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Abstract Traceless synthesis of 2-aminoimidazoquinoxali-
nones has been performed on soluble polymer support under
open-vessel microwave dielectric heating. The reaction pro-
gression is monitored directly by the conventional proton
NMR which indicated no release of the substrate from the
support. Fmoc-deprotected amino acid polymer conjugates
react with 1,5-difluoro-2,4-dinitro benzene to yield polymer
bound dinitro fluoro amines, which are further substituted by
various primary amines to yield PEG-immobilized dinitro-
diamines. Simultaneous reduction of aromatic meta-dinitro
group leads to the traceless release of 2-quinoxalinones, fol-
lowed by N-hetero cyclization with various isothiocyanates
in the presence of mercury(II)chloride to furnish 2-aminoim-
idazoquinolinone rings with three points of diversity at rapid
pace.

Keywords Traceless liquid-phase strategy · Tricyclicqui-
noxalinoneimidazole · Open-vessel microwave irradiation

Introduction

Heterocyclic derivatives with polycyclic skeletons such as
tricyclic quinoxalinones (I and III) play an important role
in the arsenal of clinically useful therapeutic agents (Fig. 1)
[1–6]. These compounds constitute an interesting chemical
space of drug-like derivatives since a small variation of the
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structure can lead to a profound change in the receptor bind-
ing profile or clinical activity [7–9]. Imidazo[4,5-g]quinox-
aline (I) comprises an imidazoquinoxaline scaffold with a
variable moiety at the second position to inhibit the phosphor-
ylation activity of Akt/PKB isoforms selectively [10]. Diami-
nobenzobisthiazoles (II) containing bis-tertiary amino side
chain show good in vivo anti-swelling effect when adminis-
tered orally in the paw prophylactic adjuvant arthritis model
[11]. Imidazol[4,5-g]quinoxaline (III) has been identified
as inhibitors against testis-specific serine/threonine kinase1
[12]. The design of the present library originated from the
observation of the extensive biological activities of the qui-
noxalin-2(1H)-one and 1H-benzo[d]-imidazol-2-amine moi-
eties which are attractive privileged scaffolds. The creation
of a hybrid quinoxaline-related tricycle scaffold composed of
quinoxalinone and 2-amino-benzimidazoles, thus has a sub-
stantial intellectual appeal resembling drug-like molecules.
Therefore, combination of these two privileged pharmaco-
phores may provide additional opportunities to discover new
lead compounds.

Drug discovery is a time-consuming and expensive pro-
cess. The bottleneck lies in the generation of compound
libraries with diversity of various chemical spaces. Substi-
tuted heterocyclic compounds offer a high degree of struc-
tural diversity and have proven to be broadly useful as
therapeutic agents. As a result, an increasing range and num-
ber of pharmaceutically interesting heterocyclic compounds
have been prepared rapidly using combinatorial chemistry to
keep pace of high throughput biological screening [13,14].
Application of solid phase combinatorial synthesis for the
rapid generation of small molecules continues to be an area
of great interest [15,16].

In providing a viable alternative to the solid support reac-
tion, liquid phase synthesis has been signifying the use-
fulness of employing a soluble macromolecular support as
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Fig. 1 Some pharmacologically active tricyclic imidazoquinolinones

a carrier such as polyethylene glycol (PEG). Polyethylene
glycol is inexpensive than that of other soluble polymer
supports such as polyethylene oxide and polyoxyethylene.
The significant differences in physical properties between
PEG4000, PEG6000, and PEG5000 are their loading capac-
ity and contained hydroxyl functionalities. PEG5000 contains
one hydroxyl group and its loading capacity is 0.2 mmol/g,
whereas PEG4000 and PEG6000 have two hydroxyl groups
and their loading capacities are 0.5 and 0.33 mmol/g, respec-
tively. Soluble polymer supported synthesis of small mol-
ecules benefits the advantages of both solution phase and
solid phase syntheses. Various synthetic steps are conducted
under homogeneous conditions with favorable reaction kinet-
ics, whereas purifications are performed just by filtration and
polymer precipitation. This alternative strategy, known as
liquid-phase combinatorial synthesis, has been investigated
to synthesize various heterocyclic combinatorial libraries
[17–20]. Soluble polymer supported molecules are directly
amenable to standard spectroscopic methods such as nuclear
magnetic resonance spectroscopy and mass spectrometry
which allow to perform in situ reaction monitoring without
the need to cleave the compound from the polymeric support
[21,22].

