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CALCULATION OF THE M-ELECTRONIC STRUCTURE
AND SPECTRA OF HALOPYRIDINES BY THE MIM
AND PPP METHODS

A. Martin
(Department of Physical Chemistry, Technical University, Budapest)

Received May 20, 1975

The sa-electronic structure and spectra of halopyridines were calculated by the
Molecules in Molecules (MIM) and Pariser—Parr—Pople (PPP) methods.

With the MIM method the charge transfer energies were calculated by the
point charge, charged sphere and Mataga—Nishimoto approximations. Different
ionization potential and electron affinity values found in the literature were tested
for the calculation of the one-center repulsion integrals and they were selected by
comparison of the experimental and calculated data. The value of the carbon-halogen
resonance integral (/?cx) was varied. On the basis of the results obtained for transition
energies and wavefunctions, the Mataga—Nishimoto approximation proved to be
the most appropriate for the calculation of the two-center repulsion integrals.

In the PPP calculation only the Mataga—Nishimoto approximation was
used. The best value of the resonance integral was determined by /?cX variation.
Singlet transition energies, charge density and bond order matrices, oscillator strengths
and polarization directions were calculated.

1. Introduction

Several Pariser —Parr—Pople (PPP) and Molecules in Molecules
(MIM) calculations are to be found in the literature for pyridine derivatives
[1, 2]. It seems that the halopyridines have not been treated in detail by
the MIM method. In this work the n-electronic spectra of mono-halopyridines
have been calculated by the MIM method and compared with the results
obtained by the PPP method.

One of the purposes of the present work is to find a uniform parameter
set for the substituents considered. For this reason, the applicability of the
point charge, charged sphere and the Mataga—Nishimoto (MN) approxima-
tions were investigated within the MIM method, and, by the MIM method,
different one- and two-center repulsion integrals were tested. The results
were compared with those for halobenzenes obtained earlier [3], which were
used at the same time for a preliminary selection of the parameters tested.
Our purpose was to check the applicability of the Mataga—Nishimoto
approximation, generally used in the PPP method, for the calculation of
heterocyclic compounds by the MIM method.

1 Acta Chim. (Budapest) 90,1976



2 MARTIN: CALCULATION OF THE n-ELECTRONIC STRUCTURE

2. MIM method
2.1. Method of Calculation

The principles of the MIM method used are given in Ref. [3]. The
7i-electron system of the molecules investigated was divided into two parts:
the n-electrons of the pyridine ring and the non-bonding jr-electrons of the
substituent halogen atom. The pyridine ring was considered as an acceptor
and the halogen atoms as donors. The interaction between the pyridine ring
and the substituent atom was calculated by means of configuration inter-
action between the singly excited configurations. The interaction matrix was
diagonalized by the Jacobi method. The locally excited configurations [4]
and the experimental transition energies [5] of the pyridine molecule are
given in Table I.

Table 1

Wave/unctions of pyridine and values of experimental energy

Wavefunction E?ée\rgy
Fn = 0.8202 Y3-*I — 0.5720 y2*5 4.90
p = 0.8688 ¥3* + 0.4950 y2* 4 6.38
Fp = 05720 y2* + 0.8202 y2 5 7.07
Fp, = 0.4950 ¥3-*5 - 0.8688 y2 4 7.07
¥ = 0.1815 (2 + <6) — 0.3610 (§8+ y5) —

— 0.6113 g+ 0.5475
Y3 = 04970 (y2- y6) + 0.5030 (8- y5)

y4 = 0.3383 (y2+ yp + 0.2728 (y3+ b —
— 0.5893 y4—0.5244 y4

V5 = 05030 (y, - <8 + 0.4970 (y5 - ()

Three different methods were tested for the calculation of charge
transfer (CT) energies: the point charge [6], the charged sphere [7] and the
Mataga—Nishimoto [4] approximations. Some different values found in the
literature were used for the atomic valence state ionization potentials (1)
and electron affinities (A”), and thus for the one-center repulsion integrals

*)e

The R/iv resonance integral for bonds between the subsystems was taken
as a variable parameter and its values between the non-bonded atoms were
neglected.

ActaChim. (Budapest) 90,1976



MARTIN: CALCULATION OF THE a-ELECTRONIC STRUCTURE 3

2.2. Starting Values

The molecular geometry of the pyridine ring was taken from Ref. [9].
The carbon—halogen bond distances were: rCF= 1.30 A, rdd = 1.70 A,
rCBr = 1.86 A, rd = 2.05 A [8].

The effective nuclear charges (Z”), valence state ionization potentials
(IM and electron affinities (A”) as well as the one-center repulsion integrals
(y ) used are collected in Table Il. The I and y values of bromine and iodine
given in columns 1, 2 and 3 of the Table Il were calculated by extrapolation
from the Ge_ —>As —»Se+ —»Br+ + and Sn~ —aSbh —aTe+ —5 1| ++ isoelectron-
ic series to be found in Hinze’s tables [16]. In order to find the best start-
ing data, we have performed the computation with all data series of Table I1.
Several further data can be found in the literature but, according to our
experience [3], no additional information is to be expected from them.

The experimental first ionization potentials of the methyl compounds
with the donor halogen substituents are: lch3f = 12.61 eV [17], lchXi =
= 11.34 eV [18], 1CH3er = 10.50 eV [17], Ih3i = 9.55 eV [17]. No experi-
mental data can be found for the electron affinity of the pyridine ring, so it
was calculated according to Ref. [5]. The experimental electron affinity of
benzene (—1.10 eV [19]) and the energy difference of the y4 and y5 orbitals
of pyridine [4], as well as the energy of the corresponding degenerate orbital
of benzene [5] were used for the calculation. The values calculated are:
Ad= -0.817 eV, As= -0.530 eV.

2.3. Results
2.3.1. Charge Transfer Energies

The charge transfer energies (T4D,), T5D,)) as well as the interaction
elements between CT states (y45(D,)) of the ortho-, meta-, and para-halopyri-
dines were calpulated by means of the point charge, charged sphere and
Mataga—Nishimoto approximations, using the data ofTable Il and Sect. 2.2.
The calculated values are listed in Table Il1l, the heading of which has a
serial number referring to Table Il. As an example, we give the power series
of the two-center repulsion integrals (yfl) calculated with data of the first
column of Table Il according to Ref. [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 - 2.8593rA + 0.2429",
yNF 16.935 — 6.5235rNF + 0.8050r"F

1* Acta Chim. (Budapest) 90,1976



4 MARTIN: CALCULATION OF THE n-ELECTRONIC STRUCTURE

yNC = 12.605 - 3.8420rNCl + 0.3912",
NBr = 12.265 — 3.5642rNBr -f- 0.34<3r"~Br
yNI = 11.670 - 3.1909rNL + 0.2898",
Table 11
Atomic parameters used for M IM calculations
1 2 3 4 5 6 7 8
moomow o ow omo oW
[16] [16] [16] [14] [14] [13] [13] [15]
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
ZE 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
ZBr 7.60 7.60 8.20 7.60 8.20
Z! 7.60 7.60 8.20 7.60 8.20
I 11.16 11.16 11.16 11.16 11.16
In 14.12 14.12 14.12 14.12 14.12
I f 39.64 34.14 39.64 39.64 39.64
lci 26.36 24.37 26.36 26.37 26.37
IRy 24.26 22.69 24.26 19.10 19.10
i 21.83 20.55 21.83 19.40 19.40
Ac 0.03 0.03 0.03 0.03 0.03
An 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
ABr 12.08 10.50 12.08 11.80 11.80
Al 10.83 9.55 10.83 10.60 10.60
vee 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
yeicl 13.03 13.03 13.03 15.32 15.32 13.03 13.03 10.94
VBIBr 12.19 12.19 12.19 7.30 7.30
vn 11.00 11.00 11.00 8.80 8.80

*Values from Ref. [16]

Table 111 shows that there are no considerable differences between the
calculated CT energies and the interaction elements evaluated with different
starting atomic parameters within the same approximation, but essential
differences are obtained, even for identical starting parameters, with dif-

ActaChim. (Budapest) 90,1976



MARTIN: CALCULATION OF THE n-ELECTRONIC STRUCTURE 5

ferent approximations. According to expectations [4,13], the largest calculated
CT energies were in each case obtained with the Mataga—Nishimoto, and
the smallest ones with the point charge approximation.

2.3.2. Electron Transition Energies

The sa-electronic transition energies were calculated with the values of
Table Il1l. The B resonance integrals were taken as variable parameters
and their optimum was found by variation. Figures 1, 2 and 3 represent
the energy values calculated by the point charge, charged sphere and Mataga—
Nishimoto approximations from the data of the first column of Table Il as
an example. The experimental energies are indicated as horizontal lines.
It can be seen that with the decrease of B the calculated energies decrease
almost linearly in the interval examined. According to Table Il1, there is no
significant difference between the CT energies calculated with the same
approximation (less than 2%), thus Figs 1, 2 and 3 correctly represent the
B variation diagrams calculated with other starting parameters.

In order to compare the starting parameters of Table I, the transition
energies were calculated for each parameter set. This does not require a R
optimization for each parameter set. Instead, for each approximation, a
suitable value was chosen from Figs 1, 2 and 3 (point charge approximation:
/cx = —1.5 eV, charged sphere approximation: fcx — —1.5 eV, Mataga—
Nishimoto approximation: fcx = —2.0 eV) and the transition energies
calculated with these B values are given in Table IV. It turned out that the

- p— o i + | i
10 15 2.0 10 15 20 15 20 25

B (V) ft V)

Fig. 1. First band energies of orifto-halopyridines as a function of the resonance integra
RcX calculated by the MIM method, using point charge, charged sphere and Mataga—
Nishimoto approximations. The horizontal lines denote the experimental energies; the
curves are drawn from the calculated energy values. Symbols: x ---—--- X fluoropyridine,
B f- chloropyridine, O -¢-+- O bromopyridine, O ... 0O iodopyridine

Acta Chim. (Budapest) 90,1976
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Approx.

w4
T5
yAS

T5
—/6

X4
T5
y*

*T5

_y* 5

X5
y*5

(F2
(F2
(F2

(Fi)
(F3
(F3

(F)
(F4
(F4

(€12
(C1)
(Cl)

(e
()
(3

(Cl9
(C14
(Cl)

Point

7.805
6.864
0.819

7.951
6.953
0.522

6.786
8.078

7.333
6.638
0.511

7.416
6.706
0.302

6.713
7.398
0

8.062
7.331
0.592

8.175
7.410
0.345

7.372
8.207

7.597
7.072
0.318

7.646
7.129
0.156

7.245
7.542
0

8.114
7.391
0.595

8.235
7.468
0.350

7.426
8.271

7.645
7.129
0.317

7.702
7.185
0.158

7.299
7.599
0

Charge transfer energies and their interaction elements

8.062
7.331
0.592

8.175
7.410
0.345

7.372
8.207

7.561
7.007
0.357

7.623
7.066
0.187

7.159
7.537
0

Table m

Charged sphere

5

8.114
7.391
0.595

8.235
7.468
0.350

7.426
8.271

7.609
7.063
0.356

7.678
7.122
0.189

7.213
7.593
0

8.066
7.339
0.589

8.179
7.417
0.342

7.381
8.209

7.597
7.072
0.318

7.646
7.129
0.156

7.245
7.542
0

8.119
7.398
0.591

8.238
7.476
0.347

7.435
8.273

7.645
7.129
0.317

7.702
7.185
0.158

7.299
7.599
0

8.209
7.582
0.471

8.304
7.654
0.256

7.685
8.278

7.633
7.145
0.274

7.672
7.199
0.122

7.340
7.549
0

9.344
8.793
0.346

9.405
8.842
0.198

8.936
9.307

8.762
8.330
0.202

8.797
8.365
0.103

8.537
8.630
0

4. 6.
9.344 9.349
8.793 8.799
0.346 0.345
9.405 9.410
8.842 8.848
0.198 0.198
8.936 8.942
9.307 9.311
0 0
8.676 8.762
8.231 8.330
0.215 0.202
8.713 8.797
8.268 8.365
0.111 0.103
8.433 8.537
8.551 8.630
0 0

9.509
9.004
0.308

9.570
9.049
0.173

9.158
9.460

8.858
8.455
0.185

8.898
8.488
0.093

8.662
8.730
0
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T5
I»

T5

p4

T5
y*6

T5
m/5

ft

T5
—/5

T6
y*»

(Bra
(Brd
(Bra

(Br3
(Br3
(Br3

(Br4)
(Brg
(Brd)

(12
(y
(12

(13
(13
(13

(149
(19
L)

6.747
6.115
0.434

6.816
6.177
0.248

6.228
6.760

6.065
5.490
0.362

6.120
5.546
0.199

5.637
6.029
0

6.952
6.452
0.284

6.995
6.506
0.135

6.641
6.874

6.228
5.753
0.251

6.265
5.803
0.116

5.956
6.127
0

6.988
6.499
0.282

7.038
6.552
0.136

6.685
6.918

6.260
5.796
0.247

6.303
5.845
0.115

5.997
6.165
0

7.002
6.556
0.214

7.026
6.607
0.080

6.783
6.874

6.243
5.787
0.228

6.275
5.835
0.098

6.001
6.127
0

7.038
6.602
0.212

7.069
6.652
0.081

6.827
6.918

6.275

5.829
0.225

6.313
5.877
0.097

6.043
6.165
0

8.076
7.664
0.176

8.106
7.697
0.086

7.883
7.926

7.301
6.911
0.149

7.327
6.940
0.070

7.141
7.133
0

8.299
7.917
0.146

8.327
7.945
0.069

8.145
8.134

7.392
7.013
0.138

7.417
7.041
0.064

7.247
7.219
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Point
-pyridine

2-F- —0.208
4.715
5.879

3-F- -0.190
4.691
5.945

4-F- -0.227
4.809

5.969

2-Cl- -0.223
4.705

5.844

3-Cl- - 0.202
4.672

5.866

-0.229
4.784
5.943

4-Cl-

- 0.202
4.752
6.045

-0.183
4.727
6.043

-0.209
4.813
6.130

-0.217
4.741
5.999

-0.195
4.709
5.969

-0.213
4.790
6.103

- 0.201
4.755
6.057

-0.182
4.730
6.053

-0.208
4.814
6.140

-0.215
4.744
6.013

-0.193
4.713
5.982

- 0211
4.792
6.114

Table IV

Energies calculated by the M IM method

- 0.202
4.752
6.045

-0.183
4.727
6.043

-0.209
4.813
6.130

-0.830
4.293
5.528

-0.195
4.704
5.957

-0.215
4.790
6.082

Charged sphere

5.

- 0.201
4.755
6.057

-0.182
4.730
6.053

-0.208
4.814
6.140

-0.216
4.740
5.996

-0.194
4.708
5.971

-0.214
4.792
6.095

- 0.202
4.753
6.047

-0.183
4.727
6.044

-0.209
4.813
6.131

-0.217
4.741
5.999

-0.195
4.709
5.969

-0.213
4.790
6.103

- 0.201
4.756
6.059

-0.182
4.730
6.054

-0.208
4.814
6.142

-0.215
4.744
6.013

-0.193
4.713
5.982

- 0.211
4.792
6.114

- 0.200
4.766
6.097

-0.180
4.741
6.077

- 0.201
4.814
6.182

-0 216
4.746
6.018

-0.194
4.714
5.981

- 0.210
4.790
6.123

-0.312
4.732
6.105

-0.280
4.693
6.059

-0.308
4.780
6.189

-0.334
4.712
6.056

-0.298
4.667
5.997

-0.321
4.758
6.152

Mataga—Nishimoto

4.

-0.312
4.732
6.105

-0.280
4.693
6.059

-0.308
4.780
6.189

-0.337
4.707
6.045

-0.301
4.661
5.985

-0.325
4.755
6.141

6.

-0.312
4.732
6.105

-0.280
4.694
6.059

-0.307
4.780
6.189

-0.334
4.712
6.056

-0.298
4.667
5.997

-0.321
4.758
6.152

-0.307
4.739
6.122

-0.275
4.702
6.076

-0.300
4.785
6.205

-0.330
4.717
6.070

-0.295
4.674
6.011

-0.317
4.762
6.165
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2-Br- -0.242
4.644
5.613

3-Br- -0.219
4.606
5.654

4-Br- -0.246
4.745
5.719

2-1- -0.269
4511
5.273

3-1- -0.243
4.472
5.319

4-1- -0.270
4.658
5.357

-0.236
4.692
5.796

-0.213
4.652
5.776

-0.231
4.753
5.914

-0.263
4.589
5.438

-0.237
4.541
5.439

-0.256
4.674
5.563

-0.235
4.696
5.815

-0.211
4.657
5.793

-0.230
4.757
5.932

-0.262
4.598
5.464

-0.235
4.549
5.462

-0.255
4.680
5.588

-0.236
4.703
5.842

-0.211
4.664
5.802

-0.227
4.753
5.968

-0.263
4.598
5.460

-0.236
4.548
5.452

-0.255
4.674
5.591

-0.234
4.707
5.859

-0.210
4.668
5.818

-0.225
4.757
5.984

-0.261
4.605
5.485

-0.235
4.556
5.474

-0.253
4.680
5.616

-0.361
4.674
5.961

-0.323
4.620
5.889

-0.346
4.724
6.063

-0.398
4.608
5.788

-0.356
4.540
5.704

-0.380
4.662
5.896

-0.352
4.689
6.001

-0.314
4.639
5.931

-0.336
4.735
6.104

-0.393
4.619
5.816

-0.352
4.552
5.732

-0.375
4.670
5.925
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10 MARTIN: CALCULATION OF THE ~-ELECTRONIC STRUCTURE

Fig. 2. First band energies of meia-halopyridines as a function of the resonance integral
Bcx calculated by the MIM method, using point charge, charged sphere and Mataga —
Nishimoto approximations. Symbols as in Fig. 1

E(eV) EleV)
Point 50 Sphere 50 Mataga - Nishimoto
**43. A
"m " DC 'Coo- falaialaot L e
oG 45 O 45
_____________________ [}
— -
4.0 40
—J — 1 [FH1 L] | L
-TO -15 -2.0 -10 -15 -2.0 -15 -2.0 -2.5
ft (eV) ft (eV)
Fig. 3. First hand energies of paro-halopyridines as a function of calculated by the MIM

method, using point charge, charged sphere and Mataga—Nishimoto approximations.
Symbols as in Fig. 1

results obtained by means of different starting values do not differ essentially.
Their differences are less than 1%, which can be neglected compared with
the uncertainty of the experimental data. This neglect is justified also by the
error introduced by the use of the band maxima as experimental values
instead of the 0.0 band. For this reason we shall use only the starting data
given in the first column of Table Il, as the trend in the values of the one-
center repulsion integrals agrees with the expectations.

Acta Chim. (Budapest) 90, 1976
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Thus the best values of resonance integrals were determined only for
the data set of column 1 in Table Il. The best Rcx values evaluated from
Figs 1 and 2 are given in Table VII. The para isomers in Fig. 3 were not con-
sidered for the determination of the optimal /5CX values, because their ex-
perimental values are incomplete and unreliable. The best resonance integrals
have the greatest absolute values with the Mataga Nishimoto approxima-
tion and the smallest ones with the point charge approximation.

The transition energies calculated with the Rcx values of Table YII and
with the data of the first column of Tables Il and Ill are given in Table Y.
It can be seen that the energies of the first bands are in good agreement
with the experimental values for any of the three approximations. The greatest
error occurs for p-iodopyridine: 6.5% of the experimental value. The calcu-
lated energies decrease in the orders F, Cl, Br, | and ortho, meta, in accordance
with the order of experimental energies.

2.3.3. Wavefunctions

The calculated wavefunctions for some characteristic cases are given in
Table VI. For the sake of brevity, only those contributions to the wave-
functions are given which correspond to the experimental band assignment
and to the state giving the greatest contribution.

W ith fluoro- and chloropyridines, the CT states contribute only slightly
to the wavefunctions belonging to the first four energies for all three approxi-
mations. The largest contribution to the configuration of the ground state
X0 is from the ground state of pyridine (FO0); to the locally excited
states contribute in the following order: a Ip, p. This is in accordance
with the band assignment expected.

Using the point charge approximation, the second bands of iodopyridines
and o-bromopyridine are CT bands and the higher excited states are mixed
from pyridine and CT states, contrary to expectations. A strong mixing of
the pyridine and CT states occurs in the excited states of m- and p-bromo-
pyridines but this is not so strong that the order of the transitions of pyridine
should be changed.

Using the charged sphere approximation, the 'p locally excited pyridine
state gives the largest contribution to the second excited state of o-bromo-
pyridine but a small mixing occurs in this case too. The second band of
o-iodopyridine is given as a CT band by this approximation too.

The Mataga—Nishimoto approximation produces better results: the
above contradictions are not present and only a small mixing occurs with
o-iodopyridine but this does not influence the order of the transitions of
pyridine.

Acta Chim. (Budapest) 90, 1976
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Table V

Energies calculated by the M IM method using the best Bc.X resonance integrals

Compound
Point

—0.182
4.738
5.911

-0.166
4.717
5.982

-0.198
4.821
6.009

2-fluoropyridine

3-fluoropyridine

4-fluoropyridine

2-chloropyridine —0.253
4.679
5.812

-0.229
4.642
5.827

—0.260
4.767

5.904

3-chloropyridine

4-cldoropyridine

- 0.212
4.674
5.638

-0.191
4.641
5.690

—0.215
4.765
5.756

2-bromopyridine

3-bromopyridine

4-bromopyridine

2-iodopyridine —0.203
4.589
5.294

—0.184
4.560
5.367

-0.204
4.717

5.408

3-iodopyridine

4-iodopyridine

Acta Chim. (Budapest) 0,1976

Calculated energies (eV)

Sphere

- 0.202
4.752
6.045

-0.183
4.727
6.043

-0.209
4.813
6.130

-0.310
4.673
5.898

-0.279
4.627
5.851

-0.305
4.739
5.996

-0.268
4.665
5.762

-0.241
4.620
5.735

-0.263
4.732
5.875

-0.263
4.589
5.438

-0.237
4.541
5.439

-0.256
4.674
5.563

-0.282
4.748
6.128

-0.253
4.714
6.087

-0.278
4.793
6.210

-0.402
4.673
6.003

-0.360
4.618
5.932

-0.388
4.725
6.100

-0.361
4.674
5.961

-0.323
4.620
5.889

-0.346
4,724
6.063

-0.398
4.608
5.788

-0.356
4.540
5.704

-0.380
4.662
5.896

Experimental
energies (eV)
[20]

4.769

4.714

4.679
4.626

4.805

4.661

4.626

4.592
5.438

4.558
5.438

4.428
5.166
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Table VI

Wavefunction contributions calculated by the M IM method

E (ev)

- 0.212
4.674
6.436
7.660
7.239
6.845
5.638

-0.191
4.641
5.690
7.751
7.386
6.772
6.364

-0.203
4.589
6.693
7.312
7.165
6.125
5.294

Point

M

2-bromopyridine

.985
922
592
576
.901
.257
-.726

-.601
.633

-.744

3-bromopyridine

.986
.920
.628
.584
.804
222
.250

-.685
.632

-.708
.633

2-iodopyridine

.984
.839
.753
.840

E (eV)

-0.268
4.665
5.762
6.556
7.397
7.844
6.869

-0.263
4.589
6.754
7.428
7.234
6.221
5.438

-0.241
4.620
5.735
6.797
7.606
7.947
6.458

Mat ma—\SHMOTO

Vi

4-bromopyridine

979
.964
791
.846
.762
.841
.839

3-bromopyridine

.980
.952
.840
.823
.827
715
.682

2-bromopyridine

978
.962
.873
.620
.600
716
.663

-.661
.700

E (eV)

-0.282
4.748
6.128
6.982
6.924

10.001
9.056

-0.402
4.673
6.003
6.852
6.954
9.566
8.867

-0.398
4.608
5.788
6.658
6.898
8.272
7.806

Sphere
Vi
2-bromopyridine

.981

.938

.702

422 -.592
179

.644 519
.296 -.724
2-iodopyridine
.979
.882
.694
764
912
739
764

3-bromopyridine

.982

929 .

711

739

.709

642

.258 -.645

Vi

2-fluoropyridine

.985
.981
941
167
.753
794
.766

2-chloropyridine

977

.968

.904

.657

.638

735

702

2-iodopyridine

974

939

.790

.568 -.565
.550 .668
637

547 576

Acta Chim. (Budapest) 90," * 76
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It can be established that the CT contributions to the first four con-
figurations increase in the order of decreasing electronegativity of halogen
atoms, namely the mixing is the strongest with iodopyridine.

It can be concluded that the Mataga—Nishimoto approximation is
the most suitable for calculating the wavefunctions and the point charge
approximation gives the least reliable results. This is in accordance with our
earlier statements [21, 22].

Table VII

Best —i’cx values for the calculations

MIM calculation PPP

Point Sphere M.N. calculation
r 14 15 1.9 2.6
a 1.6 1.8 2.2 2.8
Br 1.4 1.6 2.0 23
I 1.3 1.5 2.0 1.9

3. PPP Method
3.1. Method of Calculation

The PPP method was used in its original form [6, 7]. The y two-
center repulsion integrals were calculated by the Mataga—Nishimoto
approximation. The singlet transition energies, oscillator strengths, polariza-
tion directions, and charge density—bond order matrix were also calculated.
The SCF convergence criterion was 10“3.

3.2. Starting Values

The valence state ionization potentials and electron affinities can be
found in Table Il. Calculations were performed only with the data of the
first two columns, found as most reliable previously. Results obtained with
the data of the first column are not satisfactory because it was not possible
to find a Rcx value attributable to a given halogen atom which would have
resulted in a good agreement for all isomers, and the best Bcx was too large.
The reason for this is that the values of valence state ionization potentials
obtained from Hinze’s tables are too high for substituent atoms having two
m-electrons. Thus we give in the following only the results calculated with
data of the second column. From these data the valence state ionization
potentials of the halogen atoms were determined by Kwiatkowski’s formula:

I/x ACHaxX  YH*

AclaChim. (Budapest) 90,1976
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where the experimental ionization potential ICHjX (see Sect. 2.2.) was taken
as the valence state electron affinity A . This procedure has the advantage,
that experimental data is used for starting value. The bond distances are
given in Sect. 2.2. The resonance integrals of the pyridine ring are: Rcc =
= —2.39 eV and Bcx = —2.58 eV. The resonance integrals of carbon—halogen
bonds were taken as variable parameters and the transition energies were
calculated with different Bcx values to obtain their optimum. The calculated

R S W TN W SO (I TN NN N N

-1.8 -2.0.-2.2 -24 -26 -28 -30 -18 -20 -22 -24 -26 -28 -30
P (V)

Fig. 4. First band energies of ortho- and meta-halopyridines as a function of /2gX calculated
by the PPP method. Symbols as in Fig. 1

energies are given in Fig. 4 for the o- and m-halopyridines. The best Rcx
resonance integral found from Fig. 4 are given in the last column of Table VII.
In the following only results obtained with these Rcx values are given.

3.3. Results
3.3.1 Transition Energies, Oscillator Strengths and Polarization Directions

Spectral data for the four lowest singlet transitions calculated with the
starting values given in Sect. 3.2. are presented in Table VIII together with
the experimental data available. It can be seen that the results obtained
for the energies of the first bands using the best Rcx are satisfactory, similarly
to the results of the MIM method.

Table VIII contains the calculated osc'llator strengths together with
the experimental ones for which the values obtained by the equation f =
= /41,700 [23] were considered. The agreement is believed to be satisfactory.

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

Acta Chim. (Budapest) 90,1976
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Compound

1
2-fluoropyridine

3-fluoropyridine

4-fluoropyridine

2-chloropyridine

3-chloropyridine

4-chloropyridine

2-bromopyridine

3-bromopyridine

4-bromopyridine

MARTIN: CALCULATION OF THE n-ELECTRONIC STRUCTURE

Table VIII
Spectral data calculated by the PPP method
Calculated Experimental [20]
E (V) f a E (V) g«
2. 3. 4. 5. 6. !
4.770 0.110 288.02 4.769 34
6.024 0.183 29.14
7.061 1.059 46.60
7.156 0.913 135.63
4.724 0.101 62.81 4.714 3.3
5.901 0.174 309.83
6.933 0.953 162.34
7.064 0.965 76.63
4.921 0.003 269.98
5.962 0.083 0.01
6.771 0.909 90.00
6.873 1.199 0.00
4.682 0.135 288.09 4.679 34
5.866 0.319 36.57
6.972 1.007 57.20
7.104 0.774 147.24
4.627 0.119 240.08 4.626 3.3
5.701 0.312 125.79
6.823 0.853 157.70
7.001 0.886 75.05
4.877 0.000 90.47 4.805 31
5.759 0.255 0.00
6.630 0.821 270.00
6.758 1.126 0.00
4.667 0.130 283.46 4.661 34
5.773 0.372 39.53
6.875 0.785 81.27
6.964 0.660 4.19
4.622 0.109 243.35 4.626 3.3
5.621 0.356 124.96
6.693 0.641 168.26
6.911 0.830 88.03
4.856 0.001 269.95
5.653 0.335 0.00
6.531 0.721 90.00
6.683 0.992 0.00

ActaChim -tBudapest) 90,1976
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0.060

0.048
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0.048

0.033
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Compound

1

2-iodopyridine

3-iodopyridine

4-iodopyridine

MARTIN: CALCULATION OF THE n-ELECTRONIC STRUCTURE

(Table VIII continued)

E (eV)

4.597
5.547
6.459
6.800
4.555
5.410
6.339
6.782
4.806
5.389
6.269
6.577

Calculated

f

3-
0.135
0.450
0.166
0.585
0.105
0.417
0.286
0.638
0.001
0.448
0.495
0.730

278.69
43.49
115.98
47.71

66.14
303.81
171.74

98.20
269.94
180.00
270.00

0.00

17

Experimental f20]

E (eV)
5.

4.592
5.438

4.558
5.438

4.428
5.166

Ige
6.

3.6
3.8

3.4
3.8

3.3
3.9

0.095
0.151

0.060
0.151

0.048
0.191

origin at the N atom in clockwise direction. This choice of the polarization
direction allows a direct comparison with the values obtained for halo-
benzenes. It seems that the polarization directions of the halppyridines differ
considerably from the values obtained for the corresponding disubstituted
benzenes [22] and are similar to those of monosubstituted benzenes [24].

3.3.2. Charge Densities and Bond Orders

The calculated charge densities on the ring nitrogen atom and on the

halogen atoms (<) as well as the bond orders for the carbon—halogen bonds
(Pcx) are given in Table IX. The charge density is the largest on the m- and

Cl
Br

ux

1.8891
1.8619
1.8831
1.8963

X

Table IX

Charge densities of halogen and ring nitrogen atoms,

and bond orders of carbon-halogen bonds

2-X-pyridine

PCX

0.3507
0.3917
0.3581
0.3354

4N

1.2692
1.2801
1.2670
1.2580

X
ax

1.9036
1.8790
1.8988
1.9112

3-X-pyridi

PCX

0.3118
0.3503
0.3178
0.2957

ne

4N

1.2098
1.2103
1.2118
1.2130

gx

1.8947
1.8673
1.8878
1.9002

X

4-X-pyridine

PCX

0.3336
0.3750
0.3424
0.3207

4N

1.2417
1.2502
1.2440
1.2402
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18 MARTIN: CALCULATION OF THE a-ELECTRONIC STRUCTURE

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

The complete molecular diagrams of pyridine and the bromopyridines
are shown in Fig. 5 as examples. On the basis of previous studies [3, 22],
the expected order of charge densities related to the halogen atom is 2(ortho) >
> 4 (para) >b(Tela) >1. Taking this and the calculated charge density
distribution of the pyridine ring into consideration, the calculated charge

Q9570 1.0109 Br

Br

09571

«ff4 »1-0663 3y 4110128

0.9000 09007

Fig. 5. Charge density and bond order molecular diagrams of pyridine and bromopyridine
isomers

densities are in complete accordance with the expectation, i.e. the order of
charge densities related to the halogen atom (X) and ring nitrogen is:

2-X-pyridines: N-0 > m-0 > m-p > p-m > o-m > 0-i
3-X-pyridines: N-m >p-0 > m-m > m-i > 0-0 > 0-p
4- X-pyridines: N-jo > m-0 > p-i > o0-m

where i refers to the carbon atom bonded to the halogen atom.
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A study was made of the static dielectric properties of binary liquid mixtures
of tri-n-butylamine with n-heptane, chloroform or acetone. The results show that
the amine does not form associates either with itself or with n-heptane. In the mixtures
containing chloroform or acetone, ‘mixed’ associates are formed from the amine and
the polar component.

A study was made of the static dielectric properties and densities of
three binary mixtures containing tri-re-butylamine as a function of the com-
positions of the mixtures at 20°. The components to he mixed with the amine
were selected so that the polarities of the mixtures should be different. The
three components were: re-heptane, chloroform and acetone. In the course of
the investigations an answer was sought to the question of whether special
intermolecular interactions leading to association occur between the amine
and the second component.

Experimental

The static relative permittivities and conductances of the mixtures were determined
at a frequency of 500 kHz with a Siemens Rel 3 R 277 impedance bridge. A thermostatable
measuring cell with an empty capacity of 30 pF was used for the measurements. The den-
sities of the mixtures were measured with a DMA OZC digital densimeter; the constant of
the instrument was calculated from the densities of the pure substances, determined with
a pycnometric method. Refractive indices referring to the 14aD line were measured with a
Carl Zeiss (Jena) Abbe refractometer. The chemicals employed were Fluka products of purum
quality, and were used without purification from previously unopened bottles. The experi-
mental results are listed in Tables 1—VI.
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22 LISZI: STATIC DIELETCRIC PROPERTIES OF BINARY LIQUID MIXTURES

Table 1

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

6 G

1 e geCcm3 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 21
0.405 2.15 0.734 21
0.503 2.19 0.744 21
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 11

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

*1 € g 081 3 ¢

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 31
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 111

Static relative permittivity (e), density fo) and conductance (G) of tri-n-bulylamine-acetone,
mixtures as functions of the mole fraction of the amine fx,)

x| e g -8m"3 f%
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 24
0.892 2.80 0.778 2.3
1 2.34 0.778 2.3

Table IV

Refractive index (np) referred to the NaD line for tri-n-butylamine-n-heptane mixtures as a
function of the mole fraction of the amine (xI)

*1 nD nD
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 (np) referred to the NaD line for tri-n-butylamine-chloroform mixtures as a
function of the mole fraction of the amine (xt)

K "D *1 nD
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 (nu) referred to the NaD line for tri-n-butylamine-acetone mixtures as afunction
of the mole fraction of the amine (xfj

* 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
Discussion

1. Molar volume

The molar volumes calculated from the density data for the three
systems are shown in Fig. 1. The results demonstrate that mixing is not
accompanied by either contraction or dilatation. Thus, even if special inter-
molecular interactions leading to association do occur in the liquid phase,
these do not cause a change in volume on mixing.

Fig. 1. Molar volume (V) of the mixtures as a function of the mole fraction of the amine (*,)
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2. Molar refraction

The molar refractions were calculated from the refractive indices relat-
ing to the NaD line and from the densities of the mixtures via the relation

Ah_nh-l M
e+ 2 q

where RDis the molai refraction relating to the NaD line, nD is the refractive
index relating to the NaD line, 9 is the density, and M is the average molar

mass:
M — x1IM 1-f- x2M2 (2)

My and M2 are the molar masses of the pure components, and xxand x2their
mole fractions; the index 1 denotes the amine, and 2 the second component.
The molar refractions of the three systems are shown in Fig. 2 as a function
of the mole fraction of the amine. The linear variation of the molar refractions
with composition indicates that the mixtures do not involve any intermolec-
ular interactions which would influence the electron polarizations of the

components.

Fig. 2. Molar refraction (RR) of the mixtures as a function of the mole fraction of the amine (x,)

3. Molar polarization

The molar polarizations of the mixtures were calculated from the

equation
p_e- 1 M
) 3)
£ + Q
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26 LISZI: STATIC DIELETCRIC PROPERTIES OF BINARY LIQUID MIXTURES

where P is the molar polarization of the mixture, and e is the static relative
permittivity of the mixture. The molar polarizations of the three systems
are shown in Fig. 3 as a function of the mole fraction of the amine.

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

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

The molar polarization of tri-re-butylamine—re-heptane mixtures is a
linear function of the mole fraction of the amine. Such an additivity of the
molar polarizations of the components shows that neither self-association of
the amine, nor ‘mixed’ association between the amine and the re-heptane
need be reckoned with. The molar polarization of the amine does not vary
with the composition; in the whole concentration range its value is ~73.6
cm3, mole-1.

B. Tri-n-butylamine—acetone mixtures

The molar polarization of tri-re-butylamine—acetone mixtures exhibits a
maximum as a function of composition. The excess molar polarization, PE,
calculated from the relation

PE= P — (XIPi + x2P2) (4)

is symmetrical in form (Fig. 4, curve 3). The empirical relation describing
the experimental values is

P = xIPl+ x2P2 96 xpc? (5)

The interactions causing the non-linear behaviour of the molar polariza-
tion of the mixtures can be classified into two groups:
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(a) The non-special’ interactions change the local electric field strength
acting on the molecules of the liquid, and hence affect the molar polariza-
tion, but do not lead to association.

(b) The ‘special’ interactions cause association. In addition to mono-
mer molecules, the liquid also contains associates of several monomer units.
The dipole moments of the associates, in general, differ from those of the
monomer molecules, and thus additivity of the molar polarizations is not
to be expected either.

Fig. 4. Molar polarization (P) of the amine-acetone mixture as a function of the mole frac-
tion of the amine (n:,). Curve 1: values calculated on the basis of the Onsager theory. Curve 2:
experimental values. Curve 3: excess molar polarization

To decide whether intermolecular interactions leading to association
occur in tri-n-butylamine-acetone mixtures, we calculated the molar polariza-
tion of the mixture on the basis of the Onsager theory [1]. The Onsager theory
takes into consideration only the non-‘special’ intermolecular interactions not
leading to association. According to the Onsager theory, the molar polariza-
tion of the binary mixture is

4jieNa x ni+ 2 ~ . (n1+ 2)(2e+ 1) Pi |

s+ 2 12+ nf 1 3{2s+ n\) BbKT J 5
(0)

nN+ 2 f (»l1+ 2)2e -f 1) /4 1

22+ n\j 2 3(2e + n\) BKT J

where e is the static relative permittivity, a is the polarizability, n is the
internal refractive index, p is the permanent dipole moment, NA is Avogadro’s
number, kK is the Boltzmann constant, T is the absolute temperature, and
the other notations are the same as previously.

The permanent dipole moment of tri-n-butylamine is 0.78 D [2], and
that of acetone is 3 D [2]. The displacement polarization of acetone, -Pdjp. =
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= 16.7 cm3 [3]. From this, with the aid of the equation

4jiNa
3 a — ~disp. (?)

the polarizability of acetone, &2 = 6.6x 10 24 cm3. From the equation

nb-+ M~= t*NA
n + 2 e2 3

the refractive index relating to the NaD line leads to a2= 6.4x10”24 cm3.
The two data approximate well to one another; to a first approximation the
effect of atom polarization can be neglected. In our calculations the refractive
index relating to the NaD line was used in place of the internal refractive
index of acetone. Calculating the displacement polarizability of the tri-n-
butylamine via equation (8) from the refractive index relating to the NaD
line, aj = 23.4x10-24 cm3 With this datum, P1= 73.9 cm3 mole”1 while
the molar polarization calculated from the relative permittivity and density
via equation (3) is 73.6 cm3, mole” 1l This agreement justified the use of the
refractive index relating to the NaD line instead of the internal refractive
index in the case of tri-re-butylamine too.

Curve 1 of Fig. 4 shows the molar polarization calculated from the
above data via equation (6) as a function of the mole fraction of the amine.
The Onsager theory gives a molar polarization larger by about 10% at most
than the values calculated from the direct experimental data via equation (3)
(Fig. 4, curve 2). Since the Onsager theory does not take into consideration
the ‘special’ intermolecular interactions leading to association, it may be
assumed that the difference between curves 1 and 2 of Fig. 4 is caused by
just such interactions. The symmetrical form of the excess molar polariza-
tion curve indicates that amine and acetone molecules take part in identical
numbers in the associates formed. (From steric considerations it may be
presumed that 1 : 1 mixed associations develop.) The dipole moments of the
associates formed are smaller than the sum of the absolute values of the
dipole moments of the monomers comprising the associates.

C. Tri-n-butylamine—ehloroform mixtures

The molar polarization of tri-rc-butylamine-chloroform mixtures simi-
larly exhibits an extreme value as a function of the mole fraction of the amine.
The deviation from linear behaviour is of a lower extent than in the case
of the acetone-containing mixtures. The maximum of the excess molar
polarization, calculated from equation (4), is approximately at xx= 0.55
(Fig. 5, curve 1).
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The square of the internal refractive index of chloroform is 2.2 [4],
and from this its polarizability is 9.1x10" 2l cm3. The permanent dipole
moment of chloroform is 1.01 D [4]. With the use of these data, the molar
polarization of the mixture was calculated via equation (6), as a function
of the mole fraction of the amine. The results are shown in curve 1 of Fig. 5.
The molar polarization of the mixture is not a linear function of the com-
position according to the Onsager theory either. It is interesting that the
Onsager theory gives a lower molar polarization than equation (3) (Fig. 5,

Fig. 5. Molar polarization (f?) bf the amine-chloroform mixture as a function of the mole
fraction of the amine (n"). Curve 1: values calculated 6n the basis of the Onsager theory.
Curve 2: experimental values. Curve 3: excess molar polarization

/ i

curve 2). This indicates that the directional polarizability of the ‘mixed’
associates formed from chloroform and tri-n-butylainine is larger than the
sum of the directional polarizabilities of the components forming the associate.

The results relating to the chloroform-tri-n-butylamine mixtures must
be accepted with some reservation, as the action of light may convert the
chloroform to hydrochloric acid, which forms a salt with the amine, thereby
affecting perhaps the dielectric properties. In order to eliminate the error
resulting from this, we always used freshly prepared solutions for the measure-
ments. (We encountered a similar phenomenon with carbon tetrachloride-
tri-n-butylamine mixtures too. The chlorine liberated from the carbon tetra-
chloride on the action of light extracted hydrogen from the alkyl groups of
the amine to form hydrochloric acid. With the amine this yielded a salt,
which separated in the form of colourless, needle-shaped crystals. The un-
saturated bonds produced in the alkyl groups of the amine by the extraction
of hydrogen gave a brown colour to the liquid phase. The crystals formed
dissolve in polar solvents [including chloroform], and thus crystal separa-
tion can not be observed in the case of tri-n-butylamine—hloroform mixtures.)
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4. Electric conductance

The conductance determined in /iS units naturally depends on the
dimensions of the measuring cell, hut if an identical cell is employed, valuable
information is obtained from the variation of G with the composition. The
tri-n-butylamine—n-heptane system has a very low conductance, which varies
practically linearly with composition (Table 1). These data do not signify
‘special’ intermolecular interactions.

Fig. 6. Conductance (G) of mixtures containing acetone and chloroform as a function of the
mole fraction of the amine (x,). The dashed curve indicates uncertain values

The conductance data relating to the other two systems are more inter-
esting; these are illustrated in Fig. 6. The left-hand ordinate refers to acetone,
and the right-hand one to chloroform. Both curves exhibit a maximum in
the vicinity of xx= 0.1. A similar phenomenon was observed in alcohol-
amine mixtures [5]. For a qualitative interpretation of the phenomenon,
use may be made of the finding [6] that the dipole moments of charge-
transfer complexes depend on the environment of the complex: the larger
the static relative permittivity of the environment, the larger is the dipole
moment of the complex. In the systems containing chloroform, and acetone,
the concentrations of the ‘mixed associates’ are maximum at a composition
x1 = 0.5, whereas the static relative permittivities of the mixtures are great-
est at xr = 0. In the range x1= 0—0.5 the concentration of the associate
and the relative permittivity of the mixture have opposing effects on the
conductance (which to a good approximation originates here from the dis-
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placement current), and the maximum in the conductance curve may be
caused by these two opposing effects.

To sum up, it may be stated that tri-re-butylamine does not form
associates with either itself or n-heptane, whereas its intermolecular inter-
actions with acetone and with chloroform do lead to association.
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Cu(ll) acetate and sulphate react with 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 monodentate coordinating through the NH2group. Spectral
and magnetic measurements indicated that the acetate complexes have either octa-
hedral or tetrahedral structures.

Introduction

In the last decades many studies have been carried out on carboxylic
acid hydrazides as ligands [1—4]. Many conflicting views have been reported
concerning stoichiometries, coordination sites and structures of the isolated
hydrazide complexes. The aim of the present work is to ascertain by as much
evidence as possible the nature and composition of some different hydrazide
complexes with Cu(ll) acetate and sulphate salts prepared in absolute ethanol.

Experimental

Acid hydrazides were prepared by refluxing methyl or ethyl esters of the acid with
hydrazine [5]. 1:1 and 1:2 metal :ligand complexes were prepared by refluxing equi-
molar amounts of the hydrazide and the hydrated copper salts in absolute ethanol. BDH
CuS04+«5H20 and Apolda (CH3COO)2Cu « H20 were used.

Physical measurements

Spectrophotometric measurements in the visible and ultraviolet regions were carried
out on Prolabo and Pye Unicam SP 1800 spectrophotometers using 1l-em matched silica
and glass cells.

The IR spectra of solid materials were taken in KBr discs using a Pye Unicam SP
1000 infrared spectrophotometer.

The conductance values were measured using a conductivity cell of the G.M. type
dipping in the solution to be titrated. The temperature was adjusted by placing the cell in
an ultrathermostat. A Beckman conductance bridge was employed.

Magnetic moments for the acetate complexes were determined by the Gouy method
at the Physics Department, Cairo University.
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Results and Discussion
Isolation of pure compounds

On interacting formyl, acetyl, propionyl, butyryl, palmityl, benzoyl,
salicyl and p-hydroxy benzoyl hydrazides with Cu(ll) acetate or sulphate in
absolute ethanol, both mono and bis-ligand complexes were frequently but
not necessarily isolated. Results of elemental analysis are shown in Table 1.
The complexes were insoluble in most of the organic solvents tried. Accord-
ingly molecular weights could not be determined.

Spectrophotometric studies

a) Absorption Spectra of Cu2+-Hydrazide Complexes:

The absorption spectra of solutions formed from acetyl, benzoyl,
p-methoxy benzoyl and salicyl hydrazides and Cu(ll) acetate or sulphate were
taken between 600 and 1000 nm. Sets of aqueous or ethanolic solutions were
prepared in which Cu(ll) concentration was kept constant at 10X 10-2 M
while the hydrazide concentration varied from 1.0 to 4.0x10~2M.

The absorption curves obtained exhibited maxima in the visible region
which shifted gradually to blue with increasing the concentration of hydraz-
ides. These spectra are closely related to those of semicarbazide and Girard
reagent cupric ion systems [6, 7]. Representative absorption spectra for
Cu(ll) sulphate—acetyl hydrazide mixtures are shown in Fig. 1.

Absorption spectra of the ligands and metal salts studied were also
recorded in the ultraviolet region. Acetyl hydrazide did not show any ab-
sorption bands above 190 nm whereas benzoyl, salicyl and p-methoxy benzoyl
hydrazides exhibited bands at 230; 200, 242 and 210, 238, 300 nm respectively.

Fig. 1. Absorption spectra of CuS04—(Ac ¢« H) mixtures
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Table 1

Elemental analysis of the ligands and Cu(ll) complexes

Compound

Formyl hydrazide,
chidn2o

Cu(CHIND)A2 *h 2
Cu(CHAND)S04 + 6HD
Cu(CHAND) 2504

Acetyl hydrazide,
CHEN2D

Cu(C2HEND)A 2
Cu(C2HEND)S 04
Cu(C2HBND ) 2504

Propionyl hydrazide,
chbno

Cu(C3HSND)2A2
Cu(C3HEND) 2504
Cu(C3HBND)S04

Butyryl hydrazide,
C4H 10N20

Cu(C4H 1N20)2Ac2 « HD

Cu(C4H 10N20)S04 «
«5HD

Palmityl hydrazide,
N6H3470

Cu(CIBHIND)AC2 * HD

Cu(CIBH IN20)S04 »
m2HD

Benzoyl hydrazide,
cthé 2

Cu(CHND)A2 + HD
2HD

Cu(CTHEN2)S04

Salicyl hydrazide,
cth & 202

Cu(CTHND A2 * HD
Cu(CTHBN2 2S04
Cu(CTHBND 22504

19.9
23.1
3.6
8.5

324
29.1
10.3
15.6

40.8
335
21.4
14.5

47.0
35.6

13.6

715
58.3

52.1

61.7

35.6
38.9

55.2
37.5
26.9
33.3

% Calculated

H

6.7
4.6
4.9
2.8

8.1
55
2.6
3.9

9.1
6.1
4.8
3.2

9.8
6.9

5.7

12.6
10.3

9.8

5.9

5.1
3.7

5.3
4.5
2.5
3.2

Cu

24.6
19.3
22.7

19.2
27.1
20.6

15.7
18.9
25.6

8.5

8.6

25.9
14.7

18.0
20.4
12.6

46.6
10.7

8.5
20.3

37.8
16.9
11.9
18.2

10.3

20.5

11.3
12.9

18.4
7.9
8.9

111

19.6
22.6
3.2
9.3

32.3
28.6
10.5
151

40.8
34.1
215
14.4

47.0
35.4

13.6

71.4
58.7

51.8

35.1
39.2

56.0
38.0
26.7
33.8

%
H

6.6
3.9
4.6
2.5

8.1
4.9
3.5
3.4

9.3
5.3
5.0
3.8

9.3
5.9

4.9

124
9.6

9.2

5.9

4.8
3.7

5.3
3.8
21
2.7

Found

Cu

25.1
18.9
22.9

18.9
27.0
20.3

154
18.3
25.9

26.4
14.9

17.9
20.3
12.3

46.4
10.1

7.9
19.6

37.3
16.5
114
18.6

31.6

10.2

19.5

11.7
12.8

18.2
8.0
9.3

10.9

Magnetic
moment,
u eff.

1.52 BM

2.20 BM

1.89 BM

2.09 BM

1.57 BM
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Table 1 (continued)

% Calculated % Found Magnetic
Compound
c H Cu N c H Cu N (O eif.

p-hydroxy benzoyl

hydrazide, CH8N2 2 55.2 5.3 — 184 552 5.1 — 18.1
Cu(CHaND 2),Ac2 44.4 45 130 — 441 48 127 -
Cu(CTH 8N 20 2)Ac2 395 42 190 - 39.0 45 190 -
Cu(C7H8N ,02S04 29.9 25 204 — 29.6 22 201 -
Cu(C7THBN202504 *H2 34.8 3.7 131 - 35.0 38 133 -
o-methyl benzoyl

hydrazide, C8H10N20 63.9 6.7 — 186  63.4 6.2 — 18.2
Cu(C8H 10N20)Ac2 42.4 48 191 - 42.9 42 191 -
Cu (C8H 10N20)S04 41.7 43 138 — 41.2 45 131 -
p-methoxy benzoyl

hydrazide, C8HION202  57.8 6.0 - 16.8 587 5.8 - 16.7
Cu(C8H 10N202)Ac2 *

*H20 46.7 50 126 — 46.4 41 1238 -
Cu(C8H 10N202)S04

*H20 27.9 35 183 - 27.7 37 184 -

Thus it is apparent that the complex compounds under investigation have
characteristic absorption spectra different from those of the organic com-
pounds and of Cu(ll) alone. Although characteristic color is often a valuable
tool in the detection and investigation of complex compounds, it is primarily
a function of structure and bond type. The donation of electrons to the metal
produces lower excited states and ashift of the absorption bands of the chelat-
ing agent to red.

b) Stoichiometry of Cu(1l1) Hydrazide Complexes f8J:

In order to determine the stoichiometry of complexes formed in aqueous
solution between Cu(ll) and the studied hydrazides making use of the molar
ratio method, a series of solutions was prepared in which Cu(ll) concentra-
tion was kept constant at 1.0x 10~2M while the ligand concentration was
varied from 2.5x10-3 to 4x10”2M. Monoligand complexes were detected
in all systems studied except that involving acetyl hydrazide (Fig. 2) where
a bis-ligand complex was shown to exist.

The composition of the Cu-hydrazide complexes was also determined by
the application of the continuous variation method. A series of solutions was
prepared in which varying proportions of Cu(ll) and the ligand were mixed
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keeping the total molar concentration constant at 1x10~2Jll. The results
obtained agreed with those determined by the molar ratio method. Repre-
sentative curves for the Cu(ll) p-methoxy benzoyl hydrazide system are
shown in Fig. 3.

Fig. 3. Continuous variation plot of p-CH3 —B.H.—CuAc2 system

c¢) Evaluation of the Apparent Formation Constants:

Apparent formation constants were calculated from spectrophotometric
measurements by the application of the molar ratio or continuous variation
methods. Both methods gave concordant results. The average values obtained
are shown in Table II.
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Table 11

Apparent formation constants of some Cu(ll)-hydrazide complexes
Ligaad Type of complex Jimax (nm) K

Sulphate complexes

Acetyl hydrazide 1:2 700 0.6 x10e
Benzoyl hydrazide 1:1 750 3.2xI107

Acetate complexes

Benzoyl hydrazide 1:1 730 7.4x10»
p-Methoxy benzoyl hydrazide 1:1 700 6.4x10»

Electrical Conductance

The effect of dilution on the specific conductance of the complexes
formed between formyl, acetyl, propionyl, butyryl, benzoyl and salicyl
hydrazides and the studied Cu(ll) salts was investigated. The large increase
in electrical conductance of the mixtures for systems of formyl (Fig. 4), and
propionyl hydrazides in aqueous solution or of salicyl hydrazide in ethanolic
solution over that of Cu(ll) salt and ligand alone is typical of strong complex
formation. The increased conductance of the medium results from reactions
producing conducting species in solution or through interaction of complex
molecules having polar bonds with solvent molecules. The small increase in
conductance values of the salicyl hydrazide system indicates poor solvation
in ethanol. The same behaviour was exhibited when 10 ml 0.001 M solution
of Cu(ll) was titrated with 0.01 M ligand solution. Curves drawn between

Concentration,g,mole/L
Fig. 4. Variation of specific conductance of CuS04—F.H mixtures with concentration
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specific conductances of the solutions and the number of ml of formyl,
propionyl (Fig. 5) and salicyl hydrazides showed continuous increase in
specific conductance with increase in concentration. Moreover, the curves
exhibited one or more breaks at certain molar ratios of ligand to metal. The
position of the break denoted the composition of the complex formed.

In systems including acetyl, butyryl and benzoyl hydrazides and Cu(ll)
salts the reverse behaviour is observed. In this case interaction between the
ligands and metal salts yields nonconducting complex species as evidenced
by the lower specific conductance values of the mixtures than those of the

Fig. 5. Conductometric titration curve for CuS04 (a) and CuAc2 (b) with propionyl hydrazide

Fig. 6. Determination of composition of Cu(ll) butyryl hydrazide complexes by continuous
variation method
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separate constituents alone. Also, conductometric titration curves showed
continuous decrease in specific conductance on successive addition of the
ligand. Curves for the butyryl hydrazide system (Fig. 6) showing the di-
vergences from additivity [8] in the specific conductance of the mixtures
were plotted against the molarity of the Cu(ll) salt. The curves indicated
minima. In all systems the existence in solution of complexes formed in
simple stoichiometric ratios resembling those isolated in the solid state was
ascertained.

Infrared Spectra

For the Cu(HL)2Ac2 complexes where HL = formyl, acetyl, propionyl,
butyryl and benzoyl hydrazides a drastic change in the spectra occurred as
compared with that of the ligand. Both the carbonyl stretching and NH2
bending frequencies at 1675 and 1630 cm “1 respectively [9, 10] are displaced
and the first strong band to appear at 1550 cm “ lin the spectra of the complexes
is most probably due to the bending frequency of the NH2 group which acts
as the coordination site as shown by (I). It is suggested that the disappearance
of the carbonyl stretching is due to

R -C=N-NH?2
| |
HO M

("

the enolization of the hydrogen of NH to the adjacent carbonyl group. The
new C= N stretching frequency is probably overlapped by the strong 1550
cm”1 band. Next to this a strong band exists at 1535 c¢cm*“1 which can be
attributed to the asymmetric C O stretching vibration. The symmetric
C—O stretching frequency is observed as a strong band at 1420 cm” 1 Since
the difference between the asymmetric and symmetric C O frequencies is
only 115 cm*1, it is believed that the carboxylato group in these complexes
is bidentate [11]. In the formyl hydrazide complex the very strong asym-
metric and symmetric C—O0 stretching frequencies occur at a higher wave
number (1620, 1445 cm“1) and the difference (175 cm*“1) between these two
bands indicate that the carboxylato group is bidentate. The appearance of
two bands at 1550 and 1535 cm”1 could be attributed to the displaced NH2
bending frequency and r(C= N), respectively.

Magnetic and Spectral Studies

The electronic spectrum of Cu(HL)2Ac2in DMF (where HL = propionyl
hydrazide) shows a broad band centered at 16.130 cm”1 with no shoulders.
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The measured magnetic moment (Table 1) indicates that no polymerization
of any kind exists in this complex since it lies in the range of mononuclear
Cu(ll) complexes [12]. Magnetic and spectral data thus indicated that the
complex has a distorted octahedral structure (structure Il) with two acetate
groups acting as bidentate ligands as evidenced from previously discussed
IR spectra.

(n)

The room temperature magnetic moment of Cu(HL)Ac2+« H2 (where
HL = butyryl hydrazide) indicates that it is a mononuclear complex having
no major interaction between unpaired electrons on different copper ions.
On the other hand Cu(HL)Ac2+H2, HL = formyl hydrazide or salicyl
hydrazide and Cu(HL)Ac2 (HL = acetyl hydrazide) exhibit abnormally low
magnetic moments which could be attributed to some sort of molecular
association bringing the copper atoms closer together. It is suggested here
that the acetate groups are bridging similar to the case of copper acetate [13].
This is in agreement with previously discussed IR spectra of these com-
pounds in which the acetate was shown to be bidentate. The water molecule
present in two of these complexes was proved to he a water of hydration
and was removed on heating at 120 °C in the oven or under reduced pressure
without any decomposition. Thes tructure of these complexes may be rep-
resented by (HI).

(1)
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!

In the case of the complex Cu(HL)Ac2 «3H2 where HL = benzoyl-
hydrazide two of the water molecules were shown to be water of hydra-
tion since the complex loses them on heating at 120 °C in an electric oven or
under vacuum. The magnetic moment of this compound is in the range nor-
mally accepted for monomeric d9 configuration. The visible absorption of
this complex in DMF shows a single band at 15.620 ¢cm-1 with no shoulders.
It is likely that the structure of this complex is similar to (I1) except that
one ligand is replaced by a water molecule.
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In benzene, benzoic acid forms dimers of a stability essentially higher than
that of aliphatic acid dimers, and a definite difference can be observed also between
the dimerization of propionic acid, and of n- and isobutyric acid. The dimerization
constants measured by cryoscopy (at 5.2 £+ 0.4'C) of the mentioned acids were in
the above order: 1700, 390, 239 and 453 kg/mole.

It can be detected by infrared spectrophotometry that the dimerization of
benzoic acid is affected to a very great extent by the hydrogen bond forming abilities
of the solvents. The examined solvents (and in parentheses the dimerization constants
of benzoic acid measured at 42 dr 2°C) were: tetrachloromethane (1530); benzene
(261); 1,4-dioxane (20.0) and chloroform (13.7).

It could be unequivocally proved in both series that in the investigated con-
centration range (< 0.25 M) only dimerization occurs, the formation of higher poly-
mers is negligible.

Of the compounds connected by hydrogen bonds, the dimerization of
organic acids in non-aqucous media has been investigated mostly [1], and a
number of equilibrium constants have been reported.

However, it is conspicuous that often very significant deviations occur
between the values given by various authors. These deviations, particularly
when different methods were applied for the determination of the stability
constants, may attain and even exceed one order of magnitude [1].

As a consequence of this it is rather difficult to draw any conclusion
concerning the degree to which the dimerization is affected by the structure
of the basic compound (when the solvent is the same) or by the solvent (when
the examined compound is the same). Therefore, in order to use uniform
method for evaluation, it is reasonable to determine repeatedly the dimeriza-
tion constants, and in addition to that, to select a reliably known system
as reference basis.

Of the organic acids, the dimerization of benzoic acid in benzene solu-
tion has been investigated most thoroughly; this study still cannot be con-
sidered as a completed one even aside from the dispute concerning the effect
of minor water content of benzene upon the process.

Arten et al. [2] summarized their measurements concerning the system:
the values of Ig K D were plotted versus 1/T, and thus they obtained a value
very likely acceptable. This is the reason why we have chosen the dimeriza-
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tion of benzoic acid in benzene solution as a basis in our series of measure-
ments.

We investigated in benzene solution, besides the dimerization of benzoic
acid, also that of three aliphatic carboxylic acids: propionic, re-butyric and
isobutyric acids by cryoscopic measurements. The dimerization constant of
benzoic acid was determined by infrared spectrophotometry not only in
benzene but also in tetrachloromethane, dioxane and chloroform.

In the first series of experiments primarily the following problems were
investigated: is there any deviation in the degree of dimerization (in a ben-
zene solution) of two members of the homologous series of fatty acids (of
propionic and re-butyric acids), and is this deviation significantly affected by
the presence of a branched chain (in case of re- and isobutyric acid) ?

In the second series of experiments, solvents differing from each other
in hydrogen bond activity were chosen: tetrachloromethane is an almost
inert solvent with minimum proton acceptor property, benzene is a stronger
proton acceptor whereas dioxane is a definite proton acceptor, and chloroform
has a molecule of definitely proton donor type.

As regards the technique of measurements, both methods are widely
applied in the investigation of hydrogen bonded complexes. Measurement by
cryoscopy though affording reliable results has been slightly overshadowed
recently since infrared spectrophotometry is the method applied the most
frequently and even almost exclusively in qualitative investigations. The
selection of these diverse methods was supported also by our desire to collect
data and experience also concerning the efficiency of the individual methods.

Experimental

Benzoic acid was recrystallized from water and subsequently dried over silica gel.

Propionic acid was purified by distillation, and only the main fraction was used.

n-Butyric acid and isobutyric acid (of analytical purity) were applied directly.

Though the applied solvents were of analytical and spectroscopical purity, respectively,
they were subjected to purification in the following ways:

benzene was allowed to stand over phosphorus pentoxide and then distilled;

chloroform and tetrachloromethane were washed with water, traces of water removed

with potassium carbonate, then freshly distilled from phosphorus pentoxide;
1,4-dioxane was heated with solid potassium hydroxide on a water bath, filtered,
the filtrate boiled with sodium metal, and prior to use, freshly distilled from
sodium.
The necessary solutions were prepared as follows:

the required amounts of acids were weighed-in directly with analytical accuracy;

the solvent was weighed similarly on a balance for the cryoscopic measurements;

solutions for infrared spectrophotometry were prepared in volumetric flasks, complet-
ing the volume with the solvent at 42°C.

Depression of the freezing point was measured in a cryoscope of the known Beckman
type, under cooling with ice, using a thermometer suitable for attaining an accuracy of
10—3°C at certain readings, and at readings repeated several times an accuracy of about
2 « 10-4 °C.
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It follows from the fundamental principle of the measurement that the temperature
is not constant in that it varies between 5.5 and 4.8 °C, the average temperature 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 infrared spectrophotometer was an instrument of Unicam SP 200 type,
equipped with a NaCl prism and an automatic recording device. In case of the same substance
the cell size was constant. In preliminary experiments the optimum layer thickness best
suitable for recording a concentration change of about one order of magnitude was established.
The (controlled) temperature of the cell housing and of the investigated solutions was 42 +
+ 2°C.

The investigated concentration range was 0.005 to 0.05 mole/dm3

Evaluation of the results of measurements

According to literature [1], too, the monomer—dimer equilibria are the
decisive process in the investigated concentration range, in that

HA+HAAMH2A2 Kd= . (1)
2 2 [HA]2 VA

The results of the measurement of freezing point depression can be
evaluated very simply since in the knowledge of the value of the molal

