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Abstract - The methods of preparation, chemical properties and
utility of oo- cyanothicacetamide in the synthesis of sulphur

and nitrogen heterocyclic compounds are reviewed.

I, INTRODUCTIGN

In the last few years we have been interested in surveying the recent develop-
ments in the chemistry of several classes of heterocyclic compuunds1'3. During the
preparation of our previous reviews uwe havé noticed the growing value of m=- cyano-
thioacetamide (CTaM, l) and its wide applications in the synthesis of several
hegterocyclic ring systems. Moreover, literature cites the use of this compound in
different positions with no homogenity of the results of its reactions, The above
findings prompted our interest to survey the chemistry of‘$ as all the revieuws
dealing with the synthesis of heterocyelic compounds have ignored its importance
in this field, One of the problems we faced during the preparation of this revieuw
was the contradicting resulis of the same reactians of 1Junder nearly the same re-
action conditions, As we know from our own practical experience mith‘l, dealing
with its chemistry must be taken in a semsitive manner as the charatterized comp-
ound is. In most cases, however, our own opinion was reported and explained and at
the same time the contradicted results are discussed in view of scientific facts.
In some cases, reactions with derivatives of vaere discussed in details and this
seemed to us as a mandatory matter since this is the first time, from our point of
view, that lights are shed in details on the chemistry of this highly active and

important compound.
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I1, METHODS OF PREPARATION:

Several methods of preparation are regported for o~ cyanothicacetamide (l) starting

from different reactants,

1, From malononitrile:

It has been reported that L could be prepared by the action of hydrogen sulphide
on an alcoholic solution of malononitrile (2) in the presence of catalytic amounts
4-8 o310

of triethylamine or triethanolamin

2. From cyanhcacetamide:

Low yields oF}& were obtained by the action of phosphorus pentasulghide on cyano-

acetamide (ﬁ) in pyridine or ethyl acetoacetate11'13.

3, From 1-ethoxyethylidenemalononitrile:

The product of the reaction of 1-ethoxyethylidenemalcnonitrile (3) with hydrogen
sulphide was found to be dependent on the nature of the reaction ssalvent, Thué,
when using ethanol as a solvent, the thioamide/& was the sole reaction product,

On the other hand, using benzene instead of ethanol afforded 2-cyano-3-ethoxythio-

crotonamide (E) as the isolable reaction pruductﬁ.
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f possible and logic mechanism accounting for the formation of /"]/ from the react-
ion of ,{b and hydrogen sulphide in ethanocl demotes that compound ,?, is formed first
as an intermediate. Since compound 2 is soluble in dry ethancl to the extent of
9.5% only at the reflux temperature, it could teact then with hydregen sulphide

to give the postulated intermediate addition product E. Compound E’ would then be
cleaved under the reaction conditions to give the isolable reaction product ;!u to-
gether with ethyl thicacetate (1). In support of the above mechanisms, compoundg
reacted with hydrogen sulphide to give compounds l, 1 and dithiomalenamide (E)14,‘IS

(ef. Chart 1),
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I1I, PHYSICAL PROPERTIES:

o= Cyanothioacetamide (1) is an almost colourless solid compound which can be
crystallized from ethanol or benzene and darkens on long standing. Different

melting points are reported for’l among which may be mentioned:

118-121°¢C (Reference No. 5)
114-120°C {Reference No, &)
115-117°¢C (Reference No. 6)
1190C‘ (Reference No. 7)

121-123°C {(Reference No. 9} and

118-120°C (Reference No. 10}

It must De pointed out, however, that it is advisable to use freshly prepared 1
-

as long standing may cause different results for the same reaction under the

same experimental conditions. The intermal coordinates ofl$ {Figure 1)11 are af

interest and are reported here as 2 guide for structural elucidations.

Figure 1: Internal coordinates of l

The IR spectral data of 1 are reported (Table 1) as they represent a mode! for

camparisen of the IR spectral deta of the reaction products starting with 1.
B4
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Table 1: IR spectral data of’L

Freguencies frequencies
1 Assignments -1 Assignments

(em™ ") (cm™')
3375 LHNH) 1260 y(ce) + a(ncs)  + 2 (cs)
3285 D(W) 1001 A(NH,) + P(CC) + S(cee)
2898 P (CH) gs5 p{cc)
2268 J(c=n) 760 J(cs) + S(cc=n)
1630 §(aH ) +J(cw) 530 P(EL) + S(Ce=n) + §(nCS)
1450 U(cN)  + u(CH,) 421 s(ncs) + S(cc=N)
1415 S(CHz) 335 ${ccs) + S(cc=n) + &(cce)
1385 w(CH ) + V(cw) 105 S(ccs) + §(cee) + S(ee=n)

IV. CHEMICAL REACTIONS:

1. Condensstion with aromatic aldehydes:

Aromatic aldehydes condense with 1’in the presence of basit catalysts to afford

the corresponding 3-aryl-2-cyancthiocacrylamide derivatives (9). Several examples
o~

of 8 were reported in literature to be synthesised via this routes’12'13.

