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Cla isen  condensat ion of 3 - indoly lace toni t r i l e  with die thyl :carbonate ,  diethyl oxalate ,  and 
ethyl benzoate  p roceeds  with acyla t ion at  the CH 2 g r o u p .  Depending on the acylat ing agent,  
the reac t ion  p roceeds  with �9 re tent ion  or  e l iminat ion of the N-acy l  group.  

C-Acyla t lon  of phenylacet ic  acid de r iva t ives  by means  of the Cla i sen  condensat ion is used in the 
p repa ra t ion  of impor tan t  medic ina l  p repa ra t ions  [2]. The rea l i za t ion  of this reac t ion  in the indole s e r i e s  
would open up a pathway to ~ - (3- indolyl) alkanoic acids ,  ~ - (3- indolyl) ketones,  and indole analogs of known 
medic ina l  p r epa r a t i ons .  

The l i t e r a tu re  contains an indication of an unsuccessfu l  a t t empt  to c a r r y  out the carbethoxyla t ion  of 
ethyl  3-  indolylaeetate .  

Rep lacement  of a ca rbe thoxy  group  by a s t r onge r  e l e c t r o n - a c c e p t o r  ni t r i le  g roup  apparen t ly  p romote s  
the o c c u r r e n c e  of this so r t  of p r o c e s s .  In fact ,  3 - indoly lace toni t r i le  r e a c t s  with diethyl carbonate  in the 
p r e s e n c e  of sodium hydride  to give N-ca rbe thoxy-3 - indo ly l cyanoace t i c  e s t e r  (Ia). 
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The UV s p e c t r u m  of la is s i m i l a r  to the s pe c t rum of 3- indolylace toni t r i le .  The m a s s  s p e c t r u m  of la con-  
ta ins  an M + m o l e c u l a r  ion peak with m / e  300 and an  0VI-COOC2Hs) + f r agmen t  ion with m / e  227; this  indi-  
ca tes  the introduction of 2 ca rbe thoxy  groups  into the 3- indoly lace t0ni t r i le  molecule .  Absorpt ion  bands of 
C = O  and C~-~N groups  a r e  o b s e r v e d  in the IR spec t rum,  whe rea s  the absorp t ion  at  3200-3400 cm -I  c h a r a c -  
t e r i s t i c  fo r  the NH group of indole is absent;  this  means  that  one of the  carbe thoxy groups  is a t tached to 
the n i t rogen a tom of indole. The PMR s p e c t r u m  contains two t r ip le t s  a t  1.28 and 1.48 ppm and two quar te ts  
a t  4.24 and 4.47 ppm, which a r e  aff i l ia ted with the two ethoxy groups ,  the s ignal  of a proton in the 2 posit ion 
of the p y r r o l e  r ing a t  7.82 ppm, and a s igna l  (1R) at  4.94 ppm of a proton a t tached to a t e r t i a r y  ca rbon  atom. 
The las t  two s ignals  a r e  somewhat  spl i t  (J = 1 Hz) as  a r e su l t  of long- range  coupling, 

Dimethyl  ca rbona te  r e a c t s  s i m i l a r l y  with 3- indoly lace toni t r i le  in the p r e sence  of sodium methoxide.  
The r eac t ion  a l so  p roceeds  in the s a m e  way in the  p repa ra t ion  of /~-ke toni t r i les  of the indole s e r i e s  with 
ethyl benzoate  and  diethyl oxala te  to give 3- indoly lbenzoylace toni t r i le  (ID and ethyl 3- indoly lcyanopyruvate  

* See  [1] fo r  communica t ion  CI. 
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(HI), resPect ively .  According to the PMR spect ra l  data, II is par t ia l ly  enolized in deuteroacetone,  whereas  
III is complete ly  enolized under the same conditions. The la t ter  is also enolized in the solid state, and the 
absorpt ion band of the nitrile group therefore  appears  at 2230 cm -1 in the IR spec t rum as a consequence of 
conjugation with the double bond, whereas  the maxima lie at 2260-2265 cm -I in the spec t ra  of 3- indolylace-  
tonitr i le  and nonenolized Ia, Ib, and II. 

