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Enantioselective �-allylation of a phenylalanine derivative under
the control of aggregation of a chiral nonracemic enolate
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Abstract—�-Allylation of 3 took place upon treatment with KHMDS followed by allylic halides in 82–87% ee in the absence of
external chiral sources. A chiral nonracemic enolate with intramolecular aggregation (D) is expected to be an intermediate. © 2002
Elsevier Science Ltd. All rights reserved.

Previous studies from our laboratory have demon-
strated asymmetric induction based on the dynamic
chirality of enolates.1,2 �-Alkylation of some �-amino
acid derivatives proceeds enantioselectively without the
aid of external chiral sources such as chiral auxiliaries
or chiral catalysts.1,2b–d,3,4 For example, N-Boc-N-
MOM-amino acid derivatives (1) undergo �-methyla-
tion to give 2 in 76�93% ee upon treatment with
potassium hexamethyldisilazide (KHMDS) followed by
methyl iodide. Chiral nonracemic enolate intermediate
A with dynamic axial chirality along the C(2)–N axis
(t1/2=22 h at −78°C) was proposed as a crucial interme-
diate for this asymmetric induction.1 This method,
however, is not sufficient for �-allylation due to low
enantioselectivity (23�69% ee). We further investigated
the asymmetric synthesis of �-allylated �-amino acids
because they are versatile components of functional
peptides.5,6 We describe here a new strategy for the
control of stereochemistry of the reactions of enolates
with electrophiles by controlling their aggregation. An
improved enantioselectivity was observed in �-allylation
of phenylalanine derivative with a phenol group (3).

We often encounter comparable or even better stereose-
lectivity in the reactions of enolates with bulkier elec-
trophiles rather than that with a small electrophile,
methyl iodide.7 The lower enantioselectivity observed in
the �-allylation of 1 implies that an intermediate in
�-allylation may be different from that in �-methyla-
tion. We assumed the existence of a few different
aggregates of a chiral enolate in the reaction of 1. If it
is possible to control the aggregation of the enolate,
both �-methylation and �-allylation would take place
via a common aggregate intermediate, and this could
lead to an improvement in the enantioselectivity of
�-allylation. Enolates generally form aggregates consist-
ing of an oxygen�metal bond framework (B).8 They
usually exist as a mixture of different aggregates in
solution. The complexity of the aggregates is due, at
least in part, to the intermolecular association of enolate
subunits. We anticipated that the formation of stable
intramolecular aggregate (C) enforced by the coordina-
tion of pseudo-enolate subunit (R-OM) would simplify
the aggregate intermediate and affect the stereoselectiv-
ity of the reaction. Based on this hypothesis, a phenyl-
alanine derivative with a phenol group (3) (Table 1)
was designed, which is expected to form aggregate D
upon treatment with a base.

Keywords : aggregate; chiral enolate; dynamic chirality; allylation;
amino acid.
* Corresponding authors. Fax: 81-774-38-3197; e-mail: kawabata@

scl.kyoto-u.ac.jp

0040-4039/02/$ - see front matter © 2002 Elsevier Science Ltd. All rights reserved.
PII: S0040 -4039 (02 )00034 -5



T. Kawabata et al. / Tetrahedron Letters 43 (2002) 1465–14671466

Table 1. Asymmetric �-alkylation of 3

R-XEntry Solvent Yield (%) Ee (%)a

Toluene:THF=4:11 81MeI 88b (81)c

MeI2 THF 83 75b (35)c

Toluene:THF=4:1 71CH2�CHCH2I 82 (55)c3
Toluene:THF=4:1 47 87 (69)c4 (CH3)2C�CHCH2Br
Toluene:THF=4:1 89 83 (48)ctrans-PhCH�CHCH2I5

a Ee was determined by HPLC analysis with a chiral stationary phase.
b (S)-Isomer.
c % Ee of the corresponding product from 1.

To elucidate the effect of a phenolic OH group of 3,
reactions of anisole derivative 8 were examined (Table
2). In both �-methylation and �-allylation, the enan-
tioselectivity was comparable to that observed with 1
(entries 1 and 3). The solvent-dependency of the enan-
tioselectivity in �-methylation was also similar to that
with 1 (entries 1 and 2). The behavior of 8 in asymmet-
ric �-alkylation is closer to that of ethyl ester 1 than to
that of phenol derivative 3. The presence of the pheno-
lic OH group in 3 is significant for asymmetric induc-
tion, which indicates that potassium phenoxide
contributes to the intramolecular aggregation of the
enolate intermediate probably as a pseudo-enolate
subunit.