The
structure of anas established via synthesis through other routes sither by the
action of phosphorus pentasulphide in pyridine on the corresponding amides13(la)
or by the action of hydrogen sulphide on the corresponding ylidene malononitriles
(ll) in dry benzene in the presence of catalytic amounts of triethylamineE {cf.
Chart 2).

Brunskill et al? reported that the products obtained by the action of aromatic

al dehydes on‘L had the correct elemental composition and where appropriate had
melting temperatures in agreement with literature values. The thiocacrylamide
structure (E) was in accord with the NMR spectra for compounds derived from
heteracyclic aldehydes and 2- and 6~ substituted benzaldehydes., However, for the
reactions with benzaldehyde, é4-bromobenzaldehyde, 4-chlorebenzaldehyde and 4-
nitrobenzsl dehyde the reaction products had more complex spectra. These products
were formulated as the 2,4-diaryl derivatives ﬁf b-amino-3, 5~dicyano-3, 4-dihydro-

Z2H~thiopyran-3~thiocarboxamide (12). Compounds 12 were assumed to be formed vie
g P
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the Diels-Alder self condensation reaction of the corresponding thipacryiamide

derivatives (3) {cf. Chart 2).

0

Ar-CH=(|:-CN Ar-CH = (ij—lé—NHz
CN CN -~
n 10
H
23 Pa5s
P i
Ar-CHO « ICHQ—C-NHQ —_— - Ar- CH = C|I— C-NH2
CN CN
1 )
,S, Ar
H,N=-C CN
NC |
Ar g~ ~NH7
12

Chart 2

The IR spectra of‘Lg had an extra band in the region of the NH group (3400-3500
cm'1) and a broadened CN band. Mass spectral studies showed no species of greater
mass than the parent ion of the monomeric compound, presumably indicating the
disspciation at the proper temperature,

Conclusive evidence for the correctness of the structure lE’was proved by the NMR
spectra (im DMSD) of g and L% at higher temperatures. At 100°C all the synthesised
compoundgs had the spectral characteristics of the monomeric thicacrylamides qg).

At low temperatures the spectra indicated the presence of a mixture of the mono-
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meric (g) and the dimeric (l%) farms for those cases which were initially pure di-
meric forms {lg). Even at 238°C the thiopyran (1%) slowly dissociated to an equi-
librium mixture of 3 a"d,ig- The dissoclation was completely reversible and could
be achieved also starting from either the thioacrylamide (3) or the thiopyran
gli). For the system where Ar=Ph, the eguilibrium constant at 22°cC was found to be

0. 244 mol™" {from its NMR spectrum) corresponding to AG 3,46 kI mol™ ', These

295
results are entirely in accord with a reversible Diels-Alder heterodiene cyclo=~
addition reaction'®,

In contrast to the abave findings, dimerizatiocn has been reported17 for 2-cyano=-
cinnamice (19, Ar=Ph; the oxygen analogue of g, Ar=Ph) but this is not a thermal
pericyclic reaction. The proposed mechanism involves a base-catalyzed Michael

condensation reaction followed by cyclization to the piperidone (1}) rather than
s

the pyran analogous of 12,
~nd

CN 0
CN ! N
Ph-CH = ¢~ OCHy™ Ph-CH- CH- C-NH,
- e
G -NH; NH-C - C = CH-Ph
I | |
10 O 0 CN
HoN-C CN
NC
Ph N 0
H
13
12

Grinstein and Serina reported that the base catalyzed condensation reaction of

salicylaldehyde with ] afforded 2=cyano=3-{ 2~hydroxyphenyl )=thicacrylamide (l&).
On the other hand, Brumnskill et al:lB repeated the same reaction and claimed that
they obtained a crystalline material with the same melting point as that for the

reaction product obtained by Grinstein and Serina' 2, Brunskill et 2118 formulated

4

their reaction product as the imino derivative l&fon the basis of its IR and 'H

NMR spectral studies although this compound (15) could not be obtained in an
A
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analytically pure state even after repeated crystallizations from various solvents.
It is remarkable to note here that similar erroneous reports on Knoevenagel conden-

sation of o-hydroxyaldehydes are not uncomman19. However, warming the imino deriva-

