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Summary: Cuprate additions to 5-methoxy-2-cyclopentenone have been found to proceed with moderate to 
extremely high diastereofacial selectivity, depending upon the specific cuprate and reaction protocol 
employed. Comparisons with related 5-substituted cyclopentenones suggest that the observed select- 
ivity is not simply steric in nature, but instead reflects a novel stereoelectronic effect. 
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In connection with an ongoing synthetic program, we required that a carbon nucleophile, prefer- 

ably in the form of a cuprate, undergo conjugate addition to 5-methoxy-2-cyclopentenone (1) to afford 

the product wherein the resultant substituents are disposed trans on the five-membered ring. This 

would require the existing C(5)-etereogenic center to serve as the control element. Although there 

are numerous examples of cuprate additions to 4-alkoxy-2-cyclopentenones, which proceed with excellent 

trans diastereoselection,3 stereochemical control in a 1,3-sense has little precedent.4 Indeed, 

examination of molecular models suggested it unlikely that a substituent at C(5) would exert a pro- 

nounced steric influence. These considerations notwithstanding, we have investigated the conjugate- 

addition of a variety of cuprates to 5-substituted cyclopentenones; we report here that moderate 

to very high diastereoselectivity is possible. 

We initiated the study with R-5-methoxy-2-cyclopentenone (i). 5apb Given the propensity of cyclo- 

pentenone derivatives to undergo enoliaation,6 the homochiral form of 1 was selected to permit rigor- 

0~5 determination of the reaction diasteroselectivity. ’ Treatment with Me2CuLi in THF at -78’ C for 

30 min led predominately to the trans adduct;; the ratio was 53:l (capillary GC). The stereochemical 

outcome was demonstrated unequivocally by reductive elimination (Sm12, THF, 69%j8 of the methoxy group 

in 2 to yield known R-3-methylcyclopentanone 3.g 

1 2 s 

Intrigued by this unexpected selectivity, and aware of the sensitivity conjugate additions die- 

play to reaction conditions, we examined a variety of cuprates and reaction protocols. We were par- 

ticularly cognizant of Corey’s recent results, wherein the in situ use of TMSCl leads to a complete _- 
reversal of the facial selectivity observed upon additions to a y-alkoxycyclohexenone.1° Corey 

attributed the reversal to the ability of TMSCl to trap the initially formed cuprate-enone complex, 

thereby suppressing equilibration of the diastereomeric complexes. In view of this observation we 
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also explored the in situ use of TMSCl. Our results are outlined in Table I.5 -- 
In the case of 5-methoxycyclopentenone, the selectivity was qualitatively similar (i.e., high 

trans diastereoselection) not only for Me2CuLi and Me2CuLi/TMSCl, but also for the higher order 

cuprate, Me2Cu(CN)Li2,‘1 and for LiI-free Me2CuL1, * l2 both in the presence or absence of TMSCl. High 

trans diastereoselectivity5C was also observed for the additions of n-Bu2CuLi, Ph2CuLi and the 

(CH2=CH)2CuMgBr to 5-methoxycyclopentenone, again with and without in situ TMSC1.5C That higher trans -- 

selectivity was observed in most cases in the absence of TMSCl however is noteworthy. 

To gain further insight into the nature of this selectivity , 5-acetoxy and 5-methylcyclopenten- 

one5b were prepared and reacted with Me2CuLi and Me2Cu(CN)Li2, again with and without added TMSCl. 

In the case of 5-acetoxycyclopentenone, modest cis-selectivity (2.2:1 and 1.4:1)5c was observed with - 
both cuprates, while 5-methylcyclopentenone somewhat surprisingly displayed modest trans-selectivity 

(1.9:1 and l.6:l),5c again with both cuprates. Interestingly, with in situ TM!.JCl a reversal to trans- -- 
selectivity occurred in the case of 5-acetoxycyclopentenone with both cuprates, while with 5-methyl- 

cyclopentenone a significant increase in trans-selectivity was observed. 