Liquid phase organic synthesis on a soluble support can
decrease the time of library generation by simplifying the
purification procedure. The optimization of reaction con-
dition is still a time-consuming process. During last two
decades, microwave assisted organic synthesis has been
demonstrated in drastically accelerating a variety of syn-
thetic transformations. Microwave assisted chemical synthe-
sis attributes to the application of electromagnetic radiation
within the microwave frequencies to convey the energy to
start, force or promote some chemical reactions. The main
benefits of performing reactions under microwave irradiation
are the significant rate enhancement and the higher product
yields that can frequently be observed [23,24]. Given the
current demand for novel compounds in drug discovery, the
combination of microwave assisted organic synthesis and
traceless liquid phase synthetic strategy improve the effi-
ciency of library generation importantly.

In this report, we described a scaffold-directed approach
to prepare benzofused chemical libraries using 1,5-difluoro-
2,4-dinitrobenzene (DFDNB) as a multifunctional building
block [25–28]. To extend the scope of our recent studies,
we report herein an efficient cyclization-cleavage (i.e., trace-

less) method to simplify the synthetic strategy as well as
to reduce the synthetic steps. After being released from the
support, the desired products are easily recovered, ignoring
the requirement of post cleavage workup. Hence heterocy-
clic compounds of interest can be generated in free of any
trace of the linker used to tether the starting building block to
the polymer support. In view of our ongoing program for the
development of novel synthetic strategy toward heterocyclic
compounds, we herein report the microwave-assisted trace-
less synthesis of tricyclic quinoxalinone imidazole libraries
with three points of structural diversity.

Results and discussion

Polyethylene glycol 1 (MW∼5000, 200 µmoles of free
OH groups/g) is used as the soluble polymer support for
the microwave-assisted synthesis of imidazoquinoxalinon-
es. The PEG5000 has been proven to be a versatile and useful
polymer support for the rapid synthesis of small heterocyclic
molecules [29] and oligonucleotides [30,31]. The PEG5000

has also applied in drug delivery system of cancer therapy
[32]. PEG5000 is easy to form gelatinous precipitation when
the polymer-tethered building blocks are growing up after
several synthetic transformations. In the beginning, PEG5000

1 was reacted with Fmoc protected amino acid 2 under
carbodiimide-mediated coupling condition (Scheme 1). This
coupling reaction achieved under opened-vessel microwave
conditions (150 W) for 15 min to afford the Fmoc-protected
amino ester conjugates 3 and the first diversity was estab-
lished by the side chain of Fmoc protected amino acid. Using
the same stoichiometry of reagents, the coupling reaction
was complete in 8 h by conventional reflux heating. The
emergence of the free amino group was induced by treating
3 with 10 % piperidine in dichloromethane at room tem-
perature which left the polymer support intact and led to
the polymer-bound amines 4. One of the two fluorines of
the 1,5-difluoro-2,4-dinitrobenzene was substituted by the
nucleophilic polymer-bound aminoester 4 in the presence
of triethylamine. This ipso-fluoro displacement reaction was
achieved in 7 min under microwave irradiation condition.
It should be mentioned that no di-substituted species were
observed under harsh microwave dielectric heating. The evi-
dence is based on the relative integration ratio of aromatic
protons of the 1,5-difluoro-2,4-dinitrobenzene with amino
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Scheme 1 The traceless
synthetic route to the targeted
molecules by multistep
microwave irradiation
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group protons. The immobilized polymer conjugated 5 may
be too bulky to proceed second ipso-fluoro displacement
with polymer-bound aminoester 4. Furthermore, compound
5 became less reactive than difluoronitrobenzene once one
fluorine atom is replaced by polymer bound amino esters 4.

After nucleophilic aromatic substitution reaction (SNAr),
the new signals in the aromatic region were merged due to
protons from fluoronitrobenzene ring. Displacement of the
remaining fluorine atom by various primary amines intro-
duced the second point of diversity to give 6 in high yield.
The reactions went smoothly under open vessel MW con-
ditions (150 W) for 10 min, and no side reactions such as
cleavage of the polymer support were observed. Comparison
of proton NMR spectrums of compound 5 with compound 6

indicate that, the peak (doublet) due to aromatic proton ortho-
to fluoro-group is shifted to upfield region and appeared at
5.55 ppm (singlet) which implied the weak electron donating
fluoro atom was transformed into strong electron donating
amine functionality. (See Fig. 1 in supplementary informa-
tion for detailed proton NMR monitoring synthesis of imi-
dazoquinoxalinones on the support).

