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SYNTHETIC COMMUNICATIONS, 24( 12), 169 1- 17OO (1994) 

SYNTHESIS & MERCURY (11) TRIFLUOROACETATE 
MEDIATED CYCLIZATION OF N-ARYL 

N-ALLENYLMETHYL CARBAMIDE 

B. Devan and K. Rajagopalan. 

Department of Organic Chemistry, University of Madras, 
Guindy Campus, Madras - 600 025, INDIA. 

ABSTRACT A three step sequence is described for conversion of 
substituted phenyl carbamide into 1-cyano-4-methylidene - 1,2,3,4- 
tetrahydro quinoline involving N-propargylation, allene formation 
followed by mercury (11) trifluoro acetate catalysed cyclization. 

As a part of a general study of exploring the scope and synthetic 

utility of [3,3]-sigmatropic rearrangement involving participation of 

allene double bonds,' we undertook a study of aza-Claisen 

rearrangement of a substrate containing an  allene moiety. In  general, 

aromatic aza-Claisen rearrangements are considered less facile than 

those of their oxygen counterparts.2 However, if the lone pair on the 

nitrogen atom is trapped by pr~tonat ion ,~  q~a te rn iza t ion~  or N-oxide 

f ~ r m a t i o n , ~  the rearrangement is accelerated considerably. 

To whom correspondence should be addressed. 
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1692 DEVAN AND RAJAGOPALAN 

Scheme - I 

la-e 2 a - e  

Essentially, the success of aza-Claisen rearrangement depends on 

the weakening of the carbon-nitrogen bond a situation obtainable by 

using Lewis acids viz ZnC12.6 It was anticipated that a strong 

JC electron withdrawing substituent of modest steric demands hooked on 

to the nitrogen atom can facilitate the rearrangement. A thorough 

survey of literature, surprisingly showed that the aza-Claisen 

rearrangement with x. electron acceptor like nitrile group (-CN) attached 

to the nitrogen atom has not been studied so far. In this communication 

we describe a facile preparation of N-aryl-N-allenylmethyl carbamide 

and its transformation to the corresponding 1-cyano-4-methylidene- 

1,2,3,4-tetrahydro quinoline. 

Alkylation of the carbaniiide la, with propargyl bromide in the 

presence of anhydrous $CO, in acetone or acetonitrile at room 

temperature gave the N-propargylated product 2a in high yield 
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N-ARYL-N-ALLENYLMETHYL CARBAMIDE 1693 

Table I 

(Scheme 1). The general applicability of the reaction was established by 

treating various substituted carbanilides Table I. In all these reactions 

the yield of the product was not increased by refluxing for 2 hours. The 

structures of the products were established by spectral  method^.^ 

Earlier Hansen et al., reported the transformation of the 

acetylenic fhct ion to an allene in nitrogen containing compounds 

although the reaction was fraught with d i f i ~ u l t i e s . ~ ~  The N-phenyl 

N-allenyl methyl carbamide 4a was prepared in one step by reacting 

compound 2a with aqueous HCHO, diisopropyl amine and CuBr in THF 

at reflux temperature. Work up gave the desired allene as a pale yellow 

liquid in 65% yield. The generality of allene formation was established 

by reacting compound 2b-d under conditions similar to  that adopted 

for 2a. However, compound 2e gave only 20% yield of the allene 

(Scheme 2). 
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1694 DEVAN AND RAJAGOPALAN 

20-a  

Scheme -2  

3 

Decreasing the reaction time or lowering the temperature resulted 

Compounds 4 a-e were in the isolation of Mannich product 3. 

characterized by spectral data.g 

The effect of solvent on the outcome of thermal [3,31 

rearrangement has been studied quite extensively. Various high boiling 

solvents like odichlorobenzene , N,N-diethyl aniline, N-Ndimethyl 

aniline, PEG-200 and decalin were used for the rearrangement and no 

characterizable product was obtained at higher temperature at various 

time intervals. Attempts to effect an aza-Claisen rearrangement in the 

presence of AgBF, or AlCl, failed to give any rearranged product. 

