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REACTIONS OF THIOAMIDES
AND SELENOAMIDES WITH
HYDRAZONOYL CHLORIDES UNDER
PHASE-TRANSFER CONDITIONS.

A CONVENIENT METHOD
OF PREPARATION
OF A2.1,34-THIADIAZOLINES
AND A2-1,3,4-SELENADIAZOLINES

M. L. PETROV" and M. A. ABRAMOV

Department of Organic Chemistry, St. Petersburg State Institute of Technology,
Moskovskii pr. 26, 198013 St.-Petersburg, Russia

(Received 26 November, 1997; In final form 13 January, 1998)

Reactions of enolizable thio- and selenoamides with hydrazono, ;l chlorides in the presence of
bases and phase-transfer catalysts result in 2-dialkylamino-A®-1,3,4-thia- and selenadiazo-
lines. The reactions proceed through formation of corresponding enethiolates and eneseleno-~
lates. At 80°C 2- dlalkylammo-A -1,3,4-thia- and selenadiazolines eliminate dialkylamines,
giving 2-ylidene-A2-1,3,4-thia- and selenadiazolines in good yield. The reaction of non-eno-
lizable thioamides with hydrazonoyl chlorides in the presence of bases and phase-transfer
catalyst occurs as 1,3-dipolar cycloaddxtlon of nitrilimines derived from hydrazonoy! chlo-
rides to the C=S bond, yielding A%-1,3,4-thiadiazolines.

Keywords: Thioamide; selenoamide; thiadiazoline; selenadiazoline; phase-transfer catalysis;
hydrazonoy! chloride

INTRODUCTION

It is known that 1,3,4-thiadiazolines can be prepared in the following
ways: by reaction of hydrazonoyl chlorides with thiocarbonyl compounds
and by cyclization of carbothiohydrazides.

* Corresponding Author. e-mail : halcogen@tu.spb.ru.
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As a rule, the first way is 1,3-dipolar cycloaddition of nitrilimines
derived from hydrazonoyl chorides to thiocarbonyl compoundsl'z.
Thiones are known to behave in these reactions as superdipolarophiles 3,
However, secondary and teriary thioamides react slowly with nitrilimines:
usually, the reaction is complete only in 2-3 days 2. Reaction of primary
thioamides with nitrilimines under similar conditions leads to such linear
compounds as thiohydrazides and bis(hydrazonoyl) sulfides®. However,
reactions of several hydrazonoyl chlorides with primary thioacetamide or
thioacetamide-thiobenzamide mixture in boiling toluene afford 2-(thio-
acetyl)methylene-1,3,4-thiadiazoles in a poor yields. A number of byprod-
ucts are formed, among which the same bis(hydrazonoyl) sulfides were
found*?. The authors consider 2-ylidene-1,3,4-thiadiazolines as interme-
diates in these reactions>. Also, derivatives of 2-ylidene-1,3,4-thiadiazo-
lines are formed by 1,3-dipolar addition of nitrilimines to labile
thioketenes®, B-keto thio acid anilides’, and 5-aryl-1,2-dithi-
oles-3-thiones®,

The second way to 1,3,4-thiadiazolines is acylation of carbothiohy-
drazides. This reaction leads, as a rule, to 1,3,4-thiadizolium salts®10.
Treatment of these salts with triethylamine results both in 2-yli-
dene-1,3,4-thiadizolines and in their dimers!l. Condensation of 2-methyl-
thio-1,3,4-thiadiazolium salts with such CH acids as X-CH,-Y
(X,Y = COOEt; COMe; H and COOEt; CO(CH,),CO; H and COMe)
yields PB,B-disubstituted 2-ylidene-1,3,4-thiadiazolines!2. Selective dea-
cylation of 2-diacetylylidene-1,3,4-thiadiazolines gives the same
heterocycleslz'”. These compounds are also obtained by direct acylation
of N-arylbe:nzothiohydrazides14 and are easily interconverted under the
action of P,05 or Hg(OAC), .

