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SYNTHESIS OF ~H-PYRR~LO[~,~-C][~,~]BENZOTHIAZ~NES AND 

N-METHYL 1,3,4,5-TETRAHYDRO-W-3-BENZAZEPIN-2-ONES 

Huey-Min Wang, Meng-Chiao Lin, and Ling-Ching Chen* 

Graduate Institute of Pharmaceutical Sciences, Kaohsiung Medical College, 

Kaohsiung, Taiwan 80708, R.O.C. 

Ab&xl -Pummerer-type reaction was canied out with a-acyl sulfides and 

phenyliodine(m) bis(trifluoroacetate) instead of a-acyl sulfoxides to prepare 

4H-pyrrolo[2,l-cl[l,4lbenzothiadnes and N-methyl-1,3,4,5-tetrahydro-2H-3. 

benzazepin-2-ones. 

+ 
The Pummerer reaction normally proceeds from sulfoxide to product via thionium ion ( -S= CH-) that reacts 

with a nucleaphile at carbon, this reaction is useful 

In recent years. it has been shown that a-acyl sulfoxides under Pummerer reaction conditions undergo carbon- 

carbon bond forming reactions such as the Friedel-Crafts reactionZ and olefin cyclization? According to Tamura 

etal., treatment of a-acyl sulfides with phenyliodine(III) bis(trifluoroacetate)   PI FA)^ resulted in a Pummerer- 

type reaction to give the same products as obtained by the Pummerer reaction ofthe a-acyl su~foxides.~ in this 

work, Pummerer-type reaction of a-acyl sulfides using PlFA was applied to prepare 4H-pyrrolo[2,1-c][1,4]- 
. . 

benzothiazinez and N-methyl-1,3,4,5-tetrahydrtr2~-3-benzazepin-2-ones? 

The synthesis of the title compounds according to Scheme I was achieved from 2-(methy1thio)aniline U), which 

was subsequently converted into I-(2-methylthiophenyI)pyrrole 0 by treatment with 2.5-dimethoxytetrahydro- 

luran in boiling glacial acetic acid with yield ~ 2 % ~  Demethylation of 2 with sodium in'dimethylaietamide under a 

nitrogen atmosphere gave 1-(2-mercaptophenyl)pyrrole (2) in yield 76'70.9 Sulfides a-E) were readily prepared 

from 2 and the appropriate alkyl halide in ethanol. Treatment of &-G with PIFA caused cycliwlion to give the 
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corresponding 4H-pymlo[2.1-~][1.4]benmthiaZines WE) in moderate yields. The overall yield is better than 

the reponed method, which involves oxidation of &-E to the sulfoxides @a+ and cyclization of 5rl-E to 6as 

under Pummerer reaction  condition^.^ 

Scheme I 

Reagents : A) 2.5-dimethoxytetrahydrofuran I CH3C02H 
B) Na I CH3CON(CH3), 
C) RCH,CI I C2H OH I KOH 
D) PIFA I CICH,~H,CI 

'he cyclization from 4 to 4 is assumed to proceed through Pummerer-type reaction intermediate @) which would 

be formed by attack of PIFA-on the sulfur atom of 4, followed by simultaneous elimination of the a-hydrogen 

and iodobenzene from the resultant sulfonium salt a, as shown in Scheme U. 
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Scheme II 

Ph OCOCF, 
'I' 

-7- 
PhI 

CF,COOH 
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Similarly, maullent of sulfides @-cJ with PlFA in 1.2-dichloroclhane caused cycliwtion to give the corre- 

sponding N-methyl-1,3,4,5-tetrahydro-2H-3-knzazepin-2-ones &l&i-d in modcrale yiclds. (Scheme 111) 

Scheme III 

In conclusion, our results here demonstrate that PIFA is a useful reagent for Pummerer-type reaction of a-acyl 

sulfides to prepare 4H-pyrrolo[2,1-c][1,4]knzothiaZines and N-methyl-1,3,4,5-teuahydro-W-3-knzalepin-2- 

ones. 
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EXPERIMENTAL 

All melting points are uncorrected. Their absorption spktra were recorded on a Shimadzu IR-27G spectropho- 

tometer, and 'H-nmr spectra on a Varian Gemini-200 spectrometer. Chemical shifts were measured in ppm (6) 

with respect to TMS. Ms were obtained JEOL JMS D-300 instrument. 

- - 112 Methvlthlonhenvl)ovrrole) 2) A mixture of 2.5-dimethoxytetrahydrofuran (7.27 g, 0.055 mol) and 2- 

(methy1thio)aniline (7 g, 0.05 mol) in glacial acetic acid (15 ml) was refluxed for 30 min, then poured into 

crushed ice. The organic solution was washed twice with aqueous sodium bicarbonate (5%). then with water, 

and dried over anhydrous sodium sulfate. Evaporation of the solvent gave an oily residue, which was purified by 

distillation under reduced pressure to afford 2 (8.1 1 g, 82%), bp 136-138 OC 1 5  mmHg (lit.? bp 115-1 17 "C I 

0.8 mmHg). 