S

1]
- CH = C - C -NHy
E— [:::in CN
OH

CHO
.« 1 14
OH ~
7
—
0 NH
7 i)
Ry o C-NH2
Ry 00
R3
16a, R,=R =R=H
by R =R =H;R=0H
c,R,=Ro=H;R,=0H
d,R1=R2=H;R3nUCH3

8, Ry=Ro=H; R =0CH,
fyRy=R=H;R . =0CH
g,R2=R3=H;R1=8r

ti“e,LE with dilute hydrechloric acid afforded the corresponding coumarin deriva-
tive lEF which was easily purified by crystallization from ethanol. The structure
of 18a was confirmed by elemental analysis and spectroscopic data studies18. The
above condensatlion reaction was also extended to synthesise a variety of substi-
tuted coumarin derivatives (iBb-g) utilizing the appropriate benzaldehyde deriva-
tives, On the other hand, the use of 2-hydroxy-1-naphthaldehyde and S—hydroxy—'

benzo[bJthiophene-4~carbo xaldehydeX~ 22 resulted in the formation of the coumarin

derivatives 17 and 18 respectiuely18’23,
The above condensation reaction constitutes an easy and facile route for the syn-

thesis of thiocerboxamide derivatives., Other alternative syntheses necessitaste the
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b 18

first formatign of the corresponding cerboxamides then their subsequent transform-
ation into the corresponding thiccarboxamides by the action of phosphorus penta=-

sulphide, However, in addition to the fact that the synthesis of carboxamides is

toc long1g, treatment with phosphorus pentasulphide under standard conditions24 is

so far unsuccessfulja.

The base-cataiyzed condensation reaction of o-aminobenzaldehyde with 1 under simi-
~

lar conditiuns18 afforded 2-amino-3-cyancquinoline (20)25 formed via the inter-
7
CHO CH=C - C-NH,
£l CN
NH» NH7
192
- HpS
i
C-NH
N 2 oS o CN
—
NZ>NH, NZ~NH5
19 2

mediacy of 2-aminoguinoline-3-thiocarboxamide (l%) which rapidly lost one molecule
of hydrogen sulphide te give the final isslable gg. In our opinion, however, the
formation of 3% in the reaction of l and p=-amincbenzaldehyde proceeds wia the
intermediacy of the condensation product Lga which loses hydrogen sulphide to give
directly compound 32. This explanation finds suppart from the fact that the thio-

amides, like 19, are reported by the same authurs‘Ia to be highly stable {(cf.
Fat 'l
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structures 15-18J.
e o

Z-MEthyl-3-etthyacrolein (21, a methylmalondialdehyde equivalent) condensed with
~nr

1 to give an excellent yield of 3cyano-5-methyl-2(1H)-pyridinethione €333)25,27'
nt

28, 29

0n the other hand, 2Z-phenylmalondialdehyde (53) reacted with j in the pres-

ence of B-diethylaminoethanol to afford the S-phenyl derivative (£2b)3n.

»CH-0CaH5
H3C-— C + l
~CHO
2] R~y CN
—
N S
H
e CH 1 B
3 + ———————— b,R=C-H
5%6 “CHO o g"s5
23

2. Reactions with B-dicarbonyl compounds:
The reaction of @#-dicarbonyl compounds with z’was found to be an easy and direct

raute for the synthesis of several 3-cyano-2-pyridinethiene derivatives (25)7'29’

31=33 Thus, compound 3 reacted with acetylacetone (gﬁa), benzoyl acetone (Eib),
sthyl acetanoxalate (2&;), ethyl acetophenonoxalate (Eﬁﬁ), 3-acetoxyacetylacetone
(gie), 3-acetaming-acetylacetone (Eif), ethyl acetoacetate (Sﬁg) and B-ketobutyr~
aldehyde dimethylacetal (gg) to yield 4,B-dimethyl-, 4-methyl-G-phenyl-, B-methyl-
4-ethaxycarbonyl-, 6-phenyl-4-ethoxycarbonyl-, &4,6-dimethyl~5-acetoxy-, 4,6-dimeth-~
yl-5-acetylamino-, 6~hydroxy=4-methyl- and G-methyl-3-cyano-2-pyridinethicne

derivatives (26a-h) respectively in good yields,
el
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om0
i
R-C-CH-C- R2 + l -
24 Ry
F€1 X CN
— |
RASNASRS
H
tt /OCH3 26
HaC-C-CHy-CH + 17— ~r
\OCH3 ~
25 " i R2
~~ Zﬁ and gg a, [:H3 H EH3
€y CHq H COLCH,
d, [gHg H COLC A,
e, EH3 CH3C02 CH
Fy CHy CH £CONH Ch 4
260, on H cHe
26 h, oy y o

The pyridinethione derivatives {35) aTe very important starting materials for the
synthesis of 3-aminothieno[Z,S-b]pyridines. Thus, thirty six thienopyridine deriv-
atives (39, RsH, CHy or CgHg; R,=H or NO,; Ry=H, CH; or CO,C Hg and Ry= e.q. COTH 4,

CO,C_H., CO,CH EN or NO,) were prepared by cyclization of the in situ formed 27
2°2"5 2" 2 j3

in the presence of a base such as socium ethoxide or potassium carbonate at reflux

temperatures3a.

