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Stereoselective synthesis of polyhydroxylated pyrrolidines:
a route to novel 3,5-bis(hydroxymethyl)pyrrolidines

from 2-azabicyclo[2.2.1]hept-5-enes

M. José Alves,a Xerardo Garcı́a-Mera,b M. Luisa C. Vale,c Teresa P. Santos,c
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Abstract—An efficient preparation of racemic and chiral 2-functionalized-3,5-bis(hydroxymethyl)pyrrolidines is described. The
method uses 2-azabicyclo[2.2.1]hept-5-enes, readily obtained from glyoxylates of aliphatic amines and cyclopentadiene, as starting
material. The hydroxylation of the double bond followed by the oxidative cleavage of the six-membered ring and in situ reduction of
the dialdehyde intermediate gives the title pyrrolidines.
� 2006 Elsevier Ltd. All rights reserved.
3-Functionalized 2-azabicyclo[2.2.1]hept-5-enes (1) and
their derivatives are useful as synthetic intermediates
in the preparation of diverse compounds of pharmaceu-
tical and/or biological interest. For example, lactam 2
has been used in the preparation of herbicides,1 cyclic
analogues of GABA,2 the antibiotic amidomycin3 and
several antiviral and antineoplastic agents.4
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Our research group is, more recently, involved in the
synthesis of polyhydroxylated pyrrolidines/piperidines
from aza-bicycles (3). Many of these ‘glycomimetics’,
also called azasugars or iminosugars, have shown poten-
tial useful activity, due to their structural resemblance to
sugars and their resultant ability to act as glycosidase
inhibitors.5 This group of inhibitors is now finding
application as antiviral6 (included anti-HIV), antineo-
plastic7 and antidiabetic agents.8
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In particular, the compounds known as DAB1 (4), fago-
mine (5) and (2S,3R,4R)-3,4-dihydroxyproline (6) have
been screened as potential inhibitors of HIV replica-
tion6d,e as part of a project looking at the potential of
amino sugar derivatives in dissecting glycoprotein
biosynthesis.6f
A look at the recent literature reveals that the synthesis
of 3,5-substituted prolines (or pyrrolidines) (7) is not a
trivial task since there are only a few general routes to
enantiomerically pure compounds and all of them are
multistep procedures.9 Previous results have shown that
3,6-bis(hydroxymethyl)piperidinic compounds (pipeco-
lic analogues)10 could be obtained via the oxidative
cleavage of the alkene moiety of 2-azabicyclo[2.2.2]oct-
5-enes but the preparation of the pyrrolidinic analogues
from 2-azabicyclo[2.2.1]hept-5-enes has not yet been
described.

In this work, we describe the synthesis of 2-functional-
ized 3,5-bis(hydroxymethyl)pyrrolidines (7) through
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Scheme 1. Reagents and conditions: (i) Amine (PhCH2NH2 or (1R)-
phenylethylamine), TFA, F3BÆOEt2, cyclopentadiene, CH2Cl2,
�78 �C, 69–80%. (ii) LiAlH4, Et2O, 5 h, rt [9a, 97%; 9b, 96% and
ROH = (�)-8-phenylmenthol, 97%]. (iii) a: ClSitBuPh2, Et3N, DMAP,
CH2Cl2, 12 h, rt (1c, 89%; 1d, 91%); b: BrCH2Ph, Et3N, DMAP,
CH2Cl2, 12 h, rt (1e, 81%); d: Ac2O, Et3N, DMAP, CH2Cl2, 12 h, rt
(1f, 89%). Yields determined after purification by flash
chromatography.
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Scheme 2. Reagents and conditions: (i) OsO4/N-methylmorpholine
N-oxide, dioxane/THF/H2O, rt, 12 h. (ii) NaIO4/SiO2, CH2Cl2/H2O,
20 min. (iii) NaBH4, MeOH, 30 min.

Table 1. Synthesis of diols 3 and 3,5-bis(hydroxymethyl)pyrrolidines 7

from alkenes 1

1 R1 R2 3 (Yield%)a 7 (Yield%)a

1a PhCH2– –CO2Me 3a (90) 7a (84)
1c PhCH2– –CH2OSitBuPh2 3c (83) 7c (90)
1d (1R)-PhMeCH– –CH2OSitBuPh2 3d (81) 7d (92)
1e (1R)-PhMeCH– –CH2OCH2Ph 3e (87) 7e (78)
1f (1R)-PhMeCH– –CH2OAc 3f (80) 7f (72)

a Yields determined after purification by flash chromatography.
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bis-(hydroxylation) of 2-azabicyclo[2.2.1]hept-5-enes (1)
followed by the oxidative cleavage of the corresponding
diols (3) and in situ reduction of the resulting intermedi-
ates (dialdehydes).

