SYNTHESIS OF 3-THIENYL-SUBSTITUTED ISOTHIAZOLINES-2
AND 1,2,4-THIADIAZOLES BASED ON NITRILE SULFIDES OF
THE THIOPHENE SERIES
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The reaction of substituted o~ and B-thienylcarboxamides with chiorocarbonylsulfenyl chloride gave 5-thienyl-
substituted 1,3,4-oxathiazol-2-ones. Decarboxylation of the latter by heating in o-dichlorobenzene generared
in site o and B-thienylnitrile sulfides, which in the presence of dipolarophiles [dimethyl fumarate, N-
phenylmpleinimide, chloro(trichloro)acetonitrile] give the corresponding 3-thienyl-substitused A-isothiazolines
and 5-chloromethyl{trichlioromethyl)-1,2,4-thiadiazoles.

Keywords: thienylcarboxamides, chlorocarbonylsulfenyl chloride, S-thienyl-substituted 1,3, 4-oxathinzol-2-ones,
nitrile suffides, 3-thienyl-substituted A%-isothiazolines and S-chloromethylitrichloromethyl)-1,2,4-thiadiazoles.

In earlier work we obtained 2-methylthio{methylsulfonyl)-3-thiophenecarbonitrile oxides; it was shown that they enter
readily into 1,3-dipolar ring addition reactions with the formation of 3-thienyl-substituted five-membered heterocycles of type
Al 2L

The present article describes the synthesis of sulfur analogs of similar compounds (A%-isothiazolines and 1,2,4-
thiadiazoles), containing the endocyclic fragment C==N-15 and which are of inferest from the standpoint of biological activity
[3]. The possibility has been shown of using «- and f-thienylnitrile sulfides, generated in situ from the corresponding 1,3,4-
oxathiazolones-2.

The oxathiazolones (1a-¢) were obtained with high yields by the reaction of e~ and S-thienylcarboxamines (2a-¢) with
chiorocarbonylsulfenyl chioride {4]. The IR spectra contain a doublet band of the carbonyl group in the region 1740-1770
em™1; this is noticed for some unsaturated compounds, in particular A?-oxazolinones-5, and can be the result of an interaction
of the vibrations of the C=0 group with adjacent bonds or Fermi resonance [5].

The unstable thienylnitrile sulfides (3) were generated by the thermal decarboxylation of the oxathiazolones la-¢ [6].
Performance of the reaction in the presence of an excess of activated dipolarophiles (dimethyl fumarate and N-
phenylmaleinimide [7]) leads to 3-thienyl-substituted frans-A’-isothiazoline-4,5-dicarboxylates (4a-¢) and cis-N-phenyl-A>-
isothiazoline-4,5-dicarboxylates (Sa-c}, respectively, the spatial structure of which was confirmed by PMR spectra (see scheme
below). Besides the adducts, the mixture contains the corresponding nitriles (6a-¢) (13-18%), which were isolated by column
chromatography. The compound 6b has also been synthesized independently by the dehydration of 2-methylthio-5-methy!-3-
thiophene aldoxime [1]. The nitriles formed are probably the products of the thermal desulfuration of the ninile sulfides 3,
runping in parallel, In fact, in the absence of dipolarophiles heating of le gave only 2-methylsulfonyl-S-methyl-3-
thiophenecarbonitrile 6¢ (80-90%) and sulfur.

1t must be pointed out that, in distinction from the analogous nitrile oxides, 8 change in the nature of the substituent
in the thiophene ring has no noticeable effect on the yield of the product of ring addition and the duration of the reaction; on
the contrary, the nature of the dipolarophile acquires the decisive role. Thus, the reaction with styrene, which procesds with
a high yield with the nitrile oxides of the thiophene series, did not lead to the corresponding adduct in the instance of the nifrile
sulfide 3c: only the nitrile 6¢c was formed with a yield of ~70%. The influence of the nature of the substitient in the
dipolarophile shows clearly in the reaction of the nitrile sulfide 3¢ with substituted acetonitriles. Thus, with trichloroacetonitrile
the yield of S-trichloromethyl-1,2,4-thiadiazole (7), the structure of which has been confirmed by the 3C NMR spectrum,
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reaches 50-60%, while with monochloroacetonitrile only 14-30% of the S-chloromethyl-substituted thiadiazole (8) is formed
(depending on the excess of the dipolarophile); the reaction does not take place with unsubstituted acetonitrile nor with
cyanacetamide: only desulfuration of the nitrile sulfide 3¢ occurs. A similar activating effect of electron-acceptor substituents
has been noticed in [8] for aromatic nitriles.
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The authors are grateful to 1. P. Yakovlev for evaluation of the IR spectra.

