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Abstract: Benzylation or methylation of the enolate generated
from 4-O-propionyl or 4-O-3-phenyl-propionyl derivatives of me-
thyl 6-deoxy-2,3-di-O-(t-butyldimethylsilyl)-�-D-glucopyranoside
provided the respective C-alkylated product stereoselectively. The
1,4-additions of a variety of carbon nucleophiles to the correspond-
ing 4-O-crotonyl derivative provided adducts with high and com-
plementary diastereoselection. The one-pot 1,4-additions of a
phenyl nucleophile to the 4-O-crotonyl ester followed by the addi-
tion of methyl iodide provided vicinally substituted products with
high diastereo- and enantioselectivity, from which diastereomeric
�-methyl-�-phenylbutanols were obtained in enantioenriched form
after reductive removal of the carbohydrate template.

Key words: diastereoselectivity, carbohydrates, chiral auxiliaries,
Michael-additions, alkylations

In the field of asymmetric synthesis, methods using asym-
metric environments derived from natural products have
been widely utilized.1–3 In the last few years, we have ex-
plored the stereoselective carbon-carbon bond forming re-
actions achieved on some hexopyranosidic templates. We
have reported the results of the 1,4-additions of organo-
copper reagents,4,5 conjugate additions of alkyl radicals6

and Diels–Alder reactions with cyclopentadiene7 con-
ducted on a variety of carbohydrate templates. In the past
two decades, other groups have reported stereoselective
carbon-carbon bond forming reactions using carbohy-
drate-induced asymmetric environments.8 In this commu-
nication, we report highly stereoselective �-alkylations,
1,4-additions, and one-pot 1,4-addition/�-methylations
achieved by using 4-O-acyl and 4-O-crotonyl derivatives
incorporated into methyl 6-deoxy-2,3-di-O-(t-butyldime-
thylsilyl)-�-D-glucopyranoside 1 (Figure 1).6,7

Figure 1

We first conducted the �-alkylation of two 4-O-esters 29,10

and 310 prepared from 1 (Scheme 1). The results are
shown in Table 1. After a variety of bases (LDA, LiH-
MDS, NaHMDS or KHMDS) and additives (HMPA or
LiCl) were examined, the optimal reaction conditions
were obtained when NaHMDS [sodium bis(trimethylsi-
lyl)amide] was used as the base without any additive.11

Benzylation (for 2) and methylation (for 3) provided the
alkylation products 4S12 and 4R, respectively, with useful
levels of stereoselectivity. The stereoselectivity in the
alkylation was determined accurately using chiral HPLC
analysis of enantioenriched 2-methyl-3-phenylpropanol
after reductive removal of the carbohydrate template from
the alkylation product. We explain the observed stere-
ochemical outcome using transition-state models as
shown in Figure 2. Because of the unfavorable steric en-
vironment occurring between R1 and the carbohydrate
template, it is more likely to form the (Z)-enolate from
both 2 and 3 as depicted as TS-A. In this case, the TBS
group shields effectively the front side of the enolate. As
a result, the electrophile attacks from the rear, leading to
the �-alkylated products 4S from 2 or 4R from 3.13

Scheme 1

Figure 2 Plausible transition-state models for the �-alkylations of
substrates 2 and 3

Next, we investigated the 1,4-additions of three organo-
copper reagents  or three  organolithiums  to  5,6 the
4-O-crotonyl derivative of 1 (Scheme 2). We examined
ethyl-, t-butyl-, and phenylcopper reagents prepared from
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the corresponding Grignard reagent and cuprous bromide-
dimethyl sulfide.14,15 The results of the 1,4-additions to 5
are summarized in Table 2. In the cases of the 1,4-addi-
tions using three organocopper reagents (entries 1–3), the
adducts 6Re-8Re16 were obtained with high diastereose-
lectivities. The stereoselectivities in the 1,4-additions to 5
were determined by chiral HPLC analysis of the corre-
sponding anilides, prepared from the respective 3-methyl-
pentanoic acid (from 6Re) or 3,4,4-trimethylpentanoic
acid (from 7Re) (aniline, WSCI, DMAP, CH2Cl2), or by
chiral HPLC analysis of 3-phenylbutanol prepared from
8Re by the reductive removal of the carbohydrate tem-
plate 1. We also examined the 1,4-additions of the corre-
sponding organolithiums17 to 5 (Table 2, entries 4–6).
These reactions completed at –78 °C to provide the re-
spective 1,4-adducts with high yields and high diastereo-
selectivities.18 In all cases, the major adducts 6Si-8Si were
obtained as a result of si-face attack of the organolithium.
Although we have no evidence, the stereochemical rever-
sals observed in entries 1–3 to 4–6 may be explained by
conformational change of the crotonyl ester moiety. In the
cases of the 1,4-additions using excess organocopper re-
agents (entries 1–3), the organocopper reagents or magne-
sium halide coordinated with the crotonyl carbonyl group.
This caused a steric hindrance between the coordinated
metal species and the carbon-carbon double bond, which
made the s-trans, syn conformation19 of the crotonyl ester
moiety more favorable (Figure 3).20 On the other hand, the
organolithium did not tend to coordinate with the crotonyl
carbonyl. Consequently, the organolithium attacked the �-
carbon of the crotonyl ester from less-hindered side in the
s-cis, syn conformation (entries 4–6). This conformational
change of the crotonyl ester moiety resulted in the reversal
of the �-face hindered by the bulky t-butyldimethylsily-
loxy group at C-3.21

