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A number of benzazolylhydrazones and benzazolylformazans containing an o-hydroxy or
o-methoxy group in the phenyl ring attached to the meso-carbon atom were synthesized.
The structure of the compounds in various solvents was studied by means of IR and UV
spectroscopy and by determination of the ionization constants. The participation of the
o-hydroxy group in the formation of an intramolecular hydrogen bond was demonstrated.
The interrelationship between the structure and color of the formazans was investigated.

The presence or absence of an intramolecular hydrogen bond (IHB) in aryl- and hetarylformazans, the
configuration of the chain, and amine-—~imine tautomerism are determined by the character of the substituents
attached to the N; atom and the methylidyne carbon atom [1-4].

In the present research we investigated the structure of newly synthesized 1-phenyl-3-[o-hydroxy (meth-
oxy)phenyl]-5-benzazolylformazans and their corresponding hydrazones.

A study of the IR spectra of compounds with an o-hydroxyl group (Figs. 1 and 2) showed that narrow in-
tense absorption bands at 3430-3490 em™! (v Ny ©f the imine tautomeric form) and 3330-3370 em™! v ypy of the
amine tautomeric form) and a broad band at 3200-3280 cm"‘, which can be assigned to the absorption of a
hydroxy group tied up by hydrogen bonds, are observed in the spectra of both the hydrazones and the formazans.
The position and intensity of this band are independent of the concentration of the solutions, and this indicates
intramolecular character of the hydrogen bonds. On the basis of the IR spectral data it might be concluded
that a six-membered ring with an THB with participation of the azomethine nitrogen atom is present in the
hydrazones and formazans,
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The IR spectra of o-methoxybenzaldehyde hydrazones (II, IV, VI, and VIII, Table 1) and 3~ (o-methoxy-
phenyl)formazans (XI, XIII, XVI, and XVIII) do not contain a band at 3200-3280 cm'i, whereas the bands at
3430-3490 cm™! and 3330-3370 cm™! are retained; this confirms the correctness of the assignment of the ab-
sorption at 3200~3280 em~! to the OH group tied up by hydrogen bonds.

As previously indicated [5, 6], from the ratio of the ¥y bands at 3300-3500 em™! one may form a judg-
ment regarding the presence and shift of an amine—imine equilibrium and regarding the presence or absence
of N—H...N hydrogen bonds of the formazan chain.

S. M. Kirov Ural Polytechnic Institute, Sverdlovsk, Translated from Khimiya Geterotsiklicheskikh
Soedinenii, No, 11, pp. 1498-1504, November, 1976, Original article submitted December 30, 1975,

This material is protected by copyright registered in the name of Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part
of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying,
microfilming, recording or otherwise, without written permission of the publisher. A copy of this article is available from the publisher for $7.50.

1234



—~ - N N
-nr-n=ch @—NH—N:CH—Q Y oNH-dch Y Y-NH-n=cn
HO HC ST wo 7 wco
CO Q L0
v A N
1 i ]
o
2
g
]
8 g s
a - -
, R T
3400 3300 3200 3400 3300 3200 3500 3400 3300 3200

N
@(;)—NH—N:CH
<

cho\i]

v

Transmission, %

3460

o
2
8
]

Al N " " ' N L n st L " N N "
3500 3400 3300 3200 3500 33cg 3100 3500 3300 3100 3500 3300 306 3800 3300 3100

Fig. 1. IR spectra of hydrazones I-IXa in chloroform.
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Fig. 2. IR spectra of formazans X-XIX.