EXPERIMENTAL

The IR spectra were taken on a Specord IR-275 spectrometer; the 'H NMR spectra were obtained on Bruker WM-250
(250 MHz) and Jeol FX-90Q (90 MHz) spectrometer, and the 13C NMR spectrum on a Bruker AM-300 instrument. The
molecular masses were determined on Varian MAT CH-6 and Varian MAT 311A spectrometers at an ionizing potential of 70
eV, with direct introduction of the substance into the ion source. TLC was carried out on Silufol UV-254 sheets (eluent ethyl
acetate:hexane) and column chromatography on silica gel L (100-160 mesh). Elemental analysis data, constants, yields, and
spectral characteristics of the synthesized compounds are presented in Table 1.

Amide of 2-Methylthio~5-methyl-3-thiophenecarboxylic Acid (2b). A sample of 5 g (3 mmoles) of 2-methylthio-3-
thiophenecarboxylic acid [9] and 8.4 ml (12 mmoles) of SOCI, was refluxed for 30 min; the excess of SOCI, was stripped off,
the residue dissolved in benzene and purged for 1 h with a stream of dry NH;. The precipitate was filtered off, washed with
cold water, and recrystallized.

5-Thienyl-Substituted 1,3,4-Oxythiazol-2-ones (1a-¢). A solution of 10 mmoles of amide 2a-c¢ in 20 ml toluene was
treated with 15 mmoles CICOSCI, kept for 2 h at 70-80°C, and then for 6 h at 90-100°C; the solvent was stripped off and the
residue recrystallized.
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Nitrile of 2-Methylsulfonyl-5-methyl-3-thiophenecarboxylic Acid (6). A solution of 0.3 g (1.1 mmwles) of the
oxathiazolone I¢ in 5 ml 0-CgH,Cl, was kept in a stream of argon for 40 min at 160°C; the solvent was removed in vacuum
and the solid residue recrystallized.

Nitrile of 2-Methylthio-S-methyl-3-thiophenecarboxylic Acid (6b).* A sample of 2 g (11 mmoles) of 2-methylthio-5-
methyl-3-thiophenealdoxime [1} and 0.88 g fused AcONa was refluxed for 3 h in 20 mi Ac,0, poured into water with ice, and
NaHCOj; added. The oil separated was extracted with ether; the extract was washed with water, dried with MgSQ,, the ether
was stripped off, and the residue recrystallized.

3-Q2-Thienyl)-, (2-Methylthio-5-methyl-3-thienyl)-, and (2-Methyisulfonyl-3-methyl-3-thienyl)-N-phenyl-2-
isothiazoline-4,5-dicarboximides (Sa-c). A weight (0.75 mmole) of thienyloxathiazolone 1a-¢ was added gradually 1o a solution
of 3 mmoles N-phenylmaleinimide in 3-4 ml 0-Cl,CgHy, heated to 150°C (for 1b to 115-120°C), kept at this temperature until
the complete disappearance of the oxathiazolone (checked by TLC), and cooled to 20°C. The precipitate of dicarboximide Sa
formed was filtered off and recrystallized; solutions of 5b and ¢ were chromatographed on a column and the products
recrystallized. Separated [3-18% of nitriles 6b, ¢, N-phenylmaleinimide, and dicarboximides 5b and c.

Dimethyl Esters of 3-(2-Thienyl)-, 3-(2-Methylthio-5-methyl-3-thienyl)-, and 3-(2-Methylsulfonyl-5-methyl-3-
thienyl)-2-isothiazoline-4,5-dicarboxylic Acids (4a-c). A weight (3 mmoles) of oxathiazolone la-c was added gradually to
a solution of 12 mmoles dimethyl fumarate in 15-20 ml 0-CLC¢H, at 140°C (for 1b at 110°C) and kept at this iemperature
in a stream of argon for 14 h (for 1e for 10.5 h). The solution was cooled and chromatographed on a column; mixtures of
adducts with dimethyl fumarate or nitrile were obtained, from which the pure esters 4a-¢ were isolated by recrystallization.

3-(2-Methylsulfonyl-5-methyl-3-thienyl)-5-chloromethyl- and 3-(2-Methylsulfonyl-5-methyl-3-thienyl)-5-
trichloromethyl-1,2,4-thiadiazoles (8, 7). Prepared as described above from 3 mmoles oxathiazole 1¢ and a fourfold excess
of CICH,CN and CCI3CN, respectively, in 0-Cl,CqH, at 140°C for 10 h (for 8 and 5 h for 7). 3C NMR spectrum of 7
(CDCl, 8, ppm (J13¢. 1y, Hz)], 15.44 q (Me, J = 129.5); 44.94 q (SO,Me, J = 136.7); 167.29 s (C?); 190.64 s (C5); 87.81
s (CCly); thienyl: 130.09 d (C*, J = 170.9); 134.94 5 (C3); 139.6 5 (C?); 146.75 d (C5, J = 7.3).
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*Obtained for the first time by V. K. Zav’yalova in our laboratory.
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