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CALCULATION OF THE ^-ELECTRONIC STRUCTURE 
AND SPECTRA OF HALOPYRIDINES BY THE MIM 

AND PPP METHODS
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(Department o f Physical Chemistry, Technical University, Budapest)

R eceived May 20, 1975

The я -electronic structure  and  spectra of halopyridines were calculated by th e  
Molecules in  Molecules (MIM) and  P a r is e r —P a r r —P o pl e  (P P P )  methods.

W ith th e  MIM m ethod th e  charge transfer energies were calculated by the 
point charge, charged sphere and  Ma t a g a — N ishim oto  approxim ations. D ifferent 
ionization po ten tia l and electron affin ity  values found in the lite ra tu re  were tested  
for the calculation of the one-center repulsion integrals and  th ey  were selected by  
comparison of th e  experim ental an d  calculated data. The value of the carbon-halogen 
resonance in tegral (/?cx ) was varied . On th e  basis of the results obtained for transition  
energies and wavefunctions, th e  Ma taga  — N ishim oto  approxim ation  proved to  be 
the most appropriate for the calculation  of the two-center repulsion integrals.

In  the P P P  calculation only th e  Mata ga—N ish im o to  approxim ation was 
used. The best value of the resonance in tegral was determ ined by /?cX variation. 
Singlet transition  energies, charge density  and bond order m atrices, oscillator strengths 
and polarization directions were calculated.

1. Introduction

Several P ariser  — P arr — P ople (P P P ) and M olecules in M olecules 
(MIM) calculations are to be found in the literature for pyridine derivatives  
[1, 2 ]. It seems th a t the halopyridines have not been treated  in detail by  
the MIM method. In this work th e  л -electronic spectra of m ono-halopyridines 
have been calculated b y  the MIM m ethod and com pared w ith  the results 
obtained  by the P P P  m ethod.

One of the purposes of the present work is to find a uniform  param eter 
set for the substituents considered. For th is  reason, the applicability  o f the  
point charge, charged sphere and th e  Mataga —N ishimoto (M N) approxim a­
tions were investigated  within the MIM m ethod, and, by th e  MIM m ethod, 
different one- and tw o-center repulsion integrals were tested . The results 
were compared w ith  those for halobenzenes obtained earlier [3], w hich were 
used at the same tim e for a prelim inary selection  of the param eters tested . 
Our purpose was to check the ap p licab ility  o f the Mataga— N ishimoto 
approxim ation, generally used in th e  P P P  m ethod, for th e  calculation o f  
heterocyclic com pounds by the MIM m ethod.

1 Acta Chim . ( Budapest)  90,1976



2 M A RTIN : CALCULATION OF T H E  л -ELECTRO N IC STRU CTU RE

2. MIM method

2.1. Method o f Calculation

The principles o f  the MIM m ethod used are given  in Ref. [3]. The 
7i-electron system  o f th e  molecules investigated  was d ivided  into two parts: 
th e  л -electrons o f th e  pyridine ring and the non-bonding jr-electrons o f the  
substituent halogen atom . The pyridine ring was considered as an acceptor 
and the halogen atom s as donors. The interaction betw een the pyridine ring 
and the substituent atom  was calculated by means o f configuration in ter­
action  between the singly  excited configurations. The interaction  m atrix was 
diagonalized by the J acobi m ethod. The locally excited  configurations [4] 
and the experim ental transition energies [5] of the pyridine molecule are 
given in Table I.

Table I

Wave/unctions o f pyridine and values o f experimental energy

Wavefunction Energy
(eV)

Г л =  0.8202 Уз-*! — 0.5720 y 2_*5 4.90

Г р =  0.8688 Уз_*6 +  0.4950 y 2̂ 4 6.38

Гр  =  0.5720 y 2_*! +  0.8202 у 2_ 5 7.07

Гр, =  0.4950 Уз-*5 -  0.8688 у 2_ 4 7.07

V>2 =  0.1815 (rp2 +  <p6) — 0.3610 (<p3 +  y 5) —
— 0.6113 <p4 +  0.5475 cpl

Уз =  0.4970 (y 2 -  y6) +  0.5030 (<p3 -  y 5)
y 4 =  0.3383 (y2 +  y r>) +  0.2728 (y3 +  <p5) —

— 0.5893 y 4 — 0.5244 y 4
V5 =  0.5030 (y , -  <pe) +  0.4970 (y5 -  (p3)

Three different m ethods were tested  for the calculation of charge 
transfer (CT) energies: the point charge [6], the charged sphere [7] and the  
Mataga—N ishimoto  [4] approxim ations. Some different values found in the  
literature were used for the atom ic valence state  ionization  potentials (1^) 
and electron affin ities (A^), and thus for the one-center repulsion integrals

*)•
The ß /iv resonance integral for bonds betw een th e  subsystem s was tak en  

as a variable param eter and its values betw een th e  non-bonded atom s w ere 
neglected.

ActaChim . ( Budapest)  90,1976



M ARTIN: CALCULATION OF T H E  я -ELECTRONIC STRU CTU RE 3

2.2. Starting Values

The molecular geom etry o f the pyridine ring was taken from R ef. [9]. 
The carbon—halogen bond distances were: rCF =  1.30 Á , rCC] =  1.70 Á, 
rCBr =  1.86 Á , rCI =  2.05 Á [8].

The effective nuclear charges (Z^), valence state ionization p otentia ls  
(IM) and electron affinities (A^) as well as the one-center repulsion integrals  
(y ) used are collected in Table II . The I and у values o f bromine and iod ine  
given in colum ns 1, 2 and 3 o f the Table II  were calculated b y  extrapolation  
from the G e_ —>- As —► S e + —► Br+ + and Sn~ —»■ Sb —*■ T e + —*• I + + isoelectron- 
ic series to  be found in H in ze’s tables [16]. In order to find  the best sta rt­
ing data, we have performed the com putation w ith all data series o f Table I I . 
Several further data can be found in the literature b u t, according to  our 
experience [3], no additional inform ation is to  be expected  from them .

The experim ental first ionization potentials o f the m ethyl com pounds 
w ith  the donor halogen substituents are: Ich3f =  12.61 eV [17], I ch3ci =  
=  11.34 eV [18], 1Сн3вг =  10.50 eV [17], ICh3i =  9.55 eV [17]. No experi­
m ental data can be found for the electron affin ity  of the pyridine ring, so it 
was calculated according to  Ref. [5]. The experim ental electron a ffin ity  o f  
benzene (— 1.10 eV [19]) and the energy difference o f the y>4 and y>5 orbitals 
of pyridine [4], as well as the energy o f the corresponding degenerate orbital 
o f benzene [5] were used for the calculation. The values calculated are: 
A 4 =  - 0 .8 1 7  eV, As =  - 0 .5 3 0  eV.

2.3. Results

2.3 .1 . Charge Transfer Energies

The charge transfer energies (T4(D ,), T 5(D ,)) as w ell as the interaction  
elem ents betw een CT states (y45(D ,)) o f the ortho-, meta-, and para-halopyri- 
dines were calpulated by m eans o f the point charge, charged sphere and  
Matag a—N ishimoto approxim ations, using the data ofT able II  and Sect. 2 .2 . 
The calcu lated  values are listed  in Table I I I , the heading o f which has a 
serial num ber referring to  Table II . As an exam ple, we give the power series 
of the tw o-center repulsion integrals (yßtl) calculated w ith data of the first 
colum n o f Table II  according to  R ef. [7]:

yCF =  16.330 — 6.189rCF -j- 0.757r^F
yccl =  12.080 — 3.509rcci +  0.3440r^cl 
yCBr =  11.660 — 3.2326rCBr 0.3004r£Br

ycl =  11.065 -  2.8593rCI +  0 .2 429^ ,
y NF =  16.935 — 6.5235rNF +  0.8050r^F

1* Acta Chim. (B udapest) 90,1976
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y NC, =  12.605 -  3.8420rNC1 +  0 .3 9 1 2 ^ ,  
^NBr =  12.265 — 3.5642rNBr -f- 0.34<3r^,Br 

yNI =  11.670 -  3.1909rN1 +  0 .2 8 9 8 ^ ,

Table II

Atom ic parameters used fo r  M I M  calculations

1 2 3 4 5 6 7 8
Refer-

ГЮ] [10] [11] [10] [ii] [10] [ii] [10]
116] [12] [16] [14] [14]

[13] [13] [15][16] [16] [16] [14] [14]

Zc 3.25 3.25 2.65 3.25 2.65 3.25 2.65 3.25

ZN 3.90 3.90 3.30 3.90 3.30 3.90 3.30 3.90

z F 5.20 5.20 4.60 5.20 4.60 5.20 4.60 5.20

Zci 6.10 6.10 5.20 6.10 5.20 6.10 5.20 6.10

Z Br 7.60 7.60 8.20 7.60 8.20

Z! 7.60 7.60 8.20 7.60 8.20

l l 11.16 11.16 11.16 11.16 11.16

I n 14.12 14.12 14.12 14.12 14.12

I f 39.64 34.14 39.64 39.64 39.64

I ci 26.36 24.37 26.36 26.37 26.37

I ß r 24.26 22.69 24.26 19.10 19.10

ii 21.83 20.55 21.83 19.40 19.40

Ac 0.03 0.03 0.03 0.03 0.03

A n 1.78 1.78 1.78 1.78 1.78

Af 18.11 12.61 18.11 18.11 18.11

Aci 13.34 11.34 13.34 11.05 11.05

A Br 12.08 10.50 12.08 11.80 11.80

AI 10.83 9.55 10.83 10.60 10.60

У сс 11.13 11.13 11.13 11.13 11.13 11.13 11.13 10.71

Vnn 12.34 12.34 12.34 12.34 12.34 12.34 12.34 12.85

ypF 21.53 21.53 21.53 21.53 21.53 21.39 21.39 17.13

УС1С1 13.03 13.03 13.03 15.32 15.32 13.03 13.03 10.94

УВгВг 12.19 12.19 12.19 7.30 7.30

Уп 11.00 11.00 11.00 8.80 8.80

* Values from  R ef. [16]

Table I I I  show s that there are no considerable differences betw een the  
calculated CT energies and the interaction  elem ents evaluated w ith  different 
starting atom ic param eters w ith in  th e  same approxim ation, but essential 
differences are obtained, even for identical starting param eters, w ith  dif­

ActaChim . (Budapest) 90,1976
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ferent approxim ations. A ccording to  expectations [4 ,1 3 ], the largest calculated  
CT energies were in each case obtained w ith  the Ma t a g a — N ish im o t o , and  
the sm allest ones with the point charge approxim ation.

2.3.2. Electron Transition Energies

The я -electronic transition  energies were calculated w ith  the values o f  
Table III . T he ß resonance integrals were taken as variable param eters 
and their optim um  was found by variation . Figures 1, 2 and 3 represent 
the energy va lu es calculated b y  the point charge, charged sphere and Ma t a g a — 
N ishim oto  approxim ations from  the data o f the first column o f Table II  as 
an exam ple. The experim ental energies are indicated as horizontal lines. 
I t  can be seen th at with the decrease o f ß  the calculated energies decrease 
alm ost linearly  in  the interval exam ined. According to Table I I I , there is no 
significant difference betw een the CT energies calculated w ith  the same 
approxim ation (less than 2% ), thus F igs 1, 2 and 3 correctly represent the  
ß  variation diagram s calculated w ith  other starting parameters.

In order to  compare the starting param eters of Table II , the transition  
energies were calculated for each param eter set. This does not require a ß  
optim ization for each param eter set. Instead , for each approxim ation, a 
suitable value w as chosen from F igs 1, 2 and 3 (point charge approxim ation: 
/Sc x  =  — 1.5 eV, charged sphere approxim ation: ß c x  — — 1.5 eV, Ma t a g a — 
N ish im o to  approxim ation: ß c x  =  —2.0 eV) and the transition energies 
calculated w ith  these ß  values are given in Table IV. It turned out th a t the

—1---------------1------- ,---------i—i i—i--------------- j__________1—I __________ I__________ i_
-1.0 -1.5 -2.0 -1.0 -1.5 -2.0 -1.5 -2.0 -2.5

/3 (eV) ft (eV)

Fig. 1. F irst band energies of orifto-halopyridines as a function of the resonance in tegra 
ß c x  calculated by th e  MIM method, using point charge, charged sphere and Mataga— 
N ish im o to  approxim ations. The horizontal lines denote th e  experim ental energies; th e
curves are drawn from  the  calculated energy values. Symbols: x ---------X fluoropyridine,
-|------------ f- chloropyridine, О - • - • - О  brom opyrid ine, □ ..........□  iodopyridine

Acta Chim. ( Budapest)  90 ,1976
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Table m

Charge transfer energies and their interaction elements

Approx.
Point Charged sphere Mat aga—NisHiMOTO

0. 1. 3. 4. 5. 6. 7. 8. 1. 4. 6. 8.

rp4 (F2) 7.805 8.062 8.114 8.062 8.114 8.066 8.119 8.209 9.344 9.344 9.349 9.509
T 5 (F2) 6.864 7.331 7.391 7.331 7.391 7.339 7.398 7.582 8.793 8.793 8.799 9.004
yA5 (F2) 0.819 0.592 0.595 0.592 0.595 0.589 0.591 0.471 0.346 0.346 0.345 0.308

(Fj) 7.951 8.175 8.235 8.175 8.235 8.179 8.238 8.304 9.405 9.405 9.410 9.570
T5 (F3) 6.953 7.410 7.468 7.410 7.468 7.417 7.476 7.654 8.842 8.842 8.848 9.049

—/ 6 (F3) 0.522 0.345 0.350 0.345 0.350 0.342 0.347 0.256 0.198 0.198 0.198 0.173

X4 (F.) 6.786 7.372 7.426 7.372 7.426 7.381 7.435 7.685 8.936 8.936 8.942 9.158

T 5 (F4) 8.078 8.207 8.271 8.207 8.271 8.209 8.273 8.278 9.307 9.307 9.311 9.460

y*‘ (F4) 0 0 0 0 0 0 0 0 0 0 0 0

rp4 (Cl2) 7.333 7.597 7.645 7.561 7.609 7.597 7.645 7.633 8.762 8.676 8.762 8.858
*T 5 (Cl,) 6.638 7.072 7.129 7.007 7.063 7.072 7.129 7.145 8.330 8.231 8.330 8.455

У“ (Cl,) 0.511 0.318 0.317 0.357 0.356 0.318 0.317 0.274 0.202 0.215 0.202 0.185

(Cl3) 7.416 7.646 7.702 7.623 7.678 7.646 7.702 7.672 8.797 8.713 8.797 8.898

(Cl3) 6.706 7.129 7.185 7.066 7.122 7.129 7.185 7.199 8.365 8.268 8.365 8.488
— y* 5 (Cl3) 0.302 0.156 0.158 0.187 0.189 0.156 0.158 0.122 0.103 0.111 0.103 0.093

rp4 (Cl4) 6.713 7.245 7.299 7.159 7.213 7.245 7.299 7.340 8.537 8.433 8.537 8.662
X5 (Cl4) 7.398 7.542 7.599 7.537 7.593 7.542 7.599 7.549 8.630 8.551 8.630 8.730
y*5 (Cl,) 0 0 0 0 0 0 0 0 0 0 0 0
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rp4 (Br2) 6.747 6.952 6.988 7.002 7.038

T 5 (Br2) 6.115 6.452 6.499 6.556 6.602
/ » (Br2) 0.434 0.284 0.282 0.214 0.212

rp4 (Br3) 6.816 6.995 7.038 7.026 7.069
T 5 (Br3) 6.177 6.506 6.552 6.607 6.652

(Br3) 0.248 0.135 0.136 0.080 0.081

rp4 (Br4) 6.228 6.641 6.685 6.783 6.827

T 5 (Br4) 6.760 6.874 6.918 6.874 6.918
y* 6 (Br4) 0 0 0 0 0

( I 2) 6.065 6.228 6.260 6.243 6.275

T 5 ( У 5.490 5.753 5.796 5.787 5.829

■/5 ( I 2) 0.362 0.251 0.247 0.228 0.225

f t ( I 3) 6.120 6.265 6.303 6.275 6.313

T 5 ( I 3) 5.546 5.803 5.845 5.835 5.877
— / 5 ( I 3) 0.199 0.116 0.115 0.098 0.097

rp4
( I4) 5.637 5.956 5.997 6.001 6.043

T 6 ( I 4) 6.029 6.127 6.165 6.127 6.165
y*» (L) 0 0 0 0 0

8.076
7.664
0.176

8.106

7.697

0.086

7.883
7.926
0

7.301
6.911
0.149

7.327
6.940
0.070

7.141
7.133
0

8.299 I
7.917
0.146

8.327
7.945

0.069

8.145
8.134
0

7.392
7.013
0.138

7.417
7.041

0.064

7.247
7.219
0
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Table IV

Energies calculated by the M IM  method

-pyrid ine
P o in t Charged  sphere Mataga  — N ish im o to

0. 1. 3. 4. 5. 6. 7. 8. 1. 4. 6. 8.

2-F- — 0.208 - 0.202 - 0.201 - 0.202 - 0.201 - 0.202 - 0.201 - 0.200 -0 .3 1 2 -0 .3 1 2 -0 .3 1 2 -0 .3 0 7

4.715 4.752 4.755 4.752 4.755 4.753 4.756 4.766 4.732 4.732 4.732 4.739

5.879 6.045 6.057 6.045 6.057 6.047 6.059 6.097 6.105 6.105 6.105 6.122

3-F- -0 .1 9 0 -0 .1 8 3 -0 .1 8 2 -0 .1 8 3 -0 .1 8 2 -0 .1 8 3 -0 .1 8 2 -0 .1 8 0 -0 .2 8 0 -0 .2 8 0 -0 .2 8 0 -0 .2 7 5

4.691 4.727 4.730 4.727 4.730 4.727 4.730 4.741 4.693 4.693 4.694 4.702

5.945 6.043 6.053 6.043 6.053 6.044 6.054 6.077 6.059 6.059 6.059 6.076

4-F- -0 .2 2 7 -0 .2 0 9 -0 .2 0 8 -0 .2 0 9 -0 .2 0 8 -0 .2 0 9 -0 .2 0 8 - 0.201 -0 .3 0 8 -0 .3 0 8 -0 .3 0 7 -0 .3 0 0

4.809 4.813 4.814 4.813 4.814 4.813 4.814 4.814 4.780 4.780 4.780 4.785

5.969 6.130 6.140 6.130 6.140 6.131 6.142 6.182 6.189 6.189 6.189 6.205

2-C1- -0 .2 2 3 -0 .2 1 7 -0 .2 1 5 -0 .8 3 0 -0 .2 1 6 -0 .2 1 7 -0 .2 1 5 - 0  216 -0 .3 3 4 -0 .3 3 7 -0 .3 3 4 -0 .3 3 0

4.705 4.741 4.744 4.293 4.740 4.741 4.744 4.746 4.712 4.707 4.712 4.717

5.844 5.999 6.013 5.528 5.996 5.999 6.013 6.018 6.056 6.045 6.056 6.070

3-C1- - 0.202 -0 .1 9 5 -0 .1 9 3 -0 .1 9 5 -0 .1 9 4 -0 .1 9 5 -0 .1 9 3 -0 .1 9 4 -0 .2 9 8 -0 .3 0 1 -0 .2 9 8 -0 .2 9 5

4.672 4.709 4.713 4.704 4.708 4.709 4.713 4.714 4.667 4.661 4.667 4.674

5.866 5.969 5.982 5.957 5.971 5.969 5.982 5.981 5.997 5.985 5.997 6.011

4-C1- -0 .2 2 9 -0 .2 1 3 - 0.211 -0 .2 1 5 -0 .2 1 4 -0 .2 1 3 - 0.211 - 0.210 -0 .3 2 1 -0 .3 2 5 -0 .3 2 1 -0 .3 1 7

4.784 4.790 4.792 4.790 4.792 4.790 4.792 4.790 4.758 4.755 4.758 4.762

5.943 6.103 6.114 6.082 6.095 6.103 6.114 6.123 6.152 6.141 6.152 6.165
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2-Br- -0 .2 4 2 -0 .2 3 6 -0 .2 3 5 -0 .2 3 6 -0 .2 3 4

4.644 4.692 4.696 4.703 4.707

5.613 5.796 5.815 5.842 5.859

3-Br- -0 .2 1 9 -0 .2 1 3 -0 .2 1 1 -0 .2 1 1 -0 .2 1 0

4.606 4.652 4.657 4.664 4.668

5.654 5.776 5.793 5.802 5.818

4-Br- -0 .2 4 6 -0 .2 3 1 -0 .2 3 0 -0 .2 2 7 -0 .2 2 5

4.745 4.753 4.757 4.753 4.757

5.719 5.914 5.932 5.968 5.984

2-1- -0 .2 6 9 -0 .2 6 3 -0 .2 6 2 -0 .2 6 3 -0 .2 6 1

4.511 4.589 4.598 4.598 4.605

5.273 5.438 5.464 5.460 5.485

3-1- -0 .2 4 3 -0 .2 3 7 -0 .2 3 5 -0 .2 3 6 -0 .2 3 5

4.472 4.541 4.549 4.548 4.556

5.319 5.439 5.462 5.452 5.474

4-1- -0 .2 7 0 -0 .2 5 6 -0 .2 5 5 -0 .2 5 5 -0 .2 5 3

4.658 4.674 4.680 4.674 4.680

5.357 5.563 5.588 5.591 5.616

-0 .3 6 1 -0 .3 5 2
4.674 4.689
5.961 6.001

-0 .3 2 3 -0 .3 1 4
4.620 4.639

5.889 5.931

-0 .3 4 6 -0 .3 3 6
4.724 4.735
6.063 6.104

-0 .3 9 8 -0 .3 9 3

4.608 4.619
5.788 5.816

-0 .3 5 6 -0 .3 5 2
4.540 4.552
5.704 5.732

-0 .3 8 0 -0 .3 7 5
4.662 4.670

5.896 5.925
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10 MARTIN: CALCULATION OF T H E  ^-ELECTRON IC STRUCTURE

Fig. 2. F irst band energies of meia-halopyridines as a function of th e  resonance integral 
ßcx calculated by the MIM m ethod, using point charge, charged sphere and Mataga — 

N ish im o to  approxim ations. Symbols as in Fig. 1

P o i n t

E(eV)
5 0 Sphere

E leV )

5 0 Mataga -  Nishimoto

___ --------------

" " ■ " DC ' C -
* * 4 3 . ^

****.. '■"O

* **G 4.5 ’ *□ - 4.5

I ----------Cl
о ----------B r

_ n ........... -I
4.0

+ ---------- Cl
o— -------Br

—_______________ :_______________ 1—

4 0

+ ----------- Cl
0— ----Br

________________________—J _______ ____1__________ l_l L_]___________ I___________L_
-TO -1.5 -2.0 -1.0 -1.5 -2.0 -15 -2.0 -2.5

ft (eV) ft (eV)

Fig. 3. F irst hand energies of paro-halopyridines as a function of calculated by the MIM 
m ethod, using point charge, charged sphere and Mataga  — N ish im o to  approxim ations.

Symbols as in Fig. 1

results obtained b y  m eans of different starting values do not differ essentially. 
Their differences are less than  1% , which can be neglected  compared w ith  
th e  uncertainty o f  the experim ental data. This neglect is justified  also by the  
error introduced by the use o f the band m axim a as experim ental values 
instead of the 0.0 band. For th is reason we shall use on ly  the starting data  
given  in the first colum n o f Table II , as the trend in th e  values of the one- 
center repulsion integrals agrees w ith the expectations.
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Thus the best values o f resonance integrals were determ ined only  for 
the data set o f  colum n 1 in Table II . The best ßc x  values evaluated from  
Figs 1 and 2 are given in Table V II. The para  isomers in F ig. 3 were not con­
sidered for the determ ination of the optim al /5CX values, because their ex ­
perim ental values are incom plete and unreliable. The best resonance integrals 
have the greatest absolute values with the Mataga  N ishim oto  approxim a­
tion  and the sm allest ones w ith  the point charge approxim ation.

The transition energies calculated with the ß cx  values of Table Y II and 
w ith  the data o f the first colum n o f Tables II and III  are given in Table Y. 
I t  can be seen that the energies o f the first bands are in good agreem ent 
w ith  the experim ental values for any o f the three approxim ations. The greatest 
error occurs for p-iodopyridine: 6.5%  of the experim ental value. The calcu­
lated  energies decrease in the orders F, Cl, Br, I and ortho, meta, in accordance 
w ith  the order o f experim ental energies.

2 .3 .3 . Wavefunctions

The calculated w avefunctions for some characteristic cases are given  in 
T able V I. For the sake o f b revity , only those contributions to the w ave- 
functions are given which correspond to the experim ental band assignm ent 
and to  the state giving the greatest contribution.

W ith fluoro- and chloropyridines, the CT states contribute only sligh tly  
to  the wavefunctions belonging to the first four energies for all three approxi­
m ations. The largest contribution to the configuration o f the ground state  
xp0 is from the ground state  o f pyridine (F 0); to the locally excited
sta tes contribute in the follow ing order: Г а, Г р, Г р . This is in accordance 
w ith  the band assignm ent expected .

Using the point charge approxim ation, the second bands o f iodopyridines 
and o-bromopyridine are CT bands and the higher exc ited  states are m ixed  
from pyridine and CT states, contrary to expectations. A strong m ixing o f  
the pyridine and CT states occurs in the excited  states o f  m- and p-brom o- 
pyridines but this is not so strong th at th e  order of the transitions o f pyridine 
should be changed.

U sing the charged sphere approxim ation, the Г р loca lly  excited  pyridine 
state gives the largest contribution to the second excited  sta te  of o-brom o­
pyridine but a sm all m ixing occurs in th is case too. The second band o f  
o-iodopyridine is given as a CT band by th is approxim ation too.

The Matag a— N ish im o to  approxim ation produces better results: the  
above contradictions are not present and only a sm all m ixing occurs w ith
o-iodopyridine but th is does not influence the order o f the transitions o f  
pyridine.

Acta Chim. (Budapest) 90 , 1976
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Table V
Energies calculated by the M I M  method using the best ßc.X resonance integrals

Compound
Calculated energies (eV) Experimental 

energies (eV) 
[20]Point Sphere M.N.

2-fluoropyridine — 0.182 - 0.202 -0 .2 8 2
4.738 4.752 4.748 4.769
5.911 6.045 6.128

3-fluoropyridine -0 .1 6 6 -0 .1 8 3 -0 .2 5 3
4.717 4.727 4.714 4.714
5.982 6.043 6.087

4-fluoropyridine -0 .1 9 8 -0 .2 0 9 -0 .2 7 8
4.821 4.813 4.793
6.009 6.130 6.210

2-chloropyridine — 0.253 -0 .3 1 0 -0 .4 0 2
4.679 4.673 4.673 4.679
5.812 5.898 6.003

3-chloropyridine -0 .2 2 9 -0 .2 7 9 -0 .3 6 0
4.642 4.627 4.618 4.626
5.827 5.851 5.932

4-cldoropyridine — 0.260 -0 .3 0 5 -0 .3 8 8
4.767 4.739 4.725 4.805
5.904 5.996 6.100

2-bromopyridine - 0.212 -0 .2 6 8 -0 .3 6 1
4.674 4.665 4.674 4.661
5.638 5.762 5.961

3-bromopyridine -0 .1 9 1 -0 .2 4 1 -0 .3 2 3
4.641 4.620 4.620 4.626
5.690 5.735 5.889

4-bromopyridine — 0.215 -0 .2 6 3 -0 .3 4 6
4.765 4.732 4.724
5.756 5.875 6.063

2-iodopyridine — 0.203 -0 .2 6 3 -0 .3 9 8
4.589 4.589 4.608 4.592
5.294 5.438 5.788 5.438

3-iodopyridine — 0.184 -0 .2 3 7 -0 .3 5 6
4.560 4.541 4.540 4.558
5.367 5.439 5.704 5.438

4-iodopyridine -0 .2 0 4 -0 .2 5 6 -0 .3 8 0
4.717 4.674 4.662 4.428
5.408 5.563 5.896 5.166
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Table VI
Wavefunction contributions calculated by the M IM  method

Point Sphere

Е (eV) Vi E (eV) Vi

2-bromopyridine 2-bromopyridine
Го - 0.212 .985 -0 .2 6 8 .981
Г '« 4.674 .922 4.665 .938
Гр  TD4 6.436 .592 - .6 0 1 5.762 .702
Гр  TD4 7.660 .576 .633 6.556 .422 - .5 9 2
Гр, 7.239 .901 7.397 .779
Тщ4 1 'ß 6.845 .257 - .7 4 4 7.844 .644 .519
Tß5 Гр 5.638 - .726 6.869 .296 - .7 2 4

3-bromopyridi ne 2-iodopyridine
Го -0 .1 9 1 .986 -0 .2 6 3 .979
Га 4.641 .920 4.589 .882
Г р  Т D5 5.690 .628 -.685 6.754 .694
Г р  Т о« 7.751 .584 .632 7.428 .764
Гр. 7.386 .804 7.234 .912
TD* '̂й 6.772 .222 - .7 0 8 6.221 .739
Td5 TD4 6.364 .250 .633 5.438 .764

2-iodopyridine 3-bromopyridine
Го -0 .2 0 3 .984 -0 .2 4 1 .982
Га 4.589 .839 4.620 .929 •
Гр 6.693 .753 5.735 .711
Г р  Гр. 7.312 .840 6.797 .739
Гр. Гр 7.165 .960 7.606 .709
I D4 6.125 .750 7.947 .642
TD5 5.294 .779 6.458 .258 - .6 4 5

Mat aga —VlSHIMOTO
Е (eV) Vi E (eV) Vi

4-bromopyridine 2-fluoropyridine
Го -0 .3 4 6 .979 -0 .2 8 2 .985
Га 4.724 .964 4.748 .981
Г  Р TD4 6.063 .791 6.128 .941

TD4 6.492 .846 6.982 .767
Iß ' 6.676 .762 6.924 .753
TD4 Г» 8.940 .841 10.001 .794
T d5 ^ 8.680 .839 9.056 .766

3-bromopyridine 2-chloropyridine
Го -0 .3 2 3 .980 -0 .4 0 2 .977
Г а 4.620 .952 4.673 .968
Г р  TDs 5.889 .840 6.003 .904
/ ß 6.868 .823 6.852 .657
Гр. 6.685 .827 6.954 .638
T d« Гр 8.953 .715 9.566 .735
'-I'd 5 'I’d * 8.531 .682 8.867 .702

2-bromopyridine 2-iodopyridine
Го -0 .3 6 1 .978 -0 .3 9 8 .974
Га 4.674 .962 4.608 .939
Гр 5.961 .873 5.788 .790
Гр Гр. 6.808 .620 - .6 6 1 6.658 .568 - .5 6 5
Гр. Гр 6.938 .600 .700 6.898 .550 .668
TD4 8.863 .716 8.272 .637
Тд4 Гр. 8.278 .663 7.806 .547 .576
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I t  can be estab lished  th at the CT contributions to the first four con­
figurations increase in  th e  order o f decreasing electronegativ ity  o f halogen  
atom s, nam ely the m ixing  is the strongest w ith  iodopyridine.

I t  can be concluded that the Ma t a g a  — N ishim oto  approxim ation is 
the m ost suitable for calculating the w avefunctions and the point charge 
approxim ation gives th e  least reliable results. This is in accordance w ith our 
earlier statem ents [21, 22].

Table VII

Best —i’cx  values f or the calculations

MIM calculation PPP
calculation

Point Sphere M.N.

г 1.4 1.5 1.9 2 .6

a 1.6 1 .8 2 .2 2 .8

Br 1.4 1 .6 2 .0 2.3

I 1.3 1.5 2 .0 1.9

3. PPP Method

3.1. Method o f  Calculation

The P P P  m ethod  was used in its original form [6, 7]. The у  tw o- 
center repulsion integrals were calculated  by the Matag a  — N ish im o to  
approxim ation. The singlet transition energies, oscillator strengths, polariza­
tio n  directions, and charge density—bond order m atrix were also calculated. 
The SCF convergence criterion was 10 “ 3.

3.2. Starting Values

The valence sta te  ionization potentia ls and electron affinities can be 
found in Table II . Calculations were perform ed only w ith  the data of the  
first tw о colum ns, found as m ost reliable previously. R esults obtained w ith  
th e  data of the first column are not satisfactory because it was not possible 
to  find  a ßcx  va lu e attributable to a g iven halogen atom  which would have  
resulted in a good agreem ent for all isom ers, and the best ß cx  was too large. 
The reason for th is  is that the values o f valence state ionization potentials  
obtained from H in z e ’s tables are too high for substituent atom s having tw o  
тг-electrons. Thus w e give in the follow ing only the results calculated w ith  
data of the second column. From these data the valence state ionization  
potentials o f the halogen atoms were determ ined by K w iatkow ski’s form ula:

I/x ^СНаХ УH-l*
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where the experim ental ionization potential ICHjX (see Sect. 2.2.) was taken  
as the valence sta te  electron affin ity  A . This procedure has the advantage, 
th at experim ental data is used for starting value. The bond distances are 
given in Sect. 2 .2 . The resonance integrals o f the pyridine ring are: ß cc =  
=  —2.39 eV and ß cx =  —2.58 eV. The resonance integrals o f carbon—halogen 
bonds were taken  as variable parameters and the transition  energies were 
calculated with d ifferent ßcx  values to obtain their optim um . The calculated

ü------1—.— 1-------1-------1-------1------ ü  L____ I____ I____ I____ I____ I____ l_
-1.8 -2.0 -2.2 -2.4 -2.6 -2.8 -3.0 -1.8 -2.0 -2.2 -2.4 -2.6 -2.8 -3.0

P (eV)
Fig. 4. F irst band energies of ortho- and meta-halopyridines as a function of /?qX calculated 

by  th e  P P P  method. Symbols as in Fig. 1

energies are given in F ig. 4 for the o- and m -halopyridines. The best ßcx  
resonance integral found from Fig. 4 are given in the last colum n of Table V II. 
In the following on ly  results obtained with these ß cx  values are given.

3 .3 . Results

3.3.1 Transition E nergies, Oscillator Strengths and Polarization  Directions

Spectral data for the four low est singlet transitions calculated w ith the  
starting values g iven in Sect. 3.2. are presented in Table V III  together w ith  
the experim ental data  available. It can be seen th a t the results obtained  
for the energies o f th e  first bands using the best ßcx  are satisfactory, similarly  
to the results of th e  MIM m ethod.

Table V III contains the calculated osc'llator strengths together w ith  
the experim ental ones for which the values obtained by the equation f  =  
=  e/41,700 [23] were considered. The agreement is believed to  be satisfactory.

The calculated polarization directions (a) are given in Table V III  too. 
The calculated a angles are measured from the C4 —► N  bond axis having the

Acta Chim. ( Budapest) 90 ,1976



16 M ARTIN: CALCULATION O F T H E  л -ELECTRONIC STRUCTURE

Table VIII
Spectral data calculated by the P P P  method

Compound
Calculated Experimental [20]

E  (eV) f a E (eV) 'g « /
1. 2. 3. 4. 5. 6. ! 7.

2-fluoropyridine 4.770 0.110 288.02 4.769 3.4 0.060
6.024 0.183 29.14
7.061 1.059 46.60
7.156 0.913 135.63

3-fluoropyridine 4.724 0.101 62.81 4.714 3.3 0.048
5.901 0.174 309.83
6.933 0.953 162.34
7.064 0.965 76.63

4-fluoropyridine 4.921 0.003 269.98
5.962 0.083 0.01

6.771 0.909 90.00

6.873 1.199 0.00

2-chloropyridine 4.682 0.135 288.09 4.679 3.4 0.060

5.866 0.319 36.57
6.972 1.007 57.20
7.104 0.774 147.24

3-chloropyridine 4.627 0.119 240.08 4.626 3.3 0.048

5.701 0.312 125.79
6.823 0.853 157.70
7.001 0.886 75.05

4-chloropyridine 4.877 0.000 90.47 4.805 3.1 0.033

5.759 0.255 0.00
6.630 0.821 270.00

6.758 1.126 0.00

2-bromopyridine 4.667 0.130 283.46 4.661 3.4 0.060

5.773 0.372 39.53
6.875 0.785 81.27
6.964 0.660 4.19

3-bromopyridine 4.622 0.109 243.35 4.626 3.3 0.048

5.621 0.356 124.96
6.693 0.641 168.26
6.911 0.830 88.03

4-bromopyridine 4.856 0.001 269.95

5.653 0.335 0.00

6.531 0.721 90.00

6.683 0.992 0.00
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(Table V III continued)

Compound
Calculated Experimental f20]

E (eV) f a E (eV) lge f
1. 2. i 3- 4. 5. 6. 7.

2-iodopyridine 4.597 0.135 278.69 4.592 3.6 0.095
5.547 0.450 43.49 5.438 3.8 0.151
6.459 0.166 115.98
6.800 0.585 47.71

3-iodopyridine 4.555 0.105 66.14 4.558 3.4 0.060
5.410 0.417 303.81 5.438 3.8 0.151
6.339 0.286 171.74
6.782 0.638 98.20

4-iodopyridine 4.806 0.001 269.94 4.428 3.3 0.048
5.389 0.448 180.00 5.166 3.9 0.191
6.269 0.495 270.00
6.577 0.730 0.00

origin at the N atom  in clockwise direction. This choice of the polarization  
direction allows a direct com parison w ith  the values obtained for halo- 
benzenes. It seems th a t the polarization directions of the halppyridines differ 
considerably from the values obtained for the corresponding disubstituted  
benzenes [22] and are similar to  those o f m onosubstituted benzenes [24].

3.3.2. Charge D ensities and Bond Orders

The calculated charge densities on the ring nitrogen atom  and on the  
halogen atom s (</,•) as w ell as the bond orders for the carbon—halogen bonds 
(Pcx) are given in T able IX . The charge density is the largest on the m- and

Table IX

Charge densities o f halogen and ring nitrogen atoms, 
and bond orders o f carbon-halogen bonds

2-X-pyridine 3-X-pyridine 4-X-pyridine

X X N X N X N

ЧХ PCX 4N 4x PCX 4N qx PCX 4N

F 1.8891 0.3507 1.2692 1.9036 0.3118 1.2098 1.8947 0.3336 1.2417
Cl 1.8619 0.3917 1.2801 1.8790 0.3503 1.2103 1.8673 0.3750 1.2502
Br 1.8831 0.3581 1.2670 1.8988 0.3178 1.2118 1.8878 0.3424 1.2440
I 1.8963 0.3354 1.2580 1.9112 0.2957 1.2130 1.9002 0.3207 1.2402
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18 M A RTIN : CALCULATION OF T H E  я -ELECTRO N IC STRUCTURE

the sm allest on the o-halogen atom  in each case. The order on the ring nitrogen  
is reversed.

The com plete m olecular diagrams o f pyridine and the bromopyridines 
are show n in Fig. 5 as exam ples. On the basis o f previous studies [3, 22], 
the expected  order o f  charge densities related to  the halogen atom  is 2(ortho)  >  
> 4 (p a ra )  > Ъ (т е1 а )  > 1 .  Taking th is and the calculated charge density  
distribution o f the pyridine ring into consideration, the calculated charge

Q9570 1.0109 B r

Br

«ff4 » 1-0663

0.9000

0.9571

З у 4! 10128

09007

Fig. 5. Charge density  and bond order molecular diagram s of pyridine and brom opyridine
isomers

densities are in com plete accordance w ith  the expectation , i.e. the order o f  
charge densities related  to  the halogen atom  (X ) and ring nitrogen is:

2- X -pyridines: N-o >  m-o >  m -p  >  p -m  >  o-m  >  o-i
3- X -pyridines: N-m > p - o  >  m -m  >  m -i >  o-o >  o-p
4- X -pyridines: N-jo >  m-o >  p - i  >  o-m

where i refers to  th e  carbon atom  bonded to the halogen atom.
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A study was made of the sta tic  dielectric properties of binary liquid m ixtures 
of tri-n-butylam ine w ith  n-heptane, chloroform or acetone. The results show th a t 
th e  amine does no t form associates either w ith itself or w ith  n-heptane. In  the m ixtures 
containing chloroform or acetone, ‘m ixed’ associates are form ed from the amine and 
th e  polar component.

A study was m ade o f the static dielectric properties and densities of 
three binary m ixtures containing tri-re-butylamine as a function  o f the com ­
positions o f the m ixtures at 20°. The com ponents to  he m ixed  w ith the am ine 
were selected so th a t the polarities o f the m ixtures should be different. The 
three com ponents were: re-heptane, chloroform and acetone. In the course o f  
the investigations an answer was sought to  the question  o f whether special 
interm olecular interactions leading to  association occur betw een the am ine 
and the second com ponent.

Experimental

The sta tic  relative perm ittiv ities and conductances of th e  m ixtures were determ ined 
a t a frequency of 500 kH z w ith  a Siemens Rel 3 R  277 im pedance bridge. A therm ostatable 
m easuring cell w ith an  em pty  capacity  of 30 pF  was used for th e  measurem ents. The den­
sities of th e  m ixtures were m easured w ith  a DMA OZC digital densim eter; the constant of 
the instrum ent was calculated from th e  densities of the pure substances, determ ined w ith  
a pycnom etric m ethod. R efractive indices referring to the 14aD line were measured w ith  a 
Carl Zeiss (Jena) Abbe refractom eter. The chemicals employed were F luka products of purum  
quality , and were used w ithout purification from previously unopened bottles. The experi­
m ental results are listed in  Tables I —V I.
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Table I

Static relative permittivity (e ) ,  density (g) and conductance (G) o f tri-n-butylamine-n-heptane 
mixtures as functions o f the mole fraction o f the amine (x x)

*1 e 6g • cm-3
G
fiS

0 1.93 0.684 2.0

0.099 1.98 0.699 2.0

0.199 2.04 0.712 2.0

0.326 2.10 0.727 2.1
0.405 2.15 0.734 2.1
0.503 2.19 0.744 2.1
0.596 2.23 0.751 2.1

0.698 2.26 0.759 2.2

0.795 2.29 0.766 2.2
0.892 2.30 0.772 2.3
1 2.34 0.778 2.3

Table II

Static relative permittivity (e ) , density (g) and conductance (G) o f  tri-n-butylamine-chloroform  
mixtures as functions o f the mole fraction o f the amine (x x)

*1 e Qg • cm 3
G

0 4.88 1.489 5.1

0.101 4.61 1.314 15.9
0.197 4.33 1.184 7.5

0.299 4.08 1.096 5.1
0.398 3.77 1.016 3.8

0.501 3.49 0.958 3.1

0.599 3.32 0.913 2.7
0.684 3.07 0.876 2.5

0.798 2.79 0.836 2.4

0.898 2.57 0.805 2.3
1 2.34 0.778 2.3
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Table III

Static relative perm ittivity (e ) , density fo ) and conductance (G) o f tri-n-bulylamine-acetone, 
mixtures as functions o f the mole fraction o f  the amine f x , )

xl e eg • cm"3
G
t*s

0 21.10 0.792 120.0
0.100 15.26 0.788 329.0
0.204 11.32 0.781 220.6
0.298 8.75 0.779 118.5
0.396 6.99 0.777 59.3
0.498 5.63 0.777 22.2
0.591 4.69 0.777 7.8
0.687 3.99 0.777 3.3
0.798 3.29 0.778 2.4
0.892 2.80 0.778 2.3
1 2.34 0.778 2.3

Table IV

Refractive index ( n p ) referred to the NaD line fo r  tri-n-butylamine-n-heptane mixtures as a 
function o f the mole fraction o f the amine ( x l)

*1 n D n D

0 1.3888 0.600 1.4170
0.101 1.3950 0.697 1.4196
0.206 1.4002 0.803 1.4227
0.316 1.4054 0.894 1.4261
0.399 1.4091 1 1.4298
0.496 1.4128

Table V

Refractive index (n p )  referred to the NaD line fo r  tri-n-butylamine-chloroform mixtures as a 
function  o f the mole fraction o f the amine ( x t)

Ж1 n D *1 n D

0 1.4430 0.507 1.4346
0.104 1.4400 0.599 1.4329
0.204 1.4389 0.701 1.4321
0.299 1.4369 0.802 1.4312
0.405 1.4357 0.907 1.4302
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Table VI

Refractive index (п ц )  referred to the NaD line fo r  tri-n-butylamine-acetone mixtures as a function
o f the mole fraction o f the amine (x f j

*1 no *1 nD

0 1.3594 0.500 1.4229
0.103 1.3780 0.603 1.4249
0.197 1.3940 0.692 1.4265
0.303 1.4098 0.789 1.4276
0.402 1.4190 0.904 1.4289

D iscussion

1. Molar volum e

The molar volum es calculated from  the density data for the three 
system s are shown in F ig. 1. The results dem onstrate th a t m ixing is not 
accom panied by either contraction or d ilatation . Thus, even  i f  special inter- 
m olecular interactions leading to association  do occur in the liquid phase, 
th ese  do not cause a change in volum e on mixing.

Fig. 1. Molar volum e ( V ) of the m ixtures as a function  of the mole fraction  of the amine (*,)
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2. M olar refraction

The molar refractions were calculated from the refractive indices relat­
ing to  the NaD line and from th e  densities of the m ixtures via  the relation

„ n h -  1 MAn —
refj +  2 q

where R D is the m olai refraction relating  to  the N aD line, nD is the refractive  
in d ex  relating to th e  NaD line, 9 is the density, and M  is the average m olar 
m ass:

M  — x 1M 1 -f- x2M 2 ( 2)

My and M 2 are the m olar masses o f  th e  pure com ponents, and x x and x2 their  
m ole fractions; the index 1 denotes th e  amine, and 2 the second com ponent. 
The molar refractions o f  the three system s are shown in F ig. 2 as a function  
of th e  mole fraction o f  the amine. T he linear variation o f th e  molar refractions 
w ith  com position indicates that th e  m ixtures do not in vo lve any interm olec- 
ular interactions w hich would in flu en ce the electron polarizations o f  the  
com ponents.

Fig. 2. M olar refraction (R ß )  of the mixtures as a function  of the mole fraction  of the amine (ж,)

3. Molar polarization

The molar polarizations of the m ixtures were calculated from the  
equation

p _ e - 1 M
£  +  2 Q

(3)
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where P  is the molar polarization of the m ixture, and e is the static relative  
p erm ittiv ity  of the m ixture. The molar polarizations o f  the three system s 
are show n in Fig. 3 as a function of the m ole fraction o f th e  amine.

Fig. 3. Molar polarization (P )  of the m ixtures as a function  of the mole fraction  of the amine (-v,)

A . Tri-n-butylamine—n-heptane mixtures

The molar polarization  of tri-re-butylam ine—re-heptane m ixtures is a 
linear function o f th e  m ole fraction o f th e  am ine. Such an add itiv ity  o f the  
m olar polarizations o f  th e  com ponents show s th at neither self-association o f  
th e  amine, nor ‘m ixed ’ association betw een  the amine and the re-heptane 
need be reckoned w ith . The molar polarization of the am ine does not vary  
w ith  the com position; in the whole concentration range its value is ~ 7 3 .6  
cm 3, m ole-1 .

B . Tri-n-butylamine—acetone mixtures

The molar polarization of tri-re-butylamine—acetone m ixtures exhibits a 
m axim um  as a function  of com position. The excess m olar polarization, P E, 
calculated from the relation

P E =  P  — (XlP i  +  x2P 2) (4)

is sym m etrical in form  (Fig. 4, curve 3). The em pirical relation describing  
th e  experim ental values is

P  =  x lP l +  x2P 2 96 хрс? (5)

The interactions causing the non-linear behaviour o f the molar polariza­
tion  of the m ixtures can be classified into tw o groups:
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( a )  The n on -sp ecia l’ interactions change the local electric field  strength  
acting on the m olecules o f the liqu id , and hence affect the molar polariza­
tion , but do not lead to association .

(b )  The ‘special’ interactions cause association. In addition to  m ono­
mer m olecules, the liquid also contains associates o f several m onom er units. 
The dipole m om ents of the associates, in general, differ from those o f the  
m onom er m olecules, and thus ad d itiv ity  of the molar polarizations is not 
to  be expected  either.

Fig. 4. Molar polarization (P ) of the am ine-acetone m ixture as a function of the mole frac­
tion  of the amine (л:,). Curve 1: values calculated  on the basis of the Onsager theory. Curve 2: 

experim ental values. Curve 3: excess molar polarization

To decide w hether interm olecular interactions leading to  association  
occur in tri-n-butylam ine-acetone m ixtures, we calculated the molar polariza­
tion  of the m ixture on the basis o f the Onsager theory [1]. The Onsager theory  
takes into consideration only the non-‘special’ interm olecular interactions not 
leading to  association. According to  the Onsager theory, the molar polariza­
tion  o f the binary m ixture is

4ji eN a  
s +  2

x ni +  2 ^ . (n  1 +  2)(2e +  1) Pi I .
1 2e +  nf 1 3 {2s +  n\) ЪкТ J

n\ +  2 f (»1 +  2)(2e - f  1) /4  I
2 2e +  n\  j 2 3 (2e +  n\) ЪкТ J

( 6)

where e is the sta tic  relative p erm ittiv ity , a is the polarizability, n is the  
internal refractive index, p is the perm anent dipole m om ent, N A is A vogadro’s 
num ber, к is the B oltzm ann constant, T  is the absolute tem perature, and  
the other n otations are the same as previously.

The perm anent dipole m om ent o f  tri-n-butylam ine is 0.78 D [2], and  
th a t o f acetone is 3 D [2]. The d isplacem ent polarization of acetone, -PdjSp. =
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=  16.7 cm 3 [3]. From  th is , w ith the aid o f  th e  equation

4.jiNa

3
a  —  ^ d is p . ( ? )

the polarizability o f aceton e, ol2 =  6 .6 x  10 24 cm 3. From  the equation

n b - ±  M ^ = t*NA 
n2n  +  2 e2 3

the refractive index relating  to  the N aD  line leads to  a2 =  6 .4 x 1 0 ” 24 cm3. 
The tw o data approxim ate well to one another; to  a first approxim ation the  
effect o f atom polarization  can be neglected. In  our calculations the refractive 
in d ex  relating to th e  N aD  line was used in place o f the internal refractive 
index o f acetone. C alculating the d isplacem ent polarizability of the tri-n- 
butylam ine via  equation  (8) from the refractive index relating to the N aD  
line, aj =  2 3 .4 x lO -24 cm 3. W ith this datum , P 1 =  73.9 cm 3, m ole” 1, while 
the m olar polarization calculated  from the relative perm ittiv ity  and density  
via  equation (3) is 73.6 cm 3, m ole” 1. This agreem ent justified  the use of the  
refractive index relating  to  the NaD line instead  o f the internal refractive  
index  in the case o f  tri-re-butylamine too.

Curve 1 of F ig . 4 shows the m olar polarization calculated from the  
above data via  equation  (6) as a function o f the mole fraction o f the amine. 
The Onsager theory g ives a molar polarization larger by about 10% at m ost 
than  the values calcu lated  from the direct experim ental data via  equation (3) 
(F ig. 4 , curve 2). S ince the Onsager theory  does not take into consideration  
the ‘special’ interm olecular interactions leading to  association, it may be 
assum ed that the difference between curves 1 and 2 o f Fig. 4 is caused by  
ju st such interactions. The sym m etrical form  of the excess molar polariza­
tion  curve indicates th a t  amine and acetone m olecules take part in identical 
num bers in the associates formed. (From  steric considerations it m ay be 
presum ed that 1 : 1 m ixed  associations develop.) The dipole m om ents of the  
associates formed are sm aller than the sum  o f the absolute values of the  
dipole mom ents o f th e  monomers com prising the associates.

C. Tri-n-butylamine— chloroform mixtures

The molar polarization of tri-rc-butylam ine-chloroform  mixtures sim i­
larly exhibits an extrem e value as a function  o f the mole fraction of the am ine. 
The deviation from  linear behaviour is o f  a lower exten t than in the case 
of the acetone-containing m ixtures. The m axim um  o f the excess molar 
polarization, ca lcu lated  from equation (4), is approxim ately at x x =  0.55  
(F ig. 5, curve 1).
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The square of the internal refractive index o f chloroform is 2.2 [4], 
and from this its polarizability is 9 .1 x 1 0 " 21 cm 3. The perm anent dipole 
m om ent of chloroform is 1.01 D [4]. W ith the use o f these data, the molar 
polarization o f the m ixture was calculated via  equation  (6), as a function  
o f the mole fraction  of the am ine. The results are show n in curve 1 of Fig. 5. 
The molar polarization o f th e  m ixture is not a linear function o f the com ­
position according to the Onsager theory either. It is interesting th at the  
Onsager theory gives a lower molar polarization than  equation (3) (F ig. 5,

Fig. 5. Molar polarization (f?) bf the am ine-ch loro form m ixture as a function of the mole 
fraction of the am ine (л^). Curve 1: values calculated ón the basis of th e  Onsager theory.

Curve 2: experim ental values. Curve 3: excess molar polarization

/  j

curve 2). This indicates th at the directional polarizability o f the ‘m ixed’ 
associates formed from chloroform and tri-n-butylainine is larger than the  
sum of the directional polarizabilities of the com ponents form ing the associate.

The results relating to th e  chloroform -tri-n-butylam ine m ixtures m ust 
be accepted w ith som e reservation, as the action o f ligh t m ay convert the  
chloroform to hydrochloric acid, which forms a salt w ith the am ine, thereby  
affecting perhaps the dielectric properties. In order to  elim inate the error 
resulting from th is, we always used freshly prepared solutions for the m easure­
m ents. (W e encountered a sim ilar phenom enon w ith carbon tetrachloride- 
tri-n-butylam ine m ixtures too. The chlorine liberated from the carbon tetra­
chloride on the action  of light extracted  hydrogen from the alkyl groups of 
the am ine to form hydrochloric acid. W ith the amine th is yielded a salt, 
w hich separated in the form o f colourless, needle-shaped crystals. The un ­
saturated bonds produced in th e  alkyl groups o f the am ine b y  the extraction  
of hydrogen gave a brown colour to  the liquid phase. The crystals formed  
dissolve in polar so lvents [including chloroform ], and thus crystal separa­
tion  can not be observed in the case of tri-n-butylam ine—chloroform m ixtures.)
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4. Electric conductance

The conductance determ ined in /iS units naturally  depends on the 
dim ensions of the m easuring cell, hut if  an identical cell is em ployed, valuable  
inform ation is obtained from  the variation  of G w ith the com position. The 
tri-n-butylam ine—n-heptane system  has a very low conductance, which varies 
p ractica lly  linearly w ith  com position (Table I). These data do not signify  
‘sp ec ia l’ interm olecular interactions.

Fig. 6. Conductance (G) of m ixtures containing acetone and chloroform as a function of the 
mole fraction of th e  amine (ж,). The dashed curve indicates uncertain  values

The conductance data relating to  the other tw o system s are more in ter­
esting; these are illu strated  in F ig. 6. The left-hand ordinate refers to acetone, 
and the right-hand one to chloroform . Both curves exhib it a m axim um  in 
th e  v icin ity of x x =  0 .1. A sim ilar phenom enon was observed in alcohol- 
am ine mixtures [5]. For a qualitative interpretation o f the phenom enon, 
use m ay be m ade o f the finding [6] that the dipole m om ents of charge- 
transfer com plexes depend on the environm ent of the com plex: the larger 
th e  static relative p erm ittiv ity  o f the environm ent, the larger is the dipole 
m om ent of the com plex. In the system s containing chloroform, and acetone, 
th e  concentrations o f  the ‘m ixed associates’ are m axim um  at a com position  
x 1 =  0.5, whereas th e  static relative perm ittivities o f the m ixtures are great­
est at х г =  0. In  th e  range x 1 =  0 —0.5 the concentration of the associate  
and the relative p erm ittiv ity  o f the m ixture have opposing effects on the  
conductance (w hich to  a good approxim ation originates here from the d is­
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placem ent current), and the m axim um  in the conductance curve m ay be 
caused by these tw o opposing effects.

To sum up, it  m ay be sta ted  that tri-re-butylamine does not form  
associates w ith either itse lf or n-heptane, whereas its interm olecular inter­
actions w ith acetone and w ith chloroform do lead to  association.
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Cu(II) acetate and  sulphate reac t w ith  all the  hydrazides studied to  give mono 
and/or bis-ligand complexes. In  the case of the acetate complexes the ligand was 
shown by  IR  spectra to  be m onodentate coordinating through the N H 2 group. Spectral 
and  magnetic m easurem ents indicated th a t  the acetate complexes have either octa­
hedral or te trahedral structures.

Introduction

In the last decades m any studies have been carried out on carboxylic  
acid hydrazides as ligands [1—4]. M any conflicting view s have been reported  
concerning stoichiom etries, coordination sites and structures o f the isolated  
hydrazide com plexes. The aim of the present work is to ascertain b y  as much  
evidence as possible the nature and com position  of some different hydrazide 
com plexes w ith  Cu(II) acetate and su lphate salts prepared in absolute ethanol.

Experim ental

Acid hydrazides were prepared by refluxing m ethyl or ethyl esters of the acid w ith 
hydrazine [5]. 1 : 1 and 1 : 2 m etal : ligand complexes were prepared by refluxing equi­
m olar am ounts of the hydrazide and the h y d ra ted  copper salts in absolute ethanol. BDH 
CuS04 • 5H 20  and Apolda (CH3COO)2Cu • H 20  were used.

Physical measurements

Spectrophotom etric m easurem ents in  th e  visible and  u ltraviolet regions were carried 
ou t on Prolabo and Pye U nicam  SP 1800 spectrophotom eters using 1-em m atched silica 
and glass cells.

The IR  spectra of solid m aterials were tak en  in  K B r discs using a Pye Unicam  SP 
1000 infrared  spectrophotom eter.

The conductance values were m easured using a conductivity  cell of the G.M. type  
dipping in  the solution to  be titra ted . The tem p era tu re  was adjusted  by placing the cell in 
an u ltra therm osta t. A B eckm an conductance bridge was employed.

M agnetic moments for th e  acetate complexes were determ ined by th e  Gouy m ethod 
a t the Physics D epartm ent, Cairo U niversity.
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Results and D iscussion  

Isolation of pure compounds

On interacting form yl, acetyl, propionyl, butyryl, palm ityl, benzoyl, 
sa licy l and p -h y d ro x y  benzoyl hydrazides w ith  Cu(II) acetate or sulphate in 
absolute ethanol, b o th  mono and bis-ligand com plexes were frequently but 
n ot necessarily iso la ted . R esults o f elem ental analysis are shown in Table I. 
The com plexes w ere insoluble in m ost o f the organic solvents tried. A ccord­
in g ly  molecular w eigh ts could not be determ ined.

Spectrophotom etric studies

a) Absorption Spectra o f  Cu2+-H ydraz ide  Complexes:

The absorption spectra o f solutions formed from acetyl, benzoyl, 
p -m eth oxy  benzoyl and salicyl hydrazides and Cu(II) acetate or sulphate were 
tak en  between 600 and 1000 nm. Sets o f  aqueous or ethanolic solutions were 
prepared in w hich Cu(II) concentration was kept constant at 10 X 1 0 - 2 M  
w hile the hydrazide concentration varied from 1.0 to 4 . 0 x l 0 ~ 2 M.

The absorption curves obtained exhib ited  m axim a in the visib le region  
w hich shifted gradually to blue w ith  increasing the concentration o f hydraz­
ides. These spectra are closely related to  those o f  semicarbazide and Girard 
reagent cupric ion  system s [6, 7]. R epresentative absorption spectra for  
Cu(II) sulphate—a cety l hydrazide m ixtures are shown in Fig. 1.

Absorption spectra of the ligands and m etal salts studied were also 
recorded in the u ltravio let region. A cety l hydrazide did not show any a b ­
sorption bands above 190 nm whereas benzoyl, salicyl and p -m eth oxy  benzoyl 
hydrazides exh ib ited  bands at 230; 200, 242 and 210, 238, 300 nm respectively .

Fig. 1. A bsorption spectra of CuS04 — (Ac • H) m ixtures
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Table I

Elemental analysis o f the ligands and C u (II) complexes

C om pound
% Calculated % Found Magnetic 

moment, 
u eff.C H Cu N C H Cu N

Form yl hydrazide,
c h 4n 2o 19.9 6.7 _ 46.6 19.6 6.6 46.4

Cu(CH4N20)A c2 • h 2o 23.1 4.6 24.6 10.7 22.6 3.9 25.1 10.1 1.52 BM

Cu(CH4N20 )S 0 4 • 6H20 3.6 4.9 19.3 8.5 3.2 4.6 18.9 7.9

Cu(CH4N20 )2S04 8.5 2.8 22.7 20.3 9.3 2.5 22.9 19.6

Acetyl hydrazide,
C2H6N20 32.4 8.1 — 37.8 32.3 8.1 — 37.3

Cu(C2H 6N20)A c2 29.1 5.5 19.2 16.9 28.6 4.9 18.9 16.5

Cu(C2H6N20 )S 0 4 10.3 2.6 27.1 11.9 10.5 3.5 27.0 11.4

Cu(C2H6N20 )2S04 15.6 3.9 20.6 18.2 15.1 3.4 20.3 18.6

Propionyl hydrazide,
c3h 8n 2o 40.8 9.1 — 31.7 40.8 9.3 — 31.6

Cu(C3H8N20 )2Ac2 33.5 6.1 15.7 — 34.1 5.3 15.4 - 2.20 BM

Cu(C3H8N20 )2S04 21.4 4.8 18.9 — 21.5 5.0 18.3 -

Cu(C3H8N20 )S 0 4 14.5 3.2 25.6 - 14.4 3.8 25.9 -

B utyry l hydrazide,
C4H 10N2O 47.0 9.8 — 27.0 47.0 9.3 — 27.1

Cu(C4H 10N2O)2Ac2 • H20 35.6 6.9 15.7 - 35.4 5.9 15.9 — 1.89 BM

Cu(C4H 10N2O)S04 • 
• 5H20 13.6 5.7 18.0 — 13.6 4.9 18.8 —

Palm ityl hydrazide,
^1бН з4^0 71.5 12.6 — 10.3 71.4 12.4 _ 10.2

Cu(C16H 34N20)A c2 • H20 58.3 10.3 8.5 - 58.7 9.6 8.8 -

Cu(C16H 34N20 )S 0 4 • 
■ 2H20 52.1 9.8 8.6 — 51.8 9.2 8.4 —

Benzoyl hydrazide,
c7h 8n 2o 61.7 5.9 — 20.5 61.6 5.9 — 19.5

Cu(C7H8N20)A c2 • H 20  
2H20 35.6 5.1 25.9 11.3 35.1 4.8 26.4 11.7 2.09 BM

Cu(C7H8N20 )S 0 4 38.9 3.7 14.7 12.9 39.2 3.7 14.9 12.8

Salicyl hydrazide,
c7h 8n 2o 2 55.2 5.3 — 18.4 56.0 5.3 — 18.2

Cu(C7H8N20 2)Ac2 • H 20 37.5 4.5 18.0 7.9 38.0 3.8 17.9 8.0 1.57 BM

Cu(C7H8N20 2)S04 26.9 2.5 20.4 8.9 26.7 2.1 20.3 9.3

Cu(C7H8N20 2)2S04 33.3 3.2 12.6 11.1 33.8 2.7 12.3 10.9

3 *  A c ta  C h im .  ( B u d a p e s t )  9 0 ,1 9 7 6



36 ТАНА e t al.: REA CTIO N  B E T W E E N  Cu(II) ACETATE AND SU LPH A TE A ND SOME ACID H Y D RA ZID ES

Table I (continued)

Compound
% Calculated % Found Magnetic

c H Cu N C H Cu N (л eif.

p-hydroxy benzoyl 
hydrazide, C7H8N20 2 55.2 5.3 _ 18.4 55.2 5.1 _ 18.1

Cu(C7H8N20 2),Ac2 44.4 4.5 13.0 — 44.1 4.8 12.7 -

Cu (C 7H 8N 20 2)Ac2 39.5 4.2 19.0 - 39.0 4.5 19.0 -
Cu (C7H 8N ,0 2)S 0 4 29.9 2.5 20.4 — 29.6 2.2 20.1 -
Cu (C7H 8N 20 2)2S 0 4 • H 2o 34.8 3.7 13.1 - 35.0 3.8 13.3 -

o-m ethyl benzoyl
hydrazide, C8H 10N2O 63.9 6.7 — 18.6 63.4 6.2 — 18.2

Cu (C8H 10N 2O )A c2 42.4 4.8 19.1 - 42.9 4.2 19.1 -

Cu (C8H 10N 2O)SO4 41.7 4.3 13.8 — 41.2 4.5 13.1 -

p-m ethoxy benzoyl 
hydrazide, C8H l0N2O2 57.8 6.0 — 16.8 58.7 5.8 — 16.7

Cu (C8H 10N 2O2)A c2 • 
• H 2o 46.7 5.0 12.6 — 46.4 4.1 12.8 —

Cu (C8H 10N 2O2)SO4 • 
• H 2o 27.9 3.5 18.3 - 27.7 3.7 18.4 -

T hus it is apparent th a t the com plex com pounds under investigation have  
characteristic absorption spectra different from those o f  the organic com ­
pounds and of Cu(II) alone. A lthough characteristic color is often a valuable  
to o l in the detection  and investigation  o f com plex com pounds, it is prim arily 
a function of structure and bond typ e. The donation o f electrons to the m etal 
produces lower ex c ited  states and a sh ift o f the absorption bands of the chelat­
ing agent to red.

b) Stoichiometry o f  C u ( I I )  Hydrazide Complexes f 8 J :

In order to determ ine the stoichiom etry of com plexes formed in aqueous 
solution between C u(II) and the studied hydrazides m aking use of the m olar 
ratio m ethod, a series of solutions was prepared in w hich Cu(II) concentra­
tio n  was kept con stan t at 1.0 X  10 ~ 2 M  while the ligand concentration was 
varied from 2 . 5 x l 0 -3  to 4 x l O ” 2 M.  M onoligand com plexes were detected  
in  all system s stu d ied  except that involving acety l hydrazide (Fig. 2) where 
a bis-ligand com plex was shown to exist.

The com position o f the Cu-hydrazide com plexes was also determined b y  
th e  application o f th e  continuous variation  m ethod. A  series of solutions w as 
prepared in which vary in g  proportions o f Cu(II) and the ligand were m ixed
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keeping the total molar concentration constant at 1 х 1 0 ~ 2 Л1. The results 
obtained agreed w ith  those determ ined b y  the molar ratio m ethod. R epre­
sen tative  curves for the Cu(II) p -m eth o x y  benzoyl hydrazide system  are 
shown in Fig. 3.

Fig. 3. Continuous variation p lo t of p -C H 30  —B .H .— CuAc2 system

c) Evaluation o f the Apparent Formation Constants:

A pparent form ation constants were calcu lated  from spectrophotom etric  
m easurem ents by the application o f  th e  m olar ratio or continuous variation  
m ethods. B oth  m ethods gave concordant resu lts. The average values obtained  
are show n in Table II .
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Table II

Apparent form ation constants o f some C u(II)-hydrazide complexes

Ligaad Type of complex Л max (nm) К

Acetyl hydrazide

Sulphate complexes 

1 : 2 700 0.6 x10е

Benzoyl hydrazide 1 : 1 750 3.2 x lO 7

Benzoyl hydrazide

Acetate complexes 

1 : 1 730 7.4x10»

p-M ethoxy benzoyl hydrazide 1 : 1 700 6.4x10»

Electrical Conductance

The effect o f  d ilution  on the specific conductance of the com plexes  
form ed between form yl, acetyl, propionyl, b u tyryl, benzoyl and salicyl 
hydrazides and th e  studied  Cu(II) salts was investigated . The large increase 
in electrical conductance of the m ixtures for system s o f form yl (Fig. 4), and  
propionyl hydrazides in  aqueous solution  or of salicyl hydrazide in ethanolic  
solution  over th a t o f  Cu(II) salt and ligand alone is typ ica l of strong com plex  
form ation. The increased conductance o f the m edium  results from reactions 
producing conducting species in solution  or through interaction o f com plex  
m olecules having polar bonds with so lven t m olecules. The small increase in 
conductance va lu es o f  the salicyl hydrazide system  indicates poor solvation  
in  ethanol. The sam e behaviour was exhib ited  when 10 ml 0.001 M  so lution  
o f  Cu(II) was t itra ted  with 0.01 M  ligand solution . Curves drawn betw een

Concent rat  ion , g ,mole/L
Fig. 4. V ariation  of specific conductance of CuS04 —F .H  m ixtures with concentration
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specific conductances of the solutions and the number of ml o f form yl, 
propionyl (F ig. 5) and salicyl hydrazides showed continuous increase in 
specific conductance with increase in concentration. Moreover, the curves 
exhib ited  one or more breaks at certain molar ratios o f ligand to m etal. The 
position o f the break denoted the com position of the com plex formed.

In system s including acetyl, b u tyry l and benzoyl hydrazides and Cu(II) 
salts the reverse behaviour is observed. In this case interaction betw een the  
ligands and m etal salts yields nonconducting com plex species as evidenced  
b y  the lower specific conductance values of the m ixtures than those o f the

Fig. 5. Conductom etric titra tio n  curve for C uS04 (a) and CuAc2 (b) w ith  propionyl hydrazide

Fig. 6. D eterm ination of composition of Cu(II) b u ty ry l hydrazide complexes by continuous
variation m ethod
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separate constituents alone. Also, conductom etric titration  curves showed  
continuous decrease in specific conductance on successive addition o f the  
ligand . Curves for the butyryl hydrazide system  (Fig. 6) showing the d i­
vergences from ad d itiv ity  [8] in the specific conductance o f the m ixtures 
w ere p lotted  against the m olarity o f the Cu(II) salt. The curves indicated  
m inim a. In all system s the existence in solution of com plexes formed in 
sim ple stoichiom etric ratios resem bling those isolated in the solid state was 
ascertained.

Infrared Spectra

For the Cu(HL)2Ac2 com plexes where H L =  form yl, acetyl, propionyl, 
b u ty ry l and benzoyl hydrazides a drastic change in the spectra occurred as 
com pared with th at o f the ligand. B oth  the carbonyl stretching and N H 2 
bending frequencies at 1675 and 1630 cm “ 1 respectively [9, 10] are displaced  
and the first strong band to  appear at 1550 cm “ 1 in the spectra o f the com plexes 
is m ost probably due to  the bending frequency o f the N H 2 group which acts 
as th e  coordination site  as shown by (I). I t is suggested th at the disappearance 
o f the carbonyl stretching is due to

R -C =  N - N H 2
I I

HO M

( I )

th e  enolization o f the hydrogen of N H  to the adjacent carbonyl group. The 
new  C =  N stretching frequency is probably overlapped b y  the strong 1550 
c m ” 1 band. N ext to  th is a strong band exists at 1535 c m “ 1 which can be 
attributed to the asym m etric C O stretching vibration. The sym m etric  
C— О stretching frequency is observed as a strong band at 1420 cm ” 1. Since  
th e  difference betw een the asym m etric and sym m etric C O frequencies is 
on ly  115 cm “ 1, it is believed th at the carboxylato group in these com plexes 
is b identate [11]. In the formyl hydrazide com plex the very strong asym ­
m etric and sym m etric C—0  stretching frequencies occur at a higher w ave  
num ber (1620, 1445 cm “ 1) and the difference (175 cm “ 1) betw een these tw o  
bands indicate th a t the carboxylato group is bidentate. The appearance o f  
tw o  bands at 1550 and 1535 cm ” 1 could be attributed to the displaced N H 2 
bending frequency and r(C =  N ), respectively .

Magnetic and Spectral Studies

The electronic spectrum  of Cu(HL)2A c2 in DM F (where HL =  propionyl 
hydrazide) shows a broad band centered at 16.130 c m ” 1 w ith  no shoulders.
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The measured m agnetic m om ent (Table I) indicates th at no polym erization  
o f any kind ex ists  in this com plex since it lies in the range of m ononuclear  
Cu(II) com plexes [12]. M agnetic and spectral data thus indicated th a t the  
com plex has a d istorted octahedral structure (structure II) w ith tw o acetate  
groups acting as bidentate ligands as evidenced from previously discussed  
IR  spectra.

(И )

The room tem perature m agnetic m om ent of Cu(HL)Ac2 • H20  (where 
H L =  butyryl hydrazide) indicates th at it  is a m ononuclear com plex having  
no m ajor interaction between unpaired electrons on different copper ions. 
On th e other hand Cu(HL)Ac2 • H 20 ,  HL =  form yl hydrazide or salicyl 
hydrazide and Cu(H L)Ac2 (HL =  acetyl hydrazide) exhib it abnorm ally low  
m agnetic m om ents which could be attributed to  som e sort of m olecular  
association bringing the copper atom s closer together. I t  is suggested here 
th at the acetate groups are bridging sim ilar to  the case o f copper acetate [13]. 
This is in agreem ent w ith previously  discussed IR  spectra of these com ­
pounds in which th e  acetate was show n to  be b identate. The water m olecule  
present in two of th ese com plexes w as proved to  he a w ater of hydration  
and w as rem oved on heating at 120 °C in the oven or under reduced pressure 
w ithout any decom position. Thes tructure of these com plexes m ay be rep­
resented b y  (HI).

I
CH3

(III)
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(III)

In  the case o f the com plex Cu(H L)A c2 • 3H 20  where H L  =  benzoyl- 
hydrazide two o f the w ater m olecules were shown to be w ater o f hydra­
tion  since the com plex loses them  on heating at 120 °C in an electric oven or 
under vacuum . The m agnetic m om ent o f  th is  compound is in th e  range nor­
m ally  accepted for monomeric d9 configuration . The visible absorption of 
th is  com plex in DM F shows a single band at 15.620 c m -1 w ith  no shoulders. 
I t  is lik ely  that the structure of this com plex  is similar to (II) except that 
one ligand is replaced by a water m olecule.
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In  benzene, benzoic acid forms dim ers of a stability  essentially higher th a n  
th a t of a liphatic acid dimers, and a definite difference can be observed also betw een 
the dim erization of propionic acid, and of n- and isobutyric acid. The dim erization 
constants m easured by cryoscopy (at 5.2 ±  0.4 'C) of the m entioned acids were in  
the above order: 1700, 390, 239 and 453 kg/mole.

I t  can be detected by infrared spectrophotom etry th a t  the dim erization of 
benzoic acid is affected to  a very great ex ten t by the hydrogen bond forming abilities 
of the solvents. The examined solvents (and in parentheses the dim erization constan ts 
of benzoic acid m easured a t 42 dr 2°C) were: tetrachlorom ethane (1530); benzene 
(261); 1,4-dioxane (20.0) and chloroform (13.7).

I t  could be unequivocally proved in  bo th  series th a t in the investigated con­
centration  range ( <  0.25 M )  only dim erization occurs, the form ation of higher poly­
mers is negligible.

Of the com pounds connected by hydrogen bonds, the dim erization o f  
organic acids in non-aqucous media has been investigated  m ostly [1], and a 
number of equilibrium  constants have been reported.

H owever, it is conspicuous that often  very  significant deviations occur 
between the values given by various authors. These deviations, particularly  
when different m ethods were applied for the determ ination of the sta b ility  
constants, m ay atta in  and even exceed one order of m agnitude [1].

As a consequence of this it is rather d ifficult to draw any conclusion  
concerning the degree to  which the dim erization is affected b y  the structure  
of the basic com pound (when the solvent is th e  same) or by the solvent (w hen  
the exam ined com pound is the same). Therefore, in order to  use uniform  
m ethod for evaluation , it is reasonable to determ ine repeatedly the dim eriza­
tion  constants, and in addition to th at, to  select a reliably known system  
as reference basis.

Of the organic acids, the dim erization o f  benzoic acid in benzene so lu ­
tion  has been in vestigated  m ost thoroughly; th is study still cannot be con ­
sidered as a com pleted  one even aside from  the dispute concerning the effect 
of minor water c o n ten t o f benzene upon the process.

A l l e n  et al. [2] summarized their m easurem ents concerning the system : 
the values of lg K D were p lotted  versus 1/T, and thus th ey  obtained a va lue  
very likely  acceptable. This is the reason w h y  w e have chosen the dim eriza­
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tion  o f  benzoic acid in  benzene solution as a basis in our series of m easure­
m ents.

W e investigated  in benzene solution , besides the dim erization o f benzoic  
acid , also that o f  three aliphatic carboxylic acids: propionic, re-butyric and  
isobutyric acids b y  cryoscopic m easurem ents. The dim erization constant o f  
benzoic acid was determ ined by infrared spectrophotom etry not on ly  in  
benzene but also in tetrachlorom ethane, dioxane and chloroform.

In the first series o f experim ents prim arily the following problems were 
investigated: is there any deviation in th e  degree of dim erization (in a b en ­
zene solution) o f tw o  members of th e  hom ologous series o f fa tty  acids (o f  
propionic and re-butyric acids), and is th is  deviation significantly affected b y  
th e  presence o f a branched chain (in case o f  re- and isobutyric acid) ?

In the second series of experim ents, solvents differing from each other  
in hydrogen bond a c tiv ity  were chosen: tetrachlorom ethane is an alm ost 
inert solvent w ith  m inim um  proton acceptor property, benzene is a stronger  
proton  acceptor whereas dioxane is a defin ite  proton acceptor, and chloroform  
has a molecule o f  d efin itely  proton donor type.

As regards th e  technique of m easurem ents, both m ethods are w id ely  
applied in the investigation  of hydrogen bonded com plexes. M easurem ent b y  
cryoscopy though affording reliable resu lts has been sligh tly  overshadow ed  
recently  since infrared spectrophotom etry is the m ethod applied the m ost 
frequently  and even  alm ost exclu sively  in qualitative investigations. The  
selection  of th ese diverse m ethods w as supported also by our desire to  collect 
data and experience also concerning th e  efficiency o f the individual m ethods.

Experim ental

Benzoic acid was recrystallized from w ater and  subsequently dried over silica gel.
Propionic acid was purified by distillation, and only the main fraction was used. 
n -B utyric acid and isobutyric acid (of analy tical purity) were applied directly.
Though the applied solvents were of analy tical and spectroscopical purity , respectively, 

they were subjected  to  purification in  th e  following ways:
benzene was allowed to stand over phosphorus pentoxide and then distilled; 
chloroform and tetrachlorom ethane were washed w ith w ater, traces of w ater rem oved 

w ith potassium  carbonate, th en  freshly distilled from phosphorus pentoxide; 
1,4-dioxane was heated w ith solid potassium  hydroxide on a water ba th , filtered, 

the f iltra te  boiled w ith sodium m etal, and prior to  use, freshly distilled from  
sodium.

The necessary solutions were prepared as follows:
the required am ounts of acids were weighed-in directly w ith analytical accuracy; 
the solvent was weighed similarly on a balance for the cryoscopic m easurem ents; 
solutions for in frared  spectrophotom etry were prepared in volum etric flasks, com plet­

ing th e  volum e w ith the solvent a t  42°C.
Depression of the  freezing point was m easured in a cryoscope of the know n B eckm an 

type , under cooling w ith  ice, using a therm om eter suitable for attain ing an  accuracy of 
10—3 °C a t certain  readings, and a t readings repeated  several tim es an accuracy of about 
2 • 10-4  °C.
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I t  follows from th e  fundam ental principle of the m easurem ent th a t  the tem perature 
is no t constant in  th a t  i t  varies between 5.5 and 4.8 °C, the average tem pera tu re  being 5.2 ±  
±  0.4 °C (though in general a value of 5.5 °C is given in literature).

The investigated concentration range was 0.02 to  0.25 mole/kg.
The applied in frared  spectrophotom eter was an  instrum ent of U nicam  SP 200 type, 

equipped w ith a NaCl prism  and an au tom atic  recording device. In  case of th e  same substance 
the cell size was constan t. In  prelim inary experim ents the optim um  layer thickness best 
suitable for recording a concentration change of about one order of m agnitude was established. 
The (controlled) tem peratu re  of the cell housing and of the investigated solutions was 42 ±  
±  2 °C.

The investigated concentration range was 0.005 to  0.05 m ole/dm 3.

Evaluation of the results of m easurem ents

According to literature [1], to o , the monomer—dimer equilibria are the  
decisive process in th e  investigated concentration range, in th at

H A + H A ^ H 2 A 2 K d =  . (1)
2 2 [H A ]2 V ’

The results o f th e  m easurem ent of freezing point depression can be 
evaluated very sim ply since in the know ledge of the value o f the molal 
freezing point depression (zlTm) the real m olality  of the solution  is obtained  
directly:

~ ~ ~  =  m m =  [H A ] +  [H 2 A2] (2)
m

(where A T  is the m easured freezing p o in t depression).
The above value deviates from th e  m olality  calculated from the amount 

of substance weighed (on th e  basis of th e  m olecular w eight o f the investigated  
substance), since it can be readily understood that

m c =  [H A] +  2 [ H A ]  (3)

The concentrations o f  the m onom er and dimer forms present, and at 
the sam e tim e also the va lue of K D can  be calculated directly  on the basis 
of equations (2) and (3). This simple relationship is extrem ely  sensitive to 
other polym erization processes even tu a lly  occurring in the solution . W hen, 
how ever, e.g. trim erization or tetram erization would occur, the values of the 
equilibrium  constants calculated  on the basis o f Eqs (2) and (3) w ould exhibit 
a defin ite m onotonous trend with the increase of concentration. (This is a 
very great advantage offered by the m ethod o f freezing point depression, 
and at the same tim e its  probative force.) In our series o f m easurem ents we 
did not experience any changes of th is m onotonous typ e, and th a t confirms
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th a t indeed only m onom er-dim er equilibria are present in the exam ined  
system s.

The constants found in the various solutions are presented in Table I.

Table I

Dimerization constants o f some organic acids in  benzene,
at 5.2 ±  0.4 °C

Organic acid К д  +  За

Benzoic acid 1700 ±  90
Propionic acid 390 ±  48
n-B utyric acid 239 ±  42
Isobutyric acid 453 ±  56

The values g iven in Table I are obviously average values but also the  
values 3cr i.e. the threefold values o f the m ean errors o f the mean values 
are listed.

The evaluation o f the results o f  infrared spectrophotom etry was greatly  
facilitated  by the fact th at, after a number of prelim inary experim ents, the  
spectra were recorded for the sam e solvent in all applied concentrations at 
th e  same cell th ickness and slit w idth . Thus, at the adequately separating  
bands the band height could be used instead o f the area below  the band, 
as a characteristic param eter. (The constancy o f the ratio o f peak height 
to  the area below the curve has been controlled in several cases in benzene  
and in tetrachlorom ethane. Also data o f literature point out this constancy [3].)

On the effect o f  association the monomer О—H  band undergoes th e  
greatest change. H ow ever, th is is at the same tim e the m ost sensitive to  
any external effects. That was one o f the reasons w hy our results have not 
been evaluated on the basis o f th is band whereas another reason was th a t  
th e  dispersion o f the given instrum ent was essentia lly  worse in the w ave  
num ber range over 2000 cm -1 .

It was more favourable to  use the band characteristic of the m onom er  
C =  0  which was found, in a fair accordance w ith  data of literature, at th e  
w ave numbers 1725 (for tetrachlorom ethane, benzene), 1720 (dioxane) and  
1695 (chloroform), respectively. The peak value o f the band characteristic  
of the (‘dimer’) carbonyl group present in the hydrogen bridge C =  0  . . . H — О 
appeared in tetrachlorom ethane at the wave num ber 1685 c m -1 and in benzene  
at 1695 c m - 1 whereas in case o f  both other solvents only changes in th e  
band width and in th e  band shape o f the hand C =  0  o f the monomer could  
be observed (at the given resolving power o f the instrum ent).
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Under experim ental conditions kept strictly  identically , the B ouguer— 
Lam bert Beer law  can be applied. In two solutions o f  different concentra­
tions (cj and c2) e.g. for the quotient of the absorption measured at the m ono­
mer band it will be as follows

E 2 s [H A ]2 d  [H A ]2
Е г e [H A ]j d  [H A ], v '

pointing out th a t the second solution contains th e  monomeric form in a 
concentration higher by a than  the monomer concentration of the first 
solution.

However, in case of m onom er-dim er equilibria, as indicated b y  Eqs (1) 
and (3), the concentrations of these tw o species are not independent of each  
other. It can be readily understood that

c2 =  [H A ], - f  2 [H 2A 2]? =  a [H A ], +  2 a 2[H 2A2]j (5)

In a similar w ay , on denoting by b the q u otien t of the extinctions  
measured at the m axim um  absorption of the dim er bands, we obtain th at

c2 =  У6 [H A ]X +  г а д А . ^  (6)

The com position o f the first solution is characterized obviously by the  
relationship

c, =  [H A ], +  2[H 2A2] j (7)

Table II

Dimerization constants o f benzoic acid in various solvents 
(at 42 ± 2  °C)

Solvent К в ±  За

T e tr achloromethane 1530 ±  244
Benzene 261 ±  23.7
Dioxane 20.0 ±  2.7
Chloroform 13.7 ±  1.7

On solving E qs (4) to (7) we find that our presum ptions are u nequiv­
ocally valid  (or th ey  prove their invalid ity) and at th e  same tim e also th at  
th ey  are suitable for th e  calculation o f the dim erization constants. (Otherwise
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th is ta sk  can be carried out even w ith ou t using Eq. (6) which has been applied 
b y  us solely as a control.)

The calculated equilibrium  constants, together w ith the values 3o, are 
listed  in Table II.

D iscussion

The dim erization constant o f  benzoic acid measured b y  cryoscopy  
agrees well with the results o f earlier m easurem ents [4, 5].

On the basis o f earlier data based on measurem ents o f p erm ittiv ity  [6] 
and o f recent values based on partition  betw een water and benzene as sol­
v en ts  [7] it appears very  likely th a t the dim erization constant o f C1_ e fatty  
acids exhibits an alm ost identical m onotonous increase to  a sm all extent 
tow ard s the fa tty  acids o f higher carbon atom  numbers. Problem s exist 
concerning both m ethods o f m easurem ent — the present data show  slightly  
differing results. A defin ite difference can be observed betw een  3- and 2- 
m ethylpropionic acid in  th at the dim erization constant o f isobutyric acid is 
alm ost twice as high as that o f n-butyric acid, and approxim ates that of 
propionic acid better.

Thus, it can be detected  even  in a non-aqueous medium th a t the hydro­
gen-bridged association of fa tty  acids, structurally closely related to each 
other, is a consequence o f com plex processes, and cannot be interpreted  
sim p ly  by alterations in the num ber o f carbon atom s.

The data presented in Table I call attention  to the fact th a t, though  
th e  carboxyl group is o f decisive im portance from the aspect o f  dim erization, 
th e  substituents exert their effect not only b y  influencing th e  properties of 
th e  carboxyl group.

Sim ilarly few  data are know n concerning the dependence o f  the di­
m erization of benzoic acid on the so lven t. The series: cyclohexane—tetrachloro- 
m ethane—benzene has been in vestigated  b y  A llen et al. [2] (our present 
results agree very wel l  w ith both  latter solvents). The benzoic acid dimer 
proved to be the m ost stable in cyclohexane, the value found in tetrachloro- 
m ethane was about tw o-third o f th a t value whereas the sta b ility  decreased 
b y  alm ost a whole order o f m agnitude on the effect o f changing tetrachloro- 
m ethane to benzene.

For chloroform as solvent on ly  data measured by ligand—ligand parti­
tio n  are known, but the decrease is o f a further order o f  m agnitude [8]. 
Dim erization has not been m easured in dioxane. H ow ever, on the basis of 
th e  partition betw een b is(3-m ethylbutyl)-ether and w ater th e  dim erization  
con stan t of benzoic acid is in a so lvent deviating from dioxane to  a not too  
great extent is even  lower th an  th a t in  chloroform [8].
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The evaluation o f the data in  T able II is much easier than  those in 
T able I.

According to  our presum ption, the dim erization o f benzoic acid is 
inh ibited  in a com petitive reaction b y  the interactions betw een solvent and 
solute. I t  is striking how defin itely benzene participates in couplings b y  
hydrogen bridge, due to  its тг-system . The effect o f dioxane in great excess 
is still more defin ite: their oxygen atom s are possessing defin ite proton  
acceptor properties, and thus th ey  ob v iou sly  inhibit th e  form ation o f the

which is primarily characteristic o f th e  dimer.
Chloroform, in turn , is defin itely  a proton donor: in th at it  inhibits 

dim erization by b inding the carbonyl groups.
The measured data do not represent directly the stab ility  o f the benzoic  

acid com plex of chloroform , dioxane or benzene. H ow ever, th ey  indicate  
also the role and q u ality  o f  so lvatation , and thus th ey  are indirectly  suitable  
for the comparison o f solvents.

The presented results are parts  of the thesis of Mr. László Gy e p e s  and of Miss K ata lin  
K e l e m e n , respectively.

T hanks are expressed also here to Mr. G yörgy M ilch  (Chinoin Chemical and P harm a­
ceutical W orks Ltd., B udapest) for his a ltru istic  help in  carrying out the m easurem ents by 
infrared  spectroscopy.
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2-Arylidenecyclohexanones dimerize in  basic m edium  to  1,2,3,4,4a,5,6,7,8,9a- 
deeahydro-5-arylidene-4a-hydroxyxanthenes (IXa e). The structures are supported 
by IR , UV and NMR data. A reaction  mechanism is proposed.

The m ixed aldol condensation o f ketones and aldehydes is, under 
vigorous conditions, often associated w ith  further reactions [1]. In some cases, 
th e  isolated end-product is the dimer o f the a,/S-unsaturated ketone formed  
prim arily (in situ  dim erization). N aturally , the corresponding unsaturated  
ketone can also be dimerized b y  treatm ent w ith alkali.

N i e l s e n  et al. characterized the above reactions on the basis o f data  
in the literature, supported also b y  their investigations, b y  the following  
reaction scheme (Fig. 1):

A: In the first step , the unsaturated ketone I is converted  b y  Michael addi­
tion  to the 1,5-diketone (II) [2, 3a —c, 4, 5].

В: II yields by intram olecular M ichael reaction th e  cyclic  diketone III
[6 -1 2 ] .

C: The intram olecular aldol condensation of II gives the cyclic  1,3-ketol (IV), 
and from this com pound the ketone V is formed b y  th e  loss of water [6, 
7, 10, 1 3 - 1 7 ] .

The dimer o f 2-benzylidenecyclohexanone was obta ined  accidentally, 
w hen we allowed the m onom er (VI) to  react w ith NaCN in d im ethyl sulfoxide 
(DM SO); VI was converted in a suprisingly quick reaction  into another 
nitrogen-free substance. This product can also be prepared with sodium  
hydroxide or sodium  ethoxide as cata lyst; a 9 : 1 m ixture o f DM SO/EtOH  
proved to be the best so lvent. The com pound is identical w ith  the substance  
characterized by T i l ic h e n k o  et al. [3a—c] by the structure VIII (Fig. 2). 
The m entioned authors established the structure on th e  basis o f elem entary  
analysis, m olecular w eight m easurem ent and dioxim e form ation; later th ey  
converted the com pound w ith A cO H /N H 4OAc into th e  corresponding octa- 
hydroacridine derivative [Зс].
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However, th e  IR  spectrum  o f  the compound has no carbonyl frequency; 
in fact, a hydroxyl stretching vibration  can be observed at a w avenum ber 
o f 3470 cm -1 in th e  solid state , and at 3580 cm -1  in CHC13 solution. Accord­
in g ly , the com pound does not b elong to  any of the four typ es o f dimers (II, 
III, TV, V) known so far. The absorption occurring at 1640 cm -1  is ind icative  
o f a conjugated double bond.

The UV spectrum  of th e  dim er is suggestive o f a phenylbutadiene  
chromophore: Дтах =  293 nm, e =  25,300.

In the NM R spectrum , tw o  arom atic singlets, ö — 7.32 and 7.28, a 
v in y l proton, ö — 7 .05 , and an O H  proton deuterizable w ith  D 20 ,  Ö =  2.45, 
can be identified.

The hydroxyl group does n o t react w ith acylating agents, or more 
vigorous treatm ent results in a resinous substance.

W hen boiled w ith  acetic anhydride, the dimer loses w ater (XI). In the  
IR  spectrum , the disappearance o f  the OH vibration is accom panied by the  
appearance of a hand at 1718 c m -1 , indicative of an iso la ted  double bond. 
Sim ilarly high binding frequencies have been reported b y  several authors 
for y-pyrans and for octahydroxanthenes [18, 19, 23, 24].

The preparative and spectral data are consistent w ith  structure IX. 
The agreem ent of the physical data w ith  those of the am inoketals X , prepared 
b y  Lew is  e t  al. by  another route, is remarkable. It is in teresting that the 
hydrolysis product o f  X  is not IX , b u t similarly a resin [19].

X IX XI
F ig . 3 .

The formation o f th e  hem iketal IX  can be explained uniform ly from  
the p oin t or view  of all three modes o f  preparation, as shown in F ig. 4.

In  th e  dim erization o f VI, th e  in itia l step is Michael addition . From  
the anion К  no diketone VIII is form ed b y  protonation, because th e  C-6’ proton  
is strongly  acidic; the product is the anion L,  from which the further reaction  
route is evident. Com pound VII gives th e  anion L  im m ediately , th e  rest of 
the reaction  sequence is th e  same. I n  situ  dimerization is possib le according 
to  both  reaction routes indicated.

I t  should be noted th a t no interm ediate product could be detected in 
the reaction  m ixture b y  either chrom atography or spectroscopy, thus it can
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M IX
Fig. 4.

be presumed that th e  d iketone VIII is not formed even  transitorily, further, 
th a t the rate determ ining step is the initial M ichael addition . Retro-Michael 
reaction cannot be observed even on increasing th e  tem perature (as shown  
b y  TLC, the conversion is com plete).

After the term ination  o f our work, we obtained the com m unication o f  
L y l e  et al. [20], in  w hich th ey  report results identical w ith  our findings:

Pii

XIV
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McE lvain  and R o r ig  [21] condensed l-rnethyl-4-piperidone with benz- 
aldehyde, and isolated  tw o products; one o f them  was dibenzylidenepiperidone  
(XII), and the other was regarded later b y  M cE lvain  and P a r k e r  [22] to  
be the aldol dim er X III. L y l e  et al. have proved beyond doubt that the  
com pound has a hem iketal structure (XIV).

Identical structures were obtained also on changing the aromatic group
( I X b -e ) .

Experimental

M.p.’s are uncorrected. IR  spectra were obtained on a Zeiss UR-10 spectrophotom ­
eter in  K Br pellets, th e  UV spectra w ith a P erk in -E lm er 402 instrum en t in  ethanol solu­
tion; the NMR spectra were recorded w ith a P erk in -E lm er R-12 (60MHz) spectrom eter in  
CDC13. TLC system: Kieselgel H254 (Merck): benzene-ethy l acetate (40 : 1).

1,2,3.1.4a,5,6,7,8,9a-Decahydro-5-benzylidene-9-plienyl-4a-hydroxyxanthene (IX a)

Direct method. To a solution of 18.6 g (0.1 mole) of 2-benzylidenecyclohexanone (VI) 
in  50 m l DMSO 4.5 ml of a 1JV NaOH solution in  e thanol was added, and  the m ixture was 
allowed to  stand a t  room  tem perature  for 1 hr. I t  was th en  poured into w ater acidified w ith 
acetic acid, and the sem i-crystalline substance w hich separated was crystallized from ethanol 
(m .p. 85—91 °C), th en  from  a 1 : 2 benzene-hexane m ixture. 13.4 g (72% ) of a colourless, 
crystalline substance was obtained, m.p. 135 —136 °C (lit. [3a—-b] m .p. 135 —136 °C).

In  situ dimerization. 10.6 g (0.1 mole) of benzaldehyde and 19.6 g (0.2 mole) of cyclo­
hexanone, were dissolved in  a m ixture of 50 ml DMSO and 10 ml ethanol, and 6 ml of 50% 
aqueous NaOH  was added to  the solution, w hich was then  stirred a t  room  tem perature, 
un til TLC indicated th a t  the  conversion was complete (about 2.5 hrs). Processing was th e  
same as described above.

The reaction of 2,6-dibcnzylidenecyclohexanone (V II) and cyclohexanone. A suspension 
of 13.7 g (0.05 mole) of 2,6-dibenzylidenecyclohexanone and 5.9 g (0.06 mole) of cyclo­
hexanone in 60 ml of a 9 : 1 DMSO/EtOH m ixture was stirred first a t 60 °C and, after the 
dissolution of the solid substance, a t room tem perature  for 6 hrs w ith 6 ml of a 50% NaOH 
solution. The progress of th e  reaction  was followed by TLC. The reaction m ixture was worked 
up as described above. In  all th ree experim ents an identical substance was obtained.

The other com pounds (IXb, c, d, e) were obtained in  the same way. The progress of the 
reactions was checked by  TLC. D etailed data  are given in  Table I.

Derivatives of IXa

Dioxime. A solution of 3.7 g (0.01 mole) of IX a in  50 ml ethanol was refluxed w ith 
2.1 g (0.03 mole) of hydroxylam ine hydrochloride and  10 g of K2C 03 for 3 hrs. The hot m ixture 
was filtered  and the solid washed w ith ho t ethanol. The crystals obtained from  the combined 
ethanol solutions were recrystallized from ethanol to  ob ta in  1.5 g of th e  product, m.p. 210 °C 
(lit. [3a] m.p. 1 9 4 -1 9 5  °C).

C26H 30N2O2 (402.54). Calcd. C 77.60; H 7.46; N  6.96. Found C 77.22; H  7.77; N 6.87, 
6.84% . IR : 3260 cm" 1 (broad) (OH); 1670 cm“ 1 ( = C = N - O H ) .

l,2,3,4,5,6,7,8-Octahydro-5-benzylidene-9-phenylxanthene (X I)

3.72 g (0.01) mole of IX a was refluxed in  8 m l of acetic anhydride for 7 hrs. The 
crystals w hich precipitating on cooling were filtered  off, washed w ith w ater, and recrystal­
lized th ree  tim es from ethanol to  ob ta in  1 g of X I, m .p. 107 —108 °C.

C26H 260  (354.50). Calcd. C 88.09; H 7.39. Found  C 87.84, H  7.13% .
IR : 1718 cm-1  C =C  (pyran); 1645 cm-1  C =  C (pyran , conjugated).
NM R (CDC13): <5 =  7.32 s, 5H (Ar); 7.29 s, 5H (Ar); 7.00 s, 1H ( = C H - ;  vinyl); 3.58 s, 1H 

(CH; benzyl); 1.4 —2.8 m , 14H (cycloaliphatic).
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Table I

Compound
Ar-

Solvent 
m.p. ('€)

Formula 
Mol. weight 

Yield

Analysis, % UY (ethanol) 1R, cm 1 
KBr

NMR, d ppm 
CDCI3Calcd. Found Лтах nm e

IX a1
C6H6-

benzene/
hexane

1 3 5 -6

( Us' b 
372.51 

72%
C: 83.83 
H: 7.57

83.68
7.49

209
293

2 1 0 0 0
25 300

3470 O H 2 
1640 r  „
1615
1605 p p / A 4 
1400 C~ C (Ar) 

760 =  CH (Ar)

7.32 s 5H Ar 
7.28 s 5H Ar 
7.05 s 1H = C H -  
0 .9 -3 .3  m  16H 
2.45 s 1H OH3

IXb
4 —CH3—CeH4—

ethanol
1 6 2 -3 .5

СгвНзгОз
400.57

90%
C: 83.96 
H: 8.05

83.93
7.97

209
293.5

19 000 
26 200

3570 OH 
1630 C =C  
1603 r  r  \ 
1420 C =C  (Ar> 

828 = C H  (Ar)

7.2 s 4H Ar 
7.1 s 4H Ar
7.0 s 1H = C H -
2.3 s 6H - C H 3 
1 .0 -3 .3  m 17H4

IXc
4 —CH30  —CcH4—

benzene/
hexane

1 9 2 -4

СгвНзоС^
432.57

85%
C: 77.75 
H: 7.46

77.34
7.50

211
294

14 500 
29 300

3470 OH 
1638 C =C  
1603 r  \ 
1418 C =C  (Ar> 
842 = C H  (Ar) 

1245 -O C H 3 
1040

6.4—7.0 m 8H A r5 
6.3 s 1H = C H — 
3.0 s 6H - C H 3 
0.5 —3.4 m 16H

IXdG
2-fury 1

benzene/
hexane

1 3 1 -4

C22H240 4
352.43

70%
C: 74.98 
H: 6.86

74.88
6.90

211
296

308
323

9 800 
shoulder 

31 600 
41 100 
29 700

3470 OH 
1640 C =C  
1595
1550 C =C  (Ar) 
1410 
1022
890 (furán)
740

6.1 —7.5 m 6H Ar 
6.75 s 1H = C H -  
0.9 —3.5 m 17H7

IXe
4 — Cl—C6H4—

benzene/
hexane

1 4 8 -5 0

C2fill..rCI.,0,
441.41

62%
C: 70.75 
H: 5.94 
Cl: 16.06

70.55
6 .0 0

16.00

210
299

16 100 
26 200

3577 OH 
1630 C =C

1395
832 = C H  (Ar)

7 .0 5 -
7.45 m 8H Ar 

6.75 1H = C H -  
1 .0 -3 .3  m  17H8

1. [3a, b, c] 4. D20  decreases the integral by 1H 7. D20  decreases the integral by 1H
2. In  CHC13 solution: 3580 cm-1  5. NMR spectrum recorded in C5D5N 8. D20  decreases the integral by 1H
3. Disappears in D20  6. [3a, b]
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Dissociation and rearrangem ent processes of tricyclic phthalazinone deriva­
tives ( I—IV) upon electron im pact have been studied using high- and low-resolution 
mass spectrom etry. A m ethod based on the  determ ination of the activation  energy 
of m etastable decomposition processes has been applied to verify  th a t  some fragm enta­
tion  processes involve m ethylene m igration.

B o w ie  et al. [1 ] were the first to study the fragm entation  o f phthalazin­
one derivatives upon electron im pact. T hey have found th a t the substituents  
adjacent to  the nitrogen atom  interact w ith this atom  (‘proxim ity  effect’). In 
an earlier work we used 15N -labelling to prove th at electron bom bardm ent of 
4-(a>-hydroxyalkylam ino)phthalazinone derivatives produced a fragm ent ion 
th a t contained a four-m em bered ring formed by intram olecular ring closure [2 ].

This reaction is a consequence o f the proneness to  substitutions o f the 
pyridine-type N atom  present in th e  phthalazine ring.

Accordingly, intram olecular condenzation products o f  these com pounds 
are easily  obtained also b y  preparative m ethods from th e above (co-hydroxy- 
alkylam ino)-phthalazinones. H ow ever, condenzation due to  electron bom bard­
m ent occurs chiefly in volv ing  the carbon in ^-position o f the a lkyl chain and 
th e  nitrogen in position  3, whereas in the preparative process, in the presence 
o f  a solvent, condenzation is achieved by bonding o f the carbon in co-position 
to  the nitrogen m entioned.

In this paper we wish to  report on a mass spectrom etric study o f the  
electron im pact-induced fragm entation  o f the products o f the later reaction  
(I to  IV).

As a common characteristic o f these com pounds, the first step or steps 
o f the electron im pact-induced processes involve the fragm entation  o f the 
rings o f im idazole (I, II) or pyrim idine (III, IV) typ e, form ed by the conden­
zation  reaction m entioned before.

In  the course o f  the further decom position o f the fragm ent ions thus 
produced, a very in teresting rearrangem ent takes place, proved by a novel 
m ethod  o f ion structure identification  [3].

A ctaC him . ( Budapest) 90, 1976
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I d the mass spectrum  (Table I) o f 2,3-dihydroimidazo\2,l-a]phthalazin-  
6 (5 H )-o n e  (I), a characteristic fragm ent at mass num ber 130 and com posi­
t io n  C8H 4NO is the on ly  abundant ion besides M +  and (M  — 1) + (formed by  
th e  quaternization o f th e  n itrogen atom  is position 4). In contradistinction  
to  th e  open-chain com pounds where either o f the tw o possible N  atom s partic­
ip a tes in the form ation o f th e  nitrile group w ith  equal probability [2 ], in 
th e  case of I the m/e 130 ty p e  ion contains only the n itrogen atom  in posi­
t io n  4.

The m/e 130 ion originates from the (M  — 1) ion in tw o w ays (Fig. 1, 
A  and B). In both processes one o f the a  bonds beside th e  sp s carbon atom  
o f  th e  im idazole-type ring is broken. (Only these tw o bonds do not partici­
p a te  in the conjugation exten d in g  over the entire skeleton.)

Fig. 1.
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Table I

m/e c H N **N 0
I I*

Abundance (%) 

II III III* IV

215 12 13 3 1 100
214 12 12 3 1 28
202 11 11 2 l l 100
201 11 11 3 l 100 100

11 10 2 l l 61
200 11 10 3 l 28 66
188 10 9 2 l l 70
187 11 11 2 l 8

11 10 1 l l 2
10 9 3 l 88 28
10 8 2 1 1 100 6

186 11 10 2 1 3 8
11 9 1 l 1 2
10 8 3 l 100 5 7 48

185 11 10 2 1 1
11 9 2 l 3 1 9

184 11 10 3 1
11 7 1 1 1 1

183 11 7 2 1 3 2
174 10 9 1 l l 2

9 7 2 l 1 3
173 10 9 2 1 28 8 7 6

9 7 3 1 4
9 6 2 1 l 18

172 11 9 1 l 9
10 8 2 1 3
10 7 1 l 1 5
9 6 3 l 23

171 11 9 1 1 8 5
10 7 2 l 10 5 3

160 9 8 2 l 3 3 3 3
9 7 1 i l 1

159 9 7 2 1 5 4 9 6
158 9 8 3 1
148 8 7 1 l l 4
147 8 7 2 l 5 1

8 6 1 1 1 2
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Follow ing the fission  of the C -N  bond, C2H 3N is elim inated (A) from  
th e  ( M  — 1 )+ ion; 15N -labelling shows th a t the nitrogen rem oved originates 
from  position  1 , thus th e  ‘lower part’ o f th e  im idazole-type ring is split off. 
From  the m/e 145 ion th u s produced, the abundant ion at mass number 130 
is derived by loss o f N H .

In  the case o f com pound I, decom position involving the cleavage o f the  
С—C bond of the im idazole-type ring, i.e. pathw ay В is predom inating; the  
(M  — 1 )+ ion loses H C N  b y  the elim ination  o f the (labelled) nitrogen in posi­
tion  1; the m/e 159 fragm ent thus form ed gives then the m/e 130 ion by loss 
o f C H 3N.

m e  159

m/e 173

I C,HSN

О
c=o*

C s  N

m/e 130

F ig. 2.
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The loss o f CH3N from the m/e 159 ion cannot occur w ithout rearrange­
m ent: m ost probably the m ethylene group in position 3 attaches first to  the  
nitrogen in position 5, then the CO—N  bond is broken.

In order to  provide evidence for th is rearrangem ent involving m ethylene  
group m igration, it is helpful to com pare the behaviour of I w ith th a t o f its  
N -m ethyl derivative, 2,i-dihydro-S-methylimidazo[2,l-a]phthalazin-6-one  (II) 
under electron bom bardm ent (Fig. 2).

The decom position scheme of the tw o com pounds has the sam e structure: 
the m/e 130 ion is produced from the ( M  — 1 )+ ion in tw o w ays (A and B ). 
In the corresponding reactions either the elim inated neutral fragm ents are 
the same and the charged particles are hom ologues, or the neutral particles  
are hom ologues and the ions are the sam e. In the N -m ethyl derivative II, 
the tw o decom position pathways A and B , leading to the m/e 130 ion , are 
alm ost equally im portant.

From  the (M  — 1)+ ion (m/e 200) loss o f HCN gives the m/e 173 fragm ent 
ion (pathw ay B ), w hich is the hom ologue o f the m/e 159 ion of I. I f  our su p ­
positions concerning the rearrangement o f  m/e 159 ion of I are correct, then  
— in this analogous case — the N -m ethyl substitu tion  will increase the mass 
of the neutral particle elim inated, while th e  charged fragm ent from th e m/e 
173 ion will be the same as in the case o f  the parent compound.

From  the m/e 173 ion the know n m/e 130 ion is produced b y  loss o f  
c 2H5N, as expected . This process supports, th a t both in the parent com pound  
and in its N -m ethyl derivative, after the loss o f HCN, the suggested rearrange­
m ent does occur.

A t the sam e tim e, in the case o f II the decom position process A in v o lv ­
ing elim ination of C2H 3N from (M  — 1 ) + is operating, as well. The charged  
particle produced agrees, at least as far as its em pirical formula is concerned, 
w ith the ion produced from  I by the loss o f  HCN. From  this m/e 159 ion the  
m/e 130 fragm ent is form ed by the elim ination  o f CH3N , in the same w ay as 
in the case o f the parent com pound. This suggests th at the m/e 159 ions (X  + , 
cf. Fig. 3) originating from the two different sources, have the same structure; 
however, in the N -m ethyl derivative the 5 N —C bond has already been present 
in the neutral m olecule, whereas in the parent com pound the aforem entioned  
rearrangem ent m ust occur to allow the form ation of this bond.

In order to  prove the occurrence o f th is m igration of the m ethylene  
group, the structural identity  of the tw o ions o f m/e 159 m ust be confirm ed  
by some quan tita tive mass spectroscopic m ethod. For this purpose a mass 
spectroscopic m ethod o f ion structure identification , based upon the determ ina­
tion  o f the activation  energies of m etastable processes, zlAP*, has been  
elaborated [3]. Our results indicate (Fig. 3) th a t th e  zlAP* value, characteristic  
of the m etastable process 159 —► 130 is 0.96 eV in  the case of the parent com ­
pound I and is 0.99 eV for the N -m ethyl d erivative II. This proves th a t the
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B R U C K  et al.: R EA R R A N G EM EN T AND DISSOCIATION PROCESSES 6 5

decom posing m/e 159 ions have the same structure in I and II, thus supporting  
the assum ption about the m igration of the m ethylene group.

The m/e 159 ions having certainly different structures, shown in Fig. 3 
as counter-exam ples (com pounds V and VI), reveal a very significant difference 
in  the zlAP* values.

Though the m ethod applied does not give accurate inform ation about 
either the exact structure of th e  ion produced or the m echanism  of the re­
arrangement, it is probable th a t in the case of com pound I this rearrange­
m ent is analogous to  the m ethylene insertion reaction characteristic of the  
carbenes [4], resulting in a N  CH3 group.

3,4-Dihydro-2H-pyrimido[2,l-a]phthalazin-7 ( 6 H  )-one  (III) is a homo- 
logue of I containing three v icinal CH, groups. The principal fragm entation  
process involves the fission o f  those two cr-bonds which are weakened due 
to  their being in /З-position to th e  C =  N double bond (F ig. 4). The M  C2H i

I®' 0  I 9 '
II

w je 130 42 %

F ig. 4.
m/e 140 28 %

ion produced (m/e 173) contains conjugated double bonds; the delocalization  
energy in part com pensates for th e  energy needéd to  the cleavage of the  
bonds (retro-Diels A lder reaction). R etro-D iels Alder reactions cannot occur 
in  the case of five-m em bered rings (I and II); for these (cf. Figs 1 and 2), 
conjugation is achieved by the loss o f H  from the m olecular ion and the  
quaternization of the N atom in position  4.

5 Acta Chim. (Budapest) 90» 1976
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The m/e 173 ion loses H CN, and this HCN will contain the 15N if  the 
m olecule has been labelled in position  1. The already known m/e 130 ion is 
produced from the m/e 146 ion thus form ed, by cleavage o f the amide bond.

It is evident th a t in contradistinction to the hom ologous open-chain  
phthalazinone derivatives, the fragm entation o f the hom ologous condensed- 
ring parent com pounds is essentia lly  different from each other, since the 
‘low er part’ of the pyrim idine-type ring can be elim inated as tw o stable, 
n eu tral molecules (C2H 4 +  H CN), while th at o f the im idazole-type ring can­
n o t. Tn the latter case, the analogous process would involve the elim ination  
o f C H , from the m/e 159 fragm ent ion o f I. This is greatly unfavoured from  
an energetical point o f v iew , as the heat of form ation of the CH2 radical is 
ex trem ely  high. This is the main reason why the migration  o f CH2, a process 
o f  com paratively low activation  energy, is preferred.

3,4-Dihydro-6-methyl-2H-pyrimido[2,l-a]phthalazinone(IX)  is the N-m eth- 
y l derivative of com pound III. The primary fragm entation processes of 
its  m olecular ion are analogous to  those of the parent com pound III, but the 
decom position products o f its fragm ents are the same as in the case of the 
o th er  N -m ethyl derivative II (Table I).

