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Highly selective syn glycolate aldol reactions with boron enolates
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Abstract—Boron enolates of norephedrine-based glycolate esters reacted with various aldehydes to produce syn aldol products in
high yield and selectivity. The outcome is consistent with a Z enolate reacting through a closed transition state with reversal of
the enolate facial selectivity relative to the propionate enolates. © 2001 Elsevier Science Ltd. All rights reserved.

Aldol reactions with glycolate esters and aldehydes
have been used extensively to produce differentially
protected 1,2-diol products. Various auxiliary and lig-
and-based approaches have been successful with pre-
formed enolates being the most common.1 While some
success has been found for anti stereoselection, the
majority of cases involve syn outcomes using a boron
enolate of Evans’ oxazolidinone glycolate.2 A system-
atic study examining a range of aldehydes has not been
reported in this case. We recently reported the use of a
4-oxapyrone auxiliary, constrained to an E enolate to
produce anti products.3 Catalytic glycolate aldols have
been very limited with only a few cases reported.
Kobayashi’s tin glycolates with good selectivity for
either the syn or anti diols remain the prime examples.4

Recently proline catalysis has been extended to
hydroxy-ketone aldol reactions.5 We now report the use
of norephedrine glycolate esters to produce syn prod-
ucts with a range of aldehydes (Scheme 1). The
stereoinduction is consistent with a reversal of the
enolate facial selectivity.6

An ester auxiliary allows for both E and Z enolates
leading to either anti or syn aldol products (Scheme
2).6a Masamune reported that with dicyclohexylboron
triflate and triethylamine the E enolate produces anti
product. In this case, the (1S,2R) propionyl substrate,
derived from (1S,2R)-(+)-norephedrine, gives the S,S-
product. Di-n-butylboron triflate and Hünig’s base,
forms the Z enolate and produces syn products with
moderate selectivity. It is important to note that the
facial selectivity of the Z enolate is reversed relative to

the E enolate giving product with (2S,3R)
stereochemistry.

The methyl and benzyl glycolate esters were made using
carbodiimide (EDCI, ethyldimethylaminocarbodiimide
hydrochloride) coupling with the Masamune
norephedrine amide 1 (Mes, mesityl)6a and 2 (Scheme
3).7 Conditions for the aldol reaction included various
combinations of boron triflates and amine bases (Table

Scheme 1.

Scheme 2.
Keywords : aldol reaction; glycolate; enolate; diols; diastereoselection.
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Scheme 3.

ucts in high yield and selectivity. With isovaleraldehyde
(entry 3) the selectivity fell off to 14:1. Benzaldehyde
(entry 4) reacts with very high selectivity. Cinnamalde-
hyde drops off to 9:1. Phenylacetylene carboxaldehyde
goes down to 2:1 selectivity (entry 6). Other unsatu-
rated aldehydes investigated show trends that are in
accord with these results. Methacrolein also gave high
selectivity at 24:1. Tiglic aldehyde shows reduced 9:1
selectivity, as with isovaleraldehyde, and �-methylbute-
nal is much reduced to 2:1. �-Methyl cinnamaldehyde
(entry 9) gives good selectivity at 9:1 with 83% yield. In
contrast, the methoxy glycolate oxazolidinone with this
substrate gave a 3:2:2:1 mixture in this case. Branched
unsaturated aldehydes with this auxiliary have also
been problematic.2f

The relative and the absolute stereochemistry were
established by acetonide formation and 1H NMR J-
coupling constant measurement (Scheme 4).11 A cis
equatorial–axial relationship was observed showing a

1). The optimal combination was freshly prepared dicy-
clohexyl boron triflate8 and either triethylamine or
Hünig’s base (diisopropylethylamine). An enolization
time of 2 h was critical where the glycolate, boron
triflate, and base were allowed to react before addition
of the aldehyde. Yields were dramatically reduced if
shorter times were used. Entry 1 shows an isolated yield
of 98% with a ratio of 19:1. Only two isomers were
observed. Lower amounts of base or triflate gave lower
yields with comparable selectivities (entry 2). Hünig’s
base also produced the syn diastereomer (entry 3).
Di-n-butylboron triflate (3 equiv.) gave product in
much lower yield (entry 4, 30%) and selectivity. Di-n-
butylboron triflate and triethylamine gave only a trace
of product. The methyl glycolate (P=Me) also gave
high yields and selectivity similar to the benzyl ether
(entry 6). TBS ethers were also explored and only a
trace amount of product was obtained even over
extended times and at warmer temperatures. Titanium
tetrachloride, tin triflate, and boron chlorides with base,
known conditions for E enolate formation, were also
ineffective.9