freezing point depression (Z|Tm) the real molality of the solution is obtained
directly:

~~~ = mm= [HA] + [H2A2] @)
m

(where AT is the measured freezing point depression).

The above value deviates from the molality calculated from the amount
of substance weighed (on the basis of the molecular weight of the investigated
substance), since it can be readily understood that

mc= [HA] + 2[HA] 3)

The concentrations of the monomer and dimer forms present, and at
the same time also the value of KD can be calculated directly on the basis
of equations (2) and (3). This simple relationship is extremely sensitive to
other polymerization processes eventually occurring in the solution. When,
however, e.g. trimerization or tetramerization would occur, the values of the
equilibrium constants calculated on the basis of Eqs (2) and (3) would exhibit
a definite monotonous trend with the increase of concentration. (This is a
very great advantage offered by the method of freezing point depression,
and at the same time its probative force.) In our series of measurements we
did not experience any changes of this monotonous type, and that confirms
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that indeed only monomer-dimer equilibria are present in the examined
systems.
The constants found in the various solutions are presented in Table I.

Table |

Dimerization constants of some organic acids in benzene,
at 5.2 £+ 04°C

Organic acid Kg + 3a
Benzoic acid 1700 £ 90
Propionic acid 390 + 48
n-Butyric acid 239 + 42
Isobutyric acid 453 + 56

The values given in Table | are obviously average values but also the
values 3cr i.e. the threefold values of the mean errors of the mean values
are listed.

The evaluation of the results of infrared spectrophotometry was greatly
facilitated by the fact that, after a number of preliminary experiments, the
spectra were recorded for the same solvent in all applied concentrations at
the same cell thickness and slit width. Thus, at the adequately separating
bands the band height could be used instead of the area below the band,
as a characteristic parameter. (The constancy of the ratio of peak height
to the area below the curve has been controlled in several cases in benzene
and in tetrachloromethane. Also data ofliterature point out this constancy [3].)

On the effect of association the monomer O—H band undergoes the
greatest change. However, this is at the same time the most sensitive to
any external effects. That was one of the reasons why our results have not
been evaluated on the basis of this band whereas another reason was that
the dispersion of the given instrument was essentially worse in the wave
number range over 2000 cm-1.

It was more favourable to use the band characteristic of the monomer
C= 0 which was found, in a fair accordance with data of literature, at the
wave numbers 1725 (for tetrachloromethane, benzene), 1720 (dioxane) and
1695 (chloroform), respectively. The peak value of the band characteristic
of the (‘dimer’) carbonyl group present in the hydrogen bridge C=0 ... H—O
appeared in tetrachloromethane at the wave number 1685 cm-1 and in benzene
at 1695 cm -1 whereas in case of both other solvents only changes in the
band width and in the band shape of the hand C=0 of the monomer could
be observed (at the given resolving power of the instrument).
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Under experimental conditions kept strictly identically, the Bouguer—
Lambert Beer law can be applied. In two solutions of different concentra-
tions (cj and c2) e.g. for the quotient of the absorption measured at the mono-
mer band it will be as follows

E2 s [HA]2d [HA]2
Er e[HA]j d [HA], v’

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

However, in case of monomer-dimer equilibria, as indicated by Eqs (1)
and (3), the concentrations of these two species are not independent of each
other. It can be readily understood that

2= [HA], -f 2[H2A2]? = a[HA], + 2a2[H2AZ]j (5)

In a similar way, on denoting by b the quotient of the extinctions
measured at the maximum absorption of the dimer bands, we obtain that

2= Y6 [HA]X+ ragA .~ (6)

The composition of the first solution is characterized obviously by the
relationship
c, = [HA], + 2[H2AZ]j ©)

Table 11

Dimerization constants of benzoic acid in various solvents
(at 42 +2 °C)

Solvent KB+ 3a
Tetrachloromethane 1530 + 244
Benzene 261 + 237
Dioxane 20.0 2.7
Chloroform 13.7 + 1.7

On solving Eqs (4) to (7) we find that our presumptions are unequiv-
ocally valid (or they prove their invalidity) and at the same time also that
they are suitable for the calculation of the dimerization constants. (Otherwise
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this task can be carried out even without using Eq. (6) which has been applied
by us solely as a control.)

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

Discussion

The dimerization constant of benzoic acid measured by cryoscopy
agrees well with the results of earlier measurements [4, 5].

On the basis of earlier data based on measurements of permittivity [6]
and of recent values based on partition between water and benzene as sol-
vents [7] it appears very likely that the dimerization constant of C1 e fatty
acids exhibits an almost identical monotonous increase to a small extent
towards the fatty acids of higher carbon atom numbers. Problems exist
concerning both methods of measurement — the present data show slightly
differing results. A definite difference can be observed between 3- and 2-
methylpropionic acid in that the dimerization constant of isobutyric acid is
almost twice as high as that of n-butyric acid, and approximates that of
propionic acid better.

Thus, it can be detected even in a non-aqueous medium that the hydro-
gen-bridged association of fatty acids, structurally closely related to each
other, is a consequence of complex processes, and cannot be interpreted
simply by alterations in the number of carbon atoms.

The data presented in Table | call attention to the fact that, though
the carboxyl group is of decisive importance from the aspect of dimerization,
the substituents exert their effect not only by influencing the properties of
the carboxyl group.

Similarly few data are known concerning the dependence of the di-
merization of benzoic acid on the solvent. The series: cyclohexane—tetrachloro-
methane—benzene has been investigated by Allen et al. [2] (our present
results agree very well with both latter solvents). The benzoic acid dimer
proved to be the most stable in cyclohexane, the value found in tetrachloro-
methane was about two-third of that value whereas the stability decreased
by almost a whole order of magnitude on the effect of changing tetrachloro-
methane to benzene.

For chloroform as solvent only data measured by ligand—ligand parti-
tion are known, but the decrease is of a further order of magnitude [8].
Dimerization has not been measured in dioxane. However, on the basis of
the partition between bis(3-methylbutyl)-ether and water the dimerization
constant of benzoic acid is in a solvent deviating from dioxane to a not too
great extent is even lower than that in chloroform [8].
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The evaluation of the data in Table Il is much easier than those in
Table 1.

According to our presumption, the dimerization of benzoic acid is
inhibited in a competitive reaction by the interactions between solvent and
solute. It is striking how definitely benzene participates in couplings by
hydrogen bridge, due to its m-system. The effect of dioxane in great excess
is still more definite: their oxygen atoms are possessing definite proton
acceptor properties, and thus they obviously inhibit the formation of the
structure

\ oh ...0/"

which is primarily characteristic of the dimer.

Chloroform, in turn, is definitely a proton donor: in that it inhibits
dimerization by binding the carbonyl groups.

The measured data do not represent directly the stability of the benzoic
acid complex of chloroform, dioxane or benzene. However, they indicate
also the role and quality of solvatation, and thus they are indirectly suitable
for the comparison of solvents.

The presented results are parts of the thesis of Mr. Laszl6 Gyepes and of Miss Katalin
Kelemen, respectively.

Thanks are expressed also here to Mr. Gydérgy Mitch (Chinoin Chemical and Pharma-
ceutical Works Ltd., Budapest) for his altruistic help in carrying out the measurements by
infrared spectroscopy.
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2-Arylidenecyclohexanones dimerize in basic medium 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 mixed aldol condensation of ketones and aldehydes is, under
vigorous conditions, often associated with further reactions [1]. In some cases,
the isolated end-product is the dimer of the a,/S-unsaturated ketone formed
primarily (in situ dimerization). Naturally, the corresponding unsaturated
ketone can also be dimerized by treatment with alkali.

Nielsen et al. characterized the above reactions on the basis of data
in the literature, supported also by their investigations, by the following
reaction scheme (Fig. 1):

A: In the first step, the unsaturated ketone | is converted by Michael addi-
tion to the 1,5-diketone (Il1) [2, 3a—c, 4, 5].

B: Il yields by intramolecular Michael reaction the cyclic diketone 111
[6-12].

C: The intramolecular aldol condensation of Il gives the cyclic 1,3-ketol (1V),
and from this compound the ketone V is formed by the loss of water [6,
7, 10, 13-17].

The dimer of 2-benzylidenecyclohexanone was obtained accidentally,
when we allowed the monomer (VI) to react with NaCN in dimethyl sulfoxide
(DMSO); 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 catalyst; a 9 : 1 mixture of DMSO/EtOH
proved to be the best solvent. The compound is identical with the substance
characterized by Titichenko et al. [3a—c] by the structure VIII (Fig. 2).
The mentioned authors established the structure on the basis of elementary
analysis, molecular weight measurement and dioxime formation; later they
converted the compound with AcOH/NH4OAc into the corresponding octa-
hydroacridine derivative [3c].
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However, the IR spectrum of the compound has no carbonyl frequency;
in fact, a hydroxyl stretching vibration can be observed at a wavenumber
of 3470 cm-1 in the solid state, and at 3580 cm-1 in CHC13 solution. Accord-
ingly, the compound does not belong to any of the four types of dimers (ll,
I, TV, V) known so far. The absorption occurring at 1640 cm-1 is indicative
of a conjugated double bond.

The UV spectrum of the dimer is suggestive of a phenylbutadiene
chromophore: Arax = 293 nm, e = 25,300.

In the NMR spectrum, two aromatic singlets, 6 — 7.32 and 7.28, a
vinyl proton, 6 — 7.05, and an OH proton deuterizable with D20, O= 2.45,
can be identified.

The hydroxyl group does not react with acylating agents, or more
vigorous treatment results in a resinous substance.

When boiled with acetic anhydride, the dimer loses water (XI). In the
IR spectrum, the disappearance of the OH vibration is accompanied by the
appearance of a hand at 1718 cm-1, indicative of an isolated double bond.
Similarly high binding frequencies have been reported by several authors
for y-pyrans and for octahydroxanthenes [18, 19, 23, 24].

The preparative and spectral data are consistent with structure IX.
The agreement of the physical data with those of the aminoketals X, prepared
by Lewis et al. by another route, is remarkable. It is interesting that the
hydrolysis product of X is not IX, but similarly a resin [19].

X IX Xl
Fig. 3.

The formation of the hemiketal I1X can be explained uniformly from
the point or view of all three modes of preparation, as shown in Fig. 4.

In the dimerization of VI, the initial step is Michael addition. From
the anion K no diketone VIII is formed by protonation, because the C-6’ proton
is strongly acidic; the product is the anion L, from which the further reaction
route is evident. Compound VII gives the anion L immediately, the rest of
the reaction sequence is the same. In situ dimerization is possible according
to both reaction routes indicated.

It should be noted that no intermediate product could be detected in
the reaction mixture by either chromatography or spectroscopy, thus it can
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M IX
Fig. 4.
be presumed that the diketone VIII is not formed even transitorily, further,
that the rate determining step is the initial Michael addition. Retro-Michael
reaction cannot be observed even on increasing the temperature (as shown

by TLC, the conversion is complete).
After the termination of our work, we obtained the communication of

Lyte et al. [20], in which they report results identical with our findings:

Pii

X1 XIV
Fig. 5.
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McE 1vain and Rorig [21] condensed I-rnethyl-4-piperidone with benz-
aldehyde, and isolated two products; one of them was dibenzylidenepiperidone
(XI1), and the other was regarded later by McE1vain and Parker [22] tO
be the aldol dimer XIIl. Lytle et al. have proved beyond doubt that the
compound has a hemiketal structure (XIV).

Identical structures were obtained also on changing the aromatic group
(I1Xb-e).

Experimental

M.p.’s are uncorrected. IR spectra were obtained on a Zeiss UR-10 spectrophotom-
eter in KBr pellets, the UV spectra with a Perkin-Elmer 402 instrument in ethanol solu-
tion; the NMR spectra were recorded with a Perkin-Elmer R-12 (60MHZz) spectrometer in
CDC13. TLC system: Kieselgel H24 (Merck): benzene-ethyl acetate (40 : 1).

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

Direct method. To a solution of 18.6 g (0.1 mole) of 2-benzylidenecyclohexanone (VI)
in 50 mI DMSO 4.5 ml of a 1JV NaOH solution in ethanol was added, and the mixture was
allowed to stand at room temperature for 1 hr. It was then poured into water acidified with
acetic acid, and the semi-crystalline substance which separated was crystallized from ethanol
(m.p. 85—91 °C), then from a 1: 2 benzene-hexane mixture. 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 mixture of 50 ml DMSO and 10 ml ethanol, and 6 ml of 50%
aqueous NaOH was added to the solution, which was then stirred at room temperature,
until TLC indicated that the conversion was complete (about 2.5 hrs). Processing was the
same as described above.

The reaction of 2,6-dibcnzylidenecyclohexanone (V1) 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 mixture was stirred first at 60 °C and, after the
dissolution of the solid substance, at room temperature for 6 hrs with 6 ml of a 50% NaOH
solution. The progress of the reaction was followed by TLC. The reaction mixture was worked
up as described above. In all three experiments an identical substance was obtained.

The other compounds (1Xb, c, d, e) were obtained in the same way. The progress of the
reactions was checked by TLC. Detailed data are given in Table I.

Derivatives of IXa

Dioxime. A solution of 3.7 g (0.01 mole) of 1Xa in 50 ml ethanol was refluxed with
2.1 g (0.03 mole) of hydroxylamine hydrochloride and 10 g of K2C03for 3 hrs. The hot mixture
was filtered and the solid washed with hot ethanol. The crystals obtained from the combined
ethanol solutions were recrystallized from ethanol to obtain 1.5 g of the product, m.p. 210 °C
(lit. [3a] m.p. 194-195 °C).

C26H N202 (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-OH).

1,2,3,4,5,6,7,8-Octahydro-5-benzylidene-9-phenylxanthene (XI)

3.72 g (0.01) mole of I1Xa was refluxed in 8 ml of acetic anhydride for 7 hrs. The
crystals which precipitating on cooling were filtered off, washed with water, and recrystal-
lized three times from ethanol to obtain 1 g of XI, m.p. 107—108 °C.

CX¥H20 (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).
NMR (CDC13: 6= 7.32 s, 5H (Ar); 7.29 s, 5H (Ar); 7.00 s, 1H (=CH -; vinyl); 3.58 s, 1H

(CH; benzyl); 1.4—2.8 m, 14H (cycloaliphatic).
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Compound
Ar-

IXal
C6H6-

IXb
4—CH3—CeH4—

IXc
4—CH3) —CcH4—

IXdG
2-furyl
1Xe
4—Cl—C6H4—
1 [3a, b, c]

Solvent
m.p. (‘€

benzene/
hexane
135-6

ethanol
162-3.5

benzene/
hexane
192-4

benzene/
hexane
131-4

benzene/
hexane
148-50

Formula
Mol. weight
Yield

( Us'b
372.51
2%

CreHsrO3
400.57
90%

CraH3oC™
432.57
85%

C2H240 4
352.43
70%

CAill..rCl.,0,
441.41
62%

2. In CHC13 solution: 3580 cm-1
3. Disappears in DD

C:

H:

C:

H:

Cl

Analysis, %
Calcd.

83.83
7.57

83.96
8.05

77.75
7.46

74.98
6.86

70.75
5.94
: 16.06

Table |

Found

83.68
7.49

83.93
7.97

77.34
7.50

74.88
6.90

70.55
6.00
16.00

UY (ethanol)

Jirax nm

209
293

209
293.5

211
294

211
296

308
323

210
299

e

21000
25 300

19 000
26 200

14 500
29 300

9 800

1R, cm 1

3470

1640 r

1615
1605
1400

760

3570
1630
1603
1420

828

3470
1638
1603
1418

842
1245
1040

3470

shoulder 1640

31 600
41 100
29 700

16 100
26 200

4. DD decreases the integral by 1H
5. NMR spectrum recorded in CED5N
6. [3a, b]

1595
1550
1410
1022
890
740

3577
1630

1395
832

KBr

OH2

p p /A4
C~ C (Ar)
= CH (Ar)

I

(Ar>
(Ar)

o=~ 0o
I

T O

oOxToO O

IO—1 (@]

(Ar>
(Ar)

nHo- oo

c=C (An)

(furan)

OH
Cc=C

=CH (Ar)

7. DD decreases the
8. DD decreases the integral by 1H

NMR, d ppm
CDCI3

7.32 S 5H Ar
7.28 S 5H Ar
7.05 S IH=CH -
0.9-3.3 m 16H
2.45 S 1H OH3
7.2 S 4H Ar
7.1 S 4H Ar
7.0 S 1H=CH -
2.3 s 6H-CH3
1.0-3.3 m 17H4
6.4—7.0 m 8H Ar5
6.3 S 1H =CH—
3.0 s 6H-CH3
05—34 m 16H
6.1—75 m 6H Ar
6.75 S 1H=CH -
09—35 m 17H7
7.05-

745 m 8H Ar
6.75 1H=CH -

1.0-3.3 m 17HS8

integral by 1H

e 18 HOV4GZSO

NOILVZIY3IWIA d3ZATVLIVI-3svd -
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Dissociation and rearrangement processes of tricyclic phthalazinone deriva-
tives (I—IV) upon electron impact have been studied using high- and low-resolution
mass spectrometry. A method based on the determination of the activation energy
of metastable decomposition processes has been applied to verify that some fragmenta-
tion processes involve methylene migration.

Bowie et al. [1] were the first to study the fragmentation of phthalazin-
one derivatives upon electron impact. They have found that the substituents
adjacent to the nitrogen atom interact with this atom (‘proximity effect’). In
an earlier work we used 1sN-labelling to prove that electron bombardment of
4-(a>-hydroxyalkylamino)phthalazinone derivatives produced a fragment ion
that contained afour-membered ring formed by intramolecular ring closure [2].

This reaction is a consequence of the proneness to substitutions of the
pyridine-type N atom present in the phthalazine ring.

Accordingly, intramolecular condenzation products of these compounds
are easily obtained also by preparative methods from the above (co-hydroxy-
alkylamino)-phthalazinones. However, condenzation due to electron bombard-
ment occurs chiefly involving the carbon in ~-position of the alkyl chain and
the nitrogen in position 3, whereas in the preparative process, in the presence
of a solvent, condenzation is achieved by bonding of the carbon in co-position
to the nitrogen mentioned.

In this paper we wish to report on a mass spectrometric study of the
electron impact-induced fragmentation of the products of the later reaction
(1 to 1V).

As a common characteristic of these compounds, the first step or steps
of the electron impact-induced processes involve the fragmentation of the
rings of imidazole (I, 1) or pyrimidine (111, 1V) type, formed by the conden-
zation reaction mentioned before.

In the course of the further decomposition of the fragment ions thus
produced, a very interesting rearrangement takes place, proved by a novel
method of ion structure identification [3].
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Id the mass spectrum (Table 1) of 2,3-dihydroimidazo\2,l-a]phthalazin-
6 (bH)-one (l), a characteristic fragment at mass number 130 and composi-
tion CsH4NO is the only abundant ion besides M+ and (M — 1) + (formed by
the quaternization of the nitrogen atom is position 4). In contradistinction
to the open-chain compounds where either of the two possible N atoms partic-
ipates in the formation of the nitrile group with equal probability [2], in
the case of | the m/e 130 type ion contains only the nitrogen atom in posi-
tion 4.

The m/e 130 ion originates from the (M — 1) ion in two ways (Fig. 1,
A and B). In both processes one of the a bonds beside the sps carbon atom
of the imidazole-type ring is broken. (Only these two bonds do not partici-
pate in the conjugation extending over the entire skeleton.)

Fig. 1.
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Abundance (%)

| I* 1

100
28
70
88
100
100 5
28
10
3 3 3
1
5 4 9

100

66

23
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100

61

~N W NN

18

100
28

28

48
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Following the fission of the C-N bond, CoH3N is eliminated (A) from
the (M — 1)+ ion; 1sN-labelling shows that the nitrogen removed originates
from position 1, thus the ‘lower part’ of the imidazole-type ring is split off.
From the m/e 145 ion thus produced, the abundant ion at mass number 130
is derived by loss of NH.

In the case of compound I, decomposition involving the cleavage of the
C—€ bond of the imidazole-type ring, i.e. pathway B is predominating; the
(M — 1)+ ion loses HCN by the elimination of the (labelled) nitrogen in posi-

tion 1; the m/e 159 fragment thus formed gives then the m/e 130 ion by loss
of CHsN.

m/e 173

CHN

c=0*

O

me 159 m/e 130
Fig. 2.
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The loss of CH3N from the m/e 159 ion cannot occur without rearrange-
ment: most probably the methylene 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 this rearrangement involving methylene
group migration, it is helpful to compare the behaviour of I with that of its
N-methyl derivative, 2,i-dihydro-S-methylimidazo[2,l-a]phthalazin-6-one (II)
under electron bombardment (Fig. 2).

The decomposition scheme of the two compounds has the same structure:
the m/e 130 ion is produced from the (M — 1)+ ion in two ways (A and B).
In the corresponding reactions either the eliminated neutral fragments are
the same and the charged particles are homologues, or the neutral particles
are homologues and the ions are the same. In the N-methyl derivative II,
the two decomposition pathways A and B, leading to the m/e 130 ion, are
almost equally important.

From the (M — 1)+ ion (m/e 200) loss of HCN gives the m/e 173 fragment
ion (pathway B), which is the homologue of the m/e 159 ion of I. If our sup-
positions concerning the rearrangement of m/e 159 ion of | are correct, then
— in this analogous case — the N-methyl substitution will increase the mass
of the neutral particle eliminated, while the charged fragment from the m/e
173 ion will be the same as in the case of the parent compound.

From the m/e 173 ion the known m/e 130 ion is produced by loss of
CZHAON, as expected. This process supports, that both in the parent compound
and in its N-methyl derivative, after the loss of HCN, the suggested rearrange-
ment does occur.

At the same time, in the case of Il the decomposition process A involv-
ing elimination of C2H3N from (M — 1)+ is operating, as well. The charged
particle produced agrees, at least as far as its empirical formula is concerned,
with the ion produced from | by the loss of HCN. From this m/e 159 ion the
m/e 130 fragment is formed by the elimination of CHsN, in the same way as
in the case of the parent compound. This suggests that the m/e 159 ions (X +,
cf. Fig. 3) originating from the two different sources, have the same structure;
however, in the N-methyl derivative the 5 N—€ bond has already been present
in the neutral molecule, whereas in the parent compound the aforementioned
rearrangement must occur to allow the formation of this bond.

In order to prove the occurrence of this migration of the methylene
group, the structural identity of the two ions of m/e 159 must be confirmed
by some quantitative mass spectroscopic method. For this purpose a mass
spectroscopic method of ion structure identification, based upon the determina-
tion of the activation energies of metastable processes, zlIAP*, has been
elaborated [3]. Our results indicate (Fig. 3) that the zIAP* value, characteristic
of the metastable process 159 —130 is 0.96 eV in the case of the parent com-
pound | and is 0.99 eV for the N-methyl derivative Il. This proves that the
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decomposing m/e 159 ions have the same structure in | and Il, thus supporting
the assumption about the migration of the methylene group.

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

Though the method applied does not give accurate information about
either the exact structure of the ion produced or the mechanism of the re-
arrangement, it is probable that in the case of compound I this rearrange-
ment is analogous to the methylene insertion reaction characteristic of the
carbenes [4], resulting in a N CHs group.

3,4-Dihydro-2H-pyrimido[2,l-a]phthalazin-7 (6 H)-one (Ill) is a homo-
logue of | containing three vicinal CH, groups. The principal fragmentation
process involves the fission of those two cr-bonds which are weakened due
to their being in /3-position to the C= N double bond (Fig. 4). The M CXHi

I®' 0 19'

wje 130 42% m/e 140 28%
Fig. 4.

ion produced (m/e 173) contains conjugated double bonds; the delocalization
energy in part compensates for the energy needéd to the cleavage of the
bonds (retro-Diels Alder reaction). Retro-Diels Alder reactions cannot occur
in the case of five-membered rings (I and Il); for these (cf. Figs 1 and 2),
conjugation is achieved by the loss of H from the molecular ion and the
guaternization of the N atom in position 4.
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The m/e 173 ion loses HCN, and this HCN will contain the 15N if the
molecule has been labelled in position 1. The already known m/e 130 ion is
produced from the m/e 146 ion thus formed, by cleavage of the amide bond.

It is evident that in contradistinction to the homologous open-chain
phthalazinone derivatives, the fragmentation of the homologous condensed-
ring parent compounds is essentially different from each other, since the
‘lower part’ of the pyrimidine-type ring can be eliminated as two stable,
neutral molecules (C2H4 + HCN), while that of the imidazole-type ring can-
not. Tn the latter case, the analogous process would involve the elimination
of CH, from the m/e 159 fragment ion of I. This is greatly unfavoured from
an energetical point of view, as the heat of formation of the CH2 radical is
extremely high. This is the main reason why the migration of CH2 a process
of comparatively low activation energy, is preferred.

3,4-Dihydro-6-methyl-2H-pyrimido[2,I-a]phthalazinone(1X) is the N-meth-
yl derivative of compound IlIl. The primary fragmentation processes of
its molecular ion are analogous to those of the parent compound IIl, but the
decomposition products of its fragments are the same as in the case of the
other N-methyl derivative Il (Table I).

Loss of ethylene from the molecular ion of IV gives rise to the m/e 187
ion; this is the N-methyl derivative of the (M — 28)+ ion of IlIl (Fig. 5).
However, from m/e 187 now not HCN, but H?CN is eliminated, and thus the

m/e 187 28% m/e 159 5% m/e 130 24%
Fig. 5.
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known m/e 159 ion is formed which decomposes to the m/e 130 ion by the
loss of C2HsN.

The (M — 1)+ ion of IV gives rise to an ion of m/e 173 having the empir-
ical formula CluH9N20, which loses C?H5N to yield the ion of m/e 130.

The analogues of both steps of this decomposition pathway play a part
in the ease of the other N-methyl derivative (Il1): the five-membered ring of
the (M — 1)+ ion loses C2H3N; on the other hand, the m/e 173 ion formed
by rearrangement gives the m/e 130 ion.

The corresponding decomposition route is of wholly subordinate im-

portance in the case of parent compound Ill. This is probably due to the
lower stability of the m/e 159 ion in comparison with that of the m/e 173 ion.
The (M — 1)+ ions of both Il and IV give rise to a relatively abundant,

stable fragment by loss of ethylene; further decomposition does not produce
ions of considerable intensity.

The molecular ions of both compounds can lose N2HR (R = H or CHJ)
to a small extent. This reaction, like decomposition pathway A of I and II,
involves the fission of the weakened C-N bonds in position 4—5 of IIl and
IV and is analogous to the loss of N2H2R from the (co-hydroxypropylamino)-
phthalazinone derivatives [2].

Experimental

An AEIl MS-902 mass spectrometer with direct sample introduction was used. The
temperature of the ion source was 150 °C. The empirical formulae of the ions discussed were
determined by exact mass measurements. The decomposition pathways are supported by
metastable ions. For the refocusing of the metastable ions, the voltage of the electrostatic
analyzer was reduced.

The syntheses of the compounds studied will be described elsewhere.
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Some interesting results pertaining to the reactions of hexahydro-1,3,5-tri*
acryloyl-s-triazine (I) with several reagents are described. Thin-layer chromatography
proved to be very helpful in following the routes of bromination, addition of ethyl
mercaptan, water, sodium bisulfite and/or sodium sulfite.

Hexahydro-1,3,5-triacryloyl-s-triazine (I) has for some time found
several practical applications [1]. In the course of a research program carried
out to create reactive centres on cellulose [2] using polyfunctional compounds,
some interesting results pertaining to the reactions of I and its derivatives
with different reagents were obtained. In the present communication these
results are reported.

(0] (@] (0]
H2C=CH—-C\ ,C—CH=CHj H5C20H2CH2C—¢ A3— CH2CH20CZ2H5
N N Ak\Jﬂ
I I
0=C—€H=CH2 0=1 -CHXHCH5

At variance with the statement of Zerner and Pollock [3] that the
addition of halogens to the three acryloyl groups of | is a stepwise process,
it has now been found that this not the case. When a molar solution of I
in chloroform was treated with 1- 2 moles of bromine, it was possible by
means of thin-layer chromatography (TLC) and preparative TLC to identify
in the reaction mixtures unchanged 1, the di- and hexabromo derivatives,
as well as a fourth product believed to be the tetrabromo compound. Attempts
at purifying the latter product from the contaminating hexabromo compound
failed. Efforts t6 obtain solid mixtures from the solutions of the brominated
compounds by evaporating the solvent in vacuum also remained unsuccessful
because of the formation of polymeric products. On the other hand, addition

* Present address: Textilforschung Krefeld, 415 Krefeld, West Germany.
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of the required amount of bromine to a chloroform solution of the partially
brominated mixtures always afforded the liexabromo compound as the only
reaction product.

Preliminary experiments on the addition of ethyl mercaptan to I in-
dicated the dependence of the reaction on several factors, including the molar
ratio, type of catalyst, temperature and time. If two or more moles of the
thiol were added to a chloroform solution of I in the presence of triethylamine
at 25 °C the di-adduct was formed, as confirmed titrimetrically and by TLC.
When only one mole of the thiol was used under the same experimental con-
ditions, a mixture of | and the di-adduct was obtained. When the di-adduct
was treated with one mole (or when | was treated with 3 moles) of the thiol
under reflux, the pure tri-adduct was quantitatively formed.

Previous investigations [4] on the addition of alcohols, e.g. EtOH, to
I in the presence of a catalytic amount of potassium hydroxide indicated
that the tri-adduct Il was formed. Attempts to obtain this compound by
treating an alcoholic solution of hexahydro-1,3,5-tris(3-chloropropionyl)-s-tri-
azine (I11) with sodium ethoxide gave | by /S-elimination with E2 mechanism.
On the other hand, treatment of the compound with sodium mercaptide led
to the thiol tri-adduct.

CICH2CH2—O0C- N n -CO—CH2CHZXI

0=C —CHjOHuCI

Very little is known about the behaviour of I in aqueous solutions of
alkalis and acids. It was claimed [5] that it was possible to effect the addition
of HD to two double bonds of I, leaving the third one intact, if | was treated
with aqueous alkali at 100 °C and pH 11 for one hour. Now, a totally dif-
ferent picture was obtained when | was treated with aqueous sodium hydroxide
solutions (0.08—4%) at temperatures between 20 and 50 °C. Using TLC it
was possible to identify in the resulting complex mixture acrylamide 1V,
methylolacrylamide V, and methylenebisacrylamide VI. In addition, ammonia
and formaldehyde were detected.

ch2=chconh2ch2=chconhch2oh ch2=chconhch2nhcoch==ch

v \ Vi

These results indicate that the hexahydro-1,3,5-triazine ring is unstable under
these conditions. Along with IV—VI, unidentified high molecular weight oily
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products were also formed. In fact, it was found that by prolonging the time
of reaction 1V, V, and VI disappeared completely, and only the oily products
were obtained. On the other hand, treating | with HC1 solutions (0.25 4%)
at 80 to 100 °C gave IV, V and VI.

The addition of NaHSO0s to | in aqueous solutions at pH 4 proceeds
first at 60 °C. Addition of 1 or 2 moles of this reagent results in the formation
of a mixture containing unchanged | and two other compounds, probably
the mono- and di-adducts. If three moles are added, only one compound
(the di-adduct) is formed. This has been confirmed by paper electrophoresis
and iodimetric titration using the standard procedures. Here, too, attempts
to distill off water caused polymerization, which rendered the separation of
the addition compounds impossible.

However, the behaviour towards sodium sulfite is different because if
| is treated with this reagent at 50 °C and pH 9, the tri-adduct is formed
guantitatively within a very short time. This result confirms the findings of
Vansheidt and Ghuz [6].

In comparison with the limited addition obtained in the case of NaHS03,
the easiness of addition of Na2S03 on | may be explained as follows:

(1) at pH 4 (HSOjf ion cone. = 94.7% [11]) the addition of the bi-
sulfite ions on the acryloyl groups of I is much reduced due to the
presence of the acidic medium;

(2) at pH 9, the sulfite ions present (SO "™ cone. = 100% [11]) are
just in equilibrium with the bisulfite ions:

SOs3- + HO ~ HSOs3 + OH-

Since the reaction medium is alkaline (pH 9), the acryloyl groups of | are
going to be activated, and hence the HSO” ions add smoothly on the acti-
vated double bonds. So the attained equilibrium moves towards the right
hand side of the equation leading to the formation of NaOH and the tri-
sulfite adduct of I.

In view of this result, we tried to apply this simple procedure for the
quantitative estimation of the double bonds in IV, V and VI. The results were
satisfactory except in the case of methylolacrylamide V where a double
amount of Na2S03 was needed.

Experimental

Thin-layer chromatographic analysis

For the identification of I, its derivatives and its hydrolyzed products, TLC plates
of cellulose or silica gel were used. The following mixtures were applied for development:
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see-BuOH-HCOOH-H2 75 :135: 115 For silica gel plates, slow development
CHC13-EtOH-HD 6:2 1 For silica gel plates, rapid development
CHCI3-Pyridine-H2 8:17 : 3 For cellulose plates

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

Hexahydro-1-3-5-tris(dibromopropionyl)-s-triazine

To a solution of I (12.45 g; 0.05 mole) in CHC13 (200 ml) bromine (24 g; 0.15 mole)
was added dropwise, and the mixture was well stirred (1 1/2 hr) at room temperature. The
white precipitate that formed was filtered off and washed with 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-1,3,5-bisacryloyl-dibromopropionyl-s-triazine

A solution of | (12.45 g; 0.05 mole) in CHC13 (200 ml) was treated with bromine (16 g;
0.1 mole) as described above. After the colour of the bromine had disappeared, a small drop
of the mixture was applied on asilica gel plate (F24, Merck) along with | and the hexahydro-
I, 3,5-tris-(dibromopropionyl)-s-triazine, and then the chromatogram was developed with the
see-BUOH HCOOH H20 solvent. It was found that the mixture contained unchanged I,
the fully brominated compound, and at least one other component. The latter was isolated
using preparative TLC and identified as hexahydro-1,3,5-bisacryloyl-dibromopropionyl-s-
triazine, m.p. 110 °C.

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

Hexahydro-1,3,5-tris(3-chloropropionyl)-s-triazine 111

Dry HC1 gas was passed into a solution of I (12.45 g; 0.05 mole) in CHC13 (200 ml)
until saturation. After standing for 2 hrs, the solution was concentrated in vacuum. The
solid residue was recrystallized from EtOH to yield 85% of IIl, m.p. 173 °C (lit. [10] m.p.
164 °C).

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

Hexahydro-1,3,5-tris(3-ethylmercaptopropionyl)-s-triazine

This substance can be prepared (a) directly from | and ethyl mercaptan, or (b) in-
directly from M1 and sodium mercaptide using equimolecular mixtures.

(a) In a stoppered flask, 10 ml of Et3N was mixed with a solution of I (0.01 mole;
2.49 g) in 50 ml CHC13with good stirring, followed by a dropwise addition of ethyl mercaptan
(2.21 ml; 0.03 mole) in about 30 min. This mixture was refluxed for 1 hr on a water bath.
Concentration in vacuum left an oily product, which on treatment with diethyl ether gave
a white precipitate; this was crystallized from aqueous EtOH (v/v = 1/1). Yield 90%,
m. p. 59 °C.

C,8H3BND 353 Calcd. C 49.65; H 7.64; O 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 11l (0.01 mole) in CHC13 (50 ml), sodium mercaptide (0.03 mole)
in dry CHC13(50 ml) (prepared by mixing equivalent amounts of ethyl mercaptan and metallic
sodium in CHCIj) was added, and the mixture was allowed to stand for 1 hr at room temper-
ature. The white precipitate formed (NaCl) was filtered off and the filtrate concentrated in
vacuum at 40 °C to yield a white residue, which on crystallization from aqueous EtOH
(v/v = 1/1) gave white scales, m.p. 59 °C. Yield 95%.

llexahydro-1,3,5-acryloyl-bis(3-ethylmercaptopropionyl)-s-triazine

To a solution of | (2.49 g; 0.01 mole) and Et3N (10 ml) in CHC13 (50 ml) ethyl mer-
captan (1.48 ml; 0.02 mole) was added dropwise (30 min) with good stirring. The reaction
mixture was let to stand 3 hrs at room temperature. It was then concentrated in vacuum
to leave an oily product. TLC and estimation of the acryloyl groups indicated that it was
the di-adduct. Elemental analysis could not be carried out because of the unstable nature
of the product.
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Quantitative determination of the acryloyl groups in |

(a) Ethyl mercaptan method. A solution of I (0.01 mole) in CHC13 (50 ml) was mixed
with triethylamine (10 ml). An excess of ethyl mercaptan (0.035 mole) was then added and
the reaction mixture refluxed for 1 hr, after which the excess mercaptan was back-titrated
with 1 N iodine solution [8]. Addition of 50 ml EtOH 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 H2D (pH 9) was well
stirred at constant temperature (50 °C). Sodium sulfite solution (5 ml, 21V) of pH 9 was then
added where upon the pH rose to about 11.6. The liberated NaOH was then automatically
back-titrated with 0.2 N HC1 until pH 9 was attained.
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The synthesis of various aminoalkyl ester derivatives is reported. Depending
on the structure of the compounds, various methods of synthesis have been developed
and used. The majority of the compounds have a local anaesthetic effect, while the
smaller part is efficient as peripheral vasodilator.

A great number of papers deal with the physiological properties of
various amino alcohols and their esters. Particularly, many procaine homo-
logues with local anaesthetic effect have been prepared by varying the sub-
stituents (amino and alkyl groups, and the esterifying carboxylic acid) bound
to the basic skeleton. Relationships have been established between the struc-
ture of the compounds and their effect and potency. Two reviews report on
the compounds prepared and their pharmacological properties [1, 2].

In the course of our work, piperidino-, morpholino- and heptamethylene-
iminopropyl esters have been prepared. The local anaesthetic properties of
the compounds and their effect on the cardiovascular system have been
investigated by the Pharmacological Department of the Gedeon Richter
Pharmaceutical Works [3].

Some of the compounds (32, 35, 36, 37, 58, 62) have a very definite
local anaesthetic action; they are suitable for both infiltration and conduc-
tion anaesthesia. Their therapeutic spectrum, established on the basis of
efficiency, toxicity and local tolerance, is more favourable than that of the
reference drugs used for comparison (lidocaine, procaine). They have a long
duration of action, and do not produce hypersensitivity reactions. The mem-
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 of the
compounds (53, 57, 70) have peripheral vasodilating action.

*Part XVII: Acta Phys. et Chem. Szeged 17, 55 (1971)
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Method of synthesis

The synthesis of the aminoalkyl esters has been achieved by two meth-
ods. The majority of the compounds were prepared by the reaction of the
appropriate amino alcohols and carboxylic acid chlorides. The addition was
effected in anhydrous acetone or benzene, by adding the alcohol to the acid
chloride employed in slight excess (Method D). In cases when the acid
chloride could only be prepared with difficulty, the esters were obtained by
allowing the corresponding aminopropyl chloride to react with the carboxylic
acid in isopropyl alcohol [4] (Method E). The aminopropyl chlorides were
made either from the amino alcohol with thionyl chloride [5], or by the reac-
tion of the appropriate amine with I-bromo-3-chloropropane [6]:

\
N— (CH2)r—OH

SOCli N—(CHr)3:— C—R

HCI
N—(CH23—Cl + R—COOH

+ Bi— (OlWb—ClI

The quaternary products were prepared in acetone, in the usual way (Meth-
od F).

For the preparation of the amino alcohols three methods were used,
depending on the position of the substituents and on the order of the hydroxyl
group. Most frequently, chlorohydrins containing primary halogen atom
[7—9] were made to react with the corresponding secondary amines [10] in
ethyl alcohol or benzene. For binding the acid, an excess of amine or anhydrous
potassium carbonate was used (Method A):

R R R- R4
4 1 1 \ 1 1
NH + CI—CH2C —C—OH N—CH2-C —0—OH
/ k3 k. / I, L

Substitution of a secondary halogen atom can only be effected under
the given conditions in a low yield, owing to the elimination of hydrogen
halide, which is the main reaction. Therefore, in the synthesis of amino alcohols
of this type, acrylic acid esters were tised as the starting materials. The amine
addition [11, 12], which was carried out at the boiling point, with excess
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amine acting also as solvent, was followed by reduction (Method B), or Gri-
gnard reaction (Method C):

Ve
N—CH—CH-CH2- B0H
0 RLR2 O

\ . [/ \ | | i

NH + R}=CH=C—C W - * N—CH—CH—-C

/ \OR ! \OR R'" R2 R4
\ | i |
N—CH—CH-C—OH
7 Ra

The physical constants and elementary analyses of the compounds prepared
are listed in the Tables (temperature data are uncorrected).

Experimental

In addition to the characteristics given in the Tables, the purity of the compounds
was checked by thin-layer chromatography. The chromatograms were prepared on Kieselgel
(Merck) layer of 0.5 mm thickness, with a solvent mixture of ethyl alcohol-diethyT amine
(95 : 5). The chromatograms were visualized by spraying with Draggendorff’s reagent.

The IR spectra of the compounds were recorded. The carboxylic acid chlorides were
prepared from the corresponding carboxylic acids with thionyl chloride, and purified‘by
distillation or recrystallization.

For the purification of the aminoalkyl ester salts, recrystallization from Acetone,
ethyl alcohol or aqueous ethyl alcohol was used.

Method A:
2- lIsopropyl-3-(piperidinyl-1)-propanol (6)

A mixture 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 precipitated
piperidine hydrochloride was filtered off, the filtrate evaporated and the residue distilled.
The weight of the product (6) was 7.6 g (83%).

3- Heptamethyleneiminopropanol (12) [13]

A mixture of heptamethyleneimine (45.3 g; 0.4 mole) trimethylene chlorohydrin
(39 g; 0.41 mole) and anhydrous potassium carbonate (55 g) was refluxed, with stirring,
in ethyl alcohol (200 ml) for 20 hrs. After cooling, the inorganic salt was removed by filtra-
tion, the filtrate was evaporated, and the residue distilled to obtain 51 g (75%) of the prod-
uct (12).

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

A mixture of crotonic acid ethyl ester (26 g; 0.23 mole) and heptamethyleneimine
(52 g; 0.46 mole) was refluxed for 8 hrs. The excess of the base was evaporated, and the result-
ing ethyl 3-heptamethyleneiminobutyrate was purified by distillation, to obtain 37 g (68%)
of the product, b.p. 132—134 °C/12 torr, nf? 1.4635. The product (0.16 mole) was reduced
with lithium aluminium hydride (6.5 g) in anhydrous ether (600 ml). The reaction mixture
was decomposed with aqueous alkali, the ether phase was dried, the ether evaporated, and
the residue distilled to obtain 21.2 g (71%) of the product (14).

Ethyl 2-methyl-3-heptamethyleneiminopropionate, obtained from the reaction of
methyl methacrylate and heptamethyleneimine (65%, b.p. 110—112 °C/10 torr, rij," 1.4606),
gave on reduction 2-methyl-3-heptamethyleneiminopropanol (13) (82%).
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Table |

3-Aminopropyl alcohols

Empirical Analysis, %
B.p. °C Yield formula
R* R1 RS Pressure, -B % Molecular Calcd./Found Method
torr weight c H N Ref.
n H H 124-127 1.4735 78 CsH,,NO 67.25 1190 9.78 A
30 143.20 67.20 11.85 952 [10]
H H CH5 102-105 1.4652 80 c,,h2no 70.12 1236 8.18 A
10 171.28 70.35 1250 7.88
] H CH9 115-117 1.4645 85 CIHZANO 7245 1255 7.02 A
10 199.34 7233 1263 7.10
H cH3 C3H- 124-126 1.4630 81 CIHZANO 7245 1255  7.02 A
13 199.34 7250 1235 7.28
CH3 H H 66-68 1.4630 68 c,h 1Gno 68.74 1218 801 A
5 157.26 68.82 1223 877 [12]
i-C3H, H H 88-91 1.4672 83 cuh Zno 7130 1250 756 A

5 185.30 7128 1270  7.42
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N—(CH23—0—C—X
o}

Table 11

Derivatives of 3-(piridinyl-I)-propyl esters

Analysis, %
Derivative Empirical formula j Calcd./Found
X M.p. °C Molecular weight {
C H
-(CH22CH3 HCI C42H24C1INO2 57.24 10.40
157-158 249.60 57.43 9.95
-(CH24-CH3 HCI CuH ,8CINO,, 60.52 10.16
131-132 277.84* 60.20 9.80
—(CH26—CH3 HCI C1eH 3,C1INO,, 62.82 10.54
140-141 305.90" 62.60 10.35
-(CH28-CH=CH2 HCI clh Fcino2 67.97 10.49
132-133 345.95 67.61 10.26
-(CH214CH3 HCI C,4H 48C1NO,, 68.95 11.57
149-150 418.11 68.65 11.38
F
HCI C1H,,C1FNO,, 59.70 7.01
165-166 301.80 59.41 6.98
=
Methiodide CtcH,,3FIJNO, 47.19 5.69
136-137 407.28 47.15 5.80
- b
E
HCI C..H...C1IFNO. 59.70 7.01
195-196 301.80 60.00 6.71
E
Methiodide clh 2Zfjno?2 47.19 5.69
159-160 407.28 " 46.90 5.50
- d
HCI ch . cifno,, 59.70 7.01
197-198 301.80 59.89 7.12
CFj
HCI CInH ,|CIFNO,, 54.63 6.00
173-174 351.80 54.36 6.16
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N

5.56
5.86

5.04
5.38

4.58
4.89

4.04
4.05

3.35
3.39

4.64
4.56

3.44
3.50

4.64
4.84

3.44
3.50

4.64
4.39

3.98
4.15

j
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Table Il (continued)

Derivative
M.p. °C

HCI
156-157

HCI
130-131

HCI
177-178

HCI
125-126

HCI
184-185

HCI
156-157

HCI
146-147

HCI
166-167

2HC1
236-237

Empirical formula
Molecular weight

CIH2CINO3
313.84

CIBH24C1INO3
313.84

CIGH2AC1INO3
313.84

CIM, &1N04
343.40

Ctr,H,2CIN04
327.81

C,[H,fONO]
375.90

CI18H 28C1NO3
341.80

C,”H.8C1NO03
389.93

C23H 3BCI2N20 3
461.40

61.23
61.03

61.23
61.29

61.23
60.87

59.45
59.25

58.62
58.78

67.10
67.30

63.40
63.49

67.80
67.61

60.05
59.77

Analysis, %
Caled./Found

H

7.70
7.66

7.70
7.85

7.70
8.04

7.62
7.66

6.76
6.78

6.97
7.09

8.27
8.19

7.18
7.20

8.32
8.31

4.46
4.57

4.46
4.58

4.46
441

4.07
4.17

4.27
4.27

3.72
3.73

4.10
4.25

3.60
3.46

6.08
6.32
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Table Il (continued)
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Method C:
1,1, 2-Trimethyl-3-(piperidinyl-1)-propanol (8)

A solution of methyl 2-methyl-3-(piperidinyl-l)-propionate (12) (67.5 g; 0.36 mole)
in anhydrous ether (100 ml) was added dropwise, with stirring and cooling, during 1 hr to
a solution of methylmagnesium chloride (0.83 mole) in ether (500 ml), and the reaction mixture
was stirred for further 5 hrs at roome temperature. The mixture was decomposed under
cooling and stirring with dilute hydrochloric acid (280 ml), the aqueous phase was made
alkaline and extracted with ether. The combined ethereal phases were dried, the ether 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-methoxybenzoyl chloride was prepared (3.4 g; 0.02 mole) in benzene
(15 ml), and a solution of 3-(piperidinyl-1)-propanol (1) (2.8 g; 0.02 mole) was added to this
dropwise, with stirring and cooling. After 30 min of boiling and subsequent cooling, the
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-phenylquinoline-4-carboxylate hydrochloride (92)

To a solution of 3-heptamethyleneiminopropanol (12) (45.4 g; 0.26 mole) in chloro-
form (150 ml), thionyl chloride (39 g; 0.47 mole) was added dropwise, under stirring and
cooling. Stirring was continued at room temperature for one day. The solvent was then evap-
orated and the solid residue made alkaline with 30% cold sodium hydoxide solution (50
ml) and extracted with ether. The ethereal solution was dried, the solvent evaporated and
the residue distilled to obtain 27 g (55%) of 3-heptamethyleneiminopropyl chloride, b.p.
90-93 °C/5 torr, nB 1.4819.

A mixture of 3-heptamethyleneiminopropyl 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 hot solution and, after cooling, the crystals which
separated were filtered off and recrystallized from ethyl alcohol to yield 3.5 g (50%) of the
product (92).

3-(Piperidinyl-l)-propyl 3-[3-(piperidiiiyl-1)-propyloxy]-benzoatc dihydrochloride (43)

A solution of 3-hydroxybenzoic acid (3 g; 0.022 mole) and 3-(piperidinyl-1)-propyl
chloride (7.2 g; 0.045 mole) (6) in ethyl alcohol (30 ml) was mixed with 10% potassium hy-
droxide solution in ethyl alcohol (25 ml) under stirring and boiling. The reaction mixture was
refluxed for 5 hrs and, after cooling, the inorganic salt was removed by filtration. The filtrate
was evaporated, the residue dissolved in ether, and the ethereal solution was extracted first
with dilute aqueous NaOH solution, then with 15% HC1 (20 ml). The acid solution was clari-
fied and acetone (20 ml) was added. After cooling, the 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-trimethoxybenzoyl chloride (6 g; 0.026 mole) in benzene (40
ml), a solution of 3-heptamethyleneiminopropanol (12) (4.3 g; 0.025 mole) in benzene was
added dropwise, under stirring and cooling. After 30 min reflux and subsequent cooling,
the mixture in benzene was extracted with dilute alkali solution. The organic phase was
dried, and the solvent evaporated. The residue (7.4 g) was dissolved in acetone (25 ml), methyl
iodide (4 g) was added, and the mixture was allowed to stand overnight. The crystals which
separated were filtered off (9.2 g) and recrystallized from aqueous ethyl alcohol (60 ml) to
obtain 6.4 g (50%) of the product (83).

6% Acta Chim. (Budapest) 90,1976
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No.

20.

21.

22.

23.

24.

34.

R1

R*

R»

CH3

i-C3H7

CH3

Table 111

Derivatives of 3-aminopropyl benzoates

R<

CH3

CH3

H

R5

CH5

C4H9

C3H7

CH3

OCH3

Derivative
M.p. °C

HCI
135-136

HCI
159-160

HCI
123-124

HCI
156-157

HCI
154-155

HCI
141-142

Empirical formula
Molecular weight

C,-H,6C1IM)2
311.78

Ci9H30C1INO2
339.82

cIh Acino2
339.82

CI8H,,8C1N02
325.81

Ci8H,8C1INO,
325.81

CInI2ACINO3
327.80

Analysis, %
Calcd./Found

65.48
65.28

67.14
67.24

67.14
67.31

66.34
66.27

66.34
66.56

62.28
62.09

H

8.40
8.19

8.89
8.90

8.89
8.79

8.66
8.41

8.66
8.52

7.99
7.97

4.49
4.69

4.12
4.49

4.12
3.95

4.28
4.40

4.28
4.49

4.27
421

Method

e 18 1704734
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35.

36.

37.

79.

80.

81.

CH3

CH3

CH3

CH3

OCH3

OCH3

OCH3

OCH3

OCH3

OCH3

HC1
122-123

HC1
112-113

HC1
121-122

HC1
104-105

Methiodide
172-173

Methiodide
163-164

CIH,,C1NO03
341.82

CIMHZC1INO3
327.80

C2H;j8C1N03
389.91

C,H30CINO3
355.89

CIOHRINO3
461.42

c2h3Ino3
416.42

63.24
63.15

62.28
62.48

67.77
67.50

64.12
63.94

52.06
52.55

52.06
52.11

8.25
8.37

7.99
8.22

7.24
7.35

8.50
8.62

6.99
6.78

6.99
7.11

4.09
3.88

4.27
3.97

3.59
3.27

3.94
4.08

3.04
2.87

3.04
3.00

e 18 14704134
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No.

49.

50.

51.

52.

53.

54.

55.

56.

57.
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N—(CH2)j—0—C—X « HCl
I

0

Table IV

Hydrochlorides of 3-(morpholinyl-4)-propyl esters

Derivatives
M.p. °C

H3C
129-130

OH3
157-158

_ cu, 204 205

. — qO8)3 180-181

185-186

162-163

182-183

CFj
144-145

-(9 )

CHs0
121-122

Acta Chim. (Budapest) 90, 1976

Empirical formula
Molecular weight

C.ACINO,
299.80

C,H.,C1NO3
299.80

CI5Hi2CINOs
299.80

CI8H,eCINO,
341.77

CuH,,CaFNO03
303.77

CuHteCIFNO8
303.77

CuH IC1FNO3
303.77

CIEHICIFNO03
353.75

clHacmo4
315.80

Analysis, %

Calcd./Found

60.10
59.90

60.10
59.95

60.10
60.10

63.24
62.93

55.35
55.17

55.35
55.42

55.35
55.13

50.93
50.68

57.05
56.83

H

7.39
7.29

7.39
7.08

7.39
7.20

8.25
8.00

6.30
6.49

6.30
6.59

5.41
5.75

4.64
4.56

4.64
5.09

4.64
4.34

4.09
4.36

4.60
4.95

4.60
4.75

4.60
4.80

3.96
3.93

4.43
4.25

Method



No.

58.

59.

60.

61.

62.

63.

64.

65.

66.
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OCHs

-(0)-@

OCHs

-(O Mo

.. _{0)

OCH3

e (0)-GB4

cl

CH,—0—"

— Cc*

Table IV (continued)

Derivatives
M.p. °

150-151

173-174

191-192

208-209

168-169

102-103

135-136

132-133

179-180

Empirical formula
Molecular weight

clHucwo4d
315.80

c 15h 22cino 4
315.80

C16H2IC1INO5
345.82

Ct5H .0CINO5
329.79

c20h ,4cino 4
377.88

C15H 2.C1NOs
299.80

Ct7H,,CINO05
359.85

c 15h 20ci,n o 4
384.70

C~ACINA
412.92

Analysis, %
Calcd./Found

c H
57.05 7.02
57.11  6.83
57.05 7.02
57.00 6.83
5557  6.99
55.63  6.98

\ (
5463 6.11
5459 6.3?
63.57 6.40
63.20 6.43
60.10 7.39
59.90 7.53
56.74  7.28
56.72  7.00
46.83 5.24
46.60 5.45
66.90 6.10
66.69 6.21

4.43
4.77

4.43
4.66

4.05
4.02

4.25
4.35

3.71
3.62

4.67
'4.56

3.64
3.97
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67.

68.

69.

70.

71.

72.

73.

74.

75.

76.
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Tabic V

Derivatives of 3-heptamethyleneiminopropyl esters

Derivatives
X M.p., °C

—C(CH33 HCl
155-156

—CH3 Methiodide
173-174

HCI
156-157

HQ
131-132

HCI
145-146

HCI
146-147

HCI
122-123

CFs

HCI
136-137

HO

HCI
124-125

HClI
~ {0y ~N02 159-160

Acta Chim. (Budapest) 90,1976

Empirical formula
Molecular weight

c)5h Acino2
291.87

CIBHAIN 02
355.26

CIH26C1NO2
311.86

CIHZC1FNO02
329.85

CIMH2C1FNO02
329.85

CIMH ZC1FNO02
329.85

CIH26C1JNO2
437.76

clth Ecifdho?
379.85

CIMH2CINO3
327.86

CIHZACIN20 4
356.86

Analysis, %
Calcd./Found

61.73
61.92

43.95
44.09

65.47
65.02

61.90
61.63

61.90
61.75

61.90
62.07

N K

46.64
46.48

56.92
56.88

62.28
62.25

57.21
56.96

, XVII

10.36
10.20

7.37
6.93

8.40
8.00

7.64
7.40

7.64
7.44

7.64
7.64

5.76
5,40

6.63
6.90

7.99
7.89

7.06
7.13

4.50
4.97

3.94
3.67

4.49
5.02

4.24
4.15

4.24
3.90

4.24
4.35

3.20
3.27

3.68
3.69

4.27
4.38

7.85
7.95

Method
Methio-
dide
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Table V (continued)
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Table V (continued)
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The !V-(t'butyl)-a-halo-a,a-diphenylacetamides Ib and 6a—c furnish with
monopotassium cyanoamide and its A-alkyl, IV-aralkyl and N-aryl derivatives a
variety of products, such as the cine substitution products 2b, 2d—g, the 3-(i-butyl)-
-glycocyamidines 3b—e, 3j, 5b and 7 and the I-(i-butyl)-glycocyamidines 3f—g and 5a.
The latter are obviously formed through the intermediacy of the aziriilinone 8a. The
relation between the types of the various cyanoamide anions and the types of prod-
ucts, as well as the spectral properties of the latter are discussed, in particular those
which are of significance for their structure elucidations.

oc-Chloro-a,a-diphenylacetamides (la c) yield cine substitution products
(2a—c) with potassium iV-cyano-anilide; 1,5,5-triphenyl- (3a) and 3-(i-butyl)-
-1,5,5-triphenylglycocyamidine (3b), respectively, were obtained (in addition
to several minor products) as the by-products with la and Ib [2, 3]. The
reactions of Ib with potassium cyanoamide and several iV-aryi and I1V-alkyl
derivatives have now been studied.

Ib and the potassium salts of m-chloro-iV-cyano- and iV-cyano-p-
-methoxyaniline and TV-cyano-p-toluidine, respectively, furnished 37 —e8 % of
the cine substitution products 2d f and 5—15% of the glycocyamidines
3c e. The latter were identified by comparison with authentic samples [4],
while the structures of the former were established on the basis of IR and
NMR evidence (see Experimental). An important difference between the IR
spectra of the cine products 2b and 2d —f, and the isomeric Type 4 oc-sub-
stitution products (which are not formed under the conditions applied) is
that the Amide | bands are at 1640—1635 cm-1 in the former case, whereas
in the latter case they appear in the region 1685—1680 cm«1 [4].

No cine products were formed in the reactions of Ib and potassium
JV-cyano-IV-ethyl- and 7V-benzyl-iV-cyanoamide, and the glycocyamidines 3f
and 3g, obtained in 50 and 61% vyield, differed from the glycocyamidines

* Hydantoins, thiohydantoins and glycocyamidines, Part 43. For Part 42, see Ref. [1].
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3b—e prepared with potassium iV-cyanoanilides in that the t-butyl group was
attached to N(I) rather than to N(3). The structures of the glycocyamidines
follow (1) from their non-identity with their known [4] isomers 3h and 3i,
respectively, (2) from their conversion with HNO2 into the corresponding
hydantoins, proving that the exocyclic nitrogen atom is unsubstituted, and
(3) from their IR, NMR and mass [1] spectra. In particular, the positions
of the t-Bu signals in the NMR spectra of the glycocyamidines 3f and 3g
(6 1.28 ppm) clearly demonstrate [3] that these gioups are attached to N(I)
rather than to N(3).

Reaction of Ib and potassium iV-(t-butyl)-iV-cyanoamide furnished two
isomeric glycocyamidines (5a and b) (m.p.’s 150—1°C and 120—1 °C, re-
spectively); again, no cine substitution products were formed. The structure
assignments of the glycocyamidines are based (1) on their non-identity with
the known [,3-di(t-butyl)-5,5-diphenylglycocyamidinc [4], whence it follows
that one of the t-butyl groups is attached to the exocyclic nitrogen atom,
and (2) on their IR, NMR and mass [1] spectra. In the NMR spectrum of
the lower melting isomer the signals of the t-butyl groups are at b 1.60 and
1.55 ppm, respectively, whence attachment of either of them to N(I) is ruled
out [3]. In the spectrum of the higher melting isomer, the t-butyl signals are
at b 1.67 and 1.25 ppm; the latter value is in agreement with the presence of
a |-(t-butyl) group [3]. The amide | and guanidine bands in the IR spectra
(KBr) of 5a and 5b appear at identical wave numers (1720 and 1635 cm-1,
respectively) which precludes that the C=0 and C= N groups of 5a are
conjugated and proves that 5a exists, in the crystalline state, as the tautomer
containing a semicyclic C= N bond.

The reaction of Ib with monopotassium N-cyanoamide furnished the
glycocyamidine 3j. The structure of the product follows from its IR, mass
[1] and NMR spectra. The signal of the t-Bu group appears at b 1.63 ppm,
which precludes [3] that the t-Bu group is attached to N(l). Since N(2)-
-(t-butyl)-5,5-dipheny]glycocyamidine could hardly be formed in the course of
this reaction (cf. below), the t-butyl group must he attached to N(3).

In most of the above reactions IV-(t-butyl)-benzilamide, resulting from
the hydrolysis of Ib, was obtained as a by-product.

Replacement of the a-chlorine of Ib by bromine had no serious effect
on the reactivity towards potassium iV-cyanoanilide. When the latter was
allowed to react with the bromo analogue 6a, 2b was formed as the only major
product. The monochloro derivative 6b furnished the cine product 2g. Again,
the position of the amide | band in the IR spectrum (1635 cm-1) and the
presence of the methine proton signal in the NMR spectrum were diagnostic
for the type 2 structure. The formation of 6b appears to indicate that the
iV-cyanoanilide anion is incapable of replacing a Cl atom in para position.
In agreement with this, the p,p’-dichloro derivative 6c did not furnish a cine
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product with potassium N-cyanoanilide, but was converted into glycocy-
amidine 7. The structure of the latter product is based on the mass and
NMR spectra. The presence of an abundant M 56 ion in the mass spectrum
and the position of the t-butyl signal (O 1.80 ppm) prove that the t-butyl
group is attached to N(3). The site of attachment of the phenyl group, too,
follows from the mass spectrum, which exhibits abundant peaks at m/e 326

©
and 328, corresponding to the ions (p-ClCeH42C= NHPh. This type of ions
was also observed as an abundant peak in the MS of 1,5,5-triphenylglyco-
cyamidine [19]. The fragmentation pathway

—Ph m

—CH, —CjNao
m/e 451 * 395 *318 * 250,

is also of diagnostic value for structure 7 (cf. Scheme 1 in Ref. [1]).

Formation of the glycocyamidines 3f and 3g requires migration of the
t-butylamino group of Ib from its original position to the vicinal carbon atom.
This migration may easily be explained by assuming dehydrochlorination of
Ib by potassium iV-cyano-TV-ethyl- and iV-benzyl-iV-cyanoamide, respectively,
to yield the aziridinone 8a, and subsequent attack of the substituted nitrogen
atom of the reagent at the carbonyl group of 8a. Several examples of type 1
a-chloro-a,a-diphenylacetamides reacting with sufficiently basic nucleophiles
through the intermediacy of type s aziridinones are known from the litera-
ture [5, s], among which we wish to mention only the reaction of la with
sodium cyanamide furnishing N-benzhydryl-iV’-cyanourea 9 [6], since this
reaction is most closely related to those discussed here. (In contrast to the
formation of 3f and 3g, that of 9 requires fission of the C—€ bond of the inter-
mediate aziridinone sb.)

While formation of the glycocyamidine 5a, too, requires the inter-
mediacy of 8a, that of the isomeric 5b does not. The attachment in both cases
of one of the t-butyl groups to the exocyclic nitrogen atom shows that the
reagent attacks both the carbonyl group of 8a and the a-carbon atom of Ib
with its unsubstituted nitrogen atom which is apparently the result of steric
inhibition by the bulky t-butyl group and, once again, demonstrates the
ambident reactivity of cyanoamide anions (cf. Ref’s [3] and [7]).

In contrast to the formation of 9 from la, formation of 3j from Ib,
effected by essentially the same reagent, does not require the intermediacy
of an aziridinone.

Neither does the formation of the glycocyamidines 3a e and 7, obtained
by reacting type 1 amides with N-aryl-N-cyanoamides require the inter-
mediacy of aziridinones and, as has been shown earlier [3], the cine sub-
stitution products of type 2 are not formed through aziridinones either (cf.
Ref’s [s] and [9]).
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The results obtained with the iV-cyano-iV-ethyl- and iV-henzyl-_/V-
-cyanoamide anions and those obtained with iV-aryl-iV-cyanoamide anions as
the reagents appear to be reasonable: while the type 1 chloroamides are rapidly
converted into aziridinones (8) by the former, the less basic iV-aryl-iV-cyano-
amide anions are, apparently, incapable of effecting such a transformation.
As shown by the formation of 5a and 9, respectively, the 7V-(i-butyl)-iV-
-cyanoamide and the unsubstituted cyanoamide anions are also capable of
dehydrochlorinating type 1 chloroamides. The modes of formation, with the
latter reagents, of compounds 5b and 3j, respectively, which, from a purely
structural point of view, do not require the intermediacy of an aziridinone 8,
is less clear, because attack of nucleophiles at C(3) of the aziridinones* and
direct a-attack on the corresponding chloroamides should lead to identical
products. Although there is no conclusive evidence in favour of either of the
two conceivable modes of formation of compounds 5b and 3j, we prefer the
pathway leading through the intermediacy of the aziridinone ga since, if
this were not the case, the absence of type 2 cine substitution products in
these reactions could hardly be explained.

Experimental
Potassium N-cyanoamides

m-Chloro-A-cyanoaniline [10], A-cyano-p-anisidine [11], A-cyano-p-toluidine [4],
A-cyanoethylamine [12], A-benzyl- [13] and A-((-Inityl)-A-cyanoamines [14] and A-cyano-
aniline [15] were obtained as described in the literature and dissolved in an equivalent
amount of 25% aqueous KOH. The solutions were evaporated to dryness, and the residues
dissolved in MeOH. The small amounts of insoluble impurities occasionally present were
filtered off, and the solutions were — if necessary, after treatment with charcoal — again
evaporated to dryness. The crystalline residues were triturated with ether and filtered.

The monopotassium salt of cyanoamine was similarly obtained.

Reaction of Ib with potassium N-cyanoanilides

A solution of Ib [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 at room temperature and poured into water
(80 ml). The crystalline precipitates were taken up in dry benzene and dried by repeatedly
distilling off the solvent to yield, in all three cases, oily residues.

The product of the m-chloro series was crystallized from EtOH to yield 41% of 2d,
m.p. 178-9 °C.

C25H,ACIN30 (417.94). Calcd. CI 8.48; N 10.05. Found Cl 8.94; N 9.84%.

O
NMR (CDC13: 8 7.5-7.1 m, 13H, ArH’s; 4.88, s, 1H, AI’2CHC<yf 1.36, s, 9H, t-Bu.
\' n<

MS (70 eV, direct inlet, 160 °C): m/e 419 (1.6%); 417.1610(5.0%, CHH2N3 35CL, M);
320 (33%); 319 (36%), 318 (100%, M - t-BuNCO); 317 (66%, M - (-BuNHCO); 293 (31%);

291 (96%, 318-HCN); 283 (21%, 318-C1); 166 (42%); 165 (66%); 57 (95%). Metastable
transitions: 318 166; 318291; 318283; 166->- 165.

*For examples of such attacks see Ref. [4].
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The ethanolic mother liquor of 2d was evaporated to dryness and the resulting oil
worked up by TLC (adsorbent: Kieselgel G, solvent: benzene-MeOH, 9: 1) to yield 8%
of 3c [4].

The oily product of the p-methoxy series was crystallized from CCl4 to yield 37%
of 2e, m.p. 104—5 °C (from CCl14 or benzene-light petroleum).

CBHZMN3I0 2 (413.52). Calcd. N 10.16. Found N 10.00%.

NMR (CDC13: 8 7.5—6.9, m, 13H, ArH’s; 4.82, s, 1H, Ar2C H -c/ ; 3.85,s, 3H,

MeO; 1.33, s, 9H, t-Bu.

MS (70 eV, direct inlet, 150 °C): m/e 413.2108 (14%, CBH2ZN302 M); 314 (100%,
M - t-BuNCO); 313 (66%, M - i-BuNHCO); 299 (1.5%, 314-CH3); 298 (1.2%, 313-CHJ),
287 (68%, 314-HCN); 283 (4.5%, 314-CH30); 272 (11%, 287-CH23); 166 (24%); 165
(36%); 57 (38%). Metastable transitions: 413 -* 314; 314-+ 287; 314->- 166.

The mother 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. 148- 9 °C.

CBHZND (397.52). Calcd. N 10.57. Found N 10.31%.

o
NMR (CDCI3: 87.5-7.2, m, 13H, ArH’s; 5.7, bs, 1H, NH; 4.87, s, 1H, Ar2C H -c/

2.4, s, 3H, (Ar)-Me; 1.33, s, 9H, t-Bu. 14
MS (70 eV, direct inlet, 150 °C): m/e 397.2150 (4.7%, C2BHZMN3D, M); 298 (100%,
M - i-BuNCO); 297 (57%, M - t-BuNHCO); 283 (3.7%, 298-CH 3), 271 (78%, 298-HCN);
166 (21%); 165 (34%); 57 (29%). Metastable transitions: 397-~ 298; 298 -+ 271; 298 -+ 166.
The mother liquor of 2f was worked up by TLC as above to yield an additional amount
(26%) of 2f and 5% of 3e [4].

Reaction of Ib with potassium N-cyano-N-ethyl- and N-benzyl-N-cyanoaniide

A solution of Ib (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 stand 3 days at room temperature, and poured into water (90 ml) to
yield an oily precipitate in the ethyl, and a crystalline one in the benzyl series. The former
was dried by azeotropic distillation with benzene and worked up by TLC (adsorbent: Kiesel-
gel G, solvent: benzene-EtOAc, 8 :2), while the latter was directly subjected to TLC (ad-
sorbent as above, solvent: benzene-MeOH, 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: CAHZND (335.45). Caled. C 75.19; H 7.51; N 12.53. Found C 74.85; H 7.32;
N 12.70%.

3g: CBHZND (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, vC=0 1715, vC=N 1645; 3g, vC=0 1715, vC=N 1645.

NMR (CDC13: 3f, 8 7.7-7.3, m, 10H, ArH’s; 6.15, q, 2H and 8.74, t, 3H, J = 7 Hgz,
Et; 1.28, s, 9H, i-Bu; 3g, 8 7.7-7.1, m, 15H, ArH’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 at 60—80 °C by
drops within about 20 min. The mixtures were boiled up, and hot water was added to yield,
after cooling, 0.16 g (85%) of I-(t-butyl)-3-ethyl-5,5-diphenylhydantoin, m.p. 155—6 °C (from
aqueous AcOH), and 0.17 g (85%) of 3-benzyl-I-(t-butyl)-5,5-diphenylhydantoin, m.p. 121 —2
C° (from aqueous AcOH).

I-(t-Butyl)-3-ethyl-5,5-diphenylhydantoin, C2IH2N,,02 (336.44). Calcd. N 8.33. Found
N 8.35%.

3-Benzyl-I-(t-butyl)-5,5-diphenylhydantoin, CH2N20, (398.51). Calcd. N 7.03. Found

N 7.07°/.
IR (KBr): 0= C—N—C=0 1750 + 1695, and 1750 + 1700 cm-1, respectively.

111
For the mass spectra, see Ref. [1].
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Reaction of Ib with potassium N-(t-butyl)-N-cyanoamide

Ib (1.0 g; 3.3 mmole) and the potassium salt (1.35 g; 9.9 mmole) were dissolved in
anhydrous DMSO (10 ml) (heat was evolved vigorously). The solution was kept for 3 days
at room temperature and poured into water to yield a mixture of crystalline products. This
was recrystallized from EtOH (10 ml) to obtain 0.31 g (26%) of 5a, m.p. 150—1 °C.

The mother liqguor was dried over MgS04 and evaporated to dryness. The oily residue
was worked up by TLC (adsorbent: Kieselgel G, solvent; benzene—acetone, 9 : 1) to yield
further 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 IV-(i-butyl)-benzilamide [3], m.p. 134—5 °C.

5a: CZH2ZN3D (363.51). Calcd. C 76.00; H 8.04; N 11.56. Found C 75.61; H 8.11;
N 11.30%.

5b: CBH2N30 (363.51). Calcd. N 11.56. Found N 11.48%.

ER (KBr): vC=0 1720, vC=N 1635 cm-1 (for both 5a and 5b).

NMR (CDC13): 5a: $7.8—7.3, m, 10H, ArH’s; 1.67, s, 9H, t-Bu at exocyclic N; 1.25,
s, 9H, I-(t-Bu).

5b: 6§ 7.85—7.2, m, 10H, ArH’s; 1.60 and 1.55, both s, 9H each, two t-Bu groups.

Reaction of Ib with monopotassium N-cyanoamide

A mixture of Ib (2.0 g; 6.6 mmole), the potassium salt (1.6 g; 20 mmole) and an-
hydrous DMSO (10 ml) (heat was evolved during preparation of the solution) was allowed
to stand 3 days at room temperature and poured into water (200 ml) to yield a crystalline
product which was dried by repeated evaporations with dry benzene. The oily product
resulting after the last evaporation was worked up by TLC (adsorbent: Kieselgel G, solvent:
benzene-MeOH, 9 : 1) to yield 0.23 (12%) of 3j, m.p. 149—50 °C (gasoline), and 0.19 g (10%)
of IV-(t-butyl)- benZ|Iam|de m.p. 134—5°

3j: CCH2ND (307.40). Calcd. N 13.67. Found N 13.70%.

3j: IR (KBr): vC=0 1730, vC=N 1670 cm-1

NMR (CDC13: $7.5-7.25, m, 10H, ArH’s; 4.55, bs, 2H, NH’s; 1.63, s, 9H, 3-(f-Bu).

Synthesis of the bromoamides 6

(a) A mixture of diphenylacetyl chloride [16] (6.0 g; 26 mmole) and Br2 (1.4 ml;
26 mmole) was heated at 120—130 °C. The colour of the Br2 disappeared within about 15
min. Another portion of Br2 (0.7 ml; 13 mmole) was added, and the mixture was again heated
up and stirred for 1 hr at 130—140 °C. When triturated with light petroleum, the resulting
oily a-bromodiphenylacetyl chloride turned crystalline (7.5 g).

4.5 g (14.5 mmole) of this product was dissolved in anhydrous CH2C12 (30 ml). At 0 °C
a mixture of f-BuNH, (1.5 ml; 145 mmole), Et3N (2.1 ml; 14.5 mmole) and anhydrous CH2CI2
(20 ml) was added, under continuous stirring, within about 30 min. The solution was stirred
for another hour and allowed to stand overnight. Next morning it was washed successively
with water, 5% NaHCOs, 1 N HC1 and water, dried over MgS04 and evaporated to dryness.
The residue was recrystallized from gasoline to yield 1.7 g of 6a, heavily contaminated,
according to the IR spectrum, with N-(t-butyl)-benzilamide. Evaporation of the filtrate to
dryness furnished 1.3 g (24%) of oily 6a.

(b) p-Chlorodiphenylacetic acid [17] (5.0 g; 20.4 mmole) was refluxed with SOCI2
(15 ml) for 2 hrs. The excess reagent was distilled off, and the resulting oil was treated with
Br2(1.09 + 0.5 ml; 20.4 + 9.1 mmole) at 140 °C as described under (a). The crude a-bromo-
acid chloride was treated with charcoal in light petroleum. The solvent was distilled off and
the resulting oil (5.6 g; 16.3 mmole) was treated in CH2CL, solution with 1-BuNH, and Et3N;
the product was worked up as described under (a) to yield 3.4 g (44%) of 6b.

(c) p,p’-Dichlorodiphenylacetic acid [18] was similarly converted into 54% of oily 6c¢.

The a-bromoamides 6a—c were used without further purification for the reaction
with potassium N-cyanoanilide.

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

(a) A solution of 6a (1.3 g; 3.7 mmole) and potassium N-cyanoanilide (1.7 g; 11
mmole) in anhydrous DMSO (15 ml) was allowed to stand for 3 days and poured into water
to yield a viscous oil. The aqueous layer was decanted, and the oil was treated with Et20
to yield 0.08 g of crystalline 2b, identified by comparison with an authentic sample [2, 3].
Work-up of the filtrate by TLC furnished another 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
mmole) in anhydrous DMSO (10 ml) was allowed to stand for 1 month and poured into water
(90 ml) to yield a very fine precipitate which could not be separated by filtration and was
therefore isolated by extraction with ether (2 portions, 50 ml, each). The ether solution was
washed with water (3 portions, 50 ml, each), dried over MgS04 and evaporated to dryness
to yield an oily residue which was triturated with light petroleum and recrystallized from
light petroleum containing a few drops of benzene. Yield: 0.24 g (22%) 2g, m.p. 173- 4 °C.

CBH2CIND (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): vC=0 1635 cm4 .

NMR (CDC13: 6 7.5-7.2, m, 13H, ArH’s; 4.74, s, 1H, Ar,CH—C<f 1.34,

s, 9H, i-Bu.

MS (70 eV, direct inlet, 150 °C): m/e 419 (0.9%); 417.1605 (3.1%, CZH2N3ID 3Cl, M);
320 (33%); 319 (36%); 318 (100%, M-t-BuNCO); 317 (57%, M-i-BUNHCO); 293 (23%);
291 (64%, 318-HCN); 283 (11%, 318 Cl); 282 (7.5%, 318-HC1); 257 (7.6%); 201 (2.5%);
200 (3.2%); 199 (4.1%); 165 (39%); 57 (68%). Metastable transitions: 318— 291; 318 — 283;
318— 200; 200— 165.

(c) A solution of 6¢ (1.3 g; 3.1 mmole) and potassium N-cyanoanilide (1.45 g; 9.3
mmole) in anhydrous DMSO (10 ml) was allowed to stand for 1 month and poured into water
(90 ml). The crystalline precipitate 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).

CBH2BCIND (452.39). Calcd. C 66.38; H 5.12; N 9.29. Found C 66.71; H 5.32; N 9.28%.

IR (KBr): vC=0 1725, vC=N 1635 cm*“ 1

NMR (CDC13: % 3.3, s, 13H, ArH’s; 1.80, s, 9H, 3-(i-Bu).

MS (70 eV, direct inlet, 170 °C): m/e 453 (3.8%); 451,1837 (5.9%, CZH,AN3 3BCI2, M);
397 (67%); 395 (100%, M -C4H8); 366 (1.4%, 395-CHO); 352 (1.2%, 395-CNOH); 328
(35%); 326 (53%, 395-C,N,OH); 320 (3.1%); 318 (5.4%, 395 Ph); 292 (1.4%); 290 (4.2%,
326-HC1); 277 (2.1%); 275 (3.6%, 352-Ph'); 250 (1.1%, 318-C,N20); 237 (4.2%); 236
(3.0%); 235 (8.5%, [35CIC,H42C+H); 234 (3.8%); 216 (8.9%); 214 (25%, 250-HC1); 201
(8.2%); 199 (24%, 235—HC1); 164 (3.5%). Metastable transitions: 395— 326; 395— 318;
250— 214; 235— 199; 199— 164.

The authors are indebted to Mrs. I. Balogh-Batta and staff for the microanalyses
and to Dr. P. Kolonits and staff for the IR and NMR spectra.
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Fluorescence properties of 2,3-benzfluorene (BF) found in air-borne pollutants
were studied in solutions and on Whatman paper. If 2,3-BF is dissolved in ethanol,
the fluorescent emission occurs in the UV range; at 77 °K temperature the so-called
‘blue shift” effect and the rearrangement of the band structure are observed. If 2,3-BF
is adsorbed on Whatman paper the fluorescent emission is shifted towards the longer
wavelengths. The concentration of 2,3-BF dissolved in ethanol was determined spectro-
fluorometrically in the 10-8 —10-5 M range. A method, based on the sensitized lumi-
nescence effect was developed to determine the quantity of 2,3-BF adsorbed on
Whatman paper.

1. Introduction

There are a lot of aromatic hydrocarbons present in automobil and
other exhaust gases polluting the atmosphere. In the polluted air several
hard carcinogen agents were isolated and identified [1, 2]. For separation of
these compounds chromatographic methods have been applied [3—s]. Qualita-
tive investigations provide evidence that among these compounds 2,3-BF
is frequently present, too. Upon UY illumination this compound emits a
strong fluorescent light. The emission occurs in the UV range, therefore
direct observation of the compound following the chromatographic separa-
tion is not possible. However, based on the characteristic fluorescent spectrum,
there is an easy way to identify and determine this compound if a fluorescence
spectrophotometer is employed [7 9].

2. Experimental

Analytical grade 2,3-benzfluorene and naphthacene of FERAK was used throughout
the experiments. Analytical grade benzene and ethanol were purchased from REANAL
(Hungary) and redistilled before use.

Measurements were carried out on a Hitachi MPF-2A spectrofluorimeter, equipped
with a correction attachment. For measurements at the temperature of liquid nitrogen, the
phosphorescence accessory was employed. The excitation source was a 150 W Xenon arc
lamp and the detector an R 136 photomultiplier.

The fluorescence spectra were taken of 10-5 M 2,3-BF in ethanol. The excitation
and fluorescence spectra of solutions were recorded both at room and 77 °K temperatures.
A bandwidth of 1.5 nm was chosen for taking the spectra. The excitation wavelength was
at room temperature 316 nm and at 77 °K 319 nm, while the emission was recorded at 359
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nm and 339 nm, respectively. The calibration curve was obtained at constant slit widths
with a 1 cm fluorescence-free cuvette, read off the 2,3-BF fluorescence intensity in the 10-8 —
10—5 M range. The excitation and emission monochromators were set at 316 nm, and 342 nm
respectively.

10~3M 2,3-BF solution in benzene was prepared and a Whatman paper stripe was
immersed into this solution. The solvent was evaporated and about 10—15 minutes later
the excitation and the fluorescence spectra were recorded both at room temperature and
the Dewar vessel of phosphorescence accessory was used.

The excitation wavelength selected was at 328 nm, the emission was recorded at
419 nm. For measurements of sensitized luminescence of naphthacene, 3 m10~5—10-3 M
2,3-BF solutions; containing 3 « 10-8 M naphthacene, were prepared. Whatman 1 paper
stripes were immersed into the solutions, the solvent was allowed to evaporate and 10 minutes
later the fluorescence intensities of both the 2,3-BF and the naphthacene were measured.
The excitation monochromator was set at 328 nm, the fluorescent intensities of 2,3-BF and
naphthacene were read off at 396 nm and 491 nm, respectively.

3. Results
3.1. Fluorescence spectra

2,3-benzfluorene dissolved in ethanol emits a characteristic fluorescence
spectrum of six hands in the UV range (Fig. 1). In fact, the character of the
spectrum taken at 77 °K temperature is quite similar only the line structure
of the bands is more apparent and the relative intensities of the bands are
somewhat changed, as well as the peak maxima are shifted towards shorter
wavelengths (Table 1). The intensity values towards the lower frequencies
strongly decrease.

Fig. 1. Fluorescence excitation and emission spectra of 2,3-benzfluorene in ethanol solution;
-----—--- at room temperature, w — — — at 77 K
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Table 1

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

In ethanol Ex. maxima, nm 254 264 276 286 304 316.5 324 331 340
at room l. 96 100 46 35 38 39 30 10 14
tempera-

Em. maxima, nm 342 350 359 368.5 378.5 390
l. 100 47 57 22 15 6

In ethanol Ex. maxima, nm 254 262 268 275 286 293 205 310 319 324 329 332 339
at 77 °K . 100 8 86 65 48 42 66 50 8 56 25 18 73

Em. maxima, nm 339 348 356 366 376 388
. 100 42 46 13 9 2

On What- Ex. maxima, nm 282 300 313 328 342 355 369 390
man paper L 87 90 96 100 83 34 18 16

atroom tem- e, 1 avima, nm 361 380 396 419 445 473

perature I 21 16 100 84 33 10

On What- Ex. maxima, nm 280 300 314 330 337 343 357 370
man paper l. 47 56 75 100 74 87 25 23
at 77 °K

Em. maxima, nm 350 360 366 379.5 395 418 444 473
l. 12 98 39 47 100 68 27 10

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

However, comparing the excitation spectra, significant changes can be
observed. The spectrum taken at 77 °’K displays 13 bands compared with
the 9 bands at room temperature; besides, a certain ‘blue shift’ can be noted,

Fig. 2. Fluorescence excitation and emission spectra of 2,3-benzfluorene on Whatman paper;
-----—-— at room temperature, — ---——---- at 77° K
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too. With the appearance of the new bands the intensity ratios are signifi-
cantly changed and thereis astrong increase at the longer-wavelength side of
the spectrum.

The 2,3-BF, adsorbed on Whatman paper, emits a fluorescence spectrum
of six bands strongly shifted towards the red wavelengths. The appearance
of the whole spectrum is quite different from the spectrum taken of solutions,
the bands are more broad, the highes intensities are found at the 3rd and 4th
peaks. The bands are partly in the UV, partly in the visible range.

Significant changes can be observed in the fluorescent spectrum taken
at 77 °K. Bands in the UV range display an enormous increase and two new
bands appear at 350 nm and 366 nm, respectively (Fig. 2). The excitation
spectrum recorded at room temperature shows a broad, diffuse structure of
eight peaks, while at 77 °K the bands are more separated. The intensities
are strongly decreased at the lower side and strongly increased at the higher
wavelength side of the spectrum (Table I).

3.2. Determination of the 2,3-BF concentration in solution

2,3-BF dissolved in ethanol emits a very intense fluorescent light.
10-s8 10-s5M 2,3-BF solutions were prepared to determine the calibration
curve. The excitation monochromator was set at 317 nm and the fluorescence
intensities were measured at 343 nm.

The fluorescence intensity is proportional to the concentration in the
10-s8 10-«s5 M range (Fig. 3). The lowest detectable concentration is 10 s M
corresponding to about a 2 ng/ml value. The fluorescence intensity strongly
decreases with increasing concentrations above the 10~5iVf value. This can
be attributed to the strong absorption of the exciting light, as it is totally
absorbed in the surface layers, therefore the fluorescent intensity rapidly
decreases with increasing concentrations.

In the 10-8 10-3 M range the relative error of the 2,3-BF concentra-
tion measurements can be as low as 1%.

Fig. 3. Fluorescence analytical curve for 2,3-benzfluorene
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3.3. Determination of the 2,5-BF by sensitized luminescence

The luminescence of naphthacene can be sensitized built into the 2,3-
BF crystal lattice. If this mixed crystal is excited at the absorption band
of the 2,3-BF, one part of the absorbed energy is transferred to the naphtha-
cene molecule by radiationless transition. The system emits a complex
spectrum consisting of the 2,3-BF and of the naphthacene characteristic
spectra (Fig. 4). On the shorter wavelength side of the spectrum, the significant

Fig. 4. Change in sensitized fluorescence intensity of 2,3-benzfluorene-naphthacene system
on Whatman paper. Cone, of 2,3-benzfluorene------------ 3¢103M, —— — — 54103

2.3-BF peaks 361, 380, 396, 419 and 445 nm can be seen. Due to its
low intensity, tbe 2,3-BF band at 473 nm can not be seen separately from
the naphthacene band. Bands on the longer wavelength side of the spectrum
belong to the naphthacene fluorescence. The spectrum consisting of three
maxima at 491, 527 and 566 nm represents the characteristic sensitized
naphthacene fluorescence emission.

The radiationless energy transfer greatly reduces the intensity of the
2.3- BF fluorescence radiation and enhances that of the naphthacene. Due to
the sensitized luminescence, the quantum efficiency of naphthacene is in-
creased to unity from as low as o.o02.

Intensities of both of the 2,3-BF and of the naphthacene were found
to change proportionaly with increasing 2,3-BF concentration. The intensity
values were taken at 396 nm (lgp) and 491 nm (171 for 2,3-BF and naphtha-
cene, respectively. The rates of the intensity values of the components were
plotted versus the 2,3-BF concentration (Fig. 5). From the calibration curve
obtained it is possible to determine the 2,3-BF concentration in the 3 m10~5—
10-3 M range. Above the 5«1 0 M value, there is a deviation from the
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Fig. 5. Ratio of the fluorescence intensity of 2,3-henzfluorenp—aphthacene versus 2,3-benz-

fluorene

linear relationship, due to the fact that the donor—acceptor concentration
ratio results a change of the sensitized luihinescence mechanism.

The relative deviation of the parallel measurements was always found

to be about the 1—2 per cent.

(8]
[10]
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THERMALLY INDUCED REACTIONS
OF IMIDAZOLE DERIVATIVES, VP

REARRANGEMENT OF 2,4,45-TETRAPHENYL-4R-IMIDAZOLE
(SHORT COMMUNICATION)

Gy. DoMANY** and J. Nyitrai
(Department of Organic Chemistry, Technical University, Budapest)

Received December 2, 1975

2,2,45-Tetraphenyl- (1) [2] and related 2,2-disubstituted 4,5-diphenyl-
-2if-imidazoles [2, 3] are thermally rearranged into their aromatic isomers,
viz. the corresponding 1,2-disubstituted 4,5-diphenylimidazoles. Similarly to
the related van Alphen rearrangements of 3,3-disubstituted 3H-pyrazoles [4],
these reactions are thought to be concerted but not necessarily synchronous
sigmatropic [1, 5] phenyl shifts [3].

We wish to report now that 2,4,4,5-tetraphenyl-4fi-imidazole (3) [5]
is similarly rearranged thermally into 1,2,4,5-tetraphenylimidazole (2) [e].
After heating foi 1 hr at 300 °C the 4hf-imidazole 3 was, according to TLC
(Kieselgel PF251+3ee, Merck; solvent: benzene; detection: UY light), completely
converted into a single product which proved identical (m.p. and lit. [e]
m.p.: 215 °C; mixed m.p., IR spectra) with an authentic sample of the imid-
azole 2. The yield of recrystallized (ra-BuOH) product was 60%.

The mass spectra (AEI-MS-902, 70 eV, direct insertion, 170 °C) of the
compounds 1—3 are shown in Table I. Those of the non-aromatic compounds
1 and 3 are rather similar, but differ considerably from that of the aromatic
compound 2, indicating that, under the mass spectroscopic conditions applied,
rearrangement of compounds 1 and 3 into compound 2 does not take place.

*

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

*For Part Y, see Ref. [1]
** Chinoin Pharmaceutical and Chemical Works research fellow, 1973 —1975
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Table |

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

1%

mle
1 2 3
372 10 100 13 M+-
371 2.0 34 33 (M-H)+
295 0.26 0.4 0.08 (M-Ph)+
294 0.75
269 100 5.2 10C (M-PhCN)+
268 4.0
267 45
241 0.8
190 0.55 14 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 A
139 11 1.0
1345 1.0 11 269++
1335 2.3 267+ +
115 1.0 0.76
103 2.0 25 (PhCN)+ «
89 3.6 3.0 1.0
7 0.9 7.2 0.9 Ph+
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PE3IOME

PacueT M-3/1eKTPOHHbIX CMIEKTPOB U 3/1EKTPOHHOM CTPYKTYPbl TaNloreHnMpranHoB
¢ nomowbo metogos MIM u PPP

A. MAPTVH

f-eNeKTPOHHbIE CMNEKTPbl W 3MeKTPOHHAA CTPYKTypa raloreHnMpuanHos 6binn paccuu-
TaHbl C Nomowbio MeTofoB Monekyn B Monekynax (MIM) n Mapusep—Mapp—Monna (PPP).

Mpwn pacyetax metogom MIM ana onpefeneHus sHepruii nepeHoca 3apsaja 6bi1M UCNOJb-
30BaHbl NpUGAMXKEHUA TOYEYHOro 3apffa, WapoBoro 3apsaga M npubnmxeHne Martara-Huwu-
MoTO. [lns pacyeTa OfHOLEHTPOBbLIX WHTErpanoB OTTaNKMBaHUA 6blnNM UCNPO6OBAHbLI Pa3NnyHbIe
nnTepaTypHble 3HauYeHWA WOHU3aLMOHHBLIX MNOTEHLMANoB W 3neKTpooTpuuaTenbHocTei. [o-
cnefgHue 6biin Bbl6paHbl Ha OCHOBe CpPaBHEHWS pacyeTHbIX AaHHbIX C 3KCMepUMeHTaNbHbIMU.
Pe30HaHCHbIA MHTerpan CBA3W Yyrnepofj-ranoreH Obl1 NPUHAT B KayeCTBe W3MEHAeMOro napa-
MeTpa. Ha ocHOBe pe3ynbTaToB, MOJYYEHHbIX [/ IHEPrUM MNepexofa M BOAHOBbIX (YHKLUWIA,
ANna pacyeTa [BYXLEHTPOBbIX PE30HAaHCHbIX WHTerpanos Hambonee noAXOAALWMM OKas3anochb
npubnuxeHne Martara-Huwumorto.

Ons pacyeta meTogom PPP 6bin0 Mcnonb3oBaHo npubnuxenne MaTara-Huwwumorto.
onTumym pesoHaHcHoro uuterpana (BCX) 6bin onpegened ¢ nomowbio usmeHeHus BCX- Bbinu
