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Abstract - 3-Acylindoles (5 2-2) were easily converted into 2- 
cyano-3-indoleacetonitriles (2, %-%dl by treatment with diethyl phos- 

phorocyanidate in the presence of lithium cyanide in excellent yields. 

Treatment of 9'3 with acetylenic esters in the presence of sodium 

hydride in tetrahydrofuran afforded I-amino-4-cyanocarbazole5 (2 and 

lxb). The compound 2 also reacted with benzyne in the presence of 

lithium di-isopropylamide to give 6-amino-11-cyano-5-methylbennol~l- 

carbazole (Jl) in 64% yield, together with a small amount of 6.11- 

o-benrenobenzo(~lcarbaro1e (12). - 

Recent studies in our laboratory have been concerned with reaction of a . B  - 

unsaturated ketones involving aromatic ketones with diethyl phosphorocyanidate 

[DEPC, (E~O)~P(O)CN] in the presence of lithium cyanide (LiCN) for the synthesis of 

0.5-unsaturated nit rile^."^ In continuation of our studies on the synthetic use of 
DEPC, we investigated the reaction of indole-3-carboxaldehydes with DEPCILiCN and 

found a novel synthesis of 2-cyano-3-indoleacetooitriles. Some of them could be used 

for the generation of indole-2.3-quinodimethane, which has been implicated in the 

synthesis of carbaaole derivatives. 
3 

Treatment of 3-acetylindole (A) with DEPC (3 equiv.) and LiCN (3 equiv.1 in 

tetrahydrofuran (THE1 at room temperature afforded a mixture of 3-acetyl-l- 

diethylphosphoroindole (2) (3%) [oil; Mi 295; V m a x  1660. 1280-1310, 960-1040 cm-l; 

(CDCI~) 2.57 (3H. s, COCH31, 8.16 (lH. s, C2-HI]. 2 - ~ y a n 0 - l - d i e t h y l p h o s p h o r o - 3 ( o -  

methy1)indoleacetonitrile ( 1  (2%) [oil; M+ 331; v 
max 

2215. 1280-1320, 960-1050; 

5 (CDCl,) 1.83 (3H, d. 5.7 Hz, CHCH ) I .  and 2-cyano-3-(a-methy1)indoleacetonitrile 
3 

(2) (87%) [mp 96-97 C; M' 195;Vman 3330. 2210, 2240 Cm-'; 5 (CDCl3) 1.83 (3H. d. 2=7 

Hz, CHCH3). 4.35 (1H. q, 5=7 Hz. CHCH 11.  Treatment of Jwith DEPCILiCN in anhydrous 3 

THF gave 4 which was easily hydrolyzed with lithium hydroxide in 95% ethanol i n t o 2  - 



quantitatively. Thus. a plausible mecnanism for the formation o f A i s  as follows : 

the initial step is the formation of cyanophosphate (2 via 3 and the nucleophilic 
-4 

attack of cyanide anion, followed by leaving of the diethyl phosphonoony function 

and then aromatization results in the formation o f 5  which is hydrolyzed t o 2  in 

the presence of water. 

0 

Although the reaction of indole-3-carboxaldehyde (&I with DEPCjLiCN resulted in a 

formation of complex mixture. N-substituted indole-3-carboxaldehydes i7a-?d14 were 

found to give the corresponding 2-cyano-3-indoleacetonitriles (9a-9d15 in excellent - - 
yields, respectively. The results are summarized in the Table. 

R Product Yield ( 8 )  mP iDCl 

Me 9a 9 2 165 w 
Et 9,b, 86 95-96 

CHph 9c 100 135-137 
?I"" 

Ph %$ 9 6 109-110 
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Recently Tamura et s.I.~ reported a strong base induced cycloaddition of homophthalic 

anhydride leaving to peri-hydroxy polycyclic compounds. In this connection, 

addition of sodium hydride to a solution of 9a and acetylenic dienophiles (dimethyl - 
acetylenedicarboxylate and methyl propiolate) ln THF at 0--SDC was tried and found 

to give a dark-red colored solution, presumably due to a formation of an anionic 

indole-2.3-q~inodimethane.~~~ The solution was stirred at O D C  for 1 h and then 

quenched with saturated ammonium chloride solution and dil. acetic acld to yield 1- 

amino-4-cyano-9-methy1carbazoles I* and lDb9)in 69% and 45% yields, respectively. 

Compound 2 reacted with benzyne (1.1 equiv.), generated u u  by reaction of 

bromobenrene with lithium di-isopr~pylamide.~~in THF at -60-O'C to give 6-amino-11- 

cyano-5-methylbenzo[~lcarbazale (3)" in 6 4 %  yield, together with a small amount of 

6.11-$-benrenobenro[blcarbazole (3). 12 

In summary we have described a convenient end one-pot synthesis of 2-cyano-3- 

indoleacetonitriles, some of which were used for the synthesis of l-amino-4- 

cyanoCarbazole derivatives. 

RCiCC02Me / NaH &.I C02Me 

Me Me NH2 
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