Loss of ethylene from  the m olecular ion of IV gives rise to  the m/e 187 
ion; this is the N -m ethyl derivative of the (M  — 2 8 )+ ion o f III (Fig. 5). 
H ow ever, from m/e 187 now not HCN, but H ?CN is elim inated, and thus the

m/e 187 28% m/e 130 24%

Acta Chim. (Budapest) 90,1976
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know n m/e 159 ion is formed w hich decomposes to  the m/e 130 ion b y  the  
loss of C2H 5N .

The (M  — 1 )+ ion of IV gives rise to an ion o f m/e 173 having the em pir­
ical formula CluH 9N 20 ,  which loses C?H 5N to yield the ion o f m/e 130.

The analogues o f both steps o f th is decom position pathw ay play a part 
in the ease o f the other N -m ethyl derivative (II): the five-m em bered ring of 
the (M  — 1 )+ ion loses C2H 3N; on the other hand, th e  m/e 173 ion form ed  
b y  rearrangement gives the m/e 130 ion.

The corresponding decom position route is o f  w h olly  subordinate im ­
portance in the case of parent com pound III. This is probably due to  the  
lower stab ility  o f the m/e 159 ion in comparison w ith  th a t of the m/e 173 ion.

The (M  — 1 )+ ions of both III and IV give rise to  a relatively  abundant, 
stable fragm ent b y  loss o f ethylene; further decom position does not produce  
ions of considerable intensity .

The m olecular ions o f both com pounds can lose N 2H R  (R =  H or CH3) 
to  a small ex ten t. This reaction, like decom position p ath w ay  A of I and II, 
involves the fission o f the w eakened C -N  bonds in position  4 — 5 of III and  
IV and is analogous to  the loss of N 2H 2R from the (co-hydroxypropylam ino)- 
phthalazinone derivatives [2 ].

Experimental

An A EI MS-902 mass spectrom eter w ith  direct sample in troduction  was used. The 
tem pera tu re  of the ion source was 150 °C. The empirical formulae of th e  ions discussed were 
determ ined by exact mass measurem ents. The decomposition pathw ays are supported by  
m etastable ions. For the refocusing of the m etastable ions, the voltage of the electrostatic  
analyzer was reduced.

The syntheses of th e  com pounds studied will be described elsewhere.
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Some in teresting  results perta in ing  to the reactions of hexahydro-l,3,5-tri* 
acryloyl-s-triazine (I) w ith several reagents are described. Thin-layer chrom atography 
proved to  be very  helpful in following the routes of brom ination , addition of ethyl 
m ercaptan, w ater, sodium bisulfite and /or sodium sulfite.

H exahydro-l,3 ,5-triacryloyl-s-triazine (I) has for som e tim e found  
several practical applications [1]. In  th e  course of a research program carried 
out to create reactive centres on cellu lose [2 ] using polyfunctional com pounds, 
som e interesting results pertaining to  the reactions o f  I  and its derivatives 
w ith  different reagents were obtained. In the present com m unication these  
results are reported.

О О О

H2C=CH—C\ „С— CH=CHj
N N

Iо=с—сн=сн2

Н 5С2ОН2СН2С—с
A rЧ л

kJ
A3— СН2СН2ОС2Н 5

N 
I

0 = 1 -СН2СН2ОС2Н5

A t variance w ith th e  statem ent o f  Zerner  and P ollock [3] th at the  
addition  of halogens to  the three acryloyl groups o f I is a stepw ise process, 
it has now been  found th a t this not th e  case. W hen a m olar solution of I 
in  chloroform was treated  with 1 — 2  m oles of brom ine, it  was possible b y  
m eans o f thin-layer chrom atography (TLC) and preparative TLC to  identify  
in the reaction m ixtures unchanged I , th e  di- and hexabrom o derivatives, 
as well as a fourth product believed to  be the tetrabrom o com pound. A ttem pts  
at purifying the latter product from the contam inating hexabrom o compound  
failed. E fforts tó obtain solid  m ixtures from  the solutions o f the brom inated  
com pounds b y  evaporating the solvent in  vacuum  also rem ained unsuccessful 
because o f the form ation o f polym eric products. On the other hand, addition

* Present address: Textilforschung K refeld, 415 Krefeld, W est Germany.
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o f th e  required am ount o f  brom ine to  a chloroform solution o f the partially  
brom inated mixtures alw ays afforded the liexabrom o com pound as the only 
reaction  product.

Prelim inary experim ents on the addition o f eth yl m ercaptan to I in­
d icated  the dependence o f  the reaction on several factors, including the molar 
ratio , typ e of ca ta lyst, tem perature and tim e. I f  tw o or more m oles of the 
th io l were added to a chloroform  solution o f I in the presence o f  triethylam ine 
at 25 °C the di-adduct w as form ed, as confirm ed titrim etrically  and by TLC. 
W hen only one m ole o f  the thiol was used under the sam e experim ental con­
d ition s, a mixture o f I and the di-adduct was obtained. W hen the di-adduct 
w as treated with one m ole (or when I was treated  w ith 3 m oles) o f the thiol 
under reflux, the pure tri-adduct was quantitatively  form ed.

Previous in vestigation s [4] on the addition o f alcohols, e.g. EtO H , to  
I in  the presence o f  a cata lytic  am ount o f potassium  hydroxide indicated  
th a t  the tri-adduct II was form ed. A ttem pts to obtain th is compound by  
treatin g  an alcoholic so lution  o f hexahydro-l,3,5-tris(3-chloropropionyl)-s-tri- 
azine (III) w ith sodium  ethoxide gave I b y  /S-elimination w ith  E 2 m echanism. 
On the other hand, treatm en t o f the com pound w ith  sodium  mercaptide led  
to  the thiol tri-adduct.

CICH2CH2— ОС- -CO—CH2CH2CI
N Л

0 = C —CHjOHüCI 

III

Very little  is know n about the behaviour o f I in aqueous solutions o f  
alkalis and acids. I t  w as claim ed [5] th at it was possible to  effect the addition  
o f  H 20  to two double bonds o f  I, leaving the third one in tact, if  I was treated  
w ith  aqueous alkali at 100 °C and pH  11 for one hour. N ow , a to ta lly  d if­
ferent picture was obtained when I was treated with aqueous sodium  hydroxide  
solutions (0 .08—4% ) at tem peratures betw een 20 and 50 °C. Using TLC it  
w as possible to  id en tify  in the resulting com plex m ixture acrylamide IV, 
m ethylolacrylam ide V, and m ethylenebisacrylam ide VI. In  addition, am m onia  
and form aldehyde were detected .

c h 2= c h c o n h 2 c h 2= c h c o n h c h 2o h  c h 2= c h c o n h c h 2n h c o c h ==c h

IV V VI

These results in d icate th at the hexahydro-l,3 ,5-triazine ring is unstable under  
these conditions. A long w ith  IV —VI, unidentified high m olecular weight o ily
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products were also form ed. In fact, it was found th at by prolonging the tim e  
of reaction IV, V, and VI disappeared com pletely, and only  the oily products 
were obtained. On the other hand, treating I w ith HC1 solutions (0.25 4% )
at 80 to  100 °C gave IV, V and VI.

The addition o f N a H S 0 3 to  I in aqueous solutions at pH  4 proceeds 
first at 60 °C. A ddition o f 1 or 2 moles o f this reagent results in the form ation  
o f a m ixture containing unchanged I and two other com pounds, probably  
the mono- and di-adducts. I f  three moles are added, on ly  one com pound  
(the di-adduct) is form ed. This has been confirmed by paper electrophoresis 
and iodimetric titration  using the standard procedures. H ere, too, attem pts  
to  distill off w ater caused polym erization, which rendered the separation o f  
the addition com pounds im possible.

H owever, the behaviour towards sodium su lfite is different because if  
I is treated with th is reagent at 50 °C and pH 9, the tri-adduct is form ed  
quantitatively  w ithin  a very short tim e. This result confirm s the findings o f  
V a n s h e i d t  and G h u z  [ 6 ] .

In comparison w ith  the lim ited addition obtained in the case of N a H S 0 3, 
the easiness of addition o f  N a2S 0 3 on I m ay be explained as follows:

(1) at pH 4 (HSOjf ion cone. =  94.7%  [11]) th e  addition of the b i­
sulfite ions on the acryloyl groups o f I is m uch reduced due to  the  
presence o f the acidic medium;

(2) at pH 9, the su lfite ions present ( S O "  cone. =  100% [11]) are 
just in equilibrium  with the bisulfite ions:

SO 3- -  +  H20  ^  HSO3- +  O H -

Since the reaction m edium  is alkaline (pH  9), the acryloyl groups of I are 
going to  be activated , and hence the HSO^ ions add sm ooth ly  on the acti­
vated  double bonds. So the attained equilibrium m oves towards the right 
hand side o f the equation leading to  the form ation o f N aO H  and the tri­
su lfite adduct of I.

In view  o f this result, we tried to apply this sim ple procedure for the  
quantitative estim ation o f the double bonds in IV, V and VI. The results were 
satisfactory except in the case o f m ethylolacrylam ide V where a double 
am ount of Na2S 0 3 was needed.

Experimental

Thin-layer chrom atographic analysis

For the identification of I, its derivatives and its hydrolyzed products, TLC plates 
of cellulose or silica gel were used. The following m ixtures were applied for developm ent:
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se e -B u 0 H -H C 0 0 H -H 20  75 : 13.5 : 11.5 For silica gel plates, slow developm ent 
CHC13—E tO H -H 20  6 : 2  : 1 For silica gel plates, rap id  developm ent
CHCI3—Pyridine-H 20  8 : 17 : 3 For cellulose plates

F or detection, the chlorine-o-toluidine method [7] was applied.

H exahydro-l-3-5-tris(dibrom opropionyl)-s-triazine

To a solution of I  (12.45 g; 0.05 mole) in CHC13 (200 ml) brom ine (24 g; 0.15 mole) 
w as added  dropwise, and th e  m ix ture  was well stirred  (1 1/2 hr) a t room  tem perature. The 
w hite precipitate th a t form ed was filtered off and washed w ith CHC13 (50 ml) and finally 
crystallized from the same solvent. Yield 80%, m.p. 180 — 181 °C (lit. [9] m .p. 175 — 177 °C).

CjjH^NgOjBr,;. Calcd. Br 65.84. Found Br 66.25%.

Hexahydro-l,3,5-bisacryloyl-dibrom opropionyl-s-triazine

A solution of I  (12.45 g; 0.05 mole) in  CHC13 (200 ml) was trea ted  w ith  bromine (16 g; 
0.1 mole) as described above. A fter the colour of the bromine had disappeared, a small drop 
of th e  m ixture was applied on a silica gel p late (F254, Merck) along w ith  I  and the hexahydro-
l ,  3,5-tris-(dibrom opropionyl)-s-triazine, and then  the chrom atogram  was developed w ith the 
see-BuOH HCOOH H20  solvent. I t  was found th a t  the m ixture contained unchanged I, 
th e  fully brom inated com pound, and a t least one other component. The la tte r  was isolated 
using preparative TLC and  identified as hexahydro-l,3,5-bisacryloyl-dibrom opropionyI-s- 
triaz ine , m.p. 110 °C.

C,2H j6N30 3Br2. Calcd. Br 39.12. Found Br 39.62%.

H exahydro-l,3,5-tris(3-chloropropionyl)-s-triazine III

Dry HC1 gas was passed in to  a solution of I (12.45 g; 0.05 mole) in  CHC13 (200 ml) 
u n til saturation. A fter standing  for 2 hrs, the  solution was concentrated  in  vacuum. The 
solid residue was recrystallized from E tO H  to yield 85% of III, m .p. 173 °C (lit. [10] m .p. 
164 °C).

C,2H 18N30 3C13. Calcd. Cl 29.70. Found Cl 29.65%.

H exahydro-l,3,5-tris(3-ethylm ercaptopropionyl)-s-triazine

This substance can be prepared (a) directly from I and ethy l m ercaptan, or (b) in ­
d irec tly  from П1 and sodium  m ercaptide using equimolecular m ixtures.

(a) In a stoppered flask, 10 ml of E t3N was mixed w ith a solution of I (0.01 mole; 
2.49 g) in 50 ml CHC13 w ith  good stirring, followed by a dropwise add ition  of ethyl m ercaptan 
(2.21 ml; 0.03 mole) in  about 30 min. This m ixture was refluxed for 1 hr on a w ater bath . 
Concentration in vacuum  left an oily product, which on trea tm en t w ith  diethyl ether gave 
a w hite precipitate; th is was crystallized from aqueous E tO H  (v/v  =  1/1). Yield 90%,
m . p. 59 °C.

C,8H33N30 3S3. Calcd. C 49.65; H  7.64; О 11.03; N 9.65; S 22.07. Found C 49.77; 
H  7.64; 0  10.93; N 9.69; S 21.97%.

(b) To a solution of II I  (0.01 mole) in CHC13 (50 ml), sodium m ercaptide (0.03 mole) 
in  d ry  CHC13 (50 ml) (prepared by mixing equivalent amounts of ethy l m ercaptan  and m etallic 
sodium  in CHClj) was added, and the m ixture was allowed to  stand  for 1 hr a t room tem per­
a tu re . The white p rec ip ita te  formed (NaCl) was filtered off and the filtra te  concentrated in 
vacuum  at 40 °C to  yield a w hite residue, which on crystallization from aqueous E tO H  
(v /v  =  1/1) gave w hite scales, m .p. 59 °C. Yield 95%.

IIexahydro-l,3,5-acryloyl-bis(3-ethylm ercaptopropionyl)-s-triazine

To a solution of I (2.49 g; 0.01 mole) and  E t3N (10 ml) in  CHC13 (50 ml) ethyl m er­
cap tan  (1.48 ml; 0.02 mole) was added dropwise (30 min) w ith  good stirring. The reaction 
m ixture was let to  s tand  3 hrs a t  room tem perature. I t  was then  concentrated in  vacuum  
to  leave an oily product. TLC and estim ation of the acryloyl groups indicated th a t i t  was 
th e  di-adduct. E lem ental analysis could not be carried out because of the unstable nature 
o f  the product.
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Quantitative determination of the acryloyl groups in I

(a) Ethyl mercaptan method. A solution  of I (0.01 mole) in  CHC13 (50 ml) was m ixed 
w ith  triethylam ine (10 ml). An excess of e thy l m ercaptan  (0.035 mole) was th en  added and 
th e  reaction  m ixture refluxed for 1 hr, a fte r which the excess m ercap tan  was back -titra ted  
w ith  1 N  iodine solution [8]. Addition of 50 ml E tO H  and 60 ml glacial AcOH was essential 
to  give a one-phase solution.

(b) Sodium sulfite method. A solution  of I (0.001 mole) in 20 ml H20  (pH  9) was well 
stirred  a t constant tem peratu re  (50 °C). Sodium  sulfite solution (5 ml, 21V) of pH  9 was then  
added where upon th e  pH  rose to abou t 11.6. The liberated NaOH was then  autom atically  
b ack -titra ted  w ith 0.2 N  HC1 until pH  9 was atta ined .
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1,3-BIFUNCTIONAL COMPOUNDS, XVIII*
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The synthesis of various am inoalkyl ester derivatives is reported. D epending 
on th e  s tructu re  of the compounds, various methods of synthesis have been developed 
and  used. The m ajority  of the com pounds have a  local anaesthetic effect, while th e  
sm aller p a rt is efficient as peripheral vasodilator.

A great num ber of papers deal w ith the physiological properties o f  
various am ino alcohols and their esters. Particularly, m any procaine hom o- 
logues w ith  local anaesthetic effect have been prepared by varying the su b ­
stituents (am ino and alkyl groups, and the esterifying carboxylic acid) bound  
to the basic skeleton. Relationships have been established between the stru c­
ture o f the com pounds and their effect and potency. Two reviews report on  
the com pounds prepared and their pharm acological properties [1 , 2 ].

In the course o f our work, piperidino-, morpholino- and heptam ethylene- 
im inopropyl esters have been prepared. The local anaesthetic properties o f  
the com pounds and their effect on the cardiovascular system  have been  
investigated  by the Pharmacological D epartm ent o f the Gedeon R ichter  
Pharm aceutical W orks [3].

Som e o f  the compounds (32, 35, 36, 37, 58, 62) have a very defin ite  
local anaesthetic action; they are su itable for both infiltration and conduc­
tion anaesthesia. Their therapeutic spectrum , established on the basis o f  
efficiency, to x ic ity  and local tolerance, is more favourable than th at of the  
reference drugs used for comparison (lidocaine, procaine). T hey have a long  
duration o f action , and do not produce hypersensitiv ity  reactions. The m em ­
bers of the series in general, reduce the blood pressure, but the drop is not  
large and it  is transitory. They enhance peripheral circulation. Some o f the  
com pounds (53, 57, 70) have peripheral vasodilating action.

* P a rt X V II: A cta Phys. et Chem. Szeged 17, 55 (1971)
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Method o f synthesis

The synthesis o f  th e  am inoalkyl esters has been achieved by tw o m eth ­
ods. The m ajority o f  th e  compounds were prepared by the reaction of the  
appropriate amino alcohols and carboxylic acid chlorides. The addition was 
effected  in anhydrous acetone or benzene, b y  adding the alcohol to  the acid 
chloride em ployed in  slight excess (M ethod D ). In cases when the acid 
chloride could only be prepared w ith d ifficu lty , the esters were obtained by  
allow ing the corresponding aminopropyl chloride to react w ith the carboxylic 
acid in isopropyl a lcohol [4] (M ethod E ). The am inopropyl chlorides were 
m ade either from th e am ino alcohol w ith  th ion y l chloride [5], or by the reac­
tio n  o f the appropriate amine w ith l-brom o-3-chloropropane [6 ]:

\
N— (CH2)r— OH 

SOCli

N— (СН2)з— Cl + R—COOH

N— (СНг)з1— C— R

HCI

\
+  B i— (О Ш Ь — Cl

The quaternary products were prepared in  acetone, in the usual w ay (M eth­
od F).

For the preparation of the am ino alcohols three m ethods were used, 
depending on the position  of the substitu en ts and on the order of the hydroxyl 
group. Most freq u en tly , chlorohydrins containing primary halogen atom  
[7 — 9] were m ade to  react with the corresponding secondary amines [10] in  
eth y l alcohol or benzene. For binding the acid, an excess o f amine or anhydrous 
potassium  carbonate was used (M ethod A):

R R
4 I I
NH +  Cl— CH2- C — C— OH

/  I ,  I-R3 R-

R- R4
\  I I
N—CH2- C — 0 — OH

/  I, L

Substitution o f a secondary halogen atom  can only be effected under 
the given conditions in a low yield , ow ing to  the elim ination o f hydrogen  
halide, which is th e  m ain reaction. Therefore, in the synthesis of amino alcohols 
of this type, acrylic acid esters were tised as the starting m aterials. The am ine 
addition [1 1 , 1 2 ], w hich was carried out at the boiling point, w ith excess
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am ine acting also as solvent, w as follow ed by reduction (M ethod B ), or Gri- 
gnard reaction (M ethod C):

R2 о R1 R2 О
V . I // \  I I //
NH +  R1— CH=C—C ---------- * N— CH—CH—C

/  \  /  \
OR OR

The physical constants and elem entary analyses of the com pounds prepared  
are listed  in the Tables (tem perature data are uncorrected).

R1 R
\  I I 
N—CH—CH-CH2- 

/
■OH

R' R2 R4
\  I i I
N— CH—C H -C — OH 

7 R4

Experim ental

In  addition to  th e  characteristics g iven in the Tables, the pu rity  of the com pounds 
was checked by th in-layer chrom atography. The chrom atogram s were prepared on Kieselgel 
(Merck) layer of 0.5 m m  thickness, w ith a solvent m ixture of ethyl alcohol-diethyT am ine 
(95 : 5). The chrom atogram s were visualized by  spraying w ith D raggendorff’s reagent.

The IR  spectra of th e  compounds w ere recorded. The carboxylic acid chlorides were 
p repared from  the corresponding carboxylic acids w ith thionyl chloride, and p u rified ‘;by 
d istilla tion  or recrystallization.

F or the purification of the am inoalkyl ester salts, recrystallization from Acetone, 
ethy l alcohol or aqueous ethy l alcohol was used.

Method A:
2- Isopropyl-3-(piperidinyl-l)-propanol (6)

A m ixture of 2-isopropyl-3-chloropropanol (8) (6.8 g; 0.05 mole) and piperidine (8.5 g; 
0.1 mole) was refluxed in anhydrous benzene (50 ml) for 6 hrs. After cooling, the prec ip ita ted  
piperidine hydrochloride was filtered off, th e  filtra te  evaporated and the residue distilled. 
The w eight of the product (6) was 7.6 g (83% ).

3 -  Heptamethyleneiminopropanol (12) [13]

A m ixture of heptam ethyleneim ine (45.3 g; 0.4 mole) trim ethylene ch lorohydrin  
(39 g; 0.41 mole) and anhydrous potassium carbonate  (55 g) was refluxed, w ith stirring , 
in  ethy l alcohol (200 ml) for 20 hrs. After cooling, the inorganic salt was rem oved by f iltra ­
tion, the f iltra te  was evaporated , and the residue distilled to  obtain  51 g (75% ) of the p rod ­
u c t (12).

Method B:
3-Miethyl-3-heptamethyleneiminopropaiiol (14)

A m ix tu re  of crotonic acid ethyl ester (26 g; 0.23 mole) and heptam ethyleneim ine 
(52 g; 0.46 mole) was refluxed for 8 hrs. The excess of the base was evaporated, and the re su lt­
ing ethy l 3-heptam ethyleneim inobutyrate was purified  by distillation, to  ob tain  37 g (68% ) 
of the p roduct, b.p. 132 —134 °C/12 torr, nf? 1.4635. The product (0.16 mole) was reduced 
w ith lith ium  aluminium hydride (6.5 g) in anhydrous ether (600 ml). The reaction m ix ture  
was decomposed w ith aqueous alkali, the e ther phase was dried, the ether evaporated, and 
the residue distilled to  ob ta in  21.2 g (71%) of th e  product (14).

E th y l 2-m ethyl-3-heptam ethyleneim inopropionate, obtained from the  reaction  of 
m ethy l m ethacry late  and heptam ethyleneim ine (65% , b.p. 110 — 112 °C/10 to rr, rij," 1.4606), 
gave on reduction  2-m ethyl-3-heptam ethyleneim inopropanol (13) (82%).
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Table I

3-Aminopropyl alcohols

В.р. °С 
Pressure, 

torr

Yield
%

Empirical Analysis, %

No. ^ N  — R' R* R* R 1 R 8 -В
formula

Molecular Calcd./Found
Method

weight
C H N Ref.

l. О н н п н н 124-127 1.4735 78 CsH„NO 67.25 11.90 9.78 A
30 143.20 67.20 11.85 9.52 [10]

2. 0s" н II н н С2Н5 102-105
10

1.4652 80 c ,„h 21n o
171.28

70.12
70.35

12.36
12.50

8.18
7.88

A

3. О н II II н С4Н9 115-117
10

1.4645 85 C12H25NO
199.34

72.45
72.33

12.55
12.63

7.02
7.10

A

4. о н н н с н 3 С3Н- 124-126
13

1.4630 81 C12H25NO
199.34

72.45
72.50

12.55
12.35

7.02
7.28

A

5. О -
н н с н 3 н н 6 6 -6 8 1.4630 68 c„h 19ino 68.74 12.18 8.91 A

5 157.26 68.82 12.23 8.77 [12]

6. о н н i-C3H, н н 88-91 1.4672 83 c uh 23n o 71.30 12.50 7.56 A
5 185.30 71.28 12.70 7.42
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N —(СН2)з—О— C— X 

О

Table II

Derivatives o f 3-(piridinyl-l)-propyl esters

No. X
Derivative 
M.p. °C

Empirical formula j 
Molecular weight |

Analysis, % 
Calcd./Found

Method

C H N j

15. - ( C H 2)2- C H 3 HCl
157-158

C42H24C1N02
249.60

57.24
57.43

10.40
9.95

5.56
5.86

D

16. - ( C H 2)4- C H 3 HCl
131-132

Cu H ,8C1NO„
277.84“

60.52
60.20

10.16
9.80

5.04
5.38

D

17. —(CH2)6—CH3 HCl
140-141

C16H 3„C1N0„
305.90"

62.82
62.60

10.54
10.35

4.58
4.89

D

18. - ( C H 2)8-C H = C H 2 HCl
1 32 -133

c 19h 36c in o2
345.95

67.97
67.61

10.49
10.26

4.04
4.05

D

19. - ( C H 2)14- C H 3

F

HCl
1 4 9 -150

C,4H 48C1N0„
418.11

68.95
68.65

11.57
11.38

3.35
3.39

D

25. HCl
16 5 -1 6 6

C15H„C1FN0„
301.80

59.70
59.41

7.01
6.98

4.64
4.56

D

26.

F

- b

Methiodide
1 36 -137

CtcH„3FJN O ,
407.28

47.19
47.15

5.69
5.80

3.44
3.50

F

27.

F
HCl

1 95 -196
C..H...C1FNO.

301.80
59.70
60.00

7.01
6.71

4.64
4.84

D

F

28.

- d

Methiodide
15 9 -1 6 0

c16h 23f j n o 2
407.28 "

47.19
46.90

5.69
5.50

3.44
3.50

F

29. HCl
1 97 -198

c 15h .,1c if n o „
301.80

59.70
59.89

7.01
7.12

4.64
4.39

D

CFj

30. HCl
17 3 -1 7 4

ClnH ,|C lF3NO„
351.80

54.63
54.36

6.00
6.16

3.98
4.15

D
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Table II (continued)

Derivative 
M.p. °C

Empirical formula 
Molecular weight

Analysis, % 
Ca led./Found

C H N

HCl
156-157

C16H24C1N03
313.84

61.23
61.03

7.70
7.66

4.46
4.57

HCl
130-131

C16H24C1N03
313.84

61.23
61.29

7.70
7.85

4.46
4.58

HCl
177-178

CIGH24C1N03
313.84

61.23
60.87

7.70
8.04

4.46
4.41

HCl
125-126

C17H„GC1N04
343.40

59.45
59.25

7.62
7.66

4.07
4.17

HCl
184-185

Ctr,H,2ClN04
327.81

58.62
58.78

6.76
6.78

4.27
4.27

HCl
156-157

C,[H,fONOj
375.90

67.10
67.30

6.97
7.09

3.72
3.73

HCl
146-147

C18H 28C1N03
341.80

63.40
63.49

8.27
8.19

4.10
4.25

HCl
166-167

C,?H .8C1N03
389.93

67.80
67.61

7.18
7.20

3.60
3.46

2HC1
236-237

C23H 38C12N20 3
461.40

60.05
59.77

8.32
8.31

6.08
6.32

M eth o d

D

D

D

E

D

D

D

E

E
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Table II  (continued)
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Method C:
l,l,2-Trimethyl-3-(piperidinyl-l)-propanol (8)

A solution of m ethy l 2-m ethyl-3-(piperidinyl-l)-propionate (12) (67.5 g; 0.36 mole) 
in  anhydrous ether (100 ml) was added dropwise, w ith stirring and cooling, during 1 h r to  
a solution of m ethylm agnesium  chloride (0.83 mole) in ether (500 ml), and the reaction m ix tu re  
was stirred  for further 5 hrs a t roome tem perature . The m ixture was decomposed under 
cooling and  stirring w ith  dilute hydrochloric acid (280 ml), the aqueous phase was m ade 
alkaline and extracted w ith  ether. The com bined ethereal phases were dried, the e ther evapo­
rated , and the residue distilled to  give 31 g (47% ) of the product (8).

Method D:
3-(Piperidinyl-l)-propyl 3-methoxybenzoate hydrochloride (32)

A solution of 3-m ethoxybenzoyl chloride was prepared (3.4 g; 0.02 mole) in  benzene 
(15 ml), and  a solution of 3-(piperidinyl-l)-propanol (1) (2.8 g; 0.02 mole) was added to  th is 
dropwise, w ith  stirring and  cooling. A fter 30 m in of boiling and subsequent cooling, th e  
crystals which separated were filtered off (5.9 g) and recrystallized from ethyl alcohol (10 
ml) to yield 5.1 g (80% ) of the product (32).

Method E:
3-Heptamethyleneiminopropyl 2-phenylquinoIine-4-carboxylate hydrochloride (92)

To a solution of 3-heptam ethyleneim inopropanol (12) (45.4 g; 0.26 mole) in chloro­
form (150 m l), thionyl chloride (39 g; 0.47 mole) was added dropwise, under stirring  and 
cooling. S tirring  was continued a t room tem peratu re  for one day. The solvent was then  evap­
orated and the solid residue made alkaline w ith  30% cold sodium hydoxide solution (50 
ml) and ex tracted  w ith ether. The ethereal solution was dried, the solvent evaporated and 
the residue distilled to ob ta in  27 g (55% ) of 3-heptam ethyleneim inopropyl chloride, b .p . 
9 0 -9 3  °C/5 to rr , n2D° 1.4819.

A m ix ture  of 3-heptam ethyleneim inopropyl chloride (3.2 g; 0.017 mole) and 2-phenyl- 
quinoline-4-carboxylic acid (4 g; 0.016 mole) was boiled in isopropyl alcohol (30 ml) for 10 
hrs. Acetone (15 ml) was added to  the ho t solution and, after cooling, the crystals w hich 
separated were filtered off and  recrystallized from  ethy l alcohol to yield 3.5 g (50% ) of the 
product (92).

3-(Piperidinyl-l)-propyl 3-[3-(piperidiiiyl-l)-propyloxy]-benzoatc dihydrochloride (43)

A solution of 3-hydroxybenzoic acid (3 g; 0.022 mole) and 3-(piperidinyl-l)-propyl 
chloride (7.2 g; 0.045 mole) (6) in  ethyl alcohol (30 ml) was mixed w ith  10% potassium  hy ­
droxide solution in ethyl alcohol (25 ml) under stirring  and boiling. The reaction m ixture was 
refluxed for 5 hrs and, after cooling, the inorganic salt was rem oved by filtration . The filtra te  
was evaporated , the residue dissolved in ether, and  the ethereal solution was extracted  firs t 
with dilute aqueous NaOH solution, then w ith  15% HC1 (20 ml). The acid solution was clari­
fied and acetone (20 ml) was added. After cooling, th e  crystals which separated were filtered  
off, and recrystallized from aqueous ethyl alcohol to  obtain 3.5 g (35% ) of the product (43).

Method F:
3-Heptamethyleneiminopropyl 3,4,5-trimethoxybenzoate methiodide (83)

To a solution of 3 ,4,5-trim ethoxybenzoyl chloride (6 g; 0.026 mole) in  benzene (40 
ml), a solution of 3-heptam ethyleneim inopropanol (12) (4.3 g; 0.025 mole) in benzene was 
added dropwise, under stirring  and cooling. A fter 30 min reflux and subsequent cooling, 
the m ixture in  benzene was extracted  w ith  d ilu te  alkali solution. The organic phase was 
dried, and th e  solvent evaporated. The residue (7.4 g) was dissolved in  acetone (25 ml), m ethyl 
iodide (4 g) was added, and th e  m ixture was allowed to stand overnight. The crystals w hich 
separated were filtered  off (9.2 g) and recrystallized from aqueous ethy l alcohol (60 ml) to  
obtain 6.4 g (50% ) of the p roduct (83).
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Table III

Derivatives o f 3-aminopropyl benzoates

No. n R 1 R* R» R< R 5 X Derivative 
M.p. °C

Empirical formula 
Molecular weight

Analysis, % 
Calcd./Found Method

C H N

2 0 . 5 H H H H C2H5 H HCl
135-136

C,-H„6C1M)2
311.78

65.48
65.28

8.40
8.19

4.49
4.69

D

2 1 . 5 H H H II C4H9 H HCI
159-160

Ci9H30C1NO2
339.82

67.14
67.24

8.89
8.90

4.12
4.49

D

2 2 . 5 и H H CH3 C3H7 II HCl
123-124

c 19h 30c in o 2
339.82

67.14
67.31

8.89
8.79

4.12
3.95

D

23. 5 i i H CH3 CH3 CH3 H HCl
156-157

CI8H„8C1N02
325.81

66.34
66.27

8.66
8.41

4.28
4.40

D

24. 5 H H i-C3H7 H H H HCl
154-155

Ci8H,8C1NO,
325.81

66.34
66.56

8.66
8.52

4.28
4.49

D

34. 5 и II CH3 H H OCH3 HCl
141-142

C17II2fiClN03
327.80

62.28
62.09

7.99
7.97

4.27
4.21

D
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35. 5 H CH3 CH3 H H OCH3

36. 5 CH3 H 1 H H H OCH3

37. 4 H H H H OCH3

79. 7 H H CH3 H H OCH3

80. 7 H H CH3 H H OCH3

81. 7 CH3 H H H H OCH3

HC1 C17H„C1N03 63.24 8.25
I

4.09
122-123 341.82 63.15 8.37 3.88

HC1 C17H26C1N03 62.28 7.99 4.27
112-113 327.80 62.48 8 .2 2 3.97

HC1 C22Hj8C1N03 67.77 7.24 3.59
1 2 1 - 1 2 2 389.91 67.50 7.35 3.27

HC1 C,9H 30ClNO3 64.12 8.50 3.94
104-105 355.89 63.94 8.62 4.08

Methiodide C70H32JN O 3 52.06 6.99 3.04
172-173 461.42 52.55 6.78 2.87

Methiodide c20h 32j n o 3 52.06 6.99 3.04
1 6 3 -164 416.42 52.11 7.11 3.00

g
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N—(CH2)j—О—C—X • HCI 
II 
о

Table IV

Hydrochlorides o f 3 -(morpholinyl-4) -propyl esters

No. X
Derivatives 

M.p. °C
Empirical formula 
Molecular weight

Analysis, % 
Calcd./Found Method

C H N

49.

H3C
1 2 9 -130 C .^ C IN O ,

299.80
60.10
59.90

7.39
7.29

4.64
4.56

D

O H 3

50.

b

1 57 -158 C,5H.,C1N03
299.80

60.10
59.95

7.39
7.08

4.64
5.09

D

51. — СИ, 204 205 Cl5Hi2ClNOs
299.80

60.10
60.10

7.39
7.20

4.64
4.34

D

52. — — C(CHs)3 180-181 Cl8H,eClNO,
341.77

63.24
62.93

8.25
8.00

4.09
4.36

D

F
\

53. 1 85 -186 Cu H„CaFN03
303.77

55.35
55.17

6.30
6.49

4.60
4.95

D

54.

F

b

16 2 -1 6 3 Cu HteClFN08
303.77

55.35
55.42

6.30
6.19

4.60
4.75

D

55. 1 82 -183 CuH 19C1FN03
303.77

55.35
55.13

6.30
6.59

4.60
4.80

D

56.

C F j

- ( g )

144-145 C15H 19C1F3N 03
353.75

50.93
50.68

5.41
5.75

3.96
3.93

D

СНзО

57.

b

121-122 c l5Hä!cmo4
315.80

57.05
56.83

7.02
7.04

4.43
4.25

D
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T able IV (continued)

N o. X
D e r iv a tiv e s  

М .р . °С
E m p irica l fo rm u la  
M olecular w eig h t

A n a ly sis , %  
C a lcd ./F o u n d

M eth o d

C H N

ОСНз

58. 15 0 -1 5 1 с 15н и с ш о 4
315.80

57.05
57.11

7.02
6.83

4.43
4.77

D

59. -(О )-001*’ 1 7 3 -1 7 4 c 15h 22c i n o 4
315.80

57.05
57.00

7.02
6.83

4.43
4.66

D

ОСНз

60. - (О ^ ось
1 9 1 -1 9 2 C16H21C1N05

345.82
55.57
55.63

6.99
6.98

\ (

4.05
4.02

)  / "

D

61. 2 0 8 -2 0 9 Ct5H .0ClNO5
329.79

54.63
54.59

6.11
6.3?

4.25
4.35

D

62. 1 68 -169 c 20h , 4c i n o 4
377.88

63.57
63.20

6.40
6.43

3.71
3.62

D

63. - е й , — {О) 102-103 C 15H 2.C 1 N O s

299.80
60.10
59.90

7.39
7.53

4.67
'4.56

D

ОСНз

64.
— СН2-------(О)-0CHs

135-136 Ct7H „C lN 05
359.85

56.74
56.72

7.28
7.00

3.89
3.90

E

Cl

65.
с н , — о — ^ — с*

132-133 c 15h 20c i , n o 4
384.70

46.83
46.60

5.24
5.45

3.64
3.97

D

66. 179-180 C ^ C I N ^
412.92

66.90
66.69

6.10
6.21

6.79
6.97

E
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C— X

О

Tabic V

Derivatives o f 3-heptamethyleneiminopropyl esters

No. X
Derivatives 

M.p., °C
Empirical formula 
Molecular weight

Analysis, % 
Calcd./Found

Method
Methio­

dide
c » N

67. — C(CH3)3 HCl
155-156

c )5h 30c in o 2
291.87

61.73
61.92

10.36
10.20

4.50
4.97

D

68. — CH3 Methiodide
173-174

CI3H26J N 0 2
355.26

43.95
44.09

7.37
6.93

3.94
3.67

F

69.

F

HCl
156-157

C17H26C1N02
311.86

65.47
65.02

8.40
8.00

4.49
5.02

D

70.
H Q

1 3 1-132
C17H25C1FN02

329.85
61.90
61.63

7.64
7.40

4.24
4.15

D

71.

F

HCl
1 4 5 -146

C17H26C1FN02
329.85

61.90
61.75

7.64
7.44

4.24
3.90

D

72. HCl
14 6 -1 4 7

C17H 25C1FN02
329.85

61.90
62.07

7.64
7.64

4.24
4.35

D

j • N К

73.

^ o >

HCl
1 2 2 -1 2 3

C17H26C1JN02
437.76

46.64
46.48

5.76
5,40

3.20
3.27

D

CFs

74.
HCl

1 3 6 -1 3 7
c 18h 25c if 3n o 2

379.85
56.92
56.88

6.63
6.90

3.68
3.69

D

HO
\

75.

ъ

HCl
1 2 4 -1 2 5

C17H26C1N03
327.86

62.28
62.25

7.99
7.89

4.27
4.38

D

76. ~ { o y ~ N02

......

HCl
1 5 9 -1 6 0

C17H25C1N20 4
356.86

57.21
56.96

7.06
7.13

7.85
7.95

D
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The !V-(t'butyl)-a-halo-a,a-diphe ny lacetamides lb  and 6a —c furnish w ith  
m onopotassium  cyanoamide and its  A-alkyl, IV-aralkyl and N -aryl derivatives a 
varie ty  of products, such as the cine substitu tion  products 2b, 2d—g, the  3-(i-butyl)- 
-glycocyamidines 3b—e, 3j, 5b and 7 and the l-(i-butyl)-glycocyam idines 3f—g and 5a. 
The la tte r  are obviously formed th rough  the interm ediacy of the aziriilinone 8a. The 
relation  between the types of the various cyanoam ide anions and the types of p ro d ­
ucts, as well as the spectral properties of the la tte r are discussed, in particu lar those 
which are of significance for their structure elucidations.

oc-Chloro-a,a-diphenylacetamides ( la  c) y ield  cine substitution  products 
(2a—c) w ith potassium  iV-cyano-anilide; 1,5,5-triphenyl- (3a) and 3-(i-butyl)- 
-1 ,5 ,5-triphenylglycocyam idine (3b), respectively, were obtained (in addition  
to several minor products) as the by-products w ith la  and lb  [2, 3]. The 
reactions o f lb  w ith potassium  cyanoam ide and several iV-aryi and IV-alkyl 
derivatives have now been studied.

lb  and the potassium  salts o f m-chloro-iV-cyano- and iV-cyano-p- 
-m ethoxyaniline and TV-cyano-p-toluidine, respectively, furnished 37 — 6 8 % of  
the cine substitution  products 2d f  and 5 — 15% of the glycocyam idines 
3c e. The latter were identified by com parison with authentic samples [4], 
while the structures of the former were established on the basis o f IR  and  
NMR evidence (see Experim ental). An im portant difference betw een the IR  
spectra o f the cine products 2b and 2d — f, and the isom eric Type 4 oc-sub- 
stitution  products (which are not form ed under the conditions applied) is 
th at the Am ide I bands are at 1640— 1635 cm -1  in the former case, whereas 
in the la tter case th ey  appear in the region 1685 —1680 cm “ 1 [4].

N o cine products were form ed in the reactions of lb  and potassium  
JV-cyano-lV-ethyl- and 7V-benzyl-iV-cyanoamide, and the glycocyam idines 3 f  
and 3g, obtained in  50 and 61%  yield , differed from the glycocyam idines

* H ydantoins, thiohydantoins and glycocyamidines, P a rt 43. For P a rt 42, see Ref. [1].
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3b—e prepared with potassium  iV-cyanoanilides in th at the t-butyl group was 
attached  to  N (l)  rather than  to N (3). The structures of the glycocyam idines 
fo llow  (1) from their non -id en tity  w ith  their  known [4] isomers 3h and 3i, 
resp ectively , (2 ) from  their conversion w ith  H N 0 2 into the corresponding 
hydantoins, proving th a t the exocyclic n itrogen atom  is unsubstitu ted , and
(3) from  their IR , N M R  and mass [1] spectra. In particular, the positions 
of th e  t-Bu signals in  th e  NMR spectra o f the glycocyam idines 3 f and 3g 
(Ő 1.28 ppm) clearly dem onstrate [3] th a t these gioups are attached to  N (l)  
rather than to N (3).

R eaction of lb  and potassium  iV-(t-butyl)-iV-cyanoam ide furnished two  
isom eric glycocyam idines (5a and b) (m .p .’s 150— 1 °C and 120—1 °C, re­
sp ectively); again, no cine substitution  products were form ed. The structure 
assignm ents of the glycocyam idines are based (1 ) on their non-identity with 
th e  known l,3-d i(t-butyl)-5 ,5-d iphenylglycocyam idinc [4], whence it follows 
th a t one of the t-b u ty l groups is attached  to  the exocyclic nitrogen atom , 
and (2) on their IR , N M R  and mass [1] spectra. In the NM R spectrum  of 
th e  lower m elting isom er the signals o f  th e  t-butyl groups are at b 1.60 and
1.55 ppm , respectively , whence attachm ent o f either of them  to  N (l)  is ruled 
out [3]. In the spectrum  o f the higher m eltin g  isomer, the t-butyl signals are 
at b 1.67 and 1.25 ppm ; the latter value is in agreem ent w ith the presence of 
a l-(t-b u ty l) group [3]. The amide I and guanidine bands in the IR  spectra  
(K B r) of 5a and 5b appear at identical w ave num ers ( 1720 and 1635 cm -1 , 
respectively) w hich precludes that th e  C =  0  and C =  N  groups of 5a are 
conjugated and proves th at 5a ex ists, in th e  crystalline state , as the tautom er 
containing a sem icyclic C =  N bond.

The reaction o f  lb  w ith m onopotassium  N -cyanoam ide furnished the  
glycocyam idine 3j. T he structure o f th e  product follows from its IR , mass
[1] and NMR spectra. The signal o f th e  t-Bu group appears at b 1.63 ppm , 
w hich precludes [3] th a t the t-Bu group is attached to  N (l) . Since N (2)- 
-(t-butyl)-5,5-dipheny]glycocyam idine could hardly be formed in the course of 
th is reaction (cf. below ), the t-butyl group m ust he attached to N(3).

In most o f th e  above reactions IV-(t-butyl)-benzilam ide, resulting from  
th e  hydrolysis o f lb ,  w as obtained as a by-product.

Replacem ent o f  the a-chlorine o f lb  by bromine had no serious effect 
on the reactiv ity  tow ards potassium  iV-cyanoanilide. W hen the latter was 
allowed to react w ith  the bromo analogue 6a, 2b was formed as the only major 
product. The m onochloro derivative 6b furnished the cine product 2g. Again, 
th e  position o f th e  am ide I band in th e  IR spectrum  (1635 cm -1 ) and the  
presence of the m eth ine proton signal in the NMR spectrum  were diagnostic  
for the type 2 structure. The form ation o f 6b appears to indicate that the  
iV-cyanoanilide anion is incapable o f  replacing a Cl atom  in para  position. 
In agreement w ith  th is, the p ,p ’-dichloro derivative 6c did not furnish a cine
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product w ith potassium  N -cyanoanilide, but was converted into glycocy- 
am idine 7. The structure of the la tter  product is based on the m ass and 
N M R  spectra. The presence o f an abundant M 56 ion in the m ass spectrum  
and the position o f the t-butyl signal (Ö 1.80 ppm) prove that the t-butyl 
group is attached to  N (3). The site  o f attachm ent o f the phenyl group, too,
follows from the mass spectrum , w hich exhibits abundant peaks at m/e 326

©
and 328, corresponding to the ions (p-ClCeH4)2C =  N H P h . This ty p e  o f ions 
was also observed as an abundant peak in the MS o f 1 ,5,5-triphenylglyco- 
cyam idine [19]. The fragm entation pathw ay

—C4H, —P h  ■ —CjNaO
m/e 4 5 1 -------* 395 -------* 3 1 8 -------* 2 5 0 ,

is also of diagnostic value for structure 7 (cf. Scheme 1 in Ref. [1]).
Form ation of the glycocyam idines 3 f  and 3g requires m igration o f the  

t-butylam ino group o f lb  from its original position to the v icinal carbon atom . 
This m igration m ay easily be explained  b y  assuming dehydrochlorination of 
lb  b y  potassium  iV-cyano-TV-ethyl- and iV-benzyl-iV-cyanoam ide, respectively , 
to  y ie ld  the aziridinone 8a, and subsequent attack of the substituted  nitrogen  
atom  o f the reagent at the carbonyl group of 8a. Several exam ples of ty p e  1 
a-chloro-a,a-diphenylacetam ides reacting w ith sufficiently basic nucleophiles 
through the interm ediacy of type 8  aziridinones are know n from the litera­
ture [5, 6 ], among which we wish to  m ention only the reaction o f l a  w ith  
sodium  cyanam ide furnishing N -benzhydryl-iV ’-cyanourea 9 [6 ], since th is  
reaction  is m ost closely related to  th ose  discussed here. (In contrast to  the  
form ation of 3 f and 3g, th at of 9 requires fission of the С—C bond of the in ter­
m ediate aziridinone 8 b.)

W hile form ation o f the g lycocyam idine 5a, too, requires the in ter­
m ediacy o f 8a, th at o f the isomeric 5b does not. The attachm ent in both cases 
of one o f  the t-butyl groups to the exocyclic  nitrogen atom  shows th a t the  
reagent attacks both the carbonyl group of 8a and the a-carbon atom  o f lb  
w ith  its unsubstituted nitrogen atom  w hich is apparently the result of steric  
inh ib ition  by the bulky t-butyl group and, once again, dem onstrates the  
am bident reactivity o f cyanoam ide anions (cf. R ef’s [3] and [7]).

In contrast to the formation o f 9 from la ,  form ation of 3j from lb ,  
effected  b y  essentially the same reagent, does not require the interm ediacy  
of an aziridinone.

N either does the form ation of the g lycocyam idines 3a e and 7, obtained  
by reacting type 1 amides with N -a ry l-N -cyanoam ides require the in ter­
m ed iacy  o f  aziridinones and, as has been shown earlier [3], the cine su b ­
stitu tion  products o f typ e 2  are not form ed through aziridinones either (cf. 
R ef’s [8 ] and [9]).
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I 1
//

Ph2C— с
I \

C l  N K K '

1

а : К' =  К" =  Н 
Ь :  К  =  / - Н и ,  К  И 

е  : К ’ =  R "  =  M e

3

и3

R 1 R 3

а R h Н *

b R h / Н и

C w i - C l C f .H , / J i n

d / i - М е О С в Ш / Н и

e / у - М е (  ŰíH 4 / Н и

f / Н и l i t

g / В  и P h C H a

h R t / Н и

i P I 1C H 3 M J u

j н / Н и *

Ar" ' '  [ 'W H —Ни(/
Hi

G

а : A r '  =  A r "  =  I ’ll

b :  A r '  =  / у - П О п Н - ь  A r "  =  I ’h

c :  A r '  =  A r "  =  / у - С 1 Г г , Н 4

К  а  : R  =  f - B u

b :  R =  H
8

♦ P o t e n t i a l l y  t a u t o m e r i c  c o m p o u n d

2

R A r R K "

а P l i P l i H H

ь P b P h / - H u H

С I ’h J ’h M e M e

d w - C l C h H i P h / - H u H

С / / - M e O C i i H 4 P h / - H u H

f / - M e W H . , P h / - H u H

g I ’ ll p - C l C (iH 4 / - H u H

A r 2C H — G
//

A i — X ,

\
X  H — Bu(Z)

■( =x

5*

а : R 1 =  /  H u .  R 3 =  H 

b :  R 1 =  H .  R 3 -  / - H u

XH

7

P h 2O H — X H — CO—X H — C=x 
я
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T h e  r e s u l t s  o b ta in e d  w i th  t h e  iV -c y a n o - iV -e th y l-  a n d  iV -henzyl-_/V- 
- c y a n o a m id e  a n io n s  a n d  th o s e  o b ta i n e d  w i th  iV -a ry l- iV -c y a n o a m id e  a n io n s  a s  
t h e  r e a g e n t s  a p p e a r  to  b e  r e a s o n a b le :  w h ile  t h e  ty p e  1 c h lo r o a m id e s  a re  r a p i d ly  
c o n v e r t e d  in t o  a z i r id in o n e s  ( 8 ) b y  th e  f o r m e r ,  t h e  less  b a s ic  iV -a ry l- iV -c y a n o -  
a m id e  a n io n s  a r e ,  a p p a r e n t ly ,  in c a p a b le  o f  e f f e c tin g  s u c h  a  t r a n s f o r m a t io n .  
A s s h o w n  b y  t h e  f o r m a t io n  o f  5a a n d  9, r e s p e c t iv e ly ,  t h e  7V -(i-b u ty l)-iV - 
- c y a n o a m id e  a n d  t h e  u n s u b s t i t u t e d  c y a n o a m id e  a n io n s  a r e  a ls o  c a p a b le  o f  
d e h y d r o c h l o r i n a t in g  ty p e  1 c h lo r o a m id e s .  T h e  m o d e s  o f  f o r m a t i o n ,  w i th  t h e  
l a t t e r  r e a g e n t s ,  o f  c o m p o u n d s  5b a n d  3j, r e s p e c t iv e ly ,  w h ic h ,  f r o m  a  p u r e ly  
s t r u c t u r a l  p o in t  o f  v ie w , d o  n o t  r e q u i r e  t h e  in te r m e d ia c y  o f  a n  a z i r id in o n e  8 , 

is  le s s  c le a r ,  b e c a u s e  a t t a c k  o f  n u c le o p h i le s  a t  C(3) o f  t h e  a z ir id in o n e s *  a n d  
d i r e c t  а - a t t a c k  o n  t h e  c o r r e s p o n d in g  c h lo r o a m id e s  s h o u ld  l e a d  t o  id e n t i c a l  
p r o d u c t s .  A l th o u g h  th e r e  is n o  c o n c lu s iv e  e v id e n c e  in  f a v o u r  o f  e i t h e r  o f  t h e  
tw o  c o n c e iv a b le  m o d e s  o f  f o r m a t io n  o f  c o m p o u n d s  5b a n d  3j, w e p r e f e r  t h e  
p a t h w a y  le a d in g  t h r o u g h  th e  i n t e r m e d ia c y  o f  th e  a z i r id in o n e  8 a s in c e ,  i f  
t h i s  w e re  n o t  t h e  c a s e , t h e  a b s e n c e  o f  t y p e  2 c in e  s u b s t i t u t i o n  p r o d u c t s  in  
th e s e  r e a c t io n s  c o u ld  h a r d ly  b e  e x p la in e d .

Experim ental

Potassium N-cyanoamides

rn-Chlor о - A- cy ano anili n  e [10], A-cyano-p-anisidine [11], A -cyano-p-toluidine [4], 
A -cyanoethylam ine [12], A-benzyl- [13] and A- ((-Ini t  у 1) - А- cy anoami ne s [14] and A- cyano- 
aniline [15] were obtained as described in  the lite ra tu re  and dissolved in  an  equivalent 
am ount of 25% aqueous KOH. The solutions were evaporated to dryness, and the residues 
dissolved in MeOH. The small am ounts of insoluble im purities occasionally present were 
filtered off, and the solutions were — if necessary, after treatm ent w ith  charcoal — again 
evaporated  to  dryness. The crystalline residues were tr itu ra ted  w ith ether and filtered.

The m onopotassium  salt of cyanoam ine was similarly obtained.

Reaction of lb  with potassium  N-cyanoanilides

A solution of lb [3, 9] (1.0 g; 3.3 mmole) and  potassium m -chloro-A-cyanoanilide, 
A -cyano-p-anisidide and A-cyano-p-toluidide, respectively, (9.9 mmoles, each) in  anhy ­
drous DMSO (10 ml) was allowed to  stand 3 days a t  room  tem perature and poured into w ater 
(80 ml). The crystalline precipitates were taken  up in  dry benzene and dried by repeatedly 
distilling off th e  solvent to  yield, in all three cases, oily residues.

The p roduct of the m-chloro series was crystallized from EtO H  to  yield 41% of 2d, 
m.p. 1 7 8 - 9  °C.

C25H„4C1N30  (417.94). Calcd. Cl 8.48; N  10.05. Found Cl 8.94; N  9.84% .
yO

NM R (CDC13): 8 7 .5 -7 .1  m, 13H, A rH ’s; 4.88, s, 1H, Ar2CHC<f 1.36, s, 9H, t-Bu.
\ n <

MS (70 eV, direct inlet, 160 °C): m/e 419 (1.6% ); 417.1610(5.0% , C25H24N30 35C1, M); 
320 (33% ); 319 (36% ), 318 (100% , M -  t-BuNCO); 317 (66% , M -  (-BuNHCO); 293 (31% ); 
291 (96% , 3 1 8 -H C N ); 283 (21% , 318-C 1); 166 (42% ); 165 (66% ); 57 (95% ). M etastable 
transitions: 318 166; 3 1 8 2 9 1 ;  3 1 8 2 8 3 ;  166->- 165.

* F or exam ples of such attacks see Ref. [4].
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The ethanolic m other liquor of 2d was evaporated  to  dryness and the resulting oil 
w orked up by TLC (adsorbent: Kieselgel G, solvent: benzene-M eOH, 9 : 1) to yield 8%  
of 3c [4].

The oily product of th e  p-m ethoxy series was crystallized from  CC14 to yield 37% 
of 2e, m .p. 104 — 5 °C (from CC14 or benzene-light petroleum ).

C26H27N30 2 (413.52). Calcd. N 10.16. Found N  10.00%.

NMR (CDC13): 8 7.5 —6.9 , m, 13H, A rH ’s; 4.82, s, 1H, A r2C H - c /  ; 3.85, s, 3H ,
/
\

MeO; 1.33, s, 9H, t-Bu.
MS (70 eV, d irect in let, 150 °C): m/e 413.2108 (14% , C26H 27N30 2, M); 314 (100% , 

M -  t-BuNCO); 313 (66% , M -  i-BuNHCO); 299 (1.5% , 3 1 4 -C H 3); 298 (1.2%, 3 1 3 - CH3); 
287 (68% , 3 1 4 -H C N ); 283 (4.5% , 3 1 4 -C H 30 ); 272 (11% , 2 8 7 -C H 3); 166 (24% ); 165 
(36% ); 57 (38%). M etastable transitions: 413 -*• 314; 314-+ 287; 314->- 166.

The m other liquor of 2e was worked up by TLC as above to  yield 15% of 3d [4]. 
The oily product obtained  in the toluidine series was crystallized from benzene to  

yield 42% of 2f, m.p. 1 4 8 - 9 °C.
C26H27N30  (397.52). Calcd. N 10.57. Found N 10.31%.

NMR (CDCI3): 8 7 .5 -7 .2 ,  m, 13H, A rH ’s; 5.7, bs, 1H, N H ; 4.87, s, 1H, Ar2C H - c /
О

2.4, s, 3H, (Ar)-Me; 1.33, s, 9H, t-Bu. 14\
MS (70 eV, d irect in let, 150 °C): m/e 397.2150 (4.7% , C26H 27N30 , M); 298 (100% , 

M -  i-BuNCO); 297 (57% , M -  t-BuNHCO); 283 (3.7% , 2 9 8 -C H 3), 271 (78%, 2 9 8 -H C N ); 
166 (21% ); 165 (34% ); 57 (29% ). M etastable transitions: 397-^  298; 298 -+ 271; 298 -+ 166.

The m other liquor of 2f was worked up by TLC as above to  yield an additional am oun t 
(26% ) of 2f and 5% of 3e [4].

Reaction of lb  w ith potassium N-cyano-N-ethyl- and N-benzyl-N-cyanoaniide
A solution of lb  (1.0 g; 3.3 mmole) and the appropriate potassium iV-cyanoamide 

(9.9 mmole) in anhydrous DMSO (10 ml) (heat was evolved during the preparation of the 
solution) was let to s tand  3 days a t room tem perature , and poured into w ater (90 ml) to  
yield an oily precip itate in th e  ethyl, and a crystalline one in  the benzyl series. The former 
was dried by azeotropic d istillation w ith benzene and worked up by TLC (adsorbent: K iesel­
gel G, solvent: benzene-E tO A c, 8 : 2), while the  la tte r  was directly  subjected to TLC (ad ­
sorbent as above, solvent: benzene-M eOH, 9 : 1).

0.56 g (50% ) of 3f, m.p. 139 — 40 °C (from gasoline) and 0.18 g (19%) of iV-(t-butyl)- 
-benzilamide [3], m .p. 134 — 5 °C, were obtained in  the ethyl series, and 0.73 g (61% ) of 3g, 
m .p. 123 — 4 °C (from gasoline) was obtained in  the benzyl series.

3f: C21H25N30  (335.45). Calcd. C 75.19; H  7.51; N  12.53. Found C 74.85; H  7.32; 
N  12.70%.

3g: C26H27N 30  (397.52). Calcd. C 78.56; H  6.85; N  10.57. Found C 78.21; H  6.88; 
N  10.71%.

IR  (KBr): 3f, v C = 0  1715, v C = N  1645; 3g, v C =  0  1715, v C = N  1645.
NMR (CDC13): 3f, 8 7 .7 -7 .3 , m, 10H, A rH ’s; 6.15, q, 2H and 8.74, t, 3H, J  =  7 Hz, 

E t;  1.28, s, 9H, i-Bu; 3g, 8 7 .7 -7 .1 , m, 15H, A rH ’s; 4.79, s, 2H , (Ph)CH.,; 1.28, s, 9H , t-Bu.

Deimiiiation of ihe glycocyamidines 3f and 3g

0.19 g (0.6 mmole) of 3f and 0.20 g (0.5 mmole) of 3g, respectively, were dissolved 
in  AcOH (7 ml). An aqueous solution (4 ml) of NaNO, (1.0 g) was added a t 60— 80 °C by 
drops w ithin about 20 m in. The m ixtures were boiled up, and ho t w ater was added to  yield, 
a fter cooling, 0.16 g (85% ) of l-(t-butyl)-3-ethyl-5,5-diphenylhydantoin, m.p. 155 — 6 °C (from 
aqueous AcOH), and 0.17 g (85% ) of 3-benzyl-l-(t-butyl)-5,5-diphenylhydantoin, m.p. 121 — 2 
C° (from aqueous AcOH).

l-(t-Butyl)-3-ethyl-5,5-diphenylhydantoin, C21H24N„02 (336.44). Calcd. N 8.33. Found 
N  8.35%.

3-B enzyl-l-(t-butyl)-5,5-diphenylhydantoin, C26H2CN20 ,  (398.51). Calcd. N 7.03. Found 
N 7 .07°/.

IR  (KBr): t> 0  =  C — N — C =  0  1750 +  1695, and 1750 +  1700 cm-1 , respectively.
I I I

For the mass spectra, see Ref. [1].
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Reaction of lb  with potassium N-(t-butyl)-N-cyanoamide

lb  (1.0 g; 3.3 mmole) and th e  potassium  salt (1.35 g; 9.9 mm ole) were dissolved in 
anhydrous DMSO (10 ml) (heat w as evolved vigorously). The solution was kept for 3 days 
a t room tem perature and poured in to  w ater to  yield a mixture of crystalline products. This 
was recrystallized from  EtOH (10 m l) to  ob ta in  0.31 g (26%) of 5a, m.p. 150 — 1 °C.

The m other liquor was dried over M gS04 and evaporated to  dryness. The oily residue 
was worked up by  TLC (adsorbent: Kieselgel G, solvent; benzene—acetone, 9 : 1) to  yield 
fu r th e r 0.06 g (5% ) of 5a, 0.07 g (6% ) of 5b, m.p. 120 — 1 °C (from  aqueous MeOH), and  
0.29 g (31%) of lV-(i-butyl)-benzilamide [3], m .p. 134—5 °C.

5a: C23H29N 30  (363.51). Calcd. C 76.00; H  8.04; N 11.56. Found  C 75.61; H  8.11; 
N 11.30%.

5b: C23H29N30  (363.51). Calcd. N 11.56. Found N 11.48%.
ER (KBr): v C = 0  1720, v C = N  1635 cm -1  (for both 5a and 5b).
NMR (CDC13): 5a: <5 7.8 — 7.3, m , 10H, A rH ’s; 1.67, s, 9H, t-Bu a t exocyclic N; 1.25, 

s, 9H , l-(t-Bu).
5b: ő 7.85 — 7.2, m, 10H, A rH ’s; 1.60 and  1.55, both s, 9H each, two t-Bu groups.

Reaction of lb  with monopotassium N-cyanoamide

A m ixture of lb  (2.0 g; 6.6 mm ole), th e  potassium  salt (1.6 g; 20 mmole) and an­
hydrous DMSO (10 ml) (heat was evolved during preparation of th e  solution) was allowed 
to  stand  3 days a t room  tem perature and  poured in to  w ater (200 ml) to  yield a crystalline 
p roduct which was dried by repeated  evaporations w ith dry benzene. The oily p roduct 
resulting  after the las t evaporation w as worked up by TLC (adsorbent: Kieselgel G, solvent: 
benzene-M eOH, 9 : 1) to  yield 0.23 (12% ) of 3j, m .p. 149 — 50 °C (gasoline), and 0.19 g (10% ) 
of lV-(t-butyl)-benzilamide, m.p. 134 — 5 °C.

3j: C,9H2,N 30  (307.40). Calcd. N  13.67. Found  N 13.70%.
3j: IR  (KBr): v C = 0  1730, v C = N  1670 c m - 1.
NM R (CDC13): <5 7 .5 -7 .2 5 , m, 10H, A rH ’s; 4.55, bs, 2H, N H ’s; 1.63, s, 9H, 3-(f-Bu).

Synthesis o f the bromoamides 6

(a )  A m ixture of diphenylacetyl chloride [16] (6.0 g; 26 mmole) and Br2 (1.4 ml; 
26 mmole) was heated a t  120 —130 °C. The colour of th e  Br2 disappeared w ith in  about 15 
min. A nother portion of Br2 (0.7 ml; 13 mmole) was added, and the m ix tu re  was again heated 
up and  stirred for 1 h r a t  130 —140 °C. W hen tr itu ra te d  w ith light petro leum , the resulting 
oily a-brom odiphenylacetyl chloride tu rn ed  crystalline (7.5 g).

4.5 g (14.5 mmole) of this product was dissolved in  anhydrous CH2C12 (30 ml). A t 0 °C 
a m ix ture  of f-BuNH, (1.5 ml; 14.5 mmole), E t3N (2.1 ml; 14.5 mmole) and  anhydrous CH2C12 
(20 ml) was added, under continuous stirring , w ith in  about 30 min. The solution was stirred 
for ano ther hour and allowed to stand overnight. N ext morning i t  was w ashed successively 
w ith w ater, 5% NaHCOs, 1 N  HC1 and w ater, dried over MgS04 and evaporated  to  dryness. 
The residue was recrystallized from gasoline to  yield 1.7 g of 6a, heavily  contam inated, 
according to  the IR  spectrum , w ith N -(t-butyl)-benzilam ide. E vaporation of the filtra te  to 
dryness furnished 1.3 g (24% ) of oily 6a.

(b)  p-Chlorodi phenyl acetic acid [17] (5.0 g; 20.4 mmole) was refluxed w ith SOCl2 
(15 ml) for 2 hrs. The excess reagent was distilled off, and the resulting oil was trea ted  w ith  
Br2 (1.09 +  0.5 ml; 20.4 +  9.1 mmole) a t  140 °C as described under (a ). The crude a-bromo- 
acid chloride was trea ted  w ith charcoal in  ligh t petroleum . The solvent was distilled off and 
the resulting  oil (5.6 g; 16.3 mmole) was trea ted  in  CH2C1, solution w ith 1-BuNH, and E t3N; 
the p roduct was worked up  as described under (a )  to  yield 3.4 g (44% ) of 6b.

(c) p ,p ’-Dichlorodiphenylacetic acid [18] was similarly converted in to  54% of oily 6c.
The a-bromoam ides 6 a—c were used w ithout fu rther purification for the reaction

w ith potassium  N-cyanoanilide.

Reaction of the a-bromoamides 6 with potassium N-cyanoanilide

(a ) A solution of 6a (1.3 g; 3.7 mm ole) and  potassium  N -cyanoanilide (1.7 g; 11 
mmole) in  anhydrous DMSO (15 ml) was allowed to  stand  for 3 days and poured into w ater 
to yield a viscous oil. The aqueous layer w as decanted , and the oil was tre a te d  w ith E t20  
to yield 0.08 g of crystalline 2b, identified b y  com parison w ith an au then tic  sample [2, 3]. 
W ork-up of the filtrate by  TLC furnished ano ther 0.17g(total yield 17%) of 2b, m .p. 141 — 2 °C.
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(b) A solution of 6b (1.0 g; 2.6 mmole) and potassium N -cyanoanilide (1.2 g; 7.8 
m m ole) in  anhydrous DMSO (10 ml) was allowed to  stand  for 1 m on th  and  poured into w ater 
(90 ml) to yield a very  fine precipitate which could no t be separated  by  filtration and was 
therefore isolated by ex trac tion  w ith ether (2 portions, 50 ml, each). The ether solution was 
w ashed w ith w ater (3 portions, 50 ml, each), dried over MgS04 and evaporated to  dryness 
to  yield an oily residue w hich was tr itu ra ted  w ith  light petroleum  and  recrystallized from 
lig h t petroleum  contain ing a few drops of benzene. Yield: 0.24 g (22% ) 2g, m.p. 173 - 4 °C.

C25H24C1N30  (417.94). Calcd. C 71.85; H  5.79; Cl 8.48; N 10.05. Found C 71.74; H 
5.79; Cl 8.11; N 10.20 and  9.75%.

IR  (KBr): v C = 0  1635 cm4 .

NMR (CDC13): 6 7 .5 -7 .2 ,  m, 13H, A rH ’s; 4.74, s, 1H, Ar„CH—C<f 1.34,

s, 9H , i-Bu.
MS (70 eV, d irect inlet, 150 °C): m/e 419 (0.9% ); 417.1605 (3.1% , C25H24N30 35C1, M); 

320 (33% ); 319 (36% ); 318 (100%, M -t-B uN C O ); 317 (57%, M -i-B uN H C O ); 293 (23% ); 
291 (64% , 3 1 8 -H C N ); 283 (11% , 318 Cl); 282 (7.5% , 318-H C 1); 257 (7.6%); 201 (2.5% ); 
200 (3.2% ); 199 (4.1% ); 165 (39% ); 57 (68%). M etastable transitions: 3 1 8 — 291; 318 — 283; 
3 1 8 — 200; 200— 165.

(c) A solution of 6c (1.3 g; 3.1 mmole) and potassium  N-cyanoanilide (1.45 g; 9.3 
mm ole) in anhydrous DMSO (10 ml) was allowed to  stand for 1 m on th  and poured into w ater 
(90 ml). The crystalline precip itate was dried by  repeatedly evaporating  its benzene solu­
tions. The oily residue (1.3 g) of the last evaporation  was worked up by TLC (adsorbent: 
Kieselgel G, solvent: cyclohexane—EtOAc, 8 : 2) to  yield 0.41 g (29% ) of 7, m.p. 192 — 3 °C 
(from  EtOH).

C25H23C12N 30  (452.39). Calcd. C 66.38; H  5.12; N 9.29. Found  C 66.71; H 5.32; N  9.28% .
IR  (KBr): v C = 0  1725, v C = N  1635 cm “ 1.
NMR (CDC13): <5 3.3, s, 13H, A rH ’s; 1.80, s, 9H, 3-(i-Bu).
MS (70 eV, d irect inlet, 170 °C): m/e 453 (3.8% ); 451,1837 (5.9% , C25H ,3N30 35C12, M); 

397 (67%); 395 (100% , M - C 4H8); 366 (1.4% , 39 5 -C H O ); 352 (1.2% , 395-C N O H ); 328 
(35% ); 326 (53% , 3 9 5 -C ,N ,O H ); 320 (3.1% ); 318 (5.4% , 395 P h ) ;  292 (1.4%); 290 (4.2% , 
326-H C 1); 277 (2 .1% ); 275 (3.6% , 3 5 2 - P h ') ;  250 (1.1% , 3 1 8 -C „N 20 ); 237 (4.2% ); 236 
(3.0% ); 235 (8.5% , [35C1C„H4]2C+ H); 234 (3.8% ); 216 (8.9% ); 214 (25% , 250-H C 1); 201 
(8.2% ); 199 (24% , 235 — HC1); 164 (3.5% ). M etastable transitions: 395— 326; 39 5 — 318; 
2 5 0 — 214; 235— 199; 199— 164.

*

The au thors are indebted to  Mrs. I. B a lo gh -B atta  and  s ta ff for the m icroanalyses 
and  to  Dr. P. K o l o n it s  and staff for th e  IR  and NMR spectra.
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SPECTROFLUOROMETRIC DETERMINATION 
OF 2,3-RENZFLUORENE (IIH-RENZO/Ь/ FLUORENE) 

IN AIR POLLUTION

I. HORNYÁK
(Research Institute fo r Technical Physics o f the Hungarian Academy o f Sciences) 

Received O ctober 1, 1975

Fluorescence properties of 2,3-benzfluorene (BF) found in air-borne po llu tan ts 
were studied in  solutions and on W hatm an  paper. I f  2,3-BF is dissolved in  ethanol, 
the fluorescent emission occurs in th e  UV range; a t 77 °K  tem perature the so-called 
‘blue shift’ effect and the rearrangem ent of the band structu re  are observed. I f  2,3-BF 
is adsorbed on W hatm an paper the fluorescent emission is shifted towards th e  longer 
wavelengths. The concentration of 2,3-B F dissolved in ethanol was determ ined spectro- 
fluorom etrically in  the 10-8  —10-5  M range. A m ethod, based on the sensitized lum i­
nescence effect was developed to  determ ine the q u an tity  of 2,3-BF adsorbed on 
W hatm an paper.

1. Introduction

There are a lot of aromatic hydrocarbons present in autom obil and  
other exhaust gases polluting the atm osphere. In the polluted air several 
hard carcinogen agents were isolated and identified [1, 2]. For separation o f  
these com pounds chrom atographic m ethods have been applied [3 — 6 ]. Q ualita­
tive  investigations provide evidence th a t am ong these compounds 2 ,3 -B F  
is frequently present, too. Upon UY illum ination this compound em its a 
strong fluorescent light. The em ission occurs in the UV range, therefore  
direct observation o f the compound follow ing the chrom atographic separa­
tion  is not possible. However, based on th e  characteristic fluorescent spectrum , 
there is an easy w ay to  identify and determ ine this com pound if a fluorescence  
spectrophotom eter is em ployed [7 9 ].

2. Experim ental

A nalytical grade 2,3-benzfluorene and naphthacene of F E R A K  was used th roughout 
the experim ents. A nalytical grade benzene and  ethanol were purchased from R EA N A L  
(H ungary) and redistilled before use.

M easurements were carried out on a H itach i MPF-2A spectrofluorim eter, equipped 
w ith a correction a ttachm ent. For measurem ents a t the tem perature  of liquid nitrogen, the 
phosphorescence accessory was employed. The excita tion  source was a 150 W X enon arc 
lam p and the detector an R  136 photom ultiplier.

The fluorescence spectra were taken of 10-5  M  2,3-BF in ethanol. The excitation  
and fluorescence spectra of solutions were recorded both  a t room and 77 °K tem peratures. 
A bandw idth  of 1.5 nm was chosen for tak ing  th e  spectra. The excitation wavelength was 
at room tem perature 316 nm and a t 77 °K 319 nm , while the emission was recorded a t 359
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nm  an d  339 nm, respectively. The calibration curve was obtained a t constan t slit w idths 
w ith  a 1 cm fluorescence-free cuvette, read off th e  2,3-BF fluorescence in tensity  in  the 10- 8 — 
10—5 M  range. The excita tion  and emission m onochrom ators were set a t 316 nm , and 342 nm 
respectively.

10~3 M  2,3-BF solution in benzene was prepared  and a W hatm an paper stripe was 
im m ersed into this solution. The solvent was evaporated  and about 10 —15 m inutes la te r 
th e  excitation  and the  fluorescence spectra were recorded both a t room  tem perature  and 
th e  D ew ar vessel of phosphorescence accessory was used.

The excitation w avelength selected was a t 328 nm, the emission was recorded a t 
419 nm . For m easurem ents of sensitized lum inescence of naphthacene, 3 ■ 10~5—10- 3 M  
2,3-B F  solutions; contain ing 3 • 10-8  M  naphthacene, were prepared. W hatm an 1 paper 
stripes were immersed in to  th e  solutions, the solvent was allowed to  evaporate and 10 m inutes 
la te r  th e  fluorescence in tensities of both  the 2,3-BF and the naphthacene were measured. 
The excitation m onochrom ator was set a t 328 nm , th e  fluorescent intensities of 2,3-BF and 
naphthacene were read  off a t  396 nm and 491 nm , respectively.

3. Results

3.1 . Fluorescence spectra

2,3-benzfluorene dissolved in ethanol em its a characteristic fluorescence  
spectrum  of six  hands in  the UV range (F ig. 1). In fact, the character o f the  
spectrum  taken at 77 °K  tem perature is quite similar only the line structure  
o f  th e  bands is more apparent and the relative intensities o f the bands are 
som ew hat changed, as well as the peak m axim a are shifted towards shorter 
w avelengths (Table I). The in tensity  va lues towards the lower frequencies 
stron gly  decrease.

Fig. 1. Fluorescence excitation  and emission spectra  of 2,3-benzfluorene in  ethanol solution; 
----- —----  a t room tem peratu re , ■*- — — — a t 77 К
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Table I

Fluorescence excitation and emission maxima and peak intensities o f the 2,3-benzofluorene

In  ethanol Ex. maxim a, nm 254 264 276 286 304 316.5 324 331 340
at room I. 96 100 46 35 38 39 30 10 14
tem pera- Em. maxim a, nm 342 350 359 368.5 378.5 390

I. 100 47 5.7 22 15 6

In  ethanol Ex. maxim a, nm 254 262 268 275 286 293 205 310 319 324 329 332 339
a t 77 °K I. 100 85 86 65 48 42 66 50 85 56 25 18 73

Em. m axim a, nm 339 348 356 366 376 388
I. 100 42 46 13 9 2

On W hat- Ex. maxim a, nm 282 300 313 328 342 355 369 390
man paper L 87 90 96 100 83 34 18 16
at room tem- Em. m axim a, nm 361 380 396 419 445 473perature I. 21 16 100 84 33 10

On W hat- Ex. m axim a, nm 280 300 314 330 337 343 357 370
m an paper I. 47 56 75 100 74 87 25 23
a t 77 °K Em. m axim a, nm 350 360 366 379.5 395 418 444 473

I. 12 98 39 47 100 68 27 10

Ex.: excitation m axim a, nm 
Em.: emission maxim a, nm
I.: intensity  (in rel. units) and the values are normalized to  the most intense peaks

H ow ever, com paring the excitation  spectra, significant changes can be 
observed. The spectrum  taken at 77 °K  displays 13 bands compared w ith  
the 9 bands at room tem perature; besides, a certain ‘blue sh ift’ can be noted ,

Fig. 2. Fluorescence excitation  and emission spectra of 2,3-benzfluorene on W hatm an paper; 
-----—----  a t room tem perature, — --------- - a t 77° К
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too . W ith the appearance of the new bands the in tensity  ratios are sign ifi­
can tly  changed and there is a strong increase at the longer-w avelength side of 
the spectrum .

The 2 ,3-B F , adsorbed on W hatm an paper, emits a fluorescence spectrum  
o f six  bands strongly shifted tow ards th e  red w avelengths. The appearance 
of the whole spectrum  is quite different from the spectrum taken  of solutions, 
the bands are more broad, the highes in tensities are found at the 3rd and 4th  
peaks. The bands are partly in the UV, partly  in the visib le range.

Significant changes can be observed in the fluorescent spectrum  tak en  
at 77 °K . Bands in the UV range d isp lay an enormous increase and tw o new  
bands appear at 350 nm and 366 nm , respectively  (Fig. 2). The excita tion  
spectrum  recorded at room tem perature shows a broad, diffuse structure o f  
eigh t peaks, while at 77 °K the bands are more separated. The in tensities  
are strongly decreased at the lower side and strongly increased at the higher 
w avelength  side o f the spectrum (Table I).

3 .2 . Determ ination o f the 2 ,3 -B F  concentration in solution

2,3-B F  dissolved in ethanol em its a very intense fluorescent ligh t. 
1 0 ~ 8 10~ 5 M  2 ,3 -B F  solutions were prepared to determ ine the calibration
curve. The excitation  monochrom ator was set at 317 nm and the fluorescence  
in tensities were m easured at 343 nm.

The fluorescence intensity is proportional to the concentration in the  
1 0 ~ 8 10“ 5 M  range (Fig. 3). The low est detectable concentration is 10 8 M
corresponding to about a 2 ng/m l value. The fluorescence in tensity  strongly  
decreases w ith increasing concentrations above the 1 0 ~ 5 iVf value. This can  
be attributed to the strong absorption o f the exciting ligh t, as it is to ta lly  
absorbed in the surface layers, therefore the fluorescent in tensity  rapidly  
decreases w ith increasing concentrations.

In the 10-8  10~ 3 M  range the relative error of the 2 ,3-B F  concentra­
tion  m easurem ents can be as low as 1 %.

Fig. 3. Fluorescence analy tical curve for 2,3-benzfluorene
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3.3. Determination o f  the 2 ,‘5 -B F  by sensitized luminescence

The lum inescence o f naphthacene can be sensitized  built into the 2,3- 
B F  crystal la ttice . I f  th is m ixed crystal is excited  at the absorption band 
of the 2,3-B F, one part of the absorbed energy is transferred to the naphtha­
cene molecule by radiationless transition. The system  em its a com plex  
spectrum  consisting o f  the 2 ,3-B F  and of the naphthacene characteristic 
spectra (Fig. 4). On th e  shorter w avelength  side o f the spectrum , the significant

Fig. 4. Change in sensitized fluorescence intensity  of 2 ,3-benzfluorene-naphthacene system 
on W hatm an paper. Cone, of 2 ,3 -benzfluo rene------------ 3 • 10— 3 M , — — — — 5 • 10—3

2.3 - B F peaks 361, 380, 396, 419 and 445 nm can be seen. D ue to  its 
low intensity , tbe 2 ,3 -B F  band at 473 nm can not be seen separately from  
the naphthacene band. Bands on the longer w avelength  side of the spectrum  
belong to  the naphthacene fluorescence. The spectrum  consisting o f three 
m axim a at 491, 527 and 566 nm represents the characteristic sensitized  
naphthacene fluorescence em ission.

The radiationless energy transfer greatly reduces the in tensity  of the
2 .3 - BF fluorescence radiation  and enhances that o f  the naphthacene. D ue to 
the sensitized lum inescence, the quantum  efficiency o f naphthacene is in­
creased to  unity  from as low  as 0 .0 0 2 .

Intensities o f  b oth  o f the 2 ,3-B F  and o f the naphthacene were found  
to  change proportionaly w ith  increasing 2 ,3-B F  concentration. The in tensity  
values were taken at 396 nm  (Igp) and 491 nm (I^ 1) for 2 ,3-B F  and naphtha­
cene, respectively. The rates o f the in ten sity  values o f  the com ponents were 
plotted  versus the 2 ,3 -B F  concentration (Fig. 5). From  the calibration curve 
obtained it is possible to  determ ine the 2 ,3-B F  concentration  in the 3 ■ 10 ~ 5— 
1 0 ~ 3 M  range. A bove th e  5 • 1 0 M  value, there is a deviation  from the
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Fig. 5. R atio of the fluorescence in tensity  of 2,3-henzfluorenp—naphthacene versus 2,3-benz-
fluorene

linear relationship, due to  the fact th at the donor—acceptor concentration  
ratio  results a change o f  the sensitized  luihinescence m echanism .

The relative deviation  o f th e  parallel m easurem ents w as alw ays found  
to  be about the 1 —2 per cent.
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THERMALLY INDUCED REACTIONS 
OF IMIDAZOLE DERIVATIVES, V P

REA R RA N G EM EN T OF 2,4,4,5-TETRA PHEN YL-4R-IM ID AZOLE 
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2,2,4,5-T etraphenyl- (1) [2] and related 2,2-disubstituted 4,5-d iphenyl-  
-2 if-im idazoles [2, 3] are therm ally rearranged into their arom atic isom ers, 
viz. the corresponding 1,2-disubstituted 4,5-diphenylim idazoles. S im ilarly to  
the related van  A lphen rearrangements o f 3,3-disubstituted  3H -pyrazoles [4], 
these reactions are thought to be concerted but not necessarily synchronous 
sigm atropic [1, 5] phenyl shifts [3].

W e w ish to  report now th a t 2 ,4 ,4 ,5-tetraphenyl-4fí-im idazole (3) [5] 
is sim ilarly rearranged therm ally in to  1,2,4,5-tetraphenylim idazole (2 ) [6 ]. 
After heating fo i 1 hr at 300 °C the 4hf-im idazole 3 was, according to  TLC 
(K ieselgel P F 251+3ee, Merck; solvent: benzene; detection: UY light), com pletely  
converted in to  a single product w hich proved identical (m .p. and lit. [6 ] 
m .p.: 215 °C; m ixed  m .p., IR  spectra) w ith  an authentic sample o f the im id­
azole 2. The y ie ld  o f recrystallized (ra-BuOH) product was 60% .

The mass spectra (AEI-M S-902, 70 eV, direct insertion, 170 °C) o f the  
com pounds 1 — 3 are shown in Table I. Those of the non-arom atic com pounds  
1 and 3 are rather similar, but differ considerably from th at of the arom atic  
com pound 2 , ind icating that, under the mass spectroscopic conditions applied, 
rearrangem ent o f com pounds 1 and 3 in to  com pound 2 does not take place.

*

The authors are grateful to  Dr. J .  T amás for the mass spectra.

* For P a rt Y, see Ref. [1]
** Chinoin Pharm aceutical and Chemical W orks research fellow, 1973 — 1975
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Table I

Mass spectra o f compounds 1 —3 
(AEI-MS-902, 70 eV, direct insertion, 170 °C)

m/e i%
1 2 3

372 10 100 13 M+-
371 2.0 34 3.3 (M -H )+
295 0.26 0.4 0.08 (M -P h )+
294 0.75
269 100 5.2 10C (M -PhC N )+
268 4.0
267 4.5
241 0.8
190 0.55 1.4 0.44
186 2.3 6.2 1.0 M+ +
176 0.5 0.38
166 44 13 41 (M—PhCN —PhCN)+
165 57 33 52 W
139 1.1 1.0
134.5 1.0 1.1 269++
133.5 2.3 267+ +
115 1.0 0.76
103 2.0 2.5 (PhCN)+ •
89 3.6 3.0 1.0
77 0.9 7.2 0.9 Ph+
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Р Е З Ю М Е

Расчет П-электронных спектров и электронной структуры талогенпиридинов 
с помощью методов MIM и РРР

А. МАРТИН

я-ел ектр о н н ы е спектры  и эл ек тр о н н ая  стр у к ту р а  галогенпиридинов бы ли рассчи­
таны  с помощ ью  методов М олекул в М олекулах  (M IM ) и П ар и зер —П ар р —П о п л а  (Р Р Р ) .

П ри  расчетах  методом MIM д л я  определения энерги й  переноса зар я д а  бы ли  и сп о л ь ­
зованы  п р и б л и ж ен и я  точечного за р я д а , ш арового за р я д а  и  приближ ение М атага-Н и ш и - 
мото. Д л я  расч ета  одноцентровых и н тегр ал о в  о ттал ки ван и я  бы ли испробованы  различны е 
литературн ы е зн ачен и я  ионизационны х потенциалов и электроотрицательностей . П о­
следние бы ли вы браны  на основе ср авн ен и я  расчетны х данны х  с эксперим ентальны м и. 
Резонансны й и н тегр ал  связи  углерод-галоген  был п р и н я т  в  качестве изм еняем ого п а р а ­
м етра. Н а  основе результатов, полученны х д л я  энергии  перехода и волновы х ф ункций , 
д л я  расчета двухцентровы х резонансны х и нтегралов  наиболее подходящ им  о к азал о сь  
п риб лиж ени е М атага-Н иш имото.

Д л я  расч ета  методом Р Р Р  бы ло использовано приближ ени е М атага-Н иш им ото . 
О птимум резонансного интеграла (ßcx) бы л определен с помощ ью  изменения ßcx- Б ы л и  
рассчитаны  энергии  сингулетного возбуж ден ия , м атрицы  плотности  зар я д а  — п о р яд к а  
связи , осц илляторны е силы  и н ап р ав л ен и я  поляризации .

Статические диэлектрические свойства бинарных жидких смесей, 
содержащих три-н-бутиламин

й . л и с и

Б ы л и  исследованы  статические диэлектрические свойства и плотность би н арны х  
смесей, содерж ащ и х  три-н-бутилам ин. И сследования проводились при 20°С и в  зав и си ­
мости от состава смеси. П артнеры  ам инов в см есях были вы браны  так , чтобы их п о л я р н о сть  
сильно разл и чал ась . Смесь состояла и з следую щ их тр ех  ком понентов: н -гептан , х л о р о ­
форм и ацетон. Н а  основе проведенных исследований  д ается  ответ  на вопрос: в о зн и к аю т  
л и  специальны е и нтерм олекулярны е взаим одействия м еж ду  амином и вторы м  ком п онен ­
том, ведущ ие к  ассоциации.

Исследование реакции ацетата и сульфата меди(И) с некоторыми
гидразидами кислот

Ф. И. М. TAXA, М. Н. X. МОУСА, А. М. Ш ЕЛЕБАЙ и М. М. МОСТАФА

А цетат и  су л ьф ат  меди(П) р еаги р у ю т со всеми исследованны м и гидразидам и, д а в а я  
моно- и /или  бис-лигандны е комплексы . В случае ацетатны х ком плексов с помощ ью  П К  
спектроскопии  было обнаруж ено моноклеш невое координирование лиганда через гр у п п у  
N H 2. С пектральны е и магнитные изм ерения указы ваю т на то, что ацетатны е ком п лексы  
имею т либо октаэдрическую , либо тетраэдрическую  стр у кту р у .



Димеризация некоторых органических кислот в неводных растворах
Л . БА РЦ А , Л . ДЬЕП ЕШ  и К. К Е Л ЕМ ЕН

В бензоле бензойная к и сл о та  образует гораздо  более стабильны е димеры , неж ели  
алиф ати чески е  кислоты . О собенно сильно п р о я в л я ется  это  различие при сравнении  с н- и 
и зо -м асляной  кислотой. К риоскопические изм ерения (п ри  5,2 ±  0,4°С) дим еризационны х 
постоян ны х  приводят к  следую щ им  значениям  (величин ы  даны  в п орядке  согласно выш е­
перечисленны м  кислотам ): 1700, 390, 239 и 453 кг/м о л ь .

С помощ ью  И К  спектроскопии  было устан овлен о , что способность растворителей  к  
образованию  водородных м остиков оказы вает сильное в л и я н и е  н а димеризацию  бензойной 
кислоты . Б ы л и  исследованы  следую щ ие р астворители  (в скобках  указан ы  димеризацион- 
ные постоянны е при 42 ±  2°С ): четы реххлористы й  углер о д  (1530), бензол (261), 1,4- 
ди оксан  (20,0) и хлороф орм  (13,7).

В обоих р ядах  изм ерений  однозначно бы ло доказан о , что в изученном и нтервале 
ко нц ен тр аци й  ( <  0,25 М) п р о тек ает  лиш ь дим ери зац ия  и образованием  более вы соких поли­
м еров м ож но  пренебречь.

О димеризации 2-арилиденциклогексанонов, катализированной основаниями
Д Ь . ОСБАХ, Д . САБО и М. Э. ВИТАИ

2-А рилиденциклогексаноны  в  основных ср едах  дим еризую тся до 1 ,2 ,3 , 4, 4а, 5 ,6 ,7 ,8 , 
9 а-декаги дро-5 -арили ден -9 -ари л-4а-ги дрокси ксан тена ( I Ха—е). Строение п одтверж да­
л ось  н а  основе И К , У Ф  и Я М Р  спектров. П риводи тся  возм ож ны й механизм  реакции .

Процессы перегруппировки и диссоциации в производных трициклических 
фталазинонов под влиянием электронной бомбардировки

П. Б Р У К , Й. ТАМАШ и к. КН РМ ЕН ДИ

С помощью м асс-спектром етрического м етода низкого и высокого разреш ения были 
исследован ы  процессы диссоциации  и п ер егруп п ировки , протекаю щ ие под в ли яни ем  эл ек ­
трон ной  бом бардировки производны х ф талазинона ( I — IV). И спользуя  метод, основанны й 
н а  определении  энергии ак ти в ац и и  м етастабильны х процессов распада, было доказано , что 
в  хо де  отдельны х процессов ф рагм ентации  п ро и сх о д и т  м играция метилена.

Исследование реакций гексагидро-1,3,5-триакрилоил-симм-триазина
Г. В А Л Ь К , М. КАМ ЕЛЬ и Н. Й. А БО У-ЗЕЙ Д

О писываю тся некоторы е интересны е р езу л ьтаты , связанны е с реакци ям и  гекса­
гидро- 1,3,б -триакрилоил-сгы ш -триазина с некоторы м и реагентами. В есьма пригодной 
д л я  вы яснен и я  пути бром ирования , п рисоединения этилм еркаптана, воды, бисульф ита 
н а т р и я  и /или  сульфита н а т р и я  оказалась  то н ко сл о й н ая  хром атограф ия.



Химия 1,3-бифункциональных соединений, XVIII

Получение различных эфиров 1,3-аминоспиртов

К. Ф ЕЛ ЬФ Л ЬЁДИ , А. М ОЛЬНАР и М. БА РТО К

П риводи тся  получение производны х разли чн ы х  ам и н оалки льны х  эфиров. В зав и си ­
мости от строен ия  соединения были разработаны  и прим енены  различны е синтетические 
методы. Б ольш и нство  соединений п р о яв л яет  м естноанестезирую щ ее действие, а  м ен ьш ая  
часть  п р о я в л я е т  периф ерическое сосудорасш иряю щ ее действие.

Реакция М-(трет-бутил)-а-гало-а,а-диарилацетамидов с цианамидом и 
монозамещенными солями цианамида
Д Ь . ШИМИГ, к. ЛЕМ ПЕРТ, Й. ТАМАШ и Г. ЧИРА

П ри сп лавл ен и и  М -(тр ет-бу ти л )-а -гал о -а ,а -ди ф ен и л ац етам и до в  (7ь) и 6а—с с 
м онокалийной  солью  цианам ида и ее N -алкильны м и, N -ар ал к и льн ы м и  и N -арильны м и  п р о ­
изводными обр азу ется  больш ое число разли чн ы х  продуктов, так и х  к а к  п р о ду к ты  cine- 
зам ещ ения 2b, 2d—g, 3 -(тр ет-б у ти л )-гл и к о ц и ам и д и н ы  ЗЬ—е, 3], 5Ь и 7 и 1 -(трет-буплп)- 
гликоциам идины  3f—g и 5а. П оследние, очевидно, о бразую тся  через п ром еж уточны й  
азиридинон  8а. Б ы л а  обсуж дена связь  м еж ду  типам и р азли чн ы х  цианамидны х ан ион ов  и 
типам и продуктов, а  т а к ж е  спектральны х свойств последних, в особенности тех, к о то р ы е  
я вл я ю тся  в аж н ы м и  д л я  определения стр у кту р ы .

Спектрофлуорометрическое определение 2,3-бензфлуорена 
(11Н-бензо/ь/флуорена) в воздушных загрязнениях

И. Х О РН Я К

Ф луоресцентны е свойства 2,3-бензф луорена (2 ,3 -Б Ф ), обн аруж енного  в за гя зн е н и я х  
воздуш ного п ро и сх о ж ден и я , были исследованы  в раство р е  и  на ватм ановской  бум аге. 
Е сли  2 ,3 -Б Ф  раство р ен  в этаноле, то ф луоресцен тная  эм иссия наблю дается в У Ф  о бласти ; 
при тем пературе 7 7 °К  наблю дался эффект т. наз. «синего сдвига» и п ерегруп п ировка  в 
стр у к ту р е  полос. Е сл и  2 ,3 -Б Ф  адсорбирован н а в атм ановской  бум аге, то ф луоресцен тная  
эм иссия сдвигается  в  область более длинны х дволн . К о н ц ен тр ац и я  2 ,3-БФ , растворенного  в 
этаноле, бы ла определена спектроф луором етрически  в области  10~8 -ь K É5 м оль/л. М етод, 
основанны й н а чу вствительн ом  эффекте лю м инесценции, бы л разработан  для  к о л и ч ествен ­
ного определения 2 ,3 -Б Ф , адсорбированного н а ватм ановской  бумаге.
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COMPLEX FORMATION BETWEEN MAGNESIUM, 
ZINC, CADMIUM AND ARSENAZO III

У .  M lC H A Y L O V A

(Department o f Analytical Chemistry, U niversity o f Sofia, 1126 Sofia, Bulgaria)

Received J a n u a ry  10, 1975 
In  revised form  N ovem ber 24, 1975

Spectrophotom etric studies of th e  reactions of magnesium , zinc and cadm ium  
w ith  Arsenazo I I I  are described. Complex form ation was studied by  a m ethod based on 
th e  relationship A  = / ( pH ). Equim olar solutions and solutions containing a slight m etal 
ion excess were used. A single chelate equilibrium  was considered for magnesium and  
zinc complexes, w hereas in  the case of cadm ium  two successive reactions were assumed. 
The equilibrium and  stab ility  constants were calculated. The relationship between the 
solubility products o f th e  m etal hydroxides and the pH  of the half-reaction is also given.

Arsenazo III  (l,8-d ihydroxynaphthalene-3 ,6-d isu lfon ic acid-2,7 bis/ 
(azo-2 )-phenylarsonic acid takes part in  com plexation reactions w ith  dif­
ferent functional groups, depending on the nature of the m etal ions and the  
reaction  conditions [1 ].

In  our previous w ork the analytical use of the reactions o f Arsenazo III  
w ith  M g2 + , Zn2+ and Cd2+ has been show n only [2, 3]. A more detailed  
exam ination  of these com plexation  processes is described in the present paper. 
It is o f interest to estab lish  the nature o f  the bonding groups o f the reagent 
and the structure of the m etal com plexes. In  this connection the number of 
protons released upon com plexation  and the equilibrium constants were 
determ ined.

Experim ental

Reagents

A 10-4 M  solution of Arsenazo I I I  (F luka) was standarized spectrophotom etrically by 
titra tio n  w ith  a thorium (IY) n itra te  solution a t 600 nm  and pH  3. 10“ 2M  solutions of the m etal 
ions were standarized by ED TA  titra tio n . Solutions of lower concentrations were obtained by 
dilution. A n ionic strength of 0.1 was m aintained w ith  sodium n itrate.

The p H  was adjusted w ith  dilute sodium hydroxide.

Apparatus

Visible spectra of the solutions were recorded on a Specord UV — visible Spectrophoto­
m eter (Zeiss). Spectrophotom etric m easurem ents were perform ed with U niversal Spectrophoto­
m eter VSU-1 (Zeiss). The pH  of th e  solutions was m easured w ith an LPU-01 (USSR) pH -m eter, 
using a glass electrode.

1 Acta Chim. ( Budapest)  90, 1976



112 MiCHAYLOVA: COM PLEX FORM ATION

Results and discussion

Absorption spectra o f  Arsenazo I I I  and its com plexes w ith  m agnesium , 
zinc and cadmium are presented in F ig. 1. Com plex form ation was investigated  
at m etal to ligand m ole ratios of 1 : 1 and in the presence o f a slight m etal ion

nm

Fig. 1. Absorption spectres of arsenazo I I I  and its complexes w ith magnesium, zinc and 
cadmium. C ^ =  2,17 • 10~5 HI, pH  9,10 (borate buffer), 2-cm cells vs. water. (1) arsenazo I I I ;  
(2) Mg complex, Сд^„ =  2,44 • 10-5 M ;  (3) Zn complex, С%п =  2,34 • 10~5 M ; (4) Cd complex, 

С ел — 2,44 • 10_5M ; (5) Cd complex, pH  11,00.

excess. The m ethod based on the relationship A =  f(pH ) was em ployed. On 
the S-shaped curves presented in F ig. 2 a single chelate equilibrium for m ag­
nesium  and zinc is observed, whereas for the cadm ium -Arsenazo III reaction  
tw o successive stages are evident. The different absorption spectra of cadm ium  
com plexes (Fig. 1) also show to th is fact.

Equimolar solutions

The straight line portion o f the S-shaped curves lies in the pH  range 
of 6.2 — 8.5 for m agnesium  and zinc, and for the first stage of the cadm ium - 
Arsenazo III  reaction. Over th is pH  range, the H 3L 5~ form predom inates
[4] and hence th e  following reaction should be considered:

Acta Chim. (B udapest) 90 , 1976



MICHAYLOVA: CO M PLEX  FORM ATION 113

M 2+ +  H 3L5- M H 3_ nL2-<5+"> +  nH  + ( 1 )

The number o f  protons released upon com plexation  and the equilibrium  
constant of this reaction  were determ ined, using the expression

K eq =
( A - A R){A 0- A R)[n + ]" D F

C{A0- A f ( 2)

Fig. 2. pH-absorbance p lo ts  of arsenazo I I I  complexes w ith  magnesium , zinc and cadmium, 
a. О  Zn complex Сдо — СR =  2,17 • 10-5 M , 610 nm ; •  Cd complex Cm  =  CR =  2,49 • 10-5 M , 
610 nm ; X Mg complex Cm  — 5,00 • 10~ь M ; CR =  2,49 • 10- 5 M , 610 nm; 3  Mg complex 
CM =  CR =  2,17 • 10-* M , 650 nm. b. О  Zn com plex С д^= 3,02 • 10~5 M ; C% =  2,49 • 10-5 
M , 610 nm ; •  Cd complex С дд= 2,99 • 10-5 M ; C^  — 2,49 • 10-5 M , 610 nm ; X arsenazo I I I  
Сд =  2,49 • 10-5 M , 610 nm  ionic strength 0,1 M , 1-cm cells vs w ater, pH  ad just w ith sodium

hydroxide.

where A  is the absorbance at a given p H , A R is the absorbance of the reagent 
solution, A 0 is the m axim um  absorbance, C =  CR =  CM is the total m etal 
and reagent concentration, D  is the correction used for calculating the equi­
librium concentration o f the reagent, using its dissociation constants [5], 
F  is the correction term  for m etal ion hydrolysis, and n is the number of pro­
tons. The logarithm ic form  o f Eq. (2) corresponds to  a straight line w ith a slope 
of n and an intercept including K eq :

log В  =  log K eq C +  n pH  (3)

1 * Acta Chim. ( Budapest)  90, 1976



114 MICHAYLOVA: CO M PLEX  FORM ATION

w here
* Д r (-A - A r ) { A q - A r ) B D

( Л  -  A ) 2
(4)

The results calculated from Eq (3) are given in Fig. 3a and Table I.

Fig. 3. Logarithm ic plots according to  eqs (3,6). a. equimolar solutions; b. solutions w ith  a 
slight m etal ions excess. (1) Mg complex; (2) Zn complex; (3) Cd complex, pH  <  9. Cd complex 
a t  pH  >  9; c. equim olar solutions; d. solutions w ith  a slight m etal ions excess. R eacting forms 
o f cadmium: (1) as Cda+; (2) as CdOH + ; (3) as Cd(OH)2; (4) as Cd(OH)3~; (5) as Cd(OH4)2 - .

Solutions containing a slight metal ion excess

For calculations in the pH  range o f 6.2 — 8.3, the logarithm ic form  of 
the follow ing equation was used:

Table I

Calculated data in  the p H  range o f 6 .2—8.5

I o n C jf X lO » CR xlO* Cm  ■ Cr n pKeq.

Mg 2.17 2.17 1 1.07 3.43+0.13

Zn 2.17 2.17 l 0.97 3.08+0.04

Cd 2.49 2.49 1 1.00 2.08 +  0.06

Cd* 2.17 2.17 l 0.96 1.91 +  0.08

Mg 5.00 2.49 2.01 0.98 3.40+0.04

Zn 3.02 2.49 1.21 1.12 3.09 +  0.04

Cd

not given in F

2.99 

gs 2, 3.

2.49 1.20 0.94 1.66 +  0.09
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MICHAYLOVA: COMPLEX FORM ATION 115

K  ( A - A R) ( A 0- A R) [ n + ] " D F
eq CR(A 0- A ) [ a ( A 0~ A R) -  ( A - A R)]

i.e. log В  =  log K eq CR +  npH
where

a =  -~‘M and
Cr

B _  (A - A r ) ( A 0 - A r ) D F

(A 0~ A ) [ a ( A 0- A R) ~ ( A - A R)] '

The plots according to  Eq. (6 ) are presented in F ig. 3b and the calculated  
data in Table I.

The good agreem ent of the results shown in Table I is evident.
Since one proton is liberated in all cases (the slopes o f  the straight lines  

(n )  are always about unity), the follow ing com plex form ation reaction is 
proposed:

M 2+ +  H 3L5~ ^  M H jjL 4- +  Я +  (8 )

The spectrophotom etric data for the reactions o f Mg2+ Z n2+ and Cd2+ w ith  
Arsenazo III  [2 , 3] show  that these system s can be described b y  the second  
type of reactions discussed by Sa v v in  et al. [6 — 9]. I t  has been shown [10]  
that in reactions o f  the second type one proton is liberated and the peri-di­
hydroxy grouping o f th e  reagent is engaged. The result is bond form ation  
betw een the m etal ion and one of the hydroxy groups o f the naphthalene ring. 
Thus the com plexes studied may be represented as where H  is
the proton o f the arseno group of the reagent and H* is th a t of the second  
naphthalene ring h yd roxy  group. The stab ility  constants o f these com plexes 
were not determ ined because the equilibrium  concentration o f the H H *L5-  
reagent form could not be calculated from the dissociation constant of the  
H 3L5_ form.

The cadmium-Arsenazo I I I  reaction at p H  >  9

In the pH  range o f  9.5 —11.0, the H 3L6~ form predom inates [4] and the  
following reaction proceeds:

M 2 +  H JA - ^  M H 2_„ b 2- l 6+n)+  nH + (9)

For the calculations, E qs (3, 6 ) were used but the species Cd2+, CdOH+, 
Cd(OH)2, Cd(OH)^, Cd(OH);]- were considered [11, 12]. Correction F  was 
calculated from the sta b ility  constants o f the cadm ium  hydroxo com plexes
[13]. The results are presented in Figs. 3c, d and Table II .

The data obtained show that the reactions o f Cd2+ and CdO H + with the  
species H 2J 6~ are possib le. For their comparison the values o f the equilibrium

(5)

( 6 )

( 7 )
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Table II

Data fo r  the cadmium-Arsenazo I I I  reaction at p H  >  9

Reacting forms C M x  10s C R  x 105 С и  ■ Cr n pKeq. log /Jcompl.

Cd2+ 2.49 2.49 1 2.12 16.14 +  0.10

*Cd2+ 2.17 2.17 1 2.08 15.48 +  0.12

Cd2+ 2.99 2.49 1.20 2.10 15.92+0.13
CdOH+ 2.49 2.49 1 1.10 6.24+0.13 5.74+0.13
*CdOH+ 2.17 2.17 1 1.09 5.86 +  0.09 6.12 +  0.09
CdOH+ 2.99 2.49 1.20 1.07 5.98 +  0.07 6.00 +  0.07

* no t given in Fig. 2, 3.

constants were calculated , which show  (Table II) that the follow ing reaction  
o f  com plex form ation is predom inating:

CdOH+ +  H X « - —  ± Cd(OH)HLc-  +  H + (10)

T he stab ility  constant o f the C d(O H )H L6“ com plex was calculated using  
K -  =  1.05 X lO -12  [5]. The results are g iven in Table II.

It is very lik e ly  th at the m ixed  hydroxo com plex o f  zinc and Arsenazo 
I I I  forms too, but th e  straight line portion  of the S-shaped curves presented  
in F ig. 2 is very short and therefore n o t suitable for calculations.

The data for th e  equilibrium and stab ility  constants o f the com plexes 
obtained in the present paper, how ever, could not be com pared w ith  the data  
for the conditional stab ility  constants o f the com plexes at pH  9 which were 
found earlier [2, 3].

Analytica l use of  the cadm ium  Arsenazo I I I  complex 
in alkaline media

The reaction was studied at p H  12 —13, adjusted w ith  2 N  NaOH  
and at an ionic strength  of 0.1. The m olar absorptivity o f the cadm ium  com plex  
at 610 nm is 2.75 X 104 1 m ol-1  c m “ 1 at pH  12, and 2 .20X  104 1 m o l“ 1 cm -1 
at pH  13. The absorbance of the com plex  is stable for at least 24 hrs. Beer’s 
law  is obeyed up to  4.2 pg  m l-1  at p H  12 and 1.6 /igm l“ 1 at pH  13. The inter­
ference of zinc was studied at pH  13.39 pg  of cadm ium  can be determ ined  
in the presence o f  204 pg  of zinc.

The curves A  =  /(p H ) (F ig. 2) were also used to  establish the relation­
ship between th e  solubility  products o f  the m etal hydroxides p K s [13] and 
the pH  of the half-reaction, i.e. the pH  at which the com plex concentration  
is equal to one h a lf o f  its m axim um  concentration [14]. The data for the alu-
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m inium -Arsenazo I I I  complex [15] were also used. For this purpose the equi­
librium  concentrations of the com plexes at a given pH  were calculated. This 
dependence is show n graphically in  F ig. 4 , where oc is the ratio betw een the  
equilibrium  concentration of th e  com plex and its m axim um  concentration. 
The pH  value corresponding to on. — 0.5 defined as pH 1/2 was used for con-

--------------------I   UC--------------1______________L_

2 U 6 8 10
pH

Fig. 4. D istribution diagram  of arsenazo I I I  complexes w ith (1) a lum inium (III); (2) cad- 
m ium (II); (3) m agnesium (II); (4) zinc(II). а -fraction of complexes a t given pH . Equim olar

solutions Cm  =  == 2,17 • 10-5 M .

Fig. 5. Dependence betw een the pH  of th e  half-reaction  and the solubility products of the
m etal hydroxydes.

sideration o f the relationship presented in F ig. 5. The straight line obtained  
(F ig. 5) passes through the point (56, — 1.5), which have been established  
for the organic reagents o f  the Arsenazo I I I  group [14], but has an intercept 
o f  9.5 and a slope o f — 0.207, differing from  those reported in R ef. [14]. This 
fact m ay be explained b y  the different ty p es o f th e  reactions used. The straight 
line obtained permits to  establish conditions for com plex form ation o f other  
m etals w ith  Arsenazo I I I  and as well as the reaction selectiv ity .
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The kinetic situations discussed in a previous paper have been extended to cases 
representing the sim plest possibilities w hen one of the com ponents reacts via  a p a th  
different from those of the other two com ponents. The in itial ra te  of any i —*■ j  t r a n s ­
form ation can be w ritten  similarly to  th e  previous cases as

о _  aUP°i r ij —
1+ b ,p 1

The meaning of constants a,j and b: was generalized for schemes of different structures, 
thus the above Langm uir-type rate  equation  could be generalized. On determ ining the 
constants afj and 6,- for H-, Mg- and Ni-clinoptilolite a t various tem peratures, the  only 
conclusion to  be draw n was th a t the transform ation  involves a common surface in te r­
m ediate on H-clinoptilolite whereas i t  does no t on the Mg- and Ni-forms.

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 90(2), pp. 119 — 131 (1976)

Introduction

The first paper o f  the present series has been devoted to the k inetic  
relations for catalytic transform ations o f three com ponents into each other [1 ]. 
W ith the exception  o f Scheme IV, th e  discussion was based on reaction  
schem es w ith  all three com ponents regarded as equivalent w ith  respect to  
the m echanism  of their transform ations; i.e. all o f the m acroscopic overall

processes © = ©  were assumed to  take place via  identical num bers

o f elem entary steps and interm ediates, w hose surface reactions are also, in 
fact, identica l. Thus, th e  transform ation schem es possessed ’trigonal’ sym m e­
tries. In  th e  m eantim e, further studies on the catalytic isom erization o f n- 
butene have revealed som e experim ental facts [2 — 6 ] w hich seem  to disprove 
the equivalence o f the three isomers in  question; in other words, the tran s­
form ations pathw ay o f tw o o f the com ponents m ay be different from th a t o f  
the third one. Such a case is illustrated b y  Schem e IV in Part I [1], w hich has 
a plane o f  sym m etry: the reactions of tw o  com ponents are identical, the trans­
form ation o f the third com ponent is, how ever, different. In  order to  include  
schem es o f th is type in to  our investigations, we shall discuss some sim ple 
cases o f such schem es.
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1. Transformation schemes with mirror symmetry

An overall ca ta ly tic  transform ation m ay involve a single surface in ter­

m ediate if  no surface reaction occurs [7, 8 ] (schem atically:

sign 1 ; hereafter ( ^ j  denotes gas phase com ponents and | | surface in ter­

m ediates); it m ay in vo lve two surface interm ediates, in the la tter case either tw o

Z D )parallel processes tak e place w ith no surface reaction ^ig„ 2 =:

or one surface reaction  step occurs isign i  — : ( ^ ) ---- 1 [-— | |----- ( Z  ) .

The sim plest case of an essential difference betw een the m echanism s 
o f tw o processes is w hen one of the processes involves on ly  one, whereas the  
other involves tw o interm ediates. Owing to  its presum ed com plexity, no  
differentiation w ill be made betw een the tw o pathw ays in vo lv in g  two surface
interm ediates each ( 2 =  and 2 ------). I f  the tw o com ponents transform ing via
identical pathw ays are denoted b y  j  and k, whereas the one whose reaction  
p ath  is different b y  i, then the schem es w ith  mirror sym m etry will com prise 
th e  com binations corresponding to  Columns 1 and 2 o f Table I as shown in 
Column 3 o f th e  sam e Table. These schem es becom e considerably sim pler 
i f  com m on surface interm ediates are assum ed (Column 4, cf. e.g. [8 ]). I t  is ob ­
v ious that a clear kinetic picture can be obtained for the latter cases since  
the three com ponents transform in to  one another via  as few  interm ediates 
and elem entary steps as possible.

For the sake o f  com pleteness it  should be m entioned th a t, based on the  
above selection principles, it is possible to  construct a single asym m etric  
schem e (Table II), where all three com ponents transform  into each other via  
different pathw ays.

The sim plify ing assum ptions included into the schem es (1 or 2 in ter­
m ediates, com m on interm ediates) do not influence the essential characteristics 
o f the kinetic equations valid  for each schem e, only convert them  into m ore 
com prehensive form s. For exam ple, schem es
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Table I

Simplest schemes with mirror symmetry

* Schemes from Ref. [1] are shown also in  th e  heading of Table IV, w ith  addition or 
omission of one adsorption step  each.
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Table II

The asymmetrical reaction scheme

© * ©

©H©

© * © B asic schem e
Sim plified

schem e

1 2 =
/

2 - -

Я
V_.

_!zг
7 -  Y

None

can be described b y  equations o f the same form if the con stan ts for the tw o  
cases are brought in to  correspondence (cf. Section 2).

