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A novel approach to synthesize pyrrolo[1,2-a]quinoxalines was developed successfully by 1,3-dipolar
cycloaddition of a quinoxalinium N-ylide to alkenes in the presence of MnO2 under very convenient conditions
and with moderate yields (40^52%).

Derivatives of pyrrolo[1,2-a]quinoxaline are heterocyclic
compounds of increasing interest mainly for their biological
activities in pharmaceutical and agrochemical researches.1ÿ5

Some of them have been synthetic target compounds in our
agrochemical research project for a long time. However,
most published procedures for the preparation of pyrrolo-
[1,2-a]quinoxaline involve multi-step syntheses.2;3;5ÿ10 Some
attractive procedures using cycloadditions of alkenes or
alkynes are limited by inaccessible starting materials.11ÿ14
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1,3-Dipolar cycloaddition of heteroaromatic N-ylides to
alkynes have been used widely for the preparation of vari-
ous heterocyclic compounds.15ÿ17 Recently, we have
reported a series of 1,3-dipolar cycloadditions of
heteroaromatic N-ylides to alkenes, instead of alkynes, pro-
moted by tetrakis(pyridine) cobalt(ii) dichromate
��py�4Co�HCrO4�2, TPCD] for the preparation of
derivatives of indolizine under convenient conditions.18ÿ22

Surprisingly, these popular methods had never been used
to synthesize derivatives of pyrrolo[1,2-a]quinoxaline. The
main reason may be the very tedious preparation of
quinoxalinium salts, the precursors of quinoxalinium
N-ylides. For example, 1-phenacylquinoxalinium bromide
1 could be obtained in 28% yield by stirring a mixture
of quinoxaline and 2-bromoacetophenone in chloroform
at room temperature for 29 d.23 By re£uxing the same
mixture in chloroform for 3 h only a black tar was obtained.
When we attempted to warm the mixture at 60 8C without
solvent a very vigorous polymerization occurred within
10min. Finally, we found that the desired salt can be
quickly obtained in 30% yield by ®rst melting the mixture
at 60 8C (about 5min). Once the new solid appeared, ethyl
acetate was added to quench the reaction to avoid the
polymerization.
Following the published procedure, a mixture of

1-phenacylquinoxalinium bromide 1, acrylonitrile 7a,
triethylamine and TPCD in DMF was heated at 80^90 8C
for 5 h. After work-up, two solid products were obtained.
Unfortunately, the expected product, 1-benzoyl-3-cyano-
pyrrolo[1,2-a]quinoxaline 5a, was obtained in 9% yield only.

The major product was separated in 59% yield with melting
point 128^129 8C and its structure assigned as
3-benzoyl-1-cyanoindolizine 6 (lit.19 mp 128^130 8C) by
IR, 1HNMR and MS. Obviously it is a 1,3-dipolar
cycloadduct from the reaction of N-phenacylpyridinium
bromide 2 with acrylonitrile 7a. It was believed that the
salt 2 was formed by the exchange between
1-phenacylquinoxalinium bromide 1 and pyridine, which
came from TPCD, because pyridine is a stronger
nucleophile than quinoxaline (Scheme 1).
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Scheme 1

In our previous papers, 1,3-dipolar cycloadditions of
heteroaromatic N-ylides to alkenes promoted by TPCD
involved a one-pot reaction combined with a 1,3-dipolar
cycloaddition and a dehydrogenating aromatization. For
this reason, use of a dehydrogenating reagent in the proce-
dure is essential to meet the requirement of the mechanism.
To avoid producing the by-product 3-benzoyl-1-cyano-
indolizine 6, MnO2 was recommended to replace TPCD
as a dehydrogenating reagent. As was expected, when MnO2
was used in the above reaction, compound 5a was obtained
smoothly in 48% yield as a sole product. By the same
procedure, pyrrolo[1,2-a]quinoxalines 5b^5e were prepared
respectively from corresponding methyl acrylate 7b,
methyl vinyl ketone 7c, diethyl fumarate 7d and
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N-phenylmaleimide 7e in moderate yields (40^52%)
(Scheme 2).
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In conclusion, MnO2 has proved to be a satisfactory sub-
stitute for TPCD in 1,3-dipolar cycloaddition of
1-phenacylquinoxalinium N-ylide 1 with alkenes 7a^7e)
and a one-pot procedure was developed successfully to pre-
pare derivatives of pyrrolo[1,2-a]quinoxaline 5a^5e in
moderate yields (40^52%) under mild conditions.

Experimental
All melting points were determined on a Yanaco apparatus and are

uncorrected. The IR spectra were recorded on a Nicolet FT-IR SDX
spectrometer with KBr pellets, 1HNMR spectra on a Bruker
ACF-300 spectrometer with TMS as internal reference and MS
spectra on a ZAB-HS mass spectrometer at 70 eV. The elemental
analyses were performed on a Perkin-Elmer 240C instrument.

1-Phenacylquinoxalinium Bromide 1.öA stirred solid mixture of
quinoxaline (1.3 g, 10mmol) and 2-bromoacetophenone (2.0 g,
10mmol) was warmed at 60 8C to melt. Once the new solid had
appeared (about 5min), ethyl acetate (2.0mL) was added to quench
the reaction and the suspension produced was stirred for 5min at
room temperature. The brown crystals were collected by ®ltration
and rinsed with a small amount of ethyl acetate to give 0.96 g (30%)
of crude salt 1, mp 187^191 8C; nmax/cm

ÿ1 1679, 1592, 1512, 1335,
1221, 990, 762. It was used in the next step directly without any
further puri®cation.

