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Abstract-The Horner-Wittig reaction o f  4-0x0-4,5,6,7- 

tetrahydroindoles with (Et0l2P(OICH2CN and (Et0I2P(O)CH2CO2Et yielded 

respectively 4-(cyanomethy1idene)- and 4-(ethoxycarbonylmethy1idene)- 

4.5.6.7-tetrahydroindoles, which were catalytically dehydrogenated to 

4-(cyanomethyl)- and 4-(ethoxycarbonylmethyllindoles. 

The synthesis of 4-alkylidene-4,5,6,7-tetrahydroindoles followed by oxidative 

aromatization is attractive as an entry to indoles bearing a carbon substituent 

at the 4-position.' We wish to report here an easy transformation of 4-0x0- 

4 , 5 , 6 , 7 - t e t r a h y d r o i n d o l e s 2  t o  4 - ( c y a n o m e t h y l i d e n e l -  a n d  4 -  

~ethoxycarbonylmethylidene)-4,5,6,7-tetrahydroindoles and their catalytic 

dehydrogenation to 4-(cyanomethyllindoles and ethyl 4-indolylacetates. 3 

First, we examined the Homer-Wittig reaction of 4-0x0-4,5,6,7-tetrahydroindole 

(1-a) with diethyl cyanomethylphosphonate (2) and with triethyl phosphonoacetate 

(31. When the ketone 1-a was reacted with the sodium salt of 2 in 

tetrahydrofuran (THF) at refluxing temperature for 24 h, the desired 4- 

(cyanomethylidenel-4,5,6,7-tetrahydroindole (4-a) was obtained in a 73% yield 

1 -a ( t r a n s )  ( c i s )  5: X-CN 6 

2 :  ( E ~ O ) ~ P ( O ) C H ~ C N  4-a: X-CN 8: X=C02Et  

3: ( E ~ O ) ~ P ( O ) C H ~ C O ~ E ~  7-a :  X=C02Et  



together with a n  N-ethyl derivative of 4-a, 5 (16.5% yield), and a n  N- 

ethylindole 6 (2.4% yield). The indole 4-a comprised of trans-isomer(77%) and 

cis-isomer(238) whose stereochemistries were tentatively assigned by the NMR 

spectral analysis. Between the isomers, the major (anti) was able to be 

isolated in pure form. 

Under the similar reaction conditions, the anion of the acetate 3 was far less 

reactive to the ketone L a  than tnat of 2; after 72 h, only 2.7% of the desired 

4-Lethoxycarbonylmethylidene)-4,5,6,7-tetrahydroindole (7-a) formed but a large 

amount of N-ethylated compounds 6 (50%) and 8 (2.1%) were produced. 

The unexpected N-ethylated products might be derived from the reaction of the 

pyrrole anion of 1-a, 4-a, or 7-a with the esters of phosphonic acid 2 or 3, or 

diethyl phosphate produced in the Horner-Wittig reaction. The idea that ethyl 

esters of phosphoric acid or of phosphonic acid could act as an alkylating 

reagent was confirmed by the following experiment: when the pyrrole 1-a was 

reacted with sodium hydride and triethyl phosphate in THF under refluxing, the 

N-ethylpyrrole 6 was produced in a 56% yield. Conclusively, the desired Wittig 

reaction competed with the N-alkylation. These phenomena might be mainly due to 

Table I. Synthesis of 4-alkylidene-4,5,6,7-tetrahydroindoles 4 and 7. 

2 or 3 
X 

CN 

CN 

CN 

CN 

C O ~ E ~  

C02Et 

C02Et 

C02Et 

yield trans:cisa) mo of trans-isomer 

( 2 )  ("C) 

(4-a) 73 77:23 158-1 60 

(4-b) 96 69:31 147-152 

(4-c) 86 77:23 108-110 

(4-dl 80 75:25 71 -72 

(74) 3 . .---b) 114-116 

(7-b) 86 87:13 135-136.5 

(7-2) 9 -----b) 58-59 

(7-d) 18 --...b ) 66-67 

f NMR spectral analysis. b) only trans-isomer was observed. 
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the enaminone structure of the ketone 1-a, in which the 4-carbonyl is 

deactivated toward nucleophilic attack and the NH function become acidic enough 

to react easily with an electrophile under the basic conditions. 

