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Scheme III. Synthetic Pathway for Chiral, Tritium-labeled
2,3-Oxidosqualene, 124
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0.168,0.438, and 0.456 in a ratio of 4.64:1:1.46. We assign!8
the resonances as follows: the resonance at 6 0.168 is due to an
exo cyclopropyl tritium in molecules which also have an endo
deuterium; the resonance at 4 0.438 is due to an endo cyclo-
propy! tritium in molecules which also have an exo deute-
rium;'® and the resonance at 4 0.456 is due to an endo cyclo-
propyl tritium in molecules which also have an exo hydrogen.
These assignments are confirmed by the proton-coupled *H
NMR spectrum (Figure 2b) in which only the resonance at 8
0.456 has been split (J = 4 Hz).

It is thus immediately apparent that this conversion has
proceeded with retention of configuration.20
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Stereospecific Double Alkylation of
Diphenylacetylene by 53-Cyclopentadienyl-
(triphenylphosphine)dimethylcobalt(ITI). Evidence
for Noninterconvertible Diastereomeric Complexes
in the Cobalt-Catalyzed Isomerization of Alkenes,
and Some Comments on Factors Influencing the
Rates of Reductive Elimination Reactions

Sir:

Yamazaki and Hagihara reported in 1971 that treatment
of n3-cyclopentadienyl(triphenylphosphine)dimethylco-
balt(IIT) (1) with 2.8 equiv of diphenylacetylene (2) in re-
fluxing benzene led to metallocycle 3 (Scheme I) and
n*-tetraphenylcyclobutadiene(y’-cyclopentadienyl) cobalt(I)
(4) in 49 and 13% yield, respectively.! Because this report left
the methyl groups in 1 unaccounted for, and 1 “doubly alk-
ylates” CO to give acetone quantitatively,? we have reinves-
tigated this reaction. We find that, when 1 is dissolved in
oxygen-free benzene-d¢ and heated at 56 °C with 3.4 equiv of
diphenylacetylene, 3 is observed, as reported earlier.? However,
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an organic product is also formed (93% yield based on cobalt),
which on the basis of spectral data* and independent synthesis®
we have shown to be 2,3-diphenyl-1-butene (5). In addition,
smaller amounts of (Z)-2,3-diphenyl-2-butene® ((Z)-6, 7%)
and hexaphenylbenzene’ (trace) are formed. No (E)-2,3-
diphenyl-2-butene ((E)-6, <1%) is observed. This reaction
therefore involves overall transfer of both methyl carbons in
1 to diphenylacetylene,? the cobalt fragment being scavenged
by excess acetylene to give 3. In experiments designed to fur-
ther investigate this reaction, we have obtained information
relevant to the general mechanisms of acetylene insertion,
reductive elimination and olefin isomerization,

Our results are the following.

(1) In the absence of diphenylacetylene, starting complex
1 is quite stable. Decomposition (solid state) occurs only at
temperatures =140 °C, at which point methane is formed in
30% yield.?

(2) Although metal-carbon bond cleavage is slow at our
reaction temperatures, complex 1 (0.08 M in benzene) is
converted (>95%) to n3-cyclopentadienyl(trimethylphos-
phine)dimethylcobalt(I1II)!® in the presence of 0.17 M
P(CHj3); in <5 min at 56 °C.

(3) To investigate the intramolecularity of the diphenyl-
acetylene alkylation, we treated a mixture of 1-dg and 1-d¢
(completely deuterated methyl groups) with 2. The product
$ was isolated and purified by VPC; mass spectrometric
analysis showed that it contained only 5-dg and 8-dg. This re-
sult demonstrates that each cobalt atom transfers both its
methyl groups to the same acetylene molecule, and hydrogen
transfer is intramolecular as well.

