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An efficient selective C(3)-H arylation of furan ring in
2-(furan-2-yl)benzimidazoles, derivatives of fuberidazole
fungicide, with aryl bromides catalyzed by [RuCl,(cymene)],/
pivalic acid system has been accomplished. High selectivity
of the process may be accounted for by the action of
benzimidazol-2-yl substituent as the directing group.
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2-Heteroaryl substituted furans are used in medicine, agriculture
and materials science.!® Among them, anticancer drug
lapatinib,* adenosine A,, receptor antagonist preladenant,®
antibiotic  roseophilin®  and  fungicide  fuberidazole
(2-furylbenzimidazole, parent compound of type 1 with
R1=R2=H, Scheme 1)"® can be mentioned as the most
important examples. Fuberidazole is also considered as the
promising scaffold for searching new medicaments. Its
derivatives are intensively studied as potential anticancer,®12
antiviral'® and anti-inflammatory# agents, and are explored as
multidentate ligands and chemosensors for metal cations!>16 and
components of organic light-emitting diodes.’

The search for new medicaments, pesticides and functional
materials among 2-heteroarylfurans often needs selective
functionalization of furan moiety. Most of developed approaches
enable selective functionalization of 2-heteroarylfurans at the
C(5) atom of the furan core via electrophilic substitution®-20 or
Pd and Ni-catalyzed C-H activation.?122 However, methods for
C(3)-H or C(4)-H functionalization are still very limited.?® It
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should be noted that functionalization of less active C(3)-H and
C(4)-H bonds is a general problem for furan chemistry.2426

Within two last decades, ruthenium-catalyzed C—H activation
has received wide application for benzene derivatives with
directing groups.2”? Recently, furan compounds containing
imine,2° amide,3%3! and quinoline-type?® directing groups were
also introduced into selective C-H functionalization of furan
core. However, to the best of our knowledge, 2-benzimidazolyl
moiety is still poorly studied as potential directing group in
benzene compounds,®>33 whereas derivatives of fuberidazole
were not studied yet in Ru-catalyzed C-H functionalization. In
this communication, we report on the results of C—H arylation of
fuberidazole derivatives la—d with the use of commercially
available ruthenium precatalyst [RuCl,(cymene)], (see
Scheme 1).

We revealed that heating 2-(furan-2-yl)-1-methylbenz-
imidazole la with bromobenzene in the presence of
[RuCl,(cymene)], and K,CO; led to an arylated product 2a in
7% yield (Table 1, entry 1). Encouraged by this result we studied
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Scheme 1 Reagents and conditions: i, 1la-d (0.25 mmol), ArBr (0.5 mmol), K,CO; (0.5 mmol), [RuCl,(cymene)], (5 mol%), Bu'COOH (30 mol%),

1,4-dioxane (2 ml), 100 °C, 24 h.

© 2022 Mendeleev Communications. Published by ELSEVIER B.V.
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effect of carboxylic acid additives on the yield of product 2a
having in mind that metal-catalyzed CH-arylation reactions are
often promoted by carboxylic acid anions via concerted
metalation—-deprotonation mechanism (CMD mechanism).34 We
observed that carboxylic acid additives (30 mol%) resulted in
significant enhancement of the yields of 2a (entries 2-5). Pivalic
acid (Bu'COOH) was found to be the most efficient promotor
(entry 5), whereas acetic, benzoic or 2,4,6-trimethylbenzoic
acids were less effective (entries 2-4). We also found that
initially applied 30 mol% loading of pivalic acid can be accepted
as the optimal loading (entry 5). Lower amounts of the promotor
led to decrease in the yield, whereas higher loadings did not
improve it.

Effects of other reaction conditions such as base, solvent
and catalyst loading were also explored (see Table 1,
entries 6-15). Among the bases studied, K,CO5 was found to
be the most efficient (entries 5-9). The yields of 2a in
1,4-dioxane (entry5) were higher than in toluene,
N-methylpyrrolidone (NMP) and water traditionally used for
Ru-catalyzed C—H arylation (entries 12—14).27:28.35 The catalyst
loading of 5 mol% was accepted as optimal. Reducing Ru
loading to 2.5 mol% led to decrease in the yield, however,
raising this loading to 10 mol% did not improve the yield
significantly. Lower yield of product 2a was observed when
Phl was used instead of PhBr, whereas only trace yield of 2a
was detected in case of PhCI. Therefore, bromoarenes were
used in further studies.

With the optimal conditions in hand (see Table 1, entry 5),
arylation of fuberidazole derivatives 1la—d containing electron-
withdrawing as well as electron-donating substituents in the
position 5 of furan ring with various aryl bromides was
investigated (see Scheme 1; for detailed experimental procedure
and NMR studies, see Online Supplementary Materials). In all
cases, the developed catalytic system provided selective C(3)-H
arylation to give products 2a—n in good and excellent yields,
even in the case of substrate 1c containing potential alternative
directing benzoyl group in position 5 of the furan ring (structure
of products 2l and 2m was confirmed by NOESY and HMBC
experiments). Structures of the products were ultimately
confirmed by single crystal X-ray analyses of compounds 2f and
2i (Figure 1).

