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Introduction

The design and synthesis of conjugated polymers or
oligomers with various repeat units are of great current
interest.1-3 Small rings such as cyclobutenes with a well-
defined skeleton have not been used as units or mono-
mers in conjugated polymers, to our knowledge. One
major reason is the limited number of convenient pre-
parative methods of conjugated cyclobutene derivatives
such as 1,2-diaryl cyclobutenes.4 Negishi et al.4d have
recently reported that 1,2-disubstituted cyclobutene de-
rivatives can be prepared from the reaction of tBuLi and
1,4-diiodo-1-alkenes which are isolated from treatment
of zirconacyclopentenes5 with I2. However, the use of
tBuLi does not tolerate other functional groups in the
starting diiodides. In fact, preparation of 1a by this

method did not give a satisfactory result. On the other
hand, we have already reported selective halogenation

reactions6 and CuCl-assisted new carbon-carbon bond
formation reactions7 of zirconacyclopentenes. In the
course of our further investigations, we found that an
intramolecular coupling between alkyl iodide and the
alkenylcopper moiety in 4 led to the formation of cy-
clobutene derivatives as shown in Scheme 1. And this
combination can provide a convenient one-pot procedure
from readily available arylacetylene and Cp2ZrEt2 to
arylcyclobutenes. Furthermore, the use of CuCl could
tolerate a wide variety of functional groups, and thus,
preparation of 1a would become easily available. Herein
we would like to report a convenient one-pot procedure
which affords 1a and various other 1,2-diarylcyclobutene
derivatives.

Results and Discussion
We have reported that, when the substituent in the a

position of a zirconacyclopentene is an aryl group,
monoiodinolysis of the zirconacyclopentene gives only
monoalkyl iodide in high yield.6 As we expected, addition
of 1.2 equiv of I2 to the zirconacyclopentene of bis(4-
bromophenyl)acetylene, followed by addition of 1.2 equiv
of CuCl in a one-pot reaction, afforded a clean formation
of 1,2-bis(4-bromophenyl)cyclobutene (1a) in 64% isolated
yield (eq 1, Table 1). The aryl bromides remained intact

during this reaction. Also, aryl chloride in 1b, aryl
bromide in 1c, and aryl iodide in 1d were all tolerated.
Symmetrically substituted cyclobutene and unsymmetri-
cally substituted cyclobutenes with aryl groups could be
readily prepared by this one-pot operation. In addition,
we found that the CuCl-mediated cyclization for cy-
clobutene formation could be a catalytic reaction. Addi-
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tion of 0.1 equiv of CuCl instead of 1.2 equiv of CuCl
afforded similar results. However, it required a longer
reaction time (24 h) or higher reaction temperature (50
°C, 6 h).

Bicyclic compound 1i was obtained in 62% isolated
yield from its corresponding bicyclic zirconacyclopentene.8
Bridged 1,2-disubstituted cyclobutenes 1j-m were also

easily prepared in good isolated yields (1j, 65%; 1k, 81%;
1l, 70%; 1m, 36%) starting from their corresponding
bridged zirconacyclopentenes.9 Trisubstituted cyclobutene
derivative 1n was obtained in 62% yield. Formation of
the bridged 1,2-disubstituted cyclobutene 1m has been
further verified by X-ray crystallography (see the Sup-
porting Information).10

As demonstrations using the halide-substituted cy-
clobutene derivatives as monomers, a variety of bridged
1,2-disubstituted cyclobutene derivatives containing two
cyclobutene units (1o, 72%; 1p, 31%) and three cyclo-

butene units (1q, 55%) could be readily obtained by
applying the known methods.11

Experimental Section12

Representative Procedure for the Preparation of 1,2-
Disubstituted Cyclobutenes: Synthesis of 1,2-Bis(4-bro-
mophenyl)cyclobutene (1a). To a solution of Cp2ZrCl2 (2.4
mmol, 700 mg) in THF (15 mL) was added ethylmagnesium
bromide (4.8 mmol, 5.05 mL, 0.95 mol/L THF solution) at -78
°C. After the solution was stirred for 1 h at -78 °C, 1,2-bis(4-
bromophenyl)acetylene (672 mg, 2.0 mmol) was added and the
reaction mixture was allowed to be warmed to 0 °C for 3 h. Iodine
(2.4 mmol, 609 mg) was then added at 0 °C, and the mixture
was stirred for an additional 3 h. Copper(I) chloride (2.4 mmol,
238 mg) was added, and the mixture was stirred at room
temperature for 6 h. The reaction mixture was then quenched
with 3 N HCl and extracted with hexane. The extract was
washed with water, NaHCO3 (20% aqueous solution), water,
NaS2O3, water, and brine and dried over MgSO4. Filtration and
evaporation provided a solid substance. Column chromatography
on silica gel with hexane as the eluent afforded 466 mg (64%,
purity > 98%) of the desired compound: mp 118.0-119.0 °C;
1H NMR (CDCl3, Me4Si) δ 7.44 (d, J ) 8.5 Hz, 4H), 7.34 (d, J )
8.5 Hz, 4H), 2.74 (s, 4H); 13C NMR (CDCl3, Me4Si) δ 138.20,
134.62, 131.51, 127.52, 121.40, 26.80. Anal. Calcd for C16H12-
Br2: C, 52.78; H, 3.32; Br, 43.89. Found: C, 52.44; H, 3.43; Br,
43.23. HRMS: calcd for C16H12Br2, 361.9305; found, 361.9311.