Recently, we proposed the third way to 1,3,4-thia- and selenadiazolines
from o,B-unsaturated thiolates and selenolates and nitrilimines. So, the
reaction of 1-dialkylaminoethene thiolates and selenolates with nitrilim-
ines results in 2-dialkylamino-A2-1,3,4-thia— and selenadiazolines'6-19,
Potassium 2-arylethynethiolates and selenolates react with nitrilimines to
give 2-ylidene-1,3,4-thia- and selenadiazolines?®22, The same com-
pounds were obtained by us from electrochemically generated ct,B-unsatu-
rated  thiolates and  selenolates’»?*.  The  structure  of
2—dialky]amino-A2—l,3,4-thia- and selenadiazolines thus obtained was con-
firmed by x-ray analysis 162°, and their toxicity and radioprotective prop-
erties were also studied 2.
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In this communication we report a new one-pot synthesis of
A2-1,34-thia- and selenadiazolines from thio- and selenoamides and
hydrazonoyl chlorides in the presence of bases and phase-transfer cata-
lysts. We also made an attempt to estimate limitations and mechanism of
this reaction.

RESULTS AND DISCUSSION

We have found that enolizable N,N-dialkylthio- and selenoamides 1a-1n
react with hydrazonoyl chlorides 2a-2e in the presence of bases, yielding
only 2-dia1ky1amino-A2-1,3,4-thia- and selenadiazolines 3a-3p.

Cl
P
NR NH_//k
RI’Y o, pr” N R base Y\N—N

|

X R )\:
X R
z
2

NR
1a-1n 2a2-2¢ 3s-3p

1(X,RI,NR%): a — S, Ph, piperidino; b — S, p-EtOCgH,;, mor-
pholino; ¢ — S, p-MeCgH,4, morpholino;
d - S, p-BrCgH,, morpholino; e — Se, Ph, NEt,;
f — Se, Ph, piperidino;
g — Se, Ph, morpholino; h — Se, p-EtOCgH,, NEt,;
i—Se, p-MeC6H4, NEtz;
j — Se, p-ClC6H4, NE[z; k — Se, p-N02C6H4, NE[z;
I - Se, t-Bu, NEt,;
m - Se, H, morpholinoj n - Se,
R! + NR?, = CH,CH,NMe.

2(R3): a—Ph; b — COOEt; ¢ — p-NO,CcHy; d - Ac;
e — COPh.

3(X, R, NR%, R*: a — S, Ph, piperidino, Ac; b — S, p-BrCgH,, mor-
pholino, ¢ — S, Ph, morfolino, Ac;
d - S, p-MeC¢H,, morpholino, Ac;
e — S, p-EtOC¢H,, morpholino, Ac;
f— S, Ph, piperidino, COOEt; g — Se, Ph, piperidino,
Ac; h — Se, p-MeCgH,, NEU,, Ac,
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i — Se, p-CIC¢H,, NEt,, Ac; j — Se, Ph, morpholino,

Ac; k — Se, Ph, NEt,, Ac;

1 - Se, Ph, NEt,, p-NO,CgH, ; m — Se, p-EtOCgH,,

NEt,, COOEt; n — Se, H, morpholino, Ac;

o — Se, R! + NR%, = CH,CH,NMe, COPh, p — Se,

R! + NR2, = CH,CH,NMe, p-NO,CcH,.

In order to optimize the reaction conditions we studied the influence of
the nature of the base on the yield of thiadiazoline 3a and selenadiazoline
3g in reactions of phenylthioacetic acid piperidide 1a and phenylselenace-
tic acid piperidide 1f with N-phenyl-2-oxopropanohydrazonoy! chloride
2d (Table I). We have found that the highest yields of the products are
obtained when potassium carbonate is used as base, and ammonium salts
as phase-transfer catalyst. The yields and properties of products 3a-3p
obtained by reactions of dialkylthio- and dialkylselenoamides 1a-1n with
hydrazonoyl chlorides 2a-2e in the presence of potassium carbonate and
tetrabutylammonium bromide are given in Table II.

