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Irradiation of cyclooctadienone (1) in the presence of tetramethylethylene (TME) produces 9,10,10-tetramethyl-11-oxatricyclo[6.3.0.0%Jundec-
2-ene (7) in 33% yield. This reaction is the first example of a 1,3-cycloaddition of an alkene across an enone system. This novel cycloaddition
suggests that there is substantial interaction between the carbonyl carbon and the #-enone carbon in the triplet excited state of 1.

The enone—alkene [2- 2] photocycloaddition reaction is
one of the most well studiéc® and synthetically useful
organic photochemical reactiofis. The cycloaddition reac-
tion proceeds in a stepwise manner, giving cyclobutane
products with the alkene adding across thg-positions of

the excited enone (Scheme 1, path A). It is also well-known
that alkenes can react in af22] manner across the carbonyl
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portion of an enone to give oxetanes (patt Bpth of these
processes involve the cleavage of twebonds and the
formation of twoo-bonds. To date there has been no report
in the literature of a 1,3-addition of an alkene across an enone
system (path C). This process is formally a{22 + 2]
photocycloaddition involving the breaking of threebonds



and the forming of three-bonds. We report the first example
of this process.

In the course of a larger study on the photochemical
generation of oxyallyl intermediates, we have been investi-
gating the photochemistry @fs,cis-2,7-cyclooctadienorie
as a potential entry to a cyclopentyl oxyallyl systéfiwe
have found that irradiation of cyclooctadienoheesulted
in formation of thecis,trans-isomer2, which thermally
cyclized below room temperature to the bicyclic oxyallyl
compound3 (Scheme 2). The reactive intermedi&teould

Scheme 2
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at o 45.1 ando 35.8 with heteronucleaicy values of 165
and 162 Hz, respectively. These values are consistent with
cyclopropyl CH coupling? The coupling constant between
the cyclopropyl methinesl(= 4.5 Hz) indicates that these
protons are trans. DEP¥C NMR confirmed the presence
of three quaternary carbons, four methyl groups, and three
methylene carbons. The tricyclic alkeiiés consistent with
these data. Additional NMR studies (COSY, HETCOR,
HMQC) supported the structural assignment.

Formation of tricyclic alken& represents a 1,3-cycload-
dition of TME across cyclooctadienone. This novel cycload-
dition reaction raises some intriguing and puzzling mecha-
nistic questions. Unlike adducts 5, and6, adduct7 is not
derived by the reaction of TME with oxyallyd or cis,trans
dienone2. This was established by irradiating a hexane
solution of 1 at —78 °C (350 nm, Rayonet Photochemical
Reactor) for 55 min, turning off the lamps, and adding TME
to the cold solution. GC analysis of the reaction mixture after
it had warmed to room temperature showed no adducts.
When the same experiment was carried out with ethyl vinyl
ether instead of TME, bridged) and fused%) adducts were

be trapped with alkenes, dienes, and alcohols. The reactiorobserved? Irradiation of 1 and TME at —78 °C also

path is highly dependent on the electron density of the alkene.
Inclusion of electron-rich vinyl ethers in the photolysis
mixture produced bridgedland fused cycloadductsin good
yields (50—80%) via a stepwise capture of the oxyallyl
intermediate. A concerted ene reaction occurred between
simple alkenes (e.g. isobutylene) and oxyalByl which
produced bicyclic ketoalkenes No [2 + 2] cycloadducts
corresponding to pathways A or B were observed even when
ethyl vinyl ether or 2-methoxypropene was used as the
solventt!
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The results were quite different whénwas irradiated in

the presence of tetramethylethylene (TME). A 1:1 photoad-
duct was isolated in 33% yield after purification by column
chromatography. Spectroscopic analysis showed that the
product was clearly not related to the bridgdd, fused (5),

or ene productsg)) isolated in our previous studies nor was
it a [2 + 2] cycloadduct (path A or B)*H NMR showed
two vinyl protons at 5.90 (ddt,J = 11.3, 2.2, 1.1 Hz) and

0 5.43 (dddJ = 4.5, 6.0, 11.3 Hz). Thé&’C NMR showed
that the molecule had no symmetry and no carbonyl and
confirmed the presence of the alkenel@0.2, 128.9). The
coupled®®C NMR displayed two doublet methine carbons
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produces adduct. These experiments indicate that TME is
reacting with a transient species that can be generated, but
not stored, at low temperature.
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We present two possible modes for the formation7of
reaction of TME with the triplet state df (1*T) or reaction
of TME with oxabicyclobutan@. In order for TME to react
with 1*T and not produce “normal” [Z- 2] adducts (Scheme
1, path A), the initialo-bond formation between TME and
1*T must be accompanied by internabond formation to
give diradical9. Collapse of diradicad would then produce
alkene?7. Formation of thes-bond between the carbonyl
carbon and thg-enone carbon (establishing the cyclopropyl
ring) has no precedent. The trans stereochemistry of the
cyclopropyl methines ii7 (and subsequentl) is consistent

with reaction of TME with the highly twisted double bond

expected in the relaxed triplet*T. However, if this
mechanism is operative, it cannot be very efficient. Irradia-
tion of 1 in the presence of varying concentrations of TME
and ethyl vinyl ether indicated that TME does not effectively
guench the formation of the ethyl vinyl ether derived bridged
4 and fusedb adducts. It also is unclear how this mechanism
can explain the fact that we have only observed 1,3-
cycloaddition tol with TME and not with other alkenes (e.g.
2-methoxypropene, tetramethoxyethylene, isobutylene, al-
lyltrimethylsilane, 1,1-dimethoxy-2-methylpropenete2t
butylpropene}?®

acetylenedicarboxylate. See: Haseltine, R. P. Ph.D. Thesis, University of
Indiana, 1970.
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The second mechanistic proposal involves photoisomer-
ization of 1 to produce the transient oxabicyclobutaBe
followed by reaction with TME across the<® o-bond to
give 7. The addition t8 may proceed in either a stepwise
(via 9) or concerted manner to furnigt® Recent high-level
MO calculations by Dodziuk and Leszczynski on the parent
oxabicyclobutane system predict that the @ bond will be
longer than the central C—C boAtiThese results support
the view that the €0 bond in8 should have substantial
m-character and be highly reactive.

ever, it is well-known that 1,3-dienes can photoisomerize to
bicyclobutanes. For example, dieti® photoisomerizes to
bicyclobutanell in 25—35% yield??
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It is possible that transient oxabicyclobutanes may be

To date there are no reports of the isolation, spectroscopiCprgqyced in other enone systems but have eluded detection.

observation, or bimolecular trapping of an oxabicyclobutane.

Both mechanistic proposals (capture BfT or capture of

There have been several attempts to prepare oxabicyclobuyyapicyclobutand) are related in that they require substan-

tanes by epoxidation of cyclopropenés!® The putative

tial interaction between the carbonyl carbon anddtemnone

oxabicyclobutanes formed are unstable under these reaction hon in1*T to promote formation of the cyclopropyl ring.

conditions and undergo thermal retr2$ + ,2a] cycload-
ditions to produce enondsChapman and Zimmerman have

There may be specific geometric factors in the eight-
membered ring that give rise to the 1,3-interactbBxperi-

considered, and ruled out, oxabicyclobutanes as reactiveqents directed at clarifying the mechanism of this novel

intermediates in photochemical reactionsois-a-phenyl-
cinnamic acid* and 4,4-diphenyl-2-cyclohexenoffeHow-
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cycloaddition are currently in progress.
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