Ro R2 NH»p
Ry~ CN R~ R
Xy 3
%Q - XHCHZRB Base I
R XN SCHo R4 R XN S
a - 28
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Moregver, Oka et al?s

utilized the above pyridinethione derivatives (28) as the
starting materials for the synthesis of several pyridopyridazine derivatives via
a series of reactions., Thus, treatment of ,%E with a halogen in acetic acid gave
the corresponding 2-halogeno derivatives 35. Reduction of .3?: using palladium gver
carbon in the presence of triethytamine yielded the pyridine derivatives 32 which
could be hydrolyzed then cyclized by the action of concentrated sulphuric ascid to
afford the pyrrolopyridines 21. Compaunds ’\3{1’ reacted with hydrazine hydrate in

acetic acid to furnish the finally isolable pyrido[},d-d]pyridazine derivatives

32 in goed yields (cf. Chert 3).
o

C02R1 C02R1 CO,R4
- CN e CN X o CN
| —— | 2 » I

R AN-NS R~ N#~SH AcOH RA NP X
H
28 29
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H
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N COQR-]
! - H2504 l
R N/ R =

N
2 )
NHzNH9-H) O
Ac CH
H
] N\NH
R:CGHS
2 0 CgHy—CHp
J EﬁHa-El-u
R N# CgHy=0CH =P
- CI.;HSD—'Z (2= furyl}
32
Chart 3
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3. Reactions with oc,B~ unsaturated ketones and nitriles:
Daboun et al?s and Soto st al.a’37’38 reported independently, and almest simulta-
neously, a novel method for the synthesis of pyridine-2{(1H)}-thicnes other than the

few methods known in litarature7’39_aa. The method of Daboun et al.°

involves the
reaction of 1 with the o= benzoylcinnamonitrile derivatives (33, X=CN} in boiling
ethanol in the presence of catalytic amounts of triethylamineg to bring asbaut a
conjugate addition followed by a cyclization step (involving the aminoe group in l
and the carbonyl group in §£) and spontaneous aromatization to yield the thie-
pyridone derivatives gﬂ. On the other hand, Sote et al;’37’38 raacted’L with each
of the arylidene-acetophenones {chalcones, 23, ¥=H} and the oc- benzaoylcinnamonitr-
iles {ig, X=CN} at room temperature to afford the thiopyridone derivatives gi to-
gether with the disulphides 33. The disulphides ii were assumed to be formed via
an pxidative dimerization of zﬂ under the applied reaction conditions, However,
the dimerization reaction leading to the formation of EE was prevented when the
reaction was carried out in the presence of 2-mercaptoethanel and only Eﬁ were
the resction products. It was found also thet the addition of an oxidizing agent,

such as iodine-potassium ie:z:lit:!e‘c's"{‘E

, leads to the formatiom of the disulphides 35
as the only isolable reaction products (cf. Chart 4),

In an investigation of the same resction, Krauze et 31?7 reported that the thio-
amide 1 reacted with the arylidene-acetophenones (33, X=H)} to give the 3-cyano-
4,6-diaryl-3, 4~dihydropyridine-2=thiones (Eﬁa) as the sole reaction products,

Very recently, Elnagdi et al*® studied the reaction of 1 with 33 (X=CN, Ar=2-furyl)
in bailing ethancl in the presence of piperidine and Teported that the reaction
product was formulated as the 5-(2-furylmethylene)pyridinethione derivative 33.

On the other hand, the use of the 2-thienyl analogue ;gJ(x:cm, Ar=2~-thienyl) re-
sulted in the formation of the ylidene group exchange product 9 (Ar=2-thienyl), It
is remarkable to note here that the melting point of 9 (Ar=2-thienyl) reportec by
Elnagdi et al.aa is far-away from that previosly reported in literatures’8 for the
same compound {cf. Chart 4).

The reaction of l with the arylidenemalononitriles LL was investigated by several
authnrsss’aa'ag. Daboun et al?5 reported that l reacted ”ith,ll in bailing absoclute
ethanol in the presence of catalytic amounts of triethylamine to give 1:1 adducts.
Several isomeric structures (33732) were thus proposed for the reaction products.