TABLE I Influence of base and phase-transfer catalyst on the yield of 1,3,4-thiadiazoline 3a
and 1,3,4-selenadiazoline 3g (20 °C)

Compound No. Base Solvent Yield, %
3a 40%NaOH/ NBuyBr Benzene 44
" KOH/NBu,Br " 53
" K,C03/18-crown-6 " 75
" K,CO3/ NBuyBr " 83
3z EtOLi THF 60
" EtONa " 72
" EtOK " 67
" t-AmONa Benzene 60
" 40%NaOH/NBu4Br " 40
" KOH/NBu,Br " 67
" K,COj3/18-crown-6 " 87
" K,CO3/NBuyBr " 93
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The reaction under study has the following limitations. First, steric hin-
drance created by the diisopropylamino group in thio- and selenoamides 1
prevents them from reacting with hydrazonoyl chlorides 2. Second, prod-
ucts 3¢ and 3f are very unstable, and they can be detected only in solution,
On the other hand, compounds 30 and 3p resulting from reactions of
N-methylpyrrolidine-2-selone 1n with hydrazonoyl chlorides 2c¢ and 2e,
despite spirocyclic structure, are fairly stable.

The 'H NMR spectra of compounds 3 contain signals at 6 2.88-3.28
ppm, d (1H), and 3.43-3.78 ppm, d (1H), as an AB system with a spin-spin
coupling constant J of 14-16.3 Hz. These signals could be assigned to
hydrogen atoms of the methylene group of p-R-benzyl substitutents at the
5-position of A%-1,3,4-thia- and selenadiazolines 3 ring. In the spectra of
compounds 3a-3p we also observed the expected proton signals from
other substituents. The IR spectra of heterocyclic compounds 3a-3p con-
tain absorption bands of C=N bond of the heterocycle at 1590-1620 cm™..
In spectra of compounds containing a carbonyl group, carbonyl absorption
bands at 1645-1720 cm™! are present. As a whole, the 'H NMR and IR
spectra given in Table II are similar to those of heterocycles 3a and 3g,
whose stucture was confirmed previously by x-ray analysis 16,25

A2—1,3,4—Thia— and selenadiazolines 3 are almost colorless crystalline
compounds, which are fairly stable as crystals and in inert solvents. They
easily loose a molecule of dialkylamine with rise in temperature or under
the action of acids, thus being converted into 5-y1idene-A2-1,3,4-thia- and
selenadiazolines 4a-41. When the reactions of thio- or selenoamide 1 with
hydrazonoyl chlorides 2 were carried at 80°C, the products were only
compounds 4. '

Products 4 are strongly colored (from yellow to violet) stable crystalline
compounds; their yields and spectral properties are given in Table III. The
'H NMR and IR spectra of 4 resemble those of A2-1,3,4-selenadiazole 4d,
whose structure was proved by x-ray analysis 22 Some compounds were
obtained previously by other methods!1:17:21,22,

80°¢ or H*
1 + 2 » (3] » N—/—N

Fh
N
-HNR; J\
C R’
Rl

4a-41
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4 (X, R, R3): a-—S, Ph, COOEt; b - S, Ph, Ph; ¢- S, Ph, Ac;
d - Se, p-EtOCg¢H,, COOEt; ¢ — Se, Ph, COOEL;
f — Se, p-MeCgHy, COOEL; g — Se, p-CICgHy,
COOEt; h — Se, p-NO,C¢H,, COOE;
i — Se, Ph, Ph; j — Se, Ph, p-NO,C¢H,; k — Se, Ph,
Ac; 1 - Se, t-Bu, COQEt.

The reaction of non-enolizable N,N-dimethyl-p-nitrothiobenzamide 1o
with phenylhydrazonoyl chloride 2d in the presence of potassium carbon-
ate and tetrabutylammonium bromide occurs as 1,3-dipolar cycloaddition
of nitrilimine, derived from the hydrazonoyl chloride, across the C=S bond
of the thioamide to yield A2-1,3,4-thiadiazolines and is complete in 2-3
days.

. = +
K,CO3, NBu,Br PRI~ N
a Ph N Ac
2d - hat
- . . p
o ph N ac KN_N
' - BN
NMez x Ac
NMe
s (3] 2
10 3q

In a similar way, reactions of enolizable thio- and selenoamides 1 with
nitrilimines in the presence of such a weak base as triethylamine, which is
usualy used for preparation of nitrilimines, proceeds very slowly and is
complete only in 2-3 days. When the reaction is carried out under condi-
tions of phase-transfer catalysis, it takes only 10—15 min to attain the same
yield of the product.

