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Abstracr: rS)-N-(2-pYrroli~~thy~~-~~~-w~th~~~~ hydoxf& 

cata&zes the asymmetric Michael addim of soft nucleophiies to enones with 

moderate to high enantiomeric excess through ion-pair rather than steric control. 

In mcent years, gnat itdvanees have been made in the study of asymmetric carbon-carbon bond framing 

reactions mediated by chiral catalysts.12 Of these mactions, the catalytic asymmetric Michael addition has 

been extensively examined using chiral metal complex3*4 or chiral amine.5 Most of the asymmetric 
Michael addition with a chiral catalyst system which achieved a high level of asymmetric induction have 

been realized involving the diffcFentiation of enantiofaces of tbe prochiral donor by its complexation with 

the chiral cataiyst.3 On the other hand, timited examples have been directed to the differentiation of 

enamiofaces of tbe pmchiral acceptor through its interaction with the chiral cataJyst4vSa 

In this paper we report that the chit-al ammonium hydroxides (la and lb) catalyze tbe asymmetric 

{enantioselective) Michael addition of soft nucleophiis to pmchiral enones by the diffemntiauon of acceptor 

enantiofaces through ion-pair rather than steric control. 

As chiral catalysts, we chose the ammonium hydroxides la and lb easily prepared from (S)- 

proline,6~~ which have five-membemd secondary amino group to form iminium intermediate with c&tony1 

and basic ammonium hydtnxide moiety attached at 2 position on the pyxrolidine ring at a distance of one or 

two carbons. 
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In the presence of la, the Michael reaction of dibenzyl malonate 3a with cyclohexenone 2a gave the 

corresponding adduct 4a in 88% yield with low asymmetric induction (3.5% ee) (Table 1, entry 1). 

Possibly due to the stlrong b&city of the catalyst of hydroxide farm, direct attack of malonate to the enone 

may result in low a of the product. Furthermore, in this zcaction t+ dimer of the enonc wag also fanned 

as a by-product.8 To reduce the basicity of the catalyst and control the formation of the iminium 

intermediate (see Scheme Z), the reaction was conducted in the presence of an acidic additive. HFIP 

(1,1.1,3,3.3-hexaflum2-propanol) was found suitable for this purpose to obtain the addition product 4a 

of ca 70% ee (entries 3.5.91.9 

Table 1. Michael Addition of Malonate 3 with Enone 2 Catalyzed by la or iba 

EW Enone 2 Malonate 3 Cat. HW (eq) nerd P&)~ ee (WC ConfQn- 

1 0 la 0 4a 88 3.5 

0 I 

Sd 

2 CH2(COOBn)2 la 1 4a 52 21 S 

3 3a la 10 48 61 71 S 

4 2a lb 10 4a 96 49 S 
____-_________----______________________-------*--------------- 

