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An efficient, facile, and practical liquid-phase combinatorial synthesis of benzimidazoles under microwave
irradiation is described. In the first step of reaction sequence, polymer-bound activated aryl fluoride was
condensed with selective primary amines via an ipso-fluoro displacement reaction. Reduction of the polymer-
bound nitro group followed by cyclization with isothiocyanates afforded immobilized benzimidazoles. The
desired products were obtained in high yield with high purity after detaching from the soluble matrix. All
reactions involved (Ar reaction, reduction, cyclization, and support cleavage) were performed completely
within a few minutes under microwave irradiation. The coupling of microwave technology with liquid-
phase combinatorial synthesis constitutes a novel and particularly attractive avenue for the rapid generation
of structurally diverse libraries.

Combinatorial chemistry and high-throughput parallel  In our effort to develop a multistep route to diversely
synthesis have emerged as a powerful technique for thesubstituted druglike scaffolds, we have targeted the benz-
generation of structurally diverse druglike compouhds. imidazole system. It is well-known that the benzimidazole
Although the solid-phase synthesis technique has beenpharmacophore is an important structural element in me-
successfully applied in the preparation of a large variety of dicinal chemistry and that it shows a broad spectrum of
heterocyclic molecules and a number of review articles have pharmacological activitie¥. Several compounds from this
appeared in this area, insoluble polymer-supported synthesislass have been used as antihistaminic, antiparasitic, and
needs unambiguously vast development time and €ffért.  gntiviral agent$l1?2 Many classicaf and solid-phasé
Soluble-polymer-supported syntheses have recently emergegnethods have been reported for the synthesis of benzimi-
as an alternative and powerful technique for the preparation gazole compounds. To the best of our knowledge, application
of small heterocyclic libraires? Liquid-phase combinatorial  of microwave technology to liquid-phase combinatorial
synthesis offers several unique advantages. For examplepmytistep synthesis has not been demonstritede herein
reactions may be carried out in homogeneous solution, butreport the first microwave-assisted 2-(arylamino)benzimi-
convenient product purification such as that of a solid-phase 45,0je library synthesis on soluble polymer support, which
method can be achieved by simple filtration and washing. .on geliver high yield and purity of products after a few
The large excess of reagents typically used in solid-supported,intes reaction time.
synthesis is normally not required in liquid-phase synthesis. )

Characterization of immobilized intermediates is also straight- In our previous study, we have shown the .usefulness ofa
forward because the polymer support does not interfere with versatile building bIO,Ck’ PEG-bggm}flu.oromtro.benzene
spectroscopic methods. (1), for the construction of medicinally interesting hetero-

. . D 7
Microwave-assisted organic synthesis (MORES) has re- cycles S'T'Ch as_arylplperfzﬂé,benz_|m|dazoloné, and

. o . 2-(alkylthio)benzimidazolé® The reaction sequence for the
ceived much attention in recent years because of its faster

chemistry and formation of cleaner products compared with ?r/]nt?_estls O_f ? rfeg_reseqtatlve I_|brary IS ?hgvgn n ?Che?f L
conventional heating.It is clear that the application of € first point ot diversity was incorporated by nucleopniiic

microwave technology to rapid synthesis of biologically aromatic substitution (8v) of primary amines with PEG-

significant molecules on the solid support would be of great pour?d .act|_vated aryl quorldQ upder QOmest|c mwrovyave
value for library generatioh This technology has recently irradiation in chloroform. Irradiation with 450 W was suitable

been recognized as a useful tool for a drug-discovery to provide more than 99% conversion of the starting material
program® In conjunction with our continuous interest in Within @ few minutes, and no decomposition of polymer
developing new protocols in liquid-phase combinatorial sqpport\_/vas obsgrved. The ipso-fluoro dlsplacement re{:lctlon
synthesis, we explore the use of microwave irradiation as aWith various amines proceeded very quickly under micro-

heating source in conformational rigid heterocycles synthesis.Wave heating and was completed within 1 min to deliver
uneventfully PEG-bouna@-nitroaniline 2 in 95% yield. In

