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A novel, one-pot and three-component synthesis of a-quinoxalinyl
triphenylphosphoranes
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Abstract—The reactive 1:1 zwitterionic intermediate formed by the addition of triphenylphosphine to diaroylacetylenes was trapped
with 1,2-benzenediamines to produce triphenylphosphorane intermediates. Intramolecular cyclization and subsequent oxidation of
the intermediate afforded functionalized a-quinoxalinyl triphenylphosphoranes in good to excellent yields.
� 2006 Elsevier Ltd. All rights reserved.
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Figure 1. Examples of biologically active quinoxalines.
Phosphorus ylides are reactive intermediates, which take
part in many valuable reactions in organic synthesis.1–4

Several methods have been developed for the prepara-
tion of phosphorus ylides. These ylides are usually pre-
pared by treatment of a phosphonium salt with a base,
and phosphonium salts are usually prepared from phos-
phines and alkyl halides.1,2 Phosphonium salts can also
be prepared by Michael addition of phosphorus nucleo-
philes to activated olefins.1

Quinoxalines are of interest because of the occurrence of
their saturated and partially saturated derivatives in bio-
logically active compounds and natural products.5 Com-
pounds containing the quinoxaline ring system have
been shown to possess anticancer,6a antituberculosis,6b

antimicrobial,6c anti-HIV,6d antiprotozoal,6e antimalar-
ial,6f antiinflammatory,6g and anticonvulsant6h activi-
ties. Furthermore, some examples have been reported
as telomerase inhibitors,7 PDGF receptor tyrosine
kinase inhibitors,8 cyclophilin A&D inhibitors,9 angio-
tensin II receptor antagonists,10 A(1) and A(3) adeno-
sine receptor antagonists,11 5-HT3 antagonists (Fig. 1,
1),12 monoamine oxidase A inhibitors,13 poly(ADP-ri-
bose) polymerase-1 inhibitors,14 AMPA (a-amino-3-hy-
droxy-5-methyl-4-isoxazole propionic acid) receptor
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antagonists,15 NMDA (N-methyl-DD-aspartic acid) recep-
tor antagonists (Fig. 1, 2),16 and selective photo-induced
DNA cleaving and cytotoxic agents.17 In addition, some
quinoxalines are used in polymer and supramolecular
chemistry.18 Due to their unique properties, develop-
ment of synthetic methods, which enable easy access
to functionalized quinoxalines is desirable.5,19

As part of our current studies on the development of
efficient methods for the preparation of heterocyclic
compounds,20 we report herein a novel, one-pot and
three-component synthesis of a-quinoxalinyl triphenyl-
phosphoranes. Thus, triphenylphosphine, diaroylacetyl-
enes 3 and 1,2-benzenediamines 4 undergo a smooth
1:1:1 addition reaction in dichloromethane at ambient
temperature to produce 2-(2-quinoxalinyl)-2-triphenyl-
phosphoranylidene-1-ethanones 5a–i in 89–97% yields
(Scheme 1).

The reactions were carried out by first mixing triphenyl-
phosphine and the diamine in CH2Cl2. Then the
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Scheme 1.

Figure 2. Molecular structure of 5a, with 50% probability displace-
ment ellipsoids, H atoms with arbitrary radii.
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diaroylacetylene in CH2Cl2 was slowly added to the
reaction mixture at ambient temperature, and the reac-
tion was complete within a few hours. TLC and NMR
analysis of the reaction mixtures clearly indicated for-
mation of quinoxaline derivatives 5 in good to excellent
yields.21

The structure of 5a was assigned on the basis of IR, 1H,
13C and 31P NMR spectroscopies, mass spectrometry
and elemental analysis. The mass spectrum of 5a dis-
played the molecular ion (M+) peak at m/z 584, which
is consistent with the 1:1:1 adduct of triphenylphos-
phine, dibenzoylacetylene and 1,2-diaminobenzene, los-
ing two hydrogen atoms. The 1H NMR spectrum of
5a exhibited characteristic multiplets with appropriate
chemical shifts and coupling constants for the 29
aromatic protons. The 1H-decoupled 13C NMR spec-
trum of 5a showed a doublet at d = 76.12 ppm (1JPC =
109.9 Hz) arising from the ylide carbon atom, as well
as 21 other characteristic resonances with appropriate
chemical shifts in agreement with the proposed struc-
ture. The 1H-decoupled 31P NMR spectrum of 5a exhib-
ited a sharp signal at d = 20.98 ppm readily confirming
the ylide identity of the isolated product. Partial assign-
ment of these resonances is given.21 Single-crystal X-ray
analysis conclusively confirmed the structure of these
compounds. An ORTEP diagram of 5a is shown in
Figure 2.22

On the basis of the well-established chemistry of triva-
lent phosphorus nucleophiles,1–4 it is reasonable to
assume that phosphorus ylide 5 results from the initial
addition of triphenylphosphine to the acetylenic di-
ketone and formation of the 1:1 zwitterionic intermedi-
ate 6, which is protonated with the NH-acid 4. Next, the
positively charged ion 7 is attacked by the conjugate
base 8 of the NH-acid to form phosphorane 9. This
intermediate cyclizes to 1,2-dihydroquinoxaline inter-
mediate 10, which is finally oxidized under the reaction
conditions to produce quinoxaline 5 (Scheme 2).

In conclusion, we have developed a novel, one-pot and
three-component synthesis of a-quinoxalinyl triphenyl-
phosphoranes of potential synthetic and pharmacologi-
cal interest. These phosphoranes are potentially useful
synthetic targets as well as interesting intermediates.
The present method carries the advantage that, not only
is the reaction performed under neutral conditions, but
the substances can be mixed without any activation or
modification. This procedure may provide a method
for the preparation of quinoxalines with various
functionalities.
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