When a catalytic amount of CuCl (0.1 equiv) was used, the
reaction mixture was stirred for 24 h at room temperature or
for 6 h at 50 °C.

For preparation of bridged cyclobutenes 1j-m, the procedure
was essentially the same as the above. The ratio of the reagents
was as follows: 1.2 mmol of Cp2ZrCl2; 2.4 mmol of EtMgBr; 0.5
mmol of diyne; 1.2 mmol of I2; 1.2 mmol of CuCl.

1-Phenyl-2-(2-thienyl)cyclobutene (1e): 1H NMR (CDCl3,
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1H), 2.81-2.77 (m, 4H); 13C NMR (CDCl3, Me4Si) δ 136.54,
131.60, 131.40, 128.34, 128.31, 127.49, 127.08, 126.04, 125.13,
124.46, 27.53, 26.69. HRMS: calcd for C14H12S, 212.0659; found,
212.0656.

1,2-Diphenylcyclobutene (1f):13 mp 134.8-135.2 °C; 1H
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Table 1. One-Pot Preparation of Arylcyclobutene
Derivatives via Zirconacyclopentenes

Notes J. Org. Chem., Vol. 64, No. 23, 1999 8707



Me4Si) δ 138.74, 136.20, 128.29, 127.45, 126.06, 26.79. HRMS:
calcd for C16H14, 206.1095; found, 206.1096.

1-Octyl-2-phenylcyclobutene (1g): 1H NMR (CDCl3, Me4Si)
δ 7.38-7.19 (m, 5H), 2.67-2.65 (m, 2H), 2.49-2.42 (m, 4H),
1.59-1.53 (m, 2H), 1.42-1.32 (m, 14H), 0.96-0.93 (t, J ) 7 Hz,
3H); 13C NMR (CDCl3, Me4Si) δ 143.58, 137.04, 136.34, 128.22,
126.28, 125.54, 31.96, 30.13, 29.79, 29.67, 29.60, 29.38, 27.60,
27.30, 25.75, 22.72, 14.09. HRMS: calcd for C20H30, 270.2346;
found, 270.2345.

1-Butyl-2-(1-naphthyl)cyclobutene (1h): 1H NMR (CDCl3,
Me4Si) δ 8.35-8.33 (d, J ) 8 Hz, 1H) 7.95-7.83 (m, 2H), 7.59-
7.52 (m, 4H), 3.07-3.06 (m, 2H), 2.73-2.71 (m, 2H), 2.37 (m,
2H), 1.62-1.45 (m, 4H), 1.03-0.99 (t, J ) 7.5 Hz, 3H); 13C NMR
(CDCl3, Me4Si) δ 145.65, 137.54, 134.56, 133.85, 131.23, 128.27,
126.99, 125.98, 125.54, 125.47, 125.32, 125.23, 30.18, 29.74,
29.46, 28.18, 22.74, 13.91. HRMS: calcd for C18H20, 236.1564;
found, 236.1569.

7-Phenylbicyclo[4.2.0]oct-6(7)-ene (1i): 1H NMR (CDCl3,
Me4Si) δ 7.34-7.15 (m, 5H), 2.83-2.76 (m, 2H), 2.45-2.31 (m,
2H), 2.19-2.07 (m, 2H), 1.91-1.75 (m, 2H), 1.41-1.27 (m, 2H),
1.18-1.12 (m, 1H); 13C NMR (CDCl3, Me4Si) δ 146.65, 136.58,
131.83, 128.22, 126.20, 125.41, 37.66, 34.41, 33.20, 27.22, 26.78,
25.03. HRMS: calcd for C14H16, 184.1251; found, 184.1269.

1,3-Bis(2-phenylcyclobutenyl)butane (1j): 1H NMR (CDCl3,
Me4Si) δ 7.32-7.14 (m, 10H), 2.61-2.59 (m, 4H), 2.43-2.42 (m,
8H), 1.61-1.58 (m, 4H); 13C NMR (CDCl3, Me4Si) δ 143.21,
137.28, 136.23, 128.27, 126.36, 125.54, 29.92, 27.60, 27.28, 25.78.
HRMS: calcd for C24H26, 314.2033; found, 314.2031.

1,4-Bis(2-phenylcyclobutenyl)pentane (1k): 1H NMR
(CDCl3, Me4Si) δ 7.45-7.11 (m, 10H), 2.57-2.13 (m, 10H), 1.69-
1.29 (m, 8H); 13C NMR (CDCl3, Me4Si) δ 143.44, 137.13, 136.27,
128.27, 126.34, 125.54, 30.02, 29.77, 27.60, 27.15, 25.77.
HRMS: calcd for C25H28, 328.2190; found, 328.2181.

