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Microwave-Assisted and Traceless Synthesis and imidazole with a benzene spacer moiety resulted in

of Imidazoquinoxalinones compounds with promising biological activation (Figure 1).
For example, AGL 2043 blocked PDGFR kinase with
Mei-Jung Lin and Chung-Ming Sun* inhibitory effects on the related Flt-3 and c-Kit receptBrd®
Department of Applied Chemistry, National Chiao Tung Lin-benzoadenine has been studied with respect to the
University, Hsinchu 300, Taiwan exhibition of strong enzyme binding, activation, and action

i ) as cofactor in enzymatic reactiolsTricyclic quinoxalinones
Receve.d April 11, 2006 o ~ (TQXs) are reported as selective AMPA receptor antago-
To discover lead compounds of significant pharmacologi- nists! In continuation of our interest in soluble polymer-
cal activity, it is necessary to screen a large number of supported synthesis of benzimidazoles and quinoxalinones,
compounds within a short period of time. Combinatorial the present investigation develops an efficient one-pot
chemistry along with high-throughput screening has been traceless synthesis of imidazolo[4,5-g]-quinoxalinone on a

able to generate vast molecular libraries to meet this demandsoluble polymer support under microwave irradiation.

for diversified chemical compoundsilthough solid-phase The microwave-assisted multistep synthetic route to the
library synthesis offers a practical method with the advan- (5geted imidazoquinoxalinones is described in Scheme 1.
tages of fast purificatiod,it is hampered by the heteroge- The synthesis starts with esterification of the commercially
neous conditions and requires a large excess of reagents tQ, 5ijable Fmoc-protected amino acids with poly(ethylene
drive it to completion. The introduction of soluble polymer glycol) (PEG-OH, MW~ 5000) under microwave conditions
supportd to combinatorial synthesis has resulted in an for 15 min to obtain the Fmoc-protected amino ester
alternative method that enables standard 50'“tion'basedconjugateil). The same coupling reaction was done in 8 h
chemistry to be performed with favorable reaction kinetics ,y conventional reflux heating. The regeneration of the free

and product purification similar to solid phase reactions. 4mino group was achieved by treatibgiith 10% piperidine
Furthermore, monitoring progress of reactions on the support;, gichloromethane at room temperature which left the
is significantly simplified by using conventional analytical polymer support intact leading to the polymer-bound amines
methods! o _(2). The next step in the synthesis is thgsofluoro
Despite numerous advances in high-throughput synthesisgigpacement reaction with highly electrophilic dinitrodi-
methods, a more practical approach in fast library preparationgoropenzene inside the microwave cavity. The reaction
is emerging. Many polymer-supported reactions require hours yrqceeds to completion in 7 min resulting in the formation
or days to complete conversion with conventional heating. o nolymer-bound dinitrofluoro amines), It should be noted
Same reactions only take a few minutes to complete With 4 ynder harsh microwave heating, no disubstituted species
microwave irradiation. Several papers that have applied \yare observed after cleavage 8f This could be that
microwave irradiation in solid- or solution-phase synthesis jmopilized substrate is less reactive than difluoroni-
are now widely reportedl,and their results demonstrate henzene once one fluoro was first replaced by polymer-

higher yields and shorter reaction times compared to that of ;) ;nd amino estet Difluoronitrobenzene has been utilized
conventional thermal heating. The development of microwave- o5 4 pifunctional cross-linker since it contains two fluoro

assisted traceless library synthesis provides rapid access tg.qns which could be successively substituted by different
the targeted compounds without requiring cleavage of the ,jeqphiled® The use of this symmetric scaffold for the

polymer support. To better meet the need of enhancing o stryction of fused heterocycles by solid-phase synthesis
druglike library synthesis, we report the rapid synthesis of | .5 peen publishéd® However, the acidolysis of acyl-

blploglcally |n.terest|ng |m|da_zoqumoxallnones by the ap- amidoquinoxaline to cleave the polystyrene support is
plication of microwave technique and traceless approach. necessary.

The heterqcyclig systems containing quinpxaline rings The second point of molecular diversity was introduced
were largely investigated and were effective in pharmaco- by another SAr reaction of various alkyl aromatic amines
logical and agrochemical herbicides. For example, pyrazolo- "7 . ise 10 the PEG-i bilized dinitro diamined

uinoxaline showed a relatively high antibacterial activity, 29 € fo h€ immobilized dinitro diamines) (
q . . relatively nig . Y under microwave irradiation in 10 min. In contrast, conven-
wherein the minimurm |nh_|b|tory coqcentratlon (MIC) was tional heating for this transformation requir@ h of reflux
25ug/mL againsBacillus LicheniformisandCelllulomaonas in EtOH to . . o

6-10 o . . . go to completion. Simultaneous gquantitative
Sp The tricyclic fused scaffold incorporating pyrazine reduction of the aromatio+dinitro group to the correspond-

*To whom correspondence should be addressed. Faf@86)-3- ing aniline derivatives was then studied in various conditions.
5736007. E-mail: cmsun@mail.nctu.edu.tw. We found that by using either Zn in HCOONMIar tin(ll)
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Figure 1. Pharmacologically active of tricyclic compound.

