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Scheme 1.
C6F5‘ /CO

Synthesis of Compoundsand3
+RH C5F5\ /CO
—thf

The coordination of phenanthrene to the d® Pt center in (SP-4-
2)-[Pt(CgFs)o(CO)(1?-C14H10)] causes a slight pyramidalization at
the metal-bound C atoms (C° and C%), but no perceptible cFe th
elongation of the corresponding C—C bond [C(13)-C(14) 132.0- 1

(5) vs. 133.8(5) pm in the free ligand].

2, RH = phenanthrene

CoF¢ :/} 3, RH = naphthalene

molecule and formation ofis-[Pt(CeFs)2(CO)@#2-Ci4H10)]
(2). In a similar way,1 reacts with naphthalene {gls) in
CH,CICH,CI solution to givecis-[Pt(CsFs)2(CO)(@#2-CioHs)]

Efficient hydrocarbon €H activation is among the most
pursued goals in modern chemistrj,ate transition metal  (3). Compound< and3 can be isolated as white solids in
complexes of various kinds (especially of P£ are known moderate yields (see Supporting Information for details).
to accomplish a number of such processes under unusually The molecular structure df was established by single-
mild conditions, thereby inducing a higher degree of crystal X-ray analysis. The Pt center is located iSR4
selectivity. Much effort has been devoted to studying the environment (Figure 1) defined by the C-donor atoms of the
key steps of the mechanism involved, a better understandingC¢Fs and CO ligands and the midpoint between the two
of which would enable the design and development of new metal-coordinated phenanthrene C atoms. The ligands adopt
systems with enhanced activity and/or selectivity. It is acisarrangement as in the parent species so the substitution
currently agreed that the first step il fPhediated arene-€H reaction in Scheme 1 takes place with stereoretention. Two
activation entails the formation of an intermolecujéarene strong absorptions assignable to the X-sensitive vibration
complex34 Unless assisted by intramolecular coordination modes of the gFs groupg are accordingly observed in the
of a pendant donor substituénthus benefiting from the IR spectra of both2 and its parent species (Cy, local
chelate effectthis coordination mode is still rare in'Pt  symmetry; IR-active X-sensitive modesy; + B;). Phenan-
chemistry and, in fact, it has only recently been unambigu- threne coordinates to theis-Pt(GFs),(CO)” moiety in an
ously establishe@l® Here we report on highly unusual'Pt  essentially symmetric form [P4C(13) 234.5(3), P+C(14)
species containing?-coordinated condensed arenes. 231.2(3) pm] through the two C atoms Y@nd C° in

The square-planaB@4) complexcis-[Pt(CsFs)2(CO)(thf)] standard IUPAC notatioffor which the highest-electron
(2) reacts with phenanthrene {fl:0) in CH,Cl, solution density has been calculated by"d¢kel MO methods.
(Scheme 1) under substitution of the weakly coordinated thf Coordination through €and GP also involves the lower loss
of aromaticity in the phenanthrene ligand measured in terms
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Figure 1. Thermal ellipsoid diagram c2. Selected distances (pm) and
angles (deg): PtC(1), 203.4(3); PtC(7), 204.0(3); PtC(13), 234.5(3);
Pt—C(14), 231.2(3); PtC(27), 193.7(3); C(13)C(14), 132.0(5); C(2#H

0, 111.8(4); C(1y Pt—C(7), 88.64(11); C(:yPt—C(27), 89.14(12); C(#
Pt—C(27), 177.78(11); PtC(27)-0, 177.9(3).

