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Aryl bromides can efficiently react with some metallocenes,
typically zirconocene dichloride, in the presence of a
palladium/phosphine catalyst system and an appropriate
base to produce the corresponding pentaarylated cyclo-
pentadienes.

Palladium-catalysed coupling reactions of aryl halides with
alkenes, alkynes and organometallic species are now recognized
to be highly useful and are widely employed for the preparation
of substituted aromatic compounds.1 It has been recently shown
that intermolecular arylation of certain aromatic substrates, such
as acenaphthylene,2a–c azulene2a and 2-phenylphenols,3a and a
number of five-membered heteroaromatic substrates, including
indoles,4a furans,2b,4b thiophenes3b,4b and azoles,3b,4c i.e. imida-
zole, oxazole and thiazole derivatives, with aryl halides can also
proceed under palladium catalysis without the stoichiometric
metalation of the aromatic compounds. In our investigation into
the arylation of metallocenes as five-membered aromatic
substrates, we observed an unprecedented reaction in which aryl
bromides can efficiently react with some of them to produce the
corresponding pentaarylated cyclopentadienes in good yields
(Schemes 1 and 2), which is reported herein. Note that
pentaphenylcyclopentadiene as well as cyclopentadienes hav-
ing other bulky substituents are known to form stable com-
plexes with various metals, and the synthesis and properties of
the complexes have been the subjects of intense study.5
Recently, the pentaphenyl compound was applied as a ligand of
an iron-containing asymmetric catalyst6 and also as a compo-
nent of electroluminescent devices.7 Thus, new, effective
methods for the synthesis of its derivatives appear to be of
widespread interest. However, only a limited number of the
methods have been so far reported.8–11

The catalytic reaction was first examined using bromo-
benzene 1a (6 mmol) and a number of metallocenes 2 (0.5
mmol) in the presence of Pd(OAc)2 (0.125 mmol), PPh3 (0.5
mmol), and Cs2CO3 (6 mmol) in DMF at 130 °C for 6 h
(Scheme 1). From the reaction was obtained pentaphenylcyclo-
pentadiene 3 as the major product; the reaction efficiency was
found to be a marked function of the identity of metallocenes:
The yields of 3 using 2a–e (M = Fe, Co, Ni, TiCl2, ZrCl2) were
< 1, 23, 62, 64 and 70% (based on the cyclopentadiene moiety,
i.e. 1 mmol = 100%), respectively. Thallium cyclopentadienide
was only as effective as 2b. It should be noted that the use of

iodobenzene and K2CO3 in place of 1a and Cs2CO3, re-
spectively, in the reaction with 2c significantly reduced the
product yield, giving biphenyl as the major product. Analysis of
the reaction mixture with 2c or 2e after a reaction time of 3 h by
GLC–MS confirmed the formation of tri- and tetra-phenyl-
cyclopentadienes together with 3 in comparable amounts, while
the peaks of the tri- and tetra-substituted compounds dis-
appeared after 6 h. From the reaction with 2e using reduced
amounts of 1a (3 mmol) and of palladium acetate (0.0125
mmol) for 20 h, the intermediary products could also be isolated
and identified to be 1,2,4-triphenyl- (21%) and 1,2,3,4-tetra-
phenylcyclopenta-1,3-diene (9%). These results suggest that
phenylpalladium species generated in the medium can react
with 2c or 2e effectively in the initial stages of the reaction, and
the cyclopentadienyl moiety is further phenylated in a stepwise
manner to the end product 3.

When the reaction using 4-fluorobromobenzene 1b in place
of 1a was carried out, contamination by phenyl groups from
PPh3 in the product was observed.12 Therefore, the applicability
of Pd(OAc)2/P(o-Tol)3 and Pd2(m-OAc)2/(P-C)2 [P-C =
o-CH2C6H4P(o-Tol)2], which would avoid the scrambling of
aryl moieties,12 was examined for the reaction of 1a with 2e.
The latter complex has recently been proven to be an efficient
catalyst for the Heck reaction.12 However, the use of these
catalyst systems considerably retarded the reaction and it could
not be completed. Consequently, the reaction of 1b with 2e was
carried out using P(4-FC6H4)3 as ligand. As expected, the
corresponding product 4 could be cleanly isolated, although the
yield was only moderate (Scheme 2 and Table 1).

One of the possible ways to promote the reaction could be the
use of relatively more basic and sterically hindered phos-
phines.13,14 It was found that PBut

3 can considerably enhance
the reaction of 1a and 2e: the reaction was completed within 3
h to give 3 in an isolated yield of 77%. Furthermore, in the
reactions of 1b and 4-methyl-, 4-methoxy-, and 3-methyl-
bromobenzenes 1c–e using PBut

3, no incorporation of tert-butyl
groups in the products was detected, giving the expected
compounds 4–7§ in fair to good isolated yields. The use of this
phosphine was essential for the reaction of 1d to take place.
Remarkably, under the optimized conditions the amount of
palladium catalyst can be reduced to 0.0125 mmol (0.25 mol%
per transferred aryl group) while still achieving an acceptable
isolated yield of 5 (60%).

