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Scheme 1. Synthesis of tetraaryl-p-benzoquinones 3a–k. Reagents and conditions:
(i) A: Pd(OAc)2 (5 mol %), N(CH2CH2OH)3, 90 �C, 36 h; B: Pd(OAc)2 (5 mol %), XPhos
(structure: see Scheme 2, 10 mol %), K2CO3 (8.0 equiv), K2CO3, THF, H2O, 90 �C, 12 h;
p-Dihydrobenzoquinones1,2 and p-benzoquinones1,3,4 play an
important role in medicinal chemistry and occur in a number of
pharmacologically relevant natural products, such as sorrentanone
and a-tocopherolquinone. In addition, they have found many tech-
nical applications and also represent important synthetic building
blocks. Tetrabromo- and tetrachlorobenzoquinone represent ver-
satile synthetic building blocks. Known transformations include,
for example, reactions with amines,5 thiols,6 Grignard reagents,7

malodinitrile,8 alkyne carbanions,9 indole,10 and cyclizations with
S,S-, N,S-, and N,O-dinucleophiles,11 and [4+2] cycloadditions.12

Tetraaryl-p-benzoquinones are available by Meerwein-arylation
of p-benzoquinone with diazonium salts13 and by oxidation of
2,3,5,6-tetraarylphenols.14

Transition metal-catalyzed cross-coupling reactions of poly-
halogenated molecules are of considerable current interest.15

Recently, we have reported the synthesis of aryl-substituted thio-
phenes,16 pyrroles,17 and selenophenes18 based on regioselective
Suzuki–Miyaura reactions of tetrabromothiophene, tetrabromo-N-
methylpyrrole, and tetrabromoselenophene, respectively. Transi-
tion metal-catalyzed cross-coupling reactions of tetrabromo- and
tetrachloro-p-benzoquinone have, to the best of our knowledge,
not been reported to date. Herein, we report the synthesis of tetra-
aryl-p-benzoquinones by Suzuki–Miyaura reactions of tetrabromo-
p-benzoquinone with arylboronic acids.

Our starting point was to find suitable conditions for the syn-
thesis of tetraphenyl-p-benzoquinone (3a) by Suzuki–Miyaura
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nger).
reaction of tetrabromo-p-benzoquinone (1) with phenylboronic
acid (2a, 4.0 equiv) (Scheme 1, Table 1). The reaction of 1 with
2a in the presence of Pd(PPh3)4 (5 mol %) and K2CO3 (THF/H2O,
90 �C, 8–12 h) resulted in the formation of an inseparable 1:1 mix-
ture of 3a and of 2,3,5,6-tetraphenyl-p-dihydrobenzoquinone in
high yield (method E, entry 5). Treatment of this mixture with
DDQ resulted in the formation of pure 3a in 70% overall yield
(based on 1).19 The yield could be further increased (to 73%) when
10 mol % of the catalyst was employed (method F, entry 6). The in-
crease of the amount of boronic acid (6.0 equiv) and an increase of
the temperature did not result in an increase of the yield. The use
of K3PO4 (dioxane/H2O) also did not result in an increase of the
yield. The use of 2.0 instead of 4.0 equiv of 2a afforded 3a in low
C: Pd(OAc)2 (5 mol %), SPhos (structure: see Scheme 2, 10 mol %), K2CO3, THF, H2O,
90 �C, 12 h; D: Pd(OAc)2 (10 mol %), SPhos (20 mol %), K2CO3, THF, H2O, 90 �C, 12 h;
E: Pd(PPh3)4 (5 mol %), K2CO3, THF, H2O, 90 �C, 8–12 h; F: Pd(PPh3)4 (10 mol %),
K2CO3, THF, H2O, 90 �C, 8–12 h; (ii) DDQ, benzene, 3 h, 20 �C.



Table 1
Optimization of the synthesis of 3a and 3b

Entry 3 Ar % (3)a Methodb

1 a Ph 0 A
2 a Ph 30 B
3 a Ph 45 C
4 a Ph 50 D
5 a Ph 70 E
6 a Ph 73 F
7 b 4-MeC6H4 0 A
8 b 4-MeC6H4 25 B
9 b 4-MeC6H4 50 C

10 b 4-MeC6H4 53 D
11 b 4-MeC6H4 75 E
12 b 4-MeC6H4 80 F

a Yield of isolated products.
b See legend of Scheme 1.
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Scheme 2. Biaryl monophosphine ligands developed by Billingsley and Buchwald
(Ref. 21).

Figure 1. Crystal structure of 3c.
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yield. The formation of a diaryldibromo-p-benzoquinone was not
observed. The use of tetrachloro- instead of tetrabromo-p-benzo-
quinone was not successful.

Recently, Li and Wang reported20 that triethanolamine repre-
sents an efficient and reusable combined base, ligand, and solvent
for Pd(OAc)2-catalyzed reactions (method A, entry 1). However, its
application to the reaction of 2a with 1 proved to be unsuccessful.
The use of Pd(OAc)2 in the presence of XPhos (method B, entry 2)
or SPhos (method C, entry 3), biaryl monophosphine ligands devel-
oped by Billingsley and Buchwald (Scheme 2),21 and subsequent
oxidation (DDQ) resulted in the formation of 3a in 30% and 45%
yield, respectively. In case of SPhos, the yield could be increased
when the double amount of catalyst and ligand was used (method
D, entry 4). The synthesis of tetra(4-tolyl)-p-benzoquinone (3b)
was also optimized and a similar trend was observed (entries
7–12) (Table 1).

Tetraarylbenzoquinones 3a–k were prepared, by application of
method E, in 51–80% yields (Table 2). The best yields were ob-
Table 2
Synthesis of 3a–k using procedure E

2,3 Ar % (3)a,b

a Ph 70
b 4-MeC6H4 75
c 4-EtC6H4 80
d 3,5-Me2C6H3 73
e 4-tBuC6H4 78
f 2,3-Me2C6H3 71
g 3-(H2C@CH)C6H4 62
h 4-(H2C@CH)C6H4 56
i 4-(F3C)C6H4 51
j 3-PhC6H4 53
k 2-Naphthyl 63

a Yield of isolated products.
b Conditions: E: Pd(PPh3)4 (5 mol %), K2CO3, THF, H2O, 90 �C, 8–12 h.
tained for (electron rich) 4-alkylarylboronic acids. The yields
dropped for arylboronic acids which are sterically hindered or con-
tain electron-withdrawing substituents. The structure of 3c was
independently confirmed by X-ray crystal structure analysis
(Fig. 1).22

In conclusion, we have reported the synthesis of tetraaryl-p-
benzoquinones by Suzuki–Miyaura cross-coupling reactions of tet-
rabromo-p-benzoquinone. The preparative scope and applications
are currently being studied.
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