paccyMTaHbl 3HEPrUM CUHTYNeTHOro BO36YXAeHWA, MaTpuubl NAOTHOCTM 3apsja — nopsafka
CBA3U, OCLUWUNNATOPHbIE CU/blI U HaNMpaBAeHWA NONApu3aLmnu.

CTaTUYeCKVe AN3NEKTPUYECKUNE CBOMCTBA BUHAPHBIX XMUAKNX CMECEN,
cofepXalux TpU-H-6yTrnamuH

W. nucwm

Bblnn nccnefoBaHbl CTaTUYeCKWe AW3NEKTPUYeCKMe CBOWCTBA M NNOTHOCTb BGUHAPHbIX
CMeceld, cofepxawmnx Tpu-H-6ytTunamuH. MccnegosaHna nposogunucb npu 20°C n B 3aBUCK-
MOCTW OT cocTaBa cMecu. MapTHepbl aMUHOB B CMeCAX 6blAn BblGpaHbl Tak, 4TOObl UX NONAPHOCTb
CUNbHO pasnunyanacb. Cmecb cocTodna M3 CNefyloWMX Tpex KOMMOHEHTOB: H-FenTaH, X/10po-
thopM 1 aueToH. Ha oCHOBe NPOBeAEHHbIX UCCNeLO0BaHWi faeTca OTBET Ha BOMPOC: BO3HWKAKT
NN cneunanbHble MHTEPMONEKYNAPHble B3aUMOAENCTBUA MeXAYy aMUHOM W BTOPbIM KOMMOHEH-
TOM, BeAylMe K accouuayuu.

ViccnepoBaHne peakumu auetata v cynbdara megu(M) ¢ HEKOTOpbIMM
rmapasuiaMm - KucioT

®. . M. TAXA, M. H. X. MOYCA, A. M. LUEJIEBAW 1 M. M. MOCTA®A

Auetat n cynbdat meau(l) pearnpyroT cO BCEMU UCCNEA0BAHHBIMU TMApPA3NAaMU, faBas
MOHO- U/UNN 6UC-NUTaHAHbIE KOMMNAeKchl. B cnyuyae aueTaTHbIX KOMMAEKCOB C momolibio MK
CNeKTPOCKONUMN 6biN0 06HApPYXEHO MOHOK/EWHeBOe KOOPAUHUPOBAHME NUraHga yepes rpynny
NH2 CnekTpanbHble U MarHUTHble W3MEPEHWUs YKa3blBalOT Ha TO, YTO aleTaTHble KOMMNEKCh
MMET NM60 OKTA3APUUECKYIO, NM60 TeTPasgpuUecKyto CTPYKTYpY.



ﬂ,mmepmaum:l HEKOTOPbIX OpPraHn4YeCckKmx KuUCNOT B HEBOAHbLIX pacTBopax
. BAPUA, N. AbENEW n K. KETEMEH

B 6GeH30one 6eH30lHas Kucnota obpasyeT ropa3go 6onee cTabuibHble AUMEPbLI, HEXENun
anntartnyeckne KucnoTbl. OCOBEHHO CUNbHO NPOABNAETCA 3TO pasnuyme NpuW CpaBHEHUN C H- 1
n3o0-macnaHon kucnotol. Kpuockonuuyeckume mnamepenuns (npum 5,2 £+ 0,4°C) guMepmn3aLMoHHbIX
NOCTOAHHbIX NMPUBOAAT K CNEAYO W UM 3HAYEHUAM (BENNYUHBI faHbl B NOPAAKE COrNacHO Bbllle-
nepeyncneHHblM kucnotam): 1700, 390, 239 n 453 Kr/Monsb.

C nomowbto MK cnekTpockonun 6bi0 yCTaHOBNEHO, YTO CNOCOBHOCTbL pacTBopuTenei K
06pa3oBaHNI0 BOAOPOAHLIX MOCTUKOB OKa3blBaeT CU/IbHOE BANAHWE Ha AuMepu3aLunto 6eH30/HON
KMCNOTbl. Bbinn nccnepgoBaHbl cneagyrowmne pactsoputenn (B ckobkax ykasaHbl AUMepuU3aLuoH-
Hble NOCTOAHHble npu 42 + 2°C): ueTblpexxnopucTblii yrnepog (1530), 6eH3on (261), 1,4-
anokcaH (20,0) n xnopodopm (13,7).

B o6oux pafax M3MepeHuii 0fHO3HAYHO 6bINO [0KA3aHO, YTO B W3YYEHHOM WHTepBane
KOHUeHTpauui (< 0,25 M) npoTekaeT AulWb AuMepmn3saLns n obpasosaHnem 60nee BbICOKMX NOAU-
MepOoB MOXHO MNpeHebpeuysb.

0] anmepnsaunin 2-apI/I]'II/I,CI|eHLI,I/IKﬂOFeKcaHOHOB, KaTaJ'IVI3l/IpOBaHHOI7I OCHOBaHMNAMU

Ab. OCBAX, . CABEO u M. 3. BUTAWN

2-ApununpeHumnKNoreKcaHoHbl B OCHOBHbIX cpefiax gumepusytorca go 1,2,3, 4, 4a,5,6,7,8,
9a-gekarnapo-5-apunngen-9-apun-4a-rugpokcukcanteHa (1Xa—e). CTpoeHue MNOATBEPXKAA-
nocb Ha ocHoBe MK, Y® n AMP cnekTpoB. MpMBOANTCA BOSMOXHbIA MeXaHU3M peakuunm.

Mpouecchbl MeperpynnMpoBKM 1 AMCCOLMALMU B MPOU3BOAHBLIX TPULMKINYECKUX
(hTaNIa3nHOHOB MOA B/MSIHUEM 3/IEKTPOHHOW 6OMGApAVPOBKY

M. BPYK, |7|. TAMAW n K. KHPMEHAW

C nomoLLblo Macc-CNeKTPOMeTPUYECKOro MeTofa HU3KOTO M BbICOKOTO paspeleHns Gbinu
nccnefoBaHbl Npouecchl guccoumalun n neperpynnupoBKn, NpoTeKawoLW e noj BAUAHUEM 3N1eK-
TPOHHOI 60MbBapAMPOBKM Npon3BOAHbIX hTanasnHoHa (I—I1V). Micnonb3ys MeTof, OCHOBAHHbLIN
Ha onpefeneHUN 3HEPTUM aKTMBAL MW MeTacTabuNbHbIX NMPOLLecCCOB pacnaja, 6bi10 4oKa3aHo, YTo
B X0/4e OTAeNbHbIX NPOLECccOoB (hparMeHTauuyu NPONCXOAUT MUTpaLUs MeTueHa.

VccnepgoBaHne peakumii rekcarmgpo-1,3,5-Tpuakpuionn-cMMMm-TprasmHa

. BA/IbK, M. KAME/lb u H. N. ABOY-3EN[

OnucbLIBAlOTCA HEKOTOPble WHTepecHble pe3ynbTaTbl, CBA3aHHble C peakyMsMu rekca-
rmapo-1,3,6-Tpuakpunounn-croill-TpuasmHa ¢ HeKOTOPbIMW peareHTamu. Becbma npurogHoi
AN BbIACHEHWA NyTW GPOMUPOBAHWA, MPUCOEAWHEHUS 3TUNMepKanTaHa, BOAbl, 6GucynbthuTa
HaTpua n/mnu cynbuta HaTpUa oKasanacb TOHKOCNOWHaa xpomaTtorpapua.



Xumus 1,3-6UpyHKLMOHAIbHBIX coegnHeHunid, XVIII
MonyuyeHre pasiNyHbIX 3UPOB 1,3-aMUHOCTINPTOB

K. PENb®NbEAN, A. MONTbHAP u M. BAPTOK

MpUBOANTCA NONYyYEHUE MPOU3BOAHbLIX PA3IUUYHBIX aMUHOANKUNbHBIX 3NpPOB. B 3aBUCHK-
MOCTU OT CTPOEHUS COefMHEHUs Gbinn pa3paboTaHbl U MPUMEHEHbl Pa3fnyHble CUHTeTUYecKue
MeToAbl. BOMbLIWNWHCTBO COEAMHEHMIT NPOsBAsSeT MeCTHOAHecTe3upytolee AelicTBUE, & MEHbLI as
yaCTb NposABAseT Nnepudepuyeckoe cocypopaclimpsiouee geiicTane.

Peakuns M-(TpeT-6yTun)-a-rano-a,a-guapuiauetTamMmaoB ¢ UYaHaMULOM W
MOHO3aMELLEHHbIMX  CONSIMU  LiMaHaMuaa

Ob. WWMWI, K. TEMMEPT, . TAMALL u . YAPA

Mpu cnnasneduu M-(TpeT-6yTun)-a-rano-a,a-gueHunnauetammngos (7o) u 6a—C c¢
MOHOKaNnUnHOM conbio LnaHamnga n ee N-ankunbHoiMu, N-apankunbHbiMu n N-apunbHbIMU Npo-
W3BOAHBIMU 06pasyeTcs GONbLWOE YNCAO PasNUUYHLIX MPOAYKTOB, TakUX Kak NpoAyKTbl Cine-
samewerus 2b, 2d—g, 3-(tpet-6yTun)-rnukoynamugunsl 3b—e, 3], Sbu 7 n 1-(TpeT-6ynnn)-
rnukoynamugniel 3f—g u 5a. MocnegHue, o4eBMAHO, 06pPA3ylOTCA Yepes MPOMEXYTOUHbIA
asnpuauHoH 8a. Bbina 06CyX/AeHa CBA3L MeXAY TUMAMW PasiUUHbIX LNaHAMUAHBIX aHUOHOB U
TMNAaMW NPOAYKTOB, @ TaKXe CMeKTpanbHbIX CBOWCTB NOCNEAHUX, B OCOGEHHOCTW TeX, KOTOpbIe
ABNSIOTCA BaXHbLIMU 415 ONPeAeneHus CTPYKTYpbI.

CneKTpothlyopoMeTprUYecKoe onpefeneHne 2,3-6eH3dnyopeHa
(11H-6eH30/b/thnyopeHa) B BO3AYLUHbIX 3arPsA3HEHUSAX

N. XOPHAK

dnyopecueHTHble cBolicTBa 2,3-6eH3tnyopeHa (2,3-b®), o6HapyXeHHOro B 3ara3HeHnax
BO3JYLWHOro NPOUCXOX/AeHWUA, OblAM MccnefoBaHbl B pacTBOpPe M Ha BaTMaHOBCKOW 6ymare.
Ecnun 2,3-b® pacTBOopeH B 3TaHONe, TO hayopecueHTHas amuccusa Habnwogaetca B Y® obnactu;
npu Temnepatype 77°K Habniopanca apdekT T. Ha3. «CUHero cfsura» W neperpynnuposBka B
CTPYKType nonoc. Ecnun 2,3-6® aacopbupoBaH Ha BaTMaHOBCKOW bGymare, To payopecueHTHas
amuccus casuraeTca B o6nacTb 60see JANHHbIX 4BONH. KOHUeHTpaumna 2,3-6®, pacTBOPEHHOro B
aTaHone, 6bina onpejfeneHa cnekTpodayopomeTpuyeckn B o6nactu 10~8 -b KE5Monb/n. MeTtog,
OCHOBAHHbI Ha YYBCTBUTENbHOM 3(h(heKTe NlOMUHecLeHLUK, 6bin pa3paboTaH ANS KOAMYECTBEH-
HOro onpepeneHus 2,3-b®, agcop6MpoBaHHOro Ha BaTMaHOBCKON Gymare.
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ZINC, CADMIUM AND ARSENAZO 111

Y. MICHAYLOVA
(Department of Analytical Chemistry, University of Sofia, 1126 Sofia, Bulgaria)
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Spectrophotometric studies of the reactions of magnesium, zinc and cadmium
with Arsenazo Il are described. Complex formation was studied by a method based on
the relationship A = /(pH). Equimolar solutions and solutions containing a slight metal
ion excess were used. A single chelate equilibrium was considered for magnesium and
zinc complexes, whereas in the case of cadmium two successive reactions were assumed.
The equilibrium and stability constants were calculated. The relationship between the
solubility products of the metal hydroxides and the pH of the half-reaction is also given.

Arsenazo 11l (I,8-dihydroxynaphthalene-3,6-disulfonic acid-2,7 bis/
(azo-2)-phenylarsonic acid takes part in complexation reactions with dif-
ferent functional groups, depending on the nature of the metal ions and the
reaction conditions [1].

In our previous work the analytical use of the reactions of Arsenazo Il
with Mg2+, Zn2+ and Cd2+ has been shown only [2, 3]. A more detailed
examination of these complexation processes is described in the present paper.
It is of interest to establish the nature of the bonding groups of the reagent
and the structure of the metal complexes. In this connection the number of

protons released upon complexation and the equilibrium constants were
determined.

Experimental

Reagents

A 10-4M solution of Arsenazo 11l (Fluka) was standarized spectrophotometrically by
titration with a thorium(1Y) nitrate solution at 600 nm and pH 3. 10“ 2M solutions of the metal
ions were standarized by EDTA titration. Solutions of lower concentrations were obtained by
dilution. An ionic strength of 0.1 was maintained with sodium nitrate.

The pH was adjusted with dilute sodium hydroxide.

Apparatus

Visible spectra of the solutions were recorded on a Specord UV — visible Spectrophoto-
meter (Zeiss). Spectrophotometric measurements were performed with Universal Spectrophoto-

meter VSU-1 (Zeiss). The pH of the solutions was measured with an LPU-01 (USSR) pH-meter,
using a glass electrode.
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112 MiCHAYLOVA: COMPLEX FORMATION

Results and discussion

Absorption spectra of Arsenazo 11l and its complexes with magnesium,
zinc and cadmium are presented in Fig. 1. Complex formation was investigated
at metal to ligand mole ratios of 1 : 1 and in the presence of a slight metal ion

nm

Fig. 1. Absorption spectres of arsenazo IlIl and its complexes with magnesium, zinc and

cadmium. C"= 2,17 « 10~5HI, pH 9,10 (borate buffer), 2-cm cells vs. water. (1) arsenazo I1l1;

(2) Mg complex, Co®, = 2,44 « 10-5M; (3) Zn complex, Cn = 2,34 « 10~5M ; (4) Cd complex,
Cen — 2,44 «10_5M; (5) Cd complex, pH 11,00.

excess. The method based on the relationship A = f(pH) was employed. On
the S-shaped curves presented in Fig. 2 a single chelate equilibrium for mag-
nesium and zinc is observed, whereas for the cadmium-Arsenazo Ill reaction
two successive stages are evident. The different absorption spectra of cadmium
complexes (Fig. 1) also show to this fact.

Equimolar solutions

The straight line portion of the S-shaped curves lies in the pH range
of 6.2—8.5 for magnesium and zinc, and for the first stage of the cadmium-
Arsenazo 11l reaction. Over this pH range, the HsL5~ form predominates
[4] and hence the following reaction should be considered:
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MICHAYLOVA: COMPLEX FORMATION 113
M 2+ + HalL5- MH3 nL2-<5+'>+ nH + (1)

The number of protons released upon complexation and the equilibrium
constant of this reaction were determined, using the expression

(A -A R){AO- A R)[n+]"DF
K =
™ C{AO- A f (2)

Fig. 2. pH-absorbance plots of arsenazo 11l complexes with magnesium, zinc and cadmium,

a. O Zncomplex Cpo— CR = 2,17 « 10-5 M, 610 nm; « Cd complex Cm = CR= 2,49 « 10-5M,

610 nm; X Mg complex Cm — 5,00 « 10~bM; CR = 2,49 «10-5M, 610 nm; 3 Mg complex

CM= CR= 2,17 «10-*M, 650 nm. b. O Zn complex Ca”= 3,02 « 10~5M; Ch= 2,49 « 10-5

M, 610 nm; « Cd complex Caa= 2,99 «10-5M ; C* — 2,49 « 10-5 M, 610 nm; X arsenazo 11

Ca= 2,49 «10-5 M, 610 nm ionic strength 0,1 M, 1-cm cells vs water, pH adjust with sodium
hydroxide.

where A is the absorbance at a given pH, ARis the absorbance of the reagent
solution, A0 is the maximum absorbance, C = CR= CM is the total metal
and reagent concentration, D is the correction used for calculating the equi-
librium concentration of the reagent, using its dissociation constants [5],
F is the correction term for metal ion hydrolysis, and n is the number of pro-
tons. The logarithmic form of Eq. (2) corresponds to a straight line with a slope
of n and an intercept including Keq:

log B = log KegC + npH 3)

1%* Acta Chim. (Budapest) 90, 1976



114 MICHAYLOVA: COMPLEX FORMATION

where
* Or (A -Ar){Aq-A r)BD
n - A)2

4)

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

Fig. 3. Logarithmic plots according to eqs (3,6). a. equimolar solutions; b. solutions with a
slight metal ions excess. (1) Mg complex; (2) Zn complex; (3) Cd complex, pH < 9. Cd complex
at pH > 9; c. equimolar solutions; d. solutions with a slight metal ions excess. Reacting forms
of 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 of 6.2—8.3, the logarithmic form of
the following equation was used:

Table |
Calculated data in the pH range of 6.2—8.5

lon CifX10» CRxIO* Cm =Cr n pKeq,

Mg 2.17 2.17 1 1.07 3.43+0.13
Zn 217 2.17 | 0.97 3.08+0.04
Cd 2.49 2.49 1 1.00 2.08+ 0.06
Cd* 2.17 2.17 | 0.96 1.91+ 0.08
Mg 5.00 2.49 2.01 0.98 3.40+0.04
Zn 3.02 2.49 121 1.12 3.09+ 0.04
Cd 2.99 2.49 1.20 0.94 1.66+ 0.09

not given in F gs 2, 3.
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MICHAYLOVA: COMPLEX FORMATION 115

K (A-AR(AO-A R)[n+]"DF
e CR(A0-A)[a(AO0~AR)- (A-AR)

©)

i.e. log B = log Keg CR+ npH (6)
where
a= —~M and
Cr
B _ (A -Ar)(AO-AT)DF

(AO~A)[a(AO0-A R)~ (A -A R)] ()

The plots according to Eq. (s) are presented in Fig. 3b and the calculated
data in Table I.
The good agreement of the results shown in Table | is evident.
Since one proton is liberated in all cases (the slopes of the straight lines
(n) are always about unity), the following complex formation reaction is
proposed:
M2+ + HsaL5~ ~ MHjL4- + A+ (8)

The spectrophotometric data for the reactions of Mg2+ Zn2+ and Cd2+ with
Arsenazo 11l [2, 3] show that these systems can be described by the second
type of reactions discussed by Savvin et al. [6—9]. It has been shown [10]
that in reactions of the second type one proton is liberated and the peri-di-
hydroxy grouping of the reagent is engaged. The result is bond formation
between the metal ion and one of the hydroxy groups of the naphthalene ring.
Thus the complexes studied may be represented as where H s
the proton of the arseno group of the reagent and H* is that of the second
naphthalene ring hydroxy group. The stability constants of these complexes
were not determined because the equilibrium concentration of the HH*L5-
reagent form could not be calculated from the dissociation constant of the
HsL5_  form.

The cadmium-Arsenazo Ill reaction at pH > 9

In the pH range of 9.5—11.0, the HsL6~ form predominates [4] and the
following reaction proceeds:

M2+ HJA-~ MH2, b216+n)+ nH+ 9)

For the calculations, Eqs (3, s) were used but the species Cd2+, CdOH+,
Cd(OH)2, Cd(OH)~, Cd(OH);]- were considered [11, 12]. Correction F was
calculated from the stability constants of the cadmium hydroxo complexes
[13]. The results are presented in Figs. 3c, d and Table II.

The data obtained show that the reactions of Cd2+ and CdOH+ with the
species H2J 6~ are possible. For their comparison the values of the equilibrium
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116 MICHAYLOVA: COMPLEX FORMATION

Table 11
Data for the cadmium-Arsenazo Il reaction at pH > 9
Reacting forms cM x 10s CR X 105 Cu mCr n pKeg log /Jcompl.
Cd2+ 2.49 2.49 1 2.12 16.14+ 0.10
*Cd2+ 2.17 217 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

*not given in Fig. 2, 3.

constants were calculated, which show (Table Il) that the following reaction
of complex formation is predominating:

CdOH+ + HX«- —% Cd(OH)HLc- + H+ (10)

The stability constant of the Cd(OH)HLG6" complex was calculated using
K- = 1.05 X10-12 [5]. The results are given in Table I1.

It is very likely that the mixed hydroxo complex of zinc and Arsenazo
Il forms too, but the straight line portion of the S-shaped curves presented
in Fig. 2 is very short and therefore not suitable for calculations.

The data for the equilibrium and stability constants of the complexes
obtained in the present paper, however, could not be compared with the data
for the conditional stability constants of the complexes at pH 9 which were
found earlier [2, 3].

Analytical use of the cadmium Arsenazo 111 complex
in alkaline media

The reaction was studied at pH 12—13, adjusted with 2N NaOH
and at anionic strength of 0.1. The molar absorptivity of the cadmium complex
at 610 nm is 2.75 X 104 1 mol-1 cm=~1 at pH 12, and 2.20X 104 1 mol+1cm-1
at pH 13. The absorbance of the complexis stable for at least 24 hrs. Beer’s
law is obeyed up to 4.2 pg ml-1 at pH 12 and 1.6 /igml«1 at pH 13. The inter-
ference of zinc was studied at pH 13.39 pg of cadmium can be determined
in the presence of 204 pg of zinc.

The curves A = /(pH) (Fig. 2) were also used to establish the relation-
ship between the solubility products of the metal hydroxides pKs [13] and
the pH of the half-reaction, i.e. the pH at which the complex concentration
is equal to one half of its maximum concentration [14]. The data for the alu-
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minium-Arsenazo Il1l1 complex [15] were also used. For this purpose the equi-
librium concentrations of the complexes at a given pH were calculated. This
dependence is shown graphically in Fig. 4, where a is the ratio between the
equilibrium concentration of the complex and its maximum concentration.
The pH value corresponding to @ — 0.5 defined as pHw2 was used for con-

1 ucC 1 L
2 ] 6 8 10
pH
Fig. 4. Distribution diagram of arsenazo 11l complexes with (1) aluminium(lll); (2) cad-
mium(I1); (3) magnesium(ll); (4) zinc(ll). a-fraction of complexes at given pH. Equimolar
solutions Cm = = 2,17 « 10-5 M.

Fig. 5. Dependence between the pH of the half-reaction and the solubility products of the
metal hydroxydes.

sideration of the relationship presented in Fig. 5. The straight line obtained
(Fig. 5) passes through the point (56, —1.5), which have been established
for the organic reagents of the Arsenazo 11l group [14], but has an intercept
of 9.5 and a slope of —0.207, differing from those reported in Ref. [14]. This
fact may be explained by the different types of the reactions used. The straight
line obtained permits to establish conditions for complex formation of other
metals with Arsenazo Il and as well as the reaction selectivity.
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The Kkinetic situations discussed in a previous paper have been extended to cases
representing the simplest possibilities when one of the components reacts via a path
different from those of the other two components. The initial rate of any i —mj trans-
formation can be written similarly to the previous cases as

0. aUP°i
rij =—

1+b,pl

The meaning of constants a,j and b: was generalized for schemes of different structures,
thus the above Langmuir-type rate equation could be generalized. On determining the
constants afj and 6- for H-, Mg- and Ni-clinoptilolite at various temperatures, the only
conclusion to be drawn was that the transformation involves a common surface inter-
mediate on H-clinoptilolite whereas it does not on the Mg- and Ni-forms.

Introduction

The first paper of the present series has been devoted to the kinetic
relations for catalytic transformations of three components into each other [1].
With the exception of Scheme 1V, the discussion was based on reaction
schemes with all three components regarded as equivalent with respect to
the mechanism of their transformations; i.e. all of the macroscopic overall

processes © = © were assumed to take place via identical numbers

of elementary steps and intermediates, whose surface reactions are also, in
fact, identical. Thus, the transformation schemes possessed ’trigonal’ symme-
tries. In the meantime, further studies on the catalytic isomerization of n-
butene have revealed some experimental facts [2—s] which seem to disprove
the equivalence of the three isomers in question; in other words, the trans-
formations pathway of two of the components may be different from that of
the third one. Such a case is illustrated by Scheme IV in Part I [1], which has
a plane of symmetry: the reactions of two components are identical, the trans-
formation of the third component is, however, different. In order to include
schemes of this type into our investigations, we shall discuss some simple
cases of such schemes.
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1. Transformation schemes with mirror symmetry

An overall catalytic transformation may involve a single surface inter-

mediate if no surface reaction occurs [7, 8] (schematically:

sign 1; hereafter (~j denotes gas phase components and | | surface inter-

mediates); it may involve two surface intermediates, in the latter case either tw o

parallel processes take place with no surface reaction ~ig,, 2 =: Z D )

or one surface reaction step occurs isigni — (N)—1 [—| F—(Z ).

The simplest case of an essential difference between the mechanisms
of two processes is when one of the processes involves only one, whereas the
other involves two intermediates. Owing to its presumed complexity, no
differentiation will be made between the two pathways involving two surface
intermediates each (2= and 2------ ). If the two components transforming via
identical pathways are denoted by j and k, whereas the one whose reaction
path is different by i, then the schemes with mirror symmetry will comprise
the combinations corresponding to Columns 1 and 2 of Table I as shown in
Column 3 of the same Table. These schemes become considerably simpler
if common surface intermediates are assumed (Column 4, cf. e.g. [8]). It is ob-
vious that a clear kinetic picture can be obtained for the latter cases since
the three components transform into one another via as few intermediates
and elementary steps as possible.

For the sake of completeness it should be mentioned that, based on the
above selection principles, it is possible to construct a single asymmetric
scheme (Table I1), where all three components transform into each other via
different pathways.

The simplifying assumptions included into the schemes (1 or 2 inter-
mediates, common intermediates) do not influence the essential characteristics
of the kinetic equations valid for each scheme, only convert them into more
comprehensive forms. For example, schemes
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Table |

Simplest schemes with mirror symmetry

* Schemes from Ref. [1] are shown also in the heading of Table IV, with addition or
omission of one adsorption step each.
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Table 11
The asymmetrical reaction scheme

Simplified

© * © @ I© © * © Basic scheme scheme

1 2= ! 2-- _!Zr - None

can be described by equations of the same form if the constants for the two
cases are brought into correspondence (cf. Section 2).

2. Derivation of kinetic equations

Initial rate equations of so-called overall transformations observed

macroscopically (e.g. have been derived for each scheme in the

following way:

(1) the rate of transformation of any component in the gas phase has
been given as the difference between its adsorption and desorption rates;
for example, for i in Scheme 111-(l):

ri ~ kixPiGo -kxiQx -f- kjyPjoO — kyjQy

where rfis the rate of transformation of i;

K is the rate constant of the transformation denoted by the index;

p is the partial pressure of the component denoted by the index;

0 Q o X B yare the fractions of active sites uncovered, covered by x andy
respectively.

(2) Corresponding to steady state, the variation of the concentration
of individual surface species in time has been taken equal to zero, i.e. their
formation rate was regarded as equal to their rate of decomposition. For
example, in scheme I11-(I) we obtain the following expression for x:

kixPiG 0+ kjxPj® 0+ «kyxs ¥ = kxiGx + KXBX + Ky®x

Thus, actual partial pressures are considered instead of values corresponding
to the sorption equilibrium.
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(3) A uniform surface with homogeneous activity is assumed, i.e.:

(4) When only one component is present in the gas phase, the 0-values
are expressed in terms of its partial pressure, using equations derived from
(2) and (3).

(5) Values of 0 obtained for e.g. pt = p® py= pk = 0, are substituted
into the rate equation of —r- and —rk derived according to (1), in order to be
able to express initial rates such as

and P

as a function of partial pressure p?, which is an experimental value. The value
of ry gives the rate of transformation ofj according to (1), therefore —ry is
the rate of formation ofj; since at time zero i is the only reacting component,
the value of —ry gives the initial rate of transformation of i into j, i.e. r®.

(s) Having performed the necessary rearrangements, let us examine
the simplifications in the equations obtained for &, permitted by the assump-
tion of a rate-determining step; this, naturally has only to be performed with
Schemes I11-(1) and 1V including also a surface reaction in addition to adsorp-
tion steps: for Scheme 111-(l), the only case to be considered is the equi-
libration of the surface reaction; if the surface process were rate-determining,
the sorption equilibria established would necessarily lead to an equilibrium
of i, j, kK with each other. On the other hand, both cases can be realized for
Scheme 1V, as has been demonstrated in Ref. [1].

The expression for the initial rate of formation of any component (i,
j or k) from the remaining two will be an identical Langmuir-type equation
for any of the schemes; the validity of the equation is, however, much more
general in our case than that of the conventional Langmuir expression:

1+ b,P? )

(i and j are arbitrary components; ay is a constant characteristic of trans-
formation is a constant characteristic of component i; the

interpretation of the constants will be given in Section 3.) Accordingly, the
initial selectivity

Ak = OJL = 2)
Cik dnu dyk *ik
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(where nj, nk yj, yk are the amounts and molar fractions of componentsj and
k, respectively) will be independent of the partial pressure of the reacting com-
ponent. We obtain a similar result if the differential equation of the selectivity
function yk = fjiy'j) is expressed by the ratio of general rate equations valid
throughout the whole concentration range not only in the presence of the initial
component. The selectivity will be independent of the pressure of the system
and depends only on its composition in these cases as well as in the cases
discussed in Ref. [1]. This statement has been confirmed by experiments, cf.
e.g. Fig. 1 or Fig. 3 in |T].

Fig. 1. Isomerization of irares-2-butene on Ni-clinoptilolite at 130 °C; X: 50, +: 100, o: 200,
«: 300 Torr pressure; yt: mole fraction of 1-butene; y2 mole fraction of cis-2-butene

Table Il summarizes the expressions for constants a and b in Eq. (1),
for the simplified schemes of Table I. Since the transformation ofj and k has
a similar character, aik, aki, akj and bk are not shown for the sake of simplicity.
They can he obtained by simply changing the indexes in the expressions for
Ojp djj, ajk and bj. For the sake of better comparison, Table Ill shows only
those expressions for Scheme IV (taken from Ref. [1]) which are valid for the
case of sorption as the rate-determining step since this is regarded for the three
remaining scheme, too.

In order to facilitate further discussion, the constants of Eq. (1) ob-
tained for the schemes described in our previous paper [1] are also summarized.
Since the individual transformations are equivalent there, only the expressions
for djj and bj are given for the cases of both surface equilibrium and sorption
equilibrium (Table 1V). Further constants can be obtained by the proper change
of indices, according to the schemes.

3. Interpretdtion of kinetic constdnts

On evaluating the expressions in Tables 111 and IV the physical meaning
of constants in the Langmuir-type rate equation (1) can be interpreted for the
individual processes of these complex reactions. Direct visualization is also
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Table 111

125

Constants of Eqg. (1) for simplest transformation schemes with mirror symmetry

(k: rate constant; K:

aij  kXkjxX

aji - kxjkjXx

ajk  kxi;kiXIX -j- kZdkjaz
bj  kfX/X

bj  kjx/X “b kj2z

X = kX + kX -(- kXfr
Z = kzj "zk

aij  kxj(kix + Kjy)/XY
aji (X0 + KyiK )kjx/X Y
bik  kykKXkjX X Y

bi  (kix + kiy)(I + Kxy)IXY

bj  kjx(1+ Kxy)/XY

XY = kxi-\-kX-F (kyi -F kyfr)K)¥y

equilibrium constant)

kZkizZz + kxjkjx/X
iZZ 4- kxikjZX
Hakjz1Z

NiZIZ + KixIX + KjylY
hjz/z + KkjxIX

X = kX + kx
X = Kkyi -j- KyK
Z = kzi - kg -\- kzfc

00— 24D

k2K xzkix1 X Z
kxikjz/XzZ
NzkKxzkjZ X Z

M 1|+ Kx)/xz
bl 1+ kxz)/xz

XZ = kyj 4 (kz 4- kzf)Kxz

possible for schemes without surface reaction (Table 111: V-(-(2),

Table IV: Il and V).

H-f-(1),

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

Constants of Eq. (1) for transformation schemes with trigonal symmetry [1]

adsorption steps in equilibrium

aij kijjtk jjj kK ix
o - 0% Kbc

surface reactions in equilibrium

aij kjijKjjjikjjjIx kyjK-xykix/X

bi  kiiij(IVK ijj,) I XykUK(\fK ikiki)lY KixO- + &xy + Kxz)/X
X = k(jj + kjijKjjji X = kyj + kyjKxy + kzkK xz
X = Kikj + KKikK jkski

y / SA Scheme 11 9 Scheme V
e GrrD

aij kXkixX kxjkix/X

b{  kfx/X —kiy/Y kix/X
X = kxj + kxj X = kxi + kxj -f kxk
Y = kyj + kyk

adsorption leading to a surface intermediate necessary for transforming the
reactant into product and the sum of desorption rate constants of the given
surface intermediate. Consequently, a contains as many terms as many
intermediates are necessary for the reactant to give the product in question.

Constant b is a sum of the “partial equilibrium constants” of the reactant,
consequently, it contains as many terms as many surface intermediates may
form from it.
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These statements are, in fact, valid in the case of an equilibrated surface
reaction, too. The rate constants in the expressions are then modified by the
equilibrium constant of the surface reaction, as demonstrated by a com-
parison of the constants for Schemes | and Il as well as for Schemes V and 111,
-1 or 1V.

The generalizations permit to give expressions by analogy for constants
a and s in the so-called asymmetrical scheme (c/. Table I1).

If the surface reaction is rate-determining in Schemes | or 111 (cf. upper
part of Table 1V), the constants of Eq. (1) have the same meaning as those
of the classical Langmuir—Hinshelwood equation: a is the product of the ef-
fective adsorption equilibrium constant of the reactant and the rate constant
of the surface reaction following this adsorption step; b is the total ad-
sorption equilibrium constant of the reactant.

It is obvious from the above discussion that the physical meaning of
the constants in the rate equations for initial, consequently, irreversible trans-
formation is different depending on the structure and complexity of schemes
assumed for catalytic transformations of three components into each other.
Their common feature is that a consists of as many terms as many surface
intermediates must be produced for the transformation in question; each term
is a product of a quantity characteristic of the sorption constant of the reactant
in the given system and the rate constant of the rate-determining step following
this sorption process (regardless of whether this latter step is a surface reaction
leading to an adsorbed product or a desorption step resulting in the final
product); b consists of as many terms as many surface intermediates may be
formed from the reactant; each term is a quantity characteristic of the equi-
librium constant of adsorption leading to individual surface intermediates in
the given system. Considering three-component systems, this is how the
Langmuir-type rate equation can be generalized.

Another general feature of Eq. (1) is that

= Kjj (3)
an

for all schemes discussed here (cf. Tables I and Il) and not only for the schemes
presented in Ref. [1]; (i, ] are any two of the components, Kjj is the equi-

librium constant of the overall process). This resembles very

closely the traditional dynamic definition of the equilibrium constant accord-
ing to which K is equal to the ratio of the rate constants of the forward and
reverse elementary reactions. Since a similar conclusion has now been reached
for systems of considerable complexity, one can attribute a meaning of a
‘true rate constant’ to a.
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For the verification of Eq. (3) the following evidences are to be taken
into account. The equilibrium constant of an elementary step i —mx can be
given as:

Kix = kixlkxi (= 1/**).

It has also to be considered that the equilibrium can be established in
parallel ways, too, as for example betweenj and k in Scheme V-f-(2) or between
i and j in Scheme II-f-(I) (Table Ill); in the former case this means that

Kjx K-xk ~ Kjz K zk’
in the latter:
K, xKxj = KizKzj.

This is essentially due to the fact that for a closed cycle of reactions the
product of equilibrium constants for subsequent steps is equal to unity.

4. Kinetic evaluation
(@) Theoretical cases

The structures of kinetic equations obtained for different simplified
transformations reflect their basic features; essentially nothing more can be
seen from more complicated equations for more complex schemes, in other
words, it is impossible to conclude to the existence of more complex schemes
by kinetic methods. This becomes obvious on the basis of the comparison
of schemes discussed here, e. g. on comparing the expressions obtained for
Scheme | (surface reactions in equilibrium) with those for Scheme Il (where
no surface reactions are considered). Similarly, if an additional equilibrium
adsorption step is considered, then its surface concentration should be in-
cluded into the equation instead of the gas phase concentration (partial pres-
sure) and this would only result in a formal but not essential complication.

The expressions for the constants of rate equation (1) reflect the charac-
teristics of the basic schemes but the problem still has to be solved of how-
to decide on the basis of experimentally determined constants what the real
Kinetic case is [see next section (b)]; in other words, what characteristic
features of these constants may be suitable as criteria for one or another kinetic
case.

The most evident procedure would be to calculate 9 kinetic constants
for the elementary steps based on independent experimental values of 3x 2 a/;
and 3bj constants, and evaluate their reality to make a decision. For the ma-
jority of schemes, however, even more unknown 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 the desorption rate constants and cannot be calculated.
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The only criterion characteristic of the experimental constants of the kinetic

cases demonstrated (c/. Tables 111 and 1V) can be that either
bi
) - (4)
aij akj
or
bi , bk
©)
aij akj
Criterion (4) is always fulfilled for Schemes I11-(I) and ¥ and in the case
of equilibrated surface reaction for Schemes 11l and IV.
Criterion (5) is fulfilled for all the remaining cases, i.e. for Schemes I,
I, 11+ (1), 11l (with adsorption equilibrium) and Y +(2).

There is no criterion that would permit to decide from experimental
kinetic results with certainty whether the transformation scheme has a mirror
or trigonal symmetry.

The only thing that can he concluded on the basis of isothermal measure-
ments is whether or not the process involves one or more surface intermediates
being in equilibrium with each other.

(b) Experimental results

Initial transformation rates have been determined with all three n-
butene isomers as the starting materials, over H-, Mg- and Ni-clinoptilolite,
at various pressures and temperatures. (Catalysts will be described in a forth-
coming publication which will conclude the present series.)

Parameter range of the experiments has been determined considering
the following factors:

(1) The amount of catalyst was chosen so as to ensure a conversion
degree of 10% within about 10 min in a closed circulation apparatus with a
volume of 150 cm3; thus the initial section of the conversion isotherms (to be
regarded as linear) could be obtained from a proper number of chromato-
graphic product analysis.

(2) The temperature range was chosen so that the following linear
transformation (cf. e.g. Fig. 2b)

- m (6)

il 2B ‘el
could be used in the pressure range between 20 and 760 Torr where the appa-
ratus was operated for determining the values ai;-and bf of Eq. (1) on the basis
of pressure dependence of the reaction rate. In other words, the apparent
kinetic order of the transformation should fall between zero and unity (see for
example Fig. 2a). Thus, the kinetic measurements were carried out between
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P2 , »Orr

Fig. 2. Initital rate of isomerization of eis-2-butene on H-clinoptilolite at 100 °C at various
pressures; r~: initital rate of transformation into 1-butene; rf3: initital rate of transformation
into Irans-2-butene p.?: initital pressure of eis-2-butene

100 and 160 °C on H- and Mg-clinoptilolite and between 70 and 130° on
Ni-clinoptilolite.

Initial rates of transformations have been determined as a function of
the pressure for all three n-butene isomers at identical temperatures; this
allowed us to determine more exactly the constants of Eq. (s) taking Eqs (7)
and (s) into account:

bu. b ik _ul‘i (7)

m,j m k
m ji aij :KU (8)
m ij aii

The other two isomers were never found to form in a ratio corresponding to
thermodynamic equilibrium, regardless of the starting n-butene was; neither
was an equilibrium established between the starting hydrocarbon and one
of the products, thus Case IV-r of Ref. [1] could be excluded, i.e. a reaction
corresponding to Scheme IV of the Table 11l with surface reaction as the rate-
determining step.
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On the other hand, it has been found that criterion (4), which can be
written using the symbols of Eq. (s) as

by = Kj ©

is fulfilled for H-clinoptilolite at any temperature and for all three isomers,
whereas this is not the case with Mg- and Ni-clinoptilolite. Thus, the isomeriz-
ation of n-butenes involves a common surface intermediate on H-clinoptilolite
(or a mixture of such intermediates in equilibrium with each other), but such
a common species for all three butenes can be excluded for Mg- and Ni-clinopti-
lolite. There is no possibility to obtain a still deeper insight into this reaction
by applying kinetic methods without considering the effect of temperature.
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The s-electronic structure and spectra of the planar conformations of disubsti-
tuted benzene derivatives containing a carbonyl group have been calculated by the
Pariser-Parr-Pople method. The calculated total si-energy is not a reliable measure of
the relative stability of the conformers. The calculation predicts that form to be more
stable which has larger sa-charges nearer to each other. The sensitivity of the calculated
A -electron properties (charge density, dipole moment, spectral data) to conformational
changes is demonstrated. The difference in the calculated properties of the two confor-
mers is the largest for o-derivatives where the use of the experimentally most probable
molecular structure is desirable. With m- and p-derivatives the difference is of the
same magnitude as the error of computation.

It is well known that reliable results on conformational problems may be
expected only from ab initio and some all-valence-electron calculations. The
theoretical investigation of the sa-electronic structure of molecules having
more conformers raised the question of which molecular geometry would be
the most appropriate for the calculation, i.e. which conformer would give the
energies of the qa-electronic transitions in best accordance with the experi-
mental values. This kind of study may give information about the sensitivity
of the fa-electron approximation to conformational changes.

Aromatic carbonyl derivatives seem to be suitable model compounds.
The investigation of different molecular properties has shown that o- and m-
substituted benzaldehydes and benzoic acids exist in two planar (O-cis and
O-trans) forms. Detailed experimental references will be given in the Discus-
sion. Only a limited number of papers dealing with fa-electron calculations
has discussed the effect of conformation. Minkin et al. [1] calculated the total
sa-energy and the a-dipole moment of the two conformers of m-methoxy and
m-nitrobenzaldehyde. Recently, Krabuhn et al. [2] calculated the dipole
moment of the conformers of benzene m- and p-dialdehyde. The da-charge
distribution and the spectral data for the conformers of aromatic carbonyl
compounds have not yet been reported.

The present paper deals with the calculation of the sa-electron properties
of conformers of some aromatic aldehydes and carboxylic acids by the Pari-
ser—Parr-Pople (PPP) method [3] for obtaining information on the role
of conformations in the calculation. In order to obtain comparable results,
the a-electronic structure and spectra of the conformers of all disubstituted
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benzenes containing asymmetric substituents have been calculated with a
single parameter system [4, 5] giving best results for the monosubstituted
derivatives. The following substituents have been considered: F, CI, OH,
NH2 CHO, COOH, N02 Only the planar conformations shown in Fig. 1 were
studied. The computational method and the starting parameters were the same

as in our previous work. [4, 5].
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Compound

o-fluoro-
benzaldehyde

m-fluoro-
benzaldehyde

o-hydroxy-
benzaldehyde

m-hydroxy-
benzaldehyde

o-hydroxy-
benzoic acid

m-hydroxy-
benzoic acid

benzene-o-
dialdehyde

benzene-m-
dialdehyde

benzene-p-
dialdehyde

KISS, SZOKE: ROLE OF MOLECULAR CONFORMATION

4.099
5.139
6.005
6.072

4.245
5.223
5.764
6.205

4.281
4577
5.841
5.869

4.307
5.139
5.342
5.807

4.236
4.734
6.095
6.220

0.123
0.337
0.409
0.706

0.063
0.477
0.535
0.412

0.173
0.188
0.436
0.703

0.095
0.348
0.724
0.216

1A

0.163
0.110
1.158
0.143

0.075
0.259
0.755
0.296

Table |

Calculated spectral data

325.3
189.6
244.8

17.8

66.7
155
140.9
17.4

146.9

2326
25.0

59.4

1514
33

326.7
348.8
211.8
283.7

57.5

158.7
345.0

30.0
300.0
210.0
300.0

150.0
60.0
330.0
60.0

270.0

90.0
90.0

E /
1B

4300 0.107
5.055  0.459
6.001  0.515
6.289 0.474
4.277  0.076
5.104 0.429
6.029 0.673
6.266  0.442
4.092 0.102
5.007 0.334
5.823 0.678
6.096 0.284
4.056  0.105
5.054  0.287
5.794  0.945
6.121  0.225

11B
4.267 0.133
5173 0.284
5.892  0.599
6.233 0.321
4.232 0.095
5251 0.199
5935 1.251
6.211  0.001

11B
4.253  0.060
4726  0.324
5.650 1.156
5.945  0.268
4319 0.017
5.095  0.257
5.345 1.149
5.787  0.366
4.230 0.060
4.741 0.920
6.090  0.000
6.225  0.478

124.2
344.5

49.7
347.6

44.6
351.1
308.6
181.0

130.0
339.7

38.5
351.9

41.8
355.2
319.5
177.6

132.1
333.2

3471
38.3

3208
28.1

236.5
142.6
221.4
302.0

161.1
248.9
156.3

40.0

297.0
14.2
70.5

277.1

4.222
4.756
5.554
5.958

4.324
5.068
5.379
5.718

1ic

0.080
0.523
0.883
0.257

0.002
0.116
1.496
0.305

135

210.0
300.0

30.0
300.0

150.0
240.0
150.0

60.0

Identical with T11A
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Results

The calculated spectral data as defined in [4], for the two conformers
of o- and m-fluoro- and hydroxybenzaldehyde and hydroxybenzoic acid as well
as for the three conformations of the three benzene dialdehyde isomers are
given in Table I. The total sa-energy and s-dipole moment for the same con-
formers are collected in Table Il. The calculated s-electronic properties of the
conformers show differences which are larger with the ortho-isomers than with
the meta-derivatives.

Table 11

Total n-energies and n-dipole moments

Compound Eji(eV) bl 0) En('V) MB) Eox(erl) bl O)
1A IB
o-fluoro- -334.820 2.29 -331.929 3.45
benzaldehyde
m-fluoro- -328.164 3.02 -327.401 3.89
benzaldehyde
0-hydroxy- -327.426 1.96 -324.536 3.92
benzaldehyde
m-hydroxy- -320.849 3.24 -320.094 454
benzaldehyde
1A 1B
0-hydroxy- -440.964 2.14 -443.837 4.95
benzoic acid
m-hydroxy- -431.056 3.26 -431.651 5.40
benzoic acid
A 1B 1c
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 Il1A
dialdehyde

W ith the benzaldehyde derivatives containing a sa-electron donor (fluoro,
chloro, hydroxy or amino) and an acceptor (nitro or formyl) group, the O-cis
form (1A, for the structural formulas, see Fig. 1) has a lower total sa-energy,
i.e. according to the calculation, this form is predicted to he the more stable.
W ith the corresponding benzoic acids, the O-trans form (Il B) has a smaller
total energy. Of the benzene dialdehydes, the lowest total energy is obtained
for the O-cis, O-cis form (I11A), of the formylbenzoic acids for the aldehyde
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Table 111

Charge densities

1A IB
Compund

B P 9s B 9 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

1A 1B

B 9o 99 % B an 99 95
o-hydroxy
benzoic acid 15260 1.8393 1.8142 1.0391 1.5052 1.8669 1.8232 1.0293
m-hydroxy-
benzoic acid 15019 1.8682 1.8128 0.9964 1.4992 1.8721 1.8144 0.9902

1A 1B Ic

B % B 90 b % %
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 13871 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 of the dicarboxylic acids for the O-lrans,
O-trans form (VC).

The ground state charge densities of the conformers show considerable
differences. Some examples are shown in Table 111, complete data can be found
in a separate Appendix [e].

The O-cis form of the donor substituted benzaldehydes and benzoic
acids show a larger net a-charge separation: the charge density on the carbonyl
oxygen atom is larger, on the donor atoms (as well as on the carboxy OH
group) smaller than in the O-trans form. Accordingly, the differences in the
charge densities of the ring carbon atoms are also larger in the O-cis form.
With the acceptor substituted aldehydes the charge density on the carbonyl
oxygen atom and on the nitro oxygen atom nearer to the carbonyl group is
smaller 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 of the ring car-
bon atoms are larger in the O-trans form. The O-cis form of nitrobenzoic acids
shows larger charge densities on the carboxy oxygen atom and smaller ones
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on the nitro oxygen atoms than does the O-trans form. With the dicarboxylic
acids the conformer ¥ B has the largest charge density on the carbonyl oxygen
and smallest on the hydroxy oxygen atoms.

It can be concluded that the a-charge separation is determined by the
relative position of the substituents: when groups of opposite directing char-
acter (net a-charges of opposite sign) are nearer to each other, the charge
separation is larger within the molecule, for groups with identical directing
character (net a-charges of the same sign), on the other hand, the separation
is smaller.

The different conformers have considerably different a-dipole moment
as can he seen from Table Il. With derivatives containing substituents of
different orienting character, the dipole moment of the O-cis conformer is
smaller, with molecules having substituents of identical orienting character,
it is, however, larger. In the former group of compounds the a-dipole moment
of the O-cis form is smaller because the cr-dipole moment of opposite direction,
belonging to the bond of the donor atom, is not considered in the present a
electron approximation.

The spectral data of the different conformers also show considerable
differences (Table 1), especially with the o-isomers. The differences of the spec-
tral data for the conformers of the m-derivatives are smaller, they are in gen-
eral of the same magnitude as the difference between the calculated and
experimental values. Since the agreement, between the calculated and experi-
mental spectral data depend strongly on the parameterization of the calcu-
lation, it follows that this agreement cannot give reliable information regarding
the really existing conformer.

The calculated total energy and dipole moment of m-nitro-benzaldehyde
is in good accordance with the results given by Minkin et al. [11. The cal-
culated a-dipole moment of benzene m- and p -dialdehyde is in close agreement
with the PPP results by Krabuhn et al. [2] parameterized to experimental
dipole moments.

Discussion

According to dipole moment [7—10], near infrared [10] and NMR
[11 13] spectroscopic investigations the O-trans form of o- and m-substituted
benzaldehydes is the preferred conformation except for the o-hydroxy and o-
aminobenzaldehyde, the O-cis form of which is stabilized by intramolecular
hydrogen bonding (e.g. [12]). Near IR [14] and far IR [15] spectroscopic
studies of m-halogenobenzaldehydes favoured the O-cis form which may prob-
ably be a mis-assignment. With 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 derivative, and the proportion of the O-cis form increases
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in the series F to |I. The o-hydroxy and o-aminobenzoic acid are stabilized in
the O-cis form by intramolecular hydrogen bonding (e.g. [17]).

Calculation of the total a-energy predicts the O-trans form of carboxylic
acids as more stable in accordance with the experimental findings, with the
aldehydes, on the other hand, the O-cis form is given by the calculation as
more stable.

The results of the calculations are not satisfactory in each case.

The difference in computational results obtained by changing the con-
formation is a consequence of the different relative positions of the a-centres
(i.e. of the atomic virtual a-charges) in the different conformers, which give
rise to different two-center repulsion integrals. These quantities determine
the differences in the F matrix of the conformers and, as a consequence, the
differences in the calculated molecular properties.

In order to clarify this point, the effect of the two-center repulsion
integrals (yMJj on the calculation was investigated. Using Ohno’s approxi-
mation [18] instead of the Mataga— Nishimoto approach [19], the same trend
of results was obtained though the former produces smaller total energies
(greater stability) and larger charge separations, owing to the larger values
of y . The Onno approximation gives rise to larger separations in the total
energy of the conformers. It seems that considerable changes in the y/ivvalues
do not alter the stability of conformers.

The decisive role of the relative position of the atomic virtual a-charges
will be obvious from a comparison of the o-methyl and o-formylbenzaldehyde
conformers. In order to demonstrate the effect of differently placed sa-charges,
the o-methylbenzaldehyde conformers were calculated both with one and two
a-center methyl models [20] both in the Mataga Nishimoto [19] and
Onhno [18] approximations. The one-center (conjugation) methyl model
produces differences in the properties of the conformers in the same sense as
do the other one-center substituents (contributing two electrons). The two-
center (hyperconjugation) methyl model gives somewhat larger total energies
hut still that of the O-cis form remains smaller. In contrast to one-center model,
the relative magnitude of the charge densities of the conformers are changed
and become similar to that corresponding dialdehydes. For example, the charge
density on the carbonyl oxygen atom is larger in the O-cis form with the one-
center model (O-cis 1.4254, O-trans 1.4081) but becomes smaller with the two- cen-
ter model (O-cis 1.3871, O-trans 1.3887) just as with the dialdehydes. The O-trans
form has a smaller total energy only if two atoms contributing two electrons
are close to each other. This means that the larger the neighbouring a-charges
the more stable a conformation is shown to be by its calculated total a-energy.

It can be established that the sa-electron approximation does not give
the correct relative stability of the conformers; it is obvious, however, that the
result of the calculation is strongly dependent on the choice of the confor-
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mation. For the lowest energy transition, the energy difference of two conformers
of o-disubstituted benzenes is 2.5—4%, which suggests to perform the cal-
culation with the experimentally most probable structure. With m- and p-
derivatives the difference between the spectral results for the different con-
formations is of the same magnitude as the error of computation. The detailed
results for the different conformations is of the same magnitude as the error
of computation. The detailed results of the calculations are collected in Ref. [s].

[1]
[2]
[3]

(4]

[5]
[6]
[7]
(8]
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The electron diffraction data of triethyl silane are consistent with a C3symmetry
model with rotational angle(s) between 105 and 145° around the Si-C bond (the anti
position of the H—Si—€—€ chain would correspond to 0°). The molecules are probably
performing large amplitude twisting motion around the Si-C bonds. The Si-C bond
length (rg) and the Si-C-C bond angle were determined to be 1.887 + 0.004 A and
115.1 d; 1.1°, respectively.

Introduction

As part of our electron diffraction investigations of the vapour phase
molecular structure of silicon compounds, e.g. (CH3)3SiOSi(CHz3)s [1], (CH3)3
SIOCHs3 [2], CHsSi(OCHs)3 [3], (CH3)3SiC(CO)Si(CHs)3 [4], the present study
of triethyl silane, HSi(C2H53, was initiated aiming at extending structural
information for this compound.

Experimental

The sample of triethyl silane used in this study was a product of PCR
(Peninsular ChemResearch).

The electron diffraction patterns were recorded on a modified EG-100A
apparatus [5, 6] at room temperature. The ranges of intensity 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 of data reduction
including the determination and subsequent modifications of the experimental
background was similar to that described elsewhere [7]. A composite molecular
intensity distribution was used for further analysis (with As = 0.25 A-1)
shown in Fig. 1.

Structure analysis

The experimental radial distribution shown in Fig. 2 directly provides us
with a considerable amount of structural information. The first three maxima
at 1.10, 1.55, and 1.89 A can be assigned to the C-H, C-C, and Si—€ bonds
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s 10 15 20 25 30
s.A"l

Fig. 1. Experimental (E) and theoretical (T) molecular intensities and the difference curve

r,4

Fig. 2. Experimental (E) and theoretical (T) radial distributions. The theoretical curve was
calculated for a model with (p = 120°. The position of the C3...C4 distance that would
correspond to (p = 145° is also indicated. The numbering of atoms is presented in Fig. 4

in that order. The contribution of the Si—H bond is too small to be noticeable
compared with that of C—€ together with which it is expected to appear. In
fact, the length and mean vibrational amplitude of the Si—H bond were
assumed to be 1.48 A and 0.08 A and not varied in this analysis.

The position of the largest maximum in the region where the nonbond
distances appear (at about 2.9 A) may be a good indication of the Si...C
nonbond distance. Thus it was possible to estimate the bond angle Si-C-C
to be as large as 116° from the values of r(Si-C), r(C-C), and r(Si...C). The
outer part of the radial distribution is determined mainly by the rotation-
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0
Fig. 3. The variations of the rotation-dependent C...C distances vs. the rotational angle around
the Si—€ bond. They were calculated from parameters similar to those presented in Table I.
The numbering of atoms is presented in Fig. 4.

(around the Si-C bond)-dependent C ... C distances and also by Si... H
and C...H distances.

The most important assumption for the molecular model applied was
that all three angles of rotation around the Si—€ bonds (q) were equal (Cs
symmetry). In addition, all C-H bonds were assumed to be of equal length,
the C-H bonds of the methyl group staggered the bonds of the adjacent
carbon atom, the threefold axis of the methyl group coincided with the C—<€
bond, the plane of the methylene group was perpendicular to the SiCC plane
and bisected the Si—€—€ angle. The following bond lengths and angles were
chosen to describe the geometry: r(Si—), r(C-C), r(C-H), r(Si-H), <C-Si-C,
<CSi—€—€, <C(H2)-C-H and <Si-C(H2)—H. The theoretical distributions have
been seen to be so little sensitive to changes in the last two angles that they
could not really be considered determined in this study.

The refinement* of the main geometric parameters and mean vibrational
amplitudes of distances with relatively large contribution to the scattering
has been performed employing fixed values for the angle of rotation around
the Si-C bonds. The angle of rotation () was put equal to zero when the
threefold axis of the HSiCs fragment and the C— bond were in the same plane
and in anti position. The main geometric parameters, except perhaps <C-Si-C,
were shown to be little sensitive to the angle of rotation used. This observation
was later reinforced by refinement schemes in which the rotation-dependent
C...C distances were allowed to vary without geometric constraint.

The variations of the rotation-dependent C...C distances are shown
in Fig. 3. These curves were calculated from geometric parameters similar
to those shown in Table I. The numbering of the atoms of the silicon-carbon

* The least squares refinement based on the molecular intensities was applied in a similar
manner as described elsewhere [7]. For references of the scattering functions used see also [7].
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Table 1

Main molecular parameters* of triethyl silane

Parameters (I) (“-) -
Model with ¢ — 120° Models with =
= 105—145°
ra(Si-C) 1.886+0.004 A 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 1548+ 0.004 A
I(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-Si-C 108.7+1.9° 1105+ 4.0°
<Si-C-C 1144+ 0.2° 115.1+ 1.1°
/(Si...C) 0.085+ 0.005 A
Z(C3..,C4) 0.21 +0.03 A
I(C2...C5) 0.101+ 0.010 A
Z(C3...C5) 0.31 +0.03 A

* For error estimates see comment in text.

skeleton is shown in Fig. 4. The results of the least squares refinements were
judged in conjunction with an inspection of the experimental and theoretical
radial distributions. Our efforts were aimed at finding at least the prevailing
conformer under the assumption of C3 symmetry, in addition to the deter-
mination of the main geometric parameters. As values of ¢ between 0 and
180° were tested with A< steps of 5 to 30°, the changes of the generalized
Jl-factor* showed the following features: A local minimum was found at about
@ = 30°, and a deeper and shallow minimum in the interval of about (p = 105
to 145°. The model with = 30° can be ruled out to be prevailing on the basis
of the radial distributions. On the other hand, as the positions of the maxima
at about 3.55, 3.85, 4.50, and 4.9 A can be assigned to the rotation-dependent
C...C distances, the models with rotational angles in the interval of ¢ = 105
to 145° seem to be probable indeed. The appearance of the double maximum
at 3.55 and 3.85 A may be an indication of the presence of two forms or one
with an equilibrium angle in between and performing large amplitude twisting
motion**. It is also possible that of the two features at 3.55 and 3.85 A, only
one corresponds to the C3...C4 distances and the other to Si...H and C. . .H
interactions. The main geometric parameters and some important mean

*R = {AJF(s)[sME(s) - sMr(s)]2ZA"s)[sM f'(s)]B31'2 W(s) are the weights of the
observations. ;

** While C3...C4 varies between 3.55 and 3.85 A, the other two distances (C4. ..C7
and C5...C7) change very little.
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C5

Fig. 4. The numbering of atoms of the silicon-carbon skeleton of triethyl silane

amplitudes of vibration are collected in Table I. Column (l) as determined for
o = 120°, and Column (I1l): as the average determined from the refinements
with @ = 105°, @ = 120°, 9p — 145°, and also with 92 = 120° and independently
refining the rotation-dependent C...C distances. The errors indicated were
estimated as usual [7], thus they include an 0.2 and 2 per cent experimental
error for distances and amplitudes, respectively. Besides, the errors given
in Column (I1) are increased to cover the variations of the parameters obtained
in the entire interval of « = 105 to 145°. There is undeniably some arbitrari-
ness in presenting these results and errors but it seems to us that these values
provide a fair representation of what we learned about the structure of tri-
ethyl silane.

Discussion

The electron diffraction study of the triethyl silane vapour can provide
a limited amount of structural information only. The most difficult and un-
solved problem is posed by the presence of the three rotational axes. A com-
plete determination is hindered also by strong correlations between the param-
eters that characterize bond configurations and the internal motion including
rotation or twist

The length of the Si-C, C-C, and C-H bonds and the Si-C-C bond angle
seem to be reliably determined and show no unusual features. The average
length of the Si-C bond, rg(Si-C) = 1.887 A determined in this study is similar
to those in tetramethyl silane and hexamethyl disilane, the mean for the two
molecules being 1.878+ 0.002 A [s].

Discussing the conformational properties of triethyl silane, we would
like to stress that neither mixtures of conformers, nor forms with unequal
rotational angles have been considered in this structure analysis. On the other
hand, the experimental data could be satisfactorily approximated with a Cs
symmetry model having angles of rotation around the Si—€ bond @ = 120°,
or rather, with C3 models having rotational angles somewhere between 105
and 145° and, perhaps, performing large amplitude twisting motion.
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From a chemical structural point of view the C3 model with a rotational
angle in the vicinity of 120° seems to be reasonable indeed since it represents
an all-staggered conformation. It is also noteworthy that, as expected, the
C2...C5 anti interaction has a much smaller mean vibrational amplitude
than the C3... C4 gauche interaction.

We find it of interest to compare the conformational properties of tri-
ethyl silane and methyl trimethoxy silane considering the Si-C and Si—©O
bonds as rotation axes. As the lone pairs on the oxygen atom are also taken
into account, similar rotation forms may be expected. The two molecules were
indeed shown to have similar conformational properties under similar con-
ditions of analysis.

Appendix

Reduced experimental molecular intensities

s SME(s) s SM-®(s)
2.00 -57.4 8.00 18.8
.25 -101.6 .25 -15.6
.50 -65.1 .50 21.6
.75 -79.8 75 38.8
3.00 -242 .4 9.00 -1.9
.25 -395.2 .25 -137.0
.50 -454.4 .50 -236.9
.75 -324.9 .75 -285.6
4.00 -76.6 10.00 -245.8
.25 177.8 .25 -154.8
.50 300.9 .50 -60.1
.75 269.2 .75 27.6
5.00 92.8 11.00 92.6
.25 -117.9 .25 122.8
.50 -267.7 .50 74.6
.75 -315.7 75 -14.8
6.00 -255.0 12.00 -147.7
.25 -116.3 .25 -217.0
.50 94.9 .50 -158.3
75 281.8 .75 1.7
7.00 4315 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 2147
.50 27.0 .50 203.8
.75 -147.4 75 182.6
15.00 -315.7 25.00 113.7
.25 -392.6 .25 38.1
.50 -398.4 .50 -25.1
.75 -396.5 .75 -108.0
16.00 -332.3 26.00 -122.3
.25 -258.3 .25 -96.0
.50 -136.7 .50 -64.9
.75 32.0 75 —61.1
17.00 201.4 27.00 -19.8
.25 340.0 .25 -9.5
.50 432.8 .50 —1.3
.75 397.2 75 -19.7
18.00 336.7 28.00 -18.4
.25 183.4 .25 -14.3
.50 -12.5 .50 —43.4
.75 -166.7 .75 35.9
19.00 -293.3 29.00 -19.9
.25 -335.3 .25 -15.9
.50 -290.2 .50 452
.75 -137.3 75 55.5
20.00 -19.1 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 -47.3
.75 -27.5 75 -94.4
22.00 -117.0 32.00 -105.2
.25 -154.8 .25 -148.5
.50 -176.7 .50 -134.2
.75 -212.0 75 —76.8
23.00 -156.3 33.00 -28.4
.25 -102.3
.50 -22.1
.75 73.1
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An electron diffraction study of trimethylmethoxysilane yielded, among others,
the following geometrical parameters: rQ(Si-0) = 1.639 i 0.004 A, ra(Si-C) = 1.864 »
+ 0.004 A, ra(C-0) = 1423+ 0.005 A, r,(C-H) = 1114 + 0.003 A, <Si-0-C =
= 12251 0.6° and < O-Si—€ = 108.6 f 0.2°. The experimental data are interpreted
in terms of a staggered conformation (Cssymmetry) and large amplitude twisting motion
about the Si-0 bond. A large 0.1 A) shrinkage of the anti C. .. C distance is observed
as compared with a strictly staggered geometry.

Introduction

Recently we have performed a structural study of the series of com-
pounds (CH34_nSi(OCH3J),, n = 1, 2, 3, 4, by gas electron diffraction. Our
primary interest is in the variation of the oxygen bond angle and the Si—©
bond length in this series and also in the conformational properties of the in-
dividual compounds. So far the investigation of tetramethoxysilane [1] and
methyltrimethoxysilane [2] has been completed. The present report deals
with the results on trimethylmethoxysilane. The electron diffraction study
of dimethyldimethoxysilane is in progress.

Experimental

The sample of trimethylmethoxysilane (b.p. 56.7 °C/760 Torr) was pre-
pared by known methods [3] and purified by fractional distillation. A hexa-
methyldisiloxane impurity of somewhat less than 1% could not he eliminated,
as was shown by gas chromatography.

The electron diffraction experiment and data treatment were carried
out in the Leiden laboratory [4]. The following data ranges were used (As =
= 025 A"D: 350 < s< 1450 A"l 500 < $S'28.75 A"] and 1575 <
< S< 33.00 A"l

The further analysis starting with the determination of the experi-
mental background was performed in Budapest [4]. The composite electron
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sM(s) (CHjJjSiOCH;j

5 10 15 20 25 30
s, A"

Fig. 1. Experimental (E, dots) and theoretical (T, full line) molecular intensities and difference
curve (A sM(i)). T and A refer to the model in Table 1

diffraction molecular intensity distribution is shown in Fig. 1, corresponding
to the expression sM E(s) = s[/(s) — B(s)]IB(s), where I(s) and B(s) are the
total experimental intensities and the experimental backgrounds*.

Structure analysis

Direct information from the experimental radial distributions (Fig. 2)
could be extracted for the bonds only. The values of 1.11, 1.42, 1.63, and 1.87 A
were estimated for r(C-H), r(C-0O), r(Si-O), and r(Si-C), respectively,** and
used in the trial structures.

The bond angles <7Si-0-C and <<0-Si-C have been varied in a wide
range (especially the former, between 110 and 150°) and the calculated theo-
retical distributions were compared with the experimental ones to estimate
good starting values for subsequent refinements. They turned out to be
around 122—124° and 108°, respectively.

The first trial calculations and the least-squares refinements based on
the molecular intensities*** were applied at the beginning to a model with Cs
symmetry. The C7-SU-02-C3 plane (see Fig. 3) coincided with the plane of

*The numerical data are given in the Ph. D. Dissertation of (Miss) Zs. Wagner, L.
Edtvés University, Budapest, 1974.

** |In fact, these estimates were obtained from an experimental radial distribution
calculated without artificial damping, thus providing better resolution for the bond distances
than 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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Fig. 2. Experimental (dotted line) and theoretical (full line) radial distributions, damping con-
stant a — 0.0018 A2 The rods below represent contributions from pairs of atoms

Fig. 3. Model of trimethylmethoxysilane with the numbering of atoms

symmetry in this case and, accordingly, the O-C bond staggered the Si-C
bonds. This model is characterized by a zero twist angle (¢ = 0°) about the
Si-0 bond. The Si-0 bond coincided with a Csv axis of the (CH3)3SiO frag-
ment (zero tilt). In some subsequent calculations these constraints were re-
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moved. There were some other assumptions that remained in effect throughout
this analysis. Thus all C-H bonds had the same length, the methyl groups
had a staggered conformation with respect to the other bonds through one
rotational axis, and the H...H distances were ignored except those within
the same methyl group. All Si-C bonds and C-Si-C angles were the same
even when tilt was introduced. In addition to the bond distances, the bond
angles <Si-0-C, -<0-Si-C, <0-C-H, and <Si-C-H were chosen to describe
the geometry.

The molecular parameters determined by fixing the twist angle at zero
were not appreciably different from those listed in Table I. The agreement
with the experimental data achieved by means of this model is characterized
by the generalized R factor (0.078, for definition of R see Table I) and the radial
distributions (p = 0°,upper curve, Fig. 2).

Table |

Results of refinement 'with shrinkages' for trimethylmethoxysilane

(A

BN @
Independent distances
Si-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-.-canti 4.12a+0.03 0.12+0.03
c ... Cgauche 3.40a+£0.02 0.13+0.01
Independent angles
Si-O0-C 122.5+0.6
0-Si-C 108.6+0.2
O-C-H 108.5 (fixed)
Si-C-H 110.5 (fixed)
Dependent distances
Si...C 2.69 0.079+0.008
C7..C11 3.06 0.102+0.007
g B 2.48 0.125+0.006
0...C 2.85 0.087+ 0.005
Rc 0.065

alf calculated from the geometry: 4.22 and 3.38 A, resp.

b Only some of them are listed here.

CR = (27[sM £(s) — SM”(5)]72.'[SAIL(S)]Z1/2, sm T(s) is the theoretical molecular inten-
sity for the model.
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In the next stage of the structure analysis twist angles different from
zero have also been tested between 0 and 60° with Acp = 15° and later with
A<p — 2.5 to 5° for the interval between 0 and 15°. The radial distributions
for some of the models with nonzero twist angles are shown in Fig. 2. The geo-
metrical parameters showed little sensitivity to changes in the assumed values
of the twist angle. Figure 4 demonstrates the variation of the R factor as a
function of the twist angle applied. There is the same good agreement between
the experimental and theoretical data for twist angles between o and 1o0°.
This indicates a staggered conformation (Cs symmetry) indeed, with large
amplitude twisting motion about the Si-0 bond.

A closer examination of the radial distributions obtained experimentally
and calculated for the staggered model, reveals, however, one interesting dis-
crepancy. Namely, the anti C...C distance (a) appears at a somewhat larger
value than would be expected by the features of the experimental distribution.
Usually it is dangerous, of course, to assign such ill-defined maxima on the
experimental radial distribution. However, this assignment is supported by
the changes of the radial distributions calculated for different angles of ro-
tation. Indeed, while the position of the anti C...C distance is shifted towards
smaller values, the gauche C...0 distances (g) split into two. By the time $
becomes 30°, the anti distance gets into its proper place but the disagreement
observed for the gauche distances makes such a model obviously unacceptable.

Several approaches were considered of how to bring the anti distances
to its ‘right’ place without disturbing the good position of the gauche inter-
actions. The comparison of the radial distributions revealed that introducing
a twist around the Si-0 bond would not help.

A tilt of the threefold axis of the C3Si fragment from the Si-0 bond
was introduced in some models while retaining the Cs symmetry of the mole-
cular geometry. As is demonstrated by Fig. 5, however, the decrease of
r(C3...C7) is accompanied by an increase of the gauche C...C distance by
about the same amount.

The failure of these approaches to eliminate the discrepancy between
the calculated and the experimental radial distributions does not mean that
there is no twist or tilt in the actual structures, but merely that neither of
these effects can be singled out to be the major source of the described phe-
nomenon.

We feel that in any case it is the intramolecular vibrations, probably
perpendicular vibrations, that provide the most reasonable explanation for
the shortening of the anti C...C distance. While the average value for the
anti r(C...C) decreases, due to these vibrations, as compared with the anti
distance in the rigid molecule, it is more difficult to estimate the changes
in the gauche C. ..C distance. We have found that the most proper approach,
at least to eliminate the effect of the changes of the anti and gauche C...C
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Fig. 4. R factor for models with different fixed twist angles p

Fig. 5. Variation of the anti and gauche C. ..C distances with the tilt angle of the C3Si group

distances on the other parameters refined, is to let these distances vary in-
dependently. This refinement scheme yielded an ever better agreement (R =
= 0.065) and eliminated the above discussed discrepancy as is demonstrated
by the ‘with shrinkages’ curves, @ = 0° in Fig. 2. The geometrical parameters
determined in this way, however, proved to be the same as for the constrained
model*. The results of the least-squares refinement for trimethylmethoxy-
silane are compiled in Table I.

Discussion

According to the electron diffraction data, the trimethylmethoxysilane
molecule takes a staggered conformation with Cssymmetry with large ampli-
tude twisting motion around the Si—O bond. A large (~0.1 A) shrinkage of
the anti C...C distance is observed as compared with a strictly staggered
equilibrium geometry. Large amplitude intramolecular motion has been
found to be characteristic of other methoxysilanes [1, 2] and hexamethyl-
disiloxane [4] as well.

* However, this is not always necessarily so, as has been demonstrated for hexamethyl-
disiloxane [4].
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All the geometrical and vibrational parameters determined seem to be
reasonable with 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 significantly from those observed in CH3OCHs
(1.416 + 0.003 A [7]) and in Si(OCH=a) (1.416+ 0.002 A [1]). It is thus largely
unaffected by the nature of the adjacent substituent, and keeps its value,
which happens to be the same as the Schomaker—Stevenson estimate [8],
viz. 1.42 A [9].

More variation is displayed by the Si-0 bonds in siloxanes and hexa-
methyldisiloxane. Some data are collected in Table Il. First, all of them are
shorter than the Schomaker Stevenson estimate [8], viz. 1.76 A [9]. This
has been repeatedly interpreted as a consequence of dn —pn interactions.
The more subtle variations of the bond length in the compound series in Table 11

Table 11

Compound r,(Si-0)(A) <Si-0-C (deg) <Si-0-Si (deg) Ref.
H3SiOCH3 1.640+0.003 120.6+ 1.0 [10]
(CH33SIiOCH3 1.639+0.004 122.5+0.6 this work
F3SiOCH3 1.58 1314+ 3.2 i
H3SiOC6H5 1.648+0.007 121+ 1 [12]
CH3Si(OCH3)3 1.632+0.004 123.6+0.5 [21
Si(OCH?3)4 1.612+0.003 120+ 2 [1]
H3SiOSiH3 1.634+0.002 144.1+ 0.9 [13]
(CHJ3)3Si0Si(CH33 1.631+0.003 148+ 3 [4]
CISSiOSiCI3 1.592+0.010 146+ 4 [11]
F3SIOSIF3 1.580+0.025 155+ 2 [14]

also deserve attention. The Si-0 bonds are of about the same length in
H3SiOCH3, (CH3)3SiOCH3, CsHsOSiH3, HsSiOSiH3, (CH3)3SiOSi(CH3)s if
the experimental error is taken into consideration. Hopefully, more powerful
studies will some day provide data accurate enough to make the interpretation
of the differences among them possible. Comparison of the data on H3SiOCH3s
and (CH3)3SiOCHs on the one hand and those on HsSiOSiH3s and
(CH3)3SiOSi(CH3)3, on the other, reveals a slight shortening of the Si—O bond,
which may be attributed to the introduction of a second silicon as a ligand
of the oxygen atom*. A considerably shorter (1.613 A) Si-0 bond was found in
tetramethoxysilane [1]. Probably an increasing number of electronegative
ligands attached to the silicon atom shortens the Si—© distance.

*The molecules F3SiOCH3 and F3SiOSiF3 provide no information since the parameter
r(Si-O) determined in the latter [14] has a very large uncertainty, while this very value was

used as an assumed parameter in the analysis of the former [11] where the Si-0 and Si-F
distances are too close to each other to be determined separately.
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Before commenting upon the bond angles, it should be stressed again
that electron diffraction analysis provides some effective values that may be
different from the equilibrium angles outside the experimental error especially
if the molecules perform large amplitude motion. This warning aside, some
interesting patterns seem to emerge from the data on the Si-O-C and Si-O-Si
bond angles. It has been observed before that the shortening of the Si O
bond in the case of more electronegative ligands is accompanied by a con-
siderable increase in the bond angles at the oxygen atom (see e.g. [9]). It is
also remarkable that, though the introduction of the second silicon as a ligand
of oxygen decreases r(Si—©) very slightly, the opening in the bond angle is
substantial. We wish also to note that this additional opening is nearly the
same for the three pairs of molecules studied so far:

Z1«Si-0-X)
H3SIOCH3, H3SiOSiH3 23.5°
(CH3)3SiOCH3, (CH3)3SiOSi(CH3)3 25.5°
F3SiOCH3, F3SiOSiFs 24.6°
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An electron diffraction study of bis(trimethylsilyl)ketene yielded a limited amount
of structural information, including the molecular parameters ra(Si-C)av = 1.886 *
i 0.004 A, /(Si Clav_= 0.056 ;) 0.003 A and <Si—€-Si = 129° (with error estimates
of -(-2° and —4°) for a model with C2/symmetry. Bond angles at double-bonded carbon
atoms and at N, O, etc. atoms bonded to C, Si or Ge are discussed.

The molecular geometry and dynamics, the electronic structure, energet-
ics and the chemical behaviour of ketene and its organic derivatives have
aroused much interest among theoretical chemists. Ketene itself has a relatively
small dipole moment (1.414+ 0.010 D [1], see also [2]), with the negative pole
pointing towards the methylene carbon atom. Organometallic substituents
like a silyl or germyl group, change the electronic structure of the + C=C= 0
group substantially, as force constant calculations [2] and chemical properties
of the derivatives (see e.g. [3]) show. It is highly challenging to test the in-
fluence of organometallic substituents on the geometrical parameters. This
was the purpose of the present electron diffraction investigation of bis(tri-
methylsilyl)ketene, [(CH3)sSi]2C= C= 0, following a similar study of the
corresponding germanium compound [4]. The main emphasis was on the de-
termination of the bond angle at the + C= atom. The Ge-C-Ge angle could
be unambiguously determined as 127.6+1.3°, whereas Si—€-Si angles in a
wider range were found to be consistent with our electron diffraction experi-
mental data.

Attempts to obtain electron diffraction patterns of bis(trimethylstannyl)-
ketene vapours remained unsuccessful, probably because the sample decom-
posed before an appropriate vapour pressure was reached.

Structure analysis

The experimental procedure, data reduction and structure analysis
were much the same as for bis(trimethylgermyl)ketene [4].

The sample of bis(trimethylsilyl)ketene (b.p. 69 °C/32 Torr, nD =
= 1.4410 [e]) was provided by Ponomarev and Lebedev [5] and contained
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5—10% of hexamethyldisiloxane, according to a mass-spectrometric analysis
[7] . The nozzle temperature was about 87 to 107 °C during the exposures.
Two plates were used from the two camera distances each to obtain the ex-
perimental molecular intensities in ranges 1.875 < s 12.25 A-1, As = 0.125
A-1 and 7.25 < s 32.0 A-1, As = 0.25 A-1, as described in Refs. [4] and
[e] . The two ranges were treated separately in the refinements.

The molecular models used in the structure analysis were similar to those
in Ref. [4]. The basic model (Fig. 1) has C2/ overall symmetry, the (CH3)3Si
and CHs groups have local symmetry C3V around the Si—€(C) and Si—€(H)
bonds, respectively. Bond lengths Si-C(C), Si-C(H), C=0, C=C and C-H,
and bond angles Si—€-Si, (H)C-Si-C(H) and H-C-H define the geometry.
Models with lower symmetry were also tried.

Bond distances (r) and mean amplitudes of vibration (I) for the C—H,
C= 0 and C= C bonds, which constitute the peak at about 1.1 A of the experi-
mental radial distribution curve f E(r) (Fig. 2), were allowed to vary in some
stages of the analysis, yet some of them had to be given assumed values in
the end, because of large correlations with other parameters.

The Si-C(C) and Si-C(H) bonds dominate the peak at 1.88 A. In most
of the refinements, both were treated as independent parameters and usually
the former proved to be shorter but the inverse order turned up too, depending
on the conditions of the refinement. Therefore, they were confined then to be
equal.*

As for the derivation of the Si—€—Si angle from the radial distribution,
the correct assignment of the Si.Si distance is of vital importance, although
other interatomic distances also help. The peak at 3.1 A involves, among
others, the C.C distances through one bond angle, and all our efforts to squeeze
r(Si.Si) into the same range failed as discrepancies in other parts of the /(r)
emerged. Neither of the models with a twist of the trimethylsilyl groups
about the Si-C(C) bonds (C2 symmetry) or a tilt of their C3) axes from the
Si-C(C) bonds (C2,symmetry) or a combination of twist and tilt (C2 or even
with a non-planar (!?) Si2C= C fragment (Cs) could be brought into satisfac-
tory agreement with the experimental data. When r(Si.Si) was treated as an
independent parameter (in addition to the bond lengths and angles), the
Si-C-Si angle refined to about 127°, which would arise from an Si.Si distance
of about 3.4 A. In fact, it is the faint hump at 3.4 A on the/E(r) curve, at the

* Stereochemical considerations do not help predict the relative magnitude of the Si-C
bond lengths. On the one hand, comparisons of C-C bond lengths in e.g. propane and propene
(1.532i 0.003 A [9] and 1.506  0.003 A [10], respectively; rgvalues) or Si-C bonds in ethyl-
silane and vinylsilane (1.866 i 0.002 A [11] and 1.853 ;] 0.003 A [13], respectively; micro-
wave studies) would suggest shorter Si-C bonds adjacent to a C=C double bond. On the other
hand, Bak et al. observed a lengthening of the C—€ bond in methylketene (1.518 i 0.002 A
[14], microwave study), as compared with propene or acetaldehyde. These authors pointed to
“a possible effect of the cumulated double bonds”. Cf. also r(C-C) = 1.514 ¥ 0.002 A in
1,1-dimethylallene [15].
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Fig. 1. C¥ model of bis(trimethylsilyl)ketene and numbering of atoms

1 2 3 ” U 5 6
rn A

Fig. 2. Experimental (E, dashed line) and theoretical (T, full line) radial distribution. The range

2.0<S5132.0 A-1 and damping with a=0.002 A2were used. The vertical bars show contributions

from some of the interatomic distances. The number of dots represents the number of bond
angles separating the two atoms.

foot of the C.C peak, that must be recognized as the contribution from the Si.Si
distance, in accordance with other non-bond distances. Correlations with other
parameters have a large effect, and the structure analysis produces a rather
uncertain value of the Si-C-Si angle. The (H)C-Si-C(H) angle was fixed at
1110 for the model shown in Table | and Fig. 2, because it assumed ill-defined
values in the previous refinements.

The feature at 1.6 A of the f E(r) curve can be attributed to the Si—0
bond distance in hexamethyldisiloxane. Corrections of the experimental
molecular intensity for 5 or 10% of the admixture (the known structure of
which [16] was used) did not change the parameters of bis(trimethylsilyl)-
ketene appreciably.
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Structural parameters of bis(trimethylsilyl)ketene, C2, model*

L, 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=cC 1.318+0.013 0.050+0.007b
o=0 (1.16) 0.046+0.007b
Si-C-Si 129+ 2; —4°c
(H)C-Si-C(H) (11P)
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
si.c28 2.726+0.008 0.071+0.012
Si..O 3.703+0.011 0.210+ 0.041e
K 1.054+0.039
h 1.046+ 0.026
R 0.108

3Error estimates include standard deviations obtained from the least-squares refine-
ment, multiplied by ¥3 and, in case of distances (ra) and amplitudes (1), an estimate for sys-
tematic errors of 0.2 and 2%, respectively. Assumed values are in parentheses (). For the defi-
nition of the scale factors k and of the R factor, see Ref. [4]. kxand k, apply to data for the short
and long camera distance, respectively.

bl parameters coupled in the refinement

cThe usual error estimate gives +2°. The lower limit was extended on the basis of expe-
rience gained during the refinements.

aCoupled with | (C27.0) = 0.040 A

e Coupled with other amplitudes (not listed here)

Discussion

Table | demonstrates the results for the C2, model of bis(trimethylsilyl)-
ketene. In addition to the error estimates given, further uncertainty arises as
a consequence of possible large-amplitude intramolecular motions.

Similarly to the case of the germanium derivative [4], it was not possible
to distinguish between the two types of silicon-carbon bond. On the other hand,
the Si-C=and Si-C(H) bonds were found to be 1.825+ 0.006 A and 1.865 +
+0.004 A in (CH3)sSiC=CH, and 1.825+ 0.008 A and 1.855+ 0.006 A in
(CH3)3SiC=KCCl, respectively [17]. The average silicon-carbon bond length
in the ketene derivative, ra(Si-C)av is in good agreement with, or seems to be
slightly longer than the Si-C lengths in other molecules, e.g. 1.875+ 0.002 A
and 1.877+0.003 A in tetramethylsilane and hexamethyldisilane, respectively
(re(l) values) [18].
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Table 11

Bond angles of double-bonded carbon atoms

M\ /M
Molecule °" Reference
degrees

H2C= CH2 117.2+ 1.1 [19]a
FXC=CH 109.1 [20]
(HC)jC=CHD 115.6+0.3° [21]
(F3C)X= CH® 123.6+ 0.3 [22]
F2c= cf2 112.5C [46]
Cl2C= CC12 115.7+ 0.3 [23]a
Br2C=CBr2 115.2+0.3 [23]a
12C=CIl2 1142+ 05 [23]a
(H3C)2C=C(CH32 112.2+0.7° [21]
H2C =0 108.4° [24]a
(HX)X =0 116.7+ 0.3 [22]
(FX)X=o0 121.4+0.4 [22]
(C1C)2C =0 122.2+1.0° [25]a
(FEC)2C=NH 121.6+0.4 [22]
H2=C=CH2 118.4° [26]a
(HX)XC=C=CH® 116.4+ 0.1 [15]
Hx=c=0 122.5+0.5 [27]
(HX)2c=C=0 117.4 [28]
[(H3X)ESi]2C=C=0 129+ 2;—-4 this work
[(H3C)3Ge] L= C= 0 127.6+ 1.3 [4]

aData and reference quoted from Ref. [29]
bThe value given refers to the heavy atom skeleton.
0Angle and/or error estimate calculated from data given in the reference

The amount of structural data on ketene derivatives is rather limited.
Table 11 lists some bond angles at double-bonded carbon atoms, for comparison
with our Si-C—Si angle. The actual geometry is obviously a result of several
effects. For instance, factors included in the valence shell electron pair re-
pulsion (VSEPR) model [30] often compete with repulsive interactions be-
tween non-bonded pairs of atoms. It is difficult therefore to predict variations
of bond angles in such compounds.

According to the VSEPR model, one expects an M\’\C/M angle less

n
than 120°. Indeed, in many of the molecules listed, this angle is considerably

smaller than 120°. More accurate data will be required for the interpretation
of more delicate trends.
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Group M

H3C

H 3Si
(H3X)Si
H 3Ge
(H3C)3Ge
(H3C)3sn

Assumed value

(o]
1115+ 15 [31]
144.1+ 0.8C [32]
148+ 3 [16]
126.5+0.3  [33]
141+ 05  [34]
141+ 05  [34]

Bond angles M —

99.2+ 0.7
97.4+0.7

98.9+0.1

Table 111
X —M in molecules M,,X or M3X

Atom X
Se N
[35] 96.2+0.2 [37] 110.6+0.6 [39]
[36] 96.6+0.7 [361 119.7+0.1 [40]
[33] 946+ 0.5 [38] (120)a [41]

98.6+ 03 [42]
96.45+ 0.50 [43]

95.39+0.05 [44]

o
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It is instructive to compile some data on bond angles of atoms bonded
to carbon, silicon, etc. (Table Il11). The observation that the Si-X-Si and
C-X-C angles differ considerably when X has lone-pair electrons and belongs
to the row of N, 0, etc. of the periodic table [45], can be extended to Ge-X—Ge
angles (as compared with 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 Si-C-Si and Ge—€-Ge angle in the ketene derivatives may be due to
non-bond interactions of bulky groups and to special interactions of silicon
or germanium atoms with the electrons of the ketene group. Structural data
on silyl and germyl ethylenes and ketones would throw more light on these
phenomena.

Note added in proof. Both for bis(trimethylsilyl)ketene and bis(trimethyl-
germyl)ketene, small discrepancies at about 5 A between the experimental
and theoretical radial distribution curves (see Fig. 2 above and Fig. 4 in
Ref. [4]) may be interpreted in terms of shrinkage effects. Therefore, some
long distances with large contributions were treated as independent para-
meters in some additional calculations. Changes of the parameters in these
refinements remained well within stated error limits.

*

The authors are indebted to Professor L. V. Vilkov (Moscow) for initiating this project
and to Drs. S. V. Ponomarev and S. A. Lebedev (Moscow) for the 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 with a large amplitude twisting
motion about the N—N bond. A smaller amount of the gauche form is also detected.
The following molecular parameters characterize the structure of the heavy-atom
skeleton: r,(N-N) = 1.437+0.013 1, r,(N=C) = 1.277+0.003 A, 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 of acetaldazine, CH3—CH= N—N = CH—CHS3,
has been studied by various physical techniques, viz. dipole moment measure-
ments, Raman and infraied vibrational and ultraviolet spectroscopy, and
nuclear magnetic resonance spectroscopy [1—5]. Of the following three iso-
mers

H. XHs Hs(f  Jt

\Y% H N r X N
I m ] I

% N * 4

] ] I

Xr

H XH, H3C H H3CI\I N

1 2 3

the one with the least steric interaction (1) was shown to be preferred in liquid
solution by an NMR study [3]. The presence of other isomers in lesser amounts
was also indicated. According to physical evidence and some 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 with
the aim of collecting direct structural information on the geometry of this
molecule. The main features of our investigation have already been commu-
nicated in a short paper [6]. When our structure analysis was being completed,
we learned from Prof. K. Hedberg about an electron diffraction study of
formaldazine performed at the Corvarris laboratory [7]. Thus it is possible
to compare the results obtained for these two molecules.
