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Abstract: Migratory insertion of alkenes into gold-carbon
bonds, a fundamental yet unprecedented organometallic trans-
formation, has been investigated from a discrete (P,C) cyclo-
metalated gold(11l) dimethyl complex. Methide abstraction by
B(C4Fs); is shown to generate a highly reactive cationic Au™
complex that evolves spontaneously by CiFs transfer from
boron. In the presence of norbornene, migratory insertion into
the Au—C bond proceeds readily. The resulting norbornyl
complex is efficiently trapped with pyridines or chloride to give
stable four-coordinate adducts.

M igratory insertion of alkenes into metal-carbon bonds is
a key organometallic reaction at the basis of several major
catalytic transformations, including the Ziegler—Natta type
polymerization of olefins and the Mirozoki-Heck cross-
coupling reaction.!!l This elementary step has been exten-
sively documented and thoroughly investigated with early to
late transition metals, but strikingly it is unprecedented with
gold.

Over the last decade, our knowledge of gold(IIT) chemis-
try has tremendously progressed. A variety of highly reactive
gold(IIT) complexes including m adducts of alkenes,”*! hy-
dride,”™ hydroxide!/peroxide/oxo,” and vinyl®/allenyl®
species have been isolated as stable compounds. Important
insights have also been gained in terms of reactivity. In
particular, the insertion of alkenes into gold(III)-oxygen
bonds has attracted much attention,®”'” and a recent thor-
ough mechanistic study has shown that the insertion of
ethylene into a gold(IIT)-oxygen bond proceeds by addition
of the O-based nucleophile to the st-coordinated alkene.!'"!

Our interest for new reactivity patterns of gold com-
plexes!'!) prompted us to investigate the insertion of alkenes
into gold(IIT)—carbon bonds.!"? Despite the fact that gold(III)
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complexes are excellent catalysts for the activation and
functionalization of alkenes,™ insertion into Au"-carbon
bonds remains unknown. This situation is in stark contrast
with the well-known ability of the isoelectronic Ni, Pd, and
Pt" alkyl complexes to readily insert olefins.'¥ Tilset and co-
workers recently reported the reaction between an Au™ alkyl
complex and an olefin,” but no insertion reaction was
observed. Instead, a very rare example of a gold(III) alkene
complex was isolated.

To study the insertion of alkenes into gold(IlI)-carbon
bonds, it is crucial to identify well-suited precursors and to be
able to generate gold(IIT) alkyl complexes with a free
coordination site. To this end, we envisioned that the (P,C)
cyclometalated gold(III) complexes we recently prepared by
Ca—X (X =1, Br) oxidative addition to gold(T)"*! might be
ideal candidates. As discussed hereafter, this strategy was
exploited to prepare a discrete (P,C) dimethyl gold(III)
complex. Abstraction of a methyl group from gold is
described and the ensuing cationic gold(IIT) methyl complex
is shown to display versatile reactivity, including migratory
insertion of norbornene.

The (P,C) cyclometalated gold(IIT) dimethyl complex 3
was prepared following a two-step procedure (Scheme 1).
First, the 8-iodonaphthyl phosphine 1" was reacted with Aul

1 Me
iPr,P iProgP—Au—I iPryP—Au—Me
Tquene
91% 60%

Scheme 1. Synthesis of the (P,C) cyclometallated gold(IIl) dimethyl
complex 3.

at 50°C to obtain the gold(III) di-iodide complex 2 (91 %
yield of isolated product) after coordination of the phospho-
rus atom to gold and oxidative addition of the C,,—I bond.
Methylation with MeMgBr (3 equiv) then afforded the
desired complex 3 (isolated as a stable beige solid in 60 %
yield). The structure of 3 was deduced from multinuclear
NMR spectroscopy and confirmed by X-ray diffraction
analysis.'") The two inequivalent Me groups at gold are
clearly distinguished by 'H and C NMR. Most diagnostic are
the H-P and C—P coupling constants which are substantially
larger for the Me group in trans vs. cis position to phosphorus
(Jap=15.5/59 Hz, J.»=111.3/5.7 Hz).

