reflexions with F 2 30 (the high value of the divergence factor R was due to decomposition
of the crystal during recording, the magnitudes of the standard reflexions decreasing by
50%). The crystals of the adduct (IIb) were rhombic: a 9,182 (4), b 25,220 (8), ¢ 12,490
(6) &, z = 8 (two independent molecules), space group P2,;2,2,. The final atom coordinates
are given in Table 3. The 6-nitroazolo[l,5-a]pyrimidines (Ia-h) were obtained as described
in {9].

6-Nitro-7-indolyl-4,7-dihydroazolo[l,5-a]pyrimidines (IIa-d, f-h), (IIIa,c,d,f-h),
(IVe-g). The nitroazolo[l,5-a]pyrimidine (0.01 mole) was boiled with an equimolar amount
of the indole in 10 ml of butanol for 15 min. The mixture was cooled, the solid filtered
off, washed with 10 ml of ether, dried, and crystallized (Table 1).
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POLAROGRAPHIC EXAMINATION OF 5-ARYL-2-(2-THIENYL)-
OXAZOLES AND -1, 3,4-0XADIAZOLES

L. D. Patsenker, V. K. Polyakov, A. P. Shkumat, UDC 547,735'787.3"
V. F. Lavrushin, and V. D. Bezuglyi 793(543,253

The polarographic behavior of 5-aryl-2-(2~thienyl)oxazoles and -1,3,4~oxadi-
azoles has been studied.

The polarographic behavior of oxazoles and 1,3,4-oxadiazoles containing various aromatic
substituents has been studied quite extensively [1-3]. However, no information on the
electroreduction of compounds containing heterocyclic instead of aromatic radicals, particu-
larly the thiophene ring, is available. It is known that in thiophene analcgs [4] m-electron
conjugation similar to that found in aromatic derivatives of oxazole and oxadiazole is
present. It has been reported [2, 3] that oxadiazoles with various radicals in the 2- and
5-positions, in contrast to structurally similar oxazoles and oxadiazoles with the same
substituents, are reduced with fission of the heterocycle at the —C—0— bond. It was of
interest to discover whether this behavior extended to heterocyclically substituted oxa-
diazoles.

A. M. Gor'kii Khar'kov State University, Khar'kov 310077. Ukrainian Correspondence
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TABLE 1.
oxazoles and -1,3,4~o0xadiazoles

Polarographic Properties of 5-Aryl-2-(2-thienyl)~

%%I?P' Compound Halfwave potentials, V
1 |5-Phenyl-2-{2~thienyl)oxazole —2,07; —2,27
11 {5- (4-Tolyl)-2-(2~thienylloxazole -209; —231
Il {5-(4-Methoxypheny1)-2-(2-thienyl)oxazole —2,13; —2,36
1V |5-(4-Chlorophenyl}-2-(2~thienyl)oxazole —1,73; —2,07; —2,29
vV |5- (4-Bromo§hen 1y~2-(2-thienyljoxazole ~1,73; —2,08; ~2,30
Vi 15~{4-Nitrophenyl)-2-(2~-thienyl)oxazole -0.93; -»1,60;2 ;-?1,98; -2,19;
Vil 5»%4—Bi henyl)-2-(2-thienylloxazole. —2,00; —248
VI |5+(2-Naphthy)-2«(2~thieryl)oxazole —1,58 —1,76; —2,08; —2,29
X }5- Phen){l-z- 2-thienyl}oxadiazole —184; —2,20; —2,58
X 5.54-’[‘0 y1)-2~(2-thiénylYoxadiazole -1,99; —-224; —2,59
X1 |5-(4-Methoxypheny1)-2~{2-thienyl)oxadiazole ~2,00; —2,31
X1 |5-(4~Aminop enyl)—2-(2-thienyl)oxad‘i.azole —~2,08; —2,36
X1l 5«24~Bromo hen: 1)—2—(2-thien¥1)oxa§hazole —1,68; —194; —222; ~2,59
X1V |5-{4~Nitrophenyl}-2~(2-thienyljoxadiazole -0,82; —144; —224
XV |{2,5-Diphenyloxazole —2,14; —2,50

With this purpose in mind, we have examined the electroreduction of 5-aryl-2-{(2~
thienyl)oxazoles and -1, 3,4-oxadiazoles (I-XIV) at a dropping mercury electrode with tetra-
methylammonium iodide in DMF as base electrolyte. It was found that all these compounds are
polarographically active, two or three waves being normally seen on the polarograms.

The polarogram of (I), like that of 2,5-diphenyloxazole under the same conditions,
shows two one~electron waves. It is known that the reduction of oxazoles and oxadiazoles
takes place for the most part at the —C=+ bond, followed by C=C and C—0 in the CG-0-C
grouping [3]. It might be expected that in the case of (1), the first wave would be attribu-
table to reduction of the C=N bond of the oxazole ring, and the second to reduction of the
C=C bond in the same ring. Cleavage of the azole heterocycle with fission of the C-0 bond
and reduction of the thiophene ring were not observed up to —2.6 V.

