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The low �-donating ability of 9-phosphatriptycene 1was re-
vealed by cyclic voltammetry and theoretical calculations. The
tungsten complex of 1 was synthesized and the IR and NMR
spectroscopic data of the complex also suggested the low �-
donating ability of 1. 1 was shown to be effective as a ligand
in the palladium-catalyzed reactions, the Stille coupling and
the Heck reaction.

Phosphines have been known as useful ligands for transition
metals and they have played an important role in several catalyt-
ic reactions.1 The coordinating ability of a phosphine is control-
led by steric factors (C–P–C angle and cone angle) and electron-
ic factors (�-donation and �-back donation). The structures and
reactivities of the transition metal complexes are strongly influ-
enced by these factors, thus organic chemists have made numer-
ous efforts to develop novel phosphine ligands up to date.

9-Phosphatriptycene was first synthesized in 1974 by Bick-
elhaupt.2 9-Phosphatriptycenes have been expected to exhibit in-
teresting properties as a ligand reflecting their unique structural
and electronic characteristics. However, the metal complexes
bearing a 9-phosphatriptycene have not been reported so far,
probably because of the complex synthetic route to 9-phospha-
triptycenes. Recently, we have reported a new and convenient
synthetic route to 9-phophatriptycene oxide 2 by utilizing or-
tho-lithiation of tris(3-methoxyphenyl)phosphine oxide as a
key step.3 Here, we describe the �-donating ability and the appli-
cation to catalytic reactions of 9-phosphatriptycene 1 (�P
�64:8), which was obtained by methylation of 2 followed by re-
duction with PhSiH3 (Figure 1).4

X-ray crystallographic analyses of 9-phosphatriptycenes re-
vealed that the C–P–C angles are narrowed because of ring
strains.5 Such a unique structural feature promoted us to eluci-
date s character of the lone pair of 1. As shown in Table 1, the
oxidation potential of 1 was shifted to a more positive region
than that of Ph3P, indicating that the lone pair orbital of 1 is lo-
cated at the lower energy level,6 which was supported by theo-
retical calculations as follows.7 Single-point calculation at
DFT theory level revealed that the molecular orbitals of lone pair
of Ph3P and (2-furyl)3P correspond to the HOMOs. On the other
hand, the HOMO of 1 was the aromatic � orbital, and the lone
pair was HOMO–5 which was located by 1.10 eV below the
HOMO. The small C–P–C angle of 1 prevents the phosphorus
atom from taking sp3 hybridization, and the s character of the
lone pair is higher than those of usual triarylphosphines. The
1JPSe values of phosphine selenides are known to reflect the �-
donating ability of the corresponding phosphine.8 The 1JPSe val-
ue of 9-phosphatriptycene selenide 3 (�P 5.6, �Se �592) that was
prepared by selenation of 1 showed the largest value among
those of the other phosphine selenides,4 indicating that the �-

donating ability of 1 is lower than that of Ph3P and (2-furyl)3P.
In a LW(CO)5 complex, the trans-CO group respect to L is

polarized in accordance with increase of the �-donating ability
of L. This polarization causes the low-field shift and the batho-
chromic shift in the 13CNMR spectra and infrared spectra, re-
spectively. The tungsten complex 4 was isolated as air-stable
yellow solids by the reaction of 1 with W(CO)5(thf) in THF at
room temperature quantitatively.9,10 In the 13CNMR spectrum
of 4 the signal due to the trans-CO was shifted up-field, com-
pared to those of Ph3PnW(CO)5, and the CO stretching frequen-
cy of 4 showed bathochromic shift compared to that of
Ph3PW(CO)5 (Table 2). When these data were taken into consid-
eration, the �-donating ability of 1 is the weakest among phos-
phines and almost the same as that of Ph3Sb.

Since the low �-donating ability of 1 was revealed, the
palladium-catalyzed reactions, the Stille coupling and the Heck
reaction, were examined to reveal the effectiveness of 1 as a
ligand.12
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Figure 1.

Table 1. Comparison of �-donating ability of 1, Ph3P, and
(2-furyl)3P

Ar3P Eox/V
a Lone pair orbitalb

1JPSe value of
Ar3P=Sec/Hz

1 1.68 HOMO–5 828
Ph3P 1.05 HOMO 736

(2-furyl)3P — HOMO 788
aIrreversible, peak potential, V vs Ag/Agþ in CH2Cl2 with
0.10M n-Bu4N ClO4, scan rate: 30mV s�1. bSingle-point
calculations and geometry optimizations were performed at
B3LYP/6-311G(d) for P, and 6-31G(d) for all other atoms.
cIn CDCl3.

Table 2. Spectral data of Ar3PnW(CO)5

Ar3Pn
a �Cb �(trans-CO)c/cm�1

1 197.1 1946
Ph3P 199.2 1943
Ph3As

d 199.0 1945
Ph3Sb

d 198.2 1947
aPn = P, As, Sb. bIn CDCl3.

cIn hexane. dRef. 11.
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The results of the Stille coupling using 1 as a ligand are sum-
marized in Table 3. The coupling of PhI using 1 proceeded faster
than those using Ph3P, (2-furyl)3P, and Ph3As, because of the
lower �-donating ability of 1. It is known that in the Stille cou-
pling weak � donors exhibit the good catalytic activity and that
(2-furyl)3P and Ph3As have about 10–102 times higher activity
than Ph3P.

13 The trend was explained in the literature as follows.
Such ligands decrease the electron density on the palladium
atom and the transmetallation from the nucleophilic stannanes
to the electrophilic palladium, the rate-determining step, is
accelerated.

The reaction of p-MeOC6H4I gave the lower yield, because
its electron-rich nature decreased the rate of oxidative addition.
Although the oxidative addition to electron-deficient ArX usual-
ly should proceed readily, the yield of the reaction of p-
CF3C6H4I was much lower than that of PhI, presumably because
of the catalyst decomposition or generation of inactive com-
plexes. As shown in Scheme 1, the Heck reaction using 1 as a
ligand gave trans-stilbene in 53% yield, which was superior to
the results of Ph3P (6%),14 (2-furyl)3P (13%), and Ph3As
(42%). The result is quite reasonable taking into account that
the migratory-insertion of alkenes, the rate-determining step, is
accelerated by weak � donors in the Heck reaction.14

In summary, we have succeeded in the synthesis of the first
metal complex bearing a 9-phosphatriptycene. The low �-donat-
ing ability of 1 was evaluated by various methods. On the basis
of such an electronic property, 1 accelerated the Stille coupling
and the Heck reaction of PhI compared with well-known weak
� donors, (2-furyl)3P and Ph3As.
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Table 3. The Stille coupling using 1 as a ligand
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PhI   +   Ph

Pd(dba)2 (1 mol%)
L (2 mol%), NEt3 (1 equiv.)

MeCN, 80 °C, 45 min.
Ph

Ph

All yields were estimated by H NMR spectroscopy.1

Scheme 1.
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