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André C. B. Lucassen,† Linda J. W. Shimon,‡ and Milko E. van der Boom*,‡

Department of Organic Chemistry and Chemical Research Support Unit,
Weizmann Institute of Science, RehoVot, 76100, Israel

ReceiVed May 4, 2006

Summary: Reaction of a zeroValent platinum complex with a
partially fluorinated stilbazole ligand results in direct Arf-Br
oxidation addition. The exclusiVe formation of the Arf-PtII-
Br complex does not proceedVia η2-CdC coordination on the
reaction coordinate or as a side-equilibrium prior to the
obserVed C-Br bond actiVation. Arf-Br actiVation by Pt0 is
the kinetically and most probably also the thermodynamically
faVorable process independent of the reaction temperature and
solVent polarity. This is in stark contrast with the reactiVity of
isostructural nonfluorinated stilbazole systems, where there is
a lower barrier for η2-CdC coordination than for Ar-Br
oxidatiVe addition with Pt0.

Competitive olefin coordination and aryl-halide oxidative
addition to low-valent late transition metals are key steps in
several homogeneous catalytic processes,1,2 including syntheti-
cally important cross-coupling reactions. Furthermore, metal-
mediated synthesis often involves the use of substrates having
both carbon-carbon double bonds and aryl-halides. Numerous
studies have been devoted to the design of sophisticated task-
specific, platinum group metal catalysts in parallel to the
utilization of phosphine metal complexes in organic synthesis.1,2

A better fundamental understanding of coordination and oxida-
tive addition chemistry may open up practical routes for the
formation of new organic products.3,4 We reported recently that
the reaction between a zerovalent platinum phosphine complex
and a halogenated vinylarene resulted inη2-CdC coordination
of the zerovalent metal center prior to Ar-Br oxidative
addition.4 Upon heating, either in solution or in the solid state,

the metal center “walks” around theπ-system from the bridging
CdC double bond to the C-Br bond. We demonstrate here
that Arf-Br oxidative addition with an analogous fluorinated
stilbazole substrate by Pt(PEt3)4 is kinetically favorable over
π-coordination of a CdC double bond.

The reaction of 4′-bromo-2′,3′,5′,6′-tetrafluorostilbazole (1)5

with a stoichiometric amount of Pt(PEt3)4
6 in dry THF or toluene

at room temperature under nitrogen resulted in rapid formation
of the new complex2 by selective oxidative addition of the
Arf-Br moiety to the d10 metal center (Scheme 1).

Complex2 was formed quantitatively with concurrent forma-
tion of 2 equiv of PEt3, as judged by31P{1H} NMR spectros-
copy. The product was isolated as white crystals formed
overnight from a saturated solution of hexane/toluene (10:1 v/v)
at -30 °C in 81% yield and was fully characterized by1H,
13C{1H}, 19F{1H}, and31P{1H} NMR spectroscopy, elemental
analysis, and mass and single-crystal X-ray crystallography
(Figure 1).7 The X-ray analysis reveals a square-planar geometry
around the Pt(II) center having mutuallytransphosphines with
a P-Pt-P angle of 174.3(6)° and a C-Pt-Br angle of
176.5(2)°. The dihedral angle between the aromatic rings is
11.4°; however, the pyr-C, Arf-C, and CdC bonds lengths
of 1.55(3), 1.53(3), and 1.38(3) Å, respectively, are not affected
by formation of the strong M-Arf σ-bond.