Ketonitr i les  II and III a re  readi ly  acetylated and benzoylated in pyridine to give N- and O-diacylated 
produets IVa,b and Va,b. 
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IV V 

IV, V a R=CH~; IV, V b R=C~H~ 

Absorpt ion bands at 3200-3400 cm- t  a re  absent in the IR spect ra  of IVa,b and Va,b: this at tests  to 
N-acylation,  whereas  the presence  of OCOR fragments  in the mass  spect ra  and absorpt ion bands of a ni- 
t r i le  group conjugated with a double bond (2225-2240 cm -1) in the IR spect ra  indicates O-aeylat ion of the 
ketoni tr i les .  

EXPERIMENTAL 

The IR spectra of mineral oil suspensions of the compounds were recorded with UR-10 or UR-20 
spectrometers. The UV spectra of ethanol solutions were recorded with a Specord spectrophotometer. 
The PMR spectra of the compounds were recorded with a JNM-4-100 spectrometer on the 6 scale with 
tetramethylsilane as the internal standard. The mass spectra were obtained with an~MKh=1303 spectrome- 
ter with direct introduction of the samples into the ion source. 

Methyl N-Carbomethoxy-3-indolyleyanoacetate (Ib). A mixture of 45 g (0.5 mole) of dimethyl carbo- 
nate, 20 ml of benz.ene, and 7.8 g (0.05 mole) of 3-indolyacetonitrile was added dropwise with stirring to 
dry sodium methoxide obtained from 3.2 g (0.14 mole) of sodium. The mixture was heated slowly with 
stirring while the methanol was removed by distillation and benzene (a total of i00 ml) was added simul- 
taneously dropwise until the temperature of the vapors reached 90 ~ The mixture was then cooled, and 5 
ml of dilute (I : I) acetic acid was added. The organic layer was separated, and the aqueous layer was ex- 
tracted with benzene (two 50-ml portions). The combined extracts were washed successively with water, 
NaHCO 3 solution, and water, then dried with anhydrous MgSO 4. The benzene was removed by distillation to 
give 8.1 g (60%) of ester Ib with mp 140-142 ~ (from methanol). IR spectrum; 1730 (C=O), 2265 em-il 
(C~---N). UV spectrum, Xmax, (log ~): 223 (4.42), 253 (4.21), 283 (3.82), and 293 nm (3.74). PMR spectrum 
(in CDCI3). 3.82 (CH3) , 4.04 s* (CH3), 4.94 s (CH-CN), 7.82 s ppm (N-CH=C). Found, %: C 6.20; H4.4; 
N i0.0; M (mass spectrometrieally) 272. CItHI2N204. Calculated, %: C 62.0; H 4.4; N 10.3; M 272. 

Ethyl N-Carbethoxy~-3-indolyleyanoacetate (Ia). A solution of 7.8 g (0.05 mole)of indolylacetonitrile 
in 30 ml of absolute ether was added with stirring at roomtemperature to a suspension of 4.8 g (0.2 mole) 
of sodium hydride and 60 g (0.5 mole) of diethyl carbonate in i00 ml of absolute ether, and the mixture 
was stirred for 20-30 min, after which it was allowed to stand overnight. Ethanol (10 ml), 30 ml of water, 
and 30 ml of dilute 1 : 1 acetic acid were then added dropwise successively. The ether layer was separated, 
and the water layer was extracted with two 100-ml portions of ether. The ether extracts were washed 
with a saturated solution of NaCl and NaHCO 3 and dried with anhydrous MgSO 4. The ether was removed by 
distillation to give 7.5 g (50%) of ester Ia with mp 83-85 ~ (from aqueous alcohol). IR spectrum: 1750 
(C--~O), 2265 em -i (C~-~N). UV spectrum, Xma x (log~): 223 (4.43), 255 (4.20), 283 (3.84), and 292 mm 
(3.63). PMR spectrum in CDCI3:1.28 t (CH3), 148 t (CH3), 4.24 q (CH~), 4.48 q (CH2) , 4.94 s (CH-CN), 

and 7.83 s (N--CH~---C). Found, %: C 64.0; H 5.0; N 9.0; M 300. C16HI6N204. Calculated, %: C 64.0; H 5.3; 
N 9.0; M 300. 

