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Ethyl thiocyanoacetate (1) reacts with anomatic aldehydes in the presence of N,N’-dialkylthiourea to give

arylidene N,N’-dialkyl-N-thiocarbamoyl thiocyanoacetamides (3).

On the other hand, the treatment of the ester

(1) with benzaldehyde in the presence of thiourea or N-methylthiourea under the same conditions affords 5-benzy-
lidene-2-imino-4-thiazolidinone (5a) or 5-benzylidene-3-methylthiazolidine-2,4-dione (6a).

In the first paper of this series? it was shown that, in
the presence of potassium carbonate or fluoride, thio-
cyanoacetic acid esters (1) and aldehydes undergo an
Aldol-type condensation, followed by ring closure, to
give N-carbamoyl-2-imino-1,3-oxathiolanes and «,B-
unsaturated esters. However, we have found that
N, N’-dialkyl- N-thiocarbamoyl thiocyanoacetamide (2)
and aromatic aldehydes lead to a Knoevenagel-type con-
densation giving arylidene N,N’-dialkyl-N-thiocarba-
moyl thiocyanoacetamides (3) in a good yield. This
means that, in the case of the amide 2, the dehydration
rate of the intermediate 4 is larger than the rate of ring
closure, whereas with the ester 1, the reverse is true.
It seems interesting that the modification of the ester
group by the N-carbamoyl amide group causes a drastic
change in the reaction course.
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Scheme 1.

Results and Discussion

The reaction of the ester 1 with aromatic aldehydes
in the presence of N,N’-dialkylthioureas gave arylidene
N, N’-dialkyl- N-thiocarbamoyl thiocyanoacetamides
(3), whose structures were confirmed on the basis of
elemental analyses and spectral studies.

1) Part IIT of this series: S. Kambe and T. Hayashi, This
Bulletin, 45, 952 (1972).
2) S. Kambe, T. Hayashi, H. Yasuda, and H. Midorikawa,

ibid., 44, 1357 (1971).

R R
~CCO-N-C-NHR! ~CCO-N-C=NR
ScN § SCN  SH
Thioketo form Enethiol form

Compounds 2 and 3 can exist in two tautomeric
forms, the thioketo and enthiol forms, as is shown
above. Product 3a, for example, consisted of pale
yellow needles with the structural formula Cj;H,,-
ON,S,; mp 185—186°C. The IR spectrum of 3a
(KBr pellet) revealed the existence of the SH (near
2550 cm™1), SCN (2050 cm™!), C=O (1740 cm™),
G=N (1640 cm~'), and C=C (1600 cm-1) groups.
The NMR spectrum of 3a (DMSO-d;) showed the
CHj; proton signal § at 3.25 and 3.30, =CH at 7.90,
CeH; at 7.60, and a broad line with intensity of one
proton at 8.85 ppm, a line which might be attributed
to the SH proton. These facts suggest that 3 exists
predominantly in the enethiol form.

The products (3b—n) could be obtained similarly
from the reaction of substituted benzaldehyde with
the ester 1 in the presence of N,N’-dialkylthiourea
(see Table 1). However, the substituent effect was
obscure in this case.

A plausible reaction sequence is illustrated in Scheme
2. Presumably, the reaction proceeds through the
intermediacy of N,N’-dialkyl-N-thiocarbamoyl thio-
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cyanoacetamide (2), which subsequently condenses with
aromatic aldehyde to give 3.

