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Reactions of Polarized Ketoketene S, N-Acetals with
Thionyl Chloride: a Novel General Route to 1-Aroyl-(or
-Acyl)-2-aryl-(or -ethoxycarbonyl)-4-alkylthiothiazoles
by Direct Heterocyclization'
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Extensive studies have been reported concerning the synthesis
of 2-mercaptothiazoles and their S-alkyl or S-aryl deriva-
tives®. The isomeric S-mercaptothiazoles and their S-alkyl or
aryl analogues have also been studied to some extent?. How-
ever, the chemistry of 4-mercaptothiazoles and their S-alkyl or
S-aryl derivatives has received limited attention?, i.e. the syn-
theses of 5-nitro-4-butylthio-2-acetylaminothiazole® and 4-
phenylthiothiazole*, which are obtained by nucleophilic dis-
placement from the corresponding 4-halothiazoles by the ap-
propriate anions. Although 2-, 4-, and 5-halothiazoles are
known to undergo facile displacement reactions with appro-
priate nucleophiles’, the 4-halothiazoles can only be obtained
by partial dehalogenation of 2,4- or 4,5-dihalothiazoles’. At-
tempts to prepare 4-halothiazoles by direct halogenation are

0,7

reported to yield either 5-halo- or 4,5-dihalothiazoles®’.

We now report a facile general route to the title thiazoles us-
ing ketoketene S, N-acetals®” 1 as starting materials.
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Scheme A

When 1a-m were reacied with thionyl chloride in pyridine at
0-5°C for 3 h the corresponding 2-phenyl-4-methylthio-5-ben-
zoylthiazoles 2a-m were obtained. The structures of 2a-m
were confirmed by analytical and spectral data (Table).
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SYNTHESIS

The S, N-acetal 1n derived from acetone gave the correspond-
ing 2n only in 21% yield, while lo prepared as shown
(Scheme B) gave the corresponding 2-ethoxycarbonylthiazole
(20) in 30% yield. The yield of 2n and 20 could not be im-
proved further under various conditions. Compounds 1p and
1q failed to give the corresponding 2p (R*=H) and 2q
(R*=CH,), respectively. Only polymeric material was ob-
tained in both cases.

The mechanism of the formation of 2 from 1 appears to be similar to
that proposed ' for the reaction of 6-N-substituted 1,3-dimethyluracils
with thionyl chloridz to give thiazolo[4,5-d]pyrimidines. The sulfene
intermediate 6, after proton abstraction undergoes cyclization via its
anion 7 to form the corresponding thiazoline S-oxide 8. Further reac-
tion of 8 with thionyl chloride affords 2 via the Pummerer interme-
diate 9 (Scheme C).
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Scheme C

Interestingly in one of the experiments, when 2a was stirred
with sodium hydride in dimethylformamide at room tempera-
ture the corresponding S5-unsubstituted-2-phenyl-4-methyl-
thiothiazole (10a) was abtained in 70% yield. Similarly the
thiazoles 10e, h, k were prepared from the respective 2e, 2h,
and 2k in 70-72% overall yields.

The method therefore provides hitherto inaccessible 2,5-di-
substituted 4-alkylthiothiazoles as well as the corresponding
5-unsubstituted analogues starting from the same ketoketene
S, N-acetals.

Freshly distilled thionyl chloride (E. Merck) was used in all reactions.
All new S,N-acetals la-n, p, q were prepared according to the pre-
viously reported procedures'"'%.

N-(a-Ethoxycarbonylmethyl)-8-benzoylthioacetamide (4):

A solution of methyl f-benzoyldithioacetate (3; 4.2 g, 0.02 mol) and
free ethyl glycinate [0.02 mol, generated from ethyl glycinate hydro-
chioride (2.80 g, 0.0Z mol) and sodium ethoxide (0.02 mol)] in ethanoi
(50 ml) is refluxed for 8-10 h. After completion of the reaction (moni-
tored by T.L.C.), the ethanol is removed under reduced pressure and
the crude thioamide 4 is purified by passage through a silica gel co-
lumn using benzene/hexane (1/4) as eluent: yield: 2.8 g (52%); pale
needles; m.p. 95-96°C.

