 5a, b, d—h and 6a, b, d—f, respectively, on the
other), in spite of the isolating methylene group between the phosphorus and
chlorine atoms. This fact may be explained by a dyr—pjr interaction.

*

The authors gratefully acknowledge the financial and organizational support received
from the UN organizations UNDP and UNIDO. Thanks are due to Hoechst AG for a gift of
chloromethyldimethylphosphane oxide (3a), chloromethylmethylphosphinoyl chloride (1) and
chloromethylphosphonic dichloride. We are indepted to Mr. Gy. Manyai for recording the IR
spectra, to Mrs. J. Csakvari and Mr. A. Firjes for skilled technical assistance.

Experimental

IR spectra were run in KBr pellets on a Bruker IFS-113v FT-IR spectrometer. 41 and
13C NMR spectra were recorded on Bruker WM-250 and WP-80-SY spectrometers at 250.13
MHz and 62.89 or 20.15 MHz, respectively (see Table I11). 3P NMR spectra were run at 101.2
MHz on the WM-250 spectrometer.

Typical parameters for 111 measurements were as follows: internal reference: TMS
lock signal: the 2H resonance of the solvent; pulse width: 1 /is (~20°flip angle); acquisition
time: 2.05 s for 16 K data points. Lorentzian exponential multiplication was used for signal-
to-noise enhancement (line with 0.7 Hz).

Acquisition and data processing parameters for the 13C spectra at 62.89 and 20.15
MHz, respectively: ~25° flip angle; pulse widht: 7.5 and 3.5 /is; BB decoupling, with ca.
25 and 1 W power; memory size: 32 and 16 K for 16 and 5 kHz spectral width; exponential
multiplications of line width 3.0 and 1.0 Hz; repetition rate 2 s, general number of scans 4 —16
K; acquisition time: 0.5 and 1.65 s.

3P NMR experiments were run in power gated mode, using 5 s delays between scans.
During the acquisition BB decoupling of about 2.5 W was applied; 16 K data points for 25
kHz spectral width and pulse width of 24.8 /is (90° flip angle) were used. Typical number of
scans: 16—64.

General procedure for the preparation of chloromethylphosphanc oxides (3b—e)

Method A : 0.06 mol (8.82 g) of chloromethylphosphinoyl chloride (1) dissolved in 50 mL
of dry ether was added to a stirred solution of the Grignard-rcagent prepared from 0.06 mol
of magnesium at ambient temperature. (During the preparation of benzyl-magnesium bromide,
the reaction temperature was kept below 10 °C to avoid side reactions.) Stirring was continued
at reflux temperature for 2 h more. After cooling, the etheral layer was decanted and treated
with 50 mL saturated NHA4CL solution. The crude product was isolated by extracting this
mixture with 3X60 mL chloroform. The combined organic solution was dried over Na2S04,
filtered, and concentrated in vacuum. The crude product was recrystallized from n-hexane
(Table 1V).
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Table 1V

Physical and analytical data of compounds 3b—f, Sa—h and 6a—£

. Calculated
Com- Yield Melting point Molecular ~ Elemental analysis (%) found
pound (%) ©0) Formula weight c H N o al
3ba 37 102-104  C8H10CIOP 18857 50.95  5.35 — 1643 18.80
5133  5.09 16.86  18.65
3ca 32 103-104  C8HXCI20P 223.04 43.08  4.07 — 1389 3179
4329  4.40 13.48 31.72
3da 30 94-95 cOh 2cio2p 218.62 49.44 553 — 1417 16.22
49.72  5.35 1441 15.88
3ea 26 90-93 coh kiop 202,62 5335 5.96 — 1529 1750
5327 558 14.90 17.87
3fb 24 138-139  CIH]2C10P 250.66 62.29  4.83 —  12.36  14.15
62.48  5.04 12.80 14.33
5a 89 88-90 AlOA-1sOgP 212.18 56.60  6.18 — 1460 —
56.28  6.05 14.37
5b 91 115-117 c,H® 4 24221 5455  6.24 — 1279 —
5495  6.38 13.08
5¢ 87 75-77 C13H le0 3P 27425 65.69 551 — 1130 —
65.80  5.85 11.77
5d 60 148-153 c%h Lhod 229.17 4717 528 611 1352 —
4705 528 6.02 1283
5e 87 152-156  c% hodp 229.17 4717 528 611 1352 —
4737 491 581 1293
Sf 67 154-158  C#HuC1NO4P 263.62 41.00 421 531 1175 1345
4071 443 502 11.64 13.32
5¢ 75 185-187  CoH130 3P 200.17 54.00  6.55 — 1547 —
53.46  6.76 14.89
Sh 77 114-116 CHID P 200.17 5400  6.55 — 1547 —
54.34  6.30 15.86
6a 85 0ilo C10H 1503 21420 56.07  7.06 — 1446 —
56.69  7.34 15.10
6b 67 103 cuHIb 4 24422 5409 7.02 — 1268 —
5376  7.04 12.32
6¢c 73 oild cCHIB D 276.26 6521 620 — 1121 —
64.82 651 10.83
6d 38 148 cY%ildn o2 199.19 5427 7.09 709 1555 —
5383 696 6.76 15.95
6e 88 113-115  c% Yno,p 199.19 5427 7.09 7.03 1555 —
5364 690 697 1515
6f 47 79-82 cHh Ixino2p 233.63 46.27 561 600 13.26 15.18
46.01 533 580 1282 1539
aMethod A;
b Method B;
°Viscous oil which crystallizes at 0 °C;
dnb5= 1.5862.

