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Solution and Solid-Phase Synthesis of
Functionalized 3-Arylbenzofurans by a Novel
Cyclofragmentation ± Release Pathway**
K. C. Nicolaou,* Scott A. Snyder, Antony Bigot, and
Jeffrey A. Pfefferkorn

The 3-arylbenzofuran nucleus is a central component of a
diverse class of heterocyclic natural and synthetic products
that possess a broad range of biological activities.[1] During the
course of recent synthetic investigations we discovered a
novel reaction cascade leading to 3-phenylbenzofuran (1,
Scheme 1), the core structure of the 3-arylbenzofuran class.
This serendipitous observation occurred as a result of
attempts to convert epoxide 2 (see Scheme 2 for its prepara-
tion) into 3 by deprotonation of the methylene group adjacent
to the sulfone followed by selective opening of the epoxide
ring.[2] Surprisingly, rather than providing the desired system
3, the only product observed was benzofuran 1. The proposed
mechanism for this transformation, a novel cyclofragmenta-
tion pathway, is outlined in Scheme 1, in which after the initial
generation of the alkoxide intermediate 4 from a 5-exo-trig
cyclization, collapse to 1 occurs by the concomitant expulsion
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Scheme 1. The cyclofragmentation pathway to 3-arylbenzofurans (1).

of both formaldehyde and a phenylsulfinate anion.[3, 4] Given
the importance of 3-arylbenzofurans in biology and medicine,
we sought to test the generality of this reaction cascade for the
preparation of more highly functionalized systems. Herein, we
report the exploration of the scope of this technology, both in
solution and on solid support, which led to the generation of a
diverse family of 3-arylbenzofurans and the streamlining of
the method for use in combinatorial chemistry.

We initially alkylated three commercially available 2-hy-
droxybenzophenones (6) with chloromethylphenyl sulfide to
generate 7 (Scheme 2). Subsequent epoxidation with trime-
thylsulfonium iodide[5] followed by mCPBA-mediated oxida-

PhS O O

PhS O O

O

O

9

8

OR O

O

R1

R2

R2

R1

R1
R2

R1
R2

6: R = H
7: R = CH2SPh

a
c

b

d

[cyclofragmentation]

  1: R1 = H,  
10: R1 = Me,  
11: R1 = Cl,  
12: R1 = H,

55%[a]

50%[a]

60%[a]

29%[a]

(86%)[b]

(84%)[b]

(88%)[b]

(73%)[b]

R2 = H
R2 = H
R2 = H
R2 = OMe

Scheme 2. Synthesis of 3-arylbenzofurans (1, 10 ± 12) from 2-hydroxyben-
zophenones. a) ClCH2SPh (1.3 equiv), K2CO3 (1.5 equiv), DMF, 50 8C, 5 h;
b) trimethylsulfonium iodide (1.5 equiv), KOtBu (1.0m in THF, 1.5 equiv),
DMSO, 0 8C, 10 min; c) mCPBA (2.5 equiv), NaHCO3 (2.5 equiv), CH2Cl2,
25 8C, 2 h; d) KOtBu (1.0m in THF, 2.5 equiv), DMF, 0 8C, 5 min.
mCPBA�meta-chloroperbenzoic acid. [a] Overall yield after four steps.
[b] Average yield per step.

tion of the sulfide gave 9 in high overall yields. Gratifyingly,
treatment of these sulfones with either KOtBu in DMF
(ÿ57 8C or 0 8C) or LDA in THF (ÿ78 8C) resulted in the
exclusive formation of the desired 3-arylbenzofurans 10 ± 12,[6]

