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Abstract

Both enantiomers of protected and unprotected 2-hydroxymethylaziridines are efficiently and
enantiospecifically synthesized using a combination of enzymatic and synthetic methods. PPL was
used for lipase-catalyzed desymmetrization of N-protected serinol.

Optically pure aziridines are very useful synthetic precursors and have been used as chiral
synthons for chiral amines, amino acids, and amino alcohols. 1 The ring strain of aziridines
renders them susceptible to ring opening reactions with various electrophiles and thus they are
versatile intermediates in organic synthesis. During the course of our efforts to synthesize
biologically active unnatural amino acids and peptidomimetics, we required differentially
protected non-racemic 2-hydroxymethylaziridines. There are a number of methods to prepare
enantiomerically pure aziridines. One approach is to synthesize them from chiral compounds
such as amino acids, carbohydrates, 1, 2-diols, and epoxides.2 The other is to generate chirality
through chiral auxiliaries or by direct enantioselective aziridination of alkene or imine
substrates.3 Even though catalytic aziridination gives a direct approach to these chiral synthons,
the synthetic methods have not proven useful for general asymmetric synthesis of aziridines.
4 2-Hydroxymethylaziridine can be regarded as a nitrogen analogue of 2,3-epoxypropanol
(glycidol), which is widely used as a versatile chiral synthon. Although 2-
hydroxymethylaziridine is a potentially useful chiral building block, the lack of availability
has limited its application compared to glycidol in organic and medicinal chemistry.5

Herein we report a novel strategy to synthesize optically pure 2-hydroxymethylaziridines using
enzymatic desymmetrization as a key step. There are a few reports using enzymatic methods
for aziridine synthesis, but they generally involve resolution of racemic aziridines.6 We
required both enantiomers of a variety of protected 2-hydroxymethylaziridines and recognized
the need for a general and efficient method to prepare them from a common chiral intermediate.
Thus we envisioned a new synthesis using desymmetrization7 of meso serinol to generate the
monoacetate. As shown in Scheme 1, serinol is prochiral and, if the aziridine ring could be
closed selectively, each enantiomer of the corresponding aziridine would be obtained. Once
the acetate is obtained stereoselectively, it could be easily transformed to both aziridine
enantiomers after a few steps using well-known synthetic methods. Desymmetrization
reactions using serinol analogs with PPL (pig pancreatic lipase) have been reported.8 PPL is
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among the least expensive lipases and can be used in organic solvents. Thus, we decided to
use PPL for the desymmetrization reaction.

First, the PPL-catalyzed desymmetrization of N-Ts-protected serinol with vinyl acetate was
investigated (Scheme 2). The starting material could be easily prepared from racemic serine
or directly from commercially available serinol. The desymmetrization reaction of N-Ts-
serinol was carried out using PPL (300 mg/mmol substrate) and vinyl acetate (20 ml/mmol
substrate) as acetylating agent and solvent at room temperature. Although N-Ts-serinol 1a was
only partially soluble in vinyl acetate, it was smoothly consumed in 3 h to give the desired
mono-acetate product in good yield (81%) and enantiomeric ratio (90/10). Recrystallization
of the product in EtOAc-hexane yields a single enantiomer in 60% yield, which was analyzed
by chiral HPLC. The use of THF as a solvent gave a homogeneous reaction solution but did
not provide an advantage in terms of reactivity or stereoselectivity.

There are several reports regarding the enhancement of selectivity and reactivity of the lipase
reaction by the use of additives.9 Triethylamine is the most commomly used additive9 and
generally shows an increase in reaction rate and/or enantioselectivity. When triethylamine was
added to the PPL catalysed reaction of N-Ts-aziridine 1a, the reaction rate increased but the
selectivity was not changed even when the reaction was run at 0 °C (Run 1–3, Table 1). When
the bulkier 2, 4, 6- mesitylsulfonyl protected substrate 1b was used, the enantioselectivity was
decreased (Run 4, Table 1). Similarly, when the trityl protecting group was employed, the
reaction was extremely slow and racemic product was obtained (Runs 11–12). The lipase-
catalyzed reaction was then investigated using carbamate protecting groups. In all cases
(Boc8a, Fmoc and Cbz8c), excellent enantioselectivites and high yields were obtained.
Changes in the reactant ratios modify the reaction rate but have no effect on enantiomeric
excess or yield. To determine the enantiomeric ratio of the monoacetates, authentic samples
were prepared for each racemic product and the racemates were characterized by chiral HPLC
analysis (Chiralcel OD column). In those cases where the racemic compounds (rac-2d,
rac-2e) could not be separated by chiral OD column, they were analyzed after esterifying the
monoacetate with Mosher’s reagent.

