FUNCTIONAL DERIVATIVES OF THIOPHENE
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A preparative method for the synthesis of thienobenzothiazines — phenothiazine analogs — was
worked out on the basis of 2-methyl-3-carbethoxythiophene derivatives and nitroarenesulfenyl
chlorides.

Some thiophene analogs of phenothiazine — thienobenzothiazines [4, 5] — are of interest in connection
with the search for medicinal preparations. However, the starting compounds for their synthesis are rela-
tively difficult to obtain.

We propose a fundamentally new method for the synthesis of a number of 4H-thieno[2,3-b]fi,4]benzo~
thiazines from the accessible 2-methyl-3~carbethoxythiophene derivatives (I [6], II) and 2-nitroarenesulfenyl

chlorides (IIla-d) via the scheme
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We have found that nitroarylthiothiophenes (IVa-d, Va-c) are formed in 80-98% yield in the reaction
of I-1I with arenesulfenyl chlorides (IIla-d). Derivatives VIa-d are obtained by acylation of IVa-d. Reduc-
tion of nitrocompoundsIVa-c, Va-c, and VIa-d with iron in agueous dioxane in the presence of catalytic
amounts of hydrochloric acid leads to aminoarylthiothiophenes (VIla-c, VIIa-¢, and IXa-d), the yields of
which depend on the character of the substituent in the 4 position of the thiophene ring. Partial resinifica-
tion is observed in the reduction of IVa-c, while aminoarylthiothiophenes VIIa-c¢ and IXa~d are obtained in
high yields.

The cyclization of VIIa-c and VIIIa-c to 4H-thieno[2,3-b]{1,4] benzothiazine derivatives (Xa~c) pro-
ceeds on heating in the presence of catalytic amounts of iodine and without solvents. In this case, VIlla-c

*See [1-3] for communications I-TIT.
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55,0*
61,0
61,0
65,0

Yield, %
37,0
36,4
35,6

68,5
63,0
70,0

22,0
19,7
17,3
17,6

Calc., o

Empirical formula
CHHIENO2SZ
C1sH2CINOQ,S,
C“HmBrNOQSQ
CI7HI7N0452

mp, °EZ
76,56—77,6
92,5--93,5
103,5--104,5
94--95

R
H

Xd |COQC,H;

Xa
Xb |Cl
Xe¢ |Br

TABLE 3. 4H-Thieno[2,3-b][1,4]benzothiazines

* The yield given is based on VIa.

Com -
pound

are cyclized under more severe conditions, and Xa-c are therefore ob-
tained in lower yields. The cyclization of acetoxy derivatives IXa-d to
thienobenzothiazines Xa-d proceeds in dioxane in the presence of con-
centrated hydrochloric acid. The synthesis of thienobenzothiazines Xa-d
through acetoxy derivatives is the most successful variant {the overall
yield of Xa-d by this method is 48-54%, based on I).

The entry of the arenesulfenyl group into the o position of the thio-
phene ring of I and I is proved by the absence in the PMR spectrum of
IV and V of a single signal at 6.1 ppm, which corresponds to the a pro-
ton of thiophene. The IR spectra of aminoarylthiothiophenes VII-IX do
not contain the absorption bands at 1300-1350 and 1500-1550 cm™! that
are characteristic for the nitro group, and two bands of the stretching
vibrations of a primary amino group appear at 3300-3500 cm™!, Absorp-
tion is observed at 3340-3360 cm™! (imino group) in the IR spectra of
Xa-d. There are three absorption bands with A’max (log £) 220 (4.51),
260 @.36), and 340 (3.59) nm in the UV spectra of Xa-d; this is in agree-
ment with the literature data for other thienobenzothiazine derivatives

[5].

The Smiles rearrangement [7] and, consequently, the formation
of one of two isomeric compounds — 4H-thieno{2,8-b}{1,4]benzothiazine
or 4H-thieno[3,2-b][1,4]benzothiazine or a mixture of them — is possible
in the cyclization of VIIa-c, VIlla-c, and IXa~-d.