Aiming at generating a cationic gold(III) methyl species
with a free coordination site, complex 3 was reacted with
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trifluoromethane sulfonic acid (HOTT) to cleave one of the
Au—Me bonds. Regardless of the reaction conditions, only
intractable mixtures were obtained, and '"H NMR monitoring
indicated that protonolysis of the Au—C,,,my bond occurred
to a significant extent. Despite the stabilizing effect of (P,C)
chelation, the Au—C,» bond is preferentially protonated over
the Au—C,: bonds under these conditions”*”! As an
alternative strategy, we envisioned to abstract a methide
from complex 3 with a strong Lewis acid, namely tris(penta-
fluorophenyl)borane B(C¢Fs);.*"®! The reaction was much
cleaner and afforded two stable species 4a and 4b in
approximately 1:1 ratio according to *'P NMR (6 71.2 and
68.5 ppm). "B and F NMR analyses indicate concomitant
formation of MeB(CF5),. The spectroscopic data of 4a and
4b are very similar, suggesting the formation of two closely
related isomers. Column chromatography on silica gel ena-
bled the two compounds to be separated and isolated. Based
on spectroscopic data, they were assigned to the neutral
complexes [(P,C) AuMe(C4Fs)] with cis and trans arrangement
of the P atom and C4F group, respectively (Scheme 2).1) The
two isomers 4a/4b are unambiguously distinguished by the 'H
and "CNMR signals of the Me group at gold and the
associated coupling constants to phosphorus.'® Furthermore,
the molecular structure of complex 4b was confirmed by X-
ray diffraction analysis.

l\llle CGF5 Me
Au—Me iProP— Au Me iPr,P— Au CeFs
CeFs

0 = Q0
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S
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Scheme 2. Formation of the neutral gold(Ill) complexes 4a and 4b by
Me/C¢Fs redistribution between 3 and B(C¢F;);. Molecular structure of
complex 4b. Ellipsoids are set at 50% probability; hydrogen atoms are
omitted for clarity.*?

iPrp—
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Thus, complex 3 reacts with B(C4Fs); by Me/CyF;5 redis-
tribution between gold and boron. Such a transfer of aryl
groups from boron to gold is relatively rare.”'®! By analogy
with that known for alkyl zirconocenes and related species,?"!
the formation of complexes 4a/4b probably involves an ion
pair intermediate formed of a tricoordinate cationic gold(I1I)
methyl complex and a borate counteranion. At this point, we
wondered if this cationic gold complex could react with
olefins before a CgiFs group is transferred from boron.
However, the instability of three-coordinate gold(III) spe-
cies™ represents an inherent bottleneck here and therefore,
we envisioned to stabilize the complexes of interest by
coordination of Lewis bases. Four-coordinate gold(III) com-
plexes are generally much more stable than the corresponding
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three-coordinate species™ and Lewis bases, in particular
pyridines, have been shown to stabilize efficiently electro-
philic gold(IIT) complexes.*"

We first investigated this approach by reacting complex 3
with B(CFs); at —80°C in the presence of an excess of
ethylene (5 bars) or styrene (10 equiv), followed by trapping
with 2,6-lutidine. NMR monitoring indicated that ethylene
and styrene did not react under these conditions. Instead, the
cationic gold(IIT) methyl complex 5 stabilized by lutidine
coordination was formed as major product (70% spectro-
scopic yield) (Scheme 3).! This result confirms the ability of
B(C¢Fs); to abstract a methyl group from complex 3 to
generate a tricoordinate cationic gold(III) complex, which is
trapped in situ by lutidine to give complex 5.

A
P
Me N
, | @ |
iPr,P—Au—Me 1. ethylene or styrene iProP—Au— Me
B(CeFs)s OO MeB(C5F5
O 2. Lutidine
3

Scheme 3. Formation of the tetracoordinate cationic gold(Ill) complex
5 by reaction of 3 with B(C4Fs); and lutidine.