Whereas only an absorption band at 3340-3360 em™!, which characterizes vny of the amino form, is
observed in the TR spectra of hydrazones of the aryl series (I, 1) in CHCI, solution, the IR spectra of hydra-
zones of benzothiazole and benzoxazole (III-VI) contain two vny bands, the higher-frequency band of which
is related to vy of the imine form,

It should be noted that the intensity of the low-frequency band increases sharply on passing from hydra-
zones of salicylaldehyde to hydrazones of o-methoxyaldehyde, whereas the inteusity of the high-frequency
band decreases. This can be explained either by a shift of the amine—imine equilibrium to favor the amine
form or by a change in the polarity of the N—H bonds, which gives rise to the corresponding changes in the
intensity of the vyyg band. Only one high-frequency band is observed in the IR spectra of benzimidazole
hydrazones (VII-X) in CCl,, i.e., in solution these compounds exist in the imine form. The appearance of a
second tautomeric form is observed in chloroform solutions of VIII and IXa, since a low-frequency band is
also observed in the IR spectra (Fig. 1).

Primarily two absorption bands at 300-390 nm (Table 1) are observed in the electronic spectra of the
hydrazones in CCl,. One observes a bathochromic shift of the long-wave band for all of the hydrazones in
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TABLE 1, Characteristics of the Hydrazones and Formazans

UV spectrum,
. Found, % [Calculated, % Amax» 0M = | =
= Empirical f ] cal L
8_ .U mpmca ormaula -a 3-‘3 E 5
S . Cl{H|NS)| ¢ |d|NS|ce]| 8 |8 8 S
5 a, O 10 @l |
Q | & S|zl = | =
1140 {Cy3HpN:0 73,8/5,8] 13,2|73,6{5.7 13,2 | 300 [300 |375 11,62
350 1350
11} 60 |C14H1sN2O - 0,2C,H;0H|73,2[6,1 | 12,1|73,2]6,1| 12,2
111{250 |CsH1;N5OS 62,514.3| 15,51625|4,1 | 15,6 [ 3304[3304/ 200 |19,60]t0,27
(11,7) (11,9){ 355 {355
1V{235 |C,sHsNs0S 63,8/45 | 14,8/63,64,6] 14,8 | 350 350 [400 |12,10
(11,0) (11,3)
V1245 |C1eHyNsOg 66.4 4,5 | 16,4|66,414,4] 16,6 | 310 310 (380 |i2,75}10,02
340 |340
Vii210 C15H|3N302 67,315,0 1'317 67,4 4,01 15,71 340 330 380 11,75
VI1{145 CyH;sNLO - 0,5C.H;0H (72,7153 | 15,3| 79.4[3,7 | 15,4 | 305 {325
360 |360 1400 [13,01]10,82
380 |370
VIIT1{190 |CyeHaoN,O 73,8(59| 156/ 742056 | 157 | 350
365 360 375 4113,06
390 400
I1X1190 |CooHsN4O - 0,5C;H;0H|72,2 [5,3 72,1[5.6 355 1295
38091300 1400 |12,69(10,73
360
X[196 |CyeH sNO 72,1151 | 17,8] 72,1|5,1| 17,7 | 545 |405 [425 10,81
. 503
XI|134 [CopH;sNO-0,5H,0  |71.205.5 70,8(5.,6 410 1410 (410,
4809 500
XII|173 |CooH1sNsOS 64,114,2[(8,9) | 64,3/4,3|(8,6) | 500 360d 300 {12,12| 9,17
100
XII1{108 CaiHyisNsOS - 0,5CsHsN (66,0149 | (7,4) | 66,0]4.7 | (7,5) | 400 4400 [520 [10.13
480
XIV{130 |CyH17N;0S 65,4 4,6 65,1]4,4 500 (485 {525 {10,37
XV{230 [CyHisNsO - 0,5C,H;0H|66,6(4,7 | 18,2] 66,314,7( 18,5 | 500 330 1475 12111002
400
XVI{150 |CyHiyNsOz - 2H:0 64,7}4,9 64,8/4,9 350,351 500 | 9,80
480
XVII165 |CyHaNsO 72,3[5,1 72,55, 1409|420 410 |13,20{11,07
530
XVII|117 {CosHeNeO 73,3/5,4 73052 4409{165 |535 11,82
XIX{110 |CosHaoNsO 71,9150 72,2/4,6 500—|520, 1390 113,1611,02
560 {560¢ (525