2. Derivation o f  kinetic equations

Initial rate equations o f  so-called overall transform ations observed  

m acroscopically (e.g. have been derived for each scheme in th e

follow ing way:
(1 ) the rate o f transform ation o f any com ponent in the gas phase has  

been given as the difference betw een its adsorption and desorption rates; 
for exam ple, for i in Schem e I I I - ( l) :

r i ~  k i x P i G o - k x i Q x  -f- k j y P j O 0 —  k y j Q у

where rf is the rate o f  transform ation of i;
к is the rate constant o f the transform ation denoted by the index; 
p  is the partia l pressure o f the com ponent denoted b y  the index;
0 O, 0 X, в  у are th e  fractions o f active sites uncovered, covered by x  and y ,  

respectively.
(2) Corresponding to  stead y  state , the variation o f the concentration  

o f individual surface species in tim e has been taken equal to  zero, i.e. th e ir  
form ation rate was regarded as equal to  their rate o f decom position. For  
exam ple, in schem e I I I - ( l )  we obtain  the follow ing expression for x :

k i x P i G  0 +  k j x P j ®  0 +  к ухв У =  k xiG x +  kx ß x  +  K y ® x

Thus, actual partial pressures are considered instead o f values corresponding  
to  the sorption equilibrium .
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(3) A  uniform  surface w ith  hom ogeneous a c tiv ity  is assumed, i.e.:

+  • • • =  L

(4) W hen only one com ponent is present in th e  gas phase, the 0 -v a lu es  
are expressed in term s o f its partial pressure, using equations derived from
(2) and (3).

(5) Values o f 0  obtained for e.g. p t =  p®, p y =  p k =  0, are substitu ted  
into the rate equation of —r- and —rk derived according to (1 ), in order to  be 
able to express in itial rates such as

and ~ r k = r0i k

as a function of partial pressure p?, which is an experim ental value. The value  
of ry gives the rate o f  transform ation of j  according to  (1 ), therefore —ry is 
the rate of form ation of j ;  since at tim e zero i is the on ly  reacting com ponent, 
the value of —ry- gives the initial rate of transform ation o f i into j ,  i.e. r®-.

(6 ) H aving performed the necessary rearrangem ents, let us exam ine  
the sim plifications in the equations obtained for r®y-, perm itted  by the assum p­
tion of a rate-determ ining step; th is, naturally has on ly  to  be performed w ith  
Schemes I I I - ( l)  and IV including also a surface reaction  in  addition to adsorp­
tion  steps: for Schem e I I I - ( l) ,  the only case to  be considered is the equi­
libration of the surface reaction; if  the surface process were rate-determ ining, 
the sorption equilibria established would necessarily lead to an equilibrium  
of i, j ,  к w ith each other. On the other hand, both  cases can be realized for 
Scheme IV, as has been dem onstrated in Ref. [1].

The expression for the initial rate of form ation o f any com ponent ( i , 
j  or k)  from the rem aining two w ill be an identical Langm uir-type equation  
for any o f the schem es; the va lid ity  o f the equation is, however, much more 
general in our case than  th at o f the conventional Langm uir expression:

1 +  Ь,Р?
( 1 )

(i and j  are arbitrary com ponents; ay is a constant characteristic of trans­

form ation is a constant characteristic o f com ponent i ;  the

interpretation of the constants w ill be given in Section  3.) Accordingly, the 
in itial selectiv ity

S?„ =  ÜJL =  (2)7ik
' ik dnu dy к *ik

\
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(where nj, nk, у j, y k are th e  am ounts and m olar fractions o f com ponents j  and 
k, respectively) will be independent o f  the partial pressure of the reacting com ­
pon en t. W e obtain a sim ilar result i f  the differential equation o f th e  selectiv ity  
fu n ction  y k =  fjiy'j) is expressed b y  th e  ratio o f general rate equations valid  
throughout the whole concentration range not only in the presence o f the initial 
com ponent. The se lec tiv ity  will be independent of the pressure o f  the system  
and depends only on its  com position in these cases as well as in the cases 
discussed in Ref. [1]. T his statem ent has been confirmed b y  experim ents, cf. 
e.g. F ig . 1 or Fig. 3 in  |T].

F ig . 1. Isomerization of írares-2-butene on Ni-clinoptilolite a t 130 °C; X : 50, + :  100, o: 200, 
• :  300 Torr pressure; y t : mole fraction of 1-butene; y 2: mole fraction of cis-2-butene

Table III  sum m arizes the expressions for constants a and b in Eq. (1), 
for the simplified schem es of Table I. Since the transform ation o f j  and к has 
a sim ilar character, aik, aki, akj and bk are not shown for the sake o f sim plicity. 
T h ey  can he obtained b y  sim ply changing the indexes in the expressions for 
Ojp djj, a,jk and bj. For the sake o f better comparison, Table I I I  shows only  
th ose  expressions for Schem e IV (taken from Ref. [1]) w hich are valid  for the 
case o f sorption as th e  rate-determ ining step since this is regarded for the three 
rem aining schem e, too .

In order to  facilita te  further discussion, the constants o f  Eq. (1) ob­
ta ined  for the schem es described in our previous paper [1 ] are also summarized. 
Since the individual transform ations are equivalent there, on ly  the expressions 
for djj and bj are g iven  for the cases o f both  surface equilibrium  and sorption 
equilibrium  (Table IV ). Further constants can be obtained b y  th e  proper change 
o f indices, according to  the schem es.

3. Interpretdtion o f  kinetic constdnts

On evaluating the expressions in Tables III  and IV the physical meaning  
o f constants in the Langm uir-type rate equation (1) can be interpreted for the  
individual processes o f  these com plex reactions. Direct visualization  is also
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Table III

Constants o f Eq. (1 ) fo r simplest transformation schemes with mirror symmetry 
(k : rate constant; K :  equilibrium constant)

aij k Xjk jX/X  
aj i  k xjkjXIX  
ajk k xi;kjXIX  -j- kz!ckjZIZ

kZjk iz/Z  +  kxjkjx/X  
jZ:Z  4- kxikjZ/X

h'zL kjzlZ

bj kfX/X  

bj k jx /X  “b kj2/Z

^iz/Z  +  k ix/ X  +  kjy/Y  
hjz/Z  +  kjx/X

X  =  kXj +  kXj  -(- kXfr 

Z  =  кzj ^zk

X  =  kXj +  kxj  
X  =  kyi -j- к у к 
Z  =  kzi -f- kzj  -\- kzfc

A
у — Ы  I I I —(1)

d  b

2
X

0 0 — z

■

IV

4 D

aij k xj(k ix +  k jy )/X Y  

aji (faXi +  ky i K Xy)kjx/X Y  
bjk kykK XykjX/ X Y

k2JK xzkixIX Z
kxik jz/X Z
^zkK xzkjZ/X Z

bi (k ix +  k iy)(l +  K xy) IX Y  
bj kjx( 1 +  K xy) /X Y

M l  +  Kxz)/xz 
Ы 1 +  k xz)/x z

X Y  =  kxi -\-kXj - J- (kyi -f- kyfr)KXy X Z  =  kyj 4  (kzj  4- kzf()K xz

possible for schem es w ithout surface reaction (Table III: V-(-(2), I l - f - ( l ) ,  
Table IV: II and V).

Constant о is a product for each term ; it  is the product of the “ partial 
adsorption equilibrium  constant” o f the reactant and the desorption rate 
constant o f the product. The former factor is the ratio of the rate constant of
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Table IV

Constants o f Eq. (1 ) fo r transformation schemes with trigonal symmetry [1]

adsorption steps in equilibrium

aij k i j j tK j j j kxyK ix

O' -j- Sr* K bc

surface reactions in equilibrium

a i j  k j i j K j j j j k j j j l X  

b i  k ii i j ( l \ K ij j , ) I X y k U k ( \ f K ik ik i ) I Y

k y  j K - x y k i x / X

kixO -  +  & x y  +  K x z ) / X

X  =  k (  j j  +  k j i j K j j j i  

X  =  k i k j  +  k k i k K j k>ki

X  =  k y j  +  k y j K xy +  k zkK xz

y / SVl Scheme I I
9 Scheme V

Gr r D1 ^ ) z 4 j )

aij kXjk iX/X
b{ k f x / X  — k iy/Y

kxjkix/X
k ix /X

x  =  kxj +  kxj  
Y  =  kyj +  kyk

X  =  kxi +  kxj  -f kxk

adsorption leading to  a surface interm ediate necessary for transform ing the  
reactant into product and the sum  o f desorption rate constants o f the given  
surface interm ediate. Consequently, a  contains as m any term s as m any  
interm ediates are necessary for the reactant to give the product in question.

Constant b is a sum of the “ partial equilibrium  constants” o f the reactant, 
consequently, it  contains as m any term s as m any surface interm ediates may  
form  from it.
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These statem ents are, in fact, valid  in  the case of an equilibrated surface 
reaction, too . The rate constants in the expressions are then m odified b y  the  
equilibrium  constant of the surface reaction, as dem onstrated b y  a com ­
parison o f th e  constants for Schemes I and II  as well as for Schem es V and III , 
I I I - ( l)  or IV.

The generalizations permit to give expressions by analogy for constants  
a an d  6  in  th e  so-called asym m etrical schem e (с/. Table II).

I f  th e  surface reaction is rate-determ ining in Schemes I or I I I  (cf. upper 
part of T able IV), the constants o f E q. (1) have the same m eaning as those  
of the classical Langm uir—H inshelw ood equation: a is the product o f the ef­
fective adsorption equilibrium constant o f  the reactant and the rate constant 
of the surface reaction following th is adsorption step; b is the to ta l ad­
sorption equilibrium  constant o f the reactant.

I t  is obvious from the above d iscussion that the physical m eaning of 
the constants in the rate equations for in itia l, consequently, irreversible trans­
form ation is different depending on the structure and com plexity o f  schem es 
assum ed for cata lytic transform ations o f three components into each other. 
Their com m on feature is that a consists o f  as m any terms as m any surface 
interm ediates m ust be produced for the transform ation in question; each term  
is a product o f  a quantity  characteristic o f  the sorption constant o f the reactant 
in the given system  and the rate constant o f  the rate-determ ining step follow ing  
this sorption process (regardless of w hether th is latter step is a surface reaction  
leading to  an adsorbed product or a desorption step resulting in the final 
product); b consists o f as m any term s as m any surface interm ediates m ay be 
form ed from  the reactant; each term  is a quantity  characteristic o f the equi­
librium  constant of adsorption leading to  individual surface interm ediates in 
the given system . Considering three-com ponent system s, th is is how  the  
L angm uir-type rate equation can be generalized.

A nother general feature of Eq. (1) is th at

=  Kjj  ( 3 )
an

for all schem es discussed here (cf. Tables I and II) and not only for the schem es 
presented in  R ef. [1]; (i, j  are any tw o o f the components, Kjj  is the equi­

librium  constant of the overall process). This resem bles very

close ly  the traditional dynam ic definition o f  the equilibrium constant accord­
ing to  w hich К  is equal to the ratio o f th e  rate constants of the forward and 
reverse elem entary reactions. Since a sim ilar conclusion has now been reached  
for system s o f considerable com plexity , one can attribute a m eaning o f a 
‘true rate con stan t’ to  a.
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For the verification  of Eq. (3) the follow ing evidences are to be taken  
into account. The equilibrium  constant of an elem entary step i —>■ x  can be 
given as:

K ix  =  k ix lk xi  ( =  ! / * * ) •

It has also to  be considered th at the equilibrium  can be established in  
parallel w ays, too , as for exam ple betw een j  and к in  Schem e V-f-(2) or betw een  
i  and j  in Scheme I l- f - ( l )  (Table III); in  the form er case this means th a t

K j x  K-xk ~  K j z  К zk ’
in the latter:

K ,x K xj =  K iz K zj.

This is essen tia lly  due to  the fact th a t for a closed cycle of reactions the  
product of equilibrium  constants for subsequent steps is equal to unity.

4. Kinetic evaluation
(a) Theoretical cases

The structures o f  kinetic equations obtained for different sim plified  
transform ations reflect their basic features; essentia lly  nothing more can be 
seen from more com plicated  equations for more com plex schemes, in other  
words, it is im possible to  conclude to the ex istence o f more com plex schem es 
b y  kinetic m ethods. This becom es obvious on the basis of the com parison  
o f schem es discussed here, e. g. on com paring the expressions obtained for 
Schem e I (surface reactions in equilibrium ) w ith  those for Scheme II  (where 
no surface reactions are considered). Sim ilarly, if  an additional equilibrium  
adsorption step is considered, then its surface concentration should be in ­
cluded into the equation  instead o f the gas phase concentration (partial pres­
sure) and this w ould  on ly  result in a formal b u t not essential com plication.

The expressions for the constants o f rate equation (1) reflect the charac­
teristics of the basic schem es but the problem  still has to  be solved o f how­
to decide on the basis o f experim entally determ ined constants what the real 
kinetic case is [see n ex t section (b)]; in other words, what characteristic  
features of these constants m ay be suitable as criteria for one or another k inetic  
case.

The m ost ev id en t procedure would be to  calculate 9 kinetic constants  
for the elem entary step s based on independent experim ental values o f 3 X  2 a /; 
and 3bj constants, and evaluate their reality  to  m ake a decision. For the m a­
jority  of schem es, how ever, even more unknow n constants are involved , 
these would therefore be excluded from such investigations; in the case of 
surface reaction(s) in  equilibrium its (their) equilibrium  constant(s) is (are) 
inseparable from th e desorption rate constants and cannot be calculated .
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The only  criterion characteristic of the experim ental constants of the kinetic  
cases dem onstrated (с/. Tables III  and IV) can be that either

bj _

aij akj
or

bi , bk

aij akj

Criterion (4) is alw ays fulfilled for Schem es II I -( l)  and У and in the case 
of equilibrated surface reaction for Schem es III and IV.

Criterion (5) is fu lfilled  for all the remaining cases, i.e. for Schemes I, 
II , 1 1 +  (1), III  (w ith adsorption equilibrium ) and Y + (2 ) .

There is no criterion that would perm it to decide from  experim ental 
kinetic results w ith  certa in ty  whether th e  transform ation schem e has a mirror 
or trigonal sym m etry.

The only th ing th a t can he concluded on the basis o f isotherm al m easure­
m ents is whether or not the process involves one or more surface interm ediates 
being in  equilibrium  w ith  each other.
(b) E xperim ental results

In itia l transform ation rates have been determined w ith  all three n- 
butene isomers as the starting m aterials, over H-, Mg- and N i-clinoptilolite, 
at various pressures and tem peratures. (C atalysts will be described in a forth­
com ing publication w hich will conclude the present series.)

Param eter range o f  the experim ents has been determ ined considering 
the follow ing factors:

(1) The am ount o f  cata lyst was chosen so as to ensure a conversion  
degree o f 1 0 % w ith in  about 1 0  min in a closed circulation apparatus w ith a 
volum e o f 150 cm 3; thus th e  initial section  o f the conversion isotherm s (to be 
regarded as linear) could be obtained from  a proper num ber o f chrom ato­
graphic product analysis.

(2) The tem perature range was chosen so that the follow ing linear 
transform ation (cf. e.g. F ig. 2b)

(4 )

(5)

1 1 1
ro4

1
S p°i

m
Ч  о

Pi
(6)

could be used in the pressure range betw een 20 and 760 Torr where the appa­
ratus was operated for determ ining the values ai;- and bf of E q. (1) on the basis 
of pressure dependence o f  the reaction rate. In other w ords, the apparent 
kinetic order of the transform ation should fall between zero and u n ity  (see for 
exam ple Fig. 2a). T hus, the kinetic m easurem ents were carried out between
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P 2° , »Orr

Fig. 2. In itita l ra te  of isomerization of eis-2-butene on H -clinoptilolite a t 100 °C a t various 
pressures; r^ : in itita l ra te  of transform ation in to  1-butene; r£3: in itita l ra te  of transform ation 

in to  lrans-2-butene p.?: in itita l pressure of eis-2-butene

100 and 160 °C on H- and M g-clinoptilolite and betw een 70 and 130° on 
N i-clinoptilolite.

Initial rates o f transform ations have been determ ined as a function o f  
the pressure for all three n-butene isom ers at identical tem peratures; th is  
allowed us to determ ine more exactly  the constants o f E q. (6 ) taking Eqs (7) 
and (8 ) into account:

b u b i k — I, (7)
m , j m , k

u i

m j i a i j =  K U . (8)
m i j a i i

The other tw o isom ers were never found to form in a ratio corresponding to  
therm odynam ic equilibrium , regardless o f the starting n-butene was; neither  
was an equilibrium  established betw een the starting hydrocarbon and one 
of the products, th u s Case IV-r of R ef. [1] could be excluded, i.e. a reaction  
corresponding to  Schem e IV of the Table III  w ith surface reaction as the rate­
determining step .
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On the other hand, it  has been found th a t criterion (4), which can be 
written using the sym bols of Eq. (6 ) as

Ьц = Kj  (9)

is fulfilled for H -clinoptilo lite  at any tem perature and for all three isom ers, 
whereas th is is not th e  case w ith Mg- and N i-clinoptilo lite . Thus, the isom eriz­
ation o f n-butenes in vo lves a common surface interm ediate on H -clinoptilolite  
(or a m ixture o f  such interm ediates in equilibrium  w ith  each other), but such  
a common species for all three butenes can be excluded for Mg- and N i-clinopti­
lolite. There is no possib ility  to obtain a still deeper insight into this reaction  
by applying k inetic m ethods w ithout considering the effect of tem perature.
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The я -electronic struc tu re  and spectra of the p lanar conform ations of disubsti- 
tu ted  benzene derivatives containing a carbonyl group have been calculated by the 
P ariser-Parr-Pople  m ethod. The calculated to ta l я -energy is no t a reliable m easure of 
the relative stability  of the conformers. The calculation predicts th a t form to be more 
stable which has larger я -charges nearer to each other. The sensitivity  of the calculated 
я -electron properties (charge density, dipole mom ent, spectral da ta ) to conform ational 
changes is dem onstrated. The difference in the calculated properties of the two confor­
mers is the largest for о-derivatives where the use of the experim entally  m ost probable 
molecular structure is desirable. W ith m- and p-derivatives the difference is of the 
same m agnitude as the error of com putation.

It is well known th a t reliable results on conform ational problems m ay be 
expected  only from ab initio  and some all-valence-electron calculations. The 
theoretical investigation  o f the я -electronic structure o f m olecules having  
more conformers raised the question of which m olecular geom etry would be  
the m ost appropriate for the calculation, i.e. which conform er would give the  
energies of the я -electronic transitions in best accordance w ith the experi­
m ental values. This kind o f stu d y  m ay give inform ation about the sen sitiv ity  
of th e  я -electron approxim ation to  conform ational changes.

Arom atic carbonyl derivatives seem to be suitable m odel com pounds. 
The investigation  o f different m olecular properties has show n th at o- and m- 
substitu ted  benzaldehydes and benzoic acids exist in  tw o planar (O-cis and 
O-trans) forms. D etailed  experim ental references will be given in the D iscus­
sion. Only a lim ited num ber o f papers dealing w ith я -electron calculations 
has discussed the effect o f conform ation. Min k in  et ál. [1] calculated the to ta l 
я -energy and the я -dipole m om ent of the tw o conformers o f m -m ethoxy and  
m -nitrobenzaldehyde. R ecen tly , K l a b u h n  et al. [2] calculated the dipole 
m om ent of the conformers o f benzene m- and p-d ialdehyde. The я -charge 
distribution and the spectral data for the conformers o f arom atic carbonyl 
com pounds have not y et been reported.

The present paper deals w ith  the calculation of the я -electron properties 
o f conformers o f some arom atic aldehydes and carboxylic acids by the P a r i­
s e r — P a r r - P ople  (P P P ) m ethod [3] for obtaining inform ation on the role 
o f conform ations in the calculation. In order to obtain com parable results, 
the я -electronic structure and spectra o f the conformers o f all d isubstituted
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benzenes containing asym m etric substituents have been calculated w ith a 
single parameter system  [4, 5] giving best results for the m onosubstituted  
derivatives. The fo llow ing substituents have been considered: F, Cl, OH, 
N H 2, CHO, COOH, N 0 2. O nly the planar conform ations show n in Fig. 1 were 
studied . The com putational m ethod and the starting param eters were the same 
as in our previous work. [4, 5].
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Table I

Calculated spectral data

C om pound E / a E / a E / a

IA IB

o-fluoro- 4.199 0.123 325.3 4.300 0.107 124.2
benzaldehyde 5.049 0.337 189.6 5.055 0.459 344.5

5.995 0.409 244.8 6.001 0.515 49.7
6.217 0.706 17.8 6.289 0.474 347.6

m-fluoro- 4.286 0.063 66.7 4.277 0.076 44.6
benzaldehyde 5.086 0.477 15.5 5.104 0.429 351.1

5.914 0.535 140.9 6.029 0.673 308.6
6.307 0.412 17.4 6.266 0.442 181.0

o-hydroxy- 3.938 0.173 146.9 4.092 0.102 130.0
benzaldehyde 4.998 0.188 6.2 5.007 0.334 339.7

5.833 0.436 232.6 5.823 0.678 38.5
5.988 0.703 25.0 6.096 0.284 351.9

m-hydroxy- 4.061 0.095 59.4 4.056 0.105 41.8
benzaldehyde 5.028 0.348 21.4 5.054 0.287 355.2

5.665 0.724 151.4 5.794 0.945 319.5
6.137 0.216 3.3 6.121 0.225 177.6

IIA IIB

o-hydroxy- 4.099 0.163 326.7 4.267 0.133 132.1
benzoic acid 5.139 0.110 348.8 5.173 0.284 333.2

6.005 1.158 211.8 5.892 0.599 26.8
6.072 0.143 283.7 6.233 0.321 347.1

m-hydroxy- 4.245 0.075 57.5 4.232 0.095 38.3
benzoic acid 5.223 0.259 32.7 5.251 0.199 5.9

5.764 0.755 158.7 5.935 1.251 320.8
6.205 0.296 345.0 6.211 0.001 28.1

IIIA I I I В IIIC

benzene-o- 4.281 0.024 30.0 4.253 0.060 236.5 4.222 0.080 210.0
dialdehyde 4.577 0.125 300.0 4.726 0.324 142.6 4.756 0.523 300.0

5.841 1.371 210.0 5.650 1.156 221.4 5.554 0.883 30.0
5.869 0.197 300.0 5.945 0.268 302.0 5.958 0.257 300.0

benzene-m- 4.307 0.036 150.0 4.319 0.017 161.1 4.324 0.002 150.0
dialdehyde 5.139 0.436 60.0 5.095 0.257 248.9 5.068 0.116 240.0

5.342 0.889 330.0 5.345 1.149 156.3 5.379 1.496 150.0
5.807 0.240 60.0 5.787 0.366 40.0 5.718 0.305 60.0

benzene-p- 4.236 0.052 270.0 4.230 0.060 297.0
di aldehyde 4.734 0.880 0.0 4.741 0.920 14.2 Identical with IIIA

6.095 0.005 90.0 6.090 0.000 70.5
6.220 0.468 90.0 6.225 0.478 277.1
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R esults

The calculated spectral data as defined in [4], for the tw o conformers 
of o- and m-fluoro- and hydroxybenzaldehyde and hydroxybenzoic acid as well 
as for the three conform ations o f the three benzene dialdehyde isomers are 
given  in  Table I. The to ta l я -energy and я -dipole moment for the same con- 
form ers are collected in Table II. The calcu lated  я -electronic properties o f the  
conform ers show differences which are larger w ith  the ortho-isomers than w ith  
the m eta-derivatives.

Table II

Total л -energies and л -dipole moments

Compound Eji(eU) Ы О ) E n ( ‘ V ) MB) Е ж( е Г ) Ы О )

IA IB

o-fluoro- -334 .820 2.29 -331 .929 3.45
benzaldehyde

m-fluoro- -328.164 3.02 -327.401 3.89
benzaldehyde

o-hydroxy- -327 .426 1.96 -324 .536 3.92
benzaldehyde

m-hydroxy- -320 .849 3.24 -320.094 4.54
benzaldehyde

IIA IIB

o-hydroxy- -440.964 2.14 -443.837 4.95
benzoic acid 

m-hydroxy- -431.056 3.26 -431.651 5.40
benzoic acid

IIIA IIIB IIIC

benzene-o- -315 .996 4.96 -312.692 4.90 -310 .530 2.15
dialdehyde

benzene-m- -308 .555 5.34 -307.931 2.90 — 307.344 0.84
dialdehyde

benzene-/)- -306 .896 3.55 -306.923 0 Identical with IIIA
dialdehyde

W ith the benzaldehyde derivatives containing a я -electron donor (fluoro, 
chloro, hydroxy or amino) and an acceptor (nitro or form yl) group, the O-cis 
form  (IA , for the structural form ulas, see F ig. 1) has a lower to ta l я -energy,
i.e. according to  the calculation, this form  is predicted to he the more stable. 
W ith  the corresponding benzoic acids, th e  O-trans form (II B) has a smaller 
to ta l energy. Of the benzene dialdehydes, the lowest total energy is obtained  
for th e  O-cis, O-cis  form (IIIA), of the form ylbenzoic acids for the aldehyde
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Table III

Charge densities

Compund
IA IB

98 9» 9s 98 99 9s

o-fluoro- 1.4092 1.9065 1.0232 1.3976 1.9170 1.0191
benzaldehyde

m-fluoro- 1.3915 1.9236 0.9970 1.3902 1.9248 0.9939
benzaldehyde

o-hydroxy- 1.3915 1.8384 1.0360 1.4035 1.8567 1.0317
benzaldehyde

m-hydroxy- 1.4226 1.8689 0.9952 1.3908 1.8711 0.9922
benzaldehyde

IIA IIB

98 9io 99 9s 98 9m 99 95

o -h y d r o x y  
b e n z o ic  acid  

m -h y d r o x y -
1.5260 1.8393 1.8142 1.0391 1.5052 1.8669 1.8232 1.0293

b e n z o ic  ac id 1.5019 1.8682 1.8128 0.9964 1.4992 1.8721 1.8144 0.9902

IIIA IIIB IIIC

98 95 98 9io 95 9e 9s

benzene-o-
dialdehyde 1.3444 0.9800 1.3854 1.3832 0.9781 1.3806 0.9724

benzene-m-
dialdehyde 1.3818 1.0021 1.3873 1.3871 0.9989 1.3861 0.9956

benzene-p-
dialdehyde 1.3804 0.9756 1.3818 1.3818 0.9538 1.3804 0.9756

O-cis, acid O-trans form (IVD) and o f the dicarboxylic acids for the О-Irans, 
O-trans form (VC).

The ground state charge densities o f the conformers show  considerable 
differences. Some exam ples are show n in Table III , com plete data can be found  
in a separate A ppendix [6 ].

The O-cis form of the donor substitu ted  benzaldehydes and benzoic  
acids show  a larger net я -charge separation: the charge density  on the carbonyl 
oxygen  atom  is larger, on the donor atom s (as well as on the carboxy OH  
group) smaller than  in the O-trans  form . Accordingly, the differences in the  
charge densities o f the ring carbon atom s are also larger in the O-cis form . 
W ith the acceptor substituted  aldehydes the charge density  on the carbonyl 
oxygen  atom  and on the nitro oxygen  atom  nearer to the carbonyl group is 
sm aller and on the other nitro oxygen  atom  larger in the O-cis form than  in  
the O-trans conformer. The differences in the charge densities o f the ring car­
bon atom s are larger in the O-trans  form . The O-cis form o f nitrobenzoic acids 
shows larger charge densities on the carboxy oxygen atom  and smaller ones
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on the nitro oxygen atom s than does the O-trans  form. W ith  the dicarboxylic  
acids the conformer У В  has the largest charge density on the carbonyl oxygen  
and sm allest on th e  h y d ro x y  oxygen atom s.

It can be concluded  that the я -charge separation is determined by the  
relative position o f  th e  substituents: w hen groups o f opposite directing char­
acter (net я -charges o f  opposite sign) are nearer to each other, the charge 
separation is larger w ith in  the molecule, for groups w ith  identical directing  
character (net я -charges o f the same sign), on the other hand, the separation  
is smaller.

The different conform ers have considerably different я -dipole m om ent 
as can he seen from  T able II. W ith derivatives containing substituents of 
different orienting character, the dipole m om ent of the O-cis conformer is 
sm aller, with m olecules having substituents of identica l orienting character, 
it  is, however, larger. In  the former group o f com pounds the я -dipole m om ent 
o f the O-cis form is sm aller because the cr-dipole m om ent o f opposite direction, 
belonging to the bond o f the donor atom , is not considered in the present я  
electron approxim ation.

The spectral d a ta  o f  the different conformers also show considerable 
differences (Table I), especia lly  with the o-isom ers. The differences of the spec­
tral data for the conform ers of the m -derivatives are sm aller, they are in gen­
eral o f the same m agnitude as the difference betw een the calculated and 
experim ental values. S ince the agreement, betw een the calculated and experi­
m ental spectral d ata  depend strongly on the param eterization of the calcu­
la tion , it follows th a t th is  agreement cannot give reliable inform ation regarding 
th e  really existing conform er.

The calculated to ta l energy and dipole m om ent of m -nitro-benzaldehyde  
is in  good accordance w ith  the results g iven  by Min k in  et ál. [11. The cal­
culated  я -dipole m om en t o f  benzene m- and p -dialdehyde is in close agreem ent 
w ith  the PPP results b y  K labuhn  et al. [2] param eterized to experim ental 
dipole moments.

D iscussion

According to  dipole moment [7—10], near infrared [10] and NM R  
[11 13] spectroscopic investigations the O-trans form o f o- and m -substituted
benzaldehydes is th e  preferred conform ation except for the o-hydroxy and o- 
am inobenzaldehyde, th e  O-cis form of w hich is stabilized by intram olecular 
hydrogen bonding (e.g. [12]). Near IR  [14] and far IR  [15] spectroscopic 
studies of m -halogenobenzaldehydes favoured the O-cis form  which m ay prob­
ab ly  be a m is-assignm ent. W ith the o-halogenobenzoic acids, X -ray diffrac­
tion  and IR spectroscopic measurements [16] show that O-trans is the favoured  
form of the o-fluoro d erivative, and the proportion of the O-cis form increases
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in the series F  to I. The o-hydroxy and o-am inobenzoic acid are stabilized  in 
the О-cis form b y  intram olecular hydrogen bonding (e.g. [17]).

Calculation of the total я -energy predicts the O-trans form o f carboxylic  
acids as more stable in accordance w ith  the experim ental findings, w ith  the 
aldehydes, on the other hand, the O-cis form is given b y  the calculation as 
more stable.

The results o f the calculations are not satisfactory in each case.
The difference in com putational results obtained by changing the con­

form ation is a consequence of the different relative positions of the я -centres 
(i .e . of the atom ic virtual я -charges) in  the different conformers, w hich give  
rise to  different tw o-center repulsion integrals. These quantities determ ine 
the differences in the F  m atrix o f th e  conformers and, as a consequence, the 
differences in the calculated m olecular properties.

In order to clarify this point, the effect o f the tw o-center repulsion  
integrals (yMV) on the calculation w as investigated . U sing O h n o ’s approxi­
m ation [18] instead of the M a t a g a — N i s h i m o t o  approach [19], the sam e trend  
of results was obtained though the former produces smaller to ta l energies 
(greater stab ility) and larger charge separations, owing to the larger values 
of у  . The O h n o  approxim ation g ives rise to  larger separations in the to ta l 
energy o f the conformers. It seems th a t considerable changes in the y /iv values 
do not alter the stab ility  of conform ers.

The decisive role of the relative position of the atom ic v irtual я -charges 
will be obvious from a comparison o f the o-m ethyl and o-form ylbenzaldehyde  
conformers. In  order to dem onstrate th e  effect of differently placed я -charges, 
the o-m ethylbenzaldehyde conformers were calculated both w ith one and tw o  
я -center m ethyl models [20] both  in the M a t a g a  N i s h i m o t o  [19] and 
O h n o  [18] approxim ations. The one-center (conjugation) m ethyl m odel 
produces differences in the properties o f the conformers in the sam e sense as 
do the other one-center substituents (contributing tw o electrons). The tw o- 
center (hyperconjugation) m ethyl m odel gives som ew hat larger to ta l energies 
hut still th at o f the O-cis form rem ains sm aller. In contrast to one-center m odel, 
the relative m agnitude of the charge densities of the conformers are changed  
and becom e similar to th at corresponding dialdehydes. For exam ple, the charge 
density  on the carbonyl oxygen atom  is larger in the O-cis form w ith  the one- 
center m odel (O-cis 1.4254, O-trans 1.4081) but becom es smaller w ith the tw o- cen­
ter m odel (O-cis 1.3871, O-trans 1.3887) ju st as w ith the dialdehydes. The O-trans 
form has a smaller tota l energy on ly  i f  tw o atom s contributing tw o electrons 
are close to  each other. This means th a t the larger the neighbouring я -charges 
the more stable a conformation is show n to be by its calculated to ta l я -energy.

It can be established that the я -electron approxim ation does not give  
the correct relative stab ility  of the conformers; it  is obvious, how ever, th at the  
result o f the calculation is strongly dependent on the choice of the confor-
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m ation. For the low est energy transition, the energy difference of tw o conformers 
o f o-disubstituted benzenes is 2 .5 — 4% , which suggests to perform the cal­
culation  with the experim entally  m ost probable structure. W ith m- and p-  
derivatives the difference betw een the spectral results for the different con­
form ations is o f the sam e m agnitude as the error o f com putation. The detailed  
results for the different conform ations is o f the sam e m agnitude as the error 
o f com putation. The detailed  results o f the calculations are collected in Ref. [6 ].
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The electron diffraction data  of tr ie th y l silane are consistent w ith a C3 sym m etry  
model w ith ro tational angle(s) betw een 105 and 145° around the Si-C bond (the anti 
position of the H—Si—С—C chain would correspond to 0°). The molecules are p robably  
performing large am plitude tw isting m otion around the Si-C bonds. The Si-C bond 
length (rg) and the Si-C-C bond angle were determ ined to be 1.887 ±  0.004 Á and 
115.1 d; 1.1°, respectively.

Introduction

As part o f our electron diffraction investigations of the vapour phase 
m olecular structure o f silicon com pounds, e.g. (CH3)3SiOSi(CH3)3 [1], (CH3)3 
SiOCH3 [2], CH3Si(OCH3)3 [3], (CH3)3SiC(CO)Si(CH3)3 [4], the present study  
o f triethyl silane, HSi(C2H 5)3, was in itia ted  aim ing at extending structural 
inform ation for this com pound.

Experimental

The sample of tr iethyl silane used in th is study was a product o f PCR  
(Peninsular ChemResearch).

The electron diffraction patterns were recorded on a m odified EG -100A  
apparatus [5, 6 ] at room tem perature. The ranges of in ten sity  data correspond­
ing to the 50 cm and 19 cm nozzle-to-plate distances were 2.50 s <  13.50  
A -1  and 6.50 < , s 33.00 A \  respectively. The procedure o f  data reduction  
including the determ ination and subsequent m odifications o f the experim ental 
background was similar to th at described elsewhere [7]. A com posite m olecular 
in ten sity  distribution was used for further analysis (w ith As  =  0.25 A -1 ) 
shown in Fig. 1.

Structure analysis

The experim ental radial distribution shown in Fig. 2 d irectly provides us 
w ith a considerable am ount of structural inform ation. The first three m axim a  
at 1.10, 1.55, and 1.89 A can be assigned to  the C -H , C-C, and Si—C bonds
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s 10 15 20 , 25 30
s.A"1

Fig. 1. Experim ental (E ) and theoretical (T) molecular intensities and the difference curve

1 2 3 o 4 5 6
r, 4

Fig. 2. Experim ental (E ) and theoretical (T) rad ial distributions. The theoretical curve was 
calculated for a m odel w ith (p =  120°. The position of the C3 . . . C4 distance th a t  would 
correspond to  (p =  145° is also indicated. The num bering of atom s is presented in  Fig. 4

in that order. The contribution of the Si—H bond is too sm all to be noticeable  
compared w ith  th a t o f С—C together w ith  which it is expected  to appear. In 
fact, the length  and m ean vibrational am plitude of the Si—H bond were 
assumed to be 1.48 Á and 0.08 A and not varied in th is analysis.

The position  o f the largest m axim um  in the region where the nonbond  
distances appear (at about 2.9 A) m ay be a good indication  of the Si . . .C 
nonbond distance. Thus it  was possible to  estim ate the bond angle Si-C -C  
to  be as large as 116° from the values o f r(Si-C), r(C-C), and r(Si . . . C). The 
outer part o f the radial distribution is determ ined m ainly b y  the rotation-
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f  (°)
Fig. 3. The variations of th e  ro tation-dependent C...C distances vs. th e  ro ta tional angle around 
th e  Si—C bond. They were calculated from param eters similar to  those presented in  Table I.

The num bering of atom s is presented in Fig. 4.

(around the Si-C bond)-dependent C . . . C distances and also by Si . . .  H  
and C . . . H distances.

The m ost im portant assum ption for the molecular m odel applied was 
th a t all three angles o f  rotation around the Si—C bonds (cp) were equal (C3 
sym m etry). In addition, all C-H bonds were assumed to  be o f  equal length , 
th e  C -H  bonds o f th e  m ethyl group staggered the bonds o f the adjacent 
carbon atom , the threefold  axis of th e  m eth y l group coincided w ith the С—C 
bond, the plane o f the m ethylene group was perpendicular to  the SiCC plane 
and bisected  the Si— С—C angle. The fo llow ing bond lengths and angles were 
chosen to  describe the geom etry: r(Si—C), r(C-C), r(C-H ), r(S i-H ), < C -S i-C ,  
<CSi—С—C, < C (H 2) -C -H  and < S i-C (H 2)—H . The theoretical distributions have  
been seen to be so litt le  sensitive to changes in the last tw o angles that th ey  
could n ot really be considered determ ined in this study.

The refinem ent* o f  the main geom etric parameters and m ean vibrational 
am plitudes of distances w ith  relatively  large contribution to  the scattering  
has been performed em ploying fixed va lu es for the angle o f rotation around 
the S i-C  bonds. The angle of rotation (<p) was put equal to  zero when the  
threefold  axis of the H SiC 3 fragment and th e  С—C bond were in  the same plane 
and in  anti position. The m ain geometric param eters, except perhaps < C -S i-C ,  
were show n to be little  sensitive to the angle of rotation used. This observation  
was later reinforced b y  refinem ent schem es in which the rotation-dependent 
C . . . C distances were allowed to vary w ith ou t geometric constraint.

The variations o f  th e  rotation-dependent C . . . C  distances are shown  
in F ig . 3. These curves were calculated from  geometric param eters similar 
to those shown in Table I. The num bering o f the atoms o f the silicon-carbon

* The least squares refinem ent based on th e  m olecular intensities was applied in a similar 
m anner as described elsewhere [7]. For references of the scattering functions used see also [7].
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Table I

M a in  molecular parameters* o f triethyl silane

Parameters
(I)

Model with cp —  120°
(II)

Models with cp =  
=  105—145°

r a(S i -C ) 1.886+0.004 Á 1.886+0.004 A
/(Si—C) 0.046+0.002 A 0.046+0.005 A

ra{ C - C ) 1.547+0.004 A 1.548 +  0.004 A

l(C -C ) 0.043 +  0.002 A 0.041 +  0.005 A
-•„(C -H ) 1.108+0.003 A 1.109+0.003 A
Z (C -H ) 0.066+0.002 A 0.066 +  0.005 A

< C - S i - C 108.7+1.9° 110.5 +  4.0°
< S i - C - C 114.4 +  0.2° 115.1 +  1.1°
/(S i. . . C) 0.085 +  0.005 A
Z(C3.. ,C4) 0.21 + 0 .0 3  A
l(C 2 .. . C5) 0.101 +  0.010 A
Z(C3.. .C5) 0.31 + 0 .0 3  A

* For error estim ates see comment in  tex t.

skeleton is shown in F ig. 4. The results o f  the least squares refinem ents were 
judged in conjunction  w ith an inspection  of the experim ental and theoretical 
radial distributions. Our efforts were aim ed at finding at least the prevailing  
conformer under th e  assumption o f C3 sym m etry, in addition to the deter­
m ination of the m ain  geometric param eters. As values o f <p between 0 and  
180° were tested  w ith  A<p steps o f 5 to  30°, the changes of the generalized  
Л -factor* showed th e  following features: A local m inim um  was found at about 
cp =  30°, and a deeper and shallow m inim um  in the in terval of about (p =  105 
to  145°. The m odel w ith  <p =  30° can be ruled out to be prevailing on the basis 
o f the radial d istributions. On the other hand, as the positions of the m axim a  
at about 3.55, 3 .85 , 4 .50 , and 4.9 Á  can be assigned to the rotation-dependent 
C. . .C distances, th e  models w ith rotational angles in the interval o f <p =  105 
to  145° seem to  be probable indeed. The appearance o f the double m axim um  
at 3.55 and 3.85 A  m ay be an ind ication  of the presence o f two forms or one 
w ith  an equilibrium  angle in betw een and performing large amplitude tw istin g  
m otion**. It is also possible that o f th e  two features at 3.55 and 3.85 Á, on ly  
one corresponds to  the C 3 . . .C4 distances and the other to  S i. . .H  and C. . .H  
interactions. The m ain geometric param eters and som e im portant m ean

* R  =  {AJF(s)[sM £(s) -  sM r (s)]2/ A ^ s ) [ s M f'(s)]2}1'2, W(s) are the weights of th e  
observations.

** While C3. . . C4 varies between 3.55 and 3.85 Á, the o ther two distances (C4. . . C7 
and C5. . .  C7) change very  little.
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C5

Fig. 4. The num bering of atom s of the  silicon-carbon skeleton of tr ie th y l silane

am plitudes o f vibration are collected in Table I. Column (I) as determ ined for 
99 =  120°, and Column (II): as the average determined from  the refinem ents 
w ith  cp =  105°, cp =  120°, 9p — 145°, and also w ith  9 ? =  120° and independently  
refining the rotation-dependent C . . . C  distances. The errors indicated were 
estim ated  as usual [7], thus th ey  include an 0.2 and 2 per cent experim ental 
error for distances and am plitudes, respectively. Besides, the errors given  
in Column (II) are increased to  cover th e  variations of the param eters obtained  
in the entire interval o f 90 =  105 to  145°. There is undeniably some arbitrari­
ness in  presenting these results and errors but it seems to us th at these values 
provide a fair representation of w hat we learned about the structure o f tr i­
eth yl silane.

D iscussion

The electron diffraction study o f the triethyl silane vapour can provide  
a lim ited  am ount o f structural inform ation only. The m ost d ifficult and un­
solved problem  is posed b y  the presence o f the three rotational axes. A com ­
plete determ ination is hindered also b y  strong correlations betw een the param ­
eters th a t characterize bond configurations and the internal m otion including  
rotation or tw ist

The length  of the Si-C , C-C, and C -H  bonds and the S i-C -C  bond angle 
seem  to  be reliably determ ined and show no unusual features. The average 
length  o f the Si-C  bond, rg(Si-C) =  1.887 Á  determined in th is study is similar 
to those in tetram ethyl silane and h exam ethyl disilane, the m ean for the tw o  
m olecules being 1.878 +  0.002 A [8 ].

D iscussing the conform ational properties of triethyl silane, we w ould  
like to  stress th a t neither m ixtures o f conformers, nor forms w ith  unequal 
rotational angles have been considered in th is structure analysis. On the other  
hand, the experim ental data could be satisfactorily approxim ated w ith  a C3 
sym m etry m odel having angles o f rotation  around the Si—C bond cp =  120°, 
or rather, w ith  C3 models having rotational angles somewhere betw een 105 
and 145° and, perhaps, performing large am plitude tw isting m otion.
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From a chem ical structural point o f v iew  the C3 m odel w ith a rotational 
angle in  the v ic in ity  o f  1 2 0 ° seems to be reasonable indeed since it represents 
an all-staggered conform ation. It is also notew orthy th a t, as expected, the  
C 2. . . C5 anti in teraction  has a much sm aller mean vibrational am plitude  
than  the C3. . .  C4 gauche interaction.

We find it o f in terest to compare the conform ational properties of tr i­
eth y l silane and m eth y l trim ethoxy silane considering the Si-C and Si—О 
bonds as rotation axes. As the lone pairs on the oxygen  atom  are also taken  
in to  account, sim ilar rotation  forms m ay be expected . The tw o molecules were 
indeed shown to h ave similar conform ational properties under similar con­
ditions of analysis.

Appendix

Reduced experimental molecular intensities

s s M E(s) S sM-®(s)

2.00 -5 7 .4 8.00 18.8
.25 -1 0 1 .6 .25 -1 5 .6
.50 -6 5 .1 .50 21.6
.75 -7 9 .8 .75 38.8

3.00 -2 4 2 .4 9.00 - 1 .9
.25 -3 9 5 .2 .25 -1 3 7 .0
.50 -4 5 4 .4 .50 -2 3 6 .9
.75 -3 2 4 .9 .75 -2 8 5 .6

4.00 -7 6 .6 10.00 -2 4 5 .8
.25 177.8 .25 -1 5 4 .8
.50 300.9 .50 -6 0 .1
.75 269.2 .75 27.6

5.00 92.8 11.00 92.6
.25 -1 1 7 .9 .25 122.8
.50 -2 6 7 .7 .50 74.6
.75 -3 1 5 .7 .75 -1 4 .8

6.00 -2 5 5 .0 12.00 -1 4 7 .7
.25 -1 1 6 .3 .25 -2 1 7 .0
.50 94.9 .50 -1 5 8 .3
.75 281.8 .75 1.7

7.00 431.5 13.00 179.7
.25 417.6 .25 340.8
.50 278.1 .50 392.3
.75 127.9 .75 372.2
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Appendix (Continued)

s sME(s) S

14.00 317.3 24.00 132.7
.25 188.1 .25 214.7
.50 27.0 .50 203.8
.75 -1 4 7 .4 .75 182.6

15.00 -3 1 5 .7 25.00 113.7
.25 -3 9 2 .6 .25 38.1
.50 -3 9 8 .4 .50 -2 5 .1
.75 -3 9 6 .5 .75 -1 0 8 .0

16.00 -3 3 2 .3 26.00 -1 2 2 .3
.25 -2 5 8 .3 .25 -9 6 .0
.50 -1 3 6 .7 .50 -6 4 .9
.75 32.0 .75 —61.1

17.00 201.4 27.00 -1 9 .8
.25 340.0 .25 - 9 .5
.50 432.8 .50 — 1.3
.75 397.2 .75 -1 9 .7

18.00 336.7 28.00 -1 8 .4
.25 183.4 .25 -1 4 .3
.50 -1 2 .5 .50 — 43.4
.75 -1 6 6 .7 .75 35.9

19.00 -2 9 3 .3 29.00 -1 9 .9
.25 -3 3 5 .3 .25 -1 5 .9
.50 -2 9 0 .2 .50 45.2
.75 -1 3 7 .3 .75 55.5

20.00 -1 9 .1 30.00 68.5
.25 102.1 .25 86.9
.50 139.7 .50 122.2
.75 198.2 .75 63.3

21.00 162.3 31.00 69.7
.25 134.1 .25 19.2
.50 57.9 .50 -4 7 .3
.75 -2 7 .5 .75 - 9 4 .4

22.00 -1 17 .0 32.00 -1 0 5 .2
.25 -1 54 .8 .25 -1 4 8 .5
.50 -1 76 .7 .50 -1 3 4 .2
.75 -2 12 .0 .75 — 76.8

23.00 -1 56 .3 33.00 -2 8 .4
.25 -10 2 .3
.50 -2 2 .1
.75 73.1
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An electron diffraction study of trim ethylm ethoxysilane yielded, among others, 
the following geom etrical param eters: r Q(S i-0 ) =  1.639 í  0.004 Á, ra(Si-C) =  1.864 ^  
±  0.004 Á, r a(C -0 ) =  1.423 ±  0.005 A, r„(C-H) =  1.114 ±  0.003 A, < S i - 0 - C  =  
=  122.5 i  0.6°, and  <  O—Si—C =  108.6 f  0.2°. The experim ental data are in te rp re ted  
in term s of a staggered conformation (Cs sym m etry) and large am plitude tw isting m otion 
abou t the S i-0  bond. A large 0.1 A) shrinkage of the anti C. . . C distance is observed 
as com pared w ith a stric tly  staggered geometry.

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 90(2), pp , 149 —156 (1976)

Introduction

R ecen tly  we have performed a structural stu d y  o f the series o f com ­
pounds (CH3)4_ nSi(OCH3)„, n =  1, 2, 3, 4, b y  gas electron diffraction. Our 
prim ary interest is in the variation of the oxygen bond angle and the Si—О 
bond length  in th is series and also in the conform ational properties of the in ­
dividual com pounds. So far the investigation  o f tetram ethoxysilane [1] and  
m ethyltrim ethoxysilane [2] has been com pleted. The present report deals 
w ith  the results on trim ethylm ethoxysilane. The electron diffraction stu d y  
of d im ethyld im ethoxysilane is in progress.

Experimental

The sam ple o f  trim ethylm ethoxysilane (b.p. 56.7 °C/760 Torr) was pre­
pared b y  know n m ethods [3] and purified by fractional distillation. A hexa- 
m ethyldisiloxane im purity  o f som ewhat less than  1% could not he elim inated, 
as was shown b y  gas chrom atography.

The electron diffraction experim ent and data treatm ent were carried 
out in  the Leiden laboratory [4]. The follow ing data ranges were used (As =  
=  0.25 A“1): 3.50 <  s <  14.50 A“1, 5.00 <  s S' 28.75 A"1, and 15.75 <  
<  s <  33.00 A"1.

The further analysis starting w ith  the determ ination of the experi­
m ental background was performed in B udapest [4]. The com posite electron
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sM(s)  (CHjJjSiOCHj

5 10 15 20 25 30
s,  Á"1

Fig. 1. Experim ental (E , dots) and theoretical (T ,  fu ll line) molecular in tensities and difference 
curve (A  s M ( i ) ) .  T  and A  refer to  the model in Table I

diffraction m olecular in tensity  d istribution  is shown in F ig. 1, corresponding 
to  the expression s M E(s) =  s [ /(s )  — B (s)]lB (s), where I(s) and B(s) are the  
to ta l experim ental intensities and the experim ental backgrounds*.

Structure analysis

Direct inform ation from the experim ental radial distributions (F ig. 2) 
could  be extracted  for the bonds on ly . The values of 1.11, 1.42, 1.63, and 1.87 Á  
w ere estim ated for r(C -H ), r(C-O), r(S i-O ), and r(Si-C), respectively,** and 
used in the trial structures.

The bond angles < 7S i-0 -C  and < < 0 -S i-C  have been varied in a wide 
range (especially the former, betw een 110 and 150°) and the calculated th eo ­
retical distributions were compared w ith  the experim ental ones to estim ate  
good starting values for subsequent refinem ents. They turned out to  be 
around 122— 124° and 108°, respectively .

The first trial calculations and th e  least-squares refinem ents based on 
th e  molecular intensities*** were applied at the beginning to  a m odel w ith  Cs 
sym m etry. The C7-SÜ-02-C3 plane (see F ig. 3) coincided w ith  the plane of

* The num erical da ta  are given in th e  P h . D. D issertation of (Miss) Zs. W a g n e r , L. 
E ötvös U niversity, B udapest, 1974.

** In  fact, these estim ates were ob ta ined  from an experim ental rad ia l d is tribu tion  
calculated w ithout artificial damping, thus providing better resolution for the bond distances 
th a n  the one seen in Fig. 2.

*** Some details and references can be found elsewhere concerning the procedure [5] 
and  the scattering functions used [6].
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(CH3)3 SiOCHj

1 2 3 4 O 5
г. А

Fig. 2. Experim ental (do tted  line) and theoretical (full line) rad ia l distributions, dam ping con­
s tan t a — 0.0018 Á 2. The rods below rep resen t contributions from pairs of atom s

Fig. 3. Model of trim ethylm ethoxysilane w ith  the num bering of atoms

sym m etry in this case and, accordingly, the O-C bond staggered the S i-C  
bonds. This m odel is characterized b y  a zero tw ist angle (<p =  0°) about the  
S i- 0  bond. The S i - 0  bond coincided w ith  a Csv axis o f the (CH3)3SiO frag­
m ent (zero tilt). In some subsequent calculations these constraints were re-
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m oved . There were som e other assum ptions th a t remained in effect throughout 
th is  analysis. Thus all C -H  bonds had th e  sam e length, the m ethyl groups 
had a staggered conform ation w ith respect to  the other bonds through one 
rotational axis, and th e  H . . . H distances were ignored except those w ithin  
th e  same m ethyl group. All Si-C bonds and C-Si-C  angles were the sam e 
even  when tilt  was introduced. In addition  to  the bond distances, the bond  
angles < S i - 0 - C ,  -< 0 -S i-C , < 0 - C - H ,  and < S i- C - H  were chosen to  describe 
th e  geom etry.

The molecular param eters determ ined b y  fixing the tw ist angle at zero 
w ere not appreciably different from th ose  listed  in Table I. The agreem ent 
w ith  the experim ental data achieved b y  m eans o f this m odel is characterized  
b y  the generalized R  factor (0.078, for defin ition  o f R  see Table I) and the radial 
distributions (cp =  0 ° ,upper curve, F ig. 2).

Table I
Results o f  refinement 'with shrinkages' fo r  trimethylmethoxysilane

r(A)
<(deg) ((A)

Independent distances

S i-0 1.639+0.004 0.045+0.002
Si-C 1.864 +  0.004 0.062 +  0.002
C -0 1.423+0.005 0.082+0.004
C-H 1.114 +  0.003 0.079+0.002

c - . - c anti 4.12a± 0 .0 3 0.12+0.03
c . . .  Cgauche 3.40a± 0 .02 0.13+0.01

Independent angles

Si-O-C 122.5+0.6
O-Si-C 108.6+0.2
O -C -H 108.5 (fixed)
Si-C-H 110.5 (fixed)

Dependent distances1*

Si. . .C 2.69 0.079+0.008
C 7 ...C 11 3.06 0.102+0.007

cp ffi ОЭ 2.48 0.125+0.006
O .. .C 2.85 0.087 +  0.005
R c 0.065

a If  calculated from  the geometry: 4.22 and  3.38 Á, resp. 
b Only some of them  are listed here.
c R  =  (2 7 [s M £ (s ) — sM^(s)]72.'[sAi L(s)]2}1/2, s M T ( s )  is the theoretical m olecular in te n ­

s ity  for the model.
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In the n ex t stage of the structure analysis tw ist angles different from  
zero have also been tested  between 0 and 60° w ith  Acp =  15° and later w ith  
A<p — 2.5 to  5° for the interval betw een 0 and 15°. The radial distributions 
for some of th e  m odels w ith nonzero tw ist angles are shown in Fig. 2. The geo­
m etrical param eters showed little sen sitiv ity  to  changes in the assumed values  
of the tw ist angle. Figure 4 dem onstrates the variation  o f the R  factor as a 
function of the tw ist angle applied. There is the same good agreement betw een  
the experim ental and theoretical data for tw ist angles between 0  and 1 0 °. 
This indicates a staggered conform ation (Cs sym m etry) indeed, w ith  large 
am plitude tw istin g  m otion about the S i - 0  bond.

A closer exam ination  of the radial distributions obtained experim entally  
and calculated for the staggered m odel, reveals, how ever, one interesting d is­
crepancy. N am ely , the anti C. . .C distance (a )  appears at a som ewhat larger 
value than w ould  be expected  by the features of the experim ental distribution. 
U sually it is dangerous, of course, to  assign such ill-defined maxima on th e  
experim ental radial distribution. H ow ever, th is assignm ent is supported b y  
the changes o f th e  radial distributions calculated for different angles o f  ro­
tation . Indeed, w hile the position of the anti C . . .C distance is shifted tow ards 
smaller values, th e  gauche C . . .0  distances (g )  split into tw o. B y the tim e <j> 
becom es 30°, th e  an ti distance gets into its proper place b u t the disagreem ent 
observed for the gauche distances makes such a m odel obviously unacceptable.

Several approaches were considered o f how to  bring the anti d istances 
to  its ‘right’ p lace w ithout disturbing the good position  o f the gauche in ter­
actions. The com parison o f the radial distributions revealed that introducing  
a tw ist around th e  S i - 0  bond would not help.

A tilt  o f th e  threefold axis of the C3Si fragm ent from the S i - 0  bond  
was introduced in som e models while retaining the Cs sym m etry of the m ole­
cular geom etry. A s is dem onstrated b y  F ig. 5, how ever, the decrease o f  
r ( C3 . . . C7)  is accom panied by an increase o f the gauche C . . . C  distance b y  
about the sam e am ount.

The failure o f  these approaches to  elim inate the discrepancy betw een  
the calculated and th e  experim ental radial distributions does not mean th a t  
there is no tw ist or t ilt  in the actual structures, but m erely that neither o f  
these effects can be singled out to be the m ajor source o f the described p h e­
nom enon.

W e feel th a t in any case it is the intram olecular vibrations, probably  
perpendicular v ibrations, that provide the m ost reasonable explanation for 
the shortening o f th e  anti C . . . C  distance. W hile the average value for the  
anti r ( C. . . C)  decreases, due to these vibrations, as com pared w ith the an ti 
distance in the rigid m olecule, it is more difficult to  estim ate the changes 
in the gauche C. . .C  distance. We have found th at the m ost proper approach, 
at least to elim inate the effect of the changes of the anti and gauche C . . . C
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Fig. 4. R  factor for models w ith  d ifferent fixed tw ist angles rp

Fig. 5. V ariation of the  anti and gauche C. . .C distances w ith the t i lt  angle of the C3Si group

distances on the other parameters refined, is to let these distances vary  in ­
dependently. This refinem ent schem e y ield ed  an ever better agreem ent (R  =  
=  0.065) and elim inated the above discussed discrepancy as is dem onstrated  
b y  the ‘w ith shrinkages’ curves, cp =  0°, in  F ig. 2. The geom etrical param eters 
determ ined in th is w ay, however, proved to  be the same as for the constrained  
m odel*. The results o f the least-squares refinem ent for trim ethylm ethoxy- 
silane are com piled in Table I.

D iscussion

According to  th e  electron diffraction data, the trim ethylm ethoxysilane  
m olecule takes a staggered conform ation w ith  Cs sym m etry w ith  large am pli­
tu d e tw isting m otion around the Si—О bond. A large (^ 0 .1  Á) shrinkage of 
th e  anti C . . . C distance is observed as compared w ith a strictly  staggered  
equilibrium  geom etry. Large am plitude intram olecular m otion has been  
found to be characteristic of other m ethoxysilanes [1 , 2 ] and hexam ethyl- 
disiloxane [4] as well.

* However, th is  is no t always necessarily so, as has been dem onstrated for hexam ethyl- 
disiloxane [4].
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A ll the geom etrical and vibrational parameters determ ined seem to  be 
reasonable w ith the exception of i(C—O), which is certainly too large.

The bond configurations found show no unusual features. The C -0  
bond length  does not differ sign ifican tly  from those observed in CH3OCH3 
(1.416 +  0.003 Á [7]) and in Si(OCH3)4 (1.416 +  0.002 Á [1]). I t is thus largely  
unaffected  b y  the nature of the ad jacen t substituent, and keeps its va lue, 
w hich happens to be the same as th e  S ch o m a k e r— St e v e n s o n  estim ate [8 ], 
viz. 1.42 A [9].

More variation is displayed b y  th e  S i - 0  bonds in siloxanes and hexa- 
m ethyld isiloxane. Som e data are co llected  in Table II . F irst, all o f them  are 
shorter than  the S ch om aker  St e v e n s o n  estim ate [8 ], viz . 1.76 A [9]. This 
has been repeatedly interpreted as a consequence o f dn  — р л  interactions. 
The more subtle variations of the bond len gth  in the com pound series in T able II
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T able II

Compound r„(Si-0)(A) < S i-0 -C  (deg) < S i-0 -S i  (deg) Ref.

H 3SiOCH3 1.640+0.003 120.6+ 1.0 [10]
(CH3)3SiOCH3 1.639+0.004 122.5+0.6 this work
F 3SiOCH3 1.58 131.4 +  3.2 [ И ]
H 3SiOC6H5 1.648+0.007 121 +  1 [12]
CH3Si(OCH3)3 1.632+0.004 123.6+0.5 [2 ]

Si(OCH3)4 1.612+0.003 120 +  2 [ 1 ]
H 3SiOSiH3 1.634+0.002 144.1 +  0.9 [13]
(CH3)3SiOSi(CH3)3 1.631+0.003 148 +  3 [4]
Cl3SiOSiCl3 1.592+0.010 146 +  4 [11]
F 3SÍOSÍF3 1.580+0.025 155 +  2 [14]

also deserve attention . The S i-0  bonds are of about the same length  in  
H 3SiOCH3, (CH3)3SiOCH3, C6H5O SiH 3, H 3SiOSiH3, (CH3)3SiOSi(CH3)3 if
the experim ental error is taken into consideration. H opefully, more powerful 
studies w ill some day provide data accurate enough to  m ake the interpretation  
of the differences am ong them  possible. Comparison of the data on H 3SiOCH3 
and (CH 3)3SiOCH3 on the one h an d  and those on H 3SiO SiH 3 and  
(CH3)3SiOSi(CH3)3, on the other, reveals a slight shortening of the Si—О bond, 
which m ay  be attributed to the in troduction  of a second silicon as a ligand  
of the oxygen  atom*. A considerably shorter (1.613 A) S i - 0  bond was found in  
tetram ethoxysilane [1]. Probably an increasing number o f electronegative  
ligands attached  to the silicon atom shortens the Si—О distance.

* The molecules F 3SiOCH3 and F3SiOSiF3 provide no inform ation since the param eter 
r(Si-O ) determ ined in the la t te r  [14] has a very  large uncertain ty , while this very value was 
used as an assum ed param eter in the analysis o f the former [11] where the S i-0  and S i-F  
distances are too close to  each other to be determ ined separately.
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Before com m enting upon the bond angles, it  should be stressed again  
th a t electron diffraction analysis provides som e effective values th at m ay be 
different from the equilibrium  angles outside the experim ental error especially  
if  th e  molecules perform  large am plitude m otion. This warning aside, som e 
in terestin g  patterns seem  to  emerge from the data on the S i-O -C  and S i-O -S i 
b on d  angles. It has b een  observed before th at the shortening o f the Si О 
bond  in the case o f m ore electronegative ligands is accom panied by a con­
siderable increase in th e  bond angles at th e  oxygen  atom  (see e.g. [9]). It is 
also remarkable th at, th ou gh  the introduction o f the second silicon as a ligand  
o f oxygen  decreases r(Si—O) very sligh tly , the opening in the bond angle is 
substantia l. We wish also to  note that th is additional opening is nearly the  
sam e for the three pairs o f  molecules stud ied  so far:

Z l « S i - 0 - X )
H 3SiOSiH3 23.5°
(CH3)3SiOSi(CH 3)3 25.5°
F3SiOSiF3 24.6°
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An electron diffraction study  of bis(trim ethylsilyl)ketene yielded a lim ited am ount 
of structural inform ation, including the molecular param eters r a(Si-C)av =  1.886 ±  
i  0.004 Á, /(Si C)av_ =  0.056 ;) 0.003 Á and < S i—C—Si =  129° (w ith error estim ates 
of -(-2° and —4°) for a model w ith  C2V sym m etry. Bond angles a t double-bonded carbon 
atom s and a t  N , O, etc. atoms bonded to  C, Si or Ge are discussed.

The m olecular geom etry and dynam ics, the electronic structure, energet­
ics and the chem ical behaviour o f  k etene and its organic derivatives have  
aroused much interest among theoretical chem ists. K etene itse lf  has a relatively  
sm all dipole m om ent (1.414 +  0.010 D [1], see also [2]), w ith the negative pole  
pointing towards th e  m ethylene carbon atom . Organom etallic substituents  
like a sily l or germ yl group, change the electronic structure o f the +  C =  C =  0  
group substantia lly , as force constant calculations [2 ] and chem ical properties 
of the derivatives (see e.g. [3]) show . I t  is h ighly challenging to te st the in ­
fluence o f organom etallic su bstituents on the geom etrical param eters. This 
w as the purpose o f  the present electron diffraction investigation  o f bis(tri- 
m ethylsily l)ketene, [(CH3)3Si]2C =  C =  0 ,  following a similar study o f the  
corresponding germ anium  com pound [4]. The main em phasis was on the de­
term ination  of the bond angle at th e  +  C =  atom . The G e-C -G e angle could  
be unam biguously determ ined as 1 2 7 .6 + 1 .3 ° , whereas Si—С-S i  angles in  a 
wider range were found to be con sisten t w ith  our electron diffraction experi­
m ental data.

A ttem pts to  obtain  electron diffraction patterns of b is(trim ethylstannyl)- 
ketene vapours rem ained unsuccessful, probably because the sam ple decom ­
posed before an appropriate vapour pressure was reached.

Structure analysis

The experim ental procedure, data  reduction and structure analysis 
were m uch the sam e as for bis(trim ethylgerm yl)ketene [4].

The sample o f  b is(trim ethylsily l)ketene (b.p. 69 °C/32 Torr, n!D° =  
=  1.4410 [6 ]) was provided by P o n o m a r e v  and L e b e d e v  [5] and contained
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5 — 1 0 % of hexam ethyldisiloxane, according to  a m ass-spectrom etric analysis
[7 ] . The nozzle tem perature was about 87 to  107 °C during the exposures. 
Two plates were used  from  the two cam era distances each to obtain the e x ­
perim ental m olecular in tensities in ranges 1.875 <  s 12.25 Á -1 , As =  0.125  
A -1  and 7.25 <  s 32.0 Á -1 , As =  0.25 Á -1 , as described in Refs. [4] and
[8 ]  . The two ranges w ere treated separately in the refinem ents.

The molecular m odels used in the structure analysis were similar to those  
in  Ref. [4]. The basic m odel (Fig. 1) has C2V overall sym m etry, the (CH3)3Si 
and CH3 groups h ave local sym m etry C3V around the Si—C(C) and Si—C(H) 
bonds, respectively. B ond lengths Si-C(C), Si-C (H ), C =  0 ,  C =  C and C -H , 
and bond angles Si—C—Si, (H )C -Si-C (H ) and H -C -H  define the geom etry. 
Models with lower sym m etry  were also tried.

Bond distances (r) and mean am plitudes of vibration  (l) for the С—H, 
C =  0  and C =  C bonds, which constitute the peak at about 1.1 Á of the experi­
m ental radial d istribution  curve f E(r) (F ig. 2), were allowed to vary in som e 
stages of the analysis, y e t some o f them  had to  be given assumed values in 
the end, because o f large correlations w ith  other param eters.

The Si-C(C) and Si-C (H ) bonds dom inate the peak at 1.88 Á. In m ost 
o f the refinem ents, b o th  were treated as independent parameters and usually  
the former proved to  be shorter but the inverse order turned up too, depending  
on the conditions o f  th e  refinem ent. Therefore, th ey  were confined then to  be 
equal.*

As for the derivation  of the Si—C—Si angle from  the radial distribution, 
the correct assignm ent o f the Si.Si distance is of v ita l im portance, although  
other interatom ic d istances also help. The peak at 3.1 A  involves, am ong  
others, the C.C d istances through one bond angle, and all our efforts to squeeze  
r(Si.Si) into the sam e range failed as discrepancies in  other parts of the /(r )  
em erged. Neither o f  th e  models w ith  a tw ist o f the trim ethylsilyl groups 
about the Si-C(C) bonds (C2 sym m etry) or a t ilt  o f their C34) axes from  the  
Si-C(C) bonds (C2„ sym m etry) or a com bination o f tw ist and tilt (C2) or even  
w ith  a non-planar ( ! ?) Si2C =  C fragm ent (Cs) could be brought into satisfac­
tory  agreement w ith  th e  experim ental data. W hen r(Si.Si) was treated as an 
independent param eter (in addition to  the bond lengths and angles), the  
S i-C -S i angle refined to  about 127°, w hich would arise from an Si.Si distance  
o f about 3.4 A. In  fa c t, it is the faint hum p at 3.4 A  on t h e / E(r) curve, at the

* Stereochemical considerations do no t help predict the relative m agnitude of the Si-C 
bond lengths. On th e  one hand, comparisons of C-C bond lengths in e.g. propane and propene 
(1.532 i  0.003 Á [9] and  1.506 0.003 Á [10], respectively; r g values) or Si-C bonds in  ethyl-
silane and vinylsilane (1.866 i  0.002 Á [11] and  1.853 ;] 0.003 Ä  [13], respectively; micro- 
wave studies) would suggest shorter Si-C bonds ad jacent to a C = C  double bond. On the o ther 
hand , B ak  et al. observed a lengthening of th e  С—C bond in m ethylketene (1.518 i  0.002 Ä 
[14], microwave study), as compared w ith propene or acetaldehyde. These authors pointed to 
“ a  possible effect of th e  cum ulated double bonds” . Cf. also r 0(C-C) =  1.514 У  0.002 A in 
1,1-dimethylallene [15].
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Fig. 1. C2V model of bis(trim ethylsilyl)ketene and num bering of atoms

1 2 3 „ U 5 6
r, A

Fig. 2. E xperim ental (E, dashed line) and theo re tica l (T, full line) radial d istribution. The range 
2 .0<S5Í32.0 Á-1  and dam ping w ith a=0.002 Á 2 w ere used. The vertical bars show contributions 
from some of the interatom ic distances. The n u m b er of dots represents the num ber of bond

angles separating  th e  two atoms.

foot o f th e  C.C peak, th a t m ust be recognized as the contribution from the Si.Si 
distance, in  accordance w ith  other non-bond distances. Correlations w ith  other  
param eters have a large effect, and th e  structure analysis produces a rather 
uncertain value of the S i-C -S i angle. T he (H)C-Si-C(H) angle was fixed  at 
1110 for the model shown in Table I and F ig . 2, because it  assum ed ill-defined  
values in  the previous refinem ents.

The feature at 1.6 Á  of the f E(r) curve can be attributed  to  the Si—0  
bond distance in hexam ethyld isiloxane. Corrections of the experim ental 
m olecular in tensity  for 5 or 10% of th e  adm ixture (the know n structure of 
which [16] was used) did not change th e  parameters of bis(trim ethylsilyl)- 
ketene appreciably.
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Table I

Structural parameters o f bis(trimethylsilyl)ketene, C2„ model“

r„, A I, A

(Si-C)av. 1.886+0.004 0.056 +  0.003
C-H 1.092+0.007 0 .087+ 0.007b
c= c 1.318+0.013 0.050±0.007b

о II О (1.16) 0 .046+ 0.007b
Si-C-Si 129 +  2; —4°c
(H)C-Si-C(H) ( I I P )
H -C -H 105.4+ 1.2a
Si. Si 3.408 +  0.016 0.145+0.041
Si.H 2.526+0.008 0.110±0.009d
SÍ.C28 2.726+0.008 0.071+0.012

S i..O 3.703+0.011 0.210 +  0.041e

К 1.054+0.039

h 1.046 +  0.026
R 0.108

3 E rror estim ates include standard  deviations obtained from the  least-squares refine­
m ent, multiplied by  У3 and , in case of distances (ra) and am plitudes (1), an estim ate for sys­
tem atic  errors of 0.2 and  2 % , respectively. Assum ed values are in parentheses (). For the defi­
n ition  of the scale factors к  and  of the R  factor, see Ref. [4]. k x and k ,  apply to  data  for the sh o rt 
and  long camera d istance, respectively.

ь l param eters coupled in  the refinem ent
c The usual error estim ate  gives ± 2 ° . The lower lim it was extended on the basis of expe­

rience gained during th e  refinem ents.
а Coupled w ith  l (C 27.0) =  0.040 Á 
e Coupled w ith  o th er amplitudes (not listed here)

D iscussion

Table I dem onstrates the results for the C2„ model o f b is(trim ethylsily l)- 
ketene. In addition to  the error estim ates given, further uncertainty arises as 
a consequence o f possib le large-am plitude intram olecular m otions.

Similarly to  th e  case of the germ anium  derivative [4], it  was not possib le  
to  distinguish b etw een  the two types o f  silicon-carbon bond. On the other hand, 
th e  S i-C = a n d  S i-C (H ) bonds were found to be 1.825 +  0.006 A and 1.865 +  
± 0 .0 0 4  A in (CH 3)3S iC = C H , and 1.825 +  0.008 A and 1.855 +  0.006 A in  
(CH 3)3SíC = hCC1, resp ectively  [17]. The average silicon-carbon bond len gth  
in the ketene derivative , ra(Si-C)av is in good agreem ent w ith , or seems to  be  
sligh tly  longer th an  the Si-C lengths in  other m olecules, e.g. 1.875 +  0.002 A  
and 1 .877+ 0 .003  A in  tetram ethylsilane and hexam ethyldisilane, respectively  
(re( l )  values) [18].
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Table II

Bond angles o f double-bonded carbon atoms

M olecule

M \  /М 
c
II

degrees

R eference

H 2C =  CH2 117.2 +  1.1 [19]a
F2C = C H 2b 109.1 [20]
(H3C)jC=CH2b 115.6+0.3° [21]
(F 3C)2C =  CH2b 123.6 +  0.3 [22]
f 2c = c f 2 112.5C [46]
C12C =  CC12 115.7 +  0.3 [23]a
Br2C = C B r2 115.2+0.3 [23]a
I2C = C I2 114.2 +  0.5 [23]a
(H 3C)2C =C (C H 3)2 112.2+0.7° [21]
H 2C = 0 108.4° [24]a
(H 3C)2C = 0 116.7 +  0.3 [22]
(F3c)2c = o 121.4+0.4 [22]
(C13C)2C = 0 122.2+1.0° [25]a
(F 3C)2C = N H 121.6+0.4 [22]
H 2C = C = C H 2 118.4° [26]a
(H 3C)2C = C = C H 2b 116.4 +  0.1 [15]
H2c = c = 0 122.5+0.5 [27]
(H 3C)2C = C = 0 117.4 [28]
[(H3C)3Si]2C = C = 0 129 +  2; — 4 this work
[(H3C)3Ge] 2C =  C= 0 127.6 +  1.3 [4]

a D ata  and  reference quoted from Ref. [29] 
b The value given refers to  the heavy atom  skeleton.
0 Angle and /or error estim ate calculated from  d a ta  given in the reference

The am ount o f  structural data on ketene derivatives is rather lim ited . 
Table II  lists som e bond angles at double-bonded carbon atom s, for com parison  
w ith our S i-C —Si angle. The actual geom etry is obviously a result o f several 
effects. For instance, factors included in the valence shell electron pair re­
pulsion (V SE P R ) m odel [30] often com pete w ith  repulsive interactions b e­
tw een non-bonded pairs o f atoms. It is d ifficult therefore to predict variations  
of bond angles in such compounds.

A ccording to  the V SE PR  m odel, one expects an M\^ / М  angle less
C
и

than 120°. Indeed , in  m any of the m olecules listed , this angle is considerably  
smaller than  120°. More accurate data will be required for the interpretation  
of more delicate trends.

4' Acta Chim. ( Budapest)  90, 1976



A
cta

 C
him

. 
(B

u
d

a
p

est) 
9

0
, 

1976

оto

Table III

Bond angles M — X — M  in molecules M ,,X  or M 3X

Group M
A tom  X

О s Se N P

H 3C 111.5 +  1.5 [31] 99.2 +  0.7 [35] 96.2+0.2 [37] 110.6+0.6 [39] 98.6 +  0.3 [42]

H 3Si 144.1 +  0.8C [32] 97.4+0.7 [36] 96.6+0.7 [361 119.7+0.1 [40] 96.45 +  0.50 [43]

(H 3C)3Si 148 +  3 [16]

H 3Ge 126.5+0.3 [33] 98.9+0.1 [33] 94.6 +  0.5 [38] (120)a [41] 95.39+0.05 [44]

(H 3C)3Ge 141 +  0.5 [34]

(H 3C)3Sn 141 +  0.5 [34]

Assumed value
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I t  is instructive to  compile som e data on bond angles of atoms bonded  
to  carbon, silicon, etc. (Table III). The observation th a t the S i-X -S i and 
C -X -C  angles differ considerably w hen X  has lone-pair electrons and belongs 
to  the row of N , 0 ,  etc. o f the periodic tab le [45], can be extended  to G e-X—Ge 
angles (as compared w ith  C -X -C ) and applies also to the ketene derivatives, 
although there are no lone-pair electrons on the carbon atom  of ketene. The 
large S i-C -S i and Ge—С-G e angle in the ketene derivatives m ay be due to  
non-bond interactions o f bulky groups and to special interactions o f silicon  
or germanium atom s w ith  the electrons o f the ketene group. Structural data  
on sily l and germyl ethylenes and ketones would throw more light on these  
phenom ena.

Note added in proof. B oth  for b is(trim ethylsily l)ketene and bis(trim ethyl- 
germ yl)ketene, sm all discrepancies at about 5 Á betw een th e  experim ental 
and theoretical radial distribution curves (see Fig. 2 above and Fig. 4 in  
Ref. [4]) m ay be interpreted in term s o f shrinkage effects. Therefore, som e  
long distances w ith large contributions were treated as independent para­
m eters in some additional calculations. Changes of the param eters in these  
refinem ents remained w ell w ithin stated  error lim its.

*

The authors are indebted  to Professor L. V. V ilk o v  (Moscow) for in itia ting  this project 
and to  Drs. S. V. P onom arev  and S. A. L e b e d e v  (Moscow) for th e  provision of the sample.
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According to  the electron diffraction data  of acetaldazine, the anti, trans-trans 
conformer prevails in the vapour phase probably w ith a large am plitude tw isting 
motion about the N—N bond. A sm aller am ount of the gauche form  is also detected. 
The following m olecular param eters characterize the s truc tu re  of the heavy-atom  
skeleton: r„(N -N ) =  1.437±0.013 1 ,  r„(N = C ) =  1.277±0.003 Á, ra(C-C) =  1 .486±  
±0 .008  A, ,< N - N = C  =  110.4±0.9°, and < N = C -C  =  121.4±1.0°.

Introduction

The molecular structure o f  acetaldazine, CH3—CH =  N —N =  CH—CH3, 
has been studied by various physical techniques, viz. dipole m om ent m easure­
m ents, Raman and infraied  vibrational and ultraviolet spectroscopy, and  
nuclear m agnetic resonance spectroscopy [1 — 5]. Of th e  follow ing three iso ­
mers

V H
H. Х ’Нз

N r
Нз(Г J t

x N
II ■ II II

% N * 4
II II II

H X H ,
x r

H 3C H N NНзС

1 2 3

the one w ith the least steric in teraction  (1) was shown to  be preferred in liquid  
solution  b y  an NMR study [3]. The presence of other isom ers in lesser am ounts 
was also indicated. According to  physical evidence and som e theoretical 
calculations [1, 2 , 4, 5] a nonplanar arrangement of the C =  N —N  =  C chain  
was indicated.

The present electron diffraction study of acetaldazine was initiated w ith  
the aim  of collecting direct structural inform ation on the geom etry of this 
m olecule. The main features o f our investigation  have already been com m u­
nicated  in a short paper [6 ]. W hen our structure analysis was being com pleted, 
we learned from Prof. K . H e d b e r g  about an electron diffraction study o f  
form aldazine performed at the C o r v a l l i s  laboratory [7]. Thus it is possible 
to  com pare the results obtained for these tw o molecules.
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Experimental

The electron diffraction  patterns from  a CH3—CH =  N —N = C H -C H 3 
sam ple (bp. 95— 96 °C/760 Torr) were tak en  w ith the EG -100A  apparatus in 
B u d ap est during a v is it  o f  one o f us (V .A .N .). The purity o f th e  sam ple was con­
firm ed  b y  mass spectrom etry. The so-called membrane nozzle system  [8 ] 
and r3 rotating sector [9] were used. The nozzle was at room  temperature 
during the exposures. The experim ental techniques and data reduction were 
essen tia lly  the same as described elsewhere [1 0 , 1 1 ].

The ranges of in ten sity  data used were 2.25 <7 s <  13.00 A - 1  and 9.25 <7 
<  s <  33.50 A “ 1 for th e  50 cm and 19 cm camera ranges, respectively. The 
data  intervals of As =  0.125 and 0.25 A -1  were used. The m olecular intensities 
are shown in Fig. 1.

10 15 20 25
s . A

F i g .  1 .  T h e  m o le c u la r  in te n s i t ie s  (E  — e x p e r im e n ta l ,  T  — th e o r e t ic a l)  o f  a c e ta ld a z in e

Structure analysis

The molecular model

As concerns th e  relative position o f the =  CH CH3 groups with respect 
to  rotation about th e  N —N  bond, the possible forms are syn  (<p =  0°), anti 
(tp =  180°) and the form s corresponding to  the rotational angles 0  <C 9s <1  180° 
(see Fig. 2). I f  th e  C—C =  N—N  chains are assumed to have a planar structure,
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Fig. 2. The molecular m odel of acetaldazine

trans and cis isomers are possible w ith  respect to  the double bonds. Thus for 
each rotational form  relative to the N —N  bond, trans-trans (1 ), cis-cis (2 ) 
and cis-trans (3) isom ers m ay ex ist. The only other assum ptions are th a t  
the CH3 group has a C3V sym m etry, th e  pyram idal axis coincides w ith  the e x ­
tension o f the С—C bond, the configuration of the m ethyl group is such th a t  
the C =  N  bond staggers the C-H  bond, and all C -H  bonds are o f equal length  
and have the same am plitude of v ibration .

Experim ental rad ia l distribution

An experim ental radial distribution  is shown in F ig. 3. It was clear 
from the beginning o f th is structure analysis that the m any features and the  
outstretched character o f the experim ental radial distribution reveals m uch  
about the geometry o f  th is molecule. I t  also shows that a long chain m olecule 
m ay be advantageous to  study by electron  diffraction.

CH3-C H =N -N =C H -C H 3

Fig. 3. Experim ental rad ial distribution of acetaldazine w ith the assignm ent of its mos
im portan t features
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The first three features on the experim ental radial distribution betw een
0.9 and 1.7 Á correspond to the contributions from the four bonds, w ith the  
C-C and N -N  bonds b ad ly  overlapping. E ach  o f the w ell-expressed features 
at about 2.25, 2 .40, 3 .67 , 4.64 and 6.01 Á  represent the contribution from  
on ly  one of the m ost im portant nonbond interactions th at come from N . . .C  
or C . . .C atom ic pairs. Of these, the C. . .C distances are dependent on the  
rotation  about the N - N  bond. The assignm ent of the m axim um  at 3.67 Á  
to the N . . . C  distances through two bond angles unam biguously indicates  
the trans relative orientation  of the N —N  and С—C bonds in the CH3—CH =  N —N  
fragm ent. The assignm ent of the m axim um  at 6.01 Á  to  the largest C . . . C 
distance was especially  instrum ental in establishing th at an anti or nearly anti 
form  w ith  trans isom ers around the double bond is at least prevailing in the  
vapour phase.

Refinements and results

The least squares m ethod was applied to  the m olecular intensities. The 
data corresponding to  the two camera ranges were treated  separately (cf.
[10]). The major portion  of these calculations was performed at the D ep art­
m ent o f Chemistry, U n iversity  of Texas, during a v isit o f tw o o f us (I. H . and  
G y. Sch.).

As an anti or n early  anti form w ith trans isomers was seen to  be prevailing  
on the experim ental radial distribution, th e  structural analysis was first per­
form ed under the assum ption of having th is conformer only.

The bond distances, bond angles, m ean am plitudes o f vibration ( l 
valu es) for the bonds and for the m ost im portant nonbond interactions have  
been refined in gradually larger groups for the anti, trans-trans form w ith (p =  
=  180° fixed. The refinem ents were then  repeated for a series o f other fix ed  
values for the dihedral angle cp. The best agreem ents were obtained for va lues  
betw een cp =  155 and 160°. Later, the constraint for <p was rem oved and, as 
i t  turned out, all th e  bond distances, angles, and the l values for all the bonds, 
for the C . . .C and N . . .C distances plus for the shortest C . . .H  interactions  
th at had the m u ltip lic ity  of 6 , could be refined sim ultaneously. The results  
o f  such a refinem ent are given in Table I . Considering all the molecular param ­
eters and the tw o  scale factors corresponding to the tw o camera ranges a 
to ta l o f 253 correlation coefficients were calculated. Of these, in order to  save  
space, only those are shown in Table I I , w hose absolute values are larger th an
0.5 . N ote that 11 ou t o f  these 20 correlation coefficients refer to  either r(N—N ) 
or Z(N-N). These param eters are very uncertain. The geom etrical param eters 
show  no unusual va lu es except that b oth  r(C-H ) and Z(C-H) are too sm all. 
N ote, however, th a t no correlation coefficients in Table II  refer to these param ­
eters. The l values for the nonbond N . . . C  and C . . . C  interactions are re ­
la tiv e ly  small and th is  indicates th at th e  m olecule is relatively  rigid.
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Table I

Results o f least squares refinements for anti form  only 
IV-muItiplicity, ff-standard deviation  from  the least squares refinem ent

Bond  (Á) N r <T l a

N - N 1 1 .4 3 8 0 .0 0 8 0 .0 7 8 0 .0 1 2

N = C 2 1 .2 7 7 0 .0 0 1 5 0 .0 4 3 0 .0 0 2

c-c 2 1 .4 8 6 0 .0 0 4 0 .0 4 4 0 .0 0 3

( C -H ) a v . 8 1 .0 6 8 0 .0 0 2 0 .0 6 6 0 .0 0 2

Bond angle ( ° ) a a

N - N = C 1 1 0 .4 0 .5

N = C - C 1 2 1 .8 0 .4

N - C - H 1 2 0 .4 1 .7

C -C -H 1 0 6 .6 0 .6

Dihedral angle (°) <P

1 5 9 .3 1 .8

Dependent N . . .C  and 
C . . .C  distances (Á) N r cr l cr

N 1 . . . C4 2 2 .2 3 1 0 .0 0 2 0 .0 4 8 0 .0 0 2

N 1 . . . C 5 2 2 .4 1 6 0 .0 0 3 0 .0 5 7 0 .0 0 2

N 1 . . . C 6 2 3 .6 5 7 0 .0 0 2 0 .0 5 5 0 .0 0 3

C 3 . . . C 4 1 3 .3 1 2 0 .0 0 4 0 .0 6 2 0 0 .0 7

C 3 . . ,C 6 2 4 .6 1 7 0 .0 0 4 0 .0 8 7 0 .0 0 7

C 5 . . .C 6 1 6 .0 0 6 0 .0 0 5 0 .0 6 6 0 .0 1 2

I t  is very d ifficult, if  possible at all, to  evaluate the results concerning  
the dihedral angle in the prevailing rotational form. A lthough the deviation  
from  the cp — 180° anti conform ation was indicated to be sign ificant even on  
a 0.5%  significance level* according to  the H am ilton test [12] (с/. F ig. 4), 
th e  changes in the nonbond C . . . C distances that correspond to  a decrease 
of about 25° in the dihedral angle tp are less than, say, 0.04 Ä . Such shortenings 
then  m ay well occur as a consequence o f  the intram olecular m otion.

* Here the generalized R  factors,
R' =  |A IT 's[iViE(s) — M r (s)]2| / [ Z 'l f ’s[M E(s)]2}, are used for comparison, as obtained in a 
refinem ent w ith <p being refined along w ith a series of other param eters, and  in  o ther refine­
m ents w ith <f> fixed and the same series of param eters refined.
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Table II

Correlation coefficients (associated with the results o f  Table I )  
whose absolute value is greater than 0.5

Parameters Correlation
coefficient

Parameters Correlation
coefficient1 2 1 2

r(N-N ) r(N -C ) 0.618 r(C-C) <  N -N -C 0.830
r(N-N ) r(C-C) -0 .8 4 0 r(C-C) <  N -C -C -0 .7 4 5
r(N-N ) <  N -N -C -0 .9 6 7 r(C-C) Z(N-N) -0 .8 7 2
r(N-N ) <  N -C -C 0.681 <  N -N -C <  N -C -C -0 .6 5 4
r(N-N ) Z(N-N) 0.575 <  N -N -C Z(N-N) -0 .5 8 7
r(N-C) r(C-C) -0 .7 4 1 <  N-C-C Z(N-N) 0.613
r(N-C) <  N -N -C — 0.664 <  N-C-C fc’C ) 0.526
r(N-C) i(N -N ) 0.789 Z(N-N) Z(N-C) 0.753
r(N-C) Z(N-C) 0.541 Z(N-N) l( C-C) -0 .6 8 4
r(N-C) Z(C-C) -0 .5 0 3 Z(N-C) l(C-C) -0 .6 8 8

(*) Zc’ is the scale fac to r for the data  from  the long camera range

Fig. 4. R  factor ratio  vs. ro tational angle (p (cf. [12])

As the experim ental radial d istribution is exam ined in detail, some addi­
tional features are observed in the regions where the contributions of rotation  
dependent C . . . C  distances occur. These are m ost n o tab ly  at about 4.0 and  
5.4 A, which w ould correspond to a gauche form w ith  a dihedral angle o f 95 =  
=  60°. The third and shortest C . . . C  distances should then  be expected  at 
about 2.6 Á and are n ot really well seen.

In order to  estim ate the relative abundance o f the anti and gauche 
(cp =  60°)* conform ers and to see the influence of tak ing  the gauche content

* The value of 60° was assumed for the dihedral angle of th e  gauche form according to 
the experim ental rad ial d istribution  and no t refined in this analysis.
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into account in the refinem ent o f  the geom etrical param eters, the follow ing  
schem e was set up. The gauche con ten t was assumed to be 5, 10, 15, 20 etc . % 
and, fix ing  a g iven percentage, th e  refinem ent of the param eters for the anti 
form  was repeated. In doing th is  the geom etrical param eters o f the gauche 
form  were assum ed to  be the sam e as those of the anti form . The geom etrical 
param eters from the refinem ent schem es w ith  0 , 1 0 , and 2 0 % gauche content 
are g iven in Table III  and show  no considerable changes.

Table III

Bond lengths, bond angles and the values o f  tp as obtained from  least squares 
refinements with 100% , 90% , and 80%  anti form  in the anti-gauche mixture 

(the a values are parenthesized)

anti form content 

parameters
1 0 0 % 9 0 % 8 0 %

r(N -N ) (Á) 1 .4 3 8 (8 ) 1 .4 3 7 (8 ) 1 .4 3 8 (9 )

r(N = C ) (Á) 1 .2 7 6 6 (1 5 ) 1 .2 7 6 6 (1 4 ) 1 .2 7 6 8 (1 5 )

r (C-C) (A) 1 .4 8 5 7 (4 4 ) 1 .4 8 6 4 (4 9 ) 1 .4 8 6 0 (5 1 )

r(C-H) (Á) 1 .0 6 7 9 (1 8 ) 1 .0 6 7 7 (1 8 ) 1 .0 6 7 9 (2 0 )

< N -N = C  (°) 1 1 0 .4 5 (5 3 ) 1 1 0 .4 0 (5 4 ) 1 1 0 .2 6 (5 8 )

< N = C -C  (°) 1 2 1 .8 2 (3 8 ) 1 2 1 .4 5 (3 8 ) 1 2 1 .2 5 (4 0 )

< C -C -H  (°) 1 0 6 .5 6 (6 3 ) 1 0 5 .8 9 (5 6 ) 1 0 5 .4 6 (6 0 )

<P О 1 5 9 .3 (1 8 ) 1 6 1 .5 (1 9 ) 1 6 3 .0 (2 3 )

The agreement between the experim ental and theoretical in ten sity  data  
im proved, however, when 5% gauche form  was introduced. A  further im prove­
m ent w as achieved when using som ew hat larger l values for the rotation de­
pendent C . . .  C distances of the gauche form  than those of the anti form, viz .
0.0925, 0.1168, and 0.0970 Á for C 3. . . C4, C 3. . . C6 , and C 5. . . C6 , respectively. 
As th e  experim ental and theoretical radial distributions calculated  for the  
anti-gauche m ixtures were com pared, it  was seen th at the gauche content m ay  
be higher than indicated by the least squares refinem ent based on the m olecular 
in tensities. A gauche content even  as high as 15 to  20% cannot be excluded, 
considering the features at r =  4 .0  and 5.4 Á  assigned to  r ( C3 . . . C6)  and 
r(C5. .  . € 6 ) o f the gauche form, resp ectively , while the contribution o f the  
C3. . . C4 interaction from  the gauche form  was much less expressed. There is 
only the very small m axim um  at about 5.05 Á on the experim ental radial 
distribution that rem ains unaccounted for b y  the anti and gauche forms 
described above.

I t  is interesting to  note that th e  results obtained for the gauche content 
were invariant to geom etries w ith  cp =  180° or <p =  160° for the anti form.

Acta Chim. (B udapest) 90, 1976



1 7 2 H ARG ITTAI e t  a t :  ELECTRON D IFFR A C TIO N  STUDY OF ACETALDAZINE

Table IV

The bond lengths and angles o f acetaldazine as determined by electron diffraction

Ta{ N- N ) 1 .4 3 7  +  0 .0 1 3  A
ra( N = C ) 1 .2 7 7  +  0 .0 0 3  A
ra( C -C ) 1 .4 8 6 + 0 .0 0 8  A

'a(C-H)av 1 .0 6 8 + 0 .0 0 4  A

< N - N = C 1 1 0 .4 + 0 .9 °

< N = C - C 1 2 1 .4 + 1 .0 °

<  N - C - H 1 2 0 .4 + 2 .4 °

< C - C - H 1 0 5 .9 + 1 .5 °

The final geom etrical parameters from  this structure analysis referring 
to  a model w ith 90%  an ti and 10% gauche forms are collected in Table IV. 
The tota l errors g iven  include the estim ated  experim ental scale error of 
0 .2 % , the standard deviation  from the least squares refinem ent and also the  
differences in the param eter values betw een  tw o sets o f  results obtained for 
th e  models w ith 0 % and 2 0 % gauche form , in  order to  take also this uncertainty  
in to  account, w ith  th e  exception o f < N - C - H ,  w hich was kept constant in 
th e  calculations for determ ining the gauche content.

D iscussion

According to  th e  electron diffraction data, the m ajority of the acetalda­
zine molecules ta k e  an anti trans-trans form . A bout one fifth  or less o f the  
m olecules assum e a gauche form in w hich the tw o CH3-C H  =  N — fragm ents 
are rotated to  each other by 1 2 0 ° (cp  =  60°) as com pared w ith the anti form. 
The experim ental data  could be better approxim ated w ith  a som ewhat tw isted  
(~ 2 0 ° )  anti conform er than with a str ictly  coplanar form . This is thought to  
be a consequence o f shrinkage effects. In  fact, the rotation-dependent C . . . C 
distances decrease b y  only a few hundredths of an Á  when a tw ist o f 2 0 ° is 
introduced around th e  N -N  bond. In spite o f the som ew hat better agreem ent 
w ith  experim ental data  achieved for a tw isted  anti form , dem onstrated even  
b y  the H am ilton te s t  (Fig. 4), we prefer to interpret our findings in term s of  
a coplanar anti form  performing large am plitude tw istin g  m otion about the  
N —N bond rather th an  by a tw isted  anti equilibrium  structure.

The present findings are at variance w ith  the conclusions made earlier 
concerning the prevailing rotational isom ers (according to the definition of  
the dihedral angle tp used in the present work, the preferred conformer had  
(p =  120°, i.e. an angle of rotation o f 60° from the anti form) [4]. F ortunately ,
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the experim ental radial distribution o f  acetaldazine provides direct evidence  
for the anti conformer.

An electron diffraction stu d y  o f form aldazine, CH2= N - N  =  CH2, by  
H a g e n , B o n d y b e y  and H e d b e r g  [7 ] performed at three different tem pera­
tures, has shown the anti form to be prevailing. The mole fractions o f the an ti 
conformer were found to be 0 .9 1 1 (0 .0 7 7 ), 0 .785 (0 .095 ), and 0 .7 4 9 (0 .1 0 8 ) at 
— 30, 60 , and 225 °C, respectively, th e  parenthesized values being 2cr. The 
angle o f  rotation was around 1 2 0 ° re la tive  to  the anti form (according to  the  
defin ition  used in th is study, (p was around 60°). The energy difference betw een  
the gauche and anti forms was found to  be 1 .2(0 .5) kcal/m ol. H a g e n , B o n d y ­
b e y  and H e d b e r g  [7] determined also the root-m ean-square torsional am pli­
tude for the anti conformer: 1 5 .8 (3 .7 )° , indicating large am plitude torsional 
m otion. In the structure refinem ent shrinkage corrections of 0.01 0 .02  Á
were applied to  the C. . .C and C. . .H  distances in the anti form. As dem on­
strated above, the more complete conform ational analysis o f form aldazine, 
utilizing experim ental data at three d ifferent tem peratures [7], is consistent 
w ith the findings o f the present stu d y  concerning the conform ational properties 
of acetaldazine.

The m olecular parameters determ ined for acetaldazine display no un­
usual features except th a t the values determ ined for r(C-H) and Z(C-H) are 
too sm all. The param eters that have analogs in form aldazine show a rem ark­
able consistency indeed, H a g e n , B o n d y b e y  and H e d b e r g  determ ined the  
follow ing m olecular parameters o f th e  C =  N -N  =  C skeleton in form aldazine 
(the values o f 2 a are parenthesized):

r(N -N ) 1.418 (0.003) A
/(N -N ) 0.056 (0.003) A
r(C =  N) 1.277 (0.002) A
/(C = N ) 0.045 (0.002) Á
КС. . . N ) 2.229 (0.003) A
/(c . . •N) 0.060 (0.003) Á
r(C. . . C) 3.309 (0.011) Á
/(c . . •C) 0.060 A (assumed)
< C = N - N 111.4 (0.2)°
< H - C = N 120.7 (0.8)°

The only notew orthy differences occur in the length and m ean vibra­
tional am plitude o f the N -N  bond. A lthough  some lengthening o f the N -N  
bond in the m olecule w ith  more nonbond repulsions could be rationalized and  
although there is consistency in the longer bond associated w ith a larger l 
value, we w ish to stress th at the param eters for the N -N  bond were deter­
mined m uch less accurately in acetaldazine than in formaldazine.
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Appendix

The numerical values o f  the total experimental intensities, lF(s), and experimental
backgrounds, Ib'(s)

50 cm camera range

»(A-1) j f w s(A-i) i f  M 'f(«>

2.125 0.9928 0.9995 5.875 1.5117 1.3175

2.250 0.9555 1.0285 6.000 1.4891 1.3065

2.375 0.9389 1.0540 6.125 1.4606 1.2955

2.500 0.9361 1.0775 6.250 1.4262 1.2840

2.625 0.9478 1.0990 6.375 1.3867 1.2720

2.750 0.9731 1.1215 6.500 1.3505 1.2590

2.875 0.9987 1.1415 6.625 1.3116 1.2455

3.000 1.0235 1.1600 6.750 1.2758 1.2325

3.125 1.0493 1.1770 6.875 1.2392 1.2190

3.250 1.0693 1.1930 7.000 1.2091 1.2060

3.375 1.0828 1.2090 7.125 1.1825 1.1940

3.500 1.0949 1.2240 7.250 1.1545 1.1830

3.625 1.1078 1.2385 7.375 1.1291 1.1740

3.750 1.1221 1.2525 7.500 1.1100 1.1660

3.875 1.1336 1.2650 7.625 1.0917 1.1570

4.000 1.1461 1.2775 7.750 1.0795 1.1490

4.125 1.1544 1.2900 7.875 1.0760 1.1420

4.250 1.1598 1.3020 8.000 1.0774 1.1345

4.375 1.1599 1.3140 8.125 1.0852 1.1280

4.500 1.1610 1.3255 8.250 1.0956 1.1220

4.625 1.1724 1.3360 8.375 1.1052 1.1160

4.750 1.1952 1.3455 8.500 1.1137 1.1105

4.875 1.2287 1.3530 8.625 1.1157 1.1055

5.000 1.2746 1.3588 8.750 1.1133 1.1000

5.125 1.3299 1.3595 8.875 1.1075 1.0960

5.250 1.3863 1.3585 9.000 1.1017 1.0915

5.375 1.4379 1.3540 9.125 1.0953 1.0860

5.500 1.4807 1.3470 9.250 1.0907 1.0815

5.625 1.5062 1.3380 9.375 1.0877 1.0755

5.750 1.5161 1.3280 9.500 1.0819 1.0710
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50 cm camera range (continued)

»(A—) i f  (*) i f  W »(A-1) i f (» ' f w

9.625 1.0755 1.0660 11.500 0.9885 0.9910

9.750 1.0682 1.0610 11.625 0.9811 0.9860

9.875 1.0593 1.0560 11.750 0.9752 0.9810

10.000 1.0505 1.0510 11.875 0.9699 0.9755

10.125 1.0433 1.0465 12.000 0.9652 0.9705

10.250 1.0377 1.0415 12.125 0.9619 0.9650

10.375 1.0355 1.0365 12.250 0.9577 0.9600

10.500 1.0335 1.0325 12.375 0.9529 0.9545

10.625 1.0301 1.0280 12.500 0.9483 0.9495

10.750 1.0288 1.0230 12.625 0.9418 0.9440

10.875 1.0236 1.0175 12.750 0.9334 0.9390

11.000 1.0172 1.0120 12.875 0.9253 0.9340

11.125 1.0102 1.0070 13.000 0.9203 0.9290

11.250 1.0020 1.0020 13.125 0.9158 0.9235

11.375 0.9954 0.9960
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19 cm camera range

s(A->) i f  (*) »(A-) i f ( ‘) lf<‘)

8.00 0.9959 1.0446 15.50 0.6707 0.6732
8.25 0.9938 1.0190 15.75 0.6648 0.6679
8.50 0.9983 0.9953 16.00 0.6600 0.6627
8.75 0.9854 0.9736 16.25 0.6535 0.6577
9.00 0.9608 0.9537 16.50 0.6481 0.6527
9.25 0.9364 0.9353 16.75 0.6438 0.6481
9.50 0.9241 0.9181 17.00 0.6418 0.6437
9.75 0.9091 0.9022 17.25 0.6401 0.6394

10.00 0.8850 0.8872 17.50 0.6388 0.6353
10.25 0.8682 0.8728 17.75 0.6364 0.6314

10.50 0.8566 0.8588 18.00 0.6328 0.6277
10.75 0.8501 0.8453 18.25 0.6250 0.6244
11.00 0.8381 0.8322 18.50 0.6190 0.6208
11.25 0.8243 0.8192 18.75 0.6151 0.6173
11.50 0.8089 0.8066 19.00 0.6145 0.6140
11.75 0.7933 0.7945 19.25 0.6116 0.6108

12.00 0.7813 0.7826 19.50 0.6069 0.6078
12.25 0.7702 0.7713 19.75 0.6022 0.6048
12.50 0.7621 0.7608 20.00 0.5994 0.6020
12.75 0.7477 0.7508 20.25 0.5973 0.5993
13.00 0.7344 0.7413 20.50 0.5978 0.5968
13.25 0.7252 0.7323 20.75 0.5976 0.5943
13.50 0.7236 0.7236 21.00 0.5976 0.5918
13.75 0.7248 0.7159 21.25 0.5948 0.5994
14.00 0.7215 0.7087 21.50 0.5894 0.5871
14.25 0.7125 0.7021 21.75 0.5856 0.5850
14.50 0.7005 0.6959 22.00 0.5818 0.5828
14.75 0.6904 0.6901 22.25 0.5794 0.5808
15.00 0.6826 0.6843 22.50 0.5776 0.5788
15.25 0.6770 0.6787 22.75 0.5757 0.5768
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19 cm camera range (continued)

,(A -) j f w <3 »(A“ 1) jf(*) 'f<*>

23.00 0.5739 0.5749 28.50 0.5405 0.5445

23.25 0.5723 0.5730 28.75 0.5408 0.5435

23.50 0.5685 0.5712 29.00 0.5407 0.5425

23.75 0.5661 0.5695 29.25 0.5412 0.5416
24.00 0.5637 0.5678 29.50 0.5408 0.5407

24.25 0.5630 0.5662 29.75 0.5410 0.5397

24.50 0.5623 0.5646 30.00 0.5401 0.5388

24.75 0.5610 0.5631 30.25 0.5399 0.5378

25.00 0.5611 0.5617 30.50 0.5391 0.5368

25.25 0.5610 0.5603 30.75 0.5385 0.5358

25.50 0.5611 0.5589 31.00 0.5377 0.5347

25.75 0.5616 0.5574 31.25 0.5363 0.5337

26.00 0.5618 0.5562 31.50 0.5356 0.5325

26.25 0.5612 0.5549 31.75 0.5331 0.5313

26.50 0.5590 0.5536 32.00 0.5305 0.5301

26.75 0.5549 0.5523 32.25 0.5284 0.5288

27.00 0.5521 0.5511 32.50 0.5253 0.5276

27.25 0.5485 0.5499 32.75 0.5239 0.5264

27.50 0.5458 0.5487 33.00 0.5225 0.5253

27.75 0.5434 0.5476 33.25 0.5216 0.5244

28.00 0.5421 0.5465 33.50 0.5206 0.5229

28.25 0.5412 0.5454
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Q uantum -chem ical methods (H M O , co-SCF, P P P  SCF MO Cl) were used to  
study  the electron-spectral properties o f isomeric and tautom eric forms of certain  
im idazo(l,2-a)pyrim idinone derivatives, and  the relative stab ility  conditions of the 
forms.

W ith the aid of a selected model com pound ( la , R =  H ), the empirical and semi- 
em pirical ß ljre values to  be found in th e  lite ra tu re  were compared to the P P P  SCF 
MO Cl calculations of the transition energies IES *S for the above compounds. E m ­
pirical ß ij values selected on the above basis were employed to  determine the energies 
of th e  s s  ( л —г л*) electron transitions of these compounds, the directions of the 
transition  mom ents, and the proportions o f the m ost im portan t configurations. HMO 
and co-SCF m ethods were used to calcu late  the delocalization energies E D , of the 
individual molecules la -2b , R — II an d  CH3; these follow very  well our earlier ob­
servations on th e  structures and s tab ility  conditions of the compounds. The energy 
gain values /IE ti were also calculated w ith  th e  P P P  SCF MO Cl method, b u t these do 
no t provide essential inform ation re la ting  to  th e  structures and stabilities of th e  com­
pounds.

It was earlier reported [1—4] th a t, on heating, certain 2-(/?-aryloxyethyl)- 
am ino-5-m ethylpyrim idin-4(3H )-one ty p e  com pounds undergo transform ation, 
and tw o isom eric im idazo(l,2-a)pyrim idinone derivatives are produced (A =  
la ,  R =  H , and В =  2a, R =  H). The structures o f A and В were proved  
in IR , UV, MS and NM R exam inations, and  b y  preparative means too, utilizing  
the corresponding spectra o f the four p ossib le  isomeric N -m ethyl derivatives  
(la -2b , R =  CH3), prepared for th is purpose by structure-confirm atory  
m ethods.

It w as desirable to confirm the correctness of these proved structures 
theoretically  too. A ccordingly, quantum -chem ical calculations were carried 
out w ith  the m ost frequently em ployed , sim pler sem i-em pirical m ethods, 
w ith regard to  the я -electron system s o f  th e  four possible isomeric or ta u to ­
meric im idazo(l,2-a)pyrim idone parent com pounds (la -2b , R — H), and the  
corresponding N -m ethyl derivatives ( la -2 b , R =  CH3).

The aims o f our calculations were as follows:

H 3C
N-

N N
I
R

H3C
'N-

N N
I
R

2

l a lb 2a 2b
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1. W ith the aid o f a selected m odel com pound ( la , R =  H ), to com pare 
the em pirical /3;?re va lues to be found in the literature, and the sem i-em pirical 
values calculated from  various literature data, to  the P P P  SCF MO Cl ca l­
cu lations of the transition  energies / 1E Ŝ S o f the com pounds studied (la -2 b ,
R =  H , CH3).

2. W ith the aid o f the values selected  on the basis o f the above
exam ination , to determ ine the energies of the s —>- s (л — л*) electron transfer  
in  th e  individual la -2 b  isomeric and tautom eric forms, the directions o f th e  
transition  m om ents referred to the first s —*- s (л — л*) transition , and th e  
proportions of the m ost im portant configurations.

3. To compare the jz-energy conditions o f the molecules la -2b  (R =  H ,
CH3) calculated w ith  the HMO, co-SCF and P P P  SCF MO Cl m ethods [5 7]
w ith  our earlier find ings connected w ith the isomerism and tautom erism  o f  
the above com pounds [1 — 4].

Calculations

Our calculations were performed w ith  the simple HMO [8 ], co-SCF 
[9— 11] and P P P  [12 —15] m ethods. Figure 1 shows the co-ordinate sy stem  
em ployed  in the calculations on the m olecules.

la

Fig. 1. The numbering of the atom s, and the molecular axes

Table I contains the coulom bic (A,-) and resonance (fc,- •) integral param eters 
used for the HMO and co-SCF calculations; these were selected from am ong  
the very varied param eters to be found in the literature [5, 7, 16, 17] in vo lv in g  
calculations on other derivatives structurally  closely related to the com pounds 
under consideration in the present work (la-2b). The param eters со =  0.5  
and e =  10- 4  w ere em ployed in the co-SCF calculations, and the criterion o f  
convergence were e =  10-3  in the P P P  m ethod*.

* The condition for a tta inm en t of the SCF sta te  is

\ P u ( k + i )  _  р . . ( к ) I <  e

where is the charge-bond order m atrix  elem ent in the fc-th cycle.
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Table I

Parameters used in the H M O  and (o-SCF calculations

A tom hi bond ku Ref.

Ö 1.2 C = ö 1.60 [16]
N 0.8 C = N 1.10 [16]
N 1.5 ó  — N 1.00 [16]
CH3 2.0 0  c h 3 0.7 [18]

The same iteration  criterion w as also em ployed in our P P P  calculations.
The effects o f the -C H 2-  groups linked to the N  atom s were taken in to  

consideration w ith  the customary [8 ] factor o f —0.1 in the corresponding  
hN value.

The тг-delocalization energies o f  the molecules (E D J  were calculated  
b y  the m ethod o f K r ü g e r  T h i e m e r  and H a n s e n  [ 1 9 ] .

The P P P  m ethod [12, 13, 20] w as used in the SCF MO-LCAO Cl form  
w ith  the ZDO (zero differential overlap) approxim ation. As regards the con­
figuration interaction , all the singly excited  configurations were taken into  
account.

The one-centre Coulomb repulsion  integrals (yn) (Table II) were appro­
x im ated  to, according to  P a r i s e r  and  P a r r  [13], as the difference betw een  
the ionization potentia l (I;) and the electron  affin ity (A,) o f the valence sta tes. 
The tw o-centre repulsion integrals (уц)  were calculated by the M a t a g a —  

N i s h i m o t o  approxim ation [21].
The resonance integral values /?[°re, w hich were considered only betw een  

directly  adjacent atom s, were ca lcu lated  b y  various m eans. Thus, em pirical 
literature data [22 — 24] (Table III)  w ere em ployed, or self-calculated /?[°re 
values from the bond lengths R íy (A ). T hese values were calculated for every  
bond under consideration via the fo llow in g  equations:

осоте
r i j 6442 exp ( 5 .6864  R íy) [13]

ßT = 2.318 exp [ —2 .3 (R ,7  — 1.397)] [25]

осоте _
* и 2.39 exp [3.2196(1.397 -  R,y)] [26]

осоте _
l i j - 1 .4 0 3  exp [ —4 .0 (R ,y — 1.397)] [27]

осоте r i j  — - 2 5 2 4  exp 5.047 [ Z ‘ +  Z/ 2 ) 5 R iy
Zc.

[28]

where Z; =  the effective nuclear charge o f the i-th  atom ; 
and Z c =  the effective nuclear charge o f  the carbon atom

ß T f c ( i , .  +  1 Ж . [29]
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Table II

Atomic parameters used in  the P P P  SC F  MO C l calculations

Atom Ii(eV) W*(eV) Ref.

c 11.16 11.13 [34, 22]
Ó 17.70 15.23 [34, 22]

6  ( = h 3) 11.16 11.13 [23]

H 3 ( - C ) 9.50 9.50 [23]

** N ( e n d o ) 14.12 12.34 [34, 22]
N ( exoJ 12.71 11.11
N (H, CO, C) 28.59 16.63 [34, 22]

model A N (H, CH2, C) 25.73 14.97
N (CH2, С, C) 24.30 14.13

N (CH„, С, C) 24.30 14.13
N (CH3, CH2, C) 22.87 13.30

** N ( e n d o ) 14.12 12.34 [34, 22]
N ( e x o ) 13.65 11.87
N (H, CO, C) 28.59 16.63

model В N (H, CH2, C) 28.09 16.13
N (CH2, С, C) 27.59 15.63
N (CH3, С, C) 27.59 15.63
N (CH3, CH2, C) 27.09 15.13

* Уц =  I z — A z [13]; ** the effects of the  alkyl groups attached to  th e  N were taken  in to  
account starting from  th e  values of [34, 22], on th e  basis of [32] for model A, and [17] for 
model B.

