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N-Methyl- N-(phenylsulfonyl)benzohydrazonoyl Chloride as a Potential
Intermediate for Nitrogen-heterocycles. Preparation of
1-Methyl-3-phenyl-1H-1,2,4-triazoles and -pyrazoles
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3,5-Disubstituted 1-methyl-1H-1,2,4-triazoles and -pyrazoles were obtained in good to moderate yields by the
reaction of N-methyl- N-(phenylsulfonyl)benzohydrazonoyl chloride with nitriles and with acetylenes in the presence

of aluminum chloride.

The triazoles were also formed by the reaction of acid chlorides with N-methyl-N-(phenyl-

sulfonyl)benzamidrazone which was generated from the hydrazonoyl chloride and ammonia.

N-Phenylbenzohydrazonoyl chloride (1) gives 1-
phenyl-1H-1,2 4-triazoles by the reaction with nitriles
via a npitrilium ion (generated from 1 and aluminum
chloride)? as well as via diphenylnitrilimine generated
from 1 and triethylamine.?) N, N-Disubstituted hydra-
zonoyl halides such as N-methyl- N-phenylbenzohydra-
zonoyl chloride® cannot afford 1,2,4-triazoles as a
matter of course. As has been shown in the reaction of
N-(phenylsulfonyl)benzohydrazonoyl chloride (2) with
N,N'-disubstituted benzamidines and N-substituted
benzimidates, however, such an arylsulfonyl group
attached to the amino nitrogen of hydrazonoyl chlorides
as that of 2 can be eliminated as an arenesulfonyl
cation. Thus, the title hydrazonoyl chloride carrying an
N-phenylsulfonyl group can be expected as a potential
source for l-methyl-1H-1,2,4-triazoles and -pyrazoles.
The present paper deals with the Lewis acid-catalyzed
reaction of N-methyl-N-(phenylsulfonyl)benzohydra-
zonoyl chloride (3) with nitriles and with acetylenes and,
in addition, the reaction of N-methyl-N-(phenylsulfon-
yl)benzamidrazone (4) derived from 3.

Results and Discussion

The Lewis Acid-catalyzed Reactions of N-Methy-N-
(phenylsulfonyl)benzohydrazonoyl Chloride (3) with Nitriles
and Acetylenes.  Preparation of 3: Hydrazonoyl chloride
3 was obtained in an almost quantitative yield by the
N-methylation of N-(phenylsulfonyl)benzohydrazonoyl
chloride (2) with diazomethane. The thionyl chloride
treatment of 1-benzoyl-2-methyl-2-phenylsulfonylhy-
drazine (3) obtained from 1-benzoyl-2-phenylsulfonyl-
hydrazine (6) by the N-alkylation with methyl iodide
was also available for preparing 3 (Scheme 1). Except
for the trouble and hazard in the preparation of diazo-
methane, the former method may be convenient.
Hydrazonoyl chloride 3 is a stable crystalline com-
pound, but was observed to undergo hydrolysis more
appreciably than 2 when allowed to stand in contact
with the atmosphere for a long time.

Reactions of 3: A mixture of 3 and small excess
amounts of benzonitrile and aluminum chloride was
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TasLE 1. 1-MeTHYL-3,5-DIPHENYL-1H-1,2,4-TRIAZOLE
(7a) BY THE ALUMINUM CHLORIDE-CATALYZED
REACTION OF 3 WITH BENZONITRILE

Reaction temp® Yield/%®™
——————  Solvent —_——
°C 7a 3%
Reflux CH,Cl, 0 ~100
Reflux CS, 0 ~100
75—85 0-C4H,Cl, 15 55
95105 0-CgH,Cl, 47 16
115—125 0-C¢H,Cl, 77 0
135145 0-C.H,Cl, 63 0
115—125 sym-C,H,Cl, 72 0
Reflux (146) sym-C,H,Cl, 74 0

a) Reaction time: 30 min. b) Isolated yield. c¢) Unal-

tered hydrazonoyl chloride.

