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Highly Diastereoselective Alkylation of
Aziridine-2-carboxylate Esters: Enantioselective
Synthesis of LFA-1 Antagonist BIRT-377**
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Aziridines are important synthons in organic chemistry as
they provide convenient entry to optically pure amines, o-
amino acids, amino alcohols, diamines, and a variety of other
amino compounds that are useful both in industrial and
academic endeavors. In the past, most optically pure azir-
idines were derived from acyclic members of the chiral pool,
however, methods are emerging for the direct synthesis of
optically pure aziridines through catalytic asymmetric reac-
tions.!. We have developed a process for the catalytic
asymmetric synthesis of aziridines from the reaction of
benzhydryl imines with diazo compounds mediated by a
chiral boron Lewis acid prepared from the VAPOL and
VANOL ligands.>* This asymmetric aziridination (AZ)
proved general for a range imines including those prepared
from a variety of aryl aldehydes and also from primary,
secondary, and tertiary aliphatic aldehydes (90-99 % ee).
Much lower enantioselectivities were observed with N-
benzyl imines.?

o-Amino acids which are tetrasubstituted at the a-carbon
are very popular tools that are used to control conformation
in peptides, and hence their biological and pharmaceutical
properties. A large number of methods have been developed
for the synthesis of tetrasubstituted a-amino acids, and this
subject has been reviewed."! Interestingly, aziridines have
rarely been used for the synthesis of tetrasubstituted o-amino
acids and this may be partly due to the fact that the alkylation
of aziridine-2-carboxylates is virtually an unknown reaction.
Typically, attempts to alkylate aziridine-2-carboxylate esters
leads to either ring opening or to self-condensation.™” The
only known examples involve the use of either thioesters of
aziridine-2-carboxylates'® or the use of a nitrogen substituent
on the aziridine that can chelate a metal enolate.”!

A direct application of the AZ reaction to the synthesis of
tetrasubstituted a-amino acids could be envisioned through
the asymmetric aziridination of imine 1 with diazo compound
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Scheme 1. Application of the AZ reaction to the synthesis of tetrasub-
stituted a-amino acids.

4 followed by the reductive opening of the aziridine ring
(route a, Scheme 1). However, we found that substituted
diazoesters of the type 4 (R*#H) are sluggish substrates in
the AZ reaction. Thus route B, which involves the less readily
available and sterically hindered diazo compound 4, is not
viable. Herein, we report the development of an alternative
method (route A, Scheme 1) that utilizes commercially
available ethyl diazoacetate and a subsequent stereoselective
alkylation of an aziridine-2-carbox-

ylate. This strategy has led to the Table 1: Alkylation of 3.1

lamide (LDA). The optimal conditions involved the treat-
ment of 3a with 2.0 equivalents of LDA at —78°C followed by
addition of 3 equivalents of methyl iodide, and then allowing
the reaction mixture to warm to room temperature to give Sa
in 82 % yield (1.1 equiv of LDA gave a 48 % yield of 5a). We
screened the reactions in Table 1 with a mixture of DME (1,2-
dimethoxyethane) and diethyl ether (5:1) as solvent,l” but
have subsequently found that comparable yields of 5a can be
achieved with either DME (79%) or THF (85%). Interest-
ingly, the use of diethyl ether led to a complicated reaction
mixture with the formation of only a trace amount of the
product. The aziridine 5a was formed as a single diaste-
reomer, as determined by 'HNMR spectroscopy (>99%
d.r.). The assignment of the stereochemistry of 5a was made
on the basis of NOE experiments and by an X-ray diffraction
analysis of a single crystal of Sa.

The scope of the alkylation reaction was investigated with
a number of different aziridines and electrophiles (Table 1).
In all cases a single C2 epimer was observed and, on the basis
of the structure of 5a, was assigned as that formed from
retention at the 2-position. Attempts to epimerize the enolate
of 3afailed. Deprotonation of 3a at —78°C and then warming
to 0°C for 2 h before quenching with water at —78°C led to
98 % recovery of 3a with complete retention of stereochem-
istry. Primary alkyl iodides gave moderate yields, while
aldehydes gave high yields but with no selectivity at the
alcohol sterogenic center. The only electrophile that gave a
mixture of isomers at the aziridine was tributyltin chloride,
and in this case the minor product was assigned as the O-
alkylated product.

The alkylations of aziridine-2-carboxylates with a benz-
hydryl group on the nitrogen have never been reported, nor
have the alkylations of aziridine-2-carboxylates with a

Ph
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[a] Unless otherwise specified, the reaction was performed with 2 equivalents of LDA in a solution of 3
(0.06 M) in DME/Et,O (5:1). Only one isomer of 5 was observed except for entries 8-10. [b] Reaction
mixture warmed to 0°C for 2 h and then quenched at —78°C. [c] A 1:1 mixture of diastereomers at the
carbinol carbon. [d] Includes an 18 % yield of a product tentatively assigned as an O-alkylated isomer.
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Scheme 2. Influence of substituents on aziridine-2-carboxylates in alkylation reactions.