Table III

Bond parameters used in  the P P P  SC F  MO C l calculations

Bond ~ß<f (eV) Rí, (A) Ref.

c = c 2.39 1.39 [22]
C ^ C H 3 1.22 1.51 [23]
C = C H 3 3.00 0.45 [23]
c = 6 3.10 1.24 [24]
C—N (endo, exo) 2.75 1.35 [22]
C -N H 2.30 1.39 [22]
C (Ö )-N H 2.75 1.32* [22, 35]
C (Ó )-N 2.75 1.32* [22, 35]
C—N(C, C) 2.30 1.39 [22]

C (Ó )-C 2.39 1.44* [24, 35]

The data  denoted  by were taken  from  [35
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w here к =  — 0.5; I ( =  th e  va len ce s ta te  io n iza tio n  p o ten tia l;  th e  over lap  
in tegra l va lu es S ц  w ere calcu lated  a cco rd in g  to  Mu l l ik e n  [30, 31].

The hyperconjugation model w as used for the m ethyl group attached  
to C6 (Fig. 1), w ith  the parameters o f  L i n d n e r  and M a r t e n s o n  [23]. (The 
value o f t a k e n  in account was th e  same in every calculation (Table II), 
as the formulas described for the calcu lation  of ßcßjXe gave irrealistically high  
values for the bond length  (R c=hs)- T he effects of the alkyl groups (— CH3; 
— CH2- R ’) attached to  the nitrogen w ere taken into account w ith the m ethod  
o f H offm ann and Ladik [17] for the HMO param eters (model A), or on the  
basis o f  the data o f K a t s u m a t a  and K i m u r a  [32] (m odel B). In the absence  
of experim ental geom etrical data relating  to the m olecules under consideration, 
all o f  them  were assum ed to be planar* and the bond angles were regarded as 
120°. The bond lengths were taken on the basis of literature analogies [35].

The bond param eters used in th e  P P P  calculations are shown in Tables 
II and III .

Exam ination of the electron spectra

In  the course of our PP P  SCF MO Cl studies it was primarily desired  
to learn how the various resonance in tegral values used in the calculations 
affect the results obtained. Accordingly, m odels A and В were em ployed  
to calculate the singlet-singlet transition  energies /dE5“*5 o f com pound la  
(R =  H) referred to  singly excited configurations, and also the oscillator  
strengths /  in the case o f various va lu es (Table IY).

From  the resulting zlE s'*'s and f  va lu es it  can be stated  that the best 
agreem ent w ith  the experim ental va lues was obtained w ith  the L o n g u e t —  

H i g g i n s  and S a l e m  [26] and the em pirical /9yre (Table III )  values. The agree­
m ent o f  the transition energies ZlEs^s is better than th at of the oscillator  
strengths f  (the cause o f th is is to be sou gh t partly  in the fact that the experi­
m ental oscillator strengths too were determ ined only approxim ately) [36].

The results for m odels A  and В differ slightly , but definitely; in general, 
model В gives higher s —* s transition energies, and lower oscillator strengths. 
The results o f model A (i .e . those calculations in which the effects o f the alkyl 
groups attached to  the nitrogen were ta k en  into account to  a greater ex ten t, 
and thus the decrease in  the y NN values (Table II) was 1 — 3.5 eV com pared  
to the parent com pounds) exhibited a b e tter  agreem ent w ith  the experim ental 
values than  did those calculated with m odel В (in th is the decrease o f y NN 
by 0 .5 — 1 eV was taken into consideration). A t the same tim e, however, it  can 
be stated  th at there is no essential difference betw een the results obtained

* This assum ption is in agreem ent w ith th e  finding of P a u d l e r  and B le w it t  [33] th a t  
the im idazo(l,2-a)pyridines, which are structu rally  very  closely related  to the im idazo(l,2 -o j- 
pyrim idines, are nearly, if no t completely p lanar.
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Table IV

Comparison o f  the experimental spectra o f compound

Computed
transitions*

ocore
Hij

Model
Empirical values 

[22—24] [13] [24]

* 4.594 (0.057) 4.886 (0.136) 4.498 (0.105)

A AE s~ s( f )
5.105 (0.415) 
5.780 (0.231) 5.628 (0.175)

5.133 (0.261) 
5.888 (0.797)

* 4.814 (0.071) 5.105 (0.110) 4.678 (0.103)

5.208 (0.383) 5.240 (0.234)
В A E s~ s( f )

5.829 (0.211) 5.794 (0.182) 5.943 (0.262)

* z№ s_*s is th e  singlet-singlet tran sition  energy w ith singly excited configurations (in 
eV). Only transitions below 6 eV are shown, f  is th e  oscillator strength.

** The experim ental oscillator streng ths were calculated on the basis of [36]. The experi­
m en ta l da ta  refer to  E tO H  solution.

w ith  the em pirical / [ ° re values and the ß £°re values calculated [26, 29] in th e  
case of la  (R  =  H ). Since the criterion o f convergence (see above) can be 
attained  su b stantia lly  earlier w ith  the em pirical /3“ ге values, our calculations 
relating  to the isom eric and tautom eric form s o f the com pounds exam ined  
w ere carried out w ith  these ß с̂ те values (Table III). The resulting and ca lcu ­
la ted  ,,lower” sin g let energies, oscillator strengths, directions of the transition  
m om ents, and proportions o f th e  m ost im portant configurations (more th an  
10% ) are listed  in Table Y.

The calcu lated  results well support our earlier findings relating to th e  
structures of the isom eric or tautom eric com pounds la -2b  (R =  H), according  
to  which these com pounds are present in the forms la  and 2a (R =  H).

A greater difference can be observed, however, betw een the calcu lated  
and measured ZlEs~,"'s a n d /  data for lb  and 2b (R =  CH3) containing an exo-
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l a  (R  =  H ) computed with various ' values

&core
U E x p e r im e n ta l

d a ta * *

[*][26] [27 ] [2 8 ]* * * [29]

4.665 (0.118) 3.368 (0.091) 
4.025 (0.017) 
4.591 (0.401)

4.229 (0.215) 
4.865 (0.028)

4.305 (0.116) 
4.914 (0.196)

5.125 (0.561) 5.288 (0.674) 5.494 (0.553) 4.460 (0.108)
5.334 (0.258) 5.818 (0.138) 5.960 (0.149) 5.995 (0.670)

4.860 (0.109) 3.383 (0.072) 4.327 (0.192) 4.441 (0.149)

5.4375 (0.247)

4.256 (0.009) 
4.775 (0.330) 
5.341 (0.772) 
5.952 (0.026)

5.148 (0.045) 
5.560 (0.596)

5.060 (0.102) 
5.561 (0.518)

5.368 (0.237)

*** Effective nuclear charges used: Z c =  2.095, Z0 =  2.86, Z N =  2.32, Z N =  3.14 [28]. 
( I t  should be noted th a t  there  is no essential difference in the calculated data  if other effective 
nuclear charges are used (e .g . S l a t e r ,  J . C.: P h y s. R ev., 36, 57 (1970)).)

cyclic C =  N  bond. The difference is m ost marked for the band o f low est 
transition  energy (i.e. the band w ith  largest w avelength  in the spectrum ,) 
where it  am ounts to  сса. 0.4e V. To a certain ex ten t, however, this can be 
explained  if  it is assum ed that the ring strain (which could not be taken  
into consideration because of the n atu re  o f our calculations) is greater in  the  
com pounds lb  and 2b (R =  CH3) con ta in in g  an exocyclic C =  N bond th an  in 
the com pounds l a  and 2a (R =  CH3) containing an endocyclic C =  N  bond; 
accordingly, the geom etrical data em p loyed  in the calculations here are o f  a 
more approxim ate nature. The above assum ption is in  agreement w ith  our 
previous finding [37] th a t, in contrast w ith  the stable and well isolable com ­
pounds la  and 2a (R =  CH3), lb  (R  =  CH3) in particular, hut 21> (R =  CH3) 
as w ell, are extrem ely  unstable, undergoing partial ring closure even in  the  
course of simple recrystallization from  isopropanol.

As regards th e  absorption m axim a relating to the л  — л* transitions in  
the spectra (with the exceptions of com pounds la  (R  =  H , CH3), in the first
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Table V

Observed and calculated singlet transition energies (A E S~*S in  eV ), oscillator strengths ( f ) ,  directions o f transition moments, and proportions
(in  % )  o f most important configurations*

C o m p o u n d

M o d e l A M o d e l В

A E ™ f

D ire c ­
t io n  o f  
t r a n s i ­

t io n
m o m e n t

P r o p o r t i o n  ( in  % )  
o f  m o s t  im p o r t a n t  

c o n f ig u r a t io n

AE8̂ 8 f

D ire c ­
t i o n  o f  
t r a n s i ­

t io n
m o m e n t

P r o p o r t i o n  ( in  % )  o f  
m o s t  im p o r t a n t  c o n f i ­

g u r a t io n

A E ™ /•**

l a 4.594 0.057 X 6—8 (74.5) 4.814 0.071 X 6 - 8  (76.5) 4.460 0.108
5.105 0.415 у 6—7 (69.3); 6-1-8 (11.5) 5.208 0.383 У 6—7 (48.6); 6 —8 (19.9); 5.368 0.237

5—8 (18.2)
R = H 5.780 0.231 X 5—7 (56.0); 5-<-8 (10.7) 5.829 0.211 X 5 - 7  (61.1)

l b 4.449 0.295 У 6->-7 (65.5); 5-»7 (10.2) 4.860 0.348 У 6—7 (64.6); 5 - 7  (15.1)
5.461 0.420 X 6->-8 (44.2); 5—7 (33.8) 5.746 0.336 X 6—8 (45.0); 5—7 (28.2) — —

R =  1I 5.813 0.312 У 5—7 (74.3);

2a 4.214 0.381 X 6—7 (77.5) 4.268 0.448 У 6—7 (79.0) 4.246 0.182
R =  H 5.421 0.307 У 6—8 (64.4); 5—7 (11.8) 5.489 0.309 У 6 —  8 (71.0) 5.414 0.200

2b 4.547 0.200 У 6 —7 (63.8); 5 - 7  (12.2) 4.869 0.343 У 6 - 7  (64.0); 5 - 7  (15.3)
5.467 0.478 У 5—7 (44.2); 6 - 8  (30.9) 5.748 0.335 X 6 —8 (43.0); 5—7 (30.0) — —

R =  H 5.757 0.327 X 6 —8 (66.8)

l a 4.630 0.044 X 6 — 8 (73.6); 5—7 (10.4) 4.795 0.759 X 6 —8 (75.6) 4.460 0.092
5.106 0.378 У 6—7 (57.8); 6 — 8 (15.6) 5.205 0.376 У 6—7 (50.0); 6 —8 (23.4) 5.391 0.360

5 — 8 (18.9)
R = c h 3 5.508 0.312 X 5—7 (51.6); 5 - 8  (23.1) 5.834 0.229 X 5—7 (82.5) 5.904 0.401
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l b 4.442 0.241 У 6 + 7  (67.2); 5 + 7  (10.6) 4.849 0.358 У 6 + 7  (64.7); 5 + 7  (15.0) 3.949 0.091
5.408 0.444 X 5 + 7  (40.4); 6 + 8  (37.3)

R = C H 3 5.712 0.305 У 6 + 8  (64.4); 5.748 0.323 X 6 +  8 (44.4); 5 + 7  (29.7) 5.322 0.341

2a 4.175 0.435 у 6 + 7  (76.8) 4.261 0.445 X 6 + 7  (82.6) 4.175 0.164
5.372 0.312 У 6 + 8  (67.9); 4 + 7  (12.8) 5.491 0.306 У 6 + 8  (64.2)

R = C H 3 5.989 0.279 X 5 + 7  (83.9) X 5.414 0.214

2b 4.442 0.241 У 6 + 7  (67.2); 5 + 7  (10.6) 4.880 0.331 У 6 + 7  (64.0; 5 + 7  (16.1) 4.106 0.061
5.408 0.444 X 5 + 7  (40.4); 6 + 8  (37.3) 5.752 0.350 X 6 +  8 (44.3); 5 + 7  (28.3)

R =  CH3 5.712 0.305 У 6 + 8  (64.4) 5.462 0.341

* Calculated w ith empirical ß'jj're (Table II I ) , A E Ŝ S (3Y).
** E xperim ental da ta  relating to the compounds were reported  earlier [4]. The da ta  refer to  E tO H  solutions. 
*** Calculated on the basis of [36].
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singlet-singlet excita tion  the transition Ф\ is th e  determ ining one (Table У), 
w hile for the second s —> s excitation  (at about 5 — $.5 eV) the configurations 
Ф® and Ф\ becom e predom inant.

The directions o f  the transition m om ents (Table У), for w hich, unfortu­
n a te ly , experim ental data are not available, proved to be alm ost the sam e for 
m odels A and B. The direction of the transition  m om ents o f  com pounds la  
and 2a is the x-direction in Fig. 1, while for th e  analogous derivatives lb  and 
2b it  is the y-d irection .

Summary

The results o f our P P P  SCF MO Cl calculations well follow  the electron  
spectra o f the com pounds studied. The param eters em ployed in the above  
calculations (reported in Table III) were therefore also used to  interpret the  
rela tive  stab ility  conditions o f the ind ividual isomeric and tautom eric form s.

Structural study of the com pounds l a —2b (R  =  H , CH3)

In  the literature, primarily the HMO [8 ] andco-SCF [9, 10] calculations 
have been em ployed to  investigate the various tautom eric structures [5, 7, 
17, 38, 39].

The л-delocalization energies (E D tt) calculated  with the above m ethods 
in  general well follow  other experim ental find ings relating to  the tautom eric  
structures of the com pounds.

Certain authors have recently a ttem p ted  to use the P P P  SCF MO Cl 
m ethod  too to elucidate the tautom eric conditions of individual com pounds 
[17, 38 -4 2 ].

This m ethod considers the degree o f relative stab ility  to  be the energy  
gain ZIEti accum ulating in the molecule as a result of the difference betw een  
th e  to ta l л-energy (E n) o f the molecule and the to ta l л-energy o f the free atom s 
in th e  corresponding valence states.

U sing the above m ethods, we too calcu lated  the delocalization energies 
(E D J  and energy gains (zlE^) of com pounds la -2b  (R =  H , CH3); these are 
g iven  in Table V I.

The follow ing conclusions m ay be drawn from the tabulated  data:
1. The energies ЕЮл calculated w ith  the HMO and ft)-SCF m ethods 

w ell follow  our earlier findings [1—4] relating to  the isomeric and tautom eric  
structures of the com pounds, according to  w hich the tw o isolable im idazo- 
(1 ,2-a) pyrim idinone derivatives (A and B) have the structures l a  (R  =  H) 
and 2a (R =  H ). The energies E D n o f the com pounds la  and 2a (R =  H) are
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Table VI

Quantum-chemical data relating to the relative stabilities o f the compounds

Compound
EDatS”)*

ЛЕЯ (eV)**

PPP SCF MO Cl

HMO (y-SCF model A model В

la 3.423 4.574 - 2 6 4  35 -2 65 .97
lb  R =  H 3.315 4.376 -2 5 8 .4 2 -2 75 .35
2a 3.435 4.606 -2 6 8 .0 6 -2 70 .57
2b 3.322 4.385 — 258.48 -2 7 5 .2 9

la 3.428 4.575 -2 6 3 .3 3 -26 5 .2 3
lb 2.836 3.500 -2 7 1 .8 5 273.25
2a R =  CH3 3.590 4.755 — 267.06 -269 .01
2b 3.380 4.429 -2 7 1 .8 5 -27 3 .2 8

* E D jj =  я -delocalization energy; ß0 =  s tandard  value relating  to  carbon atom s of 
benzene

** А Е Л =  я -energy gain  w ith respect to  the free atom s in the appropriate valence 
sta te . Calculated w ith em pirical ßCj jTe (Table III).

alm ost the same in th e  case of the HMO and the co-SCF calculations*, and sub­
stantia lly  higher than  th ose  of the corresponding derivatives lb  and 2b (R =  
=  H ). In the case o f  th e  ED^ values obtained w ith  both  the HMO and the  
co-SCF calculations, a surprising agreem ent was observed between the n- 
delocalization energies and stabilities o f the com pounds. The delocalization  
energies ED^ o f the com pounds la  and 2a (R =  C H 3) (earlier shown to  be 
stable [37]) are a lm ost the same as each other, and much larger than those  
of the analogous d erivatives 2b (R =  CH3), but particularly lb  (R =  CH3), 
the extrem e in stab ility  o f  which has already been m entioned.

2. Only for la -2 b  (R  =  H), model A, do the energy gain values А Е я 
calculated  w ith the P P P  SCF MO C l m ethod show agreem ent w ith our earlier 
experim ental findings, according to which the A E f  values for the more stable  
m olecules l a  and 2a (R  =  H) are larger than  those o f the corresponding deriv­
atives lb  and 2b (R =  H ). In all other cases, in contradiction w ith the experi­
m ental findings, the energy gains А Е л  for the derivatives lb  and 2b (R =  H , 
CH3) proved to be larger.

It m ay be sta ted , therefore, th at the energies ED^ obtained w ith the  
HMO and co-SCF m ethods well follow other spectroscopic and preparative 
findings relating to  th e  structures and stab ility  conditions of the com pounds

* As a consequence of th e  differences in the two m ethods, th e  num erical values obtained 
w ith the HMO and co-SCF m ethods are naturally  no t the same, b u t the natures of the changes 
obtained for the individual isom eric and tautom eric forms are identical in the two m ethods.
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la -2 b  (R =  H, CH3); indeed, a surprisingly good agreem ent is exhibited  be­
tw een  the delocalization energies ED^ and the stabilities o f the com pounds.

In contrast, but in  agreem ent w ith  the findings o f K w iatico w sk i [43 ], 
th e  P P P  SCF MO Cl m ethod can follow  well only the electron spectra, and does 
n ot provide essential inform ation on th e  structures and stab ilities o f the com ­
pounds. It must be noted , however, th a t the stab ility  conditions o f the various 
tautom eric and isom eric forms are not determ ined only b y  the properties 
o f the 7r-electron system  [17]. H ence, the sem i-empirical quantum -chem ical 
approxim ative m ethods em ploying th e  а-л  separation can provide only  
inform ation of lim ited value for the interpretation  of the sta b ility  conditions 
o f  the above com pounds.*

*

The authors wish to  express their thanks to  the staff of the Computer Centre, K ossuth 
Lajos U niversity, Debrecen, for technical assistance w ith the calculations.

R E FE R E N C E S

[1] R e it e r , J ., Sohár, P ., T oldy, L.: T etrahedron  L ett., 1970, 1411
[2] R e it e r , J ., Sohár, P ., L iptá k , J . ,  T oldy , L.: Tetrahedron L ett., 1970, 1417
[3] Sohár, P ., R eiter , J . ,  T oldy, L.: Org. Magn. Res., 3, 689 (1971)
[4] R e it e r , J . , T o ld y , L.: A cta Chim. (B udapest), 82, 107 (1974)
[51 P ullman, B., P ullman, A.: Q uantum  Biochem istry. Interscience P ub l., New York, 196'
[6] P ea cock , T. E .: E lectronic Properties of A rom atic and Heterocyclic Molecules. Academic

Press, New York, 1965
[7] F ernandez-Alonso, J .  I.: Structure of Biomolecules and Biological Systems (in Advances

in Chemical Physics, Yol. 8, Ed. by D uch n ese , J.). Academic Press, New York, 1967
[8] St r e it w e is e r , A., J r . :  Molecular O rb ita l Theory for Organic Chemists. W iley, New

Y ork, 1961
[9] W heland , G. W., and Mann , D. E .: J . Chem. Phys., 17, 264 (1949)

[10] B e r g so n , G.: A rkiv for Kemi, 19, 181 (1962)
[11] J anssen , M. J . and Sandström , J .: T etrahedron , 20, 2339 (1964)
[12] P ople , J . A.: Trans. F araday  Soc., 49, 1375 (1953)
[13] P a r is e r , R., P a r r , R . G .: J . Chem. Phys., 21, 466, 767 (1953)
[14] P o p l e , J . A., B e v e r id g e , D. L.: A pproxim ate Molecular O rbital Theory, McGraw-Hill,

New York, 1970
[15] M u r r e l l , J . N., H a r g e t , A. J .:  Semi-empirical self-consistent-field molecular orbital

theory  of molecules. W iley-Interscience, New York, 1972
[16] HÄFELINGER, G.: Chem. Ber., 103, 2941 (1970)
[17] H o ffm a n n , T. A., L a d ik , J .:  Advances in Chemical Physics (Ed. by Duchnese, J .) , Yol. 7,

Academic Press, New York, 1964
[18] Ma t s e n , F. A.: J . Amer. Chem. Soc., 72, 5243 (1950)
[19] K r ü g e r -Th ie m e r , E-, H a n s e n , R .: A rzneim ittel-Forsch., 16, 1453 (1966)
[20] P a r r , R. G.: Q uantum  Theory of Molecular Electronic Structure. B enjam in, New York,

1963
[21] Mataga, N., N ishim oto , K .: Z. physik. Chem. N. F., 13, 140 (1957)
[22] F e r r e , Y., V in c e n t , E . J .,  La r iv e , H ., M e t z g e r , J.: Bull. Soc. Chim. F r., 1972, 3862
[23] L in d n er , P. and Martensson , O.: Theoret. Chim. Acta (Berlin), 7, 352 (1967/
[24] L a d ik , J ., Biczó, G.: A cta Chim. Acad. Sei. H ung., 62, 401 (1969)
[25] F abian , I., Greger , G.: Theor. i Exp. K him ., 7, 170 (1971)
[26] L onguet-H iggins, H. C., Salem , L.: Proc. Roy. Soc. (London), 251A, 172 (1959)
[27] G o l e b ie w s k i, A., N o w a k o w sk i, J .:  A cta Phys. Polon., 25, 647 (1964)
[28] F lurry , R. L., J r ., Sto u t , E. W., Bell , J .  J .:  Theoret. Chim. A cta (Berlin), 8, 203 (1967)

* I t  m ust be noted  th a t  the to ta l valence electron methods (CNDO/2, PCILO) do no t 
give the to ta l energy correctly  in every case e i th e r !

Acta Chim. ( Budapest)  90, 1976



D INY A  et al.: QUANTUM-CHEMICAL STUDY 191

[29] W o l f sb e r g , М., H elm holz , L.: J . Chem. Phys., 20, 837 (1952)
[30] Mu l l ik e n , R. S.: J . Chem. Phys., 46, 479, 497, 675 (1949)
[31] Mu l l ik e n , R. S., R ie k e , C. A., Or l o f f , D., Or l o f f , H.: J . Chem. P hys., 17, 1248 (1949)
[32] K a tsum a ta , S. and K im u r a , К .: B ull. Chem. Soc. Japan , 46, 775 (1973)
[33] P a u d l e r , W. W ., B l e w it t , M. L.: J . Org. Chem., 31, 1295 (1966)
[34] H in z e , J . ,  J a f f e , H. H .: J . Amer. Chem. Soc., 84, 540 (1962)
[35] Su t t o n , L. E. (Ed.): Tables of In teratom ic Distances and Configuration in Molecules and

Ions. Spec. Publ. No. 11, Chem. Soc., London, 1958; Supplem ent, Spec. Publ. No. 18, 
Chem. Soc., London, 1965

[36] A l l in g e r , N. L., Stu a rt , T. W ., T a i , J .  C.: J . Amer. Chem. Soc., 90, 2819 (1968)
[37] R e it e r , J .:  u n p ub lished  d a ta
[38] P u llm a n , A.: Q uantum  Aspects of Heterocyclic Compounds in  Chem istry and Bioche­

m istry  (Proc. of In ternational Symp. in  Jerusalem , 1969. Ed. by  B erg m a n , E. D., 
P u llm a n , B .). Jerusalem , 1970, pp. 1—31

[39] P u llm a n , B.: i b i d ,  pp . 292—307
[40] K w ia t k o w s k i, J . S.: Theoret. Chim. A cta (Berlin), 10, 47 (1968)
[41] P a o l o n i, L., Cig n it t i, M., T osato , M. L.: see ref. 38, pp . 324— 337
[42] Gu b a n o v , Y. A., P e r e l ia e v a , L. A., Ch ir k o v , А. К ., Ma tev o sia n , R. O.: Theoret. Chim.

A cta (Berlin), 18, 177 (1970)
[43] K w ia t k o w s k i, J . S.: Bull. Acad. Polon. Ser. sei. chim., 29, 405 (1973)

Zoltán D in y a  
József R e it e r  
Lajos T o l d y

Szilveszter R ochlitz

H -4010 Debrecen 10. 
Н -1325 B udapest Pf. 82.

H -4010 Debrecen 10.

6 Acta Chim. (Budapest) 90, 1976





Acta Chimica Academiae Scientiarum Hungaricae, Tomus 90(2), pp. 193 —197 (1976)

REACTIONS OF o-PHENYLENEDIAMINE WITH 
a,ß-UNSATURATED NITRILES

M. H ammad and  K h. E l -B a y o u k x  
(N ational Research Centre, Dokki, Cairo, Egypt)

Received J u ly  7, 1975 
in revised form  Ja n u a ry  20, 1976

The uncatalyzed reaction of o-phenylenediam ine w ith a,/3-unsaturated nitriles 
is described. o-Phenylenediamine reac ts  w ith fluoren-9-ylidenecyanoacetic ester (1) 
to  give the cyanobenzimidazole (2) leaving the ethylenic double bond in tac t, whereas 
a-naphthylidenes (5) are cleaved w ith  o-phenylenediam ine to  yield the unexpected  
2-(l-naphthyl)benzim idazole ( 6 ) .  The u n sa tu ra te d  benzimidazoles 2  and 8  are reduced 
w ith  sodium borohydride to give the sa tu ra te d  benzimidazoles 3  and 1 0 ,  respectively.

Cleavage of the acid group in th e  reaction of o-phenylenediam ine w ith  
carbodithioic acid is w ell known [1]. The rupture of the C-C bond in som e  
ketones when reacted w ith  o-phenylenediam ine under relative mild conditions 
to  give benzim idazoles has been reported [2 ].

In  the present work, we have fou n d  th a t when fluoren-9-ylidenecyano- 
acetic ester (1) is heated  with o-phenylenediam ine at 240°C, the unsaturated  
cyanobenzim idazole (2) is obtained in a good yield . In this reaction the diam ine  
adds on ly  on the ethoxycarbonyl group, leaving the ethylenic double bond  
in tact.

The structure o f 2 has been inferred from its correct analytical data; 
its IR  spectrum  has j>CsN at 2240 cm -1 , due to  conjugated nitrile absorption, 
and rN H  at 2700 — 3100 cm -1  as a broad band [3, 4 ]. The UY spectrum  also 
exh ib its strong and broad bands w ith  fine structure in the 255 — 285 nm  
region (alcohol), which is characteristic o f a benzim idazole structure [3, 4 ]. 
M oreover, 2 is reduced w ith  sodium borohydride to give the saturated analogue  
3, leav in g  the benzim idazole m oiety in ta c t. Compound 3 proved to  be id en ­
tical w ith  the product obtained from th e  therm al reaction of o-phenylenedi- 
am ine w ith  the saturated ester [5] 4 a t 240°C.

In  contrast to the fluorenylidene analogue, the analogous a-n ap h th y li­
denes (5) are found to react with o-phenylenediam ine in a different m anner. 
Thus, w hen ethyl a-cyano-/3-(l-naphthyl)-acrylate (5a), a-cyano-/?-(l-naph- 
thyl)acrylam ide (5b), a-cyano-/?-(l-naphthyl)acrylic acid (5c) or a-naph- 
thylm ethylidenem alononitrile (5d) is h eated  w ith the equim olecular am ount 
of o-phenylenediam ine at 180°C, th e —C =  C— bond is cleaved and, unexpected ly , 
2 -(l-naphthyl)benzim idazole (6 ) is ob ta in ed  in each case, in a good yield .
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a R =  COOC'2H5 
b R =  CONH2 
e R =  COOH 
d R =  CN

The same result is obtained when the reaction is effected in boiling  
m ethanol, or even a t room tem perature. Compound 6  proved to be identical 
w ith  the product form ed in the reaction o f o-phenylenediam ine and 1 -naph­
th oic  acid [6 ]. This compound is also obtained from the reaction of equi- 
m olecular proportions o f o-phenylenediam ine and 1 -naphthaldehyde at 180 °C, 
or even  when the reactants are allowed to  stand overnight in ethanol at room  
tem perature. In th is  reaction the m onoanile 7 is not isolated  as exp ected .

The unexpected  production of 2 (l-naphthyl)benzim idazole in the above  
reactions prom pted us to attem pt the indirect synthesis o f benzim idazoles 
derived from naphthalene. It has been found th at 2-cyanom ethylbenzim id- 
azole (9) is readily condensed w ith 1-naphthaldehyde in boiling benzene to  
give the unsaturated cyanobenzim idazole 8 . The structure of 8  is inferred from  
its  analytical data , yellow  colour and IR  spectrum , which shows rN_ H as a 
broad bend in the 2700 — 3100 cm “ 1 region, characteristic o f im idazoles [3]. 
The UV spectrum  also exhibits strong absorption bands w ith fine structure
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in thé 220 and 285 nm  region, sim ilar to  benzim idazole itself. W hen 8  is re­
duced w ith  sodium  borohydride in isopropanol, the saturated cyanobenz- 
im idazole 1 0  is obtained in a good yield , which proved to  he identical w ith  
the product obtained from the reaction o f the saturated cyanoacetic ester
(11) w ith  o-phenylenediam ine at 220 °C.

Cleavage o f  a , /S-unsaturated nitriles derived from naphthalene has not 
been, to  our know ledge, previously reported, so this reaction is first described  
in the present work.

Experim ental

Microanalyses were performed by th e  M icroanalytical L aboratory, N ational R esearch 
Centre, Cairo, A .R .E . M .p’.s are uncorrected. The IR  spectra were recorded w ith a Zeiss 
Jena  U R  10 spectrophotom eter; the UV spectra were obtained on a Carl Zeiss PM Q II spectro­
photom eter.

Reaction of 1 w ith o-phenylenediamine

Fluoren-9-ylidenecyanoacetic ester (1) (2.75 g) and o-phenylenediamine (1.1 g) were 
mixed and the m ix tu re  was heated a t 240°C (ba th  tem perature) for 1 hr., allowed to  cool, 
then tr itu ra ted  w ith  benzene. The solid was filtered  off and recrystallized from m ethanol 
to  give the unsa tu ra ted  cyanobenzimidazole (2) (2.3 g) as yellow crystals, m. p. 252 °C.

C22H 13N3. Calcd. C 82.74; H 4.10; N 13.16. Found C 82.53; H 4.32; N 13.06%.
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Reduction of (2) w ith sodium  borohydride

A suspension of sodium  borohydride (1.1 g) and  the unsaturated  cyanobenzimidazole 
(2) (3.05 g) in isopropanol was stirred for 6 hrs a t  room  tem perature, then  decomposed w ith 
d ilu te  acetic acid. The solid obtained was filtered  off and  recrystallized from  ethanol to give 
th e  unsaturated  cyanobenzim idazole (3) (2.35 g) as colourless crystals, m. p. 266 °C. (M. p. 
undepressed in adm ixture  w ith  an authentic sam ple prepared by the therm al reaction of o- 
phenylenediam ine and  th e  sa tu ra ted  cyano ester 4 [5]).

C22H 15N3. Calcd. C 82.22; H 4.71; N 13.08. Found  C 81.82; H  4.84; N 13.29%.

G eneral procedure for th e  therm al reaction of 1-naphthylidenes (5) w ith o-phenylenediamin
m ethanol

The a-naphthylidene (5) (0.01 mole) and o-phenylenediam ine (0.01 mole) were m ixed, 
th e  m ixture was heated  a t  180 — 190 °C for 1 hr., allowed to  cool, then  tr itu ra ted  w ith benzene. 
The solid obtained was filtered  off and recrystallized from  ethanol to  give 2-(l-naphthyl)- 
benzim idazole (6) as colourless crystals, m. p. 266 °C. D etailed results are shown in Table I.

Table I

Reaction o f  a-naphthylidenes (5) with o-phenylenediamine

a-N aphthylidene

Type of reaction 5a* 5b*

Time hr. Temp. °C
Yield

%
Time

hr.
Temp.

°C
Yield

%

Therm al l 180 70 l 185 60

In  m ethanol 2 reflux 75 3 reflux 65

In  methanol 24 room, temp.
(25 °C)

60 24 room. temp.
(25 °C)

50

Type of reaction
5c* 5d*

Time
hr.

Temp.
°C

Yield
%

Time
hr.

Temp.
°c

Yield
%

Therm al l 190 60 l 190 70

In  methanol 3 reflux 60 2 reflux 60

In  methanol 24 room temp.
(25 °C)

55 24 room temp.
(25 °C)

57

* Cf. ref. [7]

G eneral procedure for the reaction of a-naphthylidenes (5) o-phenylenediamine in boiling

The a-naphthylidene (5) (0.01 mole) and o-phenylenediam ine (0.01 mole) were dissolved 
in  m ethanol (40 ml). The reaction  m ixture was refluxed for 3 hrs. The solution was concentrated 
and  allowed to cool. The solid was filtered off and  recrystallized from ethanol to  give 2-(l- 
naphthyl)benzim idazole (6), m. p. 266 °C. (M. p. undepressed w ith an authen tic  sample [6]). 
(D etailed  results are show n in Table I.)

General procedure for the reaction of a-naphthylidenes (5) with o-phenylenediamine in  m ethanol
at room tem perature

The reaction m ix tu re  was prepared as described above, stoppered, and allowed to stand  
overnight a t room tem peratu re . The crystalline solid product was filtered off and recrystallized 
from  ethanol to give 6 (m. p. undepressed in adm ix tu re  w ith an authen tic  sample [6]). (De­
ta iled  results are show n in Table I.)
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Thermal reaction  of a-naphthaldehyde w ith o-phenylenediamine

a-N aphthaldehyde (3.12 g) and o-phenylenediam ine (2.16 g) were mixed, the reaction  
m ixture was heated a t  170 —180 °C (bath  tem pera tu re) for 1 hr., allowed to cool, th en  tr i ­
tu ra ted  w ith benzene. The solid was filtered  off and recrystallized from  ethanol to  give 6. 
(M. p. undepressed in adm ixture with an au th en tic  sample [6]).

W hen the above reaction was made in  boiling m ethanol for 3 hrs, or the m ixture was 
kep t overnight a t room  tem perature, 6 was sim ilarly  obtained.

Condensation o f a-naphthaldehyde w ith  2-cyanomethyIbenzimidazole

A solution of a-naphthaldehyde (15.6 g) and 2-cyanom ethylbenzim idazole (15.7 g) 
in dry benzene (75 ml) containing a few drops of morpholine was refluxed in a Dean — S tark  
m oisture determ ination apparatus until no m ore w ater resulted from th e  reaction. The yellow 
precip itate was filtered off, washed with benzene, and crystallized from  ethanol to o b ta in  
the unsatu ra ted  cyanobenzimidazole (8) as yellow crystals, m. p. 233 — 235 °C.

C20H 13N3. Calcd. C 81.34; H 4.44; N  14.23. Found C 81.39; H  4.50; N 14.86%.

Reduction of the unsaturated cyanobenzimidazole (8) with sodium  borohydride

A suspension of sodium  borohydride (1.1 g) and the unsatu ra ted  cyanobenzimidazole 
(8) (2.95 g) in isopropanol (30 ml) was stirred  for 6 hrs a t room tem perature. The reaction  
m ixture was decomposed w ith dilute acetic acid. The solid product was filtered off and  re ­
crystallized from ethanol to  give the sa tu ra ted  cyanobenzimidazole (10) as colourless crystals, 
m. p. 196 °C.

C20H i5N3 Calcd. C 80.78; H 5.09; N  14.13. Found  C 81.04; H  4.98; N 14.07%.

Thermal reaction o f the saturated cyanoester (11) with o-phenylenediamine

The saturated  cyanoester (11) (2.43 g) and  o-phenylenediam ine (1.1 g) were mixed, and  
th e  reaction m ixture was heated  at 220 °C (b a th  tem perature) for 1 hr., allowed to cool, th e n  
tr itu ra ted  w ith benzene. The solid was filte red  off and  crystallized from ethanol to  give th e  
sa tu ra ted  cyanobenzimidazole (10) as colourless crystals, m .p. 196 °C.

R E F E R E N C E S

[1] W u y t s , H., Van  Va e r e n b e r g h , J.: Bull. Soc. Chim. Belg. 48, 329 (1939); C. A. 34, 1981
(1940)

[2] E l d e r f ie l d , R., M cCa r t h y , J . R.: J . Am. Chem. Soc. 73, 975 (1951); C. A. 42, 2975
(1948)

[3] Or g e l , T. L., Co r t n e l l , W. D., Su tto n , L. W .: T rans F araday  Sac.; 47, 113 (1951)
[4] P a z h a r s h ii, A. F ., Ga n o v a s k ii, H. D., S im in o v , A. M.: Russ. Chem. Rev. 35, 122 (1966)
[5] H am m ad , M. A.: Ph. D. Thesis (“ Studies on Organic Cyanogen Compounds” ) Ain Shams

U niversity , 1974
[6] P oral-K o sh its , B. A., G in zb u r g , 0 . F ., E f r o s , L. S.: J . Gen. Chem. USSR, 17,1768 (1947)

C. A. 42, 5903f (1948)
[7] J a m es , Е ., N a k a m ic h i, G. M., L isk a , J . K .: J .  Am. Pharm . Assoc. 48, 61 (1959); C. A. 53,

8082 (1959)

M. H a m m a d  N ational Research Centre,
Kh. E l -B a y o u k i  D okki, Cairo, E g y p t.

Acta Chim. ( Budapest)  90, 1976





QUANTUM CHEMICAL STUDY OF THE SOLVENT 
EFFECT ON THE ISOMERIZATION OF CYANIC ACID

(SH O R T C O M M U N IC A T IO N )

G. N á r a y - S z a b ó *

(C H IN O IN  Pharmaceutical and Chemical Works)

P .  P u L A Y * *

(**Central Research Institute fo r  Chemistry,
Hungarian Academy o f  Sciences, Budapest)

P. M e z e y ***

(***Institute o f  Organic Chemistry, L . Eötvös University, Budapest)

Received O ctober 8, 1975

The results o f CNDO force re laxation  calculations are given for the two possible 
reaction paths of th e  S^I-type HOCN —>- HNCO isom erization. The catalytic effect 
of pyridine and d im ethy l sulfoxide is investigated  th rough  modelling them  by a H 20  
molecule. The barrier height of the reaction  is significantly lowered in the presence of 
solvent molecules.

Chemical cata lysis can be treated  as the low ering effect of a ca ta lyst  
on the activation  energy o f a given reaction . The use o f  quantum  chem ically  
calculated potential barrier height in p lace of the activation  energy is a com ­
m only accepted approxim ation. The reaction  path determ ining the barrier 
height can be calculated b y  minimizing th e  energy o f the cata lyst—reactant 
system  w ith  respect to  all but the reaction co-ordinate. Such a m inim ization  
can be performed econom ically  by th e  force relaxation  procedure [1]. In  
a version adapted to  th e  CNDO m ethod [2], the forces on each atom o f a 
reacting system  are com puted. The points of the reaction path are calculated  
by m aking all forces, b u t the one belonging to  the reaction co-ordinate, ap ­
proxim ately zero.

T hat CNDO yields qualitatively good reaction paths can be seen from  
the exam ple of HCN —*■ HNC isom erization. The isom erization energy and  
barrier height calculated b y  the ab initio  Cl m ethod are 14.6 (53.0) and 34.9  
(71.0) kcal/m ole, respectively  [3]. The values obtained b y  CNDO force ca l­
culations are given in parentheses. U pon subtracting 38.0 kcal/m ole from th e  
CNDO values, a very good agreement is obtained w ith  the ab initio values. 
This means that the trends are reflected by CNDO correctly. In the case o f  
interatom ic distances, the agreement is better. A recent exam ple of sem i- 
empirical quantum  chem ical calculations o f a reaction path is the work o f  
M a r t i n  et al. on the rearrangem ent o f ethylcarbene [4].

* Guest a t  the Q uantum  Theory Group, Physical In s titu te , Polytechnical U niversity , 
B udapest
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This work is concerned w ith the S ^ -ty p e  isom erization o f a lkyl cyanates  
and cyanic acid in d im ethyl form am ide, dim ethyl su lfoxide or pyridine. 
A  possible m echanism  suggested b y  M a r t i n  [5] et al. can be sum m arized as

slow fast
S o lv .. . ROCN [Solv.R  + .O C N -] =F=± [Solv.R  + ] +  OCN-

1  2  8low Jj fast 3

Solv . RNCO
4

C yanate is ionized through a slow so lvation  process. This polar aggregate 
dissociates rapidly to  y ield  separated ions which can react further to give iso ­
cyan ate . The isom erization of ionic aggregate 2 to isocyanate is a slow process. 
T he presence o f a so lven t stabilized a ctiva ted  com plex was indicated  b y  NM R  
investigations, too [6 ].

The effect o f d im ethyl sulfoxide and related solvents was m odelled b y  
a w ater molecule. Thus the oxygen o f th e  H 20  plays the role o f the one in  
dim ethyl sulfoxide or th at of the n itrogen  in pyridine. These atom s attract 
th e  proton or the a lkyl carbonium ion to  form the solvated  transition  state .

The reaction path  of HOCN —► HNCO isom erization (relative energy vs. 
NCO angle) is given in Fig. 1. Table I contains some num erical values. Figure 2

Table I

C h a r a c te r is t ic  p a r a m e te r s  o f  th e  r e a c ta n ts  a n d  the t r a n s i t io n  c o m p le x e s

Compound
Reaction 
co-ord. 
HCO <

O '—
■

rNC
(Á)

rco
«А,

rel. energy 
(kcal/mole)

q(NCO)

HOCN 33 1.84 1.19 1.33 3 -0 .1 7 6

NCO.H
activated complex 78 1.18 1.23 1.32 96 -0 .2 6 7

HNCO 152 1.90 1.26 1.24 0 -0 .1 4 2

H 0C N .H ,0 33 1.87 1.19 1.33 0 -0 .2 8 1

(N C0.H ).H 20
activated complex 78 1.19 1.22 1.31 80 -0 .5 3 2

HNCO.HjO 154 1.94 1.25 1.24 1 -0 .2 3 7

shows the variation o f CO and NC bond lengths, as well as th e  О . . H , distance  
in  the hydrated com plex against th e  reaction co-ordinate. The barrier height  
is 96 kcal/m ole. The activated  com plex  is T-shaped. The inversion barrier 
o f the HOCN m olecule was found to  be 42 kcal/mole while in the case o f HNCO  
i t  has a value of 9 kcal/m ole. The barrier height was calculated as the difference 
betw een the energy of the linear and th a t of the bent (equilibrium  shape) 
m olecule. The effect o f the solvent can be seen from the dashed curve in F ig. 1.
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Fig. 1. Reaction p a th s  for the HOCN HNCO isomerization. Full line: HOCN, dashed 
line: H 0 C N .H 20 . The molecular shapes are indicated schematically.

Fig. 2. V ariation of d ifferen t bond lengths vs. theT eaction  co-ordinate, о  — о  CN, x —x CO 
•  — •  О . . .H  distance. Full line: HOCN, dashed line: H 0C N .H 20 .

A decrease by 16 kcal/m ole of the barrier occurs when a w ater molecule is 
present. This is due to  hydrogen bond form ation betw een the solvent m olecule 
and the activated  com plex. It is h ighly probable th at solvents w ith strong  
proton binding pow er (e.g. dim ethyl sulfoxide or pyridine) lower the barrier 
height to  a greater ex ten t. Thus, in these so lvents, reaction step 2 -—^4 becom es 
faster than  in non-polar medium.

The fast reaction  step 2 3 was follow ed by CNDO force calculations.
The reaction paths (to ta l energy against OH distance) for the dissociation  
of bare HOCN and HOCN • H20  are given in Fig. 3. It is to  be seen th at 
the increase of the O H  distance from the equilibrium  value causes a m ono­
tonic increase in th e  energy. No m axim um  is observed on the reaction path. 
This w ould be necessary if  the products 3 were stable interm ediates. Thus it  is 
indicated th at reaction  step 2 — 3 involves the form ation of a solvate cloud 
around the reactant and this lowers the activation  energy further. Indication
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Fig. 3. V ariation of the energy vs. the OH distance (dissociation). The net charge on the NCO
m oiety is given for each points.

for such a solvation  can be gained from  the calculated charges of the NCO 
m oiety  (Fig. 3). In  the case of the HOCN molecule th is is a rather low  value  
and it decreases m onotonically  as the O H  distance increases. I f  an H 20  m o­
lecu le is present, the charge increases from  the equilibrium  value o f 0.281 
electrons to about 0.6 electrons at R OH ~  1-66 Á. W hen the OH distance  
increases further, the charge becom es sm aller and the difference betw een the  
bare and solvated  m olecules dim inishes. It cannot be excluded that th is de­
crease o f the charge is due to the failure of the CNDO m ethod at large in ter­
atom ic distances. The considerable negative charge o f the NCO m oiety m akes 
solvation  easy and, through this stabilizing effect, reaction step 2 —»- 3 becom es 
fa st. A similar solvation  process was investigated  b y  CNDO calculations 
in the case o f the W alden inversion of fluorom ethane, too [7].

It is interesting to notice th at the lowering effect on the barrier height, 
due to a w ater m olecule, was ind icated  qualitatively b y  extended H iickel 
calculations, too . Here the NCO m oiety  and the H 20  molecule were fixed  
and the energy surface due to the d isplacem ent of the proton was calculated  
p oin t by point. The barrier height was 65 kcal/m ole for the free m olecule and 
becam e 50 kcal/m ole when a w ater m olecule was present.
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R . B o y i n g t o n  and W . L. M a s t e r t o n : Student's Guide to Masterton and  
Slowinski's Chemical Principles

W . B. Saunders Co., Philadelphia, London, Toronto, 1975, 330 pages

The hook has been w ritten for u n iv e rsity  students of general chem istry, and serves 
prim arily  as a guide-book to  Chemical Principles by  W. L. M a s t e r t o n  and E. J . S l o w i n s k i ; 
it is also of assistance in  providing an understand ing  of the m aterial heard in the lectures 
and th a t  contained in the earlier book, and in  enhancing the ability  of the student to  employ 
th is understanding. The sequence of the chap te rs  and the selected topics run  in parallel w ith 
the m ateria l in the text-book.

In  effect, this guide-book does no t re p o r t new knowledge, b u t in  every case refers to 
the appropriate parts of th e  text-book, and  to  the Tables and Figures to  be found in it.

E ach  chapter begins w ith a series o f questions. These questions direct the s tu d en t’s 
a tten tio n  to  w hat parts  of the lecture m a te ria l and the text-book m ust be studied in  order 
to  be able to  solve the problem s posed in  th a t  chapter. N ext follow references to the basic 
definitions and to the m athem atical operations to he employed. The authors then  give an 
extrem ely  concise sum m ary of the theoretical knowledge fundam entally  necessary for an 
understand ing  of the chapter. The subsequent p a r t always describes the m ethods for solving 
a num ber of problems, and  illustrates these on one example each. The book also contains 
m any calculation problems for solution, rang ing  from  com paratively simple to quite complex 
ones. The solutions can be found in an appendix .

The following m ost im portan t and m ost useful p art of the chapters gives a possibility  
for the  s tu d en t to check his knowledge and understanding  of the subject m atter, and a t  the 
same tim e plays an im p o rtan t p art in the ac tive  study, in the developm ent of independent 
th inking, and in the discovery of correlations. T he questions given here can be divided in to  two 
groups. In  the first type the  reader m ust estab lish  whether a sta tem en t connected w ith th a t  
p a rt of th e  m aterial is tru e  or false. In the second group of questions th e  studen t m ust select 
the correct answer from am ong several given possible answers. The correct answers are to  be 
found in  a separate p a rt of th e  chapter, and fin a lly  each chapter is concluded by a list of re ­
com m ended literature.

The firs t chapters deal w ith the fund am en ta l knowledge relating  to atom s, molecules 
and ions, and  w ith chemical formulas and equations. The student m ay then  become acquain ted  
w ith therm ochem istry  and w ith  the physical properties of gases. A fter th e  basic concepts on 
the s truc tu re  of m atter follow chapters connected w ith the properties of various states (liquids, 
solids, changes of state, and  solutions). Three chapters present the reader w ith an  account 
of chemical reactions (the spontaneity  of reactions, th e  chemical equilibrium  of gas reactions, 
and the  ra te s  of reactions). Separate chapters deal w ith precipitation reactions, acid-base 
theories, acid-base reactions, complex com pounds, oxidation-reduction reactions, the basic 
concepts of electrochem istry, and nuclear reactions. The concluding chap te r illustrates the  
m anifestation  of the fundam ental correlations o f general chemistry in  the field of biochem istry.

The book provides extrem ely useful assistance to  the studen t dealing w ith general 
chem istry, in  broadening his knowledge, in an  intelligible trea tm en t of the subject m a tte r , 
and in the  constan t checking of his grasp of th e  m ateria l. Although th is guide-book is p rim arily  
in tended to  supplem ent the text-book referred to  in  the title, as a result of its  posing questions 
dem anding some thought and  of the answers to  th e  self-checking questions it  is also of use 
to those studen ts who have m astered their fundam en ta l general chemical knowledge from  
hooks em ploying different system s and constructions. Thus, its transla tion  into H ungarian  
(possibly together w ith th e  corresponding tex t-book ) would be advantageous, as a t the m om ent 
a book of such a nature is n o t available in H ungarian .

J .  N a g y
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E . W o l f r a m  (editor): Proceedings of  the International Conference on Colloid 
and Surface Science. Yol. 1. Preprints o f contributed papers.

A kadém iai Kiadó, B udapest 1975, 776 pages

R esults achieved in th e  la s t tw enty years in colloid and surface chem istry have an in ­
creasing im portance in science and  from the economic po in t of view; in  addition the interdis­
ciplinary, and indeed, grow ingly multidisciplinary character of th is b ranch  of science has 
come m ore and more m anifest.

A knowledge of disperse system s, of interfacial phases is required for solving many pro­
blem s in  several branches of in d u s try  and science, particu larly  in biology and medicine. More­
over, colloid and surface science is indispensable for dealing w ith some im portan t problems of 
our days, such as the more efficient utilization of raw  m aterial sources and environm ental p ro­
tection .

The recognition of these facts motivated the six-day In ternational Conference on Colloid 
and  Surface Science, organized under the auspices of IÜPAC in B udapest, September 1975.

The m aterial presen ted  in  95 contributed papers contained in  th is volume gives the 
reader a survey of the w ork of m ore than  200 researchers from 22 countries of four continents, 
carried  ou t in numerous laboratories.

The editor had a d ifficu lt task  in producing a well arranged grouping of the papers deel- 
ing w ith  various topics in  a m ultitude of heterogeneous fields. The principle th a t the basic 
com m on characteristic of th e  system s investigated was the large specific surface and/or the 
presence of supermolecular stru c tu re  elements, m ade possible the arrangem ent of 85% of the 
m ateria l into the following th ree  main chapters:

I. Surface chem istry,
II . Disperse system s,
I I I .  Surfactants, m onolayers and foams.

Chapter 1 is concerned w ith the following six branches of surface chemistry:
1/1 Surface stru c tu re  and  surface chem istry of solids (9 papers)
1/2 Adsorption a t  solid/gas and solid/liquid interfaces (7 papers).
1/3 W etting (7 papers)
1/4 Thin liquid film s (2 papers)
1/5 Adsorption of polym ers (4 papers)
1/6 Adsorption of su rfac tan ts (3 papers)

Chapter II  contains th e  papers which deal w ith  the following problems of disperse sys­
tem s:

I I / l  Form ation of disperse systems (3 papers)
II/2  S tability and  s tru c tu re  of disperse system s (8 papers)
II/3  Electrical phenom ena (6 papers)
II/4  Rheology (5 papers)
II/5 Gels (3 papers)

Chapter I I I  com prises reports on researchw ork carried ou t in three different, independ" 
e n t  fields:

I I I / l  Micellization and  related phenom ena (8 papers)
III/2  Monolayers an d  foams (9 papers)
III/3  Molecular in terac tions (7 papers)

The remaining m a te ria l is reported in C hapter IV in two groups:
IV/1 The title  “ A pplications” (8 papers) covers investigations on the practical solution 

of problems met w ith in  some special fields, and
IV/2 “M ethods”  (6 papers) describes m ethods of testing applied recently in colloid 

and/or surface chem istry.

Orientation in th e  subject-m atter is fac ilita ted  for the reader by  a subject index a t th e  
end  of the volume; it  is a p ity  th a t several entries are incomplete (e.g. R utile, p. 429, is m issing; 
Surfactants, adsorption of, p. 231, missing; Suspensions, pp. 426, 695, missing, etc.).

The papers are com plem ented by a g reat num ber (a to ta l of 989) references.
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The typography of the book gives evidence of careful work; the tex t and the tables, 
w ith  the exception of a few figures, are easy to  read.

In  sum mary, th is  publication will be of g rea t value to colloid- and physical chemists, 
as well as to chemists, physicists and biologists, engaged in to most various theoretical or p rac­
tical researches connected w ith colloid and surface science. The book is a good source of infor­
m ation  on the present research trends in  th is b ranch  of science, and on the results achieved in 
recent years.

U nfortunately, the  compilation does no t give the titles, the names and the working places 
of th e  authors of the contributed papers read  a t the conference, as this inform ation did not arrive 
un til the  dead-line (June  15, 1975) of sending in the subject-m atter in tended for publication. 
I t  is hoped th a t Volume 2, to be published a t  a la te r date , which will p resent the discussions of 
the conference papers, will make up for th is deficiency.

K .  U d v a r h e l y i
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Р Е З Ю М Е

Комплексообразование магния, цинка и кадмия с арсеназо III
В. МИХАЙЛОВА

О писы ваю тся спектроф отом етрические исследован и я  р еак ц и й  м агн и я , ц и н к а  и 
к ад м и я  с арсеназо I I I .  К ом плексообразование было изучено методом, основанны м  на з а ­
висим ости А = / ( р Н ) .  Б ы л и  использованы  растворы  с эквим олярны м  составом и с содер­
ж ан и ем  небольш ого и збы тка металла. Д л я  м агниевы х и цинковы х ком плексов бы ло н ай ­
дено простое х ел атн о е  равновесие, в то в р е м я  к а к  д л я  кад м и я  было найдено, что р е а к ц и я  
п р о текает  по двум ступеням . Бы ли р ассч и тан ы  константы  равновесия  и к онстан ты  устой­
чивости. П роводится зависим ость м еж ду  растворим остью  продуктов гидроокисей  м етал л о в  
и p H  п о лу-реакции .

Исследование механизма изомеризации н-бутена на кислых катализаторах, II. 
Кинетические примеры и оценка экспериментальных данных

Д. КАЛЛО, Э. Д Е Т Р Е К Ё И  и Г. ШАЙ

О бласть ки н ети ческ и х  примеров, и зу чен н ы х  в преды дущ ем сообщ ении, бы л а р асш и ­
рен а  таки м и  схемам и превращ ений, к о то р ы е  дем онстрирую т простейш ие возм ож ности , а 
им енно, когда  п у ть  превращ ений  одного ком понента о тличается  от п ревращ ений  д в у х  
д р у ги х  компонентов. Н ач ал ь н а я  скорость лю бого п ревращ ен и я  i -*■ j  м ож ет бы ть в ы р а ж е н а  
следую щ им  уравнением

ГЬ =  a,j  р °  /  (1 +  bj pi) .

Б ы л о  установлено , что означаю т константы  а ц  и 6,-, с общ ей справедливостью , д л я  сл у ч ая  
схем различного стр о ен и я  и к аки м  образом  у р авн ен и е  скорости  типа Л ангм ю ра м о ж е т  бы ть 
обобщ ено. О пределяя  постоянны е ву  и  6,- н а  водородны х, м агниевы х и н икелевы х  к л и н о п - 
ти л о л и тах  при разл и чн ы х  тем пературах , бы ло вы яснено, что в  то врем я к а к  н а  Н -ф орм е 
превращ ение п ротекает через образование общ его поверхностного пром еж уточного  п ро­
ду к та , н а  M g- и N i-ф орм ах  наблю дается д р у го е  поведение.

Роль молекулярных конформаций в расчете тг-электронной структуры
методом С СП—МО
А. И. КИШ и Й. СЁКЕ

л -Э л ектр о н н ая  с тр у к ту р а  и спектры  п лан ар н ы х  конф орм аций  дизам ещ енны х бензо­
лов, содерж ащ и х  к ар б о н и л ьн у ю  группу, б ы л и  рассчитаны  с помощ ью  метода П а р и зе р — 
П а р р — П опла. Р ассч и тан н ая  общ ая я -э н е р ги я , однако, не я в л я е т с я  надеж ной  м ерой  опре­
делен и я  относительной стабильности  конф орм еров . Н а  основе расчета, однако, м о ж н о  пред­
сказать , что та  форма будет более стаби льной , в которой  больш ие я -зар я д ы  н ах о д я тся  
бл и ж е  д р у г  к  другу . Б ы л а  продем онстрирована чувствительность расчетны х я -эл ек тр о н - 
ны х свойств (распределение зар яда , ди п ольн ы й  момент, сп ектральны е данные) н а  конф ор- 
м ационны е изменения. Р азл и чи я  в р асч етн ы х  своейсгвах дв у х  конф орм еров я в л я ю т с я  
наибольш им и д л я  о-производны х, где ж е л а т е л ь н о  м о л ек у л яр н о й  структуры , н аиболее 
вероятной  эксперим ентально . В случае м  и  п-произвноды х р азл и чи я  я вл я ю тся  того ж е  
п о р яд ка , к а к  и погреш ность расчета.



Электронографическое исследование строения молекулы триэтилсилана
Б . ЧАКВАРИ, Ж . ВА ГН ЕР и И. ХАРГИТТАИ

Э лектронограф ические данны е три эти л си л ан а  согласую тся с м оделью  симметрии 
С3 и у гл о м  вращ ения в о к р у г  связи  S i—С в и нтервале  105 — 145° (анти-попожтке цепи 
Н — S i—С — С соответствует 0°). М олекулы  вероятно  претерпеваю т к рутильн ы е колебан ия  с 
больш ой  ам плитудой  в о к р у г  связи  S i— С. Д л и н а  связи  S i— С ( rg) и валентны й у го л  S i—С—С 
1,887 ±  0 ,0 0 4  Á и 115,1 ±  1,1°, соответственно.

Электронографическое исследование строения молекул триметилметоксилана
Б . Ч А К В А РИ , Ж . ВАГНЕР, П. ГЁМ ЕРИ, И. ХАРГИТТАИ, Б . РОЖОНДАИ и Ф. С. МИЙЛХОФФ

М етодом газовой эл ектрон ограф и и  изучено строение м олекул  трим етилм етоксилана. 
Н еко то р ы е  и з структурны х  парам етров:

r a(S i— О ) =  1,639 ±  0 ,004  Á , ra( S i - C )  =  1,864 ±  0 ,0 0 4  Ä , га( С - 0  =  1,423 ±  0,005 Á, 
га(С— Н ) =  1,114 ±  0,003 Á , <  S i - 0 - C  =  122,5 ±  0 ,6° и <  O - S i - C  =  108,6 ±  0,2°.

Н а й д е н а  ш ахм атн ая  к о н ф орм ац и я  (симметрия м о л ек у л ы  Cs) с вращ ательны м и  к о л еб ан и я ­
м и б о л ьш и х  ам плидут в о к р у г  связи  S i— О. О б н ар у ж ен  больш ой эффект сокращ ения 
( ^  0 ,1  Ä ) расстояний  С. . .С анти по сравнению  со строго ш ахм атной  конф орм ацией.

Электронографическое исследование молекулярного строения бис (три-
метилсилил) кетена

Б . РОЖОНДАИ и И. ХАРГИТТАИ

М етодом газовой эл ектрон ограф и и  бы ли п олучены  некоторы е сведения относительно 
м о л е к у л я р н о й  структуры  бис (трим етилсилил) к етен а . Д л я  модели С2„ бы ли найдены  
следую щ ие структурны е парам етры : r a(Si—С)ср =  1,886 ±  0,004 Á, í(S i—Сср =  0,056 ±  
±  0 ,0 0 3  Ä и <  S i—С— Si =  129° (с погреш ностью  + 2 °  и  —4°). С равниваю тся и обсуж да­
ю тся  валентны е углы  атом а углерода при  двойной  связи , а т а к ж е  атом ов N , О и т. п ., 
св я за н н ы х  с атомами С, Si и л и  Ge.

Электронографическое исследование строения молекулы ацеталдазина
И. ХАРГИТТАИ, Д . Ш УЛЬЦ, В. А. НАУМОВ, Ю. П. КИТАЕВ

С огласно электронограф ическим  данным, преобладаю щ ей конф орм ацией  ац етал ­
дази н а  в  газовой фазе я в л я е т с я  анти , тран с-транс, вероятн о  с больш ими к рутильн ы м и  к о л е ­
б ан и ям и  во кр у г связи  N — N. О бнаруж ено т а к ж е  небольш ое количество гош  формы. Сле­
дую щ ие м олекулярн ы е парам етры  х ар ак тер и зу ю т стр у к ту р у  скелета т я ж ё л ы х  атомов: 
r a(N — N ) =  1,437 ±  0,013 Á, ra(N = C ) =  1,277 ±  0 ,003  Ä, га( С - С )  =  1,486 ±  0,008 Ä, 

N — N  =  C =  110,4 ±  0 ,9° , и  «£ N =  С - С  =  121,4 ±  1,0°.

Квантово-химические исследования некоторых производных 
имидазопиримидона

3. Д Ы Н Я , Й. РЕЙ ТЕР, Л . ТО ЛЬДИ  и С. РОХЛИЦ

С помощью разл и чн ы х  к ван тово-хим ически х  методов (МО Х ю к к ел я , со—ССП, 
ССП — М О —К В  П П П ) бы ли  исследованы  н екоторы е производны е имидазо (1,2-а) пирим и- 
дона, электрон но-спектральны е свойства их  и зом ерны х и таутом ерны х форм, а  т а к ж е  их  
относительны е усл о ви я  стабильности .



Н а прим ере одного вы бранного м одельного  соединения ( la ,  R =  Н ) ср ав н и в ал и сь  
эм пирические и  полуэм пирические литер ату р н ы е величины  /3,“ ге для  ССП—М О— К В  П П П  
расчета энерги й  перехода AES~*S вы ш еуп ом януты х  соединений. С помощью эм п ири чески х  
величин ß t r , вы бранны х таким  образом, бы ли  определены  энергии  электронны х переходов 
S S(jt— л*), н ап р ав л ен и я  моментов переходов, а  т а к ж е  количественны е соотнош ения
наиболее в а ж н ы х  конф игураций . С помощ ью  методов МО Х ю к к ел я  и си—ССП бы ли  р ас­
считаны энерги и  делокализаци и  E D „ м о л е к у л  1а—26, R  =  Н  и СН3, которы е хорош о 
согласую тся с заклю чениям и , сделанны м и ран ее  относительно строения соединений и  их  
стабильности . С помощ ью  метода ССП—М О — К В —П П П  бы ли рассчитаны  т а к ж е  величины  
«прироста энергии», которы е, однако, не даю т новой инф орм ации относительно с тр у к ту р ы  и 
стабильности .

Реакция о-фенилендиамина с а ,  ^-ненасыщенными нитрилами
М. ХАММАД и К. ЭЛЬ-БАЙОКИ

О писы вается  н екатал и зи р о ван ная  р е а к ц и я  о-ф енилендиамина с а , ^ -н ен асы щ ен н ы ­
ми нитрилам и . О -фенилендиам ин р еаги р у ет  с эфиром ф луорен-9-илиденцианоуксусной  
кислоты , д а в а я  цианобензим идазоль (2), о став л я я  этиленовую  двойную  связь  н езатронутой . 
А а-наф тилидены  (5) расщ епляю тся, о-фенилендиамином , д ав ая  неож иданны е 2-( 1-нафтил) 
-бензим идазоли  (6). Н енасы щ енны е бензим идазоли  (2) и  (8) восстанавливаю тся боро- 
гидридом н атр и я , д ав ая  насы щ енны е бензим идазоли  (3) и  (10), соответственно.
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The theoretical conformational analysis of methoxydichlorophosphine CH30PC12 
using the CNDO/2 approximation, reveals the existence of two preferred equivalent 
gauche conformations, in agreement with electron diffraction data, and shows the 
molecule to be highly flexible around the corresponding potential wells. A comparison 
of calculated and experimental values of the dipole moment strongly supports the 
existence of gauche conformers.

Introduction

R ecently, the geometric structure and conform ation in the gas phase 
o f som e X -P F 2 compounds have been investigated  b y  m eans of electron  
diffraction and microwave spectroscopy.

W hen X  is a group linked b y  a first row elem ent (X  =  N H 2, [1, 2], 
N (C H 3)2, [1, 3], F 2PO [4]) to the phosphorus atom , it appears th a t — despite 
a few  discrepancies in the literature the preferred conform ation o f the  
corresponding X P F 2 molecules is gauche. This has been explained [5, 6 ] 
b y  quantum  calculations perform ed w ith the CNDO/2 approxim ation.

Theoretical calculations p o in t to  a similar tendency for m ethoxydiflu- 
orophosphine, CH3P —PF2 [7]. M oreover, a recent m icrowave spectroscopic 
stu d y  b y  S c h w e n d e m a n  et al. [8] reveals the outstanding flex ib ility  of th is  
m olecule oscillating between tw o  gauche forms, sym m etrical about the cis 
conform ation.

I t  is worth p o in tin g  out th a t  when X  is a group linked b y  a second  
row atom  (e.g. X  =  P H 2 [9]) to  phosphorus, the X —P F 2 m olecule adopts 
a trans conform ation; CNDO/2 calcu lations allowed us to  elucidate the origins 
of th is peculiarity [9].
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208 ARSHINOVA e t al.: TH EO RETICAL CONFORMATIONAL ANALYSIS

As this sem i-em pirical m ethod allows to  reproduce and to  interpret the  
conform ational characteristics experim entally  observed for X —P F 2 m ole­
cules, we thought such an approach could help us to  understand all the results 
— som etim es inconsistent — which have appeared in the literature concerning  
m ethoxydichlorophosphine CH30  — PC12.

Experim ental data

The molecular geom etry of CH30 —PC12 has been investigated  b y  N a u ­
mov  et al. [10] (Fig. 1) b y  means of electron diffraction.

In their study, th e  authors favour th e  existence o f a preferred gauche 
conform ation, which is characterized b y  a torsional angle 0  =  (17.3 +  5)° 
(Cf. F ig. 1). Thus, th e  m olecule studied conform s very  well w ith the general 
ten d en cy  we described in the introduction.

H ow ever, tw o infrared spectroscopic studies, b y  D u rig  and Y igorio  
[11] and R a y e v s k i i  and H alitov  [12] respectively , roused these authors to  
favour a preferred conform ation w ith a plane o f sym m etry to  which the latter  
authors ascribed the cis  conform ation. (The chosen convention describing the 
relative positions o f th e  О — C bond and the direction o f the lone pair o f phos­
phorus is depicted in F ig. 1.)

/  1 Y

CH3

r(P-CI) = 2.084A
jfcpj г (P-0 ) = 1.630 A

r(C-O) = 1.447 A
/• i / 4\ r(C-H) = 1.1 00 Ä

/  i/ \
/ J 
1 n

\
1 C iTg l  = 99.3°

\ 1/ 0 PCI = 99.0°
C O P  =1070° 
0 С H =109.47°

Cl Cl H С H =109.47°

Naumov's conformation (10)

Cl Cl

Rayevskii’s cis conformation (12) 

Fig. 1
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Theoretical conform ational analysis

A ll the calculations, using the CNDO/2 approxim ation [13], were per­
formed on the IBM  370/168 com puter o f the CNRS (CIRCE, Orsay, France).

W e used the geom etrical m odel proposed b y  N a u m o v . The th eoretica l 
conform ational analysis was performed on the basis o f the now classical rig id  
rotor assum ption.

The conform ation at the outset o f our calculations is represented in  
Fig. 2. 0  and Ф are th e  rotation angles around the P—O and O-C bonds, respec­
tiv e ly , these rotations being anticlockw ise for an observer located on O, and  
looking at P or C.

Isoenergy curves o f the hypersurface E (0 , Ф) are shown in F ig . 3  
(energy o f — 42400 K cal/m ole).

This map show s th a t the m olecule studied  adopts tw o perferred equ ival 
lent gauche conform ations, referred to  as G (-(-53.60) and G (—53.60) (F ig . 4)-  
it  is notew orthy th a t, in both conform ations, one hydrogen from the m eth y;

Fig. 2

0 100 180
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group lies in the РОС plane and eclipses th e  PO bond. This unusual position  
for a m ethyl group has been observed for CH30  —P F 2 [7].

A lthough our calculations exaggerate th e  tw ist around the P — O bond, 
th ey  are in good agreem ent w ith the conclusions o f N a u m o v  et al. [10] w hose  
experim ental observations favour a preferred gauche conform ation. The quan­
tita tiv e  disagreem ent is less im portant th an  it  appears to be: the map E (0 , Ф) 
shows th a t, around the potentia l w ell corresponding to G, the radius o f cur­
vature o f the hypersurface is large and is thus showing a high degree of f le x i­
b ility  of the m olecule in  this area. T hus, i f  we consider (taking into account 
m olecular vibrations, zero point energy and therm al effects) th a t the actual 
energy o f the m olecule m ay be 1.5 K cal/m ole higher than the absolute m ini­
m um  one, the area where preferred conform ations m ay ex ist is found to  be 
quite large (inside th e  — 6 6  curve in F ig . 3) and corresponds to:

25° <  0  <  81°

34° <  Ф <  84°.

On the basis o f this flex ib ility  around th e  G well — especially noting  
th a t the angle 0  m ight easily differ + 3 0 °  from  its equilibrium  value — the  
inconsistency  with electron diffraction results seems to be rem oved.

In order to  try  to  understand the experim ental results obtained  b y  in ­
frared spectroscopy [1 1 , 1 2 ], we can consider th e  interconversion betw een the  
tw o equivalent gauche forms, G ^ z iG . H ow ever, the CNDO/2 calculations 
show  a barrier to  in ternal rotation o f 2.5 K cal/m ole. This barrier corresponds 
to  the difference in  energy betw een th e  gauche  forms and the unstable cis 
form ; such large v a lu e  makes a h yp oth esis difficult, in which the m olecule 
w ould be oscillating from  G to G and w ould  he observed in its interm ediate  
cis state . We ought to  add that ca lcu lations, performed b y  one o f us (R .A .) 
using the extended H iickel m ethod [14] w ith  a (3s, 3p, 3d) basis set for the  
second row atom s, give results identica l to  the ones presented here, except 
for the barrier (0.8 K cal/m ole) betw een  the G and the G forms. This low  bar­
rier would perm it th e  interconversion G G- H owever caution is advised
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in using this va lue, as it is known th a t th e  generalized H iickel m ethod — as 
usually  used — often understim ates rotational barriers.

W e  t h e n  a p p r o a c h e d  t h e  p r o b l e m  i n  a  d i f f e r e n t  w a y ,  n o t i n g  t h a t  N a u m o v ’s 

e x p e r i m e n t s  [ 1 0 ]  c o r r e s p o n d  t o  a  m o l e c u l e  i n  t h e  g a s  p h a s e ,  w h i l s t  t h e  s p e c t r o ­

s c o p i c  s t u d i e s  [ 1 1 ,  1 2 ]  w e r e  m a d e  i n  s o l u t i o n .

W e therefore repeated the conform ational analysis o f  CH30  — PC12, 
adding to  the to ta l energy calculated for th e  isolated m olecule, the so lvation  
energy as estim ated  by J a n o  [15]. U sing th e  CNDO/2 approxim ation, J a n o ’s  

form ula m ay be written:

E s o lv  --
2 D 2  2  AQa - aQb -va b

A  В

in which/IQ =  n et atom ic charges
у  — m ono and bicentric bielectronic coulomb integrals 
D  =  dielectric constant o f the solvent.

This form alism  which takes only in to  account the interactions betw een  
the poin t distribution of the atom ic charges o f the m olecule and the so lven t  
assum ed as a perfect dielectric, has already allowed the interpretation  of m an y  
so lu tion  phenom ena (tautom eric equilibria [16], pK data [17, 18], so lvato- 
chrom ic effects [19, 20]) although it corresponds only to one o f the term s in ­
vo lved  in the true solvation  energy. N evertheless when we are interested on ly  
in  variations  o f the solvation  energy, we m ay  consider the cav ita tion  and sa tu ­
ration energies o f  the dielectric as constant [19].

The new map describing the variations of

E  (0 ,  Ф) — E tot +  I E solv I d= oo

proves th a t solvation  has no influence upon the general features of the hyper­
surface. The flex ib ility  of the m olecule, as w ell as the barrier betw een G and  
G, rem ain unchanged.

H ence if, the preferred conform ation o f CH30  — PC12 is a highly flexible  
gauche one (as indicated  by electron diffraction and quantum  calculations), 
the IR  results rem ain unexplained, if  we use the simple approach of so lvation  
effects outlined above. F inally, it should be m entioned th at a trans form has 
never been experim entally observed; th is is supported by th e  results o f our 
calculation , the trans conform ation being som e 5 Kcal/mole above the G p oten ­
tial w ell.

Dipole m om ent

The dipole m om ent o f m ethoxydichlorophosphine, in  solutions in c y ­
clohexane at 25°C, is found to  be equal to  1.97 debyes.

The dipole m om ents of the cis, gauche and trans forms, calculated from  
atom ic  charge densities (yat) and hybridization  contributions (fj,sp and /ipd) 
are 0.64 D , 1.63 D and 3.67 D respectively . I f  we compare th ese calculated
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v a lu es w ith the exp erim en tal ones, the on ly  lik e ly  conform ation for CH30 — PCI2 
is again the gauche one.

A t first sight i t  m igh t seem surprising to  find th a t the dipole m om ent 
o f  th e  trans form o f  C H 30 —PC12 be higher than th a t o f  the cis form. The  
reverse is the case in  th e  difluoro derivative CH30  — P P 2 [7]. We have show n, 
b y  an analysis o f  th e  various theoretical com ponents o f  the dipole m om ent, 
th a t it  is the predom inant contribution o f  the lone pairs o f electrons on th e  
chlorine atom s, w hich  causes this phenom enon in CH30 —PC12.

*

We are grateful to  D r. Is tván  H a r g i t t a i  for stim ulating  discussions during his v is it 
to  our Laboratory (Toulouse) regarding the approach  in  using electron diffraction and quan ­
tu m  calculations for solving geometrical and conform ational problem s in chemistry.
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The condensation  of alkoxysilanes w ith chlorosilanes has been followed by  gas 
volum etric and gas chrom atographic techniques. The effect of the active and inactive 
ligands of the silicon moiety on th e  reactiv ity  has been  investigated.

As shown b y  the  rate  of gas evolution during th e  condensation of alkoxy- and 
chlorosilanes, th e  reactiv ity  can be  influenced by  vary ing  the substituen ts on bo th  
the oxygen and th e  silicon atom .

I t  has been established by m ass spectrom etry th a t  there  is a correlation betw een 
th e  reaction ra te  and  the stab ility  o f the alkoxy group a t  the positively polarized 
silicon atom , w hich parallels the H am m ett constants of the alkyl p a rt of the alkoxy 
group, i.e. its  elec tron  donor ab ility . Conclusions can also be drawn on th e  effect of 
л -electron ligands in  the  silicon m o ie ty  on the Si-Cl an d  Si-O -C  bonds, as well as on 
the steric effects.

The ra te  o f condensation betw een  alkoxysilanes and  chlorosilanes increases when 
л -electron ligands (Vi, Ph) are a tta c h e d  to  the Si a tom ; th e  same effect is observed 
upon increasing th e  electron donor ab ility  of the alkyl p a r t of the alkoxy group.

Introduction

In addition to  hydrolytic m ethods, the siloxane bond m ay also be 
formed in certain non-hydrolytic condensation reactions of the type

=  Si -  X  +  УО -  Si =  — =  Si -  О -  Si s  +  X Y  (I)

Group X  m ay he a halogen, H, — O R , —OCOR, whereas Y  m ay be H , —R  
or —COR; any com bination  of X  an d  У  leads to  th e  form ation of siloxanes 
[I, 2]. Similar condensations occur i f  X  =  —N H 2, У  H  and X  -f- halogen, 
— OCOR, Y  =  N a, К  [3]. The com m on feature o f  condensations (I) is th at  
one of the reactants carries a S i - 0  bond  which, ow ing to  the large difference 
betw een the electronegativities o f silicon  and oxygen , is extensively  polarized  
so th at the oxygen atom  becomes stron g ly  nucleophilic and the silicon strongly  
electrophilic. The rea ctiv ity  of th is  bond is enhanced b y  the presence o f  
em pty silicon d-orbitals o f favourable energy and sym m etry, which perm it 
the form ation of pentacovalent silicon  in donor-acceptor interactions. A lthough
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th e  lone pairs of the o x y g en  in the =  Si—О bond m ay be sh ifted  towards the 
silicon atom  by a so-called (p  —*- d)n in teraction , which would ten d  to  decrease 
the donor ability of oxygen  and the acceptor ab ility  of silicon, th is  delocali­
zation  is suppressed in th e  presence of a donor or acceptor reactant.

In  the following we report on the in vestigation  of one o f th e  m ost impor­
ta n t ty p e  of condensations (I), viz. on the com bination of X  =  Cl and Y  =  
=  a lkyl.

The first detailed description o f the condensation betw een chlorosilanes 
and alkoxysilanes

=  Si — Cl +  RO — Si ->- =  Si — О — Si =  +  RC1 (II)

was g iven  in 1946 in a p a ten t b y  Servais [1]. The reaction tak es place above 
50°C; th e  properties o f th e  product siloxanes, in addition to the in itia l compo­
sition , can be influenced b y  the am ount o f FeCl3 catalyst, th e  tem perature 
and th e  reaction tim e. Inert so lvent, e.g. to luene, slows dow n the reaction 
w hereas a small am ount o f  HC1 brings about acceleration. The type of the 
a lk oxy  group determ ines the required am ount o f catalyst. A ccording to the 
p a ten t, di- and trifunctional chlorosilanes, alkoxysilanes and particularly  
alkoxychlorosilanes o f th e  typ e R Si(O R ’)2Cl and R2Si(OR’)Cl are suitable 
for th e  condensation. These m ixed alkoxychlorosilanes m ay form  via  group 
exchange from the corresponding alkoxy- and chlorosilanes. The number of 
a lk oxy  groups in the starting  silane m ixture should be at least equal to the  
num ber o f chloro su b stitu en ts, thus no chloro function rem ains in the final 
product. There are both  cyclic and linear siloxanes among the products. The 
alkyl chloride formed is o f  high purity and can thus be recycled in the produc­
tion  o f  organosilicon m onom ers [4].

The formation o f alkoxychlorosilanes via  group exchange is catalyzed  
b y  th e  HC1 present already at the tem perature of boiling [5]. In the case of 
alkyl hydrogen silanes, th e  exchange takes place upon m ixing, the reaction  
being exotherm ic [6 ]. K u m a d a  [7] has also reported group exchange leading 
to  th e  form ation of alkoxychlorosilanes under more drastic conditions (bomb 
tu b e  200°C). The groups exchange o f alkoxychlorosilanes affords dichloro- 
silanes also under m ilder conditions [8 ].

The application o f the alkoxysilane—chlorosilane condensation extends 
th e  scope of laboratory syntheses too. Cyclic siloxanes have been prepared 
b y  A n d r ia n o v  et al. [9 — 1 2 ].

I t  should be n o ted  th at the strong decrease of conversion observed in  
the alcoholysis of chlorosilanes (40 — 50% ) can be explained b y  the side reac­
tion  o f  condensation [13] as there is appreciable form ation o f alkyl chlo­
rides [14].

On the basis o f literature data we have selected model com pounds and
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reactant mixtures w hich permit to  follow  the course o f the reaction in tim e. 
Special attention w as directed to  th e  reactions o f bifunctional-f-b ifunctional 
and b ifu n ction a l+ tetrafu n ction a l silanes, chloro- and alkoxysilanes because 
of their industrial im portance b u t an explanation  was also sought for the  
lack of reaction betw een certain m onofunctional a lkoxy- and chlorosilanes.

Under technological conditions (80 -150°C, iron cata lyst w ithout a 
solvent) the alkoxysilane-j-chlorosilane condensation is carried out in such a 
m anner that the num ber of fu n ction a l groups per m onom er u n it be at least 
2  (in exceptional cases 1 ); the sum  o f functional groups in th e  tw o kinds of  
m onomer should be at least 3 and th e  average functionality  p e r  silane monomer 
2  or greater.

In the experim ents to be described we have studied , b y  gas volum etric 
and gas chrom atographic techniques, the reactions o f chlorosilane-alkoxysilane 
m ixtures (in the presence of y -F e 20 3 and FeCl3) w ith  various hydrocarbon 
and alkoxy groups attached to  th e  silicon m oiety.

Correlation between the reactivity and the number 
and type o f the functional groups

Experim ental

1) The reaction of the monochloro j- monoalkoxy system

M ixtures of the following com position were reacted a t 75°C under anhydrous conditions 
in  a therm ostated  3-necked flask equipped w ith a magnetic stirrer, a therm om eter and a 
reflux condenser:

0.05 mol trim ethylalkoxysilane (alkoxy  =  m ethoxy, ethoxy, n-propoxy or i-butoxy); 
0.05 mol trim ethylchlorosilane*;
0.1 mol cyclohexane;
1% (0.1385 g) y -F e ,0 3**

2) Reactions in the dichloro +  monoalkoxy system

Dimethyldichlorosilane and trim ethylalkoxysilanes (alkoxy =  m ethoxy, ethoxy, n- 
propoxy and i-propoxy) were reacted in  th e  same am ounts and conditions as in  1), in the 
presence of 1% y-Fe20 3 ca ta ly st of the w eight of the reactants. Gas evolution was only absent 
in th e  case of ra-propoxysilane (с/. Table I , Fig. 1).

* The chlorosilanes were supplied by  W acker GmbH. These were the starting  materials 
for the alkoxysilanes. The purities were checked by distillation th rough  a 50 p late Büchi 
colum n w ith a ro tary  insert, followed by  gas chrom atography. Only those substances contain­
ing less th an  5% im purities were used.

** The particle d iam eter of the y -Fe20 3 used was 0.16 — 0.20 mm, unless sta ted  o ther­
wise.
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Table I

Composition o f product mixtures from  the condensation o f chlorosilanes
R e a c ta n ts R a tio  o f  r e a c ta n ts S y s tem

A В m ol A m ol В O pen Closed

1 M 0.1 +

2 M + M O E t 0.05 0.05 +
3 M + M o E t 0.05 0.05 +

4 M + M O E t 0.05 0.05 +
5 M + M o n P r 0.001 0.001 +
6 M + M 0 ipr 0.001 0.001 +
7 M + O o t B u 0.05 0.05 +
8 M o tB u +HC1 saturation +

a t 0°C
9 M O E t + D 0.05 0.05 +

10 M 0 E t + D 0.05 0.05 +
11 Me2Si(OEt)Cl c 0.1

ft
+

a Determined by  m ass spectrom etry 
b Contains an  oligosilane com ponent too 
0 System studied by  activation  analysis

Fig. 1. Gas evolution curves for various dichloro -f- m onoalkoxy and  monochloro +  dialkoxy 
system s. (1) Me2SiCl2 +  Me3SiOMe; (2) Me2SiCl2 -f  Me3S iO E t; (3) Me2SiCl2 +  Me3SiOiPr;

(4) Me3SiCl +  Me2Si(OEt)2

3) Reaction in  the monochloro -f  dialkoxy system

Trim ethylchlorosilane and dim ethyldiethoxysilane were reacted  in th e  presence of 1% 
y -Fe20 3 catalyst in  am ounts, a t mole ra tios and under conditions described in 1). The shape 
of th e  curve obtained was sim ilar to  th a t  observed for system  2).*

* The curves were in  all cases draw n on the basis of th e  average of 3 parallel m easure­
m ents (reproducible to  w ith in  1% ) in  w hich readings were tak en  a t  1 m in intervals.
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with alkoxysilanes under various conditions
C o n d i tio n s  o f  t h e  r e a c t io n  j C o m p o n e n ts  o f  p r o d u c t  m ix tu r e

S olvent
cyclo­

hexane
(ml)

M ole r a t io  o f c a ta ly s t
T im e
(hre)

T  em p era tu re
(°C) Ga9 p h a se

L iq u id  p h ase  
(O th er th a n  th e  s ta r tin g  

com ponen ts)y -F esO , (A + B ) FeC ls ( A + B )

5.00 5 3 75 M2 cyclohexane

5.00 5 3 75 EtCl, M2 cyclohexane
0 l x l O - 2 1 75 (EtCl), (E t20 ) (E t20 , M2)
0 1 x 1 0 -* 1 6 5 -7 5 (EtCl), (E t20 ) E t20 ,  (M2)
0 5 x  10~2 3 80 nPrCl, M2r
0 5 x lO -2 3 75 iPrCl, M2r
0 b-

* X I—* о
1 (O 1 6 5 -7 5 M2, tBu20

0 0 1/2 75 M2, tBuCl, (Bu20

9.00 1 x lO -2 3 75 EtCl, B u20 (EtCl) (E t20)6
9.00 1 x 1 0 -* 3 75 EtCl, E t20 (EtCl) (E t20)6
9.00 2 x 1 0 -2 2 7 4 EtCl 2% EtO H

Symbols
M =  Me3SiCl 
D =  Me2SiCl2 

M ost =  Me3SiO Et 
MonFr =  Me3SiOnPr 
MojPr =  Me3SiOiPr 
MotBu =  Me3SiOtBu 
M2 =  Me3Si-0-SiM e3
( ) =  p resen t a t  concentrations of less th an  10%

4) Reactions in  the dichloro +  dialkoxy system

The bifunctional m ixtures listed in  Table I were reac ted  in  the  presence of 1% y-Fe20 3 
catalyst. The conditions, mole ra tios and am ounts were th e  sam e as in  1). The gas evolution 
curves are shown in  Figs 2a and 2b.

Fig. 2a. Gas evolution curves for various Fig. 2b. D ichloro -|- dialkoxy system s,
dichloro +  diethoxy system s. (1) Me2SiCl2 +  (1) Me2SiCl2 +  Me2Si(OMe)2; (2) Me2SiCl2 +
Me2Si(OEt)2; (2) MeViSiCl, +  Me2Si(OEt)2; +  Me„Si(OEt)2; (3) Me2SiCl2 +  Me2Si(OnPr)2; 
(3) MeEtSiCl2+  Me2Si(OEt)2; (4) MePhSiCl2 +  (4) Me2SiCl2 +  Me2Si(OiPr)2; (5) Me2SiCl2 +
Me2Si(OEt)2; (5) MeChSiCL, +  Me2Si(O Et)2 MeViSi(OMe)2; (6) MeViSiCl,.+Me,Si(OMe)2
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Table II

Relative rates and induction periods o f reaction series 2 —6 referred to the case o f R = M e

a* Es 'E / 'M e  * lg  »R /ЧИе P

I n d u c ­
t io n

p e r io d
(m in )

Series 2
Me2SiCl2 +  Me3SiOMe 1Д 0

-j- Me3SiOEt 3/1 0
- j -  Me3SiOiPr 11/1 0

Series 3
Me3SiCl j -  Me,Si(OEt)2 3.3/1
Series 4a
Me2SiCl2 +  Me2Si(OEt)2 0.00 0.00 17/17 0.00 22
MeViSiCL, + — —  0.06 13/17 -0 .2 8 7 12
MeEtSiCl2 - ( - -0 .1 0 0 —  0.07 8/17 -0 .3 2 8  ^ 0 28
MePhSiCl^ + +0.600 -0 .9 0 14/17 -0 .2 4 3  > 0 52
MeChSiCL, + — -0 .7 9 2/17 -0 .9 2 9 —
Series 4b
Me2SiCl2 +  Me2Si(OMe)2 0.00 0.00 12/12 0.00 13

-j- Me2Si(OEt)2 -0 .1 0 -0 .0 7 16/12 0.125 < 0 28
- j -  Me2Si(OnPr)2 -0 .1 2 —  0.36 2/12 -0 .7 7 9  > 0 —

+  Me2Si(OiPr)„ -0 .2 0 -0 .4 7 50/12 0.619 < 0 40
+  MeViSi(OMe)2 50/12 13

MeViSiClj +  Me2Si(OMe), 30/12 13
Series 5
Me„Si(OEt)Cl 0.00 -0 .0 0 16/16 0.00 19
MeViSi(OEt)Cl condensation 0.05 -0 .2 3 * * 35/16 0.340 +2.19** 8
M eEtSi(OEt)Cl -0 .1 0 0 -0 .0 7 8/16 -0 .3 0 1 +2.31 20
MePhSi(OEt)Cl +0.600 -0 .9 0 35/16 0.340 + 2 .07 10
MecSi(OEt)Cl — - 0 .7 9 2/16 -0 .9 0 3 —
Series 6a
Me2SiCl +  Me2Si(OEt)Cl 0.00 0.00 16/16 0.00 13
MeViSiCl2 + — — 0.06 40/16 0.397 9
MeEtSiClj + -0 .1 0 0 -0 .0 7 14/16 -0 .0 5 9  > 0 18
MePhSiCl2 + +0.600 - 0 .9 0 26/16 0.211 > 0 11
MecSiCl2 -\- — -0 .7 9 2/16 -0 .9 0 3 35
Series 6b
Me2SiCl2 +  Me2Si(OEt)Cl 0.00 0.00 15/15 0.00 10

+  MeYiSi(OEt)Cl — -0 .0 6 18/15 0.079 8
+  MeEtSi(OEt)Cl -0 .1 0 0 -0 .0 7 14/15 -0 .0 6 8  c - 0 19
+  MePhSi(OEt)Cl +0.600 — 0.90 19/15 0.103 0 9
+  MechSi(OEt)Cl — 0.79 2/15 — —

* Assuming th a t on th e  steepest section of th e  gas evolution curve reaction  (2) is the 
fa s te st, in  the T aft equation

( Ы к Ме) =  a * P  +  E a

th e  ra tio  (к^/кме) has been  replaced by This substitu tion  cannot be performed in
th e  rem aining series as th e  ra tio  of the r a te  constants for reactions proceeding a t similar 
ra te s  in  complicated equilibrium  systems w ill no t be equal to the ratio  of gas evolution rates 
even  a t  identical conversions. I t  is only th e  sign of the p-value th a t can be estim ated

** E s may be obtained  from T aft’s equation  if p  is taken  as the average of the values 
ca lcu la ted  for R =  E t and R =  Ph

Acta Chim. ( Budapest) 90 , 1976



CSÁKVÁRI e t el.: REACTIONS O F CH LO RO SILA N ES W ITH  A I.KO X YSII.A NES, I 2 1 9

5) Condensation of ethoxychlorosilanes

0.1 mol dim ethylethoxychlorosilane, 0.1 mol anhydrous cyclohexane and 1% (0.1385 g) 
y-Fe20 3 were reacted as in  1). The reaction w as also carried ou t w ith other substitu ted  e th o x y ­
chlorosilanes (с/. Table II). The results are lis ted  in Table I and shown in Fig. 3.

Fig. 3. E thoxychloro system s. (1) Me2Si(O Et)C l; (2) MeViSi(OEt)Cl; (3) M eEtSi(O Et)C l; 
(4) MePhSi(OEt)Cl; (5) MeChSi(OEt)Cl

6) The diehlorosilane +  ethoxychlorosilane system

T he m ixtures shown in Table II were reac ted  in the presence of 1% y-Fe20 3 u nder the  
same conditions as in  1). The results are show n in F igs 4a and 4b.

Fig. 4a. D ichloro +  ethoxychloro systems. 
(1) Me2SiCl2 +  Me2Si(OEt)Cl; (2) MeViSiCl2 +  
Me2Si(OEt)Cl; (3) MeEtSiCL, +  Me2Si(OEt)Cl; 
(4)MePhSiCl2+ M e2Si(OEt)Cl; (5) MeChSiCl2 +  

+  Me2Si(OEt)Cl

Fig. 4b. Dichloro +  ethoxychloro system s. 
(1) Me2SiCl2 +  Me2Si(OEt)Cl; (2) Me2SiCl2 +  
MeViSi(OEt)Cl;(3)Me2SiCl2+M eE tS i(O E t)C l; 
(4) Me2SiCl2 +  M ePhSi(OEt)Cl; (5) Me2SiCl2 +  

+  MeChSi(OEt)Cl

7) The ethoxychlorosilane +  diethoxysilane system

The m ixtures shown in Table II were reac ted  in the presence of 1% y -F e ,0 :1 ca ta ly s t 
under th e  sam e conditions and  in  the same am oun ts as in  1). The results are given in  Fig. 5.
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Fig. 5. E thoxychloro +  d iethoxy  systems. (1) Me2Si(OEt)CI -f- Me2Si(OEt)2; (2) MeViSi(OEt)Cl 
+  Me2Si(OEt)2; (3) M eEtSi(O Et)C l +  Me2Si(O E t)2; (4) MePhSi(OEt)Cl +  Me2Si(OEt)2

8) The mono(di)tetrachlorosilane -f- tetraethoxysilane system

0.1 mol te traethoxysilane, an equivalent am o u n t of chlorosilane and 0.5% FeCl3 were 
charged in to  the vessel described in  1). The m ixture w as k ep t a t 60°C and the  am ount of E tC l 
evolved was determ ined. The results are shown in  F igs 6a and 6b. In  another series of experi­
m ents tetraethoxysilane and  trim ethylchlorosilane w ere reacted in mole ratios of 1 : 1, 1 : 2 
and 1 : 4 (to ta l am ount of reac tan ts  0.1 mol) a t 90°C, in  the presence of 1% y-Fe20 3 (grain  
size 0.10 — 0.08 mm) and  0.1 mol n-octane. The behav iour of the 1 : 1 m ixture was followed 
gas-chrom atographically  (Fig. 7).

Fig. 6a. Gas evolution curves for mono-, di-, 
tr i- and  tetrachloro +  te trae th o x y  systems 
(60°C, no solvent, mol ratio  given). 
(1) 4 Me3SiCl +  1 Si(O Et)4; (2) 2 Me2SiCl2 +  
1 S i(O E t)4; (3) 4/3 MeSiCl3 +  1 Si(OEt)4; 

(4) 1 SiCl4 +  1 Si(OEt)4

min

F ig. 6b. Gas evolution curves for trim ethyl" 
chlorosilane +  te traethoxysilane system s a t  
90°C (n-octane solvent, mol ra tio  given). 
(1) 1 Me3SiCl +  1 Si(OEt)4; (2) 2 Me3SiCl +  

1 Si(O Et)4; (3) 4 Me3SiCl +  1 Si(O Et)4

Fig. 7. Time-dependence of the concentrations of various components in the Me3SiCl +  S i(O E t) * 
system . (1) Si(OEt)4; (2) Me3SiCl; (3) Me3Si(O Et); (4) Me3Si—OSiMe3; (5 )(E tO )3Si —O —Si(O Et)a
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The gas volum etric curve of Fig. 6b shows th a t  the reaction  ra te  is the highest a t the 
mole ratio  of 1 : 1 and decreases gradually w ith  decreasing am ount of tetraethoxysilane. 
A characteristic featu re  is the absence of an induction  period.

9) Behaviour of <limethylchloro(2-chloroethoxy)silane

0.1 mol dim ethylchloro(2-chloroethoxy)silane was kep t a t  60°C in the presence of 
0.5% (0.0871 g) FeCl3, in  the vessel described in  1). No reaction was observed even a t boiling 
tem perature.

10) The hexamethyldisiloxane -j- ethyl chloride system

We have exam ined whether the condensation step of the reaction  is a reversible, equ i­
librium  process. H exam ethyldisiloxane and ethy l chloride were used as model com pounds.

H exam ethyldisiloxane, ethyl chloride and FeCl3 were mixed in  a bomb tube and k ep t 
a t 80°C for 6 hrs. No reaction was detected by gas chrom atography. The m ixture was k ep t 
a t the tem perature  ad justed  in  previous experim ents b u t no reaction  could be observed.

Comparison and therm odynam ic analysis o f kinetic 
and structural parameters

Monofunctial monomers

In general there is no alkyl chloride form ation in the reaction of m ono- 
chloro and m onoalkoxysilanes (Table I). In the case o f m ethoxysilane, after  
refluxing for 3 hrs, hexam ethyldisiloxane and dim ethyl ether, corresponding  
to the m eth oxy  group, can he detected b y  gas chrom atography. However, the  
concentration o f the chlorosilane does n ot change to an appreciable ex ten t. 
W ith ethoxysilane, the evolution o f eth y l chloride is observed when performing 
the reaction at 75°C in a bomb tube. (The alkyl chloride was detected by gas 
chrom atography.) Am ong the propoxysilanes, only i-propoxysilane produces 
appreciable am ounts of i-PrCl, although som e n-PrCl can be detected in the  
case o f n-propoxysilane, too.

f-B utoxysilane reacts also in the absence of a ca ta lyst [15, 16]. W ith  
ethoxysilane, the course of the reaction did not change upon applying 2%  
FeCl3 instead o f 1% y-Fe20 3. It should be noted th at the formation of the  
[FeCl^*] species can be detected in these system s b y  UY spectroscopy [17].

In the m onoalkoxy -f- monochloro system s, the follow ing two reactions 
can take place:

Me3Si OR +  Cl—SiMe3 - s  Me3Si 0 - S i M e 3 +  RC1 (III)

2 Me3S i—OR -> Me3S i-  0 - S i M e 3 +  R О R. (IV)

I f  one com pares the known heats o f reactions and those calculated from  
the heats of form ation derived from the bond add itiv ity  principle [18], an 
explanation emerges for the differences observed with the various com pounds
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Table III

Calculated heats o f form ation o f gaseous trimethylalkoxysilanes and the enthalpies 
o f reactions I I I  and I V  ( reaction series 1)

M e3SiOM e M e3S iO E t M e3S iO n P r M e3SiO iPr

H eat of formation

(gas phase) (kcal/mol) —  1 2 8 . 0 - 1 3 2 . 4 - 1 3 8 . 2 - 1 3 8 . 2

H for reaction I I I  (kcal/mol) +  7 .1 +  1 0 .8 +  5 .6 +  0 .5

H  for reaction IV (kcal/mol) +  2 6 .1 +  1 8 .7 +  2 3 . 3 +  2 0 . 6

The data  in th e  Table can be used on ly  for comparison. D eviation from the m easured 
value  is ± 3  kcal/m ol [18]

(Table III). The endotherm icity  of reaction (III) shows a m inim um  for i-prop- 
oxysilan e. The relative heats of reactions (III) and (IY) differ strongly from  
one another, the difference being the sm allest for ethoxysilane.

Bifunctional monomers

From the series o f reactions described under 1), it  is apparent th at th e  
a lk o x y  group exerts a strong influence on the course of the process. In the  
bifunctional reactions listed  under 2), the reactiv ity  of a silane in the conden­
sation  reaction is prim arily influenced b y  the inductive effect o f the a lkoxy  
group. The reactions in  the bifunctional system  (4—7) indicate th at the suitable  
electron density on the oxygen atom  o f th e  S i-O -C  bond is a necessary condi­
tion  for the reaction to  occur. H ow ever, th e  Si—Cl bond also plays an im portant 
part: the gas evolution  will be accelerated if  the Si—Me m oiety  is replaced  
b y  Si—Yi or S i-P h  both  of them  m ake th e  Si-C l bond more polarizable. The 
Vi—Si-C l bond system  reacts faster than  the V i-S i-O E t system . The im portanc  
of steric factors can be estim ated from  the behaviour o f reactant m ixtures 
containing Vi, E t, Ph and cyclohexyl groups.

The H am m ett sigm a values (о *) o f  the corresponding groups can be 
fou n d  in the literature [19, 20]. The logarithm s of the relative rates of reactions 
(4 — 7) perm it th e  follow ing conclusions (Table II).

a) The values of param eter p  defined b y  Eq. (V) and characteristic o f  
th e  nucleophilic character of the reaction  shows a pronounced change along  
th e  series;

В /D +  Ac 
P ~  R T  ci­

bere B jD  is characteristic of the so lvolysis occurring in the system , Ac is the  
change in the charge o f the reaction center during the reaction, relative to  the
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unsubstitu ted  atom . R  is the gas constant, T  the absolute tem perature and  
d the distance o f the reaction center from the substituent. I f  one assum es th a t  
zlc <g; R T d 2, th en  d  w ill be the sm allest for the condensation of ethoxych loro- 
silane typ e com pounds and the largest for the ethoxychlorosilane -f- dichloro- 
silane system .

b) Param eter p  changes sign in the case o f the dichloro -f- d ia lk oxy  
reactions; in th is series, the substituents are varied on the oxygen  atom . 
Thus the partial charge on the Si and О atom s differs significantly from  the  
change in charge at the reaction center.

c) It is necessary to take into account the steric factor.

Tetrafunctional monomers

The gas chrom atographic stu d y  of the tetraethoxysilane -)- m onochloro- 
silane reaction indicates that the first step is group exchange which is th en  
followed by condensation  (Fig. 7).

S i(O E t)4 +  Me3SiCl Me3SiO Et +  Si(O Et)3Cl (VI)

Si(O E t)3Cl +  Si(O E t)4 (E tO )3Si— О — Si(O Et)3 +  EtCl (V II)

Me3Si(O Et) +  Me3SiCl — >- Me3S i-  0 - S i M e 3 +  EtCl (V III)

The above sequence is also consistent w ith  the decreasing rate of gas evo lu tion  
upon decreasing concentration  of tetraethoxysilane. Experim ents 1 — 9 perm it 
conclusions on the role o f the oxygen atom  in the Si — О — C bond system  as 
a nucleophilic center. I t  seems that the increasing partial negative charge  
on the oxygen  atom  accelerates or, in the case of other m onofunctional species, 
permits the reaction  to  occur 1). As th e  reaction is influenced by th e  w hole  
bond system , the studies were extended  to cases when groups contain ing  
я -electron system  are attached to the Si m oiety.

E ffect of я -electron system s on the reaction rate

E xperim ental

The follow ing reactions were carried out at 70 and 90°C in 0.1 m ol 
n-octane as so lven t, in the presence o f 1% y-Fe20 3 catalyst (referred to  th e  
m onomers), in the vessel described:

a) n M ePhSiCl2 -f- (1 -ra) Me2SiCl2 +  Si(O E t)4 at 70°C;
b) n MeViSiCL, +  (1-n) Me2SiCl2 +  S i(O E t)4 at 70°C;
c) n MeViSiCl2 +  Me3Si(OEt) at 90°C;
d) n M eViSi(O Et), -f- Me3SiCl at 90°C;

where n =  0.0; 0.2; 0.5; 0.8; 1.0 mol.
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The order o f m ixing the com ponents w as: alkoxysilane, so lven t, chloro- 
silane, y -F e20 3 (grain diam eter 0 .100—0.008 m m ).

The reaction o f m ixture a) shows th a t increasing amounts o f the phenyl- 
su b stitu ted  chlorosilane decrease the rate. S im ilarly, the rate decreases upon  
increasing the am ount o f Y i-substituted chlorosilane (Fig. 8 a, b , c); cf. m ix ­
ture b).

Fig. 8a. E ffect of я -electron systems on the 
ra te  o f gas evolution. (1) Me2SiCl2 +  Si(OEt)4; 
(2) MeViSiCl2 +  Si(O Et)4; (3) MePhSiCl2 +  

S i(O E t)4

Fig. 8b. Effect of я -electron system s on the 
ra te  o f gas evolution. nMePhSiCl2 +

(1 — n)Me2SiCl2 +  Si(O Et)4

Fig. 8c. E ffect of я -electron systems on th e  ra te  of gas evolution. nMeViSiCl2 +
(1 — n)Me,SiCl2 +  Si(O Et)4

M ixtures c) and d) show a to ta lly  different behaviour. A  gas chrom a­
tographic m onitoring o f the faster reaction  c) perm its the follow ing conclusions 

F ig . 9) concerning the mechanism:

g ro u p  e x c h an g e
MeViSiCl, +  Me3Si(OEt) MeViSi(OEt)Cl +  Me3SiCl (IX )

Me Me Me Me
I ' I I I

E tO S i—Cl +  E tO S i-C l — * E tO — S i—0 —Si—Cl +  EtCl (X ) 
I I I I

Yi Vi Vi Vi
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Fig. 9. Effect of л -electron system s on th e  reaction  rate. Tim e-dependence of the concentra­
tions of various com ponents in the MeViSiCl2 +  Me3Si(OEt) system. (1) MeViSiCl2; (2) Me3SiCl; 
(3) Me3S i—О—SiMe3; (4) MeViSi(OEt)Cl2. (N um bers in bold type  ind icate  the concentration 

of ethyl chloride in the solution; norm al type refers to  th e  gas phase)

The initial steps o f reaction a) m ay be the following (F ig. 10):
g ro u p  e cx h an g e

M eViSi(OEt)2 +  Me3SiCl _ MeViSi(OEt)Cl +  Me3Si(OEt) (X I)
c o n d e n sa tio n

MeViSi(OEt)Cl +  Me3SiCl ^  " -  ■*. M eY iS i-O —SiM e3 +  EtCl (X II)
I

Cl

Me Me
I I

2 MeViSi(OEt)Cl — > E t O - S i - O - S i - C l  +  EtCl (X III)
I I

Vi Vi

The trim ethylethoxysilane form ed in group exchange (X I) is rather inert; 
b y  diluting the solution, it  decreases the reaction rate.

Fig. 10. Effect of я -electron system s on the ra te  of gas evolution. Tim e-dependence of th e  
concentrations of various com ponents in the Me3SiCl +  MeViSi(OEt)2 system . (1) MeViSi(OEt)2; 
(2) Me3SiCl; (3) Me3SiO Et); (4) MeViSi(OEt)Cl; (5) Me3Si—0  —SiMe3; (6) Me3Si —O —Si—О — 
Si — Me3. (The scale and curve for ethy l chloride in the gas phase are m arked by a rrow s)
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The (p  d )n  effect and the reaction rate

Compounds contain ing atom s with unoccupied d-orbitals of suitable 
energy, especially organom etallic derivatives, undergo redistribution type  
group exchange processes [7, 8 , 21], which are characterized b y  therm odynam ic  
rather than kinetic control. This feature is generally observed in  the reactions 
o f  substituted  silanes.

The condensation processes are reversible, leading to  an equilibrium. 
T he condensation betw een  an alkoxysilane and a chlorosilane is influenced  
n ot on ly  by the equilibrium  between the siloxane and eth y l chloride formed 
b u t also by the equilibria betw een the starting silane and th e  product oligo- 
silanes. The therm odynam ic control is im portant in all such reactions.

According to  the experim ental results, the reactiv ity  o f both the chloro- 
and the alkoxysilane increases if  the nucleophilic character o f the 0  and Cl 
atom s increases and i f  th e  я -bonding in the Si—О and Si—Cl bond is enhanced. 
The form ation o f a (p  d)n  bond is possible in both the S i-O -C  and the Si-C l 
bond system . This increases the polarizability of the bonds and, consequently, 
th e  molecular geom etry w ill deviate from  the tetrahedral, i.e. the C—Si—Cl 
and Si-O -C  bond angles w ill increase, thus facilitating th e  formation o f a 
pentacovalent transition  state . The asym m etrically su b stitu ted  derivatives 
are more reactive th an  the sym m etrical species, and the trisubstituted  com ­
pounds are more reactive than  the tetrasubstitu ted  ones.

The reactions are nucleophilic substitutions (SN); th e  correlation between  
th e  reaction rate and th e  stab ility  of the S i-O -C  bond follow s the tendency  
expected  from the H am m ett constants.

The gas volum etric and gas chrom atographic m easurem ents were com ­
p leted  with mass spectrom etric studies w ith  the objective o f a possible com pa­
rison o f the reactiv ity  order and the stabilities of the individual bonds.
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Mass spectrometric studies

Mass spectrom etric m easurem ents were performed in  order to find a 
correlation between the features observed in the condensation of substituted  
m ono- and bifunctional alkoxychlorosilanes and their fragm entation patterns.

The com pounds used were purified by preparative gas chrom atography  
before the m easurem ent performed on a type A EI M S-902 instrum ent. The 
m ass spectra were recorded at an ionization voltage o f 70 eV.

M ass spectra o f  M e R S iC f and M eR S i(O E t)C l type bifunctional silanes 

(i) M eR S iC f type silanes  (Table IV)

The relative in tensities of the various primary fragm ent ions perm it
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Table IV

Intensity data for the main MS peaks of the MeHSiCL, type compounds

Me2SiCl2 M eE tS iC l, M eViSiCl2 M ecH SiCl2 M ePhSiC l2

M 7 13 20

t— 2 4

M—Me 18 100 l 100
100

M -R 100 100 2 9 5 1 6

M -C l 8 2 5 — 2
SiCl 13 11 17 9 12
R — — — 100 8

conclusions on the role of the (p  d)л  bond and the relative strength o f th e  
SiC and SiCl bonds. The mass spectrom etric results show th at:

a) the frequency of Si-C bond fission  decreases in the follow ing order* 
for various R groups

R =  E t >  c-hexyl >  Vi >  Ph

b) The fission  frequency o f  th e  Si—Cl bond is much lower than th at o f  
the S i-C  bond. The influence o f su b stitu en ts on the fission probability is re­
flected  by the follow ing order:

R =  Me >  Vi >  Ph =  E t >  c-hexyl.

The order of rates shown in Table I I , as a function of the nature of group R  
(reaction series 4 and 6 ), is

R =  Vi >  P h  >  E t >  c-hexyl.

The above two orders show the sam e tendency. Thus the weaker is the Si—Cl 
bond in the given compound, the faster is its condensation reaction. (In the  
case o f R =  Me, the reaction rate is determ ined by the com position of the  
other partner.)

c) The in tesity  of molecular ion  decreases in the order

R =  c-hexyl >  Ph >  Vi >  E t >  Me.

* In  the case of R — Me, the point of fission is uncertain, therefore, these data  have 
been om itted

Acta Chim. ( Budapest) 90, 1976



2 2 8 CSAKVÁRI e t al.: REA CTIO N S OF CHLOROSILANES W IT H  A LK O X Y SILA N ES, I

The above order, i.e. th e  frequency o f appearance o f th e  siliconium  ion, does 
not seem  to correlate w ith  the relative rates. The (p  — d)л  bond strengthens 
b oth  the S i-R  and th e  Si—Cl bond. The (p —d )я character is more pronounced  
for the Si-Cl than for th e  Si—Vi bond. This observation is in  agreem ent w ith the  
results reported b y  E g o r o c h k i n  et al. [22, 23].

(ii) M eR S i(O E t)C l type  compounds

Table V

Intensity data for the main MS peaks of the MeRSi(OEt)Cl type compounds

M e2Si(O E t)C l M eE tS i(O E t)C l M eV iSi(O Et)C l M ecH Si(O Et)C l M ePhSi(O Et)C l

M 3 — — 1 3 4 0

М - E t  ( O E t ) - — - — -
M - M e — 2 1 0 0 4 1 0 0

M - R 1 0 0 1 0 0 1 4 7 6 5

M - C l 1 1 — 1 3 1 —

M - O E t — — — — —
S iC .l 6 4 1 3 — 2 8

R — — — 1 0 0 —

M —M e —2 8 4 9 6 2 5 1 1 8 0

M —M e —2 8 —2 3 7 3 3 3 9 1 9 4 0

The analysis o f  th e  mass spectra (Table У) has been performed as de­
scribed. The fo llow ing conclusions have been reached:

a) the fission frequency of the Si-C  bond changes in  the same order as 
observed for the diorganodiclilorosilanes, i.e.

R =  E t >  c-hexyl >  Vi >  Ph.

b) The loss o f  Cl occurs only for R  =  Vi and Me, in agreement w ith  th e  
strong tendency o f these com pounds to  condensation. The mass spectrum  
does not reveal an y  effect o f the phenyl group.

c) The peaks o f  molecular ions are o f low  in ten sity , being com pletely  
absent is the case o f  Vi and E t. The in ten sity  order o f the observed m olecular 
ions is

R =  Ph >  c-hexyl >  Me.

d) N either e th y l nor ethoxyl radicals are released from the e th o x y  
group. The characteristic fragm entation pattern involves olefin elim ination  
w hich  is energetically  more favourable.
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S tu dy o f  the S i—О —C bond in  M e3SiO R  type silanes

The energy o f olefin elim ination , which can be determ ined b y  mass 
spectrom etry, provides characteristic data on the electron donor ab ility  o f  
the alkyl part o f  the alkoxy group, the stab ility  o f the S i-O -R  bond and on 
the am ount o f excess electrons on th e  О atom.

M easurem ents have been perform ed in the R  =  Me, E t, Pr and i-Pr 
system s; the o lefin  elim ination energies are given relative to the R =  Me 
case [24].