Asymmetric �-alkylation of 3 is assumed to proceed
via chiral nonracemic enolate intermediate (D) with
dynamic axial chirality along the C(2)–N axis, by anal-
ogy to our previous study with 1.1 We then investigated
the behavior of the enolate intermediate generated from
3 and KHMDS toward racemization. When 3 was
treated with KHMDS in toluene–THF (4:1) at −78°C
for 30 min and then at −40°C for 30 min, the reaction
of the resulting enolate with methyl iodide at −78°C
gave 4 in 68% ee (cf. 88% ee after 30 min of base
treatment at −78°C, Table 1, entry 1). The half-life of
racemization of the chiral enolate is roughly estimated
to be �80 min at −40°C, assuming first-order kinetics
for racemization.1 On the other hand, the same treat-
ment of 1 gave 2 in 5% ee (cf. 81% ee after 30 min of
base treatment at −78°C),1 which corresponds to a
half-life of racemization of �7 min at −40°C. Thus, the
formation of an intramolecular aggregate enhances the
stability of the chiral enolate against racemization.11

In conclusion, �-allylation of phenylalanine derivative 3
proceeded with high enantioselectivity in the absence of
external chiral sources. The formation of an intramolec-
ular aggregate of a chiral nonracemic enolate seems
essential for asymmetric induction, and is also effective
for preserving the enantiomeric purity of the chiral
enolate intermediate (i.e. enhancement of the memory
effect of chirality). We expect that this protocol may
have potential applicability to the control of the reac-
tivity and selectivity of enolate intermediates.

Phenol derivative 3 (98% ee) was prepared by conden-
sation of N-Boc-N-MOM-phenylalanine (5) and 2-(2-
benzyloxyphenyl)ethanol in the presence of
1-[3-(dimethylamino)propyl]-3-ethylcarbodiimide fol-
lowed by hydrogenolysis in 80% yield. Compound 5
was readily obtained from Boc-phenylalanine benzyl
ester in 73% yield via the introduction of a MOM
group to the nitrogen (KHMDS, MOMCl, −78°C)
followed by hydrogenolysis of the benzyl ester. �-Alkyl-
ation of 3 was examined and the results are shown in
Table 1. Treatment of 3 with 2.2 equiv. of KHMDS in
toluene–THF (4:1) followed by methyl iodide at −78°C
gave 4 (R=Me) in 88% ee (entry 1). The stereochemical
course of the �-methylation was determined to be reten-
tion,9 which parallels that of 1.1 �-Allylation of 3
proceeded with improved selectivity of 82�87% ee
compared to that of 1 (entries 3–5).10 The degree of
asymmetric induction of �-alkylation of 3 was com-
parable with several electrophiles (entries 1, 3–5). The
solvent effect in �-methylation was not significant, in
contrast to the results with 1 (entry 2). These results
indicate, although speculative, that the reactive interme-
diate in these reactions might be a single aggregate
species of a chiral nonracemic enolate, which may be
shown as D (M=K).

To investigate the effects of the chain length of a linker
between the phenol and ester carbonyl, analogues with
shorter 6 and longer linkers 7 were prepared. �-Methyl-
ation and �-allylation of 7 took place in 80% ee (71%
yield) and 72% ee (51% yield), respectively, under con-
ditions identical to those for 3. On the other hand,
treatment of 6 with KHMDS followed by methyl iodide
or allyl iodide gave a complex mixture, probably due to
decomposition via cleavage of the benzyl ester. While
the asymmetric induction in the reaction of 7 was
improved, 3 was the most suitable substrate for this
purpose.

Table 2. Asymmetric �-alkylation of 8

Entry R-X Solvent Yield (%) Ee (%)a

95 77 (81)bToluene:THF=4:1MeI1
MeI THF2 88 51 (35)b

58 (55)bToluene:THF=4:1CH2�CHCH2I3 90

a Ee was determined by HPLC analysis with a chiral stationary phase.
b % Ee of the corresponding product from 1.
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