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Reactions of trichloromethylarenes with hydrazine derivatives.
Synthesis of 2,5-disubstituted 1,3,4-oxadiazoles and 1,3,4-thiadiazoles

I. 8. Poddubnyi, L. I. Belen'kii,* and M. M. Krayushkin

N. D. Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences,
47 Leninsky prosp., 117913 Moscow, Russian Federation.
Fax: +7 (095) 135 5328. E-mail: 1030@suearn2. bitnet
i

.

The effect of the solvent on the course of the reaction between trichloromethylarenes and
thioacylhydrazines or acylhydrazines has been considered. In alcohols as solvents, alkyl
arenecarboxylates form as a result of alcoholysis, while 2,5-disubstituted 1,3,4-thiadiazoles
(1,3,4-oxadiazoles) form as minor products. In pyridine solutions, the major or sole products
are those of reductive condensation, ie., the corresponding N-substituted hydrazones of
arenecarbaldehydes. 1,3,4-Thiadiazole or 1,3,4-oxadiazole derivatives are obtained in good
yield when the reaction is carried out in a pyridine—alkanol mixture.
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1,3,4-thiadiazoles.

Recently we have found that, in the interaction of
trichloromethylarenes (TCMA) with hydrazines or hy-
droxylamine in pyridine solution, an unusual reductive
condensation takes place that leads to derivatives of the
respective aldehydes, /ie., aldazines, hydrazones and
oximes as well as nitriles (the latter being formed by
dehydration of the oximes under the reaction condi-
tions).1'2 Hydroxylamine or hydrazines were supposed by
us to be true reducing reagents. The same role was given
by the authors of Ref. 3 to thiosemicarbazide in the
transformation of 4-trichloromethylpyridine into
4-pyridinecarbaldehyde thiosemicarbazone, which took
place upon prolonged refluxing in pyridine solution and
was probably the first known example of the reductive
condensation.

Later it was found that the actual reducing agent in
the reductive condensation is not hydroxylamine or hy-
drazines, but pyridine* (we considered the reaction
mechanism previously’). In the context of this paper it is
important to note that reactions of benzotrichloride with
hydroxylamine and hydrazine yielded not only products
of reductive condensation, but also, in low yields,
3,5-diphenyl-1,2,4-oxadiazole and 2,5-diphenyl-1,3,4-
oxadiazole, respectively, which don't require reduction to
form.

Results and Discussion

The aim of this work was the investigation of factors
controlling preferential realization of one of the compet-
ing reactions (Scheme 1) of TCMAs 1a—d, i.e., reductive
condensation, leading to products of the types 2 and 3, or

Scheme 1
— ArCH=NNHﬁR

H,NNHCR 2a,d, 3a,b,d

ArCCl,
1a—d

N——-~N
g Ar—J'\XJ-—R

4a, 5, 6a,b, 7a,b

1—7: Ar = Ph (a), 2,4-Me,C¢H, (b),
2,4,5-Me,CgH, (c), 2,4,6-Me,CgH, (d)

2,4:X=0,R=NH,

3,6:X=5,R=NH,

5: Ar = 2,4,5-Me,C¢H,, X = O, R = 2-HOCH,

7:X=S,R="Ph

heterocyclization with the formation of substituted
1,3,4-oxadiazoles 4, 5 and 1,3,4-thiadiazoles 6, 7.

As became evident® 2,5-diaryl-1,3,4-oxadiazoles are
obtained in very low yields (<20 %) when their prepara-
tion is carried out in alcohol solutions in the presence of
sodium carbonate, /.e., under conditions offered in Ref. 7.
We failed also to prepare 2-amino-5-phenyl-1,3,4-
thiadiazole (6a) from benzotrichloride and thiosemi-
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Table 1. Effect of solvent on yields of products (R = NH,) of
reductive condensation (2, 3) and heterocyclization (4, 5)
TCMA Ar X Yield (%)
in Py in MeOH—Py
2,346 2,3 46

la  Ph ) 16 26 — 63
1d  24,6-Me,CiH, O 8 — 60 —
la  Ph S 10 30 — 60
b 24-Me,CiH; S 18 15 530
d 24,6-Me,CH, S 70— 55—

carbazide in ethanol in the presence of sodium carbonate
according to Ref. 8, whereas using methanol as the sol-
vent isolated product 6a in ~5 % yield. Similar resuits
were obtained using morpholine or piperidine as bases in
methanol solution in the reaction of 2,4,5-trimethyi-
benzotrichloride with 2-hydroxybenzhydrazide: the yieids
of the respective diaryl-1,3,4-oxadiazole § varied in the
range of 10—20 %. In all cases the main products were
the corresponding alkyl benzoates. Proceeding the
heterocyclization of TCMAs with acylhydrazines in
triethylamine in the absence of an alcohol,$ the desired
2,5-disubstituted 1,3,4-oxadiazoles were also isolated in
low yields.