Introduction of an electron-withdrawing substituent at the nitrogen of 1-a 

improved remarkably the desired olefination. The Horner-Wittig reaction of 1 -  

(p-toluenesulfonyl)indole 1-b with 2 proceeded smoothly at room temperature to 

yield 96% of the corresponding olefin 4-b. The reaction of the ketone 1-b with 

the ester 3 was also successful to afford an adduct 7-b in a 86% yield. N- 

Methyl-, 1-c, and N-benzylketone 1-d gave a little improved results comparing 

with the N-free ketone 1-a. These results were summarized in the Table I. 

The oxidative aromatization of the methylidenetetrahydroindoles 4 and 7 into 4- 

substituted indoles has been reported to be ~nsuccessful.~ On the other hand, 

Pd-catalyzed dehydrogenation of the ketone 1-a has recently been reported to be 

successfully attained to yield 4-hydroxyindole by devising the reaction 

conditions.' The facts encouraged us to examine the catalytic dehydrogenation 

of the alkylideneindoles 4 and 7 obtained here into 4-(cyanomethy1)indoles and 

4-indolylacetates. 

when the olefin 4-a was heated with Pd(5%) on carbon in diethyleneglycol 

diethyl ether under bubbling of an argon at 200'C for 3 h, 4-(cyanomethy1)indole 

(9-a) was obtained in a 69% yield. Similarly, the other 

7 ,x 

Table 11. Pd-catalyzed aromatization of 4-alkylidene-4,5,6,7-tetrahydroindoles 

4 and 7 to 4-alkylindoles 9 and 10. 

substrate indole substrate indole 

R X yield(%) R X yield(%) 

(4-a) H CN (9-a) 69 (7-a) H C02Et (10-a) 80 

(4-b) Ts CN (9-b) 29 (7-b) Ts C02Et (10-b) 62 

(4-c) Me CN (9-c) 61 (7-c) Me C02Et (10-c) 67 

(4-d) CH2Ph CN (9-d) 63 (7-d) CH2Ph C02Et (10-d) 97 



methylidenetetrahydroindoles 4-b,c,d and 5-a,b,c,d were oxidatively aromatized 

i n t o  t h e  c o r r e s p o n d i n g  c y a n o m e t h y l i n d o l e s  9 - b , c , d  a n d  4 -  

(ethoxycarbonylmethyllindo1es 10-a,b,c,d. The results in the Table I1 showed 

that, in the Pd-catalyzed aromatization, (i) the esters 7 tended to give more 

favorable results than the cyanides 4, and (ii) the olefins with the N-tosyl 

group 4-b and 7-b were somewhat difficult to be oxidized. Thus, for the N-tosyl 

derivatives 4-b and 7-b, deprotection was required prior to the aromatization, 

and was attained by the use of K2C03 in refluxing ethanol; a stereoisomeric 

mixture of 7-b was converted into trans-isomer of 7-3 in a 91% yield without 

hydrolysis of the ester function. 6 EtOK 

I 
Ts b H I 

7- b 7-a 

The ketone 1-b also underwent the Wittig reaction with a non-activated 

phosphorane. The ylide prerpared from prenyltriphenylphosphonium chloride 

reacted smoothly with the ketone 1-b to afford a diene 1 1  in an 82% yield. 

Under the aromatization conditions with Pd catalyst, the diene 1 1  gave, however, 

4-(3-methylbut-lyllindole (12) in place of 4-prenylindole 13 in a 91% yield. 

The case was formally a double bond isomerization but not the oxidative 

aromatization. 

P~~ P = c H c H = C ( C H ~ ) ~  -& Ts N I & ' k  

The combination of the Wittig olefinations of 4-0x0-4.5.6.7-tetrahydroindoles 

and the successive Pd-catalyzed aromatizations were shown to be useful as a 

facile method t o  prepare 4-substituted indoles, especially 4 -  

~cyanomethyllindoles and 4-indolylacetates. The typical procedures were 

described in the following experimental section. 
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EXPERIMENTAL 

