
Tetrahedron." Asyrnn~try Vol, 1, No. 8, pp. 531-534, 1990 0957-4166/90 $3.00+.00 
Printed in Great Britain Pergamon Press plc 

Generation of Homochiral Quaternary Carbon Centres from 
(Vinylketenimine)tricarbonyliron(0) Complexes 

Nathaniel W. Alcock, a Graham A. Pike, a Christopher J. Richards, and Susan E. Thomas* 

Department of Chemistry, University of Warwick, Coventry CV4 7AL, U.K. 

( R e c e i v e d 2 4 J u n e  1990) 

Abstract: The first homochiral (vinylketenimine)tricarbonyliron(0) complexes have been 

formed. Nucleophilic attack occurs exclusively on their exo face and after an oxidative work-up 

homochiral 13,y-unsaturated carboxylic acids containing an c~ quaternary carbon centre are 

obtained. 

We recently discovered that addition of alkyl-lithium reagents to (vinylketenimine)tricarbonyliron(0) 

complexes followed by an oxidative work-up gives [3,y-unsaturated amides containing an (~ quaternary centre 

(Equation (1)). 1 
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Due to the current interest in methods for constructing homochiral quaternary carbon atoms, 2 we were interested 

to determine whether or not this reactivity could be adapted to generate homochiral quaternary centres. We thus 

describe below: (a) formation of the first homochiral (vinylketenimine)tricarbonyliron(0) complexes, (b) 

experiments which reveal that nucleophilic attack on these complexes occurs stereospecifically at the exo face, 

and (c) experiments which demonstrate that nucleophilic addition to homochiral (vinylketenimine)- 

tricarbonyliron(0) complexes may be used to generate homochiral quaternary centres. 

Commercial 3 (S)-(-)-c~-methylbenzylamine (1) was converted into (S)-(-)-ct-methylbenzyl isonitrile (2) 

using a method which is reported to proceed without any loss of stereochemical integrity. 4 The isonitrile (S)-(2) 

was subsequently heated with the racemic (vinylketene)tricarbonyliron(0) complex (3) 5,6 in order to form the 

corresponding (vinylketenimine)tricarbonyliron(0) complex (4). 7"6 Work-up gave a yellow viscous oil which 

was identified by IH n.m.r spectroscopy as a 1:1 mixture of the diastereoisomeric 

(vinylketenimine)tricarbonyliron(0) complexes (4a) and (4b). These were subsequently separated by column 

chromatography (SiO2; 9:1,40-60 petroleum ether:ethyl acetate) to give pure samples of the new compounds 

a Crystallographic Laboratory, Department of Chemistry, University of Warwick 

531 



532 N.W. ALCOCKet al. 

(4a) and (4b) which were fully characterised. 8 The slower-moving diastereoisomer on the silica column was 

subjected to X-ray crystal structure analysis in order to determine its stereochemistry. The analysis revealed that 

the stereochemistry of this diastereoisomer was as depicted in (4a). 9 
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Ethyl-lithium was then added to a diastereoisomerically pure (d.e. ~" 99% 10) sample of (4a) in THF and 

stirred for 1 h at -78 °C. The reaction mixture was quenched with trifluoroacetic acid, removed from the cooling 

bath, and stirred for 10 min. Aerial oxidation overnight in chloroform followed by filtration gave a light brown 

oil which according to 400 MHz IH n.m.r, analysis contained only one (d.e. ~ 95% 10) diastereoisomer of the 

13,7-unsaturated amide (5). Addition of ethyl-lithium to a diastereoisomerically pure (d.e. ~ 99% 10) sample of 

(4b) followed by an identical work-up gave a crude product which contained a second single (d.e. 
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98%10) diastereoisomer of the [3,y-unsaturated amide (5). The two crude products were purified by 

chromatography and fully characterised. 8 An X-ray crystal structure analysis of the diastereoisomer derived 

from complex (4b) revealed that it had the structure indicated by (Sb) 9 and thus the 13,'(-unsaturated amide 

derived from complex (4a) must have the structure depicted by (5a). These results demonstrate that nucleophilic 

attack on the (vinylketenimine)tricarbonyliron(0) complexes (4a) and (4b) occurs stereospecifically at the e x o  

face i .e .  the face not shielded by the tricarbonyliron(0) unit. 

It was found that if the reaction mixture from the addition of ethyl-lithium to complex (4a) was stirred 

for 2 h at room temperature after quenching with TFA, then the yield of isolated amide dropped to 6%. It was 

accompanied however by a second compound which was isolated and identified as the aldehyde (ra) (34%). 

(The stereochemistry of (ra) was assigned initially by assuming that the ethyl-lithium had attacked the e x o  face 

of complex (4a).) Aldehyde (6a) proved to be unstable and so in subsequent experiments aldehydes (6a) and 

(rb) were not isolated but oxidised directly to the corresponding carboxylic acids. Thus complexes (4a) and 

(4b) were converted into the 13,7-unsaturated carboxylic acids (7a) and (7b) 11 respectively by adding ethyl- 

lithium to a solution of the appropriate complex in THF at -78 oC, stirring at -78 oC for 1 h, quenching with 

TFA, stirring at room temperature overnight, and finally oxidising the reaction mixture with Jones' reagent. The 

stereochemistry of carboxylic acids (7a) and (7b) was assigned initially by assuming exo attack on complexes 

(4a) and (4b) respectively. 
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Finally the enantiomeric purity of carboxylic acids (7a) and (7b) was measured. Prior to isolation and 

characterisation, crude (7a) and (7b) were reacted with (3")-(1) and the coupling reagent DCC. This converted 

acids (7a) and (7b) into amides (Sa) and (5b) respectively thus confirming the absolute stereochemistr)' of (7a) 
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and (7b). Examination of the 400 MHz IH n.m.r spectrum of the product mixtures revealed that in each case all 

the carboxylic acid had been consumed and the product amides (Sa) and (Sb) could both be detected in ratios of 

95:5 and 3:97 resepectively. Thus acids (7a) and (7b) are of high enantiomeric purity revealing that the optical 

activity of the (S)-(-)-ot-methylbenzylamine (1) used initially to generate the isonitrile (2) is not lost during 

subsequent reactions but is transferred cleanly to the o~ quaternary centres of carboxylic acids (7a) and (Tb). 
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