Hg(OCOCF,), has been reported to catalyze the rearrangement in 

oxygen analogue7 and oxy-Cope rearrangement.' This prompted the use 

of this reagent. Incidentally, it was found that when the allene was 
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N-ARYL-N-ALLENYLMETHYL CARBAMIDE 1695 

RQ R2 R3 

4 0 - a  

Scheme - 3 

ii 

b.Olk.NOBH4 

R 

5 0 - e  

treated with mercury (11) trifluoro acetate either at room temperature 

or at higher temperature furnished i mixture of products (by TLC). 

However, treatment of allene 4a with Hg (OCOCF,), at -5 to O°C 

resulted in complete consumption of the starting material as revealed 

by TLC. Quenching the reaction mixture with alkaline NaBH4 followed 

by work up afforded a light brown liquid which on purification by 

column chromatography over silica gel furnished the cyclized compound 

6a as a pale yellow liquid in 55% yield (Scheme 3). The structural 

assignment was based on spectral data (IR and NMR).’ 

The reaction with other allenes 4b-e, proceeded smoothly to 

provide the cyclized product by the attack of the allenic rather than 

~ 2 , 3 ,  This revealed that the transformation probably proceeds through 

a mercuric ion promoted electrophillic cyclization. 
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1696 DEVAN AND RAJAGOPALAN 

Study on synthetic utility of mercury (11) trifluoroacetate in 

aza-Claisen rearrangement as well as the synthesis of Eupolauramine" 

by the above route is currently in progress. 

EXPERIMENTAL 

General procedure for N-alkylation. Synthesis of 2a-e 

A mixture of aryl cyanamide la-e (0.01 moll and anhydrous 

potassium carbonate (0.01 mol) in dry acetone oracetonitrile (30 ml) 

was stirred at 2OoC for 15 minutes. To this mixture was added a 

solution of propargyl bromide (0.011 mol) in dry acetone or acetonitrile 

(20 ml) dropwise over a period of 30 minutes. Stirring was continued for 

a period of 4-6 hours. The separated inorganic salts were filtered off 

and the solvent was distilled off. The residue was taken up in ether, 

washed with water and dried (MgSO,). Evaporation of the solvent and 

crystallization from hexane-ethyl acetate yielded the desired compound. 

General procedure for allene formation. Synthesis of 4a-e 

A mixture containing compound 2a (1 mol equivalent), freshly 

prepared CuBr (0.5 mol), diisopropyl amine (1.6 mol) and formaldehyde 

(37 wt% solution in water) (1.5 mole) in THF or Dioxan was refluxed for 

12 hr. After cooling the inorganic material was filtered, shaken with 

saturated brine, and the filtrate (organic layer) was dried (MgSO,) and 

concentrated. The crude product was purified by chromatography over 
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N-ARYL-N-ALLENYLMETHYL CARBAMIDE 1697 

silica gel using hexane-ethyl acetate as the eluent, which yielded 

compound 4a in 65% yield. Similarly 4b-e were obtained from 2b-e 

respectively. 

General Procedure for Cyclisation using Hg(OCOCF,),. Synthesis 

of 5a-e 

To a chilled (-5 to OOC) solution of Hg (OCOCF,), (1.27 g, 3 mmol) 

in dry CH2C12 (30 ml) under N, atmosphere was added, with magnetic 

stirring compound 4a (0.5 g, 2.94 mmol) in dry CH,C1, (5 rnl). After 5 

minutes when no trace of 4a could be detected (TLC) the reaction 

mixture was quenched using alkaline 2M NaBH, solution and continued 

the stirring for 10 more minutes. The inorganic black material was 

filtered off. The organic layer was washed with water twice, dried 

(MgSO,) and concentrated at reduced pressure. The crude material was 

purified by column chromatography over silica gel and elution with 

petrol; ethyl acetate gave compound 5a. 0.275 g (55% yield) similarly 

4b-e were cyclised to 5b-e respectively. 
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