Support for this may be supplied by the fact that the
ester 1 reacted easily with N,N’-dialkylthiourea to
give the amide 2, and that the amide 2 thus isolated
condensed with an aromatic aldehyde in the presence
of N,N’-dialkylthiourea as a basic catalyst to give the
product 3. In contrast with the above reaction, when
thiourea was used instead of N,N’'-dialkylthiourea,
the reaction of the ester 1 with benzaldehyde led to
the formation of 5-benzylidene-2-imino-4-thiazo-
lidinone (5a).%)

The reaction of ester 1 with benzaldehyde in the
presence of N-methylthiourea afforded 5-benzylidene-
3-methylthiazolidine-2,4-dione  (6a). This com-
pound is considered to be produced by the hydro-
lysis of 5-benzylidene-2-imino-3-methylthiazolidin-4-
one (5b), which may be formed as an intermediate.
Compound 6a was obtained by the hydrolysis of the 3a
product with hydrochloric acid—ethanol. In addition,
the reaction of the ester 1 with N-methylthiourea gave
the corresponding amide (2a) (R=CH,, R=H), but
not 2-imino- or oxothiazolidinone. On the other
hand, the treatment of 3a with potassium carbonate or
fluoride gave 5-benzylidene-2-methylimino-3-methyl-
4-thiazolidinone (5¢), which was identical with the
authentic sample prepared by the alternative synthesis
from benzaldehyde and 2-methylimino-3-methyl-4-
thiazolidinone.? Furthermore, this compound (5¢)
was also obtained by the reaction of the amide 2b
(R=R'=CH,;) with benzaldehyde in the presence of
potassium carbonate or fluoride. These facts sug-
gest that, in the reaction of the amide 2 with aromatic
aldehyde, the formation of a 4-thiazolidinone ring
occurs after the condensation between the amide 2 and
aromatic aldehyde has taken place. It is interesting
that the ring closure of 3 might occur with the elimi-
nation of hydrogen thiocyanide, as is shown in Scheme

2.

Experimental

All the melting points are uncorrected. The IR spectra
were recorded with a Shimadzu IR-27G spectrometer. The
NMR spectra obtained on a Nihondenshi JNM-C-60 high-
resolution NMR spectrometer (60 MHz). Tetramethyl-
silane was used as the internal standard. The chemical
shifts of the protons are presented in terms of § values.

General Procedure for the Reaction of Ethyl Thiocyanoacetate.
(1) With Aromatic Aldehyde in the Presence of N,N’-Dialkyl-
thiourea: A mixture of the ester 1 (0.02 mol), an aldehyde
(0.02 mol), and an N,N’-dialkylthiourea (0.02 mol) in etha-
nol (20 m/) was refluxed for a suitable period. After the
reaction mixture had then been cooled, the resulting precipi-
tates were filtered and washed with water. They were re-
crystallized from ethanol to give arylidene N,N’-dialkyl-N-
thiocarbamoyl thiocyanoacetamide (3). The results are
summarized in Table 1.

The Reaction of Ethyl Thiocyanoacetate (1) with Benzaldehyde
in the Presence of N-Methylthiourea. A mixture of the
ester 1 (0.02 mol), benzaldehyde (0.02 mol), and N-methyl-

3) S. Kambe, T. Hayashi, H. Yasuda, and A. Sakurai, Nip-
pon Kagaku Zasshi, 92, 867 (1971).
4) R. Andreasch, Monaish. Chem., 39, 417 (1918).
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thiourea (0.02 mol) in ethanol (20 m!) was refluxed for 5 hr.
After cooling, the resulting precipitate was filtered and washed
with water. Recrystallization from ethanol gave 5-benzyl-
idene-3-methylthiazolidine-2,4-dione ~ (6a); yield, 489;
mp 133—134°C (lit,> 134—135°C).

The Reaction of Ethyl Thiocyanoacetate (1) with Benzaldehyde
in the Presence of Thiourea. A mixture of the ester 1
(0.02 mol), benzaldehyde (0.02 mol), and thiourea (0.02
mol) in ethanol (20 m/) was refluxed for 3 hr. A crystalline
precipitate was deposited during the reaction; this was col-
lected on a filter and washed with ethanol. Recrystalli-
zation from dimethyl sulfoxide gave 5-benzylidene-2-imino-
4-thiazolidinone (5a); vyield, 37%; decomp. 282—284°C
(lit,  decomp. 282—284°C).

