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Abstract—A highly enantioselective allyl transfer method was successfully developed, producing terminal homoallylic alcohols in
moderate to high yields. In all cases, reactions were carried out under mild acid conditions; reducing the reaction temperature

suppressed racemization.
© 2004 Elsevier Ltd. All rights reserved.

The preparation of highly enantiomerically enriched
homoallylic alcohols is gaining widespread attention,
especially in the area of pharmaceuticals and agro-
chemicals. As important synthetic routes to many bio-
logically active molecules,! immense efforts have been
committed to the exploration of chiral reagents’> and
chiral catalysts® for the carbonyl-allylation and car-
bonyl-ene reactions. Recently, the enantioselective cro-
tyl transfer reaction developed by Nokami et al.?’# has
also been shown to be useful for the synthesis of this class
of compounds. While crotyl transfer has been shown to
proceed with good stereochemical fidelity, Lewis acid-
catalyzed enantioselective allyl transfer has been found
to afford products with much lower selectivities.*> Our
group and others have shown that the low selectivity
observed for allyl transfers is due to racemization of the
enantiomerically enriched homoallylic alcohols mediated
by the reverse reaction with or without the presence of
aldehyde during the course of the reaction>® (Eq. 1).
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We were encouraged to carry out further investigations
aimed at suppressing this racemization, hoping to
develop a highly enantioselective allyl transfer reaction
in order to obtain terminal homoallylic alcohols.

Conceptually, we envisaged that if the racemization
step could be suppressed, highly enantioselective allyl

Table 1. Screening acids with or without aldehyde®

OH
/\)\/\ Ph/\)J\ H
Pl X 2

Acid, CH 2C12

1 (89% ee) 25 °C, 1 day
Entry Acid Ee® (%)
Without aldehyde 2 With aldehyde 2

1 In(OTf); 51 0
2 InCl; 88 50
3 InBr; 82 10
4 Sn(OTf), 89 70
5 Cu(OTf), 89 29
6 Zn(OTf), 88 78
7 Sc(OTH); 89 73
8 La(OTf); 88 76
9 CSA 89 80
10 pTSA-H,O 89 75

#Reactions were performed with linear homoallylic alcohol 1 (89% ee),
hydrocinnamaldehyde 2 and acid in CH,Cl, unless otherwise stated.
(1R)-(—)-10-Camphorsulfonic acid (CSA), p-toluenesulfonic acid
monohydrate (pTSA-H,0).

®Determined by HPLC analysis employing a chiral stationary phase
Daicel Chiralcel OD column.
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transfer might be possible. First, we systematically
measured the epimerization rate of terminal homoallylic
alcohol 1 using a wide variety of Lewis acids and
Bronsted acids in dichloromethane at ambient temper-
ature (Table 1). In most cases, no racemization was
observed except when indium complexes were used as
Lewis acids (entries 1-3). This is consistent with our
previous report on the involvement of a retro-cleavage,
which gradually resulted in the reduction of the
enantioselectivity. More racemization was observed
when performed in the presence of the parent aldehyde.

Next, we investigated the effect of reaction temperature
on the rate of racemization using CSA as catalyst. As
expected, the enantiometric excess of 1 remained unaf-
fected at 0, 15, 25°C and at reflux. However, the addi-

Table 2. Monitoring ee at various temperatures®

OH (0]
CSA
Ph/\)\/\ + Ph/\)I\H -
CDCl;
Conditions
1(90% ee) 2
Entry Conditions Time duration® Remarks
(min)

1 0°C 120 No change

2 15°C 120 No change

3 25°C 120 64% ee

4 Reflux 120 17% ee

#Reactions were performed with linear homoallylic alcohol 1, hydro-
cinnamaldehyde 2 and CSA in CDCl; unless otherwise stated.

® After the stated time a reaction aliquot was worked up, purified and
analyzed using HPLC.