thereby establishing the potential of this reaction to generate
substituted benzofurans.
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We next undertook a more generalized approach to the
construction of the requisite benzophenone precursor so that
further diversity could be introduced onto the 3-phenyl-
benzofuran scaffold (Scheme 3). Initial alkylation of 2-hy-
droxybenzaldehydes (13) with chloromethylphenyl sulfide
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Scheme 3. Synthesis of 3-arylbenzofurans (19 ± 23). a) ClCH2SPh
(1.3 equiv), K2CO3 (1.5 equiv), DMF, 50 8C, 5 h; b) aryl halide (1.1 equiv),
nBuLi (1.6m in hexanes, 1.1 equiv), THF, ÿ78 8C; then 14, ÿ78 8C, 5 min;
c) MnO2 (10.0 equiv), CH2Cl2, 25 8C, 12 h; d) trimethylsulfonium iodide
(1.5 equiv), KOtBu (1.0m in THF, 1.5 equiv), DMSO, 0 8C, 10 min;
c) mCPBA (2.5 equiv), NaHCO3 (2.5 equiv), CH2Cl2, 25 8C, 2 h; f) KOtBu
(1.0m in THF, 2.5 equiv), DMF, 0 8C, 5 min. [a] Overall yield after four
steps. [b] Average yield per step.

followed by nucleophilic attack or the aldehyde using an aryl
lithium species afforded benzhydrols 16. Subsequent selective
oxidation of the bisbenzylic secondary alcohol with MnO2

provided the desired functionalized benzophenones (17),
which were then transformed to 3-arylbenzofuran derivatives
19 ± 23 by using the protocol described above. Rather than
performing a serial coupling of each benzaldehyde and aryl
lithium building block, we instead sought to test only the
diversity that could be incorporated onto the final scaffold.

Not only were both electron-withdrawing and electron-
donating groups tolerated, but pyridyl (21),[7] naphthyl (22),
and sterically hindered analogues such as xylene derivative 23
were also readily obtained.

To verify that both aryl groups were required for regiose-
lective epoxide opening, an attempt was made to generate
3-methylbenzofuran starting from 2-hydroxyacetophenone
(24, Scheme 3). As expected, after elaboration to the corre-
sponding sulfone (25), base treatment led solely to 26 (as a
diastereomeric mixture at the quaternary center), the exclu-
sive product of a 6-endo-trig cyclization. The only other
instance in which such a product was observed was during the
final reaction to generate naphthyl analogue 22, where
intramolecular nucleophilic attack at the quaternary carbon
center of the epoxide is conformationally less favored than in
other cases, and resulted in the formation of equal amounts of
both 22 and the 6-endo-trig congener.

Given the generality of this method for the construction of
3-arylbenzofurans in solution, we hoped to adapt the strategy
to a solid-phase approach, thereby facilitating its use in
combinatorial synthesis.[8] Examination of the proposed
cyclofragmentation mechanism (Scheme 1) suggested that
the requisite solid support might be tethered to the scaffold
through the thiophenyl functionality. The advantage of such a
strategy would be threefold: 1) linking at this position allows
for incorporation of full diversity on either aromatic ring;
2) since the phenylsulfinate moiety is ultimately expelled

Scheme 4. Preparation of the chloromethyl sulfide resin and preliminary
studies on the loading and cyclofragmentation release of 3-arylbenzo-
furans. a) nBuLi (1.2 equiv), polystyrene (1.0 equiv, 1 % DVB cross-linked,
100 ± 200 mesh), TMEDA (1.0 equiv), cyclohexane, 65 8C, 4 h; b) SO3 ´
NMe3 (1.5 equiv), THF, 0!25 8C, 8 h; c) I2, (5.0 equiv), Ph3P (15.0 equiv),
benzene, 80 8C, 8 h; d) DBU (3.0 equiv), BrCH2Cl, 25 8C, 12 h; e) benzo-
phenone 6 (10.0 equiv), Cs2CO3 (5.0 equiv), DMF, 95 8C, 12 h; f) tri-
methylsulfonium iodide (10.0 equiv), KOtBu (1.0m in THF, 10.0 equiv),
THF:DMSO (1:1), 0!25 8C, 2 h; g) mCPBA (10.0 equiv), NaHCO3

(15.0 equiv), CH2Cl2, 25 8C, 12 h; h) KOtBu (1.0m in THF, 10.0 equiv),
DMF, 0!25 8C, 15 min. DBU� 1,8-diazobicyclo[5.4.0]undec-7-ene,
DVB� divinylbenzene; TMEDA�N,N,N',N'-tetramethylethylenedi-
amine. [a] Overall yield of isolated product based on a resin loading of
0.21 mmol gÿ1. [b] Average yield per step.
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during product formation, substrates will undergo traceless
release; 3) linking through the aryl sulfone imparts a fail-safe
feature to the cleavage step, since only the desired benzofuran
skeleton can undergo release, thereby ensuring that the final
products will be isolated in high purity.[9, 10]