heated at 115—125 °C (oil bath) in a solvent for 30
min. Work-up gave 1-methyl-3,5-diphenyl-1H-1,2,4-
triazole (7a) in a 779, (maximum) yield: in the case of
low reaction temperature, unaltered 3 was recovered
(Table 1). When the reaction was carried out in the
presence of titanium(IV) chloride or boron trifluoride
etherate as a catalyst, 7a was obtained in a diminished
yield (at 115—125 °C in o-dichlorobenzene). The results
are summarized in Table 2 along with those obtained in
the reaction with acetonitriles. - The reac tion of the N-
unalkylated hydrazonoyl chloride, 2, with benzonitrile
as a control experiment gave 3,5-diphenyl-1H (or 4H)-
1,2,4-triazole (499,), which should be generated by the
hydrolysis of 1-phenylsulfonyl-3,5-diphenyl-1H-1,2,4-
triazole. Under the same reaction conditions, phenyl-
acetylene and diphenylacetylene gave 1-methyl-3,5-
diphenyl (8a) and 1-methyl-3,4,5-triphenyl-1H-pyrazole
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TasLE 2. SoME 1-METHYL-1H-1,2,4-TR1AZOLES (7),
N-N _Me
Ph~< | , FRoM RC=N aND -PYRAZOLES (8),
N=C\p

Me
N-N~
Ph—C/ I , FRoM R’C=CPh
R//C:C\Ph
Azoles Mp Reaction Yield
Tor8 g, pCc  Catalyst oo ditions® 70N
TiCl A 55
= c) 4
7a (R=Fh) 78l {BFS.EtZO A 7
— AlCl, A 77
7b (R=PhCH,) 70—71 {TiCld " n
AlCI A 63
= . d) 3
7c¢ (R=Me) 119—120 { Tior A 6
AlC, A %
AICL B 20
= A ) 3
8a (R'=Ph) 187—188 ‘AICIS o 20
TiCl, A 7
AICL A 14
! = __"79f) 3
8b (R'=H) 71—72 {TicL, " L4

a) A: Heating at 115—125 °C in 0-CgH,Cl, for 30 min.
B: Heating at 135—145 °C in 0-C;H,Cl, for 30 min. C:
Heating at 115—125°C in gm-C,H,Cl, for 30 min.
‘b) Isolated yield. c) Lit, mp 84 °C: Ref. 12. d) Lit,
mp 117 °C: Ref. 12. e) Lit, mp 189—I190 °C: A. M.
Comrie, J. Chem. Soc., C, 1971, 2807. f) Lit, mp 69.°C:
A. R. McCarthy, W. D. Ollis, and C. A. Ramsden, J.
Chem. Soc., Perkin Trans. 1, 1974, 624.

(8b) in moderate yields, respectively (Table 2).

The triazoles and pyrazoles obtained were identified
by their analytical and spectral data, and the confirma-
tion of the known compounds was made also by direct
comparison with authentic specimens. To the present
reactions, the following nitrilium ion mechanism?® may
be applicable most reasonably (Scheme 2).

Ph-C=N-N-SO,Ph — {Ph—(ﬁ:N—N—SOzPh] AlCL,~
|

I 1 A
G Me 1Cs Me

3)

}/ Me Me
_N-N-SO,Ph _N-N-SO,Ph
— LP - «— Ph-C AlCl,~
RC:=Y \Y=C+-R (Y=N) \Y+=C-R
(Y=N or CR’) (9)
. Me N
_N-N*-SO,Ph
— | Ph-C | AlCl,~
L \Y=C\R
N-N Me
— |Ph-C" | AICl,+PhSO,CI
L \Y=C g
(7, Y=N), (8, Y=CR’)
Scheme 2.

The lower yields in the pyrazole formation should be
ascribed to the relative instability of the secondarily
formed nitrilium ion(9,Y=CR’) and/or the weak nucleo-
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philicity of acetylenes. In contrast to the reaction of
1,1 no dihydrotetrazine formation from two molecules of
3 could be observed, which may be due to the potential
crowdedness of the intermediate ammonium ion
required for the dihydrotetrazine formation.

Attempted Reactions with Olefins. Attempts to
prepare pyrazolines by the aluminum chloride-catalyzed
reaction of 3 with olefins such as cyclohexene, acenaphty-
lene, and norbornene were unsuccessful. However,
small amounts (3%,) of (3aRS,7aSR)-3-phenyl-1-phenyl-
sulfonyl-4, 7-methano-3a,4,5,6,7,7a-hexahydro-1 H-inda-
zole was obtained by the reaction of 2 with nor-
bornene in the presence of aluminum chloride at room
temperature.®

In this case, the reaction may proceed alternatively
via the 1,3-dipolar cycloaddition of N-(phenylsulfonyl)-
benzonitrilimine.®

Preparation of Triazoles (7) via N-Methyl-N-(phenyl-
sulfonyl)benzamidrazone (4) (an Indirect Method for
Preparing 7 from 3). Amidrazone 4 may fall under
one of the simplest classes of derivatives from 3 and
its —I\II—C(Ph)-—N—ll\I— part of molecule should be available

for constructing a 1,2,4-triazole ring. Compound 4
was obtained in a good yield by the treatment of 3 in
DMF with gaseous ammonia.”