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Experimental

The electron diffraction patterns from a CH3-€H=N-N=CH-CH3s
sample (bp. 95—96 °C/760 Torr) were taken with the EG-100A apparatus in
Budapest during avisit of one of us (V.A.N.). The purity of the sample was con-
firmed by mass spectrometry. The so-called membrane nozzle system [s]
and r3 rotating sector [9] were used. The nozzle was at room temperature
during the exposures. The experimental techniques and data reduction were
essentially the same as described elsewhere [10, 11].

The ranges of intensity data used were 2.25 <7 s < 13.00 A-1 and 9.25 <7
< s < 3350 A~1for the 50 cm and 19 cm camera ranges, respectively. The
data intervals of As = 0.125 and 0.25 A -1 were used. The molecular intensities
are shown in Fig. 1.

10 15 20 25
s. A

Fig. 1. The molecular intensities (E — experimental, T — theoretical) of acetaldazine

Structure analysis

The molecular model
As concerns the relative position of the = CH CHs groups with respect
to rotation about the N—N bond, the possible forms are syn (9= 0°), anti

(tp = 180°) and the forms corresponding to the rotational angles o <Cgs <1 180°
(see Fig. 2). If the C—= N—N chains are assumed to have a planar structure,
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Fig. 2. The molecular model of acetaldazine

trans and cis isomers are possible with 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) isomers may exist. The only other assumptions are that
the CHs group has a C3Vsymmetry, the pyramidal axis coincides with the ex-
tension of the C— bond, the configuration of the methyl group is such that
the C= N bond staggers the C-H bond, and all C-H bonds are of equal length
and have the same amplitude of vibration.

Experimental radial distribution

An experimental radial distribution is shown in Fig. 3. It was clear
from the beginning of this structure analysis that the many features and the
outstretched character of the experimental radial distribution reveals much
about the geometry of this molecule. It also shows that a long chain molecule
may be advantageous to study by electron diffraction.

CH3-CH=N-N=CH-CH3

Fig. 3. Experimental radial distribution of acetaldazine with the assignment of its mos
important features
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The first three features on the experimental radial distribution between
0.9 and 1.7 A correspond to the contributions from the four bonds, with the
C-C and N-N bonds badly overlapping. Each of the well-expressed features
at about 2.25, 2.40, 3.67, 4.64 and 6.01 A represent the contribution from
only one of the most important nonbond interactions that come from N. ..C
or C...C atomic pairs. Of these, the C...C distances are dependent on the
rotation about the N-N bond. The assignment of the maximum at 3.67 A
to the N...C distances through two bond angles unambiguously indicates
the trans relative orientation of the N—N and C—€ bonds in the CH3-€H = N—N
fragment. The assignment of the maximum at 6.01 A to the largest C...C
distance was especially instrumental in establishing that an anti or nearly anti
form with trans isomers around the double bond is at least prevailing in the
vapour phase.

Refinements and results

The least squares method was applied to the molecular intensities. The
data corresponding to the two camera ranges were treated separately (cf.
[10]). The major portion of these calculations was performed at the Depart-
ment of Chemistry, University of Texas, during a visit of two of us (I. H. and
Gy. Sch.).

As an anti or nearly anti form with trans isomers was seen to be prevailing
on the experimental radial distribution, the structural analysis was first per-
formed under the assumption of having this conformer only.

The bond distances, bond angles, mean amplitudes of vibration (I
values) for the bonds and for the most important nonbond interactions have
been refined in gradually larger groups for the anti, trans-trans form with (p =
= 180° fixed. The refinements were then repeated for a series of other fixed
values for the dihedral angle oo The best agreements were obtained for values
between @ = 155 and 160°. Later, the constraint for 9 was removed and, as
it turned out, all the bond distances, angles, and the | values for all the bonds,
for the C...C and N. ..C distances plus for the shortest C...H interactions
that had the multiplicity of s, could be refined simultaneously. The results
of such a refinement are given in Table I. Considering all the molecular param-
eters and the two scale factors corresponding to the two camera ranges a
total of 253 correlation coefficients were calculated. Of these, in order to save
space, only those are shown in Table Il, whose absolute values are larger than
0.5. Note that 11 out of these 20 correlation coefficients refer to either r(N—N)
or Z(N-N). These parameters are very uncertain. The geometrical parameters
show no unusual values except that both r(C-H) and Z(C-H) are too small.
Note, however, that no correlation coefficients in Table Il refer to these param-
eters. The | values for the nonbond N...C and C...C interactions are re-
latively small and this indicates that the molecule is relatively rigid.
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Table 1

Results of least squares refinements for anti form only
IV-multiplicity, ff-standard deviation from the least squares refinement

Bond (A) N r I | a
N -N 1 1.438 0.008 0.078 0.012
N=C 2 1.277 0.0015 0.043 0.002
Cc-C 2 1.486 0.004 0.044 0.003
(C-H)av. 8 1.068 0.002 0.066 0.002

Bond angle (°) a a
N-N=C 110.4 0.5
N=C-C 121.8 0.4
N-C-H 120.4 1.7
C-C-H 106.6 0.6

Dihedral angle (°) P
159.3 1.8

DependentN .. C and
C...C distances (A) N r or | o
N1..C4 2 2.231 0.002 0.048 0.002
N1...C5 2 2.416 0.003 0.057 0.002
N1..C6 2 3.657 0.002 0.055 0.003
c3..C4 1 3.312 0.004 0.062 00.07
Cc3..,Cé6 2 4.617 0.004 0.087 0.007
C5...Cé6 1 6.006 0.005 0.066 0.012

It is very difficult, if possible at all, to evaluate the results concerning
the dihedral angle in the prevailing rotational form. Although the deviation
from the @ — 180° anti conformation was indicated to be significant even on
a 0.5% significance level* according to the Hamilton test [12] (c/. Fig. 4),
the 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 A. Such shortenings
then may well occur as a consequence of the intramolecular motion.

* Here the generalized R factors,

R'= |AIT'S[IVIE(S) — Mr(s)]2/[Z'If5[ME(s)]Z, are used for comparison, as obtained in a
refinement with pbeing refined along with a series of other parameters, and in other refine-
ments with $fixed and the same series of parameters refined.
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Table 11

Correlation coefficients (associated with the results of Table 1)
whose absolute value is greater than 0.5

Parameters Correlation Parameters Correlation

1 2 coefficient 1 2 coefficient
r(N-N) r(N-C) 0618  r(C-C) < N-N-C 0.830
r(N-N) r(C-C) -0.840 r(C-C) < N-C-C -0.745
r(N-N) < N-N-C -0.967 r(C-C) Z(N-N) -0.872
r(N-N) < N-C-C 0.681 < N-N-C < N-C-C -0.654
r(N-N) Z(N-N) 0575 < N-N-C  Z(N-N) -0.587
r(N-C) r(c-C) -0.741 <N-C-C  Z(N-N) 0.613
r(N-C) < N-N-C —0664  <N-C-C  feq) 0526
r(N-C) i(N-N) 0789  Z(N-N) Z(N-C) 0.753
r(N-C) Z(N-C) 0541  Z(N-N) I(C-C) -0.684
r(N-C) Z(C-0) -0.503  Z(N-C) I(C-C) -0.688

(*) £ is the scale factor for the data from the long camera range

Fig. 4. R factor ratio vs. rotational angle (p (cf. [12])

As the experimental radial distribution is examined in detail, some addi-
tional features are observed in the regions where the contributions of rotation
dependent C...C distances occur. These are most notably at about 4.0 and
5.4 A, which would correspond to a gauche form with a dihedral angle of = =
= 60°. The third and shortest C...C distances should then be expected at
about 2.6 A and are not really well seen.

In order to estimate the relative abundance of the anti and gauche
(@ = 60°)* conformers and to see the influence of taking the gauche content

*The value of 60° was assumed for the dihedral angle of the gauche form according to
the experimental radial distribution and not refined in this analysis.

Acta Chim. (Budapest) 90, 1976



HARGITTAI et al.:. ELECTRON DIFFRACTION STUDY OF ACETALDAZINE 171

into account in the refinement of the geometrical parameters, the following
scheme was set up. The gauche content was assumed to be 5, 10, 15, 20 etc. %
and, fixing a given percentage, the refinement of the parameters for the anti
form was repeated. In doing this the geometrical parameters of the gauche
form were assumed to be the same as those of the anti form. The geometrical
parameters from the refinement schemes with o, 10, and 20% gauche content
are given in Table 11l and show no considerable changes.

Table I11
Bond lengths, bond angles and the values of 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

100% 90% 80%

parameters

r(N-N) (A) 1.438(8) 1.437(8) 1.438(9)

r(N=C) (A) 1.2766(15) 1.2766(14) 1.2768(15)
r(C-C) (A) 1.4857(44) 1.4864(49) 1.4860(51)
r(C-H) (A) 1.0679(18) 1.0677(18) 1.0679(20)
<N-N=C (9 110.45(53) 110.40(54) 110.26(58)
<N=C-C (9 121.82(38) 121.45(38) 121.25(40)
<C-C-H (°) 106.56(63) 105.89(56) 105.46(60)
%0 159.3(18) 161.5(19) 163.0(23)

The agreement between the experimental and theoretical intensity data
improved, however, when 5% gauche form was introduced. A further improve-
ment was achieved when using somewhat larger | 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 A for C3...C4, C3...Cs, and C5. ..Cs, respectively.
As the experimental and theoretical radial distributions calculated for the
anti-gauche mixtures were compared, it was seen that the gauche content may
be higher than indicated by the least squares refinement based on the molecular
intensities. A gauche content even as high as 15 to 20% cannot be excluded,
considering the features at r = 4.0 and 5.4 A assigned to r(C3...C6) and
r(C5.. .€6) of the gauche form, respectively, while the contribution of the
C3...C4 interaction from the gauche form was much less expressed. There is
only the very small maximum at about 5.05 A on the experimental radial
distribution that remains unaccounted for by the anti and gauche forms
described above.

It is interesting to note that the results obtained for the gauche content
were invariant to geometries with @ = 180° or = 160° for the anti form.
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Table IV

The bond lengths and angles of acetaldazine as determined by electron diffraction

Ta{ N-N) 1.437+ 0.013 A
ra(N=C) 1.277+ 0.003 A
ra(c-c) 1.486+0.008 A
'a(C-H)av 1.068+0.004 A
<N-N=C 110.4+0.9°
<N=C-C 121.4+1.0°
< N-C-H 120.4+2.4°
<C-C-H 105.9+1.5°

The final geometrical parameters from this structure analysis referring
to a model with 90% anti and 10% gauche forms are collected in Table 1V.
The total errors given include the estimated experimental scale error of
0.2 %, the standard deviation from the least squares refinement and also the
differences in the parameter values between two sets of results obtained for
the models with o0 % and 20 % gauche form, in order to take also this uncertainty
into account, with the exception of <N-C-H, which was kept constant in
the calculations for determining the gauche content.

Discussion

According to the electron diffraction data, the majority of the acetalda-
zine molecules take an anti trans-trans form. About one fifth or less of the
molecules assume a gauche form in which the two CH3CH = N—fragments
are rotated to each other by 120° (p = 60°) as compared with the anti form.
The experimental data could be better approximated with a somewhat twisted
(~20°) anti conformer than with a strictly coplanar form. This is thought to
be a consequence of shrinkage effects. In fact, the rotation-dependent C...C
distances decrease by only a few hundredths of an A when a twist of 20° is
introduced around the N-N bond. In spite of the somewhat better agreement
with experimental data achieved for a twisted anti form, demonstrated even
by the Hamilton test (Fig. 4), we prefer to interpret our findings in terms of
a coplanar anti form performing large amplitude twisting motion about the
N—N bond rather than by a twisted anti equilibrium structure.

The present findings are at variance with the conclusions made earlier
concerning the prevailing rotational isomers (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 of 60° from the anti form) [4]. Fortunately,
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the experimental radial distribution of acetaldazine provides direct evidence
for the anti conformer.

An electron diffraction study of formaldazine, CH2=N-N = CH2 by
Hagen, Bondybey and Hedberg [7] performed at three different tempera-
tures, has shown the anti form to be prevailing. The mole fractions of the anti
conformer were found to be 0.911(0.077), 0.785(0.095), and 0.749(0.108) at
—30, 60, and 225 °C, respectively, the parenthesized values being 2cr. The
angle of rotation was around 120° relative to the anti form (according to the
definition used in this study, (pwas around 60°). The energy difference between
the gauche and anti forms was found to be 1.2(0.5) kcal/mol. Hagen, Bondy-
bey and Hedberg [7] determined also the root-mean-square torsional ampli-
tude for the anti conformer: 15.8(3.7)°, indicating large amplitude torsional
motion. In the structure refinement shrinkage corrections of 0.01 0.02 A
were applied to the C...C and C. ..H distances in the anti form. As demon-
strated above, the more complete conformational analysis of formaldazine,
utilizing experimental data at three different temperatures [7], is consistent
with the findings of the present study concerning the conformational properties
of acetaldazine.

The molecular parameters determined for acetaldazine display no un-
usual features except that the values determined for r(C-H) and Z(C-H) are
too small. The parameters that have analogs in formaldazine show a remark-
able consistency indeed, Hagen, Bondybey and Hedberg determined the
following molecular parameters of the C= N-N = C skeleton in formaldazine
(the values of 2a 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) A
KcC. ..N) 2.229 (0.003) A
/(c.. *N) 0.060 (0.003) A
r(C...C) 3.309 (0.011) A
/(c.. «C) 0.060 A (assumed)
<C=N-N 111.4 (0.2)°
<H-C=N 120.7 (0.8)°

The only noteworthy differences occur in the length and mean vibra-
tional amplitude of the N-N bond. Although some lengthening of the N-N
bond in the molecule with more nonbond repulsions could be rationalized and
although there is consistency in the longer bond associated with a larger |
value, we wish to stress that the parameters for the N-N bond were deter-
mined much less accurately in acetaldazine than in formaldazine.
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Appendix

The numerical values of the total experimental intensities, IF(s), and experimental
backgrounds, Ib'(s)

50 cm camera range

»(A-) jfw S(A-i) ifM f(e>

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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»"A—)

9.625

9.750

9.875
10.000
10.125
10.250
10.375
10.500
10.625
10.750
10.875
11.000
11.125
11.250
11.375
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1.0755
1.0682
1.0593
1.0505
1.0433
1.0377
1.0355
1.0335
1.0301
1.0288
1.0236
1.0172
1.0102
1.0020
0.9954

ELECTRON DIFFRACTION STUDY OF ACETALDAZINE

ifw

1.0660
1.0610
1.0560
1.0510
1.0465
1.0415
1.0365
1.0325
1.0280
1.0230
1.0175
1.0120
1.0070
1.0020
0.9960

»(A-)

11.500
11.625
11.750
11.875
12.000
12.125
12.250
12.375
12.500
12.625
12.750
12.875
13.000
13.125

175

50 cm camera range (continued)

if

0.9885
0.9811
0.9752
0.9699
0.9652
0.9619
0.9577
0.9529
0.9483
0.9418
0.9334
0.9253
0.9203
0.9158
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0.9910
0.9860
0.9810
0.9755
0.9705
0.9650
0.9600
0.9545
0.9495
0.9440
0.9390
0.9340
0.9290
0.9235
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s(A>)

8.00

8.25

8.50

8.75

9.00

9.25

9.50

9.75
10.00
10.25
10.50
10.75
11.00
11.25
11.50
11.75
12.00
12.25
12.50
12.75
13.00
13.25
13.50
13.75
14.00
14.25
14.50
14.75
15.00
15.25
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it

0.9959
0.9938
0.9983
0.9854
0.9608
0.9364
0.9241
0.9091
0.8850
0.8682
0.8566
0.8501
0.8381
0.8243
0.8089
0.7933
0.7813
0.7702
0.7621
0.7477
0.7344
0.7252
0.7236
0.7248
0.7215
0.7125
0.7005
0.6904
0.6826
0.6770
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1.0446
1.0190
0.9953
0.9736
0.9537
0.9353
0.9181
0.9022
0.8872
0.8728
0.8588
0.8453
0.8322
0.8192
0.8066
0.7945
0.7826
0.7713
0.7608
0.7508
0.7413
0.7323
0.7236
0.7159
0.7087
0.7021
0.6959
0.6901
0.6843
0.6787

»(A-)

15.50
15.75
16.00
16.25
16.50
16.75
17.00
17.25
17.50
17.75
18.00
18.25
18.50
18.75
19.00
19.25
19.50
19.75
20.00
20.25
20.50
20.75
21.00
21.25
21.50
21.75
22.00
22.25
22.50
22.75

if(*)

0.6707
0.6648
0.6600
0.6535
0.6481
0.6438
0.6418
0.6401
0.6388
0.6364
0.6328
0.6250
0.6190
0.6151
0.6145
0.6116
0.6069
0.6022
0.5994
0.5973
0.5978
0.5976
0.5976
0.5948
0.5894
0.5856
0.5818
0.5794
0.5776
0.5757

19 cm camera range

If<*)

0.6732
0.6679
0.6627
0.6577
0.6527
0.6481
0.6437
0.6394
0.6353
0.6314
0.6277
0.6244
0.6208
0.6173
0.6140
0.6108
0.6078
0.6048
0.6020
0.5993
0.5968
0.5943
0.5918
0.5994
0.5871
0.5850
0.5828
0.5808
0.5788
0.5768



HARGITTAI et al.: ELECTRON DIFFRACTION STUDY OF ACETALDAZINE 177

19 cm camera range (continued)

(A-) jfw 3 A i) >
23.00 0.5739 0.5749 28.50 0.5405 0.5445
23.25 0.5723 0.5730 28.75 0.5408 0.5435
2350 0.5685 05712 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
2525 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 3125 0.5363 0.5337
26.00 0.5618 0.5562 3150 0.5356 0.5325
26.25 0.5612 0.5549 3175 0.5331 0.5313
26,50 0.5590 0.5536 32.00 0.5305 0.5301
26.75 0.5549 0.5523 3225 0.5284 0.5288
27.00 0.5521 0.5511 3250 0.5253 0.5276
2725 0.5485 0.5499 3275 0.5239 0.5264
2750 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

We express our thanks to Dr. Z. S. Titova (Kazan) for synthesizing the sample and to
Mrs. M. Kolonits for her experimental work. This study was supported in part by the Hun-
garian Institute for Cultural Relations and the U.S. National Science Foundation. Two of the
authors (I. H. and Gy. Sch.) express their appreciation to Prof. J. E. Boggs (Austin, Texas)
for provision of computational facilities, and to Prof. K. Hedberg for a discussion.

REFERENCES

[1] APBY30B, b. A.,, CAMATOB, 0. 0., KUTAEB, 0. MN.: N38. AH CCCP cep. xum.,
56 (1966

[2] KMT/(AEB,)PO. M, HABOPOXKWH, /. E,, ®JIETOHTOB, C. A.,, PAEBCKWI, 0. A,
TUTOBA, 3. C.: fJokn. AH CCCP, 178, 1328 (1968)

[3] Elguero, J., Jacquier, R., Marzin, C.: Bull. Soc. Chim. France, 1374 (1969)

[4] TUTOBA, 3. C.,, ®/1IETOHTOB, C. A,, PAEBCKUW, O. A, MMUHKWH, B. N., KUTAEB,
lO. M.: Ookn. AH CCCP, 199, 117 (1971)

[5] 3BEPEB, B. B. 3/IbMAH, M. C,; CTONAPOB, A. N, EPMONTAEBA, A. B.,, KWNTAEB,
FO. M.: XK. obuweit xumun, XLII, 2019 (1973)

[6] XAPTUTTAW, U, WynbTU, 4., HAYMOB, B. A.,, KUTAEB, tO. IN.: fokn. AH CCCP,
227, 1131 (1976)

[7] Hagen, K., Bondybey, V., Hedberg, K.: to be published

5 Acta Chim. (Budapest) 90, 1976



178 HARGITTAI et al.. ELECTRON DIFFRACTION STUDY OF ACETALDAZINE

[8] Hargittai, |., Hernadi, J., Kolonits, M., Schultz, Gy.. Rev. Sei. Instrum., 42, 546
(1971) .

19] XAPITUTTAW, N., XEPHALWN, W, KONOHWA, M.: MNpnb. TexH. akcn., 239 (1972)

[10] Hargittai, M., Hargittai, |.: J. Mol. Struct., 20, 283 (1974)

[11] Hargittai, |., Hargittai, M.: J. Mol. Struct., 15, 399 (1973)
[12] Hamilton, W. C.: Acta Cryst., 18, 502 (1965)

Istvdn Hargittai

B i H-1088 Budapest, Puskin utca 11—13.
Gyorgy Schultz

V. A. Naumov | Arbuzov Institute of Organic and Physical Chemistry,

Yu. P. Kitaev J Kazan Branch of the U.S.S.R., Academy of Sciences,
420083 Kazan.

Acta Chim. (Budapest) 90, 1976



Acta Chimica Academiae Scientiarum Hungaricae, Tomus 90(2), pp. 179—191 (1976)

QUANTUM-CHEMICAL STUDY OF CERTAIN
IMIDAZOPYRIMIDONE DERIVATIVES

Z. Dinya*, J. Reiter**, L. Toldy** and Sz. Rochlitz***

*(Department of Organic Chemistry, Kossuth Lajos University, Debrecen
**Research Institute for Pharmaceutical Chemistry, Budapest
***Department of Computer Science, Kossuth Lajos University, Debrecen)

Received February 19, 1973
in revised form August 30, 1975

Quantum-chemical methods (HMO, co-SCF, PPP SCF MO ClIl) were used to
study the electron-spectral properties of isomeric and tautomeric forms of certain
imidazo(l,2-a)pyrimidinone derivatives, and the relative stability conditions of the
forms.

W ith the aid of a selected model compound (la, R = H), the empirical and semi-

empirical Bljre values to be found in the literature were compared to the PPP SCF
MO CI calculations of the transition energies IES*Sfor the above compounds. Em-

pirical Bij values selected on the above basis were employed to determine the energies
of the s s (n— n*) electron transitions of these compounds, the directions of the
transition moments, and the proportions of the most important configurations. HMO
and co-SCF methods were used to calculate the delocalization energies ED, of the
individual molecules la-2b, R — 1l and CH3; these follow very well our earlier ob-
servations on the structures and stability conditions of the compounds. The energy
gain values /IEti were also calculated with the PPP SCF MO CI method, but these do
not provide essential information relating to the structures and stabilities of the com-
pounds.

It was earlier reported [1—4] that, on heating, certain 2-(/?-aryloxyethyl)-
amino-5-methylpyrimidin-4(3H)-one type compounds undergo transformation,
and two isomeric imidazo(l,2-a)pyrimidinone derivatives are produced (A =
la, R = H, and B = 2a, R = H). The structures of A and B were proved
in IR, UV, MS and NMR examinations, and by preparative means too, utilizing
the corresponding spectra of the four possible isomeric N-methyl derivatives
(la-2b, R = CH3J), prepared for this purpose by structure-confirmatory
methods.

It was desirable to confirm the correctness of these proved structures
theoretically too. Accordingly, quantum-chemical calculations were carried
out with the most frequently employed, simpler semi-empirical methods,
with regard to the a-electron systems of the four possible isomeric or tauto-
meric imidazo(l,2-a)pyrimidone parent compounds (la-2b, R — H), and the
corresponding N-methyl derivatives (la-2b, R = CH3).

The aims of our calculations were as follows:

H3C H3C

V=22
Ve Z
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1. With the aid of a selected model compound (la, R = H), to compare
the empirical /3;?re values to be found in the literature, and the semi-empirical
values calculated from various literature data, to the PPP SCF MO CI cal-
culations of the transition energies /iES*S of the compounds studied (la-2b,
R = H, CHJ3).

2. With the aid of the values selected on the basis of the above
examination, to determine the energies of the s —s (n — n*) electron transfer
in the individual la-2b isomeric and tautomeric forms, the directions of the
transition moments referred to the first s —*s (n — n*) transition, and the
proportions of the most important configurations.

3. To compare the jz-energy conditions of the molecules la-2b (R = H,
CH3) calculated with the HMO, co-SCF and PPP SCF MO CIl methods [5 7]
with our earlier findings connected with the isomerism and tautomerism of
the above compounds [1—4].

Calculations

Our calculations were performed with the simple HMO [8], co-SCF
[9—11] and PPP [12—15] methods. Figure 1 shows the co-ordinate system
employed in the calculations on the molecules.

la

Fig. 1. The numbering of the atoms, and the molecular axes

Table I contains the coulombic (A-) and resonance (fc-¢ integral parameters
used for the HMO and co-SCF calculations; these were selected from among
the very varied parameters to be found in the literature [5, 7, 16, 17] involving
calculations on other derivatives structurally closely related to the compounds
under consideration in the present work (la-2b). The parameters co = 0.5
and e = 10-4 were employed in the co-SCF calculations, and the criterion of
convergence were e = 10-3 in the PPP method*.

*The condition for attainment of the SCF state is

\Pu(k+i) _ p..(k)I < e
where is the charge-bond order matrix element in the fc-th cycle.
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Table 1

Parameters used in the HMO and (o-SCF calculations

Atom hi bond ku Ref.
) 12 C=6 1.60 [16]
N 0.8 C=N 1.10 [16]
N 15 6 —N 1.00 [16]
CH3 2.0 0 ch3 0.7 [18]

The same iteration criterion was also employed in our PPP calculations.

The effects of the -CH2 groups linked to the N atoms were taken into
consideration with the customary [s] factor of —o.1 in the corresponding
hN value.

The m-delocalization energies of the molecules (EDJ were calculated
by the method of Kriger Thiemer and Hansen [19].

The PPP method [12, 13, 20] was used in the SCF MO-LCAO CI form
with the ZDO (zero differential overlap) approximation. As regards the con-
figuration interaction, all the singly excited configurations were taken into
account.

The one-centre Coulomb repulsion integrals (yn) (Table Il) were appro-
ximated to, according to Pariser and Parr [13], as the difference between
the ionization potential (I;) and the electron affinity (A,) of the valence states.
The two-centre repulsion integrals (yy) were calculated by the Mataga—
Nishimoto approximation [21].

The resonance integral values /?[°re, which were considered only between
directly adjacent atoms, were calculated by various means. Thus, empirical
literature data [22—24] (Table I11l) were employed, or self-calculated /?[°re
values from the bond lengths Riy (A). These values were calculated for every
bond under consideration via the following equations:

Fre 6442 exp ( 5.6864 RIy) [13]

RT = 2318 exp [—2.3(R7 — 1.397)] [25]

29Te - 2.39 exp [3.2196(1.397 - R [26]

|°i°J-°Te — -1.403 exp [—4.0(R,y— 1.397)] [27]

T _-2524 exp  5.047 [Z°+ Z/ 2) SRy [28]
Zc.

where Z; = the effective nuclear charge of the i-th atom;
and Zc = the effective nuclear charge of the carbon atom

BT fo(i,. + 1X . [29]
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Table 11
Atomic parameters used in the PPP SCF MO CI calculations

Atom li(eV) W*(eV) Ref.
c 11.16 11.13 [34, 22]
o 17.70 15.23 [34, 22]
6 (=h3J 11.16 11.13 [23]
H3(-C) 9.50 9.50 [23]
> N (endo) 14.12 12.34 [34, 22]
N (exol 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 C, C) 24.30 14.13
N (CH,, C, C) 24.30 14.13
N (CH3 CH2 C) 22.87 13.30
** N (endo) 14.12 12.34 [34, 22]
N (exo) 13.65 11.87
N (H, CO, C) 28.59 16.63
model B N (H, CH2 C) 28.09 16.13
N (CH2 C, C) 27.59 15.63
N (CH3 C, C) 27.59 15.63
N (CH3 CH2 C) 27.09 15.13

*Yu = 1z—Az[13]; ** the effects of the alkyl groups attached to the N were taken into
account starting from the values of [34, 22], on the basis of [32] for model A, and [17] for
model B.

Table 111

Bond parameters used in the PPP SCF MO CI calculations

Bond ~R<f (V) Ri, (A Ref.
c=c 2.39 1.39 [22]
CACH3 1.22 151 [23]
C=CH3 3.00 0.45 [23]
c=6 3.10 1.24 [24]
C—N (endo, exo) 2.75 1.35 [22]
C-NH 2.30 1.39 [22]
C(0)-NH 2.75 1.32* [22, 35]
C(0)-N 2.75 1.32* [22, 35]
C—N(C, C) 2.30 1.39 [22]
c(0)-C 2.39 1.44* [24, 35]

The data denoted by were taken from [35
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where kK = —0.5; I( = the valence state ionization potential; the overlap
integral values Sl were calculated according to Mulliken [30, 31].

The hyperconjugation model was used for the methyl group attached
to Cs (Fig. 1), with the parameters of Lindner and Martenson [23]. (The
valueo ft a k e n in account was the same in every calculation (Table I1),
as the formulas described for the calculation of B&> gave irrealistically high
values for the bond length (Rc=h9)- The effects of the alkyl groups (—CHS3;
—CH2-R’) attached to the nitrogen were taken into account with the method
of Hoffmann and Ladik [17] for the HMO parameters (model A), or on the
basis of the data of Katsumata and K imura [32] (model B). In the absence
of experimental geometrical data relating to the molecules under consideration,
all of them were assumed 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 parameters used in the PPP calculations are shown in Tables
Il and 111.

Examination of the electron spectra

In the course of our PPP SCF MO CI studies it was primarily desired
to learn how the various resonance integral values used in the calculations
affect the results obtained. Accordingly, models A and B were employed
to calculate the singlet-singlet transition energies /dEs+s of compound la
(R = H) referred to singly excited configurations, and also the oscillator
strengths / in the case of various values (Table 1Y).

From the resulting zIEs*s and f values it can be stated that the best
agreement with the experimental values was obtained with the Longuet—
Higgins and saitem [26] and the empirical /9yre (Table 111) values. The agree-
ment of the transition energies ZIEs™s is better than that of the oscillator
strengths f (the cause of this is to be sought partly in the fact that the experi-
mental oscillator strengths too were determined only approximately) [36].

The results for models A and B differ slightly, but definitely; in general,
model B gives higher s —* s transition energies, and lower oscillator strengths.
The results of model A (i.e. those calculations in which the effects of the alkyl
groups attached to the nitrogen were taken into account to a greater extent,
and thus the decrease in the yNN values (Table Il) was 1—3.5 eV compared
to the parent compounds) exhibited a better agreement with the experimental
values than did those calculated with model B (in this the decrease of yNN
by 0.5—1 eV was taken into consideration). At the same time, however, it can
be stated that there is no essential difference between the results obtained

*This assumption is in agreement with the finding of Paudler and Blewitt [33] that
the imidazo(l,2-a)pyridines, which are structurally very closely related to the imidazo(l,2-0j-
pyrimidines, are nearly, if not completely planar.
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Table IV

Comparison of the experimental spectra of compound

ocore

J
C ted
Model tr;)r:glpt‘ijofls* Empirical values
[22—24] [13] [24]
* 4.594 (0.057) 4.886 (0.136) 4.498 (0.105)
A AEs~s(f) 5.133 (0.261)
5.105 (0.415) 5.888 (0.797)
5.780 (0.231) 5.628 (0.175)
* 4.814 (0.071) 5.105 (0.110) 4.678 (0.103)
5.208 (0.383) 5.240 (0.234)
B AEs~s(f)
5.829 (0.211) 5.794 (0.182) 5.943 (0.262)

*zNes % is the singlet-singlet transition energy with singly excited configurations (in
eV). Only transitions below 6 eV are shown, f is the oscillator strength.

** The experimental oscillator strengths were calculated on the basis of [36]. The experi-
mental data refer to EtOH solution.

with the empirical /[°re values and the RB£°re values calculated [26, 29] in the
case of la (R = H). Since the criterion of convergence (see above) can be
attained substantially earlier with the empirical /3* re values, our calculations
relating to the isomeric and tautomeric forms of the compounds examined
were carried out with these B¢ ®values (Table I11). The resulting and calcu-
lated ,,lower” singlet energies, oscillator strengths, directions of the transition
moments, and proportions of the most important configurations (more than
10%) are listed in Table Y.

The calculated results well support our earlier findings relating to the
structures of the isomeric or tautomeric compounds la-2b (R = H), according
to which these compounds are present in the forms la and 2a (R = H).

A greater difference can be observed, however, between the calculated
and measured ZIEs~Sand/ data for Ib and 2b (R = CHJ3) containing an exo-
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la (R = H) computed with various ' values

ore
Experimental

data**

[26] [27] [28]*** [29] ]
4.665 (0.118) 3.368 (0.091) 4.229 (0.215) 4.305 (0.116)
4.025 (0.017) 4.865 (0.028) 4.914 (0.196)
4.591 (0.401)
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)
4.256 (0.009) 5.148 (0.045) 5.060 (0.102) 5.368 (0.237)
4.775 (0.330) 5.560 (0.596) 5.561 (0.518)

5.341 (0.772)
5.4375 (0.247) 5.952 (0.026)

*** Effective nuclear charges used: Zc = 2.095, Z0= 2.86, ZN = 232,ZN = 3.14 [28].
(It should be noted that there is no essential difference in the calculated data if other effective
nuclear charges are used (e.g. siater, J. C.: Phys. Rev., 36, 57 (1970)).)

cyclic C= N bond. The difference is most marked for the band of lowest
transition energy (i.e. the band with largest wavelength in the spectrum))
where it amounts to cca. 0.4e V. To a certain extent, however, this can be
explained if it is assumed that the ring strain (which could not be taken
into consideration because of the nature of our calculations) is greater in the
compounds Ib and 2b (R = CH3J) containing an exocyclic C= N bond than in
the compounds la and 2a (R = CH3J3) containing an endocyclic C= N bond;
accordingly, the geometrical data employed in the calculations here are of a
more approximate nature. The above assumption is in agreement with our
previous finding [37] that, in contrast with the stable and well isolable com-
pounds la and 2a (R = CH3J3), Ib (R = CH3J3) in particular, hut 2> (R = CH3J)
as well, are extremely unstable, undergoing partial ring closure even in the
course of simple recrystallization from isopropanol.

As regards the absorption maxima relating to the n — n* transitions in
the spectra (with the exceptions of compounds la (R = H, CH3), in the first
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Table V

Observed and calculated singlet transition energies (AES*Sin eV), oscillator strengths (f), directions of transition moments, and proportions
(in %) of most important configurations*

Compound

R=ch3

AE™

0.057
0.415

0.231

0.295
0.420
0.312

0.381
0.307

0.200
0.478
0.327

0.044
0.378

0.312

Direc-
tion of
transi-

tion
moment

XK o K *K

x

Model A

Proportion (in %)
of most important
configuration

6—8 (74.5)
6—7 (69.3);

5—7 (56.0);

6->-7 (65.5);
6->-8 (44.2);
5—7 (74.3);

6—7 (77.5)
6—8 (64.4);

6—7 (63.8);
5—7 (44.2);
6—8 (66.8)

6—8 (73.6);
6—7 (57.8);

5—7 (51.6);

6-1-8 (11.5)

5-<-8 (10.7)
5-»7 (10.2)
5—7 (33.8)
5—7 (11.8)

5-7 (12.2)
6-8 (30.9)

5—7 (10.4)
6—8 (15.6)

5-8 (23.1)

AES 8

4.814
5.208

5.829

4.860
5.746

4.268
5.489

4.869
5.748

4.795
5.205

5.834

0.071
0.383

0.211

0.348
0.336

0.448
0.309

0.343
0.335

0.759
0.376

0.229

Direc-
tion of
transi-

tion
moment

x

K

o KK

x

Model B

Proportion (in %) of
most important confi-
guration

6-8 (76.5)
6—7 (48.6);

5-7 (61.1)

6—7 (64.6);
6—8 (45.0);

6—7 (79.0)
6— 8 (71.0)
6-7 (64.0);
6—8 (43.0):;
6—8 (75.6)
6—7 (50.0);
5—7 (82.5)

6—8 (19.9);
5—8 (18.2)

5-7 (15.1)
5—7 (28.2)

5-7 (15.3)
5—7 (30.0)

6—8 (23.4)
5—8 (18.9)

AE™

4.460
5.368

4.246
5.414

4.460
5.391

5.904

Jok*

0.108
0.237

0.182
0.200

0.092
0.360

0.401
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R=CH3

2a

R=CH3

2b

R=CH3

4.442
5.408
5.712

4.175
5.372
5.989

4.442
5.408
5.712

6+7
5+7
6+8

6+7
6+8
5+7

6+7
5+7
6+8

(67.2);
(40.4);
(64.4);

(76.8)
(67.9);
(83.9)

(67.2);
(40.4);
(64.4)

5+7
6+8

4+7

5+7
6+8

(10.6)
(37.3)

(12.8)

(10.6)
(37.3)

* Calculated with empirical R'jjre (Table 111), AES*' S (3Y).

** Experimental data relating to the compounds were reported earlier [4]. The data refer to EtOH solutions.

*** Calculated on the basis of [36].

4.849

5.748

4.261
5.491

4.880
5.752

0.358

0.323

0.445
0.306

0.331
0.350

x

<

x

6+7 (64.7); 5+7 (15.0)

6+ 8 (44.4); 5+7 (29.7)

6+7 (82.6)
6+8 (64.2)

6+7 (64.0; 5+7 (16.1)
6+ 8 (44.3); 5+7 (28.3)

3.949

5.322

4.175

5.414

4.106

5.462

0.091

0.341

0.164

0.214

0.061

0.341

le 18 VANIA
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singlet-singlet excitation the transition ®\ is the determining one (Table Y),
while for the second s —s excitation (at about 5—$.5 eV) the configurations
®® and P\ become predominant.

The directions of the transition moments (Table ¥), for which, unfortu-
nately, experimental data are not available, proved to be almost the same for
models A and B. The direction of the transition moments of compounds la
and 2a is the x-direction in Fig. 1, while for the analogous derivatives Ib and
2b it is the y-direction.

Summary

The results of our PPP SCF MO CI calculations well follow the electron
spectra of the compounds studied. The parameters employed in the above
calculations (reported in Table Il1l1) were therefore also used to interpret the
relative stability conditions of the individual isomeric and tautomeric forms.

Structural study of the compounds la—2b (R = H, CHJ3

In the literature, primarily the HMO [s] andco-SCF [9, 10] calculations
have been employed to investigate the various tautomeric structures [5, 7,
17, 38, 39].

The n-delocalization energies (EDw) calculated with the above methods
in general well follow other experimental findings relating to the tautomeric
structures of the compounds.

Certain authors have recently attempted to use the PPP SCF MO ClI
method too to elucidate the tautomeric conditions of individual compounds
[17, 38 -42].

This method considers the degree of relative stability to be the energy
gain ZIEtd accumulating in the molecule as a result of the difference between
the total n-energy (En) of the molecule and the total n-energy of the free atoms
in the corresponding valence states.

Using the above methods, we too calculated the delocalization energies
(EDJ and energy gains (zIE®) of compounds la-2b (R = H, CH3J); these are
given in Table VI.

The following conclusions may be drawn from the tabulated data:

1. The energies EHOn calculated with the HMO and ft)-SCF methods
well follow our earlier findings [1—4] relating to the isomeric and tautomeric
structures of the compounds, according to which the two isolable imidazo-
(1,2-a) pyrimidinone derivatives (A and B) have the structures la (R = H)
and 2a (R = H). The energies EDn of the compounds la and 2a (R = H) are
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Table VI

Quantum-chemical data relating to the relative stabilities of the compounds

NEA (eV)**
Compound EDas?” PPP SCF MO CI

HMO (y-SCF model A model B
la 3.423 4574 -264 35 -265.97
Ib R=H 3.315 4.376 -258.42 -275.35
2a 3.435 4.606 -268.06 -270.57
2b 3.322 4.385 —258.48 -275.29
la 3.428 4,575 -263.33 -265.23
Ib 2.836 3.500 -271.85 273.25
2a R=CHS3 3.590 4.755 —267.06 -269.01
2b 3.380 4.429 -271.85 -273.28

*EDjj = a-delocalization energy; 80 = standard value relating to carbon atoms of
benzene
** AEJ1= a-energy gain with respect to the free atoms in the appropriate valence

state. Calculated with empirical R{Te (Table I111).

almost the same in the case of the HMO and the co-SCF calculations*, and sub-
stantially higher than those of the corresponding derivatives Ib and 2b (R =
= H). In the case of the ED” values obtained with both the HMO and the
co-SCF calculations, a surprising agreement was observed between the n-
delocalization energies and stabilities of the compounds. The delocalization
energies ED” of the compounds la and 2a (R = CHZJ3) (earlier shown to be
stable [37]) are almost the same as each other, and much larger than those
of the analogous derivatives 2b (R = CH3), but particularly Ib (R = CHJ),
the extreme instability of which has already been mentioned.

2. Only for la-2b (R = H), model A, do the energy gain values AEq
calculated with the PPP SCF MO CIl method show agreement with our earlier
experimental findings, according to which the AEf values for the more stable
molecules la and 2a (R = H) are larger than those of the corresponding deriv-
atives Ib and 2b (R = H). In all other cases, in contradiction with the experi-
mental findings, the energy gains AEn for the derivatives Ib and 2b (R = H,
CH3) proved to be larger.

It may be stated, therefore, that the energies ED” obtained with the
HMO and co-SCF methods well follow other spectroscopic and preparative
findings relating to the structures and stability conditions of the compounds

* As a consequence of the differences in the two methods, the numerical values obtained
with the HMO and co-SCF methods are naturally not the same, but the natures of the changes
obtained for the individual isomeric and tautomeric forms are identical in the two methods.
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la-2b (R = H, CH3J3); indeed, a surprisingly good agreement is exhibited be-
tween the delocalization energies ED” and the stabilities of the compounds.

In contrast, but in agreement with the findings of Kwiaticowski [43],
the PPP SCF MO CI method can follow well only the electron spectra, and does
not provide essential information on the structures and stabilities of the com-
pounds. It must be noted, however, that the stability conditions of the various
tautomeric and isomeric forms are not determined only by the properties
of the wr-electron system [17]. Hence, the semi-empirical quantum-chemical
approximative methods employing the a-n separation can provide only
information of limited value for the interpretation of the stability conditions
of the above compounds.*

*

The authors wish to express their thanks to the staff of the Computer Centre, Kossuth
Lajos University, Debrecen, for technical assistance with the calculations.
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The uncatalyzed reaction of o-phenylenediamine with a,/3-unsaturated nitriles
is described. o-Phenylenediamine reacts with fluoren-9-ylidenecyanoacetic ester (1)
to give the cyanobenzimidazole (2) leaving the ethylenic double bond intact, whereas
a-naphthylidenes (5) are cleaved with o-phenylenediamine to yield the unexpected
2-(I-naphthyl)benzimidazole (). The unsaturated benzimidazoles 2 and s are reduced
with sodium borohydride to give the saturated benzimidazoles 3 and 10, respectively.

Cleavage of the acid group in the reaction of o-phenylenediamine with
carbodithioic acid is well known [1]. The rupture of the C-C bond in some
ketones when reacted with o-phenylenediamine under relative mild conditions
to give benzimidazoles has been reported [2].

In the present work, we have found that when fluoren-9-ylidenecyano-
acetic ester (1) is heated with o-phenylenediamine at 240°C, the unsaturated
cyanobenzimidazole (2) is obtained in a good yield. In this reaction the diamine
adds only on the ethoxycarbonyl group, leaving the ethylenic double bond
intact.

The structure of 2 has been inferred from its correct analytical data;
its IR spectrum has pCsN at 2240 cm-1, due to conjugated nitrile absorption,
and rNH at 2700—3100 cm-1as a broad band [3, 4]. The UY spectrum also
exhibits strong and broad bands with fine structure in the 255—285 nm
region (alcohol), which is characteristic of a benzimidazole structure [3, 4].
Moreover, 2 is reduced with sodium borohydride to give the saturated analogue
3, leaving the benzimidazole moiety intact. Compound 3 proved to be iden-
tical with the product obtained from the thermal reaction of o-phenylenedi-
amine with the saturated ester [5] 4 at 240°C.

In contrast to the fluorenylidene analogue, the analogous a-naphthyli-
denes (5) are found to react with o-phenylenediamine in a different manner.
Thus, when ethyl a-cyano-/3-(lI-naphthyl)-acrylate (5a), a-cyano-/?-(l-naph-
thyl)acrylamide (5b), a-cyano-/?-(I-naphthyl)acrylic acid (5¢) or a-naph-
thylmethylidenemalononitrile (5d) is heated with the equimolecular amount
of o-phenylenediamine at 180°C, the—€= C—bond is cleaved and, unexpectedly,
2-(I-naphthyl)benzimidazole (s) is obtained in each case, in a good yield.
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a R = COOCZH5
b R = CONH2
e R= COOH

d R=CN

The same result is obtained when the reaction is effected in boiling
methanol, or even at room temperature. Compound e proved to be identical
with the product formed in the reaction of o-phenylenediamine and 1-naph-
thoic acid [6]. This compound is also obtained from the reaction of equi-
molecular proportions of o-phenylenediamine and 1-naphthaldehyde at 180 °C,
or even when the reactants are allowed to stand overnight in ethanol at room
temperature. In this reaction the monoanile 7 is not isolated as expected.

The unexpected production of 2(I-naphthyl)benzimidazole in the above
reactions prompted us to attempt the indirect synthesis of benzimidazoles
derived from naphthalene. It has been found that 2-cyanomethylbenzimid-
azole (9) is readily condensed with 1-naphthaldehyde in boiling benzene to
give the unsaturated cyanobenzimidazole s. The structure of s 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 of imidazoles [3].
The UV spectrum also exhibits strong absorption bands with fine structure
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in thé 220 and 285 nm region, similar to benzimidazole itself. When s is re-
duced with sodium borohydride in isopropanol, the saturated cyanobenz-
imidazole 10 is obtained in a good yield, which proved to he identical with
the product obtained from the reaction of the saturated cyanoacetic ester
(11) with o-phenylenediamine at 220 °C.

Cleavage of a, /S-unsaturated nitriles derived from naphthalene has not
been, to our knowledge, previously reported, so this reaction is first described
in the present work.

Experimental

Microanalyses were performed by the Microanalytical Laboratory, National Research
Centre, Cairo, A.R.E. M.p’.s are uncorrected. The IR spectra were recorded with a Zeiss
Jena UR 10 spectrophotometer; the UV spectra were obtained on a Carl Zeiss PMQII spectro-
photometer.

Reaction of 1 with o-phenylenediamine

Fluoren-9-ylidenecyanoacetic ester (1) (2.75 g) and o-phenylenediamine (1.1 g) were
mixed and the mixture was heated at 240°C (bath temperature) for 1 hr., allowed to cool,
then triturated with benzene. The solid was filtered off and recrystallized from methanol
to give the unsaturated cyanobenzimidazole (2) (2.3 g) as yellow crystals, m. p. 252 °C.

C2H IN3. 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) with 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 at room temperature, then decomposed with
dilute acetic acid. The solid obtained was filtered off and recrystallized from ethanol to give
the unsaturated cyanobenzimidazole (3) (2.35 g) as colourless crystals, m. p. 266 °C. (M. p.
undepressed in admixture with an authentic sample prepared by the thermal reaction of o-
phenylenediamine and the saturated cyano ester 4 [5]).

C2H1N3 Calcd. C 82.22; H 4.71; N 13.08. Found C 81.82; H 4.84; N 13.29%.

General procedure for the thermal reaction of 1-naphthylidenes (5) with o-phenylenediamin
methanol

The a-naphthylidene (5) (0.01 mole) and o-phenylenediamine (0.01 mole) were mixed,
the mixture was heated at 180—190 °C for 1 hr., allowed to cool, then triturated with benzene.
The solid obtained was filtered off and recrystallized from ethanol to give 2-(I-naphthyl)-
benzimidazole (6) as colourless crystals, m. p. 266 °C. Detailed results are shown in Table I.

Table 1

Reaction of a-naphthylidenes (5) with o-phenylenediamine

a-Naphthylidene

Type of reaction 5 5*
Time hr. Temp. °C Y‘i);)ld T;]Te Teorgp. Y:)Z)Id
Thermal | 180 70 | 185 60
In methanol 2 reflux 75 3 reflux 65
In methanol 24 room, temp. 60 24 room. temp. 50
(25 °C) (25 °C)
5c* 5d*
Type of reaction Time Temp. Yield Time Temp. Yield
hr. °C % hr °c %
Thermal | 190 60 | 190 70
In methanol 3 reflux 60 2 reflux 60
In methanol 24 room temp. 55 24 room temp. 57
(25 °C) (25 °C)

* Cf. ref. [7]

General procedure for the reaction of a-naphthylidenes (5) o-phenylenediamine in boiling

The a-naphthylidene (5) (0.01 mole) and o-phenylenediamine (0.01 mole) were dissolved
in methanol (40 ml). The reaction mixture 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-(I-
naphthyl)benzimidazole (6), m. p. 266 °C. (M. p. undepressed with an authentic sample [6]).
(Detailed results are shown in Table 1.)

General procedure for the reaction of a-naphthylidenes (5) with o-phenylenediamine in methanol
at room temperature

The reaction mixture was prepared as described above, stoppered, and allowed to stand
overnight at room temperature. The crystalline solid product was filtered off and recrystallized
from ethanol to give 6 (m. p. undepressed in admixture with an authentic sample [6]). (De-
tailed results are shown in Table 1.)
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Thermal reaction of a-naphthaldehyde with o-phenylenediamine

a-Naphthaldehyde (3.12 g) and o-phenylenediamine (2.16 g) were mixed, the reaction
mixture was heated at 170 —180 °C (bath temperature) for 1 hr., allowed to cool, then tri-
turated with benzene. The solid was filtered off and recrystallized from ethanol to give 6.
(M. p. undepressed in admixture with an authentic sample [6]).

When the above reaction was made in boiling methanol for 3 hrs, or the mixture was
kept overnight at room temperature, 6 was similarly obtained.

Condensation of a-naphthaldehyde with 2-cyanomethylbenzimidazole

A solution of a-naphthaldehyde (15.6 g) and 2-cyanomethylbenzimidazole (15.7 @)
in dry benzene (75 ml) containing a few drops of morpholine was refluxed in a Dean —Stark
moisture determination apparatus until no more water resulted from the reaction. The yellow
precipitate was filtered off, washed with benzene, and crystallized from ethanol to obtain
the unsaturated cyanobenzimidazole (8) as yellow crystals, m. p. 233—235 °C.

C20H 13N 3 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 unsaturated cyanobenzimidazole
(8) (2.95 @) in isopropanol (30 ml) was stirred for 6 hrs at room temperature. The reaction
mixture was decomposed with dilute acetic acid. The solid product was filtered off and re-
crystallized from ethanol to give the saturated cyanobenzimidazole (10) as colourless crystals,
m. p. 196 °C.

C20Hi5N3 Calcd. C 80.78; H 5.09; N 14.13. Found C 81.04; H 4.98; N 14.07%.

Thermal reaction of the saturated cyanoester (11) with o-phenylenediamine

The saturated cyanoester (11) (2.43 g) and o-phenylenediamine (1.1 g) were mixed, and
the reaction mixture was heated at 220 °C (bath temperature) for 1 hr., allowed to cool, then
triturated with benzene. The solid was filtered off and crystallized from ethanol to give the
saturated cyanobenzimidazole (10) as colourless crystals, m.p. 196 °C.
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The results of CNDO force relaxation calculations are given for the two possible
reaction paths of the S”I-type HOCN — HNCO isomerization. The catalytic effect
of pyridine and dimethyl sulfoxide is investigated through modelling them by a H2
molecule. The barrier height of the reaction is significantly lowered in the presence of
solvent molecules.

Chemical catalysis can be treated as the lowering effect of a catalyst
on the activation energy of a given reaction. The use of quantum chemically
calculated potential barrier height in place of the activation energy is a com-
monly accepted approximation. The reaction path determining the barrier
height can be calculated by minimizing the energy of the catalyst—reactant
system with respect to all but the reaction co-ordinate. Such a minimization
can be performed economically by the force relaxation procedure [1]. In
a version adapted to the CNDO method [2], the forces on each atom of a
reacting system are computed. The points of the reaction path are calculated
by making all forces, but the one belonging to the reaction co-ordinate, ap-
proximately zero.

That CNDO yields qualitatively good reaction paths can be seen from
the example of HCN —mHNC isomerization. The isomerization energy and
barrier height calculated by the ab initio Cl method are 14.6 (53.0) and 34.9
(71.0) kcal/mole, respectively [3]. The values obtained by CNDO force cal-
culations are given in parentheses. Upon subtracting 38.0 kcal/mole from the
CNDO values, a very good agreement is obtained with the ab initio values.
This means that the trends are reflected by CNDO correctly. In the case of
interatomic distances, the agreement is better. A recent example of semi-
empirical quantum chemical calculations of a reaction path is the work of
Martin et al. on the rearrangement of ethylcarbene [4].

* Guest at the Quantum Theory Group, Physical Institute, Polytechnical University,
Budapest
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This work is concerned with the S~-type isomerization of alkyl cyanates
and cyanic acid in dimethyl formamide, dimethyl sulfoxide or pyridine.
A possible mechanism suggested by Martin [5] et al. can be summarized as

slow fast
Solv...ROCN [Solv.R +.OCN-] ==t [Solv.R +] + OCN-
1 2 8low fast 3
Solv. RNCO

4

Cyanate is ionized through a slow solvation process. This polar aggregate
dissociates rapidly to yield separated ions which can react further to give iso-
cyanate. The isomerization of ionic aggregate 2 to isocyanate is a slow process.
The presence of a solvent stabilized activated complex was indicated by NMR
investigations, too [s].

The effect of dimethyl sulfoxide and related solvents was modelled by
a water molecule. Thus the oxygen of the H2 plays the role of the one in
dimethyl sulfoxide or that of the nitrogen in pyridine. These atoms attract
the proton or the alkyl carbonium ion to form the solvated transition state.

The reaction path of HOCN —HNCO isomerization (relative energy vs.
NCO angle) is given in Fig. 1. Table I contains some numerical values. Figure 2

Table 1

Characteristic parameters of the reactants and the transition complexes

Compound F:{%C);do.: T r(";g :5: (rlirI:'a I?r?]%rlggl g(NCO)
HOCN 33 1.84 1.19 1.33 3 -0.176
NCO.H
activated complex 78 1.18 1.23 1.32 96 -0.267
HNCO 152 1.90 1.26 1.24 -0.142
HOCN.H,0 33 1.87 1.19 1.33 -0.281
(NCO.H).HD
activated complex 78 1.19 1.22 131 80 -0.532
HNCO.HjO 154 1.94 1.25 1.24 1 -0.237

shows the variation of CO and NC bond lengths, as well as the O..H, distance
in the hydrated complex against the reaction co-ordinate. The barrier height
is 96 kcal/mole. The activated complex is T-shaped. The inversion barrier
of the HOCN molecule was found to be 42 kcal/mole while in the case of HNCO
it has avalue of 9 kcal/mole. The barrier height was calculated as the difference
between the energy of the linear and that of the bent (equilibrium shape)
molecule. The effect of the solvent can be seen from the dashed curve in Fig. 1.
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Fig. 1. Reaction paths for the HOCN HNCO isomerization. Full line: HOCN, dashed
line: HOCN.H20. The molecular shapes are indicated schematically.

Fig. 2. Variation of different bond lengths vs. theTeaction co-ordinate, o —o CN, x—x CO
e —e+ O...H distance. Full line: HOCN, dashed line: HOCN.H2.

A decrease by 16 kcal/mole of the barrier occurs when a water molecule is
present. This is due to hydrogen bond formation between the solvent molecule
and the activated complex. It is highly probable that solvents with strong
proton binding power (e.g. dimethyl sulfoxide or pyridine) lower the barrier
height to a greater extent. Thus, in these solvents, reaction step 2-—"™ becomes
faster than in non-polar medium.

The fast reaction step 2 3 was followed by CNDO force calculations.
The reaction paths (total energy against OH distance) for the dissociation
of bare HOCN and HOCN « H2 are given in Fig. 3. It is to be seen that
the increase of the OH distance from the equilibrium value causes a mono-
tonic increase in the energy. No maximum is observed on the reaction path.
This would be necessary if the products 3 were stable intermediates. Thus it is
indicated that reaction step 2 — 3 involves the formation of a solvate cloud
around the reactant and this lowers the activation energy further. Indication
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Fig. 3. Variation of the energy vs. the OH distance (dissociation). The net charge on the NCO
moiety is given for each points.

for such a solvation can be gained from the calculated charges of the NCO
moiety (Fig. 3). In the case of the HOCN molecule this is a rather low value
and it decreases monotonically as the OH distance increases. If an H20 mo-
lecule is present, the charge increases from the equilibrium value of 0.281
electrons to about 0.6 electrons at ROH ~ 1-66 A. When the OH distance
increases further, the charge becomes smaller and the difference between the
bare and solvated molecules diminishes. It cannot be excluded that this de-
crease of the charge is due to the failure of the CNDO method at large inter-
atomic distances. The considerable negative charge of the NCO moiety makes
solvation easy and, through this stabilizing effect, reaction step 2 — 3 becomes
fast. A similar solvation process was investigated by CNDO calculations
in the case of the Walden inversion of fluoromethane, too [7].

It is interesting to notice that the lowering effect on the barrier height,
due to a water molecule, was indicated qualitatively by extended Hiickel
calculations, too. Here the NCO moiety and the H20 molecule were fixed
and the energy surface due to the displacement of the proton was calculated
point by point. The barrier height was 65 kcal/mole for the free molecule and
became 50 kcal/mole when a water molecule was present.
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R. Boyington and W. L. Masterton: Student's Guide to Masterton and
Slowinski's Chemical Principles

W. B. Saunders Co., Philadelphia, London, Toronto, 1975, 330 pages

The hook has been written for university students of general chemistry, and serves
primarily as a guide-book to Chemical Principles by W. L. Masterton and E. J. Stowinski;
it is also of assistance in providing an understanding of the material heard in the lectures
and that contained in the earlier book, and in enhancing the ability of the student to employ
this understanding. The sequence of the chapters and the selected topics run in parallel with
the material in the text-book.

In effect, this guide-book does not report new knowledge, but in every case refers to
the appropriate parts of the text-book, and to the Tables and Figures to be found in it.

Each chapter begins with a series of questions. These questions direct the student’s
attention to what parts of the lecture material and the text-book must be studied in order
to be able to solve the problems posed in that chapter. Next follow references to the basic
definitions and to the mathematical operations to he employed. The authors then give an
extremely concise summary of the theoretical knowledge fundamentally necessary for an
understanding of the chapter. The subsequent part always describes the methods for solving
a number of problems, and illustrates these on one example each. The book also contains
many calculation problems for solution, ranging from comparatively simple to quite complex
ones. The solutions can be found in an appendix.

The following most important and most useful part of the chapters gives a possibility
for the student to check his knowledge and understanding of the subject matter, and at the
same time plays an important part in the active study, in the development of independent
thinking, and in the discovery of correlations. The questions given here can be divided into two
groups. In the first type the reader must establish whether a statement connected with that
part of the material is true or false. In the second group of questions the student must select
the correct answer from among several given possible answers. The correct answers are to be
found in a separate part of the chapter, and finally each chapter is concluded by a list of re-
commended literature.

The first chapters deal with the fundamental knowledge relating to atoms, molecules
and ions, and with chemical formulas and equations. The student may then become acquainted
with thermochemistry and with the physical properties of gases. After the basic concepts on
the structure of matter follow chapters connected with the properties of various states (liquids,
solids, changes of state, and solutions). Three chapters present the reader with an account
of chemical reactions (the spontaneity of reactions, the chemical equilibrium of gas reactions,
and the rates of reactions). Separate chapters deal with precipitation reactions, acid-base
theories, acid-base reactions, complex compounds, oxidation-reduction reactions, the basic
concepts of electrochemistry, and nuclear reactions. The concluding chapter illustrates the
manifestation of the fundamental correlations of general chemistry in the field of biochemistry.

The book provides extremely useful assistance to the student dealing with general
chemistry, in broadening his knowledge, in an intelligible treatment of the subject matter,
and in the constant checking of his grasp of the material. Although this guide-book is primarily
intended to supplement the text-book referred to in the title, as a result of its posing questions
demanding some thought and of the answers to the self-checking questions it is also of use
to those students who have mastered their fundamental general chemical knowledge from
hooks employing different systems and constructions. Thus, its translation into Hungarian
(possibly together with the corresponding text-book) would be advantageous, as at the moment
a book of such a nature is not available in Hungarian.

J. Nagy
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E. Worfram (editor): Proceedings of the International Conference on Colloid
and Surface Science. Yol. 1. Preprints of contributed papers.

Akadémiai Kiadé, Budapest 1975, 776 pages

Results achieved in the last twenty years in colloid and surface chemistry have an in-
creasing importance in science and from the economic point of view; in addition the interdis-
ciplinary, and indeed, growingly multidisciplinary character of this branch of science has
come more and more manifest.

A knowledge of disperse systems, of interfacial phases is required for solving many pro-
blems in several branches of industry and science, particularly in biology and medicine. More-
over, colloid and surface science is indispensable for dealing with some important problems of
our days, such as the more efficient utilization of raw material sources and environmental pro-
tection.

The recognition of these facts motivated the six-day International Conference on Colloid
and Surface Science, organized under the auspices of IUPAC in Budapest, September 1975.

The material presented in 95 contributed papers contained in this volume gives the
reader a survey of the work of more than 200 researchers from 22 countries of four continents,
carried out in numerous laboratories.

The editor had a difficult task in producing a well arranged grouping of the papers deel-
ing with various topics in a multitude of heterogeneous fields. The principle that the basic
common characteristic of the systems investigated was the large specific surface and/or the
presence of supermolecular structure elements, made possible the arrangement of 85% of the
material into the following three main chapters:

I. Surface chemistry,
I1. Disperse systems,
I1l. Surfactants, monolayers and foams.

Chapter 1is concerned with the following six branches of surface chemistry:

1/1 Surface structure and surface chemistry of solids (9 papers)
1/2 Adsorption at solid/gas and solid/liquid interfaces (7 papers).
1/3 Wetting (7 papers)

1/4 Thin liquid films (2 papers)

1/5 Adsorption of polymers (4 papers)

1/6 Adsorption of surfactants (3 papers)

Chapter Il contains the papers which deal with the following problems of disperse sys-
tems:

I1/1 Formation of disperse systems (3 papers)

11/2 Stability and structure of disperse systems (8 papers)

I11/3 Electrical phenomena (6 papers)

I1/4 Rheology (5 papers)

11/5 Gels (3 papers)

Chapter 111 comprises reports on researchw ork carried out in three different, independ"
ent fields:

I11/1 Micellization and related phenomena (8 papers)
I11/2 Monolayers and foams (9 papers)
I11/3 Molecular interactions (7 papers)

The remaining material is reported in Chapter IV in two groups:

IV/1 The title “Applications” (8 papers) covers investigations on the practical solution
of problems met with in some special fields, and

IV/2 “Methods” (6 papers) describes methods of testing applied recently in colloid
and/or surface chemistry.

Orientation in the subject-matter is facilitated for the reader by a subject index at the
end of the volume; it is a pity that several entries are incomplete (e.g. Rutile, p. 429, is missing;
Surfactants, adsorption of, p. 231, missing; Suspensions, pp. 426, 695, missing, etc.).

The papers are complemented by a great number (a total of 989) references.
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The typography of the book gives evidence of careful work; the text and the tables,
with the exception of a few figures, are easy to read.

In summary, this publication will be of great value to colloid- and physical chemists,
as well as to chemists, physicists and biologists, engaged in to most various theoretical or prac-
tical researches connected with colloid and surface science. The book is a good source of infor-
mation on the present research trends in this branch of science, and on the results achieved in
recent years.

Unfortunately, the compilation does not give the titles, the names and the working places
ofthe authors of the contributed papers read at the conference, as this information did not arrive
until the dead-line (June 15, 1975) of sending in the subject-matter intended for publication.
It is hoped that Volume 2, to be published at a later date, which will present the discussions of
the conference papers, will make up for this deficiency.

K. Udvarhelyi
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PE3IOME

KomnnekcoobpasoBaHue MarHus, LMHKa M kKagmms ¢ apceHaso |l

B. MUXAW/IOBA

OnucblBalOTCA CNEKTPOMOTOMETPUYECKME WUCCNEfO0BaHUA peakuuii MarHusa, LUWUHKa W
Kagmmua c apceHaso Ill. Komnnekcoo6pasoBaHne 6bl10 M3y4YeHO MEeTOJOM, OCHOBAHHbIM Ha 3a-
Bucumoctn A =/(pH). Bbinn ncnonb3oBaHbl PacTBOPbl C 3KBUMOMAPHLIM COCTaBOM W C cofep-
XaHuem Hebonbworo n3bbiTka MeTanna. [ Ns MarHMeBblX U LLMHKOBbIX KOMMEKCOB 6blNo Hali-
[leHO MpoCTOoe XenaTHOe paBHOBecKe, B TO BpeMsa Kak ANa Kagmus 6bIn0 HalljeHo, 4To peakuus
npoTekaeT Mo ABYM CTyneHAM. Bblnin paccumTaHbl KOHCTaHTbl PaBHOBECUS M KOHCTaHTbl YCTOM-
unBocTun. MpPoOBOANTCA 3aBUCUMOCTb MEX/Y PacTBOPUMOCTbIO NPOAYKTOB FMAPOOKUCEl MeTannos
n pH nony-peakuyun.

ViccnegoBaHye MexaHM3Ma M30MepU3aLMmn H-6yTeHa Ha KUC/bIX KaTanusatopax, ll.
KVHeTMYecKMe MpUMEPbl M OLEHKA 3KCMEPUMEHTA/IbHBIX JaHHbIX

[. KANNO, 3. AETPEKEWN u T. LA

061acTb KWHETUYECKNUX NPUMEPOB, U3YUEHHbIX B MPeblAyLiemM coobueHnn, 6bina pacilu-
peHa TakKMMMW CXemaMmi npespaljeHnii, KOTOpble AEMOHCTPUPYIOT NPOCTeliline BOSMOXHOCTH, a
MMEHHO, KOrga NyTb MNpeBpaljeHuii of4HOr0 KOMMOHEHTa OT/NMW4YaeTcs OT npeBpaleHuii gByx
APYTrUX KOMMOHEHTOB. HauyanbHas CKOPOCTb N060ro npespawieHns i “Mj MoxeT 6bITb BblpaxeHa
CNeayloumnmM ypaBHeHneM

= ajp°/(1+ bjpi) .

BblN0 ycTaHOBNEHO, YTO 03HAYalT KOHCTaHTLl aly 1 6- ¢ 06Weil cnpaBefnnBOCTbIO, AN CAyyvas
CXeM PasIMYHOro CTPOEHMWS U KaKuM 06pa3om ypaBHeHUe CKOPOCTM TuNa JSlaHTMopa MOXEeT 6bITb
0606ueH0. OnNpesensis NOCTOAHHbIE BY U 6- Ha BOJOPOAHbLIX, MArHUEBBIX U HUKENEBbIX KANHOMN-
TUAONUTAX MPU Pa3NUYHbIX TemnepaTypax, 6biN10 BbIICHEHO, YTO B TO BpeMs Kak Ha H-hopme
npespaleHue NpoTekaeT yepes o6pasoBaHMe 0GLEr0 NMOBEPXHOCTHOIO MPOMEXYTOYHOTO Mpo-
AyKTa, Ha Mg- n Ni-hopmax Habnogaetcs fpyroe nosefeHue.

Porib  MOMEKYNSIpHbIX KOH(OpMauuii B pacyeTe Tr-3/IEKTPOHHOM CTPYKTYpbI
metogom CCIM—MO

A V. KWW n N. CEKE

N-3NeKTPOHHAA CTPYKTypa W CNeKTPpbl MaaHapHblX KOHGOPMaLmnii An3amMeleHHbIX GeH30-
NoB, COAepXalux Kap6oHWNbHYO Tpynny, GblAM paccyMTaHbl C NOMOLbi0 MeTofa Mapusep—
Mapp—Monna. PaccuntaHHas obwas A-aHeprus, ofHaKo, He ABNAETCA HafeXHOW mepoil onpe-
fleneHns OTHOCUTENbHON CTabUNbHOCTU KOHPOpPMepoB. Ha ocHOBe pacyeTa, OfHaKO, MOXHO Npeg-
cKasaTb, 4To Ta opma 6yaeT 6onee ctabunbHOW, B KOTOpPOW Gonbwwue A-3apafbl HaxopaTcs
6nuxe Apyr K Apyry. Bbina npogeMoHCTpUpoBaHa YyBCTBUTENbHOCTb PaCHeTHbIX A-371€KTPOH-
HbIX CBOWCTB (pacnpefeneHune 3apaga, AUNONbHbIA MOMEHT, CNeKTpanbHble faHHble) Ha KOH(Op-
MalLUOHHble W3MeHeHWA. Pa3nuyus B pacyeTHbIX CBOelcreax [BYX KOH(OpPMepoOB ABNAWOTCA
Han6oNbWNWMN ANS O-NPOWU3BOAHLIX, TAe >eNnaTefbHO MONEKYNApPHON CTPYKTypbl, Hanbonee
BEPOATHOW 3KCMepMMeHTanbHO. B cnyyae M W N-MPOW3BHOAbIX pa3nuyus ABAAKTCA TOro Xe
nopsfka, Kak 1 MOrpewHoCcTb pacyeTa.



9}'IeKTp0HOFpaCbVI‘-I€CKOE nccnegoBaHmMe CTpoeHUA MONEKY/Ibl TPUITUICKUIaHa

B. HAKBAPW, X. BATHEP n WN. XAPTUTTAU

OneKkTpoHOrpauyecknue faHHble TPUITUACWNAHA COrNACylOTCA C MOJAE/Nb CUMMETPUN
C3 1 yrnom BpaweHus BOKPYyr cBasu Si—C B uHTepsane 105—145° (aHTU-NONOXKTKE wenu
H —Si—C—C cooTBeTcTByeT 0°). Monekynbl BepOATHO NpeTepneBardT KPYTUNbHblIe KONebaHWa ¢
6onbwoi amnantypoit Bokpyr ceasn Si—C. AnuHa cBa3n Si—C (rg) u BaneHTHbIA yron Si—C—C
1,887 + 0,004 A n 1151 + 1,1°, COOTBETCTBEHHO.

JNeKTPOHOrpathnyecKoe UCC/IeA0BaHMe CTPOEHNS MOEKYT TPUMETU/IMETOKCMIAHA

B. YAKBAPU, . BATHEP, M. TEMEPU, N. XAPTUTTAW, 6. POXOHAAN n ®. C. MUANXOdD

MeTof0M ra3oBoil 3NeKTPOHOTrpathuy N3y4YeHO CTPOEHNE MONEKYT TPUMETUNIMETOKCMaHa.
HekoTopble M3 CTPYKTYPHbIX NapameTpoB:

ra(Si—0) = 1,63

9 + 0,004 A, ra(Si-C) = 1,864 + 0,004 A, ra(C-0 = 1,423 + 0,005 A,
ra(C—H) = 1,114

+
+ 0,003 A, < Si-0-C = 1225+ 0,6° n< O-Si-C = 1086 = 0,2°.
HaligeHa waxmaTHas KoHpopmayus (CMMmeTpus Monekynbl Cs) ¢ BpaljaTenbHbIMW KoneGaHns-
MW GONbWNX aMnAnAyT BOKPYr cBAsu Si—O. OGHapyxeH 60nbwoil adekT cOKpaweHns
(™ 0,1 A) pacctosHuit C. ..C aHTW No cCpaBHEHWUIO CO CTPOrO LWAXMaTHOW KOHopMmaLueil.

ONeKTpoHOrpauyeckoe UCCNefoBaHWe MOMEKYNSAPHOIO CTPOeHUs 6uc (Tpwm-
METW/ICU/IN) KeTeHa

B. POXXOHOAW n . XAPTUTTAN

MeToAOM ra3oBoii 3fieKTpoHOrpaguu 6bIN NONYUYEHbl HEKOTOpPble CBEAEHUS OTHOCUTE/bHO
MONEKYNAPHON! CTpYKTypbl 6uc (Tpumetuncunun) ketena. Ana mogenn C2, 6binn HaiigeHbl
cnepylouiMe CTpYKTypHble napametpsl: ra(Si—C)cp = 1,886 = 0,004 A, i(Si—Ccp = 0,056 *
+ 0,003 A n < Si—C—Si = 129° (c norpewHocTbio +2° u —4°). CpaBHUBaKTCA U 06CYyxaa-
I0TCA BaNeHTHble yrabl atomMa yrnepoja npu ABOWHOW cBA3KM, a Takxe atomMoB N, O W T. n.,
cBA3aHHbIX ¢ atomamun C, Si nnm Ge.

ANeKTPOHOrpaMyecKoe MCCMedoBaHNE CTPOEHWST MOJIEKY/bI aueTanfasuHa

N. XAPTUTTAW, A4. WYnbL, B. A. HAYMOB, 0. Il. KUTAEB

CornacHo 3anekTpoHorpauyeckum pfaHHbIM, npeobnajatleil KoHpopmauuei auertan-
fasnHa B ra3oBoil (hase ABNAETCA aHTU, TPAHC-TPaHC, BEPOATHO C GONbWUMUN KPYTUNbHBIMU KONE-
G6aHuaMmn Bokpyr cBasm N—N. O6Hapy>XeHO Tak)Xe HebonblOe KOAM4ecTBo row gopmbl. Cne-
Ayloune MONnekynspHble mnapameTpbl XapakTepusylT CTPYKTYypy ckeneTa TAXENbIX aTOMOB:
ra(N—N) = 1,437 + 0,013 A, ra(N=C) = 1,277 + 0,003 A, ra(C-C) = 1,486 + 0,008 A,

N—N=C= 1104 + 0,9°, m «(EN = C-C = 1214 + 1,0°.

KBaHTOBO-XMMWYeCKMe WCC/efoBaHNA HEKOTOPbIX MNPOnN3BOAHbIX
nMmnaasonnpmnmMmmnaoHa

3. AblHSA, W. PENTEP, N. TONbAWN u C. POXNNL

C noMOLWbI pa3NMyYyHbIX KBAHTOBO-XMMUYeckmnx metogoB (MO Xiwkkens, co—CCIH,
CCM—MO—KB TMMN) 6binn nccnefoBaHbl HEKOTOPbIe NPOU3BOAHbIE MMMUAaso (1,2-a) nupumMu-
[lOHa, 3N1IeKTPOHHO-CNeKTpanbHble CBOWCTBA UX M3OMEPHbIX U TayTOMepHbIX (GOPM, a Takxe MX
OTHOCUTE/bHbIE YCN0BUA CTabUNbHOCTU.



Ha npumepe 04HOro BbIGPaHHOro MoAenbHoro coeauHenus (la, R = H) cpaBHMBanuch

IMNMPUYECKNE N NONYIMNUPUYECKNE NUTepaTypHble BeNnUYnHbl /3" re gna CCM—MO—KB MMNnN
pacueta aHepruii nepexona AES?S BbiweynomMsHyThiX coegnHeHnii. C MoMOLW b0 3MINPUYECKNX

gennuuH B tr , BoIGpaHHbIX TaKUM 06pa30M, 6bINN ONpegeNeHbl SHEPTUM 3NEKTPOHHbLIX NePexo0B
S S(jt—nN*), HanpaBneHUss MOMEHTOB MEPEX0f0B, a TAKXE KOJNYECTBEHHbIE COOTHOLWEHUS
Hanbonee BaXHblX KoHuUrypayuit. C nomouwibto metogoB MO Xtokkenss n cu—CCIM 6bi1n pac-
cunTaHbl aHeprun pgenokanusauumm ED, monekyn la—26, R = H u CH3 KoTopble X0powwo
cornacytTcs C 3aKNIOYEHUAMMU, CAeNaHHbIMW paHee OTHOCUTENbHO CTPOEHUSA COEAWHEHUN WU UX
ctabunbHocTu. C nomouwbio Metoga CCM—MO—KB—TTTM 661K paccumTaHbl TaKXe BENUUYNHbI
«NPUPOCTa IHEPTUMN», KOTOPbIE, 0AHAKO, He faloT HOBOW MH(MOPMALUN OTHOCUTENBHO CTPYKTYPbI 1
cTabunbHOCTK.

Peakyuns O-dJEHI/II'IEH,CI,I/IaMI/IHa C a, ”-HeHacblIWeHHbIMWY HUTPpUNamMun

M. XAMMAZA 1 K. 3/1b-BANOKM

OnucbiBaeTCH HekaTanM3npoBaHHas peakLuns o-heHUNeHAMaMUHA C @, "“-HeHacCbll| eHHbl-
MW HuTpunamu. O-heHUNeHAMaAMUH pearupyeTt ¢ apupom (nyopeH-9-nanAeHLNaHOYKCYCHOM
KWCNOTbI, flaBas LuaHo6eH3MMuaasons (2), ocTaBNsfa 3TUNEHOBYIO ABOWHYIO CBA3b HE3aTPOHYTOIA.
A a-HadTunungeHsl (5)pacwennaoTcs, o-PeHnNeHgnaMnuHoOM, faBas HeoxXupaHHble 2-(1l-HatpTun)
-6eH3nmnpasonn (6). HeHacbiweHHble 6GeH3umupgaszonu (2) m (8) BoccTaHaBnuBakwTCA 60po-
rMagpuaoM HaTpus, faBas HacbiweHHble G6eH3umupasonu (3) u (10), cOOTBETCTBEHHO.
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The theoretical conformational analysis of methoxydichlorophosphine CH3PC12
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

Recently, the geometric structure and conformation in the gas phase
of some X-PF2 compounds have been investigated by means of electron
diffraction and microwave spectroscopy.

When X is a group linked by a first row element (X = NH2 [1, 2],
N(CH3)2 [1, 3], F2PO [4]) to the phosphorus atom, it appears that — despite
a few discrepancies in the literature the preferred conformation of the
corresponding XPF2 molecules is gauche. This has been explained [5, s&]
by quantum calculations performed with the CNDO/2 approximation.

Theoretical calculations point to a similar tendency for methoxydiflu-
orophosphine, CHsP —PF2 [7]. Moreover, a recent microwave spectroscopic
study by Schwendeman et al. [8] reveals the outstanding flexibility of this
molecule oscillating between two gauche forms, symmetrical about the cis
conformation.

It is worth pointing out that when X is a group linked by a second
row atom (e.g. X = PH2 [9]) to phosphorus, the X —PF2 molecule adopts
a trans conformation; CNDO/2 calculations allowed us to elucidate the origins
of this peculiarity [9].

1 Acta Chim. (Budapest) 90, 1976



208 ARSHINOVA et al.: THEORETICAL CONFORMATIONAL ANALYSIS

As this semi-empirical method allows to reproduce and to interpret the
conformational characteristics experimentally observed for X —PF2 mole-
cules, we thought such an approach could help us to understand all the results
— sometimes inconsistent — which have appeared in the literature concerning
methoxydichlorophosphine CH30 —PC12

Experimental data

The molecular geometry of CH30 —PC12 has been investigated by Nau-
mov et al. [10] (Fig. 1) by means of electron diffraction.

In their study, the authors favour the existence of a preferred gauche
conformation, which is characterized by a torsional angle 0 = (17.3 + 5)°
(Cf. Fig. 1). Thus, the molecule studied conforms very well with the general
tendency we described in the introduction.

However, two infrared spectroscopic studies, by Durig and Yigorio
[11] and Rayevskii and Halitov [12] respectively, roused these authors to
favour a preferred conformation with a plane of symmetry to which the latter
authors ascribed the cis conformation. (The chosen convention describing the
relative positions of the O—C bond and the direction of the lone pair of phos-
phorus is depicted in Fig. 1.)

CH3
;1Y r(P-Cly = 2.084A
ifepj r(P-0) = 1630A
r(C-0) = 1447A
//- i 4\\ r(C-H) = 1100 A
A Y CiTgl =99.3°
\ /1 0 PCl =99.0°
COP =1070°
0 C H =109.47°
a a H CH =109.47°
Naumov's conformation (10)
cl cl
Rayevskii’s cis conformation (12)

Fig. 1
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Theoretical conformational analysis

All the calculations, using the CNDO/2 approximation [13], were per-
formed on the IBM 370/168 computer of the CNRS (CIRCE, Orsay, France).

We used the geometrical model proposed by Naumov. The theoretical
conformational analysis was performed on the basis of the now classical rigid
rotor assumption.

The conformation at the outset of our calculations is represented in
Fig. 2. 0 and @ are the rotation angles around the P—O and O-C bonds, respec-
tively, these rotations being anticlockwise for an observer located on O, and
looking at P or C.

Isoenergy curves of the hypersurface E (0, ®) are shown in Fig. 3
(energy of — 42400 Kcal/mole).

This map shows that the molecule studied adopts two perferred equival
lent gauche conformations, referred to as G (-(-53.60) and G (—53.60) (Fig. 4)-
it is noteworthy that, in both conformations, one hydrogen from the methy;

Fig. 2
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group lies in the POC plane and eclipses the PO bond. This unusual position
for a methyl group has been observed for CH30 —PF2 [7].

Although our calculations exaggerate the twist around the P—O bond,
they are in good agreement with the conclusions of Naumov et al. [10] whose
experimental observations favour a preferred gauche conformation. The quan-
titative disagreement is less important than it appears to be: the map E (0, ®)
shows that, around the potential well corresponding to G, the radius of cur-
vature of the hypersurface is large and is thus showing a high degree of flexi-
bility of the molecule in this area. Thus, if we consider (taking into account
molecular vibrations, zero point energy and thermal effects) that the actual
energy of the molecule may be 1.5 Kcal/mole higher than the absolute mini-
mum one, the area where preferred conformations may exist is found to be
quite large (inside the — 66 curve in Fig. 3) and corresponds to:

25° < 0 < 81°

34° < O < 84°.

On the basis of this flexibility around the G well — especially noting
that the angle 0 might easily differ +30° from its equilibrium value — the
inconsistency with electron diffraction results seems to be removed.

In order to try to understand the experimental results obtained by in-
frared spectroscopy [11, 12], we can consider the interconversion between the
two equivalent gauche forms, G”~ziG. However, the CNDO/2 calculations
show a barrier to internal rotation of 2.5 Kcal/mole. This barrier corresponds
to the difference in energy between the gauche forms and the unstable cis
form; such large value makes a hypothesis difficult, in which the molecule
would be oscillating from G to G and would he observed in its intermediate
cis state. We ought to add that calculations, performed by one of us (R.A))
using the extended Hiickel method [14] with a (3s, 3p, 3d) basis set for the
second row atoms, give results identical to the ones presented here, except
for the barrier (0.8 Kcal/mole) between the G and the G forms. This low bar-
rier would permit the interconversion G G- However caution is advised
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in using this value, as it is known that the generalized Hiickel method — as
usually used — often understimates rotational barriers.

W e then approached the problem in a different way, noting that Naumov'’s
experiments [10] correspond to a molecule in the gas phase, whilst the spectro-
scopic studies [11, 12] were made in solution.

We therefore repeated the conformational analysis of CH30 —PC12
adding to the total energy calculated for the isolated molecule, the solvation
energy as estimated by Jano [15]. Using the CNDO/2 approximation, Jano’s
formula may be written:

Esolv —- 2 2 AQa-aQb-Vab
2 D 4 &
in which/IQ = net atomic charges
y — mono and bicentric bielectronic coulomb integrals
D = dielectric constant of the solvent.

This formalism which takes only into account the interactions between
the point distribution of the atomic charges of the molecule and the solvent
assumed as a perfect dielectric, has already allowed the interpretation of many
solution phenomena (tautomeric equilibria [16], pK data [17, 18], solvato-
chromic effects [19, 20]) although it corresponds only to one of the terms in-
volved in the true solvation energy. Nevertheless when we are interested only
in variations of the solvation energy, we may consider the cavitation and satu-
ration energies of the dielectric as constant [19].

The new map describing the variations of

E (0, ) —Etot+ IEsolvIid=w@

proves that solvation has no influence upon the general features of the hyper-
surface. The flexibility of the molecule, as well as the barrier between G and
G, remain unchanged.

Hence if, the preferred conformation of CH3 —PC12 is a highly flexible
gauche one (as indicated by electron diffraction and quantum calculations),
the IR results remain unexplained, if we use the simple approach of solvation
effects outlined above. Finally, it should be mentioned that a trans form has
never been experimentally observed; this is supported by the results of our
calculation, the trans conformation being some 5 Kcal/mole above the G poten-
tial well.

Dipole moment

The dipole moment of methoxydichlorophosphine, in solutions in cy-
clohexane at 25°C, is found to be equal to 1.97 debyes.

The dipole moments of the cis, gauche and trans forms, calculated from
atomic charge densities (yat) and hybridization contributions (fisp and /ipd)
are 0.64 D, 1.63 D and 3.67 D respectively. If we compare these calculated
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values with the experimental ones, the only likely conformation for CH30 —PClI2
is again the gauche one.

At first sight it might seem surprising to find that the dipole moment
of the trans form of CH30 —PCl2 be higher than that of the cis form. The
reverse is the case in the difluoro derivative CH3 —PP2 [7]. We have shown,
by an analysis of the various theoretical components of the dipole moment,
that it is the predominant contribution of the lone pairs of electrons on the
chlorine atoms, which causes this phenomenon in CH30 —PC12

*

We are grateful to Dr. Istvdn Hargittai for stimulating discussions during his visit
to our Laboratory (Toulouse) regarding the approach in using electron diffraction and quan-
tum calculations for solving geometrical and conformational problems in chemistry.
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The condensation of alkoxysilanes with chlorosilanes has been followed by gas
volumetric and gas chromatographic techniques. The effect of the active and inactive
ligands of the silicon moiety on the reactivity has been investigated.

As shown by the rate of gas evolution during the condensation of alkoxy- and
chlorosilanes, the reactivity can be influenced by varying the substituents on both
the oxygen and the silicon atom.

It has been established by mass spectrometry that there is a correlation between
the reaction rate and the stability of the alkoxy group at the positively polarized
silicon atom, which parallels the Hammett constants of the alkyl part of the alkoxy
group, i.e. its electron donor ability. Conclusions can also be drawn on the effect of
n-electron ligands in the silicon moiety on the Si-Cl and Si-O-C bonds, as well as on
the steric effects.

The rate of condensation between alkoxysilanes and chlorosilanes increases when
n-electron ligands (Vi, Ph) are attached to the Si atom; the same effect is observed
upon increasing the electron donor ability of the alkyl part of the alkoxy group.

Introduction

In addition to hydrolytic methods, the siloxane bond may also be
formed in certain non-hydrolytic condensation reactions of the type

= Si- X+ YO- Si= — = Si- O- Sis + XY m

Group X may he a halogen, H, —OR, —OCOR, whereas Y may be H, —R
or —COR; any combination of X and ¥ leads to the formation of siloxanes
[I, 2]. Similar condensations occur if X = —NH2 ¥ H and X -f- halogen,
—OCOR, Y = Na, K [3]. The common feature of condensations (l) is that
one of the reactants carries a Si-0 bond which, owing to the large difference
between the electronegativities of silicon and oxygen, is extensively polarized
so that the oxygen atom becomes strongly nucleophilic and the silicon strongly
electrophilic. The reactivity of this bond is enhanced by the presence of
empty silicon d-orbitals of favourable energy and symmetry, which permit
the formation of pentacovalent silicon in donor-acceptor interactions. Although
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the lone pairs of the oxygen in the = Si—O bond may be shifted towards the
silicon atom by a so-called (p —*d)n interaction, which would tend to decrease
the donor ability of oxygen and the acceptor ability of silicon, this delocali-
zation is suppressed in the presence of a donor or acceptor reactant.

In the following we report on the investigation of one of the most impor-
tant type of condensations (l), viz. on the combination of X = Cl and Y =
= alkyl.

The first detailed description of the condensation between chlorosilanes
and alkoxysilanes

= Si—Cl+ RO—Si>= Si—0O—Si= + RCl an

was given in 1946 in a patent by Servais [1]. The reaction takes place above
50°C; the properties of the product siloxanes, in addition to the initial compo-
sition, can be influenced by the amount of FeCls catalyst, the temperature
and the reaction time. Inert solvent, e.g. toluene, slows down the reaction
whereas a small amount of HC1 brings about acceleration. The type of the
alkoxy group determines the required amount of catalyst. According to the
patent, di- and trifunctional chlorosilanes, alkoxysilanes and particularly
alkoxychlorosilanes of the type RSi(OR’)2ClI and R2Si(OR’)Cl are suitable
for the condensation. These mixed alkoxychlorosilanes may form via group
exchange from the corresponding alkoxy- and chlorosilanes. The number of
alkoxy groups in the starting silane mixture should be at least equal to the
number of chloro substituents, thus no chloro function remains in the final
product. There are both cyclic and linear siloxanes among the products. The
alkyl chloride formed is of high purity and can thus be recycled in the produc-
tion of organosilicon monomers [4].

The formation of alkoxychlorosilanes via group exchange is catalyzed
by the HC1 present already at the temperature of boiling [5]. In the case of
alkyl hydrogen silanes, the exchange takes place upon mixing, the reaction
being exothermic [6]. Kumada [7] has also reported group exchange leading
to the formation of alkoxychlorosilanes under more drastic conditions (bomb
tube 200°C). The groups exchange of alkoxychlorosilanes affords dichloro-
silanes also under milder conditions [s].

The application of the alkoxysilane—ehlorosilane condensation extends
the scope of laboratory syntheses too. Cyclic siloxanes have been prepared
by Andrianov et al. [9—12].

It should be noted that the strong decrease of conversion observed in
the alcoholysis of chlorosilanes (40—50%) can be explained by the side reac-
tion of condensation [13] as there is appreciable formation of alkyl chlo-
rides [14].

On the basis of literature data we have selected model compounds and
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reactant mixtures which permit to follow the course of the reaction in time.
Special attention was directed to the reactions of bifunctional-f-bifunctional
and bifunctional+tetrafunctional silanes, chloro- and alkoxysilanes because
of their industrial importance but an explanation was also sought for the
lack of reaction between certain monofunctional alkoxy- and chlorosilanes.

Under technological conditions (80 -150°C, iron catalyst without a
solvent) the alkoxysilane-j-chlorosilane condensation is carried out in such a
manner that the number of functional groups per monomer unit be at least
2 (in exceptional cases 1); the sum of functional groups in the two kinds of
monomer should be at least 3 and the average functionality per silane monomer
2 or greater.

In the experiments to be described we have studied, by gas volumetric
and gas chromatographic techniques, the reactions of chlorosilane-alkoxysilane
mixtures (in the presence of y-Fe203 and FeCl3) with various hydrocarbon
and alkoxy groups attached to the silicon moiety.

Correlation between the reactivity and the number
and type of the functional groups

Experimental
1) The reaction of the monochloro j- monoalkoxy system

Mixtures of the following composition were reacted at 75°C under anhydrous conditions
in a thermostated 3-necked flask equipped with a magnetic stirrer, a thermometer and a
reflux condenser:

0.05 mol trimethylalkoxysilane (alkoxy = methoxy, ethoxy, n-propoxy or i-butoxy);

0.05 mol trimethylchlorosilane*;

0.1 mol cyclohexane;

1% (0.1385 g) y-Fe, 03

2) Reactions in the dichloro + monoalkoxy system

Dimethyldichlorosilane and trimethylalkoxysilanes (alkoxy = methoxy, ethoxy, n-
propoxy and i-propoxy) were reacted in the same amounts and conditions as in 1), in the
presence of 1% y-Fe20 3catalyst of the weight of the reactants. Gas evolution was only absent
in the case of ra-propoxysilane (c/. Table I, Fig. 1).

* The chlorosilanes were supplied by Wacker GmbH. These were the starting materials
for the alkoxysilanes. The purities were checked by distillation through a 50 plate Bichi
column with a rotary insert, followed by gas chromatography. Only those substances contain-
ing less than 5% impurities were used.

** The particle diameter of the y-Fe20 3used was 0.16 —0.20 mm, unless stated other-
wise.
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Table 1

Composition of product mixtures from the condensation of chlorosilanes

Reactants Ratio of reactants System
A B mol A mol B Open Closed
1 M 0.1 .
2 M + M OEt 0.05 0.05 +
3 M +M oEt 0.05 0.05 .
4 M + M OEt 0.05 0.05 +
5 M +Monpr 0.001 0.001 +
6 M +M Oipr 0.001 0.001 +
7 M +0o0tBu 0.05 0.05 +
8 MotBu +HC1 saturation +
at 0°C
9 Mokt +D 0.05 0.05 +
10 yoes +D 0.05 0.05 +
11 MeXBi(OE)CI c 0.1
t

a Determined by mass spectrometry
b Contains an oligosilane component too
0System studied by activation analysis

Fig. 1. Gas evolution curves for various dichloro -f- monoalkoxy and monochloro + dialkoxy
