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The novel alkyIN-methylN-polystyreneamino-2-isocyanoacrylate was used for the synthesis of 1-substituted
imidazole-4-carboxylates utilizing a “catch and release” methodology. The reactions were performed under
microwave irradiation, affording the title compounds in both high yields and chemical purity directly to
solution, from the solid phase support.

Introduction activated resit? such that the introduction of a suitably

functionalized building block provokes concurrent deriva-
tization and release of a new product back into solution.
Significantly, only derivatized material is released from the

syntheses of substituted imidazoles are described in the€Sin: thereby facilitating the preparation of compounds with

literature, and many synthetic strategies have been devel-Nherently high purities. Resin “caich and release” has the
oped? Within this field there has been much interest in the added advantage that it facilitates solvent exchange without

development of methods for solid-phase synthesis of small-the addeq complexities associated with the introduction of
molecule libraries. evaporation steps.

The discovery of solid-phase synthetic routes toward As part of a series of studies toward new techniques for
heterocyclic derivatives is an area of continued creativity combinatorial heterocycle synthesis under mild conditidns,
for organic chemists. In particular, low molecular weight we wish to report herein the use of a resin-bount-3-
heterocyclic compounds are important as pharmaceutical leadnethylenN-methylamino isocyanoacrylate for the synthesis
compounds because they are highly functionalizable scaf-of 1-substituted 4-imidazole carboxylates (Table 1) through
folds. In solid-phase organic synthesis (SPOS) resin-bounda “catch and release” methodology. To give a rapid synthesis
multifunctional compounds are key intermediates for the of a library of compounds that might be delivered directly
production of heterocyclic compound libraries; however, the onto solution, we decided to anchor the reagent to an amine-
possibility of efficiently obtaining specific substituents is functionalized support. Thus, the commercidimethyl
often limited, and new synthetic methodologies need to be aminomethylated polystyreriie(1.38 mmol/g) was charged
developed. with alkyl isocyanoacetate arid-formyl imidazole diethyl-

In the solution phase, a bifunctional compound\ 3+ acetal under acid-catalyzed conditions (10% CSA) in DMF
(dimethylamino)-2-isocyanoacrylate, has been used for the(Scheme 1).
regioselective synthesis of several heterocycles, such as
imidazoles’ tetrazoled,and thiazole$.A solid-phase version Results and Discussion
of this method was used to generate libraries of thiaZoles
via a Ugi-MCR° with the use of resin-bound B;N-

(dimethylamino)-isocyanoacrylate for the synthesis of regio- , . .
selective 1-substituted 4-imidazolecarboxyldfes reactions were preferentially conducted under microwave

Although combinatorial solid-phase methods enable the irradiation to shorten the reaction tiffeThus, the reaction
efficient generation of large numbers of new compound mixture was h(;aated n ase_a:ed tu(;)e (CEM-;!eagne:'d 10-mL
entities?? difficulties are often associated with SPOS, such prez;ure—ra;te lreaqtmn vial) gnTh exfpose to mlcror\]/v ave
as long reaction development and optimization times, the '”T lation for O-mlndat E.SO’C.h hle reglz gmlrl:_e onht ©
need for large reagent concentrations to drive reactions toP9"YMer was monitored using the c orani (eSThis rather
completion, and the inability to purify intermediate resin- S€nsitive assay enables the detection of even very small
bound intermediates, has refocused attention on developing2Mounts of free secondary amines on the resin, a negative
methods for high-throughput solution-phase synthesis. test |nd|_cat|ng complete anchoring to the SO|Id. support. Then

In this context, the application of resin “catch and release” e resin was washed thoroughly with portions of DMF,

protocols can be particularly useful since the reaction product "€*xane, THF, hexane, amebutanol in sequence.

can be separated from solution by immobilization onto an ~ Treatment of the resir2 with an amine afforded the
isomerically pure alkyl 1-substituted-4-imidazolecarboxylate

* To whom correspondence should be addressed. E-mail: ggp@uniss.it. 3, restoring the starting amino polyester resigscheme 2).

The imidazole moiety is found in many medically impor-
tant compounds such as fungiciddsenzodiazepine antago-
nists? antibacterial$,antibiotics? and other drugs. Numerous

Although the formation of the functionalized supp@rt
can be achieved heating the mixture at°@for 36 h, the

10.1021/cc0500670 CCC: $30.25 © 2005 American Chemical Society
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Table 1. Synthesis of Selected 1-Alkyl-4-imidazole
Carboxylic Derivatives

Compd3 R, R, yield® purity
(%) (%)
a OMe @_/ 97 99
b OMe vl N/ 958
¢ OMe wo{ N/ 9B 9
d  OMe )\ 94 98
(N
e OMe t-Bu 80 99
f OMe 7\ 80 96
=N
g  OMe )l 90 99
COOMe
h OBn @_/ 85 99
i OBn Me@J 92 99
J OBn Meo_@_/ 97 99
k OBn I 92 99
COOMe
1 OBn