Chloromethyldiphenylphosphane oxide (3f)

Method B: Chloromethylphosphonic dichloride in 30 rnL dry ether was added at room
temperature to the phenylmagnesium bromide solution prepared from 0.06 mol (1.46 g) of
magnesium and 0.06 mol (9.4 g) of bromobenzene in 60 mL dry ether. After 2 h at reflux
temperature, the reaction mixture was worked up as above to afford 3f in 24% yield (see
Table 1V).
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General procedure for the preparation of (phosphinoylmethoxy)-bezaldehydes (5a—c)

A mixture of 0.11 mol of the appropriate chloromethylphosphane oxide 3a or 3b,
0.10 mol of hydroxybenzaldehyde 4a—c, and 0.11 mol of finely powdered K2C03was vigor-
ously stirred at 120—125 °C for 3 h. After cooling, the product was dissolved in 100 mL
of chloroform, the inorganic salts were separated by filtration and the filtrate was washed
successively with 10% NaOH solution, water and brine (20 mL each). The organic phase was
dried over Na2S04, filtered, treated with charcoal, and evaporated to dryness. The crude
product was purified by column chromatography using chloroform-methanol (9:1) solvent
mixture as eluent (Table 1V).

General procedure for the preparation of (phosphinoylmethoxy)benzyl alcohols (6a—c)

To a stirred solution of 0.08 mol benzaldehyde derivative 5a—c in 100 mL ethanol was
added 0.05 mol of NaBH4 in small portions at ambient temperature. The reaction mixture,
after stirring for 4 h, was carefully acidified with acetic acid. After evaporation of the solvent,
the organic residue was dissolved in 60 mL of chloroform, the inorganic salts were removed
by filtration, the filtrate was treated with charcoal, and the resulting clear solution was evap-
orated to dryness to afford the crude product 6a—c, which was purified either by recrystal-
lization from benzene or by column chromatography using chloroform-methanol (9 : 1) solvent
mixture as eluent (Table V).

General procedure for the preparation of (phosphinoylmethoxy)-nitrobenzenes (5d—f)

A mixture of 0.06 mol of chloromethylphosphane oxide 3a, 0.06 mol of the appropriate
nitrophenol 4d—f, and 0.07 mol of finely powdered K2C03was stirred at 150—160 °C for 7 h.
After cooling, the product was dissolved in 60 mL of chloroform, the inorganic salts were
removed by filtration. The filtrate was evaporated to dryness and the crude product was
rccrystallized from benzene to give the pure nitro derivatives 5d—f (Table 1V).

General procedure for the preparation of (phosphiuoylmethoxy)-anilines (6d—f)

A mixture consisting of 0.051 mol of the appropriate nitro compound 5d—f, 0.126
mol Na2S.9H2, and 4.5 mL of water was stirred at 100—110 °C for 7 h. The cold reaction
mixture was then acidified with 10% HC1 solution (pH = 1) and left at ambient temperature
for 30 min. After filtration from the precipitate, the pH of the filtrate was adjusted to 7.5
with 10% NaOH solution. The resulting solution was extracted with three 100 mL portions
of chloroform. The organic extract was dried over Na2S04and, after evaporation of the solvent,
the crude product was purified by repeated rubbing with ether (Table V).