To completely reduce the aromatic m-dinitro group of
PEG-immobilized dinitro diamines 6 to the corresponding
o-phenylenediamine derivative 7, various reduction condi-
tions (Scheme 2) were investigated systemically includ-
ing H2-Pd/C [33], SnCl2·7H2O [34,35], and Zn/HCOONH4

[36]. All the above-mentioned methods delivered directly
2-quinoxalinone analogues 9, an o-nitroaniline intermediate
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without further reduction of another nitro group. It is also not
possible to convert intermediate 9 to aniline 7 using the same
reduction conditions. This is implied that the resulting poly-
mer bound triaminobenzene 6A was cyclized spontaneously
after reduction and aromatized to give the compound 9. It can-

not be further reduced to di-amino compound 7 either by re-
fluxing or microwave irradiation. These results may indicate
the difficulty to reduce di-nitro groups because of dou-
ble resonance effect of the electron donating amino groups
in the ortho and para positions. However, simultaneous

Table 1 One-pot cyclization toward 2-aminoimidazoquinoxalines 8
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Table 1 continued

Amino acid (R1) R3NCS MassaEntry R2NH2 Yieldb
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a Confirmed by mass spectra (El)
b Yields were determined on weight samples

reduction of m-dinitro functionalities and traceless cleavage
of 7-amino-3-alkyl-6-(alkyllamino)quinoxalin-2(1H)-one 7
from the support were finally achieved with palladium
black in the presence of ammonium formate in methanol
(Scheme 2) [37]. The spectroscopic evidences were the dis-
appearance of the signals of polymer support and the upfield
shifting of peak of aromatic proton positioned ortho to both
nitro-groups to 7.08 from 9.2 ppm. Crude 3,7-dialkyl-6-(al-
kyllamino)-quinoxalin-2(1H)-one 7 directly released from
the support was cyclized with various isothiocyanates in
the presence of HgCl2 under the open-vessel microwave
heating (200 W) for 10 min. However, it took 16 h for the
construction of benzoimidazol-2-amine moiety under con-
ventional refluxing condition. The elucidated mechanism for

the benzoimidazol-2-amine formation indicates that the sul-
fur atom of isothiocyanates chelate to the mercury ion to
generate highly electrophilic species in situ. The nucleophilic
diamines 7 then attacked on the electrophilic species and
extruded H2S to afford the imidazoquinoxalinones 8. By the
use of thin layer chromatography (TLC), we observe that
the less lipophilic diamines 7 were gradually transformed
into more lipophilic imidazoquinoxalinones 8. The 1H NMR
monitoring model also showed the downfield shift of aro-
matic protons peak and the newly appearance of peaks from
isothiocyanate group. Quinoxalin-2(1H)-one (8) and qui-
noxalin-2-ol (10) were the possible proposed skeletons for
the final target compound. The existence of amide (8) over
its enol form (10) was further confirmed by its IR spec-

123



106 Mol Divers (2011) 15:101–107

trum where the peak at 1690–1640 cm−1specified amide
absorption. This multi-step microwave-assisted synthesis
and traceless strategy have offered an efficient and convenient
approach toward the access the tricyclic imidazoquinoxali-
nones 8 analogues. Seventeen examples with three differ-
ent appendages were synthesized in good yields and all the
experimental data comprising MS, 1H NMR, and 13C NMR
were coincident with these products (Table 1).

Conclusion

In summary, we have demonstrated a high throughput plat-
form for the rapid generation of imidazoquinoxalinone
libraries with three points of diversity by the synergistic
application of multi-step microwave irradiation and trace-
less liquid phase synthesis. The libraries of compounds are
usually obtained in high purity and yield just by washing
each polymer attached intermediates and simple precipitation
with minimum column purification. The reaction progress
of forwarding synthetic route on the soluble support is suc-
cessfully monitored by conventional proton NMR spectros-
copy without the cleave-and-analyze method. The coupling
of microwave technology with a liquid-phase traceless syn-
thetic strategy constitutes a novel and efficient approach for
the rapid generation of pharmaceutical interesting small mol-
ecules. The tricyclic 2-aminoimidazoquinoxalinone library is
ready for in vitro biological screening and the results will be
reported in due course.
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