
Preparation and Thermal Decomposition of
Platinum(Il) Metallocycles 1

Sir.'

We wish to report the preparation of several bis(ter-
tiary phosphine)platinum(Il) metallocycles, and kinetic
evidence indicating that certain of these substances
have much higher thermal stability than analogous
acyclic dialkylplatinum(II) compounds. Metallo-
cycles are of current interest for two reasons. First,
members of this class of compounds have been im-
plicated as intermediates in a number of transition
metal catalyzed reactions, particularly 12 { 2l cyclo-
additions of olefins,2 olefin metatheses,3 and isomeriza-
tions of strained carbocyclic rings. a Second, several
lines of evidence suggest that the elimination of a metal
hydride is an important, although not necessarily rate-
determining,s step in the thermal decomposition of
many transition metal alkyls.6 Since these elimina-
tions probably occur most readily from conformations
of the organometallic compounds in which M-C-C-H
dihedral angles are 0o, incorporation of p-CH moieties
into a tetramethylene metallocycle, in which M-C-C-H
dihedral angles would be greater than 90o, would be
predicted to result in a decrease in the rate of thermal
decomposition, relative to an acyclic analog, by in-
hibit ing metal hydride elimination.

The potential importance of metallocyclic interme-
diates has prompted us to examine the chemistry of
repreientative examples of these substances. The
thermal decomposition of di-n-alkylbis(triphenylphos-
phine)platinum(II) had previously proved amenable to
detailed mechanistic study;i '  here, we have extended
this investigation to corresponding platinocyclic com-
plexes, and have found that f ive- and six-membered
platinum-containing ring compounds have remarkable
thermal stabil ity, with half-l ives for thermal decomposi-
tion )104 that of acyclic analogs.

Platinocyclic compounds 3-8 were prepared by the
reaction of the appropriate di-Grignard reagents with
dichloro(1,5-cyclooctadiene)platinum(II) in ether,T fo[-
Iowed by displacement of 1,5-cyclooctadiene from the
resulting interrnediate (1,5-cyclooctadiene)platinum(II)
platinocycles by tertiary phosphines without isolation;
3 and 7 have also been prepared by the reaction of cis-
dichlorobis(triphenylphosphine)platinum(II) with 1,4-
dil i thiobutane and 1,5-dil i thiopentane, respectively.8
These compounds have been adequately characterized
by elemental analysis, molecular weight determination,
and nmr spectroscopy. Their thermal decompositions
were carried out in carefully purif ied, degassed, methyl-
ene chloride solutions, using procedures described pre-
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" L - PPh: i the initial concentration of the platinum complex was
0.025 M. Yields are relative; absolute yields were between 95 and
100%. L Predominantly a,c,r. 'This value was obtained by ex-
trapolation of kinetic data obtained at 50, 60, and 70'. d A mixture
of two platinum complexes, epimeric with respect to geometry of
the methyl groups, was used. Qualitative kinetics indicated that
both decomposed with rates comparable to that of 3 and 5.

Two features of these data are signifi.cant. First,
the platinocycles 3-7 arc markedly more stable ther-
mally than are the acyclic platinum(lI) alkyls 1 and 2 or
the larger and conformationally more mobile platino-
cycle 8. It is particularly noteworthy that the presence
of one (5) or two (6) secondary C-Pt bonds results in
litt le decrease in this thermal stabil ity; organometall ic
derivatives of secondary alkyl groups are commonly
less stable than those of primary alkyl moieties. Sec-
ond, the products of the decompositions of 3 -7 suggest
that the broad outl ine of the mechanism by which they
are produced resembles that establ ished for 2;5 uiz.
init ial metal hydride elimination, followed by reductive
elimination of alkene from an intermediate hydrido-
platinum(II) alkyl. In accord with this mechanism,

en," -----> 
errr" 

--+ 
a" + Pt(o)

less than 5f l  of  one deuter ium atom is incorporated
into the l -butene formed on decomposi t ion of  3 in
methylene-d2 chlor ide solut ion,  or  on decomposi t ion
of cyclotetramethylenebis(triphenylphosphine-dr;)plati-
num(l l ) .  No carbon-carbon bond cleavage is ob-
served in these decornposi t ions;  3 y ie lds no ethylene or
cyclopropane. Despi te the s imi lar i ty in the products
of decomposi t ion of  2 and 3,  certain di f ferences in the
kinetic behavior of these substances indicate that the de-
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viously.s Rates of decomposition were first order in
platinocycle up to 60 /o decomposition, except where
noted. Rates and organic products of decompositions
are summarized in Table I.

Table I. Rates (k X 104 sec-t) and Products of Thermal
Decomposition of Platinum(II) Metallocycles in
Methylene Chloride"
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tails of the mechanisms of their thermal decompositipns
differ to some extent. Thus, addition of triphenyl-
phosphine to solutions of 2 strongly inhibits its thermal
decomposition, and analogs of 2 containing bidentate
phosphines are more stable than 2; in contrast, the
diphos complex 4 is only moderately more stable than
3, and addition of triphenylphosphine to solutions of
3 increases the rate of decomposition of this complex.e

Although we cannot yet provide detailed mechanisms
for the thermal decomposition of the platinocycles 3-7,
the observation that all of these substances show high
thermal stability indicates that resistance to thermal
decomposition involving metal hydride elimination is a
characteristic of this structural class, and not a peculiar-
ity of one or two isolated platinum complexes. If the
same property extends to metallocyclic derivatives of
other metals, modes of thermal decomposition other
than B-hydride elimination-particularly reductive elim-
ination of two alkyl moieties with carbon-carbon bond
formation and fragmentation of carbon skeletons with

cleavage of carbon-carbon bonds-should be corre-
spondingly more accessible for these substances than
for analogous acyclic derivates of these metals. Since
reactions of these latter types probably form the basis
for many of the catalytic reactions in which metallo-
cyclic compounds appear most promising as interme-
diates,2-a it seems possible that reaction sequences
generating metallocyclic rings may offer the opportunity
for unusual types of chemical transformations, by the
simple expedient of suppressing the metal hydride
elimination that dominates much of the chemistrv of
related acyclic intermediates.

(9) The rate constant for decomposition of 3 in the presence of added
triphenylphosphine is given approximately by the expression k
kr  f  lc : [PPh:] ,  wi th kz :  2.8 X l0- ,  M- lsec- l .
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