Communications to the Editor

(3) J. M. Manriguez, D. R. McAlister, R. D. Sanner, and J. E. Bercaw, J. Am.
Chem. Soc., 98, 6733 (1976).

{(4) J. McCarty, J. Falconer, and R. J. Madix, J. Catal., 30, 235 (1973).
(5) J. E. Demuth, Chem. Phys. Lett., 45, 12 (1977).
(6) P. C. Stair and G. A. Somorjai, J. Chem. Phys., 66, 2036 (1977).
(7) (a) G. A. Ozin, Acc. Chem. Res., 10, 21 (1977); G. A, Ozin, W. J. Power,
T. H. Upton, and W. A. Goddard lll, J. Am. Chem. Soc., submitted for pub-
lication.
The basis used on the ligand was a full DZ basis of contracted Gaussian
functions (T. H. Dunning, Jr., and P. J. Hay in “Modern Theoretical Chem-
istry: Methods of Electronic Structure Theory’’, Vol. 3, H. F. Schaefer Il
Ed., Plenum Press, New York, N.Y., 1977, pp 1-27) with d polarization
functions (@ = 0.6769) on the carbons. An effective potential for the Ni
atom (C. F. Melius, B. D. Olafson, and W. A. Goddard lll, Chem. Phys. Lett.,
28, 457 (1974)) was modified (M. Sollenberger, M. 8. Thesis, California
Institute of Technology, 1975) to describe correctly the ordering of states
in the atom. Using this potential to replace the Ar core of the Ni allowed
a truncation of the Ni basis to include only 4s, 4p, and 3d functions (3d
contracted DZ for NiC,H,, MBS for NiCyH,). In the geometry optimization,
the CH bond lengths were taken as the free molecule value.

(9) A. K. Rappe and W. A, Goddard Ill, J. Am. Chem. Soc., 99, 3966

(1977).
(10) S. P. Walch and W. A. Goddard Ill, J. Am. Chem. Soc., 98, 7908 (1976).
(11) B. L. Barnett and C. Kruger, Cryst. Struct. Commun.. 2, 85 (1973). See also
C. Kruger and Y. H. Tsay, J. Organomet. Chem., 34, 387 (1972).

(12) J. Chatt and L. Duncansen, J. Chem. Soc., 2939 (1953).
(13) E. L. Muetterties, private communication.

Thomas H. Upton, William A. Goddard III*

Contribution No. 5612 from the

Arthur Amos Noyes Laboratory of Chemical Physics
California Institute of Technology

Pasadena, California 91125

Received June 20, 1977

(8

-~

Stereochemistry in the Di-r-methane Rearrangement:
Aryl Migration. Exploratory and Mechanistic
Organic Photochemistry!-2

Sir.

There are three known versions of the di-w-methane rear-
rangement:? the divinylmethane variety, the arylvinylmethane
type, and the oxa-di-m-methane3d-<¢variation. These differ in
many respects. The last generally uses a triplet reactant while
examples of the first two involving both singlets and triplets
are known. The first two also differ markedly. The divinyl-
methane rearrangement requires methane carbon substitution
while the arylvinyl type does not, the arylvinylmethane singlets
tend to react more slowly than their divinyl counterparts,* and
substituent effects are reversed for these two cases.*

The reaction stereochemistry has been studied in only two
of the three rearrangements. In our development of the di-
m-methane rearrangement,3-25 we focussed attention on the
stereochemistry of the divinylmethane type. At the methane
carbon inversion of configuration was found.5¢ In a parallel
oxa-di-w-methaneexample, Dauben®has noted almost complete
loss of stereochemistry. This is in agreement with the results
of Schaffner.”

We now report on the stereochemistry of the missing ex-
ample. Thus we have found complete inversion of configuration
at the methane carbon for the arylvinylmethane variation.

For our study we selected 3-p-methoxyphenyl-3-methyl-
1,1-diphenyl-1-pentene (1), since the central methyl, ethyl
substitution was that employed in our previous case>® and in
the study by Dauben.® Also, this reactant and its photoproduct
(2) could readily be configurationally related to one another
using our earlier study?© as a basis. The interrelating scheme

Table I. Optical Purity of Photoproduct 2 vs. Percent Conversion?
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Chart I. Interrelationship of Configurations of Reactant and Di-
w-methane Photoproduct??

5. Ko K

® (=)
’ e (+)2 m(+)-3
HZ Pd-C
Me\ Et
by
[¢ MeOOC
]
Ph
0] Ph
H Ph
m(+)-6
T MeOOC )\ &_I
OH™ Ph H
EtOH P Pa.zc'

(+)-7
@ Compounds labeled with solid dots are those whose configurations
needed to be related. Compounds labeled with solid squares are those
whose configurations were known from our earlier study.5¢ ® Exper-
imentally (—)-6, (—)-7, and (—)-5 enantiomers were actually inter-
related; reverse configurations are depicted for simplicity of presen-
tation. Optically pure, >99.5%, (—)-1 was used.

is depicted in Chart I® for the trans photoproduct 2. The cis
photoproduct configuration was determined in similar fash-
ion.

Experimentally, direct irradiation of (—)-3-p-methoxy-
phenyl-3-methyl-1,1-diphenyl-1-pentene (1) led to (+)-
trans-2-ethyl-2-methyl-3,3-diphenyl-p-methoxyphenylcyc-
lopropane (2) in addition to the (—)-cis isomer. This allows us
to formulate the di-m-methane rearrangement stereochemistry
asshownineq 1.

e, pE!
A

An~*

Ph
(=) (+)-2

Inspection of eq 1 reveals that for both diastereomers of
photoproduct the configuration at carbon-3 (i.e., the methane
carbon) of anisylalkene 1 has been inverted.