aCompounds I, TII-V1, VTII, and IX were recrystallized from pyridine—
water, VII, XTII-XV, and XVII-XIX were recrystallized from aleohol, X
was recrystallized from chloroform-alecohol, XI was recrystallized
from CHCl;~heptane, XII was recrystallized from octane, and XVIwas
ecrystallized from aqueous alcohol.
pH 13-14.
The pKa values were determined with an accuracy up to £0.06.
Shoulder.

alcoholic alkali solutions, and this made it possible to spectrophotometrically determine the ionization con-
stants. Two-step ionization is observed for the salicylaldehyde hydrazones (except for 1), and two ionization
constants are determined. The exponent of the first ionization constant (10-11) characterizes ionization in-
volving the hydroxy group and is close to the pK, value of phenol or one unit higher. The acidity of the hy-
droxy group increases for the hetarylhydrazones, evidently due to the acceptor character of the heteroring.
The exponent of the second ionization constant ranges from 12 to 13 and is close to the pK, values of o-meth~
oxybenzaldehyde hydrazones, in which there is only one acidic group (NH); we assigned it to the ionization
constant of the amino group. We were unable to determine the pK, (NH) values for arylhydrazones I and TI,
since they evidently undergo conversion to azo compounds in alkaline media, as in [7].

Benzimidazolylhydrazones VII~IX have the highest pK, (NH) values. A difference in the acidity of the
amino group as a function of the structure of the aldehyde fragment is observed for benzothiazolyl (benzoxazolyl)
hydrazones: ThepK,values of IIT and Vare ~ 0.5-1 higher than the pK, values of methoxy analogs IV and V1.
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The shift of the amine—imine equilibrium as a function of the solvent and the substituent attached to C,
and N; shows up even more distinctly in the case of formazans.

The presence of an o-hydroxy group in 1,5-diphenyl-3- (o-hydroxyphenylformazan leads to cleavage of
the THB in the formazan grouping. Thus, in contrast to triphenylformazan, a broad absorption band at 3200-
3400 cm™! is observed in the IR spectrum of formazan X in concentrated CCl, and CHCI, solutions, and a
narrow absorption band at 3350 cm™!, which can be assigned to the stretching vibrations of a free NH group,
and a band at 3200 cm™!, assigned to a hydroxyl group tied up in an THB, appear when the solution is diluted
to a concentration of 10~% mole/liter. A rather strong N—H...Nor N—H... O intermolecular hydrogen bond
is evidently characteristic for this compound in concentrated solutions.

An intense narrow vy band is observed in the IR spectra of 1,5~diphenyl-3- (0o-methoxyphenyl)formazan
in CCl, and CHCl;; this provides evidence for its existence in solution in an open amine form that is not tied
up by hydrogen bonds. At the same time, the vy band in this region, as in the case of triphenylformazan, is
absent in the IR spectrum of 1,5~diphenyl-3- (p-methoxyphenyl)formazan [2]. Rotation of the o-methoxyphenyl
group relative to the C—~C bond and removal of the phenyl ring from conjugation with the formazan grouping
evidently lead to the conformational isomer (the anti-trans form) in which the formation of an ITHB is impos-
sible, as in the case of 1,5-diphenyl-3-(2,6-dimethoxyphenyl)formazan [2].

The vy bands of the amine and imine forms show up distinctly in the IR spectra of the 3-(o~-hydroxy-
phenyl)formazans of the benzothiazole and benzoxazole series (XII, XV). Moreover, a sharp increase in the
intensity of the vy band at 3330-3365 cm~!, which is associated with a shift in the equilibrium to favor the
amine form, is observed on passing from CCl, to CHCI, for XV. The imine form disappears completely in
the case of 1-phenyl-3-(0o~methoxyphenyl)-5-benzothiazolyl (benzoxazolyl)formazans XIII and XVI. Tt is in-
teresting to note that doubling of the vy band (Fig. 2), which can be explained by the appearance in solution
of two three-dimensional isomers in the amine form, is observed in the spectra of these compounds.