*To whom correspondence should be addressed. Fa(886)-3- each step of the follovylr_lg reaction sequence, the PEGTbound
8663910. E-mail: cmsun@mail.ndhu.edu.tw. products were precipitated selectively from a suitable
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Scheme 1 Table 1. Microwave-Accelerated Liquid-Phase
NO, NO, Combinatorial Synthesis of Benzimidazoles
MeO-PEG-O :( ] RNHy MeO-PEG- N/H Entry RNH, R'NCS Crude purity (%) Crude yield (%)
CHCl3 >/ < 5 \
o 4 MW 1 min, o ) R 1 MeO@NHZ FONCS 86 92
HaC
NH
Zn, NHCI MeO-PEG- : H R'INCS, DCC 2 MeO‘<—:_>_\NH2 @—NCS 76 87
B N, MeOH,
MCWHSZO,';:m_ o N R MW S min. 3 MeO—@NHz @NCS 67 86
F
N NHR' N._ _NHR' 4 Meo C NH, @—Ncs 87 96
MeO-PEG- g LiBr,DBU  CHsO :/< S
N —— N NCS
> < ; N CH30H N
8 - R A 3 - R 5  Meo— %NHZ 82 96
combination of solvents such as methylene chloride and ether ¢ F@j @NCS 75 92
for isolation and purification purposes. NHz o
Reduction of PEG-boune-nitroaniline2 in a microwave 7 F@ ’ >: 87 94
cavity was tested using various reducing agents. We observed NHz NS
that Zn—NH,CI selectively converted nitro to the corre-
sponding amin@® within 2 min under microwave exposure "~ NH, F{()es 80 91
in methanol. However, other reducing agents such as Al F
NH,CI failed to reduce such an immobilized nitro group, @ F@NHZ @ms m 94
even in prolonged heating in a microwave cavity. We used NCS
conventionalH NMR as an essential tool for direct reaction 1o F‘®_\NH 82 90
monitoring and optimization on the soluble polymer sup- :
port1® Aryllmtrp to arylamino transformation was gonflrmed 1" [y @NCS 65 94
by the utilization of proton NMR. Upon completion of the
reaction, the heterogeneous material was filtered out to ensure - E>—NH HsC 70 o5
high recovery of the products. ’ @NCS
Toward this end, subjection of the resulting PEG-bound
diamines 3 to microwave irradiation by treatment with 13 E}NHQ F@NCS 86 86
various aromatic isothiocyanates in the presence of DCC and F
methanol provided the corresponding cyclized prodddts 14 QNHZ @ms 77 90
quantitative yield. Progress of one-pot cyclization was easily
monitored by regular proton NMR spectroscopy and showed 15 7 N, @NCS 91 92
that optimized reaction conditions for cyclization was PN HG
completed within 10 min (450 W) under microwave expo- ° N2 @Ncs 8 8
sure. During the workup, insoluble dicyclohexylurea (DHU)
P
was removed first by filtration to ensure the final purity of " N F C Nes 84 o7
the library and the PEG-bound benzimidazole was purified P nes
by precipitation. For the sake of comparison to conventional '8 Nz 89 95
thermal heating, cyclization reactions were also performed
in refluxing methanol for 10 min, using identical stoichi-  '° Ntz ()res 87 93
ometry. However, after cleavage, we obtained only unreacted
o o 720 — ) 88 95
diamine. It has been observed that quantitative conversion >ﬁNHz ] nes
of PEG-bound diamin@ to the cyclized product$ reguired 1 @w @NCS 91 90
arourd 4 h ofrefluxing reaction time. When both microwave N NH;
results and conventional preheated oil bath results were 2 | \/ FONCS 86 90
compared, we observed a clear improvement in yield and N N
reaction time with microwave heating. A similar enhance- 23 OCN\/\/NHZ F@—NCS 91 91

ment was also observed in the/ reaction and in the

reduction step.

