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Stereochemical Assignments in Steroids by *C Nuclear Magnetic Resonance
Spectroscopy: Configuration of the A/B Ring Junction

By J. L. Gouch, J. PETER GUTHRIE, and J. B. STOTHERS*

(Department of Chemistry, University of Western Ontavio, London, Canada)

Summary The shielding of the steroidal C-19 methyl
carbon directly signals the stereochemistry of the A/B
ring junction; its absorption position differs by 11—12
p.p-m. between 5¢- and 5f-steroids.

THE marked sensitivity of 3C n.m.r. shieldings to mole-
cular geometry has been well established from studies of
several simple alicyclic and bicyclic systems! and the
utility of this stereochemical dependence for signal assign-
ments in the spectra of moderately complex compounds
clearly demonstrated.2 The analysis of the 13C spectra of a
series of steroids by Roberts and his co-workers® is a
particularly elegant example of this application and their
body of data provides a good basis for the analysis of the
13C spectra of related materials. Their series, however,
was restricted to A%- and 5a-steroids and included no
compounds having the cis-A/B ring fusion, the 58-steroids.
Since pronounced shielding differences may be expected for
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certain carbons in the A and B rings and for C-19 in the 50~
and 5f-series, (1) and (2), respectively, 13C spectroscopy
offers a new method for stereochemical assignment in such
systems. Although the angular methyl proton shieldings
permit this assignment in many systems,* there are cases in
which the C-19 protons absorb in essentially the same

position for both 5u- and 5B-steroids. In contrast, the 3C
shielding differences are marked in all cases so far examined.

TABLE

C-19 Methyl carbon shielding diffevences in Bo= and 5 B-stevoids

Substitution C-19

C-3 c-11 c17 ASysa
— — — 12-0
— — C,H, 12:0
— — C.H,, 120
— -OH C,H, 12:3
— «-OH C.H, 118
— =0 C,H, 12:0
B-OH — CH,, 115
B-OH — cH(OH)CH, 11-8
B-OH — —0 115
B-OH — g-OH 118
«-OH —_ B-OH 12:1

a-OH — =0 12: 1
= — COCH, 112
= =0 COCH, 11-3
- — =0 11-1
- — B-OH 111
=0 — C.H,, 11-2

We present 13C data illustrating the direct and unambiguous
assignment for the aA/B ring fusion from the angular methyl
carbon shieldings and indicate the supporting evidence
provided by the relative shieldings for some of the skeletal
carbon nuclei.

In general, carbon nuclei in gauche vicinal orientations
relative to another carbon or heteroatom absorb at signi-
ficantly higher field than their counterparts in anti vicinal
arrangements. For example, axial methylcyclohexane (3)
exhibits methyl carbon absorption ca. 6 p.p.m. higher field
than that of the equatorial conformer.® In the axial form,
the methyl carbon is gauche with respect to carbons-3 and
-5 while it is anti to these nuclei in the equatorial conformer.
Several examples involving gauche vicinal interactions
between carbon and oxygen have also been reported.!
Thus, it follows that the C-19 methyl carbon shielding
should clearly reflect the stereochemistry of the A/B ring
fusion in 5«, and 5ﬁ-steroids since its gauche interactions
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with carbons-2 and -4 in the former are absent in the 58-
series. The relative rigidity of the steroid skeleton is such
that the C-18 shielding may be expected to be essentially
unaffected by a change in the aA/B ring fusion. Thus, a
comparison of the C-18 and C-19 signals for isomeric pairs in
the 5a- and 5B-series is straightforward with the C-18
signal common to both. Methyl carbons are easily dis-
tinguished from the others in these spectra by off-resonance
decoupling and the methyl signals for the side-chain carbons
are readily assigned by virtue of the insensitivity of their
shieldings to structural changes in the A and B rings. The
shielding differences observed for the C-19 nucleus in a
variety of 5u- and 58-steroids are listed in the Table.