Since, even at conversions as low as 15%, 12.8% racemiza-
tion was observed, there was the question whether the entire
reaction mechanism was a concerted one.

However, the low stereospecificity was found to be an ex-
perimental artifact rather than real, and our findings indicate
how careful one must be in avoiding secondary effects in
photochemistry.

Thus, we repeated our irradiations with 10 and 5.6% con-
versions, and we found diminishing racemization of cyclo-
propane product with decreasing percent conversion. Owing
to overlapping ultraviolet absorption spectra of reactant and
product, even at 15% conversion, 4.0% of the light was captured
by cyclopropane photoproducts 2 and 8.

As noted in Table I and Figure 1 extrapolation to zero
conversion led almost precisely to zero racemization.

Percent conversion 142+0.7
Percent optical purity

of photoproduct 2¢

10.
87.2+ 1.5 91.

Zero conversion®
100.1 £ 1.7

5 56+04
.6 95.0+£2.0

9 Measurements at 5 wavelengths, with rotations vs. A providing evidence of absence of contaminants, ¥ Extrapolated value. ¢ Each mea-

surement in Table | is the average of two, independent determinations.
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Figure 1. Optical purity of photoproduct 2 vs. percent conversion.

Hence our conclusion is that the reaction proceeds totally
stereospecifically within experimental error. This is in agree-
ment with our study of the stereochemistry of the “diene ver-
sion” of the di-w-methane rearrangement where inversion of
the methane carbon configuration was also observed.>¢ Thus,
the hydrocarbon di-r-methane rearrangement contrasts with
the oxa-di-w-methane variation.

The rationale that we have used® for inversion of configu-
ration has been the requirement for a Mdbius array with six
delocalized electrons in the excited state. Presently there is no
such simple array of atomic and hybrid orbitals. The truncated
set of orbitals, consisting only of those in bonds being formed
or dissipated, is given in eq 2. There is still a Mébius array>?

. pentadienyl
;orb1tal f

in the half-reacted species 9 which provides an excited-state-
allowed'® pathway. However, in this case, the nonbonding MO
of the pentadienyl moiety left in the originally aromatic ring
is one of the six basis orbitals a-f comprising the Mdbius array.
It has been noted!®!! that MOs as well as AOs can be taken
as basis orbitals in constructing such cyclic arrays.

Thus eq 2 illustrates use of the Mdbius-Hiickel treatment
where one moiety is complex.

We conclude by noting that arylvinylmethane stereo-
chemistry parallels that of the divinylmethane version rather
than the oxa-di-r-methane variety and that singlet vs.triplet
factors seem dominant.
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Reversible Binding of Dioxygen to
Ruthenium(Il) Porphyrins

Sir.

We are presently concerned with the interaction of dioxygen
and carbon monoxide with metalloporphyrin complexes as
models for biologically important heme proteins.! In the
iron(II) systems that have been developed to mimic the re-
versible oxygenation of myoglobin, oxidation to iron(III),
which is brought about by interaction of a second iron(II)
moiety with an initially formed Fe!l.O, species,? is prevented
by (1) designing porphyrins of such a geometry (or supporting
them on a rigid polymer backbone) so as to physically prevent
such an interaction or (2) use of low temperatures (subzero)
toretard such an interaction. An alternative approach to these
problems using the more substitution-inert ruthenium(II)
analogues has, in our hands, yielded significant results.

In this communication we report on reversible O binding
in solution under ambient conditions by solutions of rutheni-
um(II) complexes of meso-tetraphenylporphyrin (TPP) and
octaethylporphyrin (OEP).

To our knowledge,? this is the first report of reversible
dioxygen binding by a ruthenium(II) species in solution. Hopf
and Whitten* have “activated” ruthenium(II) porphyrins to
do similar chemistry to that described here by using surfactant
complexes in monolayer assembles; however, we find the
“activation” of the porphyrins toward O; (and CQO) can be
accomplished by the use of labile axial ligands, especially ac-
etonitrile,

The complexes Ru(OEP)L, and Ru(TPP)L, (L = CH3CN)
were synthesized as purple crystals’ by photolysis of the cor-
responding Ru(porphyrin)(CO)(C,HsOH) complexes® in
acetonitrile under argon over 8-10 h (Hanovia medium pres-
sure 450-W mercury vapor bulb). Dilute solutions (~10~> M)
of the bisnitrile species are also formed cleanly and rapidly (10
min) by photolysis of the carbonyl complexes using a Rayonet
photochemical reactor. Figure 1 shows spectral data for such
formation of Ru(OEP)(CH3CN);; a number of isosbestic
points are generated. Use of solvents such as dimethylacet-
amide (DMA), dimethylformamide (DMF), and pyrrole, gives
similar in situ spectral changes attributable to formation of the
corresponding Ru(OEP)(solvent), species.

Solutions of Ru(OEP)(CH3;CN);, in DMA, DMF, or pyr-
role absorb 1.0 mol of O2/Ru reversibly at room temperature
and 1-atm pressure.” At constant O, pressure, the reactions
follow pseudo-first-order behavior: the uptake is almost in-
stantaneous in DMA (#1,2~ 1 min); t1,2is~7 min in pyrrole
and ~30 min in DMF, Figure 2 shows the accompanying
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