
Notes

Synthesis and Characterization of the First
Pentaphenylcyclopentadienyl Copper(I) Complex,

(Ph5Cp)Cu(PPh3)

Quynh T. Anderson, Edurne Erkizia, and Rebecca R. Conry*

Department of Chemistry/216, University of Nevada, Reno, Nevada, 89557

Received July 7, 1998

Summary: (Ph5Cp)Cu(PPh3) (1) has been synthesized
from Na[Ph5Cp] and [(PPh3)CuCl]4. Complex 1 is the
first reported pentaphenylcyclopentadienyl-copper com-
plex and is a rare example of a π-bound Cu-Cp complex.
Complex 1 has been fully characterized, including crys-
tallographically; the 31P NMR chemical shift for the
triphenylphosphine ligand in 1 appears unusually far
downfield for a Cu(I)-PPh3 complex, at +23.2 ppm.

Introduction

Cyclopentadienyl (Cp) and substituted cyclopentadi-
enyl ligands are prevalent in the organometallic chem-
istry of the transition metals. For copper, however, only
a handful of π-bound Cp complexes have been structur-
ally characterized.1-6 The limited number of Cu-Cp
complexes is due, at least in part, to a weaker η5-Cp
bonding interaction for copper than is found for most
other transition metals. Consistent with that postula-
tion is the observation that many copper-cyclopenta-
dienyl complexes are reported to easily lose the Cp
ligand,7-9 including the fast reaction of CpCu(PEt3) with
FeCl2 to form ferrocene.10 Here we report the synthesis

and characterization of a rare example of this class of
compounds, (Ph5Cp)Cu(PPh3) (1), adding to our studies
of aromatic π-ligated copper(I) complexes.11 Complex
1 is the first copper complex with the pentaphenyl-
cyclopentadienyl ligand.

The preparations of Ph5Cp ligand precursors were
initially reported in 192512 and have since been the
subject of several modifications and additions.13-19

Although nearly 40 years lapsed before the first [Ph5Cp]-

complex was described,20 since that time numerous
studies utilizing a variety of metals have appeared.21-26

Sometimes very different and/or unusual properties
have been found for Ph5Cp-ligated complexes as com-
pared to the analogous Cp or alkyl-substituted Cp
complexes. This is, of course, due to the combination
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of the increased steric bulk as well as the electron-
withdrawing nature that the phenyl groups impart to
the system.27

Results and Discussion

The ligand was synthesized by a combination of
literature methods.28 First, tetraphenylcyclopenta-
dienone was synthesized from benzil and 1,3-diphenyl-
acetone by the procedure of Johnson and Grummitt.29

The fifth phenyl ring was added via a Grignard reaction,
similar to the method reported by Chambers et al.15 The
resulting alcohol was reduced to pentaphenylcyclopen-
tadiene with lithium aluminum hydride, as also used

in the last half of Beletskaya’s one-pot procedure.19

Finally, pentaphenylcyclopentadiene was deprotonated
with NaH to form the pentaphenylcyclopentadienyl
anion.30 We did not isolate Na[Ph5Cp]; instead we
generated it as a fresh solution and used that solution
directly in the synthesis of 1.

Under a nitrogen atmosphere, a nearly stoichiometric
mixture of Na[Ph5Cp] and [(PPh3)CuCl]4

31 in THF was
stirred for 6 h at -10 °C (eq 1). This method is similar

to that used to synthesize Cp*CuPPh3.32 After washing
the crude compound with Et2O and removing benzene-
insoluble side products, crystallization was achieved by
the slow addition of Et2O into a THF solution of 1. The
colorless needles were isolated in almost 40% yield,
which was not optimized. Single, nearly cubic crystals
were grown by the slow diffusion of Et2O into a CH2Cl2

solution of 1. Complex 1 is somewhat air-sensitive in
solution, for example turning green over a day or so in
CH2Cl2, but remains colorless as a solid open to the air
for at least several days.

