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Abstract—Lipase-catalyzed kinetic resolution of the N,N-dialkyl-3-benzyloxymethyl-4-hydroxybutanamide 10a,b afforded the ace-
tate 11a,b with (R) configuration, whereas the N-monoalkyl-3-benzyloxymethyl-4-hydroxybutanamide 10c–e gave the acetate 11c–e
with (S) configuration. The butanamide 10 smoothly cyclized to give chiral 4-benzyloxymethyldihydrofuran-2-one 9 without race-
mization, which was effectively transformed into highly stereocontrolled virginiae butanolide C (VB C). # 2002 Elsevier Science
Ltd. All rights reserved.

The chiral 3-alkoxymethyl butanolides 4 are the most
useful precursors for the synthesis of A-factor 1 iso-
lated from Streptomyces griseus,1,2 virginiae butanolides
(VB) 2 [VB A: R=CH2CH2CH2CH(CH3)2,VB B:
R=CH2CH2CH (CH3)CH2CH3, VB C: R=CH2CH2

CH2CH2CH3, VB D: R=CH2CH2CH2CH2CH2CH3,VB
E: R=CH2CH2 CH(CH3)2] isolated from Streptomyces
virginiae,2c,3 and IM-2 3 isolated from Streptomyces
FRI-54 (Fig. 1). They have attractive bioactivities, for
instance, A-factor is an autoregulator of differentiation
and antibiotic biosynthesis in various streptomycetes.2

Moreover, they are structurally homologous com-
pounds, which have an alkyl group at the 2-position and
a hydroxymethyl group at the 3-position based on the
butanolide skeleton.

Recently, we reported that the lipase-catalyzed asym-
metric desymmetrization of the 2-carbamoylmethyl-1,3-
propanediol 5 afforded the (S)-acetate 6 with >99%
ee.5 For construction of the butanolide skeleton, the
hydroxy group was protected with a benzyl group under
the usual conditions to give the acetate 7. Hydrolysis
and cyclization of 7 smoothly proceeded to give the
3-benzyloxymethyl butanolide 9; however, the racemate
was obtained from a chiral HPLC analysis (Scheme 1).

Thus, we concluded that even under the neutral condi-
tions racemization occurred in the transformation of 6
to 7 due to an intramolecular transesterification. We
now report herein a practical preparation of the chiral
butanolide 9 using kinetic resolution of the butanamide
10, and the synthesis of virginiae butanolide C.

Enantioselective acylation6 of the butanamide 10 was
investigated.7 Results are shown in Table 1. Lipase PS
(Pseudomonas cepacia, Amano) was marked best
enantioselectivity among lipases tested.8 Phenyl acetate
was most effective acylating agent to give the acetate 11a
and the recovered alcohol 10a in a good enantiomeric
ratio of E 9=18.6 (entry 3) The absolute configuration of
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Figure 1. Chiral 3-alkoxymethyl butanolides.
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10a was determined to be (R) by comparison of the
value of the optical rotation of 4-(phenylsulfanyl-
methyl)dihydrofuran-2-one after acid-catalyzed lactoni-
zation.5 Simplified isolation from the reaction mixture
was accomplished by using succinic anhydride as an
acylating agent; only washing the reaction mixture with
a saturated NaHCO3 solution gave the alcohol (R)-10 in

99% ee (entry 5).10 Interestingly, kinetic resolution of
the N-monoalkyl-butanamide 10c–e showed the opposite
enantioselectivity compared with N,N-dialkyl-butan-
amide 10a,b. The absolute configuration of 11c–e and
10c–e was found to be (S). Thus, the (R)-enantiomer
was more likely to be obtained from N,N-dialkylbutan-
amide (entries 1–7), while the (S)-enantiomer was

Scheme 1. Attempts to synthesis of 3-benzyloxymethyl butanolide 9 from the (S)-acetate 6.

Table 1. Kinetic resolution of the butanamide 10 by lipase-catalyzed acylation

Entry Substrate Acylating agenta Time (h) 11 Yieldb (ee)c (%) Config. 10 Yieldb (ee)d (%) Config. E

1 10a Isopropenyl acetate 9 20 (84) R 75 (25) R 14.1
2 10a Vinyl acetate 2 37 (80) R 51 (62) R 14.3
3 10a Phenyl acetate 3 33 (85) R 60 (39) R 18.6
4 10a Phenyl acetate 2 53 (32) R 20 (95) R 2.7
5e 10a Succinic anhydridef 4 43 (11) R 31 (99) R —
6 10b Phenyl acetate 2 38 (71) R 54 (54) R 9.0
7e 10b Succinic anhydridef 8 48 (43) R 35 (63) R —
8 10c Phenyl acetate 1 38 (51) S 32 (59) S 4.1
9e 10c Succinic anhydridef 5 54 (39) S 41 (55) S —
10 10d Phenyl acetate 12 26 (38) S 49 (18) S 2.5
11 10e Phenyl acetate 10 40 (6)g S 53 (9)g S 1.2

aAcylating agent (2 equiv) was used unless otherwise noted.
bIsolated yields.
cDetermined by HPLC analysis using Chiralpak AD after methanolysis of 11 to 10.
dDetermined by HPLC analysis using Chiralpak AD.
ei-Pr2O was used as the solvent.
fSuccinic anhydride (1 equiv) was used.
gDetermined by optical rotation after transformation into 9.

Scheme 2. Synthesis of virginiae butanolide C (VB C).
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obtained from N-monoalkylbutanamide (entries 8–11).
These tendencies were in good accord with the results of
stereoselectivity in the lipase-catalyzed asymmetric
desymmetrization of the 2-carbamoylmethyl-1,3-diols 5.5

The enantiomerically pure alcohol (S)-10a was obtained
by kinetic resolution repeatedly (11a: 1st 60% ee; 2nd
94% ee, 3rd >99%ee, total yield 21%) followed by
hydrolysis, which was employed in the synthesis of vir-
giniae butanolide C (VB C) as shown in Scheme 2.
Cyclization of the (S)-alcohol 10a gave (R)-3-benzyloxy-
methyl-4-butanolide (R)-9 in 77% yield without race-
mization as revealed by a chiral HPLC analysis. The
butanolide (R)-9 was treated with LDA at �78 �C, and
the resulting anion was reacted with hexanoyl chloride
to give the butanolide (3R)-12 in 68% yield. An ana-
logue of A-factor (3R)-13 was obtained by deprotection
of the benzyl group in 78% yield. Reduction/deprotec-
tion of (3R)-12 gave a diastereomeric mixture of 14,
which was readily separated by column chromato-
graphy to afford VB C (2R,3R,10S)-14 and its epimer
(2R, 3R,10R).11 A higher value of the optical rotation of
synthetic VB C was observed compared with that
reported in the literature,2c therefore, it is suggested that
partial racemization via NaBH4 reduction of 13 might
have occurred in a previous preparation of VB C.2c

In conclusion, we have shown high enantioselectivity in
the kinetic resolution of the butanamide 10. This pres-
ent reaction would provide a practical strategy for
asymmetric synthesis of natural products including
3-alkoxymethyl butanolide skeleton.
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