Monitoring the reaction of1 + Pt(PEt3)4 f 2 + 2 PEt3 in
THF-d8 as shown in Scheme 1 by variable-temperature1H,
19F{1H}, and 31P{1H} NMR spectroscopy in the temperature
range from-75 to +25 °C did not reveal formation of any
η2-CdC coordination complexes such as the postulated complex
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Scheme 1. Direct Generation of Complex 2 without Parallel
Formation and/or Intermediacy of the Postulated Complex
3; Ar f-Br Oxidative Addition Is Kinetically Preferred over

η2-CdC Coordination
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3 in parallel or prior to the observed product of Arf-Br oxidative
addition (2). An intermediate complex having two magnetically
different cis PEt3 ligands in a 2:1 ratio was observed in the
temperature range from-75 to-35°C, which may be a cationic
Arf-Pt(II) complex.9,10 No reaction occurred at lower temper-
atures; only signals attributed to Pt(PEt3)4 were observable in
the31P{1H} NMR spectra. It is likely that unsaturated platinum
complexes are initially formed, which in principle can undergo
η2-CdC coordination and/or Arf-Br oxidative addition.
Pt(PEt3)4 is known to undergo reversible PEt3 dissociation in
solution to form the 16-electron complex Pt(PEt3)3.11,12 This
equilibrium is clearly visible in the variable-temperature31P{1H}
NMR spectra in the absence of substrate1. However, formation
of Pt(PEt3)3 was not observed during the course of the reaction
with 1, indicating that PEt3 dissociation is a relative slow process
in comparison with the subsequent reaction of1 with platinum.
Pt(PEt3)3 can undergo both associative and dissociative ligand
exchange.12 A kinetically significant amount of unobserved Pt-
(PEt3)2 might be present in the system, which undergoes a
selective reaction with the Arf-Br unit. However, other

mechanistic routes are also possible.13 Heating the reaction
mixture to 60°C for 1 h in asealed vessel after consumption
of the starting materials also did not result in the formation of
η2-CdC coordination complexes.

Substrate1 was reacted with 2 equiv of Pt(PEt3)4 in dry THF
at room temperature to verify that platinum coordination to the
carbon-carbon double bond is not prohibited due to steric
hindrance or is energetically unfavorable in the presence of PEt3.
This reaction resulted in the quantitative formation of the new
bimetallic complex4 (eq 1). This compound was isolated as a
white solid in 82% yield and fully characterized by1H, 13C-
{1H}, 19F{1H}, and 31P{1H} NMR spectroscopy, elemental
analysis, and mass spectrometry.7 The31P{1H} NMR spectrum
shows the signals both for Arf-Br oxidative addition and for
η2-CdC coordination of the partially fluorinated stilbazole
ligand in a 1:1 ratio. Apparently, metal coordination to the
carbon-carbon double bond of complex1 is not hampered. The
formation of the formally mixed-valence Pt0/PtII complex 4
clearly demonstrates that there is a fine balance betweenη2-
coordination of the-CdC- moiety and Arf-Br oxidative
addition, as both processes can occur under identical reaction
conditions at room temperature.