When amidrazone 4 was allowed to react with benzoyl
chloride under reflux in THF, N-methyl-N-phenyl-
sulfonyl- N”-benzoylamidrazone was obtained along with
the hydrochloride of 4. However, fusion of 4 with an
aroyl or acyl chlorides at an elevated temperature
(145—155 °C) gave 3,5-disubstituted 1-methyl-1H-1,2,4-
triazoles (7) in good yields. The results are summarized
in Table 3. A similar treatment with acetic anhydride
resulted in no formation of 7e.

The reaction of hydrazonoyl chloride 3 with benz-

TABLE 3. TRIAZOLES FROM AMIDRAZONE 4
Reactant Triazole Yield/%®
PhCOCI 7a 77
PhCH,COCI b 54
MeCOCI1 7c 64
EtCOCIL 7d» 70

a) Isolated yield. b) 1-Methyl-5-ethyl-3-phenyl-1H-1,2,
4-triazole, mp 51—52 °C.

—HC1
Ph-C=N-N-SO,Ph — > Ph-C=N-N-SO,Ph
| |
RCOC RCONH Me

NIH2 l\/lIe
(4)
Me Me
_N-N-SO,Ph _N-N*+-SO,Ph
— . Ph-C — phC | +H,0
H \N=C-O*H, \N=C\ g
1
R
N-N _Me
— Ph-@~ | + PhSO.H + H*
\N= “R
7

Scheme 3.
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amide and with acetamide under the conditions of
fusion afforded triazoles 7a and 7c¢ in poor yields (18
and 109%,, respectively) together with hydrazide 5. The
inferiority in yields should be due to the weak nucleo-
philicity of amides and also to the hydrolysis of 3 by
water generated in situ.

The reaction of amidrazone 4 with acid chlorides can
be formulated as follows (Scheme 3).

The formation of five-membered heteroaromatics via
condensation or related reactions is well known to
proceed smoothly in general. This specific tendency
may be ascribed to the probable aromatic or quasi-
aromatic character of the activated complex in reac-
tions. Such situation has been partly discussed else-
where,® and can be postulated in the present reactions
including the Lewis acid-catalyzed reaction described
above. The attempted pyrazoline-forming reaction is
lacking in this type of stabilization.

Evaluation as a Preparative Method. Because of the
inferiority in yields, the present Lewis acid-catalyzed
reaction may be almost useless for obtaining pyrazoles.
For preparing l-alkyl-1H-1,2,4-triazoles, the following
four procedures are available as general methods:®:10:11)
the condensation of diacylamines with alkylhydrazines
(Einhorn-Brunner reaction), the condensation of amides
with 2-alkylhydrazides (Pellizzari reaction), the reaction
of N-alkylamidrazones with acid derivatives,'? and the
N-alkylation of N-unsubstituted 1,2,4-triazoles.!® The
former three methods require alkylhydrazines which
are expensive or hardly available. In the fourth method,
the N-alkylation proceeds usually at a specific position
when the C-substituents are unlike each other. However,
this specificity should be reduced in the case that the
starting N-unsubstituted triazoles bear similar C;- and
C;-substituents. On the other hand, the present method
using N-methyl- N-sulfonylhydrazonoyl chloride or N-
methyl- N-sulfonylamidrazone does not have such dis-
advantages as described above, and may be applicable
to the preparation of N-higher alkyl homologs, since
their precursor 1-benzoyl-2-alkyl-2-phenylsulfonylhydra-
zines can be easily obtained by the alkylation of 6.
Thus, in view of the good to comparable yields of
products, the present method is useful for preparing 1-
alkyl-1H-1,2,4-triazoles.

Experimental

Melting poins were determined with a Yanagimoto MP-S3
micromelting point apparatus, and are uncorrected. Molec-
ular weights were determined with a Hitachi-Perkin-Elmer
molecular weight apparatus Model 115. The microanalysis
was performed on a Perkin-Elmer 240 elemental analyzer.
The IR and NMR spectra were recorded with a Hitachi 260-10
and a Varian EM-360A spectrometer, respectively.

