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CONJUGATE ADDITION OF IMIDAZOLINES: A PROTOCOL FOR 

1,4-ADDITION TO ENONES AND OTHER ACCEPTORS 

Raymond C.F. Jones * and Simon C. I-Iirst 

(Chemistry Department, Nottingham University, Nottingham NG7 2RD, U.K.) 

Summary: The enaminoester 1-benzyl-2-ethoxycarbonylmethyleneimidazolidine reacts with a,p-enones and 
other Michael acceptors to give 1,4-adducts; removal of the ethoxycarbonyl group completes overall conjugate 
addition of the imidazoline a-anion (which itself adds 1,2 to enoncs), and hydrolysis affords carb-~xyhc acids. 

In endeavouring to merge the known biological properties of many 2-imidazolines (4,5-dihydroimidazoles)1 

into a search for potential cholinergic agonists selective for muscarinic receptors (muscarine; l), we generated a 

range of target structures, of which (2) is representative, and identified a key methodology for their construction 

as the conjugate (1,4) addition of the 2-imidazoline a-anion (3) onto Michael acceptors such as a$-enones 

(Scheme 1). Defining the reactivity of 2-(a-lithiomethyl)-2-imidazolines (3; M= Li) has engaged us regularly 

during a programme to develop the imidazoline moiety as a vehicle for carbon-nansfer processes related to those 

mediated by the tetrahydrofolate coenzymes.* Indeed we have previously reported that (reversible) addition of 

lithio-derivative (3; M= Li) to but-3-en-2-one occurs instead in the alternative 1,2-mode,2a in common with 

many anions of this ty~e.~ 
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We report herein a new protocol for the successful completion of the conjugate addition to @-enones and 

other acceptors; subsequent cleavage of the heterocycle accomplishes a two-carbon transfer in a Michael sense. 

We further show that u$-enals proceed beyond conjugate addition to afford 1,6dihydropyridines of potential 

biological interest in an overall annulation. 

An accepted strategy for directing 1,4-addition is to create a ‘softer’4 nucleophile. Attempted transmetallation 

of the lithio-imidazoline (3; M= Li) to form home- or hetero-cuprates of various stoichiometries was however 

uniformly unsuccessful,3a producing at best 3% of the 1,Cadduct with but-3-en-2-one. We therefore 

determined to investigate as an alternative a delocalised nucleophile, the enaminoester (4).2b,d Deprotonation of 

enaminoester (4) was found to be unnecessary, as the enamine character conferred sufficient nucleophilicity, and 

treatment of (4) with but-3-en-2-one (Sa) in MeCN (reflux, 4h) indeed afforded the 1,dadduct (6a) (Scheme 2) 

in good yield (96%).5 A range of other Michael acceptors (5b-1) was found to undergo smooth l&addition to 

afford the adducts (6b-l), respectively, either in MeCN at reflux (conditions A) or in 1 ,Cdioxan at reflux 
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(conditions B) as indicated (Scheme 2). VJ Amongst the ketones, conditions A were adequate for those having 

unsubstituted vinyl groups (5a-c); l-phenylpropen-l-one (SC) was prepared in situ from 3-chloro-l- 

phenylpropan- l-one and biethylaminz7 Substitution a in the vinyl group (5d and e) retarded the addition whist 

p-substitution hindered the reaction still further such that only in the case of cyclopentanone (9) did we observe 

addition, and then only under conditions B.8 Other acceptor types found to give 1,6adducts included the 

unsaturated lactones (Sg and h)p propenonitrile (5i), the vinyl sulphoxide (5j) and sulphone (5k) (the sulphone 

exhibiting higher reactivity than the sulphoxide), and vinyltriphenylphosphonium bromide (51). In this latter 

case, no trapping of the intermediate ylid could be achieved, presumably because of rapid proton-transfer from 

the iminoester function. 

In all cases the adducts (6) were observed to exist in solution predominantly as the ilIustrated imine 
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the only product was not a dihydropyridine (11) but the cyclohexene (12) [vmax.(CHC13) 1730,1680, and 

16OOcm-1; &j(CDCls) 6.81 (lH, dd, J 5.7 and 3.5 Hz, CH=C) and 9.48 (lH, s, CH=O); 59% based on (4), 

with 1.2 mol equiv. propenal, i.e. quantitative based on aldehyde] resulting from 1,4-addition of (4) to two 

molecules of aldehyde followed by intramolecular aldol condensation. 

(11) a; R’= H, R2= Me 62% (12) 

b;R’=$=Me 32% 
c: R’= Me, R2= H % 
d; R’= H, R2= F’b 27% 

Scheme 3 

Further reactions of the adducts (6) to form new lactones of potential biological interest and a novel 

synthesis of tetrahydropyridines and pipe&lines will bc reported separately.1° We thank Drs. E.W. Collington 

and P. Hallett for helpful discussions, and Glaxo Group Research and SERC for a CASE studentship (to 

S.C.H.). 
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