As in the case of 1,5~diphenyl-3- (0-methoxyphenyl)formazan, we made a comparison of the spectra of
XI1II with the spectra of its 3- (p-methoxyphenyl) analog XVI and showed that the position of the methoxy group
gives rise to a sharp difference in the intensity of the vy band.

Regardless of the solvent, benzimidazole formazans with an o-hydroxy group (XVII, XIX) exist in the
imine form, and the presence of a methoxy group in place of a hydroxy group leads to the appearance in CHCIl;
solution of the amine form, just as we observed for the corresponding hydrazone.

An o~-hydroxy group in the phenyl ring attached to the meso~carbon atom, tied up by THB, not only leads
to cleavage of the THB in the formazan ring and to a shift in the tautomerie equilibrium to favor the imine
form but is also responsible for the deep color of 3-(o-hydroxyphenyl)formazans in nonpolar solvents (CCl,
and benzene), The negative solvatochromism of these compounds in polar solvents [alcohol and dimethyl
sulfoxide (DMSO)] is apparently explained by cleavage of the THB and possible rotation of the o-hydroxyphenyl
group relative to the C—C bond; this should lead to removal of this residue from conjugation with the formazan
grouping. This solvent effect on the color shows up particularly clearly for 1,5-diphenyl~3-(o~hydroxyphenyl)-
formazan. A long-wave absorption band at 545 nm is observed in the spectrum of a CCl, solution of this com-
pound, whereas in alcohol the intensity of this band decreases, and the intensity of the absorption band at 405
nm increases; however, in DM SO there is only one absorption band at 400 nm, which is close in position and
intensity to the absorption of this compound in alcoholic alkali. In contrast to 3- (0-hydroxyphenyl)formazans,
their 3~ (0-methoxy) analogs have identical colors in various solvents (Table 1),

The electronic spectra of alcoholic alkali solutions of the formazans are characterized by a bathochromic
shift of the absorption bands as compared with the spectra of the formazans, except for X, for which a hypso-
chromic shift is observed. The ionization constants of the formazans were determined spectrophotometrically.
As in the case of the corresponding hydrazones, two ionization constants were obtained for 1-phenyl-3-(o-
hydroxyphenyl)-5-benzazolylformazan. The first constant characterizes ionization of the hydroxy group and
ranges from 107° to 10™!1. The second constant pertains to ionization of the NH group and ranges from 10-12
to 10713, In the case of 1,5-diphenyl~3- (o-hydroxyphenyl)formazan we were able to determine only the pKq,
value of the hydroxy group, as in the case of the hydrazone, It is interesting to note that the pKa (NH) values
of 5-benzazolyl-3-(o-hydroxyphenyl)formazans are ~2 units higher than the pK, (NH) values of their methoxy
analogs. The low acidity of the NH group in o-hydroxyphenylformazans can be explained by the electron-
donor effect of the ionized o-hydroxy group.

The presence of an o-hydroxy (methoxy) group in the phenyl ring attached to C; in the formazans affects
their properties. Thus, in contrast to triphenylformazan, 1,5-diphenyl-3-{o-hydroxy (methoxy)phenyl]formazans
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(X, XI) in solution in benzene and carbon fetrachloride do not have photochromic properties. The impossi-
bility of red-yellow transitions can be explained by the fact that a chelate formazan ring with an THB is ab-
sent in formazans X and XI, Stable verdazyls, to which triphenylformazan is readily converted, also cannot
be isolated in the case of formazan X. Highly colored methylation products are formed as a result of the
reaction. 1-Phenyl-3-[o~hydroxy (methoxy)phenyl]-5- (2-benzimidazolyl)formazans (XVII, XVIII) have red-
blue irreversible photochromism: A red solution of formazan XVII in CCl, is rapidly converted to a blue solu-
tion, and a red solution of formazan XVTIII is rapidly converted to a green solution. The color also changes
from red to green when a chloroform solution of formazan XVT1I or an alcohol (acetone) solution of formazan
XVIII is heated. According to the results of elementary analysis, the green precipitate is the product or re-
action with the solvent.