Complex 1 has been characterized by 1H, 13C, and 31P
NMR and IR spectroscopies, FAB-MS, elemental analy-
sis, and X-ray crystallography. The proton NMR spec-
trum is fairly uninformative due to the presence of only
aromatic signals that extensively overlap. The 13C{1H}
spectrum is consistent with the assignment of 1, includ-
ing phosphorus coupling to the ipso, ortho, and meta
carbon phenyl resonances from the PPh3 ligand. On the
other hand, the 31P{1H} NMR is quite simple, with a
single resonance for 1 appearing at 23.2 ppm downfield
from H3PO4: a remarkable ∆δ of 28.8 ppm versus free
PPh3 (-5.6 ppm). Although it is typical for the 31P NMR
signal for PPh3 to move downfield upon coordination to
the copper(I) ion, the magnitude of the shift is usually

(23) Fe triad: (a) McVey, S.; Pauson, P. L. J. Chem. Soc. 1965,
4312-4318. (b) Connelly, N. G.; Manners, I. J. Chem. Soc., Dalton
Trans. 1989, 283-288. (c) Field, L. D.; Hambley, T. W.; Lindall, C.
M.; Masters, A. F. Polyhedron 1989, 8, 2425-2430. (d) Brown, K. N.;
Field, L. D.; Lay, P. A.; Lindall, C. M.; Masters, A. F. J. Chem. Soc.,
Chem. Commun. 1990, 408-410. (e) Connelly, N. G.; Loyns, A. C.;
Manners, I.; Mercer, D. L.; Richardson, K. E.; Rieger, P. H. J. Chem.
Soc., Dalton Trans. 1990, 2451-2458. (f) Brégaint, P.; Hamon, J.-R.;
Lapinte, C. J. Organomet. Chem. 1990, 398, C25-C28. (g) Adams, H.;
Bailey, N. A.; Browning, A. F.; Ramsden, J. A.; White, C. J. Organomet.
Chem. 1990, 387, 305-314. (h) Field, L. D.; Hambley, T. W.; Lay, P.
A.; Lindall, C. M.; Masters, A. F. J. Chem. Soc., Dalton Trans. 1991,
1499-1505. (i) Brégaint, P.; Hamon, J.-R.; Lapinte, C. Organometallics
1992, 11, 1417-1419. (j) Aroney, M. J.; Buys, I. E.; Dennis, G. D.; Field,
L. D.; Hambley, T. W.; Lay, P. A.; Masters, A. F. Polyhedron 1993, 12,
2051-2056. (k) Li, L.; Decken, A.; Sayer, B. G.; McGlinchey, M. J.;
Brégaint, P.; Thépot, J.-Y.; Toupet, L.; Hamon, J.-R.; Lapinte, C.
Organometallics 1994, 13, 682-689. (l) Schumann, H.; Lentz, A.;
Weimann, R.; Pickardt, J. Angew. Chem. Int. Ed. Engl. 1994, 33, 1731-
1733. (m) Field, L. D.; Hambley, T. W.; Humphrey, P. A.; Lindall, C.
M.; Gainsford, G. J.; Masters, A. F.; St. Pierre, T. G.; Webb, J. Aust. J.
Chem. 1995, 48, 851-860. Also see refs 21a, 21b, and 22d.

