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’ INTRODUCTION

The construction of all-carbon substituted quaternary carbon
centers is difficult due to steric repulsion between the substitu-
ents. In particular, the enantioselective synthesis of chiral qua-
ternary centers has been quite challenging. In this context,
the catalytic α-alkylation of carbonyl compounds has been
extensively studied, and several powerful methods have been
developed.1�6 Our laboratory is interested in the construction of
α,α-dialkyl malonic diesters containing a chiral center with four
carbon substituents. Chiralα,α-disubstitutedmalonyl derivatives
are important intermediates in the synthesis of biologically active
compounds. However, there have been few reports of enantio-
selective catalytic additions at the α-position of malonyl deriva-
tives, and few synthetic methods have been disclosed.7�9 This is
despite the fact that chiral α,α-dialkyl malonic diesters are quite
attractive synthetic units for various chiral syntheses as a result
of their readiness to undergo chemoselective transformations.
Recently, Park and co-workers reported an enantioselective
catalytic alkylation using (S,S)-3,4,5-trifluorophenyl-NAS bro-
mide as a phase-transfer catalyst (PTC) for the construction of
all-carbon substituted quaternary carbon centers of diphenyl-
methyl tert-butyl malonate;10 however, to our knowledge, this is
the only such synthesis reported to date. Although the diphe-
nylmethyl group can be efficiently cleaved by catalytic hydro-
genation, the substrates cannot contain substituents sensitive to
hydrogenolysis.

To develop a new and convenient method for synthesizing
quaternary carbon centers, we investigated an alkylation reaction
of tert-butyl methyl α-monoalkylated malonate under phase-
transfer conditions using a cinchona alkaloid derivative. tert-Butyl
and methyl ester are simple protecting groups that are readily

cleaved chemoselectively under acidic or alkaline conditions.
Phase-transfer catalytic reactions are regarded as one of the most
efficient synthetic methods, from the viewpoint of being both
inexpensive and relatively environmentally benign.11�14 We
previously reported the asymmetric alkylation of α-cyanocarbox-
ylates and acetoacetates under phase-transfer conditions.15,16

In this paper, we report a highly efficient enantioselective
α-alkylation of tert-butyl methyl α-monoalkylated malonate using
cinchona alkaloid derivatives as inexpensive PTCs and use this
approach to synthesize α,α-disubstituted amino acids from the
chiral α,α-disubstituted malonic diester. In this transformation,
both (S)- and (R)-α,α-disubstituted amino acids could be pre-
pared via similar procedures from the same stereoisomer.

To explore the effect of the phase-transfer catalytic alkylation
of malonic diester, we screened various PTCs (Figure 1) previously
used as catalysts for asymmetric reactions.17�21 α-Benzylated tert-
butyl methyl malonate 8, prepared from Meldrum’s acid through
solvolysis followed by esterification with hafnium(IV) salt,22 was
used in the allylation reaction to evaluate the catalysts. Using
conditions previously reported,23�26 the reaction was carried out
with the representative chiral PTCs 1�7, 1.2 equiv of allyl iodide
(9), and KOH solid at room temperature in toluene (Table 1).
Cinchona catalysts 1�4 afforded moderate to high chemical
yields and enantioselectivities. Catalyst 4, which has a bulky
anthracenylmethyl group at the tertiary amine of cinchonine,
provided the best chemical yield and enantioselectivity (Table 1,
entry 4). (R,R)-3,4,5-Trifluorophenyl-NAS bromide (5) and
(R,R)-3,5-bis(trifluoromethyl)phenyl-NAS bromide (6) afforded
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moderate chemical yields but unsatisfactory enantioselectivities
(Table 1, entries 5 and 6). TaDiAs-[(4R,5R)-2,2-dipropyl-N,N,N0,
N0-tetrakis(4-methylbenzyl)]bis(tetrafluoroborate) (7) gave both
low chemical yield and poor enantioselectivity (Table 1, entry 7).
On the basis of these results, the reaction conditions were then
optimized using catalyst 4.

