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The synthesis of a new class of Pt(II) complexes with corannulene by way of either oxidative addition or
reductive coupling is reported and their crystal structures are investigated. The crystal structure for
{trans-Pt(PEt3)2Cl}4{cis-Pt(PEt3)2Cl}C20H5 (1) consists of two enantiomers in a unit cell and shows cis-
and trans-configuration around Pt(II) due to bulky PEt3 ligands. The pentanuclear Pt(II) complex, 1, read-
ily reacts with 1-ethynyl-4-nitrobenzene to afford the penta-alkynyl substituted Pt(II) complex (2).
Although there are still bulky PEt3 ligands around the Pt atoms in 2, all five Pt(II) have trans-configura-
tions. The bowl of corannulene in 2 is shallower than that of 1. Therefore, the bowl depth of corannulene
plays a key role in the determination of molecular geometry of r-bonded pentanuclear complexes bear-
ing corannulene.

� 2009 Elsevier B.V. All rights reserved.
Recently, transition metal complexes with non-planar polycy-
clic aromatic hydrocarbons, such as fullerene, corannulene, have
been attention due to their reactivity, bonding modes and struc-
tural diversity [1]. Among polycyclic aromatic hydrocarbons, cor-
annulene (C20H10) is the minimum fragment of a fullerene
retaining the characteristic curvature. Substantial efforts have
been directed toward the synthesis of transition metal complexes
of corannulene [2], in order to understand the participation of cor-
annulene in the bowl to bowl inversion process [3], and to reveal
the reactivity of corannulene [4]. Bowl-to-bowl inversion is a dy-
namic process in which the convex and concave faces interconvert
through a planar transition state [5]. Previous studies [6] indicate
that peri substituents make the bowl shape of corannulene flatten,
leading to decrease the inversion barrier, however bridging the peri
positions serve to increase the bowl inversion barrier.

Although a number of studies on the structural features and
reactivity of sandwiched metal complexes bearing corannulene
and corannulene derivatives have been reported, the preparation
of metal complexes through a direct sigma-bond between the me-
tal and the corannulene core still remains rare. Sharp group has re-
cently reported Ni(II) and Pt (II) complexes by the reaction of low-
valent Ni(0) and Pt(0) metals with corannulene [7]. The relation-
ship between the bowl depth of corannulene derivatives and the
substituents at the rim position of corannulene is considered major
issue in accordance with reactivity and selectivity of corannulene
to the metal [8,9]. Meanwhile, the X-ray structure of 1,3,5,7,9-pen-
ta-tert-butylcoranulene was reported by the Petrukhina group [9].
All rights reserved.
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This compound is sterically crowed due to the bulky substituents
at the rim positions, leading to a shallow corannulene bowl (bowl
depth: 0.72 Å). However, further study on the reactivity of metals
using the penta-substituted corannulene and structural character-
istics of metal complexes in the solid state have not been reported
until now. We are interested in the structural features and reactiv-
ity of sterically crowded pentanuclear metal complexes bearing
sigma-bonds between the metal and the carbon of corannulene.
Herein, we report an X-ray crystal structure of metal-corannulene
complex that shows two enantiomers in a unit cell and its reactiv-
ity to alkyne functionality.

To synthesize r-bonded platinum derivatives of corannulene,
we adopted a synthetic route involving an oxidative addition reac-
tion between bromocorannulenes and Pt(PEt3)4, which was re-
cently reported by the Sharp group [7]. Addition of 10.5 equiv of
Pt(PEt3)4 to 1,3,5,7,9-pentachlorocorannulene in toluene at 130 �C
gave yellow solution. Standard work-up and crystallization from
methanol gave [Pt5(PEt3)10Cl5-(corannulenyl)] (1) as a spectroscop-
ically pure yellow crystalline solid (Scheme 1) [10]. Yellow crystals
of [Pt5(PEt3)10Cl5(C20H5)](1) suitable for an X-ray structure were
grown in methanol at �10 �C.

The X-ray study revealed 1 to be an unusual oxidative addition
product of a platinum complex containing two types of phosphine
ligands, {trans-Pt(PEt3)2Cl}4{cis-Pt(PEt3)2Cl}C20H5 (Fig. 1), instead
of the expected structure of {trans-Pt5(PEt3)10Cl5}C20H5 [11]. Inter-
estingly, the asymmetric unit of 1 consists of a racemic mixture of
the two enantiomers (A:B = 1:1). Similarly, a sumanene ligand has
recently been used to form a trimethyl substituted compound [12]
or transition metal Fe(II) complex that displays the enantiomeric
isomer of buckybowls [13].
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Scheme 1.

Fig. 1. (a) Ortep drawing of 1 with atom numbering scheme. Hydrogen atoms are omitted
cell. (c) POAV pyramidalization angles and averaged bond lengths of bowl A form; C–Ch

models of 1 showing steric congestion. Left: A, right: B.
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The bowl depths for A and B in Fig. 1, which is defined as the
separation distances between a centroid of the interior hub plane
and the mean plane of the ten atoms on the rim, are 0.77 and
0.80 Å, respectively. While the bowl depths for non-substituted
and penta-alkyl substituted corannulene are 0.87 and 0.72 Å,
respectively. This fact suggests that there is no room to locate
the triethylphosphine ligand of the fifth platinum atom in the trans
conformation because the bowl depth of 1 is deeper than that of
penta- t-butyl substituted corannulene. Henceforth, a Cl atom in-
stead of a PEt3 ligand is located at the endo-position (concave),
as shown in Fig. 1.
for clarity. (b) Perspective view of 1 showing two enantiomeric bowl forms in a unit
ub = 1.40 (2), C–Crim = 1.43(2), C–Cflank = 1.44(2), C–Cspoke = 1.39(2). (d) Space filling
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Scheme 2. Reagents and conditions: (a) 1-ethynyl-4-nitrobenzene, Et2NH, then toluene, CuI.
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Such cis and trans-formation of platinum phosphine complexes
has been observed in the oxidative addition product, cis-
Pt(PEt3)2(Br)(1,5,6-tribromo-corannulen-2-yl). This observation
for 1 is attributed to both steric hinderance caused by PEt3 ligands
and bowl depth of corannulene.