systems. (1) MeZXiCI2 + Me3SiOMe; (2) MeZSiCI2-f Me3SIiOEt; (3) Me2SiCl2+ Me3SiOiPr;
(4) Me3SiCl + MeXSi(OEt)2

3) Reaction in the monochloro -f dialkoxy system

Trimethylchlorosilane and dimethyldiethoxysilane were reacted in the presence of 1%
y-Fe20 3 catalyst in amounts, at mole ratios and under conditions described in 1). The shape
of the curve obtained was similar to that observed for system 2).*

*The curves were in all cases drawn on the basis of the average of 3 parallel measure-
ments (reproducible to within 1%) in which readings were taken at 1 min intervals.

Acta Chim. (Budapest) 90, 1976



CSAKVARI et al.: REACTIONS OF CHLOROSILANES WITH ALKOXYSILANES, I 217

with alkoxysilanes under various conditions

Conditions of the reaction j Components of product mixture
Solvent Mole ratio of catalyst . Liquid ph
hcey;alﬁé I}:rrnej Tem;zoe(rsture Ga9 phase (Other {ﬂzln tmeasselarting
(ml) y-FesO, (A+B) FeCls (A+B) components)
5.00 5 3 75 M2 cyclohexane
5.00 5 3 75 EtCI, M2cyclohexane
0 Ix10 -2 1 75 (EtCI), (EtD) (Et20, M2
0 1x10-* 1 65-75 (EtCl), (EtD) Et20, (M2
0 5x 10~2 3 80 nPrCl, M2
0 5x10-2 3 75 iPrCI, M2
0 e 1 65-75 M2, tBu®
0 0 1/2 75 M2 tBuCl, (Bu2
9.00 1x10-2 3 75 EtCIl, Bu2 (EtCI) (Et20)6
9.00 1x10-* 3 75 EtCIl, Et20 (EtCI) (Et20)6
9.00 2x10-2 2 74 EtCI 2% EtOH
Symbols
M = Me3SiCl
D = MeZSiClI2
Most = Me3SIiOEt
MonFr = Me3SiOnPr
MojPr = Me3SiOiPr
MotBu = Me3SiOtBu
M2 = Me3Xi-0-SiMe3
() = present at concentrations of less than 10%

4) Reactions in the dichloro + dialkoxy system

The bifunctional mixtures listed in Table | were reacted in the presence of 1% y-Fe203
catalyst. The conditions, mole ratios and amounts were the same as in 1). The gas evolution
curves are shown in Figs 2a and 2b.

Fig. 2a. Gas evolution curves for various Fig. 2b. Dichloro -]- dialkoxy systems,
dichloro + diethoxy systems. (1) MeZXSiCI2 + (1) MeZSiCI2 + Me2Si(OMe)2; (2) Me2SiCl2 +
Me2Si(OEt)2, (2) MeViSiCl, + MeXSi(OEt)2; + Me,Si(OEt)2; (3) MeXSiCI2 + Me2Si(OnPr)2;
(3) MeEtSiCI2+ Me2Si(OEt)2; (4) MePhSiCl2+ (4) MeXSiClI2 + Me2Si(0iPr)2;, (5) Me2SiCl2+
Me2Si(OEt)2, (5) MeChSiCL, + Me2Si(OEt)2 MeViSi(OMe)2; (6) MeViSiCl,.+Me,Si(OMe)2
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Table 11

Relative rates and induction periods of reaction series 2—6 referred to the case of R=Me

Induc-
tion

a* Es '‘E/'Me * lg »R/4Ne P period
(min)
Series 2
MeZSiCI2+ Me3SiOMe 1 0
-j- MeXSiOEt 3/1 0
- Me3SiOiPr 1171 0
Series 3
Me3iCl j- Me,Si(OEt)2 3.3/1
Series 4a
MeZ2SiCI2+ MeZSi(OEt)2 0.00 0.00 17/17 0.00 22
MeViSiCL, + — — 0.06 13/17  -0.287 12
MeEtSiCI2 (- -0.100 - 0.07 8/17 -0.328 ~ 0 28
MePhSiCI? + +0.600 -0.90 14/17  -0.243 > 0 52
MeChSiCL, + — -0.79 2/17  -0.929 —
Series 4b
Me2SiCI2 + MeZXSi(OMe)2 0.00 0.00 12/12 0.00 13
-j- MeXSi(OEt)2 -0.10 -0.07 16/12 0.125 < 0 28
-j- MeZSi(OnPr)2 -0.12 —0.36 212 -0.779 > 0 -
+ MeXi(QOiPr),, -0.20 -0.47 50/12 0.619 < 0 40
+ MeViSi(OMe)2 50/12 13
MeViSiClj + MeXSi(OMe), 30/12 13
Series 5
Me,,Si(OEt)CI 0.00 -0.00 16/16 0.00 19
MeViSi(OEt)CIl condensation 0.05 -0.23** 35/16 0.340 +2.19%* 8
MeEtSi(OEt)ClI -0.100 -0.07 8/16 -0.301 +2.31 20
MePhSi(OEt)CI +0.600 -0.90 35/16 0.340 +2.07 10
MecSi(OEt)ClI — -0.79 2/16  -0.903 —
Series 6a
MeZXSiCl + MeXSi(OEt)Cl 0.00 0.00 16/16 0.00 13
MeViSiCI2 + — —0.06 40/16 0.397 9
MeEtSiClj + -0.100 -0.07 14/16  -0.059 > 0 18
MePhSiCl2 + +0.600 -0.90 26/16 0.211 > 0 11
MecSiCI2 -\- — -0.79 2/16 -0.903 35
Series 6b
MeZSiCl2 + MeZSi(OEt)Cl 0.00 0.00 15/15 0.00 10
+ MeYiSi(OEt)CI — -0.06 18/15 0.079 8
+ MeEtSi(OEt)CI -0.100 -0.07 14/15  -0.068 c- 0 19
+ MePhSi(OEt)ClI +0.600 —0.90 19/15 0.103 0 9
+ MechSi(OEt)CI —0.79 2/15 — —

* Assuming that on the steepest section of the gas evolution curve reaction (2) is the
fastest, in the Taft equation

(bl kMe) = a*P + Ea

the ratio (k“/kme) has been replaced by This substitution cannot be performed in
the remaining series as the ratio of the rate constants for reactions proceeding at similar
rates in complicated equilibrium systems will not be equal to the ratio of gas evolution rates
even at identical conversions. It is only the sign of the p-value that can be estimated

** Es may be obtained from Taft’s equation if p is taken as the average of the values
calculated for R = Et and R = Ph

Acta Chim. (Budapest) 90, 1976



CSAKVARI et el.: REACTIONS OF CHLOROSILANES WITH AI.LKOXYSILANES, | 219

5) Condensation of ethoxychlorosilanes

0.1 mol dimethylethoxychlorosilane, 0.1 mol anhydrous cyclohexane and 1% (0.1385 g)
y-Fe20 3were reacted as in 1). The reaction was also carried out with other substituted ethoxy-
chlorosilanes (c/. Table I1). The results are listed in Table I and shown in Fig. 3.

Fig. 3. Ethoxychloro systems. (1) MeXSi(OEt)Cl; (2) MeViSi(OEt)Cl; (3) MeEtSi(OEt)CI;
(4) MePhSi(OEt)CI; (5) MeChSi(OEt)CI

6) The diehlorosilane + ethoxychlorosilane system

The mixtures shown in Table Il were reacted in the presence of 1% y-Fe2 3under the
same conditions as in 1). The results are shown in Figs 4a and 4b.

Fig. 4a. Dichloro + ethoxychloro systems. Fig. 4b. Dichloro + ethoxychloro systems.

(1) MeZSiCl2 + Me2Si(OEt)CI; (2) MeViSiCI2 + (1) MeZSiCl2 + MeZSi(OEt)CI; (2) Me2SiCl2 +

Me2Si(OEt)CI; (3) MeEtSiCL, + Me2Si(OEt)Cl;  MeViSi(OEt)Cl;(3)MeXSiCI2+ M eEtSi(OEt)Cl;

(4)MePhSiClI2+ M e2Si(OEt)CI; (5) MeChSiCl2+ (4) MeZSiCl2+ MePhSi(OEt)CI; (5) Me2SiCl2+
+ MeZSi(OEt)ClI + MeChSi(OEt)ClI

7) The ethoxychlorosilane + diethoxysilane system

The mixtures shown in Table Il were reacted in the presence of 1% y-Fe,0lcatalyst
under the same conditions and in the same amounts as in 1). The results are given in Fig. 5.
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Fig. 5. Ethoxychloro + diethoxy systems. (1) Me2Si(OEt)CI -f- Me2Si(OEt)2; (2) MeViSi(OEt)CI
+ Me2Si(OEt)2; (3) MeEtSi(OEt)ClI + MeZXSi(OEt)2; (4) MePhSi(OEt)Cl + Me2Si(OEt)2

8) The mono(di)tetrachlorosilane -f- tetraethoxysilane system

0.1 mol tetraethoxysilane, an equivalent amount of chlorosilane and 0.5% FeCI3 were
charged into the vessel described in 1). The mixture was kept at 60°C and the amount of EtCI
evolved was determined. The results are shown in Figs 6a and 6b. In another series of experi-
ments tetraethoxysilane and trimethylchlorosilane were reacted in mole ratios of 1:1, 1: 2
and 1:4 (total amount of reactants 0.1 mol) at 90°C, in the presence of 1% y-Fe20 3 (grain
size 0.10—0.08 mm) and 0.1 mol n-octane. The behaviour of the 1: 1 mixture was followed

gas-chromatographically (Fig. 7).

Fig. 6a. Gas evolution curves for mono-, di-,

tri- and tetrachloro + tetraethoxy systems

(60°C, no solvent, mol ratio given).

(1) 4 Me3SiCl + 1Si(OEt)4; (2) 2 MeXSiClI2 +

1 Si(OEt)4; (3) 4/3 MeSiCI3+ 1 Si(OEt)4
(4) 1SiCl4+ 1Si(OEt)4

min
Fig. 6b. Gas evolution curves for trimethyl"
chlorosilane + tetraethoxysilane systems at
90°C (n-octane solvent, mol ratio given).
(1) 1 Me3SiCl + 1Si(OEt)4;, (2) 2 Me3SiCl +
1 Si(OEt)4; (3) 4 Me3SiCl + 1 Si(OEt)4

Fig. 7. Time-dependence of the concentrations of various components in the Me3SiCl + Si(OEt) *
system. (1) Si(OEt)4; (2) Me3SiCl; (3) MeXSi(OEt); (4) Me3Si—0OSiMe3; (5)(EtO)38i—0 —Si(OEt)a
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The gas volumetric curve of Fig. 6b shows that the reaction rate is the highest at the
mole ratio of 1: 1 and decreases gradually with decreasing amount of tetraethoxysilane.
A characteristic feature is the absence of an induction period.

9) Behaviour of <limethylchloro(2-chloroethoxy)silane

0.1 mol dimethylchloro(2-chloroethoxy)silane was kept at 60°C in the presence of
0.5% (0.0871 g) FeCl3 in the vessel described in 1). No reaction was observed even at boiling
temperature.

10) The hexamethyldisiloxane -j- ethyl chloride system

We have examined whether the condensation step of the reaction is a reversible, equi-
librium process. Hexamethyldisiloxane and ethyl chloride were used as model compounds.

Hexamethyldisiloxane, ethyl chloride and FeCl3were mixed in a bomb tube and kept
at 80°C for 6 hrs. No reaction was detected by gas chromatography. The mixture was kept
at the temperature adjusted in previous experiments but no reaction could be observed.

Comparison and thermodynamic analysis of kinetic
and structural parameters

Monofunctial monomers

In general there is no alkyl chloride formation in the reaction of mono-
chloro and monoalkoxysilanes (Table 1). In the case of methoxysilane, after
refluxing for 3 hrs, hexamethyldisiloxane and dimethyl ether, corresponding
to the methoxy group, can he detected by gas chromatography. However, the
concentration of the chlorosilane does not change to an appreciable extent.
W ith ethoxysilane, the evolution of ethyl chloride is observed when performing
the reaction at 75°C in a bomb tube. (The alkyl chloride was detected by gas
chromatography.) Among the propoxysilanes, only i-propoxysilane produces
appreciable amounts of i-PrCl, although some n-PrCl can be detected in the
case of n-propoxysilane, too.

f-Butoxysilane reacts also in the absence of a catalyst [15, 16]. With
ethoxysilane, the course of the reaction did not change upon applying 2%
FeCl3 instead of 1% y-Fe20 3. It should be noted that the formation of the
[FeCIn*] species can be detected in these systems by UY spectroscopy [17].

In the monoalkoxy -f- monochloro systems, the following two reactions
can take place:

Me3Si OR + Cl—SiMe3-s Me3Si 0-SiM e3+ RC1 ()

2 Me3Si—OR -> Me3Si- 0-SiMe3+ R O R. (1v)

If one compares the known heats of reactions and those calculated from
the heats of formation derived from the bond additivity principle [18], an
explanation emerges for the differences observed with the various compounds
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Table 111

Calculated heats offormation of gaseous trimethylalkoxysilanes and the enthalpies

of reactions 111 and 1V (reaction series 1)
Me3SiOMe Me3SiOEt Me3SiOnPr Me3SiOiPr
Heat of formation
(gas phase) (kcal/mol) —128.0 -132.4 -138.2 -138.2
H for reaction Il (kcal/mol) + 71 + 10.8 + 5.6 + 05
H for reaction IV (kcal/mol) + 26.1 + 18.7 + 23.3 + 206

The data in the Table can be used only for comparison. Deviation from the measured
value is +3 kcal/mol [18]

(Table I11). The endothermicity of reaction (I111) shows a minimum for i-prop-
oxysilane. The relative heats of reactions (I11) and (1Y) differ strongly from
one another, the difference being the smallest for ethoxysilane.

Bifunctional monomers

From the series of reactions described under 1), it is apparent that the
alkoxy group exerts a strong influence on the course of the process. In the
bifunctional reactions listed under 2), the reactivity of a silane in the conden-
sation reaction is primarily influenced by the inductive effect of the alkoxy
group. The reactions in the bifunctional system (4—7) indicate that the suitable
electron density on the oxygen atom of the Si-O-C bond is a necessary condi-
tion for the reaction to occur. However, the Si—€l bond also plays an important
part: the gas evolution will be accelerated if the Si—Me moiety is replaced
by Si—Yi or Si-Ph both of them make the Si-Cl bond more polarizable. The
Vi—Si-Cl bond system reacts faster than the Vi-Si-OEt system. The importanc
of steric factors can be estimated from the behaviour of reactant mixtures
containing Vi, Et, Ph and cyclohexyl groups.

The Hammett sigma values (0*) of the corresponding groups can be
found in the literature [19, 20]. The logarithms of the relative rates of reactions
(4—7) permit the following conclusions (Table I1).

a) The values of parameter p defined by Eq. (V) and characteristic of
the nucleophilic character of the reaction shows a pronounced change along
the series;

B/D + Ac
P~ RTci-

bere BjD is characteristic of the solvolysis occurring in the system, Ac is the
change in the charge of the reaction center during the reaction, relative to the
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unsubstituted atom. R is the gas constant, T the absolute temperature and
d the distance of the reaction center from the substituent. If one assumes that
zlc <g; RTd2 then d will be the smallest for the condensation of ethoxychloro-
silane type compounds and the largest for the ethoxychlorosilane -f- dichloro-
silane system.

b) Parameter p changes sign in the case of the dichloro -f- dialkoxy
reactions; in this series, the substituents are varied on the oxygen atom.
Thus the partial charge on the Si and O atoms 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 chromatographic study of the tetraethoxysilane -)- monochloro-
silane reaction indicates that the first step is group exchange which is then
followed by condensation (Fig. 7).

Si(OEty + Me3SiCl Me3SiOEt + Si(OEt)3Cl (V1)
Si(OE1)3CI + Si(OEtm (Et0)sSi—O—Si(OEts + EtCl  (VII)
MesSi(OEt) + Me3SiCl — > MesSi- 0-SiM es + EtCl (VII1)

The above sequence is also consistent with the decreasing rate of gas evolution
upon decreasing concentration of tetraethoxysilane. Experiments 1—9 permit
conclusions on the role of the oxygen atom in the Si—O—C bond system as
a nucleophilic center. It seems that the increasing partial negative charge
on the oxygen atom accelerates or, in the case of other monofunctional species,
permits the reaction to occur 1). As the reaction is influenced by the whole
bond system, the studies were extended to cases when groups containing
a-electron system are attached to the Si moiety.

Effect of sa-electron systems on the reaction rate
Experimental

The following reactions were carried out at 70 and 90°C in 0.1 mol
n-octane as solvent, in the presence of 1% y-Fe203 catalyst (referred to the
monomers), in the vessel described:

a) n MePhSiCl2 -f- (1-ra) Me=SiCl2 + Si(OEty at 70°C;
b) n MeViSiCL, + (1-n) Me=SiCl2 + Si(OEty at 70°C;
¢) n MeViSiCl2 + MesSi(OEt) at 90°C;
d) n MeViSi(OEt), -f- Me3SiCl at 90°C;

where n = 0.0; 0.2; 0.5; 0.8; 1.0 mol.
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The order of mixing the components was: alkoxysilane, solvent, chloro-
silane, y-Fe203 (grain diameter 0.100—0.008 mm).

The reaction of mixture a) shows that increasing amounts of the phenyl-
substituted chlorosilane decrease the rate. Similarly, the rate decreases upon

increasing the amount of Yi-substituted chlorosilane (Fig. sa, b, c); cf. mix-
ture b).

Fig. 8a. Effect of a-electron systems on the Fig. 8b. Effect of a-electron systems on the

rate of gas evolution. (1) Me2SiCI2 + Si(OEt)4; rate of gas evolution. nMePhSiCI2 +
(2) MeViSiCI2+ Si(OEt)4; (3) MePhSiClI2 + (1 —n)MeXSiCI2+ Si(OEt)4
Si(OEt)4

Fig. 8c. Effect of a-electron systems on the rate of gas evolution. nMeViSiCI2 +
(1 —n)Me,SiCI2+ Si(OEt)4

Mixtures ¢) and d) show a totally different behaviour. A gas chroma-
tographic monitoring of the faster reaction c) permits the following conclusions
Fig. 9) concerning the mechanism:

group exchange

MeViSiCl, + MesSi(OEt) MeViSi(OEt)CIl + Me3SiCl (1X)
Me Me Me Me
. | | |
EtOSi—Cl + EtOSi-Cl — *EtO—Si—0 —Si—CI + EtCI (X)
| | | |
Yi Vi Vi Vi
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Fig. 9. Effect of n-electron systems on the reaction rate. Time-dependence of the concentra-

tions of various components in the MeViSiCI2+ Me3Si(OEt) system. (1) MeViSiCl2; (2) Me3SiCl;

(3) Me3xSi—0O—SiMe3; (4) MeVIiSi(OEt)CI2. (Numbers in bold type indicate the concentration
of ethyl chloride in the solution; normal type refers to the gas phase)

The initial steps of reaction a) may be the following (Fig. 10):

group ecxhange

MeViSi(OEtyz + Me3SiCl MeViSi(OEt)Cl + MesSi(OEt) (XI)
condensation
MeViSi(OEt)Cl + Me3SiCl ~ ". m*, MeYiSi-O—SiMes + EtCl  (XI1)
|
Cl
Me Me
| |
2 MeViSi(OEt)Cl —>E tO -Si-0 -Si-C | + EtClI (X111)
| |
Vi Vi

The trimethylethoxysilane formed in group exchange (XI1) is rather inert;
by diluting the solution, it decreases the reaction rate.

Fig. 10. Effect of a-electron systems on the rate of gas evolution. Time-dependence of the
concentrations of various components in the Me3SiCl + MeViSi(OEt)2system. (1) MeViSi(OEt)2;
(2) Me3SiCl; (3) Me3SiOEtL); (4) MeViSi(OEt)Cl; (5) Me3Si—0 —SiMe3; (6) Me3Si—O0—Si—0 —
Si—Me3. (The scale and curve for ethyl chloride in the gas phase are marked by arrows)
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The (p d)n effect and the reaction rate

Compounds containing atoms with unoccupied d-orbitals of suitable
energy, especially organometallic derivatives, undergo redistribution type
group exchange processes [7, 8, 21], which are characterized by thermodynamic
rather than kinetic control. This feature is generally observed in the reactions
of substituted silanes.

The condensation processes are reversible, leading to an equilibrium.
The condensation between an alkoxysilane and a chlorosilane is influenced
not only by the equilibrium between the siloxane and ethyl chloride formed
but also by the equilibria between the starting silane and the product oligo-
silanes. The thermodynamic control is important in all such reactions.

According to the experimental results, the reactivity of both the chloro-
and the alkoxysilane increases if the nucleophilic character of the 0 and ClI
atoms increases and if the a-bonding in the Si—© and Si—€I bond is enhanced.
The formation of a (p d)n bond is possible in both the Si-O-C and the Si-Cl
bond system. This increases the polarizability of the bonds and, consequently,
the molecular geometry will deviate from the tetrahedral, i.e. the C-Si—<ClI
and Si-O-C bond angles will increase, thus facilitating the formation of a
pentacovalent transition state. The asymmetrically substituted derivatives
are more reactive than the symmetrical species, and the trisubstituted com-
pounds are more reactive than the tetrasubstituted ones.

The reactions are nucleophilic substitutions (SN); the correlation between
the reaction rate and the stability of the Si-O-C bond follows the tendency
expected from the Hammett constants.

The gas volumetric and gas chromatographic measurements were com-
pleted with mass spectrometric studies with the objective of a possible compa-
rison of the reactivity order and the stabilities of the individual bonds.

Mass spectrometric studies

Mass spectrometric measurements were performed in order to find a
correlation between the features observed in the condensation of substituted
mono- and bifunctional alkoxychlorosilanes and their fragmentation patterns.

The compounds used were purified by preparative gas chromatography
before the measurement performed on a type AEIl MS-902 instrument. The
mass spectra were recorded at an ionization voltage of 70 eV.

Mass spectra of MeRSICf and MeRSIi(OEt)CI type bifunctional silanes
(i) MeRSiCf type silanes (Table 1V)

The relative intensities of the various primary fragment ions permit
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Table IV

Intensity data for the main MS peaks of the MeHSICL, type compounds

Me2SiCI2 M eEtSiCl, MeVisiCI2 MecHSiCI2 MePhsiCI2
M 7 13 20 T 24
M—Me 18 100 I 100

100
M-R 100 100 29 51 6
M-CI 8 2 5 - 2
SiCl 13 11 17 9 12
R — — — 100 8

conclusions on the role of the (p d)n bond and the relative strength of the
SiC and SiCl bonds. The mass spectrometric results show that:

a) the frequency of Si-C bond fission decreases in the following order*
for various R groups

R = Et > c-hexyl > Vi > Ph

b) The fission frequency of the Si—€l bond is much lower than that of
the Si-C bond. The influence of substituents on the fission probability is re-
flected by the following order:

R = Me > Vi > Ph = Et > c-hexyl.

The order of rates shown in Table Il, as a function of the nature of group R
(reaction series 4 and s), is

R = Vi > Ph > Et > c-hexyl.

The above two orders show the same tendency. Thus the weaker is the Si—€l
bond in the given compound, the faster is its condensation reaction. (In the
case of R = Me, the reaction rate is determined by the composition of the
other partner.)

¢) The intesity of molecular ion decreases in the order

R = c-hexyl > Ph > Vi > Et > Me.

*In the case of R — Me, the point of fission is uncertain, therefore, these data have
been omitted
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The above order, i.e. the frequency of appearance of the siliconium ion, does
not seem to correlate with the relative rates. The (p — d)n bond strengthens
both the Si-R and the Si—€l bond. The (p —d)a character is more pronounced
for the Si-Cl than for the Si—Vibond. This observation is in agreement with the
results reported by Egorochkin et al. [22, 23].

(i) MeRSI(OEt)CI type compounds

Table V
Intensity data for the main MS peaks of the MeRSi(OEt)Cl type compounds

Me2Si(OEt)CI  MEeEtSi(OEt)Cl  MeViSi(OEt)CI ~ MecHSI(OEY)Cl  MePhSi(OEt)CI

M 3 - - 13 40
M-Et (OEt) - — - — -

M-M e — 2 100 4 100
M -R 100 100 14 76 5
M -CI 11 — 13 1 —
M -0 Et — — — _ —
sic.l 6 4 13 - 28
R — — — 100 —
M —M e—28 49 62 51 1 80
M —Me—28—2 37 33 39 19 40

The analysis of the mass spectra (Table ¥) has been performed as de-
scribed. The following 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 = Et > c-hexyl > Vi > Ph.

b) The loss of CI occurs only for R = Vi and Me, in agreement with the
strong tendency of these compounds to condensation. The mass spectrum
does not reveal any effect of the phenyl group.

c¢) The peaks of molecular ions are of low intensity, being completely
absent is the case of Vi and Et. The intensity order of the observed molecular
ions is

R = Ph > c-hexyl > Me.

d) Neither ethyl nor ethoxyl radicals are released from the ethoxy
group. The characteristic fragmentation pattern involves olefin elimination
which is energetically more favourable.
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Study of the Si—O—C bond in Me3SiOR type silanes

The energy of olefin elimination, which can be determined by mass
spectrometry, provides characteristic data on the electron donor ability of
the alkyl part of the alkoxy group, the stability of the Si-O-R bond and on
the amount of excess electrons on the O atom.

Measurements have been performed in the R = Me, Et, Pr and i-Pr
systems; the olefin elimination energies are given relative to the R = Me
case [24].

The basis of the measurements and the evaluation is the following set
of reactions occurring in the mass spectrometer [25]:

Me3SiOR + IP — > MesSiOR"
Me3SiOR + —-v Me2SiOR -f- Me

MeZSiOR -f- Er — >Me2SiOH -f- Ro
Me3SiOR + IP + Eg + E* — * Me2SiOH + Me' + Ro (X1V)

In order to calculate EA we have measured the appearance potentials of
the M-15 and of the m/e = 75 ions; the deviations in the corresponding differ-
ences are due to the olefin elimination energies

AP(MezSiOH) = AP(MezSiOR) + E'R (XV)

The appearance potential of the theoretical m/e = 75 peak of trimethyl-
methoxysilane has been calculated and the remaining E” values are given
relative to this. (The IP was assumed to be nearly constant along the series.)

The results thus obtained run in parallel with the corresponding Hammett
constants (Tables Il and VI). Actually, these data refer to the stability of
the alkoxy substituent on the Si atom carrying a partial positive charge. If
this value exerts a noticeable influence on the reaction rate, then the Arrhenius
equation requires that the tendency of reaction rates apparent from Table VI
should be observed. It is clear that the tendency to electron donation follows
the trend of olefin elimination energies and relative rates.
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Table VI

Mass-spectrometric olefin elimination energies of Me3SiOR type compounds

CnH2
Me3SiOMe MeBiOEt Me3SiOnPr Me3iOiPr MeSiOH Me- o ,
11, (kcal/mol) -128* -132.4* -132.4* -138.2* 315.7 R=iPr 332 937 12.49
329.7 nPr
328.1 Et
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
Hammett constant (0*) 0 -0.10 -0.12 -0.20
Taft’s steric factor (Es) 0 -0.07 -0.36 -0.47

* Calculated from the bond additivity values of O’Neal and Ring [18] (error £3 kcal/mol, less than the experimental error)
** Calculated from the mean values for the cases of R=nPr and R=Et

3

4.88
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Table VII

Comparison of the experimental relative reaction rates with those calculated
from the olefin elimination energies referred to the case of R= Me

Measured
R *>ORMOMe = fcOR//COMe* «ORMOMe “4)R
Me 1.00 1.00 10s'5 = 3.162 x10s
Et 2.02 x 103 1.33 102.18 _ 1.549x102
TiPr 2.02 x 103 — 10219 = 1.549 X102
iPr 5.49 X103 4.17 10176 = 5.755 X101

From the Arrhenius equation

&Ve I-\Ve
~ -ER”
®0Me 10- Ewe
«R kR ~ 10-Er ~’
where: rORr(M is the ratio of the maximum rates in series 4,

K isthe rate constant,
B isa constant,
T isthe temperature,
R isthe universal gas constant, and

(9]
[10]

[11]
[12]

[13]
[14]
[15]
[16]
[17]
[18]
[19

the Er values are those in Table VI

* Assuming a type | reaction at identical conversion
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We have performed a study of the compounds that can be used as catalysts of
the condensation between chlorosilanes and alkoxysilanes. Generally, the catalysts are
Lewis acids. According to UY spectrophotometric and X-ray diffraction measurements
in the presence of y-Fe2 3 and FeCI3 catalysts, the y-Fe20 3—FeCI3 transformation
starts in the solid phase. Iron can be detected in the solution even if y-Fe20 3is applied
as catalyst, which means that the catalysis is homogeneous and the iron is dissolved
in the form of eCL, in both cases.

Introduction

The condensation of alkoxysilanes with chlorosilanes (“heterofunctional
condensation”) offers a favourable route for the preparation of polysiloxanes.
The industrial application of this reaction is probably impeded by the
lack of data concerning its mechanism.

The reaction has been patented with the application of Friedel-Crafts
type catalysts; in the absence of a catalyst, group exchange processes take
place [1—7].

The preparation of silicone oils of the formula RnSiXm and R'Si(OR")m
with controlled chain length (R = H, alkyl, aryl or cycloalkyl groups containing
a maximum of 10 carbon atoms; m and n are 1 and 3, or 3 and 1) has been
patented by Guillissen and Gancberg [2, 7, 8] using AlLC13 ZnClz and FeCls
as catalysts. In the presence of mixed catalysts (FeClz + Al1C13) and by chang-
ing the number of functional groups, resins may also be obtained [9]. Catalyt-
ic activity was observed with BCls [10], GaCls [11], Fe2(S04)3 [12], CaCl2
SnClz2 [3], hydrated FeCl3, FeCl2 SnCls and CuS04 [12]; in the case of the
latter the hound water apparently also plays a role. The assortment of catalysts
was later extended; the iron content of the product was decreased by applying
Fe203 [14] and pyrophoric iron [15] as catalysts.

The nature of the alkoxy group profoundly changes the course of the
reaction: feri-butoxysilanes can be condensed with chlorosilanes even in the
absence of a catalyst [1, 5, 16]. The fact that the ethoxy-fluorosilanes react

Acta Chim. (Budapest) 90, 1976



234 CSAKVARI et al.: REACTIONS OF CHLOROSILANES WITH ALKOXYSILANES, II

with alcohol much slower than the corresponding chlorosilanes (e.g. triethoxy-
fluorosilane cannot be alcoholyzed with n-BuOH in pyridine, whereas the
corresponding chlorosilane readily undergoes alcoholysis [17]) indicates that
the reaction may probably be influenced also by changing the halogen atom.

The results concerning the condensation between alkoxysilanes and
chlorosilanes have been reported in detail [18]. We have established that in
addition to thermodynamic factors, the rate of the reaction is controlled by
the electron distribution within the Si—€l and Si—8 —€ bonds. The reaction is
of the nucleophilic type: the rate increases with increasing electron density
on the Cl and 0 atoms and with the enhancement of the a-character of the
Si—€l and Si-O-C bonds.

In this paper studies will be described concerning the mechanism of the
catalytic condensation reaction.

Study of the catalytic process
Catalytically active compounds

Although numerous catalysts have been described in the literature,
it was necessary to undertake a systematic study of the catalytic systems.

Experimental

In a 3-necked, 80 ml, thermostated (85°C) flask equipped with athermom-
eter and connected to a reflux condenser thermostated at 18°C (Fig. 1),
0.2 mol (27.7 g, 30 ml) dimethylethoxychlorosilane and 0.2800 g (1%) of the
catalyst were reacted under anhydrous conditions. Under magnetic stirring,
the amount of gaseous ethyl chloride relased in the reaction

Me Me Me
n Me2Si(OEt)ClI — >Cl -Si-0 -Et -fsf-o (n-HEtCI (1)
Me ' (@)

was measured volumetrically.

The results are summarized in Table I. (According to gas-chromatographic
measurements, after a treatment with Mg powder to remove metal impurities
which may act as catalysts, Me2Si(OEt)Cl remains unchanged after refluxing
for 6 hrs in the absence of a catalyst.)

The condensation of the model compounds used are catalyzed by Group
11l and VIII metal compounds; the catalytic activity depends on the nature
of the ligands (NiC!2—Ni(N03)2 and on the oxidation state of the metal
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(FeCl3- FeCl2). The active compounds are usually halides but Fe2(S04)3
[11, 12] and Fe20 3 [14] are also active, as well as CaCl2 [3], ZnCI2 [2, 4, 7]
and SnCI2 [3]. A very active catalyst is iron(l1l) triethoxide [17]. The com-
pounds of iron with strong complexing agents {e.g. cyanide) are inactive.
Other inactive compounds are e.g. MgO, B2 3 Co2 3 etc.; a slow reaction
and a low yield are observed with V205 Cr20 3, CdO and Mo03.

Fig. 1. Apparatus for measuring gas evolution

Analysis of the catalytic action in the system catalyzed by y-Fe20JFeCl3

The reaction takes place in a heterogeneous system in the presence of
solid, liquid and gaseous phases. If the catalyst is introduced as a solid, in
spite of a heterogenous dissolution process, the catalysis seems to be homo-
genous, associated with the liquid phase. To prove this, the following experi-
ments have been performed.

a) Evidence for the homogenous character of catalysis
Experimental

To 0.1 mol (13.85 g, 15.0 ml) dimethylethoxychlorosilane and 0.1 mol
(8.4 g) cyclohexane was added 0.1385 g (1%) y-Fe20 3 in the flask shown in
Fig. 1 and the mixture was reacted at 75°C. The specific surface area of the
catalyst was varied (grain size 0.250 0.315, 0.250 0.160 or <0.100 mm).
The amount of gas evolved was measured volumetrically. The measurements
were reproducible to within 1—2%.
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1 H
2 Li
LiCl
3 Na
Na2B40 7X aq
4 K

K2SiF,,; A1S043Xaq
K2Cr(S04)2x aq
K4rFe(CN)6xaq
K3e(CN)6x aqg

Cu
CuCl
CuCI2
CuS04X aq
Cuso04

5 Rb

Ag
AgNO03

Au

Table 1

Compounds tested as catalysts for the condensation of Me2Si(OEt)ClI

Be
BeCl2
BeO

Mg
MgCl2Xaq

Ca
CaCl2
CaCl2Xaq

Zn
ZnCI2
ZnCI2X aq

Sr
SrCI2X aq

Cd
CdClI2
CdO**

Ba
BaC” X aq

Hg
HgCl2
HgCl
HgO

B3

AICI13

Sc

Ga
GaCl3*
GaBr3*

InCI*
InBr*

La

T1

* Active under the conditions described in a) Experimental
** Active in a 50- 1 volume under industrial conditions

\Y% \%
c N
Si P
PC13
P26
Ti \Y
TiCl4 v25
Ge As
GeCl4 AsClg
Zr Nb
ZrOCI2X aq
Sn Sh
SnClj ShCI3
SnCl4Xx aq
SnCl4
Hf Ta
Pb Bi
PbCI2 BiCI3

Il 'SINVIISAXOMTVY HLIM SINVIISOYOTHD 40 SNOILOVIY B 18 14V AAVYSDO

9¢€¢



‘wiyo ey

9,67 ‘06 (3sadepng)

VI

S
SCI2
SOCI2

Cr
CrCI3X aq
cCw~*

Se

Mo
MoOg**

Te

Po

\21l

Cl

Mn
MnCI2
MnCI2x aq

Br

Tc

Re

At

VI

Fe

FeFe,* FeCI3* Fed,*
FeClgX ag*

Mohr’ salt

Fe(SCN)3 FeP04
FeBr3* ag*
FeS04* FeS043*

Ru

Os

Co
Co2 3

Rh

Ni
NiCI*
NiO
Ni(N032

Pd
PdCI2

Pt
PtCI-

1B 18 I4YAMNYSO
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In two flasks identical with that shown in Fig. 1, the following two
systems were introduced:

Mixture 1: 0.1 mol Me2SiOEtCI
0.1 mol cyclohexane
2% (0.2770 g) y-Fe203 (O 0.250 -0.160 mm)
Mixture 2: 0.05 mol Me2SiOEtCI
0.05 mol cyclohexane
Both mixtures were kept at 75°C, and 5 ml aliquots of mixture 1 was
transferred into mixture 2, 20, 40 and 60 min after starting the reaction.

Table 11

Rate of EtCI evolution as a function of the specific surface area
of y-Fe203 in the condensation of Me,,Si(OEt)CI

Grain diameter Specific surfacea vb Relative rate

(mm) (mY/g) (ml/min) measured calculated®
0.250-0.315 11.02 12 I |
0.160-0.250 13.02 15 1.25 1.15
< 0.100 23.74 16 1.33 3.56

a Determined by the BET method
b Rate measured at the steepest section (EtCI evolution)
0 Calculated from the formula v = kF(cs —c¢)

where K — constant
F — surface area
¢6 — concentration of the saturated solution
c actual concentration

The data in Table Il show that the length of the induction period and
the conversion varies with the grain size of the catalyst, hut the differences
at the steepest sections are insignificant (Fig. 2). To prove the homogenous
nature of the reaction, we injected an aliquot of the reacting mixture into a
catalyst-free system: the process has started without an induction period
(Fig. 3).

The experimental fact that the reaction can be started in an intact,
catalyst-free mixture by injecting the reacting mixture shows that the cataly-
sis is homogenous presumably even in the case of y-Fe20 3. At the same time,
it is necessary to assume the chemical dissolution of y-Fe203 in the chloro-
silane, which probably occurs according to Eq. (2):

Fe203+ 6>Si—Cl—>2FeClz+ 37Si-0 -Si" (2)

b) Variation of iron concentration in the mixture
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Fig. 2. Effect of the grain size of y-Fe20 3 on the rate of gas evolution; experiment according
to section a); 1) & 0.250—0.315 mm; 2) ¢ 0.160—0.200 mm; 3) ® < 0.100 mm

Fig. 3. Gas evolution for the reaction started with an injection after 20 min; experiment
according to section a); 1) in toluene as solvent; 2) in cyclohexane as solvent

The variation of the catalyst concentration with time is expected to
correlate with the rate of gas evolution, therefore, the iron concentration was
measured parallel with the gas evolution.

Experimental

The reaction was performed with the compositions and conditions de-
scribed in chapter a), using o 0.250 —0.160 mm y-Fe203 grains. From the
stirred reacting mixture, o.o2 ml samples were periodically taken out using
a Teflon syringe. The reaction was also carried out with anhydrous FeClsas cat-
alyst, too, at the same Si to Fe ratio as above.

The iron content was determined spectrophotometrically [19]. 0.02 ml
of the sample was dissolved in 2 ml analytical grade carbon tetrachloride.
In a separating funnel, 1 ml 10% aqueous hydroxylamine, 4 ml 10% aqueous
sodium acetate were added to the above sample, then after shaking s ml
0.25% o-phenantliroline in 1:1 water—alcohol was added. Iron(lll) forms
a 1:1 red complex with phenanthroline, which can be measured spectro-
photometrically at 510 nm (e = 11,100). The variation of the iron concen-
tration with time was followed by this method in mixtures containing 1%
y-Fe203 and 2% FeCls catalysts. The composition of the mixture and the
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Table 111

Variation of the iron concentration with time during the condensation of Me2Si(OEt)CI,
in the presence of y-Fe203 or FeCl3 catalyst

Fe* Volume of

o o i © 1072 (gatw/) D(;Z:It)y " 102 (gawry
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 5.70 245 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 7.86 225 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
Fed,

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 13.66 241 12.41
6 40 980 13.94 23.3 12.25
7 50 1130 15.32 225 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 variation of the solution volume

conditions were identical with those described in chapter a). The results are
shown in Table 11l and Fig. 4. The reproducibility of the measurements was
within 1 —2% [20].

In the solution iron is present as FeCI™ 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 mixture. This may
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Fig. 4. Variation of the iron content of the mixture (broken line) in time for y-Fe20 3 and
FeCl3 catalysts; experiment according to section h)

be explained either by its incorporation into the siloxane framework, or by
the increasing molecular weight of the reactants, which strongly decreases
the concentration of the active terminals. As the amount of non-bonded iron
in the product siloxanes can be minimized by treatment with activated carbon,
the latter case seems to be more likely. The rate of gas evolution and the disso-
lution of iron show similar tendencies.

C) Correlation between the rate and the catalyst concentration

Experimental

Under the conditions and at the compositions given in chapter b),
the reactions were carried out at various concentrations of the catalysts
y-Fe20 3 and FeCl3. In each pair of experiments with y-Fe20 3—FeClI3, the Fe/Si
ratios were equal.

The experimental results are shown in Figs 5 and . At low iron contents,
the rate of gas evolution depends only on the iron concentration. Irrespective
of whether iron is introduced as oxide or chloride, the gas evolution rate from
mixtures with Fe/Si ratios of about 10-2 is the same. According to X-ray
diffraction data, in mixtures containing y-Fe20 3 the reaction described by
stoichiometric equation (2) occurs gradually. At the beginning, probably owing
to the combined effect of the less active FeOCI and the slower diffusion process,
the kinetic order with respect to iron (r)

v= (Igv0.ii —*gvo.iv)igr 3)

(where vO, and v0 n are the initial gas evolution rates (at a conversion of
2.5%) for reactions | and I, respectively, and r is the ratio of iron concentra-
tions in reactions | and I1) is 2.08 for FeCls and 0.48 for y-Fe20 3 the latter
indicating heterogeneous reaction steps.
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Fig. 5. Effect of y-Fe,0i concentration on the rate of gas evolution; experiment according
to section c)

Fig. 6. Effect of the FeCl3 concentration on the rate of gas evolution; experiment according
to section c)

d) Effect of the nature of catalyst on the reaction

The intermediates and products have been studied by mass spectrometry
in the case of the reactions of bifunctional silanes catalyzed by y-Fe203
and FeCl3. The experiments were performed in a bomb tube or in an open
system so that the effect of conditions could be elucidated.

Experimental

Dimethyldiethoxysilane and dimethyldichlorosilane were reacted at
a mole ratio of 1 : 1in a bomb tube at 80°C, in the presence of FeClzor y-Fe20 3
(the reaction did not start at 75°C). The mixtures were analyzed by mass
spectrometry, using the intensities of the basis peaks and the molecular ions.

The catalyst and the conditions affect the formation of cyclosiloxanes.
The product mixtures are different in the case of FeCls and y-Fc20 3 catalysts
(Table 1V). Characteristically, the concentration of the tetrasiloxane corre-
sponding to the condensation of the starting compounds is higher than that of
cyclopentasiloxane. On the other hand, a higher amount of cyclotrisiloxane
is formed in the bomb tube reaction catalyzed by y-Fe20 3. This can be explained
by the lower initial iron chloride concentration due to the slow heterogeneous
dissolution process; consequently, group exchange reactions predominate
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Table IV

Relative amounts of the oligocyclosiloxane products from the condensation of Me2Si(O Et)2 with
Me2SiCl2 as a function of the conditions (mass-spectrometric data)

Composition* D + D(0H)2 D + D(OEtR D+ D(C&)2
closed space (bomb tube) 2 hrs 2 hrs
Conditions of reaction ZOL’S’“ZI%QEQQCB 80°C, 1% FeX3 80°C, 2% FeClI3

Relative amount of

components D4 > ds D3> D4 Ds D4> D5
Composition* D+ ooy D + D(OEt)s
3 hrs 4 hrs
open space
» ) 2 hrs |opEn Space 68°C, 2% FeClI3 68°C, 2% FeClI3
Conditions of reaction 75°C, 2% FeCI3

68°C, 2% FeCI3

Relative amount of

components d4> d5 D« > D5 d4> d5 d4> db5
* Symbols: "
D= MesiCl2 _ Me Me
D(OEt)2= MeXSi(OEt)2 Sion
'Me  Me" Me Me
A, . d5 = .
lilO 4 Sio

and the formation of odd-numbered rings becomes characteristic because of
the presence of the ethoxychlorosilane formed.

e) Effect of the temperature

The effect of temperature on the mixture described under h) is shown
in Fig. 7. With increasing temperature, the induction period becomes shorter
and the yield increases.

Fig. 7. Effect of the temperature on the rate of gas evolution; experiment according to
section e)
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f) Effect of the solvent
Experimental

The reactions were carried out in 0.1 ml of an anhydrous solvent under
the conditions given under b). The results are shown in Fig. s.

The solvent effect is insignificant in the cases studied. It is remarkable
that with n-heptane, the induction period becomes much longer and the yield
decreases. In the case of the strongly polar methyl ethyl ketone, the lower
conversion is probably due to side-reactions involving the enol form [21, 22].

Fig. 8. Effect of the solvent; experiment according to section f); 1) methyl ethyl ketone;
2) toluene; 3) cyclohexane; 4) carbon tetrachloride; 5) n-heptane

Transformation of the y-Fe203 catalyst during the reaction

We have performed experiments aimed at determining the composition
of the iron-containing intermediate in order to elucidate the differences be-
tween the application of y-Fe203 and FeCls catalysts.

UV absorption spectra

Accordingto Zemany and Price [23], trimethylchlorosilane reacts with
AlC13, a Lewis acid, to form a halogen-bridged complex ~SSiCI—A1C13.

Mossbauer spectra indicate [24] that the reacting mixture contains
iron(l11) as a molecular complex. We have studied this complex by UV
spectroscopy.

Experimental

The spectra were recorded on a Carl Zeiss Jena SPECORD UV-VIS
instrument. The organosilicon compounds were of gas chromatographic
purity; the solvents used (cyclohexane, carbon tetrachloride, di-i-propyl
ether) were spectropure, anhydrous substances. The composition of y-Fe20 3
was 97.88% Fe203 and 1.85% FeO in a magnetite lattice. FeCls contained
33.45% Fe3+ and 65.21% CI (calcd. 34.28 and 65.72%).
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a)

b)

<)

d)

e)

f)

UV spectra of y-Fe203 and FeClI3 dissolved in MeZSi(OEt)Cl and MeZSiCl2 (from the evaluation of the spectra in Fig.

Sample and solvent

MeZSiCl2y-Fc2 3 cyclohexane
Me2SiCl,/FeCl3 cyclohexane

Me3SiOEt/FeCI3 diisopropyl ether

MeZSi(0Et)Cl/y-Fe20 3 diisopropyl
ether

Me2Si(OEt)CI/FeCl3 diisopropyl
ether

Separating slurry MeZSi(OEt)Cl/y-
Fe20 3 diisopropyl ether

Me3SiCl/y-Fe2 3
Me3SiCl/FeCI3

Iron(111)

solution satinrated at 20°C

0.72x10* 2
0.90x10-2

15.71 X10-2

2.671x10-2

7.87 X10"2

55.3 XIO

Table V

concentration

(mol’l)

concn. in sample solution

3x10-3
3x1H0 -3
1x10*3

1.462 X10-4

1.461 X10* 4 (1)
0.487X10“ 4 (2)
0.325 X10-4 (3)

432 X10“4 (1)
0.481 X104 (2)

55 Xlo“4
49 XlO0*4

(1)
@)

27 500
27 500

27 500

26 700
26 700
26 700

27 500
26 700

27 800
28 500

27 500
26 700

Absorption maxima

(cm-1)
shoulder
25 600

30 700
25 600 30 700
30 650
30 500
25 600 30 700
30 650
25 600 (31 000)
31 000
30 600
31 000

9)

(40 000)
(40 000)

(40 000)

(40 000)
(40 000)
(40 000)

(40 000)
(40 000)

(40 000)
'40 000)

(40 000)
(40 000)
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The solutions to be studied were prepared by dilution from saturated
solutions of the iron compounds in organosilicon solvents or from samples of
the reacting solutions. Iron was analyzed when necessary. The wavelengths
of the absorbance maxima and their shift upon dilution were measured. The
results are shown in Tables ¥ and Y1, and in Figs 9 and 10. The spectra recorded
under the conditions described in the literature (Fig. 9) and the shifts of the
maxima upon dilution are in agreement with those reported for the FeCl4
complex. It is remarkable that the break characteristic of FeCl4 was reproduc-
ibly present on the spectra. According to quantumchemical calculations
[24, 31], the absorbance maxima obtained corresponds to the charge-transfer
(redox) band of FeCl4 . A brown, heterogenous phase separates from the
mixture after the reaction w'hich, according to gas chromatographic measure-
ments, consists of concentrated cyclic polysiloxanes. The iron concentration

Table VI

UV spectra* of y-Fe203 and FeClI3 dissolved in Me3SiCl and Me3Si(OEt), and
the spectra after the condensation of MeXSi(OEt)ClI

Fe(ll(:%ocl:/%ntent Absorption maxima (cm-1)

M/Fe,,03 Saturated
CC14 solution,
(Fig. 9f) 20°C 27500 - 30600 - (40000) —
M/FeCI3 Saturated
CCl14 solution
(Fig. 9f) 26700 - 31000 - (40000) —
MoEt/FeCl3 Saturated
CCl4 solution - - 29000 - (40 000) —
M + MOEt/y-FeX 3 Saturated
CC14 solution 27500 - 31000 — (40000) —
M -f- MOEt/FeCI3 Saturated 27500 - 31000 - (40000) —
CC14 solution 26 700 — 31800 — (40000) -
D(OEt)2/FeCI3 Saturated
solution — - 29 000 (40 000) —

Evily-Ee2 3 Saturated
CC1, solution 27 500 - -- -- (40 000) —
E/FeCl3

cyclohexane after reaction,

2% FeCI3 (Fig. 10. (1)) 6.5 xI0*“2 20500 19 300 18 700 16 700 14 800 13 200
E/Fe203

cyclohexane after reaction

(Fig. 10 (2)) 2.4x10“ 2 20500 19 300 18 700 17 000 14 800 13 200
Ref [26] measured values di-

isopropyl ether 3x10-' 2100019 700 18 900 16 400 16 000 12 950
calculated values [30] _ 18800 16 300 15 600 13 000

* Symbols

Me = Me3SiCl; DM = MeViSiCI2 E = Me2Si(OEt)Cl; MgEt = Me3SiOEt; D(OEt)2 =
— MeZSi(OEt)2
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in this phase is appreciably higher than that in the homogenous residual
phase; its UV spectrum corresponds to that of FeClj. The results point to the
formation of a ~?Si—CIl—FeCls type complex from both y-Fe203 and FeClI3.

40000 30000730000 20000
0 cm-1

Fig. 9. UV spectrophotometric measurements, a) Me3SiCl/y-Fe20a; b) Me3XSi(OEt)/FeCl3;

¢) MeXSi(0Et)Cl/y-Fe20 3; d) Me2Si(OEt)CI/FeCl3; e) Me2Si(0Et)Cl/y-Fe20 3; the phase separ-

ated; f) Me3SiClly-Fe20 3 (1), Me3SiCl/FeCl3 (2). (The symbols and concentrations are the same
as in Table V)

Fig. 10. Visible spectrum of the product mixture from the condensation of MeZXSi(OEt)CI
in cyclohexane; experiment according to section d). 1) 2% FeCl3as catalyst; 2) 1% y-Fe2 3
as catalyst
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X-ray diffraction analysis of the transformation of the y-Fe2 3 catalyst

Experimental
The experiments were performed with the substances described above,
under the conditions and at the compositions given in Table VII using bomb
Table VII
X-ray diffraction analysis of the transformation of solid y-Fe203 under the action

of chlorosilanes
(First figure is d/hkl and second is the intensity)

1.1 gy-Feab3 5 ml MeXSi(OEt)C1, 5 ml cyclohexane, 1 week at 21°C then 3 hre at 70°C

y-Fe.,0t and FeCI3 5.900/5 FeOCl 3.399/6
2.683/6 2.634/1
1.642/1 1.642/1

1.1 g y-FeD3 5 ml MeSi(OEt)Cl, 5 ml cyclohexane, 1 week at 21°C

y-Fe203 and

Fe25i03 orthorhombic FeCI3X6H20 5.965/8 2FeCI3x 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
FeOCI 3.410/7 FeCI2x4H .fi 5.510/4 FeSi03 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 2.637/5

2.173/2

111.1 g y-FeD 3 0.5 ml HC1, 5 ml cyclohexane. 1 week at 21°C then 3 hrs at 70°C

y-Fe23 and FeO 1.516/1 FeClI3 5.900/9 FeOCI 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-FeD3 5 ml MeSSiCl, 5 ml cyclohexane, 1 week at 21°C then 3 hrs at 70°C

6.021/2 FeCI2xH 20 5.447/25  FeCI3 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
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V.1 g y-FetO,, 2.5 ml Me3&iCl, 2.5 ml Me3Si(OEt), 5 ml cyclohexane, 1 week at 2I°C then 3 hrs at 70°C

y-Fe3 3 and
FeCI3x 2Hr0 4.716/2 FeO(OH) 3.27718 FeCl3 2.682/ 6
3.517/2 2.569/8 2.085/20
2.511/2 1.767/ 6
1.630/ 6

VI.1g y-EeD3 5 ml MeXSiCl, 5 ml cyclohexane, 1 week at 21°C then 3 hrs at 70°C

FeCl3x 6HrO 5.893/14  FeCI3X2HX 5.511/37 FeCI3X4HrO 5.511/37
3.497/5 4.255/21 3.940/6
2.757/120 2.872/12 2.757/10
2.423/6 2.318/9 2.179/4
2.135/9 2.135/9
2.085/22
FeCl3x 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,,, 25 ml MeXSiCl2, 2.5 ml MeXSi(OEt), 5 ml cyclohexane, 1 week at 21°C then 3 hrs at 70°C

FeCI3 1.754/6 2FeClI3x 7HrO 6.320/16
5.511/37
3.827/7
2.873/12
2.423/6

VIII. 1 g y-Fe,0,, 5 ml MesSiQj, 5 ml cyclohexane. 1 week at 21°C then 3 hrs at 70°C

y-FeX3 3.048/30  FeCI2X2H.,0 5.400/62
FeCl2 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. Parameters: Siemens Crystalloflex instrument, iron cathode, 35 kV,
Mn filter. In Table VII, the data of the evaluated X-ray diffractograms are
shown. A chlorine-containing phase is detectable in all samples as are, in some
cases, the intermediates of the desctruction of the maghemite lattice having
loose spinel structure, e.g. FeOCI. This is due to the reaction between chloro-
silanes and iron(l1l) oxide

Fe203+ 6 2Si-Cl —*2FeClzs+ 37~Si-0-Si< (2)
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which has been described [32], but has not yet been followed by X-ray dif-
fraction analysis.

According to Table VII,

a) a treatment with concentrated hydrochloric acid (36 wt%) does
not decrease the FeO content of the sample, but no FeO can be detected in
the system after treatment with chlorosilanes (Samples I, Il and I111);

b) the alkoxy group suppresses the effect of chlorosilanes unless both
functional groups are attached to the same silicon atom;

c) the presence of surface phases cannot be excluded (unidentified dou-
blet lines of low intensity with philosilicate character);

d) the y-Fe203---—-»FeCls transformation takes place gradually in the
solid phase.

IR spectroscopic study of the condensation between alkoxy- and chlorosilanes

Experimental

The IR spectra of dimethylethoxychlorosilane (gas chromatographic
purity) have been recorded in the pure state and upon treatment with 1%
y-Fe203 or 2% FeCls using a UR 10 instrument (0.02 mm NaCl cell). The
spectrum of the untreated substance was recorded several times in succession.
The treatment was performed in bomb tubes for 1 week at room temperature
and for 3 hrs at 75°C. The slurry that separated from the reacting mixture
under the conditions given in b), containing a high concentration of iron, has
also been investigated in carbon disulfide solution. The IR spectrum of the
mixture was compared with that of a mixture kept at room temperature
for 1 week.

The changes in the band intensities (Table VIII, Fig. 11) indicate the
formation of siloxanes. After treatment with y-Fe203, the reaction goes to
completion in the bomb tube. The broad band corresponding to the asymmet-
ric Si-O-Si stretching vibration shows absorption maxima at 1087 and 1020
cm-1, characteristic of the siloxane polymers [33]. The Si—€l bonds probably
disappear in a process corresponding to reaction (2). In the sample treated
with FeCl3, no reaction can be detected and the siloxane band maximum
(1045 cm-1) points rather to the formation of cyclosiloxanes. It should be
noted that in an open system, FeCls is a more efficient catalyst than y-Fe20 3.

The spectrum of the slurry indicates the presence of water, probably
formed in the process

Fe,0s+ 6 HCl1 —y2 FeCls+ 3 HX (4)
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Pcmil
Fig. 11. Stages of the condensation of Me2Si(OEt)Cl; IR spectra: 1) and 2) 2% FeCI3 t = 30
min (1), 1= 0 min (2); 3) Product mixture from MeZSi(OEt)CI containing 1% y-Fe20 3;

4) Me2Si(OEt)CI

involving the HC1 always present in small amounts. The formation of a hydroxy
compound (~Si—OH) can also be observed. The C-0 stretching vibration
at 1100 cm-1 decreases in intensity, whereas the asymmetric Si-O-Si stretching
at 1060 cm«1 shows an increase.
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Earlier attempts to describe chemical kinetics in terms of chemical resistances
were from a thermodynamic viewpoint not fully adequate. A correct network model
of the reaction mechanism must give the same entropy production as the pure thermo-
dynamic theory. It is shown that the entropy production can be interpreted as that
of a physical network. In general, this consists of galvanically separated parts belong-
ing to the chemical, transport and thermal processes, respectively. It is shown that
the matrix of the phenomenological coefficients of the original system can be inter-
preted as the loop-impedance matrix of the network. An appropriate network model
permits also to separate conceptually the partial frocesses with and without entropy
production, as pointed out by Oster, Desoer €l @. Using the loop representation,
it is shown how network models of complex chemical reactions with and without
reversible reactions can be constructed, including cases where also transport processes
are relevant.

Introduction

The theory of physical networks offers some methodological advantages
originating from the fact that the problem is divided in the analysis of the
topological structure and of the algebraic relations of the system. An extension
of physical network theory can be given on the basis of some recent ideas
concerning the thermodynamic aspects of the problem [1, 2]. The combination
of network and non-equilibrium thermodynamic methods permits to replace
the pure kinetic models of reaction mechanisms by dynamic ones giving
deeper insight into the behaviour of complicated chemical reaction systems.

Physical networks

Physical network theory is based on the following assumptions.

a) The physical system has a structure representable by a graph.

b) The system can be characterized by some “through” and “across”
variables isomorphic with electric current and potential, respetively.

c¢) “Through” and “across” variables can be related to the branches
and nodes of the graph in such a way that Kirchhoff’s current law and Kirch-
hoff’s voltage law are valid.

4 Acta Chim. (Budapest) 90, 1976



256 SINGER: NETWORK-THERMODYNAMIC APPROACH

d) There exist real or conceptual discrete elements, whose terminal
equations represent the “constitutive” relationships between through and
across variables.

Through variables are hydraulic flow, power flow in a frame, heat flow,
chemical reaction rate. The appropriate across variable are hydraulic pressure,
longitudinal deformation of the frame, temperature, chemical affinity. We
denote the generalized through variables, the “generalized flows” and the across
variables, the “generalized potentials” by i and e isomorphic with the electric
intensity and potential, respectively. Beside 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” flux have physical meanings.
The elements of the physical network are:
a) “capacitive” and “inductive” energy stores,
b) dissipative elements (resistors),
c) sources (sinks),
d) transducers.
Capacitive energy stores can be characterized by relationships of the

form:
q= W(e)
d™  cW'de de
dt de df ’ di (3)

(cf. Eg. (1) where diF/de = C(e) is, by definition, the generalized capacitance
which is not a constant as in the case of simple electric capacitors but a func-
tion of e. For an inductive energy store the constitutive relation is

p= o) (4
dp  do di
di di dt

(cf. Eqg. (2)) where d<z>/di = L(i) is the generalized inductance.
Dissipative elements can be characterized by the relation

e = Q(i) (5)
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The derivative dQ/di is the resistance R(i) of the element. For other generalized
network elements, see Refs [3, 4].

Kirchhoff’s laws and the constitutive relationships of the elements
permit to write the interdependence of network variables and the network
equations in different forms according to the need of further use. Applying
the tree-technique and matrix notation, this can be made in compact form.
A symbolic representation of the relationships of network variables is given

Fig. 1

in Fig. 1 [5, 6]. For the notation, see the list of symbols. Y and Z are differ-
ential operators representing relationships between e and i according to Eqs
(3) and (5), (s), respectively. Y and Z are the primitive admittance and imped-
ance operator matrices of the network, respectively. A and C are the node
and loop incidence matrices characterizing the topology of the network.

The various forms of network equations can be directly obtained from

Fig. 1. As can be seen further, for the purpose of analysis of reaction systems,
the loop form

i' = [C'ZCJ-iC't-Z1] (s)
s the most convenient.

Non-equilibrium thermodynamics and its relation to network theory

The main result of classical thermodynamics is the recognition that

spontaneous processes in the nature can take place only if the entropy of the
system

i ncreases. More precisely, the entropy change S of a system consists of two
parts Se and St

S = se+ s,
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258 SINGER: NETWORK-THERMODYNAMIC APPROACH

where S{ can have only positive values, S, > 0. In spite of the entropy pro-
duction, spontaneous processes are always irreversible.

The development leading to non-equilibrium thermodynamics has made
it possible to replace the inequality relations of classical thermodynamics,
as the entropy principle mentioned, by equality relations. Introduction of
the concept of generalized flows J and generalized forces X permits to express
guantitatively the entropy production S- of the process and to determine its
dynamics. Investigations concerning the dependence of flows on forces
are therefore one of the main goals of non-equilibrium thermodynamics [7—9].

Generalized flows in non-equilibrium thermodynamics are the amount
of internal entropy, energy, mass, mole numbers of chemical components,
etc., passing through unit area and unit time in a given direction

T 1 d« r 1 ds T 1 dw T 1 dn,
ju "o» i Jni ,
a at a at a at a at

where s, u, v and nt are the entropy, internal energy, volume and mole
number of the ith component, respectively. The generalized forces are appro-
priate potentials jit and their gradients

X = —grad jit (s)

Flows and forces are interrelated by relations of the form

J=1LX )]

where L is a phenomenological coefficient. Flows and forces are generally
interrelated. This means that flow J- is influenced not only by its own force
Xg, hut also by all others. Instead of a set of independent equations (9), for
small deviations the relations

Jt —1jIIX 1+ ..+ LInXn
(10

Jn —LnlIXt+ eee+ L NNnXn

are valid. The coefficient matrix L is symmetric (Onsager’s principle).

The formal framework of non-equilibrium thermodynamics is based
on the assumption that the Gibbs equation of chemical thermodynamics is
also valid for non-equilibrium conditions. (This assumption is limited to cases
not too far from equilibrium.) Thus

Tds = du + Pdv —  Hidn¢ (11)
i=i
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where T, P and //» are the temperature, pressure and the chemical potentials.
By introducing local concentrations

S u ;
Y= —; = —; C=-— (12}
\4 \4
it can be shown that Eq. (11) is equivalent to the expression

Tdsv = dqv — . Hi dcy (13)

where dg, is the total heat increment per unit volume [8]. Thus for the change
of local entropy with time we have

TQsj 3qv

14
dt 91 i=i dt (14)

The derivatives in this expression are closely related to the appropriate
thermodynamic flows Js, Jg and Jt

N o= - divls+ a
91
vV = " divJ' <15)

— = - diviJi -f-vjJeh

The derivatives consist of a divergence and a source term (except for the second,
having no source term); a is the entropy production, vt Jchthe concentration
change due to the chemical reaction; Jchis the rate of the chemical reaction
and \f is the stoichiometric number.

Upon inserting Eq. (15) into (14) and making use of the general relation

divas = q div b -f- bgrad a (16)

after rearrangement, for the local entropy production one obtains

1 M Ar
<r=Jggrad— + 2 J, grad N Jeh' T (17)

=1
where Ar denotes the sum  -EVilu- called the affinity of the chemical reaction.
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Equation (17) shows that the entropy production is a sum of products
of the flows Jk with the conjugated forces Xk

<*= 21t JkX * 18)

From Eq. (17) it is obvious that the true thermodynamic driving forces of
heat, diffusion and chemical flow are

X,= éran1 ;X,= ser,a(-A); XWN

A 19)

According to Eq. (10), the flows are functions of the thermodynamic
forces. Upon inserting Eq. (10) into (18) and using matrix notation, we get
for the entropy production

a= X‘LX (20)

A relation similar to Eqg. (20) can he written for a complex system con-
sisting of several systems with entropy production av a2eee+°me In this
case X and L are hypervectors and hypermatrices, respectively. For simplic-
ity we assume that interrelations exist only between flows of the same type
of the individual systems. This means that e.g. Jqfrom the fcth system does
not directly influence Jt from the (k -f- I)th system. In this case L can be
transformed into a diagonal hypermatrix and Eq. (20) can be written in the
form

u= X~gXg+ X'LA + x ~ dxch (21)

where X g, Xdand X ch are vectors of forces conjugated to Jg, Jd and Jch. (The
components of the vectors belong to several systems.) hg, Ld and Lcfl are matric-
es of the appropriate phenomenological coefficients. According to Eq. (10),
expression (21) can also be written in the form

g=JL-Uqg+ J‘LdUd+ Jinkh'JcH (22)

The three terms of Eq. (21) can be considered as contributions of inde-
pendent subsystems. If the subsystems have defined structures, then they
can be characterized by networks having, roughly speaking, the ability to
conduct and to store thermodynamic flows. Further, as a consequence of the
conservation character of flows and the uniqueness of potentials, Kirchoff’s
laws are valid. Therefore the terms of Eq. (21) belong to partial networks
which model the system considered.
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The matrices Lq, Ld Lchare nothing else than the loop-impedence matri-
ces of the partial networks, if X and Y are considered as loop quantities [10].
This can be shown in the following manner. The dissipated energy IF in a
thermodynamic system under isothermal condition is

IF = Ta (23)
The dissipated energy due to transport phenomena is
Wd -- Tad (24)

where a- is the entropy production of the transport process.
The free energy losses in asingle branch of the partial network modelling
the transport phenomena are

Wd= TXdld= TLpU\ (25)

where Lpd is the phenomenological coefficient of the single branch. Therefore,
according to strict additivity, for the whole transport network the dissipated
energy is

Wd= TJdL-dJd (26)

where Lpd is the primitive admittance matrix of the network. The relation be-
tween branch and mesh current i and i' is

i = Ci’ 27)
(see Fig. 1). Upon writing instead of Eq. (27)
Jd = CJd (28)
and inserting into Eq. (26), one obtains
Wd= TfC'L-~C] J'= TI<ZLdJd (29)

where ZLd is the loop impedance matrix. Similar expressions can be obtained
for the energies Wq and Wch dissipated by the networks of heat and chemical
processes.

As a conclusion we can say that the first condition for the validity
of the network model is the equality of W's calculated from the original
system and the model. The model must further give aright description of the
reversible energy transformations in the system and that of the energy losses.
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For this purpose the network technique is extraordinarily suitable, especially
the loop method permitting an easy separation and localization of dissipative
and non-dissipative processes in the system [1].

Network theory and kinetics

For a general chemical reaction

vaA + VBB = ... vMM + wvaN + ... (30)

one can write
dnA = —vAdi ; dnB = —JSdf ; dre® = vMdE . .. (31)
where A, B ...are the masses of the original, and N, M, ..., those of the

product components, respectively, n and /nare the mole and stoichiometric
numbers, respectively, fiis the reaction coordinate. The reaction rate w can be
defined by any of the relations (31),

df 1 dre, 1 dnB 1 dnM
dt VA di vB di vM dt y J

From a kinetic point of view, the necessary condition for the formation
of a new species is that collisions between the molecules of the original com-
ponents occur. The kinetic equation of the reaction has therefore the form

iv -kyCocB ... fe_1cAc$ ... (33)

where and are the rate constants of the forward and reverse reactions.
Generally, higher than ternary collisions are considered as improbable. Real
reactions occur, therefore, as consecutive uni-, bi- and trimolecular steps. In
reality, complex rection systems are often encountered.

An example of an elementary reaction is the well-known process

H2+ J2i=t 2HJ

The overall reaction rate is the difference between the rates in the forward
and reverse direction
1 dcH/

iv=ngq ic_x= = K - ;
— ) dt lcH2cCl2 A-1c2h (34)

Instead of Eq. (24) we may write

w = k xcH2cn fe-i o (35)

A aRCe,
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According to Eq. (9), (35) can be written in the form

J=LX (36)
where L and X are
L — kxct (36")
cL
(36")
CH2C12 ,

In the case of ideal gases or dilute solutions, the following relation between
thermodynamic potentials of the reaction components and their concentration
is valid

fik = RgT Inck+ pQA 37)

ok are constants dependent on the temperature. By definition the affinity
of the rection AR according to (37) is

Ar= (2Hni  tIH2~/n) — ~~ RQTIn  —
CHrCr2 (38)

(MAOHI ~ f%0H2 ~ Ne012)

The constant terms in parentheses can be expressed with the equilibrium con-
stant of the raction K. In equilibrium Ar —0 and therefore

2/"0n i froH2 A2 = 7igT —Rgr K (39)
CH2 C12

substitution into Eq. (38) yields

Ar= R,TIn K
LTI K (40)
cim'chin
In the vicinity of the equilibrium it can be assumed that
z= 1—e ZCblZ; (41)

According to Eqs (36”) and (40), the driving force of the overall reaction
can be written as

AT = 42
RgT (42)
Thus according to Eq. (367)
T ~1 CH2 CJ2 2
Jch~ ~ ~ "~ r~ Ar
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Considering now Ar as the true driving force (instead of Ar/RgT), the phenom-
enological coefficient, or, in network terminology, the admittance of the
reversible reaction will be

r __ fejcH2cl2

LT

This result can be generalized to any single reversible reaction. The numerator
in Eq. (43) is the rate of the forward reaction wv The admittance of reversible
reactions, near equilibrium becomes

uq

L =
RfT (44)

According to the foregoing chapter, a simple chemical reactions can be
modelled by single loop network. The driving force of the reaction will be
equal to the potential drop on a dissipative element (resistor) inserted
into the link branch. To each reaction component, there belongs a true branch
with a capacitor representing the reversible changes in components energies.
As the reaction proceeds, the irreversible energy dissipation will be equal
to the difference between the free energy supplied by reversible discharge of
the reactant capacitors and that stored by the capacitors of the products.
The potentials of the individual capacitors correspond to the chemical poten-
tials of the appropriate components. The flow through the capacitors equals
the decrease or increase of component quantities per unit time.

In the case of ideal gases and dilute solutions the capacity modelling
of the feth chemical component is, according to Eqgs (3) and (37),

d| 1dfik _ dnk Ack

dt / dt d/rk Afik (45)

The incremental resistance representing the dissipative process in the link
branch is,

die (46)

According to Eq. (43), R is not a constant, but a function of the actual reac-
tant concentrations.

Acta Chim. (Budapest) 90, 1976



SINGER: NETWORK-THERMODYNAMIC APPROACH 265

Reaction systems

In the case of a complex reaction system, each reaction corresponds
to individual loops having some common capacitor branches belonging to
common components. The system of reactions

vaA + vBB — »vcC -f vBD

veC + veE — »vf F

vsU + vuv — *vzz

can be characterized by the matrix of the stoichiometric coefficients

components

VA ~ VB C VD

~ VC ~ VE VF (47)

201D ©OsB8
<
o
<

The rate of consumption and production of the kth component in all reac-
tions is

dll,. T
- = *
Cdi 2 t* kJk (48)
Introducing a matrix Cf of identical structure as (47) with elements 1, —1
and o, one obtains
components

—C'r (49)

Matrix (49) can be interpreted, according to the foregoing considera-
tions, as the tree-component of a loop-matrix belonging to a network with
loops modelling the individual reactions of the recation system. The link
component of the loop matrix belongs to the branches with “dissipative
e ements” of the individual reactions.

Acta Chim. (Budapest) 90, 1976



266 SINGER: NETWORK-THERMODYNAMIC APPROACH

Assuming the capacitor potentials to be equal to the chemical potentials,
the loop currents will he equal to the reaction rates of the individual reactions.
According to the Kirchhoff voltage law, the driving forces of the individual
reactions are the appropriate affinites. The affinities are equal to the potential
drops across the link resistors modelling the irreversible dissipations. There-
fore, for the whole system the affinity is

Ar= vp. (50)

where Ar and p. are the vector of the affinities and that of the thermodynamic
potentials of the individual reactions, respectively.

Relations between reaction rates w and affinities Ar are given by the
loop equation of the reaction network (see Fig. 1).

ic = Jch [CrzCy-1 AT (51)
or in more detail

Cr'u zZ 0 cr
0 R n

Ar (52)

where Cr and CL = U are the three and link components of C, respectively,
Z is the matrix of the differential operators defined by Eq. (3) (with B = Ar,
and i = to), R is the matrix of the link resistors. For reaction systems near
equilibrium, it can be assumed that Z and R are diagonal matrices and the
single capacities and resistances are, as in the case of a single reaction

Ank dA«
R

53
dfk dw. 3

where Kk and i are serial numbers of the components and reactions, respectively.

For illustration we shall give the network interpretation of a reaction
studied by Prigogine and applied by Martinez for the morphogenesis of
some biological structure [1, 12]. The reaction scheme is

k

A "=t E
fc-i
2X + Y 3X
(54)
B + X A~ Y + D
k_s
k.
X N E
k
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where A, B, D and E are components in constant amounts, and X and Y
are intermedials. The overall reaction system is

A+ B"~IiE + D

The reaction is somewhat unrealistic because it includes also a trimolec-
ular step, but this could be eliminated by a more detailed structure.

The appropriate kinetic equations are

dre*
df kxnA = krn\ny k3nBnx ka«x)
k"nx —k_2n% + k_3nYnD+ fc areD (55)
d/iy
r— k3nBnx k2n%nY -+ k_2n® — k_3nYnD
"'a

Omitting the reverse reactions, the network model in Fig. 2a can be
constructed. The appropriate graph is shown in Fig. 2b. The network has s
capacitor (tree) and 4 resistor (link) branches, as well as 4 independent loops.

The loop incidence matrix C is

reactions
1 2 3 4
A -1
B —I
D |
E | X
X i -1 -1 -1 (56)
Y | |
«1l I
r2 I = U
R* |
R* I
As can be seen, instead of the second reaction in (54),
2X + Y —*3X (57)
the network models, the net reaction
Y —>X (58)
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This is admissible because the differences between (57) and (58) are not in the
topology, but in the order of the reaction. In our network-thermodynamic
treatment, the kinetic notion “reaction order” is concealed in the expression
of the component capacities and of the reaction resistances.

The loop equation of reaction system (54) can be written according
to Eq. (52). For the numerical integration of these equations, it is convenient
to use a special network-analysis program.

a.) W
Fig. 2

Reversible reactions

In the foregoing, reaction system (54) was treated as unidirectional.
If we consider also the reverse reaction, the system can be written in the form

A X
X A
2X + 3X
3X 2X + Y
B+ X Y+ D (59)
E+ D B + X
X E
E X

This is formally a unidirectional system which can be treated by the
network model in asimilar manner as in the foregoing example. Each reaction
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of Eq. (59) represents a loop, with the same capacitive elements, but because
of the different rates of the forward and reverse reactions, the link resistors
N1, and R_j are different — The loop incidence matrix of the network is

reactions

00 QoS
< X mMQgw >
—
-

! (60)

R-1 1

r2 1

R-2 1 C, =W
Rz 1

R-3 1

«4

R-4

The appropriate network is shown in Fig. 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 flows in one direction, thus the chemical flow can pass only in the loop
direction as in the case of unidirectional reactions. In this manner also the
network model of the reversible reaction can be tretaed numerically by
network analysis programs.

Reaction-diffusion systems

In most cases the behaviour in time of the reaction system is determined
by elementary diffusion processes. This is always the case if the transport
velocity is of the same order as, or less than, the chemical reaction rate.
We consider a one-dimensional idealized case in Fig. 4.

Fig. 4

The reaction components are transported from compartment | (sur-
roundings) into reaction zone Il and from here into reaction zone IIl. Finally
the end-product is conveyed to compartment IV.

We consider again the reaction scheme in (54) and assume that only
the forward reactions take place. Assuming further that all transport rates
are significantly greater than those of the chemical reaction (except for the
transport rate of component X between zones Il and Il1) the kinetic equations
of the system will be

On*
— na “b k2n\ny — k3nBnx
dt
61
sy (61)
. — kgl/iBtix — kA~ Tix"ty
It

For simplicity the transport direction was identified with the x axis. Dx is
the diffusion coefficient of component X. Assuming that the diffusional flows

between zones Il and Il are stationary, we may write
n anx j ,_ N
X e TX (X)) — mxw>) (62)
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where rax(ii) an<® rex(in) °f are m°les in zones Il and 11, respectively.
Thus, instead of Eq. (61),

dnx
dt na d~&nXny — k3ngnx + kxnX(U) — &XMNX (L)
63
dny (63)
dt = fci3reBnx — k2n%nY

Formally, nX(U) and X(HI) can be considered as the amounts of two
different components, viz. of X,, and X w . In other words, the rate of transport
of X and Y from compartment Il to Ill can be regarded as the rate of iso-
morphus change

X, AXN

Equation (63) can therefore be treated in fbst approach as a kinetic equation
without a diffusion component. The scheme of the reaction system will be:

A X lu

X ,A X In

2XHI+ Y 1 3XUl (64)
B+ XM Y +D
m  __JE

The network model of reaction system (64) constructed according to the method
mentioned above is shown in Fig. 5.
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List of symbols

a area
A branch node incidence matrix
Ar affinity of a chemical reaction
{ concentration of chemical component K
C loop incidence matrix
C(e) generalized capacitance

diffusion coefficient

branch ‘through’ variable; electric branch current
loop ‘through’ variable; electric loop current
| branch ‘through’ source; electric branch source current
I node ‘through’ source; electric node source current
J thermodynamic flow
K reaction rate constant
K chemical equilibrium constant
L(i) generalized inductance
Lj phenomenological coefficient of species i

e branch ‘across’ variable; electric branch potential loop

e' node ‘across’ variable; electric node potential

E branch source ‘across’ variable; electric branch source potential
E' loop ‘across’ variable; electric loop potential

F free energy

i

i

rij number of moles of species i
p generalized flux

P pressure

q generalized charge

Q,q heat quantity

R generalized resistance
Rg  universal gas constant
S, s entropy

t time

T temperature

u internal energy ,
U unit matrix

v volume

w chemical reaction rate
W dissipated energy

z differential operator of impedance type
X thermodynamic force
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differential operator of admittance type
thermodynamic potential

stoichiometric coefficient

entropy production

reaction coordinate
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SYNTHESIS AND STUDY OF
MONOSUBSTITUTED «-FORMYLACETIC ESTERS
AND MALONDIALDEHYDES
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A new method has been developed for the synthesis of monosubstituted a-formyl-
acetic esters (4) and malondialdehydes (5), by the selective lithium aluminium hydride
reduction of the appropriately substituted malonic ester derivative (3). The solvent-
dependent tautomerism of these compounds has been investigated by means of IH-NMR
spectroscopy and the presence of the (E)-enol ester form (4c) was detected for the
first time.

Previously we reported the stereoselective total synthesis of (—)-cory-
nantheidine (1) [1], arepresentative of alkaloids having indolo (2,3-a) quinolizidi-
ne skeleton; as a model compound, dimethoxydespyrrolo-corynantheidine (2)
was also prepared [2]. In synthesizing these compounds, the a-formylacetic
ester group, or the tautomeric jS-hydroxyacrylic ester function, was developed
by means of a new method not reported up to then in the literature.

The appropriate malonic ester derivative (3a, b) was partially reduced
in absolute ether at —70°C, with a calculated amount of lithium aluminium
hydride, stopping at the malonaldehyde ester (4a, b) stage.

Since substituted a-formyl esters are reactive bifunctional compounds
and thus eminently suitable for the synthesis of many non-cyclic, cyclic and
heterocyclic compounds, we have investigated whether the reduction 3 —m4
is a general reaction, or practicable only in the case of compounds 3a, b,
owing to some special structural factor.
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It has been found that the reaction is generally applicable for the syn-
thesis of a-formylacetic esters, and by optimization of the reaction conditions,
we obtained the appropriate a-formylacetic esters (4c—e) from cyclohexyl-,
isopropyl- and ethylmalonic esters (3c—e) in about 60 —69% yields. Thus for
the preparation of compounds of type 4, a new procedure has been developed,
which is often more convenient and gives better yields, than the methods
[3, 4, 5, 7] used so far.

The tautomeric equilibria [7} of compounds 4c—e were investigated
in differentsolvents by means of XH—NMR [e6] and IR spectroscopy. In accord-
ance with the results ofJoffe etal. [6, 7], we observed that nonpolar solvents,
in general, favour the presence of the (Z)-enolic form (R), whereas in more
polar solvents the ratio'of the oxo-form (A) gradually increases. Using sol-
vents prone to form intermolecular hydrogen bonds, and depending on the
nature of group R, we succeeded for the first time in detecting also the (E)-
enolic form (C) in the equilibrium mixture.
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Table |

Solvent-dependent IH-NMR spectra of 4c-e (d ppm)
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i=4
97 d
=4
9.05d
J=25
9.74d
J=4
9.75d
=4
9.75d
J=25
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J=4
9.65d
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9.80d
J=3

9.78d
J=4

9.65d
J=2

9.65s

A
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2.88
J=4
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J=8
3.00
Jtf=2
3.05
J=4
3.65
J=238
3.15
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3.24
Jd=2
3.12
J=8
3.30
2

3.45
Jd=3

3.20
J=3

3.23
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2xd
J=8
2xd
J=4
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J=8
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J=4
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109 d —
J=12

113 d — '
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116 d
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-OH

~ 71.7s

Only the quantity of the form /1 is measurable, but from the
intensity of the /ru signal the combined ratio of B and C
estimated to be 40%.
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R R
. ., wOH 0 ICV  H
CH300U' *4 CH300CT H ¢ CH30—Xy A r
H |
X .0
0

The experiences obtained for the tautomeric equilibria of compounds
4c—e are summarized in Table I.

As seen from Table I, in the case of the cyclohexyl derivative (4c),
the (Z)-enolic form (B) is in equilibrium with the oxo-form (A) in the differ-
ent solvents, and the ratio of the oxo-form increases with the solvent polarity.

The results of the solvent dependent iH—NMR investigation of the
isopropyl- aldehyde ester derivative (4d) are in good agreement with the data
reported by other authors (ea, 7]; like in the case of compound 4c, the A : B
ratio increases in function of the polarity of the solvent. In the tH—NMR
spectrum of the compound in DMSO-de as solvent, which has not been in-
vestigated up to now, the (E)-enol ester form (C) was also detected. Simi-
larly, in compound 4e the signal of the (E)-enol form (C) equally appears in
acetone-de, TFA or DMSO-d0. When D2 is added to the DMSO-ds solution,
the ratio of the (E)-enol form (C) increases as expected, in the other sol-
vents, however, only the (Z)-enol (R) and aldehyde (A) forms appear in the
equilibrium mixture.

Assigment of the signals to the various tautomeric forms is facilitated
by the appearance in some cases of all the three tautomeric forms. As an ex-
ample, the TI-NMR spectrum of ethylmalonaldehyde ester (4e) in DMSO-ds
is given (Fig. 1).

=CH(C)

b ppm
Fig. 1
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The chemical shifts of the olefinic protons present in the tautomers
(Z) and (E), as well as the differences in the shifts are in accordance with the
data in the literature [8]. The assignment of the signals to the appropriate
tautomeric forms is also facilitated by the fact that — owing to the rapid
proton exchange — no splitting is caused by the spin—spin interaction of the
olefinic and enolic hydroxyl protons in the more acidic (E)-enol form (C),
whereas the coupling constant of these protons can be measured in the (2)-
enolic form (B) having a chelate ring.

Based on the study of the tautomeric equilibria of the above monosub-
stituted malonaldehyde esters, it is assumed, that the tautomeric equilibrium
is influenced by the relative bulk of the nonpolar part (R) of the molecule
too. The solvation of the molecule in polar solvents is promoted by the decrease
of the bulk of the nonpolar moiety, thus giving rise to an increase in the ratio
of the more polar forms (trans enolic and oxo forms). This assumption is sub-
stantiated by the increase of the quantity of the (E)-enolic form (C), found
in a given solvent, according to the following order: 4c — 4d —4e (R = cyclo-
hexyl —misopropyl —»ethyl).

In the course of the lithium aluminium hydride reduction of malonic
ester derivatives, described previously, the malondialdehyde derivative is a
by-product, which can be readily separated by chromatography. When the
ratio of the reducing agent is higher, the yield of malondialdehyde may come
up to 54—57%; this method is therefore suitable for the synthesis of malondi-
aldehydes (5c—e), which are also valuable compounds in organic preparative
work.

R
R |
tr X. H
4% *4%
H |

H H o_ .0
H

5¢c—e
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It is of interest to mention that in the course of the synthesis of (—)-
corynantheidine (1*) and dimethoxydespyrrolo-corynantheidine (2), the
methylation of the sodium salt of the enol esters 3a and 3b with an equivalent
amount of dimethyl sulfate in benzene was a most highly stereoselective
reaction, i.e. only irans[CH30/COOCHzs]-/3-methoxyacrylic ester derivatives
with E-geometry (1 and 2) were formed. In contrast, similar methylation of
the sodium compounds of 4c—e yielded the isomers (Z)-sc—e and (E)-
sC—e in a ratio of ~1 1.

R
|
R'OOCN f\l rN
R |
| OCHs
R’CKXN ~CHONi (2)-~-6c—e
R
|
4c—e—iSla N ~OC'Hs
R’00C IN r
H
(E)—6c-¢e
4,6
—CHs
H3C
)CH —CHs3
H30
CH3—CHb- CH3—CHr—

Isomers (E) and (Z) are readily separated by chromatography, and
their steric structures can be unambiguously established on the basis of their
1H —NMR data [ec, 9]. The ratio of the isomers remains constant throughout
the reaction (TLC). The thermoanalytical investigation (DSC) of compound
6e has shown that below 160°C, no transisomerization takes place either
with the pure E or the Z geometric isomer.

The difference found in stereoselectivity in the course of the methylation
of the desmethyl derivatives of indolo(2,3-a)quinolizidine (4a) and benzo(a)-
quinolizidine (4b) and of compound 4c—e is probably due to electronic
and steric reasons. Investigation of the mechanism of the methylation
reaction is in progress.
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Experimental

The IR spectra were recorded with a Perkin-Elmer 211 and 457, as well as a Spectro-
mom 2000 spectrophotometer; the 41-NMR spectra were taken with a Perkin-Elmer R12
(60 Me) and JEOL C 60 HL instrument; for obtaining the mass spectra a MS 902 (70 eV)
spectrometer was used.

The 41-NMR spectra were recorded at room temperature, with TMS internal standard;
the chemical shifts (<) are given in ppm. The thermoanalytical (DSC) investigations, as well
as the melting point determinations of the alkali metal salts were made on a Perkin-Elmer
DSC IB instrument.

Qualitative TLC was effected on layers of 0.25 mm of inactive Kieselgel GF2Z4 (Merck)
on 4 X7.5 cm plates. The spots were visualized by means of iodine, iron(I11) chloride, or using
a Desaga-Univ UV lamp (254 and 366 nm). The relative Rjvalues are given. Column chroma-
tography was achieved on hundred-fold amounts of silicagel (0.05—0;2 mm; Merck). The
developing solvent systems were: A CHC13-€H30OH 25; 1; /i CIi,Cl, CH30H 100 :1; C
CHC13CHH 50 : 1; D CH3COOCXH5n-hexane 1:10.

1. Synthesis of monosubstituted a-formylacetic esters
1.1- (iz)-ot-Formylcyclohexylacetic acid methyl ester (4c)

Cyclohexylmalonic acid dimethyl 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 atmosphere.
The solution was cooled to —70°C and 1.75 equivalent of lithium aluminium hydride in ether
(0.24 mmole/ml; 37 ml = 8.75 mmoles) was added drop by drop with stirring, during 50 min.
After stirring at —70°C for 20 min, the reaction mixture was decomposed by the cautious
addition of saturated aqueous sodium sulfate solution (16 ml), while maintaining the same
temperature. After careful shaking, the mixture was let to stand in a refrigerator overnight.
Next day the ether layer was decanted and the aqueous slurry cautiously washed with three
portions of ether. After filtration the combined ether phases were extracted with 2N NaOH
solution (3 x50 ml). According to TLC, the residual ether solution contained unchanged
diester (3c). The ether part was washed with saturated NaCl solution until neutral, dried
(MgS04), and evaporated to dryness in vacuum (1.67 g; 38.9%).

The alkaline solution was neutralized with 2iV HC1 while cooling with ice. A white
precipitate separated. The .neutral aqueous suspension was extracted with CHC13 (4 X26 ml),
the combined chloroform solutions washed with saturated sodium chloride solution, dried
(MgS04), and evaporated in vacuum. As shown by TLC, the extract contained the aldehyde
ester (4c), as well as a small amount of cyclohexylmalondialdehyde (5c¢) as an impurity. The
oil obtained was purified from the small amount of dialdehyde by means of column chroma-
tography (System A). TLC (System A): 3c, Rf = 0.9; 4c, Rj = 0.7; 5¢c, Rj = 0.42, The phases
containing the aldehyde ester 4c were evaporated again to dryness. The yield was 1.54 g,
i.e. 69% estimated on the non-recovered diester (3c). It should be mentioned that additional
malondialdehyde (5c) was obtainable by acidifying the aqueous phase (c/. Paragraph 2.1).

IR (CC14): 1740, 1720, 1670, (v C=0), 1610 cm*“1 (v C=C).

41-NMR: 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 1603 Calcd. mol. wt. 184.1099. Found mol. wt. 184.1098 (MS).

2,4-Dinitrophenylhydrazone 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 (KBr): 1740 (v C=0), 1620 cm“1 (v C=N).

1.2. (%)-a.-Formyl-B-melhylbulyric acid methyl ester (4d)

The reduction was effected as described in 1.1, using isopropylmalonic ester (3d) as
the starting material. 33% of the starting diester (3d) was recovered. The yield of aldehyde
ester 4d, estimated on the non-recovered diester, was 66%. TLC (System A): 3d, Rf — 0.9;
4d, Rt = 0.75; 5d, Rt = 0.4. The chromatogram on the column was developed with chloro-
form.

IR (CC14): 1750, 1735, 1720, 1660 (r C=0), 1605 cm“1 (v C= C).

'H-NMR: cf. Table 1.
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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. wt. 144.0786. Found mol. wt. 144.0804 (MS).

1.3. (% )<¢Formylbutyric acid ethyl ester (4e)

The reduction was effected as described in 1.1, but at —45°C, using ethylmalonic ester
(3e) as the starting material. The yield of the recovered diester (3e) was 31.5%. The ethyl-
malondialdehyde (5e), formed as a by-product, was separated from the aldehyde ester (4e)
by means of column chromatography. TLC (System C): 3e, R, = 0.9; 4e, Rr= 0.75; 5e,
Rf= 0.45. IR (film): 1735, 1720, 1680 (v C=0), 1610 cm“1 (v C=C).

41-NMR: 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 10 3. Calcd. mol. wt. 144.0786. Found mol. wt. 144.0804 (MS).

2,4-Dinitrophenylhydrazone 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, cyclohexylmalonic acid dimethyl ester (3c) (4.3 g; 20 mmoles) was
reduced with 2.25 equivalent of lithium aluminium hydride (11.25 mmoles) to yield cyclo-
hexylmalondialdehyde (5c) as the main product. The decomposed reaction mixture was
extracted with ether and the aqueous phase acidified with 5N HC1. The acidic solution was
extracted with CHC13 (4x25 ml). The combined organic phases were washed with saturated
NaCl solution until neutral, dried, and evaporated to dryness in vacuum. The residual oil
contained a small amount of aldehyde ester (4c) impurity. The components were separated
by means of column chromatography (System A). The combined fractions containing dialde-
