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Scheme 1. Mechanism of the four-component Ugi reaction.
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This Letter reveals a unique, user-friendly, concise two-step, one-pot protocol for the synthesis of highly
substituted quinoxalines. Conducting the Ugi reaction with appropriately functionalized classical Ugi
reagents with subsequent acid treatment of the Ugi adduct affords collections of diversified quinoxalines
in good to excellent yields. The methodology exploits what may be viewed as a ‘convertible carboxylic
acid’, which in addition may be captured in an intramolecular sense to generate structurally complex
2-benzimidazolylquinoxalines in a mere two steps.

� 2014 Elsevier Ltd. All rights reserved.
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Isocyanide based multi-component reactions (IMCRs) are
viewed in many circles as a premier field of study for the genera-
tion of both new chemotype diversity and preferred methodologies
to afford known heterocycles.1 Specifically, the venerable Ugi reac-
tion, Scheme 1, has proved extremely versatile in enabling access
to libraries of small molecules through a variety of strategies that
encompass post-condensation modifications of the Ugi adduct
and exploitation of the ‘diversity of nucleophiles’ able to trap out
the intermediate ‘nitrilium ion’ of the Ugi reaction in both intra-
and intermolecular modalities. Indeed, the collection of reactions
that emanate from the original version of the Ugi transformation
have been exploited for the synthesis of chemical libraries since
the early 1990s, in-line with the emergence of high-throughput
screening.2 Efforts by several groups have seen concise methodol-
ogies developed that enable access to diazepines,3 ketopipera-
zines,4 imidazolines,5 b-lactams,6 and hydantoins to name but a
few.7 As such, the synthetic routes fall into the realm of UDC meth-
odology (Ugi/Deprotect/Cyclize) where the final ring closing event
is mediated through amide bond formation.1e,f This Letter details
studies directed toward the preparation of functionalized quinox-
alines that constitute an important class of nitrogen containing
heterocycles utilized in many sectors of the chemical industry.8,9

Unfortunately, reported methods to synthesize quinoxalines suffer
from various drawbacks, most noticeably harsh reaction conditions
and use of toxic metals.10 The most widely used protocol11 for
quinoxaline preparation is limited to the trivial condensation of
1,2-diamines with 1,2-dicarbonyl reagents or acyl halides; a strat-
egy allowing only two points of diversity. Recently we have
reported12 the synthesis of tetrazole-embedded quinoxalinones
using the TMS-azide version of the Ugi reaction, and herein, this
Letter reveals13 an alternate user-friendly methodology comprised
of concise two-step one-pot procedures for the synthesis of highly
functionalized quinoxalines 6, utilizing the classical Ugi reaction
and an embedded amino-nucleophile to generate pre-requisite
diversity elements.

Thus, a model reaction using benzoic acid 1, 3-bromophenyl
glyoxaldehyde 2, N-Boc-(4,5-dimethyl)1,2-phenylenediamine 3,
and commercially available n-butylisonitrile 4, proceeded
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Scheme 3. Conversion of Ugi adduct into quinoxaline 6a via intermediates 7 and 8.
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smoothly in methanol at ambient temperature giving the Ugi
adduct 5 in 70% yield (Scheme 2). Intriguingly, simple TFA treat-
ment of 5 delivers 6a in good yield, representing the first reported
synthesis of quinoxalines derived in one step from the Ugi reaction,
postulated to proceed in unexpected fashion through intermedi-
ates 7 and 8 with loss of a benzoyl group.3 Interestingly, the final
product is significantly different from its Ugi precursor and as such,
the methodology provides a unique opportunity to rapidly access
such diversity space. During our studies, it was found that the
cyclization step required optimization and different concentrations
of TFA were thus investigated. The optimal yield for quinoxaline 6a
was obtained using a 20% TFA/DCE solution in the presence of a
catalytic amount of water, with microwave irradiation at 140 �C
in 20 min (Scheme 2).

Interested by the final loss of the benzoyl moiety from interme-
diate 8 and in search of a potentially milder and more atom-eco-
nomic transformation, a number of carboxylic acids of different
strengths and sizes were thus evaluated for effects on isolated
yield of 6a (Table 1).