When pyridine was used as a solvent in reactions with
sernicarbazide or thiosemicarbazide, semicarbazones 2 and
thiosemicarbazones 3 were obtained in pronounced quan-
tities or even turned out to be practically the only prod-
ucts, whereas the yields of 2-amino-5-aryl-1,3,4-
oxadiazoles 4 or respective thiadiazoles 5 were low or
negligible (Table 1). Taking into account the fact that the
use of methanol—pyridine or ethanol—pyridine mixtures
as solvents made it possible to transform TCMAs la—c to
2,5-diaryl-, 5-alkyl-2-aryl-, and 5-aryl-2-hetaryl-1,3,4-
oxadiazoles in 65—95 % vyields,5 we extended the proce-
dure to the synthesis of 2-amino-5-aryl-1,3,4-oxa- and
-thiadiazoles, as well as 2,5-diaryl-1,3,4-thiadiazoles.

In interaction of TCMAs 1a,b with semicarbazide or
thiosemicarbazide in a methanol—pyridine mixture,
2-amino-5-aryl-1,3,4-oxadiazoles 4 or 2-amino-5-aryl-
1,3,4-thiadiazoles 6 were obtained, respectively. Under
similar conditions TCMAs 1a and 1b were transformed to
diaryi-1,3,4-thiadiazoles 7 in 50—65 % yields (see
Scheme 1) after they reacted with thiobenzhydrazide, the
latter being prepared from benzotrichloride analogously to
the procedure given in Ref. 3.

Scheme 2
N—NH
1l

ArCCl, + H,NNHCR ~ AkoH Ar—C C—R

il {Py) i

X I X

N—N n—hH
A,_J'\X/’LR - Ar—C ﬁ—n

Ak X

4—-7

The only exception is the behavior of o,0-disubsti-
tuted TCMA's, which readily undergo both alcoholysis
and reductive condensation. Thus, in the case of
mesitotrichloride 1d the only products isolated were those
of the latter reaction (see Table 1).

The probable mechanism of heterocyclization is pre-
sented in Scheme 2, TCMA possibly being activated by
the formation of pyridinium salt.

We also studied the reaction of TCMAs with hydra-
zine hydrate in a pyridine—methanol mixture. Symmetri-
cally substituted 2,5-diaryl-1,3,4-oxadiazoles 8a,b were
obtained, although in low yields (~20 %). The mecha-
nism of the reaction can involve as the first step the
interaction of TCMA with hydrazine hydrate, to give the
corresponding hydrazonoyl chloride (cf. Ref. 2). How-
ever, the isolation of methyl benzoate and benzhydrazide
from the reaction mixture allow an alternative mechanism
to be supposed as more probable: 1) hydrazine-catalyzed
alcoholysis of TCMA with the formation of alkyl ben-
zoate; 2) transformation of the latter to aroylhydrazine;
3) the interaction of aroylhydrazine with unreacted
TCMA (Scheme 3).

To conclude, transformations described above make a
good basis for the synthesis of various 2,5-disubstituted
1,3,4-oxadiazoles and 1,3,4-thiadiazoles starting from
available trichloromethylarenes and acyl- or thio-
acylhydrazines, respectively.

Experimental

The 'H NMR spectra were recorded on a Bruker WM-250
radiospectrometer (250 MHz) in CDCly and DMSO-d,. The
mass spectra were obtained on a Varian MAT CH-6 instrument

Scheme 3
HN-——NH2 HTIJ-—-TH N e N
ArCCl, + HNNH,-H,0 DY TAROH s en0ak —a ar—C —> A=G Coar| — Ar——J'\O/'I-——Ar
| [l
* 0 0 0
8a,b

Ar = Ph (a)}, 2,4-Me,C.H, (b)
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with direct introduction of the sample into the ionic source,
using an ionizing voltage of 70 ¢V and an emission current of
0.1 mA. The melting points were measured on a Boetius micro-
scope stage and were not corrected.

