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Abstract—4,5-Dihydroimidazoles undergo an N-alkylation and 1,3-dipolar cycloaddition cascade with unsaturated �-bromo-
ketones, with subsequent eliminative ring-opening, recyclisation and tautomerisation to form unexpected hexahydropyrrolo[1,2,3-
de ]quinoxalines. © 2001 Elsevier Science Ltd. All rights reserved.

1. Introduction

We have recently reported on the 1,3-dipolar cycloaddi-
tion reactions of 4,5-dihydroimidazolium ylides 2,1

formed in situ from dihydroimidazoles 1 and an alkyl-
ating agent, and the application of the adducts in a
synthesis of optically active pyrrolidines (Scheme 1).2

As part of this programme, we have demonstrated an
intramolecular cycloaddition using an �-haloester dipo-
larophile to give adducts 3.3 We wished to extend this
latter process to �-haloketone dipolarophiles, and

report herein that this sequence led to the unexpected
isolation of hexahydropyrrolo[1,2,3-de ]quinoxalines.
This ring system has been reported rather infrequently,4

including in the pharmaceutical patent literature.5

Indeed, some derivatives have affinity for the NMDA–
glycine binding site.4g,h Syntheses have invariably
involved annulation of a preformed bicycle (quinoxa-
line or indole), rendering the approach herein as novel,
and furthermore, these previous reports do not include
the hexahydro oxidation level with a pyrrole sub-unit,
that is afforded by the current work.

Scheme 1. Reagents : (i) XCH2Br, DBU; RCH�CHY; (ii) NaBH3CN, H+; (iii) H2, Pd(OH)2; (iv) E-BrCH2CO2-
(CH)2CH�CHCO2Et, DBU.
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2. Results and discussion

A suitable dipolarophile 4, methyl 8-bromo-7-oxooct-2-
enoate, was prepared (Scheme 2) from commercial 2-(2-
bromoethyl)-1,3-dioxolane by reaction with ethyl
acetoacetate (NaH, THF, reflux 18 h; 45%), hydrolysis–
decarboxylation (5% aq. NaOH, reflux 16 h; 89%) and
acid-mediated acetal cleavage (1 M hydrochloric acid,
50°C, 5 h; 79%) to afford 5-oxohexanal. Chain exten-
sion by Wittig reaction (Ph3PCHCO2Me, DCM, 20°C,
18 h; 90%; 8:1 E :Z) and bromination of the separated
methyl ketones (LDA, THF, Me3SiCl, −78°C; then
NaHCO3, THF, N-bromosuccinimide, −78°C�80°C;
45%) gave E- and Z-dipolarophiles 4a (45%) and 4b.

When 4a was heated with 1-benzyl-4,5-dihydroimida-
zole 5a in THF at reflux, with dropwise addition of
DBU over 4 h,1 the expected cycloadduct 6 was not
observed but instead 1-benzyl-6-methoxy-carbonyl-
2,3,7,8,9,10-hexahydro-1H-pyrrolo[1,2,3-de ]quinoxaline
7a was isolated (31%).6 The formation of this unex-
pected heterocycle can be rationalised as shown in
Scheme 3, via initial dipole formation and cycloaddi-
tion, with eliminative ring-opening of the primary
adduct 6 and closure of the liberated secondary amine
onto the ketone carbonyl group.7 Formation of an
enamine such as 8 (regiochemistry unknown) followed
by a prototropic shift leads to the aromatic pyrrole
substructure and formation of 7a. As would be
expected based on this proposal, the pyrroloquinazoline
7a was also isolated (20%) when the diastereomeric
Z-dipolarophile 4b was used in the reaction.

Further examples of this dipolar cycloaddition ring-
opening recyclisation cascade were observed. Use of the
ethyl ester 4c (prepared in similar fashion to 4a,b) led to
the 6-ethoxycarbonyl tricycle 7b (30%), and the tert-
butyl ester 4d afforded the corresponding pyrroloquina-
zoline 7c (33%). Changing the dihydroimidazole to
1-benzyl-2-phenyl-4,5-dihydroimidazole 5b8 likewise
gave the 5-phenyl-6-alkoxycarbonyl heterocycles 7d–f
(33, 31 and 34%, respectively) with the three �-haloke-
tone dipolarophile variants 4a,c,d. (R)-1-Benzyl-4-
phenyl-4,5-dihydroimidazole 5c2 similarly led to
isolation of the products 7g,h, respectively (each 30%),
when the methyl and ethyl ester dipolarophiles 4a,c
were utilised.