The basis o f  the m easurem ents and the evaluation is the follow ing set 
of reactions occurring in the m ass spectrom eter [25]:

Me3SiOR +  IP  — > Me3SiOR' 

Me3SiOR +  — -v Me2SiOR -f- Me

Me2SiOR -f- E r — >- Me2SiOH -f- Ro

Me3SiO R +  IP  +  Ед +  E *  — * Me2SiOH +  Me' +  Ro (X IV )

In order to calculate E Ä, we h ave m easured the appearance potentials o f  
the M-15 and o f th e  m/e =  75 ions; th e  deviations in the corresponding differ­
ences are due to  th e  olefin elim ination  energies

AP(Me2SiOH) =  AP(M e2SiOR) +  E'R (X V )

The appearance potential o f th e  theoretical m/e =  75 peak of trim ethyl- 
m ethoxysilane has been calculated and the rem aining E^ values are given  
relative to this. (The IP  was assum ed to  be nearly constant along the series.)

The results thus obtained run in  parallel w ith the corresponding H am m ett 
constants (Tables II  and VI). A ctu a lly , these data refer to the stab ility  o f  
the a lkoxy substituent on the Si atom  carrying a partial positive charge. I f  
th is value exerts a noticeable influence on the reaction rate, then the Arrhenius 
equation requires th a t the tendency o f  reaction rates apparent from Table V II  
should be observed. I t  is clear th at th e  tendency to electron donation follow s 
the trend of olefin elim ination energies and relative rates.
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Table VI

Mass-spectrometric olefin elimination energies o f Me3SiOR type compounds

Me3SiOMe Me3SiOEt Me3SiOnPr Me3SiOiPr Me2SiOH Me-
CnH2n

n  =  1 2 3

11, (kcal/mol) -1 2 8 * -132 .4* -132 .4* -138 .2* 315.7 R = iP r 33.2 93.7 12.49 4.88
329.7 nPr
328.1 E t
329** Me

AP (M-15) eV/mol kcal/mol 10.02/231 9.86/228 9.86/228 9.77/225
AP (75) eV/mol kcal/mol 15.5 /357** 12.05/278 12.05/278 11.53/267
Efl eV/mol kcal/mol 5.5 /126** 2.19/ 50.3 2.19/ 50.3 1.76/40.5
H am m ett constant (o*) 0 -0 .1 0 -0 .1 2 -0 .2 0
T aft’s steric factor (Es) 0 -0 .0 7 -0 .3 6 -0 .4 7

* Calculated from the bond add itiv ity  values of O’Neal and R ing  [18] (error ± 3  kcal/mol, less th an  the experim ental error) 
** Calculated from the mean values for the cases of R =  nP r and R = E t
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Table VII

Comparison o f  the experimental relative reaction rates with those calculated 
from  the olefin elimination energies referred to the case o f R =  Me

R *>OR/wOMe = fcOR//cOMe*
Measured
«O R ^O M e *4)R

Me 1.00 1.00 10s'5 =  3.162 x10s
E t 2.02 x 103 1.33 102.18 _  1.549 x lO 2
TiPr 2.02 x 103 — 102-19 =  1.549 XlO2
iPr 5.49 XlO3

From the Arrhenius

&Me I-Me
~~ - E R ’

®OMe 10- 
«R k R ~  10

4.17

equation

Еще 
- E r ’

lO1*76 =  5.7 5 5 XlO1

where: r 0 R r ().Me is th e  ratio  of the m axim um  rates in series 4, 
к  is th e  ra te  constant,
В is a constant,
T  is th e  tem perature,
R  is the  universal gas co n stan t, and
th e  E r values are those in Table V I

* Assuming a ty p e  I reaction a t iden tica l conversion
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W e have perform ed a study of th e  compounds th a t  can be used as ca ta lysts of 
th e  condensation betw een chlorosilanes and  alkoxysilanes. Generally, the cata lysts are 
Lewis acids. According to  UY spectrophotom etric and X -ray diffraction m easurem ents 
in  th e  presence of y-Fe20 3 and FeCl3 catalysts, the  y-Fe20 3 —► FeCl3 transform ation 
s ta rts  in  th e  solid phase. Iron can be detected  in  the solution even if y-Fe20 3 is applied 
as cata lyst, w hich means th a t the catalysis is homogeneous and the iron is dissolved 
in  the form  of ГеСЦ in both  cases.

Introduction

The condensation o f alkoxysilanes w ith  chlorosilanes (“ heterofunctional 
condensation” ) offers a favourable route for the preparation of polysiloxanes. 
The industrial application of th is reaction is probably impeded b y  the  
lack  o f  data concerning its m echanism .

The reaction has been patented w ith  the application of Friedel-Crafts 
typ e cata lysts; in  the absence of a ca ta lyst, group exchange processes take  
place [1 — 7].

The preparation o f silicone oils o f the formula R nS iX m and R'Si(OR")m 
w ith  controlled chain length (R =  H , alkyl, aryl or cycloalkyl groups containing  
a m axim um  o f 10 carbon atoms; m  and n are 1 and 3, or 3 and 1) has been  
patented  by G u il l is s e n  and Ga n c b er g  [2, 7, 8 ] using A1C13, ZnCl2 and FeCl3 
as cata lysts. In the presence of m ixed cata lysts (FeCl3 +  A1C13) and b y  chang­
ing the num ber o f functional groups, resins m ay also be obtained [9]. C ata lyt­
ic a ctiv ity  was observed w ith BC13 [10], GaCl3 [11], Fe2(S 0 4)3 [12], CaCl2, 
SnCl2 [3], hydrated FeCl3, FeCl2, SnCl4 and C uS04 [1 2 ]; in the case o f the  
latter the hound w ater apparently also p lays a role. The assortm ent of cata lysts  
was later extended; the iron content of the product was decreased b y  applying  
Fe20 3 [14] and pyrophoric iron [15] as catalysts.

The nature o f the alkoxy group profoundly changes the course of the  
reaction: feri-butoxysilanes can be condensed w ith  chlorosilanes even in the  
absence of a ca ta lyst [1, 5, 16]. The fact th at the ethoxy-fluorosilanes react
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w ith  alcohol much slower than the corresponding chlorosilanes (e.g. triethoxy- 
fluorosilane cannot be alcoholyzed w ith  n-BuO H  in pyridine, whereas the  
corresponding chlorosilane readily undergoes alcoholysis [17]) indicates th a t  
the reaction m ay probably be influenced also by changing the halogen atom .

The results concerning the condensation  betw een alkoxysilanes and  
chlorosilanes have been reported in detail [18]. We have established th at in  
addition  to therm odynam ic factors, the rate of the reaction is controlled b y  
the electron distribution within the Si—Cl and Si—0 —C bonds. The reaction is 
o f th e  nucleophilic typ e: the rate increases w ith increasing electron density  
on th e  Cl and 0  atom s and with the enhancem ent of the я -character o f the  
Si—Cl and S i-O -C  bonds.

In this paper studies will be described concerning the m echanism  o f th e  
ca ta ly tic  condensation reaction.

Study of the catalytic process

Catalytically active compounds

Although num erous catalysts have been described in the literature, 
it  w as necessary to  undertake a system atic  study of the cata lytic  system s.

Experim ental

In a 3-necked, 80 ml, therm ostated  (85°C) flask equipped w ith a therm om ­
eter and connected to a reflux condenser therm ostated at 18°C (Fig. 1), 
0.2 m ol (27.7 g, 30 ml) d im ethylethoxychlorosilane and 0.2800 g (1%) o f the  
ca ta ly st were reacted under anhydrous conditions. Under m agnetic stirring, 
th e  am ount of gaseous ethyl chloride relased in the reaction

n Me2Si(OEt)Cl — >- Cl

Me

- S i - 0

Me

Me Me

-E t - f s f - 0

„ О
(n -l)E tC l ( 1 )

w as measured volum etrically.
The results are summarized in Table I. (According to gas-chrom atographic 

m easurem ents, after a treatm ent w ith  Mg powder to rem ove m etal im purities 
w hich m ay act as cata lysts, Me2Si(O Et)Cl remains unchanged after refluxing  
for 6  hrs in the absence of a catalyst.)

The condensation of the m odel com pounds used are catalyzed by Group 
I I I  and V III m etal compounds; the cata ly tic  activ ity  depends on the nature 
of the ligands (NiC!2—N i(N 0 3)2) and on the oxidation state o f the m etal
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(FeCl3- FeCl2). The active com pounds are usually  halides but F e2(S 0 4)3 
[11, 12] and Fe20 3 [14] are also active, as well as CaCl2 [3], ZnCl2 [2, 4 , 7] 
and SnCl2 [3]. A  very  active cata lyst is iron(III) triethoxide [17]. The com ­
pounds o f iron w ith  strong com plexing agents {e.g. cyanide) are in active . 
Other inactive com pounds are e.g. MgO, B20 3, Co20 3, etc.; a slow reaction  
and a low  yield  are observed w ith V20 5, Cr20 3, CdO and M o03.

A n alysis o f  the catalytic action in the system  catalyzed by y-F e2O JF eC l3

The reaction takes place in a heterogeneous system  in the presence o f  
solid, liquid and gaseous phases. I f  th e  cata lyst is introduced as a solid , in  
spite of a heterogenous dissolution process, the catalysis seems to be hom o­
genous, associated w ith  the liquid phase. To prove th is, the following experi­
m ents have been performed.

a) E vidence for the homogenous character o f catalysis 

Experim ental

To 0.1 m ol (13.85 g, 15.0 ml) dim ethylethoxychlorosilane and 0.1 m ol 
(8.4 g) cyclohexane was added 0.1385 g (1% ) y-Fe20 3 in the flask show n in  
Fig. 1 and the m ixture was reacted at 75°C. The specific surface area o f  the  
catalyst was varied (grain size 0.250 0.315, 0.250 0.160 or < 0 .1 0 0  m m ).
The am ount o f gas evolved  was measured volum etrically . The m easurem ents 
were reproducible to  w ithin 1 —2% .
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Table I

Compounds tested as catalysts fo r the condensation o f Me2Si(O Et)C l

I II III IV V

1
2

H
Li

Li Cl
Be

BeCl2
BeO

в
B20 3

c N

3 Na
Na2B40 7 X aq

Mg
MgCl2 X aq

A1
A1C13

Si P
PC13
P20 6

4 К
K2SiF„; A12(S04)3 X aq 
K2Cr(S04)2 x  aq 
K4Fe(CN)6x a q  
K 3Fe(CN)6 x  aq

Ca
CaCl2 
СаС12 X aq

Sc Ti
TiCl4

V
v 20 5

Cu
CuCl
CuCl2
CuS04 X aq 
CuS04

Zn
ZnCl2
ZnCl2 X aq

Ga
GaCl3*
GaBr3*

Ge
GeCl4

As
AsClg

5 Rb Sr
SrCl2 X aq

Y Zr
ZrOCl2 X aq

Nb

Ag
A gN 03

Cd
CdCl2
CdO**

In
InCl*
InBr*

Sn
SnClj
SnCl4 X aq 
SnCl4

Sb
SbCl3

6 Cs Ba
BaC^ X aq

L a H f Та

Au Hg
HgCl2
HgCl
HgO

T1 Pb
PbCl2

Bi
BiCl3

* Active under the conditions described in  a) Experim ental 
** Active in  a 50- 1 volume under industrial conditions

2
3

6
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VI VII V III

1

2 0 F

3 s
SCI2
SOCl2

CI

4 Cr
CrCl3 X aq 
C W *

Mn
MnCl2 
MnCl2 X aq

Fe
FeFe„* FeCl3* Fe20 ,*  
FeCIgX aq*
Mohr’ salt

Co
Co20 3

Ni
NiCl*
NiO
N i(N 03)2

Br Fe(SCN)3 F e P 0 4 
FeBr3* aq*
F eS 04* Fe2(S04)3*Se

5 Mo
MoOg**

Tc Ru Rh Pd
PdCl2

Те I

6 w Re Os Ir P t
P tC l-

Po At

C
SÄ

K
V

Ä
R
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In  two flasks identical w ith th a t show n in Fig. 1, the follow ing tw o  
system s were introduced:
M ixture 1: 0.1 mol Me2SiOEtCl 

0.1 m ol cyclohexane
2% (0.2770 g) y-Fe20 3 (0 0.250 -0 .160  mm)

M ixture 2: 0.05 m ol Me2SiOEtCl 
0.05 m ol cyclohexane

B oth m ixtures were kept at 75°C, and 5 ml aliquots o f m ixture 1 was 
transferred into m ixture 2, 20, 40 and 60 min after starting the reaction.

Table II

Rate o f E tC l evolution as a function  o f the specific surface area 
o f  y -F e20 3 in the condensation o f M e„Si(OEt)Cl

G rain  d ia m e te r  
(m m )

Specific surfacea
(m !/g)

v b
(m l/m in)

R e la tiv e  r a te

m easu red calculated®

0 .250-0 .315 11.02 12 l l

0 .160-0 .250 13.02 15 1.25 1.15
<  0.100 23.74 16 1.33 3.56

a Determ ined by  th e  BET method
b R ate m easured a t  the steepest section (E tC l evolution) 
0 Calculated from  the formula v =  kF (cs — c) 

where к  — constan t
F  — surface area
c5 — concentration  of the sa tu ra ted  solution 
c actual concentration

The data in Table II show th a t the length  of the induction period and 
the conversion varies with the grain size o f the cata lyst, hut the differences 
at the steepest sections are insignificant (F ig. 2). To prove the hom ogenous 
nature of the reaction , we injected an aliquot of the reacting m ixture into a 
catalyst-free system : the process has started w ithout an induction period
(F ig . 3).

The experim ental fact th at the reaction can be started in an in tact, 
catalyst-free m ixture by injecting the reacting m ixture shows th at the ca ta ly ­
sis is hom ogenous presum ably even in the case o f y-Fe20 3. A t the sam e tim e, 
it  is necessary to  assum e the chem ical dissolution of y-F e20 3 in the chloro- 
silane, which probably  occurs according to Eq. (2):

F e20 3 +  6  > S i—Cl — > 2 FeCl3 +  3 ^ S i - O - S i ^  (2)

b) Variation o f iron concentration in the m ixture

Acta Chim. (Budapest) 90, 1976
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Fig. 2. Effect of th e  grain  size of y-Fe20 3 on the ra te  of gas evolution; experim ent according 
to section a); 1) Ф 0.250 — 0.315 m m ; 2) Ф 0.160 — 0.200 m m ; 3) Ф <  0.100 mm

Fig. 3. Gas evolution for the reaction s ta r te d  w ith an injection after 20 min; experim ent 
according to  section a); 1) in to luene as solvent; 2) in cyclohexane as solvent

The variation  o f the cata lyst concentration w ith  tim e is expected  to  
correlate w ith the rate o f gas evo lu tion , therefore, the iron concentration w as 
measured parallel w ith  the gas evo lu tion .

E xperim ental

The reaction was performed w ith  the com positions and conditions de­
scribed in chapter a), using 0  0 .250 —0.160 mm y-F e20 3 grains. From  the  
stirred reacting m ixture, 0.02 ml sam ples were periodically taken out using  
a Teflon syringe. The reaction was also carried out w ith  anhydrous FeCl3 as c a t­
alyst, too , at the sam e Si to Fe ratio  as above.

The iron con ten t was determ ined spectrophotom etrically [19]. 0.02 ml 
of the sample was dissolved in 2  m l analytical grade carbon tetrachloride. 
In a separating funnel, 1 ml 10% aqueous hydroxylam ine, 4 ml 10% aqueous 
sodium acetate were added to th e  above sam ple, then  after shaking 6  ml 
0.25%  o-phenantliroline in 1 : 1 w ater—alcohol w as added. Iron(III) form s 
a 1 : 1 red com plex w ith phenanthroline, which can be measured spectro­
photom etrically at 510 nm (e =  11,100). The variation  of the iron concen­
tration  w ith  tim e w as followed b y  th is  m ethod in m ixtures containing 1 % 
y-Fe20 3 and 2% FeCl3 catalysts. The com position o f the mixture and the

3 Acta Chim. (Budapest) 90, 1976
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Table II I

Variation o f the iron concentration with time during the condensation o f M e2Si(O E t)C l, 
in  the presence o f  y -F e20 3 or FeCl3 catalyst

Fe.O, 1
(min)

EtCl
(ml)

Fe*
Density
(g/ml)

Volume of 
solution 

(ml)
Fe**

10-2 (gatw/1)
(g) 10“ 2 (gatw/1)

1 10 50 0.13 4.58 0.892 26.1 4.52

2 20 80 4.62 25.7 4.47

3 30 140 5.44 25.3 5.18

4 40 260 5.46 24.9 5.13

5 50 380 5.70 24.5 5.26

6 60 520 1.42 6.10 24.1 5.54

7 70 600 6.74 23.7 6.03

8 80 670 7.42 23.3 6.52

9 90 720 7.62 22.9 6.57

10 100 760 7.86 22.5 6.67

11 110 810 7.86 22.1 6.56

12 120 830 7.86 21.7 7.45

13 130 840 2.26 0.903 21.3

F e d ,

1 10 200 0.54 11.16 0.892 25.7 10.82

2 15 400 11.68 25.3 11.11

3 20 570 11.84 24.9 11.11

4 25 700 12.20 24.5 11.25

5 30 800 13.66 24.1 12.41

6 40 980 13.94 23.3 12.25

7 50 1130 15.32 22.5 13.05

8 60 1240 16.30 21.7 13.30

9 70 1340 16.44 20.9 12.90

10 76 1380 3.71 18.30 0.919 20.1 13.80

* Measured directly
** Values calculated  from linearized varia tion  of the solution volum e

conditions were identical w ith those described in chapter a). The results are 
show n in Table I I I  and Fig. 4. The reproducibility of the m easurem ents was 
w ithin  1 — 2 % [2 0 ].

In the solution  iron is present as FeCl^ even if  y-Fe?0 3 is applied, as 
evidenced  by the results to be described here. The reaction is not accelerated  
in  spite of the gradual increase of the iron content in the m ixture. This m ay
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Fig. 4. V ariation of the iron content o f the m ixture (broken line) in time for y-Fe20 3 and 
FeCl3 catalysts; experim ent according to  section h)

be explained either by its incorporation into the siloxane framework, or b y  
the increasing m olecular weight o f  the reactants, w hich strongly decreases 
the concentration o f the active term inals. As the am ount of non-bonded iron 
in the product siloxanes can be m inim ized by treatm ent w ith  activated carbon, 
th e  latter case seem s to be more lik ely . The rate o f gas evolution  and the d isso­
lution  o f iron show  similar tendencies.

c) Correlation between the rate and the ca ta lyst concentration  

E xperim ental

Under the conditions and at the com positions given in chapter b ), 
th e  reactions w ere carried out at various concentrations of the ca ta lysts  
y-F e20 3 and FeCl3. In  each pair o f  experim ents w ith y -F e20 3—FeCl3, the F e/S i 
ratios were equal.

The experim ental results are show n in Figs 5 and 6 . A t low iron con ten ts, 
the rate of gas evo lu tion  depends on ly  on the iron concentration. Irrespective  
o f whether iron is introduced as oxide or chloride, the gas evolution rate from  
m ixtures w ith F e /S i ratios of about 10 ~ 2 is the sam e. According to X -ra y  
diffraction data, in  mixtures contain ing y-F e20 3, the reaction described b y  
stoichiom etric equation  (2) occurs gradually. A t the beginning, probably ow ing  
to  the com bined effect o f the less active FeOCl and the slower diffusion process, 
the kinetic order w ith  respect to  iron (r)

v =  (lg v0. ii — *g vo. i v)/Ig r (3)

(where v0 , and v0 n are the in itia l gas evolution  rates (at a conversion o f  
2.5% ) for reactions I and II, respectively , and r is the ratio o f iron concentra­
tions in reactions I and II) is 2.08 for FeCl3 and 0.48 for y-Fe20 3, the la tter  
indicating heterogeneous reaction steps.

Acta C him . ( Budapest) 90, 1976
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Fig. 5. Effect of y -F e ,0 :i concentration on the ra te  of gas evolution; experim ent according
to section c)

Fig. 6. Effect of the FeCl3 concentration on the ra te  of gas evolution; experim ent according
to section c)

d) Effect o f the nature of ca ta lyst on the reaction
The interm ediates and products have been studied by m ass spectrom etry  

in  th e  case of the reactions of b ifunctional silanes cata lyzed  b y  y-F e20 3 
and FeCl3. The experim ents were perform ed in a bomb tube or in an open  
sy stem  so that the effect of conditions could be elucidated.

E xperim ental

D im ethyld iethoxysilane and dim ethyldichlorosilane were reacted at 
a m ole ratio of 1 : 1 in a bomb tube at 80°C, in the presence o f FeCl3 or y -F e20 3 
(th e  reaction did not start at 75°C). The mixtures were analyzed by mass 
spectrom etry, using the intensities o f th e  basis peaks and the molecular ions.

The catalyst and the conditions affect the form ation o f cyclosiloxanes. 
T he product m ixtures are different in th e  case of FeCl3 and y-F c20 3 cata lysts  
(Table IV). Characteristically, the concentration  of the tetrasiloxane corre­
sponding to the condensation of the starting  compounds is higher than th a t o f  
cyclopentasiloxane. On the other hand, a higher amount o f cyclotrisiloxane  
is form ed in the bom b tube reaction cata lyzed  by y-Fe20 3. This can be explained  
b y  the lower initial iron chloride concentration  due to the slow  heterogeneous 
dissolution  process; consequently, group exchange reactions predom inate

A cta  Chim. (Budapest) 90, 1976
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Table IV

Relative amounts o f the oligocyclosiloxane products from  the condensation o f Me2S i(O E t)2 with 
Me2SiCl2 as a function o f the conditions (mass-spectrometric data)

Composition* D + D(0Et)2 D +  D(OEt)2 D + D(OEt)2

Conditions of reaction
closed space (bomb tube) 

Initial state 
20°C, 2% FeCl3

2 hrs
80°C, 1% Fe20 3

2 hrs
80°C, 2% FeCl3

R elative amount of 
components D4 >  d 5 D 3 >  D4 D 5 D 4 >  D 5

Composition* D +  D ( 0 E t ) 2 D +  D(OEt)s

Conditions of reaction
2 hrs

75°C, 2% FeCl3

open space 
Initial state 

68°C, 2% FeCl3

3 hrs
68°C, 2% FeCl3

4 hrs
68°C, 2% FeCl3

R elative amount of
components d 4 >  d 5 D« >  D5 d 4 >  d 5 d 4 >  d 5

* Symbols:
D =  Me2SiCl2 

D(OEt)2 =  Me2Si(O Et)2
=

Me Me" 
SiO^

Д,
'Me Me" Me Me

d 5 =
lilO 4 SiO

and th e  form ation o f  odd-num bered rings becom es characteristic because o f  
the presence of the ethoxychlorosilane form ed.

e) Effect of th e  tem perature
The effect o f tem perature on th e  m ixture described under h) is show n  

in  F ig . 7. W ith increasing tem perature, the induction period becomes shorter 
and th e  yield increases.

Fig. 7. E ffect of the tem p era tu re  on the ra te  of gas evolution; experim ent according to
section e)
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f)  E ffect of the so lven t  

E xperim ental

The reactions were carried out in 0.1 m l o f an anhydrous solvent under 
th e  conditions given under b). The results are shown in F ig. 8 .

The solvent effect is insignificant in  th e  cases studied. I t  is rem arkable 
th a t w ith  n-heptane, the induction  period becom es much longer and the yield  
decreases. In the case o f th e  strongly polar m ethyl eth yl ketone, the low er  
conversion is probably due to  side-reactions involving the enol form [2 1 , 2 2 ].

Fig. 8. E ffect of the solvent; experim ent according to  section f); 1) m ethyl e thy l ketone; 
2) toluene; 3) cyclohexane; 4) carbon tetrachloride; 5) n-heptane

Transformation o f  the y-F e20 3 catalyst during the reaction

W e have perform ed experim ents aim ed at determ ining the com position  
o f th e  iron-containing interm ediate in order to elucidate the differences b e­
tw een  the application o f  y-Fe20 3 and FeCl3 catalysts.

U V  absorption spectra

According to Zem a n y  and P r ic e  [23], trim ethylchlorosilane reacts w ith  
A1C13, a Lewis acid, to  form  a halogen-bridged com plex ^SSiCl—A1C13.

Mössbauer spectra indicate [24] th a t the reacting m ixture contains  
iron (III) as a m olecular com plex. W e have studied th is com plex b y  U V  
spectroscopy.

E xperim ental

The spectra were recorded on a Carl Zeiss Jena SPECO RD UV-VIS  
in strum ent. The organosilicon com pounds were o f gas chrom atographic  
p u rity ; the solvents used (cyclohexane, carbon tetrachloride, di-i-propyl 
ether) were spectropure, anhydrous substances. The com position o f y-F e20 3 
w as 97.88%  Fe20 3 and 1.85%  FeO in a m agnetite la ttice . FeCl3 contained  
33.45%  Fe3+ and 65.21%  Cl (calcd. 34.28 and 65.72% ).

Acta Chim. ( Budapest)  90, 1976
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Table V

U V  spectra o f y-Fe20 3 and FeCl3 dissolved in  Me2Si(O E t)C l and Me2SiCl2 (from the evaluation o f the spectra in Fig. 9)

Sample and solvent
Iron(III) concentration 

(mol’l) Absorption maxima 
(cm-1) 

shouldersolution satinrated a t 20°C concn. in sample solution

a) Me2SiCl2/y-Fc20 3 cyclohexane 
Me2Si Cl,/FeCl3 cyclohexane

0 .72x10“  2 
0 .9 0 x 1 0 -2

3 x l 0 - 3
З х Ю -з
1 X IO“ 3

27 500 

27 500

25 600 (40 000) 

(40 000)

b) Me3SiOEt/FeCl3 diisopropyl ether 15.71 X lO -2 1.462 X lO -4 27 500 30 700 (40 000)

c) Me2Si(0Et)CI/y-Fe20 3 diisopropyl 
ether

2 .6 7 1 x 1 0 -2 1.461 XlO“ 4 (1) 
0.487XlO“ 4 (2) 
0.325 X lO -4 (3)

26 700 
26 700 
26 700

25 600 30 700 
30 650 
30 500

(40 000) 
(40 000) 
(40 000)

d) Me2Si(OEt)Cl/FeCl3 diisopropyl 
ether

7.87 X lO "2 4.32 XlO“ 4 (1) 
0.481 XlO“ 4 (2)

27 500 
26 700

25 600 30 700 
30 650

(40 000) 
(40 000)

e) Separating slurry Me2Si(OEt)Cl/y- 
Fe20 3 diisopropyl ether

55.3 XlO 5.5 XlO“ 4 
4.9 XlO“ 4

27 800
28 500

25 600 (31 000) 
31 000

(40 000) 
'40 000)

f) Me3SiCl/y-Fe20 3 
Me3SiCl/FeCl3

(1)
(2)

27 500 
26 700

30 600
31 000

(40 000) 
(40 000)

C
SÁ

K
V

Á
R

I et al.: R
EA

C
TIO

N
S O

F C
H

L
O

R
O

SIL
A

N
E

S W
IT

H
 A

L
K

O
X

Y
SIL

A
N

ES, II 
2

4
5



2 4 6 CSÁKVÁRI et al.: REA CTIO N S OF CH LO ROSILA N ES W ITH  A LK O X Y SILA N ES, I I

The solutions to be studied were prepared by dilution from saturated  
so lu tions o f the iron com pounds in organosilicon solvents or from  sam ples of 
th e  reacting solutions. Iron was analyzed when necessary. The w avelengths  
o f th e  absorbance m axim a and their sh ift upon dilution were m easured. The 
resu lts are shown in Tables У and Y I, and in Figs 9 and 10. The spectra recorded  
under the conditions described in the literature (Fig. 9) and the shifts o f  the  
m axim a upon dilution are in agreem ent w ith those reported for the FeCl4~ 
com plex . It is remarkable th at the break characteristic o f FeCl4~ was reproduc- 
ib ly  present on the spectra. According to  quantum chem ical calculations 
[24, 31], the absorbance m axim a obtained corresponds to  the charge-transfer 
(redox) band of FeCl4_ . A brown, heterogenous phase separates from  the  
m ixture after the reaction w'hich, according to gas chrom atographic m easure­
m en ts, consists of concentrated cyclic polysiloxanes. The iron concentration

Table VI

U V  spectra* o f y-F e20 3 and FeCl3 dissolved in M e3SiCl and M e3Si(O Et) , and 
the spectra after the condensation o f Me2Si(O E t)C l

Fe(III) content 
(mol/1) Absorption maxima (cm-1)

M /Fe„03 Saturated
CC14 solution,

(Fig. 9f) 20°C 27 500 -  30 600 - (40 000) —
M/FeCl3 Saturated
CC14 solution

(Fig. 9f) 26 700 -  31 000 - (40 000) —
MoEt/FeCl3 Saturated
CCI4 solution — -  29 000 - (40 000) —
M +  MOEt/y-Fe20 3 Saturated
CC14 solution 27 500 -  31 000 — (40 000) —
M -f- M0Et/FeCl3 Saturated 27 500 -  31 000 - (40 000) —
CC14 solution 26 700 — 31 800 — (40 000) —

D(OEt)2/FeCl3 Saturated
solution — -  29 000 (40 000) —

E vi/y-Ee20 3 Saturated
CC1, solution 27 500 —  -- -- (40 000) —
E/FeC l3

cyclohexane after reaction,
2%  FeCl3 (Fig. 10. (1)) 6.5 x lO “ 2 20 500 19 300 18 700 16 700 14 800 13 200

E /F e20 3
cyclohexane after reaction
(Fig. 10 (2)) 2 .4 x 1 0 “ 2 20 500 19 300 18 700 17 000 14 800 13 200

R ef [26] measured values di-
isopropyl ether 3 x 1 0 - ' 21 000 19 700 18 900 16 400 16 000 12 950
calculated values [30] ~ 18 800 16 300 15 600 13 000

* Symbols
Me =  Me3SiCl; DVi =  MeViSiCl2; E  =  Me2Si(OEt)Cl; MgEt =  Me3SiO Et; D(OEt)2 =  

— Me2Si(OEt)2
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in th is phase is appreciably higher th an  th a t in the hom ogenous residual 
phase; its UV spectrum  corresponds to  th a t o f F eC lj. The results point to  the  
form ation of a ^?Si— C l—FeCl3 type com plex  from both y-Fe20 3 and FeCl3.

40000 30000^30000 20000
0 cm-1

Fig. 9. UV spectrophotom etric measurem ents, a) Me3SiCl/y-Fe2Oa; b) Me3Si(OEt)/FeCl3; 
c) Me2Si(0Et)C l/y-Fe20 3; d) Me2Si(OEt)Cl/FeCl3; e) Me2Si(0Et)C l/y-Fe20 3; the phase separ­
ated ; f) Me3SiCl/y-Fe20 3 (1), Me3SiCl/FeCl3 (2). (The sym bols and concentrations are the same

as in Table V)

Fig. 10. Visible spectrum  of the product m ix ture  from  the condensation of Me2Si(OEt)Cl 
in cyclohexane; experim ent according to section d). 1) 2%  FeCl3 as ca ta lyst; 2) 1% y-Fe20 3

as ca ta lyst

Acta Chitn. ( Budapest) 90, 1976
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X -r a y  diffraction analysis o f the transform ation o f the y-F e?0 3 catalyst 

E xperim ental

The experim ents were performed w ith  the substances described above, 
under the conditions and at the com positions given in Table V II using bom b

Table VII

X -ray diffraction analysis o f the transformation o f solid y-F e20 3 under the action
o f chlorosilanes

( First figure is d/hkl and second is the intensity)

I. 1 g y-Fea0 3, 5 ml Me2Si(OEt )C1, 5 ml cyclohexane, 1 week a t 21°C then 3 hre a t 70°C

y- Fe.,0:t and FeCl3 5.900/5 FeOCl 3.399/6
2.683/6 2.634/1
1.642/1 1.642/1

II . 1 g y-Fe20 3, 5 ml Me2Si(OEt)Cl, 5 ml cyclohexane, 1 week at 21°C

y- Fe20 3 and
Fe2S i0 3 orthorhombic FeCl3 X 6H20 5.965/8 2FeCl3 x  7H .fi 6.367/5

4.400/2 5.510/2
3.547/2 4.360/2
2.768/3 3.882/2
2.579/2 3.063/2
1.919/2 2.870/2

2.430/2

FeOCl 3.410/7 FeCl2 x 4 H .fi 5.510/4 F eS i0 3 monoclinic 3.260/3
2.637/5 5.371/4 3.260/3
1.672/2 3.946/4 3.063/4
1.640/2 3.063/3 2.870/2
1.527/3 2.768/2

2.173/2
2.637/5

III. 1 g y-Fe20 3, 0.5 ml HC1, 5 ml cyclohexane. 1 week at 21°C then 3 hrs a t 70°C

y-F e20 3 and FeO 1.516/1 FeCl3 5.900/9 FeOCl 3.451/3
2.166/2 2.690/1 2.641/2

1.784/1 1.784/2
1.626/3 1.516/2

IV. 1 g y-Fe20 3, 5 ml Me3SiCl, 5 ml cyclohexane, 1 week at 21°C then 3 hrs a t 70°C

6 .021 /2  FeCl2x H 20 5.447/25 FeCl3 5.782/5
4.400/ 1 4.237/20 1.756/2
3.500/ 1 2.863/10 1.652/5
3.162/ 2 2.746/25 1.460/1
2.746/23 2.384/ 1
2.421/ 2 2.318/ 5 

2.128/10 
2.680/15

FeOCl 2.630/ 4 
1.833/ 2 
1.523/ 2

Acta Chim. (Budapest) 90, 197 6
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V. 1 g y-FetO„ 2.5 ml Me3SiCl, 2.5 ml Me3Si(OEt), 5 ml cyclohexane, 1 week a t 2I°C then 3 hrs a t 70°C

y-Fe30 3 and
FeCl3 x  2Нг0 4.716/2 FeO(OH) 3.277/8 FeCl3 2.682/ 6

3.517/2 2.569/8 2.085/20
2.511/2 1.767/ 6 

1.630/ 6

VI. 1 g у-Ее20 3, 5 ml Me3SiCl, 5 ml cyclohexane, 1 week at 21°C then 3 hrs at 70°C

FeCl3 x  6НгО 5.893/14 FeCl3 X 2H30 5.511/37 FeCl3 X 4НгО 5.511/37
3.497/5 4.255/21 3.940/6
2.757/20 2.872/12 2.757/10
2.423/6 2.318/9 2.179/4

2.135/9
2.085/22

2.135/9

FeCl3 x 2HjO 5.893/14 Philosilicate 14.290/10
4.831/10 12.020/3
3.940/6 11.210/4
3.497/5 10.660/4
2.511/10 9.501/5

8.972/4
1.875/5
1.822/6
1.796/6

VII. 1 g y-Fe,0,„ 2.5 ml Me2SiCl2, 2.5 ml Me3Si(OEt), 5 ml cyclohexane, 1 week a t 21°C then 3 hrs a t 70°C

FeCl3 1.754/6 2FeCl3 X  7НгО 6.320/16
5.511/37
3.827/7
2.873/12
2.423/6

V III. 1 g y -F e,0„ 5 ml MesSiQj, 5 ml cyclohexane. 1 week at 21°C then 3 hrs a t 70°C

y -F  e20 3 
FeCl2

3.048/30 FeCl2 X 2H.,0 5.400/62
2.526/90 4.247/36
1.945/25 2.862/20
1.792/100 2.740/40
1.714/40 2.384/30
1.466/21 2.328/40

2.073/22

tubes. Param eters: Siemens Crystalloflex instrum ent, iron cathode, 35 kV, 
Mn filter. In  T able V II, the data of the evaluated X -ray  diffractograms are 
shown. A chlorine-containing phase is detectable in all sam ples as are, in som e  
cases, the interm ediates of the desctruction of the m aghem ite lattice having  
loose spinel structure, e.g. FeOCl. This is due to the reaction  between chloro- 
silanes and iron (III) oxide

F e20 3 +  6  ^ S i - C l  — * 2 FeCl3 +  3 ^ S i - 0 - S i <  (2)
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w hich  has been described [32], but has n o t y e t been follow ed b y  X -ray  dif­
fraction  analysis.

According to  Table V II,
a) a treatm ent w ith  concentrated  hydrochloric acid (36 w t% ) does 

n ot decrease the FeO content o f the sam ple, but no FeO can be detected  in 
the system  after treatm ent w ith  chlorosilanes (Samples I, II  and III);

b) the alkoxy group suppresses th e  effect of chlorosilanes unless both  
fu n ction a l groups are attached  to  th e  sam e silicon atom ;

c) the presence o f surface phases can n ot be excluded (unidentified  dou­
b le t lines of low in ten sity  w ith  philosilicate character);

d) the y-Fe20 3 ----»- FeCl3 transform ation takes place gradually in the
solid  phase.

IR  spectroscopic study o f  the condensation between alkoxy- and chlorosilanes 

E xperim ental

The IR  spectra o f d im ethylethoxychlorosilane (gas chrom atographic 
pu rity ) have been recorded in the pure sta te  and upon treatm en t w ith  1 % 
y -F e 20 3 or 2% FeCl3 using a U R  10 instrum ent (0.02 m m  NaCl cell). The 
spectrum  of the untreated  substance was recorded several tim es in succession. 
T he treatm ent was perform ed in bom b tu b es for 1 week at room  tem perature  
and for 3 hrs at 75°C. The slurry th a t separated from th e reacting m ixture  
under the conditions given in b), contain ing a high concentration of iron, has 
also been investigated  in carbon disulfide solution. The IR  spectrum  of the  
m ixture was com pared w ith  th at o f a m ixture kept at room  tem perature  
for 1 week.

The changes in the band in tensities (Table V III, F ig. 11) indicate the  
form ation of siloxanes. After treatm ent w ith  y-Fe20 3, the reaction goes to  
com pletion  in the bom b tube. The broad band corresponding to  the asym m et­
ric S i-O -S i stretching vibration shows absorption m axim a at 1087 and 1020 
c m -1 , characteristic o f the siloxane polym ers [33]. The Si—Cl bonds probably  
disappear in a process corresponding to  reaction (2). In the sam ple treated  
w ith  FeCl3, no reaction can be d etected  and the siloxane band m axim um  
(1045 cm -1 ) points rather to the form ation  of cyclosiloxanes. It should be 
n oted  that in an open system , FeCl3 is a more efficient ca ta lyst than y-F e20 3.

The spectrum  o f the slurry indicates the presence o f w ater, probably  
form ed in the process

F e ,0 3 +  6  HC1 — у 2 FeCl3 +  3 H20 (4)
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T a b le  V III

V a r ia t io n  in  t im e  o f  so m e  I R  b a n d s  o f  m ix tu r e s  c o n ta in in g  y - F e 20 3 i n  M e 2S i ( O E t ) C l

(c m 48 0 5 37 5 60 665 8 50 960 1020 1090 1110 1160 1295 1395 1440

(4 )  M e2S i(O E t)C l S 111 о s s s О s s s m s m

(3 ) M e2S i(0E t)C l/> < -F e20 3 v w V W о v w w v w s s о о о V W о
M e2S i(O E t)C l/F e C l3

(2 )  t  =  0 m in s w w s s s ? s s m (1 2 8 5 ) s m

t  =  15 m in s w w s s s s s s m О m m

(1 0 4 0 ) (1 2 8 5 )
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-P cm 1

Fig. 11. Stages of the condensation of Me2Si(OEt)Cl; IR  spectra: 1) and 2) 2% FeCl3, t =  3 0 
m in (1), l =  0 min (2); 3) Product m ixture from Me2Si(OEt)Cl containing 1% y-Fe20 3;

4) Me2Si(OEt)Cl

involv ing  the HC1 alw ays present in sm all am ounts. The form ation of a hydroxy  
com pound (^ S i— OH) can also be observed. The C -0  stretching vibration  
at 1100 cm -1  decreases in in tensity , whereas the asym m etric S i-O -S i stretching  
at 1060 cm “-1 show s an increase.
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Earlier a tte m p ts  to describe chem ical kinetics in  term s of chemical resistances 
were from a therm odynam ic viewpoint no t fully adequate. A correct netw ork model 
of the reaction m echanism  must give th e  same entropy production as the pure therm o­
dynam ic theory. I t  is shown th a t th e  en tropy  production  can be in terpreted  as th a t  
of a physical netw ork. In  general, th is consists of galvanically separated parts  belong­
ing to  the chemical, transport and th e rm al processes, respectively. I t  is shown th a t  
th e  m atrix  of th e  phenomenological coefficients of the  original system  can be in te r­
preted  as the loop-im pedance m atrix  of th e  netw ork. An appropriate netw ork m odel 
perm its also to  separa te  conceptually th e  p a rtia l processes w ith  and w ithout en tropy  
production, as po in ted  ou t by O s t e r , D e s o e r  el al. Using the loop representation , 
i t  is shown how netw ork  models of com plex chemical reactions w ith and w ithou t 
reversible reactions can  be constructed, including cases where also transport processes 
are relevant.

Introduction

The theory of p h ysica l networks offers som e m ethodological advantages 
originating from the fa c t that the problem  is divided in the analysis o f th e  
topological structure and o f the algebraic relations o f the system . An extension  
of physical network th eo ry  can be g iven  on the basis o f some recent ideas 
concerning the therm odynam ic aspects o f  th e  problem  [1, 2]. The com bination  
of network and non-equilibrium  therm odynam ic m ethods perm its to replace  
the pure kinetic m odels o f reaction m echanism s by dynam ic ones giving  
deeper insight into th e  behaviour of com plicated  chem ical reaction system s.

Physical networks

Physical netw ork th eory  is based on the follow ing assum ptions.
a) The physical sy stem  has a structure representable b y  a graph.
b) The system  can be characterized b y  som e “ through” and “ across”  

variables isomorphic w ith  electric current and potentia l, respetively.
c) “Through” and “ across” variables can be related to  the branches 

and nodes of the graph in  such a way th a t K irchhoff’s current law and Kirch- 
hoff’s voltage law are valid .
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d) There exist real or conceptual discrete elem ents, w hose term inal 
equations represent the “ con stitu tive” relationships betw een through and  
across variables.

Through variables are hydraulic flow , power flow  in a fram e, heat flow , 
chem ical reaction rate. The appropriate across variable are hydraulic pressure, 
lon g itu d in a l deform ation o f the fram e, tem perature, chem ical affin ity . W e 
d enote th e  generalized through variables, th e  “ generalized flow s” and the across 
variab les, the “ generalized potentia ls” b y  i  and e isom orphic w ith  the electric 
in ten s ity  and potential, respectively . B eside i and e also their integrals

q(t) =  q(o) +  J' i(t) dt 1 )

the “ generalized charge” , and

p{t)  =  p(o)  +  Jo e(i) dt

the “ generalized” flu x  have physical m eanings.
The elem ents o f the physical netw ork are:
a) “ capacitive” and “ inductive” energy stores,
b) dissipative elem ents (resistors),
c) sources (sinks),
d) transducers.
Capacitive energy stores can be characterized b y  relationships o f th e

form :

q =  W(e)

d ^  cW 'de de
dt de df ’ di (3)

(cf. E g . (1) where diF/de =  C(e) is, b y  defin ition , the generalized capacitance  
w hich  is not a constant as in the case o f sim ple electric capacitors but a fu n c­
tio n  o f  e. For an inductive energy store the constitutive relation is

dp

di

P  =  

d Ф d i 

di dt

0 (i)

=  e

(4

(cf. E q . (2)) where d<Z>/di =  L(i)  is the generalized inductance. 
D issipative elem ents can be characterized by the relation

e =  Q(i) ( 5 )
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The derivative dQ /d i  is the resistance R(i)  of the elem ent. F or other generalized  
network elem ents, see Refs [3, 4].

K irchhoff’s laws and the con stitu tive relationships of the elem ents 
perm it to w rite the interdependence o f netw ork variables and the netw ork  
equations in d ifferent forms according to  the need o f further use. A pply ing  
the tree-technique and m atrix notation , th is can be m ade in com pact form . 
A sym bolic representation o f the relationships o f netw ork variables is g iven

Fig. 1

in  Fig. 1 [5, 6 ]. For the notation , see the list o f sym bols. Y and Z are differ­
ential operators representing relationships betw een e and i according to  E qs
(3) and (5), (6 ), respectively . Y and Z are the prim itive adm ittance and im ped­
ance operator m atrices of the network, respectively . A and C are the node 
and loop incidence m atrices characterizing the top o logy  o f the netw ork.

The various form s of netw ork equations can be d irectly  obtained from  
F ig . 1. As can be seen further, for the purpose o f analysis o f reaction system s, 
th e  loop form

i' =  [C 'Z C J - iC 't -Z I ]  (6 )

s the m ost convenient.

Non-equilibrium  therm odynam ics and its relation to network theory

The m ain resu lt o f classical therm odynam ics is the recognition th a t  
s pontaneous processes in the nature can take place only if  the entropy of th e  
sy stem

i ncreases. More precisely, the entropy change S  of a system  consists of tw o  
parts S e and S t

S  =  s e +  s ,
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w here S { can have only positive values, S, >  0. In spite o f  th e  entropy pro­
d u ction , spontaneous processes are alw ays irreversible.

The developm ent leading to  non-equilibrium  therm odynam ics has m ade 
it  possib le to  replace the inequality  relations o f classical therm odynam ics, 
as th e  entropy principle m entioned, b y  eq uality  relations. Introduction  of 
th e  concept of generalized flow s J  and generalized forces X  perm its to  express 
q u a n tita tiv e ly  the entropy production S,- o f  the process and to  determ ine its  
d yn am ics. Investigations concerning th e  dependence o f flow s on forces 
are therefore one of the m ain goals o f non-equilibrium  therm odynam ics [7—9].

Generalized flow s in  non-equilibrium  therm odynam ics are the am ount 
o f in ternal entropy, energy, m ass, m ole num bers of chem ical com ponents, 
e tc ., passing through u n it area and u n it tim e in a given direction

T 1 d«  r 1  ds T 1 dw T 1 dn,
j  U   " » Ш i J  ni ,

a at a a t  a at a at

w here s, u, v and nt are the entropy, internal energy, volum e and mole 
num ber o f the ith  com ponent, respectively . The generalized forces are appro­
priate  potentials jit and their gradients

X  =  —grad jit (8 )

Flow s and forces are interrelated b y  relations o f the form

J  =  L X  (9)

w here L  is a phenom enological coeffic ien t. Flows and forces are generally  
in terrelated . This m eans th a t flow  J,- is influenced not only b y  its own force 
Xg, h u t also by all others. Instead o f a se t o f  independent equations (9), for 
sm all deviations the relations

J t  — Ij11X 1 +  . . • +  L ln X n

Jn — L nlX t +  • • • +  L  nn X n

( 10)

are va lid . The coefficient m atrix L is sym m etric (Onsager’s principle).
The formal fram ework of non-equilibrium  therm odynam ics is based  

on th e  assum ption th a t the Gibbs equation  of chem ical therm odynam ics is 
also valid  for non-equilibrium  conditions. (This assum ption is lim ited  to  cases 
n o t too far from equilibrium .) Thus

Tds =  du +  P d v  — Hi dn(- (11)
i=i
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where T, P  and //,• are the tem perature, pressure and th e  chem ical poten tia ls. 
B y  introducing local concentrations

S U П ;
Sv =  — ; U v  =  — ; C; = - —  (12}

V  V  V

it  can be shown th a t Eq. (11) is equivalent to  th e  expression

Tdsv =  dqv — Hi dcy (13)
1=1

where dg„ is the to ta l heat increm ent per unit volum e [8 ]. Thus for the change  
o f local entropy w ith  tim e we have

TQsj Эqv

dt 91 i=i dt
(14)

The derivatives in  this expression are closely related  to the appropriate 
therm odynam ic flow s J s, J q and J t

^  =  -  d iv  J s +  a 
91

V = ' d i v J ' <15)

—  =  -  d iv  J i  -f- Vj J eh

The derivatives consist o f  a divergence and a source term  (except for the second, 
having no source term ); a  is the en trop y  production, vt J ch the concentration  
change due to the chem ical reaction; J ch is the rate o f  th e  chemical reaction  
and Vj is the stoichiom etric num ber.

Upon inserting E q . (15) into (14) and making use o f the general relation

div a6 =  q d iv  b -f- b grad a (16)

after rearrangement, for the local entropy production one obtains

1
< r = J q g r a d — +  2  J , grad

1 = 1
Mi_
T

+  J,
A r

ch ' T  (17)

where A r denotes the sum  -£Vi(u,- called  the affinity  o f th e  chem ical reaction.
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E quation (17) show s th a t the entropy production is a sum  o f products 
of th e  flow s J k with the conjugated forces X k

< * =  2 J k X * 18)
ft

F rom  E q. (17) it is obvious th a t the true therm odynam ic driving forces of 
h ea t, diffusion and chem ical flow  are

Х , =  ё г а л 1 ;Х , =  6 г , а ( - А ) ;  Х Й = А  19)

According to  E q . (10), th e  flow s are functions of th e  therm odynam ic 
forces. Upon inserting E q. (10) in to  (18) and using m atrix n otation , we get 
for th e  entropy production

a =  X ‘ L X  (20)

A  relation sim ilar to  Eq. (20) can he w ritten  for a com plex system  con­
s istin g  o f several system s w ith  entropy production av  a2 • • • °m• In this 
case X  and L are hypervectors and hyperm atrices, respectively . For sim plic­
i ty  we assume th a t interrelations ex ist on ly  betw een flow s o f  the same type  
o f  th e  individual system s. This means th a t e.g. J q from the fcth system  does 
n o t  directly  influence J t from  the (к -f- l ) th  system . In th is case L can be 
transform ed into a diagonal hyperm atrix and Eq. (20) can be w ritten  in the  
form

u =  X ^ qX q +  X ' L A  +  x ^ chx ch (2 1 )

w here X q, X d and X ch are vectors o f forces conjugated to  J q, J d and J ch. (The 
com ponents of the vectors belong to  several system s.) h q, Ld and L cfl are m atric­
es o f  the appropriate phenom enological coefficients. A ccording to  Eq. (10), 
expression  (2 1 ) can also be w ritten  in the form

g =  J ‘L - U q +  J ‘L d U d +  JínKh'JcH (22)

The three term s o f Eq. (21) can be considered as contributions of inde­
p endent subsystem s. I f  the subsystem s have defined structures, then th ey  
can  be characterized b y  netw orks having, roughly speaking, the ability  to  
conduct and to store therm odynam ic flow s. Further, as a consequence o f the  
conservation character o f flow s and th e  uniqueness of poten tia ls, K irchoff’s 
law s are valid. Therefore the term s o f Eq. (21) belong to  partial networks 
w hich  model the system  considered.
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The matrices L q, Ld, Lch are n oth in g  else than  th e  loop-im pedence m atri­
ces of the partial netw orks, if  X  and  Y  are considered as loop quantities [10]. 
This can be shown in  the fo llow ing manner. The dissipated  energy IF in a 
therm odynam ic system  under isotherm al condition is

IF =  Т а  (23)

The dissipated energy due to transport phenom ena is

W d -- T a d (24)

where a- is the en trop y production o f the transport process.
The free energy losses in a single branch of the partial network modelling  

the transport phenom ena are

W d =  T X dJ d =  TL-pU \  (25)

where L pd is the phenom enological coefficient of the single branch. Therefore, 
according to strict ad d itiv ity , for th e  whole transport netw ork the dissipated  
energy is

Wd =  T J ‘d L -dlJ d (26)

where L pd is the p r im it ive  adm ittance m atrix of the netw ork. The relation be­
tw een  branch and m esh  current i and i' is

i  =  Ci' (27)

(see F ig. 1). Upon w riting  instead o f  E q . (27)

J d =  CJd (28)

and inserting into E q . (26), one ob ta in s

W d =  T f ‘ [C'L-^C] J '  =  TJ'< Z Ld J'd (29)

where Z Ld is the loop im pedance m atrix . Similar expressions can be obtained  
for the energies Wq and W ch d issipated b y  the networks o f heat and chem ical 
processes.

As a conclusion w e can say th a t  the first condition  for the va lid ity  
of the network m odel is the eq u ality  o f W's calculated from  the original 
system  and the m odel. The model m u st further give a right description o f the  
reversible energy transform ations in th e  system  and th a t o f  the energy losses.
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For th is  purpose the netw ork technique is extraordinarily su itab le, especially  
th e  loop method perm itting an easy separation and localization  o f dissipative  
and non-dissipative processes in the system  [1 ].

Network theory and kinetics

For a general chem ical reaction

va A  +  vBB  =  . . . vMM  +  vn N  +  . . . (30)
one can write

dnA =  — vAd i  ; dnB =  — J-Sd f ; dre^ =  vMd£ . . . (31)

where A , В . . . are the m asses o f the original, and N , M , . . ., those of the  
product com ponents, respectively , n and /л are the m ole and stoichiom etric 
num bers, respectively, fi is the reaction coordinate. The reaction  rate w  can be  
defined by any o f the relations (31),

d f  1 dre, 1 dnB 1 d n M

dt vA d i vB di vM d t  y J

From a k inetic point o f v iew , the necessary condition for the form ation  
o f a new  species is th a t collisions betw een the m olecules o f  th e  original com ­
ponents occur. The k inetic equation of the reaction has therefore the form

iv - ky Сд cB . . .  fe_ 1 cA\ c $  . . . (33)

w here and are th e  rate constants of the forward and reverse reactions. 
G enerally, higher th an  ternary collisions are considered as im probable. Real 
reactions occur, therefore, as consecutive uni-, bi- and trim olecular steps. In  
rea lity , com plex rection  system s are often encountered.

An exam ple o f an elem entary reaction is the w ell-know n process

H 2 +  J 2 í =± 2H J

The overall reaction rate is the difference betw een the rates in the forward  
and reverse direction

iv =  nq ic_x =
1_ dcH/ 

2  dt
=  к 1 C H  2  C I 2 A- 1 c2hi ( 3 4 )

Instead  of Eq. (24) we m ay write

w = k x cH2 cn fc-i сщ

^1 CH2 C12 ,
( 3 5 )
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According to  E q. (9), (35) can be written in  th e  form

where L  and X  are

J  = L X

L  — k x ct

сш

CH  2 C 12 ,

(36)

(36')

(36")

In  the case of ideal gases or d ilute solutions, the fo llow ing relation betw een  
therm odynam ic p otentia ls of th e  reaction com ponents and their concentration  
is valid

fik =  R gT  In ck +  p0A. (37)

fj,0k are constants dependent on the tem perature. B y  definition the affin ity  
of the rection A R according to  (37) is

A r =  (2 H h i  t l H 2~ /J,n )  —  ~~ RgTln  —
СнгС/2 (38)

( ^ A o H I  ~  f*0H2 ~  №0 12 )

The constant term s in parentheses can be expressed w ith  the equilibrium con­
stant of the raction K .  In  equilibrium  A r — 0 and therefore

2/^0 h i  f*oH2 ^12 =  7 igT  — R g r  К  (39)
CH 2 C12

substitution  into E q . (38) yields

A r =  R „T ln  K' « - 1 1 2cm c 12 cin
In the v icin ity  of the equilibrium  it can be assum ed th at

(40)

z = 1 — e z сы z ; (41)

According to  Eqs (36” ) and (40), the driving force o f th e  overall reaction  
can be written as

A" =

Thus according to Eq. (36’)
RgT

(42)

T   ^ 1  CH 2  C J2 ,1

J c h ~ ~ ~ ^ r ~ Ar
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Considering now A r as th e  true driving force (instead of Ar/RgT),  th e  phenom ­
enological coefficient, or, in netw ork term inology, the adm ittance of the  
reversible reaction w ill be

r __ fej cH2 cI2
Щ Т

This result can be generalized to  any single reversible reaction. The numerator 
in E q. (43) is the rate o f  the forward  reaction w v  The adm ittance o f reversible 
reactions, near equilibrium  becom es

L  =
uq

R fT
(44)

According to  th e  foregoing chapter, a simple chem ical reactions can be 
m odelled  by single loop netw ork. The driving force of th e  reaction will be 
equal to the poten tia l drop on a d issipative elem ent (resistor) inserted 
in to  the link branch. To each reaction com ponent, there belongs a true branch 
w ith  a capacitor representing the reversible changes in com ponents energies. 
A s th e  reaction proceeds, the irreversible energy dissipation  w ill be equal 
to  th e  difference betw een  the free energy supplied by reversible discharge of 
th e  reactant capacitors and th at stored b y  the capacitors o f the products. 
T he potentials of th e  ind ividual capacitors correspond to  th e  chem ical poten­
tia ls  of the appropriate com ponents. The flow  through the capacitors equals 
th e  decrease or increase of com ponent quantities per unit tim e.

In the case o f  ideal gases and dilute solutions the cap acity  m odelling  
o f  th e  feth chem ical com ponent is, according to  Eqs (3) and (37),

d |  I dfik _  d nk Ack 

dt / dt d /гк Afik
(45)

The incremental resistance representing th e  dissipative process in the link  
branch is,

die
(46)

According to Eq. (43), R  is not a constant, but a function o f th e  actual reac­
ta n t  concentrations.
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R eaction system s

In the case o f a com plex reaction  system , each reaction corresponds 
to individual loops having som e com m on capacitor branches belonging to  
com m on com ponents. The system  o f reactions

va A  +  vBB  — ► vcC  - f  vBD  

vcC +  ve E  — »- v f F

vs U  +  Vu v  — * vz z

can be characterized by the m atrix o f  the stoichiom etric coefficients

v

CO
Й
О

ОCíОbi

com ponents

VA ~ VB ”c VD

~ VC ~ VE VF

V u  V

(47)

The rate o f consum ption and production of the k th  com ponent in all reac­
tions is

dll,. T
-  =  2 t * kJk ( 4 8 )

i di

Introducing a m atrix Cf of identical structure as (47) w ith elem ents 1, — 1 
and 0 , one obtains

com ponents

1 — 1 1 .

................................................................  - 1 - 1 1

M atrix (49) can be interpreted, according to  the foregoing considera­
tions, as the tree-com ponent o f a loop-m atrix belonging to  a netw ork w ith  
loops m odelling the individual reactions of the recation system . The link  
com ponent o f  th e  loop m atrix belongs to  the branches w ith “ d issipative  
e em ents” o f th e  individual reactions.

— C'r (49)
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Assum ing the capacitor potentials to  be equal to the chem ical potentia ls, 
th e  loop currents w ill he equal to the reaction  rates of the ind ividual reactions. 
A ccording to the K irchhoff voltage law , th e  driving forces o f the individual 
reactions are the appropriate affinites. The affin ities are equal to  the potential 
drops across the link  resistors m odelling th e  irreversible d issipations. There­
fore, for the whole system  the a ffin ity  is

A r =  vp. (50)

w here A r and p. are th e  vector of the affin ities and that of the therm odynam ic  
poten tia ls o f the ind iv idual reactions, respectively .

Relations b etw een  reaction rates w  and affinities A r are given b y  the  
loop equation o f th e  reaction network (see Fig. 1).

ic  =  J ch

or in more detail

w here Cr and CL =  U  are the three and link  com ponents o f C, respectively, 
Z is th e  m atrix o f th e  differential operators defined by Eq. (3) (w ith в =  A r, 
and i =  to), R is th e  m atrix of the link resistors. For reaction system s near 
equilibrium , it can be assum ed that Z and R  are diagonal m atrices and the  
single capacities and resistances are, as in  th e  case of a single reaction

C'r ! U

[Сг ZC] - 1 A r (51)

z 0 cr
0 R и A r (52)

Ank

df*k
R.

dA «
dw.

(53)

w here к  and i are serial numbers of the com ponents and reactions, respectively.
For illustration w e shall give the netw ork interpretation o f a reaction  

stu d ied  by P r ig o g in e  and applied b y  M a r t in e z  for the m orphogenesis o f  
som e biological structure [1, 12]. The reaction  scheme is

k,
A  ^=± E

fc -i

2 X  +  У  3 X

В  +  x  ^  Y  +  D
k _ s

k .
X  ^  E

k_.

(54)

Acta Chim. (Budapest) 90, 1976



SIN G ER : NETW ORK-THERM ODYNAM IC APPROACH 2 6 7

where A , B , D  and E  are com ponents in constant am ounts, and X  and Y  
are interm edials. The overall reaction system  is

A  +  B ^ i E  +  D

The reaction is som ew hat unrealistic because it includes also a trim olec- 
ular step , but this could be elim inated b y  a more detailed  structure.

The appropriate k inetic equations are

dre*

df
kxnA =  кгп \ п у  k3n Bnx  k4« x )  

k ^ n x  — k _ 2n3x  +  k _ 3nYnD +  fc_4reD

d/iy

"аг — k3nBnx k2n%nY -+ k_ 2n3x  — k_ 3n YnD

(55)

O m itting the reverse reactions, the network m odel in F ig. 2a can be 
constructed. The appropriate graph is shown in Fig. 2b. The network has 6 
capacitor (tree) and 4 resistor (link) branches, as well as 4 independent loops. 
The loop incidence m atrix C is

reactions

1 2  3 4

A - l
В — l
D l
E l
X i - l  - l  - l
Y l  l

« 1 i

r 2 l

R* l

R* l

C(

= u

(56)

As can be seen, instead o f the second reaction in (54),

2 X  +  У — * 3 X  (57)

the netw ork models, the net reaction

У — > X  (58)
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This is adm issible because th e  differences betw een (57) and (58) are not in the  
top o logy , but in the order o f the reaction. In our netw ork-therm odynam ic  
trea tm en t, the kinetic n otion  “ reaction order” is concealed in  th e  expression  
o f th e  com ponent capacities and of the reaction resistances.

The loop equation o f reaction system  (54) can be w ritten  according 
to  E q . (52). For the num erical integration o f these equations, it  is convenient 
to  use a special netw ork-analysis program.

a.) W

Fig. 2

Reversible reactions

In the foregoing, reaction system  (54) was treated  as unidirectional. 
I f  w e consider also the reverse reaction, the system  can be w ritten  in the form

A  

X

2 X  +

3X

В  +

E  +

X  

E

This is form ally a unidirectional system  which can be treated by the  
netw ork model in a sim ilar manner as in the foregoing exam ple. Each reaction

X

D

X

A

3X

2 X  +  Y  

Y +  D  

В  +  X  

E  

X

(59)
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of Eq. (59) represents a loop, w ith the sam e capacitive elem ents, but because  
of the different rates of the forward and reverse reactions, the link resistors 
Л, and R _ j  are different — The loop incidence m atrix o f the network is

йV
Йо
Он

О
О

reactions

1 2 3  4 5 6 7 8

1 1

A - 1 - 1
В —1 - 1
D 1 1
E
X 1 1 - 1 - 1 —1 —1
Y 1 1 1 1

1

R - 1 1
r 2 1

R -2 1

Rz 1

R - 3 1

«4
R - 4

(60)

c, = и

The appropriate network is shown in F ig. 3.
To avoid short circuits between resistors belonging to  the forward 

and reverse reactions, the link branches contain ideal diodes. Diodes allow
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only  flow s in one direction, thus the chem ical flow  can pass on ly  in the loop  
direction  as in the case of unidirectional reactions. In this m anner also the  
netw ork  m odel of the reversible reaction can be tretaed num erically by  
netw ork  analysis programs.

R eaction-diffusion system s

In  m ost cases the behaviour in tim e o f the reaction system  is determ ined  
b y  elem entary diffusion processes. This is alw ays the case if  the transport 
v e lo c ity  is o f the sam e order as, or less than , the chem ical reaction rate. 
W e consider a one-dim ensional idealized case in Fig. 4.

L II. III. IV.
a ___ d__^

в E .

— X

Fig. 4

The reaction com ponents are transported from com partm ent I (sur­
roundings) into reaction zone II  and from  here into reaction zone III . F inally  
th e  end-product is conveyed to  com partm ent IV.

W e consider again the reaction schem e in (54) and assum e th at only  
th e  forward reactions take place. A ssum ing further th at all transport rates 
are sign ificantly  greater than  those o f the chem ical reaction (except for the  
transport rate o f com ponent X  betw een zones II  and III) the k inetic equations 
of th e  system  will be

On*
d t

—  па  “Ь  к 2п \ п у  —  k 3n ß n x

Э п у 

i t
—  k g / i ß t i  х  —  k ^ T i x ^ t y

(61)

For sim plicity the transport direction was identified w ith  the x  axis. D x  is 
th e  diffusion coefficient o f com ponent X .  Assum ing th at the diffusional flow s 
b etw een  zones II  and I I I  are stationary, we m ay write

n  Э2nx  j , _ N
I 'X  fcx ( reX (II)  —  ИХ(Ш >)

ox*
(62)
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w here rax(ii) an<  ̂ rex(in) ° f  are m ° les in  zones I I  and I I I , respectively . 
T hus, instead o f E q . (61),

dn x  

d t
n A  4~ &2 n X n  Y  —  k 3 n ß n x  +  kx nX(U) — &ХИХ(Ш )

dny 

d t
=  fc3reB nx  — k2n%nY

(63)

Form ally, nX(U) and X (HI) can  be considered as the am ounts o f  tw o  
different com ponents, viz. of X ,, and  Х ш . In  other words, the rate of transport 
of X  and Y  from com partm ent I I  to  I I I  can be regarded as the rate o f iso- 
m orphus change

x,Axin

E q uation  (63) can therefore be trea ted  in fb s t  approach as a k inetic equation  
without a diffusion com ponent. The schem e o f the reaction system  w ill be:

A  X lu

x , A x In

2 X HI +  У Л 3 X UI (64)

B  +  x m Y + D

■y — >. E

The netw ork model o f reaction system  (64) constructed according to  the m ethod  
m entioned above is shown in F ig . 5.

R3
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List of symbols

a area
A branch node incidence m atrix
A r affinity of a  chem ical reaction
C;{ concentration of chemical component к 
C loop incidence m atrix
C(e) generalized capacitance
D  diffusion coefficient
e branch ‘across’ variable; electric b ranch  po ten tia l loop
e' node ‘across’ v a riab le ; electric node po ten tia l 
E  branch source ‘across’ variable; electric b ranch source po ten tia l 
E ' loop ‘across’ variab le ; electric loop po ten tia l 
F  free energy
i branch ‘th ro u g h ’ variable; electric b ranch  current 
i ' loop ‘th rough’ variab le; electric loop current 
I  branch ‘th ro u g h ’ source; electric b ranch  source cu rren t 
I '  node ‘th rough ’ source; electric node source current
J  therm odynam ic flow
к reaction ra te  constan t
К  chemical equilibrium  constant
L(i) generalized inductance
Lj phenom enological coefficient of species i
rij number of moles of species i
p  generalized flux
P  pressure
q generalized charge
Q, q heat q u an tity
R  generalized resistance
Rg universal gas constan t
S, s entropy
t time
T  tem perature
u in ternal energy ,
U un it m atrix
v volume
w chemical reac tion  rate
W  dissipated energy
Z  differential opera to r of impedance type
X  therm odynam ic force
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У  differential operator of adm ittance type 
Ц therm odynam ic potential
v stoichiom etric coefficient
a en tropy production
£ reaction coordinate
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MONOSUBSTITUTED «-FORMYLACETIC ESTERS 

AND MALONDIALDEHYDES
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A new m ethod has been developed for the synthesis of m onosubstituted a-form yl- 
acetic esters (4) and malondialdehydes (5), by the selective lith ium  aluminium hydride 
reduction of th e  appropriately substitu ted  malonic ester derivative (3). The solvent- 
dependent tau tom erism  of these compounds has been investigated  by means of 1H -NM R 
spectroscopy and the presence of the (E)-enol ester form  (4c) was detected for th e  
first time.

Previously we reported the stereoselective to ta l synthesis of ( —)-cory- 
nantheidine (1 ) [1 ], a representative of alkaloids having indolo (2,3-a) quinolizidi- 
ne skeleton; as a m odel com pound, dim ethoxydespyrrolo-corynantheidine (2 ) 
was also prepared [2]. In  synthesizing these com pounds, the a-form ylacetic  
ester group, or the tautom eric jS-hydroxyacrylic ester function , was developed  
b y  means of a new  m ethod not reported up to  then in the literature.

The appropriate m alonic ester derivative (3a, b) w as partially reduced  
in  absolute ether at —70°C, w ith a calculated am ount o f lith ium  alum inium  
hydride, stopping at the m alonaldehyde ester (4a, b) stage.

Since substituted  a-form yl esters are reactive bifunctional com pounds 
and thus em inently suitable for the synthesis o f m any non-cyclic, cyclic and  
heterocyclic com pounds, we have investigated  w hether the reduction 3 —*■ 4  
is a general reaction, or practicable only in the case o f  compounds 3a, b, 
owing to  some special structural factor.
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I t  has been found th at the reaction  is generally applicable for the syn ­
th es is  o f a-form ylacetic esters, and b y  optim ization of the reaction  conditions, 
w e obtained the appropriate a-form ylacetic esters (4 c—e) from  cyclohexyl-, 
isopropyl- and ethylm alonic esters (3 c—e) in about 60 — 69%  yields. Thus for 
th e  preparation o f com pounds of typ e 4 , a new procedure has been developed, 
w h ich  is often more convenient and gives better yields, than  the m ethods 
[3 , 4 , 5, 7] used so far.

The tautom eric equilibria [7} o f com pounds 4 c—e were investigated  
in  different solvents b y  m eans o f XH —NM R [6 ] and IR  spectroscopy. In accord­
ance w ith  the results o f  J o f f e  et al. [6 , 7 ], we observed th at nonpolar solvents, 
in  general, favour th e  presence of th e  (Z)-enolic form (R ), whereas in more 
p olar solvents the r a tio 'o f  the oxo-form  (A)  gradually increases. U sing sol­
v e n ts  prone to form  interm olecular hydrogen bonds, and depending on the  
n ature of group R , w e succeeded for the first tim e in detecting  also the (E)- 
en o lic  form (C) in th e  equilibrium  m ixture.
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Table I
Solvent-dependent lH -N M R  spectra o f 4c-e (d ppm )

A В c
Solvent

-c < ° /4 C - H =CH -O H = CH -O H A : В : C

4c 9.5 d 
j = 4

2.88 
J =  4

2 x d
J =  8

6.85d
J = 1 3

11.30d
J = 1 3

- _ 2 : 3 : 0

CC14 4d 9.7 d 
J =  4

2.98
J = 8

2 x d  
J =  4

7.08d
J = 1 3

11.55d 
J =  13

— — 3 : 2 : 0

4e 9.05d 
J=  2.5

3.00
Jtf= 2

2 X t 
J t = 7

6.68d
J = 1 2

10.6 d 
J = 1 2

— — 1 : 1 : 0

4c 9.74d 
J =  4

3.05 
J = 4

2 x d
J =  8

7.03d
J = 1 3

11.5 d 
J = 1 3

- - 2 : 1 : 0

CDC13 id 9.75d 
J =  4

3.65
J = 8

2 x d 
J =  4

7.12d 
J =  13

11.6 d 
J = 1 3

— 3 : 2 : 0

4e 9.75d 
J =  2.5

3.15
J« /= 2.5

2 x t  
J « = 7

7.0 d 
J = 1 2

10.9 d 
J =  12

. — — • 3 : 2 : 0

CD3CN 4e 9.6 d 
J =  2

3.24
J d= 2

2 X t
J « = 7

7.05 d 
J =  12

11.3 d 
J =  12

■— ' -■ 4 : 3 : 0

(CD3)2CO 4d 9.72d
J =  4

3.12
J =  8

2 x d 
J =  4

7.23d 
J =  13

11.6 d 
J = 1 3

- 3 : 1 : 0

4e 9.65d 
J =  2

3.30
2

2 x t  
J t = 7

7.1 d 
J = 1 2

11.37d
J = 1 2

-,7 .1 s ~  7.7s 4 : 3 : 1

CF3COOH 4e ~  9.7s 3.45
Jd=  3

2 x t  
J t = 7

Only the quantity  of the form Л is measurable, b u t from the 
intensity of the / г Н  signal the combined ratio of В  and C 
estim ated to  be 40%.

4c 9.80d
J = 3

3.20
J = 3

2 X d
J =  8

8.40s 10.48s
diff.

- 2 : 3 : 0

(CD3)2SO 4d 9.78d
J = 4

3.23 
J =  8

2 Xd 
J = 4

7.25d
J = 1 3

11.48d
J = 1 3

7.65s 10.4 s 2 : 2 : 3

4e 9.65d 
J =  2

7.12d
J =  12

11.25d 
J =  12

7.6 s ~10.25s 1 : 5 : 10

(CD3)2SO
+• V 20

4e 9.65s 3.2
J d= 2

2 x t  
J t = 6

7.12s — 7.6 s - 1 : 2 : 7
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CH3OOÚ' * 4 „OH
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The experiences obtained for the tautom eric equilibria of com pounds 
4 c — e are sum m arized in Table I.

As seen from  Table I, in the case o f the cyclohexyl derivative (4c), 
the (Z)-enolic form (В ) is in equilibrium  w ith  the oxo-form  (A) in the differ­
ent solvents, and the ratio of the oxo-form  increases w ith  the solvent polarity.

The results o f the solvent dependent 1H —NM R investigation  o f the  
isopropyl- aldehyde ester derivative (4d) are in good agreem ent w ith the data  
reported by other authors (6 a, 7]; like in the case o f com pound 4c, the A  : В  
ratio increases in  function  of the polarity  o f the solvent. In  the 1H —N MR  
spectrum  of the com pound in DM SO-d6 as so lven t, w hich has not been in ­
v estiga ted  up to now , the (E)-enol ester form  (C) was also detected. S im i­
larly , in compound 4e the signal of th e  (E )-enol form  (C) equally appears in 
acetone-de, TFA or DMSO-d0. W hen D 20  is added to the DMSO-d6 solution , 
th e  ratio of the (E )-enol form (C ) increases as expected , in the other sol­
v en ts , however, on ly  the (Z)-enol (R) and aldehyde (A)  forms appear in the  
equilibrium  m ixture.

Assigm ent o f the signals to  th e  various tautom eric forms is facilitated  
b y  th e  appearance in  som e cases o f all th e  three tautom eric forms. As an ex ­
am ple, the T l-N M R  spectrum  of ethylm alonaldehyde ester (4e) in  DM SO-d6 
is given  (Fig. 1).

=CH(C)

b ppm

Fig. 1
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The chem ical shifts o f the olefinic protons present in the tautom ers  
(Z) and (E ), as w ell as the differences in the shifts are in accordance w ith  the  
data in the literature [8 ]. The assignm ent of the signals to the appropriate  
tautom eric form s is also facilitated  b y  the fact th at — owing to the rapid  
proton exchange — no splitting is caused b y  the spin—spin interaction o f the  
olefinic and enolic hydroxyl protons in the more acidic (E)-enol form  (C), 
whereas the coupling constant o f these protons can be measured in th e  (Z)- 
enolic form  (В ) having a chelate ring.

Based on the study of the tautom eric equilibria o f the above m onosub- 
stitu ted  m alonaldehyde esters, it  is assum ed, th at the tautom eric equilibrium  
is influenced b y  the relative bulk o f  the nonpolar part (R) of the m olecule  
too. The solvation  o f the molecule in polar solvents is prom oted b y  the decrease 
of the bulk o f the nonpolar m oiety, thus giving rise to an increase in the ratio  
of the more polar forms (trans enolic and oxo forms). This assum ption is su b ­
stantiated  b y  the increase of the q u an tity  of the (E)-enolic form (C), found  
in a given so lvent, according to the follow ing order: 4c — 4d —► 4e (R =  cy c lo ­
hexyl —*■ isopropyl —► ethyl).

In the course o f the lithium  alum inium  hydride reduction o f m alonic  
ester derivatives, described previously, the m alondialdehyde derivative is a 
by-product, w hich can be readily separated by chrom atography. W hen th e  
ratio of the reducing agent is higher, the y ield  o f m alondialdehyde m ay com e  
up to 5 4 —57% ; th is m ethod is therefore suitable for the synthesis of m alondi- 
aldehydes (5 c—e), which are also valuable com pounds in  organic preparative  
work.

R

H H

R
I

t r  X . .H
4 %  *4%

H I 
0 _ .0 

H

5 c— e
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I t  is o f in terest to  m ention th at in th e  course of the synthesis of (—)- 
corynantheidine (1 *) and dim ethoxydespyrrolo-corynantheidine (2 ), the  
m eth ylation  of the sodium  salt of the enol esters 3a and 3b w ith an equivalent 
am ount of dim ethyl su lfate in benzene w as a m ost h igh ly  stereoselective  
reaction , i.e. on ly  irans[C H 30/COOCH3]-/3-m ethoxyacrylic ester derivatives 
w ith  E-geom etry (1 and 2) were form ed. In  contrast, similar m ethylation  o f  
th e  sodium  com pounds o f  4c—e y ielded  th e  isomers (Z)-6 c —e and (E)- 
6 c — e in a ratio o f ~ 1  : 1 .

R
I

R’CKxN ^CHONi

4c—e—jSJa

R
I

N 4  NR'OOC N r  
I

OCHs

(Z)-^-6c—e

R
I

N N  ^OC’Hs 
R’OOC N r

4,6

H3C
\/СН

НзО

СНз—CHb-

H

(E)—6 c -e

— СНз

— СНз

СНз—СНг—

Isomers (Е) and (Z) are readily separated b y  chrom atography, and  
th eir  steric structures can be unam biguously established on the basis o f their 
1H  — NMR data [6 c, 9]. The ratio o f th e  isom ers remains constant throughout 
th e  reaction (TLC). The therm oanalytical investigation  (DSC) o f com pound  
6 e has shown th a t below  160°C, no transisom erization takes place either  
w ith  the pure E or th e  Z geom etric isom er.

The difference found in stereoselectiv ity  in the course o f the m ethylation  
o f th e  desm ethyl derivatives of indolo(2,3-a)quinolizidine (4a) and benzo(a)- 
quinolizidine (4b) and o f compound 4 c —e is probably due to  electronic  
and steric reasons. Investigation  o f the mechanism o f the m ethylation  
reaction  is in progress.

A d a  Chim. (Budapest) 90, 1976
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Experimental

The IR  spectra  were recorded w ith a Perkin-EIm er 211 and  457, as well as a Spectro- 
mom 2000 spectrophotom eter; the 41-NM R spectra were tak en  w ith  a Perkin-EIm er R12 
(60 Me) and JE O L  C 60 H L instrum ent; for obtaining the m ass spectra a MS 902 (70 eV) 
spectrom eter was used.

The 41-N M R  spectra were recorded a t room  tem perature, w ith  TMS in ternal stan d ard ; 
th e  chemical shifts (<5) are given in  ppm . The therm oanalytical (DSC) investigations, as well 
as the m elting po in t determ inations of the alkali m etal salts were made on a Perkin-E Im er 
DSC IB  instrum ent.

Q ualitative TLC was effected on layers of 0.25 m m  of inactive Kieselgel GF254 (Merck) 
on 4 X7.5 cm plates. The spots were visualized by  means of iodine, iron (III) chloride, or using 
a  Desaga-Univ UV lam p (254 and 366 nm). The relative R j  values are given. Column chrom a­
tography was achieved on hundred-fold am ounts of silicagel (0.05 — 0;2 mm; Merck). The 
developing solvent system s were: A  CHC13—CH3OH 25 ; 1; /i СIi,Cl, C H3OH 100 : 1; C 
CHC13-C H 30 H  50 : 1; D  CH3COOC2H5-n-hexane 1:10.

1. Synthesis of monosubstituted a-formylacetic esters 

1.1- ( iz)-ot-Formylcyclohexylacetic acid methyl ester (4c)

Cyclohexylmalonic acid dim ethyl ester (3c) (20 mmoles; 4.3 g) was dissolved in  freshly 
dried ether (80 ml) in  a flask which had been carefully dried in a nitrogen or argon atm osphere. 
The solution was cooled to  —70°C and 1.75 equivalent of lith ium  alum inium  hydride in  e ther 
(0.24 mmole/ml; 37 m l =  8.75 mmoles) was added drop by drop w ith  stirring, during 50 min. 
A fter stirring a t  —70°C for 20 min, the reaction m ixture was decomposed by th e  cautious 
addition  of sa tu ra ted  aqueous sodium sulfate solution (16 ml), while m aintaining th e  sam e 
tem perature . A fter careful shaking, the m ixture was le t to  stand  in  a refrigerator overnight. 
N ext day th e  e ther layer was decanted and the aqueous slurry cautiously washed w ith  th ree 
portions of ether. A fter filtra tion  the combined e ther phases were ex tracted  w ith 2N  N aO H  
solution (3 x 50 ml). According to  TLC, the residual ether solution contained unchanged  
diester (3c). The e ther p a r t was washed w ith sa tu ra ted  NaCl solution un til neutral, dried 
(M gS04), and evaporated  to  dryness in vacuum  (1.67 g; 38.9%).

The alkaline solution was neutralized w ith  2iV HC1 while cooling w ith ice. A w hite 
p recip itate separated. The .neutral aqueous suspension was ex trac ted  w ith  CHC13 (4 X 26 ml), 
th e  combined chloroform  solutions washed w ith  sa tu ra ted  sodium  chloride solution, dried 
(M gS04), and evaporated  in  vacuum . As shown by  TLC, the ex trac t contained th e  aldehyde 
ester (4c), as well as a small am ount of cyclohexylm alondialdehyde (5c) as an im purity . The 
oil obtained was purified from  the small am ount of dialdehyde by m eans of column chrom a­
tography  (System  A). TLC (System A): 3c, R f =  0.9; 4c, R j =  0.7; 5c, R j =  0.42, The phases 
containing the aldehyde ester 4c were evaporated again to dryness. The yield was 1.54 g, 
i.e. 69% estim ated on the non-recovered diester (3c). I t  should be m entioned th a t add itional 
malondialdehyde (5c) was obtainable by acidifying the aqueous phase (с/. P aragraph  2.1).

IR  (CC14): 1740, 1720, 1670, (v C = 0 ) ,  1610 cm“ 1 (v C =C ).
41-NM R: cf. Table I.
MS (m/e, % ): 184 (M+, 8), 156 (32), 153 (9), 125 (7), 124 (7), 123 (15), 113 (37), 103 (81), 

95 (19), 90 (12), 83 (71), 82 (48), 81 (29), 75 (35), 74 (100), 71 (32), 67 (58), 55 (74), 43 (30), 
41 (55), 39 (23).

C10H 16O3. Calcd. mol. wt. 184.1099. Found mol. w t. 184.1098 (MS).
2,4-D initrophenylhydrazone of 4c: m. p. 150 — 151°C (from methanol).
Calcd. C 52.70; H  5.49; N 15.58. Found C 52.96; H  5.57; N  15.64%.
IR  (K B r): 1740 (v C =  0 ) , 1620 cm“ 1 (v C = N ).

1.2. ( ±)-a.-Formyl-ß-melhylbulyric acid methyl ester (4d)

The reduction  was effected as described in  1.1, using isopropylm alonic ester (3d) as 
the starting  m aterial. 33% of the starting  diester (3d) was recovered. The yield of aldehyde 
ester 4d, estim ated on the non-recovered diester, was 66% . TLC (System  A): 3d, R f — 0.9; 
4d, R t =  0.75; 5d, R t  =  0.4. The chrom atogram  on the colum n was developed w ith chloro­
form.

IR  (CC14): 1750, 1735, 1720, 1660 (r C = 0 ) ,  1605 cm“ 1 (v C =  C).
'H -N M R : cf. Table I.
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MS (m/e, %): 144 (M+, 7), 129 (14), 116 (26), 113 (30), 101 (100), 97 (39), 84 (15), 83 (11), 
71 (51), 69 (88), 44 (26), 43 (42), 41 (58), 39 (27).

C7H 120 3. Calcd. mol. w t. 144.0786. Found mol. w t. 144.0804 (MS).

1.3. ( ± )-<*• Formylbutyric acid ethyl ester (4e)

The reduction was effected as described in  1.1, b u t a t —45°C, using ethylm alonic ester 
(3e) as th e  starting  m aterial. The yield of the recovered diester (3e) was 31.5% . The ethyl- 
m alondialdehyde (5e), form ed as a by-product, was separated  from th e  aldehyde ester (4e) 
by  m eans of column chrom atography. TLC (System  C): 3e, R ,  =  0.9; 4e, Rr =  0.75; 5e, 
R f =  0.45. IR  (film): 1735, 1720, 1680 (v C = 0 ) ,  1610 cm“ 1 (v C = C ).

41-N M R: cf. Table I.
MS (m/e, %): 144 (M+ 10), 129 (8), 116 (33), 101 (33), 99 (44), 98 (11), 97 (4), 73 (73), 

70 (60), 59 (29), 57 (100).
C7H 120 3. Calcd. mol. w t. 144.0786. Found mol. w t. 144.0804 (MS).
2,4-D initrophenylhydrazone of 4e: m. p. 111°C (from ethyl acetate).
Calcd. C 48.14; H  4.79; N 17.27. Found C 48.13; H  4.89; N 17.11%.
IR  (KBr): 1730 (v C = 0 ) ,  1615 cm“ 1 (v C =  N).

2. Synthesis of monosubstituted malondialdehydes

2.1. Cyclohexylmalondialdehyde (5c)

As described in 1.1, cyclohexylm alonic acid d im ethyl ester (3c) (4.3 g; 20 mmoles) was 
reduced w ith  2.25 equivalent of lithium  alum inium  hydride (11.25 mmoles) to  yield cyclo­
hexylm alondialdehyde (5c) as th e  main product. The decomposed reaction  m ixture was 
ex trac ted  w ith ether and th e  aqueous phase acidified w ith 5N  HC1. The acidic solution was 
ex trac ted  w ith CHC13 (4 x 2 5  ml). The combined organic phases were w ashed w ith sa tu ra ted  
NaCl solution until neu tral, dried, and evaporated  to  dryness in  vacuum . The residual oil 
con ta ined  a small am ount of aldehyde ester (4c) im purity . The com ponents were separated  
by  m eans of column chrom atography (System A). The combined fractions containing dialde­
hyde 5c were evaporated to  dryness in  vacuum  (1.06 g; 54%). The p roduct was purified by 
m eans of vacuum  sublim ation (0.5 Hgmm, 60°C); m. p. 119 —120°C (lit. [11] m. p. 119 — 
121°C).

IR  and Щ -NMR: cf. Ref. [11].
MS (m/e; % ): 154 (M +, 100), 136 (67), 135 (13), 125 (13), 121 (20), 111 (19), 108 (81), 

107 (85), 79 (90), 67 (73), 57 (52), 55 (71), 41 (71), 39 (48).
C9H u 0 2. Calcd. mol. w t. 154.0994. Found mol. w t. 154.0984 (MS).
2,4-D initrophenylhydrazone of 5c: m. p. 176 —179°C (from ethy l acetate).
Calcd. C 58.40; H  3.27; N 16.51. Found C 58.52; H  3.54; N  16.60%.
IR  (KBr): 3400 (v N H ), 1620 cm“ 1 (v C = N ).

2.2. Isopropylmalondialdehyde (5d)

The preparation of com pound 5d was effected as described in 2.1. The yield was 55% , 
m. p. 62 —63°C (lit. [10] m. p. 62°C).

3. Synthesis of 2-substituted-3-methoxyaerylic acid esters [(E )- and (Z)-6c—e]

3.1. 1-Cyclohexyl-Z-melhoxyacrylic acid methyl ester [ (E )- and (Z ) -6c]

A n equivalent am ount of liV NaOCH3 in  m ethanol was added to  th e  a-form yl ester 4c 
(0.92; 5 mmoles) in abs. benzene (10 ml), under nitrogen atm osphere during magnetic stirring. 
A p recip ita te  separated in  abou t 10 min. A fter an  hour the solution was evaporated to  d ry ­
ness. The residual solid was digerated w ith ether and  filtered off (1.0 g; 97% ); m. p. 163.2°C.

IR  (KBr): 1670 (v C =  0 ) , 1610 c m '1 (v C =  C).
To a suspension of th e  sodium compound (4c) (0.206 g; 1.0 mmole) in  abs. benzene an 

equ ivalen t am ount of d im ethy l sulfate in benzene was added, during m agnetic stirring under 
n itrogen  atmosphere, a t room  tem perature. A fter stirring for 6 hrs a t  room  tem perature  the 
suspension, which firs t cleared up, then  contained a white precip itate, was extracted  w ith 
2IV N aO H  solution (3 x2 5  ml). The benzene phase was washed to  neu tra l w ith sa tu ra ted  NaCl 
solu tion , dried (MgS04), and  evaporated to  dryness in  vacuum. The residual oil contained 
tw o components. (System  B: R j =  0.8 for isom er E , and R j =  0.6 for isomer Z.)

Acta Chim. ( Budapest) 90, 1976



D Ö R N Y EI et al.: M ON O SU B3TITUTED  a-FORMYLACETIC ESTERS 2 8 3

The isomers and the starting sodium  com pound (4c) can be well separated in  System 
D , therefore the reaction  can be followed by  m eans of TLC (com pound 4c and sodium  salt 
of 4c: R f =  0.65; (E)-6c: R f  =  0.45; (Z)-6c: R f =  0.2). The oii of tw o com ponents contained 
58%  and 42% of th e  enolic ethers hav ing  trans- and cis geom etry, respectively. The two 
com ponents were separated  by means of colum n chrom atography (System B).

MS (Z)-6c: 198 (M+, 38), 183 (16), 167 (28), 166 (31), 139 (51), 111 (36), 95 (30), 83 (100).
(E)-6c: 198 (M+, 46), 183 (37), 167 (34), 166 (48), 139 (65), 111 (40), 95 (100), 83 (95).
Cu H l80 3. Calcd. mol. wt. 198.1256. Found  mol. wt. 198.1256.
IR  (film) (Z)-6c: 1700 {v C = 0 ) , 1640 cm“ 1 (v C =C)

(E)-6c: 1715 (v C =  0 ) , 1635 c m " 1 (v C =  C).
IR  (CHC13) (Z)-6c: 1690 (v C =  0 ) ,  1640 cm“ 1 (v C =  C).

(E)-6c: 1690 (v C =  0 ) ,  1640 c m " 1 (v C =  C).
4 I-N M R  (CC14) (Z)-6c: C =C H  6.25 ppm ; (E)-6c: C = C H  7.05 ppm .

3.2. 2-Isopropyl-d-methoxyacrylic acid methyl ester [ (E )- and (Z)-(id]

The preparation  of the enolic ester was effected as in 3.1. The yield was 68% . The oil 
consisted of two com ponents, the (E)-enolic ether (58%) and (Z)-enolic ether (42% ). TLC 
(System  B): (E)-6d, R f =  0.8; (Z)-6d, R t =  0.55; System D: 4d and  sodium salt of 4d, R r =  
=  0.6; (Z)-6d, R f =  0.2 (E)-6d, R f =  0.45.

MS (m/e, %  (Z)-6d: 158 (M+, 28), 143 (45), 129 (7), 127 (45), 126 (12, 111 (64), 99 (44), 
85 (14), 83 (16), 75 (100) 59 (15).

(E)-6d: 158 (M+, 31), 143 (55), 129 (5), 127 (33), 126 (14), 111 (67), 99 (50), 85 (12), 
83 (11), 75 (100), 59 (17).

C8H 140 3. Calcd. mol. wt. 158.0943. Found  mol. wt. 158. 0950 (MS).
IR  (K Br) (Z)-6d: 1700(r C = 0 ) , 1640 c m - 1 (y C =C )

(E)-6d: 1700 (y C = 0 ) ,  1635 cm“ 1 (y C =C )
4I-N M R  (CC14):

CH3 CH OCH3 =  CH

(Z)-6d 1.05 d J  =  7 2.62 sp 3.70 s 
3.73 s

6.25 d J  =  1

(E)-6d 1.10 d J  =  7 2.95 sp 3.68 s 
3.80 s

7.10 s

3.3. 2-Ethyl-i-methoxyacrylic acid ethyl ester [(E )- and (Z)-6e]

The sodium salt of 4e was prepared as described in 3.1 (95% ); m. p. 299.4°C.
IR  (K B r) 1660 c m - 1 (v C=C).
According to the m ethod described in  3.1, th e  enol ethers (Z)- and -E)-6e were p re­

pared  in  a yield of 62% . According to  th e  TLC  investigations (System  B: (E)-6e: R f  =  0.85; 
(Z)-6e, R f  — 0.65; System  D: 4e and sodium  sa lt of 4e, R f — 0.7; (Z)-6e, R f  =  0.2; (E)-6e, 
Rj =  0.5) the product contained 45% and 55%  of the  enol ethers w ith  (Z) and (E) geom etry, 
respectively.

MS (m/e, % ): (Z)-6e, 158 (M+, 22), 143 (15), 129 (34), 127 (3), 115 (18), 113 (100), 
97 (52), 89 (9), 85 (34), 83 (23), 75 (87).

(E)-6e, 158 (M+, 30), 143(24), 129 (43), 127 (6), 115 (27), 113 (100), 97 (66), 89 (9), 
85 (46), 83 (30), 75 (69).

C8H 140 3. Calcd. mol. wt. 158.0943. F ound  mol. wt. 158.0952 (MS).
IR  (film): (Z)-6e 1690 (v C = 0 ) , 1640 c m " 1 (y C =  C)
IR  (film): (E)-6e 1700 (r C = 0 ) , 1640 cm “ 1 (v C=C).
IR  (CHC13): (Z)-6e 1690 (y C = 0 ) , 1635 c m '1 (v C =C )
IR  (CHC13): (E)-6e 1690 (v C =  0 ), 1635 c m '1 (v C=C).
4 I-N M R  (CC14):
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C-CH2 с я 3 O-CHj-СЯз С-СЯг-€Н 3 0 CH2-CH3 OCH, -CH

(Z)-6e 1.03 t 1.30 t 2.15 qa 4.22 qa 3.80 s 6.40 s

(E)-6e 0.96 t 1.25 t 2.22 qa 4.12 qa 3.78 s 7.20 s

E very  coupling co n stan t was 7 cps
*

The authors are th an k fu l to  Dr. J . T am ás for recording and evaluating  the mass spectra, 
to  (M rs.) Dr. B. L e n g y e l  for th e  therm oanalytical investigations, and to  Mrs. S. K r a k o v ic z e r  
for her precious technical assistance.
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CONDENSED as-TRIAZINES, I

SY NTHESIS OF 3-SUBSTITUTED PY RID O [3,4-e]-as-TRIA ZIN ES 

P . B e n k ó , A. M e s s m e r ,*  A. G e l l é r i * and  L. P a l l o s

4 (E G yT  Pharmacochemical Works, Budapest, and

* Central Research Institu te fo r Chemistry o f the Hungarian Academy o f  Sciences, Budapest)

Received Ju ly  7, 1975

The Bischler method for syn thetiz ing  benzo-as-triazines [6] has been extended 
to  pyrido[3,4-e]-as-triazines. The s ta rtin g  m aterial, 4-chloro-3-nitropyridine is con­
verted with acylhydrazines into 4-acylhydrazino-3-nitropyridines, which yield dihydro- 
pyrido[3,4-e]-as-triazines on reduction  and  subsequent cyclodehydration of th e  resu lt­
ing amino compounds. The arom atic end-products are obtained a fter a final oxidation  
step.

R ecently, several papers [1 — 5] have dealt w ith th e  chem istry o f as- 
tr iaziáes condensed w ith various heterocyclic ring structures. The synthesis  
m ethods em ployed in constructing the condensed as-triazine skeletons can  
u su a lly  be regarded as m odifications o f  one o f the following three fundam ental 
m ethods.

(a) Bischler reaction [6 ], w hich  is essentially an acid-catalyzed cyclo­
dehydration  taking place between an amino group and acylhydrazino group 
attached  to the arom atic skeleton in  ortho position:

H

(6 ) Arndt synthesis [7], consisting in the alkali-catalyzed reaction of 
o-nitrophenylguanidines:

О

(c) Method of reductive cyclization  [8 ], which yields th e  as-triazine ring 
through intram olecular condensation o f amino compounds obtained by the  
reduction  of imino ethers carrying a nitro group in ortho position:
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^ — -ч ,N H —N = 0 —К
Y  1OC2H5
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.NH 

N '
H

In  the present w ork, the applicability  o f these synthesis m ethods to  
nitrogen-containing h eterocyclic com pounds has been in vestigated . In this 
paper, the preparation o f pyrido [3,4-e]-as-triazine derivatives b y  the Bischler 
m ethod  is described. P o l y a  and S h a n k s  [9] have prepared a single dihydro 
derivative of pyrido[3,4-e]-as-triazine isom er, but the fin a l arom atization  
step  was not solved.

In the reaction o f 4-chioro-3-nitropyridine (la ) w ith  acylhy drazines, 
hydrochlorides of acylhydrazino-nitropyridines (II) were obtained  in 80—90%  
y ie ld . The reaction o f 4-hydrazino-3-nitropyridine and th e  appropriate acid 
chlorides also yielded th e  interm ediates II.

In a m odification o f the procedure, an acid-binding agent was also em ­
p loyed  in the above-m entioned reactions, however, the y ie ld  was then usually  
lower.

In  the reaction w hich proved to  be the m ost favourable, the starting  
m aterial was 4-m ethoxy-3-n itropyrid ine (lb) or its sa lt; the interm ediates 
II were obtained under w ell controlled conditions in 8 0 —90%  yield.

The chemical properties o f these com pounds correspond to  those expected  
in  v iew  of their structures. Thus, for exam ple, 4-o- and p-hydroxybenzoyl- 
hydrazino-3-nitropyridine (Ilk  and III), as well as 4-isonicotinoyl-hydrazino-
3-nitropyridine (Hr) show  reversible acid-base indicator properties. W hen  
dissolved in bases, th e  colour is deep b lue, while in acids it  is pale yellow . The 
transition  colour is brick red in the pH  range 5.5 — 6.5. The 4-acylhydrazino- 
3 -nitropyridines (IE) are usually weak bases, the p K b va lues at the isoelectric 
p oin t being 8.5 —10.
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In  th e  su b seq u en t rea ctio n  step , th e  4 -acyIh yd razin o-3-am in o  co m ­
p ou n d s (III) are u su a lly  ob ta in ed  in  h igher y ie ld  and p u r ity , w hen  th e  b ases  
II are redu ced  b y  ca ta ly tic  h y d r o g en a tio n , and th e  am ino co m p o u n d s (III) 
are iso la ted  as sa lts . I t  has b een  fo u n d  th a t  th e  3 -am in o-4 -acy lh yd raz in op yr i-  
dine b ases are ra th er  u n stab le  com p ou n d s, sen sitiv e  to  air and so m etim es also  
to  lig h t. T hus th e ir  p u rifica tion  is  o ften  im p ossib le . A n  in terestin g  e x c e p tio n  
is th e  group o f  4 -b en zoy lh yd raz in o -3 -n itrop yr id in es carrying a lk o x y  su b ­
st itu e n ts  (I lm , n , o); these are s ta b le  and can be crysta llized  w ith o u t d eco m ­
p o sitio n .

In  th e  essen tia l cy c liz a tio n  step , th e  l,2 -d ih y d r o p y r id o [3 ,4 -e ]-a s-  
tr iaz in es (IY) can  b e prepared b y  acid rcata lyzed  d eh yd ration  o f  th e  a p p ro ­
p riate precursors (III). In  th e  sh orten ed  v a ria tio n  o f  th e  cy c liza tio n  step , 
th e  n itro  com p ou n d s (II) are red u ced  w ith  stan n ou s chloride in  co n cen tra ted  
h ydroch loric acid . T h is la tter  p roced u re is less favou rab le , sin ce th e  in te r ­
m ed iate  d ih yd ro-as-tr iazin es g iv e  t in  com p lexes w h ich  m ust be d ecom p osed  in  
alkaline m ed ium  resu ltin g  in  a lo w  — u su a lly  ab ou t 50%  — y ie ld . F u rth er , 
th e  d ihyd ro com p ou n d s (IY) are p referab ly  arom atized  im m ed ia te ly , in  order  
to  avo id  th e  form ation  o f  o x id a tiv e  b y -p ro d u cts  appearing in a larger a m o u n t  
in  a lk a lin e m ed ium .

D ih y d ro p y r id o [3 ,4 -e ]-a s-tr ia z in es (IV) are sta b le  in  th e  sa lt form  o n ly , 
otherw ise th e y  u ndergo o x id a tio n  u nd er th e  effec t o f  atm osp heric o x y g e n  
rather rap id ly , ev en  in  th e  so lid  s ta te . T h is ten d e n c y  to  arom atiza tion  is th e  
h igh est in  th e  case o f  th e  n o n -su b stitu ted  su b stan ce  (IVa): it  tran sform s in to  
th e  arom atic  p rod u ct (Va) during 1 — 2 hrs in  th e  so lid  s ta te  and w ith in  m in ­
u tes w h en  in so lu tio n . The ten d e n c y  to  o x id a tio n  is sign ifican t in  th e  ca se  o f  
th e  C -3-alkyl d er iv a tiv es, too  (IVb— f), w hile th e  hydroch lorid e o f  3 -p h en y l-  
l,2 -d ih y d r o p y r id o [3 ,4 -e ]-o s-tr ia z in e , in  th e  solid  s ta te  undergoes h y d r o ly s is  
and arom atiza tion  o n ly  w hen sto red  a t 25°C for 3 m onths.

T h e arom atic en d -p rod ucts V  can  be ob ta in ed  b y  th e  ox id a tio n  o f  th e  
dihydro com p ou n d s IV. This r e a c tio n  can be accom plished  b y  m ean s o f  
atm osp h eric o x y g en , or w ith  p o ta ss iu m  ferricyan id e in  alkaline m ed iu m , or 
in  a so lu tio n  o f  ferric chloride p ro v id in g  acid ic m ed ium . The p rod u cts are 
v er y  w eak  b ases, th e y  form  sa lts w ith  acids, b u t also th ese  undergo h y d ro ly s is  
v er y  rap id ly .

In  v ie w  o f  th e  p resen t stu d ie s , arom atiza tion  can  be accom plished  e a s ily  
and in  h igh  y ie ld  in  th e  case o f  th e se  com p ou n d s. T he assu m p tion  forw ard ed  
b y  P o l y a  and S h a n k s  th a t  — lik e  in  1 ,2 -d ih yd rop yrim id o  [5 ,4 -e]-a s-tr iaz in es  
— th e form ation  o f  th e  corresp ond ing  arom atic p rod u ct can n ot be e x p e c te d  
in  th is  group o f  com p ou n d s, p ro v ed  to  be fa u lty .
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Table I

4-Acylhydrazino-3-nitropyridines (II)

,NH—NH—CO—RocN 02 -HC1

R Method Yield,
%

М. р.,
°с Solvent Formula

(M.W.)

Analysis

Calculated/ F ound

C H N Cl

a H A 54 204-205* MeCN c6h 6n 4o 3 39.58 3.20 30.75
(182.15) 40.25 3.02 30.46

b methyl В 92 274-275 EtO H C7H9C1N40 3 36.10 3.90 24.10 15.25
(232.64) 36.19 3.79 24.16 15.47

C octyl C 79 188-189 EtO H C14H23CIN4O3 50.80 7.03 16.95 10.38
(330.83) 50.70 7.00 16.79 10.19

d nonyl В 54 119-120* EtO H ^1 5 ^2 4 ^ 4 ^ 3 58.40 7.84 18.18 _
(308.38) 58.62 7.69 18.11

e undecyl В 76 180—181 EtO H C17H29C1N40 3 58.40 7.82 15.05 9.52
(372.91) 54.75 7.80 15.08 9.49

f tridecyl В 67 211-212* EtO H 64.25 8.84 15.38 ___
(364.50) 64.20 8.90 15.40

g phenyl С 89 2 66-267 EtO H CI2H UC1N40 3 48.70 3.76 19.00 12.03
(294.71) 48.66 3.80 18.85 12.15
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h benzyl C 90 22 9 -2 3 0 EtO H C13H 13C1N40 3 50.55 4.23 18.15 11.50
(308.73) 50.59 4.30 18.23 11.52

i 2-phenylethyl c 92 2 44 -245 Me-cello- CuH 16C1N40 3 52.15 4.72 17.30 10.09
solve (322.76) 52.10 4.70 17.19 10.15

к o-hydroxyphenyl в 95 2 79 -280 E tO H C13H ltClN40 4 46.42 3.57 18.05 11.45
(310.71) 46.11 3.49 17.95 11.37

1 p-hydroxyphenyl c 84 280-281 E tO H C12H UC1N40 4 46.42 3.57 18.05 11.46
(310.71) 46.28 3.48 18.00 11.25

m p-anisyl c 89 280-281 EtO H C13H 13C1N40 4 48.15 3.76 17.25 10.91
(342.74) 48.00 3.70 17.40 10.70

n 3,5-dimethoxyphenyl в 88 25 2 -2 5 3 i-PrOH C14H 16C1N40 5 47.40 4.28 15.82 10.00
(354.83) 47.74 4.26 15.73 9.98

о 3,4,5-trimethoxyphenyl c 97 240-241 EtO H C15H 17C1N40 6 46.70 4.44 14.55 9.22
(384.78) 46.21 4.43 14.45 9.17

P 2-hydroxy-3-naphthyl в 89 261-262* DMF c,„i i13n4o4 59.25 3.73 17.29 _
(324.31) 59.20 3.39 17.19 —

r 4-pyridyl c 91 27 2 -2 7 3 EtO H Cu H 10C1N5O3 44.70 3.66 23.65 12.00
(209.69) 44.59 3.62 23.60 11.91

* Base
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Experimental

The IR  spectra were recorded in  K B r pellets w ith  a UR-10 spectrophotom eter, and 
UY spectra  w ith a UNICAM SP 800 spectrophotom eter. M .p.’s (measured in capillaries) are 
uncorrected .

4-Acylhydrazino-3-nitropyridines (II)

Method A

4-H ydrazino-3-nitropyridine (0.015 mole) was dissolved in  96 —100% acylating agent 
(a lip h a tic  carboxylic acid, acid  anhydride, or acid halide) (10 —15 ml) applying slight heating 
w hen necessary. The solution was allowed to  stand  for 24 hrs, and evaporated to  dryness. 
The residue was suspended in  w ater and neutralized w ith  potassium  carbonate. The precip itate 
was filte red  off and crystallized.

Method В

4-M ethoxy-3-nitropyridine (lb) (0.1 mole) or its  hydrochloride was refluxed together 
w ith  th e  appropriate acid hydrazide (0.1 mole) in  e thanol (250 — 350 ml) for 3 — 5 hrs. The 
p rec ip ita te  formed was crystallized after filtra tion  and drying. The base was liberated  from 
th e  hydrochloride of the p roduc t w ith sodium carbonate.

Method C

4-Chloro-3-nitropyridine (la) (0.02 mole) and th e  appropriate acid hydrazide (0.02 mole) 
were allowed to react in  anhydrous ethanol (80 —150 ml). E volution of some heat could be 
observed after the addition  of the chloronitropyridine. The evolution of reaction heat ceased 
a fte r stirring  for 4 — 6 hrs. The precip itate was filtered  off or, if it  did not separate spontane­
ously, th e  solution was evaporated  to  dryness and th e  residue crystallized.

4-Acylhydrazino-3-aminopyridines (III)

4-A cylhydrazino-3-nitropyridine (0.067 mole) was dissolved in  ethanol (or isopropanol 
or m ethanol) (800 ml). (W hen th e  substance was insoluble, hydrogenation could also be accom­
plished in  suspension.) The solution was shaken in  hydrogen atm osphere in  the presence of 
Pd/C  ca ta ly st (1 g) un til th e  calculated am ount of hydrogen (5.3 litres) had been absorbed. 
W hen  a  solution was ob ta ined , the cata lyst was filtered  off and the solvent rem oved by  evap­
o ra tion ; in  the other case, th e  suspension was heated  to  50 — 60°C before filtering off the  
ca ta ly st. The precipitate th a t  separated on cooling was filtered  off, or the product was obtained 
by evaporating the solution.

l,2-Dihydropyrido[3,4-e]-as-triazines (IV) 
3-(o-Hydroxyphenyl)-l,2-dihydropyrido[3,4-e] -as-triazine (IVk)

4-(o-Hydroxybenzoylhydrazino)-3-am inopyridine hydrochloride (4.3 g; 0.015 mole) was 
refluxed  in isopropanol contain ing three equivalents of hydrochloric acid (100 ml) for 1.5 hrs. 
W hen  boiling starts , b rig h t red crystals appear (2.8 g; 69.3% ), m.p. 298 —299°C from DMF.

C12H UC1N40  (262.71). Calcd. C 54.75; H  4.22; Cl 13.51; N 21.27. Found C 54.69; H  4.20; 
Cl 13.44; N 21.17%.

UV (EtO H ): Дтах nm  (log e): 260 (5.43), 323 (4.95).

3-Phenyl-l,2-dihydropyrido[3,4-e]-as-triazine hydrochloride (IVg) [9]

3-Amino-4-benzoylhydrazinopyridine (III g) (3.3 g; 0.015 mole) was refluxed in  10% 
hydrochloric acid-ethanol (300 ml) for 1 hr. The deep red  solution was clarified while ho t, and 
filte red . After cooling, b rick  red plates (3.2 g; 89.6% ) were obtained, m.p. 229 —230°C (from 
w ater).

C12H n Cl4 • 2H 20  (282.74). Calcd. C 50.85; H  3.92; Cl 12.55; N 19.85. Found C 50.70; 
H  3.89; Cl 12.54; N  19.94% .