The optimization studies, summarized in Table 2, showed that
the reaction medium significantly influences the rate of the
reaction (Table 2, entries 1�7). In ether solvents, such as diethyl
ether, tert-butyl methyl ether, and tetrahydrofuran, the products
were afforded in unsatisfactory enantioselectivities (Table 2,
entries 1�3). Dichloromethane gave slightly better selectivity,
but the yield was very low (Table 2, entry 4). Acetonitrile also
provided poor enantioselectivity (Table 2, entry 5). In contrast,
reactions carried out in toluene and xylene gave higher enantios-
electivities (Table 2, entries 6 and 7). Notably, reaction in
toluene afforded the highest chemical yield, so toluene was
selected as the reaction solvent of choice.

To further improve the reaction, we next screened several
bases in toluene in the presence of catalyst 4 (Table 2, entries
7�12). KOH solid and CsOH solid gave similar performances
(Table 2, entries 7 and 8), whereas NaOH solid provided lower

yield and selectivity (Table 2, entry 9) and LiOH and K2CO3

solid were completely ineffective (Table 2, entries 10 and 11).
The use of KOH aqueous solution (50%, w/w) provided higher
enantioselectivity compared to KOH solid (Table 2, entry 12).
Moreover, an increase in enantioselectivity was obtained by gradu-
ally decreasing the reaction temperature to�20 �C(Table 2, entries
13�15), although at�30 and�40 �C, significant decreases in both
chemical yield and enantioselectivity were observed (Table 2,
entries 16 and 17).

Using the reaction conditions optimized so far, we then
examined a variety of alkyl halides and malonic diester 8 to
prove the general utility of cinchona catalyst 4 in the catalytic
asymmetric alkylation reaction. The results are summarized in
Table 3. The alkylation of α-benzylated tert-butyl methyl mal-
onate 8 with alkyl halides was carried out in toluene and aqueous
50% KOH at�20 �C using PTC 4. Significantly, all alkyl halides
exhibited high enantioselectivities. Compared with allyl iodide,
allyl bromide provided lower yield (77%) and enantioselectivity
(86% ee) to give the corresponding α-allyl α-benzyl product 10
(Table 3, entry 2). The reaction with prenyl bromide was faster
and afforded product 11 in high yield with high enantioselectivity
(Table 3, entry 3). The alkylation reaction with methyl iodide

Figure 1. Structures of the phase-transfer catalysts.

Table 1. Catalyst Screening for the Alkylation of α-Benzyl tert-Butyl Methyl Malonate 8

entry PTC yield (%)a ee (%)b

1 1 52 34

2 2 79 48

3 3 57 44

4 4 93 60

5 5 52 16

6 6 46 45

7 7 35 11
a Isolated yields. bDetermined by chiral HPLC.
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and ethyl iodide proceeded with good enantioselectivity to give
products 12 and 13 in 70% and 52% yield, respectively (Table 3,

entries 4 and 5). In the case of ethyl iodoacetate, the reaction
provided both high yield and excellent enantioselectivity
(Table 3, entry 6). Benzyl bromoacetate provided similar en-
antioselectivity, albeit with slightly lower yield (Table 3, entry 7).

Next, to show the utility of the reaction using cinchona catalyst 4,
a gram-scale (10 mmol) experiment was carried out (Scheme 1).
The catalytic reaction proceeded smoothly, and excellent enan-
tioselectivity was maintained to provide 10 in high yield. This
result indicates that this economical cinchona-catalyzed asymmetric
reaction is practical, since catalyst 4 is 100 times less expensive
than NAS.

As anticipated, cinchonidine-derived PTC 16, a pseudoenan-
tiomer of cinchonine-derived PTC 4, led to the formation of
enantiomer of 10 in excess.27 As a result, the catalyst 16 afforded
(S)-10 in 72% yield with 42% ee (Scheme 2). This low enantios-
electivity suggested that the vinyl group in catalyst 16 has an effect
on the transition state of the reaction intermediate.