Preparation  of N-Methyl-N-(phenylsulfonyl) benzohydrazonoyl
Chloride (3). Method A: To a solution of N-(phenyl-
sulfonyl)benzohydrazonoyl chloride’® (2, 2.95g, 10 mmol)
in THF (30 ml), slightly excess amounts of an ethereal solution
of diazomethane was added by portions. The reaction came

to an end almost immediately with the evolution of nitrogen. -

The removal of solvent gave almost pure 3 (3.12 g), which was
recrystallized from benzene or methanol. Mp 112—113 °C;
IR (KBr, cm™): 1589 (C=N), 1355, 1164 (SO,); NMR
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547

(CDCl,, 9): 3.05 ppm (3H s, N-CH,), 7.23—8.15 ppm (10H
m, 2Ph). Found: MW, 305; C, 54.44; H, 4.25; N, 9.12%,.
Calcd for C;,H;3N,0,SCl: MW, 309; C, 54.46; H, 4.24; N,
9.07%.

Method B: To a solution of I-benzoyl-2-phenylsulfonyl-
hydrazine (6, 5.52 g, 20 mmol) in DMF (50 ml), a 0.58 g-
portion (net 24 mmol) of sodium hydride dispersion (709, in
liquid paraffin) was added under external cooling. After
the ceasing of gas evolution (a few minutes), methyl iodide
(3.12 g, 22 mmol) was added to the mixture. After stirring
for I h at room temperature, the DMF solution was poured into
water to separate l-benzoyl-2-methyl-2-phenylsufonylhydra-
zine (5, 5.50 g), which was purified by crystallization from
methanol. Mp 186—187 °C; IR (KBr, cm~1): 3217 (NH),
1667 (C=0), 1352, 1154 (SO,). Found: MW, 294; C, 57.76;
H, 4.83; N, 9.57%. Calcd for C,,H;,N,0,S: MW, 290; C,
57.92; H, 4.86; N, 9.65%. A mixture of 5 (4.35 g, 15 mmol)
and 30 ml of thionyl chloride was refluxed for 3 h. Removal
of excess thionyl chloride in vacuo and washing the resulting
yellowish residue with small amounts of methanol gave cryatal-
line 3 (4.40 g), which was recrystallized from methanol or
benzene. Mp 112—113 °C.

Reaction of 3 with Nitriles in the Presence of a Lewis Acid.

Typical Procedure: A mixture of benzonitrile (0.57 g, 5.5 mmol),
freshly sublimed aluminum chloride (0.47 g, 5.5 mmol), 3
(1.55 g, 5.0 mmol), and o-dichlorobenzene (5 ml) was heated
at 115—125 °C for 30 min in an oil bath. After being cooled.
the reaction mixture was basified with a dilute aqueous sodium
hydroxide solution and extracted with chloroform. The
chloroform layer was washed with dilute hydrochloric acid
and then water. After removal of the solvent, the chloroform
extract was chromatographed on a silica-gel column (2.0 cm-d,
20 cm-h; eluents: hexane, benzene, and benzene-diethyl
ether) to give 7a (0.91 g, 779%,), which was purified by recrystal-
lization from benzene. The results are listed in Table 1 and 2.

1-Meihyl-3-phenyl-5-benzpl-1H-1,2 4-triazole (7b): Mp 70—
71 °C (ethanol); IR (KBr, cm-1): 1600, 1069, 1024 (1,2,4-
triazole ring vibrations) ;¥ NMR (CDCl,, d): 3.73 ppm (3H
s, N-CH,), 4.23 ppm (2H s, -CH,-), 7.10—7.60 ppm (8H
m, m,m’- and p-protons of 3- Ph and Ph~CH,-), 7.97—8.26 ppm
(2H m, o,0’-protons of 3-Ph). Found: C, 77.00; H, 6.09; N,
17.06%. Caled for C;gH ;sNy: C, 77.08; H, 6.06; N, 16.85%,.

Aluminum Chloride-catalyzed Reaction of 2 with Benzonitrile (A
Control Experiment). The reaction and the work-up in a
similar way gave 3,5-diphenyl-1H (or 4H)-1,2,4-triazole.
Yield: 499%,; mp 191—I192 °C (lit,'® mp 189—190 °C).
Found: C, 75.72; H, 5.34; N, 18.939%,.