On acidification of solutions of {I), the first halfwave potential was shifted to more
positive values. This is due to the fact that reduction of (I) in acid media is facilitated
by protonation of the molecule as a result of the free electron pair on the nitrogen atom.

The polarographic waves for (I) occur at higher potentials than for (XV). The 2-thienyl
group normally exerts an electron-donor effect as compared with phenyl [5, pp. 115-116], and
consequently should give rise to a reverse shift in the halfwave potentials. However, the
deciding factor here is not, apparently, the donor ability of the thiophene ring, but its
capacity to render the molecule more polarizable under the influence of the electrogtatic
field of the dropping mercury electrode. This results in a redistribution of electron
density such as to facilitate reduction of the oxazole ring.

In the polarogram of the oxadiazole (IX), three electroreduction waves are seen. The
first two one-electron waves are due to the reduction of the two C=N bonds in the azole
heterocycle. The third wave is a three-electron wave associated with fission of the GO
bond and opening of the oxadiazole ring, in agreement with earlier reports {2, 3]. This
wave is also present in the polarograms of (X) and (XIII). The absence of waves assoclated
with opening of the oxadiazole ring in the case of compounds (XI) and (XII) is most likely

due to the fact that they lie behind the reduction wave for the base electrolyte.

The oxadiazoles examined are more easily reduced than the analecgous oxazoles. It is
known that the first reduction potential is due to transfer of an electron from the cathode
to the lower free molecular orbital (LFMO) [5, p. 91]. Quantum chemical calculations which
we have carried out by the Pariser—Parr—Pople method (PPP) for 5-aryl-2-(2-thienyl)oxazoles
and -1, 3,4-oxadiazoles with various substituents in the para-position of the benzene ring
have shown that the LFMO in oxadiazoles is lower than in the analogous oxazoles. TFor in-
stance, in oxadiazoles (IX-XI) the values of the LFMO energies are —2.1130, —2.0167, and
—2.0225 eV, whereas in the case of oxadiazoles (I-III) they are —2.039%7, —1.9632, and
—1.9682 eV. This explains the observation that electroreduction is easier in the first
case than in the second.

Electron donor substituents such as methyl, methoxy, and amino [compounds (II}, §III),
and (X~XII)] result in a shift in the polarographic waves to more negative values, this
shift being greater, the greater the electron donor effect of the substituent: CHj; < OCHs <
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NH,. This is due to the increased electron density under the influence of these substi-
tuents at the electroactive regions of the molecule, which hinders the addition of an
electron, and results in the observed shift in the halfwave potentials.

Quantum chemical calculations by the PPP method have shown that the LFMO in compounds
containing donor substituents have higher energies than in the unsubstituted molecule, and
consequently the reduction of depolarizers with electron density donors will be hindered.

In the polarograms of the halo-compounds (IV), (V), and (XIII), two-electron waves
for cleavage of the halogen are seen before reduction of the oxazole or oxadiazole hetero-
cycle, the other potentials having much the same values as in (I) and (IX).

In the case of the depolarizers (VI) and (XIV), a series of waves was obtained, cor-
responding to the multistage character of the reduction of the nitro-groups, which add
electrons in the first instance.

Increasing the length of the conjugated chain as in the biphenylyl (VII) and 2-naphthyl
(VIII). ¢ompounds results in a shift in the halfwave potentials to more positive values, i.e.,
it facilitates reduction. This is due both to delocalization of electron density as com-
pared with (I), and to the increased ease of polarization of the molecule under the in-
fluence of the electrostatic field of the cathode. The biphenylyl radical causes a smaller
shift in potential than the 2-naphthyl group, apparently as a result of slight nonplanarity
in biphenyl with consequent interference with n-electron conjugation, whereas the 2-naphthyl
group has a rigid structure. Two waves are seen in the polarogram of (VIII) for reduction
of the 2-naphthyl group.

Regression analysis of compounds in which the halfwave potential of the first stage of
reduction is associated with the electrochemical activity of the azole heterocycle has
shown that the values of the potential correlate with the op° constants of the substituents
(6, pp. 321-323], conforming to the equations E,/,* = —2.042 + 0.539%05° (So = 0.202, r =
0.910) for oxazoles (I-III) and (VII), and E,/;' = —1.943 + 0.3640n°® (S° = 0.004, r = 0.999)
for oxadiazoles (IX-XII), where E;/a1 is the value of the halfwave potential for the first
step in electroreduction, S¢ is the standard deviation of the experimental measurements from
the regression line, and r is the correlation coefficient.

