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disulfide link are not known at this time, but radical intermediates 
are suspected for the following reasons. (1) The formation of 
compound 5 by halogen abstraction from the solvent is a process 
characteristic of reactions involving radicals.13 (2) Oxidation of 
organometallic complexes containing thiolato ligands has been 
observed to yield complexes containing dialkyl disulfide and diaryl 
disulfides, presumably via radical intermediates.16 The novel 
photoassisted ring opening and coupling that we have described 
here provides further evidence of the rich reaction chemistry of 
thietane molecules in polynuclear metal complexes. The ring 
opening of sulfur-containing heterocycles is believed to be a key 
step in their desulfurization.17 
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The puzzling preference for stereochemical inversion during 
thermal formation of bicyclo[2.1.0]pentane-2,3-d2 from 2,3-di-
azabicyclo[2.2.1]hept-2-ene-exo,exo-5,6-c/2 (1), discovered by Roth 
and Martin nearly 25 years ago, is still not clearly understood.1 

Recently evidence for the involvement of a diazenyl biradical has 
been reported.2 This communication suggests a theoretical model 
for the reaction and reports experiments designed to test it. 

The lack of a measurable equilibrium isotope effect on the 
epimerization of bicyclo[2.1.0]pentane-cis-2,3-d2

3 permits eval
uation of the intrinsic rate constants for inversion and retention 
of configuration during nitrogen extrusion (h, and k„ respectively) 
from the analytical integrated rate equations (see Figure 1 for 
gas-phase results). The experimental uncertainties (95% confi
dence interval, including covariances) become relatively large when 
propagated into kjkt; nevertheless, application of an F test reveals 
no significant temperature dependence in the ratio.4 This result 
renders improbable any mechanistic explanation relying on two 
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Figure 1. Temperature dependence of the ratio of intrinsic rate constants 
for inversion and retention of configuration during nitrogen extrusion 
from the title compound. See ref 4 for an explanation of AA//*, F, and 
Fo-

Figure 2. Semiempirical enthalpy surface for the title reaction. /?C.N 
is the length of the C-N bond in the diazenyl biradical. S is the angle 
between planes defined by the three- and four-membered rings of bicy-
clo[2.1.0]pentane. Heats of formation are in kcal/mol. 

different transition states for formation of 2x and 2n, since the 
two hypothetical transition states would then have to have coin-
cidentally equal heats of formation (despite presumably signifi
cantly different geometries). 

The mechanism we prefer involves branching to the two 
products and to the cyclopentane-l,3-diyl biradical after a single 
transition state for nitrogen loss from the diazenyl biradical (Figure 
2). 

When classical trajectory calculations were run on a model 
surface for this mechanism,5 kjk, was calculated to be 2.30 at 
130 0C and 2.22 at 180 0 C. The agreement with experiment is 

(4) F is the ratio of variance of the data for a temperature-independent 
model, in which kjk, was set equal to a constant, to that for a tempera
ture-dependent model in which the rate constant ratio was assumed to be 
described by the formula 

kjk, = exp(-AA//7/?T) exp(AAS'//?) 

(See, for example, ref 7.) F should be > 1 if kjk, is temperature dependent 
and <1 if it is temperature independent. The lower limit of F in the latter 
case is given by F0 = (N - I)I(N - 1), where W is the number of temperatures 
studied. 
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Figure 3. Theoretical (graph) and experimental (table) results for the 
reaction run in solution. See ref 4 for the explanation of AAH', F, and 
Fo-

fair, reproducing the preference for inversion and the lack of 
temperature dependence of kjk, (within our experimental error) 
but not fitting the observed ratio quantitatively. The preference 
for inversion was found to be due to the planarization at the carbon 
to which nitrogen is attached, as the nitrogen departs from the 
diazenyl biradical. This set of atomic motions favors trajectories 
leading from the transition state to Ix because of the requirement 
for conservation of momentum.6 

The effect of running the reaction in solution was simulated 
by adding a randomizing component to the trajectories, in the form 
of pseudocollisions with an adjustable average frequency. The 
kjk, ratio was calculated for a range of frequencies of these 
"collisions" (graph in Figure 3). This simulation suggested that, 
while a reduction in the kjk, value should be expected for reactions 
in solution, impossibly high "collision" frequencies would be needed 
to erase the preference for inversion completely. 

Experimentally kjk, was determined in three solvents. Rea
sonable agreement with the theoretical expectations was found 
(table in Figure 3). 

The difference in kjk, between cis- and franj-decalin is sig
nificant within a 97% confidence interval (one-way ANOVA test7). 
We hypothesize that, since vibrational energy exchange in poly
atomic liquids appears to occur primarily by a V-V mechanism,8 

the lower ratio in m-decalin might reflect the higher density of 
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vibrational states available in a solvent consisting of more flexible 
molecules with larger numbers of low-frequency vibrations.9 

In summary, the combined application of theoretical and ex
perimental techniques appears to favor a dynamic explanation for 
the stereochemical preference in the title reaction. The resulting 
picture is quite similar to that proposed by Freeman, Pucci, and 
Binsch for a related reaction.10 
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The utility of synthetic reactions depends upon the ability to 
direct formation of a desired regio- and diastereoisomer. Intro
duction of such control in Pd-catalyzed trimethylenemethane 
(TMM) [3 + 2], [4 + 3], and [6 + 3] cycloadditions will expand 
their utility in general ring-construction methodology.1 We record 
that, contrary to the expectation that a sulfur substituent will be 
a catalyst poison, a phenylthio group serves as an effective se
lectivity control element especially when used with 2,4-bis[(4,6-
dimethyl-l,3,2-dioxaphosphorinan-2-yl)oxy]pentane (I)2 as an 
exceptional new ligand. 

The requisite bifunctional conjunctive reagents are prepared 
as outlined in eq 1.3'4 For the carbacuprations, use of the chloride 
salts and ether as solvent proves important. Equations 2-6 il
lustrate a cycloaddition with each major class of acceptor.5-9 The 
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