The base libera ted  from  its  salt had m.p. 120 — 121°C; brown, cotton-like crystals.
C12H 10N4 (210.24). Calcd. C 68.65; H 5.13; N 26.70. Found C 68.62; H 5.10; N  26.59% .
UV (0.1 IV HC1): Ятах (nm log e): 226 (4.18), 257 (4.11), 400 (2.79).
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Table II

spectral data o f 4-acylhydrazino-3-nitropyridines (II)

R IX V m ax . 
n m  ( lo g  e)

s o lv e n t I R  ( K B r ) ,  c m - 1

b methyl 350 (3.54) 
264 (4.03) 
231 (4.23)

0.1 N  HC1 3200—3300 (aromatic CH) 
1620—1640 (amide I)
1530, 1260 (NO,)

c octyl 350 (3.61) EtOH 3290, 3240, 1655 (amide) 
2850, 2900, 1480 (methylene) 
1530, 1260 (N 02)

a nonyl 336 (3.60) 
260 (4.10)

EtOH 3350, 3250, 1655 (amide) 
1530, 1265 (nitro)

e undecyl 342 (3.58) 
227 (4.23)

EtO H 3350, 3290, 1650 (amide) 
1540, 1265 (nitro)

f tridecyl 327 (3.57) 
259 (4.06) 
225 (4.23)

0.1 N  HC1

g phenyl 330 (3.63) 
266 (4.16)

0.1ЛГ HC1

ь benzyl 352 (3.56) 
232 (4.25)

EtO H 1365, 1550 (NO,)
3300—3000 (aromatic CH) 
2950 (methylene)

i 2-phenylethyl 350 (3.58) 
234 (4.19)

EtO H 1570, 1380 (NO,)

к o-hydroxyphenyl 306 (3.83) 
265 (4.17) 
233 (4.33)

0.1 N  HC1 3300—2700 (NH) 
1640 (CO)
1570, 1350 (N 02)

1 p-hydroxyphenyl 327 (3.61) 
270 (4.34) 
234 (4.26)

0'.IN  HC1 3350, 1650 (OH) 
3200—2800, 1620 (amide) 
1580, 1380 (N 02)

m p-anisyl 349 (4.45) 
260 (4.46) 
237 (4.45)

i-PrOH 3350, 3150, 1660 (amide) 
2845 (m ethoxy)
1370, 1535 (nitro)

n 3,5-dimethoxyphenyl 327 (3.74) 
258 (4.23)

EtO H 3355, 3200, 1660 (amide) 
2850 (m ethoxy)
1370, 1540 (nitro)

о 3,4,5-trimethoxy-
phenyl

345 (3.75) 
260 (4.20)

EtO H 3300-2400  (NH) 
2845 (m ethoxy) 
1370, 1540 (nitrol 
1650 (CO)
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Table III

4 - A c y lh y d r a z in o - 3 - a m in o p y r id in e s  (П1)

a
NH—NH—C O -R  

NH3 • HC1

A n a ly s is

R Y ie ld ,
%

M . p . ,
°c S o lv e n t F o r m u la  

(M . W .)
C a lc u la t e d /F o u n d

c H N a

a H 92 26 5 -2 6 6 MeOH CeH 10Cl2N40
(225.09)

32.05
32.00

4.7
4.75

24.90
25.23

31.55
31.58

b methyl 86 2 86 -287 E tO H С7Н п СШ40
(202.66)

41.60
41.46

5.48
5.45

27.70
27.55

17.50
17.44

c octyl 56 2 17 -218 E tO H C14H 26C1N40
(300.84)

55.95
55.70

8.39
8.30

18.65
18.42

11.82
11.71

d nonyl 97 186-187 EtO H C15H 27C1N40
(314.87)

57.25
57.10

8.64
8.49

17.80
17.49

11.25
11.02

undecyl 86 210-211 E tO H C17H 31C1N40
(342.93)

59.40
59.53

9.12
9.15

16.35
16.30

10.35
10.19

e phenyl 78 25 2 -2 5 3 i-PrOH c 12h 13c in4o
(264.72)

54.30
54.68

4.94
5.00

21.15
21.02

13.41
13.40

ь benzyl 88 20 8 -2 0 9 EtO H CuH 16C1N40
(278.75)

55.40
55.41

5.42
5.39

20.10
20.03

12.73
12.70
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i 2-phenylethyl 74 176-177 EtO H

к o-hydroxyphenyl 94 2 23 -224 EtO H

1 p-hydroxyphenyl 54 250—251 EtO H

n 3,5-dimethoxyphenyl 79 280-281 DMF

о 3,4,5-trimethoxyphenyl 84 2 6 5 -266 DMF

г 4-pyridyl 58 23 3 -2 3 4 E tO H

CuH 17C1N40
(292.78)

57.45
57.40

5.92
5.79

19.25
19.31

12.15
12.05

C12H I3C1N40 2
(280.72)

51.40
51.35

4.67
4.63

20.00
20.05

12.70
12.65

CI2H 13C1N40 2
(280.72)

51.40
51.29

4.67
4.62

20.00
19.97

12.70
12.63

C[4H 17C1N40 3
(324.78)

51.70
51.49

5.32
5.30

17.25
17.38

10.92
10.79

C16H 18C1N40 4
(354.80)

50.70
50.70

5.38
5.28

15.77
15.70

9.99
9.92

Ch H 12C1N50
(265.72)

49.70
49.19

4.56
4.48

26.35
26.35

13.35
13.25
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Table IV

Spectral data o f 4-acylhydrazino-3-aminopyridines ( I I I )

R
UV max. 
nm (log e) Solvent IR  (KBr), cm" 1

c octyl 415 (3.20) 
340 (3.50) 
247 (4.25)

E tO H 3400, 3250 (NH)
1640 (CO)
2900, 2820, 1460 (methylene)

e undecyl 445 (3.14) 
340 (3.59)

E tO H

g phenyl 350 (3.62) 
232 (4.34)

E tO H 3400, 3300, 1625 (NH) 
1640 (CO)

h benzyl 450 (4.03) 
339 (3.45) 
245 (4.26)

E tO H 3400-3200 (NH- and N H 2) 
1620 (CO)
2920 (methylene)

i 2-phenylethyl 280 (3.73) 
228 (4.04)

0 .Ш  HC1

к o-hydroxyphenyl 311 (4.14) 

233 (4.39)

E tO H 3400-3300, 2700-2300 (OH, 
NH)

1650 (OH def.), 1620 (CO)

и 3,5-dimethoxyphenyl 290 (4.03) 
249 (4.28)

0.1 N  HC1

о 3,4,5-trimethoxy-
phenyl

455 (3.10) 
258 (4.21)

0.1 N  HC1 3350, 1630 (N H 2), 1640 (CO), 
2960, 2860, 1460, 1125, 900 

(trim ethoxyphenyl)

Pyrido[3,4-e]-as-triazines (V)

Method A

Pyrido[3,4-e] -as-triazine (Va) [2]

IVa (5.1 g; 0.03 mole) was dissolved in w ater (120 ml) and the solution was basified (pH  9) 
w ith  ammonium hydroxide; a solution of potassium  ferricyanide (19.8 g; 0.06 mole) in  w ater 
(120 ml) was then  added  and the m ixture k ep t a t  4 — 8°C for 30 min. The solution was sub­
jec ted  to  continuous ex trac tion  w ith chloroform (1.2 1) for 5 hrs. The CHC13 ex tract was dried 
over Na„S04, filtered and evaporated to dryness, to  ob tain  brick-red crystals (3.5 g; 88.3% ), 
m .p. 90 —91°C.

C6H4N4 (132.13). Calcd. C 54.60; H  3.05; N 42.40; Found C 54.54; H  3.00; N 42.35%.
UV (EtO H ): Amax nm  (log e): 225 (4.29); 332 (3.42), 475 (2.37).

Method В

3-M ethylpyrido[3,4-e] -as-triazine (Vb)

The nitro com pound lib  (13.9 g; 0.06 mole) was refluxed w ith granulated tin  (39 g) 
in 18% hydrochloric acid (225 ml) for 1 hr. The m etal which rem ained was rem oved by f i ltra ­
tion  and the solution was cooled to  obtain  a yellow precip itate. This was filtered off (17.4 g; 
m .p. 193 — 195°C) and dissolved in sa tu ra ted  sodium  carbonate solution (70 ml) w ithout 
previous drying. The solution became dark-coloured on heating. The solid particles were 
rem oved by filtra tion , and  the solution was continuously extracted w ith chloroform for 78 hrs. 
The solvent was evaporated  and the product crystallized from ethanol to  obtain bright crystals 
(1 g; 11.9%), m.p. 115 —116°C.

Acta Chim. ( Budapest) 90, 1976
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Table V
l,2-Dihydropyrido[3,4-e}-a<--triazines (IV)

H

R Y ield ,
%

M. p .,
°c S olven t F orm ula  

(M. W .)

A nalysis

C alcu la ted /F o u n d

C H N Cl

a H 76 2 38-240 EtOAc C6H,C1N4 42.20 4.16 20.85 32.80
(170.61) 42.25 4.13 20.77 32.69

b methyl 63 296 EtO H C7H9C1N4 45.62 4.90 30.35 19.15
(184.64) 45.48 4.84 29.98 19.05

h benzyl 89 27 8 -2 8 0 EtO H C13H 13C1N4 59.95 5.04 21.55 13.65
(260.73) 59.29 5.00 21.41 13.49

к o-hydroxyphenyl 69 2 98 -299 DMF C12H u C1N40 54.75 4.22 21.27 13.51
(262.71) 54.69 4.20 21.17 13.44

1 p-hydroxyphenyl 92 317-318* DMF C,2H 12C]„N40 48.20 4.04 18.75 23.70
(299.218) 48.10 4.00 18.68 23.32

11 3,5-dimethoxyphenyl 8 6 272-273 i-PrOH c 14h 15c in 4o 2 54.70 4.92 18.25 11.55
(306.76) 54.59 4.90 18.40 11.43

U 3,4,5-triinethoxyphenyl 98 266 - 267 H20 C15H 17C1N40 3 53.40 5.08 16.65 10.06
(336.79) 53.35 5.06 16.69 10.00

2-hydroxy-3-naphthyl 97 246-247 i-PrOH C16H 13C1N40 61.20 4.18 17.90 11.35
(312.77) 61.07 4.12 17.71 11.10

r 4-pyridyl 95 287-288** DMF C4lH l2Cl3N5 41.25 3.78 21.92 33.10
(320.62) 41.30 3.69 22.00 33.35

dihydroehloride
trihidrocchloride
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Table VI

3-substituted pyrido[3,4-e]-as-triazines

R

Analysis

R Method Yield, M. p.,
°c Solvent Formula

(M.W.)
Calculated/F ound

C H N

c octyl в 50 4 6 -4 7 E tO H CuU2(|!N4
(244.35)

68.80
68.49

8.26
8.19

22.95
22.90

d nonyl в 65 4 5 -4 6 E tO H C15H24N4
(260.38)

69.20
69.03

9.30
10.09

21.50
21.25

f tridecyl в 62 6 5 -6 6 E tO H Ci9H 30N4
(314.48)

72.50
72.45

9.59
9.50

17.82
17.75

g phenyl A 96 127—128 E tO H Cl2H8N4
(208.23)

69.20
69.14

3.87
3.86

26.85
26.99

h benzyl A 89 167-168 EtO H ^13^-10^4
(222.26)

70.20
70.00

4.54
4.50

25.25
25.12

i 2-phenylethyl В 52 7 6 -7 7 EtO H c u h ,5n 4
(236.28)

71.20
71.05

5.12
5.06

23.72
23.64

к o-hydroxyphenyl A 95 182-183 EtO H c 12h 8n 4o
(224.23)

64.25
64.20

3.58
3.52

25.00
24.97

1 p-hydroxyphenyl A 92 28 8 -2 8 9 EtO H c 12h 8n 4o
(224.23)

64.25
64.25

3.58
3.68

25.00
24.98

2
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m p-anisyl В 58 1 98-199 CHClj C13H 10N4O
(238.25)

65.40
65.21

4.23
4.45

23.52
23.39

n 3,5-dimethoxyphenyl A 93 1 58-159 DMF c uh 11n 4o ,
(268.28)

62.60
62.45

4.47
4.40

20.85
20.60

о 3,4,5-trim ethoxyphenyl A 68 204—205 CHC13 c 15h I4n 4o 3
(298.31)

60.30
60.52

4.73
4.75

18.80
18.71

P 2-hydroxy-3-naphthyl A 38 25 6 -2 5 7 DMF C16H 10N4O
(274.29)

70.00
69.55

3.67
3.90

20.45
20.23

г 4-pyridyl A 44 1 69-170 CHC13 Cu H7N6
(210.09)

62.80
62.70

3.36
3.29

33.85
33.19

to
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Table VII

Spectral data o f 3-substituted pyrido[3,4-e]-as-triazines*

R UV max. nm (log e) IR (KBr), cm 1

a H 475 (2.37); 332 (3.43); 
226 (4.29)

3030, 3060, 3080 (arom atic CH) 
1600, 1560, 1520, 1450 (aro­
matic skeletal vibrations)

ь m ethyl 475 (2.38); 342 (4.30); 
230 (5.10)

3040, 3060 (arom atic CH)
2960 (m ethyl); 1620, 1525, 
1440 (arom atic skeletal vibra­
tions)

C octyl 341 (3.48); 233 (4.33) —
d nonyl 341 (3.45); 233 (4.32) 3040 (arom atic CH) 2960, 

2930, 2850 (methylene)
f tridecyl 341(3.47); 234 (4.31) -

g phenyl 490 (2.34); 285 (4.38) 
253 (4.28) —

h benzyl 335 (4.32); 234 (4.27) 3300 — 3000 (arom atic CH), 
2950, 2850, 1440, 1320 (m eth­
ylene)

i 2-phenylethyl 341 (3.48); 233 (4.41) 3300 — 3020 (arom atic CH), 
2960, 2840, 1445, 1320 (m eth­
ylene)

к o-hydroxyphenyl 390 (3.62); 287 (4.31) 3200-2600 (bound OH), 1620, 
1585, 1520, 1475, 1440 (sh), 
1380 (arom atic skeletal vibra­
tions)

1 p-hydroxyphenyl 390 (3.74); 305 (4.30); 
280 (4.43)

3200-2400 (OH, bound) 1610, 
1590, 1510, 1480, 1440, 1395 
(aromatic skeletal vibrations)

in jp-anisyl 400 (3.59); 313 (4.45); 
270 (4.09)

—

n 3,5-dimethoxyphenyl 370 (3.60); 296 (4.28); 
243 (4.29) —

0 3,4,5-trimethoxy-
phenyl

384 (3.75); 282 (4.33) 2960, 2850, 1120, 840 (tri- 
m ethoxyphenyl)

p 2-hydroxy-3-naphthyl 388 (3.62); 324 (4.30); 
266 (4.37); 226 (4.36) -

* in ethanol solutions

C7H„N4 (146.16). Calcd. C 57.60; H  4.14; N  38.35. Found C 57.06; H  4.20; N 37.98%. 
IR  (KBr): 3040, 3060 cm -1  (arom atic CH); 2960 cm-1  (m ethyl); 1620, 1525, 1440 cm-1  

(arom atic  skeletal vibrations).
UV (EtO H ): Amax nm  (log e): 230 (5.10), 342 (4.30), 475 (2.38).
NMR (CDC13, TMS): 3.25 (s) 3H , m ethy l; 9.50 (s) Ш , 5-Я ; 8.25 (d) 1H; 7-Я ; 8.94 (d 

1H , 8-H ; J  =  6.3 Hz.
*

The authors’ thanks are due to  Dr. L. R a d io s  and Dr. L. B u d a  for the instrum ental 
and  microanalytical m easurem ents.
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CONDENSED as-TRIAZINES, IP

S Y N T H E S IS  OF PY R ID O [3,2-e]-as-T R IA ZIN E  DERIVATIVES

A . Ge l l é r i , A . Me s s m e r , P . B e n k ó * and L. P allos*

(Central Research In s titu te  fo r  Chemistry o f  the Hungarian Academy o f  Sciences, Budapest, and  

* EG yT Pharmacochemical Works, Budapest)

Received A ugust 22, 1975

The B ishler synthesis [4] o f benzo-as-triazines has been extended to  th e  p rep ­
aration of pyrido[3,2-e]-as-triazines. The procedure proposed can generally be app lied  
in  the case of derivatives not accessible by the m ethod suggested by L e w i s  and 
S h e p h e r d  [2]. D im orphism  in th e  crystals of some 2-acylhydrazino-3-nitropyridine 
interm ediates w as also studied.

E xp er im en ta l w o rk  has sh ow n  th a t  th e  rea ctio n  o f  2 -ch loro-3 -n itro -  
p yrid in e (I) w ith  a lip h a tic  and aro m a tic  acid  h y d ra zid es can  he con tro lled  b y  
th e  use o f  su ita b le  acid -b ind ing  a g en ts . F or ex a m p le , 2 -acy lh yd razin o -3 -  
n itropyrid ines (II) ca n  be obtained  in  h igh  y ie ld s i f  an excess o f th e s ta r tin g  
m ateria l is u sed . H o w e v e r , in  order to  ach ieve  m ore favou rab le  con d itions fo r  
th e  p u rifica tion  o f  th e  in term ed iates (II), tr ie th y la m in e  is preferred as th e  
acid -b ind ing  agen t.

In  th e  absen ce o f  su ch  an agen t, p a rticu la r ly  in  th e  preparation  o f  c o m ­
p oun ds Ha (R  =  m e th y l)  and l ie  (R  ' =  p h e n y l) , s id e  reaction s tak e p la ce  
y ie ld in g  3 -su b stitu ted  8 -n itro -s-tr ia zo lo [4 ,3 -a ]-p y r id in e  (VI). The y ie ld s o f  
th e desired  m ain  p ro d u c ts  Ila  and l i e  m a y  th u s d ecrease to  as low  as 50% .

* P a rt I: P. B e n k ó ,  A. M e s s m e r , A. G e l l é r i , L. P a l l o s : A cta Chim. (B udapest) 
90 (3), 285 (1976)
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b : R  — benzyl VI VII

C om p oun d s w ith  stru ctu re  VI h ave a lr e a d y  b een  syn th esized  b y  P otts an  
Su r a p a n e n i [1], b y  th e  reaction  o f  2 -h yd raz in o -3 -n itrop yrid in e (VII) and  
ap p rop r ia te  ortho acid  esters.

T h e reaction  o f  2 -ch loro -3 -n itrop yrid in e  (I) w ith  acid h yd razid es is sign if­
ic a n t ly  slow er and p roceed s at h igher tem p eratu res th an  th a t  o f  4-ch loro-  
3 -n itro p y rid in e . A cco rd in g ly , th e  re a c tio n  t im e  is 10 — 18 hrs in  D M F , DM SO  
or in  t-b u tan o l, a t a b o u t 90 110°C. T h e red u ction  o f  th e  resu ltin g  2 -acy l-
h y d ra zin o -3 -n itro p y r id in es (II) is a cco m p lish ed  rapid ly, p a rticu la r ly  in  th e  
p resen ce  o f  Pd/C  c a ta ly s t .  H y d rogen ation  is  u su a lly  carried o u t a t a tm osp h eric  
p ressu re and room  tem p era tu re . T he a m in o  com pounds form ed  (III) are w h ite , 
cr y sta llin e  su b stan ces and u n like th e  analogous d er iv a tiv es  o f  p yrid o  
[3 ,4 -e]-a s-tr ia z in e  — are stab le as free b a ses; th ey  are m o stly  in sen s it iv e  to  
a tm o sp h eric  o x y g en  an d  can be r e a d ily  crysta llized .

In  th e  su b seq u en t step  o f th e  sy n th e s is ,  cyclization  o f  2 -a cy lh y d ra zin o -  
3-am in op yrid in es (III) is carried o u t in  anhyd rou s acid ic m ed iu m ; u su a lly  
h e a tin g  for 1 — 2 hrs is applied . T he d ih yd rop yrid o  [3 ,2 -e]-a s-tr iaz in es form ed  
in  a b o u t 90%  y ie ld  can  be stab ilized  as th e ir  h ydroch lorides. T h e free b ases  
u n d ergo  o x id a tio n  v e r y  rap id ly  u n d er  th e  effect o f  a tm osp h eric  o x y g en ;  
a lso  in  resp ect o f  th e ir  p h ysica l p ro p erties  th e y  are sim ilar to  th e  an alogous  
[3 ,4 -e]-isom ers.

T he d ihydro com p ou n d s (IV) w ere co n v er ted  in to  C-3 su b st itu te d  pyrid o-  
[3 ,2 -e]-o s-tr ia z in es (V) b y  ox id a tion  w ith  potassium  ferricyan id e. P rod u cts  
w ith  d ifferen t sh ad es o f  red colour w ere ob ta in ed  in y ie ld s h igh er th a n  75% . 
S om e o f  th e  d er iv a tiv es  — u nlike o th e r  p yrid o-as-triazin e — are q u ite  w ell 
so lu b le  in  w ater.

Som e d er iv a tiv es  o f  th e  2 -a cy lh y d ra zin o -3 -n itro p y rid in es (II) form ed  
in  th e  first step  o f  th e  syn th esis , su ch  as H a (R  =  m eth y l), I le  (R  =  p h en y l)  
an d  l id  (R  =  b en z y l) , m ay  appear in  d im orphous crysta llin e  m o d ifica tio n s  
w h ich  can rev ersib ly  b e con verted  in to  each  other. The co lou r ch an ge does 
n o t d epend  on co o lin g , hut on re cry sta lliza tio n  from  a p olar or n on p olar  
so lv e n t . As u su a l w ith  p olym orp h ou s su b stan ces, th e  IR  and U V  sp ectra  
o f  b o th  form s are id en tica l in so lu tio n , w hereas th e IR  sp ec tra  recorded  in  
K B r p elle ts are d ifferen t. In th e  ca se  o f  2 -acety lh yd razin o -3 -n itrop yrid in e  
(Ila) - - i n  co n tra st w ith  th e  su g g estio n  o f  L ew is  and Sh e p h e r d  [2] su p p osin g  
irreversib le p o lym orp h ism  — th e  ap p earan ce o f th e red m o d ifica tio n  w as  
ob served , b u t th is  h a v e  a yellow  p r o d u c t w hen  recrysta llized  from  isop rop a-
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n o l. On th e  o th er h an d , th e  y e llo w  m od ifica tion  b ecam e red w h en  recrysta llized  
from  b en zen e or to lu en e . The red m od ifica tion  con ta in s firm  in term olecu lar  
h yd rogen  b ond s. (A  sim ilar op in ion  was exp ressed  b y  S k u l s k i  [3] in  con n ec­
t io n  w ith  o-n itroacetan ilid es.) T he IR  sp ectru m  has b and s ch aracteristic  o f  
b ou n d  N H  (3240 c m -1 ) and carbon yl groups in v o lv e d  in  h yd rogen  b ond s  
(1630  c m -1 ). T he IR  sp ectrum  o f th e  orange y e llo w  m o d ifica tio n  recorded  
in  K B r p e lle t is sim ilar to  th a t  ob ta in ed  in  so lu tio n , and th e  ch aracteristic  
b an d s appear at d ifferen t frequ en cies. The N H  v ib ra tio n  g ives rise to  a b and  
a t 3245 c m -1 , w h ile  th e  v ib ra tion  o f  th e  n o n -b on d ed  carb on yl group m ay  
b e  resp onsib le for th e  b an d  at 1700 c m - 1 . T his in d ica tes  th a t  in  th e  y e llo w  
m o d ifica tio n  th e  tw o  h dyrogen  a tom s a tta ch ed  to  th e  n itrogen  atom s o f  
acety lh yd raz in e  form  an in tram olecu lar b on d  w ith  th e  n itro  group and th e  
n itrogen  a tom  in  p yrid in e , th u s th e  in term olecu lar h yd rogen  b ond  in v o lv in g  
th e  carb on yl group ch aracteristic  o f  th e  red m o d ifica tio n  can n ot d evelop .

О

(Г
Па

orange m od ifica tion  red m o d ifica tio n

In  th e  case o f  l i e ,  th e  ligh ter  y e llo w  m o d ifica tio n  m elts a t 122 — 125°C, 
and can  b e recrysta llized  from  to lu en e , w hile th a t  w ith  darker sh ade (greenish- 
y ello w ) appears as n eed le -sh ap ed  crysta ls m eltin g  a t  115 — 116°C w hen  cry sta l­
lized  from  isop rop anol. T h e grea test d ifference in  m eltin g  p o in ts  w as ob served  
for th e  tw o  m o d ifica tio n s o f  l id  (R  =  o -h y d ro x y p h en y l). T he red crysta ls  
m eltin g  a t 2 1 7 — 218°C  as ob ta in ed  from  acetic  acid , tran sform  in to  th e  yellow  
m o d ifica tio n , m .p . 133 134°C, on recry sta lliza tio n  from  to lu en e , and th is
tran sform ation  is reversib le . The isob estic  p o in ts  ob served  in th e  U V  spectra  
o f th e  la tte r  tw o  com p ou n d s recorded  in variou s so lv e n ts  also in d ica te  th e  
p resen ce o f  stru ctures w ith  d ifferen t h yd rogen  brid ges.

Experimental

The spectra were recorded w ith spectrophotom ers U R  10 (IR ), UNICAM SP 800 (UV) 
and HA-60 VARIAN (NMR). M.p.’s were determ ined in  capillaries and are uncorrected.

2-Acetylhydrazino-3-nitropyridine (H a)

(a) A solution of 2-chloro-3-nitropyridine (I) (4.75 g; 0.03 mole) and acetyl-hydrazine 
(4,43g; 0,06 mole) in t-bu tanol (60ml) was refluxed for 20 hrs. The yellowish red crystalline

7 Acta Chim. (Budapest) 90, 1976
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Table I

2-Acylhydrazino-3-nitropyridines ( I I )

Analysis

H Yield,
%

M . p . , Solvent Formula
(M .W .)

Calculated/Found

C H N

a methyl 60 153-154 i-PrOH C7H8N40 3
(196.17)

42.85
42.60

4.12
4.11

28.62
28.57

b nonyl 63 8 8 -8 9 Cyclohexane c 15h 24n 40 3
(308.39)

58.80
58.35

7.84
7.59

18.18
17.98

C phenyl 65 142-143 70% E tO H C12H 10N4O3
(258.25)

55.75
55.49

3.93
3.90

21.70
21.55

d benzyl 47 122-123 toluene ^i3Hi2N40 3
(272.27)

57.35
57.30

4.42
4.29

20.65
20.45

e o-hydroxyphenyl 60 217-218 acetic acid ^1гНю^40 4
(274.25)

52.40
52.29

3.69
3.67

20.45
20.40

f p-hydroxyphenyl 55 2 1 6 -217 1-BuOH c I2h 10n 4o 4
(274.25)

52.40
52.30

3.69
3.63

20.45
20.50

g 3,4,5-trimethoxyphenvl 50 164-165 EtO H C16H 16N4Oe
(348.33)

51.70
51.63

4.67
4.64

16.10
16.14
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Table II

Spectral data o f 2-acylhydrazino-3-nitropyridines (II)

R
UV max.

um (log e) Solvent IR (KBr), cm -'

a methyl -  — 3200-2900  (NH), 
1620 —1640 (amide I)

ь nonyl 376 (3.69) E tO H  
256 (3.70)

3350, 3250, 1655 (amide),
2850, 2930, 1480, 1220 (m ethyl­

ene), 1530, 1260 (nitro)
c phenyl 376 (3.23) E tO H  

262 (3.74)
222 (4.08)

3300-2700  (NH), 1660 (CO), 
1530 (nitro)

d benzyl 3300-3200  (NH), 2860 (m ethyl­
ene), 1640 (CO), 1570, 1380 
(nitro)

e o-hydroxyphenyl — — 3300-2700  (NH), 1640 (CO), 
1570, 1350 (nitro)

f p-hydroxyphenyl

'  ~

3350, 1650 (OH), 3200-2800  
(amide), 1620 (amide), 1580 — 
1380 (nitro)

g 3,4,5-trim ethoxyphenyl 377 (3.43) E tO H  
265 (3.98)
219 (4.53)

3300-2500  (NH), 1630 (amide), 
1530, 1340 (nitro)

precip itate was filtered off and washed w ith  ho t m ethanol. A fter recrystallization from  dio- 
xan, 3-m ethyl -8-nitro-s-triazolo[4,3-a]-pyridine (VI a) was obtained (1.6 g); m. p . 288°C.

C,H6N40 2 (178.15). Calcd. C 47.20; H  3.37; N  31.47. Found C 47.18; H  3.40; N 31.38% .
UV (MeOH): Лфах nm (log e): 225 (4.18), 360 (3.68).
The combined filtra te s  were evaporated  to  dryness in  vacuum  and the residue rubbed  

w ith w ater to  ob tain  a solid substance (3.9 g). R ecrystallization from  isopropanol gave a m ix­
tu re  of red and yellow crystal (Ila) (3.2 g; 51% ); m .p. 153—154°C (lit. [2] m.p. 157 —158°C).

C7H8N40 3 (196.17). Calcd. C 42.85; H  4.12; N 28.62. Found  C 42.60; H  4.11; N 28.57% .
IR  (KBr): 3200 — 2900 cm“ 1 (v N H ), 1 6 2 0 -4 0  cm“ 1 (Amide I).
The m ixture w as tw ice recrystallized from  about a 50-fold volum e of benzene. The red 

product was obtained w ithou t the yellow modification.
IR  (KBr): 3240 c m '1 (bound N H ), 1630 cm“ 1 (bound CO).
R ecrystallization of the m ixture from  isopropanol, repeated  four tim es, yielded the 

yellow modification as a pure, homogeneous substance.
IR  (KBr): 3260 c m '1 (non-bound N H ), 1700 cm -1  (non-bound CO).
(b)  W hen using th e  same am ounts o f reactan ts as in  M ethod (a ) ,  in  the presence of 

triethylam ine (0.04 mole) the form ation o f th e  by-product 3-m ethyl-8-nitro-s-triazolo[4,3-a]- 
pyridine (Via) was p ractically  negligible, while the p roduct Па was obtained in 60% yield. 
This greatly facilitated th e  recrystallization procedure.

2- Decanoylhydrazino-3-nitropyridine ( lib )

2-Chloro-3-nitropyridine (I) (0.78 g; 0.0048 mole) and decanoic acid hydrazide (0.88 g; 
0.0051 mole) were allowed to react in a m ix tu re  of anhydrous DMF (10 ml) and triethylam ine 
(1.5 m l; 0.0015 mole) for 24 hrs a t 85°C. The solution was evaporated  to  dryness and the 
residue rubbed w ith w ater. The crystals obtained were then  dissolved in chloroform and 
chrom atographed on a colum n packed w ith  alum inium  oxide (30 cm long). 1.25 g (80% ) of 
the p roduct was obtained. Dissolution in e th e r and precip itation  w ith petroleum  ether resulted 
in  the separation of yellow  plates (1.15 g; 74% ), m .p. 88 —89°C.

7* A cta  Chim. (Budapest) 90, 1976
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Table III

2-Acylhydrazino-3-aminopyridines (III)

kXN H -N H -C O -K

R Yield,
%

M. p.,
°c Solvent Formula

(M.W.)

Analysis

Calculated/F о und

С н N

a methyl 80 154 M eOH-ether c,h 10n 4o 50.55 6.12 33.70
(166.19) 50.49 6.10 33.55

b nonyl 90 78 ether-petrole- 64.80 9.42 20.15
um  ether (278.41) 64.69 9.50 20.22

c phenyl 65 185 i-PrOH c 12h un 4o 63.12 5.17 24.55
(228.26) 62.92 5.27 24.25

d benzyl 62 117-118 ethylene- Ci3H 14N40 66.95 5.82 23.15
chloride (242.29) 66.87 5.79 23.25

e o-hydroxyphenyl 72 196 EtO H ^ 1 2 ^ 1 2 ^ 4 0 2 58.98 4.84 22.94
(244.26) 59.12 4.94 22.65

г p-hydroxy phenyl 94 186 E tO H -ether с12н 1гк4о2 58.98 4.84 22.94
(244.26) 59.14 4.75 22.58

g 3,4,5-trimethoxyphenyl 90 199 i-PrOH c 16h 18n 4o 4 56.58 5.76 17.62
(318.34) 56.49 5.70 17.58
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Table IV

Spectral data o f  2-acylhydrazino-3-aminopyridines

R
UV max. 

nm (log e) Solvent IR  (KBr), cm-1

b nonyl 288 (3.56) MeOH 3400, 3250 (NH), 1640 (CO), 
2900, 2820, 1460 (methylene), 
1600, 760 (pyridine)

C phenyl 307 (3.57) EtO H 3400, 3300, 1620 (amino), 
1640 (CO), 690 (pyridine), 

750 (phenyl)
d benzyl 3400-3200  (NH and NH„), 

2920 (methylene), 1650, 1580 
(amide)

e o-hydroxyphenyl 303 (3.45) 
242 (3.54) 
210 (3.79)

EtO H 3400-3300 , 2700-2300 (OH, 
N H), 1650 (OH-def.), 1620 
(CO)

f p-hydroxyphenyl 318 (3.90) 
260 (4.28)

0.11V
HC1

3300-3110  (NH and OH), 
1640 (OH def.), 1625 (CO)

g 3,4,5-trimethoxyphenyl 295 (3.18) 
252 (3.35) 
214 (3.72)

EtO H 3350, 1630 (NH2), 1640 (CO), 
2960, 2860, 1460, 1125, 900

(trim ethoxyphenyl)

Cl5H 21N40 3 (308.39). Calcd. C 58.80; H  7.84; N 18.18. Found  C 58.35; H  7.59; N  17.98%.
UV (EtO H ): Amax nm (log e): 256 (3.70), 376 (3.69).
IR  (KBr): 3350, 3250, 1655 cm -1  (am ide); 2850, 2930, 1480, 1220 Cm-1  (m ethylene); 

1600, 1400, 765 cm-1  (pyridine); 1530, 1260 cm-1  (nitro).

Preparation of 2-acylhydrazino-3-am inopyridines (III)

2-A cylhydrazino-3-nitropyridine (II) (0.1 mole) was shaken in alcohol solution (ethanob 
isopropanol, etc.) (200 ml) in  th e  presence of Pd/C cata lyst, u n ti l  th e  calculated am ount of 
hydrogen (7.2 1) had been absorbed. The ca ta lyst was filtered off and  th e  solution was evap­
orated  to  dryness to  yield the crude product, which was recrystallized.

Preparation of C-3 substituted l,2-dihydropyrido[3,2-e]-as-triazines (IV)

2-A cylhydrazino-3-am inopyridine (III) (0.01 mole) was dissolved in  anhydrous alcohol 
(20 ml). Cone, hydrochloric acid (5 ml) was added, and the  solu tion  was allowed to stand  
overnight, then  evaporated to  dryness. The residue was recrystallized.

Preparation of C-3 substituted pyrido[3,2-e]-as-triazines (V)

Method A

A solution of IV (0.0012 mole) in  w ater (15 ml) was allowed to  reac t w ith a m ixture 
of 20% potassium  ferricyanide (5 ml) and  10% potassium  carbonate (12 ml) a t 30 — 40°C. 
In  m ost cases a crystalline mass w ith  red  colour separated (several tim es th e  dihydro compound 
was insoluble, too). I t  was filtered off, and  recrystallized to  ob ta in  reddish-brow n plates.

Method В

Compound III (0.01 mole) was refluxed  w ith polyphosphoric ester in chloroform (40 ml) 
for 30 — 45 m in, and the m ixture was th e n  evaporated to dryness in  vacuum . The residue was 
m ixed w ith ice and th e  solution ob ta ined  was continuously ex trac ted  w ith  chloroform or 
stirred  together w ith 36% potassium  ferricyanide solution (30 ml) for 30 m in, a t 30—40°C. 
The p roduct was recrystallized.

Acta Chim. ( Budapest)  90, 1976
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Table V

C-3 substituted l,2-dihydropyrido[3,2-e]-as-triazines (IV)

Yield,
%

M. p.,
°c

Formula
(M.W.)

Analysis

R Solvent Calculated/Found

C H N a

a methyl 67 218-219* EtO H C7H 10C12N4
(221.10)

38.10
38.02

4.62
4.60

25.35
25.12

32.11
32.00

b nonyl 71 2 47 -249 EtO H C16H25C1N4
(332.92)

54.15
54.02

7.56
7.40

16.82
17.02

21.32
21.38

d benzyl 71 156* MeOH-e tlier ^i3Hi6Cl2N4
(315.22)

49.42
49.29

5.12
5.10

17.57
17.61

22.55
22.49

f p-hydroxyphenyl 69 281* M eOH-ether C12H 12C12N40
(299.27)

48.20
47.95

4.02
4.00

18.72
18.85

23.70
23.78

g 3,4,5-trimethoxyphenyl 75 2 27 -228
(d.)

E tO H C15H 17C1N40 3
(336.79)

53.35
53.29

5.08
5.00

16.62
16.66

10.51
10.45

dihydrochloride

3
0

8
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Table VI

Spectral data o f C-3 substituted l,2-dihydropyrido[3,2-e]-ua-triazines (IV)

R
UV max. 

nm (log e) Solvent IR (KBr), cm-1

b nonyl 383 (3.39) 
397 shoulder

MeOH 3500-2400  (NH+), 
2900, 2800 (methylene), 
1640 (C = N )

d benzyl 383 (3.70) EtOH 3300-2800  (NH), 
1620-1600  (diffuse N H , 

arom atic)

f p-hydroxyphenyl 394 (3.93) 
269 (4.13) 
434 shoulder

EtOH
-

g 3,4,5-trimethoxyphenyl 376 (3.70) 
269 (3.95) 
220 (4.13)

MeOH 3300-2600  (NH), 
1600 (C =N ),
1130 (OCH3)

Acta Chim. ( Budapest) 90, 1976
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Table VII

co
О

C-3 substituted pyrido[3,2-e]-as-triazines (V)

R Method
Yield,

%
M. p.,

°c Solvent Formula
(M.W.)

Analysis

C

Calculated / F ound 

H N

a methyl A 54 171 EtO H c7h ,n 4 57.25 4.78 38.20
(147.16) 57.20 4.70 38.00

b nonyl A 93 8 3 -8 4 petroleum ^  15^22^4 69.90 8.58 21.62
ether (258.38) 69.59 8.65 21.43

c phenyl В 43 225 i-PrOH C12H8N4 69.19 4.37 26.95
(208.23) 69.00 4.27 26.90

d benzyl A 69 125 50% EtO H C13H ,0Ni 70.31 4.57 25.20
(222.26) 70.51 4.60 25.32

e o-hydroxyphenyl В 53 2 47-248 BuOH c 12h 8n 4o 64.25 3.60 24.99
(224.23) 64.20 3.51 24.95

f p-hydroxy phenyl A 95 315 EtOH-MeC.* c 12h 8n 4o 64.25 3.60 24.99
(224.23) 64.32 3.65 24.95

g 3,4,5-trimethoxyphenyl В 42 2 07-208 i-PrOH c 1sh I4n 4o 3 60.25 4.73 18.75
A 60 (298.31) 60.17 4.70 18.54

* MeC. =  methylcellosolve
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T ab le  V III

Spectral data of C-3 substituted pyrido[3,2-e]-as-triazines (V)

R UV max. 
nm (log e) Solvent IR  (KBr), cm 1

a methyl 312 (3.48) 
330 (3.94) 
476 (2.27)

EtO H
-

b nonyl 263 (3.19) 
311 (3.53) 
323 (3.45) 
498 (2.29)

cyclohexane 3050 (arom atic CH), 
2970, 2850 (methylene), 
no NH band

c phenyl 210 (4.43) 
269 (4.54) 
352 (3.91)

E tO H
-

d benzyl 265 (3.63) 
317 (3.90) 
489 (2.33)

dioxan 3300—3000 (aromatic CH),
2950, 2850, 1440, 1330 (m ethyl­

ene), 1600, 1560, 1550, 1500, 
1480, 1460, 1450 (arom atic 
skeletal vibrations)

e o-hydroxyphenyl 262 (4.40) 
309 (4.05) 
385 (3.65)

dioxan 3200-2600  (bound OH),
1620, 1580, 1550, 1520, 1480 

(arom atic skeletal vibrations), 
750 (о-substituted phenyl)

f p-hydroxyphenyl 275 (3.60) 
380 (3.25)

dioxan 3400—3000 (OH, strongly 
bound), 1610 — 1400 (arom atic 
skeletal vibrations)

g 3,4,5-trimethoxy-
phenyl

222 (4.46) 
277 (4.44) 
370 (3.82)

E tO H 2960, 2850, 1120, 840 (tri- 
m ethoxyphenyl), 1610, 1580, 
1550, 1500 (aromatic skeletal 
vibrations)

h p -acetoxy phenyl 263 (4.57) 
353 (4.12) 
484 (2.49)

dioxan 3010 (arom atic CH), 2950, 
1760, 1470, 1365, 1200 (O- 
acetyl)

*
The authors’ th a n k s  are due to Dr. L . R adios and Dr. S. H o lly  for the in strum en ta l 

analyses.

R E F E R E N C E S

[1] P o tts , K. T., Su r a p a n e n i, C. R .: J .  H eterocycl. Chem. 7, 1019 (1970)
[2] L e w is , A., Sh e p h e r d , R. G.: J . H eterocycl. Chem. 8, 41 (1971)
[3] Sk u l s k i, L.: J . Org. Chem. 28, 3565 (1963)
[4] B is c h l e r , A.: Ber. 22, 2801 (1889)

A n d rás Gell é r i 
A nd rás Me ssm er  
P á l B e n k ó  
L ászló  P allos |

H -1025 B u d a p e s t, P u sztaszeri ú t 57 — 69. 

H -1106 B u d a p e s t  10. P f. 100.

Acta Chim. (Budapest) 90, 1976





Acta Chimica Academiae Scientiarum Hungaricae, Tomus 90(3), pp. 313—324 (1976)

DEHYDROCYCLIZATION OF IV-NONANE 
AND iV-DECANE UNDER THE CONDITIONS 

OF CATALYTIC GASOLINE REFORMING

I. S z e b é n y i , L. A c k e r m a n n , G. Széchy  and S. Göbölös

(Department o f Chemical Technology, Technical University, Budapest)

R eceived June  12, 1975

The conversion of n-nonane and n-decane was investigated  on an industria l 
gasoline reform ing catalyst con tain ing  p latinum , a t tem pera tu res from  480 to  530°C, 
in the range of 3 to 10 m l/m l • h r space velocity. The experim ents were carried  ou t 
a t  a pressure of 30 kp/cm 2 in  a  m icroreactor. Though only a few per cent of arom atic 
compounds were obtained from  either of th e  starting  com pounds, the conversion to  
arom atics increased significantly w ith  th e  increase of tem pera tu re  and decrease of 
space velocity. A t 530°C the m axim um  am ounts of 1,2,4-trim ethylbenzene form ed from  
n-nonane and  n-decane were 3.7% and  2.1% (w/w), respectively. n-N onane gave 
mostly 1,2,4-trim ethylbenzene w hereas from  n-decane relatively  significant am ounts 
of xylenes, n-butylbenzene and  1,3-dietliylbenzene were also obtained. Form ation of 
arom atic com pounds having a  lower num ber of C-atoms th a n  th a t  of the s ta rtin g  
compounds was observed b o th  from  n-nonane and n-decane, b u t th is was more charac­
teristic of the conversion of n-decane. The conversion of bo th  s ta rting  compounds was 
increased by  raising the tem pera tu re , whereas the decrease of space velocity affected 
mainly the conversion of n-decane.

In trod u ction

T he d eh yd rocycliza tion  o f  p ara ffin s is, besides th e  d eh y d ro g en a tio n  and  
d eh yd ro isom erisa tion  o f  n a p h th en es , on e o f  th e  im p ortan t reaction s o f  c a ta ly t ic  
gaso lin e  reform ing. This re a ctio n , in v o lv in g  several s tep s , e v e n tu a lly  re su lts  
in  th e  form ation  o f  arom atic co m p o u n d s. The m ech an ism  o f  d eh y d ro cy c li­
z a tio n  has been  stu d ied  b y  se v er a l au th ors. In  th e earlier researches m a in ly  
c a ta ly s ts  o f  ox id e  nature (Cr20 3— A120 3, M o 0 3— A120 3) w ere u sed , an d  it  
w as su ggested  th a t  d eh y d ro cy cliza tio n  ta k e s  p lace via  th e  form ation  o f  six -m em -  
b ered  rings (C8-d eh y d ro cy c liza tio n ). A ccord in g  to  H e r r in g t o n  and R id e a l  
[1 ], p araffin s are f ir s t  d eh y d ro g en a ted  to  o le fin s, and th e  la tte r  are ad sorb ed  
on th e  surface o f  th e  ca ta ly st. T h e  n e x t  step  is th e  fo rm a tio n  o f  a s ix -m em -  
b ered  ring  (provided  th a t th e  p o s it io n  o f  th e  double b on d  an d  th e  g eo m etry  
o f  ad sorp tion  are favourable); f in a l ly  th e  ring  is q u ick ly  d eh yd rogen ated  to  
th e  arom atic com p oun d.

U sin g  an o x id e  ca ta ly st, R o z e n g a r t , et  ah [2, 3 ] sh ow ed  th a t  prior  
to  r in g  closure a step w ise d eh y d r o g en a tio n  tak es p lace , i.e. o le fin es, th e n  
a lip h a tic  dienes and la s t ly  a lip h a tic  tr ien es are form ed from  th e  in itia l p a ra ffin , 
an d  th e  ring closure o f  triene to  cy c lo h ex a d ien e  occurs o n ly  su b seq u en tly . I t  
w as p roved  b y  P aal and T é t é n y i  [ 4 ,  5 ]  th a t  th e  Ce-d eh y d ro cy cliza tio n  fo llo w s
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th e  a b o v e  m echan ism  a lso  on m eta l c a ta ly s ts  and th u s a lso  on p la tin u m . 
L ater on , th e  sam e co n clu sio n  was a tta in ed  also b y  K a z a n s k y  ef al. [6, 7 ].

In  1954 K a z a n sk y  et al. d iscovered  th a t  paraffin s can  b e con verted  on  
m eta l c a ta ly sts  (m a in ly  p la tin u m ) n ot o n ly  to  six -m em b ered  b u t also in to  
f iv e -m em b e red  com p ou n d s (C5-d eh y d ro cy cliza tio n ) [8]. S ev era l su ggestion s  
h a v e  b een  p ub lish ed  in  th e  literature a b o u t th e  m ech an ism  o f C5-dehydro-  
c y c liz a tio n  [9, 10, 11, 1 2 ], b u t none o f  th e m  is gen era lly  a ccep ted . It has n o t  
b een  d ecid ed  w heth er u n sa tu ra ted  com p ou n d s are n ecessa ry  in term ed iates  
in  th e  C5-d eh d y ro cy c liza tio n  o f  paraffin s. T h e p artia l p ressure o f h ydrogen  
an d  th e  h ydrogen  coverage  o f  th e  ca ta ly st  cer ta in ly  p la y  a sig n ifica n t role in  
th e  course o f  C5-d eh y d ro cy cliza tio n  [13 ].

Ga u l t  et al. [10] ob served  con sid erab le C5-d eh y d ro cy cliza tio n  a c t iv ity  
in  th e  case o f  a b ifu n c tio n a l P t —A120 3 c a ta ly s t ,  w hose p la tin u m  con ten t w as  
less th a n  1% . S ince m o st  o f  th e in d u str ia l reform ing c a ta ly s ts  are o f  th is  
ty p e , u nd er th e  co n d itio n s  o f  reform ing on e m u st reck on  w ith  th e occurrence  
o f  C5-d eh y d ro cy c liza tio n  a lon g  w ith  C6-d eh y d ro cy c liza tio n . T his has b een  
p o in ted  o u t as early  as 1955 in a paper o f  H e t t in g e r  et al. [14 ], w ho d etec ted  
1 .0 — 1.5%  a llcy lcyclop en tan es in  th e  reform ing p ro d u c ts  o f  re-heptane. 
O n con vertin g  re-hexane, n -h ep tan e an d  n -octan e in  th e  presence o f  a 
P t — у — A120 3 ca ta ly st  co n ta in in g  0.6%  p la tin u m , K a z a n s k y  et al. [15] foun d  
s ig n if ica n t am oun ts o f  a lk y lcy c lo p en ta n es  in  th e  p rod u cts. T h e resu lts ob ta in ed  
w ith  b ifu n ction a l c a ta ly s ts  in d icate th a t  th e  acidic cen tres o f  th e c a ta ly st  
p la y  a sign ifican t p a rt in  C5-d eh y d ro cy cliza tio n . T his is su ggested  also b y  
D a v is  and V e n u t o  [16 ] w ho exam in ed  th e  d eh y d ro cy cliza tio n  o f  C8 — C9 paraf­
fin s  on  n on-acid ic P t  — A120 3 ca ta ly sts;  in  th e ir  op in ion , on the b asis o f  
p ro d u ct d istr ib u tion , th e  Ce-d eh y d ro cy cliza tio n  appeared  to  p red om inate.

D urin g  reform ing C5-d eh y d ro cy cliza tio n  also co n tr ib u tes to  th e  form a­
t io n  o f  arom atic com p ou n d s, or p lays a role as an in term ed ia te  step  o f  th e  
a ro m a tiza tio n  p rocess, sin ce th e acid ic fu n ctio n  o f  th e  c a ta ly s t  causes th e  
a lk y l-cy c lo p en ta n es  p rod u ced  b y  C5-d eh y d ro cy c liza tio n  to  undergo d eh y d ro ­
iso m eriza tio n  y ie ld in g  arom atic com p ou n d s.

T h u s, d eh y d ro cy cliza tio n  processes lead in g  to  th e  form ation  o f  b o th  
six -m em b ered  and fiv e-m em b ered  rings h a v e  an im p o rta n t role in reform ing. 
S in f e l t  and R o h r e r  [17] carried ou t d eh y d ro cy c liza tio n  exp erim en ts on  a 
P t — A120 3 ca ta ly st  co n ta in in g  0.3%  p la tin u m , u sin g  Ce, C7 and C8 p araffin s. 
In  th e ir  op in ion , th e  f ir s t  step  o f  th e  rea ctio n  is d eh yd rogen ation  resu ltin g  
in  o le fin s (th is ta k es p la ce  on the p la tin u m  surface), fo llo w ed  b y  the form ation  
o f  carbonium  ions as a resu lt o f th e  in tera c tio n  o f  th e  o le fin s and th e  acid ic  
s ite s . T he re la tiv e  s ta b ility  o f th e  carb on iu m  ions w ill determ in e w h eth er  
C5- or a C6-d eh y d ro cy cliza tio n  w ill occur. S ince seco n d a ry  carbonium  ion s  
are m uch  m ore s ta b le  th a n  th e  p rim ary on es, re-hexane g iv es a five-m em b ered  
ring; Ce-d eh y d ro cy cliza tio n  could o n ly  ta k e  p lace th ro u g h  a prim ary carbo-

Acta Chim. ( Budapest)  90, 1976



S Z E B É N Y I e t ni.: DEHYDROCYCLIZATION OF n-NONANE AND n-DECANE 315

n iu m  ion. W ith  re-octane, in tu r n , and  o b v io u sly  also in  th e cases o f  n -n o n a n e  
and re-decane a Ce-d eh y d ro cy cliza tio n  is ex p ec ted  to  be th e  d om in atin g  p ro ce ss .

N early  all th e  ab o v e-m en tio n ed  in v estig a tio n s were carried o u t a t a tm o s­
p heric pressure w ith  C6, C7 and C8 h ydrocarb on s. The ca ta ly sts  ap p lied  w ere  
prepared  in th e  lab oratory  m o s t ly  b y  th e  au th ors th em se lv es . I t  is k n o w n  
th a t  th e  w a y  o f  preparation  o f  t h e  ca ta ly st  a ffects th e  ca ta ly t ic  a c t iv i ty  in  
severa l w ays [1 8 ]. I t  appears from  a su rv ey  o f  th e  literatu re th a t  th e  d eh yd ro -  
cy c liza tio n  o f  p ara ffin s co n ta in in g  m ore th a n  eigh t carbon a tom s h as b een  
o n ly  scarcely  s tu d ie d , and, even  th e  few  in v estig a tio n s  reported  w ere carried  
o u t under co n d itio n s  greatly d iffer in g  from  th o se  o f  in du stria l g a so lin e  re ­
form ing.

T he aim  o f  th e  present w ork  w a s to  estab lish  th e  e x te n t  o f  th e  d eh y d ro -  
cy c liza tio n  o f  re-nonane and re-decane u nd er th e  con d ition s o f  gaso lin e re fo rm ­
in g , i.e. w ith  an  in du stria l c a ta ly s t  o f  th e  P t — A120 3 ty p e , at a p ressure o f  
30 k p /c m 2.

Our p rim ary  o b ject was to  s t u d y  th e  form ation  o f  C9- and C10-a ro m a tic s , 
and w ith in  th ese  groups m ainly t h a t  o f  tr iin e th y lb en zen es , w hose in d u str ia l 
u tiliza tio n  is in crea sin g  [19], an d  m a y  arouse in terest in H u n g a ry  w hen  
th e  u tiliza tio n  o f  th e se  com pounds as s tartin g  m ateria ls o f  th e  p etro ch em ica l 
in d u stry  ad van ces.

In v estig a tio n  o f  the th erm o d y n a m ic  eq u ilib riu m  o f d eh y d ro cy c liza tio n  
does n o t afford p ra ctica l in form ation  for th e  g iven  purpose; accord in g to  th e  
ca lcu la tio n s, th e  th erm od yn am ic eq u ilib r iu m  o f  th e  form ation  o f  C9- and  
C10-arom atics from  paraffins w ith  a n  id en tica l n um ber o f  C -atom s is sh ifte d ,  
ev e n  a t h igher p ressures, tow ards th e  form ation  o f  arom atics.

B esid es d eh yd rocycliza tion , h o w e v er , also h ydrocrack ing , iso m er iza tio n  
and d ea lk y la tio n  reaction s also ta k e  p lace on th e  ca ta ly st . T h is fa c t  ca u ses  
th e  p rod u ct d istr ib u tio n s to be v e r y  co m p lex  and m akes th e  d eterm in a tio n  
o f th e  to ta l eq u ilib riu m  product d istr ib u tio n s  b y  w a y  o f  ca lcu la tion s u n r ea so n ­
ab le. T he m ain  rea so n  being th a t  th e  “ eq u ilib riu m ” o f  th e  h yd rocrack in g  
reaction s is sh ifted  tow ards the cra ck in g  p rod ucts to  such  an e x te n t th a t  th e  
reaction  can be considered  p ra c tic a lly  irreversible. T herefore, th e  p ra c­
tica l y ie ld s and d istrib ution s o f  arom atics  can o n ly  be d eterm in ed  b y  
exp er im en ts .

E xperim ental

The model com pounds applied in  ou r w ork were in each case the ‘purum ’ quality  
p roducts of the Swiss firm  Fluka. Our experim ents were carried out in a pressure-tight, flow- 
ty p e , isotherm al m icroreactor of 6 ml volum e, constructed in  the High Pressure R esearch 
In s titu te , and described in our earlier paper [20]. In  the experim ents an industrial p la tinum  
cata lyst of type RD-150C was applied w hich  is used all over the world in m any reform ing 
plan ts and also applied in  our country. T his is a P t-y-A 1,03 bifunctional cata lyst contain ing 
0.35% platinum  whose detailed, mainly e lec tron  optical, investigation has been reported
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b y  Ya jt a  et al. [21, 22]. Since th e  inner diam eter of the  m icroreactor was 6.8 mm, the  cata lyst 
was crushed and the frac tion  w ith  the grain size 0.6 —0.8 m m  was used in  the  reactor. The 
ca ta lyst packed into the reac to r was then  subjected to  th e  trea tm en t specified by  the m anu­
facturer firm , and subsequently  th e  actual experim ents were started.

To investigate the dehydrocyclization of b o th  n-paraffins as a function of tem pera­
ture, th e  m easurem ents w ere carried out a t 480, 500, 515 and 530°C, keeping the space 
velocity a t  3 ml/ml • hr. w hen  investigating th e  effect o f space velocity, in  tu rn , the  m ea­
surem ents were carried o u t a t  space velocities of 3, 5, 7 and 10 ml/m l ■ hr m aintaining 
the tem pera tu re  a t 500°C. T he pressure was held a t  30 kp /cm 2 and the gas-liquid ratio  a t 
1300 m l H2/m l hydrocarbon in  all experiments. This value of the gas-liquid ratio  corresponds 
to  a H , : n-nonane mole ra tio  of 9.7 : 1 and H 2 : re-decane mole ratio  of 10.6 : 1.

T he experim ental param eters were in  agreem ent w ith  the  values usually  applied in 
industria l gasoline reform ing p lan ts using p la tinum  cata lysts.

According to  an experim en t w ith re-heptane, th e  ac tiv ity  of the ca ta lyst was stable, 
a fter some in itial fluc tuations, for a t least 48 hours of continuous operation. Therefore, the 
periods of our m easurem ents, were selected to  la s t no longer th an  48 hours, and the reactor 
was packed w ith  fresh c a ta ly s t a t the beginning of each period. In  the course of the experi­
m ents th e  liquid yield was m easured (in per cent b y  w eight), and the am ount of alkylbenzenes 
p resent in  th e  reform ate was determ ined by a gas chrom atographic method developed specially 
for th is  purpose a t our D ep artm en t [23]. The m ethod  is based on the relationship according 
to  w hich, on an Apiezon phase , the logarithm ic value of th e  relative retention  of th e  individual 
alky larom atic  com pounds p lo tted  against th e  boiling po in t of the compounds affords stra igh t 
lines for compounds hav ing  in  their alkyl chains an  identical num ber of C atom s [24]. I t  was 
found in  our investigations th a t  this relationship also holds for a polar packing and poly­
ethyleneglycol adipate (PE G A ) is the m ost su itable p a rtitio n  phase for the separation of 
alkylbenzenes. The analyses were performed w ith  a CHROM 31 gas chrom atograph, under 
th e  conditions given below:

Column length: 360 mm
Column diam eter: 6 mm
Packing: 10% PEG A  on R ysorb C support of 0.2 —0.3 mm

grain size
Carrier gas: 50 ml N2/m in
Tem perature of therm osta t: 40 —120°C

Results and their evaluation

T h e resu lts o f  our exp erim en ts carried  o u t at d ifferent tem p eratu res  
are su m m arized  in  T a b le  I , and th ose  o f  ru n s m ad e w ith  various sp ace v e lo c itie s  
are sh ow n  in T ab le  I I .

T h e ex p er im en ta l resu lts con cern in g  th e  tem perature d ep en dence  
are a lso  show n in  F ig s  1, 2 , 3 and 4 , an d  th o se  w ith  d ifferent sp ace v e lo c itie s  
in  F ig s 5, 6, 7 an d  8.

I t  appears from  th e  data  in  T ab le  I  th a t  a sign ifican t p art o f  » -n on an e  
rem ain ed  u n ch an ged , and th a t th e  d egree o f  con version  m ark ed ly  d ep en ded  
on  th e  tem p era tu re. T h is is m en tion ed  h ere b ecau se  in  th e  reform ing o f  n a p h ­
th e n e s  a v ery  h igh  d egree  o f  con version  can  b e ob served  a lread y at 480°C , in  fa c t ,  
so m e com p oun ds are a lm ost co m p lete ly  co n v er ted  at th is tem p eratu re. In  th e  
reform in g  o f  re-nonane, th e  q u a n tity  o f  u n co n v erted  in itia l su b stan ce  in  th e  
p ro d u c t am ou n ted  to  53.2%  at 480°C  an d  19.4%  at 530°C . On raising th e  
tem p era tu re , th e  liq u id  y ie ld  a p p reciab ly  d ecreased  as a resu lt o f  in creased  
h yd rocrack in g . In  th e  reform ing o f  n a p h th en e-co n ta in in g  h ydrocarb on  m ix ­
tu r e s  or o f  pure n a p h te n e s , the liq u id  y ie ld  d oes n o t decrease so m uch  a t tem p er-
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Table I

Effect o f temperature on the form ation o f aromatic compounds in the reforming 
o f n-nonane and n-decane

Space velocity: 3 ml/m l-hr pressure: 30 kp/cm 2 gas-liquid ratio: 1300 ml/ml

Starting compound n-Nonane n-Decane

Reforming temperature, °C 480 500 515 530 480 500 515 530

Arom atics yield, % (w/w) of the 
starting  compound 

Toluene 0.5 0.9 2.0 2.2 2.3 3.7 3.2 2.8
m- and p-X ylene 0.4 1.2 1.6 1.8 1.6 3.0 3.6 4.1
o-Xylene 0.2 0.4 0.4 0.7 0.8 1.4 1.5 1.9
n-Propylbenzene 0.3 0.4 0.4 0.6 — — — —
1,3,5-Trimethylbenzene 0.1 0.7 0.8 0.9 0.3 0.7 0.7 0.6
1,2,4-Trimethylbenzene 0.6 1.8 2.9 3.7 1.1 1.1 1.6 2.1
1,2,3-Trimethylbenzene 0.2 0.6 0.8 0.8 1.2 0.8 0.8 0.8
n-Butyl- and 1,3-diethylbenzene - — — — 2.4 2.1 1.6 1.1
1,2,4,5-Tetramethylbenzene - — - — 0.5 0.7 0.7 0.7
U nconverted n-nonane 48.0 44.0 19.6 11.0 — — — —
U nconverted n-decane — — — — 36.1 11.7 8.1 4.3
Liquid product, % , (w/w) 90.0 86.0 71.0 56.6 81.2 65.6 58.7 50.5

Table II

Effect o f space velocity on the form ation o f aromatic compounds in the reforming 
o f n-nonane and n-decane

Tem perature: 500°C pressure: 30 kp /cm 2 gas-liquid ratio: 1300 ml/ml

Starting compound n-Nonane n-Decane

Space velocity of 
reforming ml/mbhr 3 5 7 10 3 5 7 10

Aromatics yield, %  (w/w) of the
starting  compound

Toluene 0.9 0.9 0.9 0.8 3.7 3.1 2.1 1.3
m- and p-Xylene 1.2 0.7 0.6 0.5 3.0 2.4 1.7 0.3
o-Xylene 0.4 0.3 0.3 0.2 — — — —
n-Propylbenzene 0.4 0.4 0.5 0.4 — - — —

1,3,5-Trimethylbenzene 0.7 0.5 0.4 0.2 0.7 0.6 0.4 0.2
1,2,4-Trimethylbenzene 1.8 1.7 1.8 1.0 1.1 1.1 0.7 0.6
1,2,3-Trimethylbenzene 0.6 0.6 0.7 0.6 0.8 0.9 0.7 0.4
n-Butyl- and 1,3-diethylbenzene - — — — 2.1 1.9 1.5 0.9
1,2,4,5-Tetramethylbenzene — — — — 0.7 0.4 0.4 0.1
U nconverted n-nonane 44.0 46.4 47.1 50.1 — — — —
Unconverted n-decane — — — — 11.7 26.2 33.4 40.7
Liquid product, % (w/w) 86.0 86.5 87.2 87.3 65.6 69.2 73.5 79.6
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a tu res a b ove  500°C ; h yd rocrack in g  p la y e d  su ch  a great p art in  our case  
b eca u se  th e  applied  in it ia l su b stan ce  w as a pure paraffin .

A s ex p ec ted , th e  degree o f  con version  o f  n -d ecane w as h igher th a n  th a t  
o f  re-nonane over th e  w h o le  tem p eratu re ran ge exam in ed . A t 530°C  th e  co n ­
v er s io n  w as n early  co m p lete . T he rise o f  tem p eratu re resu lted  in  an ev en  
g rea ter  decrease o f  th e  liq u id  y ie ld  th a n  ob served  in  th e  case o f  re-nonane, 
w h ich  m a y  be ex p la in ed  b y  th e  h igher p ron en ess o f  re-decane to  crack ing. 
A t 530°C  v ery  low  liq u id  y ie ld s w ere o b ta in ed  w ith  b o th  in it ia l su b stan ces , 
in d ica tin g  th a t th is  tem p era tu re  corresponds to  ex trem ely  severe reform ing. 
T h is is q u ite  in  accord an ce w ith  th e  in d u str ia l exp erience.

T h e am oun ts o f  x y le n e s  form ed  from  re-nonane an d  re-decane are sh ow n  
in  F ig . 1. E ssen tia lly  greater am ou n ts o f  x y le n e  are form ed  from  re-decane 
th a n  from  re-nonane. T h u s, re-decane is in c lin ed  m ore th a n  re-nonane to  form  
a ro m a tics  w hich  co n ta in  less carbon a tom s th a n  th e  sta rtin g  m ateria l. T h is  
is a lso  show n b y  F ig s 2 and 3, in w hich  th e  am ou n ts o f  tr im eth y lb en zen es

Fig. 1. Xylenes formed a t different reforming tem peratures

Fig. 2. Trim ethylbenzenes formed a t different reforming tem peratures from n-nomme
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470 480 490 500 510 520 530
T e m p e r a t u r e  ,°C

Fig. 3. Trim ethylbenzenes formed a t different reforming tem peratures from n-decane

obtained from b oth  initial model com pounds are p lotted . It can be seen th a t a 
considerable am ount of trim ethylbenzenes is formed from re-decane. H igher  
tem peratures enhance mainly the form ation of 1 ,2,4-trim ethylbenzene, as it 
was also experienced in the reform ing o f gasoline fractions [20]. This is due 
to  a better approach of the therm odynam ic equilibrium  of the various tr i­
m ethylbenzenes at high tem peratures, corresponding to  a higher proportion  
of 1,2,4-trim ethylbenzene.

In Tables I I I  and IV the values o f xylenes and trim ethylbenzenes ob ­
tained at 530°C are compared w ith the therm odynam ical equilibrium values.

Table III

Distribution o f xylenes (% , w/w) form ed from  n-nonane and n-decane at 330 (.

S t a r t in g  c o m p o u n d n - N o n a n e n -D e c a n e

P r o d u c t
E x p e r im e n ta l

v a lu e

C a lc u la te d
e q u il ib r iu m

v a lu e

E x p e r im e n ta l
v a lu e

C a lc u la te d
e q u i l i b r iu m

v a lu e

m- and p-Xylene 71.0 74.3 68.6 74.3
o-Xylene 29.0 25.7 31.4 2 5 . 7

Table IV

Distribution o f trimethylbenzenes (% , w /w ) formed from  n-nonane and n-decane at 530°C

S t a r t i n g  c o m p o u n d n - N o n a n e n -D e c a n e

P r o d u c t
E x p e r im e n ta l

v a lu e

C a lc u la te d
e q u il ib r iu m

v a lu e

E x p e r im e n ta l
v a lu e

C a lc u la te d
e q u i l i b r iu m

v a lu e

1,2,4-Trimethylbenzene 67.8 62.3 60.9 62.3
1,3,5-Trimethylbenzene 16.7 20.9 16.0 20.9
1,2,3-Trimethylbenzene 15.5 16.8 23.1 16.8
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The obtained am ount o f o-xylene was in th e  case of both starting com pounds 
higher than  the equilibrium  value. The ratio o f o-xylene formed from n-nonane 
was closer to the equilibrium  distribution. In  the case of the trim ethylbenzenes 
it is interesting to  n ote th a t the experim ental ratio of the 1,3,5-isom er was in  
both  cases lower th an  th e  equilibrium va lu e . W hen starting from  n-decane, 
the experim ental va lu e o f  the 1,3,5-isom er approached the equilibrium  value  
of th e  1,2,3-isom er and vice versa. This phenom enon was also observed in the  
reform ing of gasoline fractions [20] and in  industrial reform ates [23].

F ig . 2 also shows th e  amounts o f n-propylbenzene form ed from  n-nonane. 
The q u an tity  o f th is com pound in the product does not exceed 1% (w/w) 
even  at 530°C. This experience and the appreciable quantity o f trim ethylben­
zenes in the reformate point to the im portance o f the isomerizing capability  o f the  
R D -150C  catalyts and o f industrial reform ing catalysts, in general. In th e  
reform ing experim ents o f D a v i s  and V e n u t o  [16] with defin itely  non-acidic  
P t — A120 3—К  cata lysts at atm ospheric pressure, the products did not contain  
trim ethylbenzenes at all, whereas the q u a n tity  of n-propylbenzene am ounted  
to 25 mole % o f the C9-aromatic fraction .

n-Nonane above 500°C gave 1,2,4-trim ethylbenzene as the individual 
arom atic com pound w hich formed in th e  greatest am ount. From n-decane, 
in turn , at higher tem peratures to luene, meta- and para-xylene were form ed  
in th e  greatest am ounts, whereas below  500°C the main products were n-butyl- 
benzene and 1,3-diethylbenzene. The q u an titities of the tw o latter com pounds 
and also that of 1 ,2 ,4 ,5-tetram ethylbenzene (durene), produced from n-decane, 
are show n in F ig. 4 . A t tem peratures h igher than  500°C, the longer side chains 
of th e  resulting alkylarom atic com pounds are readily split off the arom atic 
ring. Consequently, raising the tem perature above 500°C causes a decrease 
of the am ounts o f n-hutylbenzene and 1,3-diethylbenzene form ed, and arom a­
tics w ith  a sm aller num ber of C-atoms (e .g . xylenes) are obtained.

The quantity  o f  durene in the liqu id  product is sm all, and above 500°C  
it  does not depend on the tem perature. The am ounts of the 1,2,3,4-isom er and  
th e  1,2,3,5-isom er also remained alw ays below  1% (these values are not 
show n in Fig. 4). The small am ount o f  tetram ethylbenzenes form ed from  
n-decane and the re latively  appreciable quantities of trim ethylbenzenes ind icate  
th a t dealkylation is m uch more an accom panying reaction o f the isom erization  
and dehydrocyclization of n-decane th an  o f n-nonane.

In the experim ents carried out for determ ining the influence of space  
v e lo c ity , w ithin the range investigated , low  space velocities hardly decreased  
th e  y ield  of the liquid products and th e  am ount of unchanged n-nonane (Table 
II). O bviously the rate of conversion o f n-nonane starts to  increase rapidly  
below  a space v e lo c ity  of 3 m l/m l’ hr; th is value corresponds only to a m ild  
reform ing which leaves n-nonane largely  unchanged.

No experim ents were however, carried out at space velocities below
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Temperature , °C
Fig. 4. Some C10-arom atic  com pounds formed a t different reforming tem peratures from

n-decane

3 m l/m H ir, because the accuracy o f m easurem ents would have been poor, 
owing to  d ifficu lties in m anipulation w ith  extrem ely  sm all amounts of m aterial.

The conversion of n-decane and the am ount of liquid products are 
affected b y  space v e lo c ity  stronger than  experienced in the case of n-nonane. 
This can be read ily  understood b y  considering th at the larger molecule o f  n- 
decane is less stab le  and more inclined to  cracking than n-nonane.

The quantities o f xylenes form ed from  n-nonane and n-decane in  the  
experim ents at various space velocities are shown in Fig. 5. It can be seen  
th a t the am ount o f  xylenes form ed from  n-decane is more affected b y  
the space v e lo c ity  than  in case o f n-nonane as the starting m aterial. The 
qu an tity  o f x y len es in the lattér case is practically the same within the range 
o f 5 — 10 m l/m l’hr space velocities.

F ig. 6  show s th e  unconverted quantities of n-nonane and the am ounts 
of trim ethylbenzenes and n-propylbenzene form ed from  this starting m aterial. 
(It m ust be noted  concerning Fig. 6  th a t the ordinate on the right-hand side 
indicates the q u a n tity  of n-nonane, and the ordinate on the left shows the  
yield  o f the C9 arom atic products in per cent b y  w eight.) The question o f un-

I

Fig. 5. Xylenes formed a t different reforming space velocities

8* Acta Chim. (Budapest) 90, 1976
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Fig. 6. Amounts of unconverted «-nonane and  some C9 arom atic com pounds form ed a t 
different space velocities a t th e  reforming of n-nonane

changed n-nonane has been discussed above. The yields o f n-propylbenzene  
and 1,2,3-trim ethylbenzene are not affected  b y  the variation o f space velocity . 
Since n-propylbenzene can be produced w ith ou t isom erization by the dehydro- 
cyclization  of n-nonane, its form ation is obviously rapid. The form ation of
1,2,4-trim ethylbenzene is sim ilarly affected  only by space velocities in the  
range of 7 —10 ml/mlTtr, thus also the production of th is isomer m ust be 
rather fast.

The am ounts o f  unconverted n-decane and of the three trim ethylbenzene  
isom ers formed from  this com pounds are given in Fig. 7. The conversion of 
n-decane has been discussed above. W ith  th is starting m aterial, lower space 
v e lo c ity  has a greater influence on the form ation of 1 ,2,3-trim ethylbenzene  
th an  when n-nonane is used. In the case o f  the other tw o isom ers, the effect 
o f  space velocity  is very similar to th at observed in the reforming of n-nonane;

Fig.
Space  v e lo c i ty ,  m l / m  hr

7. Amounts of unconverted n-decane and the trim ethylbenzenes formed a t different 
space velocities a t the reform ing of n-decane
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i.e., the quantity  of the 1,2,4-isom er increases by 1.8-tim es, while th a t o f  
the 1,3,5-isom er by about 3 .5-tim es at the space velocities in vestigated . 
In terestingly , the am ounts of trim ethylbenzenes formed from  n-decane are 
com m ensurable w ith those formed from  n-nonane already at a space ve loc ity  
as high as 1 0  m l/m l'hr, despite the fact that with n-decane as the starting  
com pound dehydrocyclization m ust he accom panied by dealkylation  to give 
rise to  the above products. This fact suggests that dealkylation  occurs rela­
t iv e ly  quickly, and the cyclization has a rate-determ ining role also in the  
form ation o f the arom atics having a sm aller number o f C-atom s than the  
in itial com pound.

3
1
2  2 
5?

1

Fig. 8. Some C10 arom atic compounds form ed a t different reforming space velocities from
re-decane

I t  can be seen in Fig. 8  th at on reducing the space v e lo c ity , the am ounts 
of n-butylbenzene, 1,3-diethylbenzene and 1,2,4,5-tetram ethylbenzene increase. 
The enhanced form ation of n -butylbenzene and 1 ,3-diethylbenzene m ay  
presum ably be due to the fact th at th e  conversion of n-decane is sign ificantly  
affected b y  increased residence tim e. The quantity  of 1,2,4,5-tetram ethylbenzene  
increases more slow ly and rather in th e  range of lower space velocities, since 
th e  form ation o f th is latter com pound requires significant isom erization b e­
sides dehydrocyclization.

Our experim ents have shown th a t under the conditions o f  the reform ing  
o f n-nonane and n-decane on a p latinum  catalyst, arom atic com pounds are 
formed in rather small quantities. H ow ever, when the conditions o f reforming 
are more severe i.e. either the tem perature is raised or th e  space velocity  
decreased, the form ation of arom atic com pounds is sign ifican tly  enhanced. 
Some o f the aromatic products have a lower number of carbon atom s than the  
feedstock.

л л - Butylbenzene and 1,3-diethylbenzene 
a  1,2 Л ,5 -Te tram ethy tbenzene

Space velocity  . ml /ml hr
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Р Е ЗЮ М Е

Теоретический конформационный анализ метоксидихлорфосфина

Р. АРШИНОВА, Ж -П . ФОШЕ, М. ГРАФФЕИ, Ж.-Ф. ЛАБАРР и К. ЛЕЙБОВИЧИ

На основе теоретического конф орм ационного ан ал и за  м етоксйхлорфосфинаС Н 3ОРС12, 
проведенного в  р а м к а х  п р иб лиж ени я  CND O/2, было о бн ар у ж ен о  сущ ествованиедвух пред­
почитаемых экви вал ен тны х  «гош» конф орм аций, что н аходи тся  в согласии с дан  ны м и эл ек ­
тронной диф ф ракции . М олекула весьм а эластична около соответствую щ их потенциальны х 
седловин. С равн ен ие расчетны х и эксперим ентальны х вели чин  дипольны х мом ентов реш ­
ительно п о дтвер ж дает  сущ ествование конф орм аций  «гош».

Реакции хлорсиланов с алкоксисиланами, I

Газово-хроматографическое и волюметрическое исследование каталитическо й 
конденсации. Связь между реактивностью и масс-спектрометрическо й

фрагментацией

Б. БАКВАРИ, П. ГЁМЁРИ и К. УЙСАСИ

З а  процессом  конденсации  ал к о кси л ан о в  с х л о р си л ан ам и  следили с помощ ью  газо ­
во-волю м етрической  и газово-хром атограф ической  техн ик . Б ы л  исследован эф ф ект а к ­
тивны х и н еакти вн ы х  лигандов крем ниевы х частиц  на реакционность.

К а к  м о ж н о  заклю чить из скорости  вы деления га за  п ри  конденсации ал к о к си - и 
хлоросиланов, реактивность  и зм ен яется  в зависим ости  от зам естителей к а к  н а  к и сл о ­
роде, т а к  и  н а  крем нии .

С помощ ью  м асс-спектром етрйческйх исследований  бы ло установлено, что су щ еству ­
ет к о р р ел яц и я  м еж д у  скоростью  реакци и  и стабильностью  алкокси -груп пы  при  п о л о ж и ­
тельно п оляри зован н ом  атоме к р еш н и я , к о то р ая  и зм ен яется  параллельн о  с констан там и  
Гаммета ал к и л ь н о й  части группы  ал ко кси , т. е. с ее электронодонорной  способностью. Б ы л и  
сделаны зак л ю ч ен и я  относительно эффекта П -электронны х л и ган до в  в силикатной  части  на 
связи  Si —С и S i— О — С, а  т а к ж е  и н а стерические эффекты.

С корость конденсации  алко кси си лан о в  с х л о р си л ан ам и  увеличивается  в  случае, 
если П -электронны е лиганды  (Vi, P h ) присоединены  к  атом у  к р ем н и я ; тот ж е  самы й эффект 
наблю дается п р и  увеличении электроно-донорны х свойств  алкильн ой  части  ал к о кси  
группы .

Реакции хлорсиланов с алкоксисиланами, II

Механизм катализа конденсации хлорсиланов с алкоксиламином

Б. ЧАКВАРИ, Л. ФАБРИ, П. ГЁМЁРИ

Б ы л и  п р о вед ен ы  исследования соединений, которы е м о гу т  быть использованы  к а к  
к атал и зато р ы  конденсации  хло р си л ан о в  с ал к о кси си лан ам и . Обычно это кислоты  Л ью иса 
Согласно У Ф  спектром етрическим  и рентгено-диф ф ракционны м  измерениям, в  присут-



ствии  катал и зато р о в  y-F e20 3 и FeC l3 превращ ение y -F e20 3 -* FeCI3 н ачи н ается  в  твердой 
фазе. Ж е л е зо  было детектировано в растворе д а ж е  и в  том случае, когда  в  качестве  к а т а л и ­
зато р а  бы л  использован  y-F e20 3. Это ж е  означает, что к атал и з я в л я е т с я  гом огенны м , и 
ж е л е зо  р аство р яется  в виде [F eC l4]-  в  обоих с л у ч а я х .

Узловой термодинамический подход к химической кинетике

Д. ЗИНГЕР

Б о л е е  ранние попы тки о писать хим ическую  кин ети ку  в  п о н я ти я х  «химического 
сопротивления» с терм одинам ической точки  зр ен и я  бы ли  не совсем адекватны м и . Д ей стви ­
т е л ь н а я  у зл о в а я  модель м ехан и зм а реакции  д о л ж н а  д ав ать  ту  ж е  самую  п родукцию  энтро­
пии, к а к  и  чисто терм одинам ическая  теория. П о казан о , что вы раж ени е д л я  продукции  
эн тр о п и и  м ож но рассм атривать к а к  продукцию  эн троп ии  ф изических узл о в . О на состоит в 
основном  и з «гальванически» р азд еленн ы х  частей, относящ ихся к  хим ическим , тран спорт­
ным и  терм ическим  процессам , соответственно. Б ы л о  показано , что м атри ца ф еном енологи­
чески х  коэффициентов исходной системы м ож ет бы ть и нтерпретирована к а к  м атр и ц а им­
педанса к о нтуров  узлов. П р ави л ьн о  вы бран н ая  у зл о в а я  модель, в  прин ц ип е, позволяет 
р азд ел и ть  частичные процессы , протекаю щ ие с вы игры ш ем  и без вы игры ш а энтропии , к а к  
это у к а за н о  Остером, Д езором  и  сотр. Б ы ло  показано , к аки м  образом, и сп о л ьзу я  контурн ую  
р еп резен тац и ю , мож но ко н стр у и р о вать  узловую  м одель  слож ны х хи м и ческих  р еакци й  — с 
обратим ы м и  и необратимыми р еак ц и я м и  — в к л ю ч ая  т а к ж е  и тран спортн ы е процессы . 
Т р ан сп о р тн ы й  процесс м ож но р ассм атр и вать  к а к  хим ическую  реакцию  м е ж д у  тран спорти ­
ро ванн ы м  и нетранспортированны м  питанием. Это предполож ение п о зво л яет  рассм атри ­
в ать  тран спортн ы е явл ен и я  на основе узловой  м одели  таким  ж е  образом, к а к  и  хим ические 
р еак ц и и .

Синтез и исследование эфиров монозамещенной у-формилуксусной кислоты
и малондиальдегидов

Г. ДЁРНЕИ, М. БАРЦАИ-БЕКЕ, Б. МАЙОРОШ, П. ШОХАР и Ч. САНТАИ

Б ы л  разработан  новы й м етод синтеза эф иров монозамещ енной а-ф орм илуксусной  
к и сл о ты  (4) им алондиальдегидов (5). Соответственно замещ енны е производны е м алонового 
эф ира (3) подвергались селективном у восстановлению  с помощью алю м огидрида лити я . 
Б ы л а  исследована таутом ерия эти х  соединений, за в и с я щ а я  от раство р ител я , и  впервы е, с 
пом ощ ью  Я М Р ~  Н 1, была вы я вл ен а  форма (Е )-энол -эфира (4с).

Конденсированные асим-триазины, I

Синтез 3-замещенных пиридо[3,4-е]-асим-триазинов

П. БЕНКО, А. МЕССМЕР, А. ГЕЛЛЕРИ и Л. ПАЛЛОШ

С интез Б иш лера д л я  бен зо-аш м -три ази нов  бы л распространен на получение пири- 
до-[3 ,4-е]-асцм -триазинов. И сходны й  4-хлор-З -нитропиридин  был превращ ен  с помощ ью  
ац ил ги д р ази н о о в  в 4 -ацилгидразино-З-нитропиридины . Амины, полученны е восстанов­
лением  последних, п одвергались циклодегидратации , в  результате чего бы ли  получены  
дигидропиридо[3 ,4-е]-асш и-триазины . О кисление последних приводит к  аром атическим  
конечны м  продуктам.



/

Конденсированные асим-триазины, II

Синтез производных пиридо [3,2-3 ]-асим-триазина

А. ГЕЛ Л ЕРИ , А. МЕССМЕР, П. БЕ Н К О  и Л. ПАЛЛОШ

Синтез Б и ш л ер а  для  б ен зо -а« ш -тр и ази н а  был распространен  н а получение пиридо- 
[3 ,2-е]-ас(ш -триазинов. Д анны й м етод в общем случае применим и д л я  т а к и х  производны х, 
которы е не м огут быть получены  методом Л ью иса и  Ш еферда. Б ы л а  исследована к р и с т а л л и ­
ч еская  дим орф ия некоторы х представителей  пром еж уточны х 2-ацилгидразино-З-нитро- 
пиридинов.

Исследование дегидроциклизации н-нонана и н-декана в условиях 
каталитического риформинга бензина

И. СЕБЕН И , Л . АКЕРМ А Н , Г. СЕЧИ и Ш. ГЁБЁЛ ЁШ

П ревращ ен и я  н-нонана и  н -дек ан а  бы ли исследованы  в у сл о ви я х  промы ш ленного 
риф орм инга бензина на к атал и зато р е , содерж ащ ем  платину, в и нтервале  тем ператур  
4 8 0 — 530°С и при  объемной скорости  3 — 10 м л/м л/час. И сследования п роводились в м нк- 
р ореакторе  при давлении  30 к Г /см 2. И з обоих исходных продуктов образовалось  лиш ь 
н есколько  % -ов аром атических соединений; однако, содерж ание ар о м ати к и  значительно  
повы ш алось с увеличением тем п ературы  и уменьш ением объемной скорости . П ри  530°С из 
н -нонана и н -декана образуется 1,2,4-трим етилбензол с выходами 3,7 и  2,1 вес% , соответ­
ственно. И з н-нонана с наибольш им  вы ходом  образуется единственное аром атическое со­
единение 1,2,4-триметилбензол, а  из н -дек ан а  с относительно высоким вы ходом  обрезуетса 
т а к ж е  к си л о л , н-бутил- и 1,3-диэтилбензол. О бразование аром атических соединений с чис­
лом  углеродн ы х  атомов, меньш им чем в  исходном соединении, наблю далось к а к  в случае 
н -нонана, т а к  и в  случае н -декана, что, однако, более характерно  д л я  превращ ен и й  н-дек­
ана. П овы ш ение тем пературы  оказы вал о  вли яни е на протекаю щ ие процессы  дл я  обоих 
исходны х соединений, а уменьш ение объемной скорости в  изученном интервале  скорее 

л и ш ь на п ревращ ения н-декана.
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STUDIES ON SOME METAL COMPLEXES WITH 
КЕТО-ANILS AS LIGANDS, I

(SH O R T C O M M U N IC A T IO N )

R . K . U p a d h y a y * and Y . P . S in g h  

(Department o f  Chemistry N . R. E. C. College, Khurja  203131 India)

Received April 8, 1975 

In  revised from Ja n u a ry  2, 1976

Introduction

U p a d h y a y  et. al. [I — 4] recen tly  stu d ied  th e  in tera c tio n  o f  p -d im eth y la -  
m inoanils of, 3 -p h en a n th ry l g lyoxa l and 4 -h y d ro x y l 1 -n a p h th y l g lyoxa l w ith  
som e tran sition  m eta l ions in th e  so lu tion . T he com p lexes w ere iso lated  and  
characterized  b y  a n a ly s is , con d u ctom etr ica lly  and sp ectrop h otom etr ica lly . In  
th e  present co m m u n ica tio n  various asp ects n o t in v estig a ted  to  d ate  as m agn etic , 
infrared sp ectra l and  electronic sp ectra l o f  few  tra n sitio n  m eta l com p lexes  
are reported. B a sed  on  th ese  stud ies an octah ed ra l s tereo ch em istry  m ay  b e  
assigned  to  C r(III), M n (II), F e(III) and  P t(IV ) com p lexes w hereas th e  co m ­
p lexes o f  P d (II )  an d  C u(II) are ty p ic a l sq uare-p lanar. H ow ever , th e  C o(II) 
com p lex  is te tra h ed ra l.

Infrared sp ec tra l stud ies show  th a t  b o th  th e  ligan d s offer carbonyl o x y ­
gen  and azom eth in e n itrogen  atom s for coord in a tion , w hereas h yd roxy l group  
o f  p -d im eth y l a m in o a n il o f  4 -h yd roxy l 1 -n a p h th y l, b e in g  at a m ore rem ote  
p osition  th an  th a t  o f  form er ad jacen t grou p s, does n o t p artic ip a te  in  ch e la ­
t io n . F urtherm ore, th is  group w ould n o t in v o lv e  in  coord in a tion  even  in m eta  
p osition  ow ing to  co m p a ra tiv e ly  low er donor a b ility  o f  its  o x y g en  th an  th a t  
o f a carbonyl group.

Experimental

B oth  th e  lig a n d s , p -d im eth y la m in o a n il o f  3 -p h en a n th ry l g lyoxa l (A) 
and p -d im eth y la m in o a n il o f  4 -h yd roxy l 1 -n a p h th y l g ly o x a l (B ) and th e ir  
com p lexes were p rep ared  [1 3,5] b y  u sin g  B . D . H . or J . M. (L ondon) rea ­
gen ts.

M agnetic m easu rem en ts were m ade on  th e  so lid  p rod u cts w ith  Go u y ’s 
b alan ce. E lectron ic  sp ec tra l observations (o p tica l d en sity ) w ere recorded w ith  
B eck m an n  D . U . sp ectrop h otom eter  at 293 °K . A ll in frared  sp ectra  were record- 
ded in N ujol m u lls. S om e spectra were recorded  b etw een  40 0 0  c m -1  and 200

1 Acta Chim. (Budapest) 90, 1976
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Table I

Magnetic and electronic spectral characteristics o f complexes

Complex Medium
Observed 

bands 
cm 1

Assignments
10 Dq
cm-1

Kacah’s
parameters

cm-1

Nephel-
auxetic
ratio
ß

LESE
К. cals/mole p e fS .  В. M.

CrB2Cl3 Dioxane 12 658 
15 152
17 094
18 519 
25 641

<A4 ( F ) ^ T 4 (F) 

- 4T ,e(P )

17 094 В  =  697.7 
C =  2581.5

0.68 58.60 3.71

MnA2Cl2 Acetone 12 500
12 988
13 333
14 707
16 129
17 544

eA lg (G)

^ e a g ) 
- - 4T4 {D) 

- ' F ( l ) )  
- < g(P)

5 730 В  =  521 
C =  1824

0.54 5.74

MnB2Cl2 Dioxane 10 417
11 364
12 121 
15 267 
19 2311 
21 739 j

eA e T [g(G) 
- ' T ( G )

- 4a ;:g(F )
Charge transfer

L -+M

4 774 В  =  434.0 
C =  1519.14

0.45 34.72 5.77

FeB2Cl3 Dioxane 14 706
17 241
18 519 
21 739

6A ,S - 4T ,g(G) 
- 4T y G ) 
- * E g(G) 
- * Т ,е(0 )

6 741 В  =  612.8 0.47 5.79
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Со В CL, 

CuACL 

CuBCl2

PdAClz

P tA 2CI4

Dioxane 17 241
18 519
21 739

Acetone 11 364
12 410
27 027

Dioxane 14 706
17 241
20 000
22 727
26 3161
29 412 j

Acetone 14 925
16 529
24 096

27 778

Ethanol 12 625
16 129
17 241

3A 2 ( F ) ^ iT l (P)

-B4 - 2 A  
• гЕ,

Charge transfer L~+M

-В ,
-*2£ 'S

г

Charge transfer
L -* M

1A ,
►‘«i
►^2, Charge

transfer
L - M

C4, 3T,g
-~'T.4

4.70

1.84

1.89

Diamagnetic

16 976 В =  424 Diamagnetic
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Table II

I. R. Frequencies with their tentative

A MnA,Cla CuAClj PdAClj PtACl, В CrB2Cl3

3219 m 3333 s 3333 s 3448 s 3521 s 3333 m 3350 m
2857 w — — 2907 s 2841 s 3030 m 3080 m

— — — — — 2899 m 2800 m
— — — — — 2778 m —

1653 s 1608 s 1595 s 1595 s 1608 s 1668 s 1625 m
1613 s 1511 s 1505 s 1508 s 1502 s 1612 s 1600 m
1575 s — — — — 1575 s 1540 m
1515 s 1537 w 1435 s 1437 s 1449 s 1527 s 1490 m
1439 m — — — — — —

— — — — — 1450 s 1440 m
1342 s 1351 m — 1346 s — 1360 s 1380 m
1282 s — 1299 s — 1299 s — —

— — — — — 1275 s 1270 w
1227 s 1235 w --  ' 1235 s 1235 s 1235 s 1230 m
1170 s 1188 w 1176 m 1179 s 1178 s 1190 s 1170 w
1103 w 1096 w 1095 m 1092 s — — —

1081 w 1062 w _ 1062 m — 1070 m 1060 w
1034 w — 1035 m — 1018 w 1012 m 1005 m

948 m 945 w _ 943 s — 922 m —

905 w 901 w 897 m — 899 w 900 m —

870 w — — 867 w — — —

820 s 816 w, b 817 s 813 s, b 817 w 821 s 800 w
752 w 746 w 746 s 746 s, b 752 w, b 772 s —

738 m — - — — ■ -- —

719 w 702 w 704 w 703 w 714 w
— 500 m 

350 s 
265 s, b

c m - 1  on a Beckm ann infrared spectrophotom eter 621 and some w ith infra­
cord. M agnetic and electronic spectral d ata  are given in Table I  and i. r. 
data is noted in Table II.

Results and discussion

A nalytical results show 1 : 1 m etal-to-ligand stoichiom etry in C o(II)-B , 
C u(II)-A , Cu(II)-B, P d(II)-A  and P t(IV )-A system s while in Cr(III)-B , M n(II)-A , 
M n(II)-B  and F e(III)-B  com plexes it  is 1 : 2. Molar conductance m eas­
urem ents show th at Cr(III) and F e(III) chelates are I : 1 electrolytes and all 
th e  other chelates are non-electrolytes.

The m agnetic m om ent value 3.71 BM of the Cr(III) com plex is very  
close to  the spin-only value 3.88 BM. The agreem ent in  experim ental and  
sp in-only  values infers d 3 octahedral stereochem istry of the Cr(III) com plex. 
F ive  bands at 12 658 cm “ 1, 15 152 c m -1 , 17 094 cm -1 , 18 519 cm -1  and  
25 641 cm “ 1 have been observed in the electronic spectrum  o f the com plex. 
F irst tw o bands at 12 658 cm “ 1 and 15 152 cm “ 1 which are weak and m ay

A cta  Chim. ( Budapest)  90, 1976
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assignment for ligands and complexes

MnB2Cl2 FeBjClg CoBCl, CuBCl, Assignment

3350 m 3350 s 3440 s 3330 s C— H str. (alkylene) and/or 0 —H  
str. (phenolic)

3020 m 3100 m 2900 m -  1 C—H str. (aromatic)
2840 s 2860 m — 2910 m J

1630 w 1640 m 1650 m 1650 s C =  0  str.
1590 m 1595 s 1595 s 1600 s C =  N str.
1550 m 1550 m — -  )
1480 m — 1490 s 1490 s 1 C =  C str.

1440 w 1440 m 1450 m 1450 s J 0 —H bending +  C—О str.
1380 w 1360 m — — CH3 symm. bending

1270 w 1260 w 1270 w 1265 w 0 —H bending +  C—0  str.
1225 w 1230 m 1230 m 1230 m
1150 in 1160 m 1155 m 1175 m

— — — — C— N str. (aliphatic)
— — 1050 m 1060 w Benzene ring breathing
— 1000 w 1000 w —

805 w 810 w 800 w 800 w C— H bending (two adjacent H  
atom s) + 1 ,4  disubstitution

760 w 770 m 750 s 760 s C— H bending (four adjacent 
H  atoms)

___ ___ — — C— H out of plane bending
470 m 500 m 480 m 500 m M—N str.
342 s 345 s 348 s 320 s М- C l  str.
280 s, b 295 s, b 270 s, b 280 s, b M—0  str.

s, strorig; m, m ediuni ;  w, weak; b , b ro ad ; M, m etal

be best fitted  to spin-forbidden transitions. C om paratively strong bands observ­
ed at 17 094 cm - 1  and 18 519 cm -1 , on the basis o f T a n a b e  and S u g a n o .

[6 ] diagram predictions m ay be assigned to  one-electron jum ps from ground 
term  4A 2g (F ) to  excited  quartet term s 4T 2g (F ) and 4T lg (F),  respectively . 
The band appeared at 25 641 cm -1  on ly  as a shoulder on large charge transfer  
band has also been assigned to ligand fie ld  transition  4T lg (P ). The ligand field  
splitting energy (10 Dq) similar to the en ergy  o f 4A 2g ( F ) —* 4T2g (F)  transition  
comes out to  be 17 094 cm “ 1. ‘B ’ has b een  calculated from  the ratio D q/B  
(2.45) and its value is noted  in Table I. С, В  and L FSE have also been evaluated.

The m agnetic m om ent values of sp in-free d 5 octahedral M n(II) and F e(III)  
com plexes reported [7—9] are 5.70 — 6 .05  BM, very  close to  the spin-only  
value 5.92 BM. The m agnetic m om ents 5 .74 BM, 5.77 BM and 5.79 BM o f  
all the three M n(II) and Fe(III) com plexes under stu d y , respectively, are 
in fair agreem ent w ith  the values reported  earlier and therefore suggest

Acta Chim. ( Budapest)  90, 1976
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d5 spin-free octahedral m etal ion configuration in the com plexes. In the elec­
tronic spectrum  o f each product all the bands have been observed in the v isib le  
region. The first tw o bands m ay only  be fitted  best to  the quartet excited  
term s 4Tlg (G) and *T2g (G), respectively. Other bands w ith appropriate assign­
m ents are noted in  Table I. 10 Dq and В  for the com plexes have been calcu lat­
ed from  the equations 4Tlg (G)/B =  24.0 and Dq/B =  1.1. Other ligand field  
param eters like C, ß  and L F S E  have also been calculated b y  usual m ethods.

The observed m agnetic m om ent o f  Co(II) com plex 4.70 BM, not very d if­
ferent from the reported [9] values 4 .3 0 —5.20 BM for d 7 tetrahedral com plexes 
suggests it  spin-free d7 tetrahedral stereochem istry. In the electronic spectrum  
on ly  three peaks have been observed although only the first has been identified  
w ith  certainty and assigned to transition  4 A,, (F) —>■ 4T1 (P ). The rem aining  
bands obtained at 18 519 cm -1  and 21 739 cm - 1  m ay only  be spinforbidden.

Cu(II) generally forms square-planar param agnetic com plexes. The m ag­
netic  m om ents o f  the Cu(II) com plexes are 1.84 BM and 1.89 BM, respec­
t iv e ly , very close to  spin-only value 1.73 BM. These results reveal th at experi­
m ental products are square-planar invo lv in g  spinfree d9 m etal ion configura­
tion  in the electronic spectra of th e  products bands at 11 364 cm -1 , 12 410  
c m - 1  (Си(И)-Л and at 14 706 cm -1 , 17 241 cm -1  C u(II)-B  have been assign­
ed to  the d -d  transition  2A lg, 2Eg, respectively , from the ground term  2B lg. 
The last high-energy hand at 27 027 c m - 1  in Cu(II)-^4 com plex accom panied  
w ith  tw o shoulders separated by  2400 cm - 1  and the last high-energy tw o hands  
separated b y  3096 c m -1  in  C u(II)-B  com plex, on the basis o f G r e y  and B a l - 

h a u s e j v  discussion [1 0 ] on charge transfer bands these are ligand — metal  
charge transfer bands.

Pd(II) generally forms square-planar diam agnetic com plexes. The com ­
p lex  studied is also diam agnetic and square-planar involv ing  spin-paired d 8 
m etal ion configuration. Four bands have been observed at 14 925 c m -1 , 
16 529 cm -1 , 24 096 cm -1  and 27 778 cm -1  in the electronic spectrum  o f  
th e  com plex. The first two bands are spin-allowed d -d  transitions correspond­
ing to one-electron jum ps xA lg —► xB lg (14 925 cm -1), *Alg —► 1E g (16 529 c m -1 ). 
On the basis o f the G r e y  and B a l h a u s e n  discussion [10] on charge transfer  
bands, the latter tw o hands 3682 cm - 1  apart are ligand —► m etal charge transfer  
bands and be assigned to  transitions G llg —► 2A 2u (24 096 cm -1 ) and 1A lg —>■ 
4E U (27 778 cm -1 ).

Magnetic m om ent 0.53 BM o f th e  Pt(IV ) com plex corresponding to  
sp in-only value 0.00 BM is fairly attributable to its diam agnetic nature and  
d f’ octahedral stereochem istry. In the electronic spectrum  o f the com plex three  
bands have been observed which on th e  basis o f T a b a n e  and SuG A N O  [ 6 ]  

diagram  predictions m ay be assigned to  ligand field transitions 3Tlg, 1T lg lT2g, 
respectively , from the found term  1A lg. 10 Dq and В  were calculated by u sin g  
equations 1Tlg/B  =  38 and Dq/B — 4.
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I. R. Studies

The infrared frequencies w ith ten ta tiv e  assignm ent [11 14] for the li­
gands and com plexes are given in T able II . A com parison of i. r. data of each  
ligand w ith that o f its complexes reveals th at some of the stretching bands 
of the ligands are perturbed on com plexation . A  number of im portant structur­
al inform ations about the ligands and com plexes are obtained from the stu d y  
o f these shifts in frequencies.

In the i. r. spectra of ligands, strong absorption bands at 1653 cm " 1 
and 1613 cm -1  (A),  and at 1668 c m ' 1 and 1612 cm “ 1 (В ) corresponding to  
stretching vibrations o f C =  0  (carbonyl) and C =  N (azom ethine) groups, 
respectively , of the ligands have been observed at lower values in the com plexes.' 
The lowering of these frequencies show s th at carbonyl and azom ethine groups, 
are participating in com plexation. N ew  bands appeared in the В  ligand com ­
plexes at 265 — 295 cm 1 and at 470 500 cm “ 1, fairly attributable to  m e ta l-
oxygen  and m etal—nitrogen stretching vibrations, respectively, support the  
above conclusion and also show w ith certa in ty  th a t oxygen and nitrogen atom s  
are the coordination centres. The bands observed in the range from 1439 c m “ 1 
to  1575 cm “ 1 in the spectra of free ligands, assigned to the С =  C stretch ing  
vibrations (aromatic) have been perturbed on com plexation. This perturba­
tion  in frequency o f С =  C stretching vibrations, (aromatic) indicates conju­
gation in the ligand during interaction w ith m etal ions. The shift in the fre­
quency for 1,4 d isubstitution (p - sub stitu tion ) from 820 cm “ 1 in ligand A  
and from  821 cm “ 1 in ligand В  to low er values in their respective com plexes  
indicates only the possibility of change o f benzenoid structure o f ligands to  
quinonoid on chelation.

Very little  disturbance in the ligand bands observed at 3333 c m “ 1, 
1450 c m “ 1 and 1275 cm “ 1 corresponding to  О—H  stretching and О-H  bending  
vibrations, respectively, attributable on ly  to the structural change during  
com plexation, suggests that phenolic group does not particpate in the lig a n d -  
m etal interaction.

On the basis o f above studies th e  possible structures of the ligand and  
com plexes assigned are as follows:

R — C = C H — N
I
O—Cu—Cl

I
Cl

Ligand (Benzenoid) Complex (Quinonoid)
where R  =  Phenanthrene or (hydroxyl) naphthylene nucleus

*
W e owe deep sense of gratitute to Prof. J . P. V a j p a i , D. S. College, Aligarh and to 

friends who have helped in the work. A uthors are also indebted to the Principal, Dr. P. C. 
G u p t a , N. R. E. C. College, K hurja, 203131 (Ind ia) for providing the adequate facilities.
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A study was made of the correlations between the composition, hydrogen sorp­
tion and cata ly tic  activity  of P d -C u  pow der catalysts containing 0, 10, 20, 30 or 40 
at. %  copper, prepared from alkaline m edium  by hydrogenation.

G alvanostatic measurements w ere made in 1 N  sodium hydroxide, and poten- 
tiodynam ic m easurem ents in 1 N  su lfuric acid, a t room tem perature. The activ ities of 
the catalysts were measured in liquid-phase hydrogenation a t 25° and 1 atm .

I t  was found th a t as a result o f the incorporation of copper the sorbed h y d ro ­
gen became more homogeneous and its  bond energy decreased. For Cu conten ts of 
0—20 at. %  there was also a considerable decrease in the quan tity  of dissolved h y ­
drogen, while for 20— 40 at. %  Cu the decrease was prim arily in the adsorbed hydrogen. 
S tudy  of hydrogen sorption indicates th a t  20 at. %  Cu is probably the concentration 
above which th e  alloy no longer dissolves, bu t only adsorbs hydrogen.

Copper b rought about a change in  the activ ity  of the palladium cata lyst in the 
hydrogenation of the double bond and  th e  carbonyl group.

No-homogeneous solid solution was formed on the surface of the Pd-C u ca ta ly st 
grains, bu t the copper partially dissolved in the palladium , and partially  produced 
new, interm etallic phases with the palladium .

Introduction

A lloys of the elem ents of colum n 3 of group V III and of the m etals of 
group I/B  are equally  important th eoretica lly  and practically in ca ta ly tic  
hydrogenation. The changes arising in  the catalytic properties as a result of 
alloying can be explained in accordance w ith  the electron theory by the in ter­
action o f the s electrons of Cu, Ag or Au and the partially filled d hands o f  
Ni, Pd or Pt. Many authors have p o in ted  out th at there is some correlation  
betw een the activ ity  or the activation energy and the degree of occupation  
of the d band. According to B ond  [1 ], the correlation can he explained by  
a change in the bond strength of chem isorption.

K arpo v a  and T v e r d o v sk ii [2] used a galvanostatic m ethod to  in v es­
tigate hydrogen sorption in 1 N sulfuric acid on electrolytically  deposited  
Pd —Cu alloys. They found that Cu decreases the dissolution of hydrogen and 
the m etal—hydrogen bond energy. A bove a Cu content of 26 at. %, hydrogen  
did not dissolve in the alloy.

S o k o lsk ii et al. [3] investigated P d  — Cu catalysts in liquid-phase hydro­
genation. In the hydrogenations o f  d im ethylethynyl carbinol and m aleic
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acid the activ ity  decreased only above 60 at. % Cu, whereas in the hydro­
genation  of phenylacetylene the a c tiv ity  was m axim um  at 10  at. % Cu. 
and subsequently decreased.

Many references are to be found w ith  regard to the selectiv ity-enhanc­
ing effect of the Cu additive [3,4].

In the course o f  our investigations we attem pted to establish what cor­
relations exist betw een the com position and the hydrogen sorption, and also 
the liquid-phase ca ta ly tic  activ ity , in the case o f Pd-Cu powder catalysts. 
The hydrogen sorption was studied by galvanostatic and potentiodynam ic  
m ethods. These investigations are closely connected w ith our earlier electro­
chem ical m easurem ents on Pd powder cata lysts [5].

Experim ental

P d —Cu catalysts containing 0, 10, 20, 30 or 40 at. %  Cu were prepared from alkaline 
m edium  by reduction wi th hydrogen. 200 ml aqueous solution of palladium  chloride and cop­
per sulfate (in appropriate proportions), containing 0.02 g-atom metal, was poured w ith Stir­
ling  into 400-ml sodium hydrogen carbonate solution (30 g/1) a t 60°. After stirring for 30 min 
a t 60°, the jo intly  deposited m etal hydroxides were hydrogenated a t 1 a tm  a t room tem pera­
tu re . F iltration  and a 4-hour washing w ith distilled w ater were followed by drying of the ca ta ­
ly s t to  constant w eight in vacuum  a t room tem perature .

The galvanostatic measurem ents were carried ou t in 1 N  sodium hydroxide a t room  
tem perature , w ith 10 mg cata lyst and a current of 2 mA. The previously described [6] three- 
electrode cell was used in the exam inations: the m easuring and auxiliary electrodes were of 
sm ooth  P t sheet, while the reference electrode was platinized P t/H 2. The catalyst was firs t 
sa tu ra te d  w ith hydrogen by  cathodic polarization, and the anodic curve was then recorded.

The potentiodynam ic investigations were m ade in 1 N  sulfuric acid a t room tem pera­
tu re . Prior to m easurem ent, the sample was sa tu ra ted  w ith hydrogen by shaking in distilled 
w ater, and was then  transferred  onto the m easuring electrode under the liquid. The above- 
m entioned cell was em ployed for the m easurem ent.

The (apparent) activities of the catalysts were measured in liquid-phase hydrogenation 
a t  1 a tm  and 25 °C. 100 mg catalyst was sa tu ra ted  w ith  hydrogen while being shaken in 7 ml 
90%  ethanol, and then  2 ml of an ethanolic solution containing 0.002 mol acetophenone or 
sugenol wras injected into the flask. The ac tiv ity  was regarded as the consum ption of hydrogen 
in  u n it time, ex trapo lated  to the initial tim e, referred to 1 g catalyst or 1 g Pd.

Results and discussion

In the course o f  the galvanostatic m easurem ents, prim arily hydrogen  
sorption was exam ined, in 1 N  sodium  hydroxide. The approxim ate value  
o f the resistance polarization (determ ined b y  the current-interruption m ethod) 
was taken into consideration in the p lo ttin g  o f the curves.

The am ount o f hydrogen adsorbed was determ ined by the m ethod o f  
B u r s h t e i n  [7], according to which adsorption is negligible compared w ith  
th e  large amount o f  hydrogen dissolved in the palladium  betw een 0 and 90 mV, 
whereas dissolution is negligible in com parison to adsorption from 90 to 300 — 
400 mV. In our m easurem ents, therefore, the first ‘step ’ o f the charge curve  
was taken as proportional to dissolved hydrogen, and the second ‘step ’ to
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adsorbed hydrogen. Subsequently too the hydrogen range was divided into  
tw o parts w ith th is approxim ation, hut this does not mean th at there is no 
adsorption in  the dissolved hydrogen range, and vice versa.

Table I

Hydrogen contents o f Pd-Cu catalysts, determined by galvanoslatic method

Copper 
content 
(at. %)

Total hydrogen 
(ml/g)

Adsorbed
hydrogen

(ml/g)
Dissolved hydrogen 

(ml/g)

0 99.8 12.9 86.9
10 62.0 13.6 48.5
20 20.4 13.3 7.1
30 11.0 5.9 5.1

40 8.8 4.3 4.5

Table I gives the amounts o f  adsorbed, dissolved and to ta l hydrogen, 
determ ined from the charge curve, as functions o f the com position. W ith the 
incorporation o f copper the am ount o f adsorbed hydrogen did not change 
in itia lly , while the much larger am ount o f dissolved hydrogen underw ent 
an alm ost linear decrease. Above a copper content o f 20 at. % hydrogen adsorp­
tion  decreased, whereas there was barely any change in the am ount o f dissovl- 
ed hydrogen, and the adsorbed and absorbed hydrogen contents o f  the ca ta ­
ly st becam e nearly the same. This can also be w ell seen in the sorption isotherm s 
constructed from  the galvanostatic curves (Fig. 1).

The potentiodynam ic m easurem ents were m ade with 1 — 5 m g cata lyst  
b y  the m ethod developed for Pd powder catalysts [5]. Samples w ith low  copper

Fig. 1. Sorption isotherm s of hydrogen on Pd-C u  catalysts, in 1 N  sodium hydroxide. 1. 0 a t. %  
Cu; 2. 10 at. %  Cu; 3. 20 a t. %  Cu; 4. 30 a t. %  Cu; 5. 40 at. %  Cu
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contents were polarized in tw o steps: the m easurem ent was com m enced by  
changing the potentia l at a rate o f 2 — 10 m V/m in, and then, after rem oval 
of th e  hulk of dissolved hydrogen, the rate was increased to 10—100 mV/min. 
B y th is  means the adsorbed hydrogen was m agnified compared to  the dissol­
ved  hydrogen.

The potentiodynam ic curves for fresh cata lysts containing 0 —40 at. % 
copper can he seen in  F igs 2 —6 . A to ta l o f  s ix  different hydrogen forms could 
be deduced in freshly prepared, unalloyed palladium  (Fig. 2), but one m onth

Fig. 2. Potentiodynam ic curve of Pd ca ta ly st in 1 N  sulfuric acid. 
=  10 mV/min; vt  =  100 mV/min; m  1 mg

E [mV]

Fig. 3. Potentiodynam ic curve of a Pd—Cu cata lyst containing 10 at. %  copper, in 1 N  sulfuric 
acid. t>j =  2 mV/min; vs =  50 mV/min; m ^  4 mg

after preparation o f the cata lyst only a single maxim um  could be detected  
below  100 mV. A sim ilar phenom enon was observed in the samples containing  
1 0  and 2 0  at. % copper.

For the determ ination of the potentia ls relating to the individual m axim a  
o f th e  i vs. V  curves, the rate of change o f p otentia l was decreased until the  
position  of the peak no longer varied [5]. The positions of the hydrogen m axim a
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are listed  in Table II . It should be noted  th at on the addition of further ca ta ­
ly st these values could be reproduced w ithin  +  3 mV. These data refer to
1-m onth-old cata lysts. (The curves in  Figs 2 6  were not plotted w ith  th is
‘lim iting rate’.)

On the incorporation of copper, the m axim a were shifted towards nega­
tive  potentials, i. e. the metal—hydrogen bond energy decreased and the sorb­
ed hydrogen becam e energetically more hom ogeneous: from 2 0  at. % only

Fig. 4. Potentiodynam ic curve of a Pd Cu ca ta ly st containing 20 at. %  copper, in 1 N  sulfuric 
acid. t>i =  10 mV/min; v2 =  50 mV/min; m ^  4 mg

Fig. 5. Potentiodynam ic curve of a Pd-C u ca ta ly st containing 30 at. %  copper, in 1 JV sulfuric
acid, v =  50 m V/m in; m w  4 mg

a single type of adsorbed hydrogen was found and from 30 at. % the d issol­
ved  hydrogen in th e  fresh catalyst w as also hom ogeneous.

The potentia l o f the peak of d issolved  hydrogen underwent practically  
no change above 20 at. %. Since the q u an tity  o f dissolved hydrogen decreased  
to only a slight ex ten t in this same in terva l, it  m ay be assum ed that 2 0  at. %
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Fig. 6. Potentiodynam ic curve of a Pd-C u ca ta ly st containing 40 at. %  copper, in 1 JV sul­
furic acid, v =  50 mV/min; m«« 4 mg; 1. cycle 1; 2. cycle 2; 3. cycle 3

Table II

Potentiodynamic study o f  hydrogen sorption on Pd-Cu catalysts, in 1 N  sulfuric acid (one month
after preparation)

P o s itio n s  o f m ax im a
C opper in  h y d ro g en  range
c o n te n t 
(> t. % )

(m V )

d isso lved  I ad so ib ed

0 60 170, 255, 265*
10 42 170*, 250
20 26 233
30 26 217
40 28 195

* shoulder, ra ther than  a separate maxim um

Cu is the concentration above which the alloy no longer dissolves, but on ly  
adsorbs hydrogen. The tabulated copper contents are average values; it is 
probable that even in the sample containing 40 at. % copper there are low  
copper-containing phases which dissolve the hydrogen, and because o f th is  
the changes occurring on the increase o f  the copper content becom e som ew hat 
ind istinct.

The position of the anodic oxygen  peak for pure palladium  is at ca. 
850 mV, and th is did not change as a result of alloying.

The potentiodynam ic curves o f th e  copper-containing samples exh ib it 
a characteristic m axim um  at 575 — 600 mV. The area under the peak increased

Acta Chim. ( Budapest)  90, 1976



MALLÁT et al.: EI.ECTROCHEM ICAL STUDY 3 3 9

w ith  increase o f  the copper content. The peak is situated  between the p o ten ­
tia ls corresponding to  anodic dissolution o f copper and palladium (E cu/cu*+ =  
0.34 V; Epd/pd2+ =  0.83 Y). Accordingly, it is probable that at this potentia l 
the copper in som e Pd—Cu alloy undergoes oxidation .

The phase diagram indicates that up to a copper content of 40 at. % 
the Pd — Cu alloy is hom ogeneous, but above th is the form ation of tw o inter- 
m etallic com pounds of definite com position (PdCu and PdCu3, or P d 3Cu5 
and PdCu5) can be observed, the cubic lattice th en  becom ing tetragonal [8 ]. 
Since the potentia l corresponding to the above-m entioned maxim a (575 
600 mV) is practically  the same for all the copper-containing sam ples, it  m ay  
be assum ed that when the palladium  was alloyed with 10—40 at. % copper, 
in every case som e interm etallic com pound o f definite com position was form ­
ed on the surface, its am ount increasing w ith  increase of the copper content.

Figure 6  shows curves obtained by cyclic potentiodynam ic polarization  
of the cata lyst containing 40 at. % copper. In th e  course of anodic polariza­
tion  o f  the hydrogen-containing sam ple for the first tim e a single large peak  
can be found betw een 450 and 700 mV. W hen the m easurem ent was repeated  
w ith  the same sam ple (cathodic, and then again anodic polarization), a new  
peak appeared at 300 350 mV, and the m axim um  at ca. 585 mV split into
tw o readily distinguishable m axim a at ca. 520 and 595 mV. At the same tim e, 
the curve also changed in the hydrogen range, as a consequence of anodic d isso­
lution  and cathodic deposition.