(24) Co and Ni triads: (a) Schott, A.; Schott, H.; Wilke, G.; Brandt,
J.; Hoberg, H.; Hoffmann, E. G. Liebigs Ann. Chem. 1973, 508-530.
(b) Ban, E.; Cheng, P.-T.; Jack, T.; Nyburg, S. C.; Powell, J. J. Chem.
Soc., Chem. Commun. 1973, 368-369. (c) Jack, T. R.; May, C. J.;
Powell, J. J. Am. Chem. Soc. 1977, 99, 4707-4716. (d) Hoberg, H.;
Krause-Göing, R.; Krüger, C.; Sekutowski, J. C. Angew. Chem. Int.
Ed. Engl. 1977, 16, 183-184. (e) Powell, J.; Dowling, N. I. Organo-
metallics 1983, 2, 1742-1748. (f) Broadley, K.; Lane, G. A.; Connelly,
N. G.; Geiger, W. E. J. Am. Chem. Soc. 1983, 105, 2486-2487. (g)
Behrens, U.; Edelmann, F. Z. Naturforsch, B: Chem. Sci. 1986, 41,
1426-1430. (h) Broadley, K.; Connelly, N. G.; Lane, G. A.; Geiger, W.
E. J. Chem. Soc., Dalton Trans. 1986, 373-376. (i) Connelly, N. G.;
Raven, S. J. J. Chem. Soc., Dalton Trans. 1986, 1613-1618. (j) Kläui,
W.; Ramacher, L. Angew. Chem. Int. Ed. Engl. 1986, 25, 97-98. (k)
Connelly, N. G.; Geiger, W. E.; Lane, G. A.; Raven, S. J.; Rieger, P. H.
J. Am. Chem. Soc. 1986, 108, 6219-6224. (l) Connelly, N. G.; Raven,
S. J.; Geiger, W. E. J. Chem. Soc., Dalton Trans. 1987, 467-472. (m)
Lane, G. A.; Geiger, W. E.; Connelly, N. G. J. Am. Chem. Soc. 1987,
109, 402-407. (n) Huhn, M.; Kläui, W.; Ramacher, L.; Herbst-Irmer,
R.; Egert, E. J. Organomet. Chem. 1990, 398, 339-350. (o) Kläui, W.;
Huhn, M.; Herbst-Irmer, R. J. Organomet. Chem. 1991, 415, 133-
142. (p) Baghdadi, J.; Bailey, N. A.; Dowding, A. S.; White, C. J. Chem.
Soc., Chem. Commun. 1992, 170-171. (q) Matt, D.; Huhn, M.; Fischer,
J.; De Cian, A.; Kläui, W.; Tkatchenko, I.; Bonnet, M. C. J. Chem. Soc.,
Dalton Trans. 1993, 1173-1178. (r) Louati, A.; Huhn, M. Inorg. Chem.
1993, 32, 3601-3607. (s) Tanase, T.; Fukushima, T.; Nomura, T.;
Yamamoto, Y.; Kobayashi, K. Inorg. Chem. 1994, 33, 32-39. (t)
Watanabe, S.; Kurosawa, H. Organometallics 1998, 17, 479-482. See
also 15, 21a, 21b, and 22e.

(25) Lanthanides and Actinides: Zhang, R.; Tsutsui, M. Youji
Huaxue 1982, 435-437; Chem. Abstr. 1983, 98, 198374q. Schumann,
H.; Winterfield, J.; Glanz, M.; Köhn, R. D.; Hemling, H. J. Organomet.
Chem. 1994, 481, 275-282.

(26) p block metals: Heeg, M. J.; Janiak, C.; Zuckerman, J. J. J.
Am. Chem. Soc. 1984, 106, 4259-4261. Schumann, H.; Janiak, C.;
Khani, H. J. Organomet. Chem. 1987, 330, 347-355. Heeg, M. J.;
Herber, R. H.; Janiak, C.; Zuckerman, J. J.; Schumann, H.; Manders,
W. F. J. Organomet. Chem. 1988, 346, 321-332. Janiak, C.; Schwich-
tenberg, M.; Hahn, F. E. J. Organomet. Chem. 1989, 365, 37-46.
Schumann, H. Pure Appl. Chem. 1991, 63, 813-820. Also see ref 17.

(27) Janiak, C.; Schumann, H. Adv. Organomet. Chem. 1991, 33,
291-393.

(28) Ph5CpH is now commercially available, although fairly expen-
sive.

(29) Johnson, J. R.; Grummitt, O. Org. Synth. 1955, Coll. Vol. 3,
806-807.

(30) Hoobler, R. J.; Hutton, M. A.; Dillard, M. M.; Castellani, M. P.;
Rheingold, A. L.; Rieger, A. L.; Rieger, P. H.; Richards, T. C.; Geiger,
W. E. Organometallics 1993, 12, 116-123.
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238-240.
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less than 15 ppm.33 Thus, 1 displays an unusual
chemical shift for a copper(I)-PPh3 complex, undoubt-
edly due to the influence of the phenyl groups from the
Ph5Cp ligand. The FAB+ mass spectrum of 1 contained
a weak molecular ion and the ligand-derived peak
[Ph5CpH+], which has been observed in other Ph5Cp
systems.21d,22d,e,23l,24c