1,4-Bis(2-butylcyclobutenyl)benzene (1l): 1H NMR (CDCl3,
Me4Si) δ 7.26 (m, 4H), 2.59-2.36 (m, 12H), 1.52-1.35 (m, 8H),
0.94-0.90 (t, J ) 7.5 Hz, 6H); 13C NMR (CDCl3, Me4Si) δ 143.35,
136.96, 134.40, 125.47, 29.92, 29.49, 27.68, 25.73, 22.83, 13.99.
HRMS: calcd for C22H30, 294.2346; found, 294.2355.

1,4-Bis(2-phenylcyclobutenyl)benzene (1m): mp 158.4-
159.0 °C; 1H NMR (CDCl3, Me4Si) δ 7.53-7.48 (m, 8H), 7.33-
7.21 (m, 6H), 2.76 (s, 8H); 13C NMR (CDCl3, Me4Si) δ 138.98,
138.46, 136.27, 135.22, 128.30, 127.46, 126.13, 125.93, 26.89,
26.65. Anal. Calcd for C26H22: C, 93.37; H, 6.63. Found: C, 93.44;
H, 6.64. HRMS: calcd for C26H22, 334.1720; found, 334.1717.

Synthesis of 1,2-Diphenyl-3-(hydroxydimethylsilyl)cy-
clobutene (1n). To a solution of Cp2ZrCl2 (701 mg, 2.4 mmol)
in THF (10 mL) was added ethylmagnesium bromide (4.8 mmol,
4.706 mL, 1.02 mol/L THF solution) at -78 °C. After the solution
was stirred for 1 h at -78 °C, diphenylacetylene (356 mg, 2.0
mmol) was added. And then the reaction mixture was warmed
to 0 °C and stirred for 3 h. Then ethoxydimethylvinylsilane (4.0

mmol, 521 mg) was added and the mixture was stirred for 3 h
at 50 °C. After this, iodine (2.4 mmol, 609 mg) was added at
-78 °C and the mixture was warmed to room temperature and
stirred for 1 h. Finally copper(I) chloride (2.4 mmol, 238 mg)
was added and the mixture was stirred at 50 °C for 1 h. The
reaction mixture was quenched with water and extracted with
ether. The organic phase was washed with water, NaHCO3 (20%
aqueous solution), water, NaS2O3 (saturated aqueous solution),
water, and brine, and dried over MgSO4. Filtration, evaporation,
and column chromatography on silica gel (1:1 hexane/Et2O, v/v)
afforded 349 mg (62%) of the desired compound (pale yellow oily
substance): 1H NMR (CDCl3, Me4Si) δ 7.58-7.49 (m, 4H), 7.37-
7.21 (m, 6H), 2.92-2.87 (m, 1H), 2.81-2.79 (m, 1H), 2.71-2.67
(m, 1H); 13C NMR (CDCl3, Me4Si) δ 141.19, 136.88, 136.53,
135.90, 128.32 (2C), 128.26 (2C), 127.51, 127.14, 126.58 (2C),
125.54 (2C), 31.55, 27.59, -1.54, -1.85. HRMS: calcd for
C18H20OSi, 280.1282; found, 280.1286.

Representative Procedure for the Preparation of 1o-
p: Synthesis of 1,1′-Bis(2-phenylcyclobutenyl)-4,4′-biphen-
yl (1o). To a THF solution of 1-(4-bromophenyl)-2-phenylcy-
clobutene (1c) (2.0 mmol), prepared and isolated as described
above, was added n-BuLi (2 mmol), and the mixture was stirred
at 0 °C for 1 h. After addition of flame-dried zinc chloride (3.0
mmol), to the reaction mixture was added 1-(4-bromophenyl)-
2-phenylcyclobutene (1c) (2.0 mmol) and a catalytic amount of
Pd(PPh3)4 (0.1 mmol) at room temperature.11 After being heated
to 50 °C and stirred for 6 h, the reaction mixture was quenched
with 3 N HCl and extracted with Et2O. The extract was washed
with water, NaHCO3 (20% aqueous solution), water, NaS2O3,
water, and brine, and dried over MgSO4. Filtration and evapora-
tion provided a solid substance. Column chromatography on
silica gel with hexane as the eluent afforded 592 mg (72%
isolated yield, purity > 98%) of the desired compound: mp
180.5-182.5 °C (decomp); 1H NMR (CDCl3, Me4Si) δ 7.61-7.23
(m, 18H), 2.81 (s, 8H); 13C NMR (CDCl3, Me4Si) δ 139.66, 139.12,
138.34, 136.27, 135.21, 128.35, 127.52, 126.72, 126.52, 126.14,
26.94, 26.78. HRMS: calcd for C32H26, 410.2033; found, 410.2044.
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