Commercial samples of benzotrichloride (1a), semicarbazide,
thiosemicarbazide, and hydrazine hydrate were used.
2-Hydroxybenzhydrazide, as in Ref. 6, was obtained by interac-
tion of ethyl salicylate with hydrazine hydrate. 2,4-Dimethyl-
benzotrichloride (Ib) and 2,4,5- -trimethylbenzotrichloride (1c¢)
were obtained by electrophilic trichloromethylation, as described
in Ref. 9. 2,4,6-Trimethylbenzotrichloride (1d) was prepared in
a similar way according to Ref. 10.:'

Thiobenzhydrazide. Benzotrichloride 1a (13.9 mL, 0.1 mol)
was added dropwise with stirring to a solution of sodium
hydrosulfide (22.4 g, 0.4 mol) in ethanol (100 mL). The result-
ing mixture was boiled 10 h, the precipitate of sodium chloride
was filtered off, the filtrate was partially evaporated, 70 mL of
water and 70 mL of chloroform were added, the mixture was
stirred vigorously, the aqueous layer was separated and evapo-
ratcd in vacuo, and the residue was dried in a dessicator over

The resulting sodium dithiobenzoate was dissolved in
56 % ethanol (80 mL), and hydrazine hydrate (10 mL, 0.2 mol)
was added to the solution. The mixture was boiled for 9 h, the
solvent was removed on a rotary evaporator, methanol (30 mL)
was added, the solvent was evaporated, the residue was dissolved
in a minimal quantity of water, and the aqueous solution was
acidified with hydrochloric acid to pH 4.5—5.0, filtered and
evaporated in vacuo. The residue was recrystallized twice from
ethanol to give thiobenzhydrazide (10.65 g, 70 %), m.p. 72—
73 °C (¢f. Ref. L1).

Reaction of 2,4,5-trimethylbenzotrichloride Ic with
2-hydroxybenzhydrazide. Trichloride 1¢ (0.70 g, 2.95 mmol) was
added to the solution of salicylhydrazide (0.45 g, 2.95 mmol) in
6 mL of methanol and 1 mL of morpholine. The mixture was
boiled for 6 h, after cooling and partial evaporation 2-(2-
hydroxyphenyl)-5-(2,4,5-trimethylphenyl)-1,3,4-oxadiazole
(0.18 g, 22 %) was filtered off, m.p. 164—166 °C (¢f. Ref. 6),
from the filtrate methyl 2,4,5-trimethylbenzoate (0.29 g, 56 %),
np20 1.5040 (¢f. Ref. 12), was obtained. An analogous experi-
ment with piperidine instead of morpholine gave the same
products and yields 12 % and 63 %, respectively.

Reaction of trichloromethylarenes la,d with semicarbazide
hydrochloride. Trichloride 1a or 1d (7 mmol) was added to the
suspension of semicarbazide hydrochloride (14 mmol) in 10 mL
of pyridine or methanol—pyridine (1 : 1) solution. The mixture
was boiled for 3—7 h, cooled, the precipitate (2-amino-5-aryl-
1,3,4-oxadiazole 4) was filtered off and recrystallized from
ethanol. After partial evaporation, the corresponding substituted
benzaldehyde semicarbazone 2 was precipitated from the filtrate,
then filtered off and recrystallized. The yields of products 2 and
4 are presented in Table 1. 2-Amino-5-phenyl-1,3,4-oxadiazole
(4a), m.p. 241—243 °C (cf. Ref. 13), [M]* 161. Benzaldehyde
semicarbazone (2a), m.p. 220—222 °C (¢f. Ref. 14), [M]* 163.
2,4,6-Trimethylbenzaldehyde semicarbazone (2d), m.p. (84—
186 °C (¢f. Ref. 15).

