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N-Aryl benzohydrazonyl halides react with
primary thioamides in the presence of triethyl-
amine to give nitriles and, depending on the
relative concentrations of the reactants, thio-
hydrazides or hydrazonyl sulfides in excellent
yields. In the absence of base no reaction is
observed. N,N-Dimethyl benzohydrazonyl chlo-
ride reacts with thioacetamide to give almost
quantitatively the hydrochloride of N,N-di-
methylthiobenzhydrazide, while base (triethyl-
amine) is required for reaction to take place
in case of the N,N-diphenyl analog. Different
reaction mechanisms are discussed in terms of
1,3-dipolar cycloaddition processes and dis-
placement of the hydrazonyl halogen by the
thioamide or its anion.

In arecent study ! of the reaction of hydrazonyl
halides (1) with hydrogen sulfide in the presence
of triethylamine it was found that thiohydra-
zides (2) react with I to form hydrazonyl sul-
fides (3), see Scheme 1. This observation is sur-
prising in view of the report by Huisgen and
co-workers 2 that N,N-.dimethylthiobenzamide

PRC=NNHAr 2558 e PRCSNHNHAr -~
X
1 2
POC=NNHAr
S
|
PhC=NNHAr
3
Scheme 1.

and other compounds with a C=S double
bond react with I in the presence of triethyl-
amine to give cyclic products such as 4 (Scheme
2). We have therefore examined in more detail
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the reaction of hydrazonyl halides with various
thioamides (for reactions with derivatives of
thiourea and thiosemicarbazide, see Ref. 3).
The present paper deals in particular with the
reactions of primary thioamides (RCSNH,, 5),
while those of secondary and tertiary thio-
amides will be described in a forthcoming
paper.*

The thorough studies by Huisgen and col-
laborators on the reactions of hydrazonyl chlo-
rides in the presence of base have established
that 1,3-dipolar species, nitrilimines (6), are fre-
quently the reactive species under these con-
ditions. Our study ! of the reaction of H,S and
thiohydrazides with I led us to believe, how-

a b

Phi=N-NAr  PhG=NNR; R:CH; Ph

ct
6 7

ever, that nucleophilic displacement of the
halogen atom in I might in some cases be a
viable mechanistic alternative. In order to
examine this further we have included in the
present study experiments with N,N-disub-
stituted hydrazonyl chlorides (7), which are
incapable of reacting as 1,3-dipolar species,
and experiments with 2,5-diphenyltetrazole,
which is known to generate 1,3-diphenylnitri-
limine (6, Ar=Ph) at elevated temperatures.®2

3
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d 2‘9["‘4'C|C5H3/BI‘ d (CHg)chO-
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Scheme 3.

RESULTS AND DISCUSSION

Primary thioamides (5a—c) and O-alkylthio-
carbamates (6d) react with hydrazonyl bro-
mides and chlorides (I) in the presence of tri-
ethylamine to form thiohydrazides (2), hydra-
zonyl sulfides (3), and nitriles (or alkyl cyanates
in the case of thiocarbamates) according to
Scheme 3. This reaction provides an easy route
to thiohydrazides as well as to hydrazonyl
sulfides and compared favourably with previ-
ously reported syntheses of these compounds
(see Ref. 1 and references cited therein). A
thiohydrazide (2) is the main product when

Table 1. Yields ¢ of thiohydrazides (2) and hydra-
zonyl sulfides (3) obtained from PhCXNNHAr (1)
and RCSNH; (5).

Yields in Yields in
Reactants CHCl, C:H,
1 5 1/5 2 3 2 3
la+ Sa 2 90 89
la+ 5b 2 87
la+ 5¢ 2 96
la+5d 2 82
1b+ ba 2 92
Ic+ Sa 2 11 82
Ic+ 5b 2 93
1d+ 5a 2 87
Ile+ 5a 2 86¢
la+ 5a 10 78 19 24 13
la+ 5b 1 39 60
Ic+ ba 1 93 7 47¢ 26
Ic+ 5b 1 14 29
1d+ 5a 1 90, 74¢ 7 81 13
Ie+ 5a 1 96, 73°¢ 1 80 14