Cy3H;sNOsS calc. C 5886 HS566 NS5.28

(265.3) found 59.15 5.92 5.50

I.R. (KBr): v=3500 (NH); 1730 (ester CO); 1665 cm ' (Ar—CO).
'H-N.M.R. (CCly): 6=130 (t, 3H, CH;CH;0): 3.72 (s, 2H,
C¢H;COCH,); 4.0-4.4 (m, 4H, OCH,CH; and NH—CH,CO0); 7.1-7.3
(m, 3H,0m); 7.82 ppm (M, 2Hyom)-
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3-Methylthio-3-(a-ethoxycarbonylmethyl)-amino-1-phenyl-2-propen-1-
one (lo):

A suspension of thioamide 4 (1.0 g, 0.004 mol) and potassium carbon-
ate (0.6 g, 0.004 mol) in acetone (30 ml) is refluxed for 3 h. The stirred
solution is cooled, methyl iodide (0.8 g, 0.005 mol) is added, and the
mixture is further stirred at room temperature for 3 h. It is poured
onto crushed ice (100 ml), acidified with 20% acetic acid, extracted
with chloroform (150 ml), dried with sodium sulfate, and the solvent
evaporated to give a yellow viscous liquid; yield: 0.8 g (75%), T.L.C.:
one spot.

C14H;NO,S calc. C6022 He6.11 NS520

(279.4) found 60.55 6.42 5.50

I.R. (KBr): v=3400 (NH); 1730 (ester CO); 1620 cm ™' (Ar—CO).
'H-N.M.R. (CDCl3): 6= 1.30 (t, 3H, CH;CH,—); 2.34 (s, 3H, SCH3;);
3.82-430 (d and q, 4H, OCH,CH; and NH—CH,—); 7.2 (m,
3H,rom); 7.8 (M, 2Hyom): 11.0 ppm (br. s, 1 H, NH, exchangeable with
D,0).

2-Aryl-(or -Ethoxycarbonyl)-4-alkylthio-5-aroyl-(or -acyl)-thiazoles
(2a-n) and (20); General Procedure:

To a stirred ice-cooled solution of .S, N-acetal 1 (0.01 mol) in dry py-
ridine (8 ml), an excess of freshly distilled thionyl chloride (40 ml) is
added slowly during 0.5 h and the mixture is further stirred for 2.5 h.
The mixture is poured onto crushed ice (150 mi), slowly neutralized
with solid sodium hydrogen carbonate, and the mixture is allowed to
warm up to room temperature. It is then extracted with chloroform
(3 x 100 mi), the extract is washed with water (3 x 150 ml), dried with
sodium sulfate, and evaporated to give an orange yellow viscous resi-
due, which is purified by column chromatography over neutral alumi-
na. Elution with benzene/hexane (1/4) gives the pure thiazole as a
bright yellow solid (2a-n) or as a viscous liquid (20) (Table).

2-Aryl-4-alkylthio-S-unsubstituted-thiazoles (10); General Procedure:
To a stirred suspension of sodium hydride (0.3 g, 0.006 mol, 50% sus-
pension) in dry dimethylformamide (20 ml), the respective thiazole 2a,
2e, 2h, or 2k (0.004 mol) in dry dimethylformamide (5 ml) is added
slowly and the mixture is further stirred at 65-70°C for 5 h. It is then
poured into ice-cold water (100 ml), neutralized with 20% acetic acid,
and extracted with chioroform (2x 100 ml). The chloroform layer,
after drying and evaporation, yields the thiazoles as viscous liquids
(10a) and (10k) or low melting solids (10e) and (10h), which are pure
enough for spectroscopy. They are further purified for microanalysis
by passing them through a small neutral alumina column using ben-
zene/hexane (1/4) as eluent (Table).
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