To test this solid-phase strategy we required the polymer-
bound equivalent of the previously used chloromethylphenyl
sulfide, which we envisaged could be constructed from a
polymeric phenylthiol.[11] Thus, polystyrene was lithiated[12]

and then quenched with SO3 ´ NMe3
[13] to provide sulfonic acid

resin[14] 28 (Scheme 4, see page 1094), which was subsequently
reduced to the free thiol resin 29 upon treatment with I2/
Ph3P.[15] Resin 29 became dark orange upon standing in air for
two hours, presumably as a result of oxidative cross-linking;
therefore, freshly prepared 29 was immediately alkylated with
ClCH2Br in the presence of DBU[16] to provide 30 as a stable
resin that could be stored under ambient conditions. To
confirm the viability of our linking/cleavage strategy, we
loaded the previous 2-hydroxybenzophenones (6) onto the
chloromethylsulfide resin to give structures 31, which were
subsequently elaborated to sulfones 33 by utilizing the same
methodology as described above. Gratifyingly, the 3-phenyl-
benzofurans 1, 10, and 11 were cleanly released from the solid
support in greater than 95 % purity upon treatment with
KOtBu, with no other side-products observed.

With the fidelity of the tethering strategy confirmed, we
sought to generalize this method to accommodate greater
structural diversity. Hence, a series of functionalized salicyl-
aldehydes (34) were loaded onto resin 30 (Scheme 5). The
resulting resin-bound aldehydes were then treated with a
series of arylmagnesium bromides (36) to give 37 and
subsequently selectively oxidized with IBX[8e] to afford
benzophenones 38. Interestingly, although the controlled use
of an aryllithium reagent in solution readily provided
benzhydrols such as 16 (Scheme 3), large excess of the lithium
reagent failed to generate 37 (Scheme 5). On the basis of
additional solution studies, the extra base probably deproto-
nates the methylene group adjacent to the sulfide moiety,
leading to several rearrangement side-products. With 38 in
hand, sulfur ylide epoxidation followed by mCPBA oxidation
gave resin-bound sulfones 40 via 39 as before, which provided
3-arylbenzofurans 1, 20, 22, and 41 ± 52 upon treatment with
KOtBu. As expected, all cleavage products were remarkably
clean, presumably since the product of any structures other
than 40 remained bound to the resin.

In conclusion, a novel synthetic methodology leading to
3-arylbenzofurans has been developed both in solution and on
solid support. The cascade pathway for the generation of the
benzofuran system is particularly well-suited to solid-phase
synthesis, which permits the efficient generation of a large

Scheme 5. Solid-phase parallel synthesis of 3-arylbenzofurans (1, 20, 22, 41 ± 52). a) 34 (10.0 equiv), Cs2CO3 (5.0 equiv), DMF, 95 8C, 12 h; b) 36 (10.0 equiv),
ÿ20!0 8C, 3 h; c) IBX (10.0 equiv), THF:DMSO (1:1), 25 8C, 2 h; d) trimethylsulfonium iodide (10.0 equiv), KOtBu (1.0m in THF, 10.0 equiv),
THF:DMSO (1:1), 0!25 8C, 2 h; e) mCPBA (10.0 equiv), NaHCO3 (15.0 equiv), CH2Cl2, 25 8C, 12 h; f) KOtBu (1.0m in THF, 10.0 equiv), DMF, 0!25 8C,
15 min. IBX� 1-hydroxy-1,2-benziodoxol-3(1H)-one. [a] Overall isolated yield based on a resin-loading of 0.21 mmol gÿ1; average yield per step is given in
parentheses.
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number of compounds in high purity for potential applications
in chemical biology and medicinal chemistry. Continuing
efforts are aimed towards the development of additional
carbonyl-based coupling strategies to extend the scope of this
method into new structural classes.

Received: October 11, 1999 [Z 14139]
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The construction of structurally well defined, highly or-
dered supramolecular systems containing porphyrins and
metalloporphyrins is of prime interest. By virtue of the
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