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Figure 1. The '"H NMR spectra of (a) 2a and (b) 2b.

vinyl protons because of the coordination to the iron atom.
Thus, H! is observed at 6 2.29 ppm as a doublet of doublets
with spin-spin coupling constants of 15.0 and 10.0 Hz. The
chemical shifts of other vinyl protons, H2 and H?, are observed
at 6 2.68 (doublet, J = 15.0 Hz) and 3.17 (doublet, J = 10.0
Hz), respectively. The proton decoupled '3C NMR spectrum
showed three C-Si signals at 6 (vs. MesSi = 0) — 3.0, —1.0,
and 0.0 with relative intensity of 1:3:1, two vinyl carbons at 6
43.0 and 46.0 and carbonyl carbons at 6 212, A mass spectrum
of 2a (25 eV) showed inter alia the molecular ion
C10H503Si,Fe* at m/e 298 and ions corresponding to the
successive loss of three CO at m/e 270, 242, and 214. Inits IR
spectrum (film) three vc—o bands were observed at 2025,
1995, and 1975 ecm~!. These bands correspond nicely to those
of w-allyltricarbonyliron halides which reportedly exhibited
three vc—o bands between 2095 and 1980 cm™'.% An ab-
sorption at 1315 em~! with medium intensity is interesting to
note. The vc—c frequency of the coordinated double bond in
the w-allyl complex is known to appear at about 100 cm™!
lower frequency than that of the free C=C.” Therefore, if the
vsi—c value at 1407 cm~! reported by Barton and McIntosh®
is valid.® the absorption at 1315 cm~! can be assigned to the
frequency of the coordinated Si=C bond.

By a similar treatment with enneacarbonyldiiron (190 mg,
0.52 mmol) 1,2-divinyltetramethyldisilane (1b, 190 mg, 1.12
mmol) gave the corresponding yellow complex (2b) in 60%
yield, bp 42.0 °C (10~3 mmHg). The 'H spectrum of 2b
(Figure 1b) showed three CH;-Si signals at 6 0.15 (3 H, s),
0.34 (6 H, s), and 0.39 (3 H, s) and three coordinated vinyl
protons at 6 2.27 (1 H, dd, J = 14.0 and 10.0 Hz, H'), 2.66 (1
H,d,J = 14.0 Hz, H?),and 3.15 (1 H, d, J/ = 10.0 Hz, H?).
In addition to these signals, 2b showed a multiplet at &
5.50-6.50 (3 H) corresponding to a free vinyl group. The
molecular ion, C;1H;50;3Si;Fe* at m/e 310, which loses three
CO successively, was also observed. The IR spectrum of 2b
exhibited three vc—o at 2025, 1995, and 1975 cm™!, an ab-
sorption at 1310 cm~! (vide supra), and absorptions due to a
free vinyl group at 1600 and 940 cm~!. Again these spectro-
scopic data are fully in agreement with the structure indicated.

Anal. Calcd for 2a (C10H1gSi203FC)I C, 40.27; H, 6.08.
Found: C, 40.43; H, 5.86. Calcd for 2b (C;1H5Si>0sFe): C,
42.58; H, 5.85. Found: C, 42.86; H, 5.67.

The spectroscopic evidence reported here suggests strongly
that compounds 2a and 2b do indeed contain the 53-1-sila-
propenyl ligand. However, ultimate proof of the structure
should be given by an x-ray crystal-structure determination.
Actually, we have examined the reaction of enneacarbonyl-
diiron with a variety of vinyldisilanes to obtain crystalline
derivatives, but at this moment analytically pure samples have
been obtained only for 2a and 2b. The reaction of 2 with other
donors, for example, with triphenylphospine, resulted in the
substitution of #3-1-silapropenyl and silyl groups rather than
CO to give bis(triphenylphosphine)tricarbonyliron.