of resonance enerd$ The C(13)-C(14) line forms an angle

of 21.2 with the normal to the coordination plane and adopts
a staggered conformation with respect to titams-standing
CeFs group. It is interesting to note that the?-aC' bond
distance in2 [C(13)—C(14) 132.0(5) pm] is statistically
indistinguishable from the corresponding one in the free
ligand [133.8(5) pm}! hence, no elongation at all is observed
upon coordination. This structural feature denotes that little
mr-back-donation, if any, from thecis-Pt(GFs)2(CO)” moiety

to the antibondingz* aromatic system of phenanthrene

Scheme 2. Isomerization of (cis) to (trans)4
CeFs_ /CO A/RH Cer\ /CO
— S
CeFs thf (R = Ph, Cy) thf CeFs
1 4

more marked basicity of the remaining ligands. It is also
interesting to note that considerably shorter €tdistances
[221(1)-227(1) pm] have been found in other'Rtom-
pounds containingy?-arene ligands, [PtH(HT#;?-RH)]*
[RH = benzenep-xylene; Tp = hydridotris(3,5-dimeth-
ylpyrazolyl)boratoP® In these structurally characterized
precedents, a slight lengthening of theecoordinated &C
bond was also observed.

The presence of two sets 0§ signals in the®F NMR
spectrum o in [?H]dichloromethane solution betweer80
and 25°C denotes the presence of two chemically inequiva-
lent GFs groups, in agreement with thas arrangement
observed in the solid-state structure. Despite the negligible
structural changes observed in the C framework with respect
to the free ligand, the coordination of phenanthrene to the
“cis-Pt(GFs)2(CO)” moiety produces a distinct upfield shift
in the resonance signal assigned ftoddd HC, which appear
in the 'TH NMR spectrum of2 as a singlet with platinum
satellites $J(*%Pt,H) = 48 Hz] atd = 7.51 ppm ¢f. 6 =
7.78 ppm for free phenanthrene). This fact can be related to
the slight pyramidalization observed at the coordinated C
atoms, whose corresponding-€l bonds deviate more than
10 from the phenanthrene ring, implying a higher contribu-
tion of the 2p orbitals in the §fhybridization of C and G°
atoms. However, no significant modification in the corre-
sponding'J(*3C,H) value has been observed (165. 160

actually occurs. This can be considered to be a consequencéiz in the free ligand).

of the marked electron-withdrawing character of thég=C
groups!? as well as the well-known ability of CO to behave
as a poow-donor/goodr-acceptor ligand. The higito value
observed in the IR spectrum &f vco = 2125 cn1?, can be

It has been recently pointed étithat metal-promoted
C—H activation processes should be favored by the enhanced
Lewis-basicity of the “ML,” metal fragment. On the other
hand, the required coordination of the organic substrate RH

taken as further evidence of the lack of electron density at ,oui1d be expected to preferentially occur at highly acidic

the metal centel In this context, it is interesting to note
that a significant lengthening of the coordinated € bond
[C%—C'0 146.0(5) pm] was observed in [Rff¥CsMes)-
(PMey)(572-C14H10)].2® This observation would be in agree-
ment with the higher electron density available for the Rh
center considering: (1) its lower oxidation state and (2) the
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metal complex species. A mismatch in properly balancing
these two opposite electronic requirements in this-Pt-
(CeFs)2(CO)” fragment could well be the reas@ncontaining

an n?-coordinated phenanthrene molecule, is sufficiently
stable to allow its isolation and extensive characterization
while, in turn, C-H activation has not yet been observed to
occur. These results can be considered to exemplify the
electrophilic behavior of electron-poor metal centérs.

In contrast to the previously dicussed “electrophilic
behavior” observed for thects-Pt(GsFs)2(CO)” fragment
toward the polycyclic aromatic hydrocarbons, it has been
found that benzene is not to accomplish clean substitution
of thf in complex1. Thus, heatind. in benzene solution at
50—60 °C for 1 h results in an isomerization process giving
trans[Pt(CsFs)2(CO)(thf)] (4) in 50% yield together with
extensive decomposition to platinum metal (Scheme 2). The
same isomerization process has been found to occur using
cyclohexane as solvent. In this saturated hydrocarbon,
however, the yield of isolated increases to 70% and no
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