4 - ( C y a n 0 m e t h ~ 1 i ~ ~ ~ ~ ~ ~ ~ ~ 5 , 6 , 7 - t e t r a h v d r o i n d 0 1 e  (4-a). 4-0x0-4.5,6.7- ---- 

tetrahydroindole (1-a)(1.35g, l0mmol) was added to a solution of sodium salt of 

diethyl cyanomethylphosphonate [prepared from 2.6g (14.7mmol) of 2 and 0.53g 

(50%. llmmol) of NaH] in THF (20 ml) and stirred under an argon atmosphere at 

refluxing temperature for 24h. The reaction mixture was poured into water and 

extracted with ethyl acetate. The organic layer was washed with water, dried 

over MgS04, and then concentrated. The residue was chromatographed on silica 

gel. Elution with dichloromethane gave a stereoisomeric mixture (75:25) of 1 -  

ethyl-4-(cyanomethylidene)-4,5,6,7-tetrahydroindole (5) as a viscous oil in a 

yield of 16.5% (0.31g) and 4-(cyanomethy1idene)-4,5,6,7-tetrahydroindole (4-a) 

as a viscous oil in a yield of 73.0% (1.15g). Further elution with 

dichloromthane-ethyl acetate (4:l) gave 1-ethyl-4,5,6,7-tetrahydroindole (6) 

(2.4%) and the starting material 1-a (3.4%). 

When the oily stereoisomeric mixture of 4-a was treated with hexane-ethyl 

acetate, the major isomer was crystallized as a pure form, which was tentatively 

assigned as an trans-isomer. 

A stereoisomeric mixture (75:25) of 5. NMR(CDCl3)G1.34(t,J=7Hz,3H), 1.74- 

2.10(m,2H), 2.30-2.76(m,4H), 3.79(q,J=7HzP2H), 4.57 and 4.97rtwo br 

s,(0.25+0.75)Hl, 6.08(d,J=3Hz,0.75H), 6.40-6.54(two d,lH),and 

6.90(d,J=3Hz,0.25H)ppm. IR(1iguid film) 2200, 1595, and 1503 cm-l. MS(m/z,%) 

186(~+,100) and 185(73). 

A stereoisomeric mixture (77:23) of 4-a. NMR(CDC13)61.76-2.16(m,6H), 4.75 and 

5.16Itwo br s, (0.23+0.77)Hl, 6.25(ddpO.77H), 6.58-6.70(m.lH), 7.04(dd,0.23H), 

and 8.32-8.90(m,lH)ppm. 

Trans-isomer of 4-a. Colorless plates melted at 158-1 60°C. NMR(CDC13)6 

1.95(q,J=6.2Hz,2H), 2.70(tVJ=6.2Hz,4H), 5.16(br s,lH), 6.25(m,lH), 6.63(m,lH), 

and 8.08-8.80(mrlH)ppm. IR(KBr) 3280, 2200, and 1590 cm-l. MS(m/z,%) 

l58(~',l OO), 157186), and l30(37). Anal. Calcd.(Cl C,75.92; H,6.37; 

N.17.71. Found: C.75.90; H.6.23; N.17.73. 

4-~Ethoxvcarbonvlmeth~1idene)-l-(p-to1~enesulfon~l-4,5,6,7-tetrahdroindole (7- 

b)- 4-Oxo-l-~p-toluenesulfonyl)-4,5,6,7-tetrahydroindole (1-b) (l.45g, 5mmol) 

was added to a solution of sodium salt of triethyl phosphonoacetate (3) 



[prepared from 1.6g(7.1mmol) of 3 and NaH(50%,0.27g,5.5mmol) in THF (2Oml) and 

stirred under an argon atmosphere at refluxing temperature for 18h. The 

reaction mixture was poured into water and extracted with ethyl acetate. The 

organic layer was washed with water, dried over MgS04, and then concentrated. 

The residue was chromatographed on silica gel. Elution with dichloromethane 

gave a stereoisomeric mixture (13:87) of 7-b as a viscous oil in a yield of 

85.6%(1.54g). Treatment of the mixture with hexane-ethyl acetate gave a pure 

major isomer (trans-form) as colorless granules melted at 135-136.S°C. 

NMR(CDC13)61.25(t,J=7Hz,3H), 1.64-1.98(m,ZH), 2.37(sr3H), 2.68-3.10(m,4H), 

4.1 3(qPJ=7Hz,2H), 5.88(br s,lH), 6.39(drJ=3.5Hz,lH), 7.1 4-7.38(m,3H), and 7.60- 

7.76(mr2H)ppm. IR(KBr) 1700, 1620, 1600, and 1500cm-l. MS(m/z) 359(~+,47), 

204(33), 176(35), 158(46), 132(30), 131(37), 130(100), and 91(87). Anal. 

