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POLARITY REVERSED PRELOG REACTIONS
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Stereocontrolled carbon-carbon bond formation is a continuing challenge in
synthetic organic chemistry, Asymmetric syntheses in which carbon-carbon bonds
form by reaction of chiral electrophiles and achiral nucleophiles are well es-
tablished, predictable synthetic reactions. Related asymmetric syntheses of
carbon-carbon bonds using chiral nucleophiles and achiral electrophiles have
recently recelved more attention and have been quite suo:cessful.l"6 Here we re-
port an asymmetric synthesis of a-hydroxy carboxylic acid esters. This reac-
tion between a chiral alkoxy enediolate and an achiral alkyl halidJ employs a
reactivity sense opposite to that of a conventional Prelog reaction and in the
cases studied proceeds in a predictable fashion.

Prelog reactions (eq 1) are known to give a-hydroxy carboxylic acid esters

of predictable configuration based on a hypothetical transition state. The po-
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larity reversed or "umpolung" Prelog reaction we have discovered proceeds in

a similar fashion (eq 2). Alkylation of chiral alkoxy enediolates gives good

o - % f m
(o) (0] + HO,
Ph 'g‘o% to :c=c< e, B \c":c\) (@)

a0
¢ 8" py o_ PR n-Bu
o

synthetic yields and modest (up to 50% ee) stereoselectivities (see Table I).

The stereoselectivities of each alkylation reaction using chiral alkoxy enediol-
ates were determined by integration of the diastereomeric hydroxylic protons

of the product o-hydroxy carboxylic acid ester or by integration following the
use of europium shift reagents to separate the diastereotopic peaks. 1In every
case, the peak from the predominant diastereomer was shifted further downfield

and has been assigned to the (R) product. In two cases, menthyl a-ethyl mande-
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late and menthyl a-butylmandelate, the product of the asymmetric synthesis was
hydrolyzed and the resulting hydroxy carboxylic acid analyzed polarimetrical-
ly. The observed rotation for a-ethyl mandelic acid ([a];5= -9.0° (¢=3.0,
CZHSOH)) corresponds to an R configuration at the chiral center and 27% se
based on the rotation reported for optically pure a-ethyl mandelic acid.  The
rotation for a-butyl mandelic acid was also negative indicating that the pre-~
dominant enantiomer is R. The stereoselectivities in these alkylation reac-
tions was highest with l-bromobutane. Surprisingly, the lowest stereoselec~
tivity was observed with a more hindered alkylating agent, iodocyclohexane

(7% ee).

Table I. Asymmetric Syntheses of Substituted Mandelic Acid Esters

Startin Alkylat%ng Syntheticc Stereosele&tivity

Material Agent Yield (%) (%)
Menthyl Mandelate E-CAHgBr 32 50
Menthyl Mandelate H'C4H91 69~75 36-41
Menthyl Mandelate CH2=CHCHzBr 73 31
Menthyl Mandelate £-CeH T 68 7
Menthyl Mandelate CH3CHZI 49 27
(S)-Menthyl Mandelate® CH,I 46 10
(R)-Menthyl Mandelate® CH31 46 10
(§)-Menthyl Mandelate® n-C,H I 57 37
= e = 7479
(R)-Menthyl Mandelate n-C,H,I 43 33
Menthyl Mandelate C6H5CH2Br 41-53 14-22

aStarting materials contained two diastereomeric menthyl mandelates
unless otherwise noted and were all prepared from pure f%-menthol. bAlkyla—
tion occurred while warming the reaction mixtures from -78° to 0°. Experimen-
tal procedures were otherwise identical to those described in reference 7.
cIsolated yields of products characterized by 1H NMR. dDetermined by 1H NMR
by integration of diastereomeric -OH proton peaks of the product or by inte-
gration of diastereomeric protons after addition of the europium shift reagent
Eu(fod)3. ®The indicated stereochemistry refers to the configuration of the

mandelic acid portion of the ester.

The observed stereoselectivity of up to 50% is high considering the two
step nature of this asymmetric synthesis (vide infra) and the relatively poor
stereoselectivities normally associated with the use of menthol as a chiral
auxillary. Preliminary experiments support the expectation that other more
discriminating chiral esters may significantly improve the overall stereo-

selectivity. Specifically, the use of alcohol % instead of menthol in a man-
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delate ester in an asymmetric synthesis like equation 2 raises the stereoselec-
9

tivity observed in methylation to 42% (51% synthetic yield). However, a

similar increase in the stereoselectivity was not observed in butylation with 1-

iodobutane (in fact, a slight decrease in stereoselectivity (43%Z) was noted).
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These polarity reversed Prelog reactions are more successful at forming chiral
tetrasubstituted carbon centers than most other electrophilic asymmetric syn-
theses.

Interpretation of the mechanism of this asymmetric syntheses is clouded
by our inability to determine accurately the alkoxy enediolate geometry. We
have assumed it is Z (see equation 2) because the product configuration is
then correlated with the Prelog generalization. It is important to note that
these alkoxy enediolates probably do not rotate about the pseudo carbon-carbon
double bond.lo’1l Since the isomeric Z~ and E- alkoxy enediolates are predicted
to yield enantiomeric mixtures of products after alkylation and hydrolysis
(cf. eq 3 and 4), stereoselectivity in the lithio anion formation could be the
limiting step in our asymmetric syntheses.lzResearch is presently underway to
clarify this point and to ascertain the Z- or E- geometry of the intermediate

alkoxy enediolates.
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