The Reaction of Ethyl Thiocyanoacetate (1) with N-Methyl-
thiourea. The ester 1 (0.02 mol) was added, drop by
drop at approximately 60°C, to a mechanically-stirred solu-
tion of N-methylthiourea (0.02 mol) in 20 m! of ethanol.
Stirring was continued for 3 hr. After the solvent had then
been removed with a vacuum evaporater, the residue was
allowed to stand overnight. The precipitate which thus
formed was separated by filtration, washed with water, and
recrystallized to give N-methyl-N-thiocarbamoyl thiocyano-
acetamide (2a); yield, 259, ; decomp. 175—178°C.

IR (KBr): near 3300 (NH), near 2500 (SH), 2050
(SCN), 1670 (C=0), 1650 (C=N)cmL

Found: G, 31.71; H, 3.69; N, 21.43; S, 33.819,. Calcd
for G;H,ON,S,: G, 31.75; H, 3.73; N, 22.22; S, 33.83Y%,.

The Reaction of Ethyl Thiocyanoacetate (1) with N,N-Di-
methylthiourea. A mixture of the ester 1 (0.02 mol) and
N,N’-dimethylthiourea (0.02 mol) in ethanol (20 m/) was
refluxed for 2 hr. The resulting precipitate was collected
on a filter and washed with water. Recrystallization from
ethanol gave N,N’-dimethyl-N-thiocarbamoyl thiocyano-
acetamide (2b); yield, 68%; mp 174—175°C.

IR (KBr): near 2550 (SH), 2050 (SCN), 1750 (C=0,
1640 (C=N) cm™1,

Found: C, 35.51; H, 4.50; N, 20.89; S, 31.67%,. Calcd
for CGgH,ON,S,: C, 35.47; H, 4.47; N, 20.69; S, 31.50%,.

The Reaction of Ethyl Thiocyanoacetate (1) with N,N’-Di-
ethylthiourea. A solution which contained the ester 1
(0.02 mol) and N,N’-diethylthiourea (0.02 mol) in ethanol
(20 m/) was refluxed for 4 hr. After the solvent had then
been removed with a vacuum evaporator, the residue was
allowed to stand for several days. The crystalline matter
thus formed was collected, washed with water, and air-dried.
Recrystallization from ethanol-water gave N,N’-diethyl-N-
thiocarbamoyl thiocyanoacetamide (2c¢); vyield, 21%; mp
96—97°C.

Found: C, 41.52; H, 5.66; N, 18.31; S, 27.739%,. Calcd
for CgH,,ON,S,: G, 41.56; H, 5.67; N, 18.18; S, 27.739%,.

The Reaction of Ethyl Thiocyanoacetate (1) with Thiourea.
Thiourea (0.02 mol) was stirred in ethanol (20 m!) at approxi-
mately 60°C; the stirring was then continued until the
thiourea was completely dissolved. To a stirred alcoholic
solution there was then added, drop by drop, the ester 1
(0.02 mol) over a 0.5-hr period. After this addition, stir-
ring was continued for an additional 4 hr, and then the
reaction mixture was allowed to stand for several hours. The
crystalline matter thus formed was collected and washed with
ethanol. Recrystallization from acetic acid gave 2-imino-
4-thiazolidinone; vyield, 19%; decomp. 232—235°C (lit,»
233—238°C).

5) H. R. Snyder and E. X. Werber, “Organic Syntheses”
Vol. 27, p. 71 (1947).
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The Reaction of N,N’-Dimethyl-N-thiocarbamoyl Thiocyano-
acetamide (2b) with Benzaldehyde in the Presence of N,N’-Di-
methylthiourea. A solution of the amide 2b (0.01 mol)
benzaldehyde (0.01 mol), and N,N’-dimethylthiourea (0.0025
mol) in ethanol (30 m!) was refluxed for 4 hr. After cooling,
a crystalline matter separated; this was recrystallized from
ethanol to afford benzylidene N,N’-dimethyl-N-thiocarba-
moyl thiocyanoacetamide (3a); vyield, 65%.