We then tested the same reaction with a more reactive
olefin, norbornene (NB), and gratifyingly, a different out-
come was observed. The reaction of complex 3 with B(C¢Fs);
at —80°C in the presence of an excess (3 equiv) of NB,
followed by addition of lutidine or pyridine (1 equiv),
afforded the norbornyl gold(IlI) complexes 6 and 7
(Scheme 4).”! Complex 7 was isolated as a light yellow
powder by precipitation with pentane (60% yield). It was
characterized by high-resolution mass spectrometry (HRMS)
and multinuclear NMR spectroscopy. The ESI mass spectrum
of complex 7 shows one peak at m/z 722.3194 amu corre-
sponding to the mass of [(P,C) AuMe(Py)]* augmented by two
norbornene molecules. This suggests the insertion of two NB
units in the Au—Me bond, something which is corroborated by

2. Lutidine L
or Pyridine ) e
— iProP—Au
Me Me
) | o
iProP—Au—Me 1. / MeB(CaFa)e
U (xs.)
3 - 6: L = Iutidine
B(CeFs)3 7: L = pyridine, 60 %
(i‘,l
2. nBugNCI iProP—Au

Me
8
56 %
Scheme 4. Formation of the gold(lIl) norbornyl complexes 6-8 upon

insertion of norbonene into the Au—Me bond of 3 (the naphthyl moiety
is simplified for clarity).
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the relative integration of the aliphatic and naphthyl signals in
the '"H NMR spectrum (37 vs. 6 H). Double insertion of NB in
the Au—Me bond parallels what was observed previously with
Pd"-Me species,””! and indicates that the gold—norbornyl
species generated after the first insertion is more reactive than
the gold-methyl complex. All of the 'H and “CNMR
resonance signals of complex 7 were assigned thanks to 2D
HSQC and HMBC NMR experiments.'! The most salient
NMR data are the 'H and "C signals observed at 4 3.26 and
81.1 ppm for the NB C—H unit directly linked to the cationic
gold center. Both signals display large coupling constants to
phosphorus (Jyp=7.8 Hz and J-, =87.5 Hz), indicating that
the norbornyl fragment is located trans to phosphorus.
Despite significant efforts, single crystals of complex 6 or 7
could not be obtained to analyze their structure by crystallo-
graphic means. Having in mind that the ionic character of the
complexes and the [MeB(C¢Fs);] counteranion may compli-
cate the crystallization process, we decided to quench the
tricoordinate norbornyl species with #Bu,NCl so as to obtain
a neutral gold(IIT) complex. The reaction worked well and
afforded complex 8 in 56 % yield of isolated product. NMR
data closely parallel those of complex 7,'% and in this case,
crystals suitable for X-ray diffraction analysis were obtained
by layering a saturated dichloromethane solution of 8 with
pentane at —30°C (Figure 1). Accordingly, double insertion

=
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P B D

Me &/\/‘ 79(
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Figure 1. Molecular structure of complex 8. Ellipsoids are set at 50%
probability; hydrogen atoms omitted for clarity.??

of NB into the Au—Me bond was unambiguously con-
firmed.”® The gold atom sits in a square-planar environment
formed by the (P,C) chelate ligand, the chlorine atom and the
norbornyl moiety which is located trans to the phosphorus
atom. The stereochemistry of the norbornyl units deserves
comment. Insertion of the two NB units occurred on the exo
face and in a syn manner, consistent with a coordination—
insertion process. Such an inner-sphere migratory insertion is
extremely rare for gold,” and contrasts with the outer-sphere
anti addition process commonly encountered.!**

In conclusion, the first example of olefin insertion into
gold—carbon bonds has been disclosed. Norbornene was
found to readily insert into the Au—Me bond of a (P,C)
cyclometalated gold(III) alkyl complex. The reaction pro-
ceeds in a syn manner, consistent with an inner-sphere
migratory insertion process. It most likely occurs via
a highly reactive tricoordinate cationic Au™—Me intermedi-
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ate, which is generated by methide abstraction with B(C¢Fs)s.
An original Me/C¢F;s redistribution between gold and boron
has also been observed, and found to be competitive with
olefin insertion. These results substantiate the feasibility of
olefin insertion into Au—C bonds, and pave the way for the
development of new gold-mediated transformations based on
migratory insertion, in particular olefin polymerization pro-
cesses.”!! Future work from our group will seek to generate
new cationic gold(III) alkyl complexes and to study their
reactivity towards other olefins to extend the scope of
migratory insertion.
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