For this assortment of substituents it is apparent that the
stereochemistry of the A/B ring junction markedly affects
the C-19 shielding. In all cases, C-19 is 11—12 p.p.m. less
shielded in the 58- steroids. This difference may be com-
pared with the range found for the C-19 protons in the same
systems, namely 0-008—0-15p.p.m.¢ In fact, the differ-
ences observed for the C-19 shieldings are surprisingly
large on the basis of the data for several substituted cyclo-
hexanes!»® but the methyl shieldings in cis- and trans-9-
methyldecalin differ by 12-4 p.p.m.® It is important to
note that the C-19 shieldings are markedly lower in the 58-
series relative to those in As-steroids. A comparison of the
data for several pairs in the 5¢- and At-systems reveals that
the double bond reduces the C-19 shielding by 6—7 p.p.m.;
at least part of this shift is presumably due to the alteration
in orientation between C-19 and C-4.

In these spectra the methine signals are as readily identi-
fied by off-resonance decoupling as those arising from
methyl carbons and, since there are relatively few, their
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assignment to specific centres is straightforward on the
basis of the model data now available. For 5o~ and
5B-isomers a marked shielding difference is expected for C-9
since there are two gauche interactions (with C-2 and C-4)
in 583-systems which do not occur in the 5a-series. In
complete accord with this the C-9 signal of the 5B-steroids
is significantly upfield from its position in the spectra of the
5a-isomers. For the examples listed in the Table, the C-9
shielding differences lie in the range 11-8—14-6 p.p.m. Thus
there are two easily distinguished signals in each of these
spectra which provide a straightforward assignment of the
stereochemistry of the A/B ring junction for a host of
steroids. We emphasize that the relative shifts of the
C-9 and C-19 signals are sufficiently large that one can
determine the A/B ring geometry from the spectrum of an
individual isomer if the effects of its substituents have been
characterized as is the case for oxygen-containing groups at
the 3-, 6-, 11-, 17-, and 20-positions. In the 3-oxo-steroids,
one of the common structures for which the angular methyl
proton shieldings are essentially identical for the 5~ and
583-systems, the geometry of the /B ring fusion is clearly
indicated by the !3C results (see Table). Although the
shieldings of some additional centres in these compounds
provide further supporting evidence, their assignment
requires a complete spectral analysis which may not be
unequivocal without an array of closely related compounds.
The full analysis of the 13C spectra of this series of steroids
will be discussed elsewhere.

‘We thank the National Research Council of Canada for
financial support of this study.

(Recetved, 19th June 1972; Com. 1068.)

1 G, W. Buchanan, D. A. Ross, and J. B. Stothers, J. Amey. Chem. Soc., 1966, 88, 4301; D. K. Dalling and D. M. Grant, ibid., 1967,
89, 6612; G. W. Buchanan, J. B. Stothers, S.-t. Wu, Canad. J. Chem., 1969, 47, 3113; G. W. Buchanan and J. B. Stothers, ¢bid., p.
3605; J. B. Grutzner, M. Jautelat, J. B. Dence, R. A. Smith, and J. D. Roberts, J. Amer. Chem. Soc., 1970, 92, 7107.

2 . B. Stothers, ‘Carbon-13 NMR Spectroscopy’, Academic Press, New York, 1972.

3 H. J. Reich, M. Jautelat, M. T. Messe, F. J. Weigert, and J. D. Roberts, J. dmer. Chem. Soc., 1969, 91, T445.

4L. M. Jackman and S. Sternhell, in ‘Applications of NMR Spectroscopy in Organic Chemistry’, 2nd edn. Pergamon, Oxford,

1969, p. 243.

5F. A. L. Anet, C. H. Bradley, and G. W. Buchanan, J. Amer. Chem. Soc., 1971, 93, 258.

¢ S. H. Grover and J. B. Stothers, unpublished results.





