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Conformational Preference of Ring A in 3-Oxo-A%-steroids: X-Ray
Crystal Structure Analysis of 17«-Ethynyl-178-hydroxyestr-5(10)-en-3-one
(Norethynodrel)

By Andrew T. McPhail,* Patricia A. Luhan, Pui-Suen Wong Tschang, and Kay D. Onan, Paul M. Gross
Chemical Laboratory, Duke University, Durham, North Carolina 27706, U.S.A.

The crystal structure and solid-state conformations of the title compound (5) have been established by X-ray
analysis. Crystals are orthorhombic, space group £2,2,2,, witha = 21.593(13). b = 22.0756(13).c = 7.015(8) A.
Z = 8. The structure was solved by direct methods and refined by least-squares calculations to A 0.046 over 2 572
statistically significant reflections from diffractometer measurements. The A rings in the two crystallographically
independent molecules approximate to envelope conformations in which C(2) is displaced to the «-side in one and
to the B-side in the other. Stabilization of the higher energy C(2) B-side envelope form is a consequence of the
intramolecular hydrogen bonding arrangement in the crystal. The B ring shapes also differ slightly owing to con-

formational transmission effects.

BEFORE recent X-ray structural investigations on 178-
hydroxyestr-5(10)-en-3-one* (1) and its iodoacetate
derivative (2),2 it was held that ring A of 3-oxo-A%10-
steroids would preferentially adopt a half-chair con-
formation similar to that encountered in cyclohexene (4).
Indeed, not only was such a conformation predicted
from strain-energy minimization calculations 3 on estr-
5(10)-en-3-one (3) but also these calculations indicated
that the conformer with the carbonyl group displaced
in the B-direction and C(2) displaced to the «-side was
the more stable by 0.9 kcal mol™. The X-ray studies,

(1) R' =OH,R%= H
(2) R!=0-CO-CH,I, R%:H
(3)R'=R? =H

{4)

however, clearly showed that in both compounds
examined ring A consistently approximates to an
envelope (diplanar, sofa, semiplanar) form with
only C(2) displaced significantly from the C(1),C(4)—
(6),C(9),C(10) least-squares plane and in the «-direction.
We here report a single-crystal X-ray analysis of

1 R. R. Sobti, S. G. Levine, and J. Bordner, Acta Cryst., 1972,
B28, 2292.

2 J. Bordner, R. R. Sobti, and S. G. Levine, J. Amer. Chem.
Soc., 1971, 98, 5588.

another representative of this class, 17«-ethynyl-178-
hydroxyestr-5(10)-en-3-one (5). The results are of
particular significance with respect to this conform-
ational problem as they reveal that the two molecules
comprising the asymmetric crystal unit approximate to
different ring A envelope forms in which C(2) is displaced
to the a-side in one molecule and to the B-side in the
other.

EXPERIMENTAL

Crystal Data.—CygHp Oy, M = 298.4. Orthorhombic, a =
21.593(13), b = 22.075(13), ¢ = 7.015(8) A, U = 3 343 A3,
Dy, (flotation) = 1.19, Z = 8, D, = 1.186 g cm™3, F(000) =
1 296, Mo-K, radiation, » = 0.710 7 A, Cu-K, radiation,

= 1.541 8 A; u(Mo-K,) = 0.81 cm™, u(Cu-K,) = 5.89
cm™. Space group P2,2,2, (D% from systematic absences:
k00 when h £ 2u, 0k0 when % 5= 2%, 00/ when 7 3£ 2n.

Crystallographic Analysis.—Preliminary unit-cell dimen-
sions obtained from precession photographs taken with
Mo-K, radiation were refined by least-squares treatment of
the 0, y, and ¢ angles for 26 reflections from a crystal of
dimensions ca. 0.40 X 0.40 x 0.40 mm oriented on a glass
fibre to rotate with the crystal ¢ axis parallel to the ¢ axis
of an Enraf-Nonius CAD 3 automated diffractometer
(Mo-K, radiation; 3° take-off angle). Two sets of intensity
data were recorded by use of the 8—26 scanning technique
as described previously* with scanwidths (0.90 4
0.45 tan 6)°. One data set, to 0 25°, was recorded with
Mo-K, radiation and subsequently a second set was re-
corded from the same crystal with Cu-K, radiation. The
usual Lorentz and polarization corrections were applied to
1361 (Mo-K, data) and 2572 (Cu-K, data) statistically
significant [I > 2.0¢(f), where ¢%(/) = scan count 4 total
background count] reflections which were used in the
structure determination and refinement.