EXPERIMENTAL

The 5-aryl-2-(2-thienyl)oxazoles and -1,3,4-oxadiazoles were obtained as described in
[4].

Polarography was carried out on an LP-60 automatic polarograph with a sensitivity of
3.57 x 107'' A/mm. Reduction took place at a dropping mercury electrode in a Heyrovsky
electrochemical cell with forced flushing with argon to remove oxygen. The solutions of
oxazoles and oxadiazoles used were of concentration 1-3 mmole/liter. The base electrolyte
was a solution of tetramethylammonium iodide in DMF (concentration 5 x 1072 mole/liter).
The capillary employed had the following characteristics: with a mercury column of height
50 cm, m = 0.248 mg/sec, T = 3.6 sec (at 2 V).

The number of electrons involved in the reduction of one molecule is given by the
Ilkovic equation. The diffusion coefficient required was obtained by calculation from data
for styrene in DMF (D = 7.556 x 10™° cm*/sec). The halfwave potentialswere foundwith refer-
ence to the saturated calomel electrode.

The quantum chemical calculations were carried out as described in {7] using the para-
meters given in [8].
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~1

CONVERSION OF 2-AMINO-5-R-PHENYL-1, 3,4-OXADIAZOLES
INTO 3-R-PHENYL-5-ALKOXY-1,2,4-TRIAZOLES

V. Ya. Alekseeva, Yu. A. Boitkov, UDC 547.792.7'793.4.04:
I. V. Viktorovskii, and K. A. V'yunov 543.51

2-Amino-5~R-phenyl-1, 3,4~0%xadiazoles have been shown to isomerize in alcoholic
potassium hydroxide solution to 3-R-phenyl-5-alkoxy-1,2,4-triazoles. The
dissociative ionization of 3-R-phenyl-5-alkoxy-1,2,4~triazoles and 3-R-phenyl-
1,2,4-triazolin-5-ones has been examined. The mass spectra of the oxadiazoles
have been compared with those of the triazoles.

Some 1,3,4-oxadiazoles have been found to possess valuable biological properties [1].
It has previously been shown that 2-amino-1,3,4-oxadiazoles are converted into 1,2,4-tria-
zoles on treatment with alcoholic potassium hydroxide [2].

The aim of this investigation was to study the isomerization of 2-amino-5-R-phenyl-
1,3,4~0xadlazoles to 3-R-phenyl-5~ethoxy-1,2,4-triazoles, and to examine the dissociative
ionization of 3-R-phenyl-5-ethoxy-1,2,4-triazoles and 3-R-phenyl-l,2,4-triazolin-5-ones under
electron impact.

—N  KoH, C,H,0H N——N conc, ncl N
dindint sl y con

RcsH‘CH=N—NH—c0NH2-‘—Z—:"H— lOJ\NH /l /k )1\ /J%

RC,H, 2 RegH N7 VocH,  RCH[ CNT O

.
1-v1 - VII-Xi XI1-XVI

I, VII, XII R=H; II, VIII, XIII R=4-F; III, IX, XIV R=4-Cl; IV, X, XV R=4-Br,
V R=4-NOy; VI, XI, XVI R=4-CH;0

Compounds (VII-XI) were obtained by the alcoholysis of 2-amino-5-R-phenyl-1,3,4-oxadi~
azoles in alcoholic potassium hydroxide at the boil for several hours. Subsequent acid hydrol-
ysis with concentrated hydrochloric acid gave the triazolones (XII-XV1). Crystalline products
were obtained (Table 1), the structures of which were confirmed by their elemental analyses,
UV, IR, and mass spectra.

The UV spectra of the oxadiazoles (I-VI) were similar to those of known 2-amino-3-R-
ph&tiyl-1, 3,4-oxadiazoles [3], absorption having a maximum at 270-280 nm and a minimum at
230 nm. In the spectra of the triazoles, the maximum underwent a hypsochromic shift at
250-260 nm.

In the IR spectra of the oxadiazoles, absorption was present corresponding to deforma-
tional (970 cw~') and stretching 1000 cm™! vibrations of the —C-0—C— group. The strong
doublet at 3450 cm~? was due to stretching vibrations of the amino-group. The spectrum
contained absorption for stretching vibrations of the CN group at 1650 em™!., In the IR
spectra of the 1,2,4-triazol-5-ones, a typical feature is carbonyl stretching absorption
at 1750-1650 cm™*.

Lensovet Leningrad Technological Institute, Leningrad 198013. Translated from Khimiya
Geterotsiklicheskikh Soedinenii, No. 11, pp. 1553-1556, November, 1986. Original article
submitted June 17, 1985.

1258 0009-3122/86/2211-1258$12.50 @ 1937 Plenum Publishing Ccrporation



