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The mechanism of thcrmal decomposit ion of diethylbis(tr i-
e thy lphosphine)p la t inum( l l )  ( l )  in  cyc lohcxane so lu t ion is  sum-
marized in Schemc l.a ln the absence of added L, the initial loss
of L ( l  * 2) is rate l imit ing. The coordinatively unsaturated,
l4-clectron species 2 appears to be highly reactive: the conversion
2 - 3is fastcr than either |  -  2or 3 _ 4.4 Species having the
composition LMR2 arc important intermediates in other p-hydride
el iminations involving plat inums'6 and nickelT and in reactions in
which unactivated ̂ y, 6, and e C H bonds add oxidatively to
plat inum(l l) .E'e Although there is no experimental information
concerning the geometry of 2, the related species (Ph3P)rRh-
(I)+ClO4- is "T" shaped,r0 and cis-(CH3)2Au(H2O)Tf is square
planar.l' This paper provides evidence that the two cthyl groups
bonded to platinum in the three-coordinate species 2 are equivalent
in p-hydride el imination. This equivalence might ref lect move-
ments of tr iethylphosphinc (2a + 2b) or ethyl groups (2a - 2c)
which are rapid relat ive to the subsequent conversion of 3 to 4,
a "Y"-shapcd geometry for 2, or other processes (outlined below).
In what follows, we will discuss the interpretation of experimental
results in terms o{'only one of these several possibi l i t ies: viz.,
"T"-shapcd intermediates which equilibrate by a rapid, side-toside
"windshield wiper" movement of the remaining triethylphosphine
ligand (2a -:, 2b). Analogous arguments apply to other structures
in which the cthyl groups arc cffect ively equivalent.

Results

The deuterated complex 5 was synthesized by using conventional
techniques and decomposcd in  cyc lohexane so lu t ion a t  118 oC

for  t  h  (Schemc I I ) .  Under  these condi t ions,  d issoc ia t ion o f  L
is  ra te  l imi t ing,  and no isotope ef fec t  (ks lko = 1 .0  + 0 .1)  is
observed on comparison of thc rates of decomposit ion of LrPt-
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Abstract: The thermal decomposition of (Et3P)2Pt(C2H5)2 proceeds by rate-limiting dissociation of triethylphosphine, followed
by p-hydride el imination from a PtCrHt group (Schcme I,  2 - 3). Isotopic label ing and kinetics indicate that the two
platinurn-bound ethyl groups of the coordinatively unsaturated intermediate diethyl(triethylphosphine)platinum(II) lose hydrogen
with approximately equal probabil i ty (Scheme I).  Thus, either side-to-side motion of the tr iethylphosphine l igand within a
"T"-shaped complex (2a = 2b, Schcme I) is fast relat ive to reductive el imination of ethane from 3 or some other process
or geometry renders the ethyl groups roughly cquivalcnt on this t ime scale.

Scheme I .  Mcchanisni  of  Thcrrnal  Dccomposi t ion of  L2Pt l ' . t ,  in
Cy c lohexaner Solut iond

t-rritt 
+ 

t-r,rtt 
=- 

L.p, rt' ---------- i, * ErH
r/ \Er r.d. ' '\Er 

qcg :. 't '

I  zo bH. n H2c+cHz

3 4

\ ?
\

?/
/ I

l L
r - Y l'pl '

n.clcn.

ta. 
, t t , E ,

P I  P I/ - / \
EI T: EI

2 c  2 b

o L = [, t .P.a No stercochemistry is implied by 3.

(CH2CH3)2 and LrPt(CD2CD3)2.4 Since 6 is formed irreversibly,
i f  6a and 6b are not in equi l ibr ium, the isotopic composit ion of
the ethane and ethylene produced should be determined by
phosphine dissociat ion. Any isotope effect on this dissociat ion
would be reflected in an isotope effect on the relative rates of
decomposition of L2PI(C2H5)2 and LrPt(CrDr)2: since no isotope
effect is, in fact, observed, we infer that 6a and 6b are generated
from 5 at indist inguishable rates.