Scheme 1.Traceless Synthesis of Tricyclic Quinoxalinones by Multistep Microwave Irradiation
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Scheme 2.Reductive Cyclization Synthesis of 2-Quinoxalinores
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chloride dihydrate can deliver traceless synthesis of 2-qui- oin F
noxalinone analogued, an o-nitroaniline intermediate @\ / Nid) é. ;

X ; : N o
without further reduction of another nitro group (Scheme I _—'@\ =i, cie
2).1° 3,4-Dihydroquinoxalin-2-one is also a privileged drug- Li \ I - / Vl—
like scaffold which has been shown to have broad biological — \@/ \ / § ] /
activity in medicinal chemistr§® Microwave-assisted syn- ~/ \J“ N2 N3l ! \:?
thesis of chiral quinoxalinone has also been repoited. N '

The one-pot reductive bis-N-heterocyclization was ac-

complished in two steps as follows: simultaneous reduction

of the two nitro groups was brought about by catalytic \Q;[ :@: >_<:> \

transfer hydrogenation using palladium and ammonium Qi\ﬂ"""“" -"‘ ~~

formate in methanol by microwave irradiation (10 min, 90 ) 0Ly s b ¢ ~o
W). The same reduction was completed in 16 h by D \ ‘

conventional heating. The nucleophilicity of the in situ Q (\/

generated diamine was used to construct the five-memberec l

ring with aldehydes representing the {4 1] approach to o

benzimidazole. The reduction and cyclization procedure canfigure 2. ORTEP diagram ofém with the crystallographic
be operated in a continuous manner toward the tricyclic numbering system.



Reports Journal of Combinatorial Chemistry, 2006, Vol. 8, No. 457

Table 1. One-Pot Cyclization toward Imidazoquinoxalinorgées

Entry R4 R2oNH2 R3CHO Mass Yield®
o)
6a H QNHQ @—/( 344 86%
H
0
6b H YNHz <:>—/( 324 95%
H
)
6c [>—NH; <:>—/( 398 90%
H
0
6d \/© AN NH, H 458 91%
0
6e \Q >~NH2 ©_\_/< 422 85%
H
of 526 92%
Ph)\ANHZ \/\)J\H °
PR ’
69 \ /\/\NH2 H 424 88%
\)\ Ph 0
6h <:>—/( 518 94%
Ph)\/\ NH, ’ °
0
6i )\ E>7NH2 H 422 84%
_ 0
6j /k AN NH, <:>_4 366 85%
H
0
6k [>—NH, -~ 324 92%
H
0
6l /k hlLE @—/( 360 88%
H
. )\ Ph 0
m 504 90%
Ph)\/\ NH C iH

aYields were determined on weight of purified samples.

quinoxalinone imidazole$. This reaction was carried out reaction mixtures. In this way, one-pot reductive double-
successfully without further addition of acidic cataly¥t& ring closure directly leads to the tricyclic quinoxalinone
It should be mentioned that no other oxidants, such as DDQ imidazoles6 in high yields and purities. Complete intramo-
and oxone, are needed to assist benzimidazole cycliz&tion. lecular cleavage of the polymer support was verified by the
Under the harsh microwave conditions employed, this was observation of a downfield shift for the-methylene protons
also accompanied by the cleavage of the polymer supportof the polymer attachment site from 4.4 to 3.6 ppm. The
by an intramolecular nucleophilic attack on the polymer polymer-free compounds, were yellow solids which were
attached site and no more cleavage step was recffired. purified by column chromatography with elution using ethyl
Simultaneous cyclization with various aldehydes was brought acetate/hexane (1:1), and they were isolated in-a9%4%
about in 7 min by microwave irradiation, whereas the same yield (Table 12> Additional support for the unambiguous
ring closure reaction is completed withr h under classical  configuration of theém structure was finally confirmed from
refluxing conditions. To this end, insoluble palladium/ the X-ray analysis which indicated it is a 3,4-dihydroqui-
charcoal was removed first by filtration, and the unwanted noxalin-2-one but not a hydroxyl-quinoxaline. The IR
polymer support was separated from the desired productsspectrum o6 also showed amide absorption that appears in
by selective precipitation after adding diethyl ether to the the range of 16861630 cnm™.
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In conclusion, we first explored a combination of micro-  (11) Levitzki, A.; Gazit, A.; Banai, S.; Golomb, G.; Gertz, D.
wave techniques and traceless polymer-supported strategies  US Patent 6, 358, 954, 2002.
for the synthesis of tricyclic quinoxalinone imidazoles (ig) kevutikul,le.. Eﬂh?rma‘,i/cl’"ghﬂlgfg 82, 23%;_23“3' LML
Iibraries with three_points of diversity. Simult.aneous reduc- (13) P:trhcig’y K Le?liltSZT(’i, A.; één;sg;méglg’mb:’G_;e,r;?sibeiﬁ:
tion of the two nitro groups leds to the intramolecular l.; Chorny, M.; Haverich, A.Transplantation2002 74,
cyclizative cleavage of polymer support and N-heterocy- 1335-1341.
clization with aldehydes to the formation of imidazole and (14) George, DSemin. Oncol2001, 5, 27—32.
the quinoxalinone ring in one pot. The coupling of micro- (15) Gilliland, D. G.; Griffin, J. D.Blood2002 100, 1532-1542.

. - . (16) Heinrich, M. C.; Rubin, B. P.; Longley, B. J.; Fletcher, J.
wave technology with a liquid-phase traceless synthetic A. Hum. Pathol 2002 33, 484—495.

strategy constitutes a novel and attractive avenue for the rapid (17) catarzi, D.; Colotta, V.; Varano, F.; Cecchi, L.; Filacchioni,

generation of structurally diverse libraries. The biological G.; Galli, A.; Costagli, C.; Carla, VJ. Med. Chem200Q

activities of synthetic libraries will be reported in due time. 43, 3824-3826.
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