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ABSTRACT

Traceless synthesis of 2-aminoimidazoquinoxalinones has been performed on soluble polymer support under open-
vessel microwave dielectric heating. The reaction progression is monitored directly by the conventional proton 
Nuclear Magnetic Resonance (NMR) without 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-qunoxalinones, followed by N-hetero 
cyclization with various isothiocyanates in the presence of mercury (II) chloride to furnish 2-aminoimidazoquinolinone 
rings with three points of diversity at rapid pace.

Keywords: Traceless liquid-phase strategy; Tricyclic quinoxalinone imidazole; Open-vessel microwave irradiation; 
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INTRODUCTION

Heterocyclic derivatives with polycyclic skeletons such as 
tricyclic quinoxalinones play an important role in the arsenal 
of clinically useful therapeutic agents (Figure 1) [1-3]. This 
2-aminoimidazoquinoxalin constitute an interesting chemical 
space of drug-like derivatives since a small variation of the structure 
can lead to a profound change in the receptor binding profile 
or clinical activity [4]. Imidazo [4,5-g] quinoxalin comprises a 
imidazoquinoxaline scaffold with variable moiety at the second 
position to inhibit the activities of Akt/PKB isoforms selectively. 
Diamnobenzobisthiazoles containing bis-tertiary amino side chain 
show good in vivo inhibition against the swelling of the uninjected 
paw in the prophylactic adjuvant arthritis model orally [5-7]. 
Imidazol [4,5-g]quinoxaline have been identified as the potential 
inhibitors against testis-specific serine/threonine kinase1. Design 
concept of the present library has originated from the observation 
of the extensive biological activities of the quinoxalin-2(1H)-one and 
1H-benzo[d]-imidazol-2-amine moiety which are attractive privileged 
scaffolds. The creation of a hybrid quinoxaline-related tricycle 
scaffold composed of quinoxalinone and 1H-benzo[d]-imidazol-2-
amine thus, has a substantial intellectual appeal resembling drug-
like molecules. Therefore, combination of these two privileged 
pharmacophores may provide additional opportunities to discover 
new lead compounds.

MATERIALS AND METHODS

Drug discovery is a time-consuming and expensive process. The 
bottleneck lies in the generation of compound libraries with 
diversity of various chemical spaces. Substituted heterocyclic 
compounds offer a high degree of structural diversity and have 
proven to be broadly useful as therapeutic agents. As a result, 
an increasing range and number of pharmaceutically interesting 
heterocyclic compounds have been prepared rapidly using 
combinatorial chemistry to keep pace of high throughput biological 
screening [8]. Application of solid phase combinatorial synthesis 
for the rapid generation of small molecules continues to be areas 
of great interest [9].

In providing a viable alternative to the solid support reaction, 
liquid phase synthesis has been signifying the usefulness of 
employing a soluble macromolecular support as a carrier such 
as Polyethylene Glycol (PEG). Polyethylene glycol is inexpensive 
than that of other soluble polymer supports such as polyethylene 
oxide and polyoxyethylene. Soluble polymer supported synthesis 
of small molecules benefits the advantages of both solution phase 
and solid phase syntheses. Various synthetic steps are conducted 
under homogeneous conditions with favorable reaction kinetics, 
whereas purifications are performed just by filtration and polymer 
precipitation. This alternative strategy, known as liquid-phase 
combinatorial synthesis, has been investigated to synthesize 
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various heterocyclic combinatorial libraries [10,11]. Soluble 
polymer supported molecules are directly amenable to standard 
spectroscopic methods such as nuclear magnetic resonance 
spectroscopy and mass spectrometry which allows to perform in 
situ reaction monitoring without the need to cleave the compound 
from the polymeric support [12].