The peak at 300— 350 mV corresponds to  oxidation  o f copper in a Cu—Cu 
bond. The sp litting  of the m axim um  at ca. 585 mV indicates that in fact the  
dissolution o f tw o interm etallic palladium — copper compounds of definite com ­
position  is tak ing place here. The m axim um  at 520 mV, which is the nearer to  
the norm al potentia l of the Cu/Cu2+ process, corresponds to a chem ical com ­
pound richer in copper, while the other m axim um  corresponds to a chem ical 
com pound poorer in copper. The areas under the 300 — 350 and 520 mV peaks 
increased w ith  th e  number o f cycles, for an increasing amount of copper was 
dissolved anodically and was deposited on polarization, thereby increasing  
the q u an tity  o f th e  phases richest in copper. (For this it must be assum ed  
that th e  copper deposited from the Cu2+ ions on cathodic polarization is par­
tia lly  alloyed w ith  the palladium .) The extended, sloping ‘section’ appearing  
at 400 — 450 mV in cycles 2 and 3 (the area corresponding to the difference 
of the curves for cycles 2  and 1 ) can be explained b y  the oxidation of a coppcr- 
rich phase of indefin ite com position, containing more copper than the com ­
pound phases.

On th is basis it m ay be assum ed that the peaks between 450 and 700 
mV in the potentiodynam ic curves o f the sam ples containing 10—40 at. % 
copper (Figs 3 — 6 ) are also the sum of tw o m axim a. The potentials corre­
sponding to  the m axim a of the peaks and to  the com pletion of the peaks are
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the sam e in all four cases, whereas the poten tia l corresponding to  the com m en­
cem ent of the peak decreases b y  ca. 100 mV on increase of the copper content 
from  10 to 40 at. %. This, together w ith  th e  relatively  large half-w idth of the  
peak for the higher copper-containing sam ples, permits the conclusion that  
even  in  the first anodic curve th is peak is th e  sum of two unresolved peaks. 
W ith  the increase of the copper content, th e  am ount of the interm etallic com-

Fig. 7. Potentiodynam ic curves of Pd cata lyst containing copper deposited on its surface by 
hydrogenation, in 1 IV sulfuric acid. v l =  2 m V/m in; v„ =  50 mV/min; m ^  4 mg; 1. Cu/Pd

=  0.014; 2. C u/Pd =  0.065

pound richer in copper increases, and therefore the peak com m ences from  
ever lower potentials.

In the potentiodynam ic curve for pure Pd (Fig. 2), the current is m ini­
m al and alm ost constant between 350 and 700 mV, corresponding to the fact 
th a t only the double layer is charged in th is section. In the potentiodynam ic  
curves of the copper-containing sam ples (Figs 3 -  6 ), w ith the increase of 
th e  copper content the value of the current at around 700 mV (the minimum) 
becom es continuously larger compared w ith  th at measured at 350 mV. This 
probably indicates oxidation  of the copper dissolved in the palladium . For 
an exact evaluation, it  would be necessary to depict the potentiodynam ic  
curves for all o f the sam ples in a single diagram and then to  compare them  
in the range betw een 600 and 900 mV, but because of the ignorance of the exact 
w eight of catalyst th is is not possible.

In Fig. 6  the_ difference at around 700 mV in the anodic curves for cy ­
cles 1 and 2  is again presum ably connected  w ith the copper dissolved in the  
palladium : because o f the high-surface Cu/Pd ratio on cathodic deposition  
after anodic dissolution of the surface o f  the sample, predom inantly copper- 
rich phases were form ed, and copper did not dissolve in palladium .

Experim ents were also carried out in  which a CuS04 solution  was added 
to a Pd catalyst not containing copper, and copper was deposited onto the 
surface of the Pd cata lyst b y  hydrogenation during shaking.
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The Cu/Pd atom ic ratios were (a) 0.014 and (b) 0.065. It can readily  
be seen in the potentiodynam ic curves (Fig. 7) th at copper was predom inantly  
alloyed w ith palladium : both curves are very sim ilar to the polarization curves 
of Pd—Cu alloy cata lysts. W hen more copper was deposited onto the surface, 
the am ounts o f the copper-rich or pure copper phases increased, while at the  
same tim e the quantity  o f hydrogen adsorbed decreased. In the range of d isso lv ­
ed hydrogen the curve did not change perceptib ly. All this indicates th a t  
under these conditions too copper is alloyed w ith palladium , hut alloy form a­
tion proceeds only on the surface.

S z a b ó  [9] also dem onstrated alloy form ation during copper adsorption, 
on a P t electrode coated w ith palladium  black.

The shoulder appearing at ca. 800 mV, which can be distinguished only  
w ith difficu lty , can probably be explained b y  dissolution o f some low  copper- 
containing Pd—Cu phase.

From the results listed so far it m ay be concluded that on preparation, 
no hom ogeneous solid solution corresponding to the phase diagram was form ­
ed on the surface. Instead, copper partially dissolved in palladium and parti- 
ally gave rise to new  interm etallic com pound phases. (The dissolution o f h y ­
drogen is characteristic for the entire volum e, but the anodic dissolution of 
copper occurs only in the outerm ost surface layers under potentiodynam ic  
conditions.)

Table III

Apparent activities of Pd-Cu catalysts in the hydrogenation of eugenol and acetophenone

C opper 
co n te n t 
(«*■ %)

A c tiv ity  on eugenol A c tiv i ty  on acetophenone

/  m* H , \ / ml II2 \ / ml H , \ C m l H 2 ^
\  m in  gcat / \  m in  gPd / \  m in  g c a t / V m in g Pd /

0 92.0 92.0 10.5 10.5
10 37.5 40.0 22.5 24.5
20 46.0 53.0 28.0 32.0
30 59.5 75.0 36.0 45.0
40 57.5 81.0 36.0 50.5

The apparent activ ities of the Pd-C u cata lysts in the liquid-phase h y ­
drogenations of acetophenone and eugenol are given in Table III, and the  
variation o f the apparent activities as a function  o f the atom ic percentage  
of copper can be seen in Fig. 8 . The apparent a c tiv ity  in the hydrogenation  
of acetophenone increases m onotonously w ith  the increase o f the overall 
copper content, whereas in the hydrogenation of eugenol the activ ity  is decreas­
ed sign ificantly by 1 0  at. % copper, but further increase of the copper content 
subsequently increases the activ ity .
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B oth activ ity  curves are at variance w ith  the long-prevailing view  th at  
th e  cata lytic  activ ities o f transition m etals in tw o-com ponent alloys decrease 
alm ost m onotonously as a result o f the s electrons of the I — В group m etals. 
Som e years ago, how ever, D o w d e n  [10] and Sac h tler  et al. (in several pub­
lication s, e. g. [1 1 ]) dem onstrated th at th is is not always the case, even if 
th e  tw o alloying m etals form a hom ogeneous solid solution. A m onotonous

Fig. 8. A pparent activities of Pd-C u cata lysts as a function of the composition, in  the  hy 
drogenation of eugenol and acetophenone

decrease of the cata lytic  activ ity  is not to  be expected m ainly when the two  
m etals cannot form a solid solution in a certain com position interval, or this 
cannot be formed under the conditions o f preparation of the cata lyst. In th is 
case the phases o f various com positions m ay separate, and the com position  
o f  th e  surface phase m ay differ sign ifican tly  from the overall com position of  
th e  alloy.

On the basis o f the conditions of ca ta lyst preparation already describ­
ed in the Experim ental section (reduction of a m ixture of palladium  and 
copper hydroxides at room tem perature), it is very likely that a com pletely  
hom ogeneous solid solution was not form ed from palladium  and copper in the ca­
ta ly sts . (Our aim was to  investigate ca ta ly tic  activities are higher than those  
of palladium -copper catalysts in which a nearly homogeneous solid solution  
is formed from the tw o m etals.) Our potentiodynam ic studies clearly proved  
th a t copper dissolved only partially in palladium , also partially form ing inter- 
m etallic compound phases with the palladium  on the surface o f the catalysts.

The variation o f the activ ities m ay he correlated with at least two  
factors: the bond strength of hydrogen on the surface of the cata lyst, and the  
nature of adsorption o f the substance to  be hydrogenated. The apparent 
a ctiv ity  in the hydrogenation of acetophenone increases alm ost linearly w ith
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the decrease of the potentials relating to the hydrogen m axim a (Table II). 
The adsorption o f acetophenone also probably changes and becom es more 
favourable w ith the increase o f th e  copper content. A similar phenom enon  
was observed b y  S o m a-N oto and Sac h t l er  [12], w ho, in  an IR  spectroscop­
ic study of CO sorbed on Pd -Ag alloys, dem onstrated that the nature of 
CO adsorption is changed by increase of the Ag content. In  the hydrogenation  
of eugenol, variations in the adsorption o f the molecule and in the bond stength  
of the sorbed hydrogen m ay to a certain extent act in opposing directions as 
regards the hydrogenating activ ity , and th is m ay bring about the rapid decrease 
up to  a copper content of 1 0  at. %, while the subsequent increase m ay be 
explained by the decrease in the bond strength o f adsorbed hydrogen becom ­
ing predom inant. B ased on our investigations to  date, the effects o f these  
factors can naturally  only be suggested  as a possib ility . A deeper understand­
ing will probably becom e possible as a result o f further studies now under 
w ay (a wider com position range, and determ ination o f selectivity).

Conclusion

Palladium —copper powder cata lysts containing 0 —40 at. % copper, 
prepared by hydrogenation, were studied by galvanostatic and potentiody- 
nam ic m ethods, and the liquid-phase catalytic a c tiv itie s  were m easured in 
the hydrogenation o f model com pounds. The follow ing were the m ost im por­
tant results:

1. For copper contents o f 0 —20 at. % the am ount o f hydrogen adsorb­
ed did not change, but that o f the dissolved hydrogen decreased consider­
ably and alm ost linearly. The situation  was the reverse for copper contents 
of 20 40 at. %: the am ount o f adsorbed hydrogen decreased relatively  sig­
n ificantly , while th a t of the dissolved hydrogen barely changed. A copper 
content of around 2 0 . at. % is probably the concentration above w hich the  
alloy no longer d issolves, but on ly  adsorbs hydrogen.

2. The potentiodynam ic m easurem ents indicated  th at w ith the incor­
poration of copper the bond energy o f sorbed hydrogen decreased, and the  
distribution of the bond energy becam e more hom ogeneous. On preparation  
of the catalyst no hom ogeneous solid solution was form ed on the surface of 
the grains, but part o f the copper dissolved in the palladium , and part formed  
new  interm etallic com pound phases. The quantity o f  the latter increased  
w ith increase of the copper content.

3. The apparent activ ity  in  the hydrogenation o f acetophenone increas­
es m onotonously w ith  increase o f  the overall copper content, whereas in 
the hydrogenation o f eugenol 1 0  at. % copper decreases the activ ity  consid­
erably, while further increase o f the copper content leads to an increase of
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th e  activ ity . Such changes in the activities can probably be explained by the  
decrease of the m etal—hydrogen bond energy and the change in  adsorption 
strength  of the reactants.
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Results on deuterium  exchange of cyclopentane, cyclohexane and dehydroge­
nation of cyclohexane in the presence of deuterium  on Rh black are reported. Between 
273 and 373 К  the sole reaction is deuterium  exchange w ith apparen t activation energies 
of 51 and 63 k J  m ol-1 for cyclopentane and cyclohexane, respectively. The deuterium  
distribution can be explained by assuming aa  and aß surface species. The appearance 
of te tradeu te ra ted  products a t elevated tem peratures can be a ttribu ted  to aaßß doubly- 
bonded in term ediates which are assumed to  be responsible for poisoning. D ehydroge­
nation of cyclohexane was studied in the tem perature range 473 — 573 K. The ra te  
of benzene form ation is commensurable w ith the desorption of deuterated cyclohexane. 
However, the fac t th a t  deuterium appears in a nearly equilibrium  distribution both  
in benzene and cyclohexane suggests th a t  the interconversion steps yielding d eu te ra t­
ed surface species are fast compared either w ith cyclohexane desorption or w ith ben­
zene form ation.

Introduction

C atalytic transform ations of saturated hydrocarbons in the presence 
of hydrogen have been extensively  investigated  in our laboratory on Ni 
[1 — 3] and P t [4] b lacks. It was found [3] th at different reaction routes such  
as hydrogenolysis and deuterium  exchange can be satisfactorily explained by  
assum ing ‘w eak’ and ‘strong’ interactions on the surface. On applying th is  
concept to  characterize N i and Pt, it was concluded [5] that the weak— strong  
conversion takes place easily  on Ni, while a relatively  ‘hydrogen-rich’ species 
exists on P t. These phenom ena have been confirm ed [6 ] b y  correlating chem i­
sorption m easurem ents and deuterium exchange of m ethane, ethane and h y ­
drogenolysis o f ethane on Co, Ni and P t catalysts.

R ecently , we focused our atten tion  on the cata lytic properties o f rho­
dium black. R hodium  film s, supported rhodium  catalysts [7] show high ca ta ­
lytic  activ ities, as com pared with other transition m etals of group V IH b  
in deuterium  exchange and hydrogenolysis of saturated hydrocarbons. In 
the present work we report on the H -D  exchange of cyclopentane and cyclo ­
hexane and on the dehydrogenation o f cyclohexane in the presence of d eu te­
rium. The experim ental results are com pared with earlier data obtained on
[8 ] Ni and Pt.
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Table I

Deuterium distribution of

T/K d. dx d. d3 d. ds

Cyclopentane 265 obs. 93.31 5.1 1.5 0.1 0.00
calc. 93.31 6.4 0.2 0.0

297 16.7 28.9 12.6 4.4 24.1
306 21.9 25.2 5.4 8.7 16.4
328 10.5 10.1 7.6 8.5 7.3
341 12.0 10.2 4.21 5.4 9.6
378 4.3 2.5 1.2 12.0 3.1

Cyclohexane 265 obs. 80.2 18.2 1.5 0.1 0.00
calc. 80.2 17.8 1.8 0.1 0.00

294 34.6 8.6 7.9 7.2 8.3
311 25.6 11.7 5.8 7.1 8.2
328 18.1 13.2 8.7 4.5 5.8
347 10.0 4.2 5.8 7.8 8.2

369 12.5 6.6 4.1 5.2 5.8
381 5.0 2.5 1.5 2.0 1.1

Experim ental

All experim ents were performed in  an all-glass circulation apparatus 
w ith  a to ta l volum e of 120.1 cm 3. The reaction vessel was connected through  
fin e  capillary to  an A E I MS IOC 2 m ass spectrom eter, so th at the reactions 
could be followed continuously. The correction procedure which was used in  
the determ ination o f deuterium  distribution  has been described earlier [1 ]; 
the product distribution patterns were determ ined from the initial rate o f  
form ation of individual deuterated hydrocarbons. The mean deuterium  num ­
ber is

M = У iw°i2  W1 L e-' K l 2  ul
; = i  i = i  1

The rhodium powder catalysts were prepared from RhCl3 • 3 H 20  
solution  by reduction w ith form aldehyde in  an alkaline m edium . The surface 
area o f the cata lyst, after hydrogen treatm en t at 300°C, was 7.1 m 2 g ^ 1 (B E T  
m ethod using N 2).

D euterium  was purified before use b y  passing it through a heated sil­
ver-palladium  thim ble. H ydrocarbons (supplied by Merck) and deuterium  
were always m ixed in a 1 : 10 ratio at a to ta l pressure of 29.33 kN  m ~ 2 unless 
otherw ise stated . In each o f the experim ents 0.045 g rhodium  was used.
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CH and CP on Rh black

Л. d , d . d 9 din d u d „ M E
(kJ mol-1 )

1 .4 2 .2 3 . 3 2 .6 3 .3 3 . 5 6

1.0 2 .1 7 . 6 8 .7 9 . 9 4 . 6 0

5 .4 8 . 9 1 1 .7 1 0 .9 1 8 .6 5 . 8 8

4 . 8 4 . 2 1 1 .4 1 8 . 6 1 9 .2 6 . 2 3

6 . 4 7 . 3 1 4 .2 2 0 . 2 2 8 . 4 6 . 6 9

5 1

6 3

1 9 .0 0 . 7 1 .3 2 . 4 2 .7 3 .1 3 . 8 4 . 0 3

1 4 .8 3 . 5 2 . 5 3 .0 4 . 3 5 . 8 6 . 9 4 . 8 5

1 0 .9 5 . 3 4 .1 7 . 8 8 .9 1 1 .4 1 4 . 5 7 .1 1

7 .7 6 . 9 6 . 6 6 . 0 7 .1 1 1 .7 1 7 . 4 7 . 2 3

6 . 8 5 .3 5 .1 8 .3 8 . 6 1 1 .6 1 9 .7 7 .3 1

2 .5 1 .5 4 . 5 8 .5 1 4 .6 2 6 .7 2 9 . 2 9 . 5 5

Results

On a freshly prepared cata lyst the rate of deuterium  exchange o f c y ­
clopentane was rapid even at 196 K. The rate of exchange at 265 К  and a total 
pressure o f  13.32 kN  m - 2  was 4.73 X l 0 ~ 8 mol m ^ 2 s -1 .

E ven  at th is tem perature, the catalyst was poisoned rapidly and sub­
sequent hydrogen treatm ent could not restore the original activ ity . In  order 
to obtain reliable k inetic data to be considered as a steady-state character­
istic  of the sam ple, repeated runs were performed at 328 К  on the same 
sample. The results are sum m arized in Fig. 1.

The initial deuterium  distributions on this aged cata lyst (Type I) are 
sum m arized in Table I. A t 265 К  the values m easured relatively  w ell to  the  
points calculated from a binom ial distribution. W ith increasing tem perature 
‘one-side’ exchange is predom inant, i . e. the exchange o f the first five or six  
hydrogen atom s in CP and CH, respectively, occurs easily . Above 353 К  the  
in tensity  o f C P - d j  and CH — d6 isomers drop and the distribution is shifted  
towards perdeuterated species. The apparent activation  energy is 51 kJ 
m ol_1for cyclopentane and 6 3 k J m o l- 1for cyclohexane betw een 293 and 353 K. 
In th is tem perature range exchange w ith cyclopentane is about seven
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run n°

Fig. 1. Effect of cata lyst self poisoning on the ra te  of deuterium  exchange of cyclohexane 
(O ) and cyclopentane (□  ) and the variation of the w%/wdj ratio  for CP-d- and CP-d2 ( A ), 
CH-df. and CH-d, ( 3 )  (left-hand scale); CP-d10 and CP-d2 (■ ), CH-d12 and CH-d, (ф )  (right-

hand scale).

tim es faster than th at w ith cyclohexane. However, on increasing the tem per­
ature above 353 K, th is ratio, as well as the apparent activation  energy de­
crease.

Table II

Effect o f catalyst deactivation on the dehydrogenation o f CH at 520 К

N o . o f  
su b seq u e n t 

ru n s
W H S nH " ’ex.CH

0
“ \ b MCH M b

l 7 7 .1 0 . 0 0 7 — • 1 .0 3 _
2 1 .1 2 0 . 0 1 2 — 2 .2 1 — —

3 0 .8 1 0 . 2 3 — — — —

4 — — 3 .1 1 5 .4 1 7 . 0 9 4 .7 1

5 — — 4 . 0 3 5 . 3 7 6 . 7 3 4 . 3 8

6 — — 5 .7 1 4 . 6 8 6 . 2 5 4 . 4 7

7 — — 5 . 4 3 4 .4 1 6 . 1 2 4 . 2 8

8 — — 4 .6 1 4 . 3 2 6 . 0 3 4 .1 7

9 — — 4 .7 1 — 5 . 9 5 4 .1 2

1 0 — — 4 . 4 3 4 . 1 2 5 . 9 5 4 . 0 6

— rate  of CH hydrogenolysis ( 1 0 8 mol m—2 s~  !)
SnH — selectivity to n-hexane formation

u)gX CH — rate of CH exchange У  d- (Ю8 m°l m 2 s_1)
i^o

lü g  — rate of benzene form ation =  W g__(1 0 8 mol in  ' 2 s _1)
_  i=°
M CH and M B — mean deuterium  number in CH and B, respectively
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Fig. 2. Comparison of theoretical and m easured spectra of deu tera ted  cyclohexane and ben­
zene (see Table II).

1 ^ ' 4  =4 7 0  M=472 1 r No 4 ^ eq =940 M=709

f| measured  

1  ca lcu la ted

___________ 1 PpPr^ f l | l l p
d0 d2 d d6 do d2 d4 d6 d8 d10 d12

Above 393 К  th e  deuterium  exchange of cyclopentane was accom pa­
nied by m ultiple fragm entation  of the cyclopentane ring. This is clearly seen  
from the low se lectiv ity  value of n-pentane form ation, S nP =  0.17, as m easur­
ed w ith hydrogen at 420 К  under otherwise identical conditions. Further 
attention was not paid to  this reaction.

D ehydrogenation o f cyclohexane in the presence o f deuterium was m eas­
ured in the tem perature range betw een 474 and 573 K . In Table II we have  
summarized the effect o f catalyst self-poisoning at 520 К  for the Type I ca ta ­
lyst. The first three runs were performed in the presence o f hydrogen. It was 
found that there is a great difference between the in itial and subsequent 
rates. Between runs, the catalyst was treated w ith  hydrogen only. During  
the first three runs th e  ‘deep hydrogenolyeis’ of cyclohexane is the sole reaction
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apart from the form ation of a sm all am ount of benzene. The rate of benzene 
form ation therefore passed through a m axim um  due to  the fast decrease in 
the rate o f hydrogenolysis. The rate o f  deuterium exchange o f cyclohexane
was characterized b y  ^  wd . The in itia l deuterium  distribution in  cyclohexane

i*o '
and in the benzene* formed is shown in F ig. 2. From the deuterium  distribu­

tio n  o f cyclohexane one can conclude th a t the adsorbed species reaches equi-

Fig. 3. Arrhenius plots for deuterium  exchange of CH (□ ), benzene form ation (X) and CH
consum ption (О)-

librium  distribution before it can leave the surface. (This distribution can be 
characterized b y  © d / © c h  rather th an  b y  Роч/Рсн)  W ith the aging of the 
ca ta lyst the mean deuterium  num ber o f deuterated CH decreased due to the 
increased proportion o f single deuterated  isomers. On the other hand, the  
assum ed equilibrium distribution o f d7 — d12 isomers shifted toward smaller 
0 eq-.

On comparing wd CH w ith  the rate of benzene form ation, it is 
apparent that the rate o f desorption o f CH is com m ensurable w ith the rate 
o f the surface reaction.

* The separation of CH-d0 and benzene-d0 (mje =  84) is based on the assum ption th a t 
b o th  CH and benzene contain the deuterium  atom s in near equilibrium  distribution, th a t is, 
0 benzene ^ 1 /2  0 c h  • D etails of this calculation are in Ref. [8]. 0 g'Jj was determ ined by a simple 
d irec t search m ethod from  the in tensity  of d7-du  isomers ra ther th an  from  the ratio  of Рог/РСН' 
I t  is of interest w ith respect to surface coverage th a t, according to 0 t he value of G q is 
comm ensurable with ©£H ( © d  ©  с H)  - suggesting th a t the chem isorption ability  of the two
com pounds a t th is tem peratu re  is similar.
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After com pleting these experim ents the effect o f tem perature was in ves­
tiga ted  w ith reference to  this carbonized (Type II) sam ple. The results are 
show n b y  Arrhenius plots in F ig. 3. The apparent activation  energies are 78 
k J  m o l-1  and 52 kJ m ol- 1  for cyclohexane consum ption and deuterium
exchange (calculated from ^  w^), respectively. The rate o f deuterium  exchange

1*0 '
above 533 К dropped and a similar trend was observed for benzene  
form ation at 553 K . This effect cannot be explained b y  catalyst poisoning  
because the exchange rate at 473 К  (after cooling the sam ple) was w ithin  
the experim ental error (4% ). A t th is tem perature, hydrogenolysis as a side 
reaction is dom inant, leading m ainly to CD,.

Discussion

The experim ental results concerning deuterium exchange o f cyclopentane  
and cyclohexane can be explained b y  dissociative chem isorption. Besides 
th e  single exchange interm ediate (resulting in a d1 isomer) one has to  assum e 
at least two other interm ediates responsible for m ultiple exchange. The 
m axim um  appeared at the CP d 2 isom er, providing evidence that tw o-point 
adsorption m ay take place easily. Further m axim a were found at CP ds 
and, in the case o f CH, at CH — d6.

On the basis o f the similar activation  energy of the form ation o f CP d2 
and C P—d5 isom ers, it can be concluded that th is process involves the same 
interm ediate, i. e. deuterium  exchange on one side o f the ring takes place 
through the a  -  ß  process [10]. I t  is known that the form ation of a тг-allylic  
ty p e  interm ediate [9] leads to  deuterium  exchange on both  sides of the ring, 
therefore, one cannot expect any m axim a at CP d5 or at CH de. In fact 
th is is the case on N i and P t for cyclohexane exchange. R uling out the possi­
b ility  o f ‘roll-over’ m echanism s [11, 12], in the absence of CP d8andC H  — d10 
isom ers, we were tem pted  to assum e that the turning over o f the ring involves  
a a  interactions as originally proposed b y  K e m b a l l  [10]. This assum ption  
seem s to  be confirm ed also b y  the fact that the apparent activation  energy  
for the form ation o f d6 - d l0 isomers o f  CP is by about 12 -1 6  kJ m ol-1  greater 
than  th at for CP — d2. At elevated  tem peratures the distribution shifted tow ard  
m ultiple exchange, i. e. the proportion of m ultiply deuterated species grew  
at the expense o f d5 and da isomers in CP and CH, respectively. A lthough one 
cannot rule out the possib ility  o f a зт-allylic type interaction in this tem pera­
ture range, the strong poisoning effect suggests a rather localized chem isorp­
tion . This seems to  be supported by the fact th at CP—di  and CP—d0 are 
alw ays greater than  CP d5, suggesting a a a —ßß  type interaction.

The CP — D 2 exchange is about seven tim es faster than  th at w ith  CH 
betw een  297 and 353 K. There is no significant difference betw een the disso-
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ciation  energies of C H  bonds in these hydrocarbons (389 and 393 kJ m o l-1 ) 
for CP and CH, respectively  [13] therefore, the higher reactiv ity  of CP can 
be attributed  to the ‘rigid’ structure o f th is m olecule. It is well-known that the  
CP ring is nearly planar and the hydrogen atom s are fixed in eclipsed confor­
m ation affording a favourable spatial arrangem ent for <xß adsorption. This 
explains the ease o f a tw o-point adsorption and the greater rate compared 
with CH.

The rate of CP exchange decreased to  a greater ex ten t than that of CH 
in successive runs (see F ig . 1). During th is aging the form ation of perdeuterat- 
ed species is supressed b y  the form ation o f single deuterated products, as 
can be seen in Fig. 1. W ith  reference to  the surface sta te  of the catalyst it is 
of interest that, while th e  CH duld l  o r  C P  diold2 ratio continuously decreased 
due to  the increased proportion of poisoned surface sites, the initial rate of 
CH d(.Jd1 and CP d5/d2 passed through a broad m axim um  in the same process. 
The rapid decrease in  the form ation of m ultip ly  deuterated species proves the  
im portance of coordination of active sites being responsible either for the  
‘turnover’ of the m olecule or the form ation o f a тг-ally lic-type interm ediate. 
On th e other hand, we are prepared to accept that the poisoning of the surface 
by carbon m ay change not only the short-range surface geom etry of active  
sites but also their energy levels.

Above 200 °C the dehydrogenation o f cyclohexane represents the main 
reaction route. In order to  explain the experim ental results, we assume that 
both  th e  H -D  exchange o f  CH and benzene form ation can be considered as 
‘w eak’ interactions [5]. Furthermore, the chem isorption steps yielding either 
m u ltip ly  deuterated CH or the benzene precursor are com m on. The following  
ten ta tiv e  model can be proposed

^ g
IF, It IF_i

W -l A a
‘w eak’ interactions W2 It I F .2

IF-2 A'a

1 ^ benzene form ation
poisoning l ! hydrogenolysis

‘strong’ interactions ■<---------- —
Ik W r

W -l interaction is responsible for the form ation of m onodeuterated cyclo­
hexane while W-2 interactions lead either to  m ultiply deuterated species or 
to the benzene precursor.
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For the sake of sim plicity  we have not taken into account the detailed  
m echanism  of deuterium  exchange. The steps betw een A g and A'a can there­
fore be related to a, a/3, Jt-allyl and jr-olefin interactions and the rates W., 
and W  _,t were considered as referring to interconversion steps between the  
species m entioned above. A t low  tem peratures on a catalyst o f steady-state  
activ ity , i. e. if  W3 =  fP4 =  0, the equilibrium is betw een A g and A'a. In th is  
tem perature range the on ly  reaction is H—D exchange; its rate is lim ited by  

as accepted generally. A t elevated tem peratures th is adsorption—desorp­
tion equilibrium  in the deuterium  exchange o f CH ceases to  exist and the main  
reaction is benzene form ation. It is generally accepted th at the rate of dehy­
drogenation is controlled b y  the surface reaction [13]. A ctually , in this tem per­
ature range ( cf. Table II and Fig. 2) the rates o f  form ation of deuterated CH 
and of benzene are com m ensurable. The fact, how ever, that the CH desorb­
ed contains deuterium  in near equilibrium distribution  suggests that the  
interconversion steps (W 2 and IF_2) leading to  deuterated  species are extrem e­
ly  fast compared either w ith  the desorption of CH or with the form ation  
of benzene, therefore, W  4 W2, BA ? and Wv  A lthough the adsorbed
species reaches an equilibrium  concentration o f deuterium , this is not the overall 
equilibrium of the whole system .

W ith increasing tem perature both the rate o f  CH exchange and th at  
of benzene form ation decreased and sim ultaneously hydrogenolysis prevailed. 
This means th at the reversib ility  of interconversion steps partly ceased due 
to  the form ation o f strongly bonded species whose fragm entation enters into  
com petition with benzene form ation; thus, in this case, W2^> W _ ? and JF5^>0 .

F inally, we give a brief comparison betw een the experim ental results 
observed on Ni and P t [8 ]. The rate of H—D exchange o f CH is greater than  
that over Pt o rN i; the a ctiv ity  sequence, is Rh ]> P t >  Ni. (The same reaction  
order was observed w ith respect to the rate o f ethane-D 2 exchange [14]). 
The activation energies are nearly the same, being 63, 67 and 79 kJ m o F 1 
for CH exchange on Rh, Pt and Ni, respectively. A different activ ity  sequence 
was observed, however, when benzene form ation was compared, i. e. P t >  
Rh ]> Ni. In order to explain this change in the a c tiv ity  sequence we have  
to  remember that both Ni and Rh m ay cleave the С—H  bond to  a relatively  
large extent. The ease o f w eak strong interactions on both  catalysts explains 
the rapid poisoning of the surface. This also seem s to  be confirmed by the  
fact th at on Rh and Ni the hydrogenolysis o f CH predom inates above 573 K . 
B oth Ni and Rh m ay therefore be heavily contam inated by carbonaceous 
residues owing to the ease o f form ation of m ultip ly bonded species. The greater 
number of working active sites together with the ease o f formation o f jr-allyl 
or я -olefin interm ediates m ight provide an explanation  for the greater reactiv­
ity  o f P t in benzene form ation.
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Harm onic force fields were developed for m alononitrile molecules, based on 
uncorrected observed frequencies from literature. Also the poten tia l energy distribu­
tion was calculated for each of the molecules.

Introduction

In a system atized  study of the mean am plitudes of m alononitrile m ole­
cules we have developed force fields for the models X 2C(CN)2, X  =  H, D, 
F , Cl, Br, and HXC(CN)2, X  =  D , Br.

Although normal coordinate analyses of these m olecules have been car­
ried out by a few investigators [1, 2, 3], a comprehensive force field has not 
y e t been developed. Therefore, we have started our work w ith system atized  
force field  study after adopting the spectroscopic and structural data from  
those papers. We have made a slight rectification on the spectrum  o f HBrC 
(CN)2 published by V a n  H a v e r b e k e  et al. [3]. This was an interchange of 
tw o frequencies (i>9 w ith  vle in Table II  of [3]) in accordance with V a n  

H a v e r b e k e  and his coworkers’ statem ent [3] that the A, and B 4 species of 
the C?v becom e A ’ vibrations and A2, B2, species of C2v sym m etry class are 
reduced to  A ” vibrations in Cs. Also the orthogonality o f G m atrix proves 
the com petence o f the interchange o f frequencies.

Normal coordinate analysis

W e have constructed the following set o f sym m etry coordinates for m ole­
cules X 2C(CN)2 from the valence coordinates in Fig 1.:

A x S, =  Щ2 (h +  t2)
S2 =  1/^2 (r1 +  r2)
S* =  У ST/2 (/?x +  ^2  +  +  ßi)
S4 =  1/^2 Oh +  si)
s5 =  УST/2 (Ő y) SR =  aS*3 + b -  SJ* ^ О
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S6 =  VRS/2 (# x +  A,) S3 . я S* b ■ S** 
S** =  УST/2 (d +  y)

A , S7 =  У ST/2 (ßi ß2 + ß 3 Ä )
S8 =  j/R S/2 +  K )

Iix S9 =  1 l\i 2 (<, -<2)
SI0 = y S T /2 ( ft  ß2 ß3+ ß 4)
Su  =  f R S /2 (#í - ^ )

B 2 S12 =  l/J/2 (rr  r2)
Su =  У ST/2 ( f t  +  f t  f t  ft)
Su =  W 2  (s i - s 2)
S15 =  yrR S/2 ( f t - f t )

Neglecting the valence coordinate Ö in Fig. 1, we could avoid redundancy  
in species A x. The calcu lation  can be carried out w ith very similar results in 
both  cases, we still publish the results according to this set o f sym m etry coor­
d inates with redundancy to attach to earlier works on these molecules.

In Fig. 2 the valence coordinates are given for m odel XHC(CN)2, sym ­
m etry  Cs. As it can be recognized at once, we have kept all the valence coor­
d inates from model X 2C(CN)2 if  it has been possible. Therefore, a bit unusual
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Table I

Observed frequencies (cm  1) and structural data o f X„C(CN )2 molecules ( X = H ,D ,F ,C l,B r)

Species A ssignation
Hac (CN), 

[1]
DaC (CN)a 

[1]
F,C (C N ). 

[21
ClaC (CN),

[3]
Br2C (CN),

[3]

j>l C—X  str. 2 9 3 5 2 1 4 6 1 1 7 0 7 9 3 7 1 7

v2 C==N str. 2 2 7 5 2 2 7 2 2 2 6 0 2 2 5 8 2 2 5 0

j>3 XCX bend. 1 3 9 5 1 0 3 7 4 6 5 5 0 4 3 8 4

A, r4 C—C str. 8 9 3 8 5 8 7 3 3 9 3 0 9 1 5

v5 CCC bend. 5 8 2 5 7 7 5 5 9 5 6 9 5 7 2

ve CCN i. p. bend. 1 6 7 1 6 3 1 5 3 1 7 6 1 7 3

v7 XCX bend. 1 2 2 5 8 9 2 4 8 8 4 6 9 4 6 2

A, v8 CCN o. p. bend. 3 7 1 3 5 6 1 9 0 1 5 5 1 5 4

v9 C—X  str. 2 9 6 8 2 2 3 0 1 1 4 4 7 9 3 7 1 7

B, vl0 XCX bend. 9 3 6 7 9 5 6 3 8 4 4 0 4 3 7

vn  CCN o. p. bend. 3 3 7 3 0 2 1 3 3 1 3 7 1 3 1

j>12 Cs=N str. 2 2 7 5 2 2 7 2 2 2 5 9 2 2 5 8 2 2 5 0

r 13 XCX bend. 1 3 2 0 1 1 5 3 5 2 1 2 6 6 2 8 4

B2 vti С—C str. 9 8 5 8 2 9 8 0 4 1 0 8 5 1 0 8 0

)',5 CCN i. p. bend. 3 6 6 3 5 6 2 5 5 2 3 3 2 0 9

R (C = N ) 1 .1 7 1 .1 7 1 . 1 7 1 .1 7 1 . 1 7  A

S (C -C ) 1 .4 7 1 .4 7 1 . 4 7 1 .4 7 1 .4 7  A

T (C -X ) 1.10 1.10 1 . 3 5 1 .7 0 1.86 A

В (XCC) == Г  (CCC) =  A (XCX) 1 0 9 . 4 7 ° 1 0 9 . 4 7 ° 1 0 9 . 4 7 ° 1 0 9 . 4 7 ° 1 0 9 . 4 7 °

© (CCN) 1 8 0 .0 0 ° 1 8 0 . 0 0 ° 1 8 0 . 0 0 ° 1 8 0 . 0 0 ° 1 8 0 . 0 0 °

combinations em erged in S9, S15, because of the opposite side orientation o f  
and $2 to CCC plane. Sym m etry coordinates are as follows:

A ’ S i =  u
52 = 1/1/2 (rl + r2)
5 3 =  t

s4 = \ SÜ/2 (ß1 + ß2) 
S5 =  1/1A2 ( « !  +  S 2 )

S e =  fS T /2  (Ух +  y2)
57 =  S • <x
58 =  У R S /2  (# !  +  0 ,)
5 9 =  У R S /2  W - П )

3

A ” S10 =  I /]/”2  ( r x - r 2) 
Su  =  y s U /2 ( ^ - & )
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S12 — 1Д 2  (Sj s2)
S ls =  fS T /2  (У1 Г У2) 
S14 =  ]/ RS/2 (#1 - f > 2)
s15 = уRs/2 (#; + #;)

Force field

The force field calculations for each o f the molecules studied  started by  
the construction of starting F 0 m atrices F ,7 ^  0, F i;- =  0 (i ^  j ) .  These F0 
m atrices were constructed to  give the best approach in term s o f the eigenval­
ues Я0 to  the observed frequencies Aobs. Then these initial F 0 m atrices have 
been used to calculate the eigenvector m atrices L0 for each o f the studied

Table II

Observed frequencies (cm ~ 1)  and structural data o f H X C  (C N )2 molecules ( X  =  D, B r)

HDC (CN)a HBrC (CN),
Species Assignation [i] [3]

v , C— H  str . 2948 2 9 4 6

v2 C s N  str . 2272 2 2 6 3

v3 C— X  str . 2194 6 9 0

vt H C C  b e n d . 1247 1 1 4 5

v6 C— C str . 937 9 0 0

A ’ v6 X C C  b e n d . 816 4 2 9

v7 CCC b en d . 582 5 8 3

vs C C N  o .p . b e n d . 320 2 00

t'9 C C N  i. p . b e n d . 150 1 53

vl0 C = N  str . 2272 2 2 6 3

A ” v n  H C C  b e n d . 1282 12 8 5

v 12 C— C str . 1063 1 0 2 0

v13 X C C  b e n d . 856 4 6 0

vu  C C N  o . p . b e n d . 374 3 6 3

vl5 C C N  i. p . b e n d . 357 153

III«

1 .17 1 .1 7  Á

S ( G - C ) 1.47 1 .4 7  Á

T  (C— X ) 1.10 1 .8 6  Á

U ( C - H ) 1.10 1 .1 0  Á

A  (CCC) = В  (X C C ) =  Г  (H C C ) 1 0 9 .47° 1 0 9 .4 7 °

0  (C C N ) 1 8 0 .00° 1 8 0 .0 0 °
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Table III
E le m e n ts  o f  F  m a tr ic e s  f o r  X 2C f C N ) 2 m o lecu les ( m d y n e j  A)

H 4.80 H 0.42 I
D 4.80 D 0.42
F 3.24 F 0.43 1
Cl 5.79 Cl 0.38
Br 7.36

Aj
Br 0.42

H 0.00 18.04 H 0.00 0.20
D -0 .0 6 17.95 D 0.00 0.19
F 0.07 17.67 F 0.03 0.15
Cl 0.54 17.07 Cl 0.00 0.17
Br 1.14 16.96 Br — 0.05 0.21

H 0.01 0.00 0.33
D 0.02 0.05 0.34
F 0.00 — 0.07 0.70
Cl -  0.15 — 0.02 1.37
Br — 0.47 0.06 1.69

H — 0.02 0.14 — 0.02 5.34
D — 0.00 0.30 0.06 5.56
F 0.04 0.19 — 0.14 5.90
Cl 0.39 -0 .2 0 0.00 5.46
Br 1.42 — 0.10 0.25 5.67
II -0 .0 1 — 0.07 0.06 -0.10 0.42
D -0 .0 3 — 0.09 0.06 0.13 0.40
F 0.12 — 0.13 0.00 0.26 0.69
Cl 0.98 -0 .6 2 — 0.27 -0.75 1.11
Br 1.15 -0 .5 6 — 0.55 -0.66 1.20
H — 0.00 — 0.03 0.00 -0.06 0.00 0.30
D -0 .0 0 — 0.02 0.01 -0.04 0.00 0.29
F 0.04 — 0.12 0.09 -0.16 0.06 0.27
Cl 0.10 -0 .0 7 0.04 -0.10 — 0.02 0.24
Br 0.12 — 0.04 — 0.03 -0.02 — 0.03 0.22

II 4.68
D 4.75
F 3.73
Cl 1.96
Br 1.87
H 0.00 0.44
D 0.00 0.45
F 0.47 0.96
Cl 0.23 0.42
Br 0.17 0.30
H 0.00 0.00 0.17
1) 0.00 0.00 0.17
F 0.08 0.06 0.06
Cl 0.10 0.02 0.11
Br 0.17 0.00 0.20

H 17.83
D 17.50
F 18.66
Cl 17.72
Br 17.49
H 0.10 0.33
D 0.23 0.37
F 0.16 0.43
Cl -0 .0 2 0.29
Br 0.02 0.29
H 0.45 0.16 6.12
D 0.16 0.35 5.83
F 0.00 0.26 2.34
Cl — 0.12 — 0.04 4.15
Br — 0.08 0.03 4.45
II — 0.00 — 0.00 — 0.00
D 0.01 0.00 0.01
F 0.12 0.06 0.21
Cl — 0.08 — 0.07 -0 .1 5
Br — 0.06 — 0.07 — 0.11

0.19
0.18
0.23
0.12
0.12
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Table IV

Elements o f F  matrices fo r  H X C (C N ), molecules
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x  =

D 4.70
B r 4.70

D — 0.00 18.38
B r — 0.00 18.41

D 0.00 — 0.00 4.81
B r 0.00 0.23 4.95

D —0.00 0.02 0.01 0.96 1

Br —0.04 —0.09 -0 .2 0 0.76

D — 0.00 0.17 — 0.02 0.04 4.16
B r -0 .0 1 0.18 0.36 — 0.15 3.96

D 0.00 0.02 — 0.00 0.00 0.05 0.78

B r 0.01 — 0.08 0.11 0.14 — 0.13 1.20

D 0.01 0.12 0.02 0.01 0.22 0.02 0.98
B r 0.01 0.16 — 0.30 0.08 0.25 —0.05 0.87

D — 0.00 — 0.05 — 0.00 — 0.00 — 0.06 — 0.00 — 0.03 0.14
B r —0.00 - 0 .0 3 0.04 — 0.01 — 0.06 —0.01 0.01 0.17

D 0.00 — 0.00 — 0.00 — 0.00 — 0.00 0.01 -0 .0 0 0.00 0.16
Br — 0.00 — 0.01 -0 .0 5 — 0.02 -0 .0 3 — 0.03 — 0.01 — 0.01 0.14

X  =

D 17.73
Br 17.56

D 0.02 0.27
B r 0.13 0.47

D 0.10 0.02 5.19
B r 0.03 0.21 4.97

D 0.12 — 0.03 0.18 0.62
B r — 0.05 — 0.07 — 0.09 1.00

D 0.00 — 0.00 0.00 — 0.00 0.19
B r —0.02 — 0.01 — 0.03 — 0.05 0.20

D -0 .0 0 0.00 — 0.00 0.00 — 0.00 0.18
Br 0.00 0.01 0.00 — 0.02 0.02 0.08
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Table V

Potential energy distribution ( Y ц( =  100 • FjjL'jijÄjJ for X 2C (C N )2 molecules 
( X  =  H ,D ,F ,C l,B r)

X = s, s2 S, s. S. s. s, s.

H 98.8
Vj D 89.4

F 26.9 40.3 39.6
Cl 47.7 10.0 17.1
Br 13.1 65.4 24.3 15.7

H 89.8 10.7
D 82.2 12.7
F 88.1 13.0
Cl 85.0 12.6
Br 85.0 13.2

-

H 52.3 63.4
D 30.2 23.5 63.8

v3 F 10.8 40.8 35.8
Cl 29.7 28.4
Br 21.3 14.6 25.0

H 16.4 67.4
D 36.4 45.3

vA F 25.5 11.2 26.9
Cl 69.8 14.7 50.1 105.6
Br 74.9 15.2 16.9 50.5 125.3 10.2

H 10.1 17.6 11.7 48.8
D 10.3 18.3 11.5 48.9

*  F 61.8 31.2
Cl 44.2 44.0
Br 32.4 36.6

H 23.9 25.8 42.5
D 26.4 24.7 42.3

»e F 36.2 20.2 74.8
Cl 22.6 78.4
Br 17.0 77.1

H 99.6
D 98.2

», F 54.4 35.6
Cl 47.7 49.9
Br 52.1 67.2

H 99.6
D 98.3
F 46.9 65.7

»'S Cl 52.4 50.2
R r 50.6 35.6
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Table V — continued

X = S, S„ S„ S„ Su S„ Sl4

H
D

*9 F 
Cl 
Br

H
D

»Чо F
Cl
Br

H
D

»'ll F
Cl
Br

99.5
98.4
67.2 
60.9
63.4

41.2
32.6

18.0

61.5
67.2
62.4

93.8
86.5
38.8
12.6

12.1
18.6
27.3 
39.7

21.7

10.9
30.3
18.7
39.2

94.3
88.4 

100.4
78.4 
47.3

H 86.4 16.6
D 85.2 15.2

v,j F 95.5
Cl 89.0 10.0
Br 88.2 11.1

H 56.7 44.4
D 14.4 37.0 76.1

»’и  F 10.7 18.6 38.1
Cl 51.7 19.9 105.8
Br 47.6 11.1 97.0

H 44.0 39.8
D 68.1 13.7

»H 57.8 74.7
Cl 15.2 71.4
Br 10.8 13.8 76.7

H 99.4
D 98.4

>45 F 41.7 17.1 67.8
Cl 51.7 17.4
Br 52.5 18.7

m olecules. After th ese  preparatory steps the force field refinem ents have  
been carried out in  one step according to  the form ula [4]:

F =  Lo“ 1 Aobs V

These F m atrices are consistent ex a c tly  w ith the given assignm ents Aobs. 
although the d iagonal form of in itia l force field m atrices F0 will be destroyed  
th is  w ay and in teraction  constants are introduced in F.
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Table VI

Potential energy distribution ( Y ■— 100 ■ У }.] ) for H XC(CN)„ molecules ( X  =  D, Br)

X “ Si s, s3 S4 s5 s. s. s , S,

vl D 98.3
Br 98.8

v«, D 85.3
Br 93.4

D 89.0
Br 16.1 30.5 23.5

VA D 84.9 10.4
Br 43.3 43.6 25.1

V 5 D 39.0 59.0
Br 10.0 30.6 35.9 48.1

vr D 11.8 82.4
Br 14.4 21.9 23.4 18.9

V 7 D 48.2 20.9
Br 31.8 10.8 25.9 12.4

V8 D 95.2
Br 25.1 73.2

v9 D 20.3 85.4
Br 15.8 70.7

s,. S„ . s.. s„ s„ Sis

По D 86.9 13.6
Br 86.8 13.2

Hi D 13.2 38.5 55.7
Br 10.3 19.8 54.5 26.4

V \2 D 51.1 31.8
Br 82.1

Из D 35.9 42.8 13.6
Br 27.9 57.6 17.0
D 98.6
Br .

76.1

*’15 D * 99.3
Br 11.1 86.9

Observed frequencies and structural data are sum m arized in 
Tables I II , elem ents of refined force field m atrices are collected  in 
Tables I I I — IY.

Potential energy distribution

N eglecting the figures less th an  10, calculated potential energy d istri­
bution  term s for malononitrile m olecules are shown in Tables Y —V I. Accord­
ing to these calculations the description  o f normal modes are com patible
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only in part with the assignm ents of frequencies done by the authors of cited  
papers [1, 2, 3]. Considerable mixing betw een different vibrational types is 
indicated  in many cases. The С—C and С—X  stretching modes contain in alm ost 
all o f  the cases significant contributions from CCX, CCC or X C X  valence angle 
bending modes.
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Z U R  E X T R A K T I O N  D E S  N B ( V )  M IT  
P O L Y P H E N O L E N

A. I. B u s e v , S. P. K a b j a k i n a  u n d  P. N e n n i n g *

( Chemische Fakultät der Lomonossov-Universität, Moskau, und Sektion Chemie der Karl-M arx-
Universität, Leipzig)

Eingegangen am  1. December, 1975

U ntersucht wurden die B edingungen der Bildung und E xtraktion  von V erbin­
dungen des Niob(V) m it Pyrokatechin, Pyrogallol, T etrabrom pyrokatechin und Tri- 
brompyrogallol in Anwesenheit von Diphenylguanidin.

Charakteristisch für das Niob ist seine W echselwirkung mit verschiedenen  
hydroxylhaltigen organischen Reagenzien. Mit Phenolen, die zwei oder mehr 
H ydroxylgruppen in ortho- oder m eta-Stellung tragen Pyrogallol, Pyroka­
tech in , Tiron, Gallussäure, Trihrom pyrogallol, Pyrokatechinsulfonsäure u. a.

b ildet Niob farbige Verbindungen, die zu seiner fotom etrischen B estim ­
m ung Verwendung finden. So wird Pyrokatechin  zur extraktiven Abtrennung  
und nachfolgenden fotom etrischen B estim m ung von N iob, Tantal und Titan  
verw endet [1]. Vorgeschlagen wurde eine extraktionsfotom etrische B estim ­
m ungsm ethode für das Niob in Form seines ternären Kom plexes m it a, ß -  
D ipyridil und P yrokatechin  [2]. Für die N iobbestim m ung ist auch Pyrogallol 
[3, 4] schon verw endet worden. Die S elek tiv itä t der M ethode wird durch E xtrak ­
tion  erhöht [5]. Beschrieben ist eine N iobbestim m ung mit Tiron [6 ], Tri- 
brom pyrogallol [7], Gallussäure [8 ].

Das Ziel der vorliegenden Arbeit ist die U ntersuchung der E xtraktion  
von Niobverbindungen m it einigen Polyphenolen  in Anwesenheit des relativ  
großen organischen K ations vom D iphenylguanidin.

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 90 (4), pp. 365 — 369 (1976)

Experimenteller Teil

Reagenzien und Geräte. Die N iobstandardlösung stellen wir durch Schmelzen von Nb(V)-oxyd 
m it K alium pyrosulfat und  nachfolgendem Auslaugen der Schmelze m it A m m onium oxalat 
her. V erwendet wird eine 5 • IO-4 M  Nioblösung in l% igem  Ammonipmoxalat.

Pyrokatechin und  Pyrogallol werden durch  D estillation gereinigt. Tribrom pyrogallol 
wird durch Bromieren von Pyrogallol nach [9] erhalten. Umkristallisieren aus Chloroform 
und Trocknen bei 105 °C fü h r t zu einem P roduk t m it Fp 168 °C (Lit. [10]: 168—171 °C). Te­
trabrom pyrokatechin  wird durch Bromieren von Pyrokatechin nach [11] hergestellt.

E ine 4 • 10-2 M -Lösung von D iphenylguanidinium chlorid erhalten wir durch Lösen 
einer genauen Einwaage von gereinigtem D iphenylguanidin in Salzsäure. Der pH -W ert der

* Postadresse: Dr P eter Nenning, K arl-M arx-U niversität Leipzig, Sektion Chemie, 
701 Leipzig, Liebigstraße 18. D D R
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Lösung soll 4 betragen. Die Extinktion  der Lösung wird am Spektrofotom eter SF-4 gemessen 
in K ü vetten  m it 1 cm Schichtdicke, der pH  der Lösung wird m it Glaselektrode und pH-M eter 
LP-58 kontrolliert.

Als E x trak tionsm itte l wird ein Gemisch von Chloroform und Isoam ylalkohol 1 : 1 
verw endet, z. T. auch A thylacetat. Der Isoam ylalkohol wird nach W e is b e r g e r  [12] gereinigt, 
das A thy lace ta t durch Destillation.

Fotom etrische Charakteristik der entstehenden Verbindungen

In Abb. 1 sind die Absorptionskurven für die E xtrakte des Niob mit Pyroka- 
tecliin (K urve 1), Pyrogallol (K urve 2), Tribrompyrogallol (K urve 3), Tetra- 
brom pyrokatechin (K urve 4 und K urve 5) m it einem  Chloroform/Isoamylal-

Abb. 1. L ichtabsorption der E x trak te  der N iob(V )-polyplienolverbindungen: 1. Pyrokatechin; 
5 • 10 ~5 M  Nb, 0.02 M Pyrokatechin, 4 • 10 -  2 M  D iphenylguanidin, pH  der wäßrigen Phase 
nach der E x trak tion  6,1; 2. Pyrogallol: 5 • IO-5 M  Nb, 0,2 M  Pyrogallol, 10~ 2 M  D iphenyl­
guanidin, pH  der wäßrigen Phase nach der E x trak tion  6,2: 3. Tribrompyrogallol: 5 • 10-5 M  
Nb, 2 • IO-2  M  Tribrompyrogallol, 4 • 10~ 2 M  D iphenylguanidin, pH  der wäßrigen Phase 
nach der E xtrak tion  4,0; 4. T etrabrom pyrokateehin: 5 • 10“ 5 M  Nb. 4 ■ 10~2 M  T etrabrom py- 
rokatechin , 4*10“ 2 M  D iphenylguanidin, pH  der wäßrigen Phase nach der E x trak tion  2.5; 
5. T etrabrom pyrokateeh in : 5 • 10-5 M  Nb, 2 • 10~ 2 M  Tetrabrom pyrokateehin , 4 • IO-2  M  

D iphenylguanidin, pH der wäßrigen Phase nach der E x trak tion  4,2

kohol-G em isch 1 : 1 angegeben. Die Absorptionskurven für die N iobextrakte  
werden auf folgende W eise erhalten: In einen Scheidetrichter gibt man 1 m l 
5 • 1 0 -4  M  N ioblösung in l% igem  A m m onium oxalat, dazu die gleiche Menge 
destilliertes W asser, 2 Tropfen NH,,OH 1 : 10 verdünnt, 2 ml frischbereitete  
1 M -Lösung eines der genannten Polyphenole in l% igem  K alium m etabisulfit 
und schließlich Diphenylguanidinlösung; das Volum en der wäßrigen Phase b e ­
trägt ca 10 ml. Extrahiert wird m it 10 ml Chloroform /Isoam ylalkohol 1 : 1, 
der p H  der wäßrigen Phase ist nach der E xtraktion  ca 6,2. D ie E xtinktion  der 
E xtrak te , die gelb gefärbt sind, wird in R elation  zu einer Leerprobe gem essen.
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Das Absorptionsm axim um  für die N iob-pyrokatechin-, N iob-pyrogallol- 
und Niob-tribrom pyrogallolverbindungen liegt bei 370 nm. Für das Niob- 
tetrabrom pyrokatechin ist das M axim um  in das langwellige Gebiet verscho­
ben (430 nm  bei pH  =  2,5); die sich  bei pH  =  4,2 bildende Verbindung hat 
2 M axima: bei 370 nm  und 460 nm  (K urven 4 und 5 in Abb. 1). Der Charakter 
der A bsorptionskurven des N iob-tetrabrom pyrokatechins ändert sich nicht 
bei E xtraktion  m it Ä thylacetat.

Der gelbe K om plex des N iob(V ) m it Pyrokatechin läßt sich in A nw e­
senheit von  Diphenylguanidin m it D ichloräthan, Isoam ylalkohol, A m ylal­
kohol, Ä th ylacetat, Cyclohexanon, M ethylisobutylketon, Benzol, Chlorben­
zol und Chloroform extrahieren. Tetrachlorm ethan flotiert die sich bildende  
Verbindung. W ir haben aus 10 m l wäßriger Lösung extrahiert, die N iobkon­
zentration ist 5 - IO-5  M, des P yrokatech ins 0,2 M ,  des D iphenylguanidins 
4 • 10 2 M .  Wir verwenden eines der folgenden Lösungsm ittel:

1 — Chloroform
2 — Isoam ylalkohol
3 — Chloroform /Isoam ylalkohol 1 : 1
4 — M ethylisobutylketon
5 — Benzol

D ie geringste E xtinktion  hat der B enzolextrakt. Das Chloroform /Isoam ylal- 
kohol-G em isch 1 : 1 extrahiert so gu t wie M ethylisobutylketon und besser 
als Chloroform und Isoam ylalkohol a llein . Die Absorptionskurven der N iob­
verbindung in verschiedenen L ösungsm itteln  sind praktisch identisch , das 
M axim um  liegt bei 370 nm.

Extraktionsbedingungen. In Abb. 2 ist das pH -Intervall angegeben, 
in dem die Niobverbindungen b estän d ig  sind. Kurve 1 zeigt die B ildung der 
gefärbten N iob-pyrokatechinverbindung, Kurve 2 die mit Pyrogallol, K urve  
3 die m it Tribrompyrogallol. D ie V erbindung des Niob m it Tetrabrom pyro- 
katechin  (K urve 4) ist auch im stärker sauren stabil (von pH  0 bis pH  =  3,5). 
Zur E xtraktion  des Niob mit Tetrabrom pyrokatechin verwenden wir Ä th y l­
acetat, zur E xtraktion der übrigen Verbindungen ein Chloroform /Isoam yl- 
alkohol-G em isch 1 : 1 .  Zum Erzielen einer konstanten E xtinktion  em pfehlen  
wir für die N iobextraktion eine Pyrokatechinkonzentration  von 0,2 M  und 
eine D iphenylguanidinkonzentration vo n  2 ■ 10~2 M  bzw. eine Pyrogallol- 
konzentration von 0,2 M  und eine D iphenylguanidinkonzentration von IO“ 2 
M  in der wäßrigen Phase.

Die scheinbaren molaren A bsorptionskoeffizienten der Verbindung mit 
Pyrokatechin e370 =  12 700 +  800 und der Verbindung m it Pyrogallol e370 =  
13 600 ±  800.
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B ei Verwendung eines Chloroform /Isoam ylalkohol-Gem isches 1 : 1 zur 
E xtraktion  der N iob-tetrabrom pyrokatechinverbindung wird in Anwesenheit 
von D iplienylguanidin ein  konstanter W ert der E xtinktion  auch bei 6  • 10“ 2 M  
Tetrabrom pyrokatechinkonzentration in der organischen Phase nicht er­
reicht. Außerdem scheidet sich aus dem E xtrakt ein weißer Niederschlag des

3 2 2 4 6 8
NH2SOi. PH

Abb. 2. Die Abhängigkeit der Extinktion  vom pH  W ert der E x trak te  der Niob(V)-polyphe- 
nolverbindungen: 1. Pyrokateeh in ; 5 • 10~6 M  Nb, 0,2 M  Pyrokatechin, 4 • IO-2 M  Diphenyl- 
guanidin; 2. Pyrogallol; 5 • 10 -5 M  Nb, 0,2 M  Pyrogallol, 10“ 2 M  D iphenylguanidin; 3. Tri- 
brom pyrogallol; 5 • lo ’ M  N b , 5 • IO-3 M  Tribrom pyrogallol, 2 • 10-2  M  D iphenylguanidin; 
4. T etrabrom pyrokatechin; 5 • 10-5 M  Nb, 0,1 M  T etrabrom pyrokatechin , 4 • IO-2 M  D iphe­
nylguanidin. E x trak tionsm itte l für 1, 2 und 3: Chloroform/Isoam ylalkohol 1 : 1 ;  E x trak tions­

mittel für 4: Ä thy lace tat

R eagenzes ab, der die Extinktionsm essung beeinträchtigt. Ä thylacetat ist  
in diesem  Falle günstiger zu verwenden. E ine konstante E xtinktion  hei pH  > 3  
wird erreicht bei einer Tetrabrom pyrokatechinkonzentration von 5 • 10“ 2 M ,  
bei p H  3 bei 0,1 M  K onzentration. Das Extraktionsgleichgew icht hat 
sich nach ~  3 min eingestellt. Im  stark sauren Gebiet erhält man bisweilen  
nicht reproduzierbare Ergebnisse, da die K om plexbildung offenbar n icht 
vollständ ig  verläuft.

Ist im Chloroform /Isoam ylalkohol-Gem isch 1 : 1 die Tribrompyrogallol- 
konzentration 2 • 1 0 2 M ,  erhält man keine K onstanz der E xtinktion für eine  
bestim m te N iobkonzentration, ungeachtet der Anw esenheit von D iphenylgua­
nidin.

W as die E xtrak te  der Verbindungen des Nb(V) m it Pyrokatechin und  
Pyrogallol betrifft, so fin d et man eine direkte Proportionalität zwischen der 
E xtinktion  und der N iobkonzentration in den Grenzen 0.5 —14 pg/ml. Die 
Eichkurven für die E xtrak te der Verbindungen des Niob mit Pyrokatechin  
und Pyrogallol fallen praktisch zusammen.
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Zusammensetzung der sich bildenden Verbindungen. Zur Feststellung  
des molaren Verhältnisses N iob-D iphenylguanid in  in seiner Verbindung m it 
Pyrokatechin wurde die Methode der m olaren Verhältnisse Verwendet, für 
das Feststellen des molaren V erhältnisses Niob zu Diphenylguanidin in der 
Verbindung m it Pyrogallol die M ethode der Verschiebung der G leichgewichte. 
In beiden Fällen wurde das m olare Verhältnis N iob zu Diphenylguanidin zu 
1 : 2 gefunden. Bei Versuchen zur B estim m ung des molaren Verhältnisses 
des Niob zu Pyrokatechin und P yrogallol durch die Methode der G leichgew ichts­
verschiebung haben wir keine eindeutigen  Ergebnisse erhalten.
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Copper (II)  chelates of L-asparagine and L-glutamine have been studied using 
reflectance, u . v. absorption spectra, m agnetic and e. s. r. m easurem ents. On th is basis 
a distorted octahedral structure is suggested for these complexes.

Introduction

C o p p e r  (II) c h e l a t e s  o f  L - a s p a r a g i n e  a n d  L - g lu t a m in e  w e r e  i n v e s t i g a t e d  

i n  s o l u t i o n  b y  A l b e r t  [1], R i t s m a  et al. [2] a n d  T e w a r i  a n d  S r i v a s t a v a  [3]. 
R e c e n t l y  F u j i m o t o  [ 4 ]  a n d  M i s h r a  [ 5 ]  et al. m a d e  a n  e .  s .  r .  s t u d y  o f  c o p p e r  

(II) a s p a r a g i n e  c o m p l e x .  In t h e  p r e s e n t  w o r k  a n  a t t e m p t  h a s  b e e n  m a d e  t o  

s t u d y  t h e s e  c o m p l e x e s  u s in g  r e f l e c t a n c e  a n d  u .  v .  a b s o r p t i o n  s p e c t r a ,  m a g n e t ­

i c  a n d  e .  s .  r .  m e a s u r e m e n t s .  T h e i r  p r e p a r a t i o n  a n d  c h a r a c t e r i z a t i o n  f r o m  

a n a l y t i c a l  a n d  i .  r .  d a t a  w e r e  r e p o r t e d  i n  a n  e a r l i e r  p a p e r  [ 6 ] .  T h e  c o m p l e x e s  

a r e :  h i s  ( L - a s p a r a g in o )  c o p p e r  (II) [Cu(OOC • CH • N H 2 • CH2 • CONH2)2] 
a n d  b i s  ( L - g l u t a m i n o )  c o p p e r  (II) [Cu(OOC • CH • N H 2 • CH2 -CH.,-CONH2)2].

Experim ental

M agnetic m easurem ents at room  tem perature (304 °K) were made on 
powder sam ples o f the complexes em ploying  Gouy’s m ethod. A sem im icro  
Sartorius balance was employed and m ercury(II) tetrath iocyanatocobaltate(II) 
( %g — 16.44 X l 0 _e c. g. s. units) was used as calibrant. B oth com plexes were 
found to  be param agnetic. The data are presented in Table I.

R eflectance spectra of the solid com plexes were recorded on a ‘C 0  10’
recording spectrophotom eter (Russian) in th e  range 400 -7 0 0  m p. B oth com ­
plexes showed one asym m etric band, Amax being observed at ~  620 m . p 
(16100 cm ” 1) in th e  copper (II) L-asparagine chelate and at ~  610 m. fx 
(16 400 cm -1 ) in the copper(II) L-glutam ine chelate.

* Postal address: Dr. M. N. S r iv a s t a v a , 266 (near distillery) M umfordganj, A llahabad 
211 002, U. P. India

Acta Chim. ( Budapest)  90, 1976



3 7 2 T E W A R I, SRIVASTAVA: SPECTRA L AND MAGNETIC STUDIES

Table I

Magnetic susceptibility measurements on C u (II )  chelates

Compound T°K X g X  10“
(c. g. s. units)

XmX 10“
(c. g. s. units)

ZM'XIO«
(c. g. s. units)

f̂ eff
(B. M.)

Cu (Aspn)2 304 4.12 1341 1477 1.90

Cu (Glun)2 304 3.82 1350 1509 1.92

U . V. absorption spectra were recorded on aqueous solution on a Cary-14 
recording spectrophotom eter, using 1 cm quartz cells. The absorption bands 
are listed in Table II .

Table II

U. V. spectra o f C u (I I )  chelates

Compound
Band 
(cm !) Compound

Band
(cm- 1 )

42 330 b. s. 42 190 b. s.

Cu (Aspn), 50 760 s Cu (Glun)2 51 280 s
51 680 w
52 230 m 52 230 m

b =  broad, s =  strong, m  =  medium, w =  w eak

Electron spin resonance spectra of solid com plexes were taken  on a Bruker 
m odel В ER 4 0 2 x b a n d , ESR spectrophotom eter and polycrystalline D P P H  
was used as a reference. The data on electronic ‘g ’ factors are given in Table I I I . 
These values ta lly  w ell with those reported b y  other workers for copper(II) 
amino acid com plexes [4, 5, 7].

Table III

‘g’ values o f the C u ( I I )  chelates

Compound s i «и ^av

Cu (Aspn)2 2.050 2.253 2.12

Cu (G lun)2 2.046 2.212 2.10
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Discussion

The ground sta te  o f the cubic octahedrally coordinated Cu(II) is 2E g, 
and the only excited  state is 2T2g, the energy difference being 10 Dq [8 ]. But 
tetragonal distortion splits the E g and T2g levels so th at as m any as three 
d - d  transitions are possible [9].

dXy 4 dx2 y - d 2, ■* d x,_^; (dX2, d xz)  < dx, yt

Thus the observed hand envelope m ay not be due to  a single transition, but 
m ay he made o f tw o or three sym m etrical absorption bands.

The expressions [10] derived for ig 1 values in a tetragonally distorted  
copper(II) m olecule, which is stretched along the sym m etry axis (Z axis) 
are g|| — 2 8 A/(£2—E 0) and = 2  2 A/(E3 E 0) where E 0, E 2 and E 3
are the energies corresponding to 2B 1(„ 2B2g and 2E g levels. Under such con­
ditions gji values ^  2.2  are obtained, whereas i f  dZ2 a  is lowest orbital, g L 
values approach a va lue o f 2.0. Thus, the observed results support the con ten ­
tion  th at in copper(II) chelates dx, _ v, is the low est energy orbital and te tra ­
gonal distortion occurs along cp axis.

The bands observed in the u. v . spectra of the copper chelates can be 
attributed to charge transfer transitions. Earlier, in the case of bis (phenyl- 
glycino) copper(II) H a r e  [ 1 1 ]  ascribed the band observed at 3 9  0 0 0  c m -1 
to an apparent charge transfer from the carboxylic group to  the m etal, and  
that observed at 5 2  0 0 0  cm -1  to a charge transfer from amino group to  m etal 
w ith a possible contribution from the n  —*■ n* transition  o f the COO~ group. 
Thus, in  the present case the strong broad bands observed at 4 2  3 3 0  c m -1 
in Cu(Aspn)2 and at 4 2  1 9 0  cm -1  in Cu(glun)2 correspond to  a charge trans­
fer from carboxylic group to the m etal, whereas the bands observed at 5 0  7 6 0  

cm -1  and 5 1  2 8 0  c m -1 , respectively, in the two chelates m ay be ascribed to  
charge transfer from the amino group to the m etal. Other bands at ~  5 2  0 0 0  

cm -1  m ay correspond to  carboxyl л  —>- n* transitions.
Thus the present evidences indicate a tetragonally , distorted octahedral 

structure for the tw o copper(II) L-asparagine and L-glutamine chelates.

*

Authors are grateful to the C. S. I. R. New Delhi for providing financial assistance in 
the form of Senior Fellowship to one of the authors (R . C. T e w a r i).
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ANALYTISCHE ANWENDUNG YON PT(II)- 
KOMPLEXEN MIT PYRAZOLONDERIYATEN

У. K . Ak im o v , A. I . B u se v , К . У. K odua und P . N e n n in g *

(Chemische Fakultät der Lomonossov-Universität, Moskau und Sektion Chemie der Karl-Marx-
Universität, Leipzig)

Eingegangen an 5. Dezember 1975

: -! ;

U ntersucht w urde die W echselwirkung von P t( II)  in H Br-Lösung m it Pyrazo- 
londerivaten. Die T etrab rom platina te  von D iantipyril-, D iantipyrilm ethyl-, D iantipy- 
rilpropylm ethyl und  D iantipyrilphenylm ethan (RH )2 P tB r4 w urden hergestellt, ihr 
Bildungsmechanismus, ihre Säure—Basen-Eigenschaften und  die Löslichkeit der V er­
bindungen un tersucht. Eine Methode zur gravim etrischen Bestim m ung von 5—30 
mg P t durch Ausfällen und W ägen von (C26H 30N4O2H )2 P tB r4 wurde ausgearbeitet. 
Der maximale relative Fehler is t 0,91% . Es stören n icht: Mg, Al, M n(II), F e(II), Co, 
Ni, Ru (III), R h (III).

K om plexe von Pt(IV )-halogeniden m it Pyrazolonderivaten wurden bereits 
früher untersucht [1]. Fotom etrische und gravim etrische P latinbestim m ungs­
m ethoden m it diesen K om plexbildnern wurden ausgearbeitet [1, 2]. D ie 
H alogenidkom plexe des P t(II) m it Pyrazolonderivaten sind bisher nicht be­
schrieben. Es ist zu erwarten, daß auch sie günstige analytische Eigenschaften  
aufw eisen, die man zur A usarbeitung neuer Methoden der P latinbestim m ung  
nutzen  kann.

Wir haben Zusam m ensetzung und Eigenschaften von  Pt(II)-brom id- 
kom plexen studiert und ihre E ignung zur gravim etrischen P latinbestim m ung  
festgestellt.

Experimenteller Teil

Reagenzien und Geräte. K 2P tB r4 wird hergestellt durch E rw ärm en einer K 2PtCl4- 
Lösung in НВг 1 : 1 auf dem  W asserbad und  anschließendes V erdünnen bis zu einer H Br- 
K onzentration  1 N . V erw endet werden w eiterhin D iantipyrilm ethan (DAM) der R einheit 
p. a ., D iantipyrilm ethylm ethan (DAMM) rein, D iantipyrilpropylm ethan (DAPM) p. a., D ian­
tipyrilphenylm ethan (DAFM ) p. a., ein Spektralfotom eter U R  20, ein Potentiom eter pH  340.

D arstellung, Zusam m ensetzung und  Eigenschaften der V erbindungen. Beim Zufügen 
einer Lösung von DAM, DAMM, DAPM oder DAFM in Essigsäure 1 : 1 zu einer Lösung von 
P t( I I )  in H Br fällt sofort ein Niederschlag aus. Die Niederschlagsbildung und  der Niederschlag 
selbst werden wie folgt un tersuch t.

E ine Lösung von K 2P tB r4 in 1 N  H B r wird auf 70—80“C erw ärm t, un ter Rühren w er­
den langsam  5—7 ml einer 5% igen Lösung von DAM oder DAMM oder eine 2%ige Lösung von 
DAPM oder DAFM in Essigsäure 1 : 1 zugefügt. Es wird abgekühlt, der sich dabei (außer 
bei der Verbindung m it DAFM) abscheidende kristalline N iederschlag wird abfiltriert, 
3 m al m it Wasser gewaschen und über P20 5 getrocknet. Im  Niederschlag werden P t und Stick-

* Postadresse: D r. P eter N e n n in g , K arl-M arx-U niversität Leipzig, Sektion Chemie, 
701 Leipzig, Liebigstraße 18. D D R
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Stoff q u an tita tiv  bestim m t: P t  durch  Verglühen einer Probe bei 700—800 °C und Auswiegen 
des m etallischen P t, S tickstoff nach Dumas. Die Summenformeln der V erbindungen sind in 
Ü bereinstim m ung m it den A nalysenw erten neben einigen E igenschaftender Stoffe in Tabelle I 
aufgeführt.

Tabelle I

Zusammensetzung und Eigenschaften der Komplexe von Tetrabromplalinaten mit Pyrazolonderivaten

Summenformel Fp °C Farbe und Form 
des Niederschlags

Löslichkeit 
in 0,5 N  

HBr M  • I0~*

(CjsHjjNjOjHljPtBr, 180-190 hellbraune P latten 7,0
(CMHleN A H ),P tB r4 160-170 hellbraune P latten 1,35
(C!6H 30N4O!H)!P tB r1 2 00 -210 hellbraune P latten 2 ,2

(C„HMN A H )tP tB r, 190-200 gelbes Pulver 1,0

So erhält man die T etrabroinplatinate von D iantipyrilm ethan, Dian- 
tipyrilm ethylm ethan, D iantipyrilpropylm ethan und D iantipyrilphenylm e- 
th a n . Ihre Zusam m ensetzung entspricht der Formel (R H )2P tB r4, die Bildungs­
reaktion  der Gleichung

2 R +  P tB r -~  +  2 H + -------* (R H )2 P tB r4

A lle Verbindungen sind in  W asser wenig löslich, lösen sich gut in D im ethyl­
form am id, weniger gut in  A ceton, nicht in  M ethanol, Ä thanol, Benzol, Tetra, 
Ä ther.

Die Infrarotsprektren

Die Infrarotsprektren der Verbindungen sind von den kristallinen Ver­
bindungen (K Br-Tabletten) im  Gebiet zwischen 9 000 und 400 cm -1  aufge­
nom m en worden. In den Spektren aller Verbindungen feh lt die charakteristi­
sche Frequenz der V alenzschw ingung der C =  O-Gruppe eines Pyrazolonde- 
rivates bei 1656 —1680 c m -”1. Das bestätigt, wie früher bei der Untersuchung 
der Komplexe von Pyrazolonderivaten m it anderen M etallen gezeigt wurde 
[3], daß bei der B ildung von  K ationen (R H )+ eine Protonisierung der C =  0 -  
Gruppe des R eagenzm oleküls erfolgt; die zweite C =  O-Gruppe ist beteiligt 
an der Bildung einer festen  innermolekularen W asserstoffbrückenbindung.

Die sauren Eigenschaften

Die Verbindungen lösen sich gut in D im ethylform am id und in einem  
Gem isch D im ethylform am id/A ceton 2 : 1. In Lösung liegen  sie als zweibasige 
Säuren vor und können potentiom etrisch titriert werden unter Verwendung
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Abb. 1. T itration  der jeweiligen T etrabrom platinate  m it 0,1 N  Lösung von T etraäthylam m o­
nium hydroxid in D im ethylform am id/A ceton. 2 : 1 1  — (C23H MN40 2H)2P tB r4; 2 — (C„4H 26 

N40 2H)2P tB r4; 3 -  (C2eH 30N4O2H)2P tB r4; 4 -  ( С ^ Н ^ А Д н у Ч В ^

einer Glas- oder einer ionensensitiven Elektrode. D ie T itrationskurven (Abb. 
1) zeigen einen scharf ausgeprägten Sprung, der die N eutralisation des K a­
tions (R H ) + anzeigt:

(R H )2 PtR r4 - f  2 (C2H 5)4N O H ----------------v

2 R +  [(C2H5)4N ]2 P tB r4 +  2 H 20

Der Titrationssprung entspricht dem  Ä quivalenzpunkt; das A quivalentge- 
w icht, ausgerechnet nach den R esultaten  der T itration, ist praktisch gleich  
dem nach den Form eln der Verbindung errechneten. D ie K om plexeigenschaften  
können benutzt werden zur A usarbeitung von titrim etrischen Methoden der 
Platinbestim m ung.

Löslichkeit der Verbindungen

Bestim m t wurde die Löslichkeit der K om plexe in 0,5 N HBr. Die 
Löslichkeit in W asser wurde nicht bestim m t wegen der m öglichen H ydroly­
se der K om plexe.

Frischgefällte N iederschläge, sorgfältig m it 0,5 N  HBr gewaschen, 
werden in ein Gefäß überführt, das 50 -6 0  ml 0,5 N  H Br enthält. Die Lösung  
sättigt sich in 2 — 3 Stunden bei 25 +  0,2 °C. Die gesättigte Lösung wird schnell 
durch ein Papierfilter filtriert, wobei die ersten M illiliter des Filtrats verw or­
fen werden. Im klaren F iltrat wird der P latingehalt fotom etrisch mit SnCl2
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b estim m t [4]. Die Zusam m ensetzung des Niederschlags verändert sich beim  
S ättigen  der Lösung n icht. W ie aus den erhaltenen und in Tabelle 2 aufge­
fü hrten  W erten ersichtlich ist, ist die Löslichkeit der Verbindungen m it DAMM, 
D A P M  und DAFM  hinreichend klein, um  auch eine gravim etrische P latin ­
bestim m ung zu erm öglichen.

Gravimetrische Platinbestinnuung

Am  w enigsten löslich ist das Tetrabrom platinat des DAFM . W eil aber 
das brom wasserstoffsaure Salz des R eagenz’ selbst auch schwerlöslich ist, 
erscheint es unzw eckm äßig, dieses R eagenz zur gravim etrischen P latinbe­
stim m ung zu verw enden. Als günstiger erweisen sich die R eagenzien DAPM

Abb. 2. Einfluß eines Reagenzüberschusses au f die Löslichkeit des T etrabrom platinats des
D iantipyrilm ethans

Abb. 3. Einfluß einesJReagenzüberschusses au f die Löslichkeit des T etrabrom platinats des
D iantipyrilpropylm ethans

und  DAM. Zur Auswahl der optim alen Fällungsbedingungen für das P latin  
is t  der Einfluß eines Reagenzüberschusses auf die L öslichkeit untersucht 
w orden. Die Ergebnisse sind aus den Abbildungen 2 und 3 ersichtlich.

Die L öslichkeit der Verbindungen verringert sich sehr stark in Anwesenheit
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Tabelle II

Gravimetrische Bestimmung des Pt(II) mit Diantipyrilpropylmethan in Anwesenheit anderer
Elemente

Eingesetzt sind jeweils 10,0 mg Pt.

m g F rem dion
F e h le r  d e r  P t -  

b e s tim m u n g  in  % m g F rem dion
F e h le r  der 

P t -b e s t .  in  %

400 Al — 0,3 300 Ni — 1,0
500 Al + 0 ,2 400 Ni +  0,0

200 Mg — 0,1 300 Fe(II) — 1,0

300 Mg + 0 ,8 400 Fe(II) — 0,9
300 M g(II) +  1,9 500 Fe(II) + 0 ,5
300 M n(II) +  1,9 500 Fe(II) + 0 ,5

400 M n(II) +  1,0 300 Co + 0 ,2

500 M n(II) — 2,0 400 Co +  1,2
500 Co +  0,5

eines auch kleinen R eagenziiberschusses: die Löslichkeit der entsprechenden  
Verbindung in 0 ,02%iger DAM -Lösung ist 3,7 • 10~ 5 M ,  in 0,004% iger DAPM - 
Lösung 0,31 • 10 5 M .  D ie N iederschläge haben eine gut definierte Zusam m en­
setzung, die den Form eln (C23H 240 2N4H )2 PtBr4 und (C26H 30N4O2H )2 P tB r4 
entsprechen, sind gut filtrierbar, lassen sich gut ausw aschen und können ohne 
Zersetzung bei 100 — 110°C getrocknet werden. Im  folgenden wird die M etho­
dik der P latinbestim m ung m it D iantipyrilpropylm ethan DAPM  angegeben.

Zu 50 60 ml einer Lösung P t(II) in 1 iV HBr (P t(IV ) wird vorher nach
der in (5) beschriebenen M ethode zu P t(II) reduziert), die 5 30 mg P t en t­
hält, gibt man 2 — 7 ml einer 2% igen Lösung von DAPM  in Essigsäure 1 : 1 .  
Die Lösung m it N iederschlag wird zum Kochen erh itzt, abgekühlt auf 
40 50 °C und auf die to ta le  P latinausfällung geprüft. D er ausgefallene kri­
sta lline Niederschlag wird durch einen Filter G 3 filtriert, m it 10 ml kaltem  
W asser gewaschen, bei 1 0 0 - 1 1 0  °C getrocknet und ausgew ogen als (C?eH 30N 4 
0 2H )2 P tB r4 • Der Um rechnungsfaktor für P t beträgt 0,1416.

Bei der statistischen Aufarbeitung der Ergebnisse w erden folgende W erte 
erhalten: (re =  5; a =  0,95): arithm etisches Mittel aus re M essungen x  =  10,19; 
m ittlere quadratische A bw eichung vom  arithm etischen M ittel S =  0,0753; 
Vertrauensintervall 0,0934, V ariationskoeffizient V =  0,91% . D ie Bestim m ung  
wird nicht gestört durch Alkali und Erdalkalim etalle, Mg, A l, M n(II), Fe(II), 
Co, Ni. R uthenium , das unter diesen Bedingungen zu R u (III) reduziert wird 
und R h(III) bilden m it den Pyrazolonderivaten keine schwerlöslichen Ver­
bindungen und werden auch m it dem Platinniederschlag n icht m itgefällt. [6 ] 
Pd und Os stören.
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REDUCTIVE CONVERSIONS OF CHROMANOIDS, I

CATALYTIC HYDROGENATION OF ISOFLAVONE (3-PHENYLCHROM ONE)* 

V. S z a b ó  and E . A n t a l

(Department of Applied Chemistry, Kossuth Lajos University, Debrecen) 
Received June 11, 1974; in revised form O ctober 8, 1975

Depending upon the solvent, the pH  of the solution and the activity of the Pd/C 
catalyst isoflavone (3-phenylchromone) is reduced a t various rates to isoflavanone (II), 
isoflavan-4-ol (IH) and isoflavan (TV), or — in dilute solutions of alkali — to 2-hydroxy- 
a-m ethyldeoxybenzoin (IX). A ppropriate choice of the conditions results in selective 
reductions; th e  form ation of compounds II, III, IV and IX can be rendered the dom inant 
process.

Isoflavanoid derivatives w ith different states of oxidation play an im por­
tan t part in the vegetable and anim al kingdom , several o f them  possessing  
considerable biological actions. Therefore, their isolation, synthesis and con­
versions are o f interest not only from the organic chem ical, but also from  
the biological and pharmacological points of view.

Apart from the reductions o f isoflavones, no other methods are known, 
or practically used [1 — 4], for the preparation of isoflavonids o f lower oxida­
tion  number, in sp ite o f the im portance o f these com pounds. This is w hy the  
reduction processes of isoflavones have been so thoroughly studied. U sually, 
th is reduction is effected with cata ly tica lly  activated hydrogen [5 —14], w ith  
com plex metal hydrides [15 18], or b y  some other chem ical method of reduc­
tion  [13, 18, 19]. Am ong the reduction reactions, only catalytic hydrogena­
tion is suitable for the preparation o f all isoflavonoids w ith lower oxidation  
states than th at o f isoflavone; the other m ethods of reduction give only one 
product of a given oxidation number. Specifically, for the preparation of iso- 
flavanones from isoflavones catalytic hydrogenation is the exclusively suitable  
m ethod.

H owever, cata ly tic  hydrogenation o f isoflavones is in the m ajority of 
cases non-selective; the desired product o f lower oxidation  number is thus  
obtained in poor yields [5 14]. No report was found in the literature on any
specific endeavour to achieve the selective hydrogenation of isoflavones 
to isoflavanones, isoflavan-4-ols, or isoflavans.

In th is paper we discuss our attem pts and experim ents at selective h y ­
drogenations of unsubstituted  isoflavone. The hydrogenation experim ents

* Prelim inary comm unication published in Tetrahedron L etters 1973 (19) 1659.
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were carried out in ethanol, dioxan, aqueous alcoholic buffers and in aqueous 
sodium  hydroxide so lu tions, in the presence o f palladium catalysts of differ­
ent activ ities. The experim ental finding [20] th at the polarity o f the solvent 
and th e  hydrogen ion concentration generally influence the rate and the prod­
uct o f  hydrogenation w as taken into account, and also the fact [2 1 ] was 
considered that in strongly  alkaline m edia the structure o f the isoflavone m ole­
cule is affected. The object of our work was to  find experim ental conditions 
conducive to the conversion of isoflavone, in the presence o f palladium  metal 
and hydrogen, into a defin ite product o f a lower state o f oxidation.

In preliminary experim ents various commercial palladium  catalysts 
(F luka, Merck, Chinoin) were tested; th en  palladium  catalysts on different 
carriers were tried (activated  carbon, barium  sulfate, alum inium  oxide), the  
Pd content being 10% in each case.

The results have shown that selective reduction can on ly  be achieved  
w ith  a catalyst of m edium  activ ity* on activated  carbon carrier. Catalysts on 
barium  sulfate or alum inium  oxide have low  activities (3.2 and 8.3 mmole 
H ,,/ m in .,) respectively, and poor se lectiv ity . Consequently, the main experi­
m ents were carried ou t w ith Catalyst ‘A’ (30 mmoles H 2/m in., Pd/C, Fluka) 
and C atalyst ‘В ’ (23 m m oles H2/m in., Pd/C, Merck-A). For the synthesis of 
iso flavan , a h igh -activ ity  Pd/C cata lyst (Catalyst ‘C’; 122 m moles H 2/m in., 
Merck) was used.

There is a sign ificant difference in the rates of hydrogenation of isofla­
von e in ethanol, and in dioxan, (Schem e 1). H ydrogenation in  ethanol proceeds 
m ore rapidly: the absorption of two moles o f hydrogen results in  isoflavan-4-ol,
(III) and there is no essential difference betw een the rates o f addition of the  
tv  о moles of hydrogen (cf. Fig. 1, Curve 1). This was supported also by the  
fact th a t when the reaction  was stopped after one mole of hydrogen had been  
added, TLC tests show ed that besides isoflavanone (II) a nearly equal quan­
t i ty  o f III was already also present in the reaction m ixture. The rate of hydro­
genation  is much low er in dioxan than  in ethanol, and II formed is further 
reduced to III at a very  low rate (Fig. 1, Curves 2,3). No great difference is 
seen between the hydrogenation curves for the m oderately active Pd/C cata­
ly sts  ‘A ’ and ‘B ’. W ith  these, the product o f hydrogenation in dioxan is nearly  
pure II, and only trace quantities of III can be detected by TLC. Thus the reduc­
tion  o f isoflavone in dioxan, w ith a Pd/C cata lyst o f m oderate activ ity  can be 
recovered in nearly quantitative yield .

H ydrogenation w ith  a catalyst o f moderate activ ity  in ethanolic solu­
tio n  can also be considered a selective reduction which gives isoflavan-4-ol 
(HI) in nearly quantitative yield. H owever, this reduction process is not stereo-

* T h e  r e la t iv e  a c t iv i t i e s  [2 2 ]  o f  th e  c a t a ly s t s  u s e d  w ere  c h a r a c te r iz e d  b y  th e  r a te  o f  
h y d r o g e n  c o n su m p tio n  ( m m o le  H 2/m in .) ,  s t a r t in g  w ith  t h e  p o in t  o f  t im e  t =  0 , in  t h e  h y d r o ­
g e n a t io n  o f  is o f la v o n e  in  p u r e  d io x a n , u n d e r  t h e  e x p e r im e n ta l  c o n d it io n s  g iv e n  in  F ig . 1.
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384 SZABÓ, ANTAL: RED U CTIV E CONVERSION OF CHROMANOIDS, I

specific, unlike the reaction in a P t 0 2/glacial acetic acid system  [13]. B esides 
the cis (ß ) isomer, the recovered isoflavan-4-ol contains a substantial am ount 
of th e  trans  (a) isomer. These isomers can be detected by TLC and can be sepa­
rated b y  fractional crystallization o f their acetates.

Fig. 1. H y d r o g e n a t io n  c u r v e s  o f  is o f la v o n e  in  d io x a n  a n d  in  e th a n o l ,  w it h  v a r io u s  P d /C  c a t a ­
ly s t s .  (2 0 0  m g  is o f la v o n e ;  2 0 0  m g  c a t a ly s t ;  6 0  m l s o lv e n t ;  20  °C ). C u rve  1 , e t h a n o l ,  P d /C  “ A ”  

C u r v e  2 , d io x a n ;  P d /C  “ A ” ; C u rv e  3 , d io x a n ,  P d /C  “ B ” ; C u rve  4 , d io x a n ,  P d /C  “ C”

t Imin)

Fig. 2. H y d r o g e n a t io n  c u r v e s  o f  is o f la v o n e  in  a q u e o u s  e t h a n o lic  b u ffe r s  o f  v a r io u s  p H  v a lu e s .
(2 0 0  m g  is o f la v o n e ;  2 0 0  m g  P d /C  “ A ” ; 60  m l s o lu t io n ;  20°C ).

Isoflavone was reduced to  isoflavane (IV) only in ethanol containing  
hydrochloric acid, or in acetic acid [13], when catalysts o f m oderate a c tiv ity  
were used. The absorption of the first tw o moles of hydrogen is rapid, th a t o f  
the th ird  mole proceeds more slow ly b y  one order of m agnitude. Y et, in the  
presence o f a highly active Pd/C Catalyst *C’ (cf. Fig. 1, Curve 4), the reduction  
to isoflavane proceeds rapidly also in dioxan.

W ith the purpose o f im proving the selectiv ity  of the reduction m ethod, 
we studied  the reduction of isoflavone also in aqueous ethanolic B ritton -R o­
binson buffer solutions [23]. As shown b y  the hydrogenation curves (F igs  
2, 3), isoflavone absorbs tw o moles o f hydrogen between pH  1 and 11.5. The
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rate of hydrogenation by each o f th e  two moles o f hydrogen is differently  
affected b y  changes in  the pH. The difference o f the rates is insignificant in 
acidic medium , hut above pH 3 th is difference increases w ith increasing pH . 
The absolute value o f  the rate of reduction decreases in both processes up to

t ( min)

Fig. 3. H y d r o g e n a t io n  c u r v e s  o f  is o f la v o n e  in  a q u e o u s  e th a n o l ic  b u ffe r s  o f  v a r io u s  p H  v a lu e s  
(2 0 0  m g  is o f la v o n e ;  200  m g  P d /C  “ A ”  6 0  m l s o lu t io n ;  20°C )

FigF4. D e p e n d e n c e  o f  th e  h y d r o g e n a t io n  r a t e ,  r = ----- ---  , a s  a f u n c t io n lo f  p H . r, is  th e  r a te
* mm

o f  r e d u c t io n  I  I I ;  r2 t h a t  o f  I I  -► II I ,

pH  10, but from this point on, the rates o f  both reduction stages will suddenly  
increase (Fig. 4). B etw een pH 9 and 10.5, the absorption o f the first and second  
mole of hydrogen proceeds at very different rates (F ig. 5).

W hen the reaction is stopped after the addition o f one mole of hydrogen, 
solely II can be recovered from the solution , and only traces o f III are detected; 
thus also this reduction can be made selective  for the preparation of isoflava- 
none. In alkaline m edia the activities o f  Catalysts ‘A’ and ‘B ’ differ still less 
than indioxan, i. e. dependence of the hydrogenation on the cata lyst decreases.

A d a  Chim. ( Budapest) 90, 1976



386 SZABÓ, ANTAL: REDUCTIVE CO NV ERSIO N  OF CHROMANOIDS, I

Therefore, selective transform ation is practically  better achieved in aqueous 
alkaline media, and a wider range o f ca ta lysts m ay be suitable.

W hen two hydrogens are added to  th e  isoflavone m olecule at a pH  lower 
th an  10.5, III will be formed exclusively; betw een pH  10.5 and 11.0, other 
products are also obtained besides III.

A t pH  11.5 or higher, the course o f  the hydrogenation reaction is entire­
ly  different. As the hydroxide ion concentration is increased, the rate of  
hydrogenation becom es substantially  higher, the am ount o f III gradually

Fig. 5 . T h e  q u o t ie n t  o f  th e  r a te s  o f  h y d r o g e n a t io n  as a  f u n c t io n  o f  p H

decreases, and tw o new  com ponents appear in the reaction m ixture; one o f  
them  is identifiable b y  TLC as 2-hydroxydeoxybenzoin  (X) a product o f the  
alkaline decom position of isoflavone. The other product w as, as shown b y  
its chrom atographic behaviour, reaction  w ith  FeCl3, the TJV, IR  and NMR  
spectra of its acetate, 2-hydroxy-a-m ethyldeoxybenzoin  (IX). B etw een pH  
10.5 and 12 these tw o com ponents are also accom panied b y  a small am ount 
of an unidentified com pound (‘X ’), w hich is presum ably l-(2-hydroxyphenyl)-
2 -phenylpropan-l-ol, possibly form ed b y  the reduction o f 2 -hydroxy-a-m ethyl­
deoxybenzoin, since it  appears in TLC as a faint pink spot w ith  FeCl3, and a 
sam ple isolated b y  preparative layer chrom atography has characteristic UV  
spectrum  as isoflavan-4-ol (a sharp double band between Amax 275 and 280 nm ). 
W ith  the structure proof of this com pound we intend to  deal in a next com m u­
nication.

Britton-R obinson buffers are unsuitable for adjusting pH  values h igh­
er than 1 2 , therefore further hydrogenations were carried out in variously  
com posed aqueous ethanolic solutions o f  sodium hydroxide. In 0.1 N  aqueous 
ethanolic NaOH solution, like in a buffer of pH 12, the principal product o f  
reduction was 2 -hydroxy-a-m ethyldeoxybenzoin  (IX), together w ith about
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20%  of 2-hydroxydeoxybenzoin (X), slight quantities o f isoflavanone (II) and  
compound ‘x \  The change of product com position as a function of the h yd rox­
ide ion concentration is shown in F ig . 6 .

Compound IX is difficult to iso late . The reaction product of the hydro­
genation is an oil at room tem perature, the purification o f which could on ly  
be achieved by colum n chrom atography on silica gel. From the purified oil 
the crystalline aceta te  and benzoate w ere prepared, and these were com pared

BENZOL

0 О
0 о
0 о

0  0 О
0 0

a b с

a : pH < 10.5

b pH = 11
c 01 N NaOH

Fig. 6. C h ro m a to g ra m  o f  t h e  p r o d u c t  m ix tu r e  o f  i s o f la v o n e  h y d r o g e n a te d  u p  to  th e  a d d it io n
o f  tw o  m o le s  o f  h y d r o g e n .

with samples of the corresponding derivatives synthesized from 2 -hydroxy- 
a-m ethyldeoxybenzoin. The synthesis o f  IX was achieved as shown in Scheme 2.

Owing to their different solubilities, the ortho and  the para  isomers are 
readily separated; th e  p-hydroxy derivative (XII) is much less soluble in a li­
phatic hydrocarbons th an  the o-hydroxy com pound (IX). XII can be crystalliz­
ed from re-octane, wherein IX remains dissolved. After evaporation to  dry­
ness, the crystalline aceta te  (XIII) and benzoate (XIV) were prepared for id en ­
tification .

In the course o f  th e  hydrogenation of isoflavone (I) in 0.1 0.5 N  N aO H ,
an interesting phenom enon was noted. As a function of the alkalinity, the  
isoflavone solution in  an inverse proportion to th is alkalinity — consum ed  
greater or smaller quantities of hydrogen (Fig. 7) and, depending again on 
the hydroxide ion concentration but now  in direct proportion to th is, various 
am ounts of isoflavone could be recovered after a given period (150 m in.) 
of hydrogenation. W hen some time w as allowed to  elapse between the prepa­
ration o f the solution and the beginning o f its hydrogenation, sim ilarly less 
hydrogen was absorbed. In normal or more concentrated solutions, isoflavone
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cannot be hydrogenated, nor does it suffer decom position. These findings sug­
gest som e fundam ental change in the structure o f isoflavone to  occur in tim e, 
and leading to a sta te  inaccessible to  hydrogenation or decom position [24]. 
H ow ever, in NaOH solutions o f higher concentration than norm al, this change  
or structural transform ation is reversible, since, after the rem oval o f the cata ­
ly st b y  filtration and on acidification o f the solution, isoflavone can be recover­
ed, as m entioned above.

Fig. 7 . H y d r o g e n a t io n  c u r v e s  o f  i s o f la v o n e  in  a q u e o u s  e th a n o lic  N a O H  s o lu t io n s  o f  d if fe r ­
e n t  c o n c e n tr a t io n s  (2 0 0  m g  is o f la v o n e ;  2 0 0  m g  P d /C  “ A ” ; 6 0  m l s o lu t io n , 20°C ).

These experim ental facts and a stu d y  [21] o f the ring fission o f isoflavone  
in alkaline medium suggest that isoflavone solutions at pH 11 and higher alka- 
lin ities must consist o f a com plicated equilibrium  system . The hetero ring o f  
isoflavone is opened to  and extent determ ined by the hydrogen ion concen­
tration; isoflavone is in equilibrium w ith  the open structures (V, VI), and 
supposedly the com ponents in equilibrium  are hydrogenated as show n in  
Schem e 3. On the basis o f equilibrium  measurem ents [21], at pH 11.5 more 
than  50% of the isoflavone is converted into V and, following the pathw ay  
V —*■ VII —*■ VIII, the addition of hydrogen, water elim ination and further 
hydrogenation produce IX, which is the principal product obtained under 
these conditions. The conversion o f isoflavone into IX proceeds at the highest 
rate and to the greatest extent in a buffer o f pH 12, or in 0.1 N sodium hydrox­
ide solution.

The supposed interm ediates VII and VIII could not be detected  in the  
product m ixture o f hydrogenations in  alkaline media. This suggests that e lim ­
ination  of water from VII and also the reduction of VIII proceed more rapidly  
than  the hydrogenation ofV  V ito  VII. Thus the last step o fth ese  consec­
u tive  reactions m ust be rate-determ ining, i. e. v.A < ^ i < .  »V O bviously, above
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pH  11.5 the slowest step is the form ation o f II and III (tq v3), since, depend­
ing upon the hydroxide ion concentration, the equilibrium is shifted in the  
direction I —* V 7—*• VI —* XI, therefore the isoflavone concentration is low, 
g iv in g  rise only to trace quantities of II and III. H owever, decom position to  
X (v6) is quite significant under these conditions. We found th at in a solution  
largely  X is formed besides IX.

W hen the hydroxide ion concentration is increased further (in 0.1 to  
0.5 N  NaOH), the rate o f decom position to  2 -hydroxydeoxybenzoin decreases

N NaOH

Fig. 8. A m o u n ts  o f  h y d r o g e n  a b so r b e d  a n d  o f  i s o f la v o n e  r e c o v e r e d , a s f u n c t io n s  o f  th e  N a O H  
c o n c e n tr a t io n . C u rv e  A . M o les  o f  H 2 c o n s u m e d  in  10 m in ; C u rve  B . P e r c e n t  o f  i s o ­

f la v o n e  r e c o v e r e d .

[24]; the am ount and the rate of absorption of hydrogen also decrease (c f .  
F ig . 6 ). This finding also supports the notion that under such circum stances 
th e  dissociation process V XI is predom inating and that the enolate ion  
produced is neither hydrogenated nor decom posed. Also the am ount o f h y ­
drogen absorbed during a given tim e is determ ined by the dissociation equilib­
rium  V XI [24], being a function of the hydroxide ion concentration (Fig. 8 .)

Experim ental

M . p .’s are u n c o r r e c te d .
U V  sp e c tr a  w ere  r e c o r d e d  w ith  a U N I C A M  S P  8 0 0 , an d  in fra red  sp e c tr a  w ith  a U N I ­

C A M  S P  20 0  G in s tr u m e n t ;  fo r  o b ta in in g  t h e  N M R  sp e c tr a  a J E O L  L N M -M H -1 0 0  in s t r u m e n t  
w a s  u s e d . T L C  t e s t s  w ere  m a d e  o n  M erck ’s D C -A lu r o lle  K ie se lg e l F  2 5 4  p la te s ;  b e n z e n e , a n d  
b e n z e n e :  e th a n o l  m ix tu r e  (9 5  : 5 ) wrere  u s e d  a s  t h e  d e v e lo p in g  s o lv e n t .

T h e  h y d r o g e n a t io n  a p p a r a tu s  c o n s is te d  o f  a g a s  b u r e tte  jo in e d  b y  g r o u n d  g la ss  f i t t in g s  
t o  a  g la ss  h y d r o g e n a t in g  v e s s e l:  b o th  w ere  k e p t  a t  20° C w ith  th e  h e lp  o f  an  u ltr a th e r m o s t a t ;  
t h e  h y d r o g e n a t io n  m ix tu r e  w a s  v ig o r o u s ly  a g i t a t e d  w ith  a m a g n e tic  stirrer .

Catalytic hydrogenation (a t 20 CC)

T h e  P d /C  c a t a ly s t  (0 .2  g )  w a s  w e ig h e d  in to  th e  r e a c to r  v e s s e l  a n d  t h e  s o lv e n t  (3 0  m l;  
e t h a n o l ,  d io x a n , g la c ia l  a c e t ic  a c id , or a q u e o u s  B r it to n -R o b in s o n  b u ffe r )  w a s  a d d e d ;  th e  m ix ­
tu r e  w a s  st ir red  u n t i l  n o  m o r e  h y d r o g e n  w a s  a b so r b e d . I s o f la v o n e  (0 .2  g )  w a s  d is s o lv e d  in  
t h e  a p p r o p r ia te  s o lv e n t  (3 0  m l;  e th a n o l ,  d io x a n ,  g la c ia l  a c e t ic  a c id )  p r e v io u s ly  s a tu r a te d  w it h
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Table 1

Product Solvent pH
Catalyst

(»>
H, added, 

mole
Reaction

time
(min.)

Purification
(recrystallization)

Yield,
%

• M. p„ 
°C

I s o f la v a n o n e  II d io x a n e — Л , В l 100 8 0 %  e th a n o l 95 77

Is o f la v a n o n e  11 b u ffer  (b ) 9 - 1 0 A , В l 80 8 0 %  e th a n o l 90 77

I s o f la v a n -4 -o l III (c ) e th a n o l - Л , В 2 60 p e tr o le u m  e th e r У0 8 6 - 8 9

Is o f la v a n -4 -o l III (c ) b u ffer  (b ) 3 - 9 A , В 2 4 0 — 240 p e tr o le u m  e th er 90 8 5 -  89

I s o f la v a n  IV g la c ia l a c e t ic

ac id • — A , В 3 600 e th a n o l 90 5 4 - 5 5

I s o f la v a n  IV e th a n o l  +  2 m l

cc . HC1 — A , В 3 45 0 e th a n o l 95 55

Is o f la v a n  IV e th a n o l — C 3 80 e th a n o l 95 55

2 -H y d r o x y -a -n ie th y l-

d e o x y b e n z o in  IX b u ffer  (b ) 1 1 - 1 2 Л , В 2 6 0 - 2 2 0 co lu m n  c h r o m a to g r a p h y 60 o il

2 -H y d r o x y -a -m e t l iy l-  

d e o x y b e n z o in  IX 0 .1 — 0.51V A , В 0 .8  2 2 0 - 1 6 0 co lu m n  ch ro m a to g r a p h y 20 -6 0 o il

N a O H  (d )

(a)  C a ta ly sts :  A , F lu k a  P d /C , 10 %  P d  c o n te n t  (c) m ix tu r e  o f  t h e  cis- a n d  Irans iso m ers

B , M erck  “ A ”  P d /C , 10 %  P d  c o n te n t  (d )  5 0 %  a q u e o u s  e th a n o lic  N a O H  so lu t io n

C, M erck P d /C  ( a c t iv e ) ,  10%  P d  c o n te n t

(b) 5 0 %  a q u e o u s  e th a n o l ic  B r it to n -R o b in s o n  b u ffer  jo
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3 9 2 SZABÓ, ANTAL: REDUCTIVE CONVERSION OF CHROMANOIDS, I

hydrogen, and this solution was transferred by suction into the hydrogenating vessel. The 
consum ption of hydrogen was noted as a function  o f time.

After the hydrogenation had been com pleted, the catalyst was removed by filtration  
th rough  a glass filter. In  the case of aqueous ethanolic buffer solutions, the hydrogen ion ac tiv ­
ity  of the solution was checked w ith a pH -m eter, the acidic or alkaline solutions were n eu tra l­
ized, the catalyst collected on the filter was washed w ith two 10-ml portions of the solvent, and 
the combined filtra tes were evaporated in vacuum . The crystalline product was collected by 
filtra tion  and recrystallized. Oily products were ex trac ted  with three 30-ml portions of e ther, 
th e  organic phase was dried over magnesium sulfate, and the ether w as evaporated. The resid­
ual oil was crystallized, or purified by column chrom atography. Table I shows the conditions 
and results of hydrogenations carried out under various experim ental conditions.

Separation of the isomers of isoflavan-4-ol
(A) a-4-Acetoxyisoflavaii

A sample (0.45 g) of the isoflavan-4-ol m ixture obtained by hydrogenation was acety- 
la ted  in a m ixture of acetic anhydride (2 ml) and pyridine (2 ml). The acetate m ixture (0.5 g; 
m . p. 66—69°C) obtained was dissolved in petroleum  ether (b. p. 50 —70°C). The crystals first 
separating (270 mg) consisted mainly of the a-isom er; two recrystallizations from petroleum  
ether gave 75 mg of a-4-acetoxyisoflavan, m. p. 73—74 °C (lit. [25] m. p. 73 °C).

(B) ß-4-Acetoxyisoflavan

The m other liquor of the a-isomer was evaporated , and the crude residue was repeatedly 
recrystallized from petroleum  ether until constan t m. p. w as attained. The chrom atographically 
pure cis-4-acetoxyisoflavan (180 mg) had m. p. 92 °C (lit. 113] m. p. 93 °C).

Preparation of 2-hydroxy-a-methyldeoxybenzoin (IX )
(A ) By catalytic hydrogenation of isofiavone

Isoflavone was dissolved in a NaOH solution of pH  11—12, or 0.1 to 0.5 IV, and hydro ­
genated under the conditions shown in Table I. A sample (0.6 g) of the resulting oily product 
was dissolved in a small am ount of benzene, the solution was poured on a column of Kieselgel 
P F  254 Merck (200 g), and elution was effected w ith  a 1 : 1 m ixture of benzene and heptane. 
The eluate fractions which gave a red-colour reaction  w ith FeCl3 were combined and evapora t­
ed to  give IX (350 mg) in the form of a colourless oil. 250 mg of this product was acety lated  
w ith  acetic anhydride in the presence of perchloric acid to obtain 2-acetoxy-a-m ethyldeoxy- 
benzoin (XIII) (220 mg; m. p. 87—88 °C).

C17H lfi0 3 (268.3). Calcd. C 76.8; H 5.98; Ac 15.95. Found C 77.1; H 5.92; Ac 16.04%
UV (ethanol): Amax 256 nm (log e 3.98); Amax 329 nm (log e 3.58).
IR  (K B r): vCo=0 (acetyl) 1755 c m "1; rc„ 0 1683 cm “ 1; rCH3 1368, 2927, 2980 c m " 1.
NM E (CDC13): <5CCH3 1.50 d (3H); 0СОСНз 2.26 s (3H): 0CH 4.55 q (1H); Óarom. 7 7.63 m

9 H ) .
100 mg of the purified oil was treated  w ith benzoyl chloride in pyridine to yield 2-ben- 

zoyloxy-a-m ethyl-deoxybenzoin (XIV). m. p. 73— 74°C.
C22H 180 3 (330.40). Calcd. C 79.9: H 5.49: Bz 28.8. Found C 80.1: H 5.42; Bz 27.6%

(B) Friedel-Crafts acylation

In  a three-necked flask fitted  w ith a stirrer, and reflux condenser, phenol (3.5 g) was 
dissolved in dry n-octane (100 ml). Sublimed alum inium  chloride (5.0 g) was added to  the solu­
tion  in portions and the m ixture was stirred in an oil ba th  a t 120 °C, whereupon a dark  brown 
oil separated instan tly . Slowly and dropwise a-m ethylphenylacetic acid chloride (6.3 g) was 
added, and the stirring was continued a t this tem perature  for 16 hrs.; d iluted hydrochloric 
acid (1 : 1) 100 ml) was then  poured into the flask and the stirring was continued for 30 min. 
a t  the given oil b a th  tem perature. The n-octane phase was separated and the warm aqueous 
phase was extracted  w ith  two 50-ml portions of octane. From the combined octane solution 
colourless crystal plates separated on cooling. The crystals were filtered off and recrystallized 
from  aqueous ethanol to  obtain a product (4.1 g: m. p. 133—134 °C) which, on the basis of 
its  negative FeCl3 reaction and the UV spectrum , proved to be 4-hydroxy-a-m ethyldeoxy- 
benzoin (XII).

UV (ethanol): Amax 284 nm (log e 3.81); UV (ethanol-N aO Et): Amax 332 nm (log e 4.32).
The octane m other liquor was washed free from  acid, dried, trea ted  w ith charcoal, and 

evaporated. A red-brow n oil (3.8 g) was obtained; according to its R j value in  TLC and FeCl3
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reaction, this was the same product as th e  one obtained by the hydrogenation of isoflavone 
in alkaline medium [m ethod (A)], viz. 2-hydroxy-a-m ethyldeoxybenzoin. The acetate had 
m. p. 86—87 °C; mixed m. p. w ith XIII p repared  according to (A): 86—87 °C.

UV (ethanol): Zmax 256 nm (log s 3.98); Amax 329 nm (log e 3.48).
M. p. of the benzoate was 73—74 °C; m. p. in adm ixture w ith XIV made according to  (A): 

73—74 °C.
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CONDENSED aIS-TRIAZINES, III*

SY N TH ESIS OF A N EW  HETEROCYCLIC SYSTEM, T H E  D ERIV ATIV ES OF AS- 
TRIA ZIN O  [6,5-C] Q UINOLINE

E. B e r é n y i , P .  B e n k ó  and L. P a l l o s

( EG vT Pharmacochemical Works. Budapest)

Received August 22, 1975

The first derivative of a new heteroarom atic ring system  has been synthesized. 
The reversible crystal dim orphism occurring in the synthesis of the interm ediates was 
studied. The compounds prepared have rem arkable biological activ ity .

The base-catalyzed cyelization o f aromatic com pounds carrying guani­
dine and nitro groups in ortho position was first investigated  b y  Arndt  [1], 
who synthesized 3-am inobenzo-os-triazine in this w ay. This method has notv 
been extended to quinoline derivatives, and thus the first representative of 
a new  heteroarom atic ring system , as-triazino[6,5-c]quinoline has been pre­
pared. The compound has anti-inflam m atory and antim icrobial action.

In the first step o f the synthesis, 4-chloro-3-nitroquinoline [2] was 
allowed to react with guanidine, yielding 4-guanidino-3-nitroquinoline, in the  
presence o f excess guanidine acting as an acid-binding agent. The crystals of 
the new quinoline derivative are lem on-yellow  or orange in colour, depending 
on the conditions of crystallization.

On the basis of analytical and spectroscopic evidence, it is highly prob­
able th at the m odification consisting o f yellowr crystals — crystallized from  
non-polar organic solvents — has intramolecular hydrogen bonds between  
the NH., or =  NH group o f the guanidino radical and the oxygen atom  of 
the NO., group.

The orange-red m odification which separates as prisms from polar 
solvents contains 1/2 mole water o f crystallization. This wTater is built in 
the crystal lattice and stabilizes the molecule as guanidinum  nitronate, by

* P a rt II: A. Ge l l é m , A. Me ssm e h . P. B e n k ó , L. P a llo s : A cta Chim. (Budapest) 
9«, 301 (1976)
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form ing intermolecular hydrogen bridges. The tw o m odifications can be revers­
ib ly  converted into each other by crystallization.