/E\sme 85 85
COOMe

@_/ 89 97

MSOQJ 92 99
S0 NN

89 99

aBased on mass recovery of crude prodf&stimated by HPLC
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Table 2. Comparison of Conventional and Microwave
Procedures for Imidazole Synthesis

fw

HN—

: \HMOMG

thermal reaction: microwave-assisted reaction:

24 h, 116°C 2 x 30 min, 114°C
imidazoles % yield¥/purity” % yield?¥/purity?
3a 80/99 97/99
3c 96/98 98/99
3r 75/98 83/98

a Average yield determined on the basis of mass recovery of
crude product® Average purity determined by HPLC peak area at
254 nm.

reflux condenser, operating at 11@ for two cycles of 30
min. The imidazole$8 were recovered in pure form and in
high yields simply by filtering the mixture and washing the
resin with dichloromethane (Table 1).

As noted from the examination of the Table, the reaction
tolerates a significant range of steric substitution patterns,
and good vyields are observed even with more hindered
amines, such asecalkyl- (compounds3g, 3k, and3l) and
tert-alkylamines (compounde). Imidazoles3a—r were
obtained in very high purityX 95%, excluding the synthesis
of compound3l), as judged by HPLC/UV254/MS measure-
ments. The chemical identity and HPLC/UV homogeneity
of a selection of these samples were further corroborated by
comparison of theitH NMR data with those obtained from
conventional solution-phase experimehields (gravimet-
ric) were generally in the range 8®8% (over two steps,
based on the initial loading of resit). These microwave-
assisted reaction conditions significantly reduced the reaction
time for the solid-phase cleavage reactions. In Table 2 are
given some results for the cleavage reactions of r2sinder

analysis at 254 nm on the crude material on area of peak MW irradiation, as compared with those of the thermal

corresponding to the correct molecular weight.

reaction.
Moreover, the solid support used can be regenerated. The

The cyclization step was carried quantitatively by refluxing procedure described was, in fact, repeated using recycled
2 in n-butanol in the presence of 10 equiv of several amines solid support, and good vyields of the desired products
or amino acid esters (Table 1). The reactions were carriedwithhigh levels of purity were always obtained for at least
out under microwave irradiation in an open flask with a 3—4 cycles. Thermal drawbacks of solid-supported chem-
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istry, such as degradation of the polymer support caused by51.5, 51.2. Anal. Calcd for gH1oN,0,: C, 66.65; H, 5.59;
heating for long times, were so avoided. Unfortunately, N, 12.96. Found: C, 66.65; H, 5.55; N, 13.00.
aniline or other aromatic amines could not be used for 2. Microwave Irradiation Procedure. The resin2 was

preparing 1-aryl-4-imidazolecarboxylates due to very low syspended in drg-BuOH (5 mL) in a round-bottomed flask

yields (<20%), agreeing with reports by other authbrs with a reflux condenser. Benzylamine (0.1 mL, 1.38 mmol)
noted in this kind of reaction, chemoselectivity is another \yas added, and the resulting mixture was exposed to
feature of this chemistry. microwave irradiation at 119C for two cycles of 30 min in

In summary, we have developed an operationally simple g self-tuning, single mode, CEM Discover Focused Synthe-
method for the synthesis of imidazole-4-carboxylates via sjzer. The mixture was cooled rapidly to room temperature
solid-phase bound isocyanoacrylates under very mild condi- by passing compressed air through the microwave cavity for
tions and through a microwave strategy. This procedure is 3 min. The reaction progress was monitored by the colori-
highly comparable with other ones reported in the litera- metric chloranil test (positive). After cooling to room

ture** having the advantages of both solid and solution temperature, the resin sample was collected by filtration using

phase. a sintered glass funnel and successively worked up as above.
Experimental Section After evaporating the solvent to dryness under reduced
pressure, pure methyl 1-benzyiimidazole-4-carboxylate
General Procedure for Conventional and Microwave- 3a (28.9 mg, 97% yield, 99% purity) was obtained as a

Assisted Imidazole Synthesis. Resin-Bound Isocyanoacryl-  colorless oilt8

ate 2. To a suspension oN-methyl aminomethylated
polystyrene resirl (0.10 g, 0.138 mmol) swollen in DMF

Acknowledgment. The work was financially supported

(2 mL), was added a solution dfi-formylimidazole di- by the University of Sassari and MIUR (Rome) within the
methylacetal (0.138 g, 0.83 mmol), methyl isocyanoacetate project PRIN 2003.

(0.816 g, 0.83 mmol), and camphorsulfonic acid (13.8 mg,
10% wi/w) in DMF (8 mL). The resulting mixture was

Supporting Information Available. Synthetic procedures

irradiated to 80°C for 20 min in a sealed tube (CEM- and characterization of new compounds (PDF). This material
designed 10-mL pressure-rated reaction vial) in a self-tuning is available free of charge via the Internet at http:/
single mode CEM Discover Focused Synthesizer. The pubs.acs.org/.

mixture was cooled rapidly to room temperature by passing
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