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Swnmary: A new method for synthesis of 4-substituted indoles has been developed by using the ‘I-arylthio- 
6,7-dihydroindol-4(5~ne 5 as a common intermediate. The method was applied to the synthesis of (.S)-(-)- 
pindolol(l1) and (f)-chuangxinmycin (16). 

The synthesis of Csubstituted indoles has amacted considerable attention due largely to their importance as 

building blocks for many therapeutically usuful materials.1 He&n we report a new, general entry to this class 

of compounds by using the 7-arylthio-6,7dihydroi&M(W)one 5 as a common intermediate. Applications 

of the method to the synthesis of (S)-(-)-pindolol (11) and (f)-chuangxinmycin (16) aze also presented. 

The key indolone 5 was prepared as follows. A mixture of c&molar amounts of N-phenylsulfonylpyrrole 
(1) and the a-chlorosulfide 22 was tmated with 4 equiv of TiClq in CH2C12 at -78 “C to give the alkylation 

product 3 (an oil) in 65% yield. The ester group was then selectively hydrolyzed with LiOH in aqueous 

tetmhydrofuran at room temperatum and the resulting carboxylic acid was treated with oxalyl chloride to affonl 
the acid chloride 4 in quantitative yield. The cyclization of4 was effected with SnCl4 in CH2Cl2 at 0 OC to give 

the indolone 5 (mp 108-I 10 “C) in 86% yield 

1 

Transformation of 5 to the 4-substituted indoles was readily accomplished as follows. Thus, Grignard 

coupling of 5 with methyhnagnesium iodide in Mluxing tetrahydroftxan followed by treatment of the resulting 

carbinol6a with p-toluenesulfonic acid (TsOH) affo&d the 4-methylindole 7a (mp 92-92.5 “C) in 86% yield 
(based on 5). Reaction of 5 with cyanotrimethylsilane in the presence of&I2 gave quantitatively the O-TMS 

cyanohydrin 6b, which was then tmated with FOCl3 in pyridine3 at 60 “C to give the 4-cyanoindole 7b (mp 



175-176 “C) in 63% yield. A simple heating of a methanol solution of 5 in the presence of TsOH gave the 4- 

methoxyindole 7c (mp 79-80 “C) in 87% yield. Treatment of 5 with methyl thioglycolatc (3 equiv) in bcnzent 

in the presence of boron trifluoridc e&rate afforded the sulfur substituted indole 7d (mp 135-136 “C) in 89% 

yield. On the other hand, oxidation of 5 with m-CPBA followed by heating of the resultant sulfoxidc in 

bcnzne gave the Chydroxyindolc 7e (mp 130-131 “C) in 84% yield (based on 5). Thus, a variety of indoles 

substituted at the Cposition with carbon, oxygen, and sulfur atoms were obtained in high yields from the 

indolone 5. 
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(f>FWolol is one of the most effective J3-adrcncqic agents, widely used for the treatment of tachycardia 

and hypertension. As an application of the above method, we fust examined a synthesis of Q-(-)-pindolol 

(11) which was shown to be pham~acologically mote active than the raccmic mixtme of pindolol.4 Treatment 

of 5 with (R)-(->3chla~l&nopancdiol(8) (3 cquiv) in boiling benzene in the presence of TsOH (0.2 
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equiv) for 24 h gave the Calkoxyindole 9 (an oil) in only 15% yield, along with several by-products including 

the Carylthioindole 10. The undesired 10 might arise from the reaction of 5 with 4-chlorobenzenethiol 

eliminated during the course of the formation of 9. We found, however, that a similar reaction carried out by 
adding CuCl2 to remove the thiol thus formed, took plact smoothly within 1 h to give the desired compound 9 

in 81% yield, along with 10 (6%). These results, together with the fact that CuCl2 alone gave no compound 9, 

suggest that CuCl2 acts not only as a thiol scavenger, but also as a catalyst for the reaction. The product 9 was 

then heated with a large excess of isopropylamine in the presence of NaOH in aqueous ethanol to give, with 

concomitant deprotection of the N-sulfonyl group, (S)-(-)-pit&lo1 (11) in 85% yield: mp 94-95 OC (from 

benzene), [aIDS -4.90 (c 1, MeOH) [lit5 mp 95-97 ‘C. [a]# -5.1’ (c 1, MeOH)]. 

Pindolol has been usually prepared via the reaction of 4hydmxyindole with epichlomhydrin. Application 

of the method to the synthesis of Q-(-)-pindolol by using chiral (-)-epichlorohydrin. however, brings about 

decmase in optical purity as a result of a partial attack of the aryloxy anion on the carbon a to the chlorine atom 

of epichlorohydrin in competition with epoxide ring-opening.6 In the present method, the alcohol 8 attacks on 

the carbonyl group of 5 with complete retention of its optical activity. and hence gives optically pure Q-(-)- 

pindolol (11). 

Chuangxinmycin (la), an antibiotic isolated from Actitwplanes rsinanensis, is a unique indole derivative 

bearing a sulfur substituent at the 4-position.7 This compound has been known to be active against a number of 

Gram-negative and Cram-positive bacteria, and particularly effective for the treatment of Escherichia cofi 
infections.7 Our attention was next turned to the synthesis of chuangxinmycin starting from the indole 7d. 

7d 

l+iedel-Crafts acylation of 7d with acetic anhydride in the presence of AX13 gave the 3-acetyl derivative I2 

(an oil) in 93% yield Treatment of 12 with piperidine and acetic acid in boiling benxene afforded the 

Knoevenagel condensation product 14 (mp 172-173 “CL!) in 54% yield. Alternatively. the compound 14 was 

obtained in excellent yield by the following two steps procedum. Thus, treatment of 12 with triethylamine in 

boiling benzene atforded, in 97% yield, the addition product 13 as a mixture of two stereoisomers (cu. 43) 

which was then heated with TsOH to give 14 in 98% yield With 14 in hand, we next examined a &protection 
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of the N-sulfonyl group with Mg / methanol in the prescna of NH4CL8 Ibis, fortunately, brought about also 

a reduction of the olofinic bondof the vinyl sulfide moiety to give, in 48% yield, a mixtum of chuangxinmycin 

methyl ester 15ag* lo and its rruns-isomer lSbl”, whose ratio was estimated to be cc. 2:3 by lH-NMR 

s-y. The mixture of lSa,b was then hydrolyzed with NaOH to give a mixture of chuangximnycln 

(16) and its rruns-isomer 17 (2:3) in quantitative yield. As rcportcdp the isolation of 16 was easily 
accomplished by fractional crystallization of the mixture from CH2C1zlpttroleum ether to give pure (rk)- 

chuangxinmycim mp 186-187 ‘C (lit. mp 181-184.11 145-145.5.g and 190-19112 “C). 

In conclusion, the results described herein o&r a general proc&re for the synthesis of indoles substituted 

at the 4positlon with carbon, oxygen as well as sulfur atoms. Thus, the method provldcs an efficient 

synthesis of (S)-(-)-plndolol and (i)-chuangxlmnycln. 
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