EXPERIMENTAL

The TR spectra of saturated solutions of the hydrazones and formazans in carbon tetrachloride and chlo-
roform in the LiF region were recorded with a UR-20 double-beam IR spectrometer in an 1-cm thick cuvette.
The electronic spectra of 5°107% M solutions of the compounds were recorded with SF-10, Specord UV-vis,
and SF-4 spectrophotometers. The ionization constants of the hydrazones and formazans were measured
spectrophotometrically — the pK, (OH) values in a 50% alcohol-buffer solution (ammonium acetate buffer) and
the pK,(NH) values by means of prepared alkaline solutions with known pH values [8].

Salicylaldehyde Phenylhydrazone (I). A saturated alcohol solution of 5.6 ml (0.06 mole) of salicylalde-
hyde was added to a saturated alcohol solution of 5 ml (0.05 mole) of phenylhydrazine, and the mixture was
heated for 20-30 min. It was then cooled, and the light~yellow precipitate was removed by filtration and crys-
tallized twice from pyridine—water (1:1) to give a product with mp 140° (mp 142° [9]).

The heterocyclic hydrazones (85-90% yields) of salicylaldehyde (III, V, VII, and IX) and o-methoxybenz-
aldehyde (IV, V1, and VIII) were similarly obtained.

o-Methoxybenzaldehyde Phenylhydrazone (II), A saturated alcohol solution of 8.4 g (0.06 mole) of o-
methoxybenzaldehyde was added to 5 ml (0.05 mole) of phenylhydrazine. At the end of the spontaneous reac-
tion, the solution was evaporated, and the residue was triturated. The residue was then analyzed without addi-
tional purification. The hydrazone was quite soluble in ether. alcohol, benzene, chloroform, and pyridine.

1,5-Diphenyl-3- (o~hydroxyphenyl)formazan (X). A cooled (to 0°) solution of benzenediazonium chloride,
obtained from 4.1 ml (0.045 mole) of aniline in 20 ml of HC1 (1:1) and 3 g (0.045 mole) of sodium nitrite in
20 ml of water, was added gradually to a cooled solution of 6.3 g (0.03 mole) of salicylaldehyde phenylhydra-
zone (I} in pyridine, and the mixture was allowed to stand at 5-10° for 1 h, The formazan was then precipitated
by the addition of ice. Recrystallization from chloroform—alcohol (1:1) gave a product with mp 196° (mp 164~
165° [10]) in 85% yield. -

1,5-Diphenyl-3- (0-methoxyphenyl)formazan (XI) was similarly obtained and crystallized from chloro-
form—heptane (1:3).

1-Phenyl - 3- (o-hydroxyphenyl)-5-benzothiazolylformazan (XII). A cooled (to 0°) solution of benzene-
diazonium chloride, obtained as described above, was added gradually to a cooled solution of 6.5 g (0.03 mole)
of hydrazone TII in alcohol —pyridine (1:1), and the mixture was allowed to stand at 5-10° and pH 8 for 1 h. Tt
was then acidified to pH 6-7 and treated with ice. The precipitated formazan was separated and crystallized
from octane. The yield was 80%.

Formazans XIII-XIX were similarly obtained. A green precipitate was obtained after crystallization of
formazan XVII from chloroform. Found: C 67.5; H 4.7%. (CyHy3N)3° CHCl;. Calculated: C 67.1; H 4.7%.
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