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Abstract - Treatment of 3-(alkylthio)indoles 3 with trifluoroa- 
cetic acid, neat (for 3a,b) or in dichloromethane solution (for 
3c.d) at room temperature gave the corresponding 2-(alkylthio)- 
indoles in high yields (85-90X). The interconversion is complete 
and does not involve an acid-induced equilibrium between the two 
isomers; a mechanistic rationale is provided. 

INTRODUCTION 

Hocently, we developed two approaches'-' to tryptophan derivatives having an 

alkylthio group at the indole C(2) position. One of these approaches"' - start- 

ing from 3-(alkylthio)indoles (A, Y=SR) - involves a transient intermediate B 

(Y=SR. E=alkyl). We observed that the rearrangement B+C takes place when the 

migratory aptitude of the substituent Y is sufficient large, i.e. when Y is an 

allyl- or thioalkyl group. Subsequently, we became intrigued by the relevance 

of Scheme I for the preparation of indoles C (E=H). We reasoned that if B (E=H) 

is accessible by protonation of A, the rearranged product C (E=H) might result. 

There is no literature report, however, on such an acid-promoted rearrangement 

of 3-(alkylthio)indoles4. 

Here we report that the approach outlined in Scheme I is indeed applicable 

for the preparation of the title compounds. The well accessible 3-(alkylthio)- 

indoles A (Y=SR) undergo an acid-catalysed rearrangement to give 2-(alkylthio)- 

indoles C (Y=SR, E=H) in high yields (86-90X). The only procedure reported so 

far for the synthesis of 2-(alkylthio)indoles involves the much more laborious 

PZSY treatment of oxindoles (i.e. 2-hydroxyindoles) and subsequent S-alkyla- 

Lion'.'. 

4511 



4512 R. PLATE and H. C. J. O~ENHLWM 

RESULTS ANO DISCUSSION 

Treatment of 3a’ or 3b' with CFsCOOH, either neat or as a solution in Cli~Cls, 

gave the C(Z)-thioethers 6a (86%) and 6b (85%), respectively (Scheme II). Moni- 

toring of the reaction by thin-layer chromatography showed that the conversion 

was complete after two hours when neat CFSCOOH was used at room temperature. The 

reaction took several days to reach completeness when a solution of CFJCOOH in 

CHlClr was used. A mechanistic rationale for the formation of 6 is depicted in 

Scheme II. scheme II 

Protonation of 3 yields 4, which is in equilibrium with the sulfonium species 5. 

Rearomatization leads to 6. The interconversion of 3 to 6 is complete and there 

is no acid-induced equilibrium between these isomers. On acid treatment of e.g. 

6a or 6c the presence of 3a or 3~ could not be detected. The completeness of the 

interconversion can be explained as follows. Protonation of 6 yields 7, which 

cannot participate in the rearrangement reaction’. 

The reaction was also studied using the 3-(S-cysteinyl)indole derivatives 3C 

and 3d, recently prepared by us from indole (1) and the corresponding cysteinyl 

sulfenyl chlorides 2~ and 2d, respectivelyl. 

Nonitoring a (0.02 biolar) solution of these derivatives 3~ or 3d in a mixture 

of CHrC12 and CF,COOH (20/l, v/v) showed that after 35 days at room temperature 

the conversion to the previously unknown compounds 6~ and 6d, respectively, was 

complete (ca 90% yield)‘. 

The reactions were less clear when carried out in neat CF,COOH; starting from 

3c or 3d the rearranged products 6~ and 6d were isolated, respectively, together 

with two other compounds in each case. In each reaction one of the side products 

(-15?* yield) could be identjfied as the di-substituted indoles' 9c and 9d, 

respectively (Scheme III). The structure of the other side product is as of yet 

Scheme 111 

c : R . tr) Ct$CH(NHCOMe) CO+ 
d. R = ~~CH~H(NH~O~ cop 
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unknown. The most likely explanation for the formation of 9 is provided in 

Scheme III. In an equilibrium mixture 4 might react with 3 to give the crossed 

product 8, which might rearrange to yield 9 (cf. 4+6). In an alternative 

mechanistic rationale 4 might react with 6 now to give 9 directly. Whereas we 

have no evidence permitting a choice between these two alternatives, the follow- 

ing observation might rule out the second rationale discussed. These side reac- 

tions were observed only with 3~ and 3d and not with 3a and 3b. This might be 

explained by differences in the conversion rate 3+6. This conversion is faster 

for 3a and 3b, as a consequence of which these compounds are less prone to 

undergo the side reaction depicted in Scheme III. 

Indole C(3) and C(2) thioethers are distinguishable by means of UV. Compari- 

son of the spectra' of 3~ and 3d and those of 6~ and 6d shows for the latter 

compounds bathochromic shift at Xmax of about 9 nm. These two classes of com- 

pounds show also characteristic differences in their 'H-NMR spectra. The 6-value 

for the C(3) proton of 2-alkylthioindoles is invariably lower (656.8 ppm)'*' 

than the 6-value for the C(2)-proton of 3-alkylthioindoles (627.0 ppm)'*". 