I-(2-Mercaotonhenvl)ovrrole a : To a solution of I-(2-methy1thiophenyI)pyrrole 2 (3.02 g. 0.016 mol) in 

dimethylacetamide (40 ml), small pieces of sodium (1.84 g, 0.08 mol) were added and the mixture was stirred 

under nitrogen atmosphere at 100 "C for 15 h. After cooling to room temperature the reaction mixture was poured 

into crushed ice. The aqueous solution was washed with ether once, acidified with hydrochloric acid (4M) to pH 

3 and then extracted with ether. The organic solution was washed with water and dried over anhydrous sodium 

sulfate. Evaporation of the solvent gave an oily residue, which was purified by distillation under reduced 

pressure to afford 3 (2.13 g, 76%). hp 130-132 'C 1 3  mmHg (lit.? bp 90 "C 10.1 mmHg). 

- - p ( 2  : To a stirred solution of potassium hydroxide (0.8 g. 14.26 
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mmol) in absolute ethanol (48 ml), I-(2-mercaptopbenyl)pymole 3 (2.4 g, 13.69 mmol) in absolute ethanol (125 

ml) was added dropwise. After stirring an additional 20 min, ethyl chloroacetate (1.69 g, 13.75 mmol) in abso- 

lute ethanol (125 ml) was added dropwise. After stiningpvemight the reaction mixture was filtered and the 

filtrate reduced to one half the orginal volume in vacuo. An equal volume of water (150 ml) was added and the 

murky solution extracted with chlomfom (2 x 100 ml). The combined organic layers were washed with water 

then aqueous potassium hydroxide (5%). and dried over sodium sulfate. Evaporation of the solvent gave an oily 

residue, which was purified by column chromatography on silica gel with chloroform-hexane (1:2) as an eluting 

solvent to give& (2.51 g, 70%) as an oil, bp 172-174 OC 1 2  mmHg (lit: bp 160-163 OC 10.7 mmHg). 

I-(2-Benzovlmethylthiophenvl~p~ 0 : By using a procedure similar to that described for 4%. 3 gave 4b 

(85%) as an oil (lit,6 an oily semisolid). Satifactory combustion analysis could not be obtained for this com- 

pound. 

. . 1 ( 2  : By using a procedure similar to that described for &. 3 gave & 

(82%), mp 66-67 OC (recrystallized from ethyl acetate-hexane). Ir (KBr) u 1715 cm-I; 'H-nmr (CDCI3) : 2.14 

(s, 3H, COCH3), 3.34 (s, 2H, SCH2), 6.34 (1, J=2.2 Hz, 2H, pyrrole P-H), 6.88 (1, J=2.2 Hz, pyrrole a-H), 

7.24-7.50 (m, 4H, ArH); ms mlz 231 (M+). Anal. Calcd lor CI3HI3NOS : C, 67.50; H, 5.66; N, 6.06. 

Found : C, 67.54; H, 5.74; N, 6.03. 

2-Ethoxvcarbonyl-4H-pyrolol2.1-cll1.4lbenzothiazine a) : A solution of tia (214 mg, 1 mmol) in anhydrous 

1.2-dichlorcethane (2 ml) was added slowly to a stirred solution of PIFA (516 mg. 1.2 mmol) in anhydrous 1.2- 

dichloroethane (8 ml) at room temperature. The mixture was refluxed for 4 h. After cooling, the resultant mixture 

was quenched with water (20 ml) and exuacted with dichloromethane (3 x 25 ml). The organic layer was washed 

with water (3 x 20 ml) and dried over magnesium sulfate. Evaporation of the solvent gave an oily residue, which 

was purified by column chromatography on silica gel with chloroform-hexane (1:4) as an eluting solvent to give 

& (166 mg, 64%) as an oil, bp 162-165 "C 1 2  mmHg (lit.: bp 140-150 OC 10.5 mmHg). 
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. . . . -0 : By using a procedure similar to that described for Cia, 4h 

gave@ (60%), mp 105-106 "C (lit.,6 mp 106-107 'C). 

. . . . 
I&) : By using a procedure similar to that described for Cia, & 

gave fk (57%). mp 102-103 "C (recrystallized from ethyl acetate-hexane). Ir (KBr) u 1715 cm-I; l ~ - n m r  ( 

CDC13) : 2.15 (s, 3H, COCH3), 6.08 (s, lH, H-21, 6.40-6.61 (m, 2H, H-3 and H-4). 7.15-7.95 (m, SH, H-5 

and ArH); ms mlz 229 (M+). Anal. Calcd for CI3HLlNOS : C, 68.09; H, 4.84; N, 6.1 1. Found : C, 67.95; 

H, 4.85; N, 6.11. 

