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droxide. A workup as above furnished 1.82 g (80%) of the crude
alcohols 5 as a 3:2 mixture of E/Z diastereomers. The major
component was assigned the E configuration on the basis of the
chemical shift of the olefinic proton which is expected to appear
at lowest field, being cis to the vicinal Br; 'H NMR of E isomer
61.45 (6 H, s), 3.4 (1 H, brs), 3.7 (3 H, s), 6.6 (1 H, s); 'H NMR
of Z isomer 6 1.45 (1 H, s), 3.4 (1 H, brs), 3.656 (3 H, s),6.25 1 H,
8). The NMR spectrum showed contamination by ~10% al-
dehyde 6a.

Chromatography of 5 (1.82 g) on silica gel with diethyl ether
as the eluant furnished 1.75 g of a 4:1 mixture of 2-bromo-3-
methyl-2-butenal and its methyl acetal 2-bromo-1,1-dimethoxy-
3-methylbut-2-ene (7).

Compound 7 was identified from its reaction with aqueous HC]
(which produced 6a as the only product) as well as from its NMR
spectrum: 'H NMR 4 1.95 (6 H, m), 3.35 (3 H, s), 3.4 (3 H, 5),
49 (1 H, s).

Registry No. la, 23521-49-5; 1b, 16339-88-1; l¢, 77295-79-5;
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During our photoelectron (PE) spectroscopic investiga-
tions of 1,2-bridged cyclobutanes (e.g., 5-7,}° Chart I) we
became interested in the PE spectrum of the tetraene 3
published by Borden et al.® We were puzzled by the
circumstance that only two PE bands are observed below
11 eV. The two peaks close to 8 and 9 eV could possibly
be assigned to butadiene #-type levels; however, additional
ionizations are expected to occur below 11 eV, corre-
sponding to ejection of electrons from the high-lying Walsh
orbitals of the tricyclo[4.2.0.025]octane moiety of 8. This
is strongly suggested by the PE data for 6 and 7.1-3% We
suspected that the spectrum published by Borden et al.
was not the spectrum of 3 but of some other compound,
most probably the triene 1, i.e., the precursor in the pho-
tosynthesis of 3.° We presently report the PE spectra of
1,2-dimethyl- and 1-methyl-3,4-dimethylenecyclobutene
(1 and 2). Both spectra are shown in Figure 1. The first
ionization potentials are given in Table I. The spectrum
of 1 is identical within experimental error with that pub-
lished by Borden et al., indicating that the spectrum re-
corded by these authors must be assigned to 1 and not to
its dimer 3. The latter compound is most likely unstable
with respect to cycloreversion into two molecules of 1
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Figure 1. PE spectra of 1 (top) and 2 (bottom).
Table I. Vertical Ionization Potentials of 1 and 2

compd band Iy g, eV assignment
1(C,y) 1 8.05 b, (n)
8.20
2 8.87 a, (m)
9.07
3 10.75 (sh)®
11.0
2 (Cy) 1 8.34 a' (m)
8.90
2 9.12 a' ()
9.82
3 11.1

% sh = shoulder.

under the conditions prevailing in the target chamber of
the PE spectrometer. This assumption is consistent with
the observed photochemical instability of this strained
species® and is supported by the results of MINDO/ 37
calculations which predict a release of 35 kcal/mol when
3 is cleaved into two molecules of 1 (in contrast, the less
crowded parent compound 4 is predicted to be thermo-

(7) Bingham, R. C.; Dewar, M. d. S,; Lo, D. H. J. Am. Chem. Soc. 1975,
97, 1285, 1294. Bischof, P. Ibid. 1976, 98, 6844; QCPE 1979, 12, 383.
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dynamically stable with respect to fragmentation by 28
keal/mol).

The PE spectra of 1 and 2 are very similar to the pre-
viously published spectrum of 3,4-dimethylenecyclobutene
(8).8 Substituting one or two hydrogen atoms by methyl
groups at the endo double bond of 8 yields the expected
shift toward lower energies which can be explained by the
hyperconjugative and inductive effect of a methyl group.
The assignment given is based on the analogy of the
spectra of 1, 2, and 8.

