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The first asymmetric synthesis of
(2S,3S,4R)-3-amino-2-hydroxymethyl-4-hydroxypyrrolidine
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Abstract—The novel (2S,3S,4R)-3-amino-2-hydroxymethyl-4-hydroxypyrrolidine 5 has been produced in an efficient synthesis from
trans-4-hydroxy-LL-proline 8. The key step involves a tethered aminohydroxylation of the alkene 7 to introduce regio- and stereo-
selectively the amino alcohol functionality in the resulting products 6 and 13. Subsequent deprotection steps furnish the target
molecule 5 as well as several differentially protected analogues.
� 2005 Elsevier Ltd. All rights reserved.
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Polyhydroxylated N-heterocycles are of great chemical
interest primarily due to the wide range of biological
activity they display.1 These iminosugars are often
strong inhibitors of glycosidase enzymes and have con-
sequently been investigated as potential therapies in
the treatment of diabetes, HIV and cancer.2 Structur-
ally, the most simple iminosugars are those based on
the pyrrolidine motif. Hence, the triol 1 is a strong com-
petitive inhibitor of a-galactosidase3 whilst the diaste-
reomeric compound 2a displays weak activity against
several glycosidase enzymes.4 Amino pyrrolidines have
also been utilised in glycosidase inhibition studies with
intriguing results. For example, the 2-aminomethyl pyr-
rolidine 2b has been shown to be a more potent inhibitor
of a-mannosidase than the corresponding triol 2a.4 In
addition, the presence of the primary amine in 2b
allowed for further functionalisation at this position
giving the potential for combinatorial-based methods
of inhibitor discovery.5,6 Related 2-aminomethyl pyrro-
lidines have also found use as ligands in analogues
of the anti-cancer agent cisplatin.7

In contrast, the introduction of amine substituents at
either the C3- or C4-position of a hydroxy pyrrolidine
has received only limited attention. Syntheses of the 4-
amino pyrrolidines 3a8 and 3b9 have been described
and the former was shown to inhibit a-mannosidase
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with a Ki (40 lM) comparable to that for 1-deoxyman-
nojirimycin. Additionally, Vasella and co-workers have
synthesised the 3-amino pyrrolidine 4 as an analogue
of N-acetylneuraminic acid and found that it inhibits
Vibrio cholerae sialidase.10 Similar 3-amino pyrrolidines
have also been synthesised by other groups although
biological testing was not reported.11,12 The potential
biological activity associated with 3-amino-4-hydroxy
pyrrolidines makes them attractive synthetic targets
especially since further functionalisation through the
two amine groups is also possible. In view of these
potential benefits we wish to report the first synthesis
of the 3-amino analogue of 1 namely (2S,3S,4R)-3-
amino-2-hydroxymethyl-4-hydroxypyrrolidine 5.
4: R = CH2CO2H 5

R

Our synthetic strategy to the target diamine 5 is outlined
in Scheme 1. We envisaged that 5 could be accessed
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Scheme 3. Reagents and conditions: (a) NaOH, tBuOCl, iPr2NEt

(5 mol%), K2Os(OH)4O2 (4 mol%), nPrOH–H2O (1:1), rt, 2–6 h, (6—

21–40%; 13—10–28%; recovered 7—38–40%); (b) LiAlH4, Et2O,

reflux, 6 h, (100%); (c) LiOH, H2O–MeOH (4:1), reflux, 1.5 h, (57%);

(d) Na–NH3, �78�C to rt, (95%); (e) LiOH, H2O–MeOH (4:1), reflux,

1.5 h, (35%).
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from the differentially protected intermediate 6 which in
turn could be formed from homoallylic carbamate 7
using the regio- and stereoselective tethered aminohydr-
oxylation (TA) reaction recently developed by Donohoe
et al.13 Three points should be noted in considering the
proposed conversion of 7 to 6. Firstly, only a limited
number of homoallylic systems have been reported to
undergo the TA reaction13c,d,14 and therefore successful
reaction of 7 would extend the scope of this new metho-
dology. Additionally, five-membered endocyclic alk-
enes have been shown to be incompatible with the
allylic TA reaction due to proposed strain in the azagly-
colate osmate intermediate involved.13b However, we
believed that the relief of strain associated with the extra
carbon atom in homoallylic substrates such as 7 would
facilitate successful reaction. Finally we were unsure of
the effect, if any, the electron withdrawing N-tosyl sub-
stituent would have on the reactivity of the alkene
towards aminohydroxylation.

