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Although platinum(0) is centrally important in heterogeneous
catalyt ic reforming of petroleum.a the only soluble plat inum
complexes that react with saturated hydrocarbons are plat inum

Figure 1.  Drawing of  PtH(CHrCMe3)(Cy2PCH2CH2PCy2).  El l ipsoids
are drawn at  the 507o probabi l i ty  level .  Except for  the hydr ide l igand,
H atoms are omitted for the sake of clarity. Selected bond distances and
ang les :  P t -H ,  1 .56  (5 ) ;  P t -C  ( l ) , 2 .125  ( - s ) ;  P t -p ( l ) , 2 .278  (2 ) ;  P t -P (2 ) ,
2 .2s3  (2 )  A ;  H-P I -C(  I  ) ,  82  (2 ) ' ;  C (  1 ) -P t -P (  I  ) ,  95 .3  (  l ) " ;  P (  I  ) -P t -
P ( 2 ) ,  8 8 . 1 6  ( 6 ) " ;  P ( 2 ) - P t - H ,  9 6  ( 2 ) ' .
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oAll  reactions were conducted at 69 oC. except for the thermolyses
in cyclopentane and tetramethylcyclopropane, which were run at 45
oC. Yields were determined by 3tP NMR spectroscopy and refer to
the combined yield i f  two products were obtained. Cy = cyclohexyl.

chlorides and acetates.5 In particular, and by contrast with iridium.
rhodium, and the other transit ion metals that have provided the
basis for the recent major advances in carbon-hydrogen bond
activation,5'6 no phosphine-stabi l ized plat inum species has been
reported that reacts intermolecularly with unactivated C-H bonds,
although intramolecular reaction is facile.T Here. we report that
thermal reductive el imination of neopentane from ci.s-hvdrido-

(6) For leading references, see: Buchanan, J. M.; Stryker. J. M.: Bergman,
R. G. - / .  Am. Chem. Soc.  1986. 108.1537-1-550. Jones.  W. D.;  Feher,  F.  J.
J. Am. Chem. Soc. 1985, 107. 620-631 . Crabtree, R. H. Chem. Rer'. 1985,
85 .245-269 .

(7)  See, for  example:  Cheney,  A.  J. ;  Shaw. B.L.  J.  Chem. Soc. .  Dal ton
Trans 1972, '154-763. Foley,  P. :  DiCosimo, R.:  Whi tesides,  G. M. J.  Am.
Chem.  Soc .  1980 ,  102 .6713-6 '725 .  McCar thy .  T .  J . ;  Nuzzo ,  R .  G . ;  Wh i te -
s ides .  G .  M.  J .  Am.  Chem.  Soc .  1981 .  103 .3396-3403 ,  3404-3410 .
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neopenty l Ib is (d icyc lohexy lphosphino)ethane]p la t inum(I I )  ( l )
produces the reactive intermediate Ibis(dicyclohexylphosphino)-
ethanelplat inum(0) (2) and that 2 reacts with C-H bonds in
saturated and unsaturated hydrocarbons.s

Compound I was prepared as described in Scheme I.e I t  is
unreactive toward water and dioxygen and thermally stable as
a crystal l ine sol id. I ts structure was establ ished unequivocal ly
by X-ray dif fract ion (Figure l) . '0 Relevant features of the
structure are the cis arrangement of the hydride and alkyl groups
and the disposit ion of the cyclohexyl r ings. These r ings occupy
positions that should minimize intramolecular interactions of their
C-H bonds with the plat inum center i f  the sol id-state structure
persists in solut ion. We bel ieve that 2 probably has a similarly
exposed, unencumbered plat inum atom and that the high inter-
molecular reactivi ty of 2 ref lects, in part,  low intramolecular
reactivi ty.

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

The decomposit ion of I  in benzene is cleanly f irst order in l ,
with rate constant kt = (2.8 + 0.1) X l0-4 s-r at 69 oC (determined
with the use of 3lP NMR spectroscopy). Arrhenius parameters
derived from thermolyses at temperatures from 49 to 8l oC are
E^= 28.0 + 0 .4  kca l /mol  and log A = 14.3 * .0 .2 .  Addi t ion o f
free bis(dicyclohexylphosphino)ethane has no effect on the rate,
but  a  new product ,  b is Ib is(d icyc lohexy lphosphino)ethane]p la t i -
num(O), forms in competition with 2. The isotope effect for the
reductive elimination of neopentane-d1 from L2Pt(Np)(D), knlko
= 1.5, is consistent with rate-determining reductive el imination
of neopentane,l2 as is the fact that the rate of decomposit ion is

