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methane; A Simple Synthesis of N-Acyl-phenylmeth-
anehydrazonates and 1,3,4-Oxadiazoles
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Hydrazonoyl halides 1 (X=Cl, Br) are potentially useful
intermediates in heterocyclic chemistry. The most direct
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synthesis involves bromination of hydrazones' but is sub-
ject to severe limitations®. Other methods involve reaction
of phosphorus pentachloride® or triphenylphosphine/car-
bon tetrachloride* with a monohydrazide.

We considered that the hydrazonoyl chloride 1 (X=Cl,
R'=C¢Hs) might be formed in situ by reaction of N-acyl-
or N-aroylhydrazines 3 with the readily available phenyl-
trichloromethane (2). Although no direct evidence for the
formation of the hydrazonoy! chloride 1 could be obtained,
we have found that this reaction provides a simple access to
esters of N-acyl-phenylmethanehydrazonic acids 4 and 2,5-
disubstituted 1,3,4-oxadiazoles 5.
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Reaction of N-acylhydrazines 3a with an equimolar
amount of phenyltrichloromethane (2) under reflux for 8 h
in a primary alcoho! (except methanol) in the presence of
anhydrous sodium carbonate gives the esters of N-acyl-
phenylmethanehydrazonic acids 4. Although the yields of 4
are only moderate (30-50%), the present method provides
a convenient, one-pot synthesis of 4a which compares fa-
vourably with the known, multi-step preparations™>%7 of
similar compounds (Table 1).

Products 4a were characterised by 'H-N.M.R., I.R., and
mass spectrometry. The characteristic fragments in the
mass spectra correspond to the cleavage of the R? group
(m/e=M—R?+1), the R*0 group (m/e==M—R?*—16),
and R*-OH (m/e=M—R>—17). The last fragment prob-

ably originates (rom a thermal elimination.

On heating in the absence of a solvent at 205-210°, com-
pounds 4a undergo cyclisation to give the known 2-alkyl-5-
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Table 1. N-Acyl- and N-Ethoxycarbonyl-phenylmethanehydrazonates 4a and 4c¢

Product Yield m.p. Molecular LR. (KBn)® 'H-N.M.R. (CDCl,)¢

No. R' R? (%] formula® ve-o f[em™'] 8 [ppm]

4a H,C C;H; 31 102¢ C i H1uN,0, 1655 1.32 (t, 3H, OCH,CH,); 2.30 (s, 3H, CO--CH;); 4.0 (q,
(206.2) 2H, OCH.CHs;)

4a H,C n-CH, 41 78.5°  C;H N0, 1660 0.98 (t. 3H, CH,CH,CH,); 2.32 (s, 3H, CO CH;); 3.92
(220.3) (t. 2H, OCH,)

40 H,C  nCH, 46 63.5°  CpHuN,O, 1675 0.93 (t, 3H, CH,CH,); 2.32 (s, 3H, CO  CH,); 3.93
(234.3) (t, 2H, OCH,)

4a C,H; C,H;s 32 82° C-H,N,0, 1660 1.22 (t, 3H, CO CH,CH;); 1.33 (t, 3H, O- CH,CH.):
(220.3) 2,68 (q, 2H, CO  CH.CH,): 3.97 (¢, 2H, O - CH:CH,)

4a n-C;H;,  C,H; 49 68° Cy3HxN,0, 1660 0.97 (t, 3H, CO CH,CH,); 1.37 (t. 3H, O CH,CH;):
(234.3) 287 (t, 2H, CO-CH,CH, ), 397 «(q. 2H,

O-- CH,CH»)
4c C,H;O C.H; 33 81° Lit. * m.p. 80°  1730-1710 1.30 (t, 6H, O- -CH,CH: + CO  OCH,CH.). 3.93 (g.

2H,0- CH, ) 4.20(q, 2H.CO- O CH,)

* The microanalyses were in satisfactory agreement with the calculated values (C +0.30, H +0.20, N +0.20). The mass spectra (Varian

CHS5 spectrometer) are in accord with these structures.
® Perkin-Elmer 257 spectrometer.

¢ Spectra recorded at 60 MHz with a Varian T-60 spectrometer. The products can exist as (E)- or (Z)-isomers. The reported spectra of me-
thyl N-tosyl-phenylmethanehydrazonates® and of phenylhydrazones’ suggest that these isomers should give signals separated by ~0.1
ppm for the O-—CH,  protons of the OR? group. In all spectra, only 1 signal (t or q) was observed for these methylene protons, suggest-
ing that the products are configurationally homogeneous. The stereochemistry was not further investigated.

Table 2. Reaction of Phenyltrichloromethane (2) with N-Aroylhy-
drazines 3b in Ethanol

R! Reflux  Yield [%] m.p. Lit. m.p.
time of Sb
(h]
CeH; 6 75 139.5° 138213
4-O,N .-CH, 14 67 209° 207-209¢'"12
4-H,CO C.H, 24 90 146.5°  146°'""?
4-Cl---C4H, 24 84 162° 16201112

phenyl-1,3,4-oxadiazoles 5a in yields exceeding 95%.
When methanol is used as solvent for the reaction of 2 with
3a, 2-methyl-5-phenyl-1,3,4-0xadiazole 5a (R'=CH,) is
obtained directly in 31% yield.

