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The construction of asymmetric centers by alkylation of non-
stabilized enolates of simple esters and amides is a process of
enormous significance in both academic and industrial target
synthesis.1 Control of stereochemistry in asymmetric alkylations
is almost always achieved by temporary covalent attachment of
chiral auxiliaries to prochiral carboxyl substrates,2 or by self-
regeneration of chirality approaches utilizingR-chiral carboxylate
derivatives.3 While progress has been made in the catalytic
asymmetric alkylation of the more acidic ketone enolates,4 work
in the carboxyl series is still limited to substrates bearing additional
acidifying substituents.5 An alternative but little used strategy is to
exploit chirality in the electrophile to control the facial selectivity
of attack on a prochiral enolate.6-9 We report herein a new approach
to the construction of quaternaryR-hydroxy carboxylic derivatives
utilizing such a strategy.

We recently reported an efficient method for the synthesis of
quaternaryR-hydroxy-R-alkylbut-3-enamides by regiospecific alky-
lation of dienediolates prepared by double deprotonation ofR-ke-
toamides.10 In a proposed application to the synthesis of the
phospholipase A2 inhibitor cinatrin B11 we aimed to install a key
quaternary asymmetric center by alkylation of a dienediolate with
a â-hydroxyalkyl cation equivalent. In the event, alkylation of the
prochiral dienediolate1 (derived from ketoamide2a) with protected
iodohydrin 3 gave the desired alkylation product4 as a 90:10
mixture of diastereoisomers (Scheme 1). The identity of the major
isomer was confirmed by X-ray crystallographic analysis of the
derived lactone5.

This represents a rare example of the diastereoselective alkylation
of a prochiral enolate directed by aâ-stereogenic center in a primary
alkyl electrophile. To our knowledge, the only previous examples
of this phenomenon are the pioneering studies on the alkylation of
3-substituted oxindole enolates by Overman6 and of metalated
hydroxyfurans by Tadano and Hale.7 We therefore undertook further
studies based on our preliminary observation to better define the
scope and generality of the transformation. Pleasingly, this novel
diastereoselective alkylation protocol appears to be general, with
good to excellent (up to 32:1) stereoselectivities observed with a
range of dienediolates and electrophiles (Table 1).12

The degree of asymmetric induction is essentially unaltered by
variation in the dienediolate side chain R1 (dr ≈ 90:10, entries 1-3).
With regard to the electrophile, the nature of the R2 group was
found to be influential, with a small (methyl) substituent affording
lower selectivity (entry 4) but a secondary alkyl group giving very
high levels of selectivity (dr) 97:3, entry 5). The presence of an
oxygenated R3 substituent is crucial for asymmetric induction (entry
8), while the nature of the oxygen protecting group also affects the
diastereoselectivity, with a methoxy group delivering highest
selectivity (dr) 97:3, entry 7).

We next probed the influence of the enolate substituents by
examining enediolates derived from substituted glycolic amides.
Alkylation of the dianion of 2-hydroxybutanamide6a, an analogue
of dienediolate1 bearing a saturated side chain, proceeded in

relatively low yield to give a 62:38 mixture of diastereomers (Table
2, entry 1). This suggests that the presence of unsaturation in the
enediolate substituent is not an absolute requirement for selectivity,
but is beneficial. Diastereoelective alkylation was also observed
with an enediolate bearing an aromatic substituent, mandelic amide
6b, giving a 75:25 mixture of diastereomers in favor of the isomer
shown (entry 2).12 Alkylation of lactic amide6c, however, was

Scheme 1. Electrophile-Directed Diastereoselective Alkylation

Table 1. Scope of the Electrophile-Directed Diastereoselective
Alkylation of Dienediolates

entry R1 R2 R3 % yielda drb

1 H C10H21 OPMB 66 90:10
2 Me C10H21 OPMB 71 89:11c

3 Ph C10H21 OPMB 68 89:11c

4 H Me OPMB 43 63:37
5 H iPr OPMB 48 97:3
6 H C10H21 OBn 51 91:9
7 H C10H21 OMe 37 97:3
8 H C10H21 Me 51 50:50

a Isolated yield.b Determined by analysis of1H NMR of product.c (E)-
Alkene obtained exclusively.

Table 2. Influence of Enolate Substituents on the
Electrophile-Directed Diastereoselective Alkylation

entry substrate R1 R2 % yielda drb

1 6a OH Et 18 62:38
2 6b OH Ph 46 75:25
3 6c OH Me 41 50:50
4 6d OH (E)-styryl 71 88:12
5 7 OMe (E)-styryl 10 50:50
6 8 Me CH2dCH- 60 50:50
7 9 Me Ph 28 50:50

a Isolated yield.b Determined by analysis of1H NMR of product.
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nonselective (entry 3), demonstrating that the size of the substituent
is influential. Alkylation of hydroxyamide6d, which generates the
same dienediolate intermediate as substrate2c, returned product
with the same dr as before, confirming that the method of
dienediolate generation is not a determining factor (entry 4, cf. Table
1, entry 3). Finally, we probed the necessity for the presence of an
R-lithioalkoxy enolate substituent. The alkylation reactions of the
monoenolates of substrates7-9 (where the lithioalkoxy group is
replaced by a methoxy or methyl group) were found to be both
low yielding and nonstereoselective in all cases (entries 5-7).

The substituents necessary for the attainment of high diastereo-
selectivities were therefore defined. Specifically, the strict require-
ments for (a) an oxyanion substituent on the enolate and (b) a
â-oxygen substituent in the electrophile strongly implicate these
elements in a pre-organization of the reactants. On the basis of
these observations, we propose that alkylation may proceed through
a lithium-coordinated chairlike assembly in which the bulky (Z)-
(di)enediolate13 is equatorially disposed (eq 1). The major diaster-

eomeric product results from the equatorial disposition of the
electrophile side chain (path A), while the minor isomer arises from
diaxial disposition of the R2 and P groups of the electrophile
(relieving torsional strain, path B). The latter assembly would be
disfavored as both R1 and R2 increase in size, which correlates with
the observed increases in selectivity with these changes. Unsatura-
tion in R1 is also beneficial, possibly due to restriction of
conformational flexibility by conjugation with the enolate. This
model correctly predicts the identity of the major diastereoisomer
in all cases proven to date.

Given the excellent asymmetric inductions attained, we were
intrigued by the prospect that highly diastereoselective alkylations
might be feasible using regioisomeric secondary iodohydrin deriva-
tives, in which the nucleofugal iodine is attached to the asymmetric
center and the alkoxy substituent to the primary carbon. If
successful, this would lead to the efficient construction of contigu-
ous quaternary and tertiary asymmetric centers, a synthetically
highly demanding operation.9 In the event, we were gratified to
observe that alkylation of dienediolate1 (derived from ketoamide
2a) with iodide10 gave the alkylated product11 as a 94:6 mixture
of diastereomers in 45% yield (Scheme 2). The identity of the major

isomer was elucidated by NOE studies on the derived lactone12.
This outcome is again consistent with a lithium-coordinated
chairlike transition-state assembly, with equatorial disposition of
enolate and electrophile substituents.

In summary, we have developed a novel methodology for the
synthesis of quaternaryR-hydroxycarboxyl derivatives by employ-
ing electrophile-directed diastereoselective alkylation of prochiral
enolates with chiral primary and secondary protected iodohydrins.
The determination of the exact scope of this transformation and its
application toward the synthesis of cinatrin B are in progress.
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Scheme 2. Highly Stereoselective Construction of Adjacent
Quaternary/Tertiary Asymmetric Centers
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