36

The authors™, however, established structure 39 for the reaction products based
et

on elemental analyses, IR and T oneR spectral data studies,
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CH o CN NH2
Ar-CHy
OANN-IS —» N
H H?_N X S
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Chart 5
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Fahmy and Noharehag reparted recentliy that the thioamide 1 condensed with benzal.
malononitrile (ll, ar=pPh) in sodium ethoxide to yield the S-benzylidene derivative
31 {Aar=Ph},

Elnagdi et alfe, however, extended their study to invelve the reaction of 1 with
the ylidenemslonanitriles 11 (At=2-furyl or 2-thienyl), Thus, the authcrs48 Te=
ported that L reacted with ll (Ar=2-furyl or 2-thienyl) in boiling ethanol in the
presence of catyltic amounts of piperidine to afford the S-ylidenepyridinethione
derivatives 37 (Ar=2-furyl or 2-thienyl). This finding is in agreement with the
results and structure proposed by Fahmy et alf‘9 Furthermore, the same authorsaa
reported also that the 5-ylidenepyridin-G-one-2-thione derivatives Qlf(x#ﬂ or 5)
could be synthesized by reacting L with the correspoding ylidenes Ag {Ar=2-furyl cr
2-thienyl} under the same experimental conditions (cf, Chart 5).

In a next communication, Elnagdi et alSU reported that the reaction of the ylidene
malonanitriles LL with l}in celd ethanolic triethylamine solutions afforded the
thiopyran derivatives ﬁ% most likely formed via the intermediacy of the acyclic
32. On the other hand, the reaction of the cinnamonitrile derivatives 40, in boil-
ing ethanolic triethylamine selutions, yielded the dihydropyridine derivatives 44
formed via the intermediacy of the acyclic ii. The authurs50 reported also that
compounds ﬂi’cnuld alsoc be prepared either by boiling ethanolic aqueous triethyl-
amine solutions of the thicpyrans ﬁg or conducting the reaction of 1’and ljgin
boiling ethanolic triethylamine solutions {cf, Chart 5). The mechanism of Elnagdi
et al:‘sD accounting for the identity of the products of reaction of l with either
1L ar 3& involves the loss of one molecule of ammonia from ig, which was not men-

tioned at all in any step of the reported mechanism,

4. Reaction with nitroso compounds:
The thioamide’l condensed with nitrosobenzene and its derivatives (45) to yield
Pl

the corresponding azomethane derivatives (22)12.

S

Il
R NO + 1 —— R N = C - C-NHy
CN
43 48
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5. Reactions with halocgenated compounds:

The halogenated ketones ﬂz,were reported by Schifer et a1§1 to react with 1 to

yield the 2-thiazolylacetonitrile derivatives 48,

0 Ph \
Ph-C" CH—R +* 1 — l J\
| fad
Br R - :S CH2CN
47 Q@(R:H, CHy and Ph)

Different thiazolylcoumarin derivatives (50) could be synthesized similarly52 via
P

the reaction of 3~bromoacetylcoumarin gﬂg) mith‘l in a series of steps represented

by the following equations:

0 S
2 C - CHp-Br N NACHQ
¢ ] ———— |
49
R CHO
OH
R Re
e e l—
Ry
R
Ry
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it has been reported that o~ acetyl-m=- cyanothicacetamide (El), obtained by acet-
ylation of 1, could be cyclized via the reaction with ethyl oc- bromoacetate (55)
to give the thiazole derivative Ei in a good yield53. The same compuund’gﬁ could
also be obtained by using oc- chlorcacetonitrile (EE) instead cf‘gg in the above

. 53
reaction™ ",

BF—CHz—CO2C2H5 e
32

R
| N
(EH’ C-NHp 4 or — [l PN 9
S CH-C-CHy
CN

|
CN S
Cl-CHy- CN ——
21 §§ 54 !

(R=0H or NHE)

On the other hand, Tornetta et al.31 reported that the product of the reaction of
2 with ethyl bromopyruvate Qaé) was found to be highly dependent on the solvent
used in the reaction, Thus, L and 55 reacted in a mixture of pyridine and acetic
acid to afford 2-amino-3-cyano-4-ethoxycarpbonylthiophene (EE). when dimethylform-
amide was used as a solvent, Z-cyanomethyl-4-ethoxycarbonylthiazole (33) was the
anly isolable reaction product. Compound Ez condensed with 4-chlorobenzaldehyde
to give the 4-chlorabenzal derivative Eg. Compound EE could be in turn synthesis-
ed via another route by the reaction of 4~-chloTobenzal-c- cyancthicacetamide g

(AreCgH,~Cl-p} with ethyl bromopyruvate (EE) {cf. Chart 6).