3-Indolylbenzoylacetonitrile (II). a) This compound was obtained by the method used to prepare Iafrom- 
4.8 g (0.2 mole) of Nail, 30 g (0.2 mole) of ethyl benzoate, and 7.8 g (0.05 mole) of indolylaeetonitrile. The 
yield of product with mp 178-180 ~ (from chloroform) was ii g (86%). IR spectrum- 1675 (C~-~O), 2260 
(C~N), and 3370 em -i (N-H). UV spectrum, kmax, (log ~): 204 (4.52), 220 (4.36), 280 (3.85), and 333 nm 
(3.92). Found, %: C 77.8; H 4.8; N 10.6; M 260. CI?HI2N20. Calculated, %: C 78.4; H 4.6; N 10.8; M 260. 

* Here and subsequently, s is singlet, t is triplet, and q is quartet. 
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b) D r y  sodium ethoxide obtained f r o m  3.2 g (0,4 mole) of sodium was dissolved in 80 m l  of d ry  di -  
g lyme  at  r oom t e m p e r a t u r e .  A mix tu re  of 60 ml  (0.4 mole) of ethyl benzoate  and 8 g (0.05 mole) of 3 - in -  
doly lace toni t r i le  was then added dropwise  with s t i r r ing .  The mix tu re  w a s  then heated slowly with s t i r r ing  
while the alcohol  was r e m o v e d  b y  dis t i l la t ion until the t e m p e r a t u r e  of the vapor s  r eached  110 ~ The mix -  
t u r e  was  poured into 150 ml  of wate r .  The organic  l a y e r  was  separa ted ,  and the aqueous l a y e r  was  ex-  
t r a c t e d  with two 50 -ml  por t ions  of ch lo roform.  The combined ex t r ac t s  were  washed succes s ive ly  with 
sa tu ra t ed  solutions of NaCI, NaHCO 3, and NaCI and al lowed to stand overnight .  The resul t ing prec ip i ta te  
was  r e m o v e d  by f i l t r a t ion  and washed succes s ive ly  with ch loroform,  a sma l l  amount  of alcohol,  and 
p e t r o l e u m  e ther  to give 5 g {38.4%) of ketoni t r i le  II with mp 178-180 ~ ( f rom chloroform) .  No mel t ing-poin t  
dep re s s ion  was o b s e r v e d  f o r  a mix tu re  of this product  with the product  obtained by method A. 

E thYl-3- Indoly lcyanopyruva te  (IID. A solution of 7.8 g {0.05 mole) of indolylacetoni t r i le  in 17 g (0.11 
mole) of diethyl oxala te  was added to a "solution of sodium ethoxide obtained f r o m  2.3 g (0.1 g-a tom)  of sodi-  
um and 40 m l  of absolute  ethanol, and the mix tu re  was al lowed to stand overn ight .  It was  then poured into 
50 ml  of wa te r ,  and the aqueous mix tu re  was acidif ied with 10 ml  of concent ra ted  HC1. The resul t ing  p r e -  
c ipi ta te  was  r em oved  by f i l t ra t ion  and washed  with a sma l l  amount  of aqueous alcohol  (1 : 1) and e ther  to 
give 12 g (95%) of e s t e r  III  with mp 152-154 ~ (from ch loroform) .  IR spec t rum 1610 (C~C),  1660, 1690, 
1730 (C----O), 2230 (C~-~N); 3250, and 3450 cm -1 (N-H,  O - H ) .  UV spec t rum,  Xmax,  (log e): 203 (4.36), 
239 (4.29), a n d  280 nm (3.79) .  PMR s p e c t r u m  [in (CD~)2CO]: 1.44 t (CHs), 4.46 q (CH2) , and 8.06 s 
(NH-CH-----C). Found, %: C 65.5; H 4.6; N 10.8; M 256. Calculated,  %: C 65.6; H 4.7; N 10.9; M 256. 