H H
N COOC,H, N COOC, H,
v U T, K
5~ ~CH,y s CH,
Xt X

An investigation of the mixture obtained as a result of cyclization
of VIla by means of gas —liquid chromatography (GLC) demonstrated that
in this case only one substance, which is athienobenzothiazine, is formed.
The structure of this compound, the individuality of which was confirmed
by GLC and thin-layer chromatography (T L.C) data, was proved by de-
sulfuration of the thiazine ring of Xa with a Raney nickel catalyst. 3-
Phenylamino-4~carbethoxy-5-methylthiophene (XI) and 2-methyl-3-car-
bethoxy[3,2-blindole (XII) were isolated by chromatography of the desul-
furation preducts with a column filled with alumimim oxide. Compounds
XTI and XII were identified by means of their IR and UV spectra and
also by the absence of a melting-point depression of mixtures with sam-
ples obtained by other methods [1, 6]. According to the GLC data, the
percentages of XI and XII in the reaction mixture are, respectively, 43.5
and 5.67%.

Thus Smiles rearrangement is not observed in the cyclization of
VHa.

EXPERIMENTAL

The IR spectra of mineral oil suspensions were recorded with a
UR~-10 spectrometer. The UV spectra of alcohol solutions were obtained
with a Hitachi EPS-3 spectrophotometer. The PMR spectrum of a deu-
terochloroform solution was recorded with a JEOL JNM-4H-100 spec-
trometer with hexamethyldisiloxane as the internal standard. The GLC
was carried out with an IGS-810 chromatograph with a flame-ionization
detector, 2 200- by 0.3-cm partition column, a stationary phase consist-
ing of 1% (y weight} of neopentylglycol sebacate, and a solid support of
Chromosorb W (0.2~0.31-mm fraction). The temperatures of the column
and input unit were 195 and 230°, respectively. The retention times of
the compounds were as follows: Xa 13.5 min, XI 9.25 min, XII 3.5 min.
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The o~nitrobenzenesulfenyl chlorides (Ilc, d) were obtained by the method described for other arene-
sulfenyl chlorides [8].

2-Nitro-4~bromophenylsulfenyl Chloride (lllc). This compound had mp 103.5-104° (from CCl,). Found:
C 26.7; H 1.3; C1+Br 43.0; N 5.2; § 11.6%. CgHy;BrCINO,S. Calculated: C 26.8; H 1.1; C1+Br 42.9; N 5.2;
S 11.9%.

Bis(2-nitro-4-carbethoxyphenyl) Disulfide. This compound had mp 163.5-164.5° (from alcohol). Found:
S 14.2%. C18H16N20852' Calculated: S 14.1%.

2-Nitro-4-carbethoxyphenylsulfenyl Chloride (Illd), This compound had mp 77-78° (from CCl,).Found:
C41.2; H 3.1; C113.5; § 12.2%. CgHzCINOS. Calculated: C 41.2; H 3.3; C113.5; 8 12.5%.

2~Methyl-3~carbethoxy-4-methoxythiophene (If). A solution of 19 g (0.1 mole) of I in a mixture of
100 ml of dioxane and 25 ml of acetone was cooled to 5°, after which 200 ml of 2 N sodium hydroxide and
19 ml (0.2 mole) of dimethyl sulfate were added successively with stirring in such a way that the tempera-
ture of the mixture did not rise above 10°. The mixture was then stirred at room temperature for 1 h and
poured into cold water. The resulting dark oil was extracted with ether, and the ether solution was washed
with water until it was neutral. It was then dried with magnesium sulfate, the solvent was removed by dis-
tillation, and the residue was vacuum-distilled to give 12 g (56%) of I with bp 121-122° (8 mm) and n%g 1.5257.
Found: C 54.3; H 6.1; 8 15.9%. CgH;,058. Calculated: C 54.0; H 6.0; S 16.,0%.

2-Methyl-3-carbethoxy-4~hydroxy~5- (2!-nitroarylthio)thiophenes (IVa-d). A mixture of 0.11 mole of
I, 0.11 mole of MMa-d, and 40m]l of dry dioxane was refluxed with stirring for 15 min, after which it was
cooled. The crystals were removed by filtration, washed with methanol, and dried. Data on the nitroaryl-
thiothiophenes (Iva-d) are presented in Table 1.

2-Methyl-3~-carbethoxy-4-methoxy-5~ (2'-nitroarylthio)thiophenes (Va-c). A mixture of 0.01 mole of
II and 0.01 mole of IMIa~c was heated at 85-90° for 15 min, after which it was cooled, and the resulting crys-
talline mass was recrystallized from methanol. Data on Va-c are presented in Table 1.