Curvature is one of the characteristic features in strained aro-
matic hydrocarbons. The diminution of curvature in 1 is clearly
demonstrated using the p-orbital axis vector (POAV) analysis
[14]. The pyramidalization angles of the hub carbon atoms and
those that are attached to them are on average 7.31� and 2.92�,
respectively. The analogous values for corannulene are 8.4� and
3.8�, respectively. Thus, the curvature of the corannulene bowl in
the hub carbons of 1 is reduced to 87% of that of corannulene; how-
ever, curvature for the outer spoke carbons is reduced to 77%. A
significant difference in bond lengths is observed in the rim bonds
which are elongated to an average of 1.43(2) from 1.402(5) Å in
corannulene itself [15]. An elongation of the rim bonds represents
an addition of strain to the corannulene unit of 1. This stretching
partially accommodates the steric congestion of the substituents
[16]. The 1H and 31P NMR spectra of 1 in solution were consistent
with the structure determined by X-ray crystallography. Four sing-
lets (d 8.00, 7.88, 7.82, and 7.78) and one doublet at d 7.92
(JPH = 8.4 Hz) in the 1H NMR spectrum of 1 indicates that the five
corannulene protons are not equivalent. The 31P NMR spectrum
of 1 exhibits four resonances at d 9.50, 9.19, 8.37, and 7.86 with
a rather large coupling constant of 1JPtP (2728–2748 Hz), and two
doublets at d 4.98 and �0.78 with a small coupling constant of 1JPtP

(1678 Hz) due to the presence of phosphines with different
arrangements around the Pt atom. These results are consistent
with the crystal structure, as shown in Fig. 1.
Fig. 2. Separation distances (Å) of 1(a) and 2(b) in th
Complex 1 was found to be an efficient reactant for the reduc-
tive coupling reaction with an alkyne under mild condition [17].
The reaction of 1 with 1-ethynyl-4-nitrobenzene in the presence
of CuI and Et2NH afforded the penta-alkynyl substituted corannu-
lene 2 (Scheme 2). All of the spectral data of 2 were consistent with
the expected product. A key feature in the 1H NMR spectrum indi-
cates a singlet at d 7.73 assigned to the corannulene proton, indi-
cating that five protons on corannulene are now chemically
equivalent. One high-field resonance at d 6.4 (1JPtP = 2660 Hz) in
the 31P NMR spectrum provides evidence that all platinum planes
are orthogonal to the corannulene bowl.

The red single crystals, crystallized from a solution of toluene
and hexane slowly decomposed under air. The crystal structure re-
veals that the corannulene with a regular pentagon conformation
is coordinated to a platinum moiety at five carbon sites and five
peripheral substituents on the corannulene have a flat configura-
tion. The bond lengths (2.07(3)–2.29(4) Å) of Pt–C(corannulene)
observed in 2 are slightly longer than those (1.98(17)–2.08(16) Å)
of 1. These observed elongations imply a stronger trans influence
of carbon atom attached on triple bond. In order to compare the
difference of bowl depth between 1 and 2, the separation distance,
which is defined as the distance of the centroid between two adja-
cent Pt atoms and Pt atom located in opposite side in the Pt penta-
gon, was estimated (Fig. 2) [18].

As being anticipated, the average separation distance of 2
(9.68 Å) was measured to be longer than that of 1 (9.48 Å). More-
over, the average separation distance (6.18 Å) between two adja-
cent Pt atoms in 1 is shorter than that (6.29 Å) of 2. Both
observations imply that the bowl of 2 is shallower than that of 1,
as shown in Fig. 2. Therefore, all of the Pt atoms have a trans-con-
e Pt pentagon. Symmetry code: (i) 2�x, y, 1.5�z.
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figuration despite the presence of steric crowding at the endo-po-
sition. The structure of 2 in the solid state is consistent with the
data of 1H and 31P NMR. Based on our observation and illustration,
we believe that the bowl depth of corannulene plays a key role in
the determination of molecular geometry in r-bonded pentanucle-
ar complexes bearing corannulene.

In summary, an oxidative addition reaction of 1,3,5,7,9-penta-
chlorocorannulene with Pt(PEt3)4 afforded an interesting platinum
r-bonded derivative of corannulene. The crystal structure for 1
consists of two enantiomers in a unit cell and shows both cis-
and trans-configurations around Pt ions due to the steric conges-
tion of bulky ligands. Compound 1 readily reacts with 1-ethynyl-
4-nitrobenzene to afford the penta-alkynyl substituted corannu-
lene with trans-configuration around platinum. The bulky periphe-
ral substituents cause a flattening of the bowl.
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Appendix A. Supplementary material

CCDC 609288 contains the supplementary crystallographic data
for 1. These data can be obtained free of charge from The Cam-
bridge Crystallographic Data Centre via http://www.ccdc.cam.a-
c.uk/data_request/cif. Supplementary data associated with this
article can be found, in the online version, at doi:10.1016/
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