General procedure for the preparation of (phosphinoylmethoxy)-phenols (5g and 5h)

A mixture of 0.05 mol of the diphenol 4g or 4h, 0.05 mol of the chloromethylphosphane
oxide 3a, and 0.05 mol of finely powdered K2C03 was vigorously stirred for 3 h at 120—
125 °C. The mixture was cooled to 80 °C, 50 mL of dry ethanol was added, and the suspension
was refluxed for 15 min. After cooling, the inorganic salts were filtered off, the filtrate was
concentrated and the crude product was purified by column chromatography using ethyl
acetate as eluent to obtain the pure monoethers 5g and 5h (Table 1V).
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Some I-benzyl-l-ethyl-indolo[2,3-a]quinolizidines (la, b, 2a, 2b, 4) were
synthetized and their stereochemistry established. The C/D ring annelation in com-
pounds 2a and 2b proved to be trans.

A few years ago the synthesis of the diastereomeric mixture of 1 was
reported [2]. Recently 1 was separated by medium pressure liquid chromato-
graphy (MPLC) into two components, la and Ib (Scheme 1).

The stereostructures are suggested on the basis of spectroscopical evi-
dences: i) The chemical shifts in the 13C-NMR spectrum of the axial methylene
groups are significantly less then of the equatorial ones [3] (see Table II).
ii) The chemical shift in the IH-NMR spectrum of the methyl group of la
is 0.80 ppm, while this value for Ib is 1.06 ppm. The difference is due to that
the ethyl moiety in la is axial and during its rotation the methyl group im-
merses into the shielding zone of the anisotropic magnetic field of the indole
ring (Fig. 1). In Ib the methyl group is far from the aromatic current.

The two lactams la and Ib were reduced to the amines 2a and 2b,
respectively.

There is another, more convenient route to compounds 2: the direct
benzylation of Wenkert’s enamine 3 [4] to the iminium salt 4, followed by
reduction. This latter step, when using sodium borohydride as reducing agent,
gave rise to 2a and 2b in 1 :1 ratio. On the other hand, catalytic reduction
resulted in the mixture of the same compounds in 1 :2 ratio. The observed
stereoselectivity may be explained by the steric difference of the two sub-
stituents at position 1. The benzyl group is the bulkier one, therefore,the C=N

*For part XXVIII, see Ref. [1].
**To whom correspondence should be addressed.
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(2a + 2b in 1:1 ratio) (a m2b in 1:2 ratio)

Scheme 1

moiety is adsorbed more readily with its opposite side on the surface of the
catalyst, and the hydrogen atom becomes attached to the 12b carbon atom
in trans position with respect to the benzyl group.

The two quinolizidines 2a and 2b showed Bohlmann bands in their IR
spectra and characteristic C4, C6, C7, C12b chemical shifts in their 13C-NMR
spectra, i.e. the C/D ring annelation in these compounds proved to he trans.
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Experimental

M.p.’s are uncorrected. The IR spectra were recorded with a Karl Zeiss SPECORD
75 IR instrument. 41- and 13C-NMR spectra were obtained on a Varian XL-100 spectro-
meter at 100.1 and 25.16 MHz, respectively. Mass spectra were taken on an AEl MS 902
instrument.

Separation of la and Ib

A crystalline mixture of la and Ib (1; 0.46 g) [2] was chromatographed on a medium
pressure column in two steps. The parameters were the following: column length: 0.3 m,
diameter: 0.04 m, pressure: 0.2 MPa, adsorbent: E. Merck Art. 7749 silica gel, eluent: toluene-
ethyl acetate 1:1. This procedure yielded 0.2 g each of the two products, which were recrystal-
lized from ethyl acetate (11 mL).

Table 1

MS spectra of compounds la, Ib, 2a, and 2b

% Remarks
m/z
la Ib 2a 2b la and Ib 2a and 2b
358 100 30 M
344 90 90 M
343 100 100 M 1
328 10 10 M Me
315 5 7 M - Et
311 10 3
267 4 3 5 15 M — Bz M - Ph
266 4 3 M - 92
256 3 2
253 10 20 M - Bz
251 4 2
212 50 50
197 30 30
185 15 25
170 100 100 35 60 tetrahydro-/?-carboline
fragment
169 50 60 25 50
156 4 6
143 10 10
91 10 15 10 50 benzyl
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Table 11

13C—NMR spectra of compounds Ia, Ib, 2a, and 2b.
Chemical shifts, O, in ppm, relative to TMS

Carbon la Ib 2a 2

| 41.11 40.74 41.21s 40.72

2 27.12 29.47 34.06 31.10

3 28.52 30.12 25.05° 29.71

4 169.62 170.06 56.50 57.21

6 39.39 40.51 54.23 54.35

7 21.05 21.16 21.87° 21.96
7a 111.91 112.57 111.75 112.12
7b 126.08 126.35 127.7 128.80