2-Methyl~3-carbethoxy-4-acetoxy~5- (2'-nitroarylthio)thiophenes (Vla-d). A mixture of 0.15 mole of
IVa-d and 0.001 g of p-toluenesulfonic acid and 200 ml of acetic anhydride was refluxed for 1 h, after which
it was cooled and poured over ice. The precipitate was removed by filtration, washed with water, and dried.
Data on VIa-d are presented in Table 1.

2-Methyl~3-carbethoxy-4-hydroxy (methoxy)-5~ (2'-aminoaryithio) thiophenes (Vila~c, VIlla-c). A
0.36 g-atom sample of iron filings* was added to a solution of 0.06 mole of IVa-c or Va-c in 600 ml of 65%
aqueous dioxane, after which the mixture was heated with vigorous stirring on a water bath; at 70-80°, a
solution of 1.2 ml of concentrated hydrochloric acid in 24 ml of water was added slowly dropwise to the mix-
ture, and the resulting mixture was heated at 100° for 6 h. The resulting precipitate was removed by filtra-
tion and washed with hot dioxane. The dioxane was removed from the filtrate by vacuum distillation, and
the residue was extracted with ether. The ether solution was washed with water and dried with magnesium
sulfate. The solvent was then removed by distillation, and the residue was dissolved in the minimum amount
of absolute ether and acidified with an ether solution of hydrogen chloride. The precipitated hydrochloride
was separated and washed with absolute ether. To obtain the base, an aqueous solution of the hydrochloride
was treated with 10% ammonium hydroxide and extracted with ether. The extract was washed with water-
and dried with magnesium sulfate. The solvent was removed by distillation, and the residue was crystal-
lized from methanol. Data on VIIa-¢ and VIIa-c¢ are presented in Table 2.

2~-Methyl-3~-carbethoxy-4-acetoxy-5- (2'-aminoarylthio)thiophenes (Xa-d). As in the preceding ex-
periment, 0.12 mole of VIa~d was reduced with 0.72 g-atom of iron filings in 700 ml of 65% aqueous dioxane
and 3 ml of concentrated hydrochloric acid in 57 ml of water. The resulting precipitate was separated, and
the filtrate was poured over ice. The precipitate was separated, washed with water, and dried. Data on
IXa~d are presented in Table 2.

4H-Thieno[2,3-b][1,4]benzothiazines (Xa-d). A. A 0.07-mole sample of VIIa-c was heated at 110-
115° for 15 min in the presence of 0.02 g of iodine. The resulting precipitate was separated and recrystal-
lized from methanol. Data on Xa-c are presented in Table 3.

B. A mixture of 0.03 mole of VIlla-c and 0.01 g of iodine was heated at 150-160° for 15 min,
and the resulting crystalline mass was treated with ether. The ether solution was washed with water and

% Iron filings with particles smaller than 0.25 mm were used for the experiment.
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dried, and the ether was removed by distillation. The residue was recrystallized from methanol. The re-
sulting Xa-c did not depress the melting points of samples obtained by method A.

C. A mixture of 0.01 mole of IXa-d, 200 ml of dioxane, and 40 ml of concentrated hydrochloric acid
was refluxed for 40 min, after which it was cooled and poured over ice. The precipitate was separated,
washed with water, dried, and crystallized from alcohol. The resulting Xa-c did not depress the melting
points of samples obtained by methods A and B.

Desulfuration of Xa. A mixture of 5.8 g (0.02 mole) of Xa and 36 g of Raney nickel paste in 70 ml of
absolute alcohol was refluxed with stirring for 1.5 h. The nickel was then removed by filtration and washed
with alcohol, and the filtrate was evaporated. The residue was chromatographed on 120 g of activity-II Al,Oq
with petroleum ether as the eluent (10-ml fractions were collected). The first 15 fractions yielded 1.6 g
31.4%) of XI with mp 55-56° (from methanol) (mp 54-55° [1]). No melting-point depression was observed
for a mixture of XI with a sample of 3-phenylamino-4-carbethoxy-5-methylthiophene obtained by the method
in [1]. Found: C 64.3; H 5.9; N 5.3; S 12.2%. Cy;H;5NO,S. Calculated: C 64.3; H 5.8; N 5.4; § 12.3%.

Further elution with petroleum ether—benzene (10:1) gave 0.26 g (%) of XII with mp 172-173° (from
acetone) (mp 171-172° [6]). No melting-point depression was observed for a mixture of XII with a sample
of 2-methyl~3-carbethoxy{3,2-blindole obtained by the method in [6].
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