To further elucidate the mechanism of the formation of
complex 2 (Scheme 1), pentafluorostilbazole55,15 was also
reacted with an equimolar amount of Pt(PEt3)4 in THF-d8 at
-70 °C followed by stepwise warming of the reaction mixture
to room temperature in the NMR probe (eq 2). This process
resulted in the exclusive formation of theη2-CdC coordination
complex6 and free PEt3. Complex6 was fully characterized
by the same means as for2.7 Single-crystal X-ray diffraction
analysis of6 reveals a trigonal coordination environment (Figure
2).14 Theη2-CdC bond length of 1.451(6) Å is relatively long
due to back-bonding from the metal center into the olefinπ*-
orbitals.16 Olefins with electron-withdrawing substituents are
often strongly bound to Pt0.17
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Figure 1. ORTEP diagram of complex2 (thermal ellipsoids set
at 50% probability). Hydrogen atoms are omitted for clarity.
Selected bond length (Å) and angles (deg): Pt(1)-Br(2) 2.4925(10),
Pt(1)-C(1) 2.006(7), C(4)-C(7) 1.53(3), C(7)-C(8) 1.38(3), C(8)-
C(10) 1.55(3), Pt(1)-P(2) 2.301(19), Pt(1)-P(3) 2.304(18); C(1)-
Pt(1)-P(3) 90.8(19), C(1)-Pt(1)-P(2) 92.6(19), P(2)-Pt(1)-P(3)
174.3(6), C(1)-Pt(1)-Br(2) 176.5(2), P(2)-Pt(1)-Br(2) 88.05(5),
P(3)-Pt(1)-Br(2) 88.8(5).
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In contrast to the stoichiometric reaction of1 with Pt(PEt3)4:
(i) no intermediate complexes were observed by in situ31P{1H}
NMR follow-up measurements during the formation of complex
6, and (ii) no complexation of5 with platinum was observed at
temperatures below-50°C for ∼4 h, while a significant amount
of the 16-electron complex, Pt(PEt3)3, was present in the reaction
mixture. Relatively slow conversion of5 and Pt(PEt3)3 into
complex6 and PEt3 was observed at-50 °C with t1/2 ≈ 15 h.
The coordination complex6 was observed only at temperatures
∼20 °C higher than the formation of complex2 via Arf-Br
oxidative addition. This unambiguously demonstrates that Arf-
Br oxidative addition is the kinetically preferred process for
substrate1. In full agreement with the above-mentioned findings,
reaction of the model complex6 with an equimolar amount of
1 in the presence of 2 equiv of PEt3 at room temperature in dry
THF resulted in the relatively slow formation of complex2 (t1/2

≈ 2.5 h), further ruling out the possibility that the direct
formation of complex2 as shown in Scheme 1 proceeds via a
bimolecular process involving the unobserved complex3.

In summary, the exclusive formation of the PtII complex2
does not proceed viaη2-CdC coordination of the partially
fluorinated stilbazole ligand1 on the reaction coordinate or as
a side-equilibrium prior to the observed C-Br bond activation.
Arf-Br activation is the kinetically and most probably also the
thermodynamically favorable process independent of the reac-
tion temperature and solvent polarity. This is in stark contrast
with the previously reportedη2-CdC coordination vs Ar-Br
oxidative addition with isostructural nonfluorinated stilbazole
systems, where there is a lower barrier forη2-CdC coordination
than for Ar-Br oxidative addition with platinum.4 Oxidative
addition of the nonfluorinated substrate involves an intermediate
η2-CdC complex (akin to the postulated complex3, Scheme
1), and this coordination complex rearranges to the oxidative
addition product via an unimolecular “ring-walking” process.4,18

The here-presented observations are a clear example that the
mechanistic route toward Ar-Br activation can be significantly
different for corresponding fluorinated substrates. Furthermore,
the kinetic balance of olefin coordination vs Ar-Br oxidative
addition can be inverted upon fluorination of the aromatic
system. It is known that the rate of Ar-halide oxidative addition
increases by placing electron-withdrawing groups on the arene.2

Nevertheless, it is remarkable that insertion of a zerovalent late-
transition metal center into a carbon-halide bond can be
kinetically favorable overη2-coordination to a carbon-carbon
double bond.19 The implementation of these findings with
respect to other metal complex precursors and substrates is under
investigation, as it might lead to selective chemical transforma-
tions with high kinetic control over the reaction outcome.
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Figure 2. ORTEP diagram of complex6 (thermal ellipsoids set
at 50% probability). Hydrogen atoms are omitted for clarity.
Selected bond length (Å) and angles (deg): Pt(1)-C(7) 2.105(4),
Pt(1)-C(8) 2.114(4), C(1)-C(7) 1.482(5), C(7)-C(8) 1.451(6),
C(8)-C(9) 1.475(6); C(1)-C(7)-C(8) 123.5(4), C(7)-C(8)-C(9)
122.8(4), C(7)-Pt(1)-C(8) 40.23(16), C(7)-C(8)-Pt(1) 69.5(2),
C(8)-C(7)-Pt(1) 70.2(2), P(1)-Pt(1)-P(2) 102.18(4).
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