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Ring A Conformation in Steroids
2*—NMR Study of C-2 Monomethyl- and Dimethyl-Substituted

Sa-Androstan-3-ones

Kirk Marat?

Department of Chemistry, University of Manitoba, Winnipeg, Manitoba, Canada R3T 2N2

John F. Templeton, R. K. Gupta and V. P. Sashi Kumar
Faculty of Pharmacy, University of Manitoba, Winnipeg, Manitoba, Canada R3T 2N2

Ring A proton shifts and couplings and '>C shifts of all carbons are given for 17B-acetoxy-2a-methyl- and
17B-methoxy-2B-methyl-Sa-androstan-3-one and 2,2-dimethyl-17-methoxy-Sa-androstan-3-one. It was concluded
that the 2«-methyl derivative exists with ring A in a regular chair conformation while the 23-methyl derivative
exists with ring A in an inverted boat conformation with C-2 and C-5 at the bow/stern positions. The data for
2,2-dimethyl-178-methoxy-Sa-androstan-3-one suggest an equilibrium of these two conformers.
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INTRODUCTION

While preparing a series of 2-substituted steroids related
to testosterone, we observed that 17B-methoxy-283-
methyl-5a-androstan-3-one (1) had a 'H 19-CH; shift
at 0.29 ppm higher field than the similar 1783-acetoxy-
2a-methyl-5a-androstan-3-one (2) and 0.25 ppm higher
than the corresponding 2,2-dimethyl compound 3. Since
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the shifts of 2 and 3 are close to the expected’ value for
a substituted Sa-androstan-3-one, we conciuded that the
unusual shift of 1 was probably due to a conformational
change in ring A. The effect of C-2 substitution on ring
A conformation is of interest because substitution at the
C-2 position has been found to have a marked effect on
the ratio of anabolic to androgenic activity of these
steroids.’

Previous CD work on C-2 methyl-substituted 3-oxo-
5a-steroids® has been inconclusive, and no x-ray data
appear to be available. Unsubstituted 3-ox0-5a-steroids

* For Part 1, see reference 13.
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generally crystallize with ring A in a regular chair confor-
mation.* 178-Iodoacetoxy-4,4-dimethyl-5a-androstan-
3-one and 17B-iodoacetoxy-4,4-dimethyl-19-nor-5a-
androstan-3-one have a normal chair for ring A*>® while
6a-hydroxy-4,4-dimethyl-5a-androstan-3-one has a
boat conformation with C-3 and C-10 in the bow/stern
positions.” The results of MM1 and MM2 force field
(molecular mechanics) calculations on 4,4-dimethyl-5«-
androstan-3-one derivatives and related steroids are in
general agreement with the x-ray data.®'® In 4-en-3-one
steroids, ring A is flexible, and differences are often
observed between the solution and the crystal
conformations.'"?

Recent advances in  instrumentation and
methodology'*'® have made possible the analysis of
NMR spectra of complex organic molecules such as
steroids. Since vicinal H-C-C-H couplings'”'® and
geminal H-C-H couplings adjacent to a 7 system'*?°
are stereospecific, it is possible to determine ring confor-
mation with reasonable certainty if sufficient couplings
are known. This may be augmented by the use of stereo-
specific four-bond couplings and by nuclear Overhauser
enhancement (NOE) measurements."’”' The NMR
method is unique in that it can provide reliable confor-
mational information in solution.

While the unsubstituted 178-hydroxy-19-nor-5a-
pregn-20-yn-3-one and its 58 epimer have been studied
at 500 MHz,” there appear to be no reliable ring A NMR
data for C-2 substituted 3-oxo steroids. In view of the
lack of conformational information on these com-
pounds, we decided to study the ring A conformation
of the C-2 methylated derivatives 1-3 using a careful
analysis of the 'H NMR spectrum aided by NOE
measurements.

The difference in C-17 substituents is unlikely to have
a significant effect on ring A conformation in solution.
We have previously shown that C-17 substitution has
no effect on the ring A spectral parameters in a series
of 4-en-3-one steroids;'* the long-range conformational
transmission sometimes observed in these compounds
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in the solid state is more likely to be a crystal packing
effect.