Reaction of 3 with Acetylenes. The reaction was carried
out in a manner similar to above except the use of diphenyl-
acetylene or phenylacetylene in the place of nitriles. The
results are summarized in Table 2.

Preparation of N-Methyl-N-(phenylsulfonyl)benzamidrazone (4).
Into a solution of 3 (15.5 g, 50 mmol) in DMF (60 ml) which
was externally heated at approximately 80 °C in an oil bath,
anhydrous ammonia was bubbled. After the completion of
precipitation of ammonium chloride (about 30 min), the
reaction mixture was cooled and then poured into water to
separate N-methyl-N-(phenylsulfonyl)benzamidrazone (4, 13.0
g, 45 mmol), which was purified by crystallization from
ethanol. Mp 156—158 °C; IR (KBr, cm™1): 3479, 3373
(NH), 1625 (C=N), 1326, 1155 (SO,); NMR (CDCl,, 4):
2.83 ppm (3H s, N-CH,;), 5.75 ppm (2H brs, N-H), 7.23—
8.12 ppm (10H m, 2Ph). Found: C, 58.07; H, 5.20; N,

14.50%,. Caled for C,H;;N,0,S: C, 58.11; H, 5.23; N,
14.529%,.
Reaction of 4 with Benzoyl Chloride in THF under Reflux. A

solution of 4 (0.87 g, 3 mmol) and benzoyl chloride (0.42 g,
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3 mmol) in THF (20 ml) was refluxed for 7h. From the
reaction mixture, N-methyl-N-(phenylsulfonyl)benzamidra-
zone hydrochloride was separated as precipitates. Yield: 0.56
g (1.7 mmol, 57%,) ; mp 186—188 °C; IR (KBr, cm~1): 3370—
2600 (broad peaks, [H,N:-:C::N-]*H), 1673 (C=N), 1355,
1162 (SO,). Found: C, 51.36; H, 4.85; N, 12.96%,. Calcd for
C,,H N;O,SCl: C, 51.61; H, 4.95; N, 12.90%,. After the
removal of solvent from the THF layer, the residue was
crystallized from ethanol to give N-methyl-N-phenylsulfonyl-
N"-benzoylbenzamidrazone (0.37 g, 0.94 mmol, 31%). Mp
179—181 °C; IR (KBr, cm™1): 3330 (NH), 1697 (C=0), 1605
(C=N), 1340, 1162 (SO,); NMR (CDCl,, é): 2.94 ppm (3H
s, N-CHj;), 7.29—8.30 ppm (10H m, 2Ph), 9.93 ppm (1H
brs, N-H). Found: C, 63.91; H, 4.90; N, 10.729%,. Calcd
for Gy, H,,N;0,S: C, 64.11, H, 4.87; N, 10.689%,.

Reaction of 4 with Acid Chlorides under the Conditions of Fusion.
General Procedure: A mixture of 4 (3 mmol) and an acid
chloride (3 mmol) was heated at 145—155 °C in an oil bath
for 3.5 h (under the reflux of the acid chloride). After being
cooled, the reaction mixture was extracted with chloroform
and a portion of dilute sodium hydroxide solution. The
chloroform extract was concentrated and chromatographed on
a silica-gel column (2.0 cm-d, 15 cm-h) to give the correspond-
ing triazole, which was crystallized from benzene, hexane, or
ethanol. The results are summarized in Table 3.

1-Methyl-5-ethyl-3-phenyl-1H-1,2,4-triazole (7d): Yield: 70
% 3 mp 51—52 °C (picrate: mp 166—167 °C); IR(KBr, cm1):
1603, 1066, 1024 (1,2,4-triazole ring vibrations);!® NMR
(CDCQl,, d): 1.39 ppm (3H t, J=7.6 Hz, CH,CH,-), 2.84 ppm
(2H q, J=7.6 Hz, CH;CH,-), 3.87 ppm (3H s, N-CH,), 7.23
7.59 ppm (3H m, m,m’- and p-protons of Ph), 7.94—8.23 ppm
(2H m, o,0’-protons of Ph). Found: C, 70.64; H, 7.07; N,
22.189%,. Calcd for C),H;3N;: G, 70.56; H, 7.00; N, 22.44%,.
(Picrate: Found: C, 49.00; H, 3.87; N, 20.33%. Calcd for
C,,H;,N,O,: C, 49.04; H, 3.87; N, 20.19%,).
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