The key homoallylic carbamate 7 was synthesised from
trans-4-hydroxy-LL-proline 8 using a modified version
of the route reported by Schofield and co-workers12 as
shown below (Scheme 2).15

Initial conversion of 8 to the corresponding ethyl ester
was followed by reaction with excess p-toluenesulfonyl
chloride simultaneously to protect the amine and acti-
vate the hydroxyl functional group giving 9 in excellent
yield.16 Reduction of the ethyl ester using LiBH4 (gener-
ated in situ from NaBH4–LiCl)

17 then furnished the
alcohol 10 which was converted to the carbamate 11
under standard conditions.13b Subsequent nucleophilic
displacement of the p-toluenesulfonate ester by phenyl-
selenide anion (generated by reaction of (PhSe)2 with
NaBH4) proceeded smoothly to give the selenide 12 in
excellent yield.18 Finally, oxidation of the selenide
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Scheme 2. Reagents and conditions: (a) SOCl2, EtOH, reflux, 5 h, (98%); (b)

EtOH (1:1), 0 �C, 3.5 h, (91%); (d) Cl3CCONCO, CH2Cl2, 0 �C, 2 h; then K2

reflux, 2 h, (94%); (f) H2O2, pyridine, CH2Cl2, 0 �C, 2 h, (52%).
resulted in spontaneous elimination of the product sel-
enoxide to furnish the target carbamate 7 in six steps
from 8 and in 38% overall yield.19

With sufficient quantities of the carbamate 7 to hand we
next turned our attention to the key TA reaction
(Scheme 3). Pleasingly reaction of 7 under the conditions
reported by Donohoe et al.13 led to the formation of the
anticipated 5:6 bicyclic carbamate 6 (21–40%) together
with variable amounts of the isomeric 2-oxazolidinone
13 (10–28%) resulting from migration of the carbamate
group.20 The two products were readily separated by
flash column chromatography and their stereostructures
confirmed by X-ray crystallographic analysis as shown
(Figs. 1 and 2).21 Although the relative proportion of
6 and 13 varied, the combined yield of both products
was found to be consistently in the region of 50% (to-
gether with ca. 40% recovered starting material 7) over
a number of repeated reactions. These yields are compar-
able to those previously reported for the TA reaction of
homoallylic carbamates.13c,d,14 Additionally, we found
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CO3, MeOH, 0 �C, 4 h, (91%); (e) (PhSe)2, NaBH4, THF–EtOH (1:1),



Figure 2. X-ray crystal structure of 13. Only one of the unique

molecules (they differ only in slight orientations of the N-Ts group) of

the unit cell is shown. Only some atoms labelled and selected H-atoms

shown for clarity.21

Figure 1. X-ray crystal structure of 6. Only one of the unique

molecules (the difference between them is minimal) of the unit cell is

shown. Only some atoms labelled and selected H-atoms shown for

clarity.21
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that longer reaction times gave 13 as the major product
suggesting that it is thermodynamically favoured over 6
and this was further indicated by conversion of 6 to 13
on prolonged standing in MeOH-d4. Finally, it should
be noted that whilst the TA reaction of 7 was reproduc-
ible on a relatively large scale (i.e. >0.5 mmol), in our
hands small scale reactions (i.e., <0.1 mmol) were much
more capricious and gave overall yields for 6+13 which
varied unpredictably from 4% to 40%.

Initial attempts to deprotect the carbamate group in 6
using LiAlH4 were unsuccessful and only resulted in
quantitative conversion to the 2-oxazolidinone 13
(Scheme 3). However, hydrolysis of 6 to give 14 was pos-
sible using LiOH in refluxing aqueous methanol,22,23 but
unfortunately all efforts to deprotect 14 to furnish 5 met
with failure. Fortunately, simple reversal of the depro-
tection steps proved more successful. Thus, treatment
of 13 with sodium in ammonia resulted in efficient re-
moval of the N-tosyl group to generate 15 which could
be hydrolysed using LiOH to give the target compound
5 in moderate yield. We found the amino pyrrolidine 5
to be somewhat unstable as the free base and so it was
characterised and stored at pH 2–3.24

In summary, we have reported the first synthesis of
(2S,3S,4R)-3-amino-2-hydroxymethyl-4-hydroxypyrrol-
idine 5 the 3-amino analogue of the known glycosidase
inhibitor 1. The synthetic route described also provides
access to a number of differentially protected analogues
of 5 (viz. 6, 13 and 15) which potentially allow for selec-
tive further functionalisation of the pyrrolidine core. In
addition, we have expanded the scope of the TA meth-
odology to include five-membered endocyclic alkenes
containing a homoallylic carbamate group. Biological
testing of 5 and some of the other intermediates pro-
duced in the course of this work is currently in progress.
These results together with synthetic routes to diastereo-
isomers of 5 will be reported in due course.
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