- - - - -2 : A solution of (pheny1thio)acetyl chloride (4.85 g, 26 

mmol) in ether (30 ml) was added dropwise to a solution of the N-methyl-2-phenylethylapine (3.51 g, 26 mmol) 

in triethylamine (3.9 g, 38 mmol) in ether (70 ml) at 0 'C. The mixture was stirred at 0 OC for 30 min and diluted 

with water (10 ml). The organic layer was washed with brine, dried over magnesium sulphate, and concentrated 

in vacuo to give a residue which was purified by column chromatography on silica gel with ethyl acetate-benzene 

(1:8) as an eluting solvent to give 5.78 g (78%) of %, mp 50-51 OC (recrystallized from chlorofom). Ir (KBr) u 

1635 cm-I; I ~ - n m r  (CDC13) : 2.77-2.95 (m, 2H), 2.92 and 2.98 (both s, total 3H, N C H ~ ) , ~ ~  3.42-3.73 (m, 

4H), 7.10-7.50 (m, 10H, ArH); ms mlz 285 (M'). Anal. Calcd for CI7Hl9NOS : C, 71.54; H, 6.71; N, 4.91. 

Found : C, 71.53; H, 6.72; N, 4.92. 

. .. benzazenin - .  2) : A solution of % (283 

mg. 1 mmol) in anhydrous 1,2-dichloroethane (2 ml) was added slowly to a stirred solution of PIFA (516 mg, 

1.2 mmol) in anhydrous 1.2-dichloroethane (8 ml) at room temperature. The reaction mixture was stirred for 5 

min at room temperature, and then heated at 60 OC for 7 h. After cooling, the resultant mixture was quenched 

with water (20 ml) and extracted with dichloromethane (3 x 25 ml). The organic layer was washed with water ( 

3 x 20 ml) and dried over magnesium sulfate. Evaporation of the solvent gave an oily residue, which was 

purified by column chromatography on silica gel with ethyl acetate-benzene (21) as an eluting solvent to give 169 

mg (60%) of &, mp 81-82 'C (lit.,7 mp 81-82 T ) .  
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- - 2 : By using a procedure 

similar to that described for fi. $& gave Ulh (56%); mp 109-1 10 "C (lit.,' mp 110-1 11 OC). 

- - - - ULk) : By using a procedure similar to that 

described for lh, 9E gave I& (61%) as an oil. Ir (neat) u 1635 cm-I; 'H-nmr (CDC13) : 3.06 (s, 3H, NCH3), 

3.12-3.44 (m, 3H, H-5 and one of H-4), 4.81 (m, lH, one of H-4). 5.13 (s, lH, H-1). 7.05-7.60 (m, 9H, 

ArH); Exact ms m/z Calcd for CI7Hl7NOS : 283.1031, found:  283.1031. 

REFERENCES 

1. H. Gross and E. Hoft, Angew. C h e m ,  1967,79,358. 

2. (a) Y. Oikawa and 0. Yonemiuu, Tetrahedron Lett., 1972,3393. ( b )  Y. Oikawa and 0. Yonemitsu, 

Tetrahedron, 1974,30,2653. (c) Y. Oikawa and 0. Yonemitsu, J. Org. Chem,  1976.41.1118. (d) Y. 

Oikawa and 0. Yonemitsu, J. Chem Soc., Perkin Trans. I ,  1976,1497. (e) Y. Oikawa and 0. 

Yonemitsu, Heterocycles, 1976.5.233. (f) Y. Tamura, H.-D. Choi, H. Shindo, J. Uenishi, and H. 

Ishibashi, Tetrahedron Lett., 1981.22.81. (g) Y. Tamura, J. Uenishi, H. Maeda, H.-D. Choi, and H. 

Ishibashi, Synthesis, 1981, 534. (h) Y. Tamura, J. Uenishi, H.-D. Choi, J. H m t a ,  and H. Ishibashi, Chem. 

Pharm. Bull., 1984.32, 1995. 

3. (a) Y. Tamura, H. Maeda, and S. Akai, K. Ishiyama, and H. Ishibashi, Tetrahedron Lett., 1981.22.4301. 

(b) Y. Tamura, H. Maeda, S. Akai, and Ishibashi, i b i d ,  1982, 23, 2209. (c) H. Ishibashi, K. Sato, M. 

Ikeda, H. Maeda, S. Akai, and Y. Tamura, J. Chem Soc., Perkin Trans. I,  1985, 605. 

4. (a) A. Vamoglis, Synthesis, 1984, 709. (b) R. M. Moriarty and R. K. Vaid, Synthesis, 1990,431. (c) Y. 

Kita, H. Tohma, and T. Yakura, Trends in Organic Chemistry, 1992,3, 113. 

5. Y. Tamura, T. Yakura, Y. Shirouchi, and 1. Hamta, Chem Pharm Bull., 1986,34, 1061. 

6. D. K. Bate, R. T. Winters, and B. A. Sell, 1. Heterocycl. Chem,  1986,23,695. 

7. H .  Ishibashi, S. Harada, M. Okada, M. Somekawa, M. Kido, and M. Ikeda, Chem. Pharm Bull., 1989. 

37, 939. 



1526 HETEROCYCLES, YO!. 38. No. 7,1994 

8. M. Artico, G. C. Porretta, and G. De Martino, J. Heterocycl. Chem., 1971,8, 283. 

9. L. Tesaferri, M. Tiecco, M. Tingoli, D. Chianelli. and M. Montanncci, Synthesis, 1983,751. 

10. The splitting of N-methyl signal may he attributable to the partial double bond character of the amide bond. 

Received, 31st January,' 1994 