substituent in the 3-position. Thus, we decided to investigate
the alkylations of aziridines 9 and 11 in an effort to see which
has the greater influence (Scheme 2). The results indicate that
the benzhydryl group has the most significant impact.
Whereas the cyclohexyl-substituted aziridine 3e is methyl-
ated cleanly in 70% yield with methyl iodide (Table1,
entry 14), the benzyl analogue 9 gives a complicated reaction
mixture under the same conditions and none of the expected
alkylated aziridines could be detected or isolated from the
crude reaction mixture (all starting material was consumed).
The only product that was isolated and identified from this
reaction mixture was the pyrrole 10, whose origin is unclear
but whose structure was confirmed by X-ray diffraction
analysis. It is also clear that the presence of a substituent at
the 3-position of the aziridine is important. Aziridine 11 which
has no substituent in the 3-position gives only a 15% yield of
the alkylated aziridine 12 while all of the aziridines in Table 1
can be alkylated with methyl iodide in 64-82 % yield under
the same conditions. The major product in the methylation of
11 is the Claisen condensation product 13, which is the only
product that has been seen from the attempted alkylation of
ethyl esters of aziridine-2-carboxylates.”

Interestingly, the optical purity of the methylated azir-
idine 12 (81 % ee) is less than the starting aziridine 11 (94 %
ee). The loss of optical activity (47 % ee) is greater for the
protonation of the enolate of 11 which occurs with retention
of configuration. This result suggests that the loss of optical
activity is dependent on the electrophile. The enolate of 11
was allowed to age for only 2 minutes before methyl iodide
was added, and the optical purity of 12 was found to be
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Scheme 3. Alkylation of aziridine thioesters. E=electrophile.
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The utility of the alkylation of aziridine-2-carboxylates in
the synthesis of tetrasubstituted o-amino acids is demon-
strated in the synthesis of BIRT-377 (Scheme 4). BIRT-377
has been developed as an agent for the treatment of
inflammatory and immune disorders.®! The asymmetric syn-
thesis was achieved through the aziridine 3d, which was
prepared by the AZ reaction with 1 mol % catalyst in 87 %
yield and with 94 % ee with greater than 50:1 selectivity for
the cis isomer. A single recrystallization gave material with
over 99% ee (72 % recovery, first crop). The methylation of
3d followed from the above procedure to give 5k in 86 %
yield as a single diastereomer. Reductive ring opening was
performed with borane-trimethylamine complex in the
presence of trifluoroacetic acid (TFA) to give the amino
ester 19 in 87% yield (BH;Me;N with TFA gave a 6:1
mixture of 19 and 22).”) Ring opening by hydrogenolysis
under a variety of conditions including Pd-C/HCO,H occur-
red with simultaneous bromide reduction. Surprisingly, the

www.angewandte.org

Chemie

6171


http://www.angewandte.org

Communications

6172

Ph Ph

\(

N
/@Ax b)
R —
Br CO,Et

17: X=0

0
18: X = NCHPhy - | &) 92%

Br 3d (87%)
94% ee

>99% ee (cryst)

Vo

Ph._Ph
CO,Et " he
. |
. .
Br HsC NH \""CH,
R CO,Et
9 (87%): R = CHPh,
o) Rop 2L le .
r
5k (86%)
l f9) >99% ce
>99% d.r.
e OH
S H COgEt
3c NH
H3c Bh
Br
21 (76%)
>99% ee
BIRT-377

Scheme 4. Reagents and conditions: a) Ph,CHNH, (1.0 equiv), CH,Cl,,
MgSQO,, room temperature, 24 h; b) ethyl diazoacetate (1.1 equiv), (S)-
VAPOL-B catalyst (1 mol %,; see footnote 3), CCl,, room temperature,
20 h; c) LDA (2 equiv), DME/Et,0 (5:1), —78°C, 0.5 h; Mel (3 equiv),
—78 to RT; d) BH;-Me;N (12 equiv), TFA (9 equiv), CH,Cl,, 0° to RT,
36 h; e) Et;SiH (3 equiv), TFA, reflux, 5 h; f) 3,5-dichloro-phenyl isocya-
nate (1.1 equiv), DMSO, Na,COs, 120°C, 1.5 h; g) NaHMDS

(1.2 equiv), DMF, room temperature; Mel (1.2 equiv), 2 h. DMSO =di-
methyl sulfoxide; HMDS = hexamethyldisilazide; DMF = N,N-dimethyl-
formamide.

reductive ring opening of 5k with triethylsilane and TFA gave
mainly the amino alcohol 22, which results from ring opening
with trifluoroacetate. Cleavage of the benzhydryl group in 19
with triethylsilane in the presence of trifluoroacetic acid gave
the amine 20 in 95 % yield. The conversion of amine 20 into
BIRT-377 (21) follows methods employed in previous syn-
theses.[*

The fact that benzhydryl-protected aziridine-2-carboxy-
lates can be readily alkylated at the 2-position greatly
enhances the synthetic utility of the asymmetric aziridination
(AZ) reaction, as illustrated by the synthesis of BIRT-377.
Additional studies with other electrophiles and applications
in other syntheses will be reported in due course.
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