Several conclusions can be drawn at this point. First, steric effects do play a modest role in 

these additions. Note the 1.9:1 and 3.5:1 ratio of diastereomers respectively produced in the con- 

jugate addition of Me2CuLi and Me2CuLi/TMSCl to 5-methylcyclopentenone. Second, the high degree 

of selectivity observed with 5-methoxycyclopentenone, in conjunction with the relative steric demand 

of the three substituents [i.e., A values: Me > OAc - OMe],l3 suggests that the methoxy group exerts 

its directing effect by some means other than a simple steric effect. Several explanations would 

seem feasible. The first is stereoelectronic in nature. A lone pair of electrons on the ether oxygen 

could interact with ther -system of the enone, effectively making the face opposite the methoxy 

group more susceptible to cuprate addition. Another possibility would be an electrostatic repulsion 

between the oxygen lone pairs and the electron-rich cuprate reagent.14 In either case, the decrease 

in selectivity observed with 5-acetoxycyclopentenone relative to 5-methoxycyclopentenone would then 

be attributed to the electronic difference between the acetoxy and methoxy groups. The observed 

diastereoselectivity could also arise via chelation of a lithium ion with the oxygens of the methoxy 

and carbonyl groups to yield a reactive intermediate possessing the lithio[3.3.0]bicyclooctane skele- 

ton. Attack from the least hindered exo face would then lead to the observed trans adducts. - While 

difficult to exclude completely, the latter explication appears less likely given that reaction of 

L with LiI-free Me$uLi/TMSCl, albeit complicated by the formation of by-products, leads predominately 

to the trans adduct. 

To explore the magnitude of the methoxy directing effect, we prepared two disubstituted cyclo- 

pentenones wherein the directing effect of the methoxy group would compete with the steric effect 

of a neighboring methyl group. The first substrate, 5-methyl-5-methoxycyclopentenone,5b was selected 

to minimize the steric bias upon cuprate approach to then-system of the enone. Treatment with 

Me2CuLi and Me2Cu(CN)Li2 afforded respectively a 38:l and 30:1 mixture, wherein addition trans to the 

methoxy group predominated. 5b Although the ratios were significantly lower in the presence of TMSCl, 

trans addition predominated in all four reactions. 

The second substrate, trans-4-methyl-5-methoxycyclopentenone,5b was chosen in order to compete 

the directing ability of the 5-methoxy group with the known trans directing effect of C(4)-substitu- 

ents in simple cyclopentenones (cf. Entries 12 and 13, Table 1).3 In this case both Me2CuLi/TMSCl 

and Me2Cu(CN)Li2/TMSCl afforded diastereomeric mixtures in which the major product resulted from con- 

jugate addition trans to the methoxy group and cis to the methyl group;5C the ratios were 4.8:1 and - 
1.7:1. Here the directing ability of the C(5)-methoxy group dramatically overrides the steric effect 

of the C(4)-methyl group. In the absence of TMSCl however the major product in both cases was the cis- - 
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TABLE 1. CUPRATE ADDITIDNB TO CYCLOPENTENONES. 
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a) MqCuLI. THF. g) Ph.&M, THF. -2&t. 
b) MqCuU. TWCI (5 eq). THF , ltmn TBAF. 1 min. h) Ph$uU, TMBCI (5 eq). THF, -20°C. then TBAF, 1 mln. 
c) Me,Cu(CN)U, THF. I) (Cl+CH)@MQEr, THF. 
d) MqCu(CN)U,, TMSCI (5 eq). THF. lhsn TBAF, 1 min. 1) (CWHWQBG TMsCl(5 eq). mF. 
e) n-Bu,CuU. THF. k) Me&uU. Et@. 
1) n-Bu,CuLi. ThSCl(5 OS). THF. than TBAF. 1 min. I) M*uYI trw Et&o. 

*For canpounds 6 and 10, the ratio is tranr or ds to methoxy. 
m) M@uLi-LII free, TMSCI (5 sq), MF, then TBAF, 1 min. 
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Idduct. The latter results would appear to be a reflection of the very high diastereoselectivity ob- 

;erved in the absence of TMSCl with MepCuLi and MepCu(CN)Li2 in the case of 4-methylcyclopentenone. 

In conclusion, conjugate addition of organocuprates to 5-substituted cyclopentenones proceeds 

rith modest to high stereoselectivity. In the case of 5-methoxy substituted cyclopentenonee, the 

righ trans selectivity is suggested to arise from either an electrostatic or stereoelectronic effect. 

For a theoretical discussion in support of the latter possibility, see the accompanying Letter.l5 
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