2 + 2PPh; — Fe(CO);(PPh3)»
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Copper(I) Catalysis of Olefin Photoreactions.
Photorearrangement and Photofragmentation of
7-Methylenenorcarane

Sir:

Recently we have been concerned with discovering and
understanding organic photochemical reactions which require
transition metals as catalysts.! Olefin photoreactions which
are catalyzed by salts of copper(I)? are especially interesting
since the salts form isolable olefin complexes,® and since the
olefin-metal interaction almost certainly plays a key role in
the photochemical process. We now report that the photo-
chemistry of 7-methylenenorcarane (1) in the presence of
copper(I) is characterized by a plethora of novel molecular
transformations involving carbon skeletal reorganizations, a
new class of copper catalyzed photochemical process.

Our previous studies elucidated some mechanistic details
of olefin photodimerization catalyzed by copper(l) salts.!d
However, the precise nature of the olefin-catalyst-light in-
teraction responsible for reaction is not known. The present
study of photolysis of methylene cyclopropane 1 in the presence

Journal of the American Chemical Society | 98:23 |/ November 10, 1976



Scheme 1

H Cu
®= + Cu” (j:ﬁ'
1

\

©>=©»

7455

H Cu
—_— e
9 2

C/
Cu ——>
~Cu*t

ot

=
~ .
O(\ +H O/“\Cu
—Cu*
5

of copper(I) was initiated to test a mechanistic hypothesis.
Thus, a mechanism which might account for copper catalysis
of olefin photoreactions involves preliminary photocupration,
light induced transformation of a u?-copper(l) olefin complex
into a u'-B-copper(l) carbenium ion intermediate. This would
produce either cyclopropyl or cyclopropyl carbinyl carbenium
ion intermediates from a methylene cyclopropane. Skeletal
rearrangements might then ensue via well-known reactions of
these types of carbenium ions.**

Cu Cu

+ N\
L =
- C:_l + Cu+

Formation of a (1:1) copper-olefin complex which rapidly
exchanges free and coordinated olefin is indicated by the effect
of added copper(I) on the '"H NMR spectrum of 1.6 Olefin
complexes of copper trifluoromethanesulfonate (CuOTf) ex-
hibit two strong UV absorption bands, one at 233-241 nm
(€max 2500-3600) and one at 272282 nm (emax 1500-2100).3
Therefore, 1 was irradiated in ether solution in the presence
of CuOTf (0.08 equiv) with short wavelength, Rayonette RPR
254, UV lamps. Cyclohexene, acetylene, bicyclo[4.2.0]oct-
1(7)-ene (2), and unsym-pentamethyleneallene (3) were ob-
tained as major products along with traces of 3-vinylcyclo-
hexene (4) and 1-vinylcyclohexene (5) (eq 1). All products

@( fragmentation
B ——_

1 (1y

rearrangement

CE(Y JCAnGh

were 1solated by gas—llquld phase chromatography and iden-
tified by comparison of retention times (DC 710 on chromosorb
column except for acetylene for which a Porapak column was
utilized) and proton magnetic resonance spectra with those of
authentic samples.” No reaction occurs in the absence of
CuOTf{ and the reaction stops abruptly upon cessation of ir-
radiation. The ratio of products 2-5 was monitored from 24
to 70% conversion of 1 and found to be 1.00 (2):0.41 (3):0.14

(;u
D=

+ HC=CH

_H+
+H*
—Cu+

4

(4):0.10 (5) (£0.01) while that of cyclohexene varied gradually
from 1.8 after 24% conversion of 1 to 1.4 after 70% conver-
sion.

Formation of cyclohexene and acetylene by a photofrag-
mentation reaction resembles the mercury sensitized, gas phase
photofragmentation of methylene cyclopropane which gives
principally ethylene and acetylene.® While photochemical
reactions of olefins promoted by copper(I) often resemble those
induced by triplet sensitizers,!2 different products are some-
times obtained. These differences may be ascribed to the in-
fluence of association of the photoexcited olefins with sensitizer
or copper(I). The copper catalyzed photofragmentation could
involve an ionic mechanism leading to a copper-carbene
complex 6° (eq 2). The free carbene corresponding to the