% Yields obtained with § mmol thioamide in 150
ml solvent. ® Reaction time 12 h. ¢ Crystallized
once.

the reactants I and § are present in equimolar
amounts, whereas a hydrazonyl sulfide (3) is
formed when an excess of 1 is employed (cf.
Table 1). The concomitant formation of a
nitrile (or cyanate) in these reactions is dem-
onstrated by the appearance of a sharp ab-
sorption in the region 2230 — 2250 cm™ in the
IR spectra ?»® of reaction mixtures from which
3 was subsequently isolated. The nitrile has
further been isolated and shown to be identical
to authentic material. Nitrile formation by
(formal) abstraction of hydrogen sulfide from
primary thioamides has been reported to take
place through the action of a variety of re-
agents such as imidoyl chlorides,® sulfenyl chlo-
rides in the presence of pyridine,'® the triphenyl-
phosphine/carbon tetrahalide system,!* or phen-
ylpropiolamidines;!? likewise, dehydrosulfuriza-
tion of O-alkylthiocarbamates by mercury(II)
oxide to give alkyl cyanates has been de-
scribed.!®

The formation of 2 in preference to 3 when
equimolar amounts of I and thioacetamide are
employed indicates that the thioacetyl group
of thioacetamide is more reactive towards I
(or 6) than is the thiobenzoyl group of the thio-
hydrazide. This is further confirmed by the
following observations: 2 rather than 3 is
formed when triethylamine is added to a mix-
ture of equimolar amounts of a hydrazonyl
halide, thioacetamide and a thiohydrazide,
and sulfide formation increases significantly at
the expense of the thiohydrazide when employ-
ing thiobenzamide instead of thioacetamide.

Primary thiocamides do not react with N-
arylhydrazonyl halides in the absence of base;
attempted reactions of various hydrazonyl
halides with thioacetamide in chloroform (molar
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ratio 1:5=1) at room temperature did not
produce thiohydrazides in detectable amounts
(TLC), and the starting materials were re-
covered almost quantitatively. Similarly, the
chemical shift of the CH,-group of thioaceta-
mide dissolved in CDCl, is not changed upon
the addition of a hydrazonyl halide to the solu-
tion, whereas subsequent addition of triethyl-
amine causes the methyl signal to move up-
field to a chemical shift value identical to that
of acetonitrile.!

The necessity for base to be present for the
reaction to proceed is, however, compatible
with either of two mechanisms; the triethyl-
amine may dehydrohalogenate 1° (1-»6, see
Scheme 4) and the resultant nitrilimine (6)
then add to the SH group (6—9), or the halogen
atom of I may be displaced by the thioamide
sulfur atom, in which case the triethylamine
would serve to convert the thioamide to the
thioamide anion prior to displacement (I->9)
or to deprotonate a possible initial adduct such
as 8 (8-»9).

PRC=NNHA® SN o PhC=N—RAr
X ]
"’Q‘;&‘
lncsuu, +% 1 Z”
RC=NH
PhC=NNHAr PhC=NNHAr
] EtN ]
I ol B
RC=NH,CI” RC=NH
8 9
Scheme 4.

To test the possibility of a displacement
mechanism the reaction of N,N-disubstituted
hydrazonyl chlorides (7) with thioacetamide
was examined. The dimethyl compound (7a)
gives an almost quantitative yield of the hy-
drochloride of N,N-dimethylthiobenzhydrazide
(10a, see Scheme 5), and the reaction of the
diphenyl hydrazonyl chloride (7b6) with thio-
acetamide and triethylamine leads, similarly,
to N,N-diphenylthiobenzhydrazide. Base (tri-
ethylamine) is not required for the former re-
action to take place, since the dimethylamino
group of 10a (or 7a) in itself is sufficiently basic
to serve as proton acceptor. These reactions
must occur by nucleophilic displacement of the
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~CH3CN

PhCSNHNICH,), . HCI

100
Scheme 5.

hydrazonyl halogen atom, 1,3-dipole formation
being precluded by the presence of two sub-
gtituents at the terminal nitrogen atom, and
a similar mechanism may indeed be an alter-
native to reaction wia 1,3-dipolar species
(nitrilimines) for 1.