Compound L reacted also with ethyl B-chloroacetonoxalate (gg) in the presence of

a mixture of pyridine aﬁd acetic acid to afford S-acetyl-2-amino-3-cyano-d-ethoxy-
carbonylthiophene QEE) and 2-acetyl-3-amino-5chloro~4-ethoxycarbonyl-B-methyl-
thieno[2, 3~b]pyridine (64). Compound B4 is assumed to be formed via the inter-

31

mediacy of the pyridine derivatives B2 and 63° (cf. Chart 7).
P ~
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- NC CO~CoH
0=C -CO5CoHs aeot U 2CoHs
CH, -Br T Pyiidine " H NN
55 56
DMF
 J
N CO9CoH35
| ||
NC-HQC/I\S
kL,
Cl@—CHO
4
N C02C2H5
ol
NC—ﬁ’i\S
eet!
58
LYV lsi
T 55 NC-C-C-NH2

Chart 6
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<0 NC CH3
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o HpN g A C-C0,CoR5
s 0
CHy 61
59
59 CO2C2H5
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—> l
H3C - ~\N#~SH
62
29
COCoHs CO2C2Hs |
. NH> Cl X ON
I l - /CO-—CO'ZCZHS
HyC ANN AN g A~ COCH, H3 C~~N#s-CH
COCH;

64

N~y

63

A

Chart 7
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B. Action of bases:

Fahmy and Muhareb&g reported very recently that when l was treated with a boiling
sthanolic sodium ethoxide solution, a single product of molecular formula CBHsNaS
was obtained. Several isomeric structures were thus considered for the reactiaon
praoduct {cf. structures EE—EE). Structures BS5-67 were ruled out and structure 68
was established for the reaction product based on IR and 1H NMR spectral data
studies. Moreover, compcund E% could be synthesised via another route by the re-
action aof l with malononitrile (3) in ethanol in the presence of catalytic amounts

of triethylamine {(cf, Chart 8).

NH»
] . CN
i42N N S
H
&g
NH2 NH»2
| .
S AN ~~NHy 2 CHy-C-NHy # S ANNA~NHo
H CN
1
22 I 87
~H)S [EtONa
NH 4
- - CH»
58 2
Chart 8
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In an another communication, Mohareb andg Fahmy33 reported that L underwent self

dimerization with ethanpolic triethylamine svlution at room temperature to give a
product of molecular formula EBHBNaS2 which was formulated as the pyridine deriva-
tive Eg or the acyclic dithioamide zg. However, structure Zq was established for
the reaction product based on IR ang 1H NMR spectral data. Moreover, compound 'ZE
could be coupled with benzenediazenium chloride in the presence of sodium hydro-

xide to give the pyridazine derivative 72 most likely formed via the intermediacy

of the non-isolable hydrazone derivative 71 (cf. Chart %),
N

NHy 3
X C-NH2
-+’
SPNNZ NH9
R ge
2 CHy-C-NHy —=toH
| EtBN
CN
]
HoN _CN
— C =l
HQN—CI,;—H2C %—NHQ
S S
70
Ph-N=N-Cl
9
; 2 NHy S NHp
N-C
2 » cN H2N-le)\<g'\|s
~ S N =
) “NH
Ph Ph
72 7

Chart 9
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?7 Reactions with halogens:

In an attempt to synthesise 3,5—d%(Cyanﬂmethyl)—1,2,¢—thiadiazole (73) by ehlorin~
ation of L in carbon tetrathleride, two unexpected products were isolatedSA. These
were N, 2, Z-trichlorocyancacetimidoyl chloride (zﬁ) and N, 2, 2~trichlorocyanoacet-
imidoylsulphenyl chloride (ZE). This represents an unusual course of reaction for

the treatment of N-upnsubstituted thionamides with chlorine since the normal re-

actiaon products shaould be 1,2,4-thiadiazole derivativesss. However, the formation