In conclusion, this novel, acid-induced transposition of 3-substituted indoles 

has preparative significance. 2-(Alkylthio)indoles, heretofore, either unknown 

(4c.d) or prepared via several-step, low-yield sequences'*c (4a.b) can now be 

obtained in one step from readily available 3-(alkylthio)indoles. It is likely 

that this rearrangement will also be encountered with other indole-derivatives 

having a C(3j-substituent with a sufficiently high migratory aptitude. With this 

idea in mind it seems worthwhile to reexamine the electrophilic substitution of 

indoles in general. The above results add further support to our previous sug- 

gestion' that the formation of 2-substituted indoles might involve initial for- 

mation of a C(3)-substituted indolenine derivative followed by C(3)+C(2) migra- 

tion and concomitant rearomatization. 

EXPERIMENTAL SECTION 

Melting points were taken on a Koefler hot stage (Leitz-Wetzlar) and are uncor- 

rected. Ultraviolet spectra were measured with a Perkin-Elmer spectrometer, Hod- 

el 555. 

Proton magnetic resonance spectra were measured on a Varian Associates Model 

T-60 or a Bruker WH-90 spectrometer. Chemical shifts are reported as 6-values 

(parts per million) relative to tctramethyl silane as an internal standard; deu- 

terio chloroform was used as solvent unless stated otherwise. Mass spectra were 

obtained with a double-focussing VG 7070E spectrometer. Thin layer chromatogra- 

phy (TLC) was carried out by using Merck precoated silicagel F-254 plates 

(thickness 0.25 mm). Spots were visualized with a UV .hand lamp, iodine vapor, 

Cll-TDM", cinnamaldchyde/HCl for indole detection'", AgNO3/NazCrO7 for the 

detection of sulfides". A miniprep LC (Jobin Yvon) has used for preparative 

HPLC; as stationary phase Merck silicagel H (Type 60) was used. Merck silicagel 

(Type 60) was used for flash chromatography. 



4514 R. PLAIB and H. C. J. ox-nwmm 

Z-(Methylthio)indole (6a) 

3-(Hethylthio)indole (3a)’ (1 nunol, 163 mg) was dissolved in CF&OOH (2 ml) 

and stirred at room temperature in an argon atmosphere. After 2 hours CF,COOH 

was removed in VBCIJO, CHrCla (20 ml) was added, and the solution was washed with 

water, dried (NalSO,,), filtered and evaporated to dryness in vacua. Flash col- 

umn chromatography and recrystallization from CHaCl2/n-hexane gave 6a in 86% 

yield (140 mg). M.p. 47-48 ‘C (lit. 48-49 ‘C)“. The spectroscopical properties 

are identical with those reported previously’. 

E-(Ethylthio)indol (6b) 

3-(Ethylthio)indole (3b)’ (1 mmol, 177 mg) was dissolved in CF,COOH (2 ml) 

and stirred at room temperature in an argon atmosphere. After 2 hours CFsCOOH 

was removed in VBCUO. CHrCln (20 ml) was added, and the solution was washed with 

water, dried (Na2SOI), filtered and evaporated to dryness in vacua. Flash col- 

umn chromatography gave 6b in 85% yield (150 mg), which solidified upon cooling. 

H.p. 36-36.5 (lit. 36-37.5 ‘Cj6. The spectroscopical data are identical with 

those reported previously’. 

N-Acetyl-(S-indol-2-yl)-(l)-cysteine methyl ester (6~) 

Procedure A 

N-Acetyl-(S-indol-3-yl)-(l)-cysteine methyl ester (3C) (1 mmol, 292 mg) was 

dissolved in CHIC1r (50 ml) and CF,COOH (2.5 ml) was added at room temperature. 

After 5 weeks of stirring in an argon atmosphere the solvents were removed in 

vacua, and CHrClz was added. The solution was washed with water, dried (NarSO,), 

filtered and evaporated. The residue was submitted to flash column chromatogra- 

phy to yield 6~ as a foam (90%, 263 mg) which was homogeneous on t lc; Rf 0.50 

(MeOH, CHaClr , 5/95, v/v). UV (MeOH) Amax= (sh), 287, 280 (sh), 225 nm; 

x =251 nm. min EIMS (70 eV) m/e=292 [Ml+, 39%), 150 (46%), 149 ([C,HINS]+, 40%), 

144 ([CcHloNC,]+, 100%) ; exact mass calcd. for CrbHl6Nro1S 292.0882, found 

292.0880. ‘H NMR (90 MHz. CDCl,) 6=9.60 (s(br), lH, indole NH), 7.60-6.80 (m, 

4H, indole C(4)-C(7)H), 6.75 (d, 4J=1 Hz, lH, indole C(3)H), 6.20 (d(br), lH, 

NHCO), 4.90 (X part of ABX spectrum, ‘JAx’4 Hz, ‘JBX=8.5 Hz, lH, SCHrCH), 3.67 

(s, 3H. OCHr). 3.25 and 2.95 (AB part of ABX spectrum, ‘JAX=4 Hz, ‘JBX=8.5 HZ, 

2J AB=14 Hz, 2H, sCH,cH), 2.07 (s, 3H, coCH,j. 