Complex 1 crystallized in the chiral space group
P212121; the molecule is chiral because of the propeller-
like Ph5Cp ligand (Figure 1). The copper is bound to
the Ph5Cp ligand in an η5-fashion, with a distorted
tetrahedral geometry about the Cu(I) ion if the Ph5Cp
ligand is considered three-coordinate. Alternatively, if
the Ph5Cp ligand is considered to occupy a single
coordination site, the copper geometry is almost linear;
in fact, the Cpcentroid-Cu-P angle is 179.1°. The re-
maining important metrical data for complex 1 are in
good agreement with the three other Cp and substituted-
Cp copper-phosphine complexes (Table 1), reflecting an
apparent indifference to the nature of the phosphine

(alkyl or aryl) or cyclopentadienyl (Cp, MeCp, or Ph5Cp)
ligands. For example, the Cu-P distance in 1 is
2.126(3) Å and in the other three complexes ranges from
2.131(1) to 2.136(9) Å. The only noteworthy difference
is in the Cpcentroid-Cu-P angles, which vary from 173.1°
to 179.9°, most likely a consequence of packing forces.

In conclusion, the new copper-cyclopentadienyl com-
plex 1 has been synthesized and characterized. The
X-ray crystal structure for 1 is one of only a few
determined for this limited class of compounds, but is
otherwise unexceptional. A most intriguing observation
noted for 1 is its phosphorus NMR signal, which appears
unusually far downfield for a copper(I)-triphenylphos-
phine complex.

Experimental Section

All reagents were used as received from Acros, Aldrich, EM,
Fisher, or Spectrum, except bromobenzene, which was washed
with aqueous acid and base and dried over Na2SO4.34 Solvents
were dried and freshly distilled from the following drying
agents: benzene and dichloromethane from calcium hydride;
diethyl ether and tetrahydrofuran from sodium metal. Pen-
taphenylcyclopentadienol, sodium pentaphenylcyclopentadi-
enide, and 1 were synthesized using standard Schlenk tech-
niques. 1H NMR spectra were recorded on a General Electric
QE 300 MHz FT-NMR spectrometer; 31P and 13C NMR spectra
were recorded on a Varian Unity 500 MHz spectrometer. 1H
NMR and 13C NMR spectra were referenced to the resonance
of the solvent CDCl3 (1H, δ 7.27; 13C, δ 77.23), and 31P NMR
spectra were referenced to the resonance of triphenylphosphine
(-5.6 ppm), which served as a secondary standard referenced
to aqueous H3PO4 at 0.0 ppm. Infrared spectra were recorded
on a Perkin-Elmer model PARAGON 1000 PC FT-IR spectro-
photometer. The FAB/MS was done by the University of
California, Riverside Mass Spectrometry Facility, on their VG
ZAB mass spectrometer in a DCM/NBA matrix. The elemental
analysis was performed by NuMega Resonance Labs (San
Diego, CA). The melting point was determined in an open
glass capillary on a Thomas-Hoover model 6406-H melting-
point apparatus and is uncorrected.

X-ray Diffraction Measurements. An approximately
cubic colorless crystal of dimensions 0.36 × 0.34 × 0.34 mm
was mounted with silicone caulk to a glass fiber on the bench
top, and the data were collected with a Siemens P4 dif-
fractometer using Mo KR radiation (λ ) 0.710 73 Å) at ambient
temperatures. The structure was solved (Patterson direct
methods) and refined with the Siemens SHELXTL version
5.0.3 PC software package. All non-hydrogen atoms were
modeled anisotropically. Hydrogens were placed at calculated
distances and use a riding model, where the positional and
thermal parameters are derived from the carbon atom each
hydrogen is bound to, while maintaining the calculated
distance and optimal angles. Crystallographic data: C53H40-
CuP, orthorhombic, P212121, a ) 10.3409(7) Å, b ) 19.183(2)

(33) A few examples: Leiva, A. M.; Rivera, L.; Loeb, B. Polyhedron
1991, 10, 347-350. Kampf, J.; Kumar, R.; Oliver, J. P. Inorg. Chem.
1992, 31, 3626-3629. Haiduc, I.; Cea-Olivares, R.; Toscano, R. A.;
Silvestru, C. Polyhedron 1995, 14, 1067-1071. Rasika Dias, H. V.; Jin,
W.; Kim, H.-J.; Lu, H.-L. Inorg. Chem. 1996, 35, 2317-2328. Lobbia,
G. G.; Pettinari, C.; Marchetti, F.; Bovio, B.; Cecchi, P. Polyhedron
1996, 15, 881-890.