The removal of the substituted benzimidazoles from the Solution by precipitation and filtration to provide the corre-
polymer support was then studied under microwave heating.sponding crude productsin 86—96% yield with 65-91%
It was found that transesterification of immobilized benz- purity as assessed by HPLC (Table*1Rroducts from the

imidazoles with LiBr and DBU in methanol was performed validated libraries are characterized by mass spectrometry
well when the reaction mixture was irradiated in a microwave and proton NMR, confirming that in each reaction the major
cavity (450 W) for 4 mir?® Upon completion of the reaction, compound has a molecular ion corresponding to the ap-
MeO—PEG-OH was removed from the homogeneous propriate product.
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In summary, we have successfully combined the advan- (10) (a) Nawrocka, WBUIll. Chim. Farm.1996 135 18-23. (b)
tages of microwave technology with liquid-phase combina- Winstanley, PLancet1998 352 1080-1081. (c) Carpio,

: ; i ; ; P A. J. Neurol, Neurosurg. Psychiatryl999 66, 411-412.
Fonal chemistry to fauhta';e the rapld synthe_5|§ of benzim (11) (3) Navarrete-Vaquez, G.: Cedillo, R. Hernandez-Campos,
idazoles from commercially available building blocks.

‘ : e i § A.; Yépez, L.; Hernadez-Luis, F.; Valdez, J.; Morales, R.;
Microwave irradiation is a powerful tool for accelerating Cortes, R.; Herriadez, M.; Castillo, RBioorg. Med. Chem.
dramatically the reaction rate of the liquid-phase synthesis Lett. 2001, 11, 187-190. (b) Kucukbay, H.; Durmaz, R.;
of 2-(arylamino)benzimidazoles. Compared to conventional Guven, M.; Gunal, SArzneim.-Forsch2001, 51, 420-424.
thermal hearting, microwave irradiation decreased the reac- (c) Zarrinmayeh, A.; Zimmerman, D. M.; Cantrell, B. E.;
tion time on the support from several hours to several Schober, D. A.; Bruns, R. B.; Gackenheimer, S. L.; Omstein,

8 ) ) P. L.; Hipskind, P. A.; Brittan, T. C.; Gchiert, D. Bioorg.
minutes. It is worth noting that all polymer-supported Med. Chem. Lett1999 9, 647—652.
intermediates and the polymer support itself remained stable (12) Spasov, A. A.; Yozhitsa, I. N.; Bugaeva, L. |.; Anisimova,
under microwave exposure as determined by proton NMR V. A. Pharm. Chem. J1999 33, 232-243. o
and MS. All reactions involved are highly efficient to give ~ (13) Preston, P. NBenzimidazoles and Congeneric Tricyclic
the desired compounds in high yield and high purity. The Compounds. Part,|Preston, P. N., Ed.; The Chemistry of

- . Heterocyclic Compounds, Vol. 1; John Wiley & Sons: New
versatility of this methodology can be extended to develop York 13/81_ P y

a streamlined approach to other druglike heterocycles in a (14) Solid-pahse synthesis of benzimidazoles. (a) Phillips, G. B.;
combinatorial fashion. Wei, G. P.Tetrahedron Lett1998 39, 179-182. (b) Lee,
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(20 mL) was added to the reaction mixture to precipitate
the PEG-bound benzimidazole. The precipitate was then
collected on a sintered glass funnel and thoroughly washed
with diethyl ether (20 mLx 3). PEG-bound benzimidazole
was then dried under vacuum to yield the cyclized benz-
imidazole in quantitative yield. Finally, the resulting PEG-
bound benzimidazole was cleaved in a microwave cavity by
using LiBr (5 equiv) and DBU (3 equiv) in 10 mL of
methanol. After 4 min of reaction, the detached M&@CEG-

OH was precipitated by adding cold diethyl ether. The
polymer was filtered, and the combined filtrate was passed
through an SPE (solid-phase extraction) short cartridge to
remove a trace amount of PEG and DBU. The final
compound was dried to offer the corresponding crude product
in 92% yield with 91% HPLC purity.

CC0200080



