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Abstract: Aziridine carboxylates alcoholysis by lipases depends of the N-substitutent. N-alkyl and N-aryl
compounds have been resolved with medium to good enantiomeric purity by enzymatic alcoholysis catalyzed
by pig pancreatic (PPL) or Candida cylindracea lipase (CCL).

Aziridines, like epoxides, possess a large synthetic potential. In a recent review, Tanner! reported different
uses of optically active aziridines:
- as chiral synthons for the enantioselective synthesis of aminoacids,? B-lactams,3 pyrrolidines, polymers,5
- as chiral auxiliaries or ligands.6

Transformation of chiral epoxides,” dehydration of optically active aminoalcohols,8 condensation of metal
enolates with chiral imines, asymmetric aziridination of alkenes,1 resolution of the racemic compound by
complexationl! are the main ways to synthesize optically active aziridines.

Our previous studies on the resolution of cyclopropylcarbinols by means of lipasesl? led us to apply the
same strategy in order to prepare optically active aziridine carboxylates. Surprisingly, despite their intensive use for
the resolution of a wide array of racemic organic structuses or in asymmetric synthesis, 13 hydrolases did not receive
the same attention regarding the resolution of aziridines.14

Thus, we have first studied the reactivity of various aziridine carboxylatesS in lipase-catalyzed alcoholyses
(Scheme 1) which were preferred to hydrolyses because of the inherent instability of aziridine carboxylic acids.16

Scheme 1
v\ R20H <\ v\
CO,R2 —————* N 3 or CO,R?
( 2 lipase [ COoR l!i 2
R 1 hexane 40°C R! 2 3

With respect to the enzymes used in this study (PPL and CCL), the results summarized in Table 1 show
that:
- while N-alkyl and N-aryl aziridine carboxylates 1 give esters 2, N-tosyl, N-mesyl and N-dimethyl(1,1,2-
trimethylpropyl}silyl 1 are recovered unchanged after 10 days,
- the N-acyl and N-carboxyalkyl aziridines undergo instead the alcoholysis of the amide bond to give N-H
aziridines 3. In the case of the iso-propyl N-acetyl aziridine carboxylate, contrary to the results reported by Moretti
et al. for hydrolyses of the methyl ester,!4¢ we isolated only racemic 3 when reactions were stopped before
completion.
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Table 1
R! R2 R3 Lipase Reaction times |  Products
(hours) (Yield %)
C}l:; C}'l3 nC4H9 CCL 15 2 (43)'
nC3H CH, nC4sHo PPL 170 2 (50)*
allyl CH, nC,4Hg PPL 204 2 (70)*
cyclohexyl CH; nCy4Ho PPL 240 2 (60)*
tosyl nC4Ho nCgHi7 PPL 240 -
mesyl nCyHo nCgHy7 PPL 240 -
HCO nC4Ho nCgH;7 PPL 6.5 3 (84)
CH3CO iC3H, nC4Ho PPL 42 3 (S0
CH3CO ﬂC4H9 nC§H17 PPL 42 3 (98)
COOCH, iC4H, nCsH1q PPL 50 3 (79
PRCO nC4Ho nGgH, 5 CCL 43 3 (90)
dimethyl(1,1,2- nC4Hy nCgH, CCL 240 -
trimethylpropyDsilyl
H nC4Ho nCgHy7 PPL 240 -
Br nCgqHg CH,3 PPL 15 3 (86)

* Yield for incomplete conversion of the substrate.

Accordingly, we decided to study the efficiency of the kinetic resolution using N-alkyl aziridine
carboxylates as substrates ( Scheme 2). All the enantiomeric excesses of the aziridines reported in Table 2 were
determined by chromatographic analysis on chiral HPLC or GC columns .17

Scheme 2
(o] o lo)
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6a R'=tert-Bu R2=CH,
6b R =tert-Bu R2=CH,CF,
R=Bn R2=CH,

4 KR=CH; R?=CH,
5a R'=isoPr R®=CH,
5b R'=iso-Pr R2=CH,CF, 7

As shown by the initial rates, the enzymatic reaction is very sensitive to the bulk of the N-alky] substituent:
- with PPL, N-Me esters react faster than N-zert-Bu, N-Bn and N-iso-Pr esters which have similar initial rates
- with CCL, the following order of decreasing reactivity was observed: N-iso-Pr > N-ter-Bu > N-Bn.

It has been shown previouslyl3¢ that the use of irreversible conditions can allow to dramatically improve
the stereoselectivity of lipase-catalyzed resolutions. In the butanolysis of N-iso-Pr or N-tert-Bu aziridine
carboxylates, the best enantioselectivity is indeed obtained with trifluoroethyl esters (entries 4,5 and 8,9).
Moreover, in this case, the reaction rate is higher than that observed with methyl esters (entries 2,3 and 6,7).
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As can be seen by comparing the respective E values, under irreversible conditions, the two enzymes
display similar enantigelectiviies toward N-iso-Pr aziridine (entries 4 and 5) while CCL appears more
enantioselective than PPL toward N-tert-Bu aziridine {(entries 8 and 9).

Table 2
Reaction Total E -
Entry | Subuate § Lipase time Q)nz:;l’si()ll sub:rate p{::w yield* | product lmt:'::"‘
(days) %) @ |
1 4 PPL 2 42 62.3 66 95 7.2 {139
2 5a PPL 42 5 5 54.5 50 5.8 2.37
3 S5a CCL 4 48 21 32 61 2.5 1.11
4 Sb PPL 12 10 10 >95 73 >100 16.5
5 5b CCL 5h 73 91 68 90 >100 324
6 6a PPL 14 5 5 0 42 - 4.7
7 6a CCL 14 24 5 17 70 1.5 0.11
8 6b PPL 28 20 23 75 75 33 14.17
9 6b CCL . 20h 68 53 47 79 36 7.88
10 7 PPL 20 6 6 54 80 3.5 3.17
11 7 CCL 20 25 0 7 82 1.2 0.06

Al] the experiments were performed at 40°C in hexane with 150mg of enzyme for 1mmol of substrate.
Pig pancreatic lipase (Fluka) PPL 3.5 U/mg, Candida cylindracea lipasc (Sigma) CCL 750 U/mg.

*  Total yield after purification

**  The enantiomeric ratio E was calculated as reported in ref. 13a

**+ Initial rate in pm substrate transformed/min/U.

So far, we have shown that lipase-catalyzed alcoholysis gives both enantiomers of aziridine carboxylates in
good yield and medium to high e.¢, the best c.e. being obtained with PPL and N-Me, N-iso-Pr and N-Bn aziridine
carboxylatcs. The use of other lipases and csterases, combined with variation in the substitution pattern of the
starting aziridines, should allow to improve the efficiency of the resolution. The determination of the absolute
configuration of the optically active products obtained in this study is currently in progress in order to compare the
experimental results of the resolution and the theoretical predictions using active sitc models.18

We are indebted to Daicel Company for the "University Program” facilities and the Pr. Christian Roussel,
ENSSPICAM - Marseille, for helpful discussions and suggestions concerning the enantiomeric excess determination.
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