Ethyl  N ,O-Diace ty ! -3 - indo ly lcyanopyruva te  (Va). A tota l  of 10 ml  (0.1 mole) of ace t ic  anhydride was 
added to a solut ion of 2.6 g (0.01 mole)  of ethyl e s t e r  III in 30 m I  of pyridine,  and the mix tu re  was ref luxed 
fo r  30 min.  It was  then cooled and poured into a mix tu re  of 100 g of ice and 50 ml  of concent ra ted  HC1. 
The aqueous  mix tu re  was ex t r ac t ed  with 50 ml  of ch lo roform,  and the ex t rac t  was  washed with 100 ml  of 
dilute (1 : 1) hydrochlor ic  acid  and two 100-ml  por t ions  of wa t e r  and dried ove r  anhydrous  MgSO 4. The 
c h l o r o f o r m  was  r e m o v e d  by dis t i l la t ion to  give 1.7 g (50%) of Va with mp 135-137 ~ (from ethanol). IR spec -  
t r um:  1540, 1610 (C----C), 1710, 1730, 1775 (C----O), and2240  cm -i  (C~---N). U~ r spec t rum,  Xma x (logs): 
203 (4.39), 238 (4.51), 260 (4.18), 290 (4.04), and 300 nm (4.09). PMR s p e c t r u m  (in CDCI3): 7.82 s 
(N-CH----C). Found, %: C 63.7; H 4.9; N 8.2; M 340. C1sH16N205, Calculated,  %: C 63.7; H 4.7; N 8.3; 
M 340. 

N,O-Diace ty l -3 - indo ly lbenzoylace ton i t r i l e  (IVa). This  compound was obtained by the method used to 
pr .epare Va f r o m  2.6 g (0.01 mole)  of ketoni t r i le  1I and 10 ml  (0.1 mole) of acet ic  anhydr ide  in 30 ml  of d ry  
pyr idine.  The yie ld  of product  with mp 152-154 ~ (from ethanol) was 2.4 g (70%). IR spec t rum:  1550 (C-----C), 
1715, 1770 (C-----O), and 2230 cm -1 (C----~N). UV spec t rum,  k m a  x (logo): 204 (4.44), 220 (4.32), 268 (4.25), 
and 318 nm (4~16). 1)IVIR s p e c t r u m  (in CDC1s): 7.72 s (N-CH- -C) .  Found, %: C 72.9; H 4.7; N 7.9; M 344. 
C21H16N20 S. Calculated,  %: C 73.2; H 4.6; N 8.2; M 344. 

Ethyl  N,O-Dibenzoyl -3- indoly lcyanopyruva te  (Vb). This  compound was obtained by the method used 
to p r e p a r e  Va f r o m  2.6 g (0.01 mole) of ethyl e s t e r  III and 12 ml  (0.1 mole) of benzoyl  chlor ide  in 40 ml  of 
d ry  pyridine.  T h e y i e l d  of product  wi th  mp 147-149 ~ (from ethanol) was  1.8 g (39%). IR spec t rum:  1520 
(C=C) ,  1695, 1725, 1750 (C=O), and 2240 Cm -I  (C--N).  UV spec t rum,  )~max (loge): 203 (4.66), 239 (4.56), 
and 345 nm (4.01). Found, %: C 72.6; H 4.5; N 5.8; M 464. C28H20N205. Calculated,  %: C 72.4; H 4.3; 
N 6.0; M 464. 

N,O-Dibenzoyl -3- indoly lbenzoylace ton i t r i l c  (IVb). This  compound was obtained by the method used 
to p r e p a r e  Va f r o m  2.6 g (0.1 mole) of II and 12 m l  (0.1 mole) of benzoyl  chlor ide  in 40 m l  of d ry  pyridine.  
The yield of product  with mp 190-192 ~ ( f rom ethanol) was  2.8 g (59%). IR spec t rum:  1546, 1595 (C----C), 
1655, 1695,1745 (C=O), and 2225 cm -1 (C=N) .  UV spec t rum,  )~ma~ (logs): 203 (4.67), 225 (4.53), 267 
(4.27), and 339 nm (4.08). Found, %: C 79.4; H 4.5; N 5.8; M 468. C31H20N20 S. Calculated,  %: C 79.4; 
H 4.3; "N 6.0; M 468. 
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