Reaction of trichloromethylarenes 1a,b,d with thiosemi-
carbazide hydrochloride. A. In conditions similar to that of
preceding experiment from trichlorides 1a, 1b or 1d (3.5 mmol),
thiosemicarbazide (3.5 mmol) in 10 mL of pyridine or in 10 mL
of pyridine and 1.7 mL of methanol after 8—[5 h boiling
2-amino-S-aryl-1,3,4-thiadiazoles 6 and respective substituted
benzaldehyde thiosemicarbazones 3 were obtained. The yields of
products 3 and 6 are prcsentcd in Table [. 2-Amino-5-phenyi-
1,3,4-thiadiazole (6a), m.p. 221°-223 °C (¢f. Ref. 3), [M]* 177.
Benzaldehyde thiosemicarbazone (3a), m.p. 160—162 °C (¢f

Ref. 16), {M]* 179. 2-Amino-5-(2,4-dimethylphenyl)-1,3,4-
thiadiazole (6b), m.p. 182—184 °C, [M]* 205. 'H NMR (DMSO-
dg ), 8: 2.31 (s, 3 H, 4-Me); 2.40 (s, 3 H, 2-Me); 7.12 (brd, 1 H,
H(5)); 7.16 (br.s, | H, H(3)); 7.48 (d, | H, H(6), J = 8.2 Hz):
13.52 and 13.63 (brs, 2 H, NH). 2,4-Dimethylbenzaldehyde
thiosemicarbazone (3b), m.p. 208—210 °C, (¢f Ref. 17), [M]*

207. 'H NMR (DMSO-d 6), 8:2.26 (5, 3 H, 4-Me); 233 (5, 3 H,
2-Me); 7.02 (brs, I H, H(3)), 7.03 (brd, 1 H, H(5)); 7.83 (brs,
1 H, NH); 7.92 (d, | H, H(6) , /= 8.2 Hz); 8.16 (brs, | H,
NH); 835 (s, I H, CH=N); 11.28 (s, 1 H, NHN).
2,4,6-Trimethylbenzaldehyde thiosemicarbazone (3d), m.p. 231 —
232 °C (¢f. Ref. 18), [M]* 221. 'H NMR (DMSO- dg ), 8:2.22
(s, 3 H, 4-Me); 2.35 (s, 6 H, 2- and 6-Me); 6.88 (s, 2H H(3)
H(5)); 7.33 (brss, | H, NH); 8.16 (brs, | H, NH); 843 (s, | H,
CH=N); 11.28 (s, | H, NHN).

B. The mixture of benzotrichloride 1a (2.8 mL, 20 mmol),
thiosemicarbazide (1.82 g, 20 mmol), and anhydrous Na,CO,
(4.14 g, 4 mmol) in 30 mL of methanol was refluxed for 6 h.
The precipitate resulting from cooling was filtered off and
washed with methanol (the residue, a mixture of sodium carbon-
ate and chloride, 3.13 g). The filtrate was evaporated, the
residual oily crystals were treated with chloroform, then a
mixture (0.75 g) of inorganic salts with thiosemicarbazide was
filtered off, the latter (0.1 g, m.p. 180—182 °C) being isolated
after washing the precipitate with water. Evaporation of the
chloroform solution gave the product 6a, (0.2 g, yield 5.6 %)
m.p. 223—227 °C.

Reactions of trichloromethylarenes 1a,b with thiobenz-
hydrazide. Trichloride 1a or 1b (4.6 mmol) was added to the
solution of thiobenzhydrazide (4.6 mmol) in 5 mL of methanol
and 1.5 mL of dry pyridine. The mixture was boiled for 8—10 h,
partially evaporated, cooled, the precipitate was filtered off,
washed with aqueous ethanol and recrystallized from ethanol.
From the mother liquor, after evaporation and crystallization of
the residue an additional amount of the product 7a or 7b was
obtained. 2,5-Diphenyl-1,3,4-thiadiazole (7a), yield 65 %, m.p.
140—143 °C (¢f. Ref. 19). 2-(2,4-Dimethylphenyl)-5-phenyl-
1,3,4-thiadiazole (7b), yield 50 %, m.p. 106—108 °C, [M]*
266. 'TH NMR (CDCly), 8: 2.35 (s, 3 H, 4-Me); 2.70 (s, 3 H, 2-
Me); 7.10 (d, 1 H, 5-H); 7.12 (s, | H, H(3)); 749 (m, 3 H,
H(3), H(4), H(5) Ph); 7.82 (d, | H, H(6)); 8.02 (m, 2 H, H(2),
H(6) Ph, /= 8 Hz). Found (%): C, 72.01; H, 7.39; N, 10.44; S,
12.21. C(H  N,S. Calculated (%): C, 72.15; H, 7.30; N, 10.52;
S, 12.03.

