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Abstract—The vicinal dianions derived from chiral succinic acid derivatives, 1,4-bis[(4R,5S)-3,4-dimethyl-2-oxo-5-phenylimid-
azolidin-1-yl]butane-1,4-dione and 1,4-bis[(4S,5R)-3,4-dimethyl-2-oxo-5-phenylimidazolidin-1-yl]butane-1,4-dione react with aryl-
methyl bromides with high diastereo- and regio-selectivity to provide the corresponding chiral a-arylmethylated succinic acid
derivatives; the (R)-products are converted into (R)-b-arylmethyl-c-butyrolactones and (R)-a-arylmethyl-c-butyrolactones.
� 2004 Elsevier Ltd. All rights reserved.
Succinic acid derivatives are of importance because they
can serve as four-carbon building blocks in organic
synthesis. Having considered the basic skeleton of many
classes of compounds such as lignans1 possessing a c-
butyrolactone or tetrahydrofuran nucleus, it was found
that such compounds consisting of a four-carbon unit
could be considered as a carbon backbone derived from
succinic acid derivatives. Therefore, considerable atten-
tion has been focused on the synthetic utilities of succinic
acid derivatives.2 In connection with our recent reports
on the synthetic utilities of vicinal dianions derived from
a-aroylsuccinic esters as useful reagents for the synthesis
of a-arylideneparaconic esters and furofurans,3 it is of
interest to extend our investigation on new synthetic
strategies to chiral c-butyrolactone frameworks, espe-
cially some bioactive naturally occurring c-butyrolac-
tone lignans. We therefore studied the generation and
diastereoselective alkylation of vicinal dianions derived
from chiral succinic acid derivatives.4 This study is
focused on a new general diastereoselective synthesis of
chiral b-arylmethylated c-butyrolactones, which are
versatile intermediates for the asymmetric syntheses of
lignans. Several synthetic approaches for the optically
active b-arylmethyl-c-butyrolactones have been pub-
lished.5 The vicinal dianion 2a was generated by reacting
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chiral succinic acid derivative 1a with 2 equiv of LDA in
THF at )78 �C for 1 h. Treatment of 2a with 1 equiv of
benzyl bromide at )78 �C for 5 h afforded the benzylated
product 3a in 50% yield as a single diastereomer, together
with the recovered starting material 1a in 41% yield. A
better yield of 3a (75%) was obtained, when 2.2 equiv of
benzyl bromide were employed under the same condi-
tions. It is noteworthy that the reaction using 1 or 2 equiv
of benzyl bromide gave only the monobenzylated prod-
uct 3a.6;7 The (S)-configuration at the new stereocenter of
compound 3a was confirmed by converting into the
corresponding known (S)-a-benzylsuccinic acid.8 When
the reaction was carried out in the presence of DMPU
and slowly warmed up from )78 �C to room temperature
overnight, a complex mixture of products was obtained
as revealed by TLC and 1H NMR data. Having the
standard conditions, we next investigated the reactions
of the vicinal dianion 2a with methyl iodide and allyl
bromide. The products 3b and 3c were also obtained as a
single diastereomer in moderate yields as indicated in
Table 1 (entries 2 and 3, Scheme 1).

Similarly, the vicinal dianion 2b could be generated from
1b and reacted with arylmethyl bromides (2.2 equiv) at
)78 �C for 5 h to give arylmethylated products 4a–c in
moderate yields (Table 1, entries 4–6). The reaction
proceeded with high diastereo- and regio-selectivities; all
compounds 4a–c were obtained as a single diastereomer.
The configuration of the new chiral center of 4b was
proved to be (R) by single crystal X-ray diffraction
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Scheme 1.

Figure 1. Crystal structure of compound 4b.
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Figure 2. Proposed models for the stereochemical course of the

alkylation of the vicinal dianions 2a and 2b.

Table 1. Alkylation of vicinal dianions 2a and 2b

Entry 1 RX 3b or 4b, R¼ Yield (%)a

1 1a PhCH2Br 3a, PhCH2 75

2 1a MeI 3b, Me 48

3 1a CH2@CHCH2Br 3c, CH2@CHCH2 49

4 1b 3,4-MeOPhCH2Br 4a, 3,4-MeOPhCH2 53

5 1b 3-MeOPhCH2Br 4b, 3-MeOPhCH2 67

6 1b 3,4-CH2(O)2PhCH2Br 4c, 3,4-CH2(O)2PhCH2 67

a Isolated yields. All compounds were fully characterized by 1H NMR, 13C NMR, MS, and CHN analyses or HRMS.
b The specific rotation values, ½a�28D of 3a–c and 4a–c are as follows: 3a; +127.84 (c 0.51, MeOH); 3b, +117.45 (c 0.55, CHCl3); 3c, +107.50 (c 0.64,

CHCl3); 4a, )45.02 (c 0.31, CHCl3); 4b, )64.57 (c 0.70, CHCl3); 4c, +46.85 (c 0.29, CHCl3).
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analysis9 (Fig. 1), which suggested the simple model for
the stereochemical course of the benzylation of the vic-
inal dianion 2b shown in Figure 2.
Based on the evidence that Li-chelated (Z)-enolates were
formed upon treatment of 1-acyl-2-imidazolidinones
with LDA,10 the vicinal dianion intermediate 2b is pro-
posed to exist in the (Z,Z)-configuration possessing the
defined six-membered ring chelate structure 2b–A. In the
formation of 4a–c, the arylmethyl bromides would
approach from the Re-face of the vicinal dianion 2b–A to
avoid the steric repulsion with phenyl and methyl groups
leading to an intermediate 2b–B. The second aryl-
methylation of 2b–B does not occur due to the steric
hindrance between the a-arylmethyl and the chiral aux-
iliary phenyl groups. As similar model 2a–A may also be
applied to the alkylation of the vicinal dianion 2a, in
which the alkylating agent approaches from the Si-face
(Fig. 2).

Having established that highly diastereoselective alkyl-
ation of the vicinal dianion 2b furnishes the single
diastereomer of compounds 4a–c possessing the (R)-
configuration at the a-carbon, we turn our attention to
the preparation of (+)-b-arylmethyl-c-butyrolactones.
This could be accomplished by a hydrolysis–anhydride
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formation–reduction sequence, starting from chiral
succinic acid derivatives 4 (Scheme 2).

Thus, hydrolyses of 4a–c employing LiOH (5 equiv) in
aqueous THF under reflux for 40–42 h provided the
corresponding succinic acid derivatives 5a–c in good
yields after acidic work-up.11 Treatment of these acids
with excess Ac2O at 0 �C afforded the corresponding acid
anhydrides 6 in quantitative yields. Reduction of 6 with
NaBH4 in THF at 0–5 �C for 1 h afforded the mixtures of
the expected (R)-b-arylmethyl-c-butyrolactones 712 and
(R)-a-arylmethyl-c-butyrolactones 8,12 which could be
separated by chromatography on silica gel.

In conclusion, we have described a general entry to an
enantioselective synthesis of (R)-b-arylmethyl-c-butyrolac-
tones. The method involves highly regio- and diastereo-
selective arylmethylations of the vicinal dianions derived
from chiral succinic acid derivatives, 1,4-bis[(4R,5S)-3,4-
dimethyl-2-oxo-5-phenylimidazolidin-1-yl]butane-1,4-di-
one and 1,4-bis[(4S,5R)-3,4-dimethyl-2-oxo-5-phenyl-
imi-dazolidin-1-yl]butane-1,4-dione. It is anticipated
that the methodology described herein will find a number
of useful applications in asymmetric synthesis of lignans.
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