
2464 J. Am. Chem. Soc. 1990, 112, 2464-2465 

The rate constants for the reaction of /-PrOH (kx) and 7-BuOH 
(kx) with V+ were also determined by flash photolysis: kx = 5.5 
(3) X 10'and kx = 1.8 (1) X 107 M"1 s"1. Interestingly, a com
parison of the rate constants for MeOH, /-PrOH, and /-BuOH 
reveals a relative reactivity of =5:3:1, respectively. This shows 
that the nucleophilic ring-opening of T+ is remarkably insensitive 
to the steric environment of the nucleophile. Some insight into 
this surprising observation may be provided by theory. 

Molecular orbital calculations show that one-electron oxidation 
can be accompanied by large structural distortions.18 For ex
ample, despite a one-electron bond energy of «50 kcal mol"1, the 
ethane cation radical is calculated to have a C-C bond length of 
ca. 2 A and a H-C-C bond angle of only 98°.19 Similar structural 
changes have been calculated for cyclopropane cation radicals.20 

These structural changes are expected to lead to an "early" 
transition state for nucleophilic displacements on one-electron C-C 
bonds, which, in turn, should diminish steric effects on the re
actions. The near equal reactivity of V+ with MeOH, /-PrOH, 
and /-BuOH is consistent with this expectation. 

In summary, arylcyclopropane cation radicals undergo nu
cleophilic substitution by a variety of nucleophiles with inversion 
of configuration at carbon. Furthermore, these substitution re
actions have both diminished steric requirements and large reaction 
rate constants. Currently, we are investigating the reaction 
characteristics of other nucleophilic one-electron bond cleavages. 
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The activation of epoxides by transition-metal catalysts (A —* 
B, Scheme I) is thought to occur by oxidative addition. Only a 
few examples of oxametallacyclobutane products have been iso
lated or fully characterized, and the mechanism for their prepa
ration by oxidative addition has not been determined unambig
uously.1"3 The overall catalytic cycle shown in Scheme I may 
occur with overall retention of stereochemistry, as has been 

i i 

demonstrated by using the reagent rra/u-CHDCHDO with a 
copper(I) catalyst. It is not known whether this cycle occurs by 

Figure 1. A view of the structure of complex 2-RA. 

double retention or double inversion of stereochemistry.2,3 Other 
related reactions are complicated by hydrogen atom migration 
or exchange.4,5 

The recent discovery of the conversion A -* C shown in Scheme 
I, L„M = [PtMe2(1,10-phenanthroline)] (1), in which the in
termediate B is trapped by carbon dioxide to give the stable 
metallacarbonate C,5'6 provides a reaction for which the stereo
chemistry of epoxide oxidative addition can be assessed.7 The 
product of reaction of styrene oxide, carbon dioxide, and 1 can 
adopt two diastereomeric forms, each of which has two enan
tiomeric forms.8 The isomers 2-RA/2-SA and 2-RA/2-SA are 
possible, in which R/S and A/A describe the chiralities at carbon 
and platinum, respectively.8 NMR studies reveal that both dia-
stereomers are present in a ratio of «5:1, but resonances cannot 
be assigned to a specific diastereomer.7,8 
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N. I ...Me Me I ,.N N.„ I „..Me Me., | ^ .N 

-&* "Xr °<X" 'Cr 
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Reaction of (.R)-styrene oxide and CO2 with 1 gave crystals 
of 2 in two crystalline forms. Thin colorless platy crystals9 were 
readily grown on many occasions from methylene chloride solutions 
layered with pentane. These crystals were not suitable for a Bijvoet 
study. From one recrystallization attempt, a single, pale yellow, 
prismatic crystal was obtained, which was cut into three pieces. 
The smallest fragment, of dimensions 0.45 x 0.45 x 0.45 mm, 
was used in the X-ray determination,10 while the other two were 
used for NMR experiments, vide infra. The molecular structure 
was shown to be that of the 2-RA isomer by the Bijvoet method, 
Figure 1. Thus retention of configuration at the chiral carbon 
center is observed on oxidative addition of the epoxide." When 
either the single-crystal fragments or the platy crystals were 
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Enraf-Nonius Structure Determination Package. 
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observed coupling constants are in good agreement (see supple
mentary material, Table SX). Of critical importance to this 
investigation is the absence of the coupling constant 3/(HaHx) in 
both isomers of 2-D (Table SX). The stereochemistry is therefore 
determined with confidence, and the result shows that the reaction 
forming 2-D occurs with inversion of stereochemistry at the CHD 
center. An SN2 mechanism for the oxidative addition, in which 
the metal attacks at the less sterically hindered carbon atom, can 
be inferred as shown in eq 2, M = [PtMe2(phen)]. 

2- R A 2 - R A 

Figure 2. Diagram of the MMX minimized structures of 2-RA and 
2-RA, showing a view down the CHPh-CH2 bond. The optimized di
hedral angles used in calculating the coupling constants V(HH) were 
HXCCH» = 60 (5)" and 63 (2)°, H11CCH" = 173 (4)° and 171 (2)° for 
the RA/SA and RA/SA diastereomers. 

Scheme I 

CH 2 -CHR 

dissolved, the NMR spectrum indicated the presence of a mixture 
of diastereomers; hence interconversion between 2-RA and 2-RA 
is facile under these conditions. This probably occurs by disso
ciation of the Pt-O bond, followed by pseudorotation and reco-
ordination as shown in eq 1. 
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The reaction of /ra/w-CHDCHPhO, CO2, and 1 gave [ 
PtMe2jm-CHDCHPhOC(0)Oj(phen)] (2-D). Investigations 
using NMR techniques have shown that the product has cis-\-
D,2-Ph stereochemistry (Figure 2). On the basis of crystallo
graphy data for the RA isomer (Figure 1) and MMX data for 
both the RA and RA isomers (Figure 2),12 each isomer is expected 
to give V(HaHx) = 11-13 Hz and V(HbHx) = 0-3 Hz.13 The 

(11) This is not a trivial experiment since metallacycles undergo many 
types of rearrangements which could lead to racemization or inversion at that 
carbon center.4-6 In particular, platinacyclobutanes undergo ready skeletal 
isomerization. Puddephatt, R. J. Coord. Chem. Rev. 1980, 33, 149. 

(12) We cannot tell if the second crystalline form contains molecules in 
the RA configuration, but we can be confident that the chirality at the carbon 
is R. Similarly, because of the equilibration, we cannot tell if RA is the major 
diastereomer in solution. Molecular mechanics calculations suggest that RA 
is more stable by =0.8 kcal mol"1 than RA. This would give an equilibrium 
constant K = [RA]/[RA] = 3.9 in the absence of differential solvation effects. 
The calculations were made by using the MMX force field developed by K. 
Gilbert and J. J. Gajewski (Indiana University). Good agreement was found 
by using starting structures based on the X-ray data for 2-RA or using a 
"hand-drawn" structure. The metallacycle configuration with equatorial 
phenyl groups was found to be 1.5-2.5 kcal mol"1 more stable than that with 
axial phenyl groups for both diastereomers. 
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(14) The reductive elimination step in the catalytic cycle2 would then also 
occur with inversion, that is by dissociation of the Pt-O bond followed by SN2 
attack by the O" center on the Pt-CH2 group, to give overall retention of 
stereochemistry. 
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We have been interested in designing large conformationally 
flexible molecular arrays that have a predictable secondary 
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