SPECTRAL ANALYSIS

Proton spectra were analysed in a manner similar to that
described previously for 4-en-3-one steroids.’* Homo-
nuclear correlation spectroscopy (COSY)* was used to
identify the coupling patterns, with cross-sections used
to give approximations to the spectral parameters.
Difference-double-resonance (DDR)** from 19-CH; was
used to isolate H-1a for 2 and 3 and H-18 for 1. The
spectra were then analysed with the PANIC?® program
on an ASPECT 3000 computer. The quaternary centre
at C-10 and the carbonyl at C-3 conveniently isolate the
H-1a, H-1B8, H-2, 2-CH; spin system from the rest of
the molecule. All lines of observable intensity could be
assigned and all parameters were iterated. The H-4a,
H-48, H-5 spin system, however, is not isolated from
the rest of the molecule. H-5 is coupled to H-6a and
H-68 which are, in turn, coupled to H-7a and H-78. It
was therefore not possible to assign transitions to H-5
or to iterate on its chemical shift. This does not create
a major difficulty, however, since the COSY spectrum
shows H-6a and H-68 to be well removed from H-5
and each other. Simplifying the analysis this way results
in accurate values for §H-4a and §H-48 and the coup-
lings involving H-4a, H-48 and H-5, but results in an
imprecise value for 8H-5. The H-5 shift reported in
Table 1 was obtained from the COSY spectrum. Simula-
tions including H-6a and H-68 with shifts and couplings
obtained from the COSY spectrum confirmed that
neglecting H-6« and H-68 had no effect on the spectrum
of H-4a and H-48. RMS errors were less than 0.1 Hz
for all spectra; standard errors for the coupling constants
were 0.02-0.07 Hz. The results of the analysis of 1 are
shown in Fig. 1. The ring A proton shifts and couplings
for 1-3 are reported in Table 1.

Additional evidence for the conformation of 1 was
obtained from 2D NOE studies.’®*” While 1D NOE
difference experiments''?** are generally preferred, they
were not possible owing to the crowded nature of the
spectrum.
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Table 1. Ring A 'H shifts (ppm) and coupling constants (Hz)
for compounds 1-3

1 2 3
81{a) 1.318 1.060 1.365
31(8) 1.987 2.046 1.852
82(a) 2594 — —
8(28) — 2.456 —
8{2a-CHy,) — 1.002 1.164
8(28-CH,) 1.038 — 1.072
8{da) " 2248 2084 2123
8(48) 2.093 2312 2434
5(5) 1.962 1.49° 1.62°
2J(1a, 1) -13.63 —-13.50 -14.00
3J(1e,2a) 7.38 — —
3J{1a,28) — 12.88 —
3J(18,2a) 10.58 —_ —
3J{(18,28) — 5.97 —
3J(2, CH3) 6.96 6.55 —
2J(8a, 48) -18.04 ~14.22 -15.94
3J(4a, 5) 6.10 364 435
3J(48.5) 12.38 13.80 13.58
8{19-CH,) 0.764 1.070 1.004

? Not iterated; shift obtained from COSY spectrum.

Heteronuclear correlation spectra®® of 2 and 3 and
comparison with the previously reported spectra of 5«-
androstan-3-one”® and 17B-acetoxy-5«-androstan-3-
one®® were used to assign the >C spectra.

RESULTS AND DISCUSSION

Geminal couplings are known to have a substantial =
contribution when adjacent to a carbonyl.'*** This effect
is greatest, i.e. 2J(gem) is most negative, when the C=0
bond bisects the H—C—H angle. Such is the case in 1,
where *J(4a,48) is —18.04 Hz, implying a C-3—C-4
torsion angle of ca 0°. In comparison, for a chair confor-
mation this angle is 50-60° with an expected *J(4a, 48)
of ca —14Hz. In 1,°J (4B, 5) is 12.38 Hz while *J(4q, 5)
is 6.10 Hz, implying a C-4—C-5 torsion angle of 50-60°.
*J(18,2a) and *J(1a, 2a) are 10.58 and 7.38 Hz, respec-
tively, implying a torsion angle along the C-2—C-3 bond
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Figure 1. (A) Calculated and (B} experimental spectra of 1 in CDCI; at 300 K. 23-CH; and H-5 were included in the calculations but are not

shown in this plot.
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in 1 of 30-50°. The only conformation consistent with
these observations is an inverted boat with C-2 and C-5
at the bow/stern positions, as shown in Fig. 2A. The
apparently low value for the C-2—C-3 torsion angle
may indicate a slight distortion of the ring or it may be
the result of an equilibrium between the inverted boat
and a regular chair geometry.” In the latter case the
pseudo-diaxial *J(18,2a) of the boat conformation
would be averaged with a diequatorial >J(18, 2a) in the
chair conformation. This would explain the low
*J(1B, 2a) value and the apparently low C-1—C-2 tor-
sion angle. Further evidence for this conformation comes
from the NOE observed between H-5 and H-2« (Fig.
3). This NOE would not be expected in a chair confor-
mation. Other NOEs were observed between H-1a and
H-1B8, H-2« and 28-CH;, H-4a and H-48 and between
19-CH; and H-18. The NOE between 19-CH, and H-18
was obscured in the contour plot of the NOESY-TPPI
experiment (Fig. 3) by tailing from 19-CH; and 18-CH,,
but could be seen in an F1 cross-section at the F2
frequency of 19-CH;. A 0.7 Hz four-bond coupling was
observed between H-18 and 19-CH;. Since four-bond
couplings of this magnitude are often observed between
19-CH, and H-la in a chair conformation (a W-rule
coupling), this coupling is surprising, and may be the
result of a proximate or through-space®’ coupling
mechanism. The closest approach distance between H-
18 and the protons of 19-CH, is estimated from Dreiding
models to be ca 1.8 A. The inverted boat conformation
places the protons of 19-CH,; on the nodal cone between
the shielding and deshielding regions of the C-3 carbonyl
rather than in the deshielding region, as is the case in
the chair conformation,*® thus explaining our original
observation of the high-field 19-CH, shift in 1. The
reason for this conformational change is, no doubt, the
steric interaction between 28-CH; and 19-CH,.

