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Application of Electron Spin Resonance Spectroscopy
to Problems of Structure and Conformation.

XIX. The Conformations of
Bicyclo[3.3.2]decane-9,10-semidione and
Bicyclo[3.2.2]nonane-6,7-semidione’

Sir:

It has been shown that bicyclo[3.3.1]nonane exists in
the conformation (1) where both six-membered rings
are in the chair form.2 On the basis of chemical-shift
data in a recent nmr study, Doyle and Parker have as-

signed an analogous conformation (2) to bicyclo[3.3.2]-
nonan-3-ol.2 We wish to report our findings on
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bicyclo[3.3.2]decane-9,10-semidione (3) and bicyclo-
[3.2.2]nonane-6,7-semidione (4), which suggest that
the conformation of bicyclof3.3.2]decane and bicyclo-
[3.3.2]dec-9-ene would have one seven-membered ring
in the chair form and the other seven-membered ring
in the boat form (3a).
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The bicyclo[3.3.2]decane system is interesting in that
three conformations are possible. The esr spectra of
semidiones in these conformations would be quite
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distinctive. The [-hydrogens which have a trans-
coplanar arrangement of bonds to the carbon p, or-
bital of the = system have large hyperfine splittings, 1.8-
2.8 G, when the seven-membered ring is in the chair
form,* whereas when the seven-membered ring is a
boat, the splittings are about 0.5 G.* Thus 3a would
have two splittings of ~2 G, 3b would not show any
large hyperfine splitting constants (hfsc), and 3¢ would
have four large hfsc. In addition, 3a would be the
only form which could have hydrogens which are
different from all the others in the molecule, and hence
be the only one with doublet splittings.

The room-temperature and low-temperature spectra
of 3 are shown in Figure 1. The room-temperature
spectrum gave the following analysis: ¥ (2 H) 2.36 G,
a*(2H)0.54 G,and a® (3 or 5H) 0.1 G. At low tem-
perature the smaller triplet was split into a doublet of
doublets, a® 0.42 and 0.77 G. Thus conformation
3a is required both from the doublet splittings and from
the number of B-hydrogen atoms with a frans-coplanar
arrangement of bonds leading to a® ~2 G.

In relating the conformation of bicyclo[3.3.2]decane-
9,10-semidione to the conformation of the parent-
saturated hydrocarbon, it was considered worthwhile to
determine the relative preferences of the saturated and
unsaturated seven-membered rings for the chair form.
If the seven-membered ring with a semidione group did
not have as great a preference for the chair as the satu-
rated ring, it would be quite possible for 3 to be in
conformation 3a while the conformation of the satu-
rated hydrocarbon is 3c. This question would appear
to be answered by the determination of the conforma-
tion of 4, where two possibilities exist, 4b and 4c. The
temperature-dependent spectra of 4 was determined
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Figure 1. Esr first-derivative spectra of bicyclo[3.3.2]decane-9,10-
semidione in DMSO solution at 25° and in a 4:1 DMF-DMSO
mixture at lower temperature.

between —75 and 100°. At high temperature the two
forms are rapidly interconverting® and the hfsc are
population averaged, with ¥ (2 H) 1.95, a¥* (2 H) 1.55,
a™ (2 H) 1.40, and o™ (1 H) 0.80 G. As the tempera-
ture is lowered, the large triplet, from the flexible por-
tion of the molecule, coalesces, and at —65°, when ring
inversion has been slowed, increases to 2.75 G. The
magnitude of this splitting indicates* that the spectrum
is due to 4c where the seven-membered ring with the
semidione group is in the chair form.

Thus, the seven-membered ring containing the semi-
dione group prefers the chair conformation to a slightly
greater extent than does the saturated seven-membered
ring, at least at —65°. Relating this to 3, it would seem
that 3 would have a greater preference for conformation
3c than would the parent hydrocarbon. Since 3 does
not assume the conformation 3¢ it would be unlikely
for the saturated parent system to do so. The instabil-
ity of 3c must then be due to the (unfavorable) “saddle”
conformation of the eight-membered ring.?

The semidiones were generated from known com-
pounds, i.e., 3 from the diester,? and 4 also from the
diester prepared by oxidation of bicyclo[3.2.2]non-6-
ene obtained by the bisdecarboxylation! of the hydro-
genated Diels-Alder adduct of cycloheptadiene and
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Further Developments in the Nonenzymic
Biogenetic-like Steroid Synthesis
Sir:

We have previously shown that the tetraenol 1,
on acid-catalyzed cyclization, is transformed stereo-
specifically into the crystalline tetracyclic diene 2 which,
on oxidative cleavage followed by a double intramolecu-
lar aldol cyclodehydration, affords di-16,17-dehydro-
progesterone.! The substrate 1 is readily produced
from the dione 4 by cyclodehydration (to give 3),
followed by treatment with methyllithium. The dione 4
was previously produced by a multistep linear syn-
thesis.! We now report a much improved synthesis
of 4, which is convergent and depends upon the use
of the SNi’ reaction of thionyl chloride with an allylic
alcohol for the stereospecific production of the zrans-
trisubstituted olefinic bond.?
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The olefinic aldehyde 5, which is easily produced
by Claisen rearrangement of the vinyl ether of methallyl
alcohol, afforded the dienol 6 (mass spectrum mj/e
140, M+) on treatment with isopropenyllithium. The
dienol, on treatment in anhydrous ether for 1 hr at
25° with 1.3-1.9 equiv of thionyl chloride, gave the
trans diene chloride 7 contaminated with about 997
of the secondary chloride arising from direct substitu-
tion and 3-79% of an unidentified impurity. Fortu-
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