hyde 5c were evaporated to dryness in vacuum (1.06 g; 54%). The product was purified by
means of vacuum sublimation (0.5 Hgmm, 60°C); m. p. 119—120°C (lit. [11] m. p. 119—
121°C).

IR and W -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).

CHu02 Calcd. mol. wt. 154.0994. Found mol. wt. 154.0984 (MS).

2,4-Dinitrophenylhydrazone of 5¢c: m. p. 176 —179°C (from ethyl 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 NH), 1620 cm“1 (v C=N).

2.2. lsopropylmalondialdehyde (5d)

The preparation of compound 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]

An equivalent amount of IiV NaOCH3in methanol was added to the a-formyl ester 4c
(0.92; 5 mmoles) in abs. benzene (10 ml), under nitrogen atmosphere during magnetic stirring.
A precipitate separated in about 10 min. After an hour the solution was evaporated to dry-
ness. The residual solid was digerated with ether and filtered off (1.0 g; 97%); m. p. 163.2°C.

IR (KBr): 1670 (v C= 0), 1610 cm 'l (v C= C).

To a suspension of the sodium compound (4c) (0.206 g; 1.0 mmole) in abs. benzene an
equivalent amount of dimethyl sulfate in benzene was added, during magnetic stirring under
nitrogen atmosphere, at room temperature. After stirring for 6 hrs at room temperature the
suspension, which first cleared up, then contained a white precipitate, was extracted with
2IV NaOH solution (3 x25 ml). The benzene phase was washed to neutral with saturated NaCl
solution, dried (MgS04), and evaporated to dryness in vacuum. The residual oil contained
two components. (System B: Rj = 0.8 for isomer E, and Rj = 0.6 for isomer Z.)
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The isomers and the starting sodium compound (4c) can be well separated in System
D, therefore the reaction can be followed by means of TLC (compound 4c and sodium salt
of 4c: Rf = 0.65; (E)-6¢: Rf = 0.45; (Z)-6¢: Rf = 0.2). The oii of two components contained
58% and 42% of the enolic ethers having trans- and cis geometry, respectively. The two
components were separated by means of column chromatography (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).
CuHI803 Calcd. mol. wt. 198.1256. Found mol. wt. 198.1256.
IR (film) (Z)-6¢c: 1700 {v C=0), 1640 cm“ 1 (v C=C)
(E)-6¢c: 1715 (v C=0), 1635 cm"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 cm"1(v C= C).
41-NMR (CCl4) (Z)-6¢c: C=CH 6.25 ppm; (E)-6¢c: C=CH 7.05 ppm.

3.2. 2-lIsopropyl-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 components, the (E)-enolic ether (58%) and (Z)-enolic ether (42%). TLC
(System B): (E)-6d, Rf= 0.8; (2)-6d, Rt= 0.55; System D: 4d and sodium salt of 4d, Rr =
= 0.6; (2)-6d, Rf= 0.2 (E)-6d, Rf = 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).

C8H140 3. Calcd. mol. wt. 158.0943. Found mol. wt. 158. 0950 (MS).

IR (KBr) (Z)-6d: 1700(r C=0), 1640 cm-1 (y C=C)

(E)-6d: 1700 (y C=0), 1635 cm“1 (y C=C)
41-NMR (CC14):

CH3 CH OCH3 =CH
(2)-6d 105dJ =7 2.62 sp 370s  625dJ =1
3.73 s
(E)-6d 110 dJ = 7 2.95 sp 3.68 s 7.10 s
3.80 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 (KBr) 1660 cm-1 (v C=C).

According to the method described in 3.1, the enol ethers (Z)- and -E)-6e were pre-
pared in a yield of 62%. According to the TLC investigations (System B: (E)-6e: Rf = 0.85;
(Z)-6e, Rf — 0.65; System D: 4e and sodium salt of 4e, Rf — 0.7; (Z)-6e, Rf = 0.2; (E)-6e,
Rj = 0.5) the product contained 45% and 55% of the enol ethers with (Z) and (E) geometry,
respectively.

MS (mle, %): (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. Found mol. wt. 158.0952 (MS).

IR (film): (Z)-6e 1690 (v C=0), 1640 cm"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 cm 'l (v C=C)

IR (CHC13: (E)-6e 1690 (v C=0), 1635 c¢m 'l (v C=C).

41-NMR (CC14):
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C-CH2 cas3 O-CHj-CA3s C-CAr-€H3 0 CH2CH3 OCH, -CH
(Z)-6e 103 t 130 t 2.15 ga 4.22 ga 3.80 s 6.40 s
(E)-6e 0.96 t 125t 2.22 qa 4.12 qa 3.78 s 7.20 s

Every coupling constant was 7 cps

The authors are thankful to Dr. J. Tamas for recording and evaluating the mass spectra,
to (Mrs.) Dr. B. Lengye1 for the thermoanalytical investigations, and to Mrs. S. Krakoviczer
for her precious technical assistance.
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CONDENSED as-TRIAZINES, |
SYNTHESIS OF 3-SUBSTITUTED PYRIDO[3,4-e]-as-TRIAZINES
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The Bischler method for synthetizing benzo-as-triazines [6] has been extended
to pyrido[3,4-e]-as-triazines. The starting material, 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 the result-
ing amino compounds. The aromatic end-products are obtained after a final oxidation
step.

Recently, several papers [1—5] have dealt with the chemistry of as-
triazides condensed with various heterocyclic ring structures. The synthesis
methods employed in constructing the condensed as-triazine skeletons can
usually be regarded as modifications of one of the following three fundamental
methods.

(a) Bischler reaction [e6], which is essentially an acid-catalyzed cyclo-
dehydration taking place between an amino group and acylhydrazino group
attached to the aromatic skeleton in ortho position:

H
(s) Arndt synthesis [7], consisting in the alkali-catalyzed reaction of
o-nitrophenylguanidines:
(6]
(c) Method of reductive cyclization [g8], which yields the as-triazine ring

through intramolecular condensation of amino compounds obtained by the
reduction of imino ethers carrying a nitro group in ortho position:
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"—44Y ,ZNH—N =0—K y 'y'N- y R
(;CZHS ’ NH
4—" no?2 Y ‘N
H

In the present work, the applicability of these synthesis methods to
nitrogen-containing heterocyclic compounds has been investigated. In this
paper, the preparation of pyrido [3,4-e]-as-triazine derivatives by the Bischler
method is described. Poirya and Shanks [9] have prepared a single dihydro
derivative of pyrido[3,4-e]-as-triazine isomer, but the final aromatization
step was not solved.

In the reaction of 4-chioro-3-nitropyridine (la) with acylhydrazines,
hydrochlorides of acylhydrazino-nitropyridines (I1) were obtained in 80—90%
yield. The reaction of 4-hydrazino-3-nitropyridine and the appropriate acid
chlorides also yielded the intermediates IlI.

In a modification of the procedure, an acid-binding agent was also em-
ployed in the above-mentioned reactions, however, the yield was then usually
lower.

In the reaction which proved to be the most favourable, the starting
material was 4-methoxy-3-nitropyridine (lb) or its salt; the intermediates
Il were obtained under well controlled conditions in 80—90% vyield.

The chemical properties of these compounds correspond to those expected
in view of their structures. Thus, for example, 4-0- and p-hydroxybenzoyl-
hydrazino-3-nitropyridine (llk and IIl), as well as 4-isonicotinoyl-hydrazino-
3-nitropyridine (Hr) show reversible acid-base indicator properties. When
dissolved in bases, the colour is deep blue, while in acids it is pale yellow. The
transition colour is brick red in the pH range 55—6.5. The 4-acylhydrazino-
3-nitropyridines (IE) are usually weak bases, the pKb values at the isoelectric
point being 8.5—10.
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In the subsequent reaction step, the 4-acylhydrazino-3-amino com-
pounds (I11) are usually obtained in higher yield and purity, when the bases
Il are reduced by catalytic hydrogenation, and the amino compounds (I11I)
are isolated as salts. It has been found that the 3-amino-4-acylhydrazinopyri-
dine bases are rather unstable compounds, sensitive to air and sometimes also
to light. Thus their purification is often impossible. An interesting exception
is the group of 4-benzoylhydrazino-3-nitropyridines carrying alkoxy sub-
stituents (Ilm, n, 0); these are stable and can be crystallized without decom-
position.

In the essential cyclization step, the [1,2-dihydropyrido[3,4-e]-as-
triazines (1Y) can be prepared by acidrcatalyzed dehydration of the appro-
priate precursors (lll1). In the shortened variation of the cyclization step,
the nitro compounds (Il) are reduced with stannous chloride in concentrated
hydrochloric acid. This latter procedure is less favourable, since the inter-
mediate dihydro-as-triazines give tin complexes which must be decomposed in
alkaline medium resulting in a low — usually about 50% — vyield. Further,
the dihydro compounds (1Y) are preferably aromatized immediately, in order
to avoid the formation of oxidative by-products appearing in a larger amount
in alkaline medium.

Dihydropyrido[3,4-e]-as-triazines (IV) are stable in the salt form only,
otherwise they undergo oxidation under the effect of atmospheric oxygen
rather rapidly, even in the solid state. This tendency to aromatization is the
highest in the case of the non-substituted substance (IVa): it transforms into
the aromatic product (Va) during 1—2 hrs in the solid state and within min-
utes when in solution. The tendency to oxidation is significant in the case of
the C-3-alkyl derivatives, too (IVb—f), while the hydrochloride of 3-phenyl-
I,2-dihydropyrido[3,4-e]-os-triazine, in the solid state undergoes hydrolysis
and aromatization only when stored at 25°C for 3 months.

The aromatic end-products V can be obtained by the oxidation of the
dihydro compounds IV. This reaction can be accomplished by means of
atmospheric oxygen, or with potassium ferricyanide in alkaline medium, or
in a solution of ferric chloride providing acidic medium. The products are
very weak bases, they form salts with acids, but also these undergo hydrolysis
very rapidly.

In view of the present studies, aromatization can be accomplished easily
and in high yield in the case of these compounds. The assumption forwarded
by Polya and Shanks that — like in 1,2-dihydropyrimido [5,4-e]-as-triazines
— the formation of the corresponding aromatic product cannot be expected
in this group of compounds, proved to be faulty.
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methyl

octyl

nonyl

undecyl

tridecyl

phenyl

Method ~ Yield,
%

A 54
B 92
c 79
B 54
B 76
B 67
Cc 89

Table |

4-Acylhydrazino-3-nitropyridines (I1)

204-205*

274-275

188-189

119-120%*

180—181

211-212*

266-267

NH—NH—CO—R

02

Solvent

MeCN

EtOH

EtOH

EtOH

EtOH

EtOH

EtOH

-HC1

Formula

(MW)

coh 6ndo3
(182.15)

CTHOCINA 3
(232.64)

C14H 23CIN403
(330.83)

N15M241M4N3
(308.38)

CIH 2CIN4 3
(372.91)
(364.50)

CI2H UCING 3
(294.71)

39.58
40.25

36.10
36.19

50.80
50.70

58.40
58.62

58.40
54.75

64.25
64.20

48.70
48.66

Analysis

Calculated/Found

H

3.20

3.02

3.90
3.79

7.03
7.00

7.84
7.69

7.82
7.80

8.84
8.90

3.76
3.80

N

30.75

30.46

24.10
24.16

16.95
16.79

18.18
18.11

15.05
15.08

15.38
15.40

19.00
18.85

cl

15.25
15.47

10.38
10.19

9.52
9.49

12.03
12.15

88¢
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* Base

benzyl

2-phenylethyl

o-hydroxyphenyl

p-hydroxyphenyl

p-anisyl

3,5-dimethoxyphenyl

3,4,5-trimethoxyphenyl

2-hydroxy-3-naphthyl

4-pyridyl

@

90

92

95

84

89

88

97

89

91

229-230 EtOH

Me-cello-
solve

244-245

279-280 EtOH

280-281 EtOH

280-281 EtOH

i-PrOH

252-253

240-241 EtOH

261-262* DMF

272-273 EtOH

C13H 13CIN4O 3
(308.73)
CuH 16CIND 3
(322.76)
CIH ItCINA 4
(310.71)
C12H UCIN40 4
(310.71)
C13H 13CIND 4
(342.74)
CIH 16CINAO 5
(354.83)
CI5H 17CIND 6
(384.78)
C,iilhdl
(324.31)
CuH 10CIN5O3
(209.69)

50.55
50.59

52.15
52.10

46.42
46.11

46.42
46.28

48.15
48.00

47.40
47.74

46.70
46.21

59.25
59.20

44.70
44.59

4.23
4.30

4.72
4.70

3.57
3.49

3.57
3.48

3.76
3.70

4.28
4.26

4.44
4.43

3.73
3.39

3.66
3.62

18.15
18.23

17.30
17.19

18.05
17.95

18.05
18.00

17.25
17.40

15.82
15.73

14.55
14.45

17.29
17.19

23.65
23.60

11.50
11.52

10.09
10.15

11.45
11.37

11.46
11.25

10.91
10.70

10.00
9.98

9.22
9.17

12.00
1191
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Experimental

The IR spectra were recorded in KBr pellets with a UR-10 spectrophotometer, and
UY spectra with a UNICAM SP 800 spectrophotometer. M.p.’s (measured in capillaries) are
uncorrected.

4-Acylhydrazino-3-nitropyridines (I1)
Method A

4-Hydrazino-3-nitropyridine (0.015 mole) was dissolved in 96—100% acylating agent
(aliphatic carboxylic acid, acid anhydride, or acid halide) (10—15 ml) applying slight heating
when necessary. The solution was allowed to stand for 24 hrs, and evaporated to dryness.
The residue was suspended in water and neutralized with potassium carbonate. The precipitate
was filtered off and crystallized.
Method B

4-Methoxy-3-nitropyridine (Ib) (0.1 mole) or its hydrochloride was refluxed together
with the appropriate acid hydrazide (0.1 mole) in ethanol (250—350 ml) for 3—5 hrs. The
precipitate formed was crystallized after filtration and drying. The base was liberated from
the hydrochloride of the product with sodium carbonate.

Method C

4-Chloro-3-nitropyridine (la) (0.02 mole) and the appropriate acid hydrazide (0.02 mole)
were allowed to react in anhydrous ethanol (80—150 ml). Evolution of some heat could be
observed after the addition of the chloronitropyridine. The evolution of reaction heat ceased
after stirring for 4—6 hrs. The precipitate was filtered off or, if it did not separate spontane-
ously, the solution was evaporated to dryness and the residue crystallized.

4-Acylhydrazino-3-aminopyridines (I11)

4-Acylhydrazino-3-nitropyridine (0.067 mole) was dissolved in ethanol (or isopropanol
or methanol) (800 ml). (When the substance was insoluble, hydrogenation could also be accom-
plished in suspension.) The solution was shaken in hydrogen atmosphere in the presence of
Pd/C catalyst (1 g) until the calculated amount of hydrogen (5.3 litres) had been absorbed.
When a solution was obtained, the catalyst was filtered off and the solvent removed by evap-
oration; in the other case, the suspension was heated to 50—60°C before filtering off the
catalyst. The precipitate that separated on cooling was filtered off, or the product was obtained
by evaporating the solution.

1,2-Dihydropyrido[3,4-e]-as-triazines (1V)
3-(o-Hydroxyphenyl)-1,2-dihydropyrido[3,4-e] -as-triazine (I1VK)

4-(o-Hydroxybenzoylhydrazino)-3-aminopyridine hydrochloride (4.3 g; 0.015 mole) was
refluxed in isopropanol containing three equivalents of hydrochloric acid (100 ml) for 1.5 hrs.
When boiling starts, bright red crystals appear (2.8 g; 69.3%), m.p. 298—299°C from DMF.

CI2HUCIN4D (262.71). Calcd. C 54.75; H 4.22; ClI 13.51; N 21.27. Found C 54.69; H 4.20;
Cl 13.44; N 21.17%.

UV (EtOH): Orax nm (log e): 260 (5.43), 323 (4.95).

3-Phenyl-1,2-dihydropyrido[3,4-e]-as-triazine hydrochloride (1Vg) [9]

3-Amino-4-benzoylhydrazinopyridine (111 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 hot, and
filtered. After cooling, brick red plates (3.2 g; 89.6%) were obtained, m.p. 229 —230°C (from
water).

CIHnCl4+2H2D (282.74). Calcd. C 50.85; H 3.92; ClI 12.55; N 19.85. Found C 50.70;
H 3.89; Cl 12.54; N 19.94%.

The base liberated 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 (0.11V HC1): dArax (nm log e): 226 (4.18), 257 (4.11), 400 (2.79).

Acta Chim. (Budapest) 90, 1976



BENKO et al.t CONDENSED A.S-TRIAZINES, |

Table 11

spectral data of 4-acylhydrazino-3-nitropyridines (I1)

methyl

octyl

nonyl

undecyl

tridecyl

phenyl

benzyl

2-phenylethyl

o-hydroxyphenyl

p-hydroxyphenyl

p-anisyl

3,5-dimethoxyphenyl

3,4,5-trimethoxy-
phenyl

IXVmax.
nm (log e)

350
264
231

350

336
260

342
227

327
259
225

330
266

352
232

350
234

306
265
233

327
270
234

349
260
237

327
258

345
260

(3.54)
(4.03)
(4.23)

(3.61)

(3.60)
(4.10)

(3.58)
(4.23)

(3.57)
(4.06)
(4.23)

(3.63)
(4.16)

(3.56)
(4.25)

(3.58)
(4.19)

(3.83)
(4.17)
(4.33)

(3.61)
(4.34)
(4.26)

(4.45)
(4.46)
(4.45)

(3.74)
(4.23)

(3.75)
(4.20)

solvent

0.IN HC1

EtOH

EtOH

EtOH

0.IN HC1

0.U HC1

EtOH

EtOH

0.IN HC1

0".IN HC1

i-PrOH

EtOH

EtOH

IR (KBr), cm-1

3200—3300 (aromatic CH)
1620—1640 (amide 1)
1530, 1260 (NO,)

3290,
2850,
1530,

3240, 1655 (amide)
2900, 1480 (methylene)
1260 (N02

3350,
1530,

3250, 1655 (amide)
1265 (nitro)

3350,
1540,

3290, 1650 (amide)
1265 (nitro)

1365, 1550 (NO,)
3300—3000 (aromatic CH)
2950 (methylene)

1570, 1380 (NO,)

3300—2700 (NH)
1640 (CO)
1570, 1350 (N02)

3350, 1650 (OH)
3200—2800, 1620 (amide)
1580, 1380 (N02)

3350, 3150, 1660 (amide)
2845 (methoxy)
1370, 1535 (nitro)

3355, 3200, 1660 (amide)
2850 (methoxy)
1370, 1540 (nitro)

3300-2400 (NH)
2845 (methoxy)
1370, 1540 (nitrol
1650 (CO)
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methyl

octyl

nony

undecyl

phenyl

benzyl

Table Il
4-Acylhydrazino-3-aminopyridines (IM1)

NH—NH—CO-R

NH3 *HC1

SPe Solvent Formula
% C M. W)

92 265-266  MeOH CeH 10CIN4O
(225.09)
86 286-287  EtOH CMn CLLI40
(202.66)
56 217-218  EtOH CHH BCINAD
(300.84)
97 186-187  EtOH CI15H ZCINAD
(314.87)
86 210-211  EtOH C1H 3ICINAD
(342.93)
78 252-253  i-PrOH c1h 1kindo
(264.72)
88 208-209  EtOH CuH 16CING

(278.75)

32.05
32.00

41.60
41.46

55.95
55.70

57.25
57.10

59.40
59.53

54.30
54.68

55.40
55.41

Analysis
Calculated/Found
H N
4.7 24.90
4.75 25.23
5.48 27.70
5.45 27.55
8.39 18.65
8.30 18.42
8.64 17.80
8.49 17.49
9.12 16.35
9.15 16.30
4.94 21.15
5.00 21.02
5.42 20.10
5.39 20.03

31.55
31.58

17.50
17.44

11.82
11.71

11.25
11.02

10.35
10.19

13.41
13.40

12.73
12.70
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2-phenylethyl

o-hydroxyphenyl

p-hydroxyphenyl

3,5-dimethoxyphenyl

3,4,5-trimethoxyphenyl

4-pyridyl

74

94

54

79

84

58

176-177

223-224

250—251

280-281

265-266

233-234

EtOH

EtOH

EtOH

DMF

DMF

EtOH

CuH I7TCIND
(292.78)

C12H 13CIN4 2
(280.72)

CI2H 13CINAD 2
(280.72)

C[4H 17CING 3
(324.78)

C16H 1BCINAD 4
(354.80)

ChH 12CINS)
(265.72)

57.45
57.40

51.40
51.35

51.40
51.29

51.70
51.49

50.70
50.70

49.70
49.19

5.92
5.79

4.67
4.63

4.67
4.62

5.32
5.30

5.38
5.28

4.56
4.48

19.25
19.31

20.00
20.05

20.00
19.97

17.25
17.38

15.77
15.70

26.35
26.35

12.15
12.05

12.70
12.65

12.70
12.63

10.92
10.79

9.99
9.92

13.35
13.25
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Table IV

Spectral data of 4-acylhydrazino-3-aminopyridines (ii1)

R nL,’nV(ngx'e) Solvent IR (KBr), cm" 1
c octyl 415 (3.20) EtOH 3400, 3250 (NH)
340 (3.50) 1640 (CO)
247 (4.25) 2900, 2820, 1460 (methylene)
e undecyl 445 (3.14) EtOH
340 (3.59)
g phenyl 350 (3.62) EtOH 3400, 3300, 1625 (NH)
232 (4.34) 1640 (CO)
h benzyl 450 (4.03) EtOH 3400-3200 (NH- and NH2
339 (3.45) 1620 (CO)
245 (4.26) 2920 (methylene)
i 2-phenylethyl 280 (3.73) 0.l HC1
228 (4.04)
K o-hydroxyphenyl 311 (4.14) EtOH 3400-3300, 2700-2300 (OH,
NH)
233 (4.39) 1650 (OH def.), 1620 (CO)
" 3,5-dimethoxyphenyl 290 (4.03) 0.1N HC1
249 (4.28)
0 3,4,5-trimethoxy- 455 (3.10) 0.1N HC1 3350, 1630 (NH2, 1640 (CO),
phenyl 258 (4.21) 2960, 2860, 1460, 1125, 900

(trimethoxyphenyl)

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 water (120 ml) and the solution was basified (pH 9)
with ammonium hydroxide; a solution of potassium ferricyanide (19.8 g; 0.06 mole) in water
(120 ml) was then added and the mixture kept at 4—8°C for 30 min. The solution was sub-
jected to continuous extraction with chloroform (1.2 1) for 5 hrs. The CHC13 extract was dried
over Na,SO04 filtered and evaporated to dryness, to obtain brick-red crystals (3.5 g; 88.3%),
m.p. 90—91°C.

P C6H4N4 (132.13). Calcd. C 54.60; H 3.05; N 42.40; Found C 54.54; H 3.00; N 42.35%.

UV (EtOH): Amax nm (log e): 225 (4.29); 332 (3.42), 475 (2.37).

Method B

3-Methylpyrido[3,4-e] -as-triazine (Vb)

The nitro compound lib (13.9 g; 0.06 mole) was refluxed with granulated tin (39 g)
in 18% hydrochloric acid (225 ml) for 1 hr. The metal which remained was removed by filtra-
tion and the solution was cooled to obtain a yellow precipitate. This was filtered off (17.4 g;
m.p. 193—195°C) and dissolved in saturated sodium carbonate solution (70 ml) without
previous drying. The solution became dark-coloured on heating. The solid particles were
removed by filtration, and the solution was continuously extracted with 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



‘wiyo ey

9/6T ‘06 (1sadepng)

Table V
1,2-Dihydropyrido[3,4-e}-a<--triazines (1V)

H
R Yield M. p., Solvent Formula
% °c M. W.)
a H 76 238-240 EtOAc C6H,C1N4
(170.61)
b methyl 63 296 EtOH CTH9CIN4
(184.64)
h benzyl 89 278-280 EtOH C13H 1C1IN4
(260.73)
K o-hydroxyphenyl 69 298-299 DMF CI2H u CIND
(262.71)
1 p-hydroxyphenyl 92 317-318* DMF C,2H 12C],,N40
(299.218)
1N 3,5-dimethoxyphenyl 86 272-273 i-PrOH cln cindo 2
(306.76)
U 3,4,5-triinethoxyphenyl 98 266 - 267 H2 CI5H 17CIN40 3
(336.79)
2-hydroxy-3-naphthyl 97 246-247 i-PrOH C16H 13CIN4O
(312.77)
r 4-pyridyl 95 287-288** DMF C4IH 12CI3N5
(320.62)

dihydroehloride
trihidrocchloride

42.20
42.25

45.62
45.48

59.95
59.29

54.75
54.69

48.20
48.10

54.70
54.59

53.40
53.35

61.20
61.07

41.25
41.30

Analysis

Calculated/Found

H

4.16
413

4.90
4.84

5.04
5.00

4.22
4.20

4.04
4.00

4.92
4.90

5.08
5.06

4.18
4.12

3.78
3.69

N

20.85
20.77

30.35
29.98

21.55
21.41

21.27
21.17

18.75
18.68

18.25
18.40

16.65
16.69

17.90
17.71

21.92
22.00

Cl

32.80
32.69

19.15
19.05

13.65
13.49

13.51
13.44

23.70
23.32

11.55
11.43

10.06
10.00

11.35
11.10

33.10
33.35

le 19 OMN3Ig
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octyl

nonyl

tridecyl

phenyl

benzyl

2-phenylethyl

o-hydroxyphenyl

p-hydroxyphenyl

Method

3-substituted pyrido[3,4-e]-as-triazines

Yield,

50

65

62

96

89

52

95

92

Table VI

46-47

45-46

65-66

127—128

167-168

76-77

182-183

288-289

Solvent

EtOH

EtOH

EtOH

EtOH

EtOH

EtOH

EtOH

EtOH

Formula
(M.W.)

CulNv
(244.35)

CIH2N4
(260.38)

CioH 3N4
(314.48)

CI2HEN4
(208.23)

A13M-10M
(222.26)

cuh ,;n4
(236.28)

ch8ndo
(224.23)

ch o
(224.23)

68.80
68.49

69.20
69.03

72.50
72.45

69.20
69.14

70.20
70.00

71.20
71.05

64.25
64.20

64.25
64.25

Analysis

Calculated/Found
H
8.26
8.19

9.30
10.09

9.59
9.50

3.87
3.86

4.54
4.50

5.12
5.06

3.58
3.52

3.58
3.68

22.95
22.90

21.50
21.25

17.82
17.75

26.85
26.99

25.25
25.12

23.72
23.64

25.00
24.97

25.00
24.98

96¢
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p-anisyl

3,5-dimethoxyphenyl

3,4,5-trimethoxyphenyl

2-hydroxy-3-naphthyl

4-pyridyl

58

93

68

38

44

198-199

158-159

204—205

256-257

169-170

CHCIj

DMF

CHC13

DMF

CHC13

C13H 1N40
(238.25)

cuh 1In 4o,
(268.28)

cT5h 14ndo 3
(298.31)

C16H 1N40
(274.29)

CuH™NG6
(210.09)

65.40
65.21

62.60
62.45

60.30
60.52

70.00
69.55

62.80
62.70

4.23
4.45

4.47
4.40

4.73
4.75

3.67
3.90

3.36
3.29

23.52
23.39

20.85
20.60

18.80
18.71

20.45
20.23

33.85
33.19

“le 18 OMN3g
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Table VII

Spectral data of 3-substituted pyrido[3,4-e]-as-triazines™

R

a H

b methyl

c octyl

d nonyl

f tridecyl

g phenyl

h benzyl

i 2-phenylethyl

K o-hydroxyphenyl

1 p-hydroxyphenyl

in  jp-anisyl
n 3,5-dimethoxyphenyl
0 3,4,5-trimethoxy-

phenyl
p 2-hydroxy-3-naphthyl

* in ethanol solutions

UV max. nm (log e)

475 (2.37); 332 (3.43);

226 (4.29)

475 (2.38);
230 (5.10)

341 (3.48);
341 (3.45);

342

233
233

(4.30);

(4.33)
(4.32)

341(3.47); 234 (4.31)

490 (2.34);
253 (4.28)

335 (4.32);

341 (3.48);

390 (3.62);

390 (3.74);
280 (4.43)

400 (3.59);
270 (4.09)

370 (3.60);
243 (4.29)

384 (3.75);

388 (3.62);
266 (4.37);

285

234

233

287

305

313

296

282

324
226

(4.38)

(4.27)

(4.41)

(4.31)

(4.30);

(4.45);
(4.28);
(4.33)

(4.30);
(4.36)

IR (KBr), cm 1

3030, 3060, 3080 (aromatic CH)
1600, 1560, 1520, 1450 (aro-
matic skeletal vibrations)

3040, 3060 (aromatic CH)
2960 (methyl); 1620, 1525,
1440 (aromatic skeletal vibra-
tions)

3040 (aromatic CH) 2960,
2930, 2850 (methylene)

3300—3000 (aromatic CH),
2950, 2850, 1440, 1320 (meth-
ylene)

3300—3020 (aromatic CH),
2960, 2840, 1445, 1320 (meth-
ylene)

3200-2600 (bound OH), 1620,
1585, 1520, 1475, 1440 (sh),
1380 (aromatic skeletal vibra-
tions)

3200-2400 (OH, bound) 1610,
1590, 1510, 1480, 1440, 1395
(aromatic skeletal vibrations)

2960, 2850, 1120, 840 (tri-
methoxyphenyl)

C™,,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 (aromatic CH); 2960 cm-1 (methyl); 1620, 1525, 1440 cm-1

(aromatic skeletal vibrations).

UV (EtOH): Amax nm (log e): 230 (5.10), 342 (4.30), 475 (2.38).
NMR (CDC13 TMS): 3.25 (s) 3H, methyl; 9.50 (s) LU, 5-9; 8.25 (d) 1H; 7-9; 8.94 (d

1H, 8-H; J = 6.3 Hz.

The authors’ thanks are due to Dr.

and microanalytical measurements.
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SYNTHESIS OF PYRIDO[3,2-e]-as-TRIAZINE DERIVATIVES
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(Central Research Institute for Chemistry of the Hungarian Academy of Sciences, Budapest, and

* EGYT Pharmacochemical Works, Budapest)
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The Bishler synthesis [4] of benzo-as-triazines has been extended to the prep-
aration of pyrido[3,2-e]-as-triazines. The procedure proposed can generally be applied
in the case of derivatives not accessible by the method suggested by Lewis and
Shepherd [2]. Dimorphism in the crystals of some 2-acylhydrazino-3-nitropyridine
intermediates was also studied.

Experimental work has shown that the reaction of 2-chloro-3-nitro-
pyridine (I) with aliphatic and aromatic acid hydrazides can he controlled by
the use of suitable acid-binding agents. For example, 2-acylhydrazino-3-
nitropyridines (Il) can be obtained in high yields if an excess of the starting
material is used. However, in order to achieve more favourable conditions for
the purification of the intermediates (ll), triethylamine is preferred as the
acid-binding agent.

In the absence of such an agent, particularly in the preparation of com-
pounds Ha (R = methyl) and lie (R'= phenyl), side reactions take place
yielding 3-substituted 8-nitro-s-triazolo[4,3-a]-pyridine (VI). The yields of
the desired main products lla and lie may thus decrease to as low as 50%.

*Part I: P. Benké, A. Messmer, A. Gelléri, L. Partiros: Acta Chim. (Budapest)
90 (3), 285 (1976)
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b: R —benzyl VI VI

Compounds with structure VI have already been synthesized by Potts an
Surapaneni [1], by the reaction of 2-hydrazino-3-nitropyridine (VII) and
appropriate ortho acid esters.

The reaction of 2-chloro-3-nitropyridine (1) with acid hydrazides is signif-
icantly slower and proceeds at higher temperatures than that of 4-chloro-
3-nitropyridine. Accordingly, the reaction time is 10—18 hrs in DMF, DMSO
or in t-butanol, at about 90 110°C. The reduction of the resulting 2-acyl-
hydrazino-3-nitropyridines (Il) is accomplished rapidly, particularly in the
presence of Pd/C catalyst. Hydrogenation is usually carried out at atmospheric
pressure and room temperature. The amino compounds formed (l11) are white,
crystalline substances and unlike the analogous derivatives of pyrido
[3,4-e]-as-triazine — are stable as free bases; they are mostly insensitive to
atmospheric oxygen and can be readily crystallized.

In the subsequent step of the synthesis, cyclization of 2-acylhydrazino-
3-aminopyridines (I11) is carried out in anhydrous acidic medium; usually
heating for 1—2 hrs is applied. The dihydropyrido [3,2-e]-as-triazines formed
in about 90% vyield can be stabilized as their hydrochlorides. The free bases
undergo oxidation very rapidly under the effect of atmospheric oxygen;
also in respect of their physical properties they are similar to the analogous
[3,4-e]-isomers.

The dihydro compounds (IV) were converted into C-3 substituted pyrido-
[3,2-e]-os-triazines (V) by oxidation with potassium ferricyanide. Products
with different shades of red colour were obtained in yields higher than 75%.
Some of the derivatives — unlike other pyrido-as-triazine — are quite well
soluble in water.

Some derivatives of the 2-acylhydrazino-3-nitropyridines (Il1) formed
in the first step of the synthesis, such as Ha (R = methyl), Ile (R = phenyl)
and lid (R = benzyl), may appear in dimorphous crystalline modifications
which can reversibly be converted into each other. The colour change does
not depend on cooling, hut on recrystallization from a polar or nonpolar
solvent. As usual with polymorphous substances, the IR and UV spectra
of both forms are identical in solution, whereas the IR spectra recorded in
KBr pellets are different. In the case of 2-acetylhydrazino-3-nitropyridine
(lla) --in contrast with the suggestion of Lewis and Shepherd [2] supposing
irreversible polymorphism — the appearance of the red modification was
observed, but this have a yellow product when recrystallized from isopropa-

Acta Chim. (Budapest) 90, 1976
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nol. On the other hand, the yellow modification became red when recrystallized
from benzene or toluene. The red modification contains firm intermolecular
hydrogen bonds. (A similar opinion was expressed by Skulski [3] in connec-
tion with o-nitroacetanilides.) The IR spectrum has bands characteristic of
bound NH (3240 cm-1) and carbonyl groups involved in hydrogen bonds
(1630 cm-1). The IR spectrum of the orange yellow modification recorded
in KBr pellet is similar to that obtained in solution, and the characteristic
bands appear at different frequencies. The NH vibration gives rise to a band
at 3245 cm-1, while the vibration of the non-bonded carbonyl group may
be responsible for the band at 1700 cm-1. This indicates that in the yellow
modification the two hdyrogen atoms attached to the nitrogen atoms of
acetylhydrazine form an intramolecular bond with the nitro group and the
nitrogen atom in pyridine, thus the intermolecular hydrogen bond involving
the carbonyl group characteristic of the red modification cannot develop.
(¢}

(r
MNa
orange modification red modification

In the case of lie, the lighter yellow modification melts at 122 —125°C,
and can be recrystallized from toluene, while that with darker shade (greenish-
yellow) appears as needle-shaped crystals melting at 115—116°C when crystal-
lized from isopropanol. The greatest difference in melting points was observed
for the two modifications of lid (R = o-hydroxyphenyl). The red crystals
melting at 217—218°C as obtained from acetic acid, transform into the yellow
modification, m.p. 133 134°C, on recrystallization from toluene, and this
transformation is reversible. The isobestic points observed in the UV spectra
of the latter two compounds recorded in various solvents also indicate the
presence of structures with different hydrogen bridges.

Experimental

The spectra were recorded with spectrophotomers UR 10 (IR), UNICAM SP 800 (UV)
and HA-60 VARIAN (NMR). M.p.’s were determined in capillaries and are uncorrected.

2-Acetylhydrazino-3-nitropyridine (Ha)

(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-butanol (60ml) was refluxed for 20 hrs. The yellowish red crystalline

7 Acta Chim. (Budapest) 90, 1976
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methyl

nonyl

phenyl

benzyl

o-hydroxyphenyl

p-hydroxyphenyl

3,4,5-trimethoxyphenvl

Yield,
%

60

63

65

47

60

55

50

M.p.,

153-154

88-89

142-143

122-123

217-218

216-217

164-165

Table |

Solvent

i-PrOH

Cyclohexane

70% EtOH

toluene

acetic acid

1-BuOH

EtOH

2-Acylhydrazino-3-nitropyridines (11)

Formula
(M.W.)

CTHENA 3
(196.17)

c 15 %040 3
(308.39)

C1H IN403
(258.25)

ABHIND 3
(272.27)

ArHi0"0 4
(274.25)

cl2h 10n4o4
(274.25)

CI6H 18N 40e
(348.33)

42.85
42.60

58.80
58.35

55.75
55.49

57.35
57.30

52.40
52.29

52.40
52.30

51.70
51.63

Analysis
Calculated/Found
H

412
411

7.84
7.59

3.93
3.90

4.42
4.29

3.69
3.67

3.69
3.63

4.67
4.64

28.62
28.57

18.18
17.98

21.70
21.55

20.65
20.45

20.45
20.40

20.45
20.50

16.10
16.14

¥0¢€
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Table 11
Spectral data of 2-acylhydrazino-3-nitropyridines (I1)

UV max.

R um (loge) Solvent IR (KBr), cm-’
a methyl - — 3200-2900 (NH),
1620—1640 (amide 1)
b nonyl 376 (3.69) EtOH 3350, 3250, 1655 (amide),
256 (3.70) 2850, 2930, 1480, 1220 (methyl-
ene), 1530, 1260 (nitro)
c phenyl 376 (3.23) EtOH 3300-2700 (NH), 1660 (CO),
262 (3.74) 1530 (nitro)
222 (4.08)
d benzyl 3300-3200 (NH), 2860 (methyl-
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-trimethoxyphenyl 377 (3.43) EtOH 3300-2500 (NH), 1630 (amide),
265 (3.98) 1530, 1340 (nitro)
219 (4.53)

precipitate was filtered off and washed with hot methanol. Afterrecrystallization from dio-
xan, 3-methyl -8-nitro-s-triazolo[4,3-a]-pyridine (VI a) was obtained (1.6 g); m. p. 288°C.

C,HBN402(178.15). Calcd. C47.20; H 3.37; N 31.47. Found C47.18; H 3.40; N 31.38%.

UV (MeOH): Nipax nm (log e): 225 (4.18), 360 (3.68).

The combined filtrates were evaporated to dryness in vacuum and the residue rubbed
with water to obtain a solid substance (3.9 g). Recrystallization from isopropanol gave a mix-
ture of red and yellow crystal (ll1a) (3.2 g; 51%); m.p. 153—154°C (lit. [2] m.p. 157—158°C).

C7H8N403(196.17). Calcd. C42.85; H 4.12; N 28.62. Found C 42.60; H 4.11; N 28.57%.

IR (KBr): 3200—2900 cm“1(vNH), 1620-40 cm“ 1 (Amide ).

The mixture was twice recrystallized from about a 50-fold volume of benzene. The red
product was obtained without the yellow modification.

IR (KBr): 3240 ¢m 'l (bound NH), 1630 cm*“ 1 (bound CO).

Recrystallization of the mixture from isopropanol, repeated four times, yielded the
yellow modification as a pure, homogeneous substance.

IR (KBr): 3260 ¢m 'l (non-bound NH), 1700 cm-1 (non-bound CO).

(b) When using the same amounts of reactants as in Method (a), in the presence of
triethylamine (0.04 mole) the formation of the by-product 3-methyl-8-nitro-s-triazolo[4,3-a]-
pyridine (Via) was practically negligible, while the product Na was obtained in 60% yield.
This greatly facilitated the 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 mixture of anhydrous DMF (10 ml) and triethylamine
(1.5 ml; 0.0015 mole) for 24 hrs at 85°C. The solution was evaporated to dryness and the
residue rubbed with water. The crystals obtained were then dissolved in chloroform and
chromatographed on a column packed with aluminium oxide (30 cm long). 1.25 g (80%) of
the product was obtained. Dissolution in ether and precipitation with petroleum ether resulted
in the separation of yellow plates (1.15 g; 74%), m.p. 88—89°C.

7* Acta Chim. (Budapest) 90, 1976
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methyl

nonyl

phenyl

benzyl

o-hydroxyphenyl

p-hydroxyphenyl

3,4,5-trimethoxyphenyl

Yield,

80

90

65

62

72

94

90

Table 111

2-Acylhydrazino-3-aminopyridines (l11)

154

78

185

117-118

196

186

199

H-NH-CO-K
Formula
Solvent (MW
MeOH-ether c,h 10n 4o
(166.19)
ether-petrole-
um ether (278.41)
i-PrOH clh undo
(228.26)
ethylene- CiH 14N
chloride (242.29)
EtOH A12/127402
(244.26)
EtOH-ether CH kD2
(244.26)
i-PrOH clth Bndo4

(318.34)

50.55
50.49

64.80
64.69

63.12
62.92

66.95
66.87

58.98
59.12

58.98
59.14

56.58
56.49

Analysis

Calculated/Found
H
6.12
6.10

9.42
9.50

5.17
5.27

5.82
5.79

4.84
4.94

4.84
4.75

5.76
5.70

33.70
33.55

20.15
20.22

24.55
24.25

23.15
23.25

22.94
22.65

22.94
22.58

17.62
17.58

1l ‘'SINIZVIYL1-SI- dISNIANOD
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Table IV

Spectral data of 2-acylhydrazino-3-aminopyridines

UV max.
R nm (log €) Solvent IR (KBr), cm-1

b nonyl 288 (3.56) MeOH 3400, 3250 (NH), 1640 (CO),
2900, 2820, 1460 (methylene),
1600, 760 (pyridine)

¢ phenyl 307 (3.57) EtOH 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) EtOH 3400-3300, 2700-2300 (OH,
242 (3.54) NH), 1650 (OH-def.), 1620
210 (3.79) (Co)
f p-hydroxyphenyl 318 (3.90) 011V 3300-3110 (NH and OH),
260 (4.28) HC1 1640 (OH def.), 1625 (CO)
g 3,4,5-trimethoxyphenyl 295 (3.18) EtOH 3350, 1630 (NH2, 1640 (CO),
252 (3.35) 2960, 2860, 1460, 1125, 900
214 (3.72) (trimethoxyphenyl)

CI5H 2IN40 3(308.39). Calcd. C 58.80; H 7.84; N 18.18. Found C 58.35; H 7.59; N 17.98%.

UV (EtOH): Amax nm (log e): 256 (3.70), 376 (3.69).

IR (KBr): 3350, 3250, 1655 cm-1 (amide); 2850, 2930, 1480, 1220 Cm-1 (methylene);
1600, 1400, 765 cm-1 (pyridine); 1530, 1260 cm-1 (nitro).

Preparation of 2-acylhydrazino-3-aminopyridines (l11)

2-Acylhydrazino-3-nitropyridine (I1) (0.1 mole) was shaken in alcohol solution (ethanob
isopropanol, etc.) (200 ml) in the presence of Pd/C catalyst, until the calculated amount of
hydrogen (7.2 1) had been absorbed. The catalyst was filtered off and the solution was evap-
orated to dryness to yield the crude product, which was recrystallized.

Preparation of C-3 substituted I,2-dihydropyrido[3,2-e]-as-triazines (IV)

2-Acylhydrazino-3-aminopyridine (I11) (0.01 mole) was dissolved in anhydrous alcohol
(20 ml). Cone, hydrochloric acid (5 ml) was added, and the solution 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 water (15 ml) was allowed to react with a mixture
of 20% potassium ferricyanide (5 ml) and 10% potassium carbonate (12 ml) at 30—40°C.
In most cases a crystalline mass with red colour separated (several times the dihydro compound
was insoluble, too). It was filtered off, and recrystallized to obtain reddish-brown plates.

Method B

Compound I11 (0.01 mole) was refluxed with polyphosphoric ester in chloroform (40 ml)
for 30—45 min, and the mixture was then evaporated to dryness in vacuum. The residue was
mixed with ice and the solution obtained was continuously extracted with chloroform or
stirred together with 36% potassium ferricyanide solution (30 ml) for 30 min, at 30—40°C.
The product was recrystallized.

Acta Chim. (Budapest) 90, 1976



‘wiyo ey

9.6T ‘06 (1sedepng)

methyl

nonyl

benzyl

p-hydroxyphenyl

3,4,5-trimethoxyphenyl

dihydrochloride

C-3 substituted I,2-dihydropyrido[3,2-e]-as-triazines (1V)

Yield,

67

71

71

69

75

M.p.,

218-219*

247-249

156*

281*

227-228
(d)

Table V

Solvent

EtOH

EtOH

MeOH-etlier

MeOH-ether

EtOH

Formula
(M.wW.)

C™ 10CI2N4
(221.10)

CI16H ZCINA
(332.92)

Ai3HiECING
(315.22)

CIH 12CIND
(299.27)

CI3H I7CINAD 3
(336.79)

38.10
38.02

54.15
54.02

49.42
49.29

48.20
47.95

53.35
53.29

Analysis

Calculated/Found

H

4.62
4.60

7.56
7.40

5.12
5.10

4.02
4.00

5.08
5.00

N

25.35
25.12

16.82
17.02

17.57
17.61

18.72
18.85

16.62
16.66

32.11
32.00

21.32
21.38

22.55
22.49

23.70
23.78

10.51
10.45

80¢

Yl 19 14317139
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Table VI

Spectral data of C-3 substituted I,2-dihydropyrido[3,2-e]-ua-triazines (IV)

nonyl

benzyl

p-hydroxyphenyl

3,4,5-trimethoxyphenyl

383
397

383

394
269
434

376

220

UV max.
nm (log e)

(3.39)
shoulder

(3.70)

(3.93)
(4.13)
shoulder

(3.70)
(3.95)
(4.13)

Solvent

MeOH

EtOH

EtOH

MeOH

IR (KBr), cm-1

3500-2400 (NH+),
2900, 2800 (methylene),
1640 (C=N)

3300-2800 (NH),
1620-1600 (diffuse NH,
aromatic)

3300-2600 (NH),
1600 (C=N),
1130 (OCH3J)
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methyl

nonyl

phenyl

benzyl

o-hydroxyphenyl

p-hydroxyphenyl

3,4,5-trimethoxyphenyl

* MeC. = methylcellosolve

Method

> w

Yield,

%

54

93

43

69

53

95

42
60

Table VII

C-3 substituted pyrido[3,2-e]-as-triazines (V)

171

83-84

225

125

247-248

315

207-208

Solvent

EtOH
petroleum
ether
i-PrOH
50% EtOH
BuOH

EtOH-MeC.*

i-PrOH

Formula
(M.W.)

cth,n4
(147.16)

N1572204
(258.38)

CLHEN4
(208.23)

C13H ,0Nj
(222.26)

ch 8ndo
(224.23)

ch 8ndo
(224.23)

clsh Mndo3
(298.31)

57.25
57.20

69.90
69.59

69.19
69.00

70.31
70.51

64.25
64.20

64.25
64.32

60.25
60.17

Analysis
Calculated/Found
H

4.78
4.70

8.58
8.65

4.37
4.27

4.57
4.60

3.60
3.51

3.60
3.65

4.73
4.70

38.20
38.00

21.62
21.43

26.95
26.90

25.20
25.32

24.99
24.95

24.99
24.95

18.75
18.54

o8

“Je 18 1431730
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Table VIII

Spectral data of C-3 substituted pyrido[3,2-e]-as-triazines (V)

R
a methyl
b nonyl
c phenyl
d benzyl

e o-hydroxyphenyl

f p-hydroxyphenyl

g 3,4,5-trimethoxy-
phenyl

h p -acetoxyphenyl

The authors’ thanks are due to Dr. L.

analyses.

UV max.

nm

312
330
476

263
311
323
498

210
269
352

265
317
489

262
309
385

275
380

222
277
370

263
353
484

(log €)

(3.48)
(3.94)
(2.27)

(3.19)
(3.53)
(3.45)
(2.29)

(4.43)
(4.54)
(3.91)

(3.63)
(3.90)
(2.33)

(4.40)
(4.05)
(3.65)

(3.60)
(3.25)

(4.46)
(4.44)
(3.82)

(4.57)
(4.12)
(2.49)

Solvent

EtOH

cyclohexane

EtOH

dioxan

dioxan

dioxan

EtOH

dioxan

*

IR (KBr), cm 1

3050 (aromatic CH),
2970, 2850 (methylene),
no NH band

3300—3000 (aromatic CH),
2950, 2850, 1440, 1330 (methyl-
ene), 1600, 1560, 1550, 1500,
1480, 1460, 1450 (aromatic
skeletal vibrations)

3200-2600 (bound OH),
1620, 1580, 1550, 1520, 1480
(aromatic skeletal vibrations),
750 (o-substituted phenyl)

3400—3000 (OH, strongly
bound), 1610—1400 (aromatic
skeletal vibrations)

2960, 2850, 1120, 840 (tri-
methoxyphenyl), 1610, 1580,
1550, 1500 (aromatic skeletal
vibrations)

3010 (aromatic CH), 2950,
1760, 1470, 1365, 1200 (O-
acetyl)

Radios and Dr. S. Holly for the instrumental
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The conversion of n-nonane and n-decane was investigated on an industrial
gasoline reforming catalyst containing platinum, at temperatures from 480 to 530°C,
in the range of 3 to 10 mI/ml < hr space velocity. The experiments were carried out
at a pressure of 30 kp/cm2in a microreactor. Though only a few per cent of aromatic
compounds were obtained from either of the starting compounds, the conversion to
aromatics increased significantly with the increase of temperature and decrease of
space velocity. At 530°C the maximum amounts of 1,2,4-trimethylbenzene formed from
n-nonane and n-decane were 3.7% and 2.1% (w/w), respectively. n-Nonane gave
mostly 1,2,4-trimethylbenzene whereas from n-decane relatively significant amounts
of xylenes, n-butylbenzene and 1,3-dietliylbenzene were also obtained. Formation of
aromatic compounds having a lower number of C-atoms than that of the starting
compounds was observed both from n-nonane and n-decane, but this was more charac-
teristic of the conversion of n-decane. The conversion of both starting compounds was
increased by raising the temperature, whereas the decrease of space velocity affected
mainly the conversion of n-decane.

Introduction

The dehydrocyclization of paraffins is, besides the dehydrogenation and
dehydroisomerisation of naphthenes, one of the important reactions of catalytic
gasoline reforming. This reaction, involving several steps, eventually results
in the formation of aromatic compounds. The mechanism of dehydrocycli-
zation has been studied by several authors. In the earlier researches mainly
catalysts of oxide nature (Cr20 3—A1203, Mo003—A120 3) were used, and it
was suggested that dehydrocyclization takes place via the formation of six-mem -
bered rings (C8dehydrocyclization). According to Herrington and Rideal
[1], paraffins are first dehydrogenated to olefins, and the latter are adsorbed
on the surface of the catalyst. The next step is the formation of a six-mem-
bered ring (provided that the position of the double bond and the geometry
of adsorption are favourable); finally the ring is quickly dehydrogenated to
the aromatic compound.

Using an oxide catalyst, Rozengart, et ah [2, 3] showed that prior
to ring closure a stepwise dehydrogenation takes place, i.e. olefines, then
aliphatic dienes and lastly aliphatic trienes are formed from the initial paraffin,
and the ring closure of triene to cyclohexadiene occurs only subsequently. It
was proved by Paal and Tetényi [4,5] that the Ce-dehydrocyclization follows
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the above mechanism also on metal catalysts and thus also on platinum.
Later on, the same conclusion was attained also by Kazansky ef al. [6, 7].

In 1954 Kazansky et al. discovered that paraffins can be converted on
metal catalysts (mainly platinum) not only to six-membered but also into
five-membered compounds (C5-dehydrocyclization) [8]. Several suggestions
have been published in the literature about the mechanism of C5dehydro-
cyclization [9, 10, 11, 12], but none of them is generally accepted. It has not
been decided whether unsaturated compounds are necessary intermediates
in the C5-dehdyrocyclization of paraffins. The partial pressure of hydrogen
and the hydrogen coverage of the catalyst certainly play a significant role in
the course of C5dehydrocyclization [13].

Gault et al. [10] observed considerable C5dehydrocyclization activity
in the case of a bifunctional Pt—A12 3 catalyst, whose platinum content was
less than 1%. Since most of the industrial reforming catalysts are of this
type, under the conditions of reforming one must reckon with the occurrence
of Cb5-dehydrocyclization along with C6-dehydrocyclization. This has been
pointed out as early as 1955 in a paper of Hettinger et al. [14], who detected
1.0—1.5% allcylcyclopentanes in the reforming products of re-heptane.
On converting re-hexane, n-heptane and n-octane in the presence of a
Pt—y —Al20 3catalyst containing 0.6% platinum, Kazansky et al. [15] found
significant amounts of alkylcyclopentanes in the products. The results obtained
with bifunctional catalysts indicate that the acidic centres of the catalyst
play a significant part in C5dehydrocyclization. This is suggested also by
Davis and Venuto [16] who examined the dehydrocyclization of C8 —C9paraf-
fins on non-acidic Pt—A120 3 catalysts; in their opinion, on the basis of
product distribution, the Ce-dehydrocyclization appeared to predominate.

During reforming C5dehydrocyclization also contributes to the forma-
tion of aromatic compounds, or plays a role as an intermediate step of the
aromatization process, since the acidic function of the catalyst causes the
alkyl-cyclopentanes produced by C5dehydrocyclization to undergo dehydro-
isomerization yielding aromatic compounds.

Thus, dehydrocyclization processes leading to the formation of both
six-membered and five-membered rings have an important role in reforming.
Sinfelt and Rohrer [17] carried out dehydrocyclization experiments on a
Pt—A120 3 catalyst containing 0.3% platinum, using Ce, C7 and C8 paraffins.
In their opinion, the first step of the reaction is dehydrogenation resulting
in olefins (this takes place on the platinum surface), followed by the formation
of carbonium ions as a result of the interaction of the olefins and the acidic
sites. The relative stability of the carbonium ions will determine whether
C5 or a Cé6-dehydrocyclization will occur. Since secondary carbonium ions
are much more stable than the primary ones, re-hexane gives a five-membered
ring; Ce-dehydrocyclization could only take place through a primary carbo-
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nium ion. With re-octane, in turn, and obviously also in the cases of n-nonane
and re-decane a Ce-dehydrocyclization is expected to be the dominating process.

Nearly all the above-mentioned investigations were carried out at atmos-
pheric pressure with C6 C7and C8 hydrocarbons. The catalysts applied were
prepared in the laboratory mostly by the authors themselves. It is known
that the way of preparation of the catalyst affects the catalytic activity in
several ways [18]. It appears from a survey of the literature that the dehydro-
cyclization of paraffins containing more than eight carbon atoms has been
only scarcely studied, and, even the few investigations reported were carried
out under conditions greatly differing from those of industrial gasoline re-
forming.

The aim of the present work was to establish the extent of the dehydro-
cyclization of re-nonane and re-decane under the conditions of gasoline reform-
ing, i.e. with an industrial catalyst of the Pt—A120 3 type, at a pressure of
30 kp/cma2.

Our primary object was to study the formation of C9- and Cl0-arom atics,
and within these groups mainly that of triinethylbenzenes, whose industrial
utilization is increasing [19], and may arouse interest in Hungary when
the utilization of these compounds as starting materials of the petrochemical
industry advances.

Investigation of the thermodynamic equilibrium of dehydrocyclization
does not afford practical information for the given purpose; according to the
calculations, the thermodynamic equilibrium of the formation of C9 and
Cl0-aromatics from paraffins with an identical number of C-atoms is shifted,
even at higher pressures, towards the formation of aromatics.

Besides dehydrocyclization, however, also hydrocracking, isomerization
and dealkylation reactions also take place on the catalyst. This fact causes
the product distributions to be very complex and makes the determination
of the total equilibrium product distributions by way of calculations unreason-
able. The main reason being that the “equilibrium” of the hydrocracking
reactions is shifted towards the cracking products to such an extent that the
reaction can be considered practically irreversible. Therefore, the prac-
tical yields and distributions of aromatics can only be determined by
experiments.

Experimental

The model compounds applied in our work were in each case the ‘purum’ quality
products of the Swiss firm Fluka. Our experiments were carried out in a pressure-tight, flow-
type, isothermal microreactor of 6 ml volume, constructed in the High Pressure Research
Institute, and described in our earlier paper [20]. In the experiments an industrial platinum
catalyst of type RD-150C was applied which is used all over the world in many reforming
plants and also applied in our country. This is a Pt-y-A1,03 bifunctional catalyst containing
0.35% platinum whose detailed, mainly electron optical, investigation has been reported
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by Yajta etal. [21, 22]. Since the inner diameter of the microreactor was 6.8 mm, the catalyst
was crushed and the fraction with the grain size 0.6 —0.8 mm was used in the reactor. The
catalyst packed into the reactor was then subjected to the treatment specified by the manu-
facturer firm, and subsequently the actual experiments were started.

To investigate the dehydrocyclization of both n-paraffins as a function of tempera-
ture, the measurements were carried out at 480, 500, 515 and 530°C, keeping the space
velocity at 3 ml/ml «hr. when investigating the effect of space velocity, in turn, the mea-
surements were carried out at space velocities of 3, 5, 7 and 10 mlI/ml| mhr maintaining
the temperature at 500°C. The pressure was held at 30 kp/cm2 and the gas-liquid ratio at
1300 ml H2Zm1 hydrocarbon in all experiments. This value of the gas-liquid ratio corresponds
to a H, : n-nonane mole ratio of 9.7 : 1 and H2: re-decane mole ratio of 10.6 : 1.

The experimental parameters were in agreement with the values usually applied in
industrial gasoline reforming plants using platinum catalysts.

According to an experiment with re-heptane, the activity of the catalyst was stable,
after some initial fluctuations, for at least 48 hours of continuous operation. Therefore, the
periods of our measurements, were selected to last no longer than 48 hours, and the reactor
was packed with fresh catalyst at the beginning of each period. In the course of the experi-
ments the liquid yield was measured (in per cent by weight), and the amount of alkylbenzenes
present in the reformate was determined by a gas chromatographic method developed specially
for this purpose at our Department [23]. The method is based on the relationship according
to which, on an Apiezon phase, the logarithmic value of the relative retention of the individual
alkylaromatic compounds plotted against the boiling point of the compounds affords straight
lines for compounds having in their alkyl chains an identical number of C atoms [24]. It was
found in our investigations that this relationship also holds for a polar packing and poly-
ethyleneglycol adipate (PEGA) is the most suitable partition phase for the separation of
alkylbenzenes. The analyses were performed with a CHROM 31 gas chromatograph, under
the conditions given below:

Column length: 360 mm

Column diameter: 6mm

Packing: 10% PEGA on Rysorb C support of 0.2—0.3 mm
grain size

Carrier gas: 50 ml N2Zmin

Temperature of thermostat: 40—120°C

Results and their evaluation

The results of our experiments carried out at different temperatures
are summarized in Table I, and those of runs made with various space velocities
are shown in Table I1I.

The experimental results concerning the temperature dependence
are also shown in Figs 1, 2, 3 and 4, and those with different space velocities
in Figs 5, 6, 7 and 8.

It appears from the data in Table | that a significant part of »-nonane
remained unchanged, and that the degree of conversion markedly depended
on the temperature. This is mentioned here because in the reforming of naph-
thenes avery high degree of conversion can be observed already at 480°C, in fact,
some compounds are almost completely converted at this temperature. In the
reforming of re-nonane, the quantity of unconverted initial substance in the
product amounted to 53.2% at 480°C and 19.4% at 530°C. On raising the
temperature, the liqguid yield appreciably decreased as a result of increased
hydrocracking. In the reforming of naphthene-containing hydrocarbon mix-
tures or of pure naphtenes, the liquid yield does not decrease so much at temper-
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Table 1

Effect of temperature on the formation of aromatic compounds in the reforming
of n-nonane and n-decane

Space velocity: 3 ml/ml-hr pressure: 30 kp/cm2 gas-liquid ratio: 1300 ml/ml

Starting compound n-Nonane n-Decane

Reforming temperature, °C 480 500 515 530 480 500 515 530

Aromatics 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-Xylene 0.4 1.2 1.6 1.8 1.6 3.0 3.6 4.1
0-Xylene 0.2 0.4 0.4 0.7 0.8 14 15 19
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 29 3.7 11 11 1.6 2.1
1,2,3-Trimethylbenzene 0.2 0.6 0.8 0.8 12 08 08 0.8
n-Butyl- and 1,3-diethylbenzene - — — — 24 21 1.6 11
1,2,4,5-Tetramethylbenzene - — - — 0.5 0.7 0.7 0.7
Unconverted n-nonane 48.0 44.0 19.6 11.0 — — — —
Unconverted n-decane — — — — 36.1 11.7 8.1 43
Liquid product, %, (w/w) 900 860 710 56.6 812 656 587 505
Table 11

Effect of space velocity on the formation of aromatic compounds in the reforming
of n-nonane and n-decane

Temperature: 500°C pressure: 30 kp/cm2 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 31 2.1 1.3
m- and p-Xylene 12 0.7 0.6 0.5 3.0 24 1.7 0.3
0-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 11 11 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 - — — — 21 1.9 15 0.9
1,2,4,5-Tetramethylbenzene — — — — 0.7 0.4 0.4 0.1
Unconverted n-nonane 440 464 471 501 — — — —
Unconverted n-decane — — — — 11.7 262 334 407
Liquid product, % (w/w) 86.0 865 872 873 656 692 735 79.6
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atures above 500°C; hydrocracking played such a great part in our case
because the applied initial substance was a pure paraffin.

As expected, the degree of conversion of n-decane was higher than that
of re-nonane over the whole temperature range examined. At 530°C the con-
version was nearly complete. The rise of temperature resulted in an even
greater decrease of the liquid yield than observed in the case of re-nonane,
which may be explained by the higher proneness of re-decane to cracking.
At 530°C very low liquid yields were obtained with both initial substances,
indicating that this temperature corresponds to extremely severe reforming.
This is quite in accordance with the industrial experience.

The amounts of xylenes formed from re-nonane and re-decane are shown
in Fig. 1. Essentially greater amounts of xylene are formed from re-decane
than from re-nonane. Thus, re-decane is inclined more than re-nonane to form
aromatics which contain less carbon atoms than the starting material. This
is also shown by Figs 2 and 3, in which the amounts of trimethylbenzenes

Fig. 1. Xylenes formed at different reforming temperatures

Fig. 2. Trimethylbenzenes formed at different reforming temperatures from n-nomme
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470 480 490 500 510 520 530
Temperature ,°C

Fig. 3. Trimethylbenzenes formed at different reforming temperatures from n-decane

obtained from both initial model compounds are plotted. It can be seen that a
considerable amount of trimethylbenzenes is formed from re-decane. Higher
temperatures enhance mainly the formation of 1,2,4-trimethylbenzene, as it
was also experienced in the reforming of gasoline fractions [20]. This is due
to a better approach of the thermodynamic equilibrium of the various tri-
methylbenzenes at high temperatures, corresponding to a higher proportion
of 1,2,4-trimethylbenzene.

In Tables 111 and IV the values of xylenes and trimethylbenzenes ob-
tained at 530°C are compared with the thermodynamical equilibrium values.

Table 111

Distribution of xylenes (%, w/w) formed from n-nonane and n-decane at 330 (.

Starting compound n-Nonane n-Decane
Experimental Calculated Experimental Cal.cyla.led
Product value equilibrium value equilibrium
value value
m- and p-Xylene 71.0 74.3 68.6 74.3
0-Xylene 29.0 25.7 31.4 25.7
Table IV

Distribution of trimethylbenzenes (%, w/w) formed from n-nonane and n-decane at 530°C

Starting compound n-Nonane n-Decane
Experimental Cal.c}JIa'ted Experimental Cal_c.ula-ted
Product value equilibrium value equilibrium
value value
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 155 16.8 23.1 16.8
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The obtained amount of o-xylene was in the case of both starting compounds
higher than the equilibrium value. The ratio of o-xylene formed from n-nonane
was closer to the equilibrium distribution. In the case of the trimethylbenzenes
it is interesting to note that the experimental ratio of the 1,3,5-isomer was in
both cases lower than the equilibrium value. When starting from n-decane,
the experimental value of the 1,3,5-isomer approached the equilibrium value
of the 1,2,3-isomer and vice versa. This phenomenon was also observed in the
reforming of gasoline fractions [20] and in industrial reformates [23].

Fig. 2 also shows the amounts of n-propylbenzene formed from n-nonane.
The quantity of this compound in the product does not exceed 1% (w/w)
even at 530°C. This experience and the appreciable quantity of trimethylben-
zenes in the reformate point to the importance of the isomerizing capability of the
RD-150C catalyts and of industrial reforming catalysts, in general. In the
reforming experiments of Davis and Venuto [16] with definitely non-acidic
Pt—A120 3—K catalysts at atmospheric pressure, the products did not contain
trimethylbenzenes at all, whereas the quantity of n-propylbenzene amounted
to 25 mole % of the C%aromatic fraction.

n-Nonane above 500°C gave 1,2,4-trimethylbenzene as the individual
aromatic compound which formed in the greatest amount. From n-decane,
in turn, at higher temperatures toluene, meta- and para-xylene were formed
in the greatest amounts, whereas below 500°C the main products were n-butyl-
benzene and 1,3-diethylbenzene. The quantitities of the two latter compounds
and also that of 1,2,4,5-tetramethylbenzene (durene), produced from n-decane,
are shown in Fig. 4. At temperatures higher than 500°C, the longer side chains
of the resulting alkylaromatic compounds are readily split off the aromatic
ring. Consequently, raising the temperature above 500°C causes a decrease
of the amounts of n-hutylbenzene and 1,3-diethylbenzene formed, and aroma-
tics with a smaller number of C-atoms (e.g. xylenes) are obtained.

The quantity of durene in the liquid product is small, and above 500°C
it does not depend on the temperature. The amounts of the 1,2,3,4-isomer and
the 1,2,3,5-isomer also remained always below 1% (these values are not
shown in Fig. 4). The small amount of tetramethylbenzenes formed from
n-decane and the relatively appreciable quantities oftrimethylbenzenes indicate
that dealkylation is much more an accompanying reaction of the isomerization
and dehydrocyclization of n-decane than of n-nonane.

In the experiments carried out for determining the influence of space
velocity, within the range investigated, low space velocities hardly decreased
the yield of the liquid products and the amount of unchanged n-nonane (Table
I1). Obviously the rate of conversion of n-nonane starts to increase rapidly
below a space velocity of 3 ml/ml’hr; this value corresponds only to a mild
reforming which leaves n-nonane largely unchanged.

No experiments were however, carried out at space velocities below
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Temperature ,°C

Fig. 4. Some Cl0-aromatic compounds formed at different reforming temperatures from
n-decane

3 ml/mHir, because the accuracy of measurements would have been poor,
owing to difficulties in manipulation with extremely small amounts of material.

The conversion of n-decane and the amount of liquid products are
affected by space velocity stronger than experienced in the case of n-nonane.
This can be readily understood by considering that the larger molecule of n-
decane is less stable and more inclined to cracking than n-nonane.

The quantities of xylenes formed from n-nonane and n-decane in the
experiments at various space velocities are shown in Fig. 5. It can be seen
that the amount of xylenes formed from n-decane is more affected by
the space velocity than in case of n-nonane as the starting material. The
quantity of xylenes in the lattér case is practically the same within the range
of 5—10 ml/mI’hr space velocities.

Fig. e shows the unconverted quantities of n-nonane and the amounts
of trimethylbenzenes and n-propylbenzene formed from this starting material.
(It must be noted concerning Fig. e that the ordinate on the right-hand side
indicates the quantity of n-nonane, and the ordinate on the left shows the
yield of the Co aromatic products inI per cent by weight.) The question of un-

Fig. 5. Xylenes formed at different reforming space velocities
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Fig. 6. Amounts of unconverted «-nonane and some C9 aromatic compounds formed at
different space velocities at the reforming of n-nonane

changed n-nonane has been discussed above. The yields of n-propylbenzene
and 1,2,3-trimethylbenzene are not affected by the variation of space velocity.
Since n-propylbenzene can be produced without isomerization by the dehydro-
cyclization of n-nonane, its formation is obviously rapid. The formation of
1,2,4-trimethylbenzene is similarly affected only by space velocities in the
range of 7—10 ml/mITtr, thus also the production of this isomer must be
rather fast.

The amounts of unconverted n-decane and of the three trimethylbenzene
isomers formed from this compounds are given in Fig. 7. The conversion of
n-decane has been discussed above. With this starting material, lower space
velocity has a greater influence on the formation of 1,2,3-trimethylbenzene
than when n-nonane is used. In the case of the other two isomers, the effect
of space velocity is very similar to that observed in the reforming of n-nonane;

Space velocity, ml/m hr

Fig. 7. Amounts of unconverted n-decane and the trimethylbenzenes formed at different
space velocities at the reforming of n-decane
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i.e., the quantity of the 1,24-isomer increases by 1.8-times, while that of
the 1,3,5-isomer by about 3.5-times at the space velocities investigated.
Interestingly, the amounts of trimethylbenzenes formed from n-decane are
commensurable with those formed from n-nonane already at a space velocity
as high as 10 ml/ml'hr, despite the fact that with n-decane as the starting
compound dehydrocyclization must he accompanied by dealkylation to give
rise to the above products. This fact suggests that dealkylation occurs rela-
tively quickly, and the cyclization has a rate-determining role also in the
formation of the aromatics having a smaller number of C-atoms than the
initial compound.

n n-Butylbenzene and 1,3-diethylbenzene
3 a 1,21,5-Tetramethytbenzene

Space velocity . ml /ml hr

Fig. 8. Some CI0 aromatic compounds formed at different reforming space velocities from
re-decane

It can be seen in Fig. s that on reducing the space velocity, the amounts
of n-butylbenzene, 1,3-diethylbenzene and 1,2,4,5-tetramethylbenzene increase.
The enhanced formation of n-butylbenzene and 1,3-diethylbenzene may
presumably be due to the fact that the conversion of n-decane is significantly
affected by increased residence time. The quantity of 1,2,4,5-tetramethylbenzene
increases more slowly and rather in the range of lower space velocities, since
the formation of this latter compound requires significant isomerization be-
sides dehydrocyclization.

Our experiments have shown that under the conditions of the reforming
of n-nonane and n-decane on a platinum catalyst, aromatic compounds are
formed in rather small quantities. However, when the conditions of reforming
are more severe i.e. either the temperature is raised or the space velocity
decreased, the formation of aromatic compounds is significantly enhanced.
Some of the aromatic products have a lower number of carbon atoms than the
feedstock.
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PE3IOME

TeopeTUYeCKnii  KOHOPMALMOHHBIA  aHannM3  MeToKcuanxiopdochrHa

P. APLUMHOBA, X - . ®OLWIE, M. FPAGDEWN, XK.-®. TABAPP 1 K. TENBEOBUNYM

Ha ocHOBe TeOpeTnyecKoro KOHMOpPMaLMOHHOro aHanmnsa metokcixnopdpochuHaCH3OPC12
NPOBeJEHHOr0 B pamkax npnbanxeHns CNDO/2, 66110 06HapyXeHO CyliecTBOBaHMeABYX MNpef-
NOYMTaeMbIX 3KBMBANEHTHbIX «rOLWW» KOH(hOpMaLynil, 4T0 HaxoAUTCA B COrNacum € fjaH HbiMW 3/1eK-
TPOHHON Anddpakynn. Monekyna BecbMa 31aCTUYHA OKOJI0O COOTBETCTBYHOLWMNX NOTEHLMANbHbIX
ceAnoBnH. CpaBHEHMWE pacyeTHbIX W 3KCMEPUMEHTaNbHbIX BENNYUH AUNONbHBLIX MOMEHTOB pelLl -
UTeNbHO NOATBEpXfJaeT CyliecTBOBaHME KOH(MOPMaLUA «row».

Peakunun XNnopcusiiaHoB C  a/IKOKCUCUsiaHamu, |

["a30B0-xpomaTorpamyeckoe 1 BONOMETPUYECKOE UCCNeA0BaHNE KaTaMTUYeCcKo i
KOHZeHcaumn. CBA3b MeX[y pPeakTUBHOCTbIO W Macc-CMeKTPOMETPUYECKO I
(hparmeHTauuen

E. BAKBAPW, M. TEMEPU u K. YNCACHU

3a npoueccomM KOHZAEHCALMW aNKOKCUNAHOB C X/IOPCUIAHAMU CeJWAN C NOMOLLbIO raso-
BO-BO/IIOMETPUYECKON M rasoBo-xpomaTorpaduyeckoil TexHUK. Bbin uccnesoBaH 3hphekT ak-
TUBHbIX U HEAKTUBHbIX NUTAaHAOB KPEMHUEBbIX YacTUL Ha PeakLMOHHOCTb.

Kak MOXHO 3aKNOUYUTb W3 CKOPOCTW BbifeNeHWs ra3a Mpu KOHAeHcauWu ankoKcu- u
XN0pOCUNAHOB, PEaKTUBHOCTb WM3MEHseTcs B 3aBUCMMOCTM OT 3aMecTWTeneil Kak Ha Kucno-
poje, Tak U Ha KpPeMHuWW.

C nomolyblo Macc-cneKTpoMeTpiiueckiix nccnesoBaHuit 66110 yCTAHOBAEHO, YTO CYLLEeCTBY-
eT KOppensuma Mexpay CKOpPOCTbH peakuun W CTabuNbHOCTbI anKOKCU-TPYNMNbl MPU MONOXMU-
TeNbHO NONSAPU30OBAHHOM aTOMe KpelWHUs, KOTopas M3MeHseTCs MnapanfiefibHO C KOHCTaHTamu
FaMMeTa aNnKUNbHOW YacTu rpynnbl aNKOKCU, T. €. C ee 31eKTPOHOAOHOPHO CNOCOBHOCTbIO. Bbinu
cAenaHbl 3aKOUYEHNA OTHOCUTENbHO 3 ekTa M-3NeKTPOHHbIX NTUTaHA0B B CUINKATHONR YacTu Ha
cBaA3nm Si—C n Si—O—C, a TakXe W Ha cTepuuyeckue 3 eKThbl.

CKOpPOCTb KOHJEHCaLuM ankoKCUCWUNAHOB C X/NIOpCUNAHAaMU yBenM4YMBaeTCs B cnydae,
ecnun M-3anekTpoHHble nuraHgbl (Vi, Ph) npucoegnHeHbl K aTOMY KpeMHUS; TOT Xe caMblii ahdekT
HabnofaeTcs NpuU  yBeNUYEHWW 3NEKTPOHO-LOHOPHbIX CBOWCTB anKWNbHOW YacTu anKOKCK
rpynnol.

Peakunn xsopcunaHos ¢ asikokcucunaHamu, i

MexaHn3sm Katanm3a KOHAeHcauun X0pCUMIaHOB C  aJIKOKCU/IaMUHOM

B. YAKBAPU, 1. ®AEPU, N. TEMEPU

BbiNn NpoBefeHbl UCCNef0BAHUA COEAUHEHWNA, KOTOPble MOTYT 6biTb UCMOMbL30BaHbl Kak
KaTanu3aTopbl KOHAEHCALMM XTOPCUNAHOB C afKoKcucmunaHamu. OBbIUHO 3TO KUCNOThI Jlblouca
CornacHo Y ® cnekTpoMeTpUUYeckUM W PEHTreHO-AN(PakLMOHHLIM M3MEPEHMUSM, B NpUCYT-



cTBMM KaTanmsatopoB y-Fe2 3 n FeCl3 npeBpaweHne y-Fe20 3-* FeCI3 HaunHaeTcs B TBepAO#
thase. XX ene3o 6blN0 AeTeKTUPOBAHO B pacTBOpPe AaXe U B TOM Ciy4ae, KOrja B KayecTse KaTanu-
3atopa 6bln ucnonb3oBaH y-Fe203. 3To Xe 03HayaeT, YTO KaTanu3 ABAAETCA TOMOreHHbIM, W
xeneso pactesopsaetcsa B Buge [FeCl4]- B o60ux cnyvasx.

Y3noBoii TepMO,D'VIHaMVIHeCKVIVI noaxon K XUMUYECKO KUHETUKE

[. 3NHTEP

Bonee paHHWE MOMbITKA OMUCAaTb XUMUUYECKYH KUHETUKY B MOHATUAX «XUMUYECKOTO
COMpPOTUBMEHUA» CTEPMOLMHAMMYECKON TOUKMN 3peHUs GbiNN HEe COBCEM afeKBaTHbIMU. [eiicTBu-
TenbHas y3n10Bas MOAeNb MeXaHW3Ma peakyuu AOMXKHA JaBaTb Ty Xe camMylo NPOAYKLUIO IHTPO-
nUU, KakK M 4YUCTO TepMOAMHAMMuecKas Teopusa. [M0KasaHo, YTO BbIpaXeHuWe AN MPOAYKUWU
JHTPONUM MOXHO PacCMaTpMBaTb KakK MPOAYKLMUIO 3HTPONUU QU3Myeckux y3nos. OHa COCTOUT B
OCHOBHOM W3 «Ta/lbBaHNYeCKU» pa3feNeHHblX YacTeil, OTHOCALUXCA K XUMMUYECKUM, TPAHCMNOPT-
HbIM M TEPMUYECKUM NPOLEccaM, COOTBETCTBEHHO. Bbi0 NOKa3aHo, 4ToO MaTpuua GEeHOMEHONOM -
UECKUX KO3((HULNEHTOB UCXOLHON CUCTEMbI MOXET 6bITb UHTEPNpPeTMPOBAHA Kak MaTpuuya UM-
nefaHca KOHTYpOB y3n0B. MpaBuNbHO BbiGpaHHas y3n10Bas MOAeNb, B NpUHUMUNe, NO3BONsAET
pas3fenuTb YaCTUUYHbIE NPOLECChl, NPOTEKaUMe C BLINTPbIWEM U 6€3 BLIMTPbILIA SHTPONUM, KakK
370 yKaszaHo OcTepoM, [,e30poM 1 coTp. Bbifio NOKa3aHO, KaKUM 06pa3oM, NCNONb3ys KOHTYPHYIO
penpes3eHTaL W0, MOXHO KOHCTPYWPOBATh Y3/10BYI0 MOAEb CMOXKHbBIX XUMUUYECKUX peakunii — ¢
06paTUMbIMU W Heo6paTUMbIMM peakuUsMW — BKAOYas TakXe W TPAaHCMNOPTHbIE MPOLECCHI.
TpaHCNOPTHbIA NPOLECC MOXHO pacCMaTpUBaTb KakK XMMUUYECKYIO peakLuio Mex Ay TpaHCnopTu-
POBAHHbLIM W HETPAHCMOPTMPOBAHHLIM NUTaHUeM. 3TO MPefMNONOXeHUe NO3BONAET paccMaTpu-
BaTb TPAHCMOPTHbIE ABNEHUSA HA OCHOBE Y3/10BO MOZLENN TaKUM X e 06pasom, KakK U XumMuyeckume
peakumu.

CVHTE3 U uUcCnefoBaHMe 3(MPOB MOHO3aMELLEHHOW Y-POPMUNYKCYCHOW KNCNOTbI
M MaslOHAMANbAEraoB

r. BEPHEW, M. BAPLLAU-BEKE, 5. MANOPOLL, M. LUOXAP n Y. CAHTAN

Bbin pa3paboTaH HOBbI MeTOf CUHTe3a 3)MPOB MOHO3AMELLEHHOW a-(PopMUNYKCYCHOMN
kucnotel (4) umanongnansaerngos (5). CooTBETCTBEHHO 3aMelleHHble MPOU3BOAHbLIE MAOHOBOIO
apupa (3) nogsepranncb CeNneKTUBHOMY BOCCTAHOBMEHWUIO C MOMOLLbIO aNlOMOTMAPUAA NUTUS.
Bbina uccnepoBaHa TayTOMepus 3TUX COEAMHEHWI, 3aBUCALLaf OT pacCTBOPUTENS, W BMepBble, C
nomowsio AMP~HL 6bina BoifBneHa gopma (E)-aHon -aupa (4c)

KoHfeHCcupoBaHHbIe acuM-TpuasuHel, |

CvHTe3 3-3aMeLleHHbIX nNupuao[3,4-e]-acMM-TprUasmHoB

M. BEHKO, A. MECCMEP, A. TENNTEPW n 1. NANNOLWL

CuHTe3 buwnepa ana 6eH30-allM-TPMasnHOB Obl1 PacnpocTpaHeH Ha NonayvyeHue nNupwu-
no-[3,4-e]-acum-TpuasnHoB. NcxXogHblli 4-XxN0p-3-HUTPONUPUAUH Obln NpeBpal,eH ¢ NOMOLYbIO
auynnrngpasuHooB B 4-alMNruapasmHo-3-HUTPONUPUANHLI. AMUHbI, MNONYYEHHble BOCCTAHOB-
NeHWeM nocnefgHUX, NofBepranncb LUKNOoferunaparauun, B pesynbTaTe 4ero ObiAM MONYYEHb
aurngponupunpo[3,4-e]-aclin-TpuasuHbl. OKuUcNeHMe MNOCAeAHUX NPUBOAMT K apoMaTU4YecKum
KOHEYHbIM MPOAYKTaM.



KoHpaeHcnpoBaHHble acum-TpuasuHel, |l

CuHTe3 Npou3BOAHbIX nupuao [3,2-3]-acum-TprasuHa

A.TENNEPWN, A. MECCMEP, M. BEHKO wn /1. MAN0W

CuHTes Buwnepa gns 6eH30-a«W-TpnasnHa Gbll PACNPOCTPAHEH HA MONY4YeHUe NUPUAO-
[3,2-e]-ac(w-TpnasnHOB. [aHHbI MeTos B 06LLeM Clyyae NPUMEHUM U ANS TaKUX NPOU3BOAHbBIX,
KOTOpbIe HEMOTYT 6bIThb NONYyUYeHbl MeTOAOM Jiblounca u L edepaa. Boina uccnegosaHa KpucTaniu-
yeckas [AUMOP(US HEKOTOPbIX MpefcTaBUTeneli MPOMEXYTOUHbIX 2-alUNrugpasuHo-3-HUTPO-
NMUPUANHOB.

ViccnegoBaHve [ernapouMKAn3auUy H-HOHaHa W H-feKaHa B YC/I0BUSIX
KaTa/IMTUYECKOr0 PUGoOpMUHTa GeH3VHa

WN. CEBEHW, N. AKEPMAH, I'. CEYN u W. TEBENEL

MpeBpaleHns H-HOHaHa W H-AeKaHa OblM UCCNef0BaHbl B YCA0BUAX MPOMbILIIEHHOTO
putopmuHra 6eH3MHa Ha KaTanmsaTope, CofepxalieM nNnaTUHY, B MWHTepBaNe TemnepaTtyp
480—530°C n npu obbemHoll ckopocTu 3—10 ma/mn/yac. NccnepoBaHMa NpoBOAUANCE B MHK-
popeakTtope npu paeneHun 30 klM/cm2 N3 060MX MCXOAHbIX MPOAYKTOB 06pa3oBanochb Nulb
HECKONbKO %-0B apoMaTM4YeCKUX COeAMHEHWI; O4HaKO, COAepXaHue apoMaTUKM 3HAUYUTENbHO
NoBbIWanochb C yBeNW4yeHWem TemnepaTypbl U YMeHblIeHWeM 06beMHON ckopocTu. Mpu 530°C u3
H-HOHaHa W H-fekaHa ob6pasyeTtca 1,2,4-TpumeTun6eH3on c Bbixogamu 3,7 n 2,1 Bec%, cooTBeT-
CTBEHHO. M3 H-HOHaHa C HanbonblW MM BbIXOAOM 06pasyeTcs eAUHCTBEHHOE apomMaTMyecKoe Co-
eanHeHnne 1,2,4-TpumeTnn6eH30/, a U3 H-[eKaHa C OTHOCUTE/IbHO BbICOKUM BbIX0AOM 06pe3yeTca
Takxe Kcunon, H-6ytun- u 1,3-gnatunbenson. ObpasoBaHne apoMaTUUYECKNX COEAUHEHUI C Yuc-
NOM YrnepoAHbIX aTOMOB, MEHbLIWM YeM B UCXOAHOM COeAMHEeHun, Habnwpanocb Kak B ciyyae
H-HOHaHa, TaK U B CAy4ae H-fleKaHa, 4To, 0fjHaKo, 6onee xapakTepHO AN NpeBpaleHunii H-AeK-
aHa. [MoBbIWEeHNe TemnepaTypbl OKa3blBano BAMAHWE Ha MNpoTekallue npoueccbl Ana o06oux
MNCXOAHbIX COEfJMHEHUI, a yMeHblleHWe 06bEMHOW CKOPOCTM B M3y4YeHHOM WHTepBase cKopee
NUWb Ha NpeBpalyeHUs H-feKaHa.
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Introduction

Upadhyay et. al. [I —4] recently studied the interaction of p-dimethyla-
minoanils of, 3-phenanthryl glyoxal and 4-hydroxyl 1-naphthyl glyoxal with
some transition metal ions in the solution. The complexes were isolated and
characterized by analysis, conductometrically and spectrophotometrically. In
the present communication various aspects not investigated to date as magnetic,
infrared spectral and electronic spectral of few transition metal complexes
are reported. Based on these studies an octahedral stereochemistry may be
assigned to Cr(l1l), Mn(Il), Fe(lll) and Pt(IV) complexes whereas the com-
plexes of Pd(Il) and Cu(ll) are typical square-planar. However, the Co(ll)
complex is tetrahedral.

Infrared spectral studies show that both the ligands offer carbonyl oxy-
gen and azomethine nitrogen atoms for coordination, whereas hydroxyl group
of p-dimethyl aminoanil of 4-hydroxyl 1-naphthyl, being at a more remote
position than that of former adjacent groups, does not participate in chela-
tion. Furthermore, this group would not involve in coordination even in meta
position owing to comparatively lower donor ability of its oxygen than that
of a carbonyl group.

Experimental

Both the ligands, p-dimethylaminoanil of 3-phenanthryl glyoxal (A)
and p-dimethylaminoanil of 4-hydroxyl 1-naphthyl glyoxal (B) and their
complexes were prepared [1 3,5] by using B. D. H. or J. M. (London) rea-
gents.

Magnetic measurements were made on the solid products with Gouy’s
balance. Electronic spectral observations (optical density) were recorded with
Beckmann D. U. spectrophotometer at 293 °K. Allinfrared spectra were record-
ded in Nujol mulls. Some spectra were recorded between 4000 cm-1 and 200

1 Acta Chim. (Budapest) 90, 1976
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Complex

CrB2CI3

MnAXI2

MnB2CI2

FeB2CI3

Medium

Dioxane

Acetone

Dioxane

Dioxane

Observed
bands
cm 1

12 658
15 152
17 094
18 519
25 641

12 500
12 988
13 333
14 707
16 129
17 544

10 417
11 364
12 121
15 267
19 2311
21 739j

14 706
17 241
18 519
21 739

Assignments
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Table 1

10 Dq
cm-1

17 094

5730

4774

6 741

Magnetic and electronic spectral characteristics of complexes

Kacah’s
parameters
cm-1

B = 697.7
C = 25815
B = 521
C= 1824
B = 434.0
C = 1519.14
B = 6128

Nephel-
auxetic
ratio

0.68

0.54

0.45

0.47

LESE
K. cals/mole

58.60

34.72

pefs. B. M

3.71

5.74

5.77

5.79
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Dioxane
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Dioxane

Acetone

Ethanol

17 241
18 519
21 739

11 364
12 410
27 027

14 706
17 241
20 000
22 727
26 3161
29 412j

14 925
16 529
24 096

27 778
12 625

16 129
17 241
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Charge transfer
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4.70

184
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Diamagnetic
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Table 11

I. R. Frequencies with their tentative

A MnA,Cla CuAClj PdACIj PtACI, B CrBZI3
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

cm-1 on a Beckmann infrared spectrophotometer 621 and some with infra-
cord. Magnetic and electronic spectral data are given in Table I and i. r.
data is noted in Table II.

Results and discussion

Analytical results show 1 :1 metal-to-ligand stoichiometry in Co(l1)-B,
Cu(ll)-A, Cu(l)-B, Pd(Il)-A and Pt(1V)-Asystems whilein Cr(l11)-B, Mn(ll)-A,
Mn(ll)-B and Fe(ll1)-B complexes it is 1 :2. Molar conductance meas-
urements show that Cr(lll) and Fe(lll) chelates are | : 1 electrolytes and all
the other chelates are non-electrolytes.

The magnetic moment value 3.71 BM of the Cr(lll) complex is very
close to the spin-only value 3.88 BM. The agreement in experimental and
spin-only values infers d3 octahedral stereochemistry of the Cr(lll) complex.
Five bands at 12 658 cm*“1 15 152 cm-1, 17 094 cm-1, 18 519 cm-1 and
25 641 cm+1 have been observed in the electronic spectrum of the complex.
First two bands at 12 658 cm+1 and 15 152 cm=1 which are weak and may

Acta Chim. (Budapest) 90, 1976
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assignment for ligands and complexes

MnBXCI2 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—O 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
atoms) +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 M-C | str.
280 s, b 2955, b 270s, b 280 s, b M—O0 str.

s, strorig; m, mediuni; w, weak; b, broad; M, metal

be best fitted to spin-forbidden transitions. Comparatively strong bands observ-
ed at 17 094 cm-1 and 18 519 cm-1, on the basis of Tanabe and Sugano.
[e] diagram predictions may be assigned to one-electron jumps from ground
term 4A2g (F) to excited quartet terms 4T2g (F) and 4Tlg (F), respectively.
The band appeared at 25 641 cm-1 only as a shoulder on large charge transfer
band has also been assigned to ligand field transition 4Tlg (P). The ligand field
splitting energy (10 Dq) similar to the energy of 4A2g (F) —* 4T2g (F) transition
comes out to be 17 094 cm“1l ‘B’ has been calculated from the ratio Dq/B
(2.45) and its value is noted in Table |I. C, B and LFSE have also been evaluated.

The magnetic moment values of spin-free ds octahedral Mn(l1) and Fe(lIl)
complexes reported [7—9] are 5.70—6.05 BM, very close to the spin-only
value 5.92 BM. The magnetic moments 5.74 BM, 5.77 BM and 5.79 BM of
all the three Mn(ll) and Fe(lll) complexes under study, respectively, are
in fair agreement with the values reported earlier and therefore suggest

Acta Chim. (Budapest) 90, 1976



330 UPADHYAY, SINGH: STUDIES ON SOME METAL COMPLEXES

ds spin-free octahedral metal ion configuration in the complexes. In the elec-
tronic spectrum of each product all the bands have been observed in the visible
region. The first two bands may only be fitted best to the quartet excited
terms 4Tlg (G) and *T2y (G), respectively. Other bands with appropriate assign-
ments are noted in Table I. 10 Dq and B for the complexes have been calculat-
ed from the equations 4Tlg (G)/B = 24.0 and Dq/B = 1.1. Other ligand field
parameters like C, B and LFSE have also been calculated by usual methods.

The observed magnetic moment of Co(ll1) complex 4.70 BM, not very dif-
ferent from the reported [9] values 4.30—5.20 BM for d7 tetrahedral complexes
suggests it spin-free dztetrahedral stereochemistry. In the electronic spectrum
only three peaks have been observed although only the first has been identified
with certainty and assigned to transition 4A,, (F) —m4T1 (P). The remaining
bands obtained at 18 519 cm-1 and 21 739 cm-1 may only be spinforbidden.

Cu(ll) generally forms square-planar paramagnetic complexes. The mag-
netic moments of the Cu(ll) complexes are 1.84 BM and 1.89 BM, respec-
tively, very close to spin-only value 1.73 BM. These results reveal that experi-
mental products are square-planar involving spinfree do metal ion configura-
tion in the electronic spectra of the products bands at 11 364 cm-1, 12 410
cm-1 (Cu(N)-N and at 14 706 cm-1, 17 241 cm-1 Cu(ll)-B have been assign-
ed to the d-d transition 2Alg, 2g, respectively, from the ground term 2Blqg.
The last high-energy hand at 27 027 cm-1 in Cu(ll)-*4 complex accompanied
with two shoulders separated by 2400 cm -1 and the last high-energy two hands
separated by 3096 cm-1 in Cu(ll)-B complex, on the basis of Grey and Ba1-
hausejv discussion [10] on charge transfer bands these are ligand — metal
charge transfer bands.

Pd(l1) generally forms square-planar diamagnetic complexes. The com-
plex studied is also diamagnetic and square-planar involving spin-paired ds
metal ion configuration. Four bands have been observed at 14 925 cm-1,
16 529 cm-1, 24 096 cm-1 and 27 778 cm-1 in the electronic spectrum of
the complex. The first two bands are spin-allowed d-d transitions correspond-
ing to one-electron jumps xAlg —xBlg (14 925 cm-1), *Alg—1Eg (16 529 cm-1).
On the basis of the Grey and Baihausen discussion [10] on charge transfer
bands, the latter two hands 3682 cm -1 apart are ligand —metal charge transfer
bands and be assigned to transitions Gllg —2A2u (24 096 cm-1) and 1Alg —=
4EU (27 778 cm-1).

Magnetic moment 0.53 BM of the Pt(IV) complex corresponding to
spin-only value 0.00 BM is fairly attributable to its diamagnetic nature and
df octahedral stereochemistry. In the electronic spectrum of the complex three
bands have been observed which on the basis of Tabane and SuGANO [6]
diagram predictions may be assigned to ligand field transitions 3Tlg, 1TIgIT2g,
respectively, from the found term 1A Ig. 10 Dq and B were calculated by using
equations 1Tlg/B = 38 and Dqg/B — 4.
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I. R. Studies

The infrared frequencies with tentative assignment [11 14] for the li-
gands and complexes are given in Table Il. A comparison of i. r. data of each
ligand with that of its complexes reveals that some of the stretching bands
of the ligands are perturbed on complexation. A number of importantstructur-
al informations about the ligands and complexes are obtained from the study
of 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 cm=-1 and 1612 cm+1 (B) corresponding to
stretching vibrations of C = 0 (carbonyl) and C = N (azomethine) groups,
respectively, of the ligands have been observed at lower values in the complexes.’
The lowering of these frequencies shows that carbonyl and azomethine groups,
are participating in complexation. New bands appeared in the B ligand com-
plexes at 265—295 cm 1 and at 470 500 cm*“1 fairly attributable to metal-
oxygen and metal—nitrogen stretching vibrations, respectively, support the
above conclusion and also show with certainty that oxygen and nitrogen atoms
are the coordination centres. The bands observed in the range from 1439 cm=«1
to 1575 cm=1in the spectra of free ligands, assigned to the C = C stretching
vibrations (aromatic) have been perturbed on complexation. This perturba-
tion in frequency of C = C stretching vibrations, (aromatic) indicates conju-
gation in the ligand during interaction with metal ions. The shift in the fre-
quency for 1,4 disubstitution (p- substitution) from 820 cm+1 in ligand A
and from 821 cm=+1in ligand B to lower values in their respective complexes
indicates only the possibility of change of benzenoid structure of ligands to
quinonoid on chelation.

Very little disturbance in the ligand bands observed at 3333 cm*“]
1450 cm+1 and 1275 cm= 1 corresponding to O—H stretching and O-H bending
vibrations, respectively, attributable only to the structural change during
complexation, suggests that phenolic group does not particpate in the ligand-
metal interaction.

On the basis of above studies the possible structures of the ligand and
complexes assigned are as follows:

R—C=CH—N
(&—CU—C|
|
d
Ligand (Benzenoid) Complex (Quinonoid)

where R = Phenanthrene or (rlcydroxyl) naphthylene nucleus

We owe deep sense of gratitute to Prof. J. P. Vajpai, D. S. College, Aligarh and to
friends who have helped in the work. Authors are also indebted to the Principal, Dr. P. C.
Gupta, N. R. E. C. College, Khurja, 203131 (India) for providing the adequate facilities.
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A study was made of the correlations between the composition, hydrogen sorp-
tion and catalytic activity of Pd-Cu powder catalysts containing 0, 10, 20, 30 or 40
at. % copper, prepared from alkaline medium by hydrogenation.

Galvanostatic measurements were made in 1 N sodium hydroxide, and poten-
tiodynamic measurements in 1 N sulfuric acid, at room temperature. The activities of
the catalysts were measured in liquid-phase hydrogenation at 25° and 1 atm.

It was found that as a result of the incorporation of copper the sorbed hydro-
gen became more homogeneous and its bond energy decreased. For Cu contents of
0—20 at. % there was also a considerable decrease in the quantity of dissolved hy-
drogen, while for 20—40 at. % Cu the decrease was primarily in the adsorbed hydrogen.
Study of hydrogen sorption indicates that 20 at. % Cu is probably the concentration
above which the alloy no longer dissolves, but only adsorbs hydrogen.

Copper brought about a change in the activity of the palladium catalyst in the
hydrogenation of the double bond and the carbonyl group.

No-homogeneous solid solution was formed on the surface of the Pd-Cu catalyst
grains, but the copper partially dissolved in the palladium, and partially produced
new, intermetallic phases with the palladium.

Introduction

Alloys of the elements of column 3 of group VIII and of the metals of
group 1/B are equally important theoretically and practically in catalytic
hydrogenation. The changes arising in the catalytic properties as a result of
alloying can be explained in accordance with the electron theory by the inter-
action of the s electrons of Cu, Ag or Au and the partially filled d hands of
Ni, Pd or Pt. Many authors have pointed out that there is some correlation
between the activity or the activation energy and the degree of occupation
of the d band. According to Bond [1], the correlation can he explained by
a change in the bond strength of chemisorption.

Karpova and Tverdovskii [2] used a galvanostatic method to inves-
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 metal-hydrogen bond energy. Above a Cu content of 26 at. %, hydrogen
did not dissolve in the alloy.

Sokolskii et al. [3] investigated Pd —Cu catalysts in liquid-phase hydro-
genation. In the hydrogenations of dimethylethynyl carbinol and maleic
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acid the activity decreased only above 60 at. % Cu, whereas in the hydro-
genation of phenylacetylene the activity was maximum at 10 at. % Cu.
and subsequently decreased.

Many references are to be found with regard to the selectivity-enhanc-
ing effect of the Cu additive [3,4].

In the course of our investigations we attempted to establish what cor-
relations exist between the composition and the hydrogen sorption, and also
the liquid-phase catalytic activity, in the case of Pd-Cu powder catalysts.
The hydrogen sorption was studied by galvanostatic and potentiodynamic
methods. These investigations are closely connected with our earlier electro-
chemical measurements on Pd powder catalysts [5].

Experimental

Pd—Cu catalysts containing 0, 10, 20, 30 or 40 at. % Cu were prepared from alkaline
medium by reduction with hydrogen. 200 ml aqueous solution of palladium chloride and cop-
per sulfate (in appropriate proportions), containing 0.02 g-atom metal, was poured with Stir-
ling into 400-ml sodium hydrogen carbonate solution (30 g/1) at 60°. After stirring for 30 min
at 60°, the jointly deposited metal hydroxides were hydrogenated at 1 atm at room tempera-
ture. Filtration and a 4-hour washing with distilled water were followed by drying of the cata-
lyst to constant weight in vacuum at room temperature.

The galvanostatic measurements were carried out in 1 N sodium hydroxide at room
temperature, with 10 mg catalyst and a current of 2 mA. The previously described [6] three-
electrode cell was used in the examinations: the measuring and auxiliary electrodes were of
smooth Pt sheet, while the reference electrode was platinized Pt/H2 The catalyst was first
saturated with hydrogen by cathodic polarization, and the anodic curve was then recorded.

The potentiodynamic investigations were made in 1 N sulfuric acid at room tempera-
ture. Prior to measurement, the sample was saturated with hydrogen by shaking in distilled
water, and was then transferred onto the measuring electrode under the liquid. The above-
mentioned cell was employed for the measurement.

The (apparent) activities of the catalysts were measured in liquid-phase hydrogenation
at 1 atm and 25°C. 100 mg catalyst was saturated with hydrogen while being shaken in 7 ml
90% ethanol, and then 2 ml of an ethanolic solution containing 0.002 mol acetophenone or
sugenol was injected into the flask. The activity was regarded as the consumption of hydrogen
in unit time, extrapolated to the initial time, referred to 1 g catalyst or 1 g Pd.

Results and discussion

In the course of the galvanostatic measurements, primarily hydrogen
sorption was examined, in 1 N sodium hydroxide. The approximate value
of the resistance polarization (determined by the current-interruption method)
was taken into consideration in the plotting of the curves.

The amount of hydrogen adsorbed was determined by the method of
Burshtein [7], according to which adsorption is negligible compared with
the large amount of hydrogen dissolved in the palladium between 0 and 90 mV,
whereas dissolution is negligible in comparison to adsorption from 90 to 300 —
400 mV. In our measurements, therefore, the first ‘step’ of 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
two parts with this approximation, hut this does not mean that there is no
adsorption in the dissolved hydrogen range, and vice versa.

Table |

Hydrogen contents of Pd-Cu catalysts, determined by galvanoslatic method

Copper Adsorbed

content Total hydrogen hydrogen Dissolved hydrogen
(at. %) (mlig) (mlfg) (mlfg)

0 99.8 12.9 86.9

10 62.0 13.6 48.5

20 20.4 133 7.1

30 11.0 5.9 5.1

40 8.8 4.3 45

Table | gives the amounts of adsorbed, dissolved and total hydrogen,
determined from the charge curve, as functions of the composition. With the
incorporation of copper the amount of adsorbed hydrogen did not change