R N— CH,CN
“ i NC-HQCJf\sfN
o
NC-CH,-C-NH, -2 73
A
CSNHCHS > Nc_cuz-ﬁ_ccll . Nc-cctz-(ll:\l]-sccll
2 Cly 7 75

of an imidoyl chloride is known in the chlorinatien of N-methylthionoenzamide

(75)°8,

ol

Proof that the lower boiling material possessed structure 13 resulted from compari-

son of its properties with those of an authentic sample prepsred by chlorination

of malenonitrile (2)5?. Structure ZS was assigned to the higher boiling material
~ '~

on the basis of microanalytical results and mass spectrum,

It was reported 54

alsa that the type of the reaction product of l with chlorine
is dependent on the reaction temperature, Thus, low reaction temperature favours
formatien of Zﬁ whereas roem temperature favours formation of cempound Zi. The
anomalous course of the reaction allowed the speculation that perhaps reaction
canditions were discovered which might permit the synthesis of N-chloroimidoyl

chlorides and N-chloroimidoylsulphenyl chlorides from octher N-unsubstituted thion-
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amides, This was disproved when, under the same conditions, thicacetamide (zz) and

thionicotinamide ('?g) yielded 3, 5-dimethyl-1,2,4-thiadiazole (Zg’a) and 3, 5~-di{3-

pyridyl)=1,2,4-thiadiazole (,.?,?,b) respectively.

S
S CoNH R
' S ¢
|
CHA4-C -NH
Zz Zg 79 a,R=CH

b, R=3-pyridyl

The course of halogenation was alsc extended to investigate halogenation of cyano-

thicacetamide derivatives, Thus, it has been found>>

that bromination of o= cyano-
- acetylthioacetamide (51) has resulted in the formation of the isothiazole de-
~ar

rivative BE], in a good yield,

0 0
11
HaC - C - CH-C=N HaC-C - C——C4* N
3 3 H Cm + Br———Br
/C\ ' /C\ N
HoN s HoN  “SHAF
51
O
HBC—C | I Br
+ HB
HN IS/N r
80

wWhen oc- arylhydrazono-m— cyanothioacetamide (82, prepared by the action of H.S5 on
et

2
arylazomalononitrile, E’l} was reacted with bromine in ethyl acetate, oxidation

occurred and S5-aming-2-phenyle-4~cyana-1, 2, =thiadiazolium bromide derivatives (ag)

were thus obtainedse,
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_CN CN
Ar-NH-N=C7 4+ HpS ——— Ar-NH-N = C
CN NC-NHy
I
) S
8l 82
sz
(-HBr
‘F
N CN N CN
[\IJ_ ® Bre e —, 1(;} Br@
Ar—g NH» AP’N£§ NHo
83

B+ Reactlion with formamide acetals;
- Cyanothioacetamide (1) possesses two nhucleophilic centers susceptible to the
~
attack by electrophilic reagents. Therefore, and by analogy to the known reactions

of acetamide with ::u:etals59

, Kroll et alPU recently reported that L reacted with
the substituted formamide dimethylacetal Eil’ in tw successive steps to yield the
N=-( 2-cyano-3-morpholinothioacryleyl }-formamidine derivative EE Compound 86 is
assumed to be formed via the intermediacy of 2-cyano-3-morpholinothioacrylamide
(25). The formation of 86 goes with no difficulties in the presence of an excess
of the acetal 3251 . It was observed also that the use of two equivalents of
the acetal Eﬁ resulted in the formation of a mixture of products containing only a
small amount of ,EE. Under these conditions, the main product of the reaction was
the acrylamide derivative gg. Lompownd Ei could either be tran‘sformed into EE’ by
the action of an another molecule of Eﬁ, or used in the synthesis of cther form-
amidine derivatives. Thus, for example, N-{2~cyano-3-morpholinothicoacryloyl}~

N, N -tetramethyl eneformamide (9"@\,) could be synthesised via the reaction of 85
with N,N-tetramethyleneformamidine dimethyl acetal (9‘1) in the presence of methanol

{cf. Chart 10),
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2 =

Ibrahim et 2182

|
C=CH-N O
7 /
S=C ~\
\N:CH—N 0
/
86
CH3OH’%
N
T \
C=CH-N O
/N 20CH3 chgon o 7 A
0 N-cH T———=5=0_ 4
\_/ ~0CHj; 2
83
84 —\ .OCHs
N-CH
CH40H |/ ~0CH3
81
r
CN
E=CH-N O
S~C/ _
RN /
N=CH-N
A
8

Chart 10

9. Reaction with thiosalicylic acid:

6

reported recently that cyanoacetamide (3) reacted with thiosali-

cylic acid {89) to afford the thiazinone derivative (90a). In contrast to this
-~

finding,

the same authors52

—230—

reported also that when eguimolecular amounts of L

and 83 were refluxed in pyridine under the same conditions, the bithiazinone der-
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COOH X COOH
+ CHo-C-NH, > JNH X
SH éNz 2 S_C/\ 1l
CHy-C-NHj
89 UX=S)
IX=0)
0
\
0 N 0
P
P <
S C = C\ {Two moles) SJ\CH “C-NH
! NH2 275 2
S:C-—NH2 x
2 90a,X=0
b,X: S

ivative 21 was the only isolable reaction product. Compound 91 is assumed to be
formed via the self-condensation of the intermeciate thiazinone derivative Eﬂb
under the applied reaction conditions, The authursEz elucideted structure 2& on

1

the basis of IR and 'H NMR spectral data and similarity to comdensation reactions

of active methylene reagents with thicamides previously reported in literatureﬁs.

