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SUMMARY

The addition of cyclopropane to H,PtClg yields the Pt—cyclopropane complex
PtCl,(C3Hg), whereas addition of cyclopropane to Zeise’s acid HPtCI,(C,H,) in
EtOH or to Zeise’s dimer [PtCL,(C,H,)], in CH,Cl,, CHCl,, or EtOH gives the
isomeric olefin dimer [PtCl,(CH3;CH=CH,)],. The two isomeric complexes can he
readily interconverted by bubbling either cyclopropane or propylene through solu-
tions of either the olefin dimer or the cyclopropane complex, respectively. It is con-
cluded that in the reaction of cyclopropane with Zeise’s complex, the cyclopropane
simultaneously opens to propylene and displaces ethylene from the complex.

INTRODUCTICN

The unusual phenomenon of complexes containing a cyclopropane ring
bonded to platinum has been the subject of a number of publications in the last decade.
The first complex reported, and the parent compound in the series, was prepared by
Tipper® in 1959 by bubbling cyclopropane through a solution of chloroplatinic acid
in acetic anhydride, and has the composition PtCl,(C;Hg), containing a recoverable
cyclopropane ring. Irwin and McQuillin? have since prepared a number of similar
complexes with penyl- and hexyl-substituted cyclopropanes by the reaction of the
appropriate cyclopropane with Zeise’s dimer, [PtCl,(CH,=CH,}],, in dichloro-
methane. On the basis of its solubility, IR and NMR spectra, and reactions, Chatt and
co-workers>* suggested that [ PtCl,(C5Hg)], was a polymeric complex of Pt** in
which platinum had inserted into the cylcopropane ring, and this formulation was
substantiated by a structure determination® of the pyridine adduct which demon-
strated that the adduct is 6-coordinate and that platinum has inserted into the ring.
More recent evidence® indicates that the parent compound is in fact a chloride-
bridged tetramer with a structure analogous to that of the platinum(IV) alkyls.

We report in this paper the unusual reaction of cyclopropane with Zeise’s salt.

EXPERIMENTAL
Cyclopropane (Matheson) was used as received or purified of olefinic conta-

* Address correspondence to the author at the University of Vermont.
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minants by bubbling through bromine water, bromine in carbon tetrachloride, or
basic aqueous permanganate, and propylene (Matheson) and methyl-substituted
cyclopropanes (Chemical Samples Co.) were used as received. Zeise’s salt (Alfa
Inorganics) was converted to the dimer by dissolution in ethanolic hydrochloric acid,
filtration, and removal of solvent. IR spectra were obtained on Perkin-Elmer Model
457 and Model 21 spectrometers, and NMR spectra were obtained on a Varian A-60
spectrometer. Microanalyses were by Galbraith Laboratories.

Cyclopropane was bubbled for one hour through a solution of Zeise’s acid
[HPtCl4(C,H,) formed in situ from Zeise’s salt, KPtCl;(C,H,)] in ethanol. The
resulting solution was maintained at 4° for three weeks, and, since no solid product
had formed, was evaporated to dryness under vacuum at room temperature. The
resulting orange product was shown by IR and NMR spectroscopy to be the propylene
analog of Zeise’s dimer. (Found: C, 11.66; H, 1.92; Cl, 23.14; Pt, 63.48. C3;H4CI,Pt
caled.:C, 11.70; H, 1.96;Cl1,23.01 ; Pt, 63.33%.)

The other reactions reported in this paper were performed in a similar fashion
with only slight differences. Precipitates formed were filtered prior to solvent removal,
which was done shortly after the reactions were completed.

RESULTS AND DISCUSSION

We have been investigating the unique products formed in the reaction of
various methyl-substituted cyclopropanes with chioroplatinic acid in acetic an-
hydride. In an effort to find an alternate route to these materials, we attempted the
reaction of 1,1-dimethylcyclopropane, cis-1,2-dimethylcyclopropane, and spiro-
pentane with Zeise’s acid in ethanol. Since there has been no report of the parent
cyclopropane complex formed in this way, cyclopropane was bubbled through an
identical solution. After standing for three weeks, there was no evidence for the for-
mation of any cyclopropane complexes, which were expected to be insoluble. The
solutions were all evaporated to dryness, and IR spectra indicated that in each of the
first three cases the residue was Zeise’s dimer’. The IR spectrum of the material derived
from cyclopropane, however, was different, and was not that which has been re-
ported* for the platinum-cyclopropane complex. Further investigation confirmed
that the material is in fact the propylene analog of Zeise’s dimer, [ PtCl,(CH,CH=
CH,)],. Its IR and NMR spectra are in complete accord with those which have been
reported -8 for the known propylene complex. Further, the material decomposes in
dimethylsulfoxide to give free propylene (demonsirated by NMR), whereas under
similar conditions the cyclopropane complex gives only free cyclopropane. Appar-
ently, under the conditions used cyclopropane isomerizes and subsequently, or
concurrently, displaces ethylene from Zeise’s salt.