Study of a limited set of aromatic acids (entries 1 through 5)
revealed 2-N-Boc-aminophenyl proved optimal (73%, 6a) and one
could rationalize this observation through carbonyl-activation via
internal hydrogen bonding of the adjacent aniline. Entries 3 and
5 afforded more moderate yields of 6a, whereas 2 and 4 were
deemed incompatible with the initial condensation. In search for
optimal atom-economy, formic acid was employed and encourag-
ingly for uptake in the organic community, quinoxaline 6a was iso-
lated after acid treatment in 69% yield (entry 6), proving to be our
acid of choice. To further simplify the procedure, 20% TFA/DCE was
added directly to the Ugi adduct in methanolic solution and the
resulting mixture heated via microwave irradiation at 140 �C for
20 min (entry 7, Table 1). To our delight, the one pot procedure
Table 1
Effect of carboxylic acids on quinoxaline yield

MeOH
rt, 18 h

1a - 1f 2

3 4 5a - 5f

NH2

NHBoc

O

O
Br

NC

R OH

O

R N
O

NHBu

O
BrO

BocHN
6a

20% TFA/DCE
MW, 140 °C,
H2O, 15 min

Entry R Yields (5a–5f) Yield (6a)

1 2-N-Boc aminophenyl 47% (5a) 73%
2a 2-Methoxyphenyl nd (5b) nd
3 4-Trifuoromethylphenyl 47% (5c) 58%

4a 2,4-Dimethylaminophenyl nd (5d) nd
5 2,6-Difluorophenyl 51% (5e) 57%
6 H 49% (5f) 69%
7 H nd (5f) 43%

a Complex mixture during initial MCR, yield not determined.
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translated into higher overall yield (43%) when compared to that of
the two step process (34%, entry 6) (Scheme 3).

Exploring the scope of the reaction, various aldehydes, dia-
mines, and isonitriles were used to furnish a set of diversified quin-
oxalines and gratifyingly, the transformation worked equally well
for all inputs, (Scheme 4).

Seeking to expand accessible skeletal diversity using the same
reaction conditions, it was envisioned that use of isonitrile 9
(ortho-N-Boc-phenylisonitrile)14 would facilitate access to 2-benz-
imidazolylquinoxalines, 11. The Ugi reaction proceeded smoothly
and upon microwave irradiation of Ugi products 10 with 20%
TFA/DCE, 2-benzimidazolylquinoxalines 11a–11c were obtained
in good yield (Scheme 5). Considering the well documented medic-
inal utility of benzimidazoles and quinoxalines, these tethered
combinations of the two scaffolds afford new opportunities to
probe their biological activity.

During these studies an interesting series of 2-benzimidazolyl-
quinoxaline products 12a–12f were observed when utilizing bulky
ortho-substituted aromatic acids which had retained the benzoyl
group through an internal acyl-transfer from the nitrogen derived
from the original Ugi amine input to the adjacent benzimdazole
(Fig. 1). To the best of our knowledge this Nitrogen to Nitrogen acyl
transfer has no literature precedent. The closest correlation if any,
would be the use of imidazole based catalysts that are used to
expedite oxygen to oxygen or oxygen to nitrogen acyl transfer
reactions.15 Interestingly this behavior was observed only when
ortho-Br, ortho-I, or ortho-NO2-benzoic acid was employed
(Scheme 5). This peculiar acyl transfer may be partially explained
by the crystal structures of 12d and 12f respectively (Fig. 2), where
the ortho-subsituted aryl group is seemingly positioned to enjoy a
planar p–p interaction with the quinoxaline moiety.16