Reactions of trichloromethylarenes 1a,b with hydrazine hy-
drate. Trichloride 1a or 1b (5.5 mmol) was added to the solution
of hydrazine hydrate (0.14 mL, 2.75 mmol) in 3.5 mL of
methanol and 1.8 mL of dry pyridine. After treatment analogous
to that described above the following products were obtained.
2,5-Diphenyl-1,3,4-oxadiazole (8a), yield 17 %, m.p. 139—
140 °C (¢f. Ref. 1); benzhydrazide, yield 8 %, m.p. 111—114 °C
(from hexane) and methyl benzoate, yield 43 %, np20 1.5134
(isolated by column chromatography on silica gel, ethyl ac-
etate—hexane, 1 : 3 as eluent). 2,5-Di(2,4-dimethylphenyl)-
1,3,4-oxadiazole (8b), yield 25 %, m.p. 111—112 °C, [M]* 278.
'H NMR (CDCl,), &: 2.40 (s, 3 H, 4-Me); 2.76 (s, 3 H, 2-Me);
7.16 (brd, 1 H, H(5)); 7.18 (brs, 1 H, H(3)); 793 (d, | H
H(6), J= 8 Hz). 3C NMR (CDCly), 5: 21.45 and 22.21 (2- and
4-Me); 120.33 (C(1)); 12698 (C(5)); 12891 (C(6));, 132.59
(C(3)); 138.29 (C(2)); 141.51 (C(4)); 164.31 (C of the hetero-
cycle). Found (%): C, 77.37; H, 6.60; N, 10.13. C,gH ;N,0.
Calculated (%): C, 77.67; H, 6.52; N, 10.07.

Partial financial support by the Russian Foundation of
Basic Research (Grant 95-03-09748) is acknowledged.



1188 Russ. Chem. Bull., Vol. 45, No. 5, May, 1996

Poddubnyi er al.

References

1. D. B. Brokhovetskii, L. 1. Belen'’kii, and M. M. Krayushkin,
Izv. Akad. Nauk SSSR, Ser. Khim., 1989, 748 [Bull. Acad.
Sci. USSR, Div. Chem. Sci., 1989, 38, 676 (Engl.Transl.)].

2. L. [. Belen'kii, D. B. Brokhovetskii, and M. M. Krayushkin,
Tetrahedron, 1991, 47, 447.

3. H.-B. Konig, W. Siefken, and H. A, Offe, Chem. Ber., 1954,
87, 825.

4. L. I. Belen'kii, 1. S. Poddubnyi, and M. M. Krayushkin,
Mendeleev Commun., 1993, 97. |

5. L. I. Belen'kii, 1. S. Poddubnyi, and M. M. Krayushkin,
Tetrahedron Lent., 1995, 36, 5075.

6.1. S. Poddubnyi, L. [. Belen'kii, and M. M. Krayushkin,
Khim. Geterotsikl. Soedin., 1994, 686 [Chem. Heterocycl.
Compds., 1994, 30, 602 (Engl. Transl.)].

7. M. Golfier and R. Milcent, Synthesis, 1979, 946.

8. H. M. Hassanein, A. H. Shetta, and N. M. Elwan, Hetero-
cycles, 1982, 19, 1477.

9. L. L. Belen'kii, D. B. Brokhovetskii, and M. M. Krayushkin,
Chem. Scripta, 1989, 29, 81.

10. H. Hart and R. W. Fish, J. Am. Chem. Soc., 1961, 83, 4460.

11. K. Jensen and C. Pedersen, Acta Chem. Scand., 1961, 15,
1097.

12. US Pat. 2892868; Chem. Abstrs., 1960, 54, 1450h.

13. E. Hoggarth, J. Chem. Soc., 1950, 612.

14. W. I, King and P. T. lzzo, J. Am. Chem. Soc., 1947, 69,
1220.

15.). C. Lunt and F. Sondheimer, J. Chem. Soc., 1950, 3366.

16. L. Popovici, Ann. Chim. [10], 1932, 18, 228.

17. Ger. Pat. 885705, 1944; Beilstein 7, EIV, 706.

18. Belg. Pat. 646877, 1964; Chem. Abstrs., 1965, 63, 11434.

19. K. Ruhlmann, J. prakt. Chem. [4], 1959, 8, 285.

Received November 13, 1995,
in revised form January 25, 1996




