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Abstract

High enantioselectivity was achieved in the lipase-catalyzed kinetic resolution of 5-hydroxypyrrolidin-2-
one and 5-hydroxy-1,5-dihydropyrrol-2-one derivatives. Lipase PS and Novozym 435 were the successful
catalysts (E=>1000). The acetylation of the N-protected 5-hydroxy-1,5-dihydropyrrol-2-one derivative
gave the (R)-acetate with high enantioselectivity, while, without N-protection, the (S)-acetate was
obtained. © 2000 Elsevier Science Ltd. All rights reserved.

Chiral 5-hydroxypyrrolidin-2-one and 5-hydroxy-1,5-dihydropyrrol-2-one derivatives are valu-
able building blocks for the asymmetric synthesis of natural products.1 Enantioselective reduc-
tion of succinimide derivatives is an effective method to lead to chiral
3,4-disubstituted-5-hydroxypyrrolidin-2-one derivatives, in which bicyclic derivatives give rise to
moderate to high enantioselectivities, whereas monocyclic derivatives show moderate enantio-
selectivities (Fig. 1).2,3 Kinetic resolution of 5-hydroxypyrrolidin-2-one and 5-hydroxy-1,5-dihy-

Figure 1. Enantioselective reaction to 5-hydroxylactam
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dropyrrol-2-one derivatives is a more practical method. Recently, we reported the first asymmet-
ric synthesis of (R)-(−)-5-hydroxy-3-methyl-1,5-dihydropyrrol-2-one (jatropham), which is an
antitumor alkaloid, using kinetic resolution of the racemic jatropham.4 We report5 herein highly
enantioselective kinetic resolution of 5-hydroxypyrrolidin-2-one and 5-hydroxy-1,5-dihydro-
pyrrol-2-one derivatives catalyzed by lipase6 (Fig. 1).

Lipase PS (Amano, Pseudomonas cepacia) catalyzed transesterification of 5-acetoxy-1-benzyl-
pyrrolidin-2-one 1 to give the (R)-hydroxylactam 2 and the recovered (S)-acetate 1 in a good
enantiomeric ratio of E7=23.8 after 192 hours stirring (Scheme 1).

Scheme 1. Lipase PS-catalyzed transesterification of 5-acetoxy-1-benzylpyrrolidin-2-one 1

The enantioselectivity was increased to E=41.9 in the acetylation8 of 1-benzyl-5-hydroxy-
pyrrolidin-2-one 2 with vinyl acetate in 1,4-dioxane solution after 48 hours (Table 1, entry 3).
Furthermore, we found that the recovered 5-hydroxylactam (S)-2 was stable without racemiza-
tion after 10 days, while the acetate (R)-1 was easily racemized after a few days at room
temperature.9

Table 1
Enantioselective acetylation of 1-benzyl-5-hydroxypyrrolidin-2-one 2

Entry Acetate 1Solvent Alcohol 2 E valueTime (h)

Eea (%)Yield (%)Eea (%)Yield (%)

4.2– 72 40 51 40 991
120 14.348i-Pr2O 512 8326

41.999478849481,4-Dioxane3

a Determined by chiral HPLC using Chiralcel OD (flow rate: 0.5 mL/min, eluent: hexane/i-PrOH=80/20).

High enantioselectivity was observed in the monocyclic succinimide derivatives above. Next,
we examined the kinetic resolution of maleimide and citraconimide derivatives. Results are
shown in Table 2. The transesterification of the 5-acetoxylactam 3a proceeded to give the
(R)-alcohol 4 and the recovered (S)-acetate 3 in a high enantiomeric ratio of E=>501 (entry 1).
The 4-methyl-5-acetoxylactam 3b did not react with ethanol, whereas the 3-methyl-5-acetoxylac-
tam 3c gave the (R)-alcohol 2 with high enantioselectivity (entries 2 and 3).
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Although high enantioselectivity was obtained in the transesterification of 3, the reactivity was
relatively low. On the other hand, enhanced reactivity was observed in the acetylation of the
5-hydroxylactam 5a–c with vinyl acetate as shown in Table 3. The reaction of the 1-benzyl-5-
hydroxylactam 5a in the presence of lipase PS gave the (R)-acetate 6a and the recovered
(S)-alcohol 5a with extremely high enantioselectivity (E=>1057, entry 1). Novozym 435 (Novo
Nordisk, Candida antarctica) was also a practical catalyst for the kinetic resolution (E=>752,
entry 2). The 1-allyl-5-hydroxylactam 5b was effectively resolved under similar conditions
(entries 3 and 4). Interestingly, reverse enantioselectivity was observed in the reaction of the
5-hydroxylactam 5c (R=H, entries 5–6); thus, the enantioselectivity depends upon N-protection.
These resolved compounds are stable at room temperature, and racemization was not observed.

Table 2
Enantioselective transesterification of the 5-acetoxylactam 3

E valueTime (h) Alcohol 4Entry Acetate 3Substrate

Ee (%)a Yield (%) Ee (%)aYield (%)

9049\9945 \501723a1
–3b 99 – –480 Trace2

120 \28043623c \993 26

a Determined by chiral HPLC using Chiralpak AS (flow rate: 0.3–1.0 mL/min, eluent: hexane/EtOH=90/10-98/2).

This approach is even successful with the citraconimide derivatives 5d–g. The (R)-1-benzyl-4-
methyl-5-acetoxylactam 6d (98% ee) was obtained but in 20% conversion after prolonged
reaction time (entry 7). This low reactivity was due to the steric interaction of the 4-methyl
group. In the case of the 1-benzyl-3-methyl-5-acetoxylactam 5e the acetylation smoothly
proceeded to give the (R)-acetate 6e (>99% ee) and the recovered (S)-alcohol 5e (>99% ee)
(entry 8). Reverse enantioselectivity was also observed in the acetylation of 5g without
N-protection in the presence of Lipase PL (Meito, Alcaligenes sp.) (R3=H, entry 10).

In conclusion, we have discovered that racemic hydroxylactams are easily resolved by lipase,
and that enantioselectivities depended upon the presence or absence of N-protection. Although
the mechanism of the enantioselectivity is not clear at this stage, probably, a hydrogen bonding
between the amide-hydrogen and the hydrogen acceptor near the reaction site plays an
important role in leading to the reverse enantioselectivity.
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Table 3
Enantioselective acetylation of the 5-hydroxylactam 5

Config. Yield 5 (ee)a (%)Entry Config.Substrate E valueR3 Lipase Time (h) Yield 6 (ee)a (%)

R 48 (\99) S \105724 50 (\99)Lipase PSBn5a1
20 49 (\99) R 48 (\99) S \7522 Bn5a Novozym 435

R 50 (70) S 10242 (96)Allyl3 5b 6Lipase PS
48 (81)5b R 47 (93) S 21.2Allyl Novozym 435 204

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
5 49 (75) S 32 (\99) R 14.9H5 Lipase PL5c

S 44 (99) R 12.343 (75)5c6 20Novozym 435H
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

R 67 (38) S 1267 5d Bn Lipase PS 240 20 (98)
R 48 (\99) S \75249 (\99)8 20Novozym 435Bn5e

20 46 (79) R 48 (81) S 16.09 5f Allyl Novozym 435
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

S 35 (98) R 5.165g 53 (50)10 Lipase PLH

a Determined by chiral HPLC using Chiralpak AS (flow rate: 0.5–1.0 mL/min, eluent: hexane/EtOH=80/20-98/2).
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