
00404039/93 $6.00 + .iM 
Pngamon Press IAd 
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DERIVATIVES 
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Summaq: Methodology is described for the selective generation of either anti or syn Michael 
aaYuctsfiom various ketone enolates and crotonic ester 18 or amide 1s. 

The Michael reaction to form 1,5dicarbonyl compounds by C-C linkage has long been a powerful 

synthetic tool1 for the construction of complex organic molecules, but until recently2 very little has been known 

regarding control of stereochemistry with achiral components, in contrast to the Aldol reaction. Among the 

recent advances am control of both the relative and/a absolute stereochemistry in the addition of ester enolates to 

a$-unsaturated esters3 and in the addition of amide enolates to a$-unsaturated ketones.zc More rare are 

additions of ketone enolates to a$-unsaturated esters, since the equilibrium often favors the starting enolate 

instead of the enolate of the Michael adduct 

During the synthesis of glycinoeclepin As we required a convenient method for the construction of the 

side chain with the depicted a&methyl stereochemistry at the C17-Cm centers (eq l), for which one possibility 

is a stereocontrolled Michael addition of the enolate of. 2-methylcyclopentanone to methyl crotonate. This letter 

describes a solution to both the reactivity problem and the control of stereochemistry so that either the Mn’ or syn 

stereochemistry can be obtained with high selectivity. The reactivity issue was resolved by introduction of an 

activating group at the alpha position of the crotonate. and diastemoselectivity was achieved by the proper 

selection of solvent, enolate counterion and activating group (X). The regiospecific generation of the enolate 2 

was accomplished by reaction of the silyl ether 1 with MeLi in THF at 0 ‘T. Direct maction of the enolate thus 

generated at -78 T with methyl crotonate gave none of the expected Michael adduct 9 (X=H) but only statting 

material. Sufficient activation of the crotonate moiety could be achieved by the introduction of a thiophenyl 

group6 at the alpha position and, indeed, reaction of 2 with 8 in THF at -78 “C afforded the 

Glycinoeclepin A A 
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Michael products 9 and 10 (X=PhS, Table 1, entry 1) in 82% isolated yield7 In an attempt to improve the anti 

to syn ratio, the solvent and the activating group X in 8 were varied with the results shown in Table 1. Polar 

non-coordinating solvents favored (entries l-4) the anti-diastereomer 9 (X=PhS), with reaction in CHzCl2 

giving the highest selectivity observed with the ii enolate. In-y, the mte of the tea&on was not sensitive 

to changes in solvent polarity and donor co&nation. 

Greater activation of the crotonate by the use of more strongly electton withdrawing substituents (8 a-c) 

resulted in good yields of the Michael adduct upon reaction with 2; however, complete erosion of the selectivity 

was observed (entries S-7). Large ester substituents,* such as menthyl, gave poor diastemoselectivity (entry 8) 

at -78 OC while the syn adduct (14b. X=PhS) was obtained pmdominan tly when the reaction was run at 0 “C 

(entry 9). Reaction of the Tic13 (TiCQ, C!H$lg) or EtAlQ enolates (Li enolate then EtAlC12). 3 or 4, with 8 

did not provide any of the desired Michael adducts (entries 10,ll) while the Bu3Sn enolate 5 in toluene (Li 

enolate then BugSnCl) gave predominantly the syn product (entry 12). Finally, excellent axri selectivity was 

obtained when the potassium enolate 6 (KHMDS, -78 ‘C, THF, 30 mitt) was employed in the condensation 

with 8 (entry 13).9 The maction was complete in 1 h at -78 “C to give the adducts 11 and 12 (X=PhS, ratio 

97 : 3 respectively). Conversely, reaction of 8 with the Li enolate 7, failed to give any of the Michael adduct 

even after 12 h at -78 “C, while higher temperamms led to decomposition (entry 14). We were grad&d to find 

that the syn adduct could be obtained with high selectivity by matting the silyl ether 1 with the oxaxolidinone 15 

(EtAIC12, CH2Cl2, -78 ‘C, 1 mitt) (eq 2). The adducts 16 and 17 (85% yield, ratio 2 : 98) could be separated 

by chromatography on silica gel and converted to the ketoesters 9 and 10 (X=H) by hydrolysis (LiOOH, THF- 

H2O)lu followed by esteriiication (CHgNg, ether). 

The potassium enolate addition can also be used to provide Michael adducts of high enanti&c purity. 

For example, good face selectivity (95 : 5) was observed in the reaction of 6 with phenmenthyl (cc-thiophenyl) 

crotonate 18, although there was some deterioration of the Cl7-&) diastereoselectivity in this case (eq 3).tt 

The desired diastereomer could be isolated and converted to glycinoeclepin A via the enol nitlate A. 

2 : 98 
1 15 16 17 

In conclusion , we have devised methodology that allows the Michael addition of a ketone enolate to an 

u&unsaturated carboxylic acid derivative with good diastemoselectivity and chemical yield. Either the Mn’ or 

syn adduct can be formed selectively by the use of a-ate reaction conditions.t~ 
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1 M=!si&~ 6M=K 
2 MELi 7Mdi 

3 M=TiC& 

QM=Buuc!l 

5 M= Bn$n 

8 X=SPh.R=Me 

& X=SOQh.R=Me 

8b X=CQMe,R=Mc 

8c X=CN.R=Mc 

86 X= SPh. R= memhyl 

9R=Iw 
11 R=BuSCH 

e 

l3a cmcthyl 

l3b fhncthyl 

10 R=H,H 

12 R=BuSCH 

14a cmethyl 

lb p-methyl 

1. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Knohte cm(ade 

2 8 

2 8 

2 8 

2 8 

2 8s 

2 8b 

2 8c 

2 w 

2 ad 

3 a 

4 8 

5 II 

6 8 

7 a 

ThdTcpp. 

4ah/-78.T 

48 h/-78°C 

48 h/-78.T 

48 h/-78T 

1 min/-78°C 

5min/-78°c 

2min/-78OC 

96h/-78OC 

lomiIl/oOc 

5 h/O’C 

5 h/O’C 

48 hl-70°C 

1 h/-78“C 

%h/-78’C 

9: 10 

9 : 10 

9 : 10 

9 : 10 

9 : 10 

9:lV 

lk : 13bc 

148: 14b 

148: 14b 

- 

- 

9:lO 

11: 12 

- 

Raw Ykldb 

4:l 82% 

5:l 80% 

8:l 87% 

15 : 1 81% 

1:4 79% 

1:l 80% 

2:l 83% 

1:l 50% 

1 : 30 83% 
no - 

reaction 
no - 

reaction 

1:3 70% 

(31:1) 85% 

no - 
reaction 

Nota: (a)Dueto~diaaeF#mrasatthecarbonalphatotheestcrcarbonylthediarnerwmrratiowas 
ckmmindafterdcaulfurizntioawithRancyNiwhichpnwrededin~8596yield. 

(b)Yiddsamofisolatcdpmduct. * 

(c) Ratio obtained after dcmboxylation @Cl, DMSO, 130 “C). 
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