We presume that the reaction of enolizable thio- and selenoamides 1
with hydrazonoyl chlorides 2 in the presence of a phase-transfer catalyst
begins with formation of ethenethiolate and selenolate intermediates
which then attack the electrophilic center of the hydrazonoyl chloride and
replace the halogen in it. The subsequent intramolecular cyclization of
intermediate linear product results in the corresponding A2—1,3,4-thia- and
selenadiazolines 3.

K,CO;, NBuyBr R X N—
1 Bt " >-—;<Z —i—> ph—R-lNgi\lx —_— 3
H NR?, —

2
H NR?,
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The proposed mechanism is confirmed by the influence of B-substituents
in etheneselenolates on the reaction with hydrazonoyl chlorides 2, which
was studied by the method of competing reactions of hydrazonoyl chloride
2b with lithium 1-diethylamino-2-p-R-phenyletheneselenolates in ben-
zene. Lithium etheneselenolates were prepared from the corresponding
selenoamides 1e,1h-1k (R = H, EtO, Me, Cl, NO; respectively). The ratio
of products in the reaction mixtures was determined by HPLC. It was
found that electron-donor substituents favor the reaction and increase the
nucleophilicity of the selenolate. Electron-acceptor substituents slow
down the reaction. The same products (compounds 3) are formed when the
reaction is carried out in the presence of such a weak base as triethylamine,
but in this case the effect of substituents in the diethylselenoamides
le,1h-k is the opposite, as was established by the method of competing
reactions: electron-acceptor substituents accelerate the reaction. The data
obtained can be explained on the assumption that selenadiazolines are
formed by reaction of etheneselenolates with hydrazonoyl chloride and
that the rate-determining stage is deprotonation of the selenamide by tri-
ethylamine. This assumption also explains the strongly reduced rate of the
formation of selenadiazolines from selenoamides, whereas the reaction of
preliminarily prepared etheneselenolates with nitrilimines proceeds almost
instantly.

EXPERIMENTAL

The 'H NMR spectra were recorded on a Tesla BS-487C spectrometer at
80 MHz with HMDS as internal standart. The IR spectra were recorded on
an IKS-29 spectrophotometer in KBr. The progress of reactions and purity
of products were monitored by TLC on Silufol UV-254 plates, develop-
ment with iodine vapor or UV light.

The product ratio in the competing reactions was determined by HPLC
on a Laboratorni Pristroje liquid chromatograph (Czech) (UV detector,
wavelength 254 nm) equipped with Separon SGX C18 columns (250 x 4
mm), using ethanol-water or acetonitrile-water mixtures as eluents.

N,N-Diakylthioamides and N,N-dialkylselenoamides 1la-In were
obtained from the corresponding 4-substituted 1,2.3-thia- and selenadia-
zoles and secondary amines in the presence of potassium hydroxide 7.
N-Methylpyrrolidine-2-selone 1n was obtained by the method reported in 28
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2-Dialkylamino-A2-1,3,4-thia- and -selenadiazolines 3 and
5-ylidene-A2-1,3,4-thia- and selenadiazolines 4
(the reaction conditions are given in Table I)

a. To a solution of 2.5 mmol of alcohol in 10 mL of solvent 3 mmol of
metallic sodium or lithium (prepared as thin plates) or of metallic potas-
sium were added, and the mixture was refluxed for 8 h until the liberation
of hydrogen had ceased. When the reaction was complete, the resulting
mixture was allowed to cool to room temperature and 2.5 mmol of dialky-
lamide 1 in 5 mL of benzene (distilled over sodium) were added dropwise
with vigorous stirring. The mixture was stirred for 30 min, and a solution
of 2.5 mmol of phenylhydrazonoyl chloride 2d in the same solvent was
added dropwise. The reaction mixture was stirred for 40 min and filterred,
and the mother liquor was evaporated under reduced pressure. The residue
was crystallized by grinding with 10-15 ml of cold ethanol. The resulting
light-yellow powder was filtered off and washed with ethanol and pentane.
After crystallization from appropriate solvent, pure compound 3a or 3g
was obtained. When the residue obtained after evaporation of the solvent
was dissolved in 25 mL of benzene and filterred through a layer of silica
gel, pure 5-ylidene-A2-l,3,4-thia- and selenadiazolines 4c¢, 4k were iso-
lated by removal of the solvent under reduced pressure. 5-Yli-
dene-A2-1,3,4-thia- and selenadiazolines 4¢, 4k were also formed on
recrystallization of 2-dialkylamino-A2-1,3,4—thia- and selenadiazolines 3a,
3g from ethanol.