Conversion of the monoacetates to the corresponding aziridines was then investigated (Scheme
3). All attempts to convert the N-Fmoc protected monoacetate 2c to aziridine were
unsuccessful; deprotection of the Fmoc group under ring closing conditions (PPh3/DIAD or
mesylation followed by NaH) occurred instead. In contrast, both 2d and 2e were smoothly
converted to the desired aziridines. Compound 2d was the preferred intermediate because of
its chromophore and because of concerns about product stability under the acidic conditions
required for Boc deprotection of 2e.

The monoacetate 2d was mesylated and treated with NaH to afford protected (R)-2-
hydroxymethylaziridine 3 in excellent yield (90% over 2 steps). When Mitsunobu conditions
were employed, the reaction proceeded smoothly, but purification was a problem because of
the DIAD byproduct. On the other hand, the TBS-protected (S)-enantiomer 5 was easily
prepared under Mitsunobu conditions without purification problems. TBS protected serinol
4 was readily prepared from lipase product 2d via TBS protection followed by mild acetate
hydrolysis.

Attempted acetate deprotection of 2-hydroxymethyl-aziridine 3 led to a surprising result
(Schemes 4 and 5). When acetate 3 was treated with K2CO3/CH3OH (1 equiv, rt, 1 h), both
Cbz and acetate protecting groups were removed to give (R)-2-hydroxymethylaziridine 6 in
good yield (75%).10 This conversion was then carried out in CH3OH-d4 and monitored by
NMR; the results and tentative resonance assignments are shown in Figure 1, and a mechanism
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is proposed in Scheme 4. The acetate group is rapidly deprotected, and the resulting alcohol
undergoes intramolecular cyclization to give a transient bicyclic intermediate.

The resonances for this intermediate are identified as peaks f–j in Figure 1. Expulsion of benzyl
alcohol is complete within 10 min. Attack at the carbamate carbonyl leads to ring opening and
formation of the unsymmetrical carbonate which is ultimately cleaved to give
hydroxymethylaziridine 6. Further support for a neighboring group-assisted mechanism in the
hydrolysis of 3 was obtained when TBS-protected aziridine 5 was treated under identical
conditions (K2CO3, 1 equiv, rt). Hydrolysis of the carbamate required 24 h to proceed to
completion in this case. Although normal Cbz amides are quite stable under these conditions,
it is known that the acylaziridine amide bond is weaker than normal because of the ring strain
of the aziridine.11 Presumably, this is the reason why the Cbz-aziridine bond is easily and
cleanly cleaved under these conditions. Finally, (S)-2-hydroxymethylaziridine 6 was obtained
from 5 by fluoride cleavage of the silyl protecting group. The best result was obtained by
treatment of 5 with CsF in refluxing methanol.12

To determine the absolute configuration of the free 2-hydroxymethylaziridines, 6 was
converted to Ts-aziridine 8 (Scheme 5), and the optical rotation of 8 ([α]D +31.6 (c=1.0,
EtOAc))8r was compared with the reported value ([α]D +29.9 (c=9.9, EtOAc)).13 Compound
8 was also analyzed by chiral column HPLC and showed a single peak. It was concluded that
the absolute configuration of the aziridine 6 is (R) and that no racemization occurred during
transformations subsequent to the lipase reaction.

In summary, a highly efficient and novel synthesis of enantiopure 2-hydroxymethylaziridines
has been developed using lipase desymmetizaion followed by aziridine ring formation
reactions. These aziridines should be versatile chiral synthons, and further conversion to
phosphoserine peptidomimetics is currently under investigation.
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Figure 1.
1H NMR experiment: Reaction of 3 with K2CO3 in CD3OD. (1) starting material 3; (2) 10 min
reaction, 3 + cyclic intermediate + acyclic intermediate + benzyl alcohol + product 6; (3) 50
min reaction, product 6 + benzyl alcohol. See Scheme 4 for resonance letter assignments.
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Scheme 1.
Prochirality of Serinol and transformation to aziridine
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Scheme 2.
Desymmetrization of N-Ts-serinol 1a with PPL.
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Scheme 3.
Aziridine synthesis from lipase product 2d.
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Scheme 4.
Mechanism of deprotection for Aziridine 3.
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Scheme 5.
Deprotection reactions of Aziridine 3 and 5.
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Scheme 6.
Determination of Absolute Configuration
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