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Diastereoselectivity in the addition and cycloaddition reactions of
a chiral ester of 2H-azirine-3-carboxylic acid
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The azirine ester 2 bearing Oppolzer’s N,N-diethyl-(1R)-
isobornyl-10-sulfonamide chiral auxiliary shows moderate
diastereoselectivity in its Diels–Alder reaction with cyclo-
pentadiene whereas the addition of thiophenol is highly
diastereoselective; X-ray crystal structures of the aziridine
esters 6 and 7 are reported.

We recently described the generation in solution and Diels–
Alder reactions of tert-butyl 2H-azirine-3-carboxylate 1.1 The

ester reacts with dienes in a highly selective manner, all the
reactions involving endo cycloaddition with respect to the three-
membered ring. We now report on the generation of the corre-
sponding chiral ester 2 which has been studied in order to assess
the potential of such azirines in asymmetric synthesis.

Oppolzer and co-workers have described the synthesis of
acrylic esters 3 by the reaction of acrylic acid with N,N-dialkyl-
(1R)-isoborneol-10-sulfonamides.2,3 The ester 3 (R = Et) proved
to be a suitable starting material for the preparation of the
corresponding 2-azido ester 4, the route being the same as that
we described for tert-butyl 2-azidoacrylate.1 The azirine ester 2
was then generated from the azide by thermolysis of a dilute
solution in boiling toluene. The route is illustrated in Scheme 1.

Since the tert-butyl ester 1 had proved to be unstable the azirine
2 was not isolated, but used in solution.

Reaction of the ester 2 with cyclopentadiene proceeded
smoothly at room temperature and was complete within 19 h.
Two diastereoisomeric cycloadducts were formed in a 2 :1 ratio
and in a combined yield of 73%; samples of both were separ-
ated by flash chromatography and each isomer was fully charac-
terised. Their structures were established by means of an X-ray
crystal structure of the minor isomer (Fig. 1).4 From this, the
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Scheme 1 Reagents: (i) Br2, DCM; (ii) NaN3 (3 equiv.), DMF; (iii)
DBU; (iv) toluene, 110 8C, 1.5 h.
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structures of the major and minor isomers were assigned as 5
and 6, respectively.

We had earlier found that methyl 2-aryl-2H-azirine-3-carb-
oxylates react rapidly with thiols to give the corresponding
aziridines resulting from simple addition of the thiol to the
C]]N bond.5 In a similar way, thiophenol reacted with the azir-
ine ester 2. Only one adduct could be detected in the 1H NMR
spectrum of the crude reaction mixture. This compound was
easily isolated by chromatography followed by crystallisation
and its structure was established as 7 by X-ray crystallography
(Fig. 2).6

Fig. 1 An ORTEP drawing of 6 (crystallographic numbering).

Fig. 2 An ORTEP drawing of 7 (crystallographic numbering).
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In their studies of Diels–Alder reactions of acrylates bearing
this type of chiral auxiliary Oppolzer and co-workers found
that the acrylate function adopted a strictly antiperiplanar dis-
position of the carbonyl group and the carbon–carbon double
bond, resulting in shielding of the re face and preferential
cycloaddition to the si face.3 Molecular orbital calculations on
the conformations of 2H-azirine-3-carboxylic acid 7 indicate
that the two minimum energy conformations 8a and 8b are
almost identical in energy and that there is a very low energy
barrier to rotation of 8 kJ mol21 (Scheme 2). The relatively low
diastereoselectivity in the Diels–Alder reaction of the azirine 2
may therefore be due to endo cycloaddition to the less hindered
face in each of two possible conformations, 2a and 2b (Fig. 3).
These do not differ greatly in steric interactions and it is
unlikely that the ratio would be altered significantly by using a
more bulky sulfonamide side chain.8 On the other hand, the
approach of a nucleophile along the axis of the C]]N bond of
the azirine in conformation 2b is apparently more favourable
than the corresponding approach in conformation 2a. This
may be due either to an unfavourable interaction with the
carbonyl group, or steric hindrance by a methylene group of
the norbornyl unit, in conformation 2a.9

Because the adducts can be obtained pure by chrom-
atography and crystallisation the reactions offer a route to
new types of aziridinecarboxylic acids in optically pure form.
Chiral aziridines have found a range of applications in synthetic
chemistry.10

Experimental
(1R)-10-(N,N-Diethylsulfamoyl)isobornyl acrylate 3 (R 5 Et)

This ester was prepared by the general method described by
Oppolzer and co-workers,3 mp 91–92.5 8C; νmax(Nujol)/cm21

1715; δH (300 MHz) (vinyl H) 5.92 (1 H, dd, J 10.4 and 1.8 Hz),
6.19 (1 H, dd, J 17.2 and 10.4 Hz) and 6.38 (1 H, dd, J 17.2 and
1.8 Hz).

