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A series of 5-aryl furfurals and aryl thiophene-2-carboxaldehydes was synthesized. To this end, efficient and effective palladium-catalyzed
C—-C bond-forming reactions were carried out at room temperature in aqueous media. This mild process allowed the cross-coupling reaction
of the bromides to occur in the presence of electrophilic functional groups, which is a valuable advantage over previously reported methods.

Aryl furans and aryl thiophenes are constituents of a variety tion must be performed in the presence of reactive functional
of important classes of pharmacologically active compounds. groups. Typical C-C bond formation reactions on halofurans
They have been shown to elicit activities as lipoxygenase or halothiophenes have traditionally involved the generation

inhibitors® and antiarrhythmicd.In particular, 5-aryl fur-

of aryl radicals in the presence of these heterocytlwese

furals have been shown to be selective antagonists of theprocesses are typically laborious and low yielding. Other

5-HT1D receptof.The direct preparation of such molecules
via a C-C bond formation process can be limited when
functional group compatibility complicates the synthetic
approach.

The Suzuki protocol for the palladium-mediated cross-
coupling reaction of aryl boronic acids and aryl halides is
an effective method for €C bond formatior?. These cross-
couplings are particularly powerful when-@C bond forma-
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reported methods employ nickel(ll) catalysis in the homolytic
cross-coupling of Grignard reagents to halofuraAtthough

this process is effective, the method is extremely tedious and
limited with respect to functional group compatibility. Herein
we report a mild procedure for palladium-catalyzed cross-
coupling reactions of bromofurfurals and bromothiophene-
2-carboxaldehydes with aryl boronic acids.

Crisp has demonstrated that aryl tin reagents undergo
palladium-catalyzed cross-coupling with 2-iodothiophene-
carboxaldehyde%These reactions require the more reactive
and difficult to obtain iodoheterocycles, high temperatures,
and handling of toxic tin reagents. A few simple cases
involving the coupling of 2-bromofurans and aryl boronic
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Table 1. Couplings of Aryl Boronic Acids and Thiophenes in Water in the Presence of Tetrabutylammonium Bromide at RT

Entry Boronic Acid Heterocycle Time (h) Product Yield (%)°
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a|solated yield; chromatographed to analytical purity.

acids have been reported by Maftamd Snieku® as starting progress should be aided by a decrease of volume of the
materials for their targets. These couplings were successfullyreactants along the reaction coordinate. This should ulti-
performed using palladium(0) in refluxing ethylene glycol mately result in an enhanced rate of reaction.

dimethyl ether (DME). In aqueous media, we foundC Cross-coupling reactions of the simple heterocycles pro-
bond formation between the aryl boronic acids and bromo- ceeded at a slower rate. The yields and the reaction rates
furans and thiophenes occurred rapidly in the presence ofwere considerably lower in comparison to bromofurfural and
palladium(ll) acetate. In fact, in all cases the reactions were bromothiophenecarboxaldehyde (Table 1, entry 1 vs entry 2
complete after 2 h at room temperature. Utilizing a “ligand- and Table 2, entry 1 vs entry 2). The electron-withdrawing
less” palladium species in aqueous media repressed thegroup present on the aryl halide appears to produce an added
phosphine-related side reactions which are typically encoun-electronic advantage for the progression of the cross-
tered in these types of coupling reactidhdJnder these  couplings. In these instances, increased reaction times
conditions, bromofurfurals and bromothiophenecarboxalde- resulted in somewhat increased yields. Lower yields and
hydes were coupled with a wide variety of boronic acids in slower reaction rates associated with nonactivated aryl
the presence of 2 mol % of palladium(ll)acetate, tetrabutyl- triflates have also been report&dlhe results of our study
ammonium bromide, and potassium carbonate in watdo are described in Table 1 (thiophenes) and Table 2 (furans).
organic solvents or cosolvents were used or investigated. _ _

Although the reaction mixtures were nonhomogeneous and,, (19 Remeseriaiue Piocedure, 2 amoss ennenseaoaeeryee
aggregated, the yields were good overall. Some yields mmol, 1.1 equiv), tetrabutylammonium bromide (1.99 g, 6.16 mmol, 1

appeared to suffer due to the difficulties in the workup €quiv), palladium acetate (0.03 g, 1.2310~* mol, 2 mol %), and potassium
carbonate (2.13 g, 15.40 mmol, 2.5 equiv) were added to a 50 mL round-

. 3 . . .
extra_lctlonsl. The aggre_g_at'om coupled with the high surface bottom flask. Deionized water (10 mL) was added, and the reaction was
tension of water, diminishes the surface contact betweenstirred vigorously for 2 h. The reaction mixture became dark and

; ; ; nonhomogeneous. The mixture was diluted with water (30 mL), and the
hydrophoblc species and water molecife3he reaction product was extracted with EtOAc (2 100 mL). The organics were

separated, and the free flowing as well as the syrupy organic layer was
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Table 2. Couplings of Aryl Boronic Acids and Furans in Water in the Presence of Tetrabutylammonium Bromide at RT

Entry Boronic Acid Heterocycle Time (h) Product Yield (%)*
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a|solated yield; chromatographed to analytical purity.

Regiochemical arylation can be selective when the substraterapidly at room temperature. This mild protocol allows the
bears multiple bromides. Entry 6 in Table 1 describes such cross-coupling reaction to occur in the presence of electro-
an instance where the C(5) bromide undergoes cross-couplingshilic functional groups, which is a valuable advantage over

before the C(4) halide. _ previously reported methods.
In summary, we have found that palladium-catalyzed3C

bond formation of 5-bromofurfurals and bromothiophene-
2-carboxaldehydes with aryl boronic acids in water occurs 0OL990708M
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