The optimal conditions were applied to a range of
aldehydes using the methyl glycolate auxiliary derived
from (+)-norephedrine (Table 2).10 Alkyl aldehydes
including branched substrates gave (1S,2R) syn prod-

Table 2.

Table 1.

Scheme 4.
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low 1.9 Hz value revealing the syn stereochemistry of
the precursor.12 Using the enantiomeric (1R,2S)-(−)-
norephedrine glycolate, the aldol adduct ent-4 with
benzaldehyde was produced. The known acetonide 5
then was made and its optical rotation (+77.2°) was
compared with the literature value (+77.7°)13 to estab-
lish the absolute stereochemistry as (1R,2S).

A more detailed study was made on the stoichiometry
dependence of the reagents (Table 3). With 1 equiv. of
boron triflate and amine a low 59% yield was obtained
with 17:1 selectivity with the (1R,2S) isomer as product.
When 1 equiv. of base together with 3 equiv. of boron
triflate were used the reaction did not occur. When run
with 2.5 equiv. of base and one of triflate a yield of 65%
was obtained with high 24:1 selectivity. Only when
using 2.5 equiv. of base with excess borane was product
obtained in high yield and selectivity.

The propionate diastereoselectivity follows the classic
Zimmerman–Traxler model (Fig. 1). The E enolate
from dicyclohexylboron triflate gives anti product
through a closed arrangement with boron acting as
Lewis acid (line A). The less hindered di-n-butylboron
triflate gives the Z enolate and forms syn product
through a six-ring process. However, the expected
product where the stereocenter at C-2 is inverted giving
1R,2S is not obtained (line B). Instead, the 1S,2R
isomer is formed with 7:1 selectivity. Two transition
state arrangements can account for the face reversal.
Path C is the opposite chair arrangement that uses the
opposite enolate face. An open path D involves two
boron groups in an antiperiplanar alignment. The Z
enolate in path B, with the methyl group now in a
pseudoaxial position, incurs an unfavorable steric inter-
action with the axial n-butyl group on boron and the
phenyl group of the auxiliary. The opposite enolate face
adopts a more favorable conformation now with the
butyl and phenyl groups in remote positions (line C).14

The n-butylboron–base combination was not further
studied for stoichiometry dependence to distinguish
between C and D.6a With dicyclohexylboron triflate, the

same anti isomer is formed when one or more equiva-
lents are used.

The glycolate syn aldol pathway begins with Z enolate
formation (Fig. 2). Under all conditions investigated
with the glycolate–auxiliary substrate, including various
boron compounds and bases, only syn products have
been obtained. The Lewis basic ether forms a five-mem-
bered ring coordinated enolate overriding any steric
effect imposed by the ligands on boron.15 Two options
for product formation can be considered, either a
closed transition state or an antiperiplanar open
arrangement. The same S,R product is again obtained
when either 1 or 3 equiv. of boron and base are used
and the yield and selectivity increases as the number of
equivalents are increased. The lack of reactivity when 1
equiv. of base and three of boron were used is most
likely the result of a favorable boron–amine complex
equilibrium that prevents enolate formation.16 On the
other hand, excess base with boron triflate favors com-
plete enolization and the reaction proceeds through a

Figure 1. Propionate Masamune aldol T.S.

Table 3.

Figure 2. Glycolate aldol T.S.
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closed transition state. Partitioning to other isomers
would be seen if open arrangements with excess boron
triflate Lewis acid activation were operative. In sum-
mary a new asymmetric glycolate aldol process with
high yields and selectivities is reported. The ease of
synthesis, protection, and convenient auxiliary removal
through ester cleavage with lithium hydroxide or
DIBAL will lead to applications where differentially
protected syn diols are needed.
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