5 la 10 4b 65 69 
CH2(COOMe)2 

Se 
2a 

6 3b lb’ 10 4b 61 67 S 
~~~~__~~_~~~~~~_____~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

7 8 3a la 10 4c 62 58 Sd 
2b 

8 / 3b la 10 4d 56 56 Se 
_____~~~~~~___~____~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~*~~~~~~~~~~~~~~~~~~~~~~~~~~~. 

9 Ph,/y 3b la 10 48 21 68 Rg 

10 2c 0 3b lb 10 4e 53 22 Fig 

a Reaction conditions: enone (1 mmol), malonate (1 mmol), catalyst (0.1 mmol). HFIP (indicated in 
Table 1) in toluene, R, lweek. b Isolated yield. c Determined by HPLC analysis with chiral stationary 
phase column (DAICEL CHIRALCEL OB-H, CHIRALPAK AS). d Benzyl ester 4a and 4c were 
converted to dimethyl ester 4b and 4d, respectively (H2/5% W-C, then TMSCHN2) for determination of 

their absolute configurations. e 4b and 4d were converted to the known acetate derivative by hydrolysis, 
decarboxylation and esterification for determination of their absolute configurations (see ref. 10). f 15 mol % 
of lb was used. g See ref. 11. 

The effects of the molar ratio of catalyst la on chemical yield and ec of the Michael adduct 4a formed by 

the reaction of 2a with 3a in the presence of 10 molar equivalents of HFIP can be seen from Graph 1. The 

amount of catalyst affected the faction rate (chemical yield), but not very much the ee of the product 4a, 

which was optimized at ca 10 mol 96 of catalyst la. Graph 2 shows the effects of the amount of HFIP at 

10 mol % of catalyst la.9 Although ee of the product 4s gradually increased with the amount of HFIP 

reaching a maximum (ca 70% ee) at more than 5 molar equivalents, the chemical yield showed a minimum 

point (at ca 3 molar equivalents of HFIP) where the dlmer of cyclohexenone8 was formed in appreciable 

amount. In consideration of these results, 10 mol % of catalyst la or lb and 10 molar equivalents of 

HFIP were thus used in subsequent experiments as shown in Table 1. 
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Graph 1 Graph 2 

With cyclic enone (Z-enone) 2a or 2b, the addition reaction of malonate 1 catalyzed by (S)-enantiomer 

la or lb gave the Michael adduct 4a-4d in an (S)-enantiomer enriched manner (entries l-8). With acyclic 

Q-enone 3c, the (R)-enantiomer of 4e was predominantly formed on using the same catalyst (entries 9, 

10). Comparison of the catalyst la with lb indicated a higher asymmetric induction when la was used 

(entries 3, 4 and 9, 10). These results may suggest that the facial selectivity of enone at the time of 

nucleophilic attack of malonate can be controlled by the configuration of the catalyst used through the 

reversible formation of iminium intermediate A, in which malonate with ammonium counter cation is 

situated at suitable position to approach the E-carbon of the enone from the same site of the armed 

alkylammonium substituent (Scheme 2). 12 In the case of iminium intermediate B. the distance between 

malonate and Rcabon of the enone seems relatively too far to mact. 

0 

HFIP, 3 

+l 1 

Scheme 2 

Further examinations using various Michael donors and investigation oi‘ the mechanistic aspects are 

cunently catlied out 
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The ammonium hydroxides la and lb were prepti from (S)-N-Boc-2-pyrrolidylmethanol7 as 

showshclow. 

V 
OH- ( 
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lb n=2 

a, CR,, PhsP / CH3CN; b. Me#H / CI&C&; c, MeBr I CH2C12; d. HBr / MeOH; 
c. IRA-400 (ammonium hydroxide fcnm); f, TsQ / Py then KCN, 18-crown-6; g. H, 
Raney-Ni, (CH20>n / EtGH 

Rtieger. H.; &nn, M. Heterocycles 1982.19, 1667. 

The dimer of cyclohexenone formed in this reaction was 
d 

I 5 
damdned as the Michael adduct 5. 

0 

Low nucleophilicity of HFIP and its acidity (pKaa.3) may be suitable for the present reactions. 

Under similar reaction conditions except that 2.2.2-trifluomcthanol (pKa=l2.8) was used instead of 

HFIP as an additive, 4a was obtained in 29% yield with 41% ee (compare with the result in Table 

1, entry 3). In the presence of AcOH (pKa=4.7), no reaction occurred. 

Posner. G. H.; Wcitzberg. M.; Hamill. T. G.; Sivathan. E. A.; Cun-Hcg, H.; Clardy, J. 

Tetrahedron 1986.42.2919. 
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‘Ibe asymmcuk Michael addition ma&on of malonate with cnone catalyzed by alkaline metal salt of 

(S)-pmline was reported by Yamaguchi and Hirama’s group.sa lltey indicated the efficiency of the 

catalyst to dcpcnd on the alkaline metal used and Rb(I) salt to be most suitable based on CC of the 

product. For this salt, the scncc of asymmetric induction is opposite to that in our case. although the 

catalysts have similar structures and the same configurations in both cases. 
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