8 117.46 117.71 117.86 117.94

9 121.39 121.64 121.44 121.52

10 118.92 119.20 119.32 119.37
11 111.78 111.74 110.69 110.73
11a 131.27 130.95 130.63a 130.91°
12a 136.75a 137.06a 137.74 139.25
12b 60.84 60.33 67.76d 66.63
13 24.30 26.42 21.87° 22.40
14 7.26 8.41 7.90 7.99
15 41.94 37.95 43.87t 38.84
16 136.86a 137.45a 130.80a 130.80°
17 and 21 128.02b 127.84» 128.11» 127.62»
18 and 20 131.12» 130.53» 130.92» 130.72»
19 126.56 126.13 126.41 125.66

aThe assignment is interchangeble.
b Equivalent carbons, identic lines, double intensity.
o Coincidental lines, double intensity.

(£)-1/?-Benzyl-la-ethyl-1,2,3,4,6,7,12,12b/S-octahydroindolo[2,3-a]quinolizin-4-one (la)

First m.p. 230 °C, second m.p. 244 °C.

IR(KBr): 3352 (indole NH), 1620 (lactam) cm-1.

MS (70 eV): see Table I.

1H-NMR(CDC13 -f- DMSO-de,0): 9.59 (1H, bs, indole NH); 6.9-7.0 (4H, m, aromatic
CH protons); 7.32 (5H, s, Ph); 4.87-5.18 (Wl, m, eaH); 4.85 (1H, s 12b£H); 3.27 (1H, d,
|J] = 14 Hz) and 3.07 (1H, d, |Jj = 14 Hz) (benzyl methyelene); 2.6—2.9 (3H, m, 68H + 7-
H2); 2.30 (2H, t, J = 6.5 Hz, 3-H2); 1.66 (2H, t,J = 6.5 Hz, 2-H,); 1.34 (2H, q,J = 7.3 Hz,
ethyl methylene); 0.80 (3H, t, J — 7.3 Hz, Me) ppm.

13C-NMR(CDC13 + DMSO-dR): see Table II.

(+)-la-Benzyl-1/3-ethyl-1,2,3,4,6,7,12,12b/?-octahydroindolo[2,3-a]quiiiolizin-4-one (lb)

First m.p. 237 °C, second m.p. 257—258 °C.

IR(KBr): 3358 (indole NH), 1613 (lactam) cm-1.

MS(70 eV): see Table I.

1H-NMR(CDC13 6): 8.00 (1H, bs, indole NH); 6.9—7.6 (9H, m, aromatic CH protons);
5.0-5.4 (1H, m, eaH); 4.95 (1H, s, 12bjSH); 1.4-3.1 (11H, m); 1.06 (3H, t, J = 7.4 Hz,
Me) ppm.

13C-NMR(CDC13 + DMSO-dc): see Table II.

(i )-l/i-Benzvl-la-ethyl-1,2,3,4,6,7,12,12b/;-octahydroindolo[2,3-aJquiuulizine (2a)

Compound la (80 mg, 0.223 mmol) was refluxed with lithium aluminium hydride
(20 mg) in abs. terahydrofuran (10 mL) for 4 h. The mixture was cooled and a 20% solution
of potassium sodium tartrate in water [5] was added dropwise until the mixture became again
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homogeneous. The solution was extracted with dichloromethane (4 x 50 mL), the extract was
washed with brine (100 mL) and dried over sodium sulfate. The solvents were removed in
vacuum and the crude product was purified by preparative TLC to give 2a (60mg 75%)
as an oil, which was crystallized as the hydrochloride salt, m.p. 203 °C.

IR(10% solution in CHC13): 3436 (indole NH), 2752 and 2800 (Bohlmann bands) cm-1.

MS(70 eV): see Table I.

IH-NMR(CDC13 0O): 7.97 (1H, bs, indole NH); 6.5—7.7 (9H, m, aromatic CH protons);
2.1—35 (9H, m); 0.8—2.1 (6H, m); 0.74 (3H, t, J = 7.4 Hz, Me) ppm.

13C-NMR(CDC13): see Table II.

(ifc)-la-Benzyl-1/?-ethyl-1,2,3,4,6,7,12,12b/3-octahydroindolo[2,3-a]quinoliarine (2b)

It was prepared from Ib in the same way, and crystallized as the hydrochloride salt,
m.p. 216 °C.

IR(10% solution in CHC13): 3431 (indole NH), 2749 and 2802 (BohImann bands) cm-1.

MS(70 eV); see Table I.

