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ABSTRACT

Attempts to isolate the (Ph 3P)2Pt complex of the highly pyramidalized olefin 3,7-dimethyltricyclo[3.3.0.0 3,7]oct-1(5)-ene 2 by generation of 2 in
the presence of (Ph 3P)2PtC2H4, followed by crystallization of the complex (2-Pt) from THF −ethanol, resulted in the isolation of the adduct of
2-Pt with ethanol (5). Calculations confirm that addition of alcohol across the C1 −C5 bond is more favorable in 2-Pt than in the corresponding
(Ph3P)2Pt complexes of less pyramidalized olefins, despite the stronger Pt −C bonds in 2-Pt.

During the past 40 years, the synthesis and study of
pyramidalized alkenes has been pursued in many different
laboratories.1 At the University of Washington, we focused
on the preparation and investigation of the homologous series
of pyramidalized alkenes1 because this series offers a
systematic way of increasing the pyramidalization of the Cd
C double bond by decreasing the number,n, of CH2 groups
in the methylene chain.1,2 As the pyramidalization increases,
so does the reactivity of theπ bond.

For example, olefin1, n ) 3, although very sensitive to
oxygen, is isolable at room temperature.3 However, the
olefins with n ) 1 and 2 could only be matrix isolated.4a,d
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Derivatives2-4 of 1, n ) 0, have not even been matrix
isolated, and their successful generation had to be inferred
from isolation of dimers and products of chemical trapping
by Diels-Alder reactions with dienes.4e,h

Molecules containing highly reactiveπ bonds can be
stabilized by complexation with (Ph3P)2Pt.5 Indeed, (Ph3P)2-
Pt complexes of pyramidalized alkenes1, n ) 1-3, have
been isolated, and these complexes (1-Pt,n ) 1-3) proved
stable enough to be characterized by NMR spectroscopy and
by X-ray crystallography.6 The nature of the bonding between
the alkenes and platinum in1-Pt, n ) 1-3, has been studied
computationally.7 The calculations found that as pyramidal-
ization of the uncomplexed alkene increases, so does the
exothermicity of complex formation.

The computed strengthening of the Pt-C bonds in the
complex with increasing olefin pyramidalization was shown
to be largely due to better back-bonding between the metal
and the alkene. The major electronic effect of double bond
pyramidalization is to lower the energy of theπ* LUMO, 1,3

thus making it a better acceptor of electron density from the
metal fragment.7 The experimental results from the spectro-
scopic and X-ray studies of complexes1-Pt, n ) 1-3, were
found to support this theoretical picture.6

Since alkene1, n ) 0, is the most highly pyramidalized
member of the homologous series1, n ) 0-3, it has the
lowest LUMO in the series. Therefore,1-Pt, n ) 0, is
predicted to have the largest alkene-Pt(Ph3P)2 binding
energy. However, although complexes1-Pt, n ) 1-3, have
been prepared and studied,6 neither 1-Pt, n ) 0, nor the
(Ph3P)2Pt complexes of olefins2-4 are known. In fact,
attempts in two different laboratories to isolate2-Pt, the
(Ph3P)2Pt complex of the 3,7-dimethyl derivative of1, n )
0, have been unsuccessful.1b,8

In this paper, we describe another attempt to isolate2-Pt.
Although this attempt was also unsuccessful, our experiments
did lead to the spectroscopic detection of2-Pt and to the
isolation of5, the product of ethanol addition across the C3-

C7 bond of complex2-Pt. We provide computational results
which rationalize our findings that, although the Pt-C bonds
in 1-Pt, n ) 1-3, are calculated to be weaker than the Pt-C
bonds in2-Pt, the former complexes are isolable,6 whereas
the latter complex is not.

The diiodide precursor (6) of 2was prepared following
literature procedures.9 Using the same reaction conditions
that had led previously to the isolation of1-Pt, n ) 1-3,6 a
THF solution of diiodide 6 was reduced with sodium
amalgam in the presence of (Ph3P)2PtC2H4 (Scheme 1).10

The 31P NMR spectrum of the crude product showed a
peak atδ 32.40 ppm with two satellites, due to the195Pt
isotope (1JPt-P ) 2850 Hz). The195Pt NMR showed a peak
at -4956.6 ppm with essentially the same (2847 Hz)
coupling constant to31P.11,12 The observed chemical shifts
are in the right range for the formation of2-Pt, as indicated
by the 31P and195Pt chemical shifts of the1-Pt, n ) 1-3
complexes.6 In addition, a least-squares fit between the
computed pyramidalization angles13 and the observed Pt-P
coupling constants in the corresponding (Ph3P)2Pt complexes
(1-Pt, n ) 1-3) predicts1JPt-P ) 2745 Hz for1-Pt, n ) 0.
This extrapolated value is within 4% of the one actually
measured in2-Pt, and the two values agree to within 0.5%
if the calculated pyramidalization angles in the free alkenes
are used in obtaining the extrapolated value.
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Scheme 1. Reduction of6 in the Presence of (Ph3P)2PtC2H4
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The NMR spectra of the crude reaction product suggest
that 2-Pt is indeed formed. However, efforts to crystallize
2-Pt by slow addition of ethanol to the THF solution of the
crude product6b proved unsuccessful. Although a small
amount of crystalline material was isolated, it was shown
by X-ray crystallography to be5 (Figure 1), the adduct

expected to be formed from addition of ethanol across the
strained C-C bond of the three-membered ring in2-Pt.10,14