The 2a-methyl compound 2 has a more normal value
for 2J(4a, 48) of —14.22 Hz, implying a C-3—C-4 tor-
sion angle of ca 60°. The vicinal couplings are also
typical of a cyclohexanone ring in a chair conformation,
with H-1¢, H-28, H-48 and H-5 axial. A 0.4 Hz W-rule
coupling was observed between 19-CH; and H-1a.

In the dimethyl compound 3, 2J(4a, 48) lies almost
mid-way between the values observed for 1 and 2. The
same is true for *J(4a, 5) and *J(4B, 5). Unfortunately,
the addition of a second methyl at C-2 eliminates the
stereospecific couplings between the 1- and 2-positions.
A DDR? experiment confirmed the coupling of 19-CHj,
to both H-1 (ca 0.4 Hz) and H-18 (ca 0.2 Hz). These
data are consistent with a ca 60:40 mixture of normal
chair and inverted boat conformers co-existing in rapid
equilibrium. Evidently, the steric repulsion between 2a-
CH; and H-5 must be comparable to that between 283-
CH, and 19-CH,;.
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Figure 2. Ring A conformations of (A} 1 and (B) 2.
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Figure 3. Above diagonal, phase-sensitive NOESY spectrum with
TPPI of 1 showing positive contours only; below diagonal, COSY-90
spectrum.

The *C shifts of 1-3 are reported in Table 2. The
carbons of the steroid skeleton have shifts consistent
with those reported for Sa-androstan-3-one®® and 178-
acetoxy-Sa-androstan-3-one.’® The shifts of the C-2
methyl groups of 1 and 2 are 32.9 and 14.5 ppm, respec-
tively. A shift difference this large is unusual considering
that both are equatorial to the steroid plane. The C-2
methyl shifts in 3 are between those of 1 and 2, consistent
with a rapid equilibrium.

Table 2. 3C shifts for compounds 1-3

Carbon 1 2 3

1 486 485 54.4

2 41.2 411 447

3 2095 2129 2165

4 448 447 418

5 48.2 47.9 46.0

6 28.6 286 284

7 30.7 3.2 312

8 352 35.0 348

9 54.0 53.0 565.7

10 36.6 365 36.5

11 21.2 211 21.1

12 378 36.8 38.0

13 427 426 430

14 51.2 50.6 51.0

15 23.3 235 233

16 27.7 275 217

17 90.7 82.7 90.8

18 11.6 12.1 11.7

18 15.6 124 - 14.1
17-CH,CO0 — 211 —
17-CH,C00 — 171.1 —
17-CH;0 57.9 — 57.8
2a-CH, — 145 284
28-CH, 329 - 2856
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EXPERIMENTAL

All spectra were recorded on a Bruker AM300 spec-
trometer at 300 MHz. Proton samples were 25 mMm in
CDCl, and were degassed by bubbling nitrogen through
the solution. Moderate resolution enhancement was
used when necessary. COSY?>® spectra were recorded
with a spectral width of 1200 Hz and a time domain
matrix size of 1024 x256. Zero filling in F1 yielded a
512 % 512 matrix after transformation. 2D NOE experi-
ments were performed both with a conventional
NOESY?® experiment and with a phase-sensitive experi-
ment using time-proportional phase incremerits
(TPPI).”” We have found the latter experiment useful for
separating NOE effects from artifacts. Positive NOEs
have opposite phase to negative NOEs and the diagonal,
while artifacts resulting from scalar coupling have mixed
phase. All reported NOEs were observed in both experi-
ments. A mixing period of 1s was used with a random
variation of 20 ms to suppress correlation due to scalar
coupling. Matrix dimensions were the same as the COSY
experiment.  Difference-double-resonance  (DDR)
experiments”® were performed with a digital resolution
of 0.04 Hz per point or better. Frequency list cycling

was used to distribute the effects of long-term changes
in spectrometer conditions equally among all spectra.

13C samples were 100 mm in CDCI; for 2 and 3 and
25 mmM in CDCI; for 1. Heteronuclear shift correlation
spectra” of 2 and 3 were recorded with an F2 (**C)
width of 5000 Hz over 2048 time domain data points
and an F1 ("H) width of 800 Hz. Zero filling of T1 from
256 to 512 gave a 1024 X 512 matrix after transformation.
The amount of 1 available was insufficient for hetero-
nuclear shift correlation.

17 8-Acetoxy-2a-methyl-Sa-androstan-3-one 2),
m.p. 158-160 °C (lit.>* m.p. 160-163 °C), was prepared
by hydrolysis (KOH/MeOH) and acetylation
(Ac,O/pyridine) of the 178-propionate. The synthesis
of 1 and 3 will be reported elsewhere.**
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