C ~ ~ C ~ . ( C ~ ~ H ~ ~ N O ~ S , % )  C.63.48; H,5.89; N.3.90; 5.8.93. Found: C,63.43; H.5.81; 

N.3.77; S,8.84. 

4-(Cyano~ethy1)indole (9-a). A solution of 4-(cyanomethy1idene)-4J.6.7- 

tetrahydroindole (4-a)(0.50gr 3.2mmol) in diethyleneglycol diethyl ether (3.51~11) 

was stirred together with Pd on carbon (5%. 0.25g) under bubbling Ar gas at 200 

OC for 3h. The mixture was diluted with dichloromethane and filtered. From the 

filtrate dichloromethane was removed, the residue was diluted with hexane (ca. 

30ml) and was allowed to stand until the indole 9-a were precipitated as white 

crystals (0.34g. 68.7% yield). 

C o l o r l e s s  n e e d l e s  ( f r o m  e t h y l  a c e t a t e )  m e l t e d  a t  1 1  4-1 1 5  "C. 

NMR(CDCl3)63.92(s,2H), 6.46-6.58(m.lH), 7.02-7.42(mV4H), and 8.10-8.64(m,lH)ppm. 

IRIKSr) 3380, 2237, 1495, and 1405 cm-l. MS(m/z,%) 156(~+,100), 155(79), and 

130(18). Anal. Calcd.(ClOH8N2.%) C,76.90; H,5.16; N.17.94. Found: C,76.90; 

H.4.98; N.17.93. 

4-(3-Methylbut-2-enylidene)-1-(p-toluenesulfonyl)-4,5,6,7-tetrahydroindole -- 

1 -(p-Toluenesulfonyl)-4-oxo-4,5,6,7-tetrahydroindole (1 -b)(4.9gr 17mmol) was 

added to a solution of an ylide prepared from prenyltriphenylphosphnium chloride 

(6.34g, 17.3mmol) and butyllithium (15% hexane solution, 18mmol) in THE and was 

stirred under an argon atmosphere at room temperature for 17h. The reaction 

mixture was diluted with ether and filtered to remove the insoluble part. The 

ether solution was concentrated and the residue was chromatographed on silica 
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gel. Elution with dichloromethane gave a stereoisomeric mixture of the diene 1 1  

as a pale yellow viscous oil in a yield of 82%(4.75g). 

NMR(CDC13)61.60-2.00lm.8H). 2.18-2.54(mf2H), 2.36(~,3H), 2.64-2.90(mr2H), 5.86- 

6.60(m,3H), 7.1 0-7.34(m,3H) and 7.52-7.74(m,2H)ppm. IR(1iquid film) 1610, 1600, 

and 1495cm-l. MS(m/z,%) 341 (~'~551, 326(27), 186(100), and 

91(28). High ~ass(m/z) 341.1446 (er= -O.lmmul(M , C20H23NS02). 

4-(3-Methyl-1-buty1)-(p-toluenesu1fonyl)indole 112). A mixture of 4-(3- -- 

methylbut-2-y1idene)-1 -(p-toluenesulfony1)-4,5,6,7-tetrahydroindole (1 1 )(338mg) 

and Pd on carbon (5%. 170mg) in diethyleneglycol diethyl ether (1.5ml) was 

stirred underanargon atmosphere at200°C for 3h. The mixture was dilutedwith 

dichloromethane and filtered to remove the Pd catalyst. the filtrate was 

concentrated in vacuo and the residue was chromatographed on silica gel. 

Elution with dichloromethane afforded the indole 12 as a colorless viscous oil 

in a 91 % yield. 

NMR(CDC13)60.94(d,J=5.6Hz,6H), 1.35-1 .79(mr3H1, 2.33(s,3H), 2.67-2.91 (m,2H), 

6.71 (d,J=3.6Hz,lH), 6.97-7.40(mP4H), 7.57(d,J=3.6Hz,lH) and 7.69-7.93(mr3H)pprn. 

IR(1iquid film) 1600 and 1490cm-'. MS(m/z,%) 341(~+,34), 285(29), 130(100), and 

91(40). High Mass(m/z) 341.1432(er= -l.Srnmu)(~', C20H23NS02). 
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