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General strategy for a short and efficient synthesis of
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Abstract—The non-proteinogenic amino acid 3-hydroxy-4-methylproline (HMP) is an active constituent of some potent antimicro-
bials including echinocandins, nostopeptins, pneumocandins, sporiofungin and mulundocandins. A synthesis has been achieved in
10 steps with 29% overall yield; the Evans’ aldol reaction using Crimmins’ modified method was pivotal to the success of the
strategy.
� 2006 Elsevier Ltd. All rights reserved.
Several substituted pyrrolidine alkaloids found in plants
and microorganisms have aroused considerable interest
as potential therapeutic agents and as tools for under-
standing biological recognition processes. Some micro-
bial cyclic peptides,1 containing a pyrrolidine or
proline moiety observed in Nature such as mulundocan-
dins2 (isolated from Aspergillus sydowi), aculeacin A3

(from Aspergillus aculeatus), echinocandins4 (from
Aspergillus ruglosus and Aspergillus nidulans), sporiofun-
gin A,5 nostopeptins6 and some pneumocandins7–9 were
found to have therapeutic activity as anticancer, anti-
fungal, antibiotic, antiviral and immune stimulating
agents.10 (2S,3S,4S)-3-Hydroxy-4-methylproline (HMP)
(1a) has emerged as one of the most common modules
of all these cyclic peptides (Fig. 1).

It is likely that this component would itself manifest
activity and could potentiate activity in analogues. For
the elucidation of defined structure activity relationships
and for the preparation of analogues of these cyclic pep-
tide antibiotics, it is essential to develop a short and effi-
cient synthesis of 1a and its stereoisomers. Different
strategies have been reported in the literature for the
synthesis of the naturally occurring active constituent
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(2S,3S,4S)-HMP (1a), present in echinocandins, and
its antipode (2R,3R,4R)-HMP (1c).11 Our earlier re-
port12 on the synthesis of the spiro fused b-lactone-c-
lactam segment of oxazolomycin using Evans’ aldol
reaction following Crimmins’ modified method as the
key reaction, formed the basis of our strategy to develop
a short and efficient synthesis of (2S,3S,4S)-HMP and
its stereoisomers.

Retrosynthetically, HMP could be obtained from an
Evans’ aldol adduct which in turn could be derived from
commercially available Garner’s aldehyde and oxazoli-
din-2-one (Scheme 1).

Our primary focus was on the Evans’ aldol13a reaction
between the (S)-oxazolidinone derivative 3 and (R)-Gar-
ner’s aldehyde 4 using Crimmins’ modified method.
Since higher diastereomeric excess are known to be ob-
tained in aldol reactions with TiCl4,13b the outcome of
this reaction would be fascinating because both sub-
strates 3 and 4 would have independent (complementary
or opposing) influences on the course of the aldol reac-
tion. Execution of this reaction in the presence of TiCl4
(1.0 equiv) and DIEA (2.5 equiv) at 0 �C gave two iso-
mers 2 (non-Evans’ anti) and 5 (non-Evans’ syn) in a
2:3 ratio as liquids whose stereochemical assignments
were confirmed on later stage. Similarly, (R)-oxazolidi-
none derivative 6 and (S)-Garner’s aldehyde 7 were sub-
jected to aldol reaction with TiCl4, two isomers were
obtained maintaining the same ratio (2:3). Much to
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Figure 1. Echinocandins and HMPs.

