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cis -[Bis(dicyclohexylphosphino)ethane]platinum(0)
Reacts with Unactivated Carbon-Hydrogen Bonds'
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Although platinum(0) is centrally important in heterogeneous
catalytic reforming of petroleum,* the only soluble platinum
complexes that react with saturated hydrocarbons are platinum

Figure 1. Drawing of PtH(CH,CMe,)(Cy,PCH,CH,PCy,). Ellipsoids
are drawn at the 50% probability level. Except for the hydride ligand,
H atoms are omitted for the sake of clarity. Selected bond distances and
angles: Pt-H, 1.56 (5); Pt=C (1), 2.125 (5); Pt-P(1), 2.278 (2); Pt-P(2),
2.253 (2) A; H-Pt-C(1), 82 (2)°; C(1)~Pt-P(1), 95.3 (1)°; P(1)-P1-
P(2), 88.16 (6)°; P(2)-Pt-H, 96 (2)°.
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9 All reactions were conducted at 69 °C, except for the thermolyses
in cyclopentane and tetramethylcyclopropane, which were run at 45
°C. Yields were determined by 3'P NMR spectroscopy and refer to
the combined yield if two products were obtained. Cy = cyclohexyl.

chlorides and acetates.® In particular, and by contrast with iridium,
rhodium, and the other transition metals that have provided the
basis for the recent major advances in carbon-hydrogen bond
activation,>® no phosphine-stabilized platinum species has been
reported that reacts infermolecularly with unactivated C—H bonds,
although intramolecular reaction is facile.” Here, we report that
thermal reductive elimination of neopentane from cis-hydrido-

(6) For leading references, see: Buchanan, J. M.; Stryker, J. M.: Bergman,
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85, 245-269.
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neopentyl[bis(dicyclohexylphosphino)ethane]platinum(Il) (1)
produces the reactive intermediate [bis(dicyclohexylphosphino)-
ethane]platinum(0) (2) and that 2 reacts with C~H bonds in
saturated and unsaturated hydrocarbons.?

Compound 1 was prepared as described in Scheme 1.° It is
unreactive toward water and dioxygen and thermally stable as
a crystalline solid. Its structure was established unequivocally
by X-ray diffraction (Figure 1).'9 Relevant features of the
structure are the cis arrangement of the hydride and alkyl groups
and the disposition of the cyclohexyl rings. These rings occupy
positions that should minimize intramolecular interactions of their
C-H bonds with the platinum center if the solid-state structure
persists in solution. We believe that 2 probably has a similarly
exposed, unencumbered platinum atom and that the high inter-
molecular reactivity of 2 reflects, in part, low intzramolecular
reactivity.

Reductive elimination of neopentane from 1 occurs at convenient
rates in a variety of solvents at temperatures between 45 and 80
°C (Scheme I); 2, the inferred intermediate, reacts with C-H
bonds in saturated and unsaturated hydrocarbons.!! Given that
very few transition-metal complexes react with saturated hydro-
carbons, perhaps the most interesting reactions are those with
cyclopentane and 1,1,2,2-tetramethylcyclopropane. Thermolysis
of 1 in n-hexane or cyclohexane does not yield adducts but instead
generates insoluble precipitates.

The decomposition of 1 in benzene is cleanly first order in 1,
with rate constant k; = (2.8 £ 0.1) X 105! at 69 °C (determined
with the use of P NMR spectroscopy). Arrhenius parameters
derived from thermolyses at temperatures from 49 to 81 °C are
E, =28.0 £ 0.4 kcal/mol and log 4 = 14.3 £ 0.2. Addition of
free bis(dicyclohexylphosphino)ethane has no effect on the rate,
but a new product, bis[bis(dicyclohexylphosphino)ethane]plati-
num(0), forms in competition with 2. The isotope effect for the
reductive elimination of neopentane-d, from L,Pt(Np)(D), ky/kp
= 1.5, is consistent with rate-determining reductive elimination
of neopentane,'? as is the fact that the rate of decomposition is

(8) Literature precedent suggested that reductive elimination of an alkane
from a cis-hydridoalkylbis(phosphine)platinum(II) complex would be facile
and that the bent (bisphosphine)platinum(0) species generated by reductive
elimination of neopentane from 1 would be highly reactive. See: Abis, L.;
Sen, A.; Halpern, J. J. Am. Chem. Soc. 1978, 100, 2915-2916. Yoshida, T.;
Yamagata, T.; Tulip, T. H.; Ibers, J. A.; Otsuka, S. J. Am. Chem. Soc. 1978,
100, 2063-2073. Electron-withdrawing groups on the alky! ligand stabilize
the complex with respect to reductive elimination: Michelin, R. A.; Faglia,
S.; Uguagliati, P. Inorg. Chem. 1983, 22, 1831-1834.

