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Completely endo selective 1,3-dipolar cycloadditions are observed
between the azomethine ylide 5 and a variety of dipolarophiles. The
azomethine ylide 5 can be generated by thermal ring opening of
aziridine 4. Formation of the aziridine and cycloaddition can occur
smoothly in a one-pot procedure.

1,3-Dipolar cycloadditions of azomethine ylides are a
well established and useful method for the synthesis of
pyrrolidines.! One method for forming the azomethine
ylide involves the thermal ring opening of an aziridine.
The vast majority of cases studied use N-alkyl- or N-
arylaziridines, although there are a few reports of the use
of N-unsubstituted aziridines® which give the N-unsub-
stituted pyrrolidine (or pytrole) product. Many N-unsub-
stituted pyrrolidines have important biological activity
(e.g. as antivirals, anthelmintics or a-glucosidase inhibi-
tors) and their synthesis has attracted much attention.?
In order to stabilise the azomethine ylide, the aziridine
is normally substituted in the 2-position with an anion-
stabilising group such as a ketone, ester or nitrile group.
While working on a variety of synthetic routes to vinyl-
aziridines (en route to piperidines*), we discovered that a
vinylogous ester group could act as the stabilising group
for the azomethine ylide to give novel N-unsubstituted
pyrrolidines after cycloaddition.

The aziridine 4 was formed from the mixtures of azido
alcohols 2 and 3 using triphenylphosphine.> At room
temperature in acetonitrile the aziridine 4 was isolated
in 63 % yield (Scheme 1). However, under the more nor-
mal conditions for the conversion of f-azido alcohols
into aziridines by heating under reflux, the aziridine 4
was contaminated with a new product, which was cha-
racterised as the imine 6. Thermal ring opening of the
aziridine 4 to give the azomethine ylide 5 and proton-
transfer would generate the imine 6 (Scheme 2). The
rearrangement could be observed by 'H NMR in CD,CN
and shows a gradual loss of the starting material which

follows first-order kinetics with a rate constant at 70°C.

of 1.4x107*+ 0.1 x 10™*s™! (¢,,, = 77 min at 70°C).
The proton transfer from the ylide 5 to give the imine 6

is presumed to be much faster than the ring opening of
the aziridine 4. On prolonged heating, the imine 6 de-
composes to benzaldehyde, amongst other compounds,
although the imine could be isolated in 35% yield.
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We were interested to discover whether the azomethine
ylide 5 would undergo cycloaddition chemistry with di-
polarophiles. The ylide could be represented as shown
in Figure 1, in which the negative charge is delocalised
over the extended conjugated system. A recent paper by
Pearson® showed that pyrrolidines could be formed by
cycloaddition of 2-azapentadienyl anions with electron-
rich alkenes. The ylide 5 would be expected to react with
electron-poor alkenes. There is a single report of a cy-
cloaddition of an alkenyl-substituted azomethine ylide,’
and heating the aziridine 4 with a range of dipolarophiles
gave the expected cycloaddition products as shown in
Table 1.
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Figure 1

The optimum conditions for the cycloaddition were
found to involve heating the aziridine 4 in acetonitrile
with two equivalents of the dipolarophile. For example,
entry 1, the cycloadduct 8 was formed in 87 % yield with
no trace of the exo product. Reducing the amount of the
dipolarophile or changing the solvent lowered the yield
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Table 1. Cycloaddition of Azomethine ylide 5
Entry  Dipolarophile Reagent (equiv), Product(s) Yield Ratio
solvent, time (h) (%)
H
Ph x-COzEt
1 N-Phenylmaleimide (7) 7 (2.0), 87 100:0
MeCN, 18 o o
®
2 7 7 (1.3), 8 76 100:0
MeCN, 18
3 7 7 (1.1), 8 54 100:0
MeCN, 8
4 7 7(1.1), 8 39 100:0
PhH, 1.5
5 7 7 (1.1), 8 47 100:0
PhMe, 2
6 7 7(1.1), 8 40 100:0
p-xylene, 1.5
H
Ph N - COEL
7 dimethyl maleate (9) 9 (2.0), 63 100:0
MeCN, 4 MeO,C  CO,Me
10
N §
8 dimethyl fumarate (11) 11 (1.3), Ph S COEt Ph OO 83 67:33
MeCN, 2.5 ) /
MeO,C  COMe MeO,C  CO.Me
12a 12b
9 methyl acrylate (13) 13 (2.0, 4 N 442 63:37
MeCN, 3 PhWCOzEt PhV\/COzEt
CO,Me MeO,C
14a 14b