To establ ish whether the hydrocarbons obtained from 5 are
derived from ethyl-d5 or ethyl-ds group, it is necessary to measure
their isotopic composit ions: we have used gas chromatogra-
phy/mass spectroscopy (GC/MS). The analysis of isotopic
composit ions of hydrocarbons by GC/MS is not entirely
straightforward: isotope effects on ionization cross sections and
fragmentations, isotopic fract ionation in the GC column or the
separator, nonl inear response of the ion detector, and other ex-
perimental art i facts can al l  contr ibute signif icant errors.a Here
we have relied on a comparison which minimizes the importance
of most of these effects: in paral lel experiments, a sample of 5
and a separate sample containing a l : l  mixture of L2Pt(CzHs)z
and L2PI(C2D5)2 were treated with HCl. These experiments both
test the isotopic puri ty of 5 and demonstrate that there is not a
signif icant isotope effect on fragmentation of the parent ions.
These data are needed to determine accurately the selectivity for
C-H bond activation. Figure I shows the relative isotopic com-
positions inferred from GC/MS for ethane and ethylene produced
by proteolysis of 5 and those obtained by proteolysis of a l : l
mixture of LrPt(CrH5)2 and L2Pt(C2D5)r. Inspection of the mass
spectrum of the ethane and ethylene generated in the decompo-
sit ion of 5 shows an experimental ly signif icant preference for
hydrogen transfer and formation of HC2D5, relative to deuterium
transfer and formation of DC2H5. (We estimate ksf ke = 2.3
for formation of ethane). We infer from the observation of isotopic
discrimination in decomposition of 5 that both ethyl groups can

I i ep r in ted  I rom the .L ru rna l  o1  the , , \mer i can  Chemica l  Soc ie t r ' .  1981 ,  10 , ' i ,  1676 .
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Figure l. Relative amounts of ethanes generated by proteolysis of a l: l
mixture of LrPt(CrD5)2 and LrPt(CrHr), (upper) and 5 (middle); relative
amounts of ethanes and ethylenes generated by thermal decomposition
of  5 (0.05 M, cyclohexane, l l8  oC, I  h)  ( lower) .  The percentages are
based on the relative intensities o[ molecular ions. Corrections wcre made
for the contribution of fragment ions to the observed molecular ion in-
tensities of the lower molecular weight products.

Scheme I I .  Thermal Decomposi t ion of  LrPt(CrDs)(CrH5)
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Figure 2. Mass spectra (70 eV, corrected for background) of the methyl
cation region of authentic deuterated ethanes, and ethane from thcrmal
decomposi t ion of  8 (0.05 M, cyclohexane, l l8  oC, I  h) .  The spectrum
of CD2HCD2H is taken f rom ref  12.

Scheme I I I .  Thcrmal  Decomposi t ion of  LrPt(CHrCDr),  (8)
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take part in p-hydride el imination. This observation seems in-
compatible with nonequilibrating structures 6a and 6b.

An independent veri f icat ion of the conclusion that the ethyl
groups in 2 are equivalent comes from examination of the mass
spectrum of the ethane-dn mixture produced by thermal decom-
pos i t ion o f  8 ,  L2PI(CH2CD3)2 (Scheme l l l ) .  I f  the three-co-
ordinate intermediates (9, l l ,  . . .)  are stereochemical ly r igid and
the ethyl groups arc noncquivalent, the ethyl-d3 group cis to the
vacant coordination site wil l  eventual ly transfer a hydrogen or
deuterium to an unsuambled CH2CDI group trans to the vacant
coordination site: any sequence of this type can generate only
two deuterium substi tut ion patterns in the ethane: HCH2CDI
or DCH2CD3. I f ,  however, interconversion of three-coordinate
species (e.9., 11 : l3) is faci le, then i t  is possible to transfer
hydrogen to a scrambled ethyl group and produce HCD2CH2D
and HCD2CD2H. Only one methyl substi tut ion pattern is uniquc
to paths requir ing an interconversion of this type: viz.,  HCD2,
from decomposit ion o[ a species such as l6 or 19.