In the reaction of a relatively bulky bromide, 2,5-dimethyl-
bromobenzene 1f, with 2e, however, PPh3 afforded a con-
siderably better yield of product 8§ (70%) compared with PBut

3
(31%). While the analysis of 8 obtained using PPh3 by MS
indicated contamination with C5H(Ph)(2,5-Me2C6H3)4 (8%),
fortunately the purity could be increased to 98% via a single
recrystallization from MeOH–C6H6. The formation of 8 is of
special interest, since it should be sterically very crowded.
Compound 8 was found to consist of at least six rotamers at
room temperature: its 1H NMR showed six obvious methine
proton peaks (three minor ones at d 4.85, 5.07 and 5.25 andScheme 1
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three major ones at d 5.10, 5.29 and 5.46 in CDCl3) together
with more than 20 methyl peaks. This resembles the previously
reported spectrum for tetra(2-methylphenyl)cyclopentadienone
at a lower temperature of 243 °C.15 The peaks in the 1H NMR
spectrum of 8 in DMSO-d6 were still notably sharp even at
100 °C, reflecting its crowded nature, while they were com-
pletely broadened at 150 °C.

In summary, we have shown that various homosubstituted
pentaarylcyclopentadienes can be prepared via the treatment of
aryl bromides with metallocenes, typically zirconocene dichlo-
ride, under palladium catalysis. This novel synthetic method
represents an efficient and straightforward alternative to the
rather tedious ‘tetracyclone route’,5,8 opening up opportunities
for the construction of even extremely sterically crowded
pentaarylcyclopentadienes. Its synthetic application as well as
the detailed reaction mechanism are currently under in-
vestigation.
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§ Selected data for 4: mp 186–187 °C (Found: C, 78.13; H, 3.95. Calc. for
C35H21F5: C, 78.35; H, 3.94%); dH(400 MHz, CDCl3) 4.90 (s, 1H),
6.73–6.77 (m, 4H), 6.84–6.95 (m, 14H), 7.07–7.10 (m, 2H), For 5: mp 250
°C (Found: C, 92.56; H, 7.04. Calc. for C40H36: C, 92.98; H, 7.02%); dH(500
MHz, CDCl3) 2.17 (s, 6H), 2.20 (s, 3H), 2.26 (s, 6H), 4.97 (s, 1H),
6.81–6.95 (m, 18H), 7.07 (d, J 7.8, 2H). For 6: mp 193–194 °C (Found: C,
80.28; H, 6.07. Calc. for C40H36O5: C, 80.51; H, 6.08%); dH(500 MHz,
CDCl3) 3.68 (s, 6H), 3.71 (s, 3H), 3.75 (s, 6H), 4.89 (s, 1H), 6.56–6.58 (m,
4H), 6.67–6.71 (m, 6H), 6.88–6.92 (m, 8H), 7.08–7.10 (m, 2H). For 7: mp
163–164 °C (Found: C, 92.94; H, 7.10. Calc. for C40H36: C, 92.98; H,
7.02%); dH(400 MHz, CDCl3) 2.08 (s, 6H), 2.15 (s, 6H), 2.23 (s, 3H), 5.02
(s, 1H), 6.77–6.93 (m, 15H), 6.99–7.04 (m, 5H). For 8: mp 194–196 °C
(Found: C, 91.92: H, 7.97. Calc. for C45H46: C, 92.10; H, 7.90%); dH(400
MHz, CDCl3) 1.72–2.46 (m, 30H), 4.86–5.45 (m, 1H), 6.46–7.10 (m,
15H).
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Scheme 2

Table 1 Reaction of 1a–f with 2ea

Bromide
R in Yield

1 X Y Z PR3 t/h Product (%)b

a H H H Ph 6 3 70
a H H H But 3 3 77
b F H H 4-FC6H4 24 4 38
b F H H But 1 4 60
c Me H H But 1 5 78
cc Me H H But 20 5 60
d MeO H H But 1.5 6 45
e H Me H But 1 7 80
f H Me Me But 22 8 31
f H Me Me Ph 24 8 70d

a See also Scheme 2. Reaction conditions: 1 (6 mmol), 2e (0.5 mmol),
Pd(OAc)2 (0.125 mmol), PR3 (0.5 mmol), Cs2CO3 (6 mmol), DMF (10
cm3), 130 °C. Workup was carried out by adding TsOH (12 mmol) and
filtering through a silica gel column, followed by chromatographic
purification. b Isolated yield based on the amount of cyclopentadiene moiety
(1 mmol = 100%). Satisfactory elemental and spectral (1H and 13C NMR
and mass) analyses data were obtained for each compound. c Reaction with
0.0125 mmol of Pd(OAc)2 and 0.05 mmol of PBut

3. d Contaminated with
C5H(Ph)(2,5-Me2C6H3)4 (8%).
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