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THE PREFERRED HALF-CHAIR
CONFORMATION OF RING A IN 5(10)-ESTRENES

Samuel G. Levine, Dorothy M. Feigl (1) and Nancy H. Eudy
Department of Chemistry, North Carolina State University, Raleigh, North Carolina
(Received in USA 15 May 1967)

We have previously (2) described an unusual type of conformational preference effect which
was found to operate in ring A of some 3-substituted (-OH and —N3), As(lo)—steroids. From the
MMR spectra of these epimer pairs in the C-3 proton region, it was evident that the 3a- and
3R-valence bonds were consistently equatorial and axial, respectively--a conclusion which was
in agreement with other physical and chemical evidence. On this basis, it was deduced that,
of the two possible half-chair modifications of ring A, I and II, the former is preferred. The
possibility of a preferred form other than a half-chair was not considered. In particular, the
"1,2-diplanar" (3) conformer III might well be consistent with our previous data; for cyclo-
hexene, this form is, estimated to be only 1.2 kcal./mole higher in energy than the half-chair.

In view of current interest (4) in the conformations of steroidal cyclohexene rings, we would

now like to report on work in the 2,3-cis diol series, which has led to additional evidence for

the half-chair form I of ring A.

Estrone-2,4,16,16-d, (1) was converted (SCHEME 1) to the 3-deoxy-17B-alcohol 2 following
the procedure of Caspi and co-workers (5) for the preparation of the corresponding undeuterated
substance. Aromatic proton signals were observable in the NMR (6) spectrum of 2 as slightly

broadened singlets, 1H each, at 7.03 and 7.226., Further reduction with lithium in ammonia and
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subsequent acetylation gave the 2,5(10)-diene 178-acetate 3, m.p. 108-110°, showing a single

vinyl proton signel (1H) at 5.165. Diene 3, when treated with a slight excess of ank,
2

went preponderant attack at the less substituted A™ double bond leading to the two possible

under-

2,3-cis~diols in comparable amounts. These products were efficiently separated by column chro-
matography on alumina affording diol 4, m.p. 150-153° and diol 5, m.p. 145-147°. Diol 4 reacted
instantly with bromine at 0° without evolution of HBr. The homogeneous (by TLC) product was
crystallized from ether giving the dibromide 6, m.p. 96-100°, in good yield. Similarly, diol

5 was converted to the dibromide 7, m.p. 119-122°. These products decomposed rapidly on storage
at room temperature but freshly prepared samples gave reasonable elemental analysis results.

It seems safe to assume that both substances are 5a, 108-dibromide adducts (7).
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The MMR spectrum of dibromide 7 (Fig. 1b) exhibits a one-proton multiplet centered at 4.4
which must be assigned to the C-3 hydrogen. This symmetrical four signal pattern is easily
accounted for by recalling that the single C-4 hydrogen was introduced non-stereoselectively via
metal-ammonia reduction of ring A. The C-3 proton will, then, be split by a 4o~ or a 48-proton,
whichever the case may be in any individual molecule; the resulting pair of doublets, each cen-
tered at 4.46, constitutes the multiplet in question. The outer doublet (J = 12 cps) must

reflect the strong coupling of 1,2-trans, diaxial protons which can only be located at the 3a-

and 4B-positions (8). Dibromide 7 is consequently assigned a 28, 38-diol structure. The inmer
doublet has a separation of 4 cps attributable to 3a (axial)-4o (equatorial) coupling.

These structural conclusions are confirmed by the spectrum of dibromide 6 (Fig. la), which
is, by inference, the 2a, 3a-diol. The C-3 hydrogen is in this case equatorial and its coupling
to a C-4 proton would be of the equatorial-axial or equatorial-equatorial type depending on the
C-4 hydrogen configuration. The resulting C-3 proton doublets should have similar J values
(approximately 4 cps) and are seen superimposed at 4.15. The unsaturated diols 4 and 5 are

thereby shown to have 2a, 30—~ and 2B, 3B-configurations, respectively.
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Partial NMR spectra of diols 4 and 5 appear in Figures 2a and 2b, respectively. The cor-
responding ring A undeuterated substance 4' and 5' were also prepared and their spectra are shown

in Figures 3a and 3b. (Employing pyridine as solvent resulted in maximum separation of absorp-

tion bands). Comparison of these sets allows proton assigmments to be made for the undeuterated
diols as given in Figure 3.

A direct comparison of the spectra of diols 4' and 5' 1s now pertinent. The overall simi-
larity of the two curves is striking, while the high and low field proton assignments are
oppasite. It is apparent that the broad, high fleld (axial) proton at 2z ia diol 5'--and the
similarly describable 3B-proton in diol 4'--are nearly identical in their immediate environ-
ments. The same can be sald, based on these spectra, for the equatorial protons which lie 3o
in diol 5' and 28 in diol 4'. Such a situation follows from the half-chair conformation I and
is incompatible with any of the other (3) cyclohexene forms for ring A (9). We consider these
spectral cleervatiaueg eufficient auly far {deatificaticn of tie gredominaat fom of wing 45
thee presence O TE1sTIVELY smEY1eT AWOONTE OF GINET Tang A IoIrmMe AN CONIDIMETIONSY epuiliprivum
cannot be excluded (10).

It is significant that similar evidence for the half-chair form I was seen in the NMR
spectra af diale 4’ and ' when wesmirad o QBL, salucian. D CAIR qesa, (iiremaiecaiar &
bomding VILy ot Tne vicindir C15-81r01s mignt ‘nave ‘'veen expected To Tavor one or andiner ot Tne
non-half-chair conformers, any of which would have a smaller HO-C-C-OH dihedral angle. Since
no such distortion of ring A was in fact detectable, it appears that this H-bonding effect is
small energetically in comparison with those factors which favor the half-chair form.

Diols 4' and 5' both form acetonide derivatives under mild (CuSOl.—acetone) conditions.
The product, in eath case, EXniPits U-2 and U-D proton Tesvnante 4n a single tompusite band
(complex, at ~ %.5%) reflecting similar ENVITOMMENLB IUT The TWo PIUtLns B would be Expetted
for conversion to a boat-like form of ring A. It should be anticipated that ring A conforma-

w10

ticona) epudd¥prium in -steroids wil) also pe influenced by oYner struttural modifications

of a less forcing sort. Studies along these lines are in progress.
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We concur with the Referee who has pointed out that our data can not exclude conformation
III for diol 4' providing that diol 5' also assumes a 1,2-diplanar conformation but one in
which C-1, C-3, and C-4 are in the plane of the double bond and C-2 is below that plane.
Although we consider such a situation unlikely, we hope that experimental clarification of
this point will result from our later work.

Attempts to observe shifts in relative conformer populations by obtaining the NMR spectra
of diols 4' and 5' at high and low temperature have led only to inconclusive results.

The IR spectra of diols 4' and 5' at 0.006M in CC14, both show internal H-bonding:

3622 e L (weak); v 3588 cm ! (strong).

VoH, free OH, bonded