The Reaction of N,N’-Dimethyl-N-thiocarbamoyl Thiocyano-
acetamide (2b) with Benzaldehyde in the Presence of Potassium
Carbonate or Fluoride. To a solution of the (2b) amide
(0.01 mol) and benzaldehyde (0.01 mol) in ethanol (20
m/), potassium carbonate or fluoride (0.01 mol) was added,
after which the mixture was refluxed for a suitable period.
After standing overnight, the resulting precipitate was col-
lected on a filter and washed with water. Recrystallization
from ethanol gave 5-benzylidene-2-methylimino-3-methyl-
4-thiazolidinone (5¢); mp 109—110°C.

When potassium carbonate was used as the catalyst, the
reaction time was 2 hr and the yield was 549%.

When potassium was used as the catalyst, the reaction
time was 7 hr and the yield was 589%,.

IR (Nujol): 1750 (G=0), 1660 (C=N), 1620 (C=C) cm~1.

NMR (DMSO-dg): ¢ 3.20, 3.40 (CH,;), 6.05 (CgHj;),
6.15 (=CH) ppm.

Found: C, 61.89; H, 5.20; N, 12.04; S, 13.749,. Calcd
for C,H;;ON,S: C, 62.06; H, 5.21; N, 12.06; S,
13.779,.

The Reaction of Benzylidene N,N’-Dimethyl-N-thiocarbamoyl
Thiocyanoacetamide (3a) in the Presence of Potassium Carbonate
or Fluoride. A mixture of the amide 3a (0.01 mol) in
ethanol (20 m/) containing potassium carbonate or fluoride
(0.01 mol) was refluxed for a suitable period. After the
mixture had then stood overnight, the precipitate formed was
separated by filtration, washed with water, and recrystallized
from ethanol to afford 5-benzylidene-2-methylimino-3-

Thiocyarnoacetate. IV
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methyl-4-thiazolidinone (5c¢).

When potassium carbonate was used as the catalyst, the
reaction time was 2 hr and the yield was 569%,.

When potassium fluoride was used as the catalyst, the
reaction time was 6 hr and the yield was 589%,.

The Hydrolysis of Benzylidene N,N’-Dimethyl-N-thiocarbamoyl
Thiocyanoacetamide (3a). To a solution containing con-
centrated hydrochloric acid (10 m!) and ethanol (10 ml),
we added the amide 3a (0.01 mol), and then the mixture was
refluxed for 6 hr. After cooling, the reaction mixture was
poured onto cracked ice. The crystalline matter thus
formed was collected, washed with water, and air-dried. Re-
crystallization from ethanol gave 5-benzylidene-3-methyl-
thiazolidin-2,4-dione (6a); vyield, 52%; mp 133—134°C
(lit,® 134—135°C).

The Hpydrolysis of 5-Benzylidene-2-methylimino-3-methyl-4-
thiazolidinone. The procedure used was essentially the
same as that described above; yield, 539 ; mp 133—134°C.

The Reaction of 2-Methylimino-3-methyl-4-thiazolidinonew ith
Benzaldehyde. 2-Methylimino-3-methyl-4-thiazolidinone
was prepared according to the procedure described in the
literature.

A  mixture of 2-methylimino-3-methyl-4-thiazolidinone
(0.01 mol) and benzaldehyde (0.01 mol) in ethanol (10 m/)
containing potassium acetate (0.01 mol) was refluxed for
4 hr. After the solvent had been removed, the residue was
allowed to stand overnight. The resulting crystals were
collected on a filter. Recrystallization from ethanol gave
5-benzylidene-2-methylimino-3-methyl-4-thiazolidinone (5c¢);
yield, 56%; mp 109—110°C.

The authors wish to express their hearty thanks to
Dr. Hiroshi Midorikawa and Heinosuke Yasuda for
their kind advice and encouragement, and Dr. Haruo
Homma and his staff for their microanalyses.