To shed light on the possible intermediacy
of nitrilimines in these reactions attempts
were made to react primary thioamides (e.g.
thioisonicotinamide) with 2,5-diphenyltetrazole
in refluxing bromobenzene, with 1-hexanol
added to trap %* any 5-aminothiadiazoline (11)
formed by addition of the nitrilimine across the
C=S8 double bond of the thioamide.?

R
Ph\(S*NHz

N—N
\
Ph
n

However, considerable decomposition of the
reactants took place and the only identifiable
products were ammonia, sulfur and small (4 %)
amounts of the corresponding thioanilide
(thioisonicotinanilide), presumably formed wvia
partial reduction of the tetrazole or the ni-
trilimine to aniline and subsequent transamida-
tion. These experiments are not regarded as
conclusive, because of the rather drastic con-
ditions compared to the reactions described
above. Although neither the tetrazole experi-
ment nor the reactions of I in the presence of
triethylamine gave rise to cyclic compounds
such as 11, nor to possible hydrolysis (or
alcoholysis) products formed herefrom, it re-
mains possible that the nitrilimine, if formed
from 1, adds to the thiol form of the thioamide
to give 9 (see Scheme 4) in analogy with the
reactions of nitrilimines with phenol and thio-
phenol.®

The relative yields of 2 and 3 vary somewhat
with the solvent employed, with sulfide (3)
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formation more favoured in benzene than in
chloroform (see Table 1). The reason for this
may be that the acidity of thioamides exhibits
a significant solvent dependence.®

EXPERIMENTAL
Materials

The thioacetamide used was reagent grade
(BDH AnalaR). All other thioamides were
prepared by literature procedures: thioben-
zamide,!®* thionicotinamide,'® thioisonicotina-
mide,!* and O-isopropylthiocarbamate.!” The
hydrazonyl halides and the N,N-disubstituted
hydrazonyl halides were prepared as described
previously.?»* N-(2,4,6-Trichlorophenyl)benzo-
hydrazonyl bromide (Ie) was prepared accord-
ing to Chattaway and Walker ?! from benzal-
dehyde 2,4,6-trichlorophenylhydrazone and
bromine in 66 9, yield after crystallization from
acetic acid as white needles, m.p. 89—90 °C
(lit.22 m.p. 98 °C). (Anal. C,;HBrCL,N,: C, H,
N). 2,5-Diphenyltetrazole was prepared ac-
cording to Huisgen et al.*®®

Preparation of thio-
hydrazides (2)

N’-Thiobenzoyl-N - (2-bromo-4-chlorophenyl ) -
hydrazine (2d). Triethylamine (10.7 mmol)
was added to a stirred solution of Id (5.0 mmol)
and thioacetamide (5.0 mmol) in chloroform
(60 ml). After 4 h the solution was washed
with aqueous acetic acid and water and dried
over Na,S0O,. The solvent was removed under
reduced pressure and the residue extracted
with boiling ethanol, leaving the sparingly
soluble sulfide 3d (7 %), m.p. 190—-192 °C
(lit.'* 188 — 190 °C). Evaporation of the ethanolic
solution yielded the crude thiohydrazide in
90 9, yield. (Anal. C,,H,,BrCIN,S: C, H, N, 8),
m.p. 115—116 °C (benzene —hexane).

The other thiohydrazides were prepared
similarly in nearly quantitative yield (see Table
1) and shown to be identical to authentic ma-
terial (Ref. 1).

N’-Thiobenzoyl-N-(2,4,6-tricklorophenyl )hy-
drazine (2e) has not been described before; it
was prepared as given above from Ie in 96 9,
yield. (Anal. C,,H,CI;N,S: C, H, N, S), m.p.
139—141 °C (benzene —hexane).