The synthesis of the starting materials (2-azabicyclo-
[2.2.1]hept-5-ene derivatives) is outlined in Scheme 1.

Azabicycloalkenes 1a and 1b were synthesised in one-
step according to a literature procedure by an aza-
Diels–Alder reaction between a primary amine [benzyl-
amine or (1R)-phenylethylamine], cyclopentadiene and
glyoxylate 8a or 8b, respectively.11

The transformation of the resulting cycloadducts (race-
mic exo-adduct 1a and optically pure 1b) into the corre-
sponding aminoalcohols, 9a11b (racemic) and optically
pure 9b, respectively, was achieved by reduction with
LiAlH4 in dry Et2O.11b In the case of adduct 1b, the
yield of the corresponding amino alcohol [(�)-9b)]12

and the recovered chiral auxiliary [(�)-8-phenylmenthol]
was 97%.13

Aminoalcohols 9a and 9b were transformed into the
O-protected (–CH2OP) azabicycloalkenes (1c–f) by
silylation, benzylation and acetylation. All of these
transformations (Scheme 1) were accomplished with
retention of the configuration of the azabicycles.11b,12

The synthesis of the target 3,5-bis(hydroxymethyl)-pyrr-
olidines from these azabicycloalkenes is outlined in
Scheme 2; the results obtained in Table 1.

Azabicycloalkenes (1a–f), except 1b, were transformed
into the corresponding vicinal diols using OsO4 (cat.)
and N-methylmorpholine N-oxide (cooxidant).10 The
vicinal diols 3a–f yielded, upon oxidative cleavage of
the C5–C6 bond with NaIO4/silica gel14 in CH2Cl2 at
room temperature, followed by an in situ reduction of
the resulting crude dialdehyde with NaBH4 in MeOH,
the target 3,5-bis(hydroxymethyl)pyrrolidines (7). The
yields are shown in Table 1.

All new compounds gave satisfactory 1H NMR,15 13C
NMR and IR data together with either elemental anal-
yses, HRMS or specific rotations.

We also attempted the synthesis of the referred pyrrol-
idine derivatives (7a–f) by a direct oxidative cleavage of
the corresponding 2-azabicyclo[2.2.1]hept-5-enes (1) via
ozonolysis or using OsO4-NaIO4 (2 equiv). Nevertheless
we were not able to isolate the desired compounds (di-
aldehyde or/and bis-hydroxymethyl derivative) from the
reaction mixture, most probably due to rearrangements
(via rapid Meisenheimer rearrangement) of the N-oxides
formed in the conditions employed.16

The results obtained illustrate the utility of this method-
ology to afford optically pure 2-functionalized-3,5-
bis(hydroxymethyl)pyrrolidines, ‘prolino- and prolinol-
mimetics’, with potential biological activity.
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Barluenga, J.; Ezquerra, J.; Pedregal, C. J. Org. Chem.
2002, 67, 648; (c) Mitchinson, A.; Nadin, A. J. Chem. Soc.
Perkin Trans. 1 2000, 2862; (d) Ashley, E. R.; Cruz, E. G.;
Stoltz, B. M. J. Am. Chem. Soc. 2003, 125, 15000; (e)
McCormick, J. L.; Osterman, R.; Chan, T.-M.; Das, P. R.;
Pramanik, B. N.; Ganguly, A. K.; Girijavallabhan, V. M.;
McPhail, A. T.; Saksena, A. K. Tetrahedron Lett. 2003,
44, 7997; (f) Cossy, J.; Mirguet, O.; Pardo, D. G.;
Desmurs, J.-R. Eur. J. Org. Chem. 2002, 21, 3543.

10. Maison, W.; Grohs, D. C.; Prenzel, A. H. G. P. Eur. J.
Org. Chem. 2004, 1527, and references cited therein.

11. (a) Rodrı́guez-Borges, J. E.; Garcı́a-Mera, X.; Fernández,
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