Figure 2. ORTEP diagrams of 8 and 10.
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our delight, isomer 8 crystallized out in 40% yield after
column purification of the crude material. Spectroscopic
and elemental data supported the structure of 8;14 a sin-
gle crystal X-ray diffraction study (CCDC 615731)15

conclusively proved the stereochemical assignments as
non-Evans anti–anti (Scheme 2). This stereochemical
outcome was in fact unexpected though we were aware
of some prior literature precedents of such double ste-
reodifferentiating reactions.16 We also performed the al-
dol reaction between (S)-oxazolidinone derivative 3 and
(S)-Garner’s aldehyde 7 and observed the formation
of 10, exclusively. The X-ray crystallographic analysis
(Fig. 2) confirmed the structure of 10 (CCDC
615732).15 (R)-Oxazolidin-2-one derivative 6 and (R)-
Garner’s aldehydes 4/12 under identical conditions gave
exclusively one isomer 11/13, the structures of which
were confirmed by X-ray crystallography.12 In sum-
mary, the combination of 3 and 4 or 6 and 7 were mis-
matched favouring both syn–anti (non-Evans’ anti) and
syn–syn (non-Evans’ syn) isomers, while that of 3 and 7
or 6 and 4 were matched leading to only the syn–syn
(Evans’ syn) isomer (Scheme 2).

Our next task was to demonstrate the novel use of these
intermediates in the synthesis of 3-hydroxy-4-methyl-
proline. Reductive hydrolysis17 of the oxazolidinone ring
of 2 with lithium borohydride generated primary alcohol
14. A protection–deprotection sequence shown in
Scheme 3 furnished the tosyl derivative 15 which was
subjected to cyclization in the presence of p-TSA-MeOH
to give the appropriately substituted pyrrolidine deriva-
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Scheme 2. Reagents and conditions: (a) TiCl4 (1.1 equiv), DIEA (2.5 equiv), CH2Cl2, 0 �C, 2 h.
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86%; (e) (i) 6 N HCl, 80 �C, 40 h; (ii) Dowex 50 · 4 (H+ form), 82%.
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tive 16. The structure was confirmed from spectral and
analytical data.18 RuO4 oxidation of 16 afforded the 3-
benzoyloxy-4-methylproline derivative 17 where benzyl
ether had been oxidized to a benzoate ester during the
oxidation of hydroxymethyl functionally to a carboxyl
group, which on heating with 6 N HCl produced 3-hy-
droxy-4-methylproline as its hydrochloride salt. The
crude product was passed through a column of Dowex
50W · 4 (H+ form) resin to secure 3-hydroxy-4-
methylproline (1a) as a white solid whose 1H, 13C
NMR and IR data19 were in excellent agreement with
reported values.11k The specific rotation of 1a was ½a�25

D
�26.6 (c 1.0, H2O) {lit.11k for 1a ½a�25

D �27.0 (c 0.8,
H2O)} (Scheme 3). The stereochemistry of HMP 1a was
assigned on the basis of the vicinal coupling constants
(J3,4 = 3.8 Hz for the cis relationship) and the singlet
at 4.14 ppm indicating a trans relationship with respect
to H-2 and H-3. Further, a cis relationship between
the substituents at C-3 and C-4 in 1a was supported
by the strong nOe interaction between H-3 and H-4.

Similarly, compound 9 was taken through all nine steps
described above leading to the formation of (2R,3S,4R)-
HMP (1b) (Scheme 4). The structure of 1b was con-
firmed from spectral and analytical data;20 the absolute
configuration was ascertained from the NOESY
experiment.

In summary, we have comprehensively studied the
outcome of the Evans’ aldol reaction with both isomers
of oxazolidin-2-one and Garner’s aldehyde and
achieved the synthesis of (2S,3S,4S)-HMP (1a) (from
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commercially available (S)-oxazolidin-2-one and (R)-
Garner’s aldehyde) in 10 steps with 29% overall yield
better than that of Takeya’s method,11a one of the short-
est procedure in the literature (12 steps, 22% overall
yield). We have also demonstrated a short and efficient
stereoselective route to all stereoisomers of 3-hydroxy-
4-methylproline (HMP) starting from the aldol prod-
ucts. Different analogues of this class of cyclic peptides
are the focus of our ongoing work in order to study
the effect of this segment (HMP stereoisomers) on their
biological activity. Studies on the synthesis of other bio-
logically active natural products from Evans’ aldol ad-
ducts are in progress and will be reported in due course.
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