2 The imine 6 was isolated in 16% yield.

of the cycloadduct (entries 2—6). The endo product was
also observed with dimethyl maleate 9 (entry 7). With
dimethyl fumarate (11) as the dipolarophile, a mixture
of the two stereoisomers 12a and 12b was isolated. The
ratio of products was determined from the 'tHNMR of
the inseparable mixture of 12, and the structure deter-
mination was carried out using decoupling and NOE
experiments. With the unsymmetrical dipolarophile
methyl acrylate (13), a mixture of the regioisomers 14a
and 14b was isolated, both of which correspond to the
endo product.

In all cases the aziridine 4 opens in a conrotatory manner
to give the W-dipole from the trans aziridine. On cy-
cloaddition this generates the cis-2,5-disubstituted pyr-
rolidine. The endo cycloaddition products were observed
in all examples and no traces of any exo isomers could

be detected. In addition, there appears to be a slight
preference (approximately 2:1) in favour of the endo
regioisomer with the ester group from the dipolarophile
vicinal to the vinyl group.

On establishing that acetonitrile was the preferred solvent
for the cycloaddition, and recognising that the synthesis
of the aziridine 4 involved treating the azido alcohols 2
and 3 with Ph,P in acetonitrile, it was envisaged that
both aziridine formation and cycloaddition could be ac-
complished in a one-pot operation. An improvement in
the overall yield for the two steps and an increase in
simplicity was achieved by treating the mixture of azido
alcohols 2 and 3 with one equivalent of Ph;P in MeCN
at room temperature (bubbles of N, gas can be observed),
followed by, after 3 h, addition of two equivalents of the
dipolarophile 7 and heating under reflux for 18 h. Re-
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Table 2. 'H and 3C NMR Data for Products 8, 10, 12, 14*
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Prod- 'H NMR (CDCL,)

13C NMR (CDCL,)

uct 68, J (Hz) s

8  7.50-7.28 (8H, m, Ph), 7.30 (111, dd, J=16, 6, NCCH=C), 7.20-7.14 2H, m, Ph), 6.17 174.2, 1737, 1658, 1443, 137.4,
(1H, dd, J=16, 1, C=CHCO), 4.68-4.60 (1H, m, PhCH), 4.22 (2H, q, /=7, OCH,), 129.0, 1284, 1283, 1272, 1262,
419-4.13 (1H, m, NCHC=), 3.58-3.49 (2H, m, OCCHCHCO), 1.31 3H, t, J=7, CH,) 122.8,64.5,60.8, 60.5,49.6,49.2, 14.2

10 7.38-7.20 (5H, m, Ph), 7.16 (1H, dd, /=16, 7, NCCH=), 6.06 (1H, dd, J=16, 1, 171.4, 170.7, 166.1, 1451, 137.7,
C=CHCO), 4.52 (1H, d, J= 6, PhCH), 4.24-4.20 (1H, m, NCHC=), 4.19 2H, q, J=7, 128.3,127.7,126.9, 123.5, 65.3, 60.6,
OCH,), 3.66 3H, s, OMe), 3.62-3.52 (2H, m, OCCHCHCO), 3.26 (3H, s, OMe), 2.28 52.6, 51.9, 51.3, 14.2
(1H, brs, NH), 1.29 3H, t, J= 7, CH,CH,)