Cu* &
[ D 4 f > Cu Cut

7 ~
@)
\ S
/
. Cu Cu +
<>U< — (}—f HO==CH
H 6

copper-carbene complex 6 is known to fragment to cyclohex-
ene and acetylene.'® Alternatively, a stepwise process via 7
could be involved in the fragmentation of 6. However, a deu-
terium labeling experiment indicates that a more complex
process may be involved in the copper catalyzed photofrag-
mentation. Thus, cyclohexene produced from the photolysis
of 1-d, in which the vinyl hydrogens are replaced by deuterium
is 30-40% monodeuterated. The 'H NMR spectrum of this
product suggests that deuterium has replaced a vinyl hydrogen.
This was confirmed by conversion to dimethyl adipate which
was deuterium free. Deuterium scrambling into the six-
membered ring was not found for recovered 1-d- or for any of
the rearrangement products from 1-d; (vide infra). A mech-

O>< = (O

d, (1 2)
1. 0,/MeOH COOMe
_—
2. H,0,/HCO,H COOMe
3. CH,N,
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anism which can explain the interesting deuterium migration
is unclear.

Since copper salts catalyze photocyclization of 1,3-butadiene
to give cyclobutene,?! we examined the possibility that 2
might be produced indirectly from 1 via copper(I) catalyzed
photocyclization of 5. A mixture of 1-d; (vide infra) and 5 (3:2)
was irradiated in ether solution with CuOTf. Mass spectral
analysis of the 2 produced showed it to be at least 94% 2-d,.
Thus, photocyclization of 5, which would give 2-dg, is not an
important pathway for formation of 2 from 1. Moreover, the
invariance of the ratio of the products 2-5 during the course
of the reaction implies that the products are all primary and
stable under the reaction conditions.

The products 2, 3, 4, and 5 can be explained by a mechanism
involving initial light induced cupration of 1 to give a cyclo-
propylcarbinylcarbenium ion intermediate 8 (Scheme I). This
mechanism is consistent with the deuterium substitution pat-
tern found in the products 10-13 from rearrangement of 1-d.
The position of deuterium substitution in 11-13, but not 10,
is evident from a comparison of their 'H NMR spectra with
those of the unlabeled analogues 3-5. The deuterium substi-
tution pattern in 10 was demonstrated by conversion to 13 upon
vapor phase pyrolysis in a sealed tube.

12 13

The cyclopropyl carbinyl to cyclobutyl rearrangement in
the 8 to 2 transformation is especially characteristic and
strongly supportive of a process requiring a vacant vicinal or-
bital, e.g., carbenium ion 8 or metallocarbenium ion 6.° Sig-
nificantly, such rearrangements are unknown for cyclopropyl
carbinyl radicals.!! Alternative mechanisms, e.g., involving
excited state intermediates, have not been rigorously excluded.
However, copper free excited state intermediates seem unlikely
since the rearrangement types reported above have never been
observed for electronically excited methylenecyclopropanes.®!2
Clearly, photocupration must now be seriously considered as
a possible key step in all olefin photoreactions catalyzed by
copper salts.!3
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Stereochemical Consequences of the Vinylogous
Wolff Rearrangement
Sir:

In recent communications we! and Lokensgard, O'Dea, and
Hill? reported that the copper catalyzed decomposition of
B,v-unsaturated diazoketones efficiently leads via a novel
skeletal rearrangement to v,6-unsaturated acid derivatives.
This transformation, a synthetic alternative to the Claisen
rearrangement of allyl vinyl ethers, was termed by us the
vinylogous Wolff rearrangement.’ A reasonable reaction
pathway for this transformation':? involves formation of a
bicyclo[2.1.0]pentane intermediate via insertion of the dia-
zocarbon into the 8,v-olefin. Fragmentation of this interme-
diate would then lead to a 3,v-unsaturated ketene.* A refine-
ment of this scheme allows for either the insertion or frag-
mentation processes to proceed in a stepwise manner as shown

below.
CHN, CO,CH,
0O a Z
| J CHO

i O
T 1 K//O
CHN, . mb . ~
st

Inview of the potential synthetic importance of the vinylo-
gous Wolff rearrangement, we wish to report here the results
of our investigation on the steric course of this transformation
with three diazoketones (1a-3a). The required unsaturated
diazoketones (1a-3a) were prepared in the usual manner from

Cu(AcAc),
—_—
CH,0H
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