Although liquid phase organic synthesis can decrease the time of 
library generation by simplifying the purification procedure. The 
optimization of reaction condition is still a time-consuming process. 
During last two decades, microwave assisted organic synthesis have 
been demonstrated in drastically accelerating a variety of synthetic 
transformations. Microwave assisted chemical synthesis 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 [13]. 
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 efficiency 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 
as a multifunctional building block [14,15]. To extend the scope 
of our recent studies, we report herein an efficient cyclization-
cleavage method to simplify the synthetic strategy as well as to 
reduce the synthetic steps. After liberating from the support, the 
desired products are easily recovered, ignoring the requirement of 
post cleavage workup. Hence heterocyclic compounds of interest 
can be generated in free of any trace of the linker used to tether 

Figure 1: Some pharmacologically active tricyclic imidazoquinolinones.

Figure 2: The traceless synthetic route to the targeted molecules by multistep microwave irradiation.

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 traceless synthesis of tricyclic quinoxalinone imidazoles 
libraries with three points of structural diversity.

RESULTS AND DISCUSSION

Poly ethylene glycol 1 (MW ~ 5000, 200 μmoles of free OH 
groups/g) is used as the soluble polymer support for the microwave 
assisted synthesis as a test of imidazoquinoxalinones. Using the 
stoichiometry test of reagents, the coupling reaction was complete 
in 8 hours by conventional reflux heating. The emergence of the 
free amino group was induced by treating with 10% piperidine 
in dichloromethane at room temperature which left the polymer 
support intact and led to the polymer-bound amines. During NMR 
monitoring reaction progress, the signals of the two methyl groups 
of the L-valine were nonequivalent. One of the two fluorines of the 
1,5-difluoro-2,4-dinitrobenzene was substituted by the nucleophilic 
polymer-bound aminoester in the presence of triethylamine. This 
ipso-fluoro displacement reaction was achieved in 7 minutes under 
microwave irradiation condition. It should be mentioned that 
no di-substituted species were observed under harsh microwave 
dielectric heating. The evidence is based on the integration ratio 
of Ha and Hb which shows 6:1 instead of 12:1. The immobilized 
polymer conjugate may be too bulky to precede second ipso-fluoro 
displacement with polymer-bound aminoester. Furthermore, 
compound became less reactive than difluoronitrobenzene once 
one fluorine atom is replaced by polymer bound amino esters 
(Figures 2 and 3).
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spectrum showed an amide absorption in the range of 1690-1640 
cm-1 which indicates that it was a 3,4-dihydroquinoxalin-2-one but 
not a quinoxalin-2-ol. This multi-step microwave-assisted synthesis 
and traceless strategy have offered an efficient and convenient 
approach toward the access the tricyclic imidazoquinoxalinones 
analogues. Seventeen examples with three different appendages 
were synthesized in good yields and all the experimental data 
comprising MS, 1H NMR, and 13C NMR were coincident with 
these products.

CONCLUSION

In summary, we have demonstrated a high throughput platform 
for the rapid generation of imidazoquinoxalinone libraries with 
three points of diversity by the synergistic application of multi-
step microwave irradiation and traceless liquid phase synthesis. 
The libraries of compounds are usually obtained in high purity 
and yield just by washings of each polymer attached intermediates 
and simple precipitation with minimum column purification. The 
reaction progress of forwarding synthetic route on the soluble 
support is successfully monitored by conventional proton NMR 
spectroscopy without the and cleave and analyze method. The 
coupling of microwave technology with a liquid-phase traceless 
synthetic strategy constitutes a novel and efficient approach for the 
rapid generation of pharmaceutical interesting small molecules. 
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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(singlet, spectrum C) which implied the weak electron donating 
fluoro atom was transformed into strong electron donating amine 
functionality. 

To completely reduce the aromatic m-dinitro group of 
PEG-immobilized dinitro diamines to the corresponding 
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well as Hc and the newly appearance of phenyl group in the 7 ~ 
8 ppm region. Quinoxalin-2(1H)-one and quinoxalin-2-ol were the 
possible proposed skeletons for the final target compound. The IR 

Figure 3: Reduction study of PEG-immobilized dinitro diamines.
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