Table 1 Optimization of the reaction conditions.?

Entry RCOOH T/°C Base Solvent Yield of 2a® (%)

1 none 100 K,CO; 1,4-dioxane 7
2 MeCOOH 100 K,CO; 14-dioxane 43
3 PhCOOH 100 K,CO; 14-dioxane 20
4 MesCOOH 100 K,CO; 14-dioxane 41
5 BU'COOH 100 K,CO; 1,4-dioxane 96 (94°), 56,9 trace®
6 BUu'COOH 100 Cs,CO; 1,4-dioxane 66
7 Bu'COOH 100 Na,CO; 14-dioxane 75
8 Bu'COOH 100 KOH 1,4-dioxane  trace
9 Bu'COOH 100 KOAc 1l4-dioxane 22
10 Bu'COOH 80 K,CO; 14-dioxane 50
11 BU'COOH 120 K,CO; 14-dioxane 90
12 Bu'COOH 100 K,CO; toluene 59
13 Bu'COOH 100 K,CO; NMP 69
14 Bu'COOH 100 K,CO; H,0 13
15 BulCOOH 100 K,CO; 14-dioxane 97,194,987,h81
aReagents and conditions: la (0.25mmol), PhBr (0.4 mmol),

[RuCl,(cymene)], (0.0125 mmol, 5 mol%), RCOOH (0.075 mmol), base
(0.5 mmol), solvent (2 ml), 24 h. ®The yield was determined by GCMS.
Clsolated yield. YReaction with Phl. ®Reaction with PhCI. f[RuCl,(cymene)],
(0.00625 mmol, 2.5 mol%). 9[RuCl,(cymene)], (0.025 mmol, 10 mol%).
16 h. 'BUu'COOH (15 mol%).

Figure 1 Molecular structures of (a) compound 2f and (b) compound 2i,
p = 50%. Only one of four crystallographically inequivalent molecules of 2f
is shown. The disorder in 2i is omitted.

In comparison with the recently reported procedure for the
arylation of furans containing quinoline or quinoxaline directing
groups,? our approach relies on the use of benzimidazol-2-yl
moiety as a directing group, which does not require the
application of phosphine ligands and operates under milder
reaction conditions.

In conclusion, the effective use of benzimidazole moiety as
directing group for the selective Ru-catalyzed C(3)-H arylation
of furan ring was demonstrated for the first time. A series of
previously inaccessible fuberidazole derivatives arylated in the
position 3 of the furan core were prepared by the arylation of

T Crystal data for 2f. C,,H;N,0,, M = 366.40, triclinic, P1 at 100 K:
a=17.95355(7),b = 9.21984(6) and ¢ = 24.96305(11) A, a = 84.7922(4)°,
p =88.1032(6)°,  y =88.5825(6)°, V =1821.56(2) A3, Z=4,
Ot = 1.336 g cm=3, (CuKoa) = 0.686 mm~1, F(000) = 768. Total of
82483 reflections were measured and 14980 independent reflections
(Rin: =0.0784) were used. The refinement converged to wR, = 0.1390
and GOF =1.074 for all independent reflections [R;, =0.0495 was
calculated against F for 14725 observed reflections with | > 20 (1)].

Crystal data for 2i. C,gH,N,0,, M =394.45, triclinic, P1 at 100 K:
a=8.37238(8), b=11.18203(13) and €=12.01925(12) A,
a = 66.9764(10)°, B = 78.2678(8)°, y = 84.5945(9)°, V = 1013.84(2) A3,
Z=2, dgye = 1.292 g cm3, p(CuKa) = 0.652 mm-1, F(000) = 416. Total
of 22636 reflections were measured and 4380 independent reflections
(Rint = 0.0281) were used. The refinement converged to wR, = 0.0981
and GOF =1.038 for all independent reflections [R, =0.0389 was
calculated against F for 4279 observed reflections with | > 2o (1)].

The measurements were performed on a four-circle Rigaku Synergy-S
diffractometer equipped with a HyPix-600HE area-detector (kappa
geometry, shutterless ®-scan technique), using CuKo-radiation
(A =1.54184 A). The structures were solved by dual methods using
SHELXT and refined by full-matrix least-squares on F2? using
SHELXL-2018 and OLEX2. All non-hydrogen atoms were refined with
individual anisotropic displacement parameters. All hydrogen atoms
were placed in ideal calculated positions and refined as riding atoms with
relative isotropic displacement parameters.

CCDC 2150291 and 2150292 contain the supplementary
crystallographic data for this paper. These data can be obtained free of
charge from the Cambridge Crystallographic Data Centre via
https://www.ccdc.cam.ac.uk.
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1-alkyl-2-furylbenzimidazoles with aryl bromides using simple
commercially available [RuCl,(cymene)], precatalyst and
pivalic acid promotor. Further work is ongoing to expand the
substrate scope to other 2-heteroaryl substituted furans and
arylating agents.
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Online Supplementary Materials
Supplementary data associated with this article can be found
in the online version at doi: 10.1016/j.mencom.2022.07.018.
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