It should be noted that the thioacetamide
must be completely dissolved before the addi-
tion of triethylamine; otherwise the yield of
sulfide increases at the expense of the thio-
hydrazide. Use of benzene instead of chloro-
form caused the yields of sulfide to increase
(see Table 1). When the thiohydrazide was
prepared in larger scale (50 mmol) the chloro-
form solution was always flushed through with
nitrogen before the addition of triethylamine

to avoid air oxidation to the corresponding
hydrazonyl disulfide.2s

Attempted reactions with hydrazonyl halides
and thioacetamide in the absence of base. Com-
pound Ie (2.5 mmol) and thioacetamide (2.5
mmol) were dissolved in chloroform (25 ml)
and left overnight. TLC of the solution did
not show any presence of thiohydrazide (2a)
and compound Ja was recovered almost quanti-
tatively, m.p. 127—129 °C. Similarly, Ic (2.5
mmol) and thioacetamide (2.5 mmol) resulted
in 93 9, recovery of starting material Ic.

Compound Ia or Ie (ca. 15 mg) was added
to a solution of thioacetamide (ca. 5 mg) in
deuteriochloroform (0.50 ml). The addition did
not change the chemical shift value (& 2.57)
of the methyl group of thioacetamide; sub-
sequent addition of triethylamine caused the
appearance of a new absorption at § 1.95 (lit.**
for CH, in acetonitrile § 2.00).

Preparation of hydrazonyl
sulfides (3)

Bis[a- (phenylhydrazono )benzyllsulfide (3a).
Triethylamine (21 mmol) was added to a stirred
suspension of Ia (10.0 mmol) and thioacetamide
(5.0 mmol) in dry benzene (50 ml). After 20 h
at room temperature the solution was heated
to boiling and filtered to remove precipitated
triethylammonium chloride. The sulfide pre-
cipitated upon cooling, yield 89 %, m.p. 159 —
160 °C (lit.! 158—-160 °C). IR spectrum and
Rpg-value (TLC) identical to those of an authen-
tic ! sample. TLC of the mother liquor showed
the presence of 2a.

Compounds Ia, Ic and 1d reacted in a similar
manner with other primary thioamides such as
thiobenzamide, thionicotinamide, and O-iso-
propyl thiocarbamate to produce the sulfides
3a, 3b (m.p. 193—-195 °C, lit.»* 200—202 °C),
and 3d (m.p. 192—194 °C, lit.»* 188190 °C)
in 80—95 9%, yield (see Table 1). 3e was pre-
pared similarly from Ie, thioacetamide and
triethylamine in 85 9, yield after recrystalliza-
tion from benzene. M.p. 183 - 185 °C (decomp.).
(Anal. C,iH,,CI;)N,S: C, H, N, Cl).

The yield of 3 may further be increased by
reduction of the volume of solvent below that
necessary for complete dissolution of the thio-
amide.

Identification of nitriles

Benzonitrile. (i) Triethylamine (10 mmol) was
added to a stirred solution of Ia (5.0 mmol)
and thiobenzamide (2.5 mmol) in chloroform
(26 ml). An IR spectrum recorded after 20 h
showed a sharp absorption at 2235 ecm™. (ii)
An IR spectrum of a mixture of triethylamine
(5 mmol), thiobenzamide (5.0 mmol) and tri-
ethylamine hydrochloride (5.0 mmol) in chloro-
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form (25 ml) showed no absorption after 20 h
in the region 2 200— 2 300 cm™.

Nicotinonitrile. (i) Triethylamine (40 mmol)
was added to a stirred suspension of 1b (20.0
mmol) and thionicotinamide (10.0 mmol) in
dry benzene (100 ml). After 12 h at room tem-
perature the solution was heated to boiling
and filtered. An IR spectrum showed a sharp
absorption at 2230 cm™. The solution was
evaporated under reduced pressure and the
crude sulfide 3b was washed carefully with
ethanol, yield 92 9(, m.p. 169—171 °C (lit.*®
167 — 168 °C). The ethanolic solution was evap-
orated to dryness, the residue dissolved in
ether and washed with aqueous sodium hy-
droxide and water, dried over Na,SO, and
the ether removed 4n vacuo. The resulting oil
was sublimated to give white crystals, m.p.
48—50 °C (mixed m.p. 48—50 °C). A mass
spectrum showed the molecular ion (m/fe 104,
base peak). (#¢) Triethylamine (1 mmol) was
added to a stirred suspension of thionicotin-
amide (1.0 mmol) and triethylamine hydro-
chloride (1.0 mmol) in dry benzene (10 ml).
After 20 h the solution was filtered and 93 9,
thionicotinamide was recovered. An IR spec-
trum showed no absorption in the region 2200
—2300 em™1.