12 7.52-7.20 (10H, m, Ph), 7.15 (1H, dd, J=16, 6, NCCH’=), 6.93 (1H, dd, /=16, 6, 173.1, 172.6, 1722, 171.9, 1662,
NCCH=), 6.16 (1H, dd, J= 16, 1, =CH*CO), 6.09 (1H, dd, J= 16, 1, =CH*CO), 4.65 165.9, 146.6, 144.3, 140.4, 138.8,
(1H, d, J=9, PhCHY), 434 (1H, d, J= 9, PhCH®), 425-4.19 (1H, m, NCH*C=), 422 128.6, 128.1, 128.0, 127.8, 127.3,
(2H, q, J=17, OCHY), 4.18 (2H, q, J= 7, OCH3), 406-3.98 (1H, m, NCH®C=), 3.72 127.1, 122.9, 122.6, 66.5, 64.6, 62.2,
(3H, s, OMe®), 3.68-3.62 (11, m, PhCCH®), 3.66 3H, s, OMe®), 3.64-3.57 (1H, m, 61.3,60.5,60.4, 54.5, 534, 52.4, 52.3,
=CCCH®), 3.62 (3H, s, OMe?), 3.44 (1H, dd, J=9, 6, PACCH®), 3.36 (1H, dd, /=9, 6, 52.1, 52.0, 51.4, 14.2, 14.2
=CCCHY), 3.14 (3H, s, OMe?), 2.10 (2H, brs, NH), 1.29 3H, t, /=7, CH,CHY), 1.26
(H, t, J= 7, CH,CH2)

14 7.50-7.18 (10H, m, Ph), 7.12 (1H, dd, J=16, 6, NCCH=), 6.96 (1H, dd, J=16, 6, 173.4, 173.1, 166.4, 166.1, 1487,

NCCH®=), 6.11 (1H, dd, J= 16, 1, =CH®CO), 6.10 (1H, dd, J= 16, 1, =CH*CO), 4.58
(1H, d, J= 9, PhCHP), 4.24-4.20 (1H, m, PhCH®), 4.22 (2H, q, /=7, OCHY), 4.19 (2H,
q,J=17,0CH3), 4.17-4.10 (1H, ddd, J = 8, 6, 1, NCH*C=), 3.96-3.87 (1 H, m, NCH"C=),
3.65 3H, s, OMe®), 3.40-3.27 (2H, m, CHCO,Me), 3.16 (3H, s, OMe"), 2.40 (1H, ddd,
J=13, 8, 7, PhCCH® trans to Ph), 2.30-2.12 (3H, m, PhACCH® cis to Ph and PhCCHY),

145.6, 142.2, 139.9, 128.5, 1279,
127.5,127.1,126.9,122.5,121.4, 64.9,
62.7,61.6, 60.4, 60.3, 59.0, 51.7, 51.2,
49.8, 48.6, 37.4, 34.7, 14.3, 14.2

2.02 2H, brs, NH), 1.32 3H, t, /=7, OCH,CH?Y), 1.28 3H, t, J= 7, OCH,CH3)

2 All products gave satisfactory high resolution mass spectra.

moval of the solvent and purification by column chro-
matography gave the endo adduct 8 in 76 % yield for the
two-step procedure.

Reagents were obtained from commercial suppliers and were used
without further purification. All reactions were conducted under
an atmosphere of argon. MeCN was distilled over calcium hydride
and stored over 4 A molecular sieves. Flash chromatography was
performed using silica gel (230—400 mesh). Mps were determined
on an Electrothermal melting point apparatus and are uncorrected.
Mass spectra and high resolution mass spectra were obtained using
a Kratos Profile instrument. IR spectra were recorded on a Perkin-
Elmer 881 spectrophotometer. 'H NMR were obtained on a Bruker
AM300 (300 MHz) instrument and **C NMR on a Bruker AM300
(75.5 MHz) instrument. J values are given in Hz.