1H-NMR(CDC13 6): 7.78 (1H, bs, indole NH); 6.9-7.6 (9H, m, aromatic CH protons);
3.47 (1H, s, 12b/?H); 3.36 (1H, d, \J\ = 14 Hz) and 2.30 (1H, d, |J| = 14 Hz) (benzyl methy-
lene); 1.3—3.2 (12H, m); 1.04 (3H, t, J = 7.5 Hz, Me) ppm.

13C-NMR(CDC13): see Table II.

I-Benzyl-l-ethyl-1,2,3,4,6,7-hexahydro-12H-indolo-[2,3-a]Jquinolizin-5-ium-perchlorate(4)

I-Ethyl-1,2,3,4,6,7-hexahydro-12fi-indolo[2,3-a]Jquinolizin-5-ium perchlorate (10 g) [3]
was distributed between dichloromethane (100 mL) and 10% sodium hydroxide solution
(100 mL). The organic phase was filtered through potassium carbonate, the solvent was removed
in vacuum and the resulting Wenkcrt’s enamine 3 was refluxed with benzyl chloride (5 mL)
and potassium iodide (0.5 g) in dry acetonitrile (100 mL) for 5 days under an inert atmosphere.
The mixture was cooled, filtered and a solution of anhydrous magnesium perchlorate in aceto-
nitrile (3.16 g in 30 mL) was added. The mixture was then filtered, the solvent evaporated in
vacuum and the residue crystallized from methanol to give yellow crystalls of 4 (1.56 g¢;
12.5%), m.p. 215°C.

IR(KBr): 3364 (indole NH), 1614 (C= N), 1585 (Ph), 1092 and 1054 (CHO7) cm"1

MS(70 eV, m/z(%)): 341(10) (M), 340(20), 313(15), 312(35) (IVi-Et), 311(100), 251(20),
250(20) (M-Bz), 249(95), 221(10), 220(10), 219(20), 206(20), 197(15), 171(10), 170(20), 169(16)
(dihydro-/?-carboline fragment), 91(20) (Bz).

1H-NMR(CDC13 + DMSO-d,.,4): 10.8 (1H, bs, indole NH); 6.9-7.8 (9H, m, aromatic
CH protons); 3.0—4.2 (6H, m); 3.56 (1H, d, \J\ = 14 Hz) and 3.16 (1H, d, |J| = 14 Hz)
(benzyl methylene); 1.6—2.9 (6H, m); 0.81 (3H, t, ,/ = 7.2 Hz, Me) ppm.

C24H2,C1N20 4 (442.95). Calcd. C 65.08; H 6.14; N 6.32. Found C65.13; H 6.21; N 6.18%.

Reduction of 4 with sodium borohydride

Compound 4 (1.56 g; 3.52 mmol) was dissolved in methanol (100 mL) and treated with
sodium borohydride (0.2 g) for 1 h. The methanol was removed in vacuum, the residue dis-
solved in dichloromethane (100 mL), washed with saturated sodium hydrogen carbonate
solution and dried over magnesium sulfate, then filtered. The filtrate was saturated with
hydrogen chloride gas, the solvent removed in vacuum, and the product crystallized from
methanol to give a white crystalline mixture of the hydrochloride salts of 2a and 2b (in 1 :1
ratio; 0.93 g; 69%, m.p. 189—192 °C.

C2aH28N2.1IC1 (380.97). Calcd. C 75.67; H 7.67; N 7.35. Found C 75.58; H 7.77; N
7.17%.

Catalytic reduction of 4
10% Palladium-on-charcoal catalyst (about 50 mg) was prehydrogenated in some metha-
nol, then a solution of the perchlorate salt 4 in methanol (50 mg; 1.13 « 10-4 mol in 25 mL)

was added. Hydrogenation was carried out at room temperature and atmospheric pressure.
After the absorption of the calculated amount of hydrogen (2.7 mL) (about 15 min) the catalyst
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was filtered off and the methanol was removed in vacuum. The residue was distributed between
chloroform and 10% sodium hydroxide solution, the organic phase was dried and the chloro-
form removed in vacuum to give a mixture of 2a and 2b (in 1 :2 ratio; 35 mg; 89%).

Separation of 2a and 2b

A mixture of 2a and 2b (0.5 g) was chromatographed in two steps under the following
conditions: column length: 0.5 m, diameter: 0.056 m, adsorbent: Reanal Kieselgelt 60 GF24
No 0772, Ap = 0.3 MPa, eluent: toluene-ethyl acetate-chloroform 7:2:1. The retention of
2a was the greater. From a 1:1 mixture 0.2 g of 2a and 2b each was isolated.

*

The authors wish to express their thanks to Dr J. Tamé&s for the MS measurments,
and to the Chemical Works of Gedeon Richter Ltd. for financial support of this research.
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