(34) Perrin, D. D.; Armarego, W. L. F. Purification of Laboratory
Chemicals; 3rd ed.; Pergamon: New York, 1988.

Figure 1. Thermal ellipsoid depictions of 1 at the 10%
probability level, viewed from the side (above) and down
the Cu-P vector (below) with hydrogens omitted for clarity.

Table 1. Selected Bond Distances and Angles for
1 and Other CpCuPR3 Complexes

(Ph5Cp)Cu-
(PPh3)

(1)
CpCu-
(PPh3)

CpCu-
(PEt3)

(MeCp)Cu-
(PPh3)

Cu-P 2.126(3) Å 2.135(1) Å 2.136(9) Å 2.131(1) Å
Cu-Cpcentriod 1.876 Å 1.864 Å 1.90 Å 1.865 Å
average Cu-C 2.234(10) Å 2.211(3) Å 2.238(26) Å 2.214(6) Å
average C-C 1.430(12) Å 1.399(4) Å 1.381(35) Å 1.402(9) Å
Cpcentroid-Cu-P 179.1° 175.2° 179.9° 173.1°
reference this work 1 2 4
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Å, c ) 20.824(2) Å, Z ) 4, R1 ) 0.0563 (wR2 ) 0.1106),
goodness of fit on F2 ) 1.012.

(Pentaphenylcyclopentadienyl)(triphenylphosphine)-
copper(I) (1). A solution of NaPh5Cp, made from Ph5CpH,
1.02 g (2.3 mmol), and NaH, 97 mg (4.0 mmol), in 20 mL of
THF, was added to a flask containing (ClCuPPh3)4

31 (0.72 g,
0.50 mmol) in 15 mL of THF. The resulting solution was
cooled to -10 °C and stirred for 6 h. The solution was then
allowed to slowly warm to room temperature and the solvent
was removed in vacuo, leaving a yellow to brown solid. The
solids were washed with diethyl ether (50 mL), and the
benzene-insoluble impurities were removed by addition of 80
mL of benzene followed by filtration. The benzene was
distilled away, and the resulting solids were dissolved in 15
mL of THF. Complex 1 was crystallized by slow diffusion of
diethyl ether (50 mL) into the THF solution, forming colorless
needlelike crystals overnight. Yield: 679 mg (0.88 mmol,
39%). Two subsequent recrystallizations of 1 from THF/Et2O
gave analytically pure compound. 1H NMR: δ 6.9-7.0 (m, 25
aromatic H); 7.3-7.4 (m, 15 aromatic H). 13C{1H} NMR: δ
113.4 (5 C, C5Ph5); 124.5 (5 C, Cp-(para-C)5); 127.0 (10 C, Cp-
(meta-C)5); 128.8 (6 C, d, 3JP-C ) 10.6 Hz, P-(meta-C)3); 130.6
(3 C, P-(para-C)3); 131.7 (3 C, d, 1JP-C ) 45.4 Hz, P-(ipso-C)3);
132.3 (10 C, Cp-(ortho-C)5); 133.6 (6 C, d, 2JP-C ) 15.3 Hz,
P-(ortho-C)3); 136.8 (5 C, Cp-(ipso-C)5). 31P{1H} NMR: δ 23.2
ppm. IR (KBr): 3052 ms; 1948 w; 1881 w; 1809 w; 1596 s;
1575 m; 1501 s; 1480 ms; 1436 s; 1328 w; 1308 w; 1262 w;
1181 m; 1154 m; 1138 ms; 1098 s; 1073 s; 1027 s; 999 m; 914

m; 848 w; 805 ms; 778 s; 741 s; 697 vs; 618 mw; 550 ms; 536
s; 497 s. FAB/MS: m/z ) 770/772 [M+] (5%), 446 [Ph5CpH+]
(100%). Anal. Calcd for C53H40CuP: C, 82.52; H, 5.23.
Found: C, 82.40; H, 4.92. Mp: 156 °C (dec).
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