Procedure B 

N-Acetyl-(S-indol-3-yl)-(l)-cysteine methyl- ester (3C) (1 mmol, 292 q g) was 

dissolved in CF,COOH (2 ml) and stirred at room temperature for 16 hrs in an 

argon atmosphere. Work-up as described above and HPL chromatography (silicagel 

60H; MeOH/CH~Clr , 2/98, v/v) gave 6c as a foam in 45% yield (130 mg) and 9C’ 

(15X, 60 mg). 

Compound 9c: m.p. 146-148 ‘C (EtOH/n-hexane). Rf 0.25 (MeOH, CH2Clr, S/95, 

v/v) * UV (MeOH) Xmax=300 (sh), 292, 210 run; Xmin=260 ND. EIHS (70 eV) m/e=467 

([Ml’, 17”,), 324 ((M-CCH,NCI]+, S%), 181 (]M-2xCcHsNo1)+, 9%); 144 ([CcHroNCa]+, 

100%); exact mass calcd. for C~OHZ~N~CCSZ 467.1185, found 467.1183. ‘H-NMR (90 
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Mfz, CDCl,) 6=10.40 (s(br), lH, indole NH), 7.80-7.10 (m, 4H, indole 

c(4)-c(~)H), 6.80 (d(br), ZH, NHCO), 6.65 (d(br), 1H NHCO), 4.95-4.65 (2 X part 

of ABX spectrum, 2H, hScH,cH) , 4.00-2.90 (2 AB part of ABX spectrum, 4H, 

2xSCH1cH), 3.65 and 3.20 (2xs, 6H, ~xocH~), 2.10 and 1.85 (2xs, 6H, 2xNHCOCHs). 

Anal. calcd. for C,plI~sN,O~S~ fM=467.563) C 51.38, H 5.39, N 8.99, found C 

51.56, H 5.39, N 8.97. 

N-Benzoyl-(S-indol-Z-yl)-(L)-cysteinyl methyl ester (6d) 

Procedure A 

Compound 6d was obtained from 3d (1 mmol, 354 mg) in 87% yield (310 mg) 

according to procedure A described above for the synthesis of 6~. Rf 0.50 

(MeOH, CH,Clr, 3/98, v/v). M.p. 129-130 'C. W (MeOH) Xmax=295 (sh), 288, 280 

(sh), 215 nm; Xmin=251 nm. EIMS (70 eV) m/e=354 [Ml+, 27%), 206 ([M-COHINS]+, 

70X), 149 (]C,H,NS]+, 23%j, 148 ([C,HrNS]+, 21%), 105 ([CTHIO]+, 100%); exact 

mass calcd. for C~JH~,N,O,S 354.1038, found 354.1048. 'H NMR (60 MHz, CDCl,) 

6=9.5 (s(br), lH, indole NH), 7.7-7.0 (m, lOH, indole c(~)-c(~)H, &HI and 

NHCO), 6.75 (d, 'J=l Hz, 1H. indole c(~)H), 5.1 (X part of ABX spectrum, 'JAX=8 

Hz, 'JBy=4 Hz, lH, SCHsCH), 3.65 (s, 3H, OCH,), 3.45 and 2.95 (AB part of ABX 

spectrum, 'JAY=8 Hz, 'JBX=4 Hz, 'JAB=14 Hz, 2H, SCHrCH). 

Procedure B 

N-Benzoyl-(S)-indol-3-yl)-(L1-cysteine methyl ester (3d) (1 mmol, 354 tog) was 

dissolved in CFrCGOH (2 mlj and stirred for 16 h in an argon at room tempera- 

ture. Work-up as described above and HPL chromatography (silicagel 60H; MeOH/ 

‘3nCl2. l/99, v/v) gave 6d as a foam in 48% yield (170 mg) and 9d2 (13X, 75 tug). 

Compound 9d2: m.p. 176-177 'C (methanol/ethyl acetate). W (MeOH) Amax= 

(sh), 290. 230 nm; Xmin=262 nm. EIMS (70 eV) m/e=591 [Ml+, 2X), 386 

(IM-C~~H~~NGI]+. 8%). 206 (]C~IHIZNOI]+, 18X), 181 ([M-2xClrHrrNO,]+, 3%); 105 

([CcHsG]*, 100%); exact mass calcd. for C~~Hz~O~St 591.1498, found 591.1476. 

'H-NMR (90 MHz, CDClsj 6~10.50 (s(br), lH, indole NH), 7.90-7.00 (m, 16H, indole 

c(4)-c(7)H), z~c~HI, 2xCONH), 5.20-4.80 (2 X part of ABX spectrum, 2H, 

~xS-CH~CH), 3.80 and 2.90 (2 AB part of ABX spectrum, 4H, 2xS-CHCHr), 

3.25 (2xs, 6H, 2xOCH,). Anal. calcd. for Cr,Hr,NrO‘S2 (M=591.705) C 

4.93, N 7.04, found C 60.65, II 4.93, N 7.04. 
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