General Procedure for Preparation of Pyrrolo[1,2-a]quinoxalines
5.öA suspension of 1-phenacylquinoxalinium bromide 1 (10mmol),
alkene 7 (50mmol), MnO2 (80mmol) and Et3N (20mmol) in
DMF (50mL) was stirred at 80^90 8C for 4 h (monitored by TLC).
After the mixture was cooled to room temperature, the solid was
®ltered off and the ®ltrate poured into water (100mL). The crude
product was collected by ®ltration and puri®ed by chromatography
[silica gel, 20% ethyl acetate in light petroleum (bp 60±90 8C)] to give
pure compound 5, which can be recrystallized from acetone^light
petroleum.

1-Benzoyl-3-cyanopyrrolo[1,2-a]quinoxaline 5a.öThis compound
was obtained as yellowish needles, mp 201^203 8C (Found: C, 76.75;
H, 4.03; N, 14.28. C19H11N3O requires C, 76.76; H, 3.73; N,
14.13%); nmax/cm

ÿ1 2225, 1650, 1550, 1456, 1256, 1156, 943, 756;
dH 9.22 (1H, s, C4-H), 8.18 (1H, d, J 8.3, C9-H), 8.10 (1H, d, J 8.5,
C6-H), 8.05 (2H, d, J 7.6, ArH), 7.74 (1H, t, J 7.4, ArH), 7.67 (1H,
t, J 7.6Hz, ArH), 7.63^7.58 (3H, m, ArH), 7.47 (1H, s, C2-H);
m/z (%) 297 (M�, 100), 271 (2), 220 (28), 192 (8), 105 (63), 77 (65).

Methyl 1-benzoylpyrrolo[1,2-a]quinoxaline-3-carboxylate 5b.ö
This compound was obtained as yellow crystals, mp 177^179 8C
(Found: C, 72.80; H, 4.45; N, 8.47. C20H14N2O3 requires C, 72.72;
H, 4.27; N, 8.48%); nmax/cm

ÿ1 3058, 2945, 1708, 1644, 1595, 1553,
1258, 1089, 920, 752. dH 9.75 (1H, s, C4-H), 8.13 (1H, d, J 8.5,
C9-H), 8.09^8.06 (3H, m, ArH), 7.69 (1H, t, J 7.3Hz, ArH), 7.63
(1H, s, C2-H), 7.62^7.54 (4H, m, ArH), 3.95 (3H, s, OCH3); m/z
(%) 330 (M�, 20), 299 (6), 271 (5), 253 (7), 130 (100), 122 (30),
105 (66), 77 (54).

3-Acetyl-1-benzoylpyrrolo[1,2-a]quinoxaline 5c.öThis compound
was obtained as yellow crystals, mp 183^185 8C (Found: C, 76.18;
H, 4.98; N, 9.01. C10H7NO requires C, 76.42; H, 4.49; N, 8.91%);
nmax/cm

ÿ1 1666, 1631, 1588, 1546, 1265, 970, 913, 759; dH 9.93 (1H,
s, C4-H), 8.17 (1H, d, J 8.1, C9-H), 8.10^8.06 (3H, m, ArH), 7.73

(1H, t, J 7.3Hz, ArH), 7.64^7.53 (4H, m, ArH), 7.53 (1H, s, C2-H),
2.58 (3H, s, CH3); m/z (%) 314 (M�, 61), 299 (100), 271 (8), 237 (6),
105 (31), 77 (36).

Diethyl 1-benzoylpyrrolo[1,2-a]quinoxaline-2,3-dicarboxylate 5d.
öThis compound was obtained as yellow needles, mp 142^144 8C
(Found: C, 69.30; H, 4.62; N, 6.89. C24H20N2O5 requires C, 69.22;
H, 4.84; N, 6.73%); nmax/cm

ÿ1 2988, 1715, 1652, 1595, 1251, 977,
871, 752; dH 9.63 (1H, s, C4-H), 8.10 (1H, d, J 8.0, C9-H), 7.96 (2H,
d, J 7.5, ArH), 7.68^7.63 (2H, m, ArH), 7.56^7.49 (3H, m, ArH), 7.42
(1H, t, J 7.7, ArH), 4.44 (2H, q, J 7.0, OCH2), 3.93 (2H, q, J 7.0,
OCH2), 1.41 (3H, t, J 7.0, CH3), 1.03 (3H, t, J 7.0Hz, CH3); m/z
(%) 416 (M�, 100), 371 (20), 343 (7), 299 (26), 105 (44), 77 (36).

N-Phenyl 1-benzoylpyrrolo[1,2-a]quinoxaline-2,3-dicarboximide
5e.öThis compound was obtained as reddish needles, mp 142^144 8C
(Found: C, 74.56; H, 3.66; N, 10.21. C26H15N3O3 requires C, 74.81;
H, 3.62; N, 10.07%); nmax/cm

ÿ1 1742, 1720, 1650, 1595, 1560, 1342,
1270, 980, 750; dH 9.36 (1H, s, C4-H), 8.18 (1H, d, J 8.2, C9-H), 8.15
(2H, d, J 7.8, ArH), 7.82 (1H, d, J 8.5, ArH), 7.74 (1H, t, J 7.3, ArH),
7.66 (1H, t, J 7.6, ArH), 7.60^7.55 (3H, m, ArH), 7.45 (2H, d, J
7.8Hz, ArH), 7.37^7.35 (3H, m, ArH); m/z (%) 417 (M�, 100),
105 (1), 77 (1).
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