Isopropyl cyanate. Triethylamine (2.0 mmol)
was added to a stirred solution of compound Ia
(1.0 mmol) and O-isopropylthiocarbamate (0.5
mmol}) in chloroform (2.5 ml). An IR spectrum
recorded after 15 min showed a weak but dis-
tinct absorption at 2250 em™. After 30 min
the intensity had increased, but a new absorp-
tion appeared at 2150 cm™; this absorption
(medium intensity) and a weak one at 1700
cm~! were the only important ones in the region
1700 - 2300 em™ after 4 h.

Pure isopropyl cyanate * (kindly donated by
Dr. E. Huge-Jensen) and triethylamine were
dissolved in chloroform; and IR spectrum re-
corded after 24 h showed absorptions at 2150
and 1700 em™ as in the above experiment.
These absorptions are probably due to de-
composition of the cyanate to a mixture of
isopropyl isocyanate and triisopropyl isocy-
anurate.’

Competition experiments with thioamides and
thiohydrazides in presence of hydrazonyl halide.
Compound Ic¢ (2.50 mmol), thioacetamide (2.50
mmol) and 2¢ (2.50 mmol) were stirred together
in chloroform (75 ml) until all thioacetamide
had dissolved, whereupon triethylamine (7.5
mmol) was added. After 4 h the solution was
washed with aqueous acetic acid and water,
and dried over Na,SO,. The solvent was re-
moved in vacuo, and the residue was extracted
with boiling ethanol leaving the sparingly
soluble sulfide 3¢ (8 %), m.p. 191-194 °C.
Evaporation of the ethanolic solution to dry-
ness yielded the crude thiohydrazide 2¢ in 82 9,
yield (in excess of added 2c).

A similar experiment conducted in benzene
(75 ml) gave 2¢ (71 Y, in excess) and 3¢ (11 %,).
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Similarly, Ia (5.00 mmol), 2a¢ (5.00 mmol),
thiobenzamide (5.00 mmol) and triethylamine
(15.0 mmol) in chloroform (150 ml) afforded
after 24 h a 66 9, yield of the sulfide 3a.

N,N-Disubstituted thiobenzhydrazides (10).
N,N-Dimethylthiobenzhydrazide (10a). Com-
pound 7a (5.0 mmol) and thioacetamide (10
mmol) were mixed together in chloroform (25
ml) at room temperature. After 1 h the reaction
mixture was cooled, followed by filtration to
give yellow crystals (92 9). Crystallization
from ethanol gave the pure hydrochloride of
10a (82 9%,), m.p. 145—150 °C. (Anal.
C,H,,N,S.HCl: C, H, N). Treatment of the hy-
drochloride with aqueous Na,CO, gave the
free 10a, m.p. 107—109 °C (benzene — hexane,
1:1) (lit.?® 106 — 107 °C).

N,N-Diphenylthiobenzhydrazide (10b). Com-
pound 7b (2.0 mmol), thioacetamide (4.0 mmol)
and triethylamine (8.0 mmol) were refluxed
together for 20 h in chloroform (10 ml). Work-
up as for thiohydrazides (2) gave crude 10b
(57 %). Crystallization from benzene—light
petroleum (1:1) gave m.p. 134—135 °C (lit.*
132—133 °C).

Reaction with 2,5-diphenyltetrazole. Thioiso-
nicotinamide (5.0 mmol) and 2,5-diphenyltetra-
zole (5.0 mmol) were refluxed together in bromo-
benzene (25 ml) and 1-hexanol (1 ml) for 5 h at
160 °C. The solvent was removed in vacuo and
the residue treated with ethanol to give thio-
isonicotinanilide (4 9%, after crystallization
from benzene), m.p. 180—183 °C (lit.*” m.p.
181 —182 °C). A control experiment with thio-
isonicotinamide alone showed that this was
stable under the conditions employed.
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