(8) Literature precedent suggested that reductive elimination of an alkane
from a cis-hydridoalkylbis(phosphine)platinum(lI) complex would be facile
and that the bent (bisphosphine)platinum(0) species generated by reductive
el iminat ion of  neopentane f rom I  would be highly react ive.  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-wi thdrawing groups on the alky l  l igand stabi l ize
the complex wi th respect  to reduct ive el iminat ion;  Michel in,  R.  A. ;  Fagl ia,
S. ;  Uguagl iat i ,  P.  Inorg.  Chem. 1983, 22,  l83l-1834.

(9)  Spectra l  and analyt icaldata for  l :  rH NMR (C6D6) 6 2.52 ( ' t "  wi th
Pt satel l i tes,  Jp-H = '1,  

Jn-u = 78 Hz,2 H),2.25-1.95 (m, 6 H).  1.95-1.0 (m,

8095

indistinguishable in C5H6 and CuDo. Increase of the concentration
of benzene in mixed benzenef cyclohexane solutions caused a
decrease in the rate of decomposition and established that benzene
was not coordinated to I  before or at the transit ion 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 plat inum
sing le  crys ta ls ; r3  2  is  a lso iso lobal la  wi th  methy lene;  :CH2.
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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.

5 l  H) ,  -0 .15  (d  o f  d  w i th  P t  sa te l l i t es ,  Jp -u=  18 ,  Jp , -H  =  194 , , Ip , - s  =  l l 75
Hz, I H); 3lP NMR (CnDo) 6 75.9 (s with Pt satell ites, ,In_p = 1664 Hz),62.9
(s wi th Pt  satel l i tes.  J p,  p = 1798 Hz);  IR (neat)  20l0 cm-r;  mp (capi l lary
sealed under Ar)  120-130 oC dec.  Anal .  Calcd for  C3;H6sP2Pt:  C,53.97;
H , 8 . 7 7 ;  P ,  8 . 9 8 .  F o u n d :  C ,  5 4 . 1 1 ;  5 3 . 9 4 ;  H ,  8 . 6 9 ,  8 . 7 4 1 '  P , 8 . 9 2 ,  8 . 9 6 .

(10) Crystal  s t ructure informat ion:  ClHuoPrPt,  FW = 689.86.  Mono-
c l i n i c .  space  g roup  Cr7 ,s -P21 ln .  A t  -150  oC.  a  =  l l . 5 l7  (8 )  A .6  =  15 .730
( I  I  )  A,  

'c  
= t i  . ld i  t  rJ ' l  A.  

'g  
= 90.32 (3)"  ,  v  = 3146 Ar wi i t r  4 formula uni ts

pe r  ce l l ;  Dca lcd  =  1 .456  g  cm- r  ( -150  "C) :  Dobsd  =  1 .36  g  cm-3  120 'C) :  I  -

46.22 cm r. Data were collected on a CAD4 diffractometer at -150 'C (Mo
Ka radiat ion out  to d = 3lo) .  A tota l  of  10182 unique Fo2 values were used
in the final refinement of 3l I 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  posi t ions were ideal ized in the f inal  ref inement.  This ref inement con-
verged to a value of 0.069 ior R(I{) and for the 7056 F2 values having Fo2
> 3 ( f "2)  to a value of  R(F) of  0.044.

(  I  I  )  Except for  c i .s-hydr idophenyl Ib is(dicyclohexylphosphino)ethane]-
p la t i num( l  I )  and  (3 .3 -d ime thy l -  I  -bu tene)  [b i s (d i cyc lohexy l )phosph ino ) -
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 rrP NMR
spectroscopy from the independently synthesized complexes. cis-Hydrido-
phenyl Ib is(dicyclohexylphosphino)ethane]plat inum(l l )  and (3,3-dimethyl- l -
butene) [b is(dicyclohexylphosphino)ethane]plat inum(0) were isolated l rom
preparative-scale thermolyses of I in benzene and in a cyclohexane solution
of  3.3-dimethyl- l -butene,  respect ively.  Spectra l  and analyt ical  data for  a l l
of the complexes shown in Scheme I are available as supplementary material;
complete detai ls  of  the svntheses wi l l  be publ ished later .  The sole organic
product  was neopentane, ident i f ied by i ts  GC retent ion t ime and GC/MS.
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