initially, while the much larger amount of dissolved hydrogen underwent
an almost linear decrease. Above a copper content of 20 at. % hydrogen adsorp-
tion decreased, whereas there was barely any change inthe amount of dissovl-
ed hydrogen, and the adsorbed and absorbed hydrogen contents of the cata-
lyst became nearly the same. This can also be well seen in the sorption isotherms
constructed from the galvanostatic curves (Fig. 1).

The potentiodynamic measurements were made with 1—5 mg catalyst
by the method developed for Pd powder catalysts [5]. Samples with low copper

Fig. 1. Sorption isotherms of hydrogen on Pd-Cu catalysts, in 1 N sodium hydroxide. 1. 0 at. %
Cu; 2. 10 at. % Cu; 3. 20 at. % Cu; 4. 30 at. % Cu; 5. 40 at. % Cu
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contents were polarized in two steps: the measurement was commenced by
changing the potential at a rate of 2—10 mV/min, and then, after removal
of the hulk of dissolved hydrogen, the rate was increased to 10—100 mV/min.
By this means the adsorbed hydrogen was magnified compared to the dissol-
ved hydrogen.

The potentiodynamic curves for fresh catalysts containing 0—40 at. %
copper can he seen in Figs 2—s. A total of six different hydrogen forms could
be deduced in freshly prepared, unalloyed palladium (Fig. 2), but one month

Fig. 2. Potentiodynamic curve of Pd catalyst in 1 N sulfuric acid.
= 10 mV/min; vt = 100 mV/min; m 1 mg

E [mV]

Fig. 3. Potentiodynamic curve of a Pd—€u catalyst containing 10 at. % copper, in 1 N sulfuric
acid. 5y = 2 mV/min; vs= 50 mV/min; m * 4 mg

after preparation of the catalyst only a single maximum could be detected
below 100 mV. A similar phenomenon was observed in the samples containing
10 and 20 at. % copper.

For the determination of the potentials relating to the individual maxima
of the i vs. V curves, the rate of change of potential was decreased until the
position of the peak no longer varied [5]. The positions of the hydrogen maxima
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are listed in Table I1. It should be noted that on the addition of further cata-
lyst these values could be reproduced within + 3 mV. These data refer to
1-month-old catalysts. (The curves in Figs 2 & were not plotted with this
‘limiting rate’.)

On the incorporation of copper, the maxima were shifted towards nega-
tive potentials, i. e. the metal-hydrogen bond energy decreased and the sorb-
ed hydrogen became energetically more homogeneous: from 20 at. % only

Fig. 4. Potentiodynamic curve ofa Pd Cu catalyst containing 20 at. % copper, in 1 N sulfuric
acid. i = 10 mV/min; v2= 50 mV/min; m * 4 mg

Fig. 5. Potentiodynamic curve of a Pd-Cu catalyst containing 30 at. % copper, in 1 JVsulfuric
acid, v= 50 mV/min; mw 4 mg

a single type of adsorbed hydrogen was found and from 30 at. % the dissol-
ved hydrogen in the fresh catalyst was also homogeneous.

The potential of the peak of dissolved hydrogen underwent practically
no change above 20 at. %. Since the quantity of dissolved hydrogen decreased
to only a slight extent in this same interval, it may be assumed that 20 at. %
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Fig. 6. Potentiodynamic curve of a Pd-Cu catalyst 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 11

Potentiodynamic study of hydrogen sorption on Pd-Cu catalysts, in 1 N sulfuric acid (one month
after preparation)

Positions of maxima

Copper in hydrogen range
content (mVv)
>t %)
dissolved 1 adsoibed

0 60 170, 255, 265*
10 42 170*, 250

20 26 233

30 26 217

40 28 195

*shoulder, rather than a separate maximum

Cu is the concentration above which the alloy no longer dissolves, but only
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 of this
the changes occurring on the increase of the copper content become somewhat
indistinct.

The position of the anodic oxygen peak for pure palladium is at ca.
850 mV, and this did not change as a result of alloying.

The potentiodynamic curves of the copper-containing samples exhibit
a characteristic maximum at 575—600 mV. The area under the peak increased
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with increase of the copper content. The peak is situated between the poten-
tials corresponding to anodic dissolution of copper and palladium (Ecucu™~+ =
0.34 V; Epd/pd2+ = 0.83 Y). Accordingly, it is probable that at this potential
the copper in some Pd—€u alloy undergoes oxidation.

The phase diagram indicates that up to a copper content of 40 at. %
the Pd —Cu alloy is homogeneous, but above this the formation of two inter-
metallic compounds of definite composition (PdCu and PdCu3 or PdsCus
and PdCub can be observed, the cubic lattice then becoming tetragonal [s].
Since the potential corresponding to the above-mentioned maxima (575
600 mV) is practically the same for all the copper-containing samples, it may
be assumed that when the palladium was alloyed with 10—40 at. % copper,
in every case some intermetallic compound of definite composition was form-
ed on the surface, its amount increasing with increase of the copper content.

Figure & shows curves obtained by cyclic potentiodynamic polarization
of the catalyst containing 40 at. % copper. In the course of anodic polariza-
tion of the hydrogen-containing sample for the first time a single large peak
can be found between 450 and 700 mV. When the measurement was repeated
with the same sample (cathodic, and then again anodic polarization), a new
peak appeared at 300 350 mV, and the maximum at ca. 585 mV split into
two readily distinguishable maxima at ca. 520 and 595 mV. At the same time,
the curve also changed in the hydrogen range, as a consequence of anodic disso-
lution and cathodic deposition.

The peak at 300—350 mV corresponds to oxidation of copper in a Cu—Cu
bond. The splitting of the maximum at ca. 585 mV indicates that in fact the
dissolution of two intermetallic palladium—copper compounds of definite com-
position is taking place here. The maximum at 520 mV, which is the nearer to
the normal potential of the Cu/Cu2+ process, corresponds to a chemical com-
pound richer in copper, while the other maximum corresponds to a chemical
compound poorer in copper. The areas under the 300 —350 and 520 mV peaks
increased with the number of cycles, for an increasing amount of copper was
dissolved anodically and was deposited on polarization, thereby increasing
the quantity of the phases richest in copper. (For this it must be assumed
that the copper deposited from the Cu2+ ions on cathodic polarization is par-
tially alloyed with 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 by the oxidation of a coppcr-
rich phase of indefinite composition, containing more copper than the com-
pound phases.

On this basis it may be assumed that the peaks between 450 and 700
mV in the potentiodynamic curves of the samples containing 10—40 at. %
copper (Figs 3—e) are also the sum of two maxima. The potentials corre-
sponding to the maxima of the peaks and to the completion of the peaks are
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the same in all four cases, whereas the potential corresponding to the commen-
cement of the peak decreases by ca. 100 mV on increase of the copper content
from 10 to 40 at. %. This, together with the relatively large half-width of the
peak for the higher copper-containing samples, permits the conclusion that
even in the first anodic curve this peak is the sum of two unresolved peaks.
W ith the increase of the copper content, the amount of the intermetallic com-

Fig. 7. Potentiodynamic curves of Pd catalyst containing copper deposited on its surface by
hydrogenation, in 1 IV sulfuric acid. vl = 2 mV/min; v,, = 50 mV/min; m ~ 4 mg; 1. Cu/Pd
= 0.014; 2. Cu/Pd = 0.065

pound richer in copper increases, and therefore the peak commences from
ever lower potentials.

In the potentiodynamic curve for pure Pd (Fig. 2), the current is mini-
mal and almost constant between 350 and 700 mV, corresponding to the fact
that only the double layer is charged in this section. In the potentiodynamic
curves of the copper-containing samples (Figs 3 -s6), with the increase of
the copper content the value of the current at around 700 mV (the minimum)
becomes continuously larger compared with that 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 potentiodynamic
curves for all of the samples in a single diagram and then to compare them
in the range between 600 and 900 mV, but because of the ignorance of the exact
weight of catalyst this is not possible.

In Fig. e the_difference at around 700 mV in the anodic curves for cy-
cles 1 and 2 is again presumably connected with the copper dissolved in the
palladium: because of the high-surface Cu/Pd ratio on cathodic deposition
after anodic dissolution of the surface of the sample, predominantly copper-
rich phases were formed, and copper did not dissolve in palladium.

Experiments 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 catalyst by hydrogenation during shaking.
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The Cu/Pd atomic ratios were (a) 0.014 and (b) 0.065. It can readily
be seen in the potentiodynamic curves (Fig. 7) that copper was predominantly
alloyed with palladium: both curves are very similar to the polarization curves
of Pd—€u alloy catalysts. When more copper was deposited onto the surface,
the amounts of the copper-rich or pure copper phases increased, while at the
same time the quantity of hydrogen adsorbed decreased. In the range of dissolv-
ed hydrogen the curve did not change perceptibly. All this indicates that
under these conditions too copper is alloyed with palladium, hut alloy forma-
tion proceeds only on the surface.

Szabo [9] also demonstrated alloy formation during copper adsorption,
on a Pt electrode coated with palladium black.

The shoulder appearing at ca. 800 mV, which can be distinguished only
with difficulty, can probably be explained by dissolution of some low copper-
containing Pd—€u phase.

From the results listed so far it may be concluded that on preparation,
no homogeneous 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 intermetallic compound phases. (The dissolution of hy-
drogen is characteristic for the entire volume, but the anodic dissolution of
copper occurs only in the outermost surface layers under potentiodynamic
conditions.)

Table 111

Apparent activities of Pd-Cu catalysts in the hydrogenation of eugenol and acetophenone

Activity on eugenol Activity on acetophenone
Copper
content [ mrw, v mH2 N/ mlue, V¢ miH2 A
(cm%) \ min gcat /  \ mingpd / \ min gcat / V min gPd /
0 92.0 92.0 105 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 activities of the Pd-Cu catalysts in the liquid-phase hy-
drogenations of acetophenone and eugenol are given in Table Ill, and the
variation of the apparent activities as a function of the atomic percentage
of copper can be seen in Fig. s. The apparent activity in the hydrogenation
of acetophenone increases monotonously with the increase of the overall
copper content, whereas in the hydrogenation of eugenol the activity is decreas-
ed significantly by 10 at. % copper, but further increase of the copper content
subsequently increases the activity.
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Both activity curves are at variance with the long-prevailing view that
the catalytic activities of transition metals in two-component alloys decrease
almost monotonously as a result of the s electrons of the I|—B group metals.
Some years ago, however, Dowden [10] and Sachtler et al. (in several pub-
lications, e.g. [11]) demonstrated that this is not always the case, even if
the two alloying metals form a homogeneous solid solution. A monotonous

Fig. 8. Apparent activities of Pd-Cu catalysts as a function of the composition, in the hy
drogenation of eugenol and acetophenone

decrease of the catalytic activity is not to be expected mainly when the two
metals cannot form a solid solution in a certain composition interval, or this
cannot be formed under the conditions of preparation of the catalyst. In this
case the phases of various compositions may separate, and the composition
of the surface phase may differ significantly from the overall composition of
the alloy.

On the basis of the conditions of catalyst preparation already describ-
ed in the Experimental section (reduction of a mixture of palladium and
copper hydroxides at room temperature), it is very likely that a completely
homogeneous solid solution was not formed from palladium and copper in the ca-
talysts. (Our aim was to investigate catalytic activities are higher than those
of palladium-copper catalysts in which a nearly homogeneous solid solution
is formed from the two metals.) Our potentiodynamic studies clearly proved
that copper dissolved only partially in palladium, also partially forming inter-
metallic compound phases with the palladium on the surface of the catalysts.

The variation of the activities may he correlated with at least two
factors: the bond strength of hydrogen on the surface of the catalyst, and the
nature of adsorption of the substance to be hydrogenated. The apparent
activity in the hydrogenation of acetophenone increases almost linearly with
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the decrease of the potentials relating to the hydrogen maxima (Table I1).
The adsorption of acetophenone also probably changes and becomes more
favourable with the increase of the copper content. A similar phenomenon
was observed by Soma-Noto and Sachtler [12], who, in an IR spectroscop-
ic study of CO sorbed on Pd -Ag alloys, demonstrated that the nature of
CO adsorption is changed by increase of the Ag content. In the hydrogenation
of eugenol, variations in the adsorption of the molecule and in the bond stength
of the sorbed hydrogen may to a certain extent act in opposing directions as
regards the hydrogenating activity, and this may bring about the rapid decrease
up to a copper content of 10 at. %, while the subsequent increase may be
explained by the decrease in the bond strength of adsorbed hydrogen becom-
ing predominant. Based on our investigations to date, the effects of these
factors can naturally only be suggested as a possibility. A deeper understand-
ing will probably become possible as a result of further studies now under
way (a wider composition range, and determination of selectivity).

Conclusion

Palladium—opper powder catalysts containing 0—40 at. % copper,
prepared by hydrogenation, were studied by galvanostatic and potentiody-
namic methods, and the liquid-phase catalytic activities were measured in
the hydrogenation of model compounds. The following were the most impor-
tant results:

1. For copper contents of 0—20 at. % the amount of hydrogen adsorb-
ed did not change, but that of the dissolved hydrogen decreased consider-
ably and almost linearly. The situation was the reverse for copper contents
of 20 40 at. %: the amount of adsorbed hydrogen decreased relatively sig-
nificantly, while that of the dissolved hydrogen barely changed. A copper
content of around 20. at. % is probably the concentration above which the
alloy no longer dissolves, but only adsorbs hydrogen.

2. The potentiodynamic measurements indicated that with the incor-
poration of copper the bond energy of sorbed hydrogen decreased, and the
distribution of the bond energy became more homogeneous. On preparation
of the catalyst no homogeneous solid solution was formed on the surface of
the grains, but part of the copper dissolved in the palladium, and part formed
new intermetallic compound phases. The quantity of the latter increased
with increase of the copper content.

3. The apparent activity in the hydrogenation of acetophenone increas-
es monotonously with increase of the overall copper content, whereas in
the hydrogenation of eugenol 10 at. % copper decreases the activity consid-
erably, while further increase of the copper content leads to an increase of
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the activity. Such changes in the activities can probably be explained by the
decrease of the metal-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 K the sole reaction is deuterium exchange with apparent activation energies
of 51 and 63 kJ mol-1 for cyclopentane and cyclohexane, respectively. The deuterium
distribution can be explained by assuming aa and al surface species. The appearance
of tetradeuterated products at elevated temperatures can be attributed to aaRR doubly-
bonded intermediates which are assumed to be responsible for poisoning. Dehydroge-
nation of cyclohexane was studied in the temperature range 473—573 K. The rate
of benzene formation is commensurable with the desorption of deuterated cyclohexane.
However, the fact that deuterium appears in a nearly equilibrium distribution both
in benzene and cyclohexane suggests that the interconversion steps yielding deuterat-
ed surface species are fast compared either with cyclohexane desorption or with ben-
zene formation.

Introduction

Catalytic transformations of saturated hydrocarbons in the presence
of hydrogen have been extensively investigated in our laboratory on Ni
[1—3] and Pt [4] blacks. It was found [3] that different reaction routes such
as hydrogenolysis and deuterium exchange can be satisfactorily explained by
assuming ‘weak’ and ‘strong’ interactions on the surface. On applying this
concept to characterize Ni and Pt, it was concluded [5] that the weak—strong
conversion takes place easily on Ni, while a relatively ‘hydrogen-rich’ species
exists on Pt. These phenomena have been confirmed [6] by correlating chemi-
sorption measurements and deuterium exchange of methane, ethane and hy-
drogenolysis of ethane on Co, Ni and Pt catalysts.

Recently, we focused our attention on the catalytic properties of rho-
dium black. Rhodium films, supported rhodium catalysts [7] show high cata-
lytic activities, as compared with other transition metals of group VIHb
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 of cyclohexane in the presence of deute-
rium. The experimental results are compared with earlier data obtained on
[e] Ni and Pt.
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Table |

Deuterium distribution of

TIK d o d a3 d &
Cyclopentane 265 obs. 93.31 5.1 15 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 10.2 421 5.4 9.6
378 4.3 25 1.2 12.0 31
Cyclohexane 265 obs. 80.2 18.2 15 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 41 5.2 5.8
381 5.0 25 15 2.0 11

Experimental

All experiments were performed in an all-glass circulation apparatus
with a total volume of 120.1 cm3. The reaction vessel was connected through
fine capillary to an AEIl MS IOC 2 mass spectrometer, so that the reactions
could be followed continuously. The correction procedure which was used in
the determination of deuterium distribution has been described earlier [1];
the product distribution patterns were determined from the initial rate of
formation of individual deuterated hydrocarbons. The mean deuterium num-
ber is

M= ¥ iwi2 WL Le'KI2 ul
The rhodium powder catalysts were prepared from RhClz 3 H2
solution by reduction with formaldehyde in an alkaline medium. The surface
area of the catalyst, after hydrogen treatment at 300°C, was 7.1 m2g~1 (BET
method using N2).

Deuterium was purified before use by passing it through a heated sil-
ver-palladium thimble. Hydrocarbons (supplied by Merck) and deuterium
were always mixed in a 1 : 10 ratio at a total pressure of 29.33 KN m- 2 unless
otherwise stated. In each of the experiments 0.045 g rhodium was used.
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CH and CP on Rh black

E
n d, d do din du d.. M (kJ mol-1)
1.4 2.2 3.3 2.6 3.3 3.56
1.0 2.1 7.6 8.7 9.9 4.60
5.4 8.9 11.7 10.9 18.6 5.88
4.8 4.2 11.4 18.6 19.2 6.23
6.4 7.3 14.2 20.2 28.4 6.69
51
63
19.0 0.7 1.3 2.4 2.7 3.1 3.8 4.03
14.8 3.5 2.5 3.0 4.3 5.8 6.9 4.85
10.9 5.3 4.1 7.8 8.9 11.4 14.5 7.11
7.7 6.9 6.6 6.0 7.1 11.7 17.4 7.23
6.8 5.3 5.1 8.3 8.6 11.6 19.7 7.31
2.5 1.5 4.5 8.5 14.6 26.7 29.2 9.55
Results

On a freshly prepared catalyst the rate of deuterium exchange of cy-
clopentane was rapid even at 196 K. The rate of exchange at 265 K and a total
pressure of 13.32 KN m-2 was 4.73 X 10~8 mol m~2 s-1.

Even at this temperature, the catalyst was poisoned rapidly and sub-
sequent hydrogen treatment could not restore the original activity. In order
to obtain reliable kinetic data to be considered as asteady-state character-
istic of the sample, repeated runs were performed at 328 K on the same
sample. The results are summarized in Fig. 1.

The initial deuterium distributions on this aged catalyst (Type 1) are
summarized in Table I. At 265 K the values measured relatively well to the
points calculated from a binomial distribution. With increasing temperature
‘one-side’ exchange is predominant, i. e. the exchange of the first five or six
hydrogen atoms in CP and CH, respectively, occurs easily. Above 353 K the
intensity of CP-dj and CH—d6 isomers drop and the distribution is shifted
towards perdeuterated species. The apparent activation energy is 51 kJ
mol_1for cyclopentane and 63kJm ol-1for cyclohexane between 293 and 353 K.
In this temperature range exchange with cyclopentane is about seven
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run n°

Fig. 1. Effect of catalyst self poisoning on the rate of deuterium exchange of cyclohexane

(O) and cyclopentane (O ) 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 (m), CH-d2and CH-d, (¢) (right-
hand scale).

times faster than that with cyclohexane. However, on increasing the temper-
ature above 353 K, this ratio, as well as the apparent activation energy de-

crease.
Table 11

Effect of catalyst deactivation on the dehydrogenation of CH at 520 K

No. of

subsequent wH S B “ MG Mo
I 77.1 0.007 —* 1.03 —
2 1.12 0.012 — 2.21 — -
3 0.81 0.23 — - — —
4 _ _ 3.11 5.41 7.09 4.71
5 — — 4.03 5.37 6.73 4.38
6 _ — 5.71 4.68 6.25 4.47
7 — — 5.43 4.41 6.12 4.28
8 _ _ 4.61 4.32 6.03 417
9 _ — 4.71 — 5.95 4.12
10 _ — 4.43 412 5.95 4.06

— rate of CH hydrogenolysis (108 mol m—2s~ 1)
SnH — selectivity to n-hexane formation
u)gXCH — rate of CH exchange Yy d- (lO8m°Im 2s_1)
i”o
lig — rate of benzene formation = Wg_ (108 mol in'2s_1)
i=°

MCH and MB — mean deuterium number in CH and B, respectively
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Fig. 2. Comparison of theoretical and measured spectra of deuterated cyclohexane and ben-
zene (see Table I1).

Above 393 K the deuterium exchange of cyclopentane was accompa-
nied by multiple fragmentation of the cyclopentane ring. This is clearly seen
from the low selectivity value of n-pentane formation, SnP = 0.17, as measur-
ed with hydrogen at 420 K under otherwise identical conditions. Further
attention was not paid to this reaction.

Dehydrogenation of cyclohexane in the presence of deuterium was meas-
ured in the temperature range between 474 and 573 K. In Table Il we have
summarized the effect of catalyst self-poisoning at 520 K for the Type | cata-
lyst. The first three runs were performed in the presence of hydrogen. It was
found that there is a great difference between the initial and subsequent
rates. Between runs, the catalyst was treated with hydrogen only. During
the first three runs the ‘deep hydrogenolyeis’ of cyclohexane is the sole reaction
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apart from the formation of a small amount of benzene. The rate of benzene
formation therefore passed through a maximum due to the fast decrease in
the rate of hydrogenolysis. The rate of deuterium exchange of cyclohexane

was characterized by ~ wd. The initial deuterium distribution in cyclohexane
i*o '
and in the benzene* formed is shown in Fig. 2. From the deuterium distribu-

tion of cyclohexane one can conclude that the adsorbed species reaches equi-

Fig. 3. Arrhenius plots for deuterium exchange of CH (O), benzene formation (X) and CH
consumption (O)-

librium distribution before it can leave the surface. (This distribution can be
characterized by e©d/@cn rather than by Pou/PcH) With the aging of the
catalyst the mean deuterium number of deuterated CH decreased due to the
increased proportion of single deuterated isomers. On the other hand, the
assumed equilibrium distribution of d7—dz12 isomers shifted toward smaller
0 eg-

On comparing wd CH with the rate of benzene formation, it is
apparent that the rate of desorption of CH is commensurable with the rate
of the surface reaction.

*The separation of CH-dO and benzene-d0 (mje = 84) is based on the assumption that
both CH and benzene contain the deuterium atoms in near equilibrium distribution, that is,
O benzene™1/2 O ch * Details of this calculation are in Ref. [8]. O gJj was determined by a simple
direct search method from the intensity of d7-du isomers rather than from the ratio of Por/PCH'
It is of interest with respect to surface coverage that, accordingto 0 the value of Gq is

commensurable with ©£H (e« ©cHy- suggesting that the chemisorption ability of the two
compounds at this temperature is similar.
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After completing these experiments the effect of temperature was inves-
tigated with reference to this carbonized (Type 1l1) sample. The results are
shown by Arrhenius plots in Fig. 3. The apparent activation energies are 78
kJ mol-1 and 52 kJ mol-1 for cyclohexane consumption and deuterium

exchange (calculated from ~ w”), respectively. The rate of deuterium exchange
above 533 K dropped ;r?d a similar trend was observed for benzene
formation at 553 K. This effect cannot be explained by catalyst poisoning
because the exchange rate at 473 K (after cooling the sample) was within
the experimental error (4%). At this temperature, hydrogenolysis as a side
reaction is dominant, leading mainly to CD,.

Discussion

The experimental results concerning deuterium exchange of cyclopentane
and cyclohexane can be explained by dissociative chemisorption. Besides
the single exchange intermediate (resulting in a dlisomer) one has to assume
at least two other intermediates responsible for multiple exchange. The
maximum appeared at the CP d2isomer, providing evidence that two-point
adsorption may take place easily. Further maxima were found at CP ds
and, in the case of CH, at CH—d6.

On the basis of the similar activation energy of the formation of CP d2
and CP—ds isomers, it can be concluded that this process involves the same
intermediate, i. e. deuterium exchange on one side of the ring takes place
through the a- B process [10]. It is known that the formation of a m-allylic
type intermediate [9] leads to deuterium exchange on both sides of the ring,
therefore, one cannot expect any maxima at CP ds or at CH de. In fact
this is the case on Ni and Pt for cyclohexane exchange. Ruling out the possi-
bility o f‘roll-over’ mechanisms [11, 12], in the absence of CP d8andCH —d1o
isomers, we were tempted to assume that the turning over of the ring involves
aa interactions as originally proposed by Kembarir [10]. This assumption
seems to be confirmed also by the fact that the apparent activation energy
for the formation of d6 -d 10 isomers of CP is by about 12 -16 kJ mol-1 greater
than that for CP—d2. At elevated temperatures the distribution shifted toward
multiple exchange, i. e. the proportion of multiply deuterated species grew
at the expense of ds and daisomers in CP and CH, respectively. Although one
cannot rule out the possibility of a sr-allylic type interaction in this tempera-
ture range, the strong poisoning effect suggests a rather localized chemisorp-
tion. This seems to be supported by the fact that CP—di and CP—dO0 are
always greater than CP d5 suggesting a aa—~RR type interaction.

The CP—D2 exchange is about seven times faster than that with CH
between 297 and 353 K. There is no significant difference between the disso-
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ciation energies of C H bonds in these hydrocarbons (389 and 393 kJ mol-1)
for CP and CH, respectively [13] therefore, the higher reactivity of CP can
be attributed to the ‘rigid’ structure of this molecule. It is well-known that the
CP ring is nearly planar and the hydrogen atoms are fixed in eclipsed confor-
mation affording a favourable spatial arrangement for <@ adsorption. This
explains the ease of a two-point adsorption and the greater rate compared
with CH.

The rate of CP exchange decreased to a greater extent than that of CH
in successive runs (see Fig. 1). During this aging the formation of perdeuterat-
ed species is supressed by the formation of single deuterated products, as
can be seenin Fig. 1. With reference to the surface state of the catalyst it is
of interest that, while the CH dulai or c» diold2 ratio continuously decreased
due to the increased proportion of poisoned surface sites, the initial rate of
CH d(Jd1 and CP d¥d2 passed through a broad maximum in the same process.
The rapid decrease in the formation of multiply deuterated species proves the
importance of coordination of active sites being responsible either for the
‘turnover’ of the molecule or the formation of a m-allylic-type intermediate.
On the other hand, we are prepared to accept that the poisoning of the surface
by carbon may change not only the short-range surface geometry of active
sites but also their energy levels.

Above 200 °C the dehydrogenation of cyclohexane represents the main
reaction route. In order to explain the experimental results, we assume that
both the H-D exchange of CH and benzene formation can be considered as
‘weak’ interactions [5]. Furthermore, the chemisorption steps yielding either
multiply deuterated CH or the benzene precursor are common. The following
tentative model can be proposed

N
IF, |tg IF_i
W -1 Aa
‘weak’ interactions w2 |t IF.2
1F-2 Aa

.~ benzene formation
poisoning 1 hydrogenolysis
‘strong’ interactions = mK----—--—--- —

Ik Wr

W -1 interaction is responsible for the formation of monodeuterated cyclo-
hexane while W-2 interactions lead either to multiply deuterated species or
to the benzene precursor.
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For the sake of simplicity we have not taken into account the detailed
mechanism of deuterium exchange. The steps between Ag 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 mentioned above. At low temperatures on a catalyst of steady-state
activity, i. e. if W3 = fPa = 0, the equilibrium is between Agand A'a In this
temperature range the only reaction is H—b exchange; its rate is limited by

as accepted generally. At elevated temperatures this adsorption—eesorp-
tion equilibrium in the deuterium exchange of CH ceases to exist and the main
reaction is benzene formation. It is generally accepted that the rate of dehy-
drogenation is controlled by the surface reaction [13]. Actually, in this temper-
ature range (cf. Table Il and Fig. 2) the rates of formation of deuterated CH
and of benzene are commensurable. The fact, however, that the CH desorb-
ed contains deuterium in near equilibrium distribution suggests that the
interconversion steps (W2 and IF_2) leading to deuterated species are extreme-
ly fast compared either with the desorption of CH or with the formation
of benzene, therefore, W a4 W2 BA?and Wv Although the adsorbed
species reaches an equilibrium concentration of deuterium, this is not the overall
equilibrium of the whole system.

W ith increasing temperature both the rate of CH exchange and that
of benzene formation decreased and simultaneously hydrogenolysis prevailed.
This means that the reversibility of interconversion steps partly ceased due
to the formation of strongly bonded species whose fragmentation enters into
competition with benzene formation; thus, in this case, W2~>W _?and JF”">0 .

Finally, we give a brief comparison between the experimental results
observed on Ni and Pt [s]. The rate of H-D exchange of CH is greater than
that over Pt orNi; the activity sequence, is Rh ]> Pt > Ni. (The same reaction
order was observed with respect to the rate of ethane-D2 exchange [14]).
The activation energies are nearly the same, being 63, 67 and 79 kJ moF1
for CH exchange on Rh, Pt and Ni, respectively. A different activity sequence
was observed, however, when benzene formation was compared, i. e. Pt >
Rh ]> Ni. In order to explain this change in the activity sequence we have
to remember that both Ni and Rh may cleave the C—H bond to a relatively
large extent. The ease of weak strong interactions on both catalysts explains
the rapid poisoning of the surface. This also seems to be confirmed by the
fact that on Rh and Ni the hydrogenolysis of CH predominates above 573 K.
Both Ni and Rh may therefore be heavily contaminated by carbonaceous
residues owing to the ease of formation of multiply bonded species. The greater
number of working active sites together with the ease of formation of jr-allyl
or a-olefin intermediates might provide an explanation for the greater reactiv-
ity of Pt in benzene formation.
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Harmonic force fields were developed for malononitrile molecules, based on
uncorrected observed frequencies from literature. Also the potential energy distribu-
tion was calculated for each of the molecules.

Introduction

In a systematized study of the mean amplitudes of malononitrile mole-
cules we have developed force fields for the models X2C(CN)2 X = H, D,
F, Cl, Br, and HXC(CN)2 X = D, Br.

Although normal coordinate analyses of these molecules have been car-
ried out by a few investigators [1, 2, 3], acomprehensive force field has not
yet been developed. Therefore, we have started our work with systematized
force field study after adopting the spectroscopic and structural data from
those papers. We have made a slight rectification on the spectrum of HBrC
(CN»2 published by Van Haverbeke et al. [3]. This was an interchange of
two frequencies (i» with vle in Table Il of [3]) in accordance with Van
Haverbeke and his coworkers’ statement [3] that the A, and Ba species of
the Cn become A’ vibrations and A2 B2 species of C& symmetry class are
reduced to A” vibrations in Cs. Also the orthogonality of G matrix proves
the competence of the interchange of frequencies.

Normal coordinate analysis

We have constructed the following set of symmetry coordinates for mole-
cules X2C(CNy2 from the valence coordinates in Fig 1.:

Ax s, = UR(h+t
S2 = 1/72 (r1+ r2
S* = YSTR2(x+ ~2 +  + Ri)

Sa = 1/72 Ohz si)
$5=%1.0 y sr=as*3+b- SFNo
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Se = VRS/2 (#x+ A) Ss .s S* b mS**
S** = YSTs2 (d + )

A, S7 = YST/2 (Ri R2+R3 A)
Ss = jIRSs2 + K)

lix Seo = 1Ni2 (5 <2
Slo=ySTy/2 (ft B2 R3+R4)
Su = fRS/s2 (#i -M)

B2 S1= 1/3/2 (rr r2
Su = YST/2 (ft + ft ft ft)
Su = W2 (si-s2)

Sis = yiRS/2 (ft-ft)

Neglecting the valence coordinate Oin Fig. 1, we could avoid redundancy
in species Ax The calculation can be carried out with very similar results in
both cases, we still publish the results according to this set of symmetry coor-

dinates with redundancy to attach to earlier works on these molecules.
In Fig. 2 the valence coordinates are given for model XHC(CN)2 sym-

metry Cs. As it can be recognized at once, we have kept all the valence coor-
dinates from model X2C(CNy if it has been possible. Therefore, a bit unusual
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Table 1

Observed frequencies (cm 1) and structural data of X,,C(CN)2 molecules (X=H,D,F,CI,Br)

Species Assignation Ha (CN), DaC (CN)a F,C (CN). ClaC (CN), Br2C (CN),

m [ 21 B (3]

H C—X str. 2935 2146 1170 793 717

v2 C==N str. 2275 2272 2260 2258 2250

B XCX bend. 1395 1037 465 504 384

A, r4 C—C str. 893 858 733 930 915

v5 CCC bend. 582 577 559 569 572

ve CCN i.p. bend. 167 163 153 176 173

v7 XCX bend. 1225 892 488 469 462

A, v8 CCN o.p. bend. 371 356 190 155 154

v9 C—X str. 2968 2230 1144 793 717

B, vi0 XCX bend. 936 795 638 440 437

vn CCN o.p. bend. 337 302 133 137 131

P2 Cs=N str. 2275 2272 2259 2258 2250

ri3 XCX bend. 1320 1153 521 266 284

B2 vti C—C str. 985 829 804 1085 1080

),5 CCN i.p. bend. 366 356 255 233 209
R(C=N) 1.17 1.17 1.17 1.17 1.17 A
S (C-C) 1.47 1.47 1.47 1.47 147 A
T (C-X) 1.10 1.10 1.35 1.70 1.86 A
B (XCC) =T (CCC) = A (XCX) 109.47° 109.47° 109.47° 109.47° 109.47°
© (CCN) 180.00° 180.00° 180.00° 180.00° 180.00°

combinations emerged in S9 S15 because of the opposite side orientation of
and s2 to CCC plane. Symmetry coordinates are as follows:

A’ Si=u
2= 112 n +ry
53 =1t

s4=\3U2 (RL+ )
$= M(«!+ $2)
Se= fST/2 (Yx+ Y2
57 = S o x

58 = YRS/2 (#! + 0,)
59 = YRS/2 W -T1)

A” S0 = larz (rx-r2
Su = ysUrs2 ("-&)
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S — 102 (S s2)
SIs = fST/2 (Y1T ¥2)
S = YRS/2 #1-f>2)

sb=yRs2 {# + #)

Force field

The force field calculations for each of the molecules studied started by
the construction of starting Fo matrices F7 ~ 0, Fi-= 0 (i ™ j). These Fo
matrices were constructed to give the best approach in terms of the eigenval-
ues $b to the observed frequencies Aobs. Then these initial Fo matrices have
been used to calculate the eigenvector matrices Lo for each of the studied

Table 11

Observed frequencies (cm~1) and structural data of HXC (CN)2 molecules (X = D, Br)

Species Assignation HDC[i(]CN)a HBr(E3§CN),
v, C—H str. 2948 2946

V2 CsN str. 2272 2263

v3 C—X str. 2194 690

vt HCC bend. 1247 1145

V6 C—C str. 937 900

A’ v6 XCC bend. 816 429

V7 CCC bend. 582 583

VS CCN o.p. bend. 320 200

t9 CCN i.p. bend. 150 153

vl0 C=N str. 2272 2263

A” vn HCC bend. 1282 1285
vl2 C—C str. 1063 1020

v13 XCC bend. 856 460

VU CCN o.p. bend. 374 363

vI5 CCN i.p. bend. 357 153

A m 1.17 1.17 A
S (G-C) 1.47 1.47 A
T (C—X) 1.10 1.86 A
U (C-H) 1.10 1.10 A
A (CCC)= B (Xcc)= T (HcC) 109.47° 109.47°
0 (CCN) 180.00° 180.00°
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0.00
—027
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0.42
0.42
0.43
0.38
0.42

0.00
0.00
0.03
0.00
—0.05

0.30
0.29
0.27
0.24
0.22

0.20
0.19
0.15
0.17
0.21

Cl
Br

Cl
Br

D

Cl
Br

Br

4.68
4.75
3.73
1.96
1.87

0.00
0.00
0.47

0.17
0.00
0.00
0.08

0.10
0.17

17.83
17.50
18.66
17.72
17.49

0.10
0.23
0.16
-0.02
0.02

0.45
0.16
0.00
—0.12
—0.08

—0.00
0.12

—0.08
—0.06

0.44
0.45
0.96

0.30

0.00
0.00
0.06
0.02
0.00

0.17
0.17
0.06
0.11
0.20

6.12
5.83
2.34
4.15
4.45
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0.01
0.21

-0.15

—0.11

0.19
0.18
0.23
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Br

Br

Br

Br

Br

Br

Br

Br

D
Br

4.70
4.70

—0.00
—0.00

0.00
0.00

—0.00
—0.04

—0.00
-0.01

0.00
0.01

0.01
0.01

—0.00
—0.00

0.00
—0.00

17.73
17.56

0.02
0.13

0.10
0.03

0.12
—0.05

0.00
—0.02

-0.00
0.00
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Table IV

Elements of F matricesfor HXC(CN), molecules

18.38
18.41

—0.00
0.23

0.02
—0.09

0.17
0.18

0.02
—0.08

0.12
0.16

— 0.05
-0.03

—0.00
—0.01

0.27
0.47

0.02
0.21

—0.03
—0.07

—0.00
—0.01

0.00
0.01
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4.81
4.95

0.01
-0.20

—0.02
0.36

—0.00
0.11

0.02
—0.30

—0.00
0.04

—0.00
-0.05

5.19
4.97

0.18
—0.09

0.00
—0.03

—0.00
0.00

0.96
0.76

0.04
—0.15

0.00
0.14

0.01
0.08

—0.00
—0.01

—0.00
—0.02

0.62
1.00

—0.00
—0.05

0.00
—0.02

4.16
3.96

0.05
—0.13

0.22
0.25

—0.06
—0.06

—0.00
-0.03

0.19
0.20

—0.00
0.02

0.78
1.20

0.02
—0.05

—0.00
—0.01

0.01
—0.03

0.18
0.08

0.98
0.87

—0.03
0.01

-0.00
—0.01

0.14
0.17

0.00
—0.01

0.16
0.14
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Table V

Potential energy distribution (Y u( = 100  FjjL'jijAjdfor X 2C(CN)2molecules
(X = H,D,F,CI,BT)

X = S, S2 S, S S S S, S
H 98.8
Vi D 89.4
F 26.9 40.3 39.6
Cl 417 10.0 17.1
Br 131 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 18.3 115 48.9
* F 61.8 31.2
Cl 44.2 44.0
Br 32.4 36.6
H 239 25.8 42.5
D 26.4 24.7 42.3
% E 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
Rr 50.6 35.6
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Table V — continued
X = S, S, S, S, Su S, Sk
H 99.5
D 98.4
*x9 F 67.2 61.5
cl 60.9 67.2
Br 63.4 62.4 21.7
H 93.8
D 86.5 10.9
»b F 38.8 30.3
C 41.2 12.6 18.7
Br 32.6 39.2
H 94.3
D 12.1 88.4
»Il F 18.6 100.4
o] 27.3 78.4
Br 18.0 39.7 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
u 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
5 F 41.7 17.1 67.8
cl 51.7 17.4
Br 52.5 18.7

molecules. After these preparatory steps the force field refinements have
been carried out in one step according to the formula [4]:

F = Lo*1 Aohs V

These F matrices are consistent exactly with the given assignments Aobs.
although the diagonal form of initial force field matrices Fo will be destroyed
this way and interaction constants are introduced in F.
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Table VI
Potential energy distribution (Y =— 100 mY }]) for HXC(CN),, molecules (X = D, Br)

X Si S, S3 S 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
w D 84.9 10.4
Br 43.3 43.6 25.1
v 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 D 482 20.9
Br 31.8 10.8 25.9 12.4
D 95.2
Br 25.1 73.2
D 20.3 85.4
Br 15.8 70.7
S, S, s S,, s, Sis
Mo D 86.9 136
Br 86.8 13.2
Hi D 13.2 38.5 55.7
Br 10.3 19.8 54.5 26.4
v D 51.1 31.8
Br 82.1
s D 35.9 428 13.6
Br 27.9 57.6 17.0
D 98.6
Br _ 76.1
#5 D * 99.3
Br 11.1 86.9

Observed frequencies and structural data are summarized in
Tables 1 Il, elements of refined force field matrices are collected in
Tables 111—1Y.

Potential energy distribution

Neglecting the figures less than 10, calculated potential energy distri-
bution terms for malononitrile molecules are shown in Tables Y —VI. Accord-
ing to these calculations the description of normal modes are compatible
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only in part with the assignments of frequencies done by the authors of cited
papers [1, 2, 3]. Considerable mixing between different vibrational types is
indicated in many cases. The C—€ and C—X stretching modes contain in almost
all of the cases significant contributions from CCX, CCC or XCX valence angle
bending modes.
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ZUR EXTRAKTION DES NB(V) MIT
POLYPHENOLEN
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Eingegangen am 1. December, 1975

Untersucht wurden die Bedingungen der Bildung und Extraktion von Verbin-
dungen des Niob(V) mit Pyrokatechin, Pyrogallol, Tetrabrompyrokatechin und Tri-
brompyrogallol in Anwesenheit von Diphenylguanidin.

Charakteristisch fir das Niob ist seine Wechselwirkung mit verschiedenen
hydroxylhaltigen organischen Reagenzien. Mit Phenolen, die zwei oder mehr
Hydroxylgruppen in ortho- oder meta-Stellung tragen Pyrogallol, Pyroka-
techin, Tiron, Gallussdure, Trihrompyrogallol, Pyrokatechinsulfonsaure u. a.
bildet Niob farbige Verbindungen, die zu seiner fotometrischen Bestim-
mung Verwendung finden. So wird Pyrokatechin zur extraktiven Abtrennung
und nachfolgenden fotometrischen Bestimmung von Niob, Tantal und Titan
verwendet [1]. Vorgeschlagen wurde eine extraktionsfotometrische Bestim-
mungsmethode fir das Niob in Form seines terndren Komplexes mit a, B-
Dipyridil und Pyrokatechin [2]. Fur die Niobbestimmung ist auch Pyrogallol
[3, 4] schon verwendet worden. Die Selektivitdt der Methode wird durch Extrak-
tion erhoht [5]. Beschrieben ist eine Niobbestimmung mit Tiron [s], Tri-
brompyrogallol [7], Gallusséure [s].
Das Ziel der vorliegenden Arbeit ist die Untersuchung der Extraktion
von Niobverbindungen mit einigen Polyphenolen in Anwesenheit des relativ
groBen organischen Kations vom Diphenylguanidin.

Experimenteller Teil

Reagenzien und Geréte. Die Niobstandardlésung stellen wir durch Schmelzen von Nb(V)-oxyd
mit Kaliumpyrosulfat und nachfolgendem Auslaugen der Schmelze mit Ammoniumoxalat
her. Verwendet wird eine 5 « 10-4 M Nioblésung in 1%igem Ammonipmoxalat.

Pyrokatechin und Pyrogallol werden durch Destillation gereinigt. Tribrompyrogallol
wird durch Bromieren von Pyrogallol nach [9] erhalten. Umkristallisieren aus Chloroform
und Trocknen bei 105 °C fuhrt zu einem Produkt mit Fp 168 °C (Lit. [10]: 168—171 °C). Te-
trabrompyrokatechin wird durch Bromieren von Pyrokatechin nach [11] hergestellt.

Eine 4 «10-2 M-L6sung von Diphenylguanidiniumchlorid erhalten wir durch Ld&sen
einer genauen Einwaage von gereinigtem Diphenylguanidin in Salzsiure. Der pH-Wert der

* Postadresse: Dr Peter Nenning, Karl-Marx-Universitadt Leipzig, Sektion Chemie,
701 Leipzig, Liebigstrale 18. DDR
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Losung soll 4 betragen. Die Extinktion der Lésung wird am Spektrofotometer SF-4 gemessen
in Klvetten mit 1 cm Schichtdicke, der pH der Ldsung wird mit Glaselektrode und pH-Meter
LP-58 kontrolliert.

Als Extraktionsmittel wird ein Gemisch von Chloroform und Isoamylalkohol 1:1
verwendet, z. T. auch Athylacetat. Der Isoamylalkohol wird nach Weisberger [12] gereinigt,
das Athylacetat durch Destillation.

Fotometrische Charakteristik der entstehenden Verbindungen

In Abb. 1 sind die Absorptionskurven fur die Extrakte des Niob mit Pyroka-
tecliin (Kurve 1), Pyrogallol (Kurve 2), Tribrompyrogallol (Kurve 3), Tetra-
brompyrokatechin (Kurve 4 und Kurve 5) mit einem Chloroform/Isoamylal-

Abb. 1. Lichtabsorption der Extrakte der Niob(V)-polyplienolverbindungen: 1. Pyrokatechin;
5¢10~5M Nb, 0.02 M Pyrokatechin, 4 « 10- 2M Diphenylguanidin, pH der wéaRrigen Phase
nach der Extraktion 6,1; 2. Pyrogallol: 5 « 10-5 M Nb, 0,2 M Pyrogallol, 10~2 M Diphenyl-
guanidin, pH der walrigen Phase nach der Extraktion 6,2: 3. Tribrompyrogallol: 5 « 10-5 M
Nb, 2 «10-2 M Tribrompyrogallol, 4 « 10~2 M Diphenylguanidin, pH der wé&Rrigen Phase
nach der Extraktion 4,0; 4. Tetrabrompyrokateehin: 5¢10“5M Nb. 4m10~2M Tetrabrompy-
rokatechin, 4*10“2M Diphenylguanidin, pH der wé&Rrigen Phase nach der Extraktion 2.5;
5. Tetrabrompyrokateehin: 5 ¢ 10-5 M Nb, 2 « 10~2M Tetrabrompyrokateehin, 4 «10-2 M
Diphenylguanidin, pH der wéalrigen Phase nach der Extraktion 4,2

kohol-Gemisch 1 : 1 angegeben. Die Absorptionskurven fir die Niobextrakte
werden auf folgende Weise erhalten: In einen Scheidetrichter gibt man 1 ml
5 ¢10-4 M Nioblésung in 1% igem Ammoniumoxalat, dazu die gleiche Menge
destilliertes Wasser, 2 Tropfen NH, OH 1 :10 verdinnt, 2 ml frischbereitete
1 M-Ldésung eines der genannten Polyphenole in I1%igem Kaliummetabisulfit
und schlielich Diphenylguanidinlésung; das Volumen der waRrigen Phase be-
trdgt ca 10 ml. Extrahiert wird mit 10 ml Chloroform/lIsoamylalkohol 1 : 1,
der pH der waRrigen Phase ist nach der Extraktion ca 6,2. Die Extinktion der
Extrakte, die gelb gefarbt sind, wird in Relation zu einer Leerprobe gemessen.
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Das Absorptionsmaximum fir die Niob-pyrokatechin-, Niob-pyrogallol-
und Niob-tribrompyrogallolverbindungen liegt bei 370 nm. Fir das Niob-
tetrabrompyrokatechin ist das Maximum in das langwellige Gebiet verscho-
ben (430 nm bei pH = 2,5); die sich bei pH = 4,2 bildende Verbindung hat
2 Maxima: bei 370 nm und 460 nm (Kurven 4 und 5 in Abb. 1). Der Charakter
der Absorptionskurven des Niob-tetrabrompyrokatechins &ndert sich nicht
bei Extraktion mit Athylacetat.

Der gelbe Komplex des Niob(V) mit Pyrokatechin 14Rt sich in Anwe-
senheit von Diphenylguanidin mit Dichlordthan, lIsoamylalkohol, Amylal-
kohol, Athylacetat, Cyclohexanon, Methylisobutylketon, Benzol, Chlorben-
zol und Chloroform extrahieren. Tetrachlormethan flotiert die sich bildende
Verbindung. Wir haben aus 10 ml waRriger Lésung extrahiert, die Niobkon-
zentration ist 5 - 10-s M, des Pyrokatechins 0,2 M, des Diphenylguanidins
4 «10 2 M. Wir verwenden eines der folgenden Ldsungsmittel:

— Chloroform

— lIsoamylalkohol
Chloroform/lsoamylalkohol 1 :1
— Methylisobutylketon

— Benzol

g A W N
I

Die geringste Extinktion hat der Benzolextrakt. Das Chloroform/lsoamylal-
kohol-Gemisch 1 :1 extrahiert so gut wie Methylisobutylketon und besser
als Chloroform und Isoamylalkohol allein. Die Absorptionskurven der Niob-
verbindung in verschiedenen Ld&sungsmitteln sind praktisch identisch, das
Maximum liegt bei 370 nm.

Extraktionsbedingungen. In Abb. 2 ist das pH-Intervall angegeben,
in dem die Niobverbindungen bestdndig sind. Kurve 1 zeigt die Bildung der
gefarbten Niob-pyrokatechinverbindung, Kurve 2 die mit Pyrogallol, Kurve
3 die mit Tribrompyrogallol. Die Verbindung des Niob mit Tetrabrompyro-
katechin (Kurve 4) ist auch im starker sauren stabil (von pH 0 bis pH = 3,5).
Zur Extraktion des Niob mit Tetrabrompyrokatechin verwenden wir Athyl-
acetat, zur Extraktion der Ubrigen Verbindungen ein Chloroform/Isoamyl-
alkohol-Gemisch 1:1. Zum Erzielen einer konstanten Extinktion empfehlen
wir fir die Niobextraktion eine Pyrokatechinkonzentration von 0,2 M und
eine Diphenylguanidinkonzentration von 2 m10~2 M bzw. eine Pyrogallol-
konzentration von 0,2 M und eine Diphenylguanidinkonzentration von 10«2
M in der waRrigen Phase.

Die scheinbaren molaren Absorptionskoeffizienten der Verbindung mit
Pyrokatechin es7o = 12 700 + 800 und der Verbindung mit Pyrogallol es7o =
13 600 + 800.
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Bei Verwendung eines Chloroform/lsoamylalkohol-Gemisches 1 :1 zur
Extraktion der Niob-tetrabrompyrokatechinverbindung wird in Anwesenheit
von Diplienylguanidin ein konstanter Wert der Extinktion auch beis «10“2M
Tetrabrompyrokatechinkonzentration in der organischen Phase nicht er-
reicht. AuBerdem scheidet sich aus dem Extrakt ein weiller Niederschlag des

3 2 2 4 6 8
NH2S0i. PH

Abb. 2. Die Abhéngigkeit der Extinktion vom pH Wert der Extrakte der Niob(V)-polyphe-

nolverbindungen: 1. Pyrokateehin; 5 « 10~6 M Nb, 0,2 M Pyrokatechin, 4 « 10-2 M Diphenyl-

guanidin; 2. Pyrogallol; 5 « 10-5 M Nb, 0,2 M Pyrogallol, 10“2M Diphenylguanidin; 3. Tri-

brompyrogallol; 5«10 M Nb, 5+ 10-3 M Tribrompyrogallol, 2 « 10-2 M Diphenylguanidin;

4. Tetrabrompyrokatechin; 5 « 10-5 M Nb, 0,1 M Tetrabrompyrokatechin, 4 « 10-2 M Diphe-

nylguanidin. Extraktionsmittel fur 1, 2 und 3: Chloroform/Isoamylalkohol 1:1; Extraktions-
mittel fur 4: Athylacetat

Reagenzes ab, der die Extinktionsmessung beeintrachtigt. Athylacetat ist
in diesem Falle gunstiger zu verwenden. Eine konstante Extinktion hei pH > 3
wird erreicht bei einer Tetrabrompyrokatechinkonzentration von 5 « 10«2 M,
bei pH 3 bei 0,1 M Konzentration. Das Extraktionsgleichgewicht hat
sich nach ~ 3 min eingestellt. Im stark sauren Gebiet erh&lt man bisweilen
nicht reproduzierbare Ergebnisse, da die Komplexbildung offenbar nicht
vollstandig verlauft.

Ist im Chloroform/lsoamylalkohol-Gemisch 1 :1 die Tribrompyrogallol-
konzentration 2 « 102 M, erhalt man keine Konstanz der Extinktion fir eine
bestimmte Niobkonzentration, ungeachtet der Anwesenheit von Diphenylgua-
nidin.

Was die Extrakte der Verbindungen des Nb(V) mit Pyrokatechin und
Pyrogallol betrifft, so findet man eine direkte Proportionalitdt zwischen der
Extinktion und der Niobkonzentration in den Grenzen 0.5—14 pg/ml. Die
Eichkurven fur die Extrakte der Verbindungen des Niob mit Pyrokatechin
und Pyrogallol fallen praktisch zusammen.
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Zusammensetzung der sich bildenden Verbindungen. Zur Feststellung
molaren Verhdltnisses Niob-Diphenylguanidin in seiner Verbindung mit

Pyrokatechin wurde die Methode der molaren Verhaltnisse Verwendet, fur

das

Feststellen des molaren Verhdltnisses Niob zu Diphenylguanidin in der

Verbindung mit Pyrogallol die Methode der Verschiebung der Gleichgewichte.
In beiden Féallen wurde das molare Verhdaltnis Niob zu Diphenylguanidin zu
1 :2 gefunden. Bei Versuchen zur Bestimmung des molaren Verhéltnisses
des Niob zu Pyrokatechin und Pyrogallol durch die Methode der Gleichgewichts-
verschiebung haben wir keine eindeutigen Ergebnisse erhalten.
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Copper (I1) chelates of L-asparagine and L-glutamine have been studied using
reflectance, u. v. absorption spectra, magnetic and e. s.r. measurements. On this basis
a distorted octahedral structure is suggested for these complexes.

Introduction

Copper (II) chelates of L-asparagine and L-glutamine were investigated
in solution by Albert [l], Ritsma et al. [2] and Tewari and Srivastava [3]
Recently Fujimoto [4] and Mishra [5] et al. made an e. s. r. study of copper
(II) asparagine complex. INn the present work an attempt has been made to
study these complexes using reflectance and u. v. absorption spectra, magnet-
ic and e. s.r. measurements. Their preparation and characterization from
analytical and i. r. data were reported in an earlier paper [6]. The complexes
are: his (L-asparagino) copper (IlI) [Cu(OOC ¢«CH ¢« NH2+«CH2 « CONH2?2]
and bis (L-glutamino) copper (II) [Cu(OOC «CH ¢« NH2 e+« CH2-CH.,-CONH2?2].

Experimental

Magnetic measurements at room temperature (304 °K) were made on
powder samples of the complexes employing Gouy’s method. A semimicro
Sartorius balance was employed and mercury(ll) tetrathiocyanatocobaltate(ll)
(%9 — 16.44 X10_e c. g. s. units) was used as calibrant. Both complexes were
found to be paramagnetic. The data are presented in Table I.

Reflectance spectra of the solid complexes were recorded on a ‘Co 10’
recording spectrophotometer (Russian) in the range 400 -700 m p. Both com-
plexes showed one asymmetric band, Amax being observed at ~ 620 m. p
(16100 cm™”1) in the copper (IlI) L-asparagine chelate and at ~ 610 m. fx
(16 400 cm-1) in the copper(ll) L-glutamine chelate.

* Postal address: Dr. M. N. Srivastava, 266 (near distillery) Mumfordganj, Allahabad
211 002, U. P. India
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Table 1

Magnetic susceptibility measurements on Cu(ll) chelates

° 10¢ XmX 10 ZM'XI0«
Compound T°K (. S.gs)f units) (c.g.s. units)  (c.g.s. units) (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 spectrophotometer, using 1 cm quartz cells. The absorption bands
are listed in Table II.

Table 11

U. V. spectra of Cu(ll) chelates

Band Band

Compound cm 1) Compound (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 = weak

Electron spin resonance spectra of solid complexes were taken on a Bruker
model B ER 402xband, ESR spectrophotometer and polycrystalline DPPH
was used as areference. The data on electronic ‘g’ factors are given in Table I11.
These values tally well with those reported by other workers for copper(ll)
amino acid complexes [4, 5, 7].

Table 111

‘g’ values of the Cu(ll) chelates

Compound si «u Ay
Cu (Aspn)2 2.050 2.253 2.12
Cu (Glun)2 2.046 2.212 2.10
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Discussion

The ground state of the cubic octahedrally coordinated Cu(ll) is 2Eg,
and the only excited state is 2T2g, the energy difference being 10 Dqg [s]. But
tetragonal distortion splits the Eg and T2g levels so that as many as three
d-d transitions are possible [9].

d¥y4 dx2y-d2 e dx_"; (dXR dx) < dx yt

Thus the observed hand envelope may not be due to a single transition, but
may he made of two or three symmetrical absorption bands.

The expressions [10] derived for ig:1 values in a tetragonally distorted
copper(ll) molecule, which is stretched along the symmetry axis (Z axis)
are g|| —2 8 A/(f2—EQ0) and =2 2A/(Es EO0) where EO E2 and E3
are the energies corresponding to 2B, 2B2y and 2Eg levels. Under such con-
ditions gji values ™ 2.2 are obtained, whereas if dz a is lowest orbital, gL
values approach a value of 2.0. Thus, the observed results support the conten-
tion that in copper(ll) chelates dx,_v, is the lowest energy orbital and tetra-
gonal distortion occurs along @ 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(ll) Hare [11] ascribed the band observed at 39 000 cm-1
to an apparent charge transfer from the carboxylic group to the metal, and
that observed at 52 000 cm-1 to a charge transfer from amino group to metal
with a possible contribution from the n —mn* transition of the COO~ group.
Thus, in the present case the strong broad bands observed at 42 330 cm-1
in Cu(Aspny2 and at 42 190 cm-1 in Cu(gluny2 correspond to a charge trans-
fer from carboxylic group to the metal, whereas the bands observed at 50 760
cm-1 and 51 280 cm-1, respectively, inthe two chelates may be ascribed to
charge transfer from the amino group to the metal. Other bands at~ 52 000
cm-1 may correspond to carboxyl n —n* transitions.

Thus the present evidences indicate a tetragonally, distorted octahedral
structure for the two copper(ll) 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. Tewari).
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ANALYTISCHE ANWENDUNG YON PT(Il)-
KOMPLEXEN MIT PYRAZOLONDERIYATEN

Y. K. Akimov, A. |l. Busev, K. Y. Kodua und P. Nenning*

(Chemische Fakultat der Lomonossov-Universitat, Moskau und Sektion Chemie der Karl-Marx-
Universitét, Leipzig)

Eingegangen an 5. Dezember 1975
I
Untersucht wurde die Wechselwirkung von Pt(Il) in HBr-Ldsung mit Pyrazo-
londerivaten. Die Tetrabromplatinate von Diantipyril-, Diantipyrilmethyl-, Diantipy-
rilpropylmethyl und Diantipyrilphenylmethan (RH)2 PtBr4 wurden hergestellt, ihr
Bildungsmechanismus, ihre Sdure—Basen-Eigenschaften und die Loslichkeit der Ver-
bindungen untersucht. Eine Methode zur gravimetrischen Bestimmung von 5—30
mg Pt durch Ausféllen und Wé&gen von (CZBH30N402H)2 PtBr4 wurde ausgearbeitet.
Der maximale relative Fehler ist 0,91%. Es storen nicht: Mg, Al, Mn(ll), Fe(ll), Co,
Ni, Ru (I11), Rh(II).

Komplexe von Pt(lV)-halogeniden mit Pyrazolonderivaten wurden bereits
friher untersucht [1]. Fotometrische und gravimetrische Platinbestimmungs-
methoden mit diesen Komplexbildnern wurden ausgearbeitet [1, 2]. Die
Halogenidkomplexe des Pt(ll) mit Pyrazolonderivaten sind bisher nicht be-
schrieben. Es ist zu erwarten, daR auch sie ginstige analytische Eigenschaften
aufweisen, die man zur Ausarbeitung neuer Methoden der Platinbestimmung
nutzen kann.

Wir haben Zusammensetzung und Eigenschaften von Pt(ll)-bromid-
komplexen studiert und ihre Eignung zur gravimetrischen Platinbestimmung
festgestellt.

Experimenteller Teil

Reagenzien und Gerdte. K2PtBr4 wird hergestellt durch Erwédrmen einer K2PtCl4
Loésung in HBr 1:1 auf dem Wasserbad und anschlieBendes Verdinnen bis zu einer HBr-
Konzentration 1 N. Verwendet werden weiterhin Diantipyrilmethan (DAM) der Reinheit
p. a., Diantipyrilmethylmethan (DAMM) rein, Diantipyrilpropylmethan (DAPM) p. a., Dian-
tipyrilphenylmethan (DAFM) p. a., ein Spektralfotometer UR 20, ein Potentiometer pH 340.

Darstellung, Zusammensetzung und Eigenschaften der Verbindungen. Beim Zufligen
einer Lésung von DAM, DAMM, DAPM oder DAFM in Essigsdure 1: 1 zu einer Lésung von
Pt(Il) in HBr fallt sofort ein Niederschlag aus. Die Niederschlagsbildung und der Niederschlag
selbst werden wie folgt untersucht.

Eine Losung von K2PtBr4in 1 N HBr wird auf 70—80“Cerwdarmt, unter Rihren wer-
den langsam 5—7 ml einer 5%igen Lésung von DAM oder DAMM oder eine 2%ige Ldsung von
DAPM oder DAFM in Essigsaure 1:1 zugefugt. Es wird abgekihlt, der sich dabei (auRer
bei der Verbindung mit DAFM) abscheidende kristalline Niederschlag wird abfiltriert,
3 mal mit Wasser gewaschenund tber P25 getrocknet. Im Niederschlag werden Pt und Stick-

* Postadresse: Dr. Peter Nenning, Karl-Marx-Universitdt Leipzig, Sektion Chemie,
701 Leipzig, LiebigstraBe 18. DDR
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Stoff quantitativ bestimmt: Pt durch Verglihen einer Probe bei 700—800 °C und Auswiegen
des metallischen Pt, Stickstoff nach Dumas. Die Summenformeln der Verbindungen sind in
Ubereinstimmung mit den Analysenwerten neben einigen Eigenschaftender Stoffe in Tabelle |
aufgefihrt.

Tabelle |
Zusammensetzung und Eigenschaften der Komplexe von Tetrabromplalinaten mit Pyrazolonderivaten

Farbe und Form Loslichkeit
Summenformel Fp °C ; in 05N
des Niederschlags HBr M e 10-*
(CjsHjjNjOjHIjPtBT, 180-190 hellbraune Platten 7,0
(CVMHIeNAH),PtBr4 160-170 hellbraune Platten 1,35
(CI6H 30N4O!H)!PtBr1 200-210 hellbraune Platten 2,2
(C,HMN AH)tPtBT, 190-200 gelbes Pulver 1,0

So erhdlt man die Tetrabroinplatinate von Diantipyrilmethan, Dian-
tipyrilmethylmethan, Diantipyrilpropylmethan und Diantipyrilphenylme-
than. lhre Zusammensetzung entspricht der Formel (RH)2PtBr4, die Bildungs-
reaktion der Gleichung

2R+ PtBr-~+ 2 H + -eemv * (RH PtBra

Alle Verbindungen sind in Wasser wenig 18slich, 16sen sich gut in Dimethyl-
formamid, weniger gut in Aceton, nicht in Methanol, Athanol, Benzol, Tetra,
Ather.

Die Infrarotsprektren

Die Infrarotsprektren der Verbindungen sind von den kristallinen Ver-
bindungen (KBr-Tabletten) im Gebiet zwischen 9 000 und 400 cm-1 aufge-
nommen worden. In den Spektren aller Verbindungen fehlt die charakteristi-
sche Frequenz der Valenzschwingung der C = O-Gruppe eines Pyrazolonde-
rivates bei 1656 —1680 cm-"L Das bestatigt, wie fruher bei der Untersuchung
der Komplexe von Pyrazolonderivaten mit anderen Metallen gezeigt wurde
[3], daB bei der Bildung von Kationen (RH)+ eine Protonisierung der C = 0-
Gruppe des Reagenzmolekils erfolgt; die zweite C = O-Gruppe ist beteiligt
an der Bildung einer festen innermolekularen Wasserstoffbrickenbindung.

Die sauren Eigenschaften

Die Verbindungen lésen sich gut in Dimethylformamid und in einem
Gemisch Dimethylformamid/Aceton 2 : 1. In Lésung liegen sie als zweibasige
S&uren vor und kdénnen potentiometrisch titriert werden unter Verwendung
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Abb. 1. Titration der jeweiligen Tetrabromplatinate mit 0,1 N L&sung von Tetradthylammo-
niumhydroxid in Dimethylformamid/Aceton. 2:11 — (CZHMN4 2H)2PtBr4; 2 — (C,4H D
N402H)2PtBr4; 3 - (C2H30N4O2H)2PtBr4;4- (CAHMAOHYyUBA

einer Glas- oder einer ionensensitiven Elektrode. Die Titrationskurven (Abb.
1) zeigen einen scharf ausgepragten Sprung, der die Neutralisation des Ka-
tions (RH) + anzeigt:

(RH) PtRra-f 2 (C2H5AN O H --mromememeeee v

2 R+ [(CeHs)laN12 PtBra+ 2 H2

Der Titrationssprung entspricht dem Aquivalenzpunkt; das Aquivalentge-
wicht, ausgerechnet nach den Resultaten der Titration, ist praktisch gleich
dem nach den Formeln der Verbindung errechneten. Die Komplexeigenschaften
kénnen benutzt werden zur Ausarbeitung von titrimetrischen Methoden der
Platinbestimmung.

Loslichkeit der Verbindungen

Bestimmt wurde die Lo&slichkeit der Komplexe in 0,5 N HBr. Die
Loslichkeit in Wasser wurde nicht bestimmt wegen der mdglichen Hydroly-
se der Komplexe.

Frischgeféllte Niederschlage, sorgféaltig mit 0,5 N HBr gewaschen,
werden in ein GefaR uUberfihrt, das 50 -60 ml 0,5 N HBr enthdlt. Die Ldsung
sattigt sich in 2—3 Stunden bei 25 + 0,2 °C. Die gesattigte Ldsung wird schnell
durch ein Papierfilter filtriert, wobei die ersten Milliliter des Filtrats verwor-
fen werden. Im klaren Filtrat wird der Platingehalt fotometrisch mit SnCl2
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bestimmt [4]. Die Zusammensetzung des Niederschlags verdndert sich beim
Sattigen der Ldsung nicht. Wie aus den erhaltenen und in Tabelle 2 aufge-
fuhrten Werten ersichtlich ist, ist die Ldslichkeit der Verbindungen mit DAMM,
DAPM und DAFM hinreichend klein, um auch eine gravimetrische Platin-
bestimmung zu ermdglichen.

Gravimetrische Platinbestinnuung

Am wenigsten ldslich ist das Tetrabromplatinat des DAFM. Weil aber
das bromwasserstoffsaure Salz des Reagenz’ selbst auch schwerldslich ist,
erscheint es unzweckméfRig, dieses Reagenz zur gravimetrischen Platinbe-
stimmung zu verwenden. Als glnstiger erweisen sich die Reagenzien DAPM

Abb. 2. EinfluR eines Reagenziiberschusses auf die Loslichkeit des Tetrabromplatinats des
Diantipyrilmethans

Abb. 3. EinfluR einesJReagenziiberschusses auf die Lo&slichkeit des Tetrabromplatinats des
Diantipyrilpropylmethans

und DAM. Zur Auswahl der optimalen F&llungsbedingungen fur das Platin
ist der EinfluR eines Reagenzuberschusses auf die Ld&slichkeit untersucht
worden. Die Ergebnisse sind aus den Abbildungen 2 und 3 ersichtlich.

Die Loslichkeit der Verbindungen verringert sich sehr stark in Anwesenheit
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Tabelle 11

Gravimetrische Bestimmung des Pt(11) mit Diantipyrilpropylmethan in Anwesenheit anderer
Elemente
Eingesetzt sind jeweils 10,0 mg Pt.

mg Fremdion beZteihmlemruiegrist-% mg Fremdion Pflf?slf.r i?\er%
400 Al —0,3 300 Ni —1,0
500 Al +0,2 400 Ni + 0,0
200 Mg —01 300 Fe(ll) —10
300 Mg +0,8 400 Fe(ll) —0,9
300 Mg(ll) +1,9 500 Fe(ll) +0,5
300 Mn(ll) +19 500 Fe(ll) +0,5
400 Mn(Il) + 1,0 300 Co +0,2
500 Mn(ll) —20 400 Co +12
500 Co + 0,5

eines auch kleinen Reagenziiberschusses: die Ldslichkeit der entsprechenden
Verbindung in 0,02%iger DAM-L6dsung ist 3,7 « 10~-5 M, in 0,004%iger DAPM-
Losung 0,31 « 10 s M. Die Niederschlage haben eine gut definierte Zusammen-
setzung, die den Formeln (C23H240 2N4H)2 PtBrsa und (C2sH30N4O2H)> PtBra
entsprechen, sind gut filtrierbar, lassen sich gut auswaschen und kdnnen ohne
Zersetzung bei 100—110°C getrocknet werden. Im folgenden wird die Metho-
dik der Platinbestimmung mit Diantipyrilpropylmethan DAPM angegeben.

Zu 50 60 ml einer Lésung Pt(ll) in 1 iV HBr (Pt(1V) wird vorher nach
der in (5) beschriebenen Methode zu Pt(ll) reduziert), die 5 30 mg Pt ent-
h&lt, gibt man 2—7 ml einer 2%igen Ldsung von DAPM in Essigsdure 1:1.
Die Lo6sung mit Niederschlag wird zum Kochen erhitzt, abgekihlt auf
40 50 °C und auf die totale Platinausfallung gepruft. Der ausgefallene Kkri-
stalline Niederschlag wird durch einen Filter G 3 filtriert, mit 10 ml kaltem
W asser gewaschen, bei 100- 110 °C getrocknet und ausgewogen als (C?%H3o0Na
02H)2 PtBra « Der Umrechnungsfaktor fur Pt betrdgt 0,1416.

Bei der statistischen Aufarbeitung der Ergebnisse werden folgende Werte
erhalten: (re = 5; a = 0,95): arithmetisches Mittel aus re Messungen x = 10,19;
mittlere quadratische Abweichung vom arithmetischen Mittel S = 0,0753;
Vertrauensintervall 0,0934, Variationskoeffizient V = 0,91%. Die Bestimmung
wird nicht gestort durch Alkali und Erdalkalimetalle, Mg, Al, Mn(ll), Fe(ll),
Co, Ni. Ruthenium, das unter diesen Bedingungen zu Ru(lll) reduziert wird
und Rh(IIl) bilden mit den Pyrazolonderivaten keine schwerldslichen Ver-
bindungen und werden auch mit dem Platinniederschlag nicht mitgefallt. [e]
Pd und Os stdren.

Acta Chim. (Budapest) 90, 1976



3b0 AKIMOV et al.: ANALYTISCHE ANWENDUNG VON Pt(I1)-KOMPLEXEN

LITERATUR

[1] Akimov, ¥. K., Jemeljanova, |. A., Busev, A. I.: J. analyt. Chem. (UdSSR) 26, 2416

(1971)
[2] Akimov, ¥Y. K., Jemeljanova, |. A,, Busev, A. |.: J. analyt. Chem. (UdSSR) 26, 1793

(1971)
[3] Akimov, V. K., Busev, A. |.: J. analyt. Chem. (UdSSR) 26, (1971), 136

[4] Bimisch, F. E.: Analytische Chemie der Edelmetalle, Teil 2, Verlag Mir, Moskau 1969,

Seite 247
[5] Autorenkollektiv: Synthese von Komplexverbindungen der Metalle der Platingruppe,

Verlag Nauka, Moskau 1964, Seite 9
[6] Busev, A. I, Akimov, V. K.: Vestnik MGU, serija chimija, No. 1, (1963), 43

Y. K. Akimov
A. l. Busev Chem. Fakultat der Lomonossov—Univ., Moskau

K. Y. Kodua

Karl-Marx-Universitat Leipzig, Sektion Chemie,

P. Nenning L. ..
701 Leipzig, Liebigstralle 18. DDR

Acta Chim. (Budapest) 90, 1976



Acta Chimica Academiae Scientiarum Hungaricae, Tomus 90 (4), pp. 381—393 (1976)

REDUCTIVE CONVERSIONS OF CHROMANOIDS, I
CATALYTIC HYDROGENATION OF ISOFLAVONE (3-PHENYLCHROMONE)*
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(Department of Applied Chemistry, Kossuth Lajos University, Debrecen)
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Depending upon the solvent, the pH of the solution and the activity of the Pd/C
catalyst isoflavone (3-phenylchromone) is reduced at various rates to isoflavanone (I1),

isoflavan-4-ol (IH) and isoflavan (TV), or — in dilute solutions of alkali — to 2-hydroxy-
a-methyldeoxybenzoin (1X). Appropriate choice of the conditions results in selective
reductions; the formation of compounds Il, 111, IV and IX can be rendered the dominant
process.

Isoflavanoid derivatives with different states of oxidation play an impor-
tant part in the vegetable and animal kingdom, several of them possessing
considerable biological actions. Therefore, their isolation, synthesis and con-
versions are of interest not only from the organic chemical, but also from
the biological and pharmacological points of view.

Apart from the reductions of isoflavones, no other methods are known,
or practically used [1—4], for the preparation of isoflavonids of lower oxida-
tion number, in spite of the importance of these compounds. This is why the
reduction processes of isoflavones have been so thoroughly studied. Usually,
this reduction is effected with catalytically activated hydrogen [5—14], with
complex metal hydrides [15 18], or by some other chemical method of reduc-
tion [13, 18, 19]. Among the reduction reactions, only catalytic hydrogena-
tion is suitable for the preparation of all isoflavonoids with lower oxidation
states than that of isoflavone; the other methods 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
method.

However, catalytic hydrogenation of isoflavones is in the majority of
cases non-selective; the desired product of 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 this paper we discuss our attempts and experiments at selective hy-
drogenations of unsubstituted isoflavone. The hydrogenation experiments

* Preliminary communication published in Tetrahedron Letters 1973 (19) 1659.
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were carried out in ethanol, dioxan, aqueous alcoholic buffers and in aqueous
sodium hydroxide solutions, in the presence of palladium catalysts of differ-
ent activities. The experimental finding [20] that the polarity of the solvent
and the hydrogen ion concentration generally influence the rate and the prod-
uct of hydrogenation was taken into account, and also the fact [21] was
considered that in strongly alkaline media the structure of the isoflavone mole-
cule is affected. The object of our work was to find experimental conditions
conducive to the conversion of isoflavone, in the presence of palladium metal
and hydrogen, into a definite product of a lower state of oxidation.

In preliminary experiments various commercial palladium catalysts
(Fluka, Merck, Chinoin) were tested; then palladium catalysts on different
carriers were tried (activated carbon, barium sulfate, aluminium oxide), the
Pd content being 10% in each case.

The results have shown that selective reduction can only be achieved
with a catalyst of medium activity* on activated carbon carrier. Catalysts on
barium sulfate or aluminium oxide have low activities (3.2 and 8.3 mmole
H,/min.,) respectively, and poor selectivity. Consequently, the main experi-
ments were carried out with Catalyst ‘A’ (30 mmoles H2/min., Pd/C, Fluka)
and Catalyst ‘B’ (23 mmoles H2/min., Pd/C, Merck-A). For the synthesis of
isoflavan, a high-activity Pd/C catalyst (Catalyst ‘C’; 122 mmoles H2/min.,
Merck) was used.

There is a significant difference in the rates of hydrogenation of isofla-
vone in ethanol, and in dioxan, (Scheme 1). Hydrogenation in ethanol proceeds
more rapidly: the absorption of two moles of hydrogen results in isoflavan-4-ol,
(I11) and there is no essential difference between the rates of addition of the
tv o moles of hydrogen (cf. Fig. 1, Curve 1). This was supported also by the
fact that when the reaction was stopped after one mole of hydrogen had been
added, TLC tests showed that besides isoflavanone (Il) a nearly equal quan-
tity of 111 was already also present in the reaction mixture. The rate of hydro-
genation is much lower in dioxan than in ethanol, and Il formed is further
reduced to Ill at a very low rate (Fig. 1, Curves 2,3). No great difference is
seen between the hydrogenation curves for the moderately active Pd/C cata-
lysts ‘A’ and ‘B’. With these, the product of hydrogenation in dioxan is nearly
pure 11, and only trace quantities of 111 can be detected by TLC. Thus the reduc-
tion of isoflavone in dioxan, with a Pd/C catalyst of moderate activity can be
recovered in nearly quantitative yield.

Hydrogenation with a catalyst of moderate activity in ethanolic solu-
tion can also be considered a selective reduction which gives isoflavan-4-ol
(HI) in nearly quantitative yield. However, this reduction process is not stereo-

* The relative activities [22] of the catalysts used were characterized by the rate of
hydrogen consumption (mmole H2min.), starting with the point of time t = 0, in the hydro-
genation of isoflavone in pure dioxan, under the experimental conditions given in Fig. 1.
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specific, unlike the reaction in a Pt02glacial acetic acid system [13]. Besides
the cis (B) isomer, the recovered isoflavan-4-ol contains a substantial amount
of the trans (a) isomer. These isomers can be detected by TLC and can be sepa-
rated by fractional crystallization of their acetates.

Fig. 1. Hydrogenation curves of isoflavone in dioxan and in ethanol, with various Pd/C cata-
lysts. (200 mg isoflavone; 200 mg catalyst; 60 ml solvent; 20 °C). Curve 1, ethanol, Pd/C “A”
Curve 2, dioxan; Pd/C “A”; Curve 3, dioxan, Pd/C “B”; Curve 4, dioxan, Pd/C “C”

t Imin)

Fig. 2. Hydrogenation curves of isoflavone in aqueous ethanolic buffers of various pH values.
(200 mg isoflavone; 200 mg Pd/C “A”; 60 ml solution; 20°C).

Isoflavone was reduced to isoflavane (IV) only in ethanol containing
hydrochloric acid, or in acetic acid [13], when catalysts of moderate activity
were used. The absorption of the first two moles of hydrogen is rapid, that of
the third mole proceeds more slowly by one order of magnitude. Yet, in the
presence of 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 of improving the selectivity of the reduction method,
we studied the reduction of isoflavone also in aqueous ethanolic Britton-Ro-
binson buffer solutions [23]. As shown by the hydrogenation curves (Figs
2, 3), isoflavone absorbs two moles of hydrogen between pH 1 and 11.5. The
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rate of hydrogenation by each of the two moles of hydrogen is differently
affected by changes in the pH. The difference of the rates is insignificant in
acidic medium, hut above pH 3 this difference increases with increasing pH.
The absolute value of the rate of reduction decreases in both processes up to

t (min)

Fig. 3. Hydrogenation curves of isoflavone in aqueous ethanolic buffers of various pH values
(200 mg isoflavone; 200 mg Pd/C “A” 60 ml solution; 20°C)

FigF4. Dependence of the hydrogenation rate, I = -— el as a functionlofpH. r, is the rate

of reduction 1 Il; r2 that of Il -» IlI,

pH 10, but from this point on, the rates of both reduction stages will suddenly
increase (Fig. 4). Between pH 9 and 10.5, the absorption of the first and second
mole of hydrogen proceeds at very different rates (Fig. 5).

When the reaction is stopped after the addition of one mole of hydrogen,
solely Il can be recovered from the solution, and only traces of 11l are detected;
thus also this reduction can be made selective for the preparation of isoflava-
none. In alkaline media the activities of Catalysts ‘A’ and ‘B’ differ still less
than indioxan, i. e. dependence of the hydrogenation on the catalyst decreases.
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Therefore, selective transformation is practically better achieved in aqueous
alkaline media, and a wider range of catalysts may be suitable.

When two hydrogens are added to the isoflavone molecule at a pH lower
than 10.5, 11l will be formed exclusively; between pH 10.5 and 11.0, other
products are also obtained besides Il11I.

At pH 11.5 or higher, the course of the hydrogenation reaction is entire-
ly different. As the hydroxide ion concentration is increased, the rate of
hydrogenation becomes substantially higher, the amount of Ill gradually

Fig. 5. The quotient of the rates of hydrogenation as a function of pH

decreases, and two new components appear in the reaction mixture; one of
them is identifiable by TLC as 2-hydroxydeoxybenzoin (X) a product of the
alkaline decomposition of isoflavone. The other product was, as shown by
its chromatographic behaviour, reaction with FeCI3 the TJV, IR and NMR
spectra of its acetate, 2-hydroxy-a-methyldeoxybenzoin (1X). Between pH
10.5 and 12 these two components are also accompanied by a small amount
of an unidentified compound (‘X’), which is presumably I-(2-hydroxyphenyl)-
2-phenylpropan-I-ol, possibly formed by the reduction of 2-hydroxy-a-methyl-
deoxybenzoin, since it appears in TLC as a faint pink spot with FeCl3, and a
sample isolated by preparative layer chromatography 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 compound we intend to deal in a next commu-
nication.

Britton-Robinson buffers are unsuitable for adjusting pH values high-
er than 12, therefore further hydrogenations were carried out in variously
composed aqueous ethanolic solutions of sodium hydroxide. In 0.1 N aqueous
ethanolic NaOH solution, like in a buffer of pH 12, the principal product of
reduction was 2-hydroxy-a-methyldeoxybenzoin (I1X), together with about
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20% of 2-hydroxydeoxybenzoin (X), slight quantities of isoflavanone (I1) and
compound ‘x\ The change of product composition as a function ofthe hydrox-
ide ion concentration is shown in Fig. 6.

Compound IX is difficult to isolate. The reaction product of the hydro-
genation is an oil at room temperature, the purification of which could only
be achieved by column chromatography on silica gel. From the purified oil
the crystalline acetate and benzoate were prepared, and these were compared

BENZOL

O]
o 0
o 0

0 0
o 0

a b c

a:pH < 105
b pH =1
¢ OL N NaOH

Fig. 6. Chromatogram of the product mixture of isoflavone hydrogenated up to the addition
of two moles of hydrogen.

with samples of the corresponding derivatives synthesized from 2-hydroxy-
a-methyldeoxybenzoin. The synthesis of IX was achieved as shown in Scheme 2.

Owing to their different solubilities, the ortho and the para isomers are
readily separated; the p-hydroxy derivative (XII) is much less soluble in ali-
phatic hydrocarbons than the o-hydroxy compound (1X). X1l can be crystalliz-
ed from re-octane, wherein IX remains dissolved. After evaporation to dry-
ness, the crystalline acetate (XIIl) and benzoate (XIV) were prepared for iden-
tification.

In the course of the hydrogenation of isoflavone (I) in 0.1 0.5 N NaOH,
an interesting phenomenon was noted. As a function of the alkalinity, the
isoflavone solution in an inverse proportion to this alkalinity — consumed
greater or smaller quantities of hydrogen (Fig. 7) and, depending again on
the hydroxide ion concentration but now in direct proportion to this, various
amounts of isoflavone could be recovered after a given period (150 min.)
of hydrogenation. When some time was allowed to elapse between the prepa-
ration of the solution and the beginning of its hydrogenation, similarly less
hydrogen was absorbed. In normal or more concentrated solutions, isoflavone
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cannot be hydrogenated, nor does it suffer decomposition. These findings sug-
gest some fundamental change in the structure of isoflavone to occur in time,
and leading to a state inaccessible to hydrogenation or decomposition [24].
However, in NaOH solutions of higher concentration than normal, this change
or structural transformation is reversible, since, after the removal of the cata-
lyst by filtration and on acidification of the solution, isoflavone can be recover-
ed, as mentioned above.

Fig. 7. Hydrogenation curves of isoflavone in aqueous ethanolic NaOH solutions of differ-
ent concentrations (200 mg isoflavone; 200 mg Pd/C “A”; 60 ml solution, 20°C).

These experimental facts and a study [21] of the ring fission of isoflavone
in alkaline medium suggest that isoflavone solutions at pH 11 and higher alka-
linities must consist of a complicated equilibrium system. The hetero ring of
isoflavone is opened to and extent determined by the hydrogen ion concen-
tration; isoflavone is in equilibrium with the open structures (V, VI), and
supposedly the components in equilibrium are hydrogenated as shown in
Scheme 3. On the basis of equilibrium measurements [21], at pH 11.5 more
than 50% of the isoflavone is converted into V and, following the pathway
V —aVvIl —aVIll, the addition of hydrogen, water elimination and further
hydrogenation produce IX, which is the principal product obtained under
these conditions. The conversion of isoflavone into IX proceeds at the highest
rate and to the greatest extentin a buffer of pH 12, orin 0.1 N sodium hydrox-
ide solution.

The supposed intermediates VII and VIII could not be detected in the
product mixture of hydrogenations in alkaline media. Thissuggeststhat elim-
ination of water from VII and also the reduction of VIII proceed more rapidly
than the hydrogenation ofV Vito VII. Thus the last step ofthese consec-
utive reactions must be rate-determining, i. e. VA<”i<. »V Obviously, above
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pH 11.5 the slowest step is the formation of Il and Ill (tg v3),since, depend-
ing upon the hydroxide ion concentration, the equilibrium is shifted in the
direction I =V —%VI| —=* XI, therefore the isoflavone concentration is low,
giving rise only to trace quantities of Il and IlIl. However, decomposition to
X (v6) is quite significant under these conditions. We found that in a solution
largely X is formed besides IX.

When the hydroxide ion concentration is increased further (in 0.1 to
0.5 N NaOH), the rate of decomposition to 2-hydroxydeoxybenzoin decreases

N NaOH

Fig. 8. Amounts of hydrogen absorbed and of isoflavone recovered, as functions of the NaOH
concentration. Curve A. Moles of H2 consumed in 10 min; Curve B. Percent of iso-
flavone recovered.

[24]; the amount and the rate of absorption of hydrogen also decrease (cf.
Fig. e). This finding also supports the notion that under such circumstances
the dissociation process V X1 is predominating and that the enolate ion
produced is neither hydrogenated nor decomposed. Also the amount of hy-
drogen absorbed during a given time is determined by the dissociation equilib-
riumV X1 [24], being a function of the hydroxide ion concentration (Fig. s.)

Experimental

M. p.’s are uncorrected.

UV spectra were recorded with a UNICAM SP 800, and infrared spectra with a UN I-
CAM SP 200 G instrument; for obtaining the NMR spectra a JEOL LNM-MH-100 instrument
was used. TLC tests were made on Merck’s DC-Alurolle Kieselgel F 254 plates; benzene, and
benzene: ethanol mixture (95 :5) wrere used as the developing solvent.

The hydrogenation apparatus consisted of a gas burette joined by ground glass fittings
to a glass hydrogenating vessel: both were kept at 20° C with the help of an ultrathermostat;
the hydrogenation mixture was vigorously agitated with a magnetic stirrer.

Catalytic hydrogenation (at 20 @C)

The Pd/C catalyst (0.2 g) was weighed into the reactor vessel and the solvent (30 ml;
ethanol, dioxan, glacial acetic acid, or aqueous Britton-Robinson buffer) was added; the mix-
ture was stirred until no more hydrogen was absorbed. Isoflavone (0.2 g) was dissolved in
the appropriate solvent (30 ml; ethanol, dioxan, glacial acetic acid) previously saturated with
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Product

Isoflavanone Il

Isoflavanone 11

Isoflavan-4-ol Il (c)

Isoflavan-4-ol 1 (c)

Isoflavan IV

Isoflavan IV

Isoflavan IV

2-Hydroxy-a-niethyl-
deoxybenzoin IX

2-Hydroxy-a-metliyl-

deoxybenzoin IX

Table 1

Catalyst H, added,
Solvent pH mole

>
dioxane — n, B |
buffer (b) 9-10 A, B 1
ethanol - n, B 2
buffer (b) 3-9 A, B 2
glacial acetic
acid PR A, B 3
ethanol + 2 ml
cc. HC1 — A, B 3
ethanol — C 3
buffer (b) 11-12 n,B 2
0.1—0.51V A, B 0.8 2

NaOH (d)

(a) catalysts: A, Fluka Pd/C, 10% Pd content

B, Merck “A” Pd/C, 10% Pd content

C, Merck Pd/C (active), 10% Pd content

(b) 50% aqueous ethanolic Britton-Robinson buffer

Reaction
time
(min.)

100

80

60

40—240

80

60-220

20-160

Purification
(recrystallization)

80% ethanol

80% ethanol

petroleum ether

petroleum ether

ethanol

ethanol

ethanol

column chromatography

column chromatography

20

90

Y0

90

90

95

95

60

-60

(€) mixture of the cis- and lIrans isomers

(d) 50% aqueous ethanolic NaOH solution

77

86-89

85- 89

54-55

55

55

oil

oil

‘SAIONVIA'OHHO 40 NOISYIANOD FAILONAIY VLNV ‘09VvZS
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hydrogen, and this solution was transferred by suction into the hydrogenating vessel. The
consumption of hydrogen was noted as a function of time.

After the hydrogenation had been completed, the catalyst was removed by filtration
through a glass filter. In the case of aqueous ethanolic buffer solutions, the hydrogen ion activ-
ity of the solution was checked with a pH-meter, the acidic or alkaline solutions were neutral-
ized, the catalyst collected on the filter was washed with two 10-ml portions of the solvent, and
the combined filtrates were evaporated in vacuum. The crystalline product was collected by
filtration and recrystallized. Oily products were extracted with three 30-ml portions of ether,
the organic phase was dried over magnesium sulfate, and the ether was evaporated. The resid-
ual oil was crystallized, or purified by column chromatography. Table | shows the conditions
and results of hydrogenations carried out under various experimental conditions.

Separation of the isomers of isoflavan-4-ol
(A) a-4-Acetoxyisoflavaii

A sample (0.45 g) of the isoflavan-4-ol mixture obtained by hydrogenation was acety-
lated in a mixture of acetic anhydride (2 ml) and pyridine (2 ml). The acetate mixture (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-isomer; two recrystallizations from petroleum
ether gave 75 mg of a-4-acetoxyisoflavan, m. p. 73—74 °C (lit. [25] m. p. 73 °C).

(B) R-4-Acetoxyisoflavan

The mother liquor of the a-isomer was evaporated, and the crude residue was repeatedly
recrystallized from petroleum ether until constant m. p. was attained. The chromatographically
pure cis-4-acetoxyisoflavan (180 mg) had m. p. 92 °C (lit. 113] m. p. 93 °C).

Preparation of 2-hydroxy-a-methyldeoxybenzoin (1X)
(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 amount of benzene, the solution was poured on a column of Kieselgel
PF 254 Merck (200 g), and elution was effected with a 1: 1 mixture of benzene and heptane.
The eluate fractions which gave a red-colour reaction with FeCl3were combined and evaporat-
ed to give IX (350 mg) in the form of a colourless oil. 250 mg of this product was acetylated
with acetic anhydride in the presence of perchloric acid to obtain 2-acetoxy-a-methyldeoxy-
benzoin (XIIl) (220 mg; m. p. 87—88 °C).

C1M Ifi0 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 (KBr): v@0 (acetyl) 1755 cm"1; rc,,0 1683 cm*1, rCH3 1368, 2927, 2980 cm"1

NME (CDC13): €CH3 1.50 d (3H); 000CH3 2.26 s (3H): 0CH4.55 q (1H); Garom. 7 7.63 m
9H).

100 mg of the purified oil was treated with benzoyl chloride in pyridine to yield 2-ben-
zoyloxy-a-methyl-deoxybenzoin (XIV). m. p. 73—74°C.

C2H 18 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 with a stirrer, and reflux condenser, phenol (3.5 g) was
dissolved in dry n-octane (100 ml). Sublimed aluminium chloride (5.0 g) was added to the solu-
tion in portions and the mixture was stirred in an oil bath at 120 °C, whereupon a dark brown
oil separated instantly. Slowly and dropwise a-methylphenylacetic acid chloride (6.3 g) was
added, and the stirring was continued at this temperature for 16 hrs.; diluted hydrochloric
acid (1 : 1) 100 ml) was then poured into the flask and the stirring was continued for 30 min.
at the given oil bath temperature. The n-octane phase was separated and the warm aqueous
phase was extracted with 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-methyldeoxy-
benzoin (XII).

UV (ethanol): Amax 284 nm (log e 3.81); UV (ethanol-NaOEt): Amax 332 nm (log e 4.32).

The octane mother liquor was washed free from acid, dried, treated with charcoal, and
evaporated. A red-brown oil (3.8 g) was obtained; according to its Rj value in TLC and FeClI3
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reaction, this was the same product as the one obtained by the hydrogenation of isoflavone
in alkaline medium [method (A)], viz. 2-hydroxy-a-methyldeoxybenzoin. The acetate had
m. p. 86—87 °C; mixed m. p. with XIIl prepared 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 admixture with XIV made according to (A):

73—74 °C.
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CONDENSED alS-TRIAZINES, I11I*

SYNTHESIS OF A NEW HETEROCYCLIC SYSTEM, THE DERIVATIVES OF AS-
TRIAZINO [6,5-C] QUINOLINE

E. Berényi, P. Benko and L. Pallos

(EGVT Pharmacochemical Works. Budapest)
Received August 22, 1975

The first derivative of a new heteroaromatic ring system has been synthesized.
The reversible crystal dimorphism occurring in the synthesis of the intermediates was
studied. The compounds prepared have remarkable biological activity.

The base-catalyzed cyelization of aromatic compounds carrying guani-
dine and nitro groups in ortho position was first investigated by Arndt [1],
who synthesized 3-aminobenzo-os-triazine in this way. This method has notv
been extended to quinoline derivatives, and thus the first representative of
a new heteroaromatic ring system, as-triazino[6,5-cJquinoline has been pre-
pared. The compound has anti-inflammatory and antimicrobial action.

In the first step of the synthesis, 4-chloro-3-nitroquinoline [2] was
allowed to react with guanidine, yielding 4-guanidino-3-nitroquinoline, in the
presence of excess guanidine acting as an acid-binding agent. The crystals of
the new quinoline derivative are lemon-yellow or orange in colour, depending
on the conditions of crystallization.

On the basis of analytical and spectroscopic evidence, it ishighly prob-
able that the modification consisting of yellowr crystals — crystallized from
