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Synthesis of functionalized biaryl compounds via ring expansion
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Abstract—Various functionalized biaryls are accessible via a simple two-step process. Treatment of alkenylcyclobutenones with
aryllithium provides ring-opened trienes, which are smoothly cycloaromatized under thermal conditions. © 2002 Elsevier Science
Ltd. All rights reserved.

Biaryl structures are found in various significant com-
pounds, ranging from biologically active natural prod-
ucts such as vancomycin to chiral ligands for
asymmetric catalysis such as BINAP.1 Herein, we
report a new synthetic method of highly substituted
biaryls starting from alkenylcyclobutenone derivatives
as summarized in Eq. (1): the reaction of alkenylcy-
clobutenone I with an aryllithium followed by an acid
chloride produces a ring-opened triene II (step 1),
which undergoes a thermal ring closure via 6�-electro-
cyclization and elimination of a carboxylic acid (step 2)
to give biaryl III.2,3

(1)

Eq. (2) shows the ready availability of starting materi-
als, cyclobutenones 2a–f, by the SN2� reaction of
dichlorocyclobutenone acetals 1a–c4 with 2-propenyl-
or 2-butenyllithium, and subsequent acid hydrolysis as
reported previously.5

(2)

Aryllithium addition and ring opening (step 1): Upon
treatment of 2a with 4-methoxyphenyllithium (1.3
equiv.) in THF at −78°C followed by the addition of
benzoyl chloride (−78°C�room temperature), triene 3
was obtained as a single isomer in 99% yield (Eq. (3)).6

The geometry of 3 was tentatively assigned as shown
below, assuming that the addition of aryllithium to 2a
occurs selectively from the opposite side to the isopro-
penyl group to give adduct 4, which, in turn, undergoes
conrotatory ring opening with a torquoselectivity7 that
the oxido group rotates outward to deliver the lithium
enolate 5, which is eventually benzoylated. This assign-
ment was supported by an X-ray analysis of a congener
7d.9

(3)

When the above reaction was immediately quenched
with TMSCl instead of benzoyl chloride at −78°C,
obtained was enol silyl ether 5� (92% yield), suggesting
that the ring-opening occurs quickly at low
temperature.
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6�-Cyclization and elimination (step 2): As the initial
attempt for the formation of biaryl compounds, triene
3 was heated in refluxing toluene, where triene 3 was
slowly consumed, giving the desired biaryl 6 in 37%
yield (entry 1). Ascribing the lower yield to polymer-
ization of the triene caused by the benzoic acid
formed in situ, we employed pyridine as an acid scav-
enger with a boiling point similar to that of toluene.
The yield was slightly improved, albeit still unsatisfac-
tory. After a series of optimization experiments, we
were pleased to find suitable conditions to obtain the
cyclized product 6 in high yield. When triene 5 was
heated at 140°C in pyridine–xylene mixture (1:4), the
yield of 6 was improved to 81% yield (entry 3)
(Scheme 1).8

Representative experimental procedures are as fol-
lows. Synthesis of triene 3 : To a solution of 4-bromo-
anisole (68.7 mg, 0.367 mmol) in THF (2.0 mL) was
slowly added t-BuLi (1.49 M in pentane, 0.49 mL,
0.73 mmol) at −78°C. After stirring for 45 min,
alkenylcyclobutenone 2a (57.8 mg, 0.278 mmol) in
THF (2.0 mL) was added to the mixture, which was
followed by addition of benzoyl chloride (69.8 mg,
0.496 mmol) in THF (1.0 mL). After warming to
room temperature in 1 h, the reaction was quenched
with sat. aq. NaHCO3. The products were extracted
with EtOAc (×3), dried (Na2SO4), and concentrated
in vacuo. The residue was purified with PTLC (hex-
ane/EtOAc=8/2) to give triene 3 (119 mg, 99%) as a
colorless oil.

Synthesis of biaryl 6 : A solution of triene 3 (39.6 mg,
0.108 mmol) in pyridine (0.5 mL) and xylene (2.0
mL) was heated at 140°C for 26 h. After cooling to
room temperature, the solution was acidified with 1
M HCl. The products were extracted with EtOAc
(×3), dried (Na2SO4), and concentrated in vacuo. The
residue was purified by PTLC (hexane/EtOAC=9/1)
to give 6 (23.0 mg, 81%) as a colorless oil.

The protocol was applied to other substrate combina-
tions as summarized in Table 1. As entry 1 shows,

reaction of alkenylcyclobutenone 2a with 2,4-xylyl-
lithium followed by the addition of benzoyl chloride
gave triene 7a in 90% yield. Although higher reaction
temperature was required (pyridine–mesitylene,
165°C), 7a was smoothly converted to the corre-
sponding biaryl 8a in 89% yield. Similarly,
cyclobutenones 2b and 2c, having a butyl or a
trimethylsilyl group on the four membered ring, were
good substrates for the reaction (entries 2 and 3).
Furthermore, as entry 4 shows, 2,6-xylyllithium could
also be incorporated into the reaction scheme, and
the reaction with 2c afforded triene 7d9 in 97% yield.
As for the subsequent cyclization of 7d, a fairly long
time was necessary for the complete cyclization, and
we obtained a sterically congested compound 8d in
67% yield (entry 4). Likewise, the reactions of
alkenylcyclobutenone 2d and 2e, having an additional
�-substituent on the olefin, with 2,4-xylyllithium or
1-naphthyllithium gave trienes 7e and 7f, which were
converted to the corresponding biaryls 8e and 8f in
high yields, respectively (entries 5 and 6). Similar
thermal reaction of triene 7g, prepared from 2f with
2,6-xylyllithium, proceeded slowly, even though
refluxed at o-dichlorobenzene in the presence of 2,6-
lutidine, giving lower yield of product 8g (entry 7).
All attempts, by changing solvents or protecting
group, failed to give satisfactory results.10

The protocol was also applicable for the synthesis of
hetero-biaryl compounds as shown in Eq. (4). Upon
treatment of 2c with 3-pyridyllithium11 in THF at
−78°C followed by the addition of Ac2O in the pres-
ence of a catalytic amount of DMAP (−78°C�room
temperature), triene 9 was obtained in 82% yield.
Thermolysis of 9 (pyridine–mesitylene, 155°C) pro-
ceeded smoothly to give biaryl 10 in 97% yield (Eq.
(4)).

(4)

In summary, the present two-step approach to the
functionalized biaryls reacting by alkenylcyclo-
butenones and aryllithium should find utility in natu-
ral product synthesis, and further studies are cur-
rently underway in our laboratories.

Scheme 1.
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Table 1.
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