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SYNTHETIC COMMUNICATIONS, 25(14), 2155-2159 (1995) 

CERIUM(II1) AMIDE ENOLATE. 

ADDITION OF PROPIONAMIDE TO CONJUGATED 

ENONES 

Xiao Shang and Hsing-Jang Liu* 

Department of Chemistry, University of Alberta 
Edmonton, Alberta, Canada T6G 2G2 

Abstract: The cerium(II1) enolate of propionamide 1 was found to 
undergo preferential 1,2-addition with most of the sterically 
hindered conjugated enones studied. The effects of HMPA and 12- 
crown4 on the regioselectivity were also investigated. 

Organocerium reagents have been shown to be higher yielding 

and more regioselective in addition reactions with aldehydes, ketones 

and conjugated enones than the corresponding lithium and Grignard 

reagents.1 Recent studies carried out in our laboratory have 

demonstrated that the cerium(II1) enolates derived from esters,2 

nitriles3 and amides4 add efficiently to sterically hindered aldehydes 

and ketones as well as the highly enolizable ones to give products in 

* To whom correspondence should be addrd. 
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2156 SHANG AND LIU 

0 1. LDA (1 eq), THF, -78 OC, 0.5 h 
CH,CH,J "13 2. CeCl, (1 eq), -78OCdr.t., 1 h 

R 

* 
3. 0 (0.5 eq), -78 OC 

AA 1 

1,2-adduct6 1,4-adduct6 

Scheme 1 

greater yields than those obtained using the corresponding lithium 

enolates. 

Recently, Heathcock et al. carried out an extensive 

investigation on the addition of lithium enolates of several amides to 

a,P-unsaturated ketones.5 It was observed that, in general, reactions 

involving sterically hindered reactants gave predominantly 1,4- 

adducts. In light of our previous findings that the cerium(II1) 

enolates of esters and nitriles add to conjugated enones exclusively in 

a 1,2-fashion, we have undertaken a study on the addition of 

cerium(II1) propionamide enolate to a number of selected enones 

with the intention of improving 1,2-~electivity. 
The cerium(II1) enolate of propionamide 1 was prepared by 

sequential treatment of the amide with lithium diisopropylamide and 

anhydrous CeC13 in THF (Scheme l) ,  as described previously.4 

Addition of cyclohexyl propenyl ketone 2 and work-up of the 

reaction after 7 h at -78 "C with EtOAc extraction gave a mixture of 
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CERIUM(II1) AMIDE ENOLATE 2157 

Table 1: Addition of the cerium(II1) enolate of propionamide 1 

to conjugated enones 

Entry Enone Time (h) Yield (9%) 1,2/1,4a 
0 

c-c6H11 AA 

4 

i-Pr L 
5 

5 

t-Bu 

1 

2 

3 
4 

5 

6 

7 

8 

9 

10 

7 

4.5 
8 

20 

4 

0.6 

10 

1 

3.5 
1.6 

76 

94 

68 

73 

30 

90 

100 

33 

34 

81 

80 : 20 

28 : 726 

71 : 29c 
43 : 57d 

69 : 31 

65 : 35 

52 : 48 
80 : 20 

55 : 45b 
<5 : 95 

6 

a Ratios were determined based on isolated products. 

b HMPA (5 eq) was added before transmetallation. 

C 12-Crown-4 (2 eq) was added before transmetallation. 

d 12-Crown-4 (2.6 eq) was added before transmetallation. 
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2158 SHANG AND LIU 

1,2- and 1,4-addition products in 76% yield and in a ratio of 4:l. 

This ratio represents a considerable improvement in 1,2-selectivity 
over the result obtained using the corresponding lithim enolate. In 

that case, a 2:3 ratio in favor of the 1,4-adduct was observed. In 

order to further improve the 1,2-selectivity, cation-chelating agents, 

such as HMPA and 12-crown-4 were applied. Neither of these 

reagents, however, was found to enhance the desired selectivity. In 

fact, both reagents, HMPA in particular, appear to have an adverse 

effect, in agreement with the solvent effects observed previously for 

conjugated additions.7 We have also examined several other 

hindered enones 3-6, which were shown to give mainly 1P-addition 

products upon treatment with the lithium amide enolates.5 An 

examination of the results compiled in Table 1 reveals that, in most 

cases, 1 ,%addition occurred preferentially with the cerium(II1) 

enolate. The only exception was trans-2,2-dimethyl-4-hexen-3-one 

(6). In this case, the cerium enolate showed little improvement over 

the lithium reagent,5 and the 1,4-adducts were formed virtually 

exclusively, apparently due to the high degree of steric congestion of 

the carbonyl. It has been noted previously that the 1,2- and 1,4- 

selectivity with lithium amide enolates are temperature and time 

dependent. With higher temperature and longer reaction time, an 

increasing amount of the 1,4-adduct is usually formed.5 This was 

also noted in the present study. Prolonged treatment of enone 4 

resulted in the increased production of the 1,4-adducts at the expense 

of the 1,2-adducts. 

In conclusion, we have demonstrated the use of cerium 

enolates to facilitate the I ,Zaddition of amides to conjugated enones. 
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