(9) Spectral and analytical data for 1: 'H NMR (C¢D) 8 2.52 (“t” with
Pt satellites, Jp_y = 7, Jpy = 78 Hz, 2 H), 2.25-1.95 (m, 6 H), 1.95-1.0 (m,
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indistinguishable in C¢Hg and C¢Dg. Increase of the concentration
of benzene in mixed benzene/cyclohexane solutions caused a
decrease in the rate of decomposition and established that benzene
was not coordinated to 1 before or at the transition state.

We suggest that 2 is a homogeneous model for an “edge” atom
in a heterogeneous platinum catalyst. These sites have been shown
to be reactive in C—H bond activation in studies with platinum
single crystals;'? 2 is also isolobal'* with methylene; :CH,.
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Supplementary Material Available: Spectral and analytical data
for the complexes shown in Scheme I and a table of atomic
coordinates and thermal parameters (5 pages). Ordering infor-
mation is given on any current masthead page.

51 H), -0.15 (d of d with Pt satellites, Jp_y; = 18, Jp_yy = 194, Jp_y = 1175
Hz, 1 H); *'P NMR (C,Dy) 8 75.9 (s with Pt satellites, Jp_p = 1664 Hz), 62.9
(s with Pt satellites, Jp, p = 1798 Hz); IR (neat) 2010 cm™"; mp (capillary
sealed under Ar) 120-130 °C dec. Anal. Calcd for C3,H¢,P,Pt: C, 53.97;
H, 8.77; P, 8.98. Found: C, 54.11; 53.94; H, 8.69, 8.74; P, 8.92, 8.96.

(10) Crystal structure information: C;,HyP,Pt, FW = 689.86. Mono-
clinic, space group Cy,*-P2,/n. At-150°C,a = 11.517 (8) A, b = 15.730
(1D A, c=17.364 (13) A, 8 = 90.32 (3)°, ¥V = 3146 A? with 4 formula units
per cell; Dgieq = 1.456 g cm™ (=150 °C); Dypeg = 1.36 g cm™ (20 °C); pu =
46.22 cm™'. Data were collected on a CAD4 diffractometer at —150 °C (Mo
Ka radiation out to # = 31°). A total of 10182 unique F,? values were used
in the final refinement of 311 variables. Included in the final model were
anisotropic motion of the non-hydrogen atoms and isotropic motion of the
hydride ligand. Other H atoms were located on an earlier Fourier map and
their positions were idealized in the final refinement. This refinement con-
verged to a value of 0.069 for R(F?) and for the 7056 F? values having F,?
> 3 (F,) to a value of R(F) of 0.044.

(11) Except for cis-hydridophenyl[bis(dicyclohexylphosphino)ethane]-
platinum(Il) and (3.3-dimethyl-1-butene)[bis(dicyclohexyl)phosphino)-
ethane]platinum(0), the platinum-containing reaction products were identified
by comparison with independently synthesized, fully characterized complexes.
In all cases, the reaction products were indistinguishable by 'H and *'P NMR
spectroscopy from the independently synthesized complexes. cis-Hydrido-
phenyl{bis(dicyclohexylphosphino)ethane]platinum(II) and (3,3-dimethyl-1-
butene)[bis(dicyclohexylphosphino)ethane]platinum(0) were isolated from
preparative-scale thermolyses of 1 in benzene and in a cyclohexane solution
of 3,3-dimethyl-1-butene, respectively. Spectral and analytical data for all
of the complexes shown in Scheme I are available as supplementary material;
complete details of the syntheses will be published later. The sole organic
product was necopentane, identified by its GC retention time and GC/MS.
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