The derivatogram of the guanidino compound shows about 8 % weight 
loss in a strongly exotherm ic process between 226 and 260 °C, which indicates 
the release of 1 mole o f w ater from the molecule. Indeed, 4-guanidino-3-nitro- 
quinoline loses water and undergoes cyclization in alkaline medium yield­
ing  2-amino-as-triazino [6,5-c]-quinoline-4-oxide.

The N-oxide can be reduced with sodium dithionite as well as by cata­
ly tic  hydrogenation. The first step is the form ation of 2-am ino-3,4-dihydro- 
as-triazino[6,5-c]quinoline, w hich is stable in the salt form  only, and can read­
ily  be converted into 2-am ino-as-triazino[6,5-c]quinoline b y  aromatization  
w ith  potassium  hexacyanoferrate.

The experiments aim ing at the preparation of new  derivatives having  
biological activity, are continued.

Experimental

4-GuaniiHiio-3-nitroquinoline

The alkoxide was prepared from  metallic sodium (6.9 g; 0.3 g-atom ) and absolute e th a ­
nol (300 ml), then guanidine hydrochloride (28.65 g; 0.3 mole) was added, and the m ixture 
was refluxed for 30 min. The sodium chloride which precipitated was filtered off and the alcohol 
solution of the guanidine base was allowed to react w ith 4-chloro-3-nitroquinoline (31.3 g; 
0.15 mole) while keeping the tem perature  below 50 °C. A deep-red solution was obtained, from 
w hich the separation of 4-guanidino-3-nitroquinoline started  im m ediately. 33.0 g (95%) 
of the product was obtained.

The crude 4-guanidino-3-nitroquinoline (0.2 g) was dissolved in chloroform (750 ml) 
in  a Soxhlet extractor. The p roduct separated quantita tively  on cooling as yellow crystals,
m. p. 230 °C.

Acta Chim. ( Budapest)  90, 1976



B E R É N Y I e t a).: CONDENSED os-TRIA ZIN ES, I I I 3 9 7

C10H9N5O., (231.22). Calcd. C 51.94: H 3.92; N 30.30. Found C 51.81; H 4.05; N 30.40%. 
IR  (KBr): i>NH 3465 c m -1; i-NH„ 3430, 3360 cm “ 1.
UV (water): 336 (3.96); (DMF): 340 (4.18).
Recrystallization of the crude 4-guanidino-3-nitroquinoline (1.0 g) from w ater (175 ml) 

gave orange-red crystals (0.9 g), which became yellow a t 110— 130 °C and after the loss of water, 
melted a t 230 °C.

C10H9N5O„. 1/2 H ,0  (240.23). Calcd. C 49.99; H 4.19; N 29.17. Found 49.91; H 4.39; 
N 28.94%.

IR  (KBr): rN H  3490; rN H , 3450, 3360 c m -1.
UV (H.,0): 370 (3.47); (DMF) 440 (3.65).

2-A m ino-as-triazino [6,5-c] quinoline-4-oxide

A solution of 4-guanidino-3-nitroquinoline (23.1 g; 0.1 mole) was refluxed w ith a solu­
tion of potassium carbonate (69.5 g; 0.5 mole) in w ater (500 ml) for 5 hrs, whereupon the 
initial orange colour of the reaction m ixture turned into lemon-yellow. 2-Amino-as-triazino 
[6,5-c]quinoline-4-oxide separated  from the m ixture (20.0 g; 94% ), m. p. 309—311 °C (from 
m ethyl cellosolve).

' C,„H7N50  (213.21). Calcd. C 56.35; H 3.31; N 32.85. Found C 56.13; H 3.48; N 32.59%.
IR  (KBr): »NH, 3420, 3340 c m -1; rN  -  О 1360 c m -1.
UV (EtO H ): 219 (4.34), 236 (4.20), 271 (4.47).

2-A m ino-as-triazino [6,5-c] quinoline

2-Amino-as-triazino[6,5-c]quinoline-4-oxide (10.65 g; 0.05 mole) was hydrogenated 
in ethanol in the presence of palladium  cata lyst a t room tem perature  and atm ospheric pres­
sure. "When no more hydrogen was absorbed the catalyst was rem oved by filtration  and the 
solution was evaporated to  dryness. The residual yellow crystals were treated  w ith a solution 
of K 3Fe(CN)(t (33.0 g; 0.1 mole) in w ater (500 ml) after adjusting its pH  to 9 w ith amm onium 
hydroxide. Yellow-coloured 2-amino-as-triazino(6,5-c)quinoline was obtained (7.4 g; 75%), 
m. p. 2 90 -291  °C (i-PrO H ).

C,„H7N5 (197.21). Calcd. C 60.91; H 3.58; N 35.51. Found C 60.75; H 3.67; N 35.64%.
IR (K B r): FNH., 3305, 3145 cm -1 ; » C =  C (arom atic) 1605, 1585, 1564 cm -1 .
IR(CHC13): i>NH, 3520, 3405 c m - 1.
UV(EtOH): 271 '(4.52), 382 (3.72).
NMR(DMSO-d„): 7 .6 -  8.1 <5 (m 3, H  5, H  6, H  7); 8.4 <5 (s 2, N H ,); 8.81 Ő (m 1, H  8); 

9.48 6 (s 1, H  10).

The authors’ thanks are due to Dr. L. BuDA(EGyT Pharm acochemical W orks, B udapest) 
and to Dr. G. Tóth  (Pharm aceutical Chemical In s titu te  of the Semmelweis Medical U niver­
sity, Budapest) for the spectroscopic investigations.
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CONDENSED yáS-TRIAZINES, IV*
SY N TH ESIS OF yIS-TR IA ZIN O [5,6-c]Q U IN O U N E AND ITS D ERIV ATIV ES

E. B e r é n y i , P. B e n k ó  L. P a l l o s

(E G yT  Pharmacochemical Works, Budapest)

Received Ju ly  7, 1975

The new syntheses of as-triazino[5,6-c]qum oline and its derivatives are reported .

In a previous com m unication [1] we described the results obtained  in 
the synthesis o f the first representative o f a new heterocyclic system , 2 -am ino- 
as-triazino[6,5-c]quinoline and its derivatives. In  the present paper th e  prep­
aration o f  the isomeric as-triazino[5,6-c]quinoline and its derivatives is 
reported. Sim ultaneously, W r i g h t , G r a y  and Y u  [2] also achieved th e  syn ­
thesis o f  th is ring system  and several derivatives in another, independent 
w ay, through the reduction o f 4-(carhetoxyhydrazino)-3-nitroquinoline and 
subsequent cyclization of the product in the presence of a basic ca ta lyst.

In the course o f the procedure elaborated by us, 4-chloro-3-nitroquino- 
line (I) [3] was made to react w ith acylhydrazines (II), yielding 4-(acylhydra- 
zino)-3-nitroquinolines (V). The com pounds V could also he prepared b y  the  
reaction o f 4-hydrazino-3-nitroquinoline (III) [4] and the appropriate acid 
chloride (IV).

I l l  X = N H --N H 2

The reduction o f the derivatives V yielded 4-(acylhydrazino)-3-am ino- 
quinolines (VI) which readily could he cyclized to  1,2-dihydro-as-triazino- 
[5,6-c]-quinolines (VII) when acted upon by an acid. Compounds o f  ty p e  VII 
are stable on ly  as their salts; th ey  can easily be aromatized into as-triazino- 
[5,6-c]quino!ine derivatives (VIII).

NH—NH—СО—К

NH»
1 H ‘

2. ox.

VI VIII
* P a r t III: E. B e h é n y i , P. B e n k ó , L. P a l l o s : A cta Chim. (Budapest) 90, 395 (1976)
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In the preparation o f the individual derivatives, very high yields could 
be achieved when the synthesis was accom plished in the follow ing way:
4-hydrazino-3-nitroquinoline (III) was m ade to  react with ortho acid esters 
(IX) to  obtain 4-(alkoxym ethylenehydrazino)-3-nitroquinolines (X), which  
were then  converted in to  l,2-d ihydro-os-triazino[5,6-c]quinolines (VII) by  
means o f  reductive cyclization . The arom atization of these com pounds was 
accom plished in the sam e w ay as in the first m ethod, to yield the as-triazino- 
[5,6 -c]quinoline derivatives (VIII).

The structures o f  the compounds prepared were verified b y  means of 
m icroanalytical and spectroscopic in vestigation s, for which the authors’ 
acknowledgem ent is due to  Dr. L. B u d a  (E G yT  Pharmacochemical Works) 
and to  Dr. G. T ó t h  (Pharm aceutical Chemical Institute of the Semmelweis 
Medical U niversity, B udapest).

The excellent anti-im flam m atory and antim icrobial action of this group 
of com pounds, and the investigations and results in this field will be reported  
elsewhere.

Experimental

4-(Acylhydrazino)-3-nitroquinoline (V)
Method A

The appropriate acid hydrazide (0.1 mole) was dissolved (or suspended) in ethanol 
(200 ml) and 4-chloro-3-nitroquinoline (20.8 g; 0.1 mole) was added to the m ixture, w ith stir­
ring. The la tte r compound gradually  dissolved, b u t the separation of the product from the 
reaction m ixture usually sta rted  before complete dissolution. The reaction was accompanied 
by a colour change of the suspension to red, and a  slight tem perature increase (35—45°C). 
A fter 2 hrs stirring, the colour became paler, and a yellowish or pink crystal mass was obtained. 
This colour is characteristic of the hydrochlorides of acylhydrazinonitroquinolines.

The salt was suspended in tenfold am ount o f w ater and the base was liberated w ith 
equivalent sodium hydrogen carbonate. The colour o f th e  free base was deep red, cherry-red 
or violet-red.

Method В
4-Hydrazino-3-nitroquinoline (2.04 g; 0.01 mole) was dissolved in pyridine (20 ml) 

w ith slight heating, then  the  acid chloride (0.01 mole) was added, with stirring. The reaction 
m ixture w as refluxed for 1 h r then cooled and poured into water. The precip itate th a t solid­
ified was washed w ith w ater and dried. (Table I).
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R Formula M. w. M. p. °c

H ClnH8N40 3 232.21 190-191
m ethyl c„ h 10n4o3 246.23 194—195
ethyl c12h 12n4o3 260.26 179—181
n-propyl c13h 14n4o3 274.29 167— 169
i-propyl c13h un4o3 274.29 167-168

t-butyl Ci4HleN40 3 288.31 180-182

phenyl CieH12N40 3 308.30 202—203
benzyl c17h 14n4o3 322.33 199—200
4-hydroxyphenyl CifiH |2N40 4 324.30 186—187
2-hydroxyphenyl »CiBH i2N 40 4 324.30 206-208
4-aminophenyl Cif,H13N50.j 323.32 246—248
4-bromophenyl * ^ir,Hu N40 3Br 387.21 219—221

4-methylphenyl c17h 14n4o3 322.33 209 210
3,4,5-trimethoxyphenyl Ci9H18N40„ 398.38 213 215

3,4-dimethoxybenzyl c19h 18n405 382.38 168 170
4-pyridyl c15h 14n5o3 309.29 243-245

3-pyridyl c,5HnN5o 3 309.29 212- 214
2-pyridyl c15h „ n50 3 309.29 2 3 2 -234
2-phenylethyl cI8h 16n40 3 336.36 2 0 2 -204

*Calcd. Br: 20,64; Found Br: 20;64

Table I

XH—N H -C O —K

■K. XOo

X

Calcd.
c Found

H N Yield,
% Method

C H N

51.74 3.47 24.11 51.43 3.86 24.11 92% A
53.65 4.09 22.76 53.64 4.13 22.62 88% A
55.38 4.65 21.53 55.66 4.41 21.34 C

O
C

O
-- 

О A
56.92 5.15 20.43 56.46 5.42 20.36 86% A
56.92 5.15 20.43 57.02 5.19 20.26 85% A
58.32 5.59 19.44 58.03 5.92 19.46 74% В
62.33 3.92 18.57 62.09 3.59 18.09 98% A, В
63.34 4.38 17.38 63.36 4.13 17.29 93% A
59.23 3.65 17.28 58.99 3.44 17.00 96% A
59.23 3.65 17.28 58.89 4.01 17.30 95% A
59.43 4.06 21.66 59.72 4.06 21.59 96% A
49.63 2.86 14.47 49.40 3.05 ; 14.21 91% A

63.34 4.38 17.38 63.39 4.67 17.11 92% A
57.28 4.55 14.07 57.46 4.22 14.35 82% A, В
59.68 4.74 14.65 59.79 5.03 1 14.74 95% A
58.24 3.59 22.65 58.23 3.52 22.85 98% A
58.24 3.59 22.65 58.31 3.72 22.58 97% A
58.24 3.59 22.65 58.26 3.76 22.34 96.5% A
64.27 4.80 16.66 64.27 4.92 16.90 96% A
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4-(ß-ethoxy-substituted methylenehydrazino)-3-nitroquinoline (X)

4-H ydrazino-3-nitroquinoline (20.4 g, 0.1 mole) and p-toluenesulfonic acid (0.05 g) 
were suspended in the appropriate  ortho acid ester (200 ml) and the tem perature of the reaction 
m ixture was kept for 4 hrs betw een the boliling po in t of ethanol and the ortho ester used 
(usually th is was 120—130 °C); th e  ethanol formed during the reaction was continously rem ov­
ed by  distillation. W hen the reaction  was completed, the form ation of ethanol ceased, and 
the tem perature  of the vapour space decreased. The p roduct separated from the solution on 
cooling (Table II).

Table II

К
I

N H—X= ( , '—< X.VH r, 

N (ь

R Formula M. W. M. p„ °c
Caled. Found Yield,

%c H N c H N

H c 12h 12n 4o 3 260.26 153-154 55.38 4.65 21.53 55.63 4.64 21.07 86

CH3 ^13^14^4^3 274.29 131-133 56.92 5.15 20.43 56.60 5.20 20.38 88
ethyl Cl4Hi6N40 3 288.31 170-172 58.32 5.60 19.43 58.04 5.70 19.79 62

phenyl c ,8h 16n 4o 3 336.36 127-128 64.27 4.80 16.66 64.19 4.78 16.56 42

C —3-substituted as-triazino [5,6-c] quinoline (VIII)

(a )  4-(Acylhydrazino)-3-nitroquinoline (0.1 mole) was suspended in 15 parts of ethanol 
and hydrogenated in the presence of Pd/C cata lyst a t room tem perature  and atm ospheric 
pressure until hydrogen absorption  was no longer observed. The cata lyst was removed by fil­
tra tio n , and the filtra te  d irectly  mixed w ith ethanol containing 10—15% hydrochloric acid 
(50 ml). Cherry-red or b righ t red crystals of the hydrochloride of C-3 substitu ted  1,2-dihydro- 
as-triazino[5,6-c]quinoline separated. The crystals were filtered off and washed with ethyl 
ace tate . (Concentration of the m other liquor m ay be advisable.)

Potassium -[hexacyanoferrate(III)] (66.0 g; 0.2 mole) was dissolved in w ater (300 ml) 
and the pH  of the solution was adjusted to 10 w ith  cone, am m onium  hydroxide solution. 
The hydrochloride of the C-3 substituted l,2-dihydro-as-triazino[5,6-c]quinoline was added 
to th is solution while stirring  and maintaining the tem perature  below 10° C. A yellow or orange- 
coloured suspension was obtained, which was stirred  further for 1 — 2 hrs then filtered. 
The solid was washed w ith  w ater and recrystallized from chloroform or alcohol.

(b) 4-(Acylhydrazino)-3-nitroquinoline (0.1 mole) or its hydrochloride was added to 
a solution of tin (II) chloride (67.5 g: 0.3 mole) in w ater (600 ml). Cone. HC1 (500 ml) was added 
dropwise with stirring, and the reaction m ixture w7as refluxed for 1 hr. The crystal mass was 
filtered off and washed w ith  water. Liberation of the base and oxidation were carried ou t as 
described under (a).

(c) 4-(/?-ethoxy-substituted m ethylenehydrazino)-3-nitroquinoline (0.1 mole) was 
suspended in ethanol and hydrogenated until the end of hydrogen absorption at room tem per­
a tu re  and atm ospheric pressure. The dark-brow n solution obtained contained C-3-substitut- 
ed l,2-dihydro-as-triazino[5,6-c]quinoline. A fter rem oving the cata lyst, the solution was 
evaporated  while le tting  a ir bubble through the solution. C-3-substituted «s-triazino[5,6-c ] 
quinoline was obtained (Table III).
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Tabic 111

R Formula M. w. M. I»., °c
Calcd. Found

Yield, % Solvent Method
C 11 N c 11 N

H C.,oH„N4 182.19 161-163 65.92 3.32 30.76 65.81 3.26 30.83 85% EtO II A, C
methyl C „H 8N4 196.22 137—138 67.33 4.11 28.56 67.50 4.23 28.32 83% E tO ll A, C
ethyl C,2H ,0N4 210.24 106 108 68.55 4.80 26.65 69.00 4.91 26.77 84,5% EtO II A, C
n-propyl C13H ,2N4 224.27 8 4 -8 5 69.62 5.40 24.98 69.87 5.51 24.90 87% . Gasoline A
i-propyl c ,3i i 12n 4 224.27 7 1 -7 2 69.62 5.40 24.98 69.77 5.46 24.88 79% Gasoline A

(-butyl c ,.h mn 4 238.30 7 8 -8 1 70.56 5.92 23.52 70.39 5.72 23.21 69% Gasoline A
phenyl c 16h 10n 4 258.29 201—202 74.40 3.90 21.70 74.65 4.06 21.66 90% CHC13 А, В, C

benzyl C „H 12N4 272.31 150-152 74.98 4.44 20.58 74.65 4.48 20.34 72% CHC13 A, В
4-hydroxyphenyl ^ igH o \ 0 274.29 323—326 70.06 3.68 20.43 69.97 3.76 20.34 85% DM F В

2-hydroxyphenyl Ch;H10!N ,0 274.29 243-245 70.06 3.68 20.43 70.17 3.89 20.36 82% CHC13 А, В

4-aminophenyl C16H UNS 273.30 26 8 - 270 70.30 4.06 25.64 70.45 4.08 25.60 62% CHC13 В
4-bromophenyl * C[r,H9N4Br 337.19 248- 250 56.99 2.69 16.62 56.94 2.66 16.37 71% CIIC13 В

4-methylphenyl C „H ,2N4 272.31 183 184 74.98 4.44 20.58 74.62 4.58 20.47 88% с н а , В
3,4,5-trimethoxy-

phenyl CleH 16N40 3 348.37 182 183 65.51 4.63 16.08 65.79 4.69 15.94 78% с н а , А, В
3,4-dime thoxy benzyl Ci9H,eN40 2 332.37 150 -152 68.66 4.85 16.86 68.58 5.16 16.89 78.5% с н а , А
4-pyridyl C16HeNs 259.28 213—214 69.48 3.50 27.02 69.72 3.67 27.00 »1% CllCi3 Л, В
3-pyridyl w , 259.28 190-193 69.48 3.50 27.02 69.66 3.46 26.97 84% CHCI3 В
2-pyridyl C15H9N5 259.28 162 164 69.48 3.50 27.02 69.34 3.43 27.13 82% с н а , В
2-phcnyh thyl с ,8н , л 286.34 96 97 75.50 4.93 19.57 75.15 4.91 19.64 84% EtOII А

*Caled. Br. 23,7; Found Br 23,6
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CONDENSED ^S-TRIAZINES, Y*

PY RIDO [4,3-e]-AS-TRIA ZINES

P . B e n k ó , E. B e r é n y i , A. M e s s m e r **, Gy. H a j ó s ** and L. P allos

(E G yT  Pharmacochemical Works, Budapest, and ** Central Research Institute fo r Chemistry o f 
the Hungarian Academy o f Sciences, Budapest)

Received Ju ly  7, 1975

A one-apparatus procedure has been developed for the synthesis of 3-am inopy- 
rido[4,3-e]-as-triazine-l-oxides ( I I I ) .  Base-catalyzed rearrangem ent of these com pounds 
yielded lH -v-triazolo[4,5-c]pyridine-l-carboxam ide and 4-chloro-lH-v-triazolo[4,5-c] 
pyridine. O xidation of I I I  resulted in the 1,4-dioxide derivative, and the respective 
C-3 substitu ted  amino derivatives were prepared with amines.

The A r n d t  synthesis o f benzo-as-triazine [1] has been successfully  
tm ployed  by L e w is  and S h e p h e r d  [2] for the preparation of pyrido[4,3-e]- 
as-triazine derivatives unsubstituted  in the pyridine ring.

In the present paper a m odified synthesis of 3-am inopyrido[4,3-e]- 
es-triazine-l-oxides, accomplished in  one-apparatus, and the preparation of 
further C -3-substituted derivatives w ill be described.

The starting material was 4-m cthoxy-3-nitropyridine (la). It was allow ­
ed to  react w ith guanidine in the presence of excess sodium alkoxide, at the  
boiling point of the solvent, to  obtain 3-am inopvrido[4,3-e]-as-triazine-l- 
-oxides (HI) w ithin a few hours, w ithout isolating the interm ediate II.

The m ethod is based on the idea not applied in the A r n d t  sy n t­
hesis [1 ] up to notv that o-nitroguanidinopyridines can be cyclodehydrat- 
ed in the presence o f an alkali a lkoxide. The reaction is suitable for the prep­
aration o f the required derivatives (III) in one step, in high purity and good  
yields.

The structure of 3-am inopyrido[4,3-e]-as-triazine-l-oxide (Ilia ) was 
confirm ed by, am ong others, m ass-spectrom etric investigations. On this basis,

* P a rt IV: E . B e r é n y i , P. B e n k ó , L. P a l l o s : Acta Chim. (Budapest) (In  press)
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its m olecular weight proved  to  be 163. The m ost characteristic fragm ents are 
the following:

Q
I l ia : m e  I H.'i

Thus the hand w ith  m/e =  147 is also found (M-16); this has a diagnostic 
im portance, being characteristic of heterocyclic N -oxides according to B ryce  
and Ma x w e l l  [4]. This is followed by the band with m/e =  119, brought about 
b y  th e  loss of N2 [5] from  heterocycles containing vicinal N -atom s, such as 
as-triazines. Interestingly , the H2CN (M-28) fragm ent occurring in the case 
o f C-amino com pounds (arom atic primary am ines) exam ined by G illis [6 ] 
does n o t appear at all; th e  next step here is the release o f HCN resulting in 
decom position of th e  triazine molecule, follow ed by com plete destruction  
o f th e  pyridine ring.

The base-catalyzed rearrangement o f  3-am inobenzo-and 3-aminopyrido- 
[2 ,3-e]-os-triazine-l-oxides observed first b y  Ca r b o n  and T a b a t a  [3,7] takes 
place w ith  3-am inopyrido[4,3-e]-as-triazine-l-oxide (Ilia ) [2] in the same way.

In accordance w ith  th is, the rearrangem ent o f the chloro derivative 
(IHb) synthesized b y  us was also studied. The reaction w ith ring contraction  
w as found to take place on ly  at a tem perature higher by about 20 °C than need­
ed for I lla  (R =  H).

U nexpectedly, no 4-chloro-lH -v-triazolo [4,5-cjpyridine-l-carboxam ide 
(IVb) could be iso lated , in spite of analogous conversions reported in the liter­
ature.

OH

i: R =  H b: R =  Cl

In order to  get a deeper insight in to  the process, the rearrangement 
reaction  of I lla  (R =  H ) described by L e w i s  and Sh e p h e r d  [2] was studied. 
The 3-am ino-l-oxide derivative (Ilia) could be converted into lH -v-triazolo- 
[4,5-c]pyridine (Va) w ith  10% sodium hydroxide solution at 80°C  during 30 
m in ., in 85% yield. T he product can only  he isolated from the reaction m ixture 
at pH  3.5—4, since in more acidic or in alkaline media it remains in solution.
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This experim ental result is in  contradiction w ith  th e  observation of 
the American researchers [2], as th ey  described also the isolation o f lH -v -  
triazolo[4,5-c]pyridine-l-carboxam ide (IVa), in the course o f the rearrangement 
of I l ia  in to  Va. N o m elting point was reported, on ly  the appearance o f  the  
carbonyl band (1755 cm -1) in the IR  spectrum  characteristic of com pound  
IVa was given as evidence. Since in our experim ents the carboxam ide deriv­
ative (IVa) could n o t be isolated, it  was prepared indirectly  from v-triazolo- 
[4,5-c]pyridine (Va) in a reaction w ith  potassium  cyanate in acidic m edium  
as suggested b y  Ca r b o n  [7]. It  was found to  be a com pound consisting o f  
white plates, its m elting point being higher by alm ost 30 °C than that o f  Va; 
it transform ed in to  triazolopyridine (Va) when fused at about 300°C, or in  
solution (e. g.,  during recrystallization from alcohol). The carbonyl hand char­
acteristic of carboxam ide appears at 1790 cm “ 1 in the IR  spectrum, together  
with bands characteristic of N H 2 groups (3385 and 3270 cm -1). All spectral 
data were in good agreem ent w ith the corresponding values of authentic tri- 
azolo[4,5-b]pyridine-l-carboxam ide prepared as described by Ca r b o n  and  
T a b a t a  [3].

On the basis o f our exam inations it can be stated  th at in the course o f  
the rearrangem ent o f 3-am inopyrido[4,3-e]-as-triazine-l-oxides (III) the ring  
contraction m ay ta k e  place through carboxam ides (IV), b u t the rearrangem ent 
reaction is faster in  th is system  than  in  the case o f  pyrido[2,3-e]-as-triazines 
[3], therefore, the interm ediates IV cannot he isolated.

3-A m inopyrido[4,3-e]-as-triazine-l-oxide (I lia ) w as converted into the
1,4-dioxide with sodium  tungstate and hydrogen peroxide [11] in a satisfac­
tory yield . It w as found that the m ethods using peracids [8 ] or hydrogen  
peroxide in glacial acetic acid [9], applied successfully in  the preparation of 
heterocyclic N -oxides, are not advisable in the present case, owing to  th e  
low yields and the appearance o f by-products.

0^ Acta Chim. ( Budapest)  90, 1976
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The C-3 amino group — which does not give the reactions characteristic 
o f arom atic amines — can be converted in to  substituted am ino derivatives 
(VII) o f  compound III, b y  means of the m ethod suggested b y  W olf et al. [12]. 
T hus, when compound III is heated w ith  benzylam ine for 2 hrs 3-benzyl- 
am inopyrido[4,3-e]-as-triazine (V ila) is form ed in about 45%  yield . Chemical 
ev id en ce for the deoxidation  occurring during the reaction w ith  benzylam ine  
wras provided by reacting the reduction product of I lia  w ith benzylam ine, 
w hereupon V ila  was obtained.

The reaction of m orpholine w ith III yielded 3-m orpholinopyrido[4,3-e]- 
as-triazine-l-oxide (VIII) in  50%  yield. O xidation after the reduction step  
w ith  sodium dithionite resulted in 3-m orpholinopyrido[4,3-e]-as-triazine  
(IX ), as expected.

The experim ents have shown th a t the above reactions w ith benzyla­
m ine and morpholine cannot be carried out when attem pted w ith  the corres­
ponding derivatives o f  pyrido[2,3-e]-as-triazine. This can probably be explain­
ed b y  the fact that 7-broino-3-am inobenzo-as-triazine em ployed in the reac­
tio n  effected by W olf [12] has the electron-attracting group in  th e  same posi­
tio n  where the pyrido[4,3-e]-as-triazine system  (Ilia) contains the similarly  
electron-attracting nitrogen atom ; thus, th is latter can be regarded as the  
7-aza analogue of the benzene series. These facts all suggest th at successful 
nucleophilic exchange o f  the C-3 substitu en t of condensed as-triazines is pri­
m arily  and particularly dependent on th e  electron-attracting effect o f posi­
tio n  C-7.

Experimental

Spectra were recorded w ith the following instrum ents:
IR : U R-10 (Carl Zeiss) spectrophotom eter; UV: UNICAM SP 800; NM R: HA-60 V arian appa­
ra tu s .

M. p .’s are uncorrected and were m easured in  capillary tubes.

4-Guanidino-3-nitro-5-chloropyridine (lib )

Guanidine hydrochloride (6.9 g; 0.072 mole) was converted into guanidine w ith metallic 
sodium  (4.55 g; 0.19 mole) dissolved in m ethanol (430 m b, then 4,5-dichloro-3-nitropyridine 
(lb) (14.0 g; 0.072 mole) w as added to the solution. The crystals which separated  during 6 
h rs a t  30—40 °C were filtered  off. The yellow b righ t crystalline product (12.4 g; 79.5%) had 
m . p. 232—233 °C (from i-P rO H ).

С6Н 6СШ50 2 (215.61). Calcd. C 33.42; H  2.81; Cl 16.45; N 32.50. Found  C 33.71; H  2.79; 
Cl 16.32;' N 32.45%.

UV (EtO H ): Amax nm  (log e ) :  263 (4.00).
TLC (CHCI3—MeOH, 80 : 20): Rf  =  0.528.

3-Aminopyrido [4,3-e]-as-triazine-l-oxide (I lia )

(a) The guanidine derivative Ila (3.1 g; 0.017 mole) was heated in 3%  sodium hydrox­
ide (60 ml) for 5 min. a t  70—80 °C. F irst, a suspension was obtained, w hich dissolved for 
som e tim e, then became th icker. The product was filtered off and washed to obtain ochre- 
yellow crystals (1.45 g; 84.5% ), m. p. 304 °C (from  E tO H ) (lit. [2] m. p. 298 °C).

A cta  Chim. ( Budapest)  90, 1976
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C6H5N50  (163.15). Calcd. C 44.20; H  3.09; N 42.90. Found C 43.95; H  3.07; N  42.45%
UY (E tO H ): Amax nm (log e): 385 (3.51); 302 (4.20); 285 (3.48).
NM R (DMSO): 6 ppm: 7.38 (d; 5-Я ); 8.58 (d; 6-Я); 9.24 (s; 8-Я );
TLC (CHCI3 MeOH, 20 : 80): Rf  =  0.58.
(b) Guanidine hydrochloride (81.5 g; 0.857 mole) was converted to a solution of the 

guanidine base w ith metallic sodium (20.9 g; 0.908 mole) in ethanol (1820 ml). 4-M ethoxy- 
3-nitropyridine (la) (114 g; 0.734 mole) was added to this solution. The reaction m ixture was 
refluxed for 3 hrs, and the yellow precipitate which separated was filtered off and washed with 
w ater. 90 g (75.3% ) of the product was obtained, m. p. 302 °C (from E tO H ). On the basis of 
elem ental analysis and the UV spectrum , it  is identical w ith the product prepared according 
to  (a ) .

3-Amino-5-ehloropyrido [4,3-e]-as-triazine-l-oxide (I llb )

3-Nitro-4-guanidino-5-chloropyridine (lib ) (4.3 g; 0.02 mole) was heated  w ith 2%  
sodium  hydroxide solution (60 ml) a t 80 °C for 5 min., when the light-brown colour of the s ta r t­
ing m ateria l tu rned  into yellow. The precip ita te  was filtered off; yellow crystals were obtained 
(2.35 g; 59.7% ), m. p. 325°C (from DMF).

C6H4C1N50  (197.59). Calcd. C 36.45; H  2.04; Cl 17.95; N 33.45. Found C 36.40; H  2.00; 
Cl 17 92' N 35.31° .

UV (0.1 jV HC1): Amax nm (log e); 268 (3.45). 312 (4.00), 3.94 (3.50).

lH-v-Triazolo [4,5-c] pyridine-l-carboxamide (IVa)

lH -v-Triazolo[4,5-c]pyridine (6.0 g; 0.05 mole) was dissolved in a m ixture of cone, 
hydrochloric acid (12.5 ml) and w ater (60 ml), and potassium cyanate (6.1 g; 0.075 mole) 
was added in small portions, with stirring, during 25 min. After about 15 min., the precipi­
ta tio n  of a w hite substance started. The reaction was continued for about one and a ha lf hour; 
the p roduct was then  filtered off to obtain  w hite plates (3.4 g; 41.7%), m. p. 273—274 °C.

C„H5N50  (163.15). Calcd. C 44.20; If 3.09; N 42.90. Found C 44.62; H  3.14; N 43.10% .
UV (0.1 N  HC1): Amax nm (log e): 263 (369).
IR  (K B r): 3385, 3270 cm “ 1 (v N H ,); 1790 cm " 1 (i> CO).
W hen recrystallized from ethanol, the in. p. decreased to 246 — 247 °C.
IR  (K B r): The characteristic bands of IVa disappeared and those characteristic of 

V appeared.
lH-v-Triazolo [4,5-c] pyridine (Va)

(a) The N-oxide of Ilia  (1.63 g; 0.01 mole) was kept in 10% sodium hydroxide (20 ml) 
a t  80—85°C for 30 min. A cherry-red solution was firs t obtained, which became pale yellow 
during the 30 min. I t  was filtered and ad justed  to  pH  4 w ith acetic acid. The crystals which 
separated  were filtered off (1.02 g; 85%), m. p. 246^-247 °C (from EtO H ). No m. p. depression 
was observed in adm ixture w ith an au then tic  sam ple.

C5H4N4 (120.12). Calcd. C 50.00; H 3.36; N 46.65. Found C 50.05; H  3.29; N 46.95% .
UV (E tO H ); Amax nm (log e): 258 (3.66).
(b) The carboxam ide IVa (1.63 g; 0.01 mole) was recrystallized from 38 volumes of 

e thanol to ob tain  white plates of Va in 95%  yield; m. p. 244 — 245 °C.
UV (E tO H ): Amax nm  (log s); 258 (3.65).

4-Chloro-lH-v-triazolo [4,5-c] pyridine (Vb)

The N-oxide Illb  (1 g; 0.0051 mole) was refluxed in 10% sodium hydroxide (15 ml) 
un til th e  disappearance of the initial red colour and  the formation of a yellow solution. This 
occurred in about ha lf an hour. The solution was filtered (after having adjusted  its pH  to 4 
w ith acetic acid); white needles were obtained (0.55 g; 70%), m. p. 252 — 253 °C (from E tO H ).

C5H 3C1N4 (154.57). Calcd. C 38.80; H  1.95; Cl 22.95; N 36.30. Found C 38.75; H  1.90; 
Cl 22.85; N 36.10%.

IR  (K B r): no carbonyl band

3-Aminopyrido [4,3-e]-as-triazine-1,4-dioxide (VI)

A solution of sodium tungstate d ihydrate  (2.0 g; 0.063 mole) in 30% hydrogen peroxide 
(20 ml) was added to  Ilia  (1.0 g; 0.063 mole) and  the suspension was stirred continuously. 
Most of the solid substance dissolved in 4 hrs. The m ixture was allowed to stand  overnight, 
then cooled a t 0 °C for 2 — 3 hrs. The precip itate was filtered off (0.7 g; 64%), m. p. 295 °C.
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C6H6N60 2 (179.15). Calcd. C 40.20; H  2.82; N 39.10. Found C 40.44; H  2.84; N 39.02%.
IR  (KBr): 3330; 3140 c m -1 (v NH); 1645, 1545, 1535, 1500, 1470 cm “ 1 (aromatic skel­

e tal vibrations); 1235 cm -1 (N—О).

3-Bcnzylaminopyrido [4,3-e]-as-triazine (VII)

A solution of I l ia  (0.4 g; 0.024 mole) in benzylam ine (4 ml) was refluxed for 2 hrs, 
a red  solution was ob ta ined  from which bright crystals separated on cooling (0.2 g; 35% ). 
m. p . 164—166 °C (from MeCN).

Ct3H n N5 (237.27). Calcd. C 65.88; H  4.68; N  29.55. Found C 65.50; H 5.08; N 29.42%.
IR  (KBr): 2800—3050 cm -1 (aliphatic and arom atic CH); 3150 cm -1 (secondary NH).

3-Morpholinopyrido [1.3-e] -as-triazine-1-oxide (VIII)

Compound I l i a  (1.0 g; 0.062 mole )was refluxed in  morpholine (10 ml) for 30 hrs, 
then  evaporated to  dryness. The residue was rubbed w ith chloroform to obtain the product 
(0.52 g; 36%), m. p. 177— 179 °C (EtOH).

C10H uN5O2 (233.24). Calcd. C 51.55; H  4.76; N 30.06. Found C 51.49; H 4.73; N 29.77%.

3-Morpholinopyrido [4,3-e]-as-lriazine (IX)

Compound VIII (1.8 g; 0.077 mole) was added to an  aqueous solution (40 ml) of cone, 
am m onium  hydroxide (1 ml) and sodium dithionite (5 g; 0.029 mole). The reaction m ixture 
was stirred. Á pale yellow suspension formed in  about 15 min. The precipitate was filtered 
off, added to an aqueous solution (60 ml) of potassium  ferricyanide (10 g) also containing cone, 
am m onium  hydroxide (5 ml). After 15 min. the p roduct was extracted  w ith chloroform, 
evaporated  to dryness, and  the residue was crystallized from  ethanol to give yellow crystals 
(0.4 g; 24%), m. p. 171— 173°C.

Ci0H u NB (217.24). Calcd. C 55.35; H  5.11; N  32.27. Found C 55.15; H 5.00; N 32.65% .
*

The authors’ th an k s  are due to Dr. R . H e r z s c h u h  and Dr. R. B o r s d o r f  (K arl- 
M arx-U niversität, Leipzig), as well as to  Dr. L. B u d a  (EG yT Pharmacochemical W orks) 
fo r th e  instrum ental and  microanalyses, and to  Miss M. L a k a t o s  for technical assistance.
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THERMAL TRANSCARBOXYLATION REACTIONS, VII*

T H E  R ELA TIVE A B ILITY  TO T R A N SFE R  OF AROMATIC HYDROGENS 

J. S z a m m e r  an d  L . N o s z k ó **

(Central Research Institute fo r  Chemistry o f  the Hungarian Academy o f Sciences, Budapest)

Received August 18, 1975

An experim ental m ethod, useful under the conditions of the Henkel reaction, 
has been developed for the determ ination  of the frequency of hydrogen abstractions 
from arom atic carboxylic acid salts. I t  has been found th a t  the hydrogen atom s of aro­
m atic potassium  carboxylates are ra th e r readily split off, except for the hydrogens of 
terephthalate; the readiness of hydrogen abstraction is independent of the therm al s ta ­
bility of the salts.

The low reac tiv ity  of the hydrogens in dipotassium  tereph thala te  tow ards the 
reactive interm ediates of the therm al conversion is in agreem ent w ith the experience 
th a t this compound is the m ain p roduct of the Henkel reaction.

During the therm al transform ations of the potassium  salts o f benzene- 
carboxylic acids [1 ], the form ation o f a number of carboxylic acid salts has 
been observed. The relative am ounts o f these salts have been found to  change  
as the reactions proceed [2 — 5]. The main product o f th is process, m entioned  
in  the literature often as the H enkel reaction, is d ipotassium  terephthalate, 
which appears and becom es predom inant in the later stages o f the reaction. 

According to the interm olecular m echanism (Fig. 1) o f  the reaction [6 —9 ],

Fig. 1

* P a rt V I; Radiochem . R adioanal. L e tt. 21, 241 (1975)
** Present address: B udapesti Műszaki Egyetem  A lkalm azott K ém iai Tanszék (D epart­

m ent of Applied Chemistry, Technical U niversity , Budapest)
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th e  reactive interm ediates of the transform ation are proton-deficient salt m ole­
cules [9]; these are form ed by decarboxylation and the sp litting  off of hydro­
gen. This hydrogen abstraction by the reactive fragm ents is an individual 
stabilization  and reproduction process (Fig. 2) resulting in intermolecular 
transprotonation [9, 10], which is the prerequisite o f the repeated migration 
o f th e  carboxyl group.

COOK COOK

The hydrogen abstraction steps shown in Figs 1 and 2 w ill undoubtedly  
also occur in the reaction products, affording the possib ility  o f their further 
transform ations, even in the case of otherwise therm ally stable salt molecules. 
O bviously, the higher the relative frequency of the abstraction of hydro­
gen from a carboxylic acid salt present in  the Henkel reaction, the more the  
stab ility  of this salt decreases in the presence of reactive fragments. This 
relationship is expected  to  lead to a better understanding o f the detected prod­
uct com position.

For a study o f th e  relative proneness to  sp litting o ff o f aromatic hydro­
gens, an equimolecular m ixture of perdeuterated potassium  benzoate and a 
non-deuterated salt was therm ally decom posed and the am ount of benzenes 
form ed in this reaction was determ ined by mass spectrom etry.

C«J)*COOK CiiDo +  iC C o lh C O O K

ГоН„(СООК)б_„ CeDsH. 4- K + T’«H„ ,(COOK)(i „
Fig. 3

As shown in F ig . 3, the produced fragm ent (K + ” C6D 5) abstracts deute­
rium from the benzoate, and hydrogen from the carboxylate present to give 
the benzenes CeD6 and C6D 3H , respectively. The ratio o f the relative rates of 
th e  hydrogen- and deuterium  abstractions is thus characterized by the ratio  
o f the amounts o f th e  C6D e and C6D 5H form ed. This ratio can be determined 
b y  m ass-spectrom etric analysis.

From the experim ental results in Table I, the relative hydrogen reactiv­
ity  values referred to  the hydrogens o f  potassium  benzoate (k^jk^) were 
calcu lated  on the basis o f the following considerations.
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Table 1

R e s u l ts  o f  th e rm o g ra v im e tr ic  a n d  m a s s -sp e c tr o m e tr ic  m ea su rem e n ts

S a lts“

Decomj

In itia l

m ., °C 

D TG
p eak

T em p .,
°c

T im e,
m in . v sb v .b

K B - d 6 430 520 450 20 0.008 0.992

K 2P

+ 460 540 430 10 0.660 0.340
K B —d5

К Л Р

+ 490 540 430 10 0.639 0.361
K B —d5

K 2TP 430 10 0.034 0.966

+ 540 600 450 5 0.050 0.950
K B —d5 410c 15 0.080 0.920

K3TM

+ 470 520 430 10 0.631 0.369
K B —d5

K 3TS

+ 480 520 430 10 0.469 0.531
K B —d5

K 3HM

+ 470 530 430 10 0.550 0.450
K B —d5

a KB-d5 =  perdeuterated potassium benzoate; P  =  phthalate;
IP  =  isophthalate; T P  =  terephthalate; TM =  trim ellitate; TS =  trim esitate; HM =  
hemimellitate.

b mole fraction of benzene containing 5 or 6 atoms of deuterium 
0 Composition of the salt m ixture, K2T P  : K B —d5 : KOCN ■ 1 : 1 : 1 5

The rates o f form ation ( We and W 5) o f the benzene molecules C6D e and  
5H, can be w ritten  as follows:

=  5 fcg [CeD s- ]  [CeD 3COOKJ 

W5 =  n kpH [CeD 5- ]  [CeHn (COOK)0_n]
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D ivision  o f W b b y  W e g ives Eq. (2):

Wj, =  n fcP [C6H n(COOK )6_ n] 
W„ ~ 5 /eg [CgD 5COOK] ( 2 )

The quotients o f the corresponding rate constants were calculated from  
Eqs (1) and (2), by satisfying the follow ing criteria and utilizing the sim plifica­
tions below:

1. The tests were carried out on benzene samples rem oved in such an 
in itia l phase of the therm al transform ation when interm olecular H —D exchange  
did n ot y et interfere.

2. The small m aterial requirem ent o f  m ass-spectrom etric analysis per­
m itted  to  make m easurem ents at very low  conversions. Therefore, in the above 
equations one m ay calculate with the starting molar ratios.

3. From the in tensities corresponding to  the mass numbers for the mole 
fractions Y s, Y K we have

У
B,

and Y r.
Г,

, where the numbers of benzene molecules
B 5 + B 6 ß b 5 + b g

w ith  isotope com position C6D 5H and CGD G are denoted by B 5 and Be, respective­
ly .

In tim e t the am ounts of B 5 and B G form ed are

B 6 =  J  We dt =  Ув (B 5 + B G) and

B 5 = Ws dt =  У 5 ( B 5 +  Be) .

Substitution  of these in Eq. (2) gives

n [CGH n(COOK)G_n]
5 fcg [C6D 5COOK] (3)

4. The term  for the quotient o f  the salt concentrations in  Eq. (2) can  
be substituted  by the ratio X g /X g , w hich is the number of m oles o f salt pre­
sen t in the salt m ixture.

5. According to  former studies [11, 12], in the reaction step of hydro­
gen- and deuterium  abstraction from  th e benzoate m olecule, the prim ary  
k in etic  effect is:

i - B

- ^ -  =  2.20, a t 430 CC, and
fcg

-^±- =  2.15, at 450 °C
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I f  these conditions are fulfilled and, using the sim plifications and the su b sti­
tutions m entioned above, the relative hydrogen reactiv ity  values at 430 °C, 
referred to the benzoate hydrogens, can be calculated.

^  5 У 5 XB
k% 2.20 n Y e X g

It is known [13] th a t the proneness of benzoate hydrogens to undergo sp lit­
ting o ff considerably depends on their positions, thus the expression deduced  
above is m erely an average value indicating the ratio of the average readiness 
of abstraction o f the hydrogens from two different carboxylic acid salt m ole­
cules.

The tests for hydrogen m obility were carried out in 1 : 1 molar m ixtures 
of the salts listed  in  Table I, at 430 °C. In the case o f  dipotassium  terephtha- 
late, m easurem ents were also made at 450 °C, above the m elting point of potas­
sium benzoate, and at 420 °C, in a KOCN solution.

Table II

The relative reactivities o f aromatic hydrogens in thermal transformation reactions

Salts a Temp.,
°C

Time,
min.

kPk U n  k B

k B 5 kBk H

KB _ __ 1 1

K 2P +  K B-d5 430 10 1.10 0.88

K ,IP  +  K B-d5 430 10 0.95 0.76

K 2T P +  K B-d6 430 10 0.02 0.02

450 5 0.03 0.02
in KOCN c 410 15 0.05d 0.05

K 3TM +  K B-d5 430 10 1.30 0.78

K 3TS +  K B-d5 430 10 0.67 0.40

K 3HM +  K B-d5 430 10 0.926 0.56

aKB-d5 =  perdeuterated  potassium benzoate; P  =  ph thala te ; IP  =  isophthalate; T P  =  
terephthalate; TM =  trim ellitate; TS =  trim esitate; HM =  hemimellitate.

b Frequency of carbanion formation, in an equimolar salt m ixture, referred to the benzoate.
c Composition of the salt mixture, K 2T P : KB-d6 : KOCN =  1 : 1 :  15. 
d

----- - =  2.20 was used in the calculations.
fcB
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According to Table II , under the experim ental conditions here prevail­
ing, there is a significant difference betw een the readiness for abstraction of 
the hydrogens of the various potassium  salts of benzenecarboxylic acids. 
In terestingly , under the conditions o f  the Henkel reaction practically  no 
abstraction  of hydrogen occurs from the dipotassium  terephthalate m olecule. 
This is in good agreement w ith the experience that dipotassium  terephthalate  
is the end-product of the therm al transcarboxylation reaction. The low  reactiv­
ity  o f  the terephthalate hydrogens tow ards the reactive interm ediates of the  
therm al transform ation is a characteristic feature that q u alitatively  distin­
guishes the terephthalate molecule from  the interm ediary carboxylates 
observed in Henkel reactions. The experim ental result also explains the reason 
w hy dipotassium  isopthalate is not an end-product of this reaction , though  
it is produced at a much higher rate [2 — 5] in the therm al process and is, accord­
ing to  therm ogravim etric m easurem ents, stable under the given experim ental 
conditions.

The results obtained by experim ents in KOCN, and the fact th at in most 
cases decom position occurs at 430 °C in  the solid phase, cast doubt on the sugges­
tion  th at the transform ation into terephthalate is due to its separation from  
the reaction m ixture as a crystalline product. H ydrogen abstraction, e. g. 
from  dipotassium  isophthalate, takes place also in the solid phase, whereas 
from  dipotassium  terephthalate the sp litting  off of hydrogen is very slight 
even  is KOCN solution.

In the literature [10] the possib ility  has been suggested th at the first 
step o f this thermal transform ation is the dissociation of a proton; according 
to  th is , the transform ation of potassium  benzoate m ight be represented as 
show n in Fig. 4.

CeH 5COOK ;=± H© +  ©C6H4COOK 

CeH5COOK +  H© — > CeH e +  CO, +  K©
©CeH4COOK - f  C 02 +  K© — > C0H4(COOK)2

F ig. 4.

Our experim ental results seem to  exclude this m echanism  because
1. the catalytic effect o f Cd and Zn is due to the form ation o f Cd- and 

Zn-carboxylates, and it is the low therm al stab ility  of these com pounds which 
accelerates the decarboxylation step [9, 14].

2. There is no interm olecular H —D exchange preceding [11] the thermal 
transform ation of potassium  benzoate.

3. According to the data in Tables I and II, in the case of the various 
carboxylic acid salts, there is no connection between the therm al stab ility  
and the m obility of the hydrogens, i. e. a relatively low therm al stab ility  docs 
not go together w ith  a relatively  high m obility of hydrogen, as one would  
exp ect it on the basis o f the schem e in Fig. 4.
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Experimental

Materials

The aqueous suspensions of the arom atic carboxylic acids were neutralized w ith an 
equivalent am ount of K O H . The salt solutions were evaporated to dryness and dried in vacuum  
(1 torr) at 200°C. The pu rity  of the salts was checked by the determ ination of potassium . The 
salt m ixtures were prepared by weighing ou t the com ponents in 1 : 1 molar ratio and dissolv­
ing them , followed by evaporation of the solution and the drying of the residue.

Benzoic-Hf-acid was prepared from commercially available highly deuterated benzene 
(deuterium  content over 99.5) by brom ination [15]. The brom obenzene-Hf (b. p. 154—155 °C) 
was converted in abs. e ther solution into phenylpiagnesium brom ide, and this was carboxylat- 
ed w ith C 02 [13]. The benzoic acid was recrystallized from w ater; m. p. 121 °C, yield 62%  
(calculated for benzene-H 2). For the determ ination of the deuterium  content, a 0.5-g sample 
o f the perdeuterated  potassium  benzoate, used in preparing the salt mixtures, was kep t a t 
460 °C for 1 hr. According to  the m ass-spectrom etric analysis of the resulting benzene, the 
deuterium  purity  was 99.7% .

Method

From the 1 : 1 m olar salt m ixtures a sample containing 10 millimoles of the two salts 
each was weighed into a quartz  flask, which was connected to an evacuation system. A fter 
evacuation (1 torr) the flask was pu t into a metal bath  therm osta t which m aintained the 
tem perature given in Table I, w ithin +  1°C accuracy. E vacuation  was continued for one more 
m inute after therm ostating , then the suction cock was closed and the benzene formed in the 
reaction was frozen w ith liquid air.

The samples of benzene were analyzed on an Ms-902 mass spectrometer. The accuracy 
of these determ inations was +  1%. After decomposition, a known am ount of potassium ben­
zoate 7-l4C was added to the aqueous solution of the salt m ixtures, followed by acidification 
w ith HC1. The arom atic carboxylic acid which separated was filtered off, dried, and benzoic 
acid was extracted  w ith chlorform. The chloroform solution was dried over MgS04, filtered, 
and concentrated. The residual benzoic acid was recrystallized from  petroleum  ether, and sub­
limed in vacuum . The radioacitiv ity  of the benzoic acid thus prepared was determined in to lu ­
ene solution, w ith a Packard  Tri-Carb liquid scintillation spectrom eter. From the radioactiv ity  
values the am ount of potassium  benzoate left was calculated according to the isotope dilution 
method. U nder the experim ental conditions shown in Table I, the conversion of perdeu te ra t­
ed potassium benzoate was less than  3% in every case.
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A m ethod has been developed which perm its the transform ation  of carboxylic 
into carbaldehyde groups in the presence of ester groups.

Owing to  their exceptional and manifold reactiv ity , aldehydes occupy  
a central position in organic synthesis. The developm ent o f  sim ple and, possi­
b ly , selective m ethods for the introduction of the aldehyde function  is there­
fore h ighly desirable. M ethods for the synthesis o f aldehydes based on the 
reduction of suitable heterocyclic com pounds have been recently  described  
in a series o f papers by M e y e r s  et al. (see, e. g. [1, 2 ]). B y  replacing  
th e  dihydro-1 ,3-oxazine, 2 -oxazoline rings, etc. of the starting com pounds 
in the M e y e r s  syntheses by the s-traizolo-[2,3-c]quinazolin-4-ium  ring, a 
novel and useful variant of this procedure has now been developed which has 
several advantages over the original m ethod.

The starting point o f our studies was the observation th at N aB H 4 
reduction o f the oxo-as-triazinoquinazolium  salt 1 , obtained in a three-step  
process starting w ith benzoyl chloride and the as-triazinone 2 , and careful 
alkaline hydrolysis of the resulting product furnishes benzaldehyde [3]. 
In order to develop this reaction into a useful method for the conversion of  
the carboxyl group (or its m odified form s) into the aldehyde group, the re­
agent 2  and the interm ediate 1  had to  be replaced by sim pler ones.

The s-triazolinethione 3 and the s-triazol 4 [4] were first tested  as start­
ing substances for the preparation o f quaternary heterocyclic com pounds 
related to  1. Treatm ent of the thione 3 w ith  triethyl orthoform ate, A c20/HC1 
and benzoyl chloride, follow ed by ring closure with A c20/HC1, and benzoyl 
chloride, followed b y  ring closure w ith  A c20/HC1 furnished the s-triazoloqui- 
nazolin ium thiolates 5 a - c ;  m ethylation  o f the latter w ith m ethyl iodide gave  
th e  S-m ethyl derivatives 6 a - c .  A lternatively , compounds 6 b  and 6 c  were 
obtained b y  successive treatm ent o f the amino-N -acetyl and ammo-iV-ben- 
zoyl derivatives of 4 w ith A c20/HC1 and aqueous K I. The best m ethod for 
th e  preparation of the typ e 6 com pounds, however, was successive treatm ent 
o f com pound 4 w ith the appropriate carboxylic acid in the presence of POCl3 
and pyridine, and w ith  aqueous alkali iodide.
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Compound 6b was reconverted by acid hydrolysis into compound 4, 
w hile alkaline treatm ent furnished the quinazolinone 7. In the presence of 
aqueous m ethanolic N aO H  an 0-m ethyl derivative (8 or 9) o f 7 was formed 
w hich, when treated w ith  K I/AcOH, was reconverted into 6 b.

N aB H 4 reduction o f compounds 6 b-e furnished the ty p e  10 tetrahydro- 
s-triazoloquinazolines* w hose isolation proved difficult and which, therefore, 
were in general im m ediately  hydrolyzed to the corresponding aldehydes; 
the la tter were isolated as their condensation products Д2 [3, 5] formed w ith  
the triazinone 2. The on ly  type 10 com pound which has been isolated (10b) 
is show n by its NM R spectrum  to exist as a m ixture o f  tw o diastereomeric 
racem ic pairs.*

The efficiency o f th e  new method m ay be rated on the basis of the overall 
yields (64%  and 53% , respectively) of the conversions o f  m ethyl hydrogen  
succinate and m ethyl hydrogen terephthalate v ia  6 and 10 into m ethyl succi- 
naldehydate and terephthalaldehydate, respectively, isolated  in the form of 
their type 12 condensation product. These tw o exam ples serve also to dem on­
strate the selectiv ity  o f the new m ethod which perm its to  reduce carboxylic 
into carbaldehyde groups in the presence o f ester groups.

The disadvantage o f  our method is the rather difficult accessibility of 
the required reagents (3 o r 4 ) . Presently, attem pts are m ade to  replace the latter  
by more readily accessible ones.

Experimental

1-Phenyl-s-triazoIo |2,3-c| quinazolin-4-ium-2-ihiolates (5)

(a )  A m ixture of th e  thione 3 [4] (2.0 g; 7.45 mmoles), trie thy l orthoform ate (10 ml) 
and AcOH (2 ml) was refluxed for 10 min. A clear solution resulted tem porarily, bu t the p rod­
uct soon started to p rec ip ita te  from the hot solution. The m ixture was allowed to cool to 
yield 1.9 g (92%) of 5a, m. p. 331-333°C  (DMF).

C15H 10N4S (278.33). Calcd. C 64.73; H 3.62; N 20.13; S 11.52. Found C 65.00; H  3.71; 
N 20.51; S 11.55%.

(b) Dry HC1 was in troduced for 10 min. into a boiling m ixture of the thione 3 [4] 
(30 g; 0.112 mole) and Ac„0 (100 ml). The m ixture was allowed to cool. Anhydrous ether (300 
ml) was added to precip itate 26 g (79%) of 5b (which was tr itu ra ted  w ith 5%  aqueous N aH C 03 
to remove traces of HC1), m. p. 348—349 °C (d.).

C,6H ,2N4S (292.36). Calcd. S 10.96. Found S 10.57%.
(c) A m ixture of the  thione 3 [4] (2.0 g; 7.45 mmoles), PhCOCl (0.93 ml; 8 mmoles) 

and dry dioxane (15 ml) was refluxed for 30 min. 5%  aqueous N aH C 03 (50 ml) was then  added 
to  the clear yellow solution to  precipitate an oil which gradually solidified. 2.7 g (98%) of omi- 
no-lV-benzoyl-3, m. p. 254—255 °C (nitrom ethane), was obtained.

C21H ,6N4OS (372.44). Calcd. C 67.72; H. 4.33; S 8.61. Found C 68.01; H 4.17; S 8.70%.
IR  (KBr): 1680 c m - 1.
D ry HC1 gas was in troduced for 10 min. into a boiling m ixture of the crude benzoyl 

derivative (2.7 g; 7.25 mm oles) in Ac20  (10 ml). The m ixture rem ained heterogeneous th rough­
out. I t  was allowed to cool, and ether (30 ml) was added. The crystalline product was tr i tu ­
rated  w ith 5% aqueous N aH C 0 3 to yield 2.1 g (82% ) of 5c, m. p .2 8 4 —285 °C (D M F-ether).

C2,H 14N4S (354.42). Calcd. N 15.81; S 9.05. Found N  15.92; S 8.88%.

* The isomeric Schiff base structures 11 cannot be ruled ou t for these compounds.
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‘ Tautomeric s tructure  unknown

5, 6, 10—12

R

a H—

b Me—

C Rh—

d Rh—CH2—

e MeOOC—t:2H4—

f /nMeOOC—Cr.H<—
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2-Methylthio-l-phenyl-s-triazolo [2,3-c] quinazolin-4-ium iodides (6)

(a )  A m ixture of 5a (0.6 g; 2.15 mmoles), dry  DM F (6 ml) and Mel (2 ml) was allowed 
to  stand  overnight (the m ix ture  rem ained heterogeneous throughout) to  yield 0.7 g (77%) 
of 6a, m. p. 315—318°C (anhydrous E tO H ).

C,6H ,31N4S (420.28). Calcd. I 30.20; S 7.65. Found I 30.24; S 7.85%.
(b)  M ethylation of 5b (26 g; 89 mmoles) and  of 5c (1.5 g; 4.2 mmoles) were carried 

ou t similarly and furnished 36 g (93% ) of 6b and 1.9 g (90% ) of 6e, respectively, identical accord­
ing to  m. p .’s, mixed m. p .’s and 1R spectra w ith  the samples obtained according to  (d) 
and ( f ) ,  respectively.

(c) Compound 4 [4] (2.0 g; 7.1 mmoles) was boiled up w ith Ac20  (10 ml) to  yield a clear 
yellow solution which, on cooling, deposited 1.7 g (74% ) of the ammo-iV-acetyl derivative of 
4, m . p. 2 1 9 -2 2 0  °C (E tO H ).

C „H I6N40S  (324.40). Calcd. C 62.94; H 4.97; N  17.27; S 9.88. Found C 62.57; H 4.94; 
N  17.11; S 9.84%.

IR  (KBr): 1700 c m - 1.
?<MR (CDC13): ö 11.0, bs, 1H, N H ; 8.6, dd, J  ^  8 and 1.5 Hz, 1 H , 7-H ; 7.7—6.75, m,
8 H , other Á rH ’s; 2.8 and 2.3, both s, 3 H , each, S-Me and Ac.
( d)  Dry HC1 gas was introduced for 10 min. into a boiling m ixture of compound 4 

(6.0 g; 21.3 mmoles) and Ac20  (40 ml). The m ix ture  was allowed to cool and ether (100 ml) 
was added to yield the crystalline chloride 6b (w ith Cl® replacing I©). The la tte r  was dissolv­
ed in w ater (20 ml), and 20%  aqueous K I (40 ml) was added to precip itate 8.5 g (92% ) of 
6b, m. p. 347—349 °C (anhydrous MeOH).

C „H ,5IN4S (434.31). Calcd. I 29.22; N 12.90; S 7.38%. Found I 29.57; N 13.05; S 7.40%.
IR  (KBr): 1635, 1560, 1535 c m -1.
(e) T reatm ent of the aqueous solution of th e  above chloride w ith 20%  aqueous N aB F4 

furnished 90% of the tetrafluoroborate , m. p.318—320 °C (d.; after conversion into needles 
above 220 °C). The IR  spectrum  of this product was — apart from the intense B F4© band — 
identical with th a t of 6b.

f f  J  A m ixture of compound 4 [4] (10 g; 35.4 mmoles), PhCOCl (4.2 ml; 45 mmoles) 
and anhydrous dioxane (80 ml) was refluxed for 30 min. After cooling, 5%  aqueous N aH C 03 
(200 ml) was added to  precip ita te  an oily p roduct which gradually solidified (13.5 g). Recrys­
tallization  from E tO H  (100 ml) furnished 8.9 g (65% ) of the amino-IV-benzoyl derivative of 
4, m. p. 172 °C.

C22H ,gN4OS (386.46). Calcd. C 68.37; H  4.69; S 8.30. Found C 68.40; H  4.69; S 8.28%.
IR  (K Br): 1670 c m - 1.
NMR (CDC13): S 11.9, bs, 1 H , N H ; 8.85, dd, J  >=« 8 and 1.5 Hz, 1 H , 7-H; 8 .3 -8 .1 5 , 

m , 2 H , PhCO, o-H’s; 7.7—6.75, m. 11 H, o ther A rH ’s; 2.75, s, 3 H , S —Me.
D ry HC1 gas was introduced for 10 min. in to  the refluxing m ixture of the above prod­

u c t and A c20  (30 ml). A fter cooling, ether (250 ml) was added to the resulting solution to 
p recip itate an oily p roduct which gradually solidified. The la tte r was dissolved in MeOH (60 
m l), and 20% aqueous K I (60 ml) was added to  precipitate 10.75 g (94% ) of 6c, m. p. 296 — 
297 °C (d.: DMF>.

C22H „IN 4S (496.38). Calcd. C 53.23; H  3.45; I 26.32; S 6.46. Found C 53.62; H  3.42; 
I 26.32; S 6.90%.

IR  (KBr): 1620, 1560, 1530 c m "1.
(g) P0C13 (5.6 m l; 60 mmoles) was added, w ith stirring, to a m ixture of 4 [4] (10 g; 

35.4 mmoles), phenylacetic acid (4.8 g; 35.4 mmoles) and anhydrous pyridine (30 ml) by drops 
a t  such a rate th a t the m ix ture  came to boiling. The excess P0C13 was decomposed w ith anhy­
drous MeOH (30 ml), and  an  aqueous (40 ml) solution of N al (25 g) was added to the w arm  
solution. The m ixture wras chilled a t 0 °C to yield 10.7 g (60%) of 6d, m. p. 318—320 °C (d.; 
E tO H ).

C„3H I5IN4S (510.40). Calcd. C 54.12; H 3.75; I 24.87; N 10.98. Found C 54.93; H 3.59; 
I  24.96; N 10.75%.

IR  (KBr): 1630, 1560 (w), 1530 cm “ 1.
(h )  6e (16.5 g; 92% ), m. p. 282—284 °C (d .; MeOH) was obtained similarly by reacting 

4 (10 g; 35.4 mmoles) and m ethyl hydrogen succinate (4.8 g; 36 mmoles) w ith POCi3 (4.8 ml; 
50 mmoles) in anhydrous pyridine (30 ml).

C20H 19IN4O„S (506.37) Calcd. C 47.44; H  3.78; I  25.07; N 11.06; S 6.33. Found C 47.98; 
H  4.25; I 25.16; N  11.30; S 7.09%.

IR  (KBr): 1735, 1635, 1565, 1535 cm “ 1.
( i )  6f (19 g; 97% ), m. p. 190 °C (d.; M eOH) was obtained similarly by reacting 4 (10
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g; 35.4 mmoles) and m ethyl hydrogen tereph thala te  (6.5 g; 36 mmoles) w ith POCl3 (4.8 ml; 
50 mmoles) in  anhydrous pyridine (40 ml).

C24H !9IN40 2S (554.41). Calcd. I  22.89; N 10.11; S 5.78. Found I 23.21; N 10.25; S 6.37% . 
1R  (K Br): 1720, 1620, 1560, 1530, 1280, 1110 cm->.

Hydrolysis of 6b

(a )  A m ixture of 6b (2.0 g; 4.6 mmoles) and 20%  aqueous HC1 (20 ml) was refluxed 
for 5 hrs and evaporated to dryness in vacuum . The residue was dissolved in a m ixture of 
5%  aqueous N aH C 03 (40 ml) and DMF (20 ml) to yield, on cooling, 1.15 g (88% ) of com pound 
4, identical according to  m. p. (142—143°C, i-PrO H ), mixed m. p. and IR  spectra w ith  an 
au then tic  sample [4].

( b)  4 JV NaOH (8 ml) was added a t 0 °C, w ith stirring, to a  m ixture of 6b (5.0 g; 11.1 
mmoles) and dioxane (25 ml). Stirring was continued a t room tem perature un til a clear solu­
tion resulted . W ater (75 ml) was added to precipitate 2.6 g (72% ) of the quinazoline com pound 
7, identical according to  m. p. (207 °C; E tO H ), mixed m. p. and IR  spectra w ith an  au then tic  
sam ple, prepared as described below.

The same product was obtained when compound 6b was refluxed w ith 5%  aqueous 
NaHCOa.

Methanolysis of compound 6b

4 N aqueous NaOH (3 ml) was added a t 0 °C, w ith stirring, to a m ixture of 6b (5.0 g; 
11.1 mmoles) and MeOH (25 ml). S tirring was continued a t room tem perature un til a clear 
solution resulted. W ater (75 ml) was added to  precip itate a partly  crystalline gum m y product 
which was taken up in two 50-ml portions of ether. The combined ethereal solutions were 
washed w ith w ater and dried over M gS04. E vaporation  of the solvent in vacuum  furnished 
2.5 g (66% ) of compound 8 (or 9), m. p. 137 °C (benzene-pentane).

C18H 18N4OS (338.42). Calcd. C 63.88; H  5.36; N  16. 56; S 9.47. Found C 63.30; H  4.79; 
N 16.48; S 9.83%.

NM R (CDC13): 6 3.6, 2.75 and 1.6, all s, 3 H , each, OMe, SMe, > C —Me, 7.5—6.65, m, 
11 H , A rH ’s.

The above product (0.3 g; 0.9 mmole) was dissolved in a m ixture of MeOH and  20%  
aqueous K I (3 ml, each), and the m ixture was acidified w ith AcOH. W ater (10 ini) was added 
to give 0.35 g (91%) of 6b, identical according to m. p. (346 — 348 °C, d.), mixed m. p. and IR  
spectra w ith an authentic sample.

3-(l-Anilino-l-methylthiomethyleneamino)-2-methyl-4(3H)-quinazolihone (7).

A m ixture of 3-ami no-2-met h} 1-4(3 H)-quinazolinone [6] (5.0 g; 33 mmoles), PhNCS 
'4.8 ml; 40 mmoles) and anhydrous E tO H  (30 ml) was refluxed for 1 hr to yield 5.0 g (49% ) 
of 2-methyl-3-(3-phenylthioureido)-4(3 H )-quinazolinone, m. p. 201—202 °C (E tO H ).

C16H 14N4OS (310.37). Calcd. S 10.33. Found S 10.52%.
A solution of the above product (1.0 g; 3.2 mmoles) in DMF (5 ml) was trea ted  w ith 

Mel (0.31 m l; 5 mmoles) and 5%  aqueous N aH C 03 (5 ml); the resulting product was recrysta l­
lized from  E tO H  (90 ml) to  yield 0.7 g (69% ) of compound 7, m. p. 207°C.

C „H leN4OS (324.40). Calcd. C 62-94; H 4.97; N 17.27; S 9.98. Found C 63.28; H  5.25; 
N 17.36; S 9.92%.

IR  (K B r): 3200, 1655, 1600, 1550 c m - 1.

NaBH4 reductions of the s-triazoloquinazolinium  iodides 6

(a ) An aqueous (20 ml) solution of N aB H 4 (1.6 g; 42 mmoles) was made alkaline by 
the addition  of a few drops of 10% aqueous N aOH , then  it  was added by drops, w ith stirring 
and ice-salt cooling, to a m ixture of 6b (15 g; 33.3 mmoles) and MeOH (50 ml) a t  such a ra te  
th a t  the tem perature  did no t exceed 3—5 °C*. 8.75 g (85% ) of 10b was obtained, colourless 
needles, m. p. 145—146 °C (nitrom ethane).

C17H 18N4S (310.41) Calcd. N 18.05; S 10.33. Found N 17.92; S 10.41%.

* A t 20 °C, overreduction, i. e sa tu ration  of the exocyclic N =  C bond of l i b  took place.
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NMR (CDC13): <5 7.5—6.5, m, 9 H, A rH ’s; 4 .4—3.8, m, 3 H, 5-H +  6 -H  +  10 bH ; 
2.43, weak s, +  2.38, s, to ta l in tensity  3 H , S —Me; 1.34, d, J  =  7.2 Hz -f- 1.18, weak d, 
J  — 6 Hz, 5—Me (two diastereom eric racemic pairs?).

(b)  A m ixture of crude 10b (5.0 g; 16.1 mmoles), w ater (50 ml) and cone. H 2S 04 (10 ml) 
was subjected to steam  distillation. The recipient, in to  which a solution of the triazinone 2 
(3.76 g; 16.1 mmoles) in a m ixture of MeOH (40 ml) and AcOH (5 ml) had been placed, was 
cooled in ice-water. 2.43 g (58% ) of the as-triazinoquinazolium olate 12b was obtained which, 
according to m. p. (244—246°C, DMF), mixed m. p. and  IR  spectra proved identical w ith an 
au then tic  sample [3,5].

(c) An aqueous (10 ml) solution of N aB H 4 (0.67 g; 18 mmoles) was made slightly alka­
line w ith  10% aqueous N aO H  and added by drops, w ith stirring and ice-salt cooling, to  a 
m ix tu re  of 6c (7.0 g; 14 mmoles), DMF and MeOH (20 ml, each) a t such a ra te  th a t the tem ­
pera tu re  did never exceed 3—5 °C. W ater (100 ml) and cone. HC1 (10 ml) were added. The m ix­
tu re  was boiled up, allowed to  cool and extracted  w ith three 50-ml portions of ether. The com­
bined ethereal solutions were washed w ith 5%  HC1, w ater, 5%  aqueous N aH C 03 and w ater, 
and dried over M gS04. F ractional distillation furnished 1.2 g (80% ) of PhCHO, b. p. 70 — 
72° C (20 torr), identified as its condensation p roduct 12c [3,5] formed with the triazinone 2.

(d )  Compound 6d (5.0 g; 9.8 mmoles) was reduced w ith N aBH , (0.46 g; 12.5 mmoles), 
essentially as described under (c). AcOH (10 ml) and 2 (2.3 g; 9.8 mmoles) were added. The 
m ix ture  was stirred for 30 min. and heated to the b. p. W ater (50 ml) was added to  the ho t 
solution from which 1.7 g (52% ) of 12d, m. p. 226—227°C (DMF), separated on cooling.

C18H t6N4OS (336.41). Calcd. N 16.66; S 9.53. Found N 16.48; S 9.80%.
( e )  Compound 6e (16.5 g; 32.7 mmoles), suspended in MeOH (70 ml), was reduced 

w ith  N aB H 4 (1.3 g; 35 mmoles) as described under (c ) . AcOH (15 ml) and 2 (7.0 g; 30 mmoles) 
were added, and the m ix ture  was stirred for 30 min. to  yield 7.6 g (70%) of 12e, m. p. 241 °C 
(DM F).

Ci6H 1(iN40 3S (332.38). Calcd. C 54.20; H  4.85; N 16.86; S 9.65. Found C 54. 26; H  5.33; 
N  16.48; S 9.95%.

( f )  Compound 6f (4.0 g; 7.2 mmoles) was sim ilarly reduced. The resulting m ixture was 
acidified w ith AcOH. W ater was added to precipitate a yellow product (2.7 g). This was reflux­
ed for 5 min. in a m ix tu re  of AcOH (10 ml) and w ater (20 ml).

W ater (40 ml) was added, and the resulting m ethy l terephthalaldehydate was extracted  
w ith  three 20-ml portions of ether. The solvent was evaporated  and the residue trea ted  w ith 
com pound 2 (1.2 g; 5 mmoles) in hot MeOH (15 ml) to  yield 1.5 g (55%) of 12f, m. p. 255 — 
256 °C (DMF)

Ci9H 16N 0 3S4 (380.42). Calcd. N  14.73; S 8.43. Found N 14.55; S 8.27%.
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Methodicum Chimicum. Band  5. C —0 - Verbindungen

Herausgegeben von J . Falbe, Georg Thieme Verlag, S tu ttg a rt, 1975 

A cademic Press New York, San Francisco, London

Methodicum Chimicum g ib t eine kritische Ü bersicht bew ährter A rbeitsm ethoden und ihrer 
Anwendung in Chemie, N aturw issenschaften und  Medizin.

B and 5 des M ethodicum  Chimicum beschreibt bewährte und  aussichtsreich erscheinende 
Methoden zur Herstellung von K ohlenstoff—Sauerstoff-Verbindungen. A ltbew ährte Synthesen 
sind nur kurz Umrissen, w ährend m oderneren Verfahren breiter R aum  gewidmet wird. Dieses 
W erk berücksichtigt n ich t n u r wissenschaftliche Aspekte, sondern b ietet auch den in der In ­
dustrie tätigen Chemikern wertvolle Ideen. Viele der beschriebenen Verfahren besitzen erheb­
liche w irtschaftliche B edeutung  und haben in großem Umfang industrielle Anwendung gefun­
den. Methoden, denen sich in  absehbarer Zeit Möglichkeiten fü r eine technische Realisierung 
eröffnen, werden besonders ausführlich behandelt.

Band 5 des M ethodicum  Chimicum w urde wegen der Fülle des zu bewältigenden Stoffes 
von insgesamt 40 A utoren bearbeitet. Dieses H andbuch gibt keine R ezepte für die Herstellung 
der einzelnen V erbindungen. Die vorhandenen Methoden sind im  allgemeinen beschrieben 
und gegeneinander kritisch  abgewogen. Die ausführlichen Inhaltsverzeichnisse, zahlreiche 
Form elbilder, die Ü bersichtstabellen und der klare Aufbau der einzelnen K apitel erleichtern 
die Suche nach den gew ünschten Inform ationen.

Die O riginalliteratur wurde bis 1972 berücksichtigt (über ach ttausend  L iteraturanga­
ben), in Einzelfällen bis 1974. Zur detaillierten und ausführlichen Inform ation werden auch 
ausgewählte Ü bersichtsartikel zitiert.

Die ersten zwei K ap ite l sind der H erstellung von Alkoholen und  Phenolen gewidmet. 
Die Ä ther und Epoxide schließen sich an. Die Synthesen der A ldehyde sind im nächsten K api­
te l beschrieben. Wegen ih rer V erw andschaft zu den Aldehyden werden anschließend die K etone 
behandelt. Die Ketene beschreibt K apite l 6 ausführlich. K apitel 7 ist den Acetalen gewid­
met. Die Synthesen der Carbonsäuren, Carbonsäureanhydride und  Carbonsäureester sind in 
den folgenden drei K apiteln  beschrieben. Die Lactone werden in K apite l 11 recht ausführlich 
behandelt. Die letzten zwei K apitel um fassen die Oxyde des K ohlenstoffes sowie Kohlensäure­
ester und die Perverbindungen.

Band 5 des M ethodicum  Chimicum is t ein ausgezeichnetes und  modernes Nachschlage­
werk, wertvoll für den in der theoretischen und  industriellen Forschung tätigen Chemiker.

B. B o r d á s

J . D . D u n it z , P. H e m m e y i c h , R . H .  H olm , J. A. I b e r s , C. K. J ö r g e n s e n , 
J .  N e i l a n d s , D. R e i n e n  and R. J. P . S illiams (editors):  Structure and Bon­

ding, Volume 23 Biochemistry

Springer-Verlag Berlin, Heidelberg, New Y ork, 1975. 193 pages; Index  to Vol. 1 — 23

The series “ S tructure  and Bonding”  issued a t  irregular in tervals, is a collection of high­
est-level review articles on diverse aspects of the central theme pointed  ou t by the title. Some 
of the papers published in  form er volumes were w ritten  by authors doing substantial research 
w ork on the very frontier of modern structural-theoretical chem istry.
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The present 23rd volum e, published in  1975, has the subtitle „B iochem istry” . Judged 
by  th e  index containing all papers of the 23 volumes published, truely  biochem ical questions 
were dealt w ith in roughly h a lf of the studies. Of the four papers making up  the present volume, 
tw o (J . A. F e e ’s study  on Copper Proteins and M. F .  D u n n ’s paper on Zinc Ion Catalysis) 
deal w ith really biochemical topics. The two others ( S c h n e i d e r ’s paper on M etalloporphyrin 
F orm ation  and M. O r c h i n  and D. M. B o l l i n g e r ’s w ork on H ydrogen-D euterium  Exchange 
in  A rom atic Compounds) are less directly re la ted  to  biological macromolecules.

B oth metallo-enzyme topics are dealt w ith consciously from the po in t of view of molec­
u la r mechanisms only, th e  physiological aspects being neglected. B oth are excellent synthe- 
tising  surveys made w ith all the  rigours of m odern structu ral and physical chem istry. The two 
o th e r studies of the volum e are w ritten  similarly w ith  the high level of concentration  and depth 
o f trea tm en t, well in line w ith  the high standards of the editing house. The quality  of printing 
and  illustrations is also of th e  trad itional Springer level.

E . B ir ó

Nicholas B. P e t e r s o n : Edible Starches and Starch-derived Syrups,

Noyes D ata Corporation, P a rk  Ridge, New Jersey, U. S. A., London, England, 1975 (427 
pages, 27 figures, list of inventors and U. S. A. Paten ts)

Endeavours tow ards enlarging the choice of food-products, as well as the diverse possi­
bilities of utilization of s tarch  and the great developm ent in the production of starch deriva­
tives have resulted in a very  m arked increase in  the use of starch and its  derivatives in the food 
industry . P e t e r s o n  gives a comprehensive survey of th is field in th is book, published as the 
24th volume of the series Food Technology Review. A ctually the sub jec t-m atter of the pre­
sen t book is the review of U. S. Paten ts gran ted  since 1968 concerning edible starch and its 
derivatives. More th an  tw o hundred processes are surveyed which are grouped according to 
the  types of products.

The first two chapters following the In troduction  are devoted to  the production of 
s tarch  and to the procedures suitable for the rem oval of foreign substances from  crude starch. 
Besides the patents providing im provem ent of the conventional techniques, the author also 
reviews the possibilities o f direct utilization of starch  in the food industry . In  the th ird  chap­
te r  the advancement achieved in the technique of production of gelatinised starches and re la t­
ed starch  products is described. Fields of utilization like in puffed products and easily di­
gested nutrim ents, e tc., are also discussed.

The most im portan t derivatives, starch  esters and ethers are trea ted  in the next two 
chapters. Although the use of starch  esters and ethers in the food industry  is ra ther restricted 
b y  the respective food acts, the ample m aterial presented in these chapters is very interesting. 
I t  clearly illustrates how different substituen ts provide possibilities for changing the physical 
and  chemical properties o f starch in a w ay favourable for the consumers. The sixth and seventh 
chapters deal w ith the new  procedures available for the preperation of com ponents of starch  
(amylose and am ylopectin) and of its decom position products. The au th o r emphasizes the 
increasing use of enzym e preparations and the prospects of fu rther developm ent provided 
b y  them .

The last four chapters of the book are concerned w ith the production  of starch syrup, 
s tarch  sugar, maltose and  o ther oligosaccharides, as well as fructose from  starch  hydrolysates. 
The abundance of p a ten ts  in this field clearly reflects th a t the increase in sugar prices opened 
up  new possibilities for the  utilization of starch  hydrolysates.

The book w ritten  by P e t e r s e n  gives valuable inform ation prim arily  for experts in 
the given field, for production  engineers and those working on the developm ent of new p rod­
ucts , by surveying the  literatu re  on paten ts which are often hardly  accessible and less s tu d ­
ied. A t the same tim e, it  m ay also be useful for those working on food research and in educa­
tion ; the volume m ay be o f assistance in choosing the directions of fu rth er research projects, too.

R. Lásztity
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Delbert J. E a t o u g h , Jam es J. Ch r i s t e n s e n  and Reed M. I zatt: Experiments  
in Thermometric Titrimetry and Titration Calorimetry

Brigham  Young U niversity  Press, Provo, U tah, USx\

In the middle of the fifties, the technique of measuring tem perature reached such an 
advanced sta te  th a t analytical methods based on enthalpy changes became comparable w ith 
other instrum ental techniques in respect of simplicity and speed: thus they have gained grow ­
ing application in analytical laboratories. This situation is reflected by the increasing num ­
ber of papers and m onographs dealing w ith these methods. A nother supplem ent to the sever­
al monographs published since the sixties is the present book. I t  was edited first in 1973 and 
the revised edition was published in 1974.

In  the m onograph the authors give a concise survey of the theory of therm om etric 
titra tion .

W ithin the subject, particular a tten tio n  has been paid to the exact determ ination of 
the end-point of the titra tion  and to the possibilities of increasing the sharpness of end-point 
detection. Along w ith the theoretical considerations, practical problems have also been trea ted , 
such as m easuring techniques and the evaluation of the results.

A separate chapter is devoted to  the calibration of the apparatus. This is of decisive 
im portance particularly  when therm om etric titra tions are used for the determ ination of reaction  
heats, heats of complex formation and o ther molar enthalpy changes. Several practical exam ­
ples are presented in order to dem onstrate the analytical applications of therm om etiic titra tio n , 
like the titra tion  of sodium hydroxide, carbonate or acetate solutions w ith hydrochloric acid; 
of boric acid or hydrochloric acid solutions by means of sodium hydroxide; and of cerium (IV) 
ions by iron (II) standard  solutions.

O ther possibilities of the widespread practical applications of therm om etric ti tra tio n  
are illustrated on several further examples. Using pyridine as the model compound, the А H 
values and log К  values of its reactions w ith hydrochloric acid and acetic acid are determ ined 
from calorim etric da ta .

A nother exam ple presented to point ou t the applicability of the technique in reaction  
kinetic studies is the determ ination of the ra te  of hydrolysis of ethyl acetate in alkaline m e­
dium.

W hen m ercury(II) perchlorate solution is titra ted  w ith sodium chloride solution, the 
form ation of HgCl2 can clearly be distinguished from the form ation of the complex tak ing  
place under the effect of excess reagent involving incorporation of chloride ions as ligands 
into the molecule. The two processes can be separated by the appearance of a break on the en- 
thalprofram  a t the end-point of the therm om etric titra tion .

Finally, some examples are given for titra tions in non-aqueous media, such as the t i ­
tra tion  of phenol w ith pyridine in cyclohexane, yielding thezlH  and log К  values for the reaction  
between a donor and an acceptor. In  ano ther case, dilution of a phenol solution in carbon te t ­
rachloride is utilized for the determ ination of the log К  value belonging to the dissociation 
constant and the A H  value, th a t is, the  ehange in enthalpy due to dissociation.

The carefully selected examples give a comprehensive picture of the present possibilities 
of practical applications of therm om etric titra tion . Detailed description of the experim ental 
technique and of the m ethod of calculating the results affords great help to the users of the 
book in solving related problems in this field.

I .  S a j ó

Irradiation in Chemical Processes. Recent Developments.

(E d .: M. W. R a n n e y ). Noyes D ata C orporation, Park Ridge, New Jersey. London, England
1975.

This is the 50th volume in the recent Chemical Technology Review series. Like the 
earlier members of the series, this volume contains ex tracts of practical use to the chem ist 
from American paten ts related to the topic indicated in the title. 207 paten ts are cited, covering 
the period from 1970 to the end of 1974. From  a practical aspect, the patented m aterial can 
be classified into the following main groups:

Acta Chitn. ( Budapest) 90, 1976



4 2 8 RECENSIO N  ES

(a )  organic synthetic photochem istry;
(b) photochem istry of polym ers, including adhesives, printing inks and polym er m ixtures 

employed for various purposes;
(c) photochem istry of polyolefins, a separate chap te r dealing with the special applications

of photo- and radiochem istry.
The m aterial w ith in  these individual groups is extrem ely ram ified. Besides special 

syn thetic  and polym erization methods, one can find  accounts of photochem ical reactors with 
various purposes, sensitizers and photostabilizers, together w ith the utilization of special 
photochem ical methods in ty re  m anufacture; sim ilarly, although this is m entioned only as 
an interesting feature, an  account is also given of a pa ten ted  preparation of tube systems used 
in space ships to repair dam age by means of u ltrav io le t radiation, w ithout hum an intervention.

In  addition to the  extrem ely useful p ractical inform ation, the volume provides an 
excellent illustration of th e  fact th a t the practical application of photo- and radiochemical 
reactions is becoming increasingly more w idespread and is now established in the most varied 
fields of chemistry, including some where th is w ould no t have been thought feasible even 
1— 2 years ago. The explana tion  of this is to  be found in the introduction to  the volume, where 
it is sta ted  th a t the spreading of photo- and radiochem ical methods increases in parallel with 
the  decrease of the costs of producing the rad iation  energy. In  the view of the author, the cost 
of producing 1 m egarad/pound in the U. S. A. is 1 cent or less. If  one takes into account the 
special syntheses (the selective preparation of optically  active compounds, photoresolution, 
polym erization reactions w ithout initiators, i. e. w ithou t the addition of foreign substances, 
or the  variation of the properties of various polym ers by grafting, to m ention only a few 
exam ples), it is readily understandable th a t photochem istry  is one of the preparative chemical 
m ethods of the future.

B. L osonczi

M. G. H a l p e r n : P a p er  Manufacture

Chemical Technology Review  No. 47. Noyes D ata  Corp., New Jersey, London, 1975, 379 +  8
pages.

The book reviews 176 patents issued in the USA since 1970 in connection w ith the paper 
industry , providing detailed  technical inform ation covering the entire technology of paper 
m anufacture at the same tim e. I t  naturally  assum es a knowledge of the classical procedures, 
and  discusses the innovations based on these.

Patents are generally reported in the lite ra tu re  only as abstracts, and since the book 
goes into the details of the  individual patents it is unique in its kind. The au thor does not deal 
w ith  a review of the p a ten ts , and does no t discuss w hether the patents have proved fruitful. 
The aim  of the com pilation was to stim ulate fu rth er research and developm ent work with 
the new conceptions described in the paten ts.

The book covers th e  following topics:
Refining and sheet-form ation 
Sizing
Use of retention  aids 
D ry-strength-increasing additives 
Im provem ent of w et strength w ith additives 
Im provem ent of the  optical properties of paper 
Other modifications of paper 
Slime, foam and p itch  control
Utilization of the book is facilitated by  the fact th a t the paten ts are listed according 

to  m anufacturing com pany, inventor and num ber too. Published in 1975, the book includes 
p a ten ts  issued up to the middle of 1974. Its  rap id  publication was ensured by special printing 
and  binding procedures.

The same publishing company has also issued reviews of pa ten ts on other subjects 
and  other branches of industry .

P. L e n g y e l
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R. Bryan M i l l e r  and L o u is  S. H e g e d ű s  (editors): Annual Reports on 
Organic Synthesis —1973

Academic Press, New York 1974. 423 pages

The object of the book, appearing now for the fourth  year, has remained the same: 
to help organic chemists finding their w ay in a sea of publications, i. e. “ to keep up w ith the 
literatu re” . This task  is particularly  difficult for synthetic organic chemists, as the inform a­
tion of interest to them  is often published scattered in m any different journals. Theilheimer, 
offering the complete solution of this problem, is hardly available to private persons, owing to 
its high price. “Annual R eports . .”  intending to cover th is gap is therefore w ittily and aptly  
called by the reviewer in J . Am. Chem. Soc. “ the poor m an’s Theilheim er” . In  accordance w ith 
the established practice, reactions of synthetic value are presented succintly by equation with 
adjacent reference, and are organized in seven chapters covering broad categories, such as 
“ Carbon-carbon bond forming reactions” , “ Oxidations” , “ R eductions” , “ Synthesis of H ete­
rocycles” , “ Protecting groups” , “ Useful synthetic prep rations” , plus a six-page list of reviews 
of synthetic processes. In  producing the book, the authors have abstracted  47 prim ary chem­
istry  journals, selecting useful synthetic advances. They have exercised selectivity in choosing 
which papers to abstrac t. Each en try  is comprised prim arily of structures accompanied by 
very few comments.

This book can be recommended for personal purchase.
G y . D e a k

B oris  W e i n s t e i n  (ed itor):  Chemistry and Biochemistry of Am ino A c id s  
Peptides and Proteins. A  Survey of  Recent Developments. Vol. 2

Marcel Dekker, New York, 1974. 380 pages

The first volume of this monograph series was published in 1971. The purpose of the 
series is to present periodically a collection of review papers surveying recent developments in 
the closely intertw ining and inseparable fields of the chem istry and biochem istry of amino 
acids, peptides and proteins. Though countless reviews and books have been published in 
the last 15 years in this dom ain, the editor deems repeated survey of certain topics im portant, 
particularly  when connections between the various branches of science can be pointed out. 
The most significant common characteristic of the papers is the organic chemical concept, 
which is indispensable for an understanding and in terpretation  of the molecular mechanism 
of vital processes.

The first volume was followed by the second w ith a relatively  great delay, in 1974. 
This was evidently due to  difficulties in printing, because the papers published in the volume 
were received till sum m er 1972, so th a t they  cover, in general, the  scientific literature up to 
the end of 1970.

The volume consists of five chapters. The first (38 pages), discussing the chemistry 
and biochemistry of gram icidine S and related compounds on the basis of 117 references, was 
w ritten by T e t s u o  K a t o  and N o b u o  I z u m i y a , researchers a t the Japanese K yushu U niver­
sity. After a brief trea tm en t of the biosynthesis and chemical preparation  of gramicidine S, 
they  discuss in detail the synthesis and biological action of those derivatives and analogues, 
which were made prim arily  for a study  of the relationship betw een structure and action. 
They report briefly also on the conformational analysis of gramicidine S, and describe the 
research work, which led to the recognition of the relationship betw een conformation and biolog­
ical action.

The second chapter, dealing w ith the adrenocorticotropic horm one and the synthesis 
of ACTH-active peptides, is alm ost three tim es as long as the first chapter, and contains 282 
references. The authors are H a r u a k i  Y a j im a  and H i r o k i  K a w a t a n i  working in the scientif­
ic staff of the K yoto U niversity. The survey describes the m ethods of testing ACTH, the 
isolation and structural analysis of the horm one, its synthesis and th a t of biologically active 
fragm ents; further, as the indubitably  m ost interesting chapter, indispensable today in sum-
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m aries, the relationship betw een the chemical structure and the biological action of the hor­
mone is discussed. E xperim ents aimed a t clarifying the mode of action of ACTH, and the diffi­
culties in identifying the ACTH releasing horm one are briefly mentioned. In  accordance with 
his own scientific research fc r over a decade, Y a jim a  trea ts the chemical synthesis of the 
fragm ents in the greatest detail, sum m arizing them , instead of chronological order, in a 
novel grouping, according to the method of rem oval of the protecting groups.

Perhaps the farthest rem oved from w hat the reader would expectin  a work on the chem­
istry  o f amino acids, peptides and proteins, is the th ird  chapter, which reviews the reactions 
of sm all-ring (three- and four-m em bered) heterocyclic compounds w ith amino acids. Emphasis 
is ac tua lly  laid here on the chemical properties of the heterocyclic compounds ( e. g. epoxides 
aziridines, ^-lactones), so th a t  the paper by  K. J a n k o w sk i (U niversity of Moncton, New 
B runsw ick, Canada) will be of prim ary in terest to others than  peptide- and protein chemists. 
The sum m ary of sixty pages illustrates the m ost characteristic reactions by detailed experi­
m en ta l prescriptions in addition  to 100 references.

The fourth chapter is concerned w ith the new coupling method introduced in peptide 
chem istry  by W oodw ard  et at. in 1961: the use of isoxazolium salts. This process, in the course 
c f  w hich the isoxazolium cation reacts w ith carboxylate ions to give activated  enol esters, 
was know n as early as the beginning of the century, bu t like in m any o ther cases, only the 
discovery of a possible practical application made it im portant, after sixty years. “W OODWARD’s 
reagen t” , N-ethyl-5-phenylisoxazolium-3’-sulfonate, is today a widely used condensing 
agent. D. J . W oodman (U niversity  of W ashington, Seattle) gives a sum m ary of 90 pages on 
th e  use of this compound and its derivatives in peptide synthesis, describing the reaction 
m echanism , the by-products to  be expected, and the possibilities of racem ization.

The last chapter testifies again the varied interests considered when compiling this 
volum e. K aouru  H a ra d a  (In stitu te  for Molecular and Cellular Evolution, U niversity of 
Miami) discusses the possibilities of amino acid and peptide synthesis under conditions when 
no organic life could have existed on the E a rth  (“prebiotic conditions” ). In  gas m ixtures con­
tain ing  the appropriate elem ents, amino acids are actually formed, besides several other 
low -molecular organic com pounds, when exposed to energy of various kinds (electric discharge, 
u ltrav io le t radiation, ionizing radiation, therm al energy, etc.). This reaction has been known 
since the beginning of the century: however, its complex character could only be elucidated 
by the  modern refined separation techniques. The amino acids formed also undergo polycon­
densation  reactions, m ainly when acted upon by therm al energy. Thus the synthesis of polya­
mino acids and by heating several kinds of amino acids together, also the form ation of “ pro- 
te ino ids” could be realized. By the co-polymerization of certain amino acids, even a substance 
wi t h horm onal effect was successfully prepared. The review deals only w ith the possibilities 
of the prebiotic form ation of these compounds, and does not touch upon the much debated 
question  whether the origin of life on the E a rth  can be explained w ith  the aid of such simple 
physical and chemical reactions.

K .  M e d z i h r a d s z k y

B o r i s  W e i n s t e i n  (ed itor):  Chemistry and Biochemistry of  A m ino A c ids . 
Peptides and Proteins. A  Survey o f  Recent Developments. Vol. 3

Marcel Dekker, New York, 1974. 324 pages

In contrast w ith the great delay in publishing the second volume, the th ird  followed it 
v ery  shortly, almost simultaneously.

The first chapter of the volume, entitled  “ Conformation of Peptides in Solution as 
D ererm ined by NMR Spectroscopy and O ther Physical M ethods” , comprises alm ost 200 pages, 
w ritten  by Y. J . H r u b y  (U niversity of Arizona, Tucson). I t  is an excellent survey of this field, 
w hich recently has become very im portan t. Intensive research work has been in progress for 
a long time to elucidate the relationship between chemical structure  (prim ary structure) 
and  biological action; how ever, the theory  attaching a t least the same im portance to confor­
m ation  in the mechanism of action, has suddenly increased the volume of pertinent physical- 
chem ical research. H igh-m olecular w eight peptides and proteins have long been known to 
possess higher levels of structu re , bu t it was only recently shown for peptides of low molecular
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w eight (2— 12 amino acid units) th a t these compounds in solution do not necessarily consist 
of a m ix ture  of a large num ber of conformers, which are easily convertible into each other, 
b u t often a single, well characterizable conformation can only be detected. This discovery 
is im p o rtan t because this conformation presum ably corresponds to a reactive s tructu re  also 
in biological environm ent, furtherm ore, the energetic conditions of its form ation, which are 
relatively  easy to elucidate, can be utilized in the study  of the steric structures of m uch more 
complex molecules.

The physical methods of determ ining the conform ation are partly  spectroscopic tech­
niques, such as nuclear magnetic resonance spectroscopy, optical ro tatory  dispersion, circular 
dichroism  and infrared spectroscopy. These are often complemented by X -ray  diffraction 
studies and theoretical calculations. Among non-spectroscopic methods, prim arily  hydrogen 
exchange studies, thin-film  dialysis, dipole mom ent m easurem ents and partition  chrom atog­
raphy  are to  be mentioned.

In  th e  review the author discusses the conform ational analysis of dipeptides, diketo- 
piperazines, higher linear peptides and cyclopeptides, and a separate chapter is devoted to the 
conform ation of biologically active cyclopeptides. The survey, being very lucidly composed 
and s ta rtin g  from the fundam entals up to a high level, will be readily understood also by the 
reader n o t specializing in this field. The volume of the work is characterized by the g reat num ber 
of references (800) which cover the literature  on the recent results of conformational analysis 
up to  th e  middle of 1973.

In  th e  second chapter of the volume, J . P . Sca n ell  and D. L. P ru ess  (H offm ann — 
la R oche, N utley , New Jersey) review naturally  occurring antim etabolites w ith amino acid 
and peptide character. A fter some definitions and theoretical considerations, the an tim eta­
bolites know n so far and belonging to this group are listed lexically, and their occurrence, 
form ula, synthesis, as well as the m etabolite which they  antagonize are given. The chapter 
of nearly  50 pages is concluded w ith 217 references.

The last and shortest chapter deals w ith the chem istry of an interesting group of enzym ­
es, dioxygenases. These enzymes oxidize a substrate by introducing both atom s of an oxy­
gen molecule. The most characteristic example of this reaction is the oxidative cleavage of 
an arom atic ring; this reaction is catalyzed by the dioxygenase enzyme of soil m icroorganisms. 
The au th o r of the chapter, D. G. B row  (U niversity of Idaho, Moscow, Idaho) gives a survey 
of all the  know n dioxygenases, including such im portan t enzymes as those splitting  chlorinat­
ed hydrocarbons. The chapter is a valuable source of inform ation for those engaged in the 
developm ent of pesticides and concerned w ith the aspects of environm ental protection , who 
are thus in terested  in natural metabolic processes, i. e. in the degradation of these very  efficient 
and hazardous substances by the catalytic action of the enzymes of soil microorganisms.

The subject-m atter of the series edited by Boris W e in s t e in  has proved sor fa r varied 
and highly readable. Further volumes are expected w ith in terest, because the series can be 
used to good advantage by researchers working in the field of organic chem istry, biochem istry 
or physical chem istry, as well as by those who wish to solve practical, therapeutic or agricultural 
problems.

K .  M e d z i h r a d s z k y

M . J .  S a t r i a n a : Large-scale Composting  

Noyes D a ta  Corporation, Park Ridge, New Jersey— London, England, 1974, 269 pages

The book has been w ritten on a topic which is cultivated  very intensively all over the 
world, due to  its im portance in pollution control, economy of soil fertility, as well as soil 
erosion. Three m ethods are known for trea ting  city wastes formed in ever increasing am ounts 
(3 million cubic m eters per year in B udapest): these are: controlled disposal, com posting and 
incineration. The book is Volume 12 of the series Pollution Technology Review. As listed 
a t the end of the present work, this series contains several o ther im portant books on subjects, 
such as controlled deposition, energy recovery by waste burning, pollution caused by organic 
chemical industry  and pollution analysis.

T heory, technology, application and economy of composting are treated  basically from 
the A m erican point of view. In  addition, a detailed description is given on the large D utch, 
G erm an, Swiss and French experience and technologies, their costs (both capital investm ent

Acta Chim, ( Budapest)  90, 1976



4 3 2 RECENSION ES

and operation) and their m arketing  possibilities. Several features may be of in terest from the 
H ungarian  point of view, too, such as problems of soil erosion and pedological aspects of pre­
venting soil washoff in hillside viticulture.

The operation of A m erican composting p lan ts is described in great detail, covering 
technological, chemical and microbiological aspects. A very  interesting comparison is given 
betw een cap ita l investm ent and operating costs of com posting and waste incineration. App­
lications in agriculture and horticu ltu re  are discussed also w ith  emphasis.

A separate chapter has been devoted to  the disposal o f waste sludge (which is a diffi­
cult problem  also in H ungary); th is describes the process w hich is, for the tim e being, the most 
favourable from  both the economical and technical points of view: the combined composting 
of w aste and sludge. The com posting of leaves, anim al w astes and industrial organic wastes 
m ay be combined by this process. Theoretical aspects (C/N ra tio , the role of microorganisms, 
elim ination of pathogenic m icroflora, etc.), as well as practical problems based on the experi­
ence of several plants, are discussed in detail.

In  can be concluded th a t  the entire book deals w ith  an up-to-date problem , giving an 
appropriate , critical sum m ary on its subject.

J .  H o l l ó

A d a  Chim. ( Budapest) 90, 1976



INDEX

PHYSICAL AND INORGANIC CHEMISTRY

Studies on Some Metal Complexes w ith K eto-A nils as Ligands, I (Short Comm unication),
R. K. U pa d h y a y , V. P . S in g h  .............................................................................................  325

Electrochem ical S tudy of Palladium -C opper C atalysts, T. Mallát, J . P e t r ó , É . P oly án -
s z k y , T. Má th é   .................................................................................................................................  333

C atalytic D euterium  Exchange of Cyclopentane and  Cyclohexane, and D ehydrogenation
of Cyclohexane on Rh Black, A. Sá r k á n y , L. Guczi, P. T é t é n y i ....................  345

Force Field Calculations for M alononitrile Molecules, B. V iz i , A. Se b e s t y é n  ....................  355
On the E x trac tion  of Nb (V) w ith Polyphenols (in German), A. I. B u se v , S. P. K a r ja k in a ,

P . N e n n in g  .............................................................................................................................................  365
Spectral and Magnetic Studies of Copper (II) Chelates of L-Asparagine and L-Glutamine

(Short Communication), R. C. T e w a r i, M. N. S r iv a s t a v a ........................................  371
A nalytical Use of P t (II) Complexes w ith Pyrazolone Derivatives (in Germ an), V. K.

A k im o v , A. I. B u se v , К. V. K o d u a , P . N e n n in g  .....................................................  375

ORGANIC CHEMISTRY

R eductive Conversions of Chromanoids, I. C ataly tic H ydrogenation of Isoflavone (3-
Phenylchrom one), V. Szabó , E. A n t a l ...............................................................................  381

Condensed as-Triazines, II I . Synthesis of a New Heterocyclic System, the D erivatives of as-
Triazino [6,5-C] Quinoline, E. B e r é n y i , P . B en k ó , L. P allos ...............................  395

Condensed as-Triazines, IV. Synthesis of as-Triazino [5,6-c] Quinoline and its Derivatives,
E . B e r é n y i, P . B en k ó , L. P allos ......................................................................................  399

Condensed as-Triazines, V. Pyrido [4,3-e]-as-Triazines, P. B en k ó , E. B e r é n y i , A .M e s s -
m e r , Gy. H a jó s , L. P allos .................................................................................................... 405

Therm al T ranscarboxylation Reactions, V II. The Relative Ability to Transfer of Aromatic
Hydrogens, J . Szam m er , L. N oszkó ..............^.............................. .....................................  411

A Novel Aldehyde Synthesis Based on the R eduction  of s-Triazolo [2,3-e] Quinazolin-4-ium
D erivatives, G. D o l e s c h a l l ....................................................................................................  419

RECENSIONES 425



Printed in Hungary

A kiadásért felel az Akadémiai Kiadó igazgatója
A kézirat nyomdába érkezett: 1976. VI. 9.

Műszaki szerkesztő: Zacsik Annamária 
Terjedelem: 9,8 (A/5) ív, 47 ábra

76.3264 Akadém iai Nyomda, B udapest — Felelős vezető: B ernát György



ACTA CHIMICA
ТОМ 90-В Ы П . 4

РЕЗЮМЕ

Электрохимическое исследование катализаторов палладий—медь

Т. МАЛЛАТ, Й. ПЕТРО, Е. ПОЛЯНСКИ и Т, МАТЕ

В щелочной среде, путем гидрирования были приготовлены порошкообразные ката­
лизаторы Pd/Cu с содержанием меди 0, 10, 20 30 и 40 ат.%. Были исследованы зависи­
мости водородной сорбции и каталитической активности от состава катализатора.

Гальваностатические измерения проводились в растворе IN NaOH, а потенциоди­
намические измерения — растворе IN H2S04 и при комнатной температуре. Активность 
катализаторов была измерена при 25°С, при давлении 1 атм и в условиях жидкофазного 
гидрирования.

Было установлено, что под влиянием меди сорбированный водород становится го- 
могеннее и его энергия связи уменьшается. В большой степени уменьшается и его коли­
чество: при содержании меди 0 -20 ат.% оно совпадает с растворенным количеством, а в 
интервале 20 -40 ат. % меди, в первую очередь, с адсорбированным. На основе исследова­
ния сорбции водорода можно заключить, что приблизительно при содержании 20 ат. % Си 
происходит переход, т. е. сплав уже не растворяет, а адсорбирует водород.

Под влиянием меди изменяется активность палладиевого катализатора при гидри­
ровании двойной связи и карбонильной группы.

На поверхности зерен катализатора Pd/Cu образуется негомогенный твердый 
раствор. Медь частично растворяется в палладии и частично образует с палладием новые 
фазы интерметаллических соединений.

Каталитический обмен дейтерия в циклопентане и циклогексане

Дегидрирование циклогексана на Rh черни

А. ШАРКАНЬ, Л. ГУЦИ и П. ТЕТЕНИ

Приводятся результаты по обмену циклопентана и циклогексана, а также дегидри­
рования циклогексана в присутствии дейтерия на Rh черни. В интервале температур 273 и 
372°К основной реакцией является обмен дейтерия, с кажущейся энергией активации 51 и 
63 кдж.моль-1 для циклопентана и циклогексана, соотвественно. Распределение дейтерия 
объясняется, полагая существование а а  и a ß  поверхностных частиц. Появление тетра- 
дейтерированных продуктов при повышенных температурах приписывается промежуточ­
ным продуктам с a a ß ß  двойными связями, которые считают ответственными за отравление. 
Дегидрирование циклогексана изучено в интервале температур 473—572°К. Скорость 
образования бензола соизмерима с десорбцией дейтерированного циклогексана. Тот факт, 
однако, что дейтерий появляется в почти равновесном распределении как в бензоле, так и в 
циклогексане, указывает на то, что ступени взаимопревращений, приводящие к дейтериро- 
ванным поверхностным частицам, быстры по сравнению как с десорбцией циклогексана, 
так и с образованием бензола.

Расчеты силового поля малонитрилов

Б. ВИЗИ и А. ШЕБЕШТЕН

На основе немодицированных частот, взятых из литературы, было составлено гар- 
боническое силовое поле для производных малонитрила. Для каждой изученной молекулы 
ыло рассчитано распределение потенциальной энергии.



Об экстракции Nb(V) полифенолами

А. И. БУСЕВ, С. П. КАРЯКИНА и ГГ НЕННИНГ

Были исследованы условия образования и экстракции соединений ниобия(У) с 
пирокатехином, пирогаллолом, тетрабромпирокатехином и трибромпирогаллолом в при­
сутствии дифенилгуанидина.

Аналитическое применение комплексов Pt(II) с производными пиразолона

В. К. АКИМОВ, А. И. БУСЕВ, К. В. КОДУА и П. НЕННИНГ

Было исследованио взаимодействие Pt(II) с производными пиразолона в растворе 
НВг. В случае диантипирил-, диантипирилметил-, диантипирилпропилметил- и дианти- 
пирилфенилметанов были получены тетрабромплатинаты типа (RH)2PtBr4, был исследован 
механизм их образования, а также их кислотно-щелочные свойства и растворимости. Был 
разработан метод для гравиметрического определения 5—30 мг Pt путем осаждения и 
взвешивания (C26H30N4O2H)2PtBr4. Максимальная относительная погрешность равна 
0,91%. При определении ионы Mo, Al, Mn(ll), Fe(II), Со, Ni, Ru(IIl) и Rh(III) не мешают

Восстановительные превращения хромоноидов, I

Каталитическое гидрирование изофлавона (3-фенилхромона)

В. САБО и Э. АНТАЛ

В зависимости от растворителя, pH раствора и активности катализатора Pd—С, изо- 
флавон (3-фенилхромон) с различной скоростью превращается в изофлаван (II), изофла- 
ван-4-ол (III), изофлаван (IV), а в разбавленных щелочных растворах в 2-гидрокси-а- 
метилдезоксибензоин (IX). При соответствующем выборе условий процесс восстановления 
протекает селективно, т. е. с доминирующим образованием соединений II, III, IV и IX.

Конденсированные асим-триазины, III

Новая гетероциклическая система. Синтез производных асим-триазино-
[6,5-с]хинолина

Е. БЕРЕНИ, П. БЕНКО и Л. ПАЛЛОШ

Были получены первые производные новой гетероароматической кольцевой сис­
темы. Была исследована обратимая кристаллическая диморфия, имеющая место при 
синтезе промежуточных продуктов. Для соединений была обнаружена ценная биологи­
ческая активность.

Конденсированные асим-триазины, IV

Синтез аисм-триазино [5,6-с]хинолина и его производных

Е. БЕРЕНИ, П. БЕНКО и Л. ПАЛЛОШ

Были разработаны два новых синтеза а«иг-триазино[5,6-с(хинолина и его производ­
ных. Биологическая актвность соединений является отличной: хорошими с точки зрения 
терапевтической практики являются их как фармакологические, так и хемотерапевтичес- 
кие свойства.



Конденсированные асим-триазины, V

Исследования в области пиридо[4,3-е]-асим-триазинов

П. БЕ Н К О , Е. Б Е Р Е Н И , А. МЕССМЕР, ДЬ. ХАЙОШ  и Л . ПАЛЛОШ

Б ы л  разработан  одн оап паратурн ы й  метод синтеза  3-амино пиридо [4 ,3-e]-űciu<- 
триазин-1-оксидов ( I I I ) .  З а  счет основно-катализированной  п ерегруп п ировки  последнего 
бы ли получены  1 Н -У -триазоло[4 ,5-с]пиридин-1-карбоксам ид и 4 -х л о р -lH -V -триазоло- 
[4 ,5-с]пиридин. О кисление I I I  приводит к  1,4-диоксидным производны м, а с ам инам и  были 
получены  соответствую щ ие 3-замещ енны е аминопроизводные.

Термические реакции перекарбоксилирования, VII

Исследование относительной способности отрыва ароматических водородов 
в реакции термопревращений

Я. САММЕР и Л . НОСКО

Б ы л  разработан  метод оп ределения вероятности отры ва водородов от солей аром а­
тических карбоновы х кислот, успеш но применимый в у с л о в и я х  реакци и  Х е н к е л я . С по­
мощ ью  данного метода было установлено , что водороды к ал и е в ы х  солей бензокарбоновы х 
кислот, за  исклю чением водородов тереф талата обладаю т зн ачи тел ьн о й  способностью  от­
ры ва, которую  н ельзя  связать  с термостабильностью  эти х  солей. Н и зк ая  реактивность  
водородов ди калий  тереф талата по отнош ению  к  реактивны м  пром еж уточны м  п родуктам  
терм опревращ ений н аходится  в согласии  с тем фактом, что д и к ал и й  тереф талат я в л я е тс я  
основным продуктом р еакц и и  Х ен к ел я .

Новый синтез альдегидов, основанный на восстановлении производных 
8-триазоло[ 2,3-с]хиназолин-4-ия

Г. ДОЛЕШ АЛ

О брабаты вая 5-(2-ам иноф енил)-4-ф енил-3-м етилтио-5-тиазол и пиридиновую  смесь 
карбоновы х кислот с помощ ью  РОС13 и затем  водным K J , бы ли  получены  5-зам ещ енны е 
йодиды 1-ф енил-2-м етилтио-8-триазоло[2 ,3-с]хиназолин-4-ия. П одобным образом  вы ш е­
указанны е производны е получаю тся из производных 5-(2-ацилам иноф енил)-4-ф енил-3- 
м етилтио-8-триазола после обработки  ангидридом  уксусной  кислоты  и газообразны м  х л о ­
ристым водородом и под вли яни ем  водного K J  Йодиды 3-три азоло[2 ,3 -с]хин азоли н-4 -и я, 
подвергнуты е кислом у или  щ елочном у гидролизу  и ал ко го л и зу , даю т различны е п родукты . 
П ростое восстановление за  счет водного N a B H 4 с последую щ им  кислотны м  гидролизом  
позволяет получить обратно к арбон овую  кислоту, использованн ую  при построении  м о­
лекулы , но у ж е  в форме альдегида. В осстановление кар б о н о вы х  кислот до альдегидов  
оказалось селективны м.
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