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A Concise Diastereoselective Synthesis of the Natural
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Abstract. (2R, 35)-2-hydroxymethyl-3-hydroxy pyrrolidine 4, a constituent of Ca;mammm] was
synthesized from (S)-pyroglutamic acid through diastereoselective epoxidation of @, S-unsaturaied pyrrolidone 8.

Optically active polyhydroxylated pyrrolidines have recently received considerable attention due to
their role as intermediates for the synthesis of more complex bioactive molecules or to their own biological
activities.2 Some of them, as DBA1 1 (D-1,4-dideoxy-1,4-iminoarabinitol), are selective glycosidase
inhibitors3 whereas the enantiomer LBA 1 exhibit anti-HIV properties.4
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Both enantiomers of pyroglutamic acid 2 have already proven to be useful in the syntheses of many
substituted pyrrolidines with defined configurations. In continuation of our work starting from 2 as a chiral
source in synthesis, we postulated that several interesting hydroxylated pyrrolidines could be easily accessible
from (S) (or R) pyroglutaminol 36. For this purpose, we planned to prepare conveniently protected 3, 4-epoxy
derivatives. These oxiranes could constitute versatile intermediates, depending on the nucleophile used to open
the epoxide ring. This approach is illustrated herc by the synthesis of the natural (2R, 35)-2-hydroxymethyl-3-
hydroxy pyrrolidine 47, isolated from Castanospermum australe.l
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The known pyrrolidones 58 and 6% were deprotonated respectively by LIHMDS and LDA (1 equiv,
78°) to introduce the conjugated double bond by classical phenylselenation (PhSeCl), followed by selenoxide
elimination. In both cases hydrogen peroxide was used as an oxidant of the phenylselenides, leading
respectively to 710 and to the previously described compound 8.11
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The epoxidation of these o, f-unsaturated pyrrolidones proved to be more difficult than anticipated,
which is also supported by recent results.12 Several methods of electron deficient alkene epoxidation were
investigated :

Dimethyldioxirane is known to epoxidize the double bond of a, B-unsaturated ketones, acids and
esters.13 This method was applied to the compound 7, the N-methoxycarbonyl substitution of which provided
some ketonic character to the conjugated y-lactam carbonyl, but it was ineffective, and gave rise to only O-
deprotected pyrrolidone 10. The compound 8 lacked reactivity towards hydrogen peroxide in presence of
sodium bicarbonate.14 The use of sodium perborate!5 led to 9a in poor yield (11%), but all attempts to
improve yield by increasing the reaction time failed.

Better results were obtained with conjugate addition of lithium tert-butylhydroperoxide16.17, which led
to the epoxides 9 in 46% isolated yield. The ratio of diastereomers 9a and 9b (9a : 9b = 87 : 13) was
determined by 1H NMR in CgDg, the chemical shift of the amino acetal proton was rather different in 9a
(6.46ppm)18 and 9b (6.04 ppm).19 These diastereoisomers were separated chromatographically. The nitrogen
and the hydroxymethyl groups of the major epoxide 9a were deprotected by acidic hydrolysis without opening
of the epoxide ring (CF3CO2H,THF-H20), leading to primary alcohol 11a, which was characterized through its
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acetate 12a (57% isolated yield from 92).20 In the same conditions, the isomer 9b gave rise to 12b. Thus 9a
and 9b differ by relative configuration of the epoxide ring. The diastereoselectivity was interpreted as a
consequence of the steric hindrance due to the oxazolidine methylene of the constrained compound 8 and the
configurations were confirmed by X ray analysis of 9a 21, but the stereocontrol was not so efficient?2 as
observed in the conjugate addition of dialkyllithiocuprates.23

It is noteworthy that no epoxide could be isolated in the same conditions starting from the unsaturated
pyrrolidinone 7 which was recovered along with several degradation products.24

LiAlH4 reduction of 12a gave rise to (2R, 35)-2-hydroxymethyl-3-hydroxy pyrrolidine 4 in 80% yield.
Its hydrochloride was spectroscopically identical with the natural product isolated from Castanospermum
australe ;125 (25,4R)-4-hydroxy prolinol hydrochloride 13, prepared by deprotection26 of its N-BOC
derivative27, was not detected in the NMR spectra of the reduction product of 12a, indicating a high
stereoselectivity of the opening of epoxide ring by the hydride ion.

The use of optically pure 3, 4-epoxy pyrrolidone 9a in further syntheses are under current investigation
in our laboratory.
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