non-polar organic solvents — has intramolecular hydrogen bonds between
the NH., or = NH group of the guanidino radical and the oxygen atom of
the NO., group.

The orange-red modification which separates as prisms from polar
solvents contains 1/2 mole water of crystallization. This whter is built in
the crystal lattice and stabilizes the molecule as guanidinum nitronate, by

*Part IlI: A. Gellém, A. Messmeh. P. Benké, L. Pallos: Acta Chim. (Budapest)
9«, 301 (1976)
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forming intermolecular hydrogen bridges. The two modifications can be revers-
ibly converted into each other by crystallization.

The derivatogram of the guanidino compound shows about 8% weight
loss in a strongly exothermic process between 226 and 260 °C, which indicates
the release of 1 mole of water from the molecule. Indeed, 4-guanidino-3-nitro-
quinoline loses water and undergoes cyclization in alkaline medium vyield-
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-
lytic hydrogenation. The first step is the formation of 2-amino-3,4-dihydro-
as-triazino[6,5-c]Jquinoline, which is stable in the salt form only, and can read-
ily be converted into 2-amino-as-triazino[6,5-c]quinoline by aromatization
with potassium hexacyanoferrate.

The experiments aiming 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 etha-
nol (300 ml), then guanidine hydrochloride (28.65 g; 0.3 mole) was added, and the mixture
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 with 4-chloro-3-nitroquinoline (31.3 g;
0.15 mole) while keeping the temperature below 50 °C. A deep-red solution was obtained, from
which the separation of 4-guanidino-3-nitroquinoline started immediately. 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 product separated quantitatively on cooling as yellow crystals,
m. p. 230 °C.
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CI10HINSO, (231.22). Calcd. C51.94: H 3.92; N 30.30. Found C 51.81; H 4.05; N 30.40%.

IR (KBr): i>NH 3465 cm-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 water (175 ml)
gave orange-red crystals (0.9 g), which became yellow at 110—130 °C and after the loss of water,
melted at 230 °C.

CI10HINSO,,. 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): rNH 3490; rNH, 3450, 3360 cm -1

UV (H.,0): 370 (3.47); (DMF) 440 (3.65).

2-Amino-as-triazino [6,5-c] quinoline-4-oxide

A solution of 4-guanidino-3-nitroquinoline (23.1 g; 0.1 mole) was refluxed with a solu-
tion of potassium carbonate (69.5 g; 0.5 mole) in water (500 ml) for 5 hrs, whereupon the
initial orange colour of the reaction mixture turned into lemon-yellow. 2-Amino-as-triazino
[6,5-c]quinoline-4-oxide separated from the mixture (20.0 g; 94%), m. p. 309—311 °C (from
methyl cellosolve).

' C,,HMN50 (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 cm-1; rN - O 1360 cm-1

UV (EtOH): 219 (4.34), 236 (4.20), 271 (4.47).

2-Amino-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 catalyst at room temperature and atmospheric pres-
sure. "When no more hydrogen was absorbed the catalyst was removed by filtration and the
solution was evaporated to dryness. The residual yellow crystals were treated with a solution
of K3Fe(CN)({(33.0 g; 0.1 mole) in water (500 ml) after adjusting its pH to 9 with ammonium
hydroxide. Yellow-coloured 2-amino-as-triazino(6,5-c)quinoline was obtained (7.4 g; 75%),
m. p. 290-291 °C (i-PrOH).

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(KBr): FNH., 3305, 3145 cm-1; » C= C (aromatic) 1605, 1585, 1564 cm-1.

IR(CHC13): i>NH, 3520, 3405 cm -1

UV(EtOH): 271 '(4.52), 382 (3.72).

NMR(DMSO-d,,): 7.6-81 $(m 3, H 5, H 6, H 7); 8.4 &(s 2, NH,); 881 O(m 1, H 8);
9.48 6 (s 1, H 10).

The authors’thanks are due to Dr. L. BUDA(EGyYT Pharmacochemical Works, Budapest)
and to Dr. G. Téeth (Pharmaceutical Chemical Institute of the Semmelweis Medical Univer-
sity, Budapest) for the spectroscopic investigations.
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SYNTHESIS OF yIS-TRIAZINO[5,6-c]QUINOUNE AND ITS DERIVATIVES
E. Berényi, P. Benké L. Pallos

(EGyT Pharmacochemical Works, Budapest)
Received July 7, 1975

The new syntheses of as-triazino[5,6-c]Jqumoline and its derivatives are reported.

In a previous communication [1] we described the results obtained in
the synthesis of the first representative of a new heterocyclic system, 2-amino-
as-triazino[6,5-c]quinoline and its derivatives. In the present paper the prep-
aration of the isomeric as-triazino[5,6-cJquinoline and its derivatives is
reported. Simultaneously, W right, Gray and Yu [2] also achieved the syn-
thesis of this ring system and several derivatives in another, independent
way, through the reduction of 4-(carhetoxyhydrazino)-3-nitroquinoline and
subsequent cyclization of the product in the presence of a basic catalyst.

In the course of the procedure elaborated by us, 4-chloro-3-nitroquino-
line (I) [3] was made to react with acylhydrazines (I1), yielding 4-(acylhydra-
zino)-3-nitroquinolines (V). The compounds V could also he prepared by the
reaction of 4-hydrazino-3-nitroquinoline (l11) [4] and the appropriate acid
chloride (1V).

I X=NH--NH2

The reduction of the derivatives V yielded 4-(acylhydrazino)-3-amino-
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 of type VII
are stable only as their salts; they can easily be aromatized into as-triazino-
[5,6-c]quinoline derivatives (VIII).

NH—NH—CO—K

NH»
1 H*
2 oX.
Vi VI
*Part Ill: E. Behényi, P. Benkos, L. Patltos: Acta Chim. (Budapest) 90, 395 (1976)
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In the preparation of the individual derivatives, very high yields could
be achieved when the synthesis was accomplished in the following way:
4-hydrazino-3-nitroquinoline (I111) was made to react with ortho acid esters
(IX) to obtain 4-(alkoxymethylenehydrazino)-3-nitroquinolines (X), which
were then converted into [,2-dihydro-os-triazino[5,6-cJquinolines (VII) by
means of reductive cyclization. The aromatization of these compounds was
accomplished in the same way as in the first method, to yield the as-triazino-
[5,6-c]quinoline derivatives (VIII).

The structures of the compounds prepared were verified by means of
microanalytical and spectroscopic investigations, for which the authors’
acknowledgement is due to Dr. L. Buda (EGyYT Pharmacochemical Works)
and to Dr. G. Teth (Pharmaceutical Chemical Institute of the Semmelweis
Medical University, Budapest).

The excellent anti-imflammatory and antimicrobial action of this group
of compounds, 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 mixture, with stir-
ring. The latter compound gradually dissolved, but the separation of the product from the
reaction mixture usually started before complete dissolution. The reaction was accompanied
by a colour change of the suspension to red, and a slight temperature increase (35—45°C).
After 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 amount of water and the base was liberated with
equivalent sodium hydrogen carbonate. The colour of the free base was deep red, cherry-red
or violet-red.

Method B

4-Hydrazino-3-nitroquinoline (2.04 g; 0.01 mole) was dissolved in pyridine (20 ml)
with slight heating, then the acid chloride (0.01 mole) was added, with stirring. The reaction
mixture was refluxed for 1 hr then cooled and poured into water. The precipitate that solid-
ified was washed with water and dried. (Table I).
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R Formula

H CInH8ND 3
methyl c,,h 1h4o3
ethyl ch h43
n-propyl clh o3
i-propyl clhundo3
t-butyl Ci4HIeN40 3
phenyl CieHINADO 3
benzyl clh 43
4-hydroxyphenyl CifiH |2N40 4
2-hydroxyphenyl »CiBH i2N 40 4
4-aminophenyl Cif, HIND,j
4-bromophenyl * ~ir,Hu N40 3Br
4-methylphenyl clh 403

3,4,5-trimethoxyphenyl  Ci9HIANAD,,

3,4-dimethoxybenzyl cIh ’h45
4-pyridyl ch %53
3-pyridyl ¢, HnN®D 3
2-pyridyl chh ,n®3
2-phenylethyl clh 3

M. w.

232.21
246.23
260.26
274.29
274.29
288.31
308.30
322.33
324.30
324.30
323.32
387.21

322.33
398.38
382.38
309.29
309.29
309.29
336.36

*Calcd. Br: 20,64; Found Br: 20;64

M.p. °C

190-191

194—195
179—181
167—169
167-168
180-182
202—203
199—200
186—187
206-208
246—248
219—221

209 210
213 215
168 170
243-245
212- 214
232-234
202-204

Table |

XH—NH-CO—K

K

51.74
53.65
55.38
56.92
56.92
58.32
62.33
63.34
59.23
59.23
59.43
49.63

63.34
57.28
59.68
58.24
58.24
58.24
64.27

XOo

Calcd.

3.47
4.09
4.65
5.15
5.15
5.59
3.92
4.38
3.65
3.65
4.06
2.86

4.38
4.55
4.74
3.59
3.59
3.59
4.80

2411
22.76
21.53
20.43
20.43
19.44
18.57
17.38
17.28
17.28
21.66
14.47

17.38
14.07
14.65
22.65
22.65
22.65
16.66

51.43
53.64
55.66
56.46
57.02
58.03
62.09
63.36
58.99
58.89
59.72
49.40

63.39
57.46
59.79
58.23
58.31
58.26
64.27

Found
H

3.86
413
4.41
5.42
5.19
5.92
3.59
4.13
3.44
4.01
4.06

3.05 ;

4.67
4.22
5.03
3.52
3.72
3.76
4.92

2411
22.62
21.34
20.36
20.26
19.46
18.09
17.29
17.00
17.30
21.59
1421

17.11
14.35
14.74
22.85
22.58
22.34
16.90

85%
74%
98%
93%
96%
95%
96%
91%

92%
82%
95%
98%
97%
96.5%
96%

Method
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4-(B-ethoxy-substituted methylenehydrazino)-3-nitroquinoline (X)

4-Hydrazino-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 temperature of the reaction
mixture was kept for 4 hrs between the boliling point of ethanol and the ortho ester used
(usually this was 120—130 °C); the ethanol formed during the reaction was continously remov-
ed by distillation. When the reaction was completed, the formation of ethanol ceased, and
the temperature of the vapour space decreased. The product separated from the solution on
cooling (Table II).

Table 11
K
|
NH—X=(,"—<X\VHr,
N(b
Caled. Found Yield
R F 1 M W. Mp,, °c ’
ormia P c H N c H N %
H clh 403 260.26 153-154 5538 4.65 2153 55.63 4.64 21.07 86
CH3 A137147M4N3 27429 131-133  56.92 515 2043 56.60 520 2038 88
ethyl CI4Hi6N403 288.31 170-172 58.32 5.60 19.43 58.04 570 19.79 62
phenyl c,8h 403 336.36 127-128 64.27 4.80 16.66 64.19 478 1656 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 catalyst at room temperature and atmospheric
pressure until hydrogen absorption was no longer observed. The catalyst was removed by fil-
tration, and the filtrate directly mixed with ethanol containing 10—15% hydrochloric acid
(50 ml). Cherry-red or bright red crystals of the hydrochloride of C-3 substituted 1,2-dihydro-
as-triazino[5,6-c]quinoline separated. The crystals were filtered off and washed with ethyl
acetate. (Concentration of the mother liguor may be advisable.)

Potassium-[hexacyanoferrate(l11)] (66.0 g; 0.2 mole) was dissolved in water (300 ml)
and the pH of the solution was adjusted to 10 with cone, ammonium hydroxide solution.
The hydrochloride of the C-3 substituted I,2-dihydro-as-triazino[5,6-c]quinoline was added
to this solution while stirring and maintaining the temperature 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 with water and recrystallized from chloroform or alcohol.

(b) 4-(Acylhydrazino)-3-nitroquinoline (0.1 mole) or its hydrochloride was added to
a solution of tin(l11) chloride (67.5 g: 0.3 mole) in water (600 ml). Cone. HC1 (500 ml) was added
dropwise with stirring, and the reaction mixture was refluxed for 1 hr. The crystal mass was
filtered off and washed with water. Liberation of the base and oxidation were carried out as
described under (a).

(c) 4-(/?-ethoxy-substituted methylenehydrazino)-3-nitroquinoline (0.1 mole) was
suspended in ethanol and hydrogenated until the end of hydrogen absorption at room temper-
ature and atmospheric pressure. The dark-brown solution obtained contained C-3-substitut-
ed 1,2-dihydro-as-triazino[5,6-c]quinoline. After removing the catalyst, the solution was
evaporated while letting air bubble through the solution. C-3-substituted «s-triazino[5,6-c]
quinoline was obtained (Table I11).
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methyl

ethyl

n-propyl

i-propyl

(-butyl

phenyl

benzyl
4-hydroxyphenyl
2-hydroxyphenyl
4-aminophenyl
4-bromophenyl™*

4-methylphenyl

3,4,5-trimethoxy-
phenyl

3,4-dimethoxybenzyl

4-pyridyl

3-pyridyl

2-pyridyl

2-phcnyh thyl

Formula

C.,0H,,N4
C,H8N4
C,2H ,0N4
CIH , N4
c,3iiln4
c,,hmn4
clh 1n4
C,HIN4
NigH 0\0
ChH10N,0
CI1H UNS
C[r,HON4Br

C,.H, N4

CleH 16N40 3
Ci9H,eN40 2
ClHeNs

w )
CIBHIN5
C,8H ,n

M. W.

182.19
196.22
210.24
224.27
224.27
238.30
258.29
27231
274.29
274.29
273.30
337.19

272.31

348.37
332.37
259.28
259.28
259.28
286.34

*Caled. Br. 23,7; Found Br 23,6

M., °C

161-163
137—138
106 108
84-85

71-72

78-81

201—202
150-152
323—326
243-245
268- 270
248- 250

183 184

182 183
150 -152
213—214
190-193
162 164
96 97

65.92
67.33
68.55
69.62
69.62
70.56
74.40
74.98
70.06
70.06
70.30
56.99

74.98

65.51
68.66
69.48
69.48
69.48
75.50

Tabic 111

Calcd.

3.32
411
4.80
5.40
5.40
5.92
3.90
4.44
3.68
3.68
4.06
2.69

4.44

4.63
4.85
3.50
3.50
3.50
4.93

30.76
28.56
26.65
24.98
24.98
23.52
21.70
20.58
20.43
20.43
25.64
16.62

20.58

16.08
16.86
27.02
27.02
27.02
19.57

65.81
67.50
69.00
69.87
69.77
70.39
74.65
74.65
69.97
70.17
70.45
56.94

74.62

65.79
68.58
69.72
69.66
69.34
75.15

Found

3.26
4.23
491
5.51
5.46
5.72
4.06
4.48
3.76
3.89
4.08
2.66

4.58

4.69
5.16
3.67
3.46
3.43
491

30.83
28.32
26.77
24.90
24.88
23.21
21.66
20.34
20.34
20.36
25.60
16.37

20.47

15.94
16.89
27.00
26.97
27.13
19.64

Yield, %

85%
83%
84,5%
87%
79%
69%
90%
72%
85%
82%
62%
71%

88%

78%
78.5%
»1%
84%
82%
84%

Solvent

EtOllI
EtOll
EtOII
Gasoline
Gasoline
Gasoline
CHC13
CHC13
DMF
CHC13
CHC13
ClIC13

CHa,

cHa,
cHa,
CIICi3
CHCI3
cHa,
EtOlI

>

Method
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A one-apparatus procedure has been developed for the synthesis of 3-aminopy-
rido[4,3-e]-as-triazine-l-oxides (111). Base-catalyzed rearrangement of these compounds
yielded IH-v-triazolo[4,5-c]pyridine-lI-carboxamide and 4-chloro-IH-v-triazolo[4,5-c]
pyridine. Oxidation of 111 resulted in the 1,4-dioxide derivative, and the respective
C-3 substituted amino derivatives were prepared with amines.

The Arndt synthesis of benzo-as-triazine [1] has been successfully
tmployed by Lewis and Shepherd [2] for the preparation of pyrido[4,3-¢e]-
as-triazine derivatives unsubstituted in the pyridine ring.

In the present paper a modified synthesis of 3-aminopyrido[4,3-¢e]-
es-triazine-l-oxides, accomplished in one-apparatus, and the preparation of
further C-3-substituted derivatives will be described.

The starting material was 4-mcthoxy-3-nitropyridine (la). It was allow-
ed to react with guanidine in the presence of excess sodium alkoxide, at the
boiling point of the solvent, to obtain 3-aminopvrido[4,3-e]-as-triazine-I-
-oxides (HI) within a few hours, without isolating the intermediate II.

The method is based on the idea not applied in the Arndt synt-
hesis [1] up to notv that o-nitroguanidinopyridines can be cyclodehydrat-
ed in the presence of an alkali alkoxide. The reaction is suitable for the prep-
aration of the required derivatives (I11) in one step, in high purity and good
yields.

The structure of 3-aminopyrido[4,3-e]-as-triazine-l-oxide (llia) was
confirmed by, among others, mass-spectrometric investigations. On this basis,

*Part IV: E. Berényi, P. Benkos, L. Partos: Acta Chim. (Budapest) (In press)
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its molecular weight proved to be 163. The most characteristic fragments are
the following:

Q

Ilia: me IHi

Thus the hand with m/e = 147 is also found (M-16); this has a diagnostic
importance, being characteristic of heterocyclic N-oxides according to Bryce
and Maxwell [4]. This is followed by the band with m/e = 119, brought about
by the loss of N2 [5] from heterocycles containing vicinal N-atoms, such as
as-triazines. Interestingly, the H2CN (M-28) fragment occurring in the case
of C-amino compounds (aromatic primary amines) examined by Gillis [e]
does not appear at all; the next step here is the release of HCN resulting in
decomposition of the triazine molecule, followed by complete destruction
of the pyridine ring.

The base-catalyzed rearrangement of 3-aminobenzo-and 3-aminopyrido-
[2,3-e]-0s-triazine-l-oxides observed first by Carbon and Tabata [3,7] takes
place with 3-aminopyrido[4,3-e]-as-triazine-l-oxide (llia) [2] in the same way.

In accordance with this, the rearrangement of the chloro derivative
(IHb) synthesized by us was also studied. The reaction with ring contraction
was found to take place only at a temperature higher by about 20 °C than need-
ed for Illa (R = H).

Unexpectedly, no 4-chloro-IH-v-triazolo [4,5-cjpyridine-l-carboxamide
(IVb) could be isolated, in spite of analogous conversions reported inthe liter-
ature.

OH

ir R=H b:R=d

In order to get a deeper insight into the process, the rearrangement
reaction of Illa (R = H) described by Lewis and Shepherd [2] was studied.
The 3-amino-l-oxide derivative (llia) could be converted into IH-v-triazolo-
[4,5-c]pyridine (Va) with 10% sodium hydroxide solution at 80°C during 30
min., in 85% yield. The product can only he isolated from the reaction mixture
at pH 3.5—4, since in more acidic or in alkaline media it remains in solution.
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This experimental result is in contradiction with the observation of
the American researchers [2], as they described also the isolation of IH-v-
triazolo[4,5-c]pyridine-l-carboxamide (1Va), in the course of the rearrangement
of Ilia into Va. No melting point was reported, only the appearance of the
carbonyl band (1755 cm-1) in the IR spectrum characteristic of compound
IVa was given as evidence. Since in our experiments the carboxamide deriv-
ative (IVa) could not be isolated, it was prepared indirectly from v-triazolo-
[4,5-c]pyridine (Va) in a reaction with potassium cyanate in acidic medium
as suggested by Carbon [7]. It was found to be a compound consisting of
white plates, its melting point being higher by almost 30 °C than that of Va;
it transformed into triazolopyridine (Va) when fused at about 300°C, or in
solution (e. g., during recrystallization from alcohol). The carbonyl hand char-
acteristic of carboxamide appears at 1790 cm=«1in the IR spectrum, together
with bands characteristic of NH2 groups (3385 and 3270 cm-1). All spectral
data were in good agreement with the corresponding values of authentic tri-
azolo[4,5-b]pyridine-l-carboxamide prepared as described by Carbon and
Tabata [3].

On the basis of our examinations it can be stated that in the course of
the rearrangement of 3-aminopyrido[4,3-e]-as-triazine-l-oxides (l11) the ring
contraction may take place through carboxamides (I1V), but the rearrangement
reaction is faster in this system than in the case of pyrido[2,3-e]-as-triazines
[3], therefore, the intermediates IV cannot he isolated.

3-Aminopyrido[4,3-e]-as-triazine-l-oxide (llia) was converted into the
1,4-dioxide with sodium tungstate and hydrogen peroxide [11] in asatisfac-
tory yield. It was found that the methods using peracids [s] 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 the
low yields and the appearance of by-products.
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The C-3 amino group — which does not give the reactions characteristic

of aromatic amines — can be converted into substituted amino derivatives
(VII) of compound Ill, by means of the method suggested by Wolf et al. [12].
Thus, when compound Ill is heated with benzylamine for 2 hrs 3-benzyl-

aminopyrido[4,3-e]-as-triazine (Vila) is formed in about 45% vyield. Chemical
evidence for the deoxidation occurring during the reaction with benzylamine
wras provided by reacting the reduction product of Ilia with benzylamine,
whereupon Vila was obtained.

The reaction of morpholine with 11l yielded 3-morpholinopyrido[4,3-¢]-
as-triazine-l-oxide (VIII) in 50% vyield. Oxidation after the reduction step
with sodium dithionite resulted in 3-morpholinopyrido[4,3-e]-as-triazine
(1X), as expected.

The experiments have shown that the above reactions with benzyla-
mine and morpholine cannot be carried out when attempted with the corres-
ponding derivatives of pyrido[2,3-e]-as-triazine. This can probably be explain-
ed by the fact that 7-broino-3-aminobenzo-as-triazine employed in the reac-
tion effected by Wolf [12] has the electron-attracting group in the same posi-
tion where the pyrido[4,3-e]-as-triazine system (llia) contains the similarly
electron-attracting nitrogen atom; thus, this latter can be regarded as the
7-aza analogue of the benzene series. These facts all suggest that successful
nucleophilic exchange of the C-3 substituent of condensed as-triazines is pri-
marily and particularly dependent on the electron-attracting effect of posi-
tion C-7.

Experimental

Spectra were recorded with the following instruments:
IR: UR-10 (Carl Zeiss) spectrophotometer; UV: UNICAM SP 800; NMR: HA-60 Varian appa-
ratus.

M. p.’s are uncorrected and were measured in capillary tubes.

4-Guanidino-3-nitro-5-chloropyridine (lib)

Guanidine hydrochloride (6.9 g; 0.072 mole) was converted into guanidine with metallic
sodium (4.55 g; 0.19 mole) dissolved in methanol (430 mb, then 4,5-dichloro-3-nitropyridine
(Ib) (14.0 g; 0.072 mole) was added to the solution. The crystals which separated during 6
hrs at 30—40 °C were filtered off. The yellow bright crystalline product (12.4 g; 79.5%) had
m. p. 232—233 °C (from i-PrOH).

C6HECLLUZ 2 (215.61). Caled. 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 (EtOH): Amax nm (log .): 263 (4.00).

TLC (CHCI3—MeOH, 80 : 20): Rf = 0.528.

3-Aminopyrido [4,3-e]-as-triazine-l-oxide (llia)

(a) The guanidine derivative lla (3.1 g; 0.017 mole) was heated in 3% sodium hydrox-
ide (60 ml) for 5 min. at 70—80 °C. First, a suspension was obtained, which dissolved for
some time, then became thicker. The product was filtered off and washed to obtain ochre-
yellow crystals (1.45 g; 84.5%), m. p. 304 °C (from EtOH) (lit. [2] m. p. 298 °C).
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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 (EtOH): Amax nm (log e): 385 (3.51); 302 (4.20); 285 (3.48).

NMR (DMSO): 6 ppm: 7.38 (d; 5-4); 8.58 (d; 6-A); 9.24 (s; 8-4);

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 with metallic sodium (20.9 g; 0.908 mole) in ethanol (1820 ml). 4-Methoxy-
3-nitropyridine (la) (114 g; 0.734 mole) was added to this solution. The reaction mixture was
refluxed for 3 hrs, and the yellow precipitate which separated was filtered off and washed with
water. 90 g (75.3%) of the product was obtained, m. p. 302 °C (from EtOH). On the basis of
elemental analysis and the UV spectrum, it is identical with the product prepared according
to (a).

3-Amino-5-ehloropyrido [4,3-e]-as-triazine-l-oxide (1llb)

3-Nitro-4-guanidino-5-chloropyridine (lib) (4.3 g; 0.02 mole) was heated with 2%
sodium hydroxide solution (60 ml) at 80 °C for 5 min., when the light-brown colour of the start-
ing material turned into yellow. The precipitate was filtered off; yellow crystals were obtained
(2.35 g; 59.7%), m. p. 325°C (from DMF).

C6HACINS0 (197.59). Calcd. C 36.45; H 2.04; ClI 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).

IH-v-Triazolo [4,5-c] pyridine-I-carboxamide (I1Va)

IH-v-Triazolo[4,5-c]pyridine (6.0 g; 0.05 mole) was dissolved in a mixture of cone,
hydrochloric acid (12.5 ml) and water (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-
tation of a white substance started. The reaction was continued for about one and a half hour;
the product was then filtered off to obtain white 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 (KBr): 3385, 3270 cm“1 (v NH,); 1790 cm"1 (> CO).

When recrystallized from ethanol, the in. p. decreased to 246 —247 °C.

IR (KBr): The characteristic bands of IVa disappeared and those characteristic of
V appeared.

IH-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)
at 80—85°C for 30 min. A cherry-red solution was first obtained, which became pale yellow
during the 30 min. It was filtered and adjusted to pH 4 with acetic acid. The crystals which
separated were filtered off (1.02 g; 85%), m. p. 246"-247 °C (from EtOH). No m. p. depression
was observed in admixture with an authentic sample.

C5H4N4 (120.12). Caled. C 50.00; H 3.36; N 46.65. Found C 50.05; H 3.29; N 46.95%.

UV (EtOH); Amax nm (log e): 258 (3.66).

(b) The carboxamide IVa (1.63 g; 0.01 mole) was recrystallized from 38 volumes of
ethanol to obtain white plates of Va in 95% vyield; m. p. 244—245 °C.

UV (EtOH): Amax nm (log s); 258 (3.65).

4-Chloro-IH-v-triazolo [4,5-c] pyridine (Vb)

The N-oxide Illb (1 g; 0.0051 mole) was refluxed in 10% sodium hydroxide (15 ml)
until the disappearance of the initial red colour and the formation of a yellow solution. This
occurred in about half an hour. The solution was filtered (after having adjusted its pH to 4
with acetic acid); white needles were obtained (0.55 g; 70%), m. p. 252—253 °C (from EtOH).

C5H3C1N4 (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 (KBr): no carbonyl band

3-Aminopyrido [4,3-e]-as-triazine-1,4-dioxide (VI)

A solution of sodium tungstate dihydrate (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 mixture was allowed to stand overnight,
then cooled at 0 °C for 2—3 hrs. The precipitate was filtered off (0.7 g; 64%), m. p. 295 °C.
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C6HBNBD 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 cm-1(v NH); 1645, 1545, 1535, 1500, 1470 cm*“1(aromatic skel-
etal vibrations); 1235 cm-1 (N—O).

3-Becnzylaminopyrido [4,3-e]-as-triazine (VII)

A solution of Ilia (0.4 g; 0.024 mole) in benzylamine (4 ml) was refluxed for 2 hrs,
a red solution was obtained from which bright crystals separated on cooling (0.2 g; 35%).
m. p. 164—166 °C (from MeCN).

Ct3HNnN5(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 aromatic CH); 3150 cm-1 (secondary NH).

3-Morpholinopyrido [1.3-e]-as-triazine-1-oxide (VI1II)

Compound Ilia (1.0 g; 0.062 mole )was refluxed in morpholine (10 ml) for 30 hrs,
then evaporated to dryness. The residue was rubbed with chloroform to obtain the product
(0.52 g; 36%), m.p. 177—179 °C (EtOH).

C10H uN502(233.24). Calcd. C51.55; H 4.76; N 30.06. Found C51.49; H 4.73; N 29.77%.

3-Morpholinopyrido [4,3-e]-as-Iriazine (1X)

Compound VIII (1.8 g; 0.077 mole) was added to an aqueous solution (40 ml) of cone,
ammonium hydroxide (1 ml) and sodium dithionite (5 g; 0.029 mole). The reaction mixture
was stirred. A 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,
ammonium hydroxide (5 ml). After 15 min. the product was extracted with chloroform,
evaporated to dryness, and the residue was crystallized from ethanol to give yellow crystals
(0.4 g; 24%), m. p. 171—173°C.

CiOHuUNB(217.24). Calcd. C55.35; H 5.11; N 32.27. Found C 55.15; H 5.00; N 32.65%.

*

The authors’ thanks are due to Dr. R. Herzschuh and Dr. R. Borsdorf (Karl-
Marx-Universitat, Leipzig), as well as to Dr. L. Buda (EGYT Pharmacochemical Works)
for the instrumental and microanalyses, and to Miss M. Lakatos for technical assistance.
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THERMAL TRANSCARBOXYLATION REACTIONS, VII*
THE RELATIVE ABILITY TO TRANSFER OF AROMATIC HYDROGENS

J. Szammer and L. Noszko**

(Central Research Institute for Chemistry of the Hungarian Academy of Sciences, Budapest)

Received August 18, 1975

An experimental method, useful under the conditions of the Henkel reaction,
has been developed for the determination of the frequency of hydrogen abstractions
from aromatic carboxylic acid salts. It has been found that the hydrogen atoms of aro-
matic potassium carboxylates are rather readily split off, except for the hydrogens of
terephthalate; the readiness of hydrogen abstraction is independent of the thermal sta-
bility of the salts.

The low reactivity of the hydrogens in dipotassium terephthalate towards the
reactive intermediates of the thermal conversion is in agreement with the experience
that this compound is the main product of the Henkel reaction.

During the thermal transformations of the potassium salts of benzene-
carboxylic acids [1], the formation of a number of carboxylic acid salts has
been observed. The relative amounts of these salts have been found to change
as the reactions proceed [2—5]. The main product of this process, mentioned
in the literature often as the Henkel reaction, is dipotassium terephthalate,
which appears and becomes predominant in the later stages of the reaction.

According to the intermolecular mechanism (Fig. 1) of the reaction [6 —9],

Fig. 1

*Part VI; Radiochem. Radioanal. Lett. 21, 241 (1975)
** Present address: Budapesti M(iszaki Egyetem Alkalmazott Kémiai Tanszék (Depart-
ment of Applied Chemistry, Technical University, Budapest)
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the reactive intermediates of the transformation are proton-deficient salt mole-
cules [9]; these are formed by decarboxylation and the splitting off of hydro-
gen. This hydrogen abstraction by the reactive fragments is an individual
stabilization and reproduction process (Fig. 2) resulting in intermolecular
transprotonation [9, 10], which is the prerequisite of the repeated migration
of the carboxyl group.

COOK COOK

The hydrogen abstraction steps shown in Figs 1 and 2 will undoubtedly
also occur in the reaction products, affording the possibility of their further
transformations, even in the case of otherwise thermally stable salt molecules.
Obviously, the higher the relative frequency of the abstraction of hydro-
gen from a carboxylic acid salt present in the Henkel reaction, the more the
stability of this salt decreases in the presence of reactive fragments. This
relationship is expected to lead to a better understanding of the detected prod-
uct composition.

For a study of the relative proneness to splitting off of aromatic hydro-
gens, an equimolecular mixture of perdeuterated potassium benzoate and a
non-deuterated salt was thermally decomposed and the amount of benzenes
formed in this reaction was determined by mass spectrometry.

C«J)*COOK CiiDo + iCColhCOOK

'oH,,(COOK)6 _,, CeDsH.4- K+T’«H, ,(COOK)(,,
Fig. 3

As shown in Fig. 3, the produced fragment (K+ ”CeD5) abstracts deute-
rium from the benzoate, and hydrogen from the carboxylate present to give
the benzenes CeDs and CeD3H, respectively. The ratio of the relative rates of
the hydrogen- and deuterium abstractions is thus characterized by the ratio
of the amounts of the CsDe and CsD5H formed. This ratio can be determined
by mass-spectrometric analysis.

From the experimental results in Table I, the relative hydrogen reactiv-
ity values referred to the hydrogens of potassium benzoate (k~jk”) were
calculated on the basis of the following considerations.
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Table 1

Results of thermogravimetric and mass-spectrometric measurements

Decomjm., °C

Teomp., Time,

Salts® . DTG c min. vsb v.b
Initial peak

KB-d6 430 520 450 20 0.008 0.992
K2P

+ 460 540 430 10 0.660 0.340
KB—d5
KNP

+ 490 540 430 10 0.639 0.361
KB—d5
K2Zre 430 10 0.034 0.966

+ 540 600 450 5 0.050 0.950
KB—d5 410c 15 0.080 0.920
K3rM

+ 470 520 430 10 0.631 0.369
KB—d5
K3rs

+ 480 520 430 10 0.469 0.531
KB—d5
K3HM

+ 470 530 430 10 0.550 0.450
KB—d5

a KB-d5= perdeuterated potassium benzoate; P = phthalate;

IP = isophthalate; TP = terephthalate; TM = trimellitate; TS = trimesitate; HM =
hemimellitate.

bmole fraction of benzene containing 5 or 6 atoms of deuterium

0 Composition of the salt mixture, KZIP : KB—d5: KOCN m 1:1:15

The rates of formation (We and W5 of the benzene molecules CeDe and
sH, can be written as follows:

= 5 fcg [CeDs] [CeD3COOKJ
W5 = n kpl [CeD5] [CeHn (COOK)0_n]
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Division of Wb by We gives Eq. (2):

Wj, = n fP [CeHN(COOK)6 nj
W, ~ 5 /eg [CdDsCOOK] )

The quotients of the corresponding rate constants were calculated from
Eqgs (1) and (2), by satisfying the following criteria and utilizing the simplifica-
tions below:

1. The tests were carried out on benzene samples removed in such an
initial phase of the thermal transformation when intermolecular H—b exchange
did not yet interfere.

2. The small material requirement of mass-spectrometric analysis per-
mitted to make measurements at very low conversions. Therefore, in the above
equations one may calculate with the starting molar ratios.

3. From the intensities corresponding to the mass numbers for the mole
fractions Ys, YKwe have

B, )
N and Y , where the numbers of benzene molecules
B5+ B 6 B bs+ bg

with isotope composition CeD5H and C® Gare denoted by Bsand Be, respective-
ly.
In time t the amounts of Bs and BGformed are

B6= J Wedt = Y8 (B5+B G and

Bs - Wsdt = ¥Ys (B5+ Be).

Substitution of these in Eq. (2) gives

n [CEG N(COOK)Gn]
5 fcg [CsDsCOOK] (3)

4. The term for the quotient of the salt concentrations in Eq. (2) can
be substituted by the ratio Xg/Xg, which is the number of moles of salt pre-
sent in the salt mixture.

5. According to former studies [11, 12], in the reaction step of hydro-
gen- and deuterium abstraction from the benzoate molecule, the primary
kinetic effect is:

2.20, at 430 &, and

-N+- = 2.15, at 450 °C
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If these conditions are fulfilled and, using the simplifications and the substi-
tutions mentioned above, the relative hydrogen reactivity values at 430 °C,
referred to the benzoate hydrogens, can be calculated.

n 5 Ys XB
k% 220 n Ye Xg

It is known [13] that the proneness of benzoate hydrogens to undergo split-
ting off considerably depends on their positions, thus the expression deduced
above is merely an average value indicating the ratio of the average readiness
of abstraction of the hydrogens from two different carboxylic acid salt mole-
cules.

The tests for hydrogen mobility were carried out in 1 : 1 molar mixtures
of the salts listed in Table I, at 430 °C. In the case of dipotassium terephtha-
late, measurements were also made at 450 °C, above the melting point of potas-
sium benzoate, and at 420 °C, in a KOCN solution.

Table 11

The relative reactivities of aromatic hydrogens in thermal transformation reactions

Salts a Temp., Time, i noke
°C min. B 5 L(E

KB _ _ 1 1
K2 + KB-d5 430 10 1.10 0.88
K,IP + KB-d5 430 10 0.95 0.76
KZIP + KB-d6 430 10 0.02 0.02
450 5 0.03 0.02
in KOCN ¢ 410 15 0.05d 0.05
K3IM + KB-d5 430 10 1.30 0.78
K3rsS + KB-d5 430 10 0.67 0.40
K3HM + KB-d5 430 10 0.926 0.56

aKB-d5= perdeuterated potassium benzoate; P = phthalate; IP = isophthalate; TP =
terephthalate; TM = trimellitate; TS = trimesitate; HM = hemimellitate.

b Frequency of carbanion formation, in an equimolar salt mixture, referred to the benzoate.

¢ Composition of the salt mixture, KZI'P : KB-d6: KOCN = 1:1: 15.

--—---= 2.20 was used in the calculations.

fcB
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According to Table Il, under the experimental conditions here prevail-
ing, there is a significant difference between the readiness for abstraction of
the hydrogens of the various potassium salts of benzenecarboxylic acids.
Interestingly, under the conditions of the Henkel reaction practically no
abstraction of hydrogen occurs from the dipotassium terephthalate molecule.
This is in good agreement with the experience that dipotassium terephthalate
is the end-product of the thermal transcarboxylation reaction. The low reactiv-
ity of the terephthalate hydrogens towards the reactive intermediates of the
thermal transformation is a characteristic feature that qualitatively distin-
guishes the terephthalate molecule from the intermediary carboxylates
observed in Henkel reactions. The experimental result also explains the reason
why dipotassium isopthalate is not an end-product of this reaction, though
it is produced at a much higher rate [2—5] in the thermal process and is, accord-
ing to thermogravimetric measurements, stable under the given experimental
conditions.

The results obtained by experiments in KOCN, and the fact that in most
cases decomposition occurs at430 °C in the solid phase, cast doubt on the sugges-
tion that the transformation into terephthalate is due to its separation from
the reaction mixture as a crystalline product. Hydrogen abstraction, e.g.
from dipotassium isophthalate, takes place also in the solid phase, whereas
from dipotassium terephthalate the splitting off of hydrogen is very slight
even is KOCN solution.

In the literature [10] the possibility has been suggested that the first
step of this thermal transformation is the dissociation of a proton; according
to this, the transformation of potassium benzoate might be represented as
shown in Fig. 4.

CeH5COOK ;= HO® + ©CsH4COOK

CeH5COOK + HO — > CeHe + CO, + KO
©CeH4COOK -f C02 + K® — > CoH4(COOK)2

Fig. 4.

Our experimental results seem to exclude this mechanism because

1. the catalytic effect of Cd and Zn is due to the formation of Cd- and
Zn-carboxylates, and it is the low thermal stability of these compounds which
accelerates the decarboxylation step [9, 14].

2. There is no intermolecular H—b exchange preceding [11] the thermal
transformation of potassium benzoate.

3. According to the data in Tables I and Il, in the case of the various
carboxylic acid salts, there is no connection between the thermal stability
and the mobility of the hydrogens, i. e. a relatively low thermal stability docs
not go together with a relatively high mobility of hydrogen, as one would
expect it on the basis of the scheme in Fig. 4.
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Experimental

Materials

The aqueous suspensions of the aromatic carboxylic acids were neutralized with an
equivalent amount of KOH. The salt solutions were evaporated to dryness and dried in vacuum
(1 torr) at 200°C. The purity of the salts was checked by the determination of potassium. The
salt mixtures were prepared by weighing out the components in 1 : 1 molarratio 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 bromination [15]. The bromobenzene-Hf (b. p. 154—155 °C)
was converted in abs. ether solution into phenylpiagnesium bromide, and this was carboxylat-
ed with CO02 [13]. The benzoic acid was recrystallized from water; m. p. 121 °C, yield 62%
(calculated for benzene-H2). For the determination of the deuterium content, a 0.5-g sample
of the perdeuterated potassium benzoate, used in preparing the salt mixtures, was kept at
460 °C for 1 hr. According to the mass-spectrometric analysis of the resulting benzene, the
deuterium purity was 99.7%.

Method

From the 1:1 molar salt mixtures a sample containing 10 millimoles of the two salts
each was weighed into a quartz flask, which was connected to an evacuation system. After
evacuation (1 torr) the flask was put into a metal bath thermostat which maintained the
temperature given in Table I, within + 1°C accuracy. Evacuation was continued for one more
minute after thermostating, then the suction cock was closed and the benzene formed in the
reaction was frozen with liquid air.

The samples of benzene were analyzed on an Ms-902 mass spectrometer. The accuracy
of these determinations was + 1%. After decomposition, a known amount of potassium ben-
zoate 7-14C was added to the aqueous solution of the salt mixtures, followed by acidification
with HC1. The aromatic carboxylic acid which separated was filtered off, dried, and benzoic
acid was extracted with 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 radioacitivity of the benzoic acid thus prepared was determined in tolu-
ene solution, with a Packard Tri-Carb liquid scintillation spectrometer. From the radioactivity
values the amount of potassium benzoate left was calculated according to the isotope dilution
method. Under the experimental conditions shown in Table I, the conversion ofperdeuterat-
ed potassium benzoate was less than 3% in every case.
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A method has been developed which permits the transformation of carboxylic
into carbaldehyde groups in the presence of ester groups.

Owing to their exceptional and manifold reactivity, aldehydes occupy
a central position in organic synthesis. The development of simple and, possi-
bly, selective methods for the introduction of the aldehyde function is there-
fore highly desirable. Methods for the synthesis of aldehydes based on the
reduction of suitable heterocyclic compounds have been recently described
in a series of papers by Meyers et al. (see, e. g. [1, 2]). By replacing
the dihydro-1,3-oxazine, 2-oxazoline rings, etc. of the starting compounds
in the Meyers 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 method.

The starting point of our studies was the observation that NaBHa4
reduction of the oxo-as-triazinoquinazolium salt 1, obtained in a three-step
process starting with 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 modified forms) into the aldehyde group, the re-
agent 2 and the intermediate 1 had to be replaced by simpler ones.

The s-triazolinethione 3 and the s-triazol 4 [4] were first tested as start-
ing substances for the preparation of quaternary heterocyclic compounds
related to 1. Treatment of the thione 3 with triethyl orthoformate, Ac=0/HC1
and benzoyl chloride, followed by ring closure with A=0/HC1, and benzoyl
chloride, followed by ring closure with A=0/HC1 furnished the s-triazoloqui-
nazoliniumthiolates sa-c; methylation of the latter with methyl iodide gave
the S-methyl derivatives 6a-c. Alternatively, compounds 6b and 6c were
obtained by successive treatment of the amino-N-acetyl and ammo-iV-ben-
zoyl derivatives of 4 with A=0/HC1 and aqueous KIl. The best method for
the preparation of the type 6 compounds, however, was successive treatment
of compound 4 with the appropriate carboxylic acid in the presence of POCIs
and pyridine, and with aqueous alkali iodide.

Acta Chim. (Budapest) 90, 1976



420 DOLESCHALL: A NOVEL ALDEHYDE SYNTHESIS

Compound eb was reconverted by acid hydrolysis into compound 4,
while alkaline treatment furnished the quinazolinone 7. In the presence of
aqueous methanolic NaOH an 0-methyl derivative ¢s or 9) of 7 was formed
which, when treated with KI/AcOH, was reconverted into sb.

NaBHa4 reduction of compounds eb-e furnished the type 10 tetrahydro-
s-triazoloquinazolines* whose isolation proved difficult and which, therefore,
were in general immediately hydrolyzed to the corresponding aldehydes;
the latter were isolated as their condensation products A2 [3, 5] formed with
the triazinone 2. The only type 10 compound which has been isolated (10b)
is shown by its NMR spectrum to exist as a mixture of two diastereomeric
racemic pairs.*

The efficiency of the new method may be rated on the basis of the overall
yields (64% and 53%, respectively) of the conversions of methyl hydrogen
succinate and methyl hydrogen terephthalate via 6 and 10 into methyl succi-
naldehydate and terephthalaldehydate, respectively, isolated in the form of
their type 12 condensation product. These two examples serve also to demon-
strate the selectivity of the new method which permits to reduce carboxylic
into carbaldehyde groups in the presence of ester groups.

The disadvantage of our method is the rather difficult accessibility of
the required reagents (3or4). Presently, attempts are made to replace the latter
by more readily accessible ones.

Experimental

1-Phenyl-s-triazolo |2,3-c| quinazolin-4-ium-2-ihiolates (5)

(a) A mixture of the thione 3 [4] (2.0 g; 7.45 mmoles), triethyl orthoformate (10 ml)
and AcOH (2 ml) was refluxed for 10 min. A clear solution resulted temporarily, but the prod-
uct soon started to precipitate from the hot solution. The mixture 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 introduced for 10 min. into a boiling mixture of the thione 3 [4]
(30 g; 0.112 mole) and Ac,,0 (100 ml). The mixture was allowed to cool. Anhydrous ether (300
ml) was added to precipitate 26 g (79%) of 5b (which was triturated with 5% aqueous NaHCO03
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 mixture of the thione 3 [4] (2.0 g; 7.45 mmoles), PhCOCI (0.93 ml; 8 mmoles)
and dry dioxane (15 ml) was refluxed for 30 min. 5% aqueous NaHCO03(50 ml) was then added
to the clear yellow solution to precipitate an oil which gradually solidified. 2.7 g (98%) of omi-
no-1V-benzoyl-3, m. p. 254—255 °C (nitromethane), was obtained.

C21H ,6N40S (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 cm -1

Dry HC1 gas was introduced for 10 min. into a boiling mixture of the crude benzoyl
derivative (2.7 g; 7.25 mmoles) in Ac2D (10 ml). The mixture remained heterogeneous through-
out. It was allowed to cool, and ether (30 ml) was added. The crystalline product was tritu-
rated with 5% aqueous NaHCO03to yield 2.1 g (82%) of 5¢, m. p.284—285 °C (DM 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 out for these compounds.
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5, 6, 10—12
R
a H—
b Me—
c Rh—
d Rh—CH2—

e MeOOC—t:2H4—
f  /nMeOOC—Cr.H<—

‘Tautomeric structure unknown
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2-Methylthio-l-phenyl-s-triazolo [2,3-c] quinazolin-4-ium iodides (6)

(a) A mixture of 5a (0.6 g; 2.15 mmoles), dry DMF (6 ml) and Mel (2 ml) was allowed
to stand overnight (the mixture remained heterogeneous throughout) to yield 0.7 g (77%)
of 6a, m. p. 315—318°C (anhydrous EtOH).

C,6H ,3LN4S (420.28). Calcd. | 30.20; S 7.65. Found | 30.24; S 7.85%.

(b) Methylation of 5b (26 g; 89 mmoles) and of 5¢ (1.5 g; 4.2 mmoles) were carried
out 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 with the samples obtained according to (d)
and (r), respectively.

(c) Compound 4 [4] (2.0 g; 7.1 mmoles) was boiled up with 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. 219-220 °C (EtOH).

C,HIBNAS (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 cm -1

?<MR (CDC13: 6 11.0, bs, 1H, NH; 8.6, dd, J ~ 8 and 15 Hz, 1H, 7-H; 7.7—6.75, m,

8 H, other ArH’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 mixture of compound 4
(6.0 g; 21.3 mmoles) and Ac20 (40 ml). The mixture was allowed to cool and ether (100 ml)
was added to yield the crystalline chloride 6b (with CI® replacing 1©). The latter was dissolv-
ed in water (20 ml), and 20% aqueous KI (40 ml) was added to precipitate 8.5 g (92%) of
6b, m. p. 347—349 °C (anhydrous MeOH).

C,,H,5IN4S (434.31). Calcd. | 29.22; N 12.90; S 7.38%. Found | 29.57; N 13.05; S 7.40%.

IR (KBr): 1635, 1560, 1535 cm -1

(e) Treatment of the aqueous solution of the above chloride with 20% aqueous NaBF4
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 BF4© band —
identical with that of 6b.

f13 A mixture of compound 4 [4] (10 g; 35.4 mmoles), PhCOCI (4.2 ml; 45 mmoles)
and anhydrous dioxane (80 ml) was refluxed for 30 min. After cooling, 5% aqueous NaHCO03
(200 ml) was added to precipitate an oily product which gradually solidified (13.5 g). Recrys-
tallization from EtOH (100 ml) furnished 8.9 g (65%) of the amino-1V-benzoyl derivative of
4, m. P. 172 °C.

C2H ,gN40S (386.46). Calcd. C 68.37; H 4.69; S 8.30. Found C 68.40; H 4.69; S 8.28%.

IR (KBr): 1670 cm-1

NMR (CDC13: S 11.9, bs, 1 H, NH; 8.85, dd, J =8 and 15 Hz, 1H, 7-H; 8.3-8.15,
m, 2 H, PhCO, o-H’s; 7.7—6.75, m. 11 H, other ArH’s; 2.75, s, 3 H, S—Me.

Dry HC1 gas was introduced for 10 min. into the refluxing mixture of the above prod-
uct and Ac20 (30 ml). After cooling, ether (250 ml) was added to the resulting solution to
precipitate an oily product which gradually solidified. The latter was dissolved in MeOH (60
ml), and 20% aqueous K1 (60 ml) was added to precipitate 10.75 g (94%) of 6¢c, m. p. 296 —
297 °C (d.: DMF>.

C2H, IN4S (496.38). Calcd. C 53.23; H 3.45; | 26.32; S 6.46. Found C 53.62; H 3.42;
I 26.32; S 6.90%.

IR (KBr): 1620, 1560, 1530 cm"1

(g) POC13 (5.6 ml; 60 mmoles) was added, with stirring, to a mixture of 4 [4] (10 g¢;
35.4 mmoles), phenylacetic acid (4.8 g; 35.4 mmoles) and anhydrous pyridine (30 ml) by drops
at such arate that the mixture came to boiling. The excess POC13was decomposed with anhy-
drous MeOH (30 ml), and an aqueous (40 ml) solution of Nal (25 g) was added to the warm
solution. The mixture was chilled at 0 °C to yield 10.7 g (60%) of 6d, m. p. 318—320 °C (d.;
EtOH).

C,3H I5IN4S (510.40). Calcd. C 54.12; H 3.75; | 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 (16.59; 92%), m. p. 282—284 °C (d.; MeOH) was obtained similarly by reacting
4 (10 g; 35.4 mmoles) and methyl hydrogen succinate (4.8 g; 36 mmoles) with POCi3 (4.8 ml;
50 mmoles) in anhydrous pyridine (30 ml).

C20H 19N 40,,S (506.37) Calcd. C 47.44; H 3.78; | 25.07; N 11.06; S 6.33. Found C 47.98;
H 4.25; 1 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.; MeOH) was obtained similarly by reacting 4 (10
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g; 35.4 mmoles) and methyl hydrogen terephthalate (6.5 g; 36 mmoles) with POCI3 (4.8 ml;
50 mmoles) in anhydrous pyridine (40 ml).
C24H 19IN 40 2S (554.41). Calcd. | 22.89; N 10.11; S 5.78. Found | 23.21; N 10.25; S 6.37%.
1R (KBr): 1720, 1620, 1560, 1530, 1280, 1110 cm->.

Hydrolysis of 6b

(a) A mixture 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 mixture of
5% aqueous NaHCO03(40 ml) and DMF (20 ml) to yield, on cooling, 1.15 g (88%) of compound
4, identical according to m. p. (142—143°C, i-PrOH), mixed m. p. and IR spectra with an
authentic sample [4].

(b) 43V NaOH (8 ml) was added at 0 °C, with stirring, to a mixture of 6b (5.0 g; 11.1
mmoles) and dioxane (25 ml). Stirring was continued at room temperature until a clear solu-
tion resulted. Water (75 ml) was added to precipitate 2.6 g (72%) of the quinazoline compound
7, identical according to m. p. (207 °C; EtOH), mixed m. p. and IR spectra with an authentic
sample, prepared as described below.

The same product was obtained when compound 6b was refluxed with 5% aqueous
NaHCOa.

Methanolysis of compound 6b

4 N aqueous NaOH (3 ml) was added at 0 °C, with stirring, to a mixture of 6b (5.0 g;
11.1 mmoles) and MeOH (25 ml). Stirring was continued at room temperature until a clear
solution resulted. Water (75 ml) was added to precipitate a partly crystalline gummy product
which was taken up in two 50-ml portions of ether. The combined ethereal solutions were
washed with water and dried over MgS04. Evaporation of the solvent in vacuum furnished
25 g (66%) of compound 8 (or 9), m. p. 137 °C (benzene-pentane).

C18H 18N40S (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%.

NMR (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, ArH’s.

The above product (0.3 g; 0.9 mmole) was dissolved in a mixture of MeOH and 20%
aqueous K1 (3 ml, each), and the mixture was acidified with AcOH. Water (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 with an authentic sample.

3-(I-Anilino-I-methylthiomethyleneamino)-2-methyl-4(3H)-quinazolihone (7).

A mixture of 3-amino-2-meth} 1-4(3 H)-quinazolinone [6] (5.0 g; 33 mmoles), PhNCS
'4.8 ml; 40 mmoles) and anhydrous EtOH (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 (EtOH).

C16H 14N40S (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 treated with
Mel (0.31 ml; 5 mmoles) and 5% aqueous NaHCO03 (5 ml); the resulting product was recrystal-
lized from EtOH (90 ml) to yield 0.7 g (69%) of compound 7, m. p. 207°C.

C ., HeN4OS (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 (KBr): 3200, 1655, 1600, 1550 ¢m -1.

NaBH4 reductions of the s-triazoloquinazolinium iodides 6

(a) An aqueous (20 ml) solution of NaBH4 (1.6 g; 42 mmoles) was made alkaline by
the addition of a few drops of 10% aqueous NaOH, then it was added by drops, with stirring
and ice-salt cooling, to a mixture of 6b (15 g; 33.3 mmoles) and MeOH (50 ml) at such a rate
that the temperature did not exceed 3—5 °C*. 8.75 g (85%) of 10b was obtained, colourless
needles, m. p. 145—146 °C (nitromethane).

CIM 18N4S (310.41) Calcd. N 18.05; S 10.33. Found N 17.92; S 10.41%.

* At 20 °C, overreduction, i. esaturation of the exocyclic N = Cbond of lib took place.
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NMR (CDC13: & 7.5—6.5, m, 9H, ArH’s; 44—3.8, m, 3H, 5-H + 6-H + 10 bH;
2.43, weak s, + 2.38, s, total intensity 3 H, S—Me; 1.34, d, J = 7.2 Hz -f- 1.18, weak d,
J — 6 Hz, 5-Me (two diastereomeric racemic pairs?).

(b) A mixture of crude 10b (5.0 g; 16.1 mmoles), water (50 ml) and cone. H2S04 (10 ml)
was subjected to steam distillation. The recipient, into which a solution of the triazinone 2
(3.76 g; 16.1 mmoles) in a mixture of MeOH (40 ml) and AcOH (5 ml) had been placed, was
cooled in ice-water. 2.43 g (58%) of the as-triazinoquinazoliumolate 12b was obtained which,
according to m. p. (244—246°C, DMF), mixed m. p. and IR spectra proved identical with an
authentic sample [3,5].

(c) An aqueous (10 ml) solution of NaBH4 (0.67 g; 18 mmoles) was made slightly alka-
line with 10% aqueous NaOH and added by drops, with stirring and ice-salt cooling, to a
mixture of 6¢ (7.0 g; 14 mmoles), DMF and MeOH (20 ml, each) at such a rate that the tem-
perature did never exceed 3—5 °C. Water (100 ml) and cone. HC1 (10 ml) were added. The mix-
ture was boiled up, allowed to cool and extracted with three 50-ml portions of ether. The com-
bined ethereal solutions were washed with 5% HC1, water, 5% aqueous NaHCO03 and water,
and dried over MgS04. Fractional distillation furnished 1.2 g (80%) of PhCHO, b. p. 70—
72° C (20 torr), identified as its condensation product 12c [3,5] formed with the triazinone 2.

(d) Compound 6d (5.0 g; 9.8 mmoles) was reduced with NaBH, (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
mixture was stirred for 30 min. and heated to the b. p. Water (50 ml) was added to the hot
solution from which 1.7 g (52%) of 12d, m. p. 226—227°C (DMF), separated on cooling.

CI18H 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
with NaBH4 (1.3 g; 35 mmoles) as described under (c). AcOH (15 ml) and 2 (7.0 g; 30 mmoles)
\(Nere z;dded, and the mixture was stirred for 30 min. to yield 7.6 g (70%) of 12e, m. p. 241 °C
DMF).

Ci6H 1(N40 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 similarly reduced. The resulting mixture was
acidified with AcOH. W ater was added to precipitate a yellow product (2.7 g). This was reflux-
ed for 5 min. in a mixture of AcOH (10 ml) and water (20 ml).

W ater (40 ml) was added, and the resulting methyl terephthalaldehydate was extracted
with three 20-ml portions of ether. The solvent was evaporated and the residue treated with
compound 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 0354 (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—O0-Verbindungen

Herausgegeben von J. Falbe, Georg Thieme Verlag, Stuttgart, 1975

Academic Press New York, San Francisco, London

Methodicum Chimicum gibt eine kritische Ubersicht bewdhrter Arbeitsmethoden und ihrer
Anwendung in Chemie, Naturwissenschaften und Medizin.

Band 5 des Methodicum Chimicum beschreibt bewé&hrte und aussichtsreich erscheinende
Methoden zur Herstellung von Kohlenstoff—Sauerstoff-Verbindungen. Altbewdhrte Synthesen
sind nur kurz Umrissen, wédhrend moderneren Verfahren breiter Raum gewidmet wird. Dieses
Werk berticksichtigt nicht nur wissenschaftliche Aspekte, sondern bietet auch den in der In-
dustrie tatigen Chemikern wertvolle lIdeen. Viele der beschriebenen Verfahren besitzen erheb-
liche wirtschaftliche Bedeutung und haben in groBem Umfang industrielle Anwendung gefun-
den. Methoden, denen sich in absehbarer Zeit Mdglichkeiten fir eine technische Realisierung
erdoffnen, werden besonders ausfuhrlich behandelt.

Band 5 des Methodicum Chimicum wurde wegen der Fulle des zu bewéltigenden Stoffes
von insgesamt 40 Autoren bearbeitet. Dieses Handbuch gibt keine Rezepte fur die Herstellung
der einzelnen Verbindungen. Die vorhandenen Methoden sind im allgemeinen beschrieben
und gegeneinander kritisch abgewogen. Die ausfiihrlichen Inhaltsverzeichnisse, zahlreiche
Formelbilder, die Ubersichtstabellen und der klare Aufbau der einzelnen Kapitel erleichtern
die Suche nach den gewiinschten Informationen.

Die Originalliteratur wurde bis 1972 beriicksichtigt (Uber achttausend Literaturanga-
ben), in Einzelféllen bis 1974. Zur detaillierten und ausfihrlichen Information werden auch
ausgewahlte Ubersichtsartikel zitiert.

Die ersten zwei Kapitel sind der Herstellung von Alkoholen und Phenolen gewidmet.
Die Ather und Epoxide schlieBen sich an. Die Synthesen der Aldehyde sind im néchsten Kapi-
tel beschrieben. Wegen ihrer Verwandschaft zu den Aldehyden werden anschliefend die Ketone
behandelt. Die Ketene beschreibt Kapitel 6 ausfiihrlich. Kapitel 7 ist den Acetalen gewid-
met. Die Synthesen der Carbonsduren, Carbonsdureanhydride und Carbonsdureester sind in
den folgenden drei Kapiteln beschrieben. Die Lactone werden in Kapitel 11 recht ausfuhrlich
behandelt. Die letzten zwei Kapitel umfassen die Oxyde des Kohlenstoffes sowie Kohlensdure-
ester und die Perverbindungen.

Band 5 des Methodicum Chimicum ist ein ausgezeichnetes und modernes Nachschlage-
werk, wertvoll fir den in der theoretischen und industriellen Forschung t&tigen Chemiker.

B. Bordas

J. D. Dunitz, P. Hemmeyich, R. H. Holm, J. A. Ibers, C. K. Jérgensen,
J. Neilands, D. Reinen and R. J. P. Sittiams (editors): Structure and Bon-
ding, Volume 23 Biochemistry

Springer-Verlag Berlin, Heidelberg, New York, 1975. 193 pages; Index to Vol. 1—23

The series “Structure and Bonding” issued at irregular intervals, is a collection of high-
est-level review articles on diverse aspects of the central theme pointed out by the title. Some
of the papers published in former volumes were written by authors doing substantial research
work on the very frontier of modern structural-theoretical chemistry.
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The present 23rd volume, published in 1975, has the subtitle ,Biochemistry”. Judged
by the index containing all papers of the 23 volumes published, truely biochemical questions
were dealt with in roughly half of the studies. Of the four papers making up the present volume,
two (J. A. Fee’s study on Copper Proteins and M. F. Dunn’s paper on Zinc lon Catalysis)
deal with really biochemical topics. The two others (Schneider’s paper on Metalloporphyrin
Formation and M. Orchin and D. M. Bottinger’s work on Hydrogen-Deuterium Exchange
in Aromatic Compounds) are less directly related to biological macromolecules.

Both metallo-enzyme topics are dealt with consciously from the point of view of molec-
ular mechanisms only, the physiological aspects being neglected. Both are excellent synthe-
tising surveys made with all the rigours of modern structural and physical chemistry. The two
other studies of the volume are written similarly with the high level of concentration and depth
of treatment, well in line with the high standards of the editing house. The quality of printing
and illustrations is also of the traditional Springer level.

E. Biro

Nicholas B. Peterson: Edible Starches and Starch-derived Syrups,

Noyes Data Corporation, Park Ridge, New Jersey, U. S. A., London, England, 1975 (427
pages, 27 figures, list of inventors and U. S. A. Patents)

Endeavours towards enlarging the choice of food-products, as well as the diverse possi-
bilities of utilization of starch and the great development in the production of starch deriva-
tives have resulted in a very marked increase in the use of starch and its derivatives in the food
industry. Peterson gives a comprehensive survey of this field in this book, published as the
24th volume of the series Food Technology Review. Actually the subject-matter of the pre-
sent book is the review of U. S. Patents granted since 1968 concerning edible starch and its
derivatives. More than two hundred processes are surveyed which are grouped according to
the types of products.

The first two chapters following the Introduction are devoted to the production of
starch and to the procedures suitable for the removal of foreign substances from crude starch.
Besides the patents providing improvement of the conventional techniques, the author also
reviews the possibilities of direct utilization of starch in the food industry. In the third chap-
ter the advancement achieved in the technique of production of gelatinised starches and relat-
ed starch products is described. Fields of utilization like in puffed products and easily di-
gested nutriments, etc., are also discussed.

The most important derivatives, starch esters and ethers are treated in the next two
chapters. Although the use of starch esters and ethers in the food industry is rather restricted
by the respective food acts, the ample material presented in these chapters is very interesting.
It clearly illustrates how different substituents provide possibilities for changing the physical
and chemical properties of starch in away favourable forthe consumers. The sixth and seventh
chapters deal with the new procedures available for the preperation of components of starch
(amylose and amylopectin) and of its decomposition products. The author emphasizes the
increasing use of enzyme preparations and the prospects of further development provided
by them.

Y The last four chapters of the book are concerned with the production of starch syrup,
starch sugar, maltose and other oligosaccharides, as well as fructose from starch hydrolysates.
The abundance of patents in this field clearly reflects that the increase in sugar prices opened
up new possibilities for the utilization of starch hydrolysates.

The book written by Petersen gives valuable information primarily for experts in
the given field, for production engineers and those working on the development of new prod-
ucts, by surveying the literature on patents which are often hardly accessible and less stud-
ied. At the same time, it may also be useful for those working on food research and in educa-
tion; the volume may be of assistance in choosing the directions of further research projects, too.

R. Lasztity
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Delbert J. Eatough, James J. Christensen and Reed M. Izatt: Experiments
in Thermometric Titrimetry and Titration Calorimetry

Brigham Young University Press, Provo, Utah, USx\

In the middle of the fifties, the technique of measuring temperature reached such an
advanced state that analytical methods based on enthalpy changes became comparable with
other instrumental 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 monographs dealing with these methods. Another supplement to the sever-
al monographs published since the sixties is the present book. It was edited first in 1973 and
the revised edition was published in 1974.

In the monograph the authors give a concise survey of the theory of thermometric
titration.

Within the subject, particular attention has been paid to the exact determination of
the end-point of the titration and to the possibilities of increasing the sharpness of end-point
detection. Along with the theoretical considerations, practical problems have also been treated,
such as measuring techniques and the evaluation of the results.

A separate chapter is devoted to the calibration of the apparatus. This is of decisive
importance particularly when thermometric titrations are used for the determination of reaction
heats, heats of complex formation and other molar enthalpy changes. Several practical exam-
ples are presented in order to demonstrate the analytical applications of thermometiic titration,
like the titration of sodium hydroxide, carbonate or acetate solutions with hydrochloric acid;
of boric acid or hydrochloric acid solutions by means of sodium hydroxide; and of cerium(I1V)
ions by iron (Il1) standard solutions.

Other possibilities of the widespread practical applications of thermometric titration
are illustrated on several further examples. Using pyridine as the model compound, the A H
values and log K values of its reactions with hydrochloric acid and acetic acid are determined
from calorimetric data.

Another example presented to point out the applicability of the technique in reaction
kinetic studies is the determination of the rate of hydrolysis of ethyl acetate in alkaline me-
dium.

When mercury(Il) perchlorate solution is titrated with sodium chloride solution, the
formation of HQCI2 can clearly be distinguished from the formation of the complex taking
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 at the end-point of the thermometric titration.

Finally, some examples are given for titrations in non-aqueous media, such as the ti-
tration of phenol with pyridine in cyclohexane, yielding thezIH and log K values for the reaction
between a donor and an acceptor. In another case, dilution of a phenol solution in carbon tet-
rachloride is utilized for the determination of the log K value belonging to the dissociation
constant and the AH value, that is, the ehange in enthalpy due to dissociation.

The carefully selected examples give a comprehensive picture of the present possibilities
of practical applications of thermometric titration. Detailed description of the experimental
technique and of the method of calculating the results affords great help to the users of the
book in solving related problems in this field.

I. Sajo

Irradiation in Chemical Processes. Recent Developments.

(Ed.: M. W. Ranney). Noyes Data Corporation, 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 extracts of practical use to the chemist
from American patents related to the topic indicated in the title. 207 patents are cited, covering
the period from 1970 to the end of 1974. From a practical aspect, the patented material can
be classified into the following main groups:
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(a) organic synthetic photochemistry;

(b) photochemistry of polymers, including adhesives, printing inks and polymer mixtures
employed for various purposes;

(c) photochemistry of polyolefins, a separate chapter dealing with the special applications
of photo- and radiochemistry.

The material within these individual groups is extremely ramified. Besides special
synthetic and polymerization methods, one can find accounts of photochemical reactors with
various purposes, sensitizers and photostabilizers, together with the utilization of special
photochemical methods in tyre manufacture; similarly, although this is mentioned only as
an interesting feature, an account is also given of a patented preparation of tube systems used
in space ships to repair damage by means of ultraviolet radiation, without human intervention.

In addition to the extremely useful practical information, the volume provides an
excellent illustration of the fact that the practical application of photo- and radiochemical
reactions is becoming increasingly more widespread and is now established in the most varied
fields of chemistry, including some where this would not have been thought feasible even
1—2 years ago. The explanation of this is to be found in the introduction to the volume, where
it is stated that the spreading of photo- and radiochemical methods increases in parallel with
the decrease of the costs of producing the radiation energy. In the view of the author, the cost
of producing 1 megarad/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,
polymerization reactions without initiators, i. e. without the addition of foreign substances,
or the variation of the properties of various polymers by grafting, to mention only a few
examples), it is readily understandable that photochemistry is one of the preparative chemical
methods of the future.

B. Losonczi

M. G. Halpern: Paper Manufacture

Chemical Technology Review No. 47. Noyes Data Corp., New Jersey, London, 1975, 379 + 8
pages.

The book reviews 176 patents issued in the USA since 1970 in connection with the paper
industry, providing detailed technical information covering the entire technology of paper
manufacture at the same time. It naturally assumes a knowledge of the classical procedures,
and discusses the innovations based on these.

Patents are generally reported in the literature only as abstracts, and since the book
goes into the details of the individual patents it is unique in its kind. The author does not deal
with a review of the patents, and does not discuss whether the patents have proved fruitful.
The aim of the compilation was to stimulate further research and development work with
the new conceptions described in the patents.

The book covers the following topics:

Refining and sheet-formation

Sizing

Use of retention aids

Dry-strength-increasing additives

Improvement of wet strength with additives

Improvement of the optical properties of paper

Other modifications of paper

Slime, foam and pitch control

Utilization of the book is facilitated by the fact that the patents are listed according
to manufacturing company, inventor and number too. Published in 1975, the book includes
patents issued up to the middle of 1974. Its rapid publication was ensured by special printing
and binding procedures.

The same publishing company has also issued reviews of patents on other subjects
and other branches of industry.

P. Lengyel
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R. Bryan Mitter and Louis S. Hegedds (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 way in a sea of publications, i. e. “to keep up with the
literature”. This task is particularly difficult for synthetic organic chemists, as the informa-
tion of interest to them is often published scattered in many different journals. Theilheimer,
offering the complete solution of this problem, is hardly available to private persons, owing to
its high price. “Annual Reports ..” intending to cover this gap is therefore wittily and aptly
called by the reviewer in J. Am. Chem. Soc. “the poor man’s Theilheimer”. In accordance with
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”, “Reductions”, “Synthesis of Hete-
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 primary chem-
istry journals, selecting useful synthetic advances. They have exercised selectivity in choosing
which papers to abstract. Each entry is comprised primarily of structures accompanied by
very few comments.

This book can be recommended for personal purchase.

Gy. Deak

Boris Weinstein (editor): Chemistry and Biochemistry of Amino Acids
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 intertwining and inseparable fields of the chemistry and biochemistry of amino
acids, peptides and proteins. Though countless reviews and books have been published in
the last 15 years in this domain, the editor deems repeated survey of certain topics important,
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 interpretation of the molecular mechanism
of vital processes.

The first volume was followed by the second with a relatively great delay, in 1974.
This was evidently due to difficulties in printing, because the papers published in the volume
were received till summer 1972, so that 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 gramicidine S and related compounds on the basis of 117 references, was
written by Tetsuo Kato and Nobuo lzumiya, researchers at the Japanese Kyushu Univer-
sity. After a brief treatment 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 primarily for a study of the relationship between 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 between conformation and biolog-
ical action.

The second chapter, dealing with the adrenocorticotropic hormone and the synthesis
of ACTH-active peptides, is almost three times as long as the first chapter, and contains 282
references. The authors are Haruaki Yajima and Hiroki Kawatani working in the scientif-
ic staff of the Kyoto University. The survey describes the methods of testing ACTH, the
isolation and structural analysis of the hormone, its synthesis and that of biologically active
fragments; further, as the indubitably most interesting chapter, indispensable today in sum-
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maries, the relationship between the chemical structure and the biological action of the hor-
mone is discussed. Experiments aimed at clarifying the mode of action of ACTH, and the diffi-
culties in identifying the ACTH releasing hormone are briefly mentioned. In accordance with
his own scientific research fcr over a decade, Yajima treats the chemical synthesis of the
fragments in the greatest detail, summarizing them, instead of chronological order, in a
novel grouping, according to the method of removal of the protecting groups.

Perhaps the farthest removed from what the reader would expectin a work on the chem-
istry of amino acids, peptides and proteins, is the third chapter, which reviews the reactions
of small-ring (three- and four-membered) heterocyclic compounds with amino acids. Emphasis
is actually laid here on the chemical properties of the heterocyclic compounds (e.g. epoxides
aziridines, ~-lactones), so that the paper by K. Jankowski (University of Moncton, New
Brunswick, Canada) will be of primary interest to others than peptide- and protein chemists.
The summary of sixty pages illustrates the most characteristic reactions by detailed experi-
mental prescriptions in addition to 100 references.

The fourth chapter is concerned with the new coupling method introduced in peptide
chemistry by Woodward et at. in 1961: the use of isoxazolium salts. This process, in the course
cf which the isoxazolium cation reacts with carboxylate ions to give activated enol esters,
was known as early as the beginning of the century, but like in many other cases, only the
discovery of apossible practical application made it important, after sixty years. “W OODWARD’s
reagent”, N-ethyl-5-phenylisoxazolium-3’-sulfonate, is today a widely used condensing
agent. D.J. Woodman (University of Washington, Seattle) gives a summary of 90 pages on
the use of this compound and its derivatives in peptide synthesis, describing the reaction
mechanism, the by-products to be expected, and the possibilities of racemization.

The last chapter testifies again the varied interests considered when compiling this
volume. Kaouru Harada (Institute for Molecular and Cellular Evolution, University of
Miami) discusses the possibilities of amino acid and peptide synthesis under conditions when
no organic life could have existed on the Earth (“prebiotic conditions”). In gas mixtures con-
taining the appropriate elements, amino acids are actually formed, besides several other
low -molecular organic compounds, when exposed to energy of various kinds (electric discharge,
ultraviolet radiation, ionizing radiation, thermal 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, mainly when acted upon by thermal energy. Thus the synthesis of polya-
mino acids and by heating several kinds of amino acids together, also the formation of “pro-
teinoids” could be realized. By the co-polymerization of certain amino acids, even a substance
with hormonal effect was successfully prepared. The review deals only with the possibilities
of the prebiotic formation of these compounds, and does not touch upon the much debated
question whether the origin of life on the Earth can be explained with the aid of such simple
physical and chemical reactions.

K. Medzihradszky

Boris Weinstein (editor): Chemistry and Biochemistry of Amino Acids.
Peptides and Proteins. A Survey of Recent Developments. Vol. 3

Marcel Dekker, New York, 1974. 324 pages

In contrast with the great delay in publishing the second volume, the third followed it
very shortly, almost simultaneously.

The first chapter of the volume, entitled “Conformation of Peptides in Solution as
Derermined by NMR Spectroscopy and Other Physical Methods”, comprises almost 200 pages,
written by Y. J. Hruby (University of Arizona, Tucson). It is an excellent survey of this field,
which recently has become very important. Intensive research work has been in progress for
a long time to elucidate the relationship between chemical structure (primary structure)
and biological action; however, the theory attaching at least the same importance to confor-
mation in the mechanism of action, has suddenly increased the volume of pertinent physical-
chemical research. High-molecular weight peptides and proteins have long been known to
possess higher levels of structure, but it was only recently shown for peptides of low molecular
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weight (2—12 amino acid units) that these compounds in solution do not necessarily consist
of a mixture of a large number of conformers, which are easily convertible into each other,
but often a single, well characterizable conformation can only be detected. This discovery
is important because this conformation presumably corresponds to a reactive structure also
in biological environment, furthermore, the energetic conditions of its formation, which are
relatively easy to elucidate, can be utilized in the study of the steric structures of much more
complex molecules.

The physical methods of determining the conformation are partly spectroscopic tech-
nigues, such as nuclear magnetic resonance spectroscopy, optical rotatory dispersion, circular
dichroism and infrared spectroscopy. These are often complemented by X-ray diffraction
studies and theoretical calculations. Among non-spectroscopic methods, primarily hydrogen
exchange studies, thin-film dialysis, dipole moment measurements and partition chromatog-
raphy are to be mentioned.

In the review the author discusses the conformational analysis of dipeptides, diketo-
piperazines, higher linear peptides and cyclopeptides, and a separate chapter is devoted to the
conformation of biologically active cyclopeptides. The survey, being very lucidly composed
and starting from the fundamentals up to a high level, will be readily understood also by the
reader not specializing in this field. The volume of the work is characterized by the greatnumber
of references (800) which cover the literature on the recent results of conformational analysis
up to the middle of 1973.

In the second chapter of the volume, J. P. Scanell and D. L. Pruess (Hoffmann —
la Roche, Nutley, New Jersey) review naturally occurring antimetabolites with amino acid
and peptide character. After some definitions and theoretical considerations, the antimeta-
bolites known so far and belonging to this group are listed lexically, and their occurrence,
formula, synthesis, as well as the metabolite which they antagonize are given. The chapter
of nearly 50 pages is concluded with 217 references.

The last and shortest chapter deals with the chemistry of an interesting group of enzym-
es, dioxygenases. These enzymes oxidize a substrate by introducing both atoms of an oxy-
gen molecule. The most characteristic example of this reaction is the oxidative cleavage of
an aromatic ring; this reaction is catalyzed by the dioxygenase enzyme of soil microorganisms.
The author of the chapter, D. G. Brow (University of ldaho, Moscow, ldaho) gives a survey
of all the known dioxygenases, including such important enzymes as those splitting chlorinat-
ed hydrocarbons. The chapter is a valuable source of information for those engaged in the
development of pesticides and concerned with the aspects of environmental protection, who
are thus interested 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-matter of the series edited by Boris Weinstein has proved sor far varied
and highly readable. Further volumes are expected with interest, because the series can be
used to good advantage by researchers working in the field of organic chemistry, biochemistry
or physical chemistry, as well as by those who wish to solve practical, therapeutic or agricultural
problems.

K. Medzihradszky

M. J. Satriana: Large-scale Composting

Noyes Data Corporation, Park Ridge, New Jersey—London, England, 1974, 269 pages

The book has been written on a topic which is cultivated very intensively all over the
world, due to its importance in pollution control, economy of soil fertility, as well as soil
erosion. Three methods are known for treating city wastes formed in ever increasing amounts
(3 million cubic meters per year in Budapest): these are: controlled disposal, composting and
incineration. The book is Volume 12 of the series Pollution Technology Review. As listed
at the end of the present work, this series contains several other important books on subjects,
such as controlled deposition, energy recovery by waste burning, pollution caused by organic
chemical industry and pollution analysis.

Theory, technology, application and economy of composting are treated basically from
the American point of view. In addition, a detailed description is given on the large Dutch,
German, Swiss and French experience and technologies, their costs (both capital investment
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and operation) and their marketing possibilities. Several features may be of interest from the
Hungarian point of view, too, such as problems of soil erosion and pedological aspects of pre-
venting soil washoff in hillside viticulture.

The operation of American composting plants is described in great detail, covering
technological, chemical and microbiological aspects. A very interesting comparison is given
between capital investment and operating costs of composting and waste incineration. App-
lications in agriculture and horticulture are discussed also with emphasis.

A separate chapter has been devoted to the disposal of waste sludge (which is a diffi-
cult problem also in Hungary); this describes the process which is, for the time being, the most
favourable from both the economical and technical points of view: the combined composting
of waste and sludge. The composting of leaves, animal wastes and industrial organic wastes
may be combined by this process. Theoretical aspects (C/N ratio, the role of microorganisms,
elimination of pathogenic microflora, etc.), as well as practical problems based on the experi-
ence of several plants, are discussed in detail.

In can be concluded that the entire book deals with an up-to-date problem, giving an
appropriate, critical summary on its subject.

J. Hollo
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PE3IOME

aﬂeKTpOXVIMI/I‘-IeCKOG nccnegoBaHMeE  KatasimsatopoB nanna,qmﬁ—me,qb

T. MANNAT, W. NETPO, E. NONAHCKWN un T, MATE

B LenoyHon cpege, NyTem rmapupoBaHns 6biin NPUroToB/IeHbl NOPOLKOO6PasHble KaTa-
nusatopbl Pd/Cu ¢ cogepxaHnuem meam 0, 10, 20 30 u 40 at.%. Bbinn uccnefoBaHbl 3aBUCK-
MOCTV BOJOPOAHONA COpBLMM M KaTanMTUYECKO akTUBHOCTM OT cOCTaBa kaTanmsaTopa.

["anbBaHOCTATUYECKME M3MepeHUs npoBoguauch B pactsope IN NaOH, a noTeHuuogu-
Hammueckune mnamepeHnss — pacteope IN H2S04 1 npu KOMHaTHOW TemnepaType. AKTVBHOCTb
KaTanm3aTtopos 6bina n3mepeHa npu 25°C, npu fasneHnn 1atMm n B YCMOBUAX XUAKO(A3HOTO
rMapUPOBaHUs.

Bbino ycTaHOBMEHO, YTO MOZ BAMAHWEM Meay COP6MPOBaHHbIV BOJOPOA CTaHOBUTCA FO-
MOFEHHEe 1 ero sHeprus CBA3W YMeHblUaeTcs. B 60/bLION CTeneHW YMeHbLIAeTCA W ero Koiu-
yecTBO: npu cogepxanun meam 0 -20 aT.% OHO coBnafaeT C PaCTBOPEHHLIM KONUYECTBOM, a B
uHtepsane 20 -40 at. % meay, B NepByto o4epelb, C afcopbupoBaHHbIM. Ha ocHoBe nccnegosa-
HUA copbumy BOAOPOAA MOXHO 3aK/T0UNTb, YTO NPUOIN3UTENBHO NpU cofiepxannu 20 at. % Cu
NPOUCXOANT Mepexof, T. €. CMaB YXKe He pacTBOPSAeT, a afcopbupyeT BOAOPOL.

MoA BAUAHMEM Meay U3MEHSAETCA aKTMBHOCTL NaifafueBoro kKaranmsaropa npu rugpu-
pOBaHWW [BOVHOI CBA3N 1 KapOOHWIbHOW Tpynmbl.

Ha nosepxHocTy 3epeH KaTanusatopa Pd/Cu o06pa3yeTcsi HeromoreHHblii TBepfplii
pactsop. Mefib 4aCTUYHO PacTBOPAETCA B Naniafuy 1 4acTUYHO o6pasyeT C naniaguem Hosble
(hasbl MHTEPMETA/INYECKNX COEAVNHEHWIA.

KaTanmTuyecknini  06MeH [eiTepust B LUMUK/IOMEHTaHe U LMKIOreKcaHe

JerngpvposaHne LuKnorekcaHa Ha Rh uyepHu

A. WAPKAHb, 1. TYUW n M. TETEHN

MpUBOAATCA pe3ynbTaTbl N0 06MeHY LMK/ONEHTaHa M LMKNOTEKCcaHa, a TakKe Aernapn-
pOBaHMA LMKNOrekcaHa B NpUCyTCTBUM AeiTepus Ha Rh uepHu. B nHTepBane Temnepatyp 273 v
372°K OCHOBHOIN peakuueit SBNSeTCA 00MeH AenTepusl, C KaXKyLLencs aHeprueid akTueaumm 51 un
63 KOK.MOMb-1 ANA LMKNOMNeHTaHa M LUKIOreKcaHa, COOTBECTBEHHO. PacnpefeneHune aeritepms
06bACHAETCA, Monaras CyLLeCTBOBaHMWEe aa W aR MOBEPXHOCTHbIX YacTuu. losBneHwe TeTpa-
[leTepmMpoBaHHbIX NMPOAYKTOB NPY MOBbILUEHHbLIX TeMMepaTypax MpUMMCbIBAETCA MPOMEXYTOY-
HbIM MPOAYKTaM C aallR ABOWHbLIMU CBA3AMM, KOTOPble CHATAIOT OTBETCTBEHHLIMU 38 OTpaB/IEHNE.
[ervgpnpoBaHune UMKNOreKcaHa u3yyeHo B WHTepBasie Temnepatyp 473—572°K. CkopocTtb
06pa3oBaHusA BeH30Ma comsmepuMa C fecopbuueii AeTepupoBaHHOrO LuKnorekcaHa. ToT gakT,
0/HaKO, YTO feiTepunii NOABAAETCA B NOYTWN PABHOBECHOM pacnpeeneHun Kak B 6eH30/e, Tak 1 B
LMKNOTeKCaHe, YKasblBaeT Ha TO, YTO CTYMEHU B3aMMOMNpPeBpaLLeHnid, NpUBoasLLmMe K [eiTepupo-
BaHHbIM MOBEPXHOCTHBLIM YacTuLam, GbICTPbI MO CPaBHEHMIO Kak C Aecopbuyein LMKIOreKcaHa,
TakK n ¢ obpasoBaHeM 6eH3ona.

PacyeTbl cunoBoro nons Ma/TIOHUTPW/I0B

b. BU3N n A LUEBEWITEH

Ha ocHOBe HEMOAMLMPOBAHHbLIX YacTOT, B3ATbIX U3 NNTEpaTypbl, 6b1N0 COCTaBNEHO rap-
60HMYECKOE CUOBOE None N7 NPOM3BOAHbLIX Ma/lOHUTPpKNA. Ona KaXaon n3yyeHHOW MONEKy/bl
bl1I0 pacCYNTaHO pacnpeaeneHne noTeHunanbHOU 3HEPrun.



06 akcTpakumn Nb(V) nonvdeHonamu

A. W. BYCEB, C. . KAPAKVUHA »n IT HEHHUWHI

Bbinu uccneaoBaHbl yYCroBUs 06pa3oBaHUs W 3KCTPAKLMW COeAUHEHW A Huobus(Y) c
MUPOKATEXMHOM, MUPOraINONOM, TETPABPOMMMPOKATEXMHOM 1 TPMGPOMAMPOTa/IoNoM B Mpu-
CYTCTBUM AU(EHNITYaHNANHA.

AHanNnTUYeCcKoe MpuMeHeHWe KomnnekcoB Pt(11) ¢ npom3BogHbIMM NUpasonoHa

B. K. AKUMOB, A. 1. BYCEB, K. B. KOAYA u . HEHHWHI

Bblno nccnegosaHno B3anmogeiicTeme Pt(11) ¢ nponsBogHbIMM NMPa3onoHa B pacTBOpe
HBr. B cnyyae guaHTUNUpwUn-, OUaHTUMUPUAMETUN-, AUAHTUNUPUANPONUAMETU- U OUAHTU-
nupuAgpeHnIMeTaHOB 6blnM NoNyYeHbl TeTpabpomnaaTuHatel Tuna (RH)2PtBr4 6bin nccnenosaH
MexaHW3M KX 00pa3oBaHKs, a TakXKe MX KUCMOTHO-LLeN0YHble CBOMCTBA U PacTBOPUMOCTU. Bbin
pa3paboTaH MeTOA ANA rpaByMeTpuyeckoro onpegenedns 5—30 mr Pt nyTem ocaxgeHua u
B3BewwmBaHusa (CHINAOH)2PtBrd MakcumMaibHaa OTHOCUTENbHas MOrpeLHoCcTb paBHa
0,91%. Mpwu onpegeneHun noHsl Mo, Al, Mn(ll), Fe(l1), Co, Ni, Ru(l1l) n Rh(Ill) He meLatoT

BoccTaHoBUTENbHbIE npespaweHna XpomoHOMaoB, |

Katanutnyeckoe rugpupoBaHue usognasoHa (3-QeHUIXPOMOHaA)

B. CABO n 3. AHTAN

B 3aBucmMmocCTM OT pacTBopuTens, pH pacTBopa v akTMBHOCTU KaTtanu3aTopa Pd—C, u3o-
(hnaBoH (3-(peHUNXPOMOH) C pa3nMUHON CKOPOCTLH MpeBpawaeTcs B usognasaH (1), nsotna-
BaH-4-on (I11), nsonasad (1V), a B pasbaBNeHHbIX LWENOYHbIX PACcTBOPax B 2-rMApOKCU-a-
MeTunae30KcnbeHsonH (1X). Mpu cooTBeTCTBYIOLLEM BbIGOPE YCNOBWIA NPOLIECC BOCCTAHOB/IEHNS
NpOTEKaeT CENeKTUBHO, T. €. C AOMUHMPYHOLLMM 06pasoBaHneM coeanHenuin 11, 111, IV un IX.

KoHfeHcupoBaHHble acuM-TpuasuHbl, 11

HoBas reTepounknmnyeckass cuctemMa. CWHTE3 MNPOU3BOAHbLIX AaCUM-TPUA3MHO-
[6,5-C]xnHONMHaA

E. BEPEHW, M. BEHKO wu 1. NANAOLW

Bbiny noflyyeHbl MepBble NPOM3BOAHbIE HOBOW reTepOapoMaTUUeCKOl KOMbLEBON cuc-
Tembl. Bbina uccnefosaHa o6paTuman KpucTannnyeckas AUMOPGHMA, WMetolas MecTo Mpu
CMHTE3e MPOMEXYTOUHbIX MPOAYKTOB. 15 CoefuHeHWid 6bina 0OHapyXXeHa LieHHas 6uonoru-
ueckasi aKTUBHOCTb.

KoHpeHcrpoBaHHbIe acuMm-TpuasuHbl, 1V

CuHTE3 ancCM-TpuMasuHo [5,6-C]XMHONMHA W €ero  NPOM3BOAHBIX

E. BEPEHW, M. BEHKO wn /1. NAAoOW

Bbiny paspaboTaHbl 4Ba HOBbLIX CUHTE3A a«Ur-TPUasNHO[5,6-C(XMHONMHA 1 €r0 NPOU3BOL-
HbIX. BYONOrMYeCKas akTBHOCTb COEAMHEHWIA ABNAETCA OTNMYHON: XOPOLUMMIA C TOUK 3peHNSs
TepaneBTMYECKOIi NPaKTUKN ABNAIOTCA WX KakK (hapMaKonoriyeckme, Tak 1 XemoTepanesTiyec-
Kve CBOIiCTBa.



KOH,IJ.eHCI/IpOBaHHbIe aCUM-TpUasnHbl, \Y
ViccrenosaHna B 06racty nvpuao[4,3-e]-acm-TpriasHoB

M. BEHKO, E. BEPEHWN, A. MECCMEP, ib. XAWOLW u 1. MAMIOLW

Bbin paspaboTaH ofHoannapaTypHbIli MeToA cuHTe3a 3-amuHonupupgo [4,3-e]-Gciu<-
TpunasuH-1-okcugos (I11). 3a c4eT OCHOBHO-KaTanW3MpPOBAHHOW MeperpynnupoBKW MNOCNeAHero
66N nonyyveHbl 1H-Y-Tpunasono[4,5-c]nupugnH-1-kapbokcamug un 4-xnop-lH-V-Tpnasono-
[4,5-clnupngnH. Okucnenune Il npneognT K 1,4-ANOKCUAHBIM NPOU3BOLHBIM, & C aMUHaAMWU Bbln
noflyyeHbl COOTBETCTBYIOLUIME 3-3aMellleHHble aMUHOMPOU3BO/HbIE.

Tepmudeckne peakuumn repekapbokcnnunposaHus, Vil

ViccrienioBaHe OTHOCUTE/IbHOM CMOCOGHOCT OTPbBa. aPOMATUUECKVX BOAOPOIOB
B PeaKLM TepMOrpeBpaLLEHN

A. CAMMEP un 1. HOCKO

Bbin paspaboTaH MeTo4 OnpefeneHns BepOATHOCTM OTpbiBa BOAOPOAOB OT cofell apoma-
TUYECKUX KapbOHOBbIX KUCNOT, YCMNEWHO MPUMEHUMbIA B ycnoBuax peakuun XeHkens. C no-
MOLbIO JAaHHOTO MeToda 6blN0 YCTAaHOBMEHO, YTO BOAOPOAbI KanneBblX cofeil 6eH30Kap6oHOBbIX
KUCNOT, 32 UCKNIOYEHMEM BOLOPOAOB TepeTanata 061ajat0T 3HAYMTENbHON CNOCOGHOCTLIO OT-
pbiBa, KOTOPYH HeNb3s CBA3aTb C TePMOCTabWAbHOCTbIO 3TWX conell. HuW3kas peakTUBHOCTb
BOJOPOAOB AMKaNWii TepehTanata Mo OTHOWEHUIO K PeakKTUBHbIM MPOMEXYTOUYHbIM MPOAYKTaM
TepmonpeBpaljeHnii Haxo[UTCA B cornacuu ¢ Tem (akTom, 4To AUKanuii TepedpTanat asnsercs
OCHOBHbIM MPOAYKTOM peakuunm XeHKens.

HoBbIl CVHTE3 anbfervaoB, OCHOBaHHbIA Ha BOCCTAHOB/EHUM MNPOU3BOAHBIX
8-Tpmasono[ 2,3-c]xMHa3oNnH-4-ns

r. OONEWAN

O6pabatbiBas 5-(2-aMuHOpeHUN)-4-heHNN-3-MeTUNTNO-5-TNA30N N NUPUANHOBYIO CMeChb
Kap6oHOBbIX KWCNOT ¢ nomouwbio POC13 n 3aTeM BoAHbIM KJ, 6bIAM NONy4yeHbl 5-3amelleHHble
nopgngbl 1-heHnn-2-meTunTNO-8-T1pnasonof2,3-c]xmHa3onnH-4-nqa. lMoao6HbIM 06pa3om Bbllle-
yKaszaHHble NPOW3BOAHbIE MNONAYYalTCA W3 MNPOM3BOAHbLIX 5-(2-aumnamuHodeHun)-4-peHunn-3-
MeTUNTNOo-8-Tpuaszona nocne o6paboTky aHrMAPULOM YKCYCHOW KWCNOTbl U razoobpasHbiM X10-
PUCTHIM BOJOPOAOM M MOA BAMAHMEM BoaHOro KJ Moguabl 3-Tpuasono[2,3-c]XMHA30NUH-4-ns,
NOABEPrHYTble KNCAOMY MW WeN0YHOMY rMAPONMN3Y MaNKOronm3sy, falT pasnuyHblie NPOAYKTHI.
MpocToe BoccTaHOBNeHMe 3a cyeT BogHOro NaBH4 ¢ nocnegytolwmuMm KUCNOTHBIM TUAPONN3OM
no3BonfeT NONY4YMTb 06paTHO KapbOHOBYK KWCNOTY, MCMONAb30BAHHYK MNPWU NOCTPOEHUU MO-
Nnekynbl, HO yxe B (opme anbaernpa. BoccrtaHoBneHne Kap6OHOBbIX KWCNOT [0 anbferuwios
0Ka3anocb CeNeKTUBHbLIM.
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