Ethyl (E)-3-](25,3S5)- and (2R,3R)-3-Phenylaziridin-2-yljprop-2-
enoate (4) and Ethyl (E,E)-6-Phenyl-5-azahexa-3,5-dienoate (6):
PPh, (934 mg, 3.58 mmol) was added to a mixture of the azido
alcohols 2 and 3* (890 mg, 3.41 mmol) in MeCN (25mL) under
argon at r.t. After 3 h the solvent was evaporated under reduced
pressure and the residue was purified by column chromatography
on silica gel; petroleum ether (bp 40—-60°C)}-EtOAc, 4:1), to give
the aziridine 4 (467 mg, 63 %) as an oil, R; 0.20 (hexane-EtOAc,
4:1).

IR (CHCL,): v = 3310 (NH), 1710 (C=0), 1650 (C=C), 1605 and
1495cm ™1 (Ph).

'HNMR (CDCl,): 6 = 7.42-7.17 (5H, m, Ph), 6.71-6.52 (1 H, m,
CH=CCO), 6.08 (1H, d, J=15.5, CHCO), 423 2H, q, J =17,
OCH,), 3.08 (1 H, br s, PhCH), 2.60 (1 H, br s, PhnCCH), 1.35 (1 H,
brs, NH), 1.29 3H, t, /=7, CH,).

13CNMR (CDCl,): 6 = 165.9, 147.4, 138.4, 128.6, 127.6, 125.7,
122.3, 60.5, 42.6, 41.9, 14.2.

HRMS: Found M*, 217.1106. C,,H, ;NO, requires M, 217.1103.
MS: mjz =217 (24%, M), 172 (13%, M — OEt), 144 (100%,
M — CO,Et).

Heating the reaction under reflux for 90 min (instead of stirring at
room temperature) gave the aziridine 8 (36 %) as an oil, data as

above, and the imine 6 (35%) as an oil, R; 0.57 (hexane-EtOAc,
3:1).

IR (CHCL,): v = 1730 (C=0), 1645 (C=C), 1605 (C=N), 1600,
1575 and 1490 cm ! (Ph).

"HNMR (CDCL): § =821 (1H, s, PhCH), 7.84-7.78 (2H, m,
Ph), 7.47-7.37 (3H, m, Ph), 6.88 (1 H, dt, /=7, 1.5, NCH=C),
565 (1H, q, J=7, NC=CH), 418 (2H, q, /=17, OCH,), 3.70
(2H, dd, j=17,1.5, CH,CO), 1.28 3H, t, J= 7, CH;).
3CNMR (CDClL,): § = 171., 160.8, 142.6, 136.3, 131.1, 128.7,
128.6, 121.6, 60.5, 32.4, 14.2.

HRMS: Found M*, 217.1094. C,,H,sNO, requires M, 217.1103.
MS: m/z =217 (30%, M), 144 (100%, M — CO,Et), 104 (59%,
PhCHN).

Ethyl (E)-3-[1R,2R4S,5S)- and (1S,25,4R,5R)-6,8-Dioxo-2,7-
diphenyl-3,7-diazabicyclo}3.3.0}octan-4-yl)]prop-2-enoate (8);
Typical Procedure:

The aziridine 4 (50.5mg, 0.233 mmol) and N-phenylmaleimide
(82.5mg, 0.476 mmol) in dry MeCN (3 mL) were heated under
reflux under argon for 18 h. The solvent was removed under reduced
pressure and the residue was purified by column chromatography
onssilica gel; petroleum ether (bp 40—60°C)-EtOAc-CH,Cl,,1:1:1
to give the cycloadduct 8 (79 mg, 87 %) which was recrystallized
from hexane—CH,Cl, to give needles, mp 158-160°C.
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