(1R)-10-(N,N-Diethylsulfamoyl)isobornyl 2-azidoacrylate 4

(i) Bromine (0.47 g, 2.9 mmol) was added dropwise to a solution
of the acrylate 3 (R = Et) (1.0 g, 2.9 mmol) in DCM. The di-
bromo ester was isolated as an oil (1 :1 mixture of diastereo-
isomers).

(ii) Sodium azide (0.56 g, 8.6 mmol) was added to a solution
of the dibromo ester (1.46 g, 2.9 mmol) in DMF (7 ml). The
suspension was stirred at room temp. for 48 h. It was then
diluted with DCM (50 ml) and extracted with water (8 × 50 ml).
The organic layer was dried and DBU (0.44 g, 2.9 mmol) was
added. After 20 min the solution was washed with aq. citric
acid (10%) and water. The azido ester 4 was obtained from the
organic layer as an oil (1.00 g, 90%); νmax(film)/cm21 2111 and

Fig. 3 Approach of cyclopentadiene to the less hindered face of two
rotamers of the azirine 2.

SO2NEt2

O

O

N

6

SO2NEt2

O

O

N

2a 2b

5

Scheme 2

N

O

O
H

O

O
H N

8b8a
O

O
H

N

1726; δH (300 MHz) 5.75 (1 H, d, J 1.4 Hz) and 5.31 (1 H, d,
J 1.4 Hz) (C]]CH2).

(1R)-[10-(N,N-Diethylsulfamoyl)isobornyl] 2-azatricyclo-
[3.2.1.02,4]oct-6-ene-4-carboxylates 5 and 6

A solution of the azide 4 (0.51 g, 1.33 mmol) in dry toluene (30
ml) was heated under reflux for 1.5 h. The solution was cooled
to room temp. and cyclopentadiene (0.90 g, 13.3 mmol) was
added. After 19 h the solvent was removed and the residue
subjected to dry flash column chromatography (hexane–ether).
The mixture of esters was partially separated, giving (i) the ester
6 (0.08 g), (ii) a mixture of 5 and 6 (0.20 g, 5 :6 = 72 :28) and (iii)
the ester 5 (0.13 g); total yield (from azide 4) 0.41 g (73%).

The ester 5 had mp 133–135 8C (from ether–hexane); [α]D
25

2150.3; νmax(Nujol)/cm21 1711; δH (300 MHz) (selected signals)
0.89 and 1.04 (each 3 H, s, bridgehead Me), 3.47 (1 H, s) and
4.23 (1 H, s).

The ester 6 had mp 132–155 8C (from ether–hexane); [α]D
25

119.8; νmax(Nujol)/cm21 1726; δH (300 MHz) (selected signals)
0.89 and 0.98 (each 3 H, s, bridgehead Me), 3.52 (1 H, s) and
3.99 (1 H, s).

(1R)-[10-(N,N-Diethylsulfamoyl)isobornyl] 2-phenylthio-
aziridine-2-carboxylate 7

A solution of the azide 4 (1.0 g, 2.6 mmol) in dry toluene (40
ml) was heated under reflux for 1.5 h. The solution was cooled
in an ice–water bath and thiophenol (0.29 g, 2.6 mmol) was
added. After 19 h the solvent was removed and the residue
subjected to dry flash column chromatography (hexane–ether).
This gave the ester 7 (0.71 g, 58%), mp 89–89.5 8C (from ether–
hexane); [α]D

25 248.7; νmax(Nujol)/cm21 3274 and 1719; δC (75
MHz) (selected signals) 34.2 (C-3 of aziridine) and 43.4 (C-2 of
aziridine).
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