Since 1-Pt, n ) 1-3 can be recrystallized from ethanol/
THF, formation of5 by addition of ethanol to2-Pt was
surprising, but not unprecedented. In 1974, Wiberg et al.
reported that8 is formed by addition of ethanol to7-Pt, the
(Ph3P)2Pt complex of bicyclo[2.2.0]hex-1(4)-ene (7) (Scheme
2).5d,14,15

A reasonable hypothesis to explain the addition of ethanol
to both 2-Pt and 7-Pt, but not to 1-Pt, n ) 1, is that

considerably more strain is released by breaking the C-C
bonds in the three-membered rings of the first two complexes
than by breaking the analogous C-C bond in the third. To
test this explanation, we have performed B3LYP calcula-
tions10,16,17using the platinum pseudopotential and basis set
of Stevens et al.18 and the Dunning-Huzinaga polarized,
double-ú, D95** basis set for all other atoms.19,20

For the sake of computational simplicity, the triphen-
ylphosphine groups in these three complexes were replaced
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Figure 1. X-ray crystal structure of5.

Scheme 2. Ethanolysis of7-Pt

Table 1. Computed Enthalpies (kcal/mol) for Reactions 1-7

a M ) Pt, L ) PH3. 1-Pt′, n ) 0, is the computational model for2-Pt′
and by extension of2-Pt.
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by phosphines (PH3) with unpolarized basis functions on the
hydrogens. In addition, methanol was substituted for ethanol;
and calculations were performed on1-Pt′, n ) 0, rather than
on 2-Pt′.21 The computational results are summarized in
Table 1.

The addition of methanol to1-Pt′, n ) 1, was computed
to be exothermic by 18.3 kcal/mol, but the addition of
methanol to1-Pt′, n ) 0, and to7-Pt′ was computed to be
even more exothermic, by 30.3 and 34.4 kcal/mol, respec-
tively (Table 1, reactions 1-3). Presumably, much larger
amounts of strain are released upon cleavage of the C-C
bond in the three-membered rings of1-Pt′, n ) 0, and of
7-Pt′ than upon cleavage of the C-C bond in the three-
membered ring of1-Pt′, n ) 1. To the extent that these larger
exothermicities translate into faster reaction rates, the
computational results in Table 1 provide a rationalization
for why 2-Pt and7-Pt undergo the alcoholysis reaction; but
1-Pt, n ) 1, and its higher homologues (1-Pt, n ) 2 and 3)
do not.

The addition reaction is probably initiated by protonation
of one of the carbons of the platinacyclopropane ring.
Protonation of1-Pt′, n ) 0, and of7-Pt′ is calculated to be
more exothermic than protonation of1-Pt′, n ) 1, by 20.5
and 15.2 kcal/mol, respectively (Table 1, reactions 4 and
5).

Combined with the results for the methanol addition
reactions, the protonation enthalpies can be interpreted as
showing that bridgehead ions1-Pt′H+, n ) 0, and7-Pt′H+

are more strained than1-Pt′H+, n ) 1, by, respectively, 9.8
and 19.2 kcal/mol. The optimized geometries of the three
carbocations reveal that the origin of the differences between
their strain energies resides in the deviations from planarity
at the bridgehead carbocationic centers. Based on the
calculated angles between the C+-Pt bond and the C-C+-C
plane, the carbocationic carbons in1-Pt′H+, n ) 1, 1-Pt′H+,
n ) 0, and 7-Pt′H+ are computed to be nonplanar by,
respectively, 19.8°, 26.7°, and 37.4°. The carbocation strain

energies obviously increase with the degree to which the
carbocationic centers are forced to be nonplanar.

We also computed the enthalpies of (H3P)2Pt binding to
alkenes1, n ) 0, and7, relative to alkene1, n ) 1. The
(H3P)2Pt binding enthalpy of1, n ) 1, is calculated to be
14.2 kcal/mol less than that of the more highly pyramidalized
1, n ) 0, alkene but 17.5 kcal/mol more than that of planar
7 (Table 1, reactions 6 and 7).7b

Clearly, the calculated strengths of the Pt-C bonds in the
(H3P)2Pt complexes of alkenes1, n ) 0, 1, n ) 1, and7 are
unrelated to the calculated enthalpy changes for methanol
addition to the C-C bonds of the platinacyclopropane rings
of the complexes. Thus, these computational results provide
a rationalization for our experimental finding that1-Pt, n )
0, which should have considerably stronger Pt-C bonds than
1-Pt, n ) 1, nevertheless adds ethanol across the C-C bond
of the platinacyclopropane ring, whereas1-Pt, n ) 1, does
not. Our calculations on models for these three complexes
show that the relative strengths of the Pt-C bonds in these
platinacyclopropanes are poor predictors of the relative
strengths of the C-C bonds in the three-membered rings.
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