In summary, we have devised a simple, mild, robust, and high
yielding one-pot protocol to produce quinoxalines and tethered
quinoxaline–benzimidazoles.17,18 The products have the potential
to be further decorated and constrained using additional functional
groups. Moreover, the generic nature and simplicity of the protocol
renders it highly attractive as a valuable addition to the repertoire
of synthetic transformations used by the organic and medicinal
chemist respectively.
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reduced pressure and without any intermediary purification, 0.5 mL of 20%
TFA/DCE solution was added to the crude Ugi product along with a single drop
of water. The reaction was subsequently heated in a microwave at 140 �C for
20 min (Biotage Initiator60™). After cooling the reaction to room temperature,
the solvent and excess TFA were evaporated in vacuo. The final product (6a)
was purified with a CombiFlash� Rf using ethyl acetate/hexane as eluent (0–
100% ethyl acetate over a period of 20 min).
3-(3-Bromophenyl)-N-butyl-6,7-dimethylquinoxaline-2-carboxamide (6a). White
solid, mp 136–138 �C. Yield 48% (46.1 mg). 1H NMR (400 MHz, CDCl3): d 8.14
(dd, J = 16.8, 7.5 Hz, 2H), 7.91–7.78 (m, 3H), 7.59 (d, J = 6.3 Hz, 3H), 7.33 (t,
J = 7.9 Hz, 1H), 3.47 (dd, J = 13.6, 6.7 Hz, 2H), 1.71–1.57 (m, 2H), 1.50–1.35 (m,
2H), 0.97 (t, J = 7.3 Hz, 3H). 13C NMR (100 MHz, CDCl3): d 164.31, 151.88,
144.59, 141.85, 140.40, 139.20, 131.98, 131.82, 131.64, 130.79, 129.43, 129.32,
129.10, 127.54, 122.20, 39.59, 31.55, 20.15, 13.79. HRMS (EI+) calculated for
C19H19BrN3O 384.0706 [M+H+]. Found 384.0702.

18. General one-pot procedure for the synthesis of 11a and 12a: Equimolar amounts
of phenylglyoxaldehyde, tert-butyl (2-amino-4,5-dimethylphenyl)carbamate,
2-nitrobenzoic acid, and tert-butyl (2-isocyano-4,5-dimethylphenyl)carbamate
were stirred at room temperature for 18 h. The Ugi adduct 10a was purified,
treated with 20% TFA/DCE (0.5 mL), and allowed to stir at rt for 3 days.
Compound 12a was subsequently purified using a CombiFlash� Rf with ethyl
Please cite this article in press as: Ayaz, M.; et al. Tetrahedron Lett. (20
acetate/hexane as eluent (0–100% ethyl acetate over a period of 30 min). For
the preparation of 11a: the Ugi product 10a was treated with 20% TFA/DCE
(0.5 mL) and irradiated at 140 �C for 20 min. Solvent was evaporated in vacuo
and crude material purified using a CombiFlash� Rf with ethyl acetate/hexane
as eluent (0–100% ethyl acetate over a period of 30 minutes). (2-(6,7-dimethyl-
3-phenylquinoxalin-2-yl)-1H-benzo[d]imidazol-1-yl)(2-
nitrophenyl)methanone (12a). Thick brown oil, Yield 37% (46.2 mg). 1H NMR
(400 MHz, CDCl3): d 7.98 (d, J = 7.2 Hz, 1H), 7.93–7.86 (m, 3H), 7.60 (d,
J = 8.3 Hz, 2H), 7.47–7.43 (m, 2H), 7.42–7.38 (m, 2H), 7.34 (t, J = 7.4 Hz, 2H),
7.22 (d, J = 7.8 Hz, 1H), 6.82 (s, 1H), 6.51 (s, 1H), 2.54 (s, 6H). 13C NMR
(100 MHz, CDCl3): 165.06, 152.18, 151.29, 143.84, 143.06, 142.06, 140.95,
139.41, 137.97, 135.08, 133.47, 132.68, 132.32, 129.63, 129.42, 129.06, 128.73,
128.48, 128.28, 127.31, 125.83, 125.10, 121.43, 120.38, 113.36, 20.53. (EI+)
calculated for C30H22N5O3 500.1723 [M+H+] Found 500.1725.
2-(1H-Benzo[d]imidazol-2-yl)-3-phenylquinoxaline (11a).White solid, mp 281–
283 �C. Yield 46% (37.0 mg). 1H NMR (400 MHz, CDCl3): d 10.23 (s, 1H), 8.21–
8.16 (m, 2H), 7.85–7.80 (m, 2H), 7.74–7.68 (m, 3H), 7.49 (dt, J = 8.8, 4.8 Hz, 4H),
7.31 (s, 1H), 7.23 (d, J = 7.2 Hz, 1H). 13C NMR (100 MHz, CDCl3): d 153.63,
149.01, 144.29, 141.73, 140.40, 138.59, 133.42, 131.09, 130.51, 129.69, 129.44,
129.30, 129.00, 128.16, 124.51, 122.61, 121.27, 110.94. HRMS (EI+) calculated
for C21H15N4 323.1291 [M+H+] Found 323.1294.
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