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Enzymatic Resolution of N-Hydroxymethyl y-Butyrolactams.
An Access to Optically Active y-Butyrolactams
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Abstract: Enzymatic resolution of substituted pyrro{idinoues was achieved using lipases by transesterification
of their 1-hydroxymethyl derivatives in the presence of vinyl acetate.

We recently reported that the enzymatic resolution of lactones can be conducted by hydrolysis in the
presence of esterases or lipases.] Our present interest in the chemistry of lactams led us to examine in the same
way their possible resolution using enzymes. Screening of the literature shows that their hydrolysis is only
possible using not readily available enzymes.2 Although chemical preparations of optically active y-
butyrolactams have been reported,3 these methods lack versatility and seem applied ‘only to simple compounds,
usually bearing one substituent in position 5.

We decided to explore the enzymatic resolution of y-butyrolactams, using a labile group fixed on the
nitrogen atom: an hydroxymethyl appeared promising, owing to its facile fixation and removal.
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‘The desired N-hydroxymethyl y-butyrolactams 2 were prepared in quantitative yields by treatment of
the corresponding lactams with pai‘aformaldehyde in the presence of catalytic amiounts of potassium carbonate
and water under sonication. The transesterification of lactam 2a (R = Me) with vinyl acetate catalyzed by the
lipase from Porcine Pancreas (PPL) or the lipasé from Pseudomonas cepacia 4 (PL) was examined in various
solvents.5 The results are reported Table 1. '

With PPL, moderate enantioselectivities were obtained and better results were observed with PL in
THF. Similar results were obtained in acetone, zert-amyl alcohol or fert-butyimethyl ether (TBME). Addition of
triethylamine, aimed 1o quench acetaldehyde, had no influence on the rate or the enantioselectivity of the
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reaction. PL immobilized on Hyflo Super Cel ® 6 was more active than the free lipase since in the reactions
reported Table 1 only a quarter of the amount of enzyme was used; besides the enantioselectivities7 of the
reactions were improved. Such E values (see Table 1) allow an easy preparation of either alcohol 2a or either
acetate 3a with high enantiomeric purities.8

Table 1: Transesterification of 1-hydroxymethyl-S-methyl-2-pyrrolidinone 2a
Enzyme a Solvent = Temperature Time Conversionb  Ee alcohol 27 Ee acetate 37 Eb

0 (h) (%) (%) (%)
PPL iPr0 40 144 44 52 66 8
PPL THF 45 9 38 40 64 7
PL i-Pr0 20 14 50 74 74 15
PL THF 20 28 52 88 82 28
PLHSC  i-PrO 20 5 52 88 84 28
PL-HSC THF 20 28 50 87 87 41
PL-HSC  pentane 20 95 44 75 94 97

a PPL: lipase from Porcine Pancreas. PL: lipase from Pseudomonas cepacia. PL-HSC: PL immobilized on Hyflo Super Cel ®
b Calculated according to reference 8.

The absolute configuration of alcohol 2a ([e]p -9 (¢ 0.475; THF), eec >98% 7) was determined
after thermal conversion (200° C/10-15 mmHg, 30 min) into (R)-5-methyl-2-pyrrolidinone 1a ([a], +16.5°
(c 1.35; EtOH)) previously reported in the literature ([o]p +18 (¢ 1.0; EtOH)).9 After hydrolysis into
alcohol (EtOH, H,0, KOH; 80% yield) and heating, the acetate 3a ([alp -61  (c 0.625; THF), cc>98% 7)
was similarly converted into (S)-5-methyl-2-pyrrolidinone.
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Transesterification of 5-alkyl-1-hydroxymethyl-2-pyrrolidinones 2b-2f was conducted using the
conditions reported above with PL immobilized on Hyflo Super Cel ® In pentane, compare with lactam 2a
lower ¢e's were obtained. Studies with other solvents are reported Table 2. Excellent results were observed in
tert-butylmethyl ether (E: 45 to 78) (Yields: 90-95%). The (R) absolute configuration of alcohols 2b, 2d, 2e
and of acetate 3f as well as the (S) absolute configuration of alcohol 2f and of acetates 3b, 3d, 3¢ were
determined after transformation into (R)- or (S)-5-alkyl-2-pyrrolidinones 1 and comparison of their chiroptical
properties with those published. 10 The signs of the optical rotation of lactam 2¢ and lactam 3¢ being identical
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respectively to those of lactams 2b, 2d, 2e and lactams ‘3b, 3d, 3¢, we reasonably atributed to these two
compounds the (R) and (S) absolute configurations respectively.11

Table 2: Transesterification of 5-alkyl-1-hydroxymethyl-2-pyrrolidinones 2b-2f

R N° Solvent b Time Conversiona  Ee alcohol 27 Ecacetate 37 Ea
) (%) (%) (%)
Ethyl 2b TBME 7 53 98 88 75
Ethyl 2b THF 47 51 92 88 52
n-Propyl 2¢ TBME 7 46 81 93 70
n-Propyl 2¢ THF 49 45 74 90 43
n-Butyl 2d TBME 7 37 56 95 71
n-Butyl 2d THF 49 41 60 88 27
n-Pentyl 2e TBME 7 48 86 93 78
n-Pentyl 2e THF 49 46 74 86 30
i-propyl 2f TBME 7 51 96¢ 86¢ 52

a Cakculated according to reference 8. b TBME: fert-butylmethyl ether ¢ The absolute configurations of the products were the
opposite of those obtained from lactams 2b-2e.

Resolution of 1-hydroxymethyl-3-methyl-2-pyrrolidinone 4 was also attempted in the conditions
used above (PL-HSC, pentane or TBME). A low enzymatic recognition was observed; after 50% conversion
the acetate and the remaining alcohol were isolated with ee's 7 of 42 (TBME) or 44% (pentane) (E: 3-4). This
result can be explain by the fact that the chiral center is more far of the alcohol function compared with 5-
substituted pyrrolidinones 2. However we emphasize that optically active 3-methyl-2-pyrrolidinone 12 has to
our knowledge never been reported.

This methodology is not limited to monocyclic butyrolactams. Excellent results have been also
obtained with the bicyclic compound §, bearing three chiral centers.13 With TBME in the presence of vinyl
acetate, PL-HSC catalyzed transesterification gave after 77h (47% conversion) the acetate and the remaining
alcohol with ee's of respectively 90 and 80% 7.12 (E = 48), (overall yield: 92%). To our knowledge this is the
first straighforward method which allows the preparation of a bicyclic lactam with such a high ee.
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This methodology was also applied to the p-lactam 6.14 Resolution in the conditions described
above gave the remaining alcohol and the acetate with ce's 2 98% 7 (overall yicld: 94%) (E > 200). Application
of this reaction to the preparation of bicyclic B-lactams, such as antibiotics, seems very promising. This
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example shows also that this reaction is not limited 1o y-butyrolactams and should be applied to larger ring
compounds such as 8-valerolactams and &-caprolactams. Work is in progress to test this hypothesis.
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