(4) At early reaction times, the disappearance of 1 obeys a
first-order rate law (ksg oc = 8.8 X 1073 s~!), In a 50:50
mixture of 1-dp and 1-dg, monitoring the rate of disappearance
of 1-dg and 1-d¢ by NMR showed that the reaction exhibits
a negligible isotope effect (kx/kqs = 1.01 £ 0.05).

(5) Acid-catalyzed isomerization of § proceeds uneventfully
toward the equilibrium mixture of olefins; starting with pure
5 (or pure (E)-6 or (Z)-6), the final mixture contains 2% 5,
63% (E)-6 and 35% (Z)-6. However, when 5 is treated with
n°-cyclopentadienylbis(triphenylphosphine)cobalt(1)! 112 (7)
in benzene-dg at 56 °C, the tetrasubstituted olefins are once
again formed, but the (E)-6/(Z)-6 ratio is 92:8. Consistent
with our ability to observe this kinetic product ratio, (E£)-6 and
(Z)-6 are isomerized only very slowly by 7 at this tempera-
ture.

(6) The rate of the 1 + 2 reaction is inhibited, and the
product distribution is strongly modified, by excess phosphine.
The initial reaction, run with 0.20 M 1, 0.68 M alkyne, and no
excess PPhj, required 22.5 h to reach 88% completion; in the
presence of 0.10 M 1, 0.90 M alkyne, and 0.90 M PPh;, the
reaction required 106 h to reach 66% completion. The 5/(Z)-6
ratio changes to 0.9 in the excess-phosphine run.

A mechanism which accounts for the above observations is
outlined in Scheme I1. The rate inhibition by phosphine (and
the facile substitution of PPhjyin 1) suggests that the process
begins by formation of intermediate A in a reversible ligand-
exchange reaction. Acetylene insertion into a metal-methyl
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bond!3 in A gives B. Consistent with recent mechanistic studies
of reductive elimination at other metals (e.g., platinum(IV),
gold(111)),!4 we propose that stereospecific reductive elimi-
nation occurs in this unsaturated intermediate, leading to
n?-alkene complex C. C is also coordinatively unsaturated, and
we believe it is the partitioning point which accounts for the
effect of phosphine on the product distribution. Excess phos-
phine traps C, leading to saturated intermediate D, which
easily releases cis olefin (Z)-6. When less phosphine is avail-
able, insertion into an adjacent C-H bond occurs competi-
tively, forming n3-allyl complex E. This initiates the isomer-
ization process and results in the eventual production of §,

In our view, the significant parts of this mechanism concern
the reductive elimination step (B — C) and the reaction
stereochemistry. With regard to the former, it is interesting
that 1 does not give ethane even at 140 °C, but B is converted
to C rapidly at 56 °C. The difference between B and the cor-
responding dimethyl complex is, of course, that B contains one
a-ligand with = electrons. It seems likely that coordination of
these electrons to the metal in the reductive elimination
transition state provides a low-energy route for this process
not available in reductive elimination of dialkyls. The related
cobalt complex containing a methyl and an acyl ligand, which
is presumably responsible for the rapid formation of acetone?
on carbonylation of 1, may also reductively eliminate rapidly
because the eliminating ligand can simultaneously donate =-
or lone-pair electrons to the metal.!> With regard to the
stereochemistry of the reaction, our mechanism must explain
why both 5 and (Z)-6, but not (E)-6, are formed inthe 1 + 2
reaction, but re-entry into the system by mixing § and 7 gives
mostly (E)-6.16 We believe this is most easily understood by
assuming that diastereomeric n?-alkene and #3-allyl com-
plexes are involved in these reactions.!” Only diastereomers
E, F, and J are formed in the double-alkylation route, but both
this set of isomers and the 1, H, and G set are reached by
treating 5 with 7. No interconversion of the 53-allyl diaste-
reomers (e.g., by reversible conversion to n!- allyl complexes
and rotation)!8 or n2-alkene complexes (e.g., by reversible
dissociation of olefin ligand)'® occurs under the 1 + 2 reaction
conditions.
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Photoionization by Green Light in Micellar Solution
Sir:

The last few years have seen a keen interest in many labo-
ratories in the development of chemical systems for the storage
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of solar energy. The basis of many suggestions is the production
of ions following light absorption, and subsequently to utilize
the ions either to degrade water or to produce electric current.
In some instances the light induces electron transfer, while in
other systems a genuine release of electrons to the solvent is
obtained. Increased attention to the effect of phase on photo-
ionization has developed concurrently with increasing interest
in solar energy storage. In particular it was shown that aqueous
micellar systems strongly promote photoionization of pyrene,23
phenothiazine,*3 and tetramethylbenzidine.® The energy re-
quired for photoionization in these micellar systems is several
electronvolts below that required in the gas phase. The energy
necessary to reduce the ionization potential is provided by the
polarization of the medium by the cation and by the particular
energy state that the electron enters into in the system. The
solute cation remains associated with the micellar phase and
the electron is associated with the aqueous phase as a hydrated
electron, e,q. Subsequent neutralization is inhibited and very
effective charge separation is produced with anionic micelles.
To date all synthetic systems have operated with light in the
near UV part of the sun’s spectrum.

In the present letter we wish to report the use of the anionic
micellar system sodium lauryl suifate to produce the photo-
ionization of 3-aminoperylene with green light, A = 530 nm.
This is some 4.6 eV below the gas phase ionization potential
and well into the solar spectrum. 3-Aminoperylene in various
liquid systems was excited by 20-ns pulses of light, A = 5300
nm, from a Q switched frequency doubled neodymium laser.
The intensity of thie laser pulse was systematically varied, over
a range from 0.15 to 0.05 J/pulse, to check the intensity de-
pendence of the process. The short-lived ions and excited states
produced were monitored by conventional fast spectropho-
tometry with a response time of 2 ns.” In the low-conducting
Igepal solutions fast conductivity methods were also used to
monitor the ions produced.

Figure 1 shows the transient absorption spectra of 6 X 10~3
M 3-aminoperylene (Amper) in sodium lauryl sulfate (NaLS)
and cetyltrimethylammonium bromide (CTAB) in the range
500-800 nm. In NaL§ solutions a strong absorption is observed
above 650 nm which is removed by typical electron scavengers
such as O, and N,O. The difference between the spectra in N
and N,O is also shown, and this compares favorably with the
literature spectrum for the hydrated electron e;;. In the pres-
ence of O, the absorption decays rapidly with & = 1.8 X 1010
M~1s=! which is in excellent agreement with the rate constant
for e;q + O; given in the literature.® Hence the absorption is
attributed to the hydrated electron, e;;, which has a reported
absorption maximum at 720 nm. The yield of e is lower in the
cationic micelle, CTAB, and parallels previous data with py-
rene? and phenothiazine.# The absorption at 630-640 nm is
unaffected by O; and is due to the radical cation, (Amper)*,
The strong maxima 560 and 600 nm in the CTAB spectrum
decay in the presence of O; and are due to excited triplet am-
inoperylene. The yield of excited states is larger in CTAB than
in NaLS which is consistent with the decreased yield of pho-
toionization in the CTAB system compared with that in
NalLS.

The insert in Figure 1 illustrates the dependence of the
photoionization yield of AP on the intensity of the laser beam,
as the ODX1000 of the hydrated electron at 720 nm vs. the
laser beam intensity in arbitrary units. The photoionization
of AP is linearly dependent on beam intensity in the anionic,
NaLS micelles, and only one photon of 2.34 ¢V is required to
promote ionization. This corresponds to a lowering of the
ionization threshold by greater than 4.6 eV. The gas phase
ionization potential is ~7.0 eV as estimated by appearance
potential measurements. However, in both cationic, CTAB,
and nonionic, Igepal CO-630, micelles the photoionization
process varies as the square of the laser intensity indicating a
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