b. To a solution of 2.5 mmol of N,N-dialkylamide 1 and 0.2 g of the
phase-transfer catalyst in 5 mL of benzene 1.0 g of a base as a fine power
or a concentrated solution was added. A solution of 2.55 mol of phenylhy-
drazonoyl chloride 2 in 5 mL of benzene was added dropwise over a
period of 30 min with vigorous stirring at room temperature. The end of
the reaction was determined by the disappearance of the initial amide 1
according to TLC. The reaction mixture was filterred, and the mother liq-
uor was evaporated under reduced pressure. The residue was crystallized
by grinding with 10-15 mL of ethanol. The resulting suspension was
cooled to 0°C, and the light yellow powder was filtered off, washed with
5 ml of cold ethanol and then with pentane, and recrystallized from hex-
ane. In Tables II, III the yields of compound 3 and 4 are given for the case,
when NBuyBr as the catalyst and K,COj5 as the base were used.
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Reactivity of lithium l-diethylamino-2-aryletheneselenolates

The study was performed with the reaction of N,N-diethylselenoamides
1a, d-g with phenylhydrazonyl chloride 2d in the presence of lithium
diisopropylamide. The ratio of the products was determined by HPLC with
a 95:25 acetonitrile-water mixture as eluent (1 mL/min). A solution of lith-
ium diisopropylamide was prepared from 2 mL of tetrahydrofuran, 1 mL
of a 1 N solution of butyllithium in hexane, and 0.17 mL of diisopro-
pylamine in a dropping funnel. To a solution of 0.5 mmol of N,N-diethyl-
phenylselenoamide and 0.5 mmol of N,N-diethyl-p-R-phenylselenoamide
in 3 mL of tetrahydrofuran, maintained at —78°C, a solution of lithium
diisopropylamide was added dropwise, and the mixture was stirred for 20
min. A solution of 0.1 mmol of phenylhydrazonoyl chloride 2d and 0.2
mmol of triethylamine in 1 mL of THF was then added in one portion, and
the mixture was stirred for 20 min. The reaction mixture was kept for 1 h
and then allowed to warm up to room temperature. The solution was evap-
orated under reduced pressure, and the residue was dissolved in 10 mL of
benzene. The resulting solution was passed through a layer of silica gel L
40/100 (5 cm®). The mother liquor was evaporated to dryness. A 5-10-mg
portion of the residue was dissolved in 1 mL of THF, and 2-5-pL samples
were withdrawn. The products were identified by adding authentic com-
pounds to the sample. Quantitative compositions of the mixtures were cal-
culated by the external standard method. The following relative rate
constants were obtained: k. = 0.021 - 0.9568° ,r=0.998,5=0,10.
CompoundNo. e 1h 1g 1i 1k

Keet 1.00 147 132 061 0.17

Study of the reactivity of N-N-diethylselenoamides 1 by the method
of competing reactions

To a solution of 0.5 mmol of N,N-diethylphenylselenoamide, 0.5 mmol of
N,N-diethyl-p-R-phenylselenoamide, and 0.1 mmol of phenylhydrazonoyl
chloride 2d in 2 mL of benzene 0.07 mL of triethylamine was added. The
mixture was stirred and was kept for 72 h at 25°C. The ratio of the prod-
ucts was determined by HPLC according to the above procedure. The fol-
lowing relative rate constants were obtained:

Compound No. 1le lh 1g 1 1k

ket 1.00 0.85 123 131 4.78.
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