Experimental Section

The He(I) PE spectra were measured at room temperature on
a PS-18 instrument (Perkin-Elmer Ltd., England) and calibrated
with reference to the Ar line at 15.76 eV. A resolution of about
25 meV of the 2Py, Ar line was obtained. 1-Methyl- (2) and
1,2-dimethyl-3,4-dimethylenecyclobutene (1) were prepared by
pyrolysis (410 °C, flow system) of 1,5-heptadiyne and 2,6-octa-
diyne, respectively, according to published procedures.®!°
Analytically pure samples were obtained by preparative gas
chromatography with a 3-m 20% Carbowax column at 80 °C. The
spect;ﬁ.)l data of 1 and 2 agree with those reported in the litera-
ture.”
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In connection with a synthetic program aimed at the
total synthesis of cyclooctanoid natural products,® an ef-
ficient means for the preparation of 1,2-dialkenylcyclo-
butanols was needed. More specifically, a method was
sought that avoided the formation of a labile 1,2-di-
alkenylcyclobutoxide intermediate. Such a method ap-
peared to be the allylic alcohol synthesis of Reich and
Shah,? involving the addition of an a-lithio selenoxide to
a carbonyl compound, followed by neutralization and
thermolysis to induce selenoxide elimination.

In practice, addition of 1-lithioethyl phenyl selenoxide
(1b) to spiro[3.5]non-5-en-1-one (2) followed by neutrali-
zation with acetic acid and thermolysis in refluxing THF
cleanly afforded the allylic alcohol 3 (eq 1) in 72% yield
(8:1 mixture of diastereomers).! However, it was discov-
ered somewhat serendipitously that if the reaction mixture
was refluxed in THF without prior protonation, a regios-
pecific ring expansion occurred within minutes. Upon
workup, the cyclopentanone 4 and its «a-selenenylated

(1) Gadwood, R. C,; Lett, R. M. J. Org. Chem. 1982, 47, 2268.
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o]

i OH

1, PhSeCH(CH3)Li (1b),
THF, -78 °C
2. CH3COzH | (1)
3. reflux
0 3
Al - Hg
0 0
PhSe

1.1b, THF, -78 °C
2. reflux

(2)

derivatives 5 were isolated (eq 2). No trace of allylic al-
cohol 3 could be seen in the crude NMR spectrum. Con-
version of the a-selenenylated ketones 5 into the cyclo-
pentanone 4 could be accomplished most conveniently by
treatment of the crude reaction mixture with aluminum
amalgam. Simple Kugelrohr distillation of the crude
product afforded pure 4 (1:1 mixture of diastereomers) in
71% yield from the cyclobutanone 2.

That the more highly substitued carbon atom had mi-
grated exclusively was obvious by 270-MHz NMR analysis.
Each diastereomer of 4 showed a one-proton downfield
quartet (1.97 and 2.09 ppm, respectively) that collapsed
to a singlet upon selective irradiation of the methyl group
and thus was assigned to the methine proton (H,). In
contrast, the corresponding methine in the other possible
regioisomer (4a) would have shown residual vicinal split-
tings after decoupling of the methyl group.

CHz
0 Ha
CHz o
Ha
4 4a

The mechanism of this ring expansion is apparently a
direct pinacol-like rearrangement of the initial adduct 6
(eq 3) in which the more highly substituted carbon mi-

0 0
Li|]
SePh

O_
-~
S PhSex

— PhSeOTLIT +

PhSe

(3)

5

grates preferentially. No spirocyclic epoxide was ever
isolated even in cases using lithiomethyl phenyl selenoxide
as the nucleophile.’¢ The a-selenenylated ketones 5 pre-
sumably arise from reaction of the cyclopentanone 4 with
electrophilic selenium species produced in the course of
the reaction.?
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