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Sterically encumbered biaryls are prepared in two steps by CuI-proline-catalyzed arylation of acetyl-
acetone to give 3-arylpentane-2,4-diones and subsequent formal [3+3] cyclization of the latter with
1,3-bis(trimethylsilyloxy)-1,3-dienes.

� 2008 Elsevier Ltd. All rights reserved.
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Functionalized sterically encumbered biaryls, such as 3-aryl-
benzoates or 4-arylphenols, occur in many pharmacologically rele-
vant natural products. The simple biaryls cynandione A–C, isolated
from several plant sources, show activity against hepatocytes, hu-
man bladder carcinoma T-24 cells, epidermoid carcinoma KB cells,
and human hepatoma PLC/PRF/5 cells.1 3-Arylbenzoates are also
present in many flavones (e.g., 2,3-dihydroamentoflavone,2a bar-
tramiaflavone,2b robustaflavone,2c and dichamanetin).2d,e For some
derivatives, inhibition of the human liver cathepsins B and K has
been reported.2f,g The natural product anastatin A, which contains
a hydroxylated dibenzofuran moiety, shows hepatoprotective
activity.3 Many pharmacologically active natural products, such
as picropodophyllone, contain a 3-alkyl-4-arylnaphth-1-ol moiety
and can be formally regarded as sterically encumbered 4-arylphe-
nols.4 Others, such as dioncophylleine A, contain a naphthalene
and an isoquinoline moiety.5 Flavidin can be regarded as a bridged
sterically encumbered biaryl derivative.6

The most important synthetic approach to biaryls relies on pal-
ladium(0)-catalyzed cross-coupling reactions.7 Although these
reactions are broadly applicable, the synthesis of sterically encum-
bered and functionalized products can be sometimes difficult. In
recent years, a number of new ligands have been reported which
allow to address these problems.8 On the other hand, the regiose-
lective synthesis of the required starting materials, functionalized
and highly substituted aryl halides, or triflates, can be a very
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difficult task. An alternative approach to sterically encumbered
and highly functionalized arenes relies on the application of suit-
able dienes in cyclization reactions (building block approach).
Some years ago, Chan et al. developed9 a convenient approach to
salicylates by formal [3+3] cyclizations10 of 1,3-bis(trimethylsilyl-
oxy)-1,3-dienes11 with 3-trimethylsilyloxy-2-en-1-ones. Herein,
4a-d

Scheme 1. Synthesis of 4a–d. Reagents and conditions: (i) K2CO3, CuI 10 mol %,
L-proline 20 mol %, DMSO, 90 �C, 6–12 h; (ii) Me3SiCl, NEt3, C6H6, 20 �C, 72 h.



Table 1
Synthesis of 3a–d and 4a–d

3,4 R1 R2 % (3)a % (4)a

a H H 76 90
b H Me 82 88
c H CO2Et 72 80
d CF3 H 65 86

a Isolated yields.

Figure 1. Ortep plot of 6i (50% probability level).
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we report, for the first time, the synthesis of sterically encumbered
biaryls by a combined CuI-proline-catalyzed arylation/[3+3]
cyclization approach. The products reported herein are not readily
available by other methods.

The CuI-proline-catalyzed arylation12 of acetylacetone (1) with
aryl iodides 2a–d, following conditions reported by He and co-
workers,13 afforded the 3-arylacetylacetones 3a–d in very good
yields (Scheme 1, Table 1). The silylation of 3a–d afforded the
3-silyloxy-2-en-1-ones 4a–d. The TiCl4-mediated formal [3+3]
cyclocondensation of 4a–d with 1,3-bis(silyloxy)-1,3-dienes 5a–i,
available from the corresponding 1,3-dicarbonyl compounds in
one or two steps,9 afforded the biaryls 6a–s (Scheme 2, Table 2).
During the optimization, it proved to be important to carry out
the reactions in a highly concentrated solution.14 The nature of
the aryl group of enones 4 does not seem to have a major influence
on the yield of the cyclization reactions. The best yields were ob-
tained for products 6a,h,l derived from non-substituted diene 5a.
Relatively low yields were obtained for biaryls 6d,g,k,o,s derived
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Scheme 2. Synthesis of 6a–s. Reagents and conditions: (i) TiCl4, CH2Cl2,
�78?20 �C, 20 h.

Table 2
Synthesis of biaryls 6a–s

4 5 6 R1 R2 R3 R4 % (6)a

a a a H H H OMe 61
a b b H H H OEt 40
a c c H H Me OMe 48
a d d H H Bn OMe 32
a e e H H nHex OMe 46
a f f H H (CH2)2CH@CH2 OMe 48
a g g H H Cl OMe 37
b a h H Me H OMe 54
b b i H Me H OEt 40
b c j H Me Me OMe 41
b h k H Me (CH2)2Ph OMe 36
c a l H CO2Et H OMe 60
c b m H CO2Et H OEt 45
c c n H CO2Et Me OMe 43
c h o H CO2Et (CH2)2Ph OMe 35
d a p CF3 H H OMe 43
d i q CF3 H Me OEt 37
d f r CF3 H (CH2)2CH@CH2 OMe 44
d g s CF3 H Cl OMe 32

a Isolated yields.
from 5d, 5g, and 5h. Preliminary results show that 1,3-diketones
other than acetylacetone can be successfully employed in the
reactions.

The structure of 6i was independently confirmed by X-ray crys-
tal structure analysis (Fig. 1).15

In conclusion, a variety of functionalized and sterically encum-
bered biaryls were prepared by combination of CuI-proline-cata-
lyzed arylations of 1,3-diketones and formal [3+3] cyclization
reactions. The products are not readily available by other methods.
The application of our methodology to the synthesis of 2,20,6-tri-
and 2,20,6,60-tetrasubstituted biaryls is currently being studied.
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