Figure 2 shows the region of the mass spectrum of ethane
corresponding to methyl cation for a sample obtained by thermal
decomposition of 8. Reference spectra of a number of deuterated
ethancs arc included.12 The peak at mf e l7 is clearly diagnostic
of a CHD2 group present in a mixture of deuterated ethanes, This
peak is abundant in the spectrum of cthanc derived from 8 and
confirms that intcrconvcrsions of the type l l  :  13 and l7: l8
occur  readi ly  in  th is  system.  The qual i ty  o f  the analys is  is  not
such that i t  just i f ies an cff 'ort to est imate the rate of this inter-
conversion relat ive to the f inal reductive step. but the observed

distribution of ions is close to that which would be expected for
a s ta t is t ica l  d is t r ibut ion. r l

Discussion

These studies establish that the two ethyl groups of LPtEt2 are
equivalent with respect to the combination of B-hydride elimination
and reductive el imination which generates ethane and ethylene

(13)  I f  there  were  no  iso top ic  d isc r im ina t ion  in  se lec t ion  o f  hydrogen or
deuter ium in  fo rming  e thane ( i .e . ,  i f  C2D3H3 and C2DaH2 were  fo rmed in
equa l  anrounts ) .  i f  these a toms were  d is t r ibu ted  randomly  be tween the  two
carbons, and i f  there were no isotope effects in fragmentation, the expected
d is t r ibu t ion  o f  methy l  ca t ions  wou ld  be  as  fo l lows:  CH3,6%;  CDHz.  31%t
CD2H. . l4o ,o :  CD3.  l9%.  Th is  d is t r ibu t ion  is  no t  very  sens i t i ve  to  an  iso tope
effect in the ethane-forming step: for ksl ks = 2.3, these numbers become 9%,,
35o/o,43Vo. and 139o. For comparison, the distr ibution of ions estimated from
the mass spectrum oi 8 is 19d,o, -16qo, -160zo. and 97o.
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on thermal decomposition of L2PtEt2. That is, within the accuracy
of our experiments, i t  is equally probablc that either ethyl group
of LPtEt, wi l l  be converted to ethane (or ethylene), regardless
of its position in L,rPtEt, relative to the triethylphosphine group
whose dissociat ion consti tutes the rate-l imit ing step. This con-
clusion is also supported by independent data concerning product
yields from decomposit ions of L2PIRR'.ra

There are several alternatives to a side-to-side movement of
triethylphosphine within a "T"-shaped complex which would also
render the ethyl groups equivalent: a "Y"-shaped ground-state
geometry (20), dissociation-recombination of triethylphosphine

McCarlhy, Nuzzo, and Whitesides

Experimental Section

General Procedures. General techniques were those described previ-
ously.a'6'7 Syntheses of [(H5C2)3P]rPt(CDrCD3)2 and [(H5C2)3P]2Pt(C-
H2CD3)2 have been reported.a Mass spectra were obtained with the use
of a Hewlett-Packard Model 59904 GC/MS, both with and without
background subtraction; results were indistinguishable. So that the ef-
fects of isotopic fractionation could be minimized, each GLC peak was
scanned repeatedly as it emerged: the spectra reported represent the
weighted averages of ca. 50 spectra.

[(H5C2)3P]2Pt(C2D5)(C2H5). Di(ethyl-dr)bis(triethylphosphine)plat-
inum(I l )a (400 mg,0.84 mmol)  was dissolved in 15 mL of  l : l  v fv
methanol-ether and cooled to -20 oC. Acetyl chloride (59 pL, 0.84
mmol) was added in one portion. After 30 min the solvent was removed
at reduced pressure and the crystall ine residue recrystall ized from
methanol-ether at -78 oC to yield 400 mg (95%) of chloro(ethyl-d5)-
bis(triethylphosphine)platinum(II), mp 53-54 oC, showing only one spot
on TLC, This complex (200 mg, 0.4 mmol) was dissolved in ether and
cooled to -78 oC where 1.3 mL of 0.38 M ethyll ithium (0.5 mmol) was
added. The mixture was warmed to -20 oC and stirred for I h. Addition
of wet methanol (l mL) at -78 oC, warming to room temperature,
fi ltration through a small portion of alumina, and removal of solvent
yielded a slightly yellow oil that gave crystals of ethyl(ethyl-dr)bis(tri-
ethylphosphine)plat inum(I l )  (  171 mg, 86%, mp 27-29 oC; for  L2PtEt2
mp 35.5-36.0 oco) from methanol--ether at -78 oC. The assumption that
an exchange forming LrPt(CrHr)2 and LrPt(CzDs)z does not occur is
based on the facts that a mixture of LrPt(CrH5)2 and LrPt(CrDr), do
not undergo a similar exchange at 157 oCa and that unsymmetrical
complexes of this type have been prepared.ra