10. Reaction with diethyl pxalate:
Compound 1 condensed with diethyl oxalate {(82) in ethanolic sodium ethoxide sol-
“ ~N
ution to afford 4-cyano-2, 3-dioxo-5-thionopyrrolidine (23) which was crystallized
card

from hot water as the monchydrate derivativeg'10.

clooc 2Hg 0 CN
* 1 -
COOCHE N OIN 15
H
2 93
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11. Reaction with dithiolylium perchlorates:

3-Aryl-1, 2-dithiolylium perchlorates (gﬁ) condensed with 1 in ethanal to give the
3=cyanothiopyranthlone derivative (gi)sa'ss. Compounds 35 were converted into the
thiopyranone derivatives 35 by treatment with mercuric acetateﬁa. i% reacted also
with triethyloxonium tetrafluoroborate (22) to give the 2-ethylthiothiopyrylium
derivatives EE which could be hydrolyzed to giuelggas. The thiopyrylium derivat-
ives 32 reacted with the active methylene reagents such as malononitrile (3),

berzaylacetonitrile (99a) and 1, 3-indanedione (aab) to yield the thiopyran deriva~

tives 100°° (cf. Chart 11).
Nednd

9 %,
X-CHg =Y
2y x=y=Cn
99ay| x=CN; v=COPH
S35y X+¥=CgH,=(CO) y~0 R
| =
— X
Ph g C“Y
100
Chart 1
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12+ Reaction with ethyl dithicacetate:

The reaction of L with ethyl dithicacetate (131) was utilized as a route for the
synthesis of some acyclic thioamides, isothiazoles and dithiolium saltsBB. Thus,
1&1 condensed with l in ethanolic potassium ethoxide to give the acyeclic thio-
amide B&E, Cempound 193 reacted with hydrochloric acid to give the thiolothicamide
gii and with methyl iodide to afferd the S-methylthicamide 1Ei. 123'could also be
converted into 1Eﬁfby the action of diazomethane, On the other hand, both JQE and
yli were oxidized using a mixture of iodine, hycrogen peroxide and perchloric acidg
to give the dithiolium salts 1953,b respectively. Moreover, 1Eﬁlcould be cyclized

by the action of ammoniz followed by hyoTogen peroxide to yield the isothiazole

derivative 106 {cf, Chart 12).
Pt

S S
T )
1+ HaC-C ~SCaH EVOK__ _ K.S-C=C.-C-
1+ H3 2Hs Fion - K°-C=C-C-NH,
CH3 CN
o]
191 102
HsC CN
\*\‘3\ g 'Xe
o + ok
NH
HCI oS 2
105a,X=1
""“’n,x:cxo,'
. ' (o]
Tl CH9N 1
H3C-S-C = C -C-NH, ..__Z_Z_Hs-g =C-C-NH,
CHy CN CHy CN
104, 103
CN
ii-Hp02 ~S l NH2
18
Chart 12
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13, Reaction with p-toluenesulphonyl azide:

p-Toluenesulphanyl azide (107) reacted with 1 to give S5-amino-4-cyano-1, 2, 3~thia-

diazole (108). Compound 108 rescted with propionic anhydride to give N= {4-cyasno-
Fada ol [adate'd

1,2, >thiadiazol-5-yl}-propionamide (lﬂg)e?.

CN CN
N €Hec0n0 N
1+ HaC SO Ny — I || el |
w ~g~ ~NHp ~S NH-(’:‘—CzHS
0
107 19§ ng

i4. Reaction with Schiff bases:

Compound ) reacted with Schiff bases of the general formula l1D with selective
s

replacement of the amino groups to give the cyanothicamide derivatives 11158’59.
f2 s
Ry NH-C=CH-C=N Ry - HClO4 (or HI)
19
]
R
Ro |3 _CN
R NH -C=CH-C=2C * R NH
1 - 4 2
CSNH»
111

ot ot

1% Reaction with hydrazines:
Although - cyanothioacetamide (1) itself is not reported te react with hydrazines,

yet Nearylcyanothioacetamides (llg) react with hydrazines in ethanpl to give the

aminopyrazole derivatives 11§F0‘
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S
il
R NH - C - CH2-CN + Rj-NHNHy

12

e

EtOH
R NH

[
N N~~NHj

|
Ry

13

~Arred
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