The utility of the present reaction was further demonstrated
by the synthesis of α,α-disubstituted amino acids (Scheme 3).
These compounds are of interest because they belong to the
broad class of nonproteinogenic amino acids.28�31 Due to the
quaternary stereocenter, the replacement of natural amino acids
by α,α-disubstituted amino acids in peptides might result in
conformationally rigid and proteolytically stable peptides.32�35

The tert-butyl or methyl ester of an α,α-disubstituted malonic
diester can be chemoselectively deprotected. Thus, the asym-
metric reaction product 10 can be selectively converted into
carboxylic acid 17 or 20, respectively, in quantitative yield.
Carboxylic acids 17 and 20 were converted into amines 18 and
21 through Curtius rearrangement with diphenylphosphoryl

Table 2. Optimization Studies of the Alkylation Reaction

entry solvent base temp. (�C) time (h) yield (%)a ee (%)b

1 Et2O KOH solid r.t. 7 79 35

2 TBME KOH solid r.t. 7 36 36

3 THF KOH solid r.t. 7 59 16

4 CH2Cl2 KOH solid r.t. 7 20 41

5 CH3CN KOH solid r.t. 7 36 7

6 xylene KOH solid r.t. 7 44 74

7 toluene KOH solid r.t. 7 93 60

8 toluene CsOH solid r.t. 7 89 61

9 toluene NaOH solid r.t. 7 67 7

10 toluene LiOH-H2O solid r.t. 7 NRc

11 toluene K2CO3 solid r.t. 7 NRc

12 toluene 50% KOH aq r.t. 7 86 76

13 toluene 50% KOH aq 0 72 87 85

14 toluene 50% KOH aq �10 72 86 85

15 toluene 50% KOH aq �20 72 92 94

16 toluene 50% KOH aq �30 96 24 84

17 toluene 50% KOH aq �40 168 43 75
a Isolated yields. bDetermined by chiral HPLC. cNo reaction.

Table 3. Asymmetric Alkylation of tert-Butyl Methyl Malo-
nate 8 with Various Alkylation Reagents

a Isolated yields. bDetermined by chiral HPLC. c 4.0 equiv of alkylating
agent was used.
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azide36,37 in the presence of triethylamine, followed by hydro-
lysis. Deprotection of methyl ester 18 by hydrolysis under alkaline
conditions provided (R)-α-allylphenylalanine ((R)-19). On the
other hand, tert-butyl ester 21 was treated with TFA to obtain
(S)-α-allylphenylalanine ((S)-19). Both (R)- and (S)-19 exhibited

full optical activity. The stereochemistry of (R)- and (S)-19
was determined on the basis of the measured optical rotation
compared with literature values.38�41 Thus, the synthesis of
α-allylphenylalanine (19) defined the absolute configuration of
the 10 as R form.

Scheme 1. Gram-Scale Asymmetric Alkylation of tert-Butyl Methyl Malonate 8 with PTC 4

Scheme 2. Asymmetric Alkylation of tert-Butyl Methyl Malonate 8 with PTC 16

Scheme 3. Synthesis of (R)- and (S)-α-Allylphenylalanine
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’CONCLUSION

In conclusion, we have described the highly enantioselective
alkylation of malonic diesters catalyzed by N-(9-anthracenyl-
methyl)cinchoninium chloride and demonstrated the utility of
the inexpensive cinchona catalyst in a gram-scale reaction. This
method provides access to α,α-disubstituted malonic diesters
containing an all-carbon substituted quaternary stereocenter.
Through chemoselective transformation of the simple tert-butyl
or methyl ester, the α,α-disubstituted malonic diesters were
readily converted into chiral amino acid of both enantiomers.
The utility of this method was demonstrated by the successful
synthesis of (R)- and (S)-α-allylphenylalanine. In addition to
α-benzylated malonate, we are currently investigating the alkyla-
tion reaction with otherα-substituted malonates. The results will
be reported in due course.
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