Scheme 2

Figure 3

Finally, we carried out one-pot 1,4-addition/�-
methylations22 with the expectation of effective asymmet-
ric induction at both the �- and �-positions of the crotonyl
ester in 5. The aforementioned 1,4-additions of the phe-
nylcopper reagent23 or phenyllithium23 to 5 followed by
the addition of methyl iodide proceeded with high diaste-
reoselectivity to provide the adducts 9-syn24 or 9-anti,24

carrying a 2-methyl-3-phenylbutanoic acid at C-4 in 1
(Table 3). We also conducted the �-methylation of 8Re
and 8Si. As a result, 9-syn and 9-anti, respectively, were
obtained as the predominant products.25 The configura-
tions of the �-carbon in the products 9-syn and 9-anti were
the same (S)-configuration. From this fact, we speculate
that the configurations of the enolates generated after 1,4-
additions to 5 of both two phenyl metallic species are
same. The enolates are likely to exist as E-enolates more
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Table 1 �-Alkylationsa of Substrates 2 and 3

Entry Substrate RX Temp (°C) Product Yield (%)c,d Stereoselectivitye

1

2

BnBr –78 to –18

4Sb

97 95:5

2

3

MeI –78 to –18

4R

80 (13) 98:2

a NaHMDS (1.2 equiv), RX (1.5 equiv), THF.
b Absolute configuration was determined by comparison of [�]D value of (S)-2-methyl-3-phenylpropanol, obtained by reductive removal of the 
carbohydrate template, to the reported value for the (R)-isomer.
c Yields for mixture of diastereoisomers.
d Yield in parenthesis is that for recovered starting material.
e Stereoselectivity was determined by chiral HPLC analysis of enantioenriched 2-methyl-3-phenylpropanol. Retention times for (S)-2-methyl-
3-phenylpropanol, 28.4 min; for the (R)-isomer, 34.6 min (serial connection of DAICEL Chiralcel OD+ODH, 2-propanol/hexane=1:20).
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favorably from the standpoint of steric repulsion as shown
in Figure 4. The methyl iodide attacks from the less-con-
gested rear side to provide 9-syn and 9-anti as shown in
TS-B.

In summary, we have found highly diastereoselective �-
alkylations, 1,4-additions, and one-pot 1,4-addition/�-me-
thylations achieved on the hexopyranosidic esters 2, 3, or
5. In particular, the 1,4-additions to 5 using organocopper
reagents or organolithiums revealed the complementary
results. All products obtained by the alkylations and addi-
tions were transformed into chiral alcohol or carboxylic
acids possessing high optical purities by the removal of
the carbohydrate template.
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Table 2 1,4-Additions of R2CuMgX or RLi to 5

Entry R Methoda Temp. (°C) Yield (%)b,c Major Product Stereoselectivityd

1 Et a –78 to –18 85 6Re 95:5

2 t-Bu a –78 to 0 58 (30) 7Re 92:8

3 Ph a –78 to 0 85 8Re 95:5

4 Et b –78 92 6Si 96:4

5 t-Bu b –78 95 7Si 98:2

6 Ph b –78 92 8Si 97:3

a Method a: CuBr�Me2S (5 equiv), EtMgBr, t-BuMgCl or PhMgBr (10 equiv), THF–Me2S (2:1). Method b: RLi (1.5 equiv), THF.
b Yields for mixture of diastereoisomers.
c Yield in parenthesis is that for recovered starting material.
d Stereoselectivity was determined by HPLC analysis of the corresponding enantioenriched anilides or 3-phenylbutanol. Retention times of
3-methylpentananilide (from 6Re and 6Si): for (S)-isomer, 26.5 min, for (R)-isomer, 28.3 min (DAICEL Chiralcel ODH, EtOH/hexane=1:30). 
Retention times of 3,4,4-trimethylpentananilide (from 7Re and 7Si): for (R)-isomer, 22.1 min, for (S)-isomer, 37.5 min (DAICEL Chiralcel 
OD, 2-propanol/hexane=1:10). Retention times of 3-phenylbutanol (from 8Re and 8Si): for (R)-isomer, 11.3 min, for (S)-isomer 12.6 min
(DAICEL Chiralcel ODH, 2-propanol/hexane=1:10).

Figure 4 Plausible transition-states models for 1,4-addition/�-
alkylation of 5
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Table 3 One-Pot 1,4-Addition/�-Alkylations to 5

Entry Methoda Major Product Yield 
(%)b,c

Stereoselectivity

1 a

9-syn

52 (39) syn:anti =94:6d

e.r. of syn-2-me-
thyl-3-phenylbu-
tanol =>99:1e

2 b

9-anti

92 anti:syn =>95:5d

e.r. of anti-2-me-
thyl-3-phenyl-
butanol =>99:1e

a Method a: CuBr�Me2S (5 equiv), PhMgBr (10 equiv), THF–Me2S 
(2:1), –18 °C to 0 °C then MeI (20 equiv). Method b: PhLi (2 equiv), 
THF, –78 °C then MeI (4 equiv).
b Yields for mixture of diastereoisomers.
c Yield in parenthesis is for 8Re.
d Determined by 1H NMR analysis of the mixture of syn- and anti-2-
methyl-3-phenylbutanol, prepared by removal of the carbohydrate 
template.
e Retention times of (2S, 3R)- and (2S, 3S)-2-methyl-3-phenylbutanol, 
prepared from 9-syn and 9-anti, respectivery: for (2S, 3R)-isomer, 
25.7 min, for (2S, 3S)-isomer, 20.7 min (DAICEL Chiralcel ODH,
2-propanol/hexane=1:50).
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