Interestingly, when the procedure was applied to dihy-
droimidazole 5c and the tert-butyl ester dipolarophile
4d, the primary cycloadduct 6a (R1=Ph, R2=H, R3=
But) was isolated (31%) rather than the rearrangement
product. This supports the suggested sequence for
pyrroloquinazoline formation (Scheme 3). We speculate
that this particular substituent combination disfavours
the elimination step, possibly on steric grounds.

The structures of the pyrrolo[1,2,3-de ]quinazolines 7
were supported by standard spectral data. In addition,
X-ray crystal structure determinations were performed
on products 7b, 7d and 7g, which confirmed their
structures.9 The latter is illustrated in Fig. 1 and shows
that the phenyl 3-substituent and the bridgehead proton
at C-9a are located on the same face of the molecule,

Scheme 2. Reagents : (i) NaH, CH3COCH2CO2Et, THF reflux; (ii) 5% aq. NaOH, reflux; (iii) 1 M aq. HCl, 50°C; (iv)
Ph3PCHCO2Me, DCM, 20°C; (v) LDA, THF, −78°C, Me3SiCl; (vi) NaHCO3, THF, NBS, −78�80°C.

Scheme 3. Reagents : (i) DBU, THF reflux.
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Figure 1. Crystal structure of pyrroloquinoxaline 7a.
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Figure 2. Crystal structure of cycloadduct 6a.

presumably arising from thermodynamic control of the
prototropic shift (Scheme 3). In addition, an X-ray
crystal structure was obtained for the primary cycload-
duct 6a9 and showed (Fig. 2) that the cycloaddition had
indeed proceeded in the endo-mode that we have con-
sistently observed in earlier reports on dihydroimida-
zolium ylides;1–3 NOE studies further support this
stereochemical assignment.

We have thus demonstrated formation of the rare
hexahydropyrrolo[1,2,3-de ]quinoxaline ring system as a
secondary product of intramolecular dihydroimida-
zolium ylide cycloaddition. Exploitation of both the
primary and secondary processes is under investigation.
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9. Crystal data for compounds 7b, 7d, 7g and 6a are
deposited with the Cambridge Crystallographic Database.
Crystal data for 7g: C25H26N2O2, M=386.48, monoclinic,
a=10.559(2), b=9.6567(19), c=11.052(2) A� , �=112.47(3),
U=1041.5(4) A� 3, T=150(2) K, space group P21,
monochromated Mo K� radiation, �=0.71073 A� , Z=2,
Dc=1.232 Mg m−3, F(000)=412, colourless block, dimen-
sions 0.25×0.25×0.10 mm, �(Mo K�)=0.078 mm−1, 1.99<
2�<27.48°, 12212 reflections measured, 4640 unique
reflections. The structure was solved by direct methods
and refined by full-matrix least-squares on F2. The final
cycle (for 264 parameters) converged with wR2=0.0897

(for all data) and R1=0.0373 [F2>2�(F2)]. Crystal data
for 6a: M=446.57, monoclinic, a=5.8566(4), b=
22.8548(18), c=9.1424(7) A� , �=92.913(6)°, U=
1222.14(16) A� 3, T=150(2) K, space group P21,
monochromated Mo K� radiation, �=0.71073 A� , Z=2,
Dc=1.214 Mg m−3, F(000)=480, colourless blocks, dimen-
sions 0.20×0.20×0.10 mm, �(Mo K�)=0.079 mm−1, 3.48<
2�<24.71°, 6900 reflections measured, 3346 unique
reflections. The structure was solved by direct methods
and refined by full-matrix least-squares on F2. The final
cycle (for 299 parameters) converged with wR2=0.1075
(for all data) and R1=0.0500 [F2>2�(F2)].
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