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A Synthesis of 2-Aryl-3-hydroxybenzothiophenes and Analogs by the
Base Promoted Cyclization of N-Phenyl-2-(benzylthio)benzamides
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Abstract: A new methodology is described for the synthesis of 3-hydroxybenzothiophenes, 3-hydroxy-
pyridothiophenes, and the corresponding selenophene analogs by the base promoted cyclization of corresponding 2-
(benzylthio)arenecarboxanilides. The starting materials are readily prepared using directed metalation of the
corresponding arenccarboxanilides.

During the course of an attempted conversion of N-(4-methoxyphenyl)-2-chloro-3- (benzylthio)-
isonicotinamide (1) to N-(4-methoxyphenyl)-2-methoxy-3-(benzylthio)-isonicotinamide (2) by the displacement
of chloride with 5 equivalents of sodium methoxide in DMF at 100°, we obtained instead as the principal reaction
product (65% yield) the 3-hydroxypyridothiophene 3a. The identity of 3a was confirmed by 1H NMR, MS, IR,
and elemental analysis.! The formation of 3a under these conditions was remarkable as it apparently occurred by
the deprotonation of an unactivated SCH2Ph methylene gronp by a relatively weak base (NaOCH3), followed by
nucleophilic attack of the thiobenzyl anion on the secondary amide (which may be expected to be largely
deprotonated under these coriditions) and elimination of p-anisidine.2
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This unexpected result prompted us to extend this methodology to other substrates, and to examine the
potential scope of this transformation. Indeed, we found that this reaction was successful for a wide variety of
substrates (Table 1), and that this methodology could be extended to the preparation of 2-aryl-3-
hydroxybenzoselenophenes as well.3

A representative procedure is as follows: To 1.4 g (3.6 mmol) of 14 in 30 mL of dry DMF under nitrogen
was added 0.98 g (18 mmol, 5 eq) of sodium methoxide. The reaction mixture was heated at 100° until complete
disappearance of 1 by tlc analysis (ca. 3 h), then cooled and poured into water (150 mL), acidified with 3 M HCl,
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and extracted with CH2Clp (3 x 50 mL). The combined extracts were washed with water (5 x 30 mL), brine (30
mL), dried (MgSOg), and concentrated. The residue was chromatographed on silica (1:1 hexanes:ethyl acetate) to
give 0.60 g (65%) of 3a, mp 141° - 143° (1-chlorobutane). 'H NMR (CDCl3): 8 = 8.07 (d, 1 H); 7.73 (d, 2 H);
7.51 (m, 2 H); 7.40 (m, 1 H); 7.23 (d, 1 H); 4.12 (s, 3 H); 1.62 (br s, 1 H). MS (NH3 CI): m/z = 258 (M + H*,
100%). IR (KBr pellet): 3600 - 3200 (br, OH); 1596 (s, Ar); 1526 (s, C=C) cm"l. Analysis: Calc'd for
C14H11NO2S: C 65.35%; H 4.31%, N 5.44%; Found: C 65.00%; H 4.18%; N 5.26%.

OH
Table 1 T TN Y
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Entry _Aj A2 X XY Yielda mp. °C __Base

3a C(OCH3) N S H 65% 56°-58° NaOCH3
3b CH CH Se H 39% 85°- 88° KO-1-Bub
3c cal N S H 46% 173°-175° NaOCHj3
3d CH CH Se CCF3 68% 118°- 120° NaOCHs
3e CH CH S H 33%  106°- 108% KO-+-Bu
3f N CH S H 57%  230°-232d KO-t-Bub
3g C(OCH3) CH Se H 48% 91°-93° NaOCH3
3h N CH Se H 63% 186° - 188° KO-t-Bub

a All yields are for purified products. All products gave satisfactory 'H NMR, MS and IR spectral data and
elemental analyses. b No reaction was observed with NaOCH3. ©Lit. mp 103° - 104°.5 dLit. mp 234° - 235°6

We examined the use of tertiary 2-(benzylthio)benzamides as substrates for this reaction, to determine
whether the amide anion that is initially generated ortho to the benzyl sulfide upon the addition of potassium -
butoxide to the secondary amide assists in the deprotonation of the benzylic methyleae group. We found that the
reaction occurs much faster, in higher yields, and at lower temperatures with a tertiary amide substrate under the
same conditions. For example, both N-methyl-N-phenyl-2-(benzylthio)nicotinamide 4 and N,N-dimethyl-2-
(benzylthio)nicotinamide 5 gave 3f in 77% and 80% isolated yield, respectively, upon treatment with 5
equivalents of potassium #-butoxide in DMF at 25° for 15 minutes. Likewise, 6 gave 3e in 84% yield under the
same conditions. These results suggest that the amide group is not involved in the deprotonation of the SCH;Ph
methylene group, and that potassium z-butoxide is sufficiently basic to rapidly metalate the benzyl group under
these conditions.”
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As expected, only benzyl sulfides and benzyl selenides underwent this transformation. Other alkyl sulfides and
alkyl selenides did not afford cyclized products. For example, N,N-dimethyl 2-(methylthio)nicotinamide (7)
failed to afford any cyclized products under these conditions, while the phenethyl selenide 8 underwent
elimination to give exclusively the diselenide bis-amide 98 in 96% yield under these conditions.? We examined
the use of various bases to effect this transformation, including sodium methoxide, potassium z-butoxide, and
sodium hydride. Of these, potassium ¢-butoxide was found to be the most useful (Table 1).

o)
T d“"@ e
<
9

7 8

Attempts to extend this methodology to the preparation of 2-aryl-3-hydroxybenzotellurophenes from N-
phenyl-2-(benzyltelluro)benzamides or N,N-dimethyl-2-(benzyltelluro)benzamides were unsuccessful.10:11 Not
surprisingly, attempts to prepare 2-aryl-3-hydroxybenzofurans (2-aryl coumaranones) from N-phenyl-2-
(benzyloxy)benzamides or N,N-dimethyl-2-(benzyloxy)benzamides were also unsuccessful.12

The utility of this transformation is further enhanced by the availability of the appropriate benzyl sulfides
and benzyl selenides, which may be readily prepared from the corresponding N-phenyl-(substituted)benzamides
by ortho-metalation (taking advantage of the excellent directed metalation properties of anilides),13 followed by
sequential treatment with sulfur (or selenium) and the desired (substituted)benzyl bromide.

In summary, we have found that 2-(benzylthio)arenecarboxamides and 2-(benzylseleno)arene-
carboxamides are rapidly cyclized to 2-aryl-3-hydroxybenzothiophenes and 2-aryl-3-hydroxybenzoselenophenes
upon treatment with alkoxide bases in DMF. The success of this reaction appears to be due to the enhanced
basicity of the alkoxide in this solveat. Tertary 2-(benzylthio)arenecarboxamides are the most synthetically useful
substrates, undergoing cyclization rapidly at 25° with potassium ¢-butoxide to give good yields of products.
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