Table 3. Allyl-transfer using various chiral reagents®

tion of 1equiv of hydrocinnamaldehyde (Table 2) was
found to speed up the racemization process. It was
found that racemization occurred at 25 °C and at reflux
after 120 min, giving rise to 64% ee and 17% ee,
respectively. Thus, it seemed that epimerization could be
suppressed by reducing the reaction temperature.

A few chiral reagents were tested for the allyl transfer
with hydrocinnamaldehyde at 15°C (Table 3). Among
them, (+)-camphor was found to give the best yield and
ee. As shown in Table 3, the homoallylic alcohol can be
obtained in 70% yield with 90% ee. It is important to
note that carrying out the reaction at —78 °C gave the
product in good ee (92%) but lower yield (13%). An-
other point to note is that good yields and excellent
enantioselectivities were achieved when the molarity was
increased from 3 to 6 M. The optimized conditions for
this allyl transfer are 15°C, with 3equiv of camphor-
derived homoallylic alcohol at 6 M concentration.

With the above modifications and optimization, we
proceeded to investigate the asymmetric allyl transfer
from 3 to different aldehydes (Table 4). Various terminal
homoallylic alcohols were successfully obtained in
moderate to good yields and excellent ee. In a few cases,
reducing the temperature to 0°C furnished the prod-
ucts with better enantioselectivities (entries 3-4). Fur-
thermore, excess chiral reagent and camphor can be
recovered and reused. To illustrate, the excess camphor-
derived homoallylic alcohol 3 and the camphor from the
reaction in entry 3 (Table 4) were recovered in 93% and
72% yields, respectively.

In conclusion, we have found that homoallylic alcohols
containing a terminal double bond racemize in the pres-

+ /\)\/\
A
R NP H CH,Cl, Ph
15°C
3 2 1
Entry 3 Time (h) Yield (%)° ee (%)
1 OH 145 70 90
OH
2 142 10 60
—
3 144 51 71

#Reactions were performed using homoallylic alcohol 3, hydrocinnamaldehyde 2 and CSA in CH,Cl, (3 M) unless otherwise stated.

®Isolated yield.
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Table 4. Allyl-transfer with various aldehydes®®

0 CSA OH
on + S, NN
CH,Cl, (6 M)
15°C
3 2 1
Entry R Time (h) Recovery of 3 (%)° Yield (%o)? %oeet
(6]

1 145 80 70 90¢

Ph/\)J\H

(0]

2 164 108 12 90

Ph)J\H

(0]
3f \/\/\/\)I\ 136 93 78 96"
H
(0]
4f O/u\H 144 96 54 90
5 i 146 83 81 92
A H
(6] (0]

6 )J\/\/\/U\ 146 92 65 92

EtO =~ H

(0]

7 (\)J\H 136 101 62 92

OBn

OBn (0

84 50 94

8 K/\/U\H 163

#Reaction was performed at 15°C with homoallylic alcohol 3, aldehyde 2 and CSA in CH,Cl, (6 M) unless otherwise stated.

®Yields of Prins cyclized product were found to be less than 5%.
¢ Determined with respect to 2 equiv.
dsolated yield.

¢ Determined by HPLC analysis using Chiralcel columns or 'H NMR analysis of Mosher acid derivatives. Please refer to supporting information.

TPerformed at 0°C.

£86% ee (76% yield) was obtained when performed at 25°C.
h'86% ee (66% yield) was obtained when performed at 15°C.
178% ee (62% yield) was obtained when performed at 15 °C.

ence of strong Lewis acids and at high temperature with or
without the addition of aldehyde. Our studies have shown
that carrying the reaction out at low temperature using a
mild acid such as CSA prevents this racemization process.
We have successfully developed a highly enantioselective
allyl transfer method to obtain terminal homoallylic
alcohols in moderate to high yields with excellent
enantioselectivities. Excess chiral camphor-derived
homoallylic alcohol and the camphor generated from the
reaction can be recovered and reused, thus making this
method attractive for the large scale preparation of
homoallylic alcohols with high enantioselectivities.

Supporting information available. Experimental details,
characterization data and stereochemical proofs.
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