Thermal decompositions were carried out with the use of ca. l0-mg
samples of platinum complexes dissolved in 0.4 mL of cyclohexane. The
samples were sealed under vacuum in glass tubes and heated at l l8 oC

for I h. Tubes were opened inside collapsed, argon-flushed 2-mL pipet
bulbs to prevent loss of gases. Samples for GC/MS analysis were taken
from the gas above the samples. Ethylene samples were taken after
adding triethylphosphine to the solution to release ethylene from ethyl-
enebis(triethylphosphine) platinum(0).

Proteolysis. Release of ethane from diethylplatinum(II) moieties was
accomplished by adding 50 pL of concentrated HCI to ca. 3 mg of
organoplatinum complex in 0.2 mL of cyclohexan€ at room temperature.
Reaction appears to be complete on mixing. Samples of ethane were
taken from the gas above the solution as described above.

Acknowledgment. We thank Mr. Robert DiCosimo for his
assistance in obtaining GC/MS data.

(18) These calculated barriers predict very rapid interconversion of2a,2b,
and 2c ( f t  -  l0 l ls  lat  100 oC, assuming a normal  Arrhenius z4 = lgtr  r - t ; .
We have no independent measure of these rates other than they are faster than
reductive elimination of ethane. The mechanistically related reductive elim-
ination of methane from cis-(Ph3P)2PtHCH3 proceeds with a first-order rate
constant  of  & = 4.5 x l0-4 s-r  at  -25 oC (assuminglog A = 16,  &(100 oC)
= 1.4 X 103 s-r) :  Abis,  L. ;  Sen A.;  Halpern,  J.  J .  Am. Chem. Soc.1978, 100,
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(2 = 2l with no stereochemistry implied in the latter), and more
complex movements of alkyl groups (2a + 2c + 2b).t5 Thorn
and Hoffmannl6 have calculated that the barriers for processes
analogous to 2a == 2b and 2n=) 2c for HPt(PH3)2+ and Me3Au
are - 3 kcal/mol; our experiments are compatible with extension
of this theoretical predict ion to the related neutral system
LPtEtr . rT ' r8

(14) Komiya, S.; Yamamoto, A.; Yamamoto, T. Chem. Lett. 1978,
1273 1276. These workers report that unsymmetrical dialkylbis(triphenyl-
phosphine)platinum(ll) compounds (L2PIRR') produce RH and R'H in a
ratio which correlates with the numbers oi B-hydrogens in the alkyl groups.

( l5) Equilibration of cis-dicyclopropylbis(triethylphosphine)platinum(II)
to a 28:12 mixture of cis and trans isomers occurs in I h at 139 oC.6 Although
wc have not observed conversion of the cis to the trans isomer of I or related
compounds, we cannot exclude this reaction as one lying along the main path
to decomposition or as a parasitic equilibrium: the trans isomer of I has not
been prepared and its reactivity is unknown.

( l6) Thorn, D. L.; Hoffman, R. ,/. Am. Chem. Soc. 1978, 100,2079*2090.
See also; Komiya, S.; Albright, T. A.; Hoffmann, R.; Kochi, J . K. Ibid. 1976,
98,7255-726s.

(17) It is in principle conceivable that 6a and 6b interconvert via 7a and
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7b. Microscopic reversibil ity mandates that all of these processes be com-
petitive if this mechanism is followed, and 6a * 7b (6b - 7a) seems im-
probable, a priori. Moreover, Thorn and Hoffmannr6 calculate that twisting
ethylene from perpendicular to the square-planar plane requires 6.9 kcal/mol.
This route is predicted theoretically to be much less favorable than 6a - 6b.
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