Reactions of 2 with N-aroylhydrazines 3b under reflux lead
directly to the 2-aryl-5-phenyl-1,3,4-oxadiazoles 5b in
yields of >70%. These yields are better than those obtained
by cyclisation of a dihydrazide''; this method can also be
used for the preparation of unsymmetrically substituted
1,3,4-oxadiazoles. The intermediates 4b are not isolated but
are known to be rapidly converted to 5b under the reaction
conditions'? (Table 2).

The reaction of N-ethoxycarbonylhydrazine (3c,
R'=0C;H;) with 2 leads to 4c which does not undergo
thermal cyclisation. However, treatment of compound 4¢
with thionyl chloride readily brings about cyclisation and
consecutive demethylation of the 1,3,4-oxadiazole 6 to give
5-0x0-2-phenyl-4,5-dihydro-1,3,4-oxadiazole (7).

Hydrazonyl chlorides 1 (X=Cl, R'=C,H;, R*=acyl or
aroyl) have not been detected and the mechanism of for-
mation of 4 certainly involves several steps. However, in
view of the analogous reactions of imidoyl chlorides with
alcohols to give imidates'®, 1 is probably one of the inter-
mediates. An alternative method involves conversion of 2
to triethyl orthobenzoate [C,Hs  C(OC,H;s);] which, on
reaction with the hydrazine, give the 1,3,4-oxadiazole in

analogy to Ainsworth’s classical synthesis'>. The latter

mechanism has been ruled out on the basis of the following

control experiments:
Reaction of 2 in refluxing ethanol in the presence of so-
dium carbonate gives only ethyl benzoate; no trace of
triethyl orthobenzoate, which is stable under these con-
ditions, could be detected in the 'H-N.M.R. spectrum;
Ethyl benzoate does not react with benzoylhydrazine:

~ The reaction of triethyl orthobenzoate with benzoylhy-
drazine to give 2,5-diphenyl-1,3,4-oxadiazole (5b,
R'=CHs) is much slower than the analogous reaction
of 2 with 3b.

N-Acyl-phenylmethanchydrazonic Acid Esters 4
Phenyltrichloromethane (2; 1.95 g, 10 mmol), the N-acylhydrazine
3 (10 mmol), anhydrous sodium carbonate (2.15 g, 20 mmol). and
the primary alcohol (50 ml) are heated under reflux for 8 h. The
suspension is filtered while hot and the solvent cvaporated. The
oily residue is dissolved in ether, the ether solution is washed sev-
eral times with water, dried with sodium sulphate, filtered. and
evaporated. The residue is recrystallised from the minimum
amount of petroleum ether.

Thermal Rearrangement of 4 to 1,3,4-Oxadiazoles S:

The respective compound 4 is heated at 205-210" in a sealed tube
in the absence of a solvent for 1 h. The residue is purified by distil-
lation or recrystallisation; yield: >95%.
2-Methyl-5-phenyl-1,3,4-oxadiazole (5a, R' =CH,); m.p. 67° (me-
thanol); Lit. * m.p. 67-68°.

2-Ethyl-5-phenyl-1,3,4-0xadiazole (52, R'=C,Hs); b.p. 127°/20
torr; Lit. %, b.p. 105°/0.1 torr.

Ethyl N-Ethoxycarbonyt-phenylmethanehydrazonate

(4¢; R'=0C,Hs, R?*=C,Hs):

Phenyltrichloromethane (2; 1.95 g, 10 mmol), ethoxycarbonylhy-
drazine (3¢; 1.56 g, 15 mmol), anhydrous sodium carbonate (1.5 g.
14 mmol), and ethanol are heated under reflux for 10 h. After treat-
ment as described above, the petroleum ether solution is main-
tained at 0° for 3 days. The precipitate is filtered and recrystallised
from petroleum ether; yield: 0.78 g (33%); m.p. 81°; Lit. * m.p.
80°.

5-Oxo-2-phenyl-4,5-dihydro-1,3,4-oxadiazole (7):
Compound 4¢ (1.18 g, 5 mmol), thionyl chloride (4 ml), and to-
luene (3 ml) are heated under reflux until evolution of hydrogen
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chloride ceases. The mixture is allowed to cool, is poured on to
crushed ice, and allowed to stand for 2 h. The resultant mixture is
extracted with ether, the ether solution is washed with water, dried
with sodium sulphate, and evaporated. The oily residue which
crystallises rapidly is recrystallised from benzene: yield: 041 g
(51%); m.p. 139°; Lit. '* m.p. 138°.

2-Aryl-5-phenyl-1,3,4-0xadiazoles 5b from N-Aroylhydrazines 3b:
Phenyltrichloromethane (25 3.9 g, 20 mmol), N-aroylhydrazine 3b
(20 mmol), anhydrous sodium carbonate (2 g, 19 mmol), and a pri-
mary alcohol (50 ml) are heated under reflux for the time given in
Table 2. The mixture is then filtered while hot, the alcohol is evap-
orated, and the residue recrystallised from ethanol.
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