Further investigation indicates that this unusual reaction is not simply a
result of the specific conditions used, e.g., the presence of acid and the ethanol solvent.
Bubbling cyclopropane through a dichloromethane solution of Zeise’s dimer rapidly
produces a bright yellow precipitate which can be shown to be the cyclopropane
complex*. However, evaporation of the remaining solution yields the propylene
* The cyclopropane complex prepared in acetic anhydride varies in color from brown to yellow. When

prepared in the fashion discussed here, it is always bright yellow, and gives rise to much sharper IR absorp-
tions.
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complex. In ethanol and chloroform, the reaction of [ PtCl,(CH,=CH,)], and cyclo-
propane does not give a precipitate, and upon evaporation of the solution the product
is primarily the propylene complex, along with some of the cyclopropane complex.
There apparently is a fairly facile equilibrium established between the cyclopropane
and propylene complexes in solution. Thus, if cyclopropane is bubbled through a
carbon tetrachloride solution of the propylene complex, most of the material even-
tually precipitates as the cyclopropane complex. Similarly, bubbling propylene
through a suspension of the cyclopropane complex in ethanol (in which it is slightly
soluble) produces a solution containing the propylene complex.

It would be possible to explain all of the observed products on the basis of
propylene contamination of the cyclopropane used, but this can be ruled out on
several grounds. First, the gas (Matheson) is claimed to contain a minimum of 999/
cyclopropane, and passes the USP test (less than 0.25 mole 9;) for unsaturated
hydrocarbons. In agreement with the stated purity, no propylene is observed in the
IR spectrum of the cyclopropane used, under conditions where it is estimated that as
little as 0.3%, propylene would be detectable. More direct evidence that [ PtC1,(CH 5-
CH=CH,)], does not result from propylene in the starting materials is obtained by
carrying out the reaction under conditions where propylene should be eliminated.
Thus, the propylene complex is still formed using cyclopropane which has first been
passed through bromine water, bromine in carbon tetrachloride, or basic aqueous
permanganate, all reagents which should selectively react with propylene. The reac-
tion of Br,/CCl, with pure propylene under similar flow conditions is quantitative, so
that in this instance at least propylene in the product must originate from cyclo-
propane.

The isomerization of cyclopropane itself has been observed only under rather
severe conditions, such as high temperatures®, reactions with recoil tritium atoms?*°,
and catalytically on acidic surfaces!!. There is, however, precedent for substituted
cyclopropanes isomerizing to various olefinic products. For example, the reaction of
methylenecyclopropane with diiron enneacarbonyl gives about 29 of butadiene-
iron tricarbonyl'?, and exo-tricyclo[3.2.1.0%4]oct-6-ene rearranges quantitatively
in the presence of catalytic amounts of IrCI(CO)(PPh;), to give 5-methylenebicyclo-
[2.2.1.]hept-2-ene'3. The much more common ring-opening reaction gives rise to
n-allyl complexes, and such reactions have been observed for several different types
of substituted cyclopropanes?-14-15. The formation of the propylene complex ob-
served in this work substantiates claims for similar complexes as intermediates in
ring-opening reactions. The aqueous reaction of palladium(II) chloride and phenyl-
cyclopropane gives 35% of phenylacetone. It is postulated that this product arises
from trans-propenylbenzene as an intermediate, and in fact trans-propenylbenzene is
found in the reaction mixture'®. Similarly, the reaction of bromocyclopropane and
di-p-chlorobis(ethylene)dipalladium dichloride in refluxing benzene gave m-allyl-
palladium chloride, and allyl bromide was considered a likely intermediate’”.

The actual sequence of events in the reaction of Zeise’s complex and cyclo-
propane to form the propylene analog of Zeise’s complex is not clear. It is likely that
the reaction does not proceed through the cyclopropane complex as an intermediate,
since this material is practically insoluble in many of the solvents used, and since there
has been no evidence for the formation of either propylene or the propyiene complex
in the reactions of the cyclopropane complex. The most likely mechanism is a con-

J. Organometal. Chem., 24 (1970) 787-790



790 D. B. BROWN

certed reaction in which cyclopropane is converted into propylene at the same time
as it displaces ethylene from Zeise’s salt, and this would be consistent with the re-
ported failure to observe allyl bromide in solution in the isomerization of cyclo-
propyl bromidel?
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