Structure Analysis.—The structure was solved by direct
non-centrosymmetric phase-determining procedures using
the Mo-K, data set. A number of early attempts in 1971
to solve the phase problem by the symbolic addition
procedure and tangent-formula refinement ® on 473 phases

3 N. C. Cohen, Tetrahedron, 1971, 27, 789.

1 D. L. McFadden and A. T. McPhail, J.C.S. Dalton, 1974, 363.

* Tor the approach used see e.g. P. A, Luhan and A. T. Mc-
Phail. J.C.S. Perkin 11, 1973, 51.
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having |E| > 1.30 failed to yield any E maps with recog-
nizable molecular features. The principal reason for these

TaBLE 1

Fractional atomic co-ordinates (X 10%) for the non-hydrogen
atoms, with estimated standard deviations in parentheses

Atom x y z
C(1) 123(2) 7 589(2) 2 166(7)
C(2) 507(2) 8 174(2) 2 172(7)
C(3) 162(2) 8 691(2) 2 997(7)
C(4) — 188(2) 8 578(2) 4 771(6)
C(5) —348(2) 7 926(1) 5 199(6)
C(6) —692(2) 7 847(2) 7 026(7)
C(7) —100(2) 7 228(2) 7 254(6)
C(8) —594(2) 6 723(1) 6 476(6)
C(9) —458(2) 6 833(1) 4 353(6)
C(10) —215(2) 7 474(2) 4 000(6)
C(11) —53(2) 6 322(2) 3 525(6)
C(12) —353(2) 51701(2) 3 813(6)
C(13) —497(2) 5 581(2) 5 913(6)
C(14) —899(2) 6102(1) 6 694(6)
C(15) —1110(2) 5 883(2) 8 655(7)
C(16) —1160(2) 5178(2) 8 411(7)
C(17) —938(2) 5 044(2) 6 368(7)
C(18) 105(2) 5 487(2) 7 042(8)
0(19) —648(1) 4 456(1) 6 346(5)
0(20) 163(1) 9190(1) 2 247(5)
C(21) —1467(2) 5033(2) 5 037(8)
C(22) —1 895(3) 5 035(2) 4 003(11)
C(1’) 7169(2) 507(2) 936(7)
C(2) 6 660(2) 51(2) 1 336(8)
C(3") 6 496(2) —286(2) —425(8)
C(4") 6 317(2) 100(2) —2 058(8)
C(5) 6 634(2) 715(2) —2 145(6)
C(6") 6 466(2) 1 085(2) —3 838(7)
C(7) 6 631(2) 1 754(2) —3 582(7)
C(8) 7 285(2) 1 810(2) —2 841(6)
C(9') 7 339(2) 1519(2) —872(6)
C(10%) 7032(2) 895(1) —805(6)
C(11%) 8 018(2) 1527(2) —179(7)
C(12") 8 272(2) 2 181(2) —313(7)
Cc(13) 8 198(2) 2 500(2) —2028(6)
C(14) 7 513(2) 2 460(2) —2 654(5)
C(15') 7 468(2) 2 895(2) —4 365(7)
C(16") 7 932(2) 3 398(2) —3 893(7)
C(17") 8 283(2) 3 202(2) —2 056(7)
C(18%) 8 639(2) 2 222(2) —3 499(8)
0(19%) 8 925(1) 3 355(1) —2109(5)
0(20%) 6 511(2) —836(1) —565(7)
C(21") 7997(2) 3486(2) —367(7)
C(22%) 7 781(3) 3 732(2) 959(9)

failures was the limitations in the number of unknown
starting symbols which our programme could accept. Ata
later date the more powerful MULTAN ¢ programme
became available to us and use of this led to successful
solution of the phase problem. With the input data set
restricted to 250 |E| values >>1.53 and allowing the pro-
gramme to select four starting reflections in addition to
three origin-defining reflections, the programme produced
a set of phase angles which allowed the positions of major
portions of the two crystallographically independent
molecules to be located in an E map. Positions for the
remaining non-hydrogen atoms were obtained from a
weighted F, Fourier synthesis phased by these partial
structures.

Full-matrix least-squares adjustment of carbon and
oxygen positional and thermal parameters, at first iso-

8 G. Germain, P. Main, and M. M. Woolfson, Acta Cryst., 1971,
A27, 368.

J.C.S. Perkin II

tropic and subsequently anisotropic, and with hydrogen
atoms included at their calculated positions in the later
stages, proceeded smoothly to convergence at R 0.066. In
order to increase the number of observations and thereby
permit adjustment of the hydrogen atom positional and
isotropic thermal parameters the intensity data were re-
collected with Cu-K, radiation. Further least-squares
refinement converged at R 0.046 for the Cu-K, data set.
Final positional parameters for the carbon and oxygen
atoms are in Table 1. Hydrogen atom positions, isotropic

TABLE 2

Hydrogen atom fractional co-ordinates (x 103), isotropic
thermal parameters, and distances (d/A) to their
bonded carbon or oxygen atoms; estimated standard
deviations are in parentheses

Atom x y z BjAz dfA
H(la)  —20(2) 764(2) 104(7)  6.1(11)  1.06(5)
H(18) 40(2)  720(2) 176(7)  5.0(10)  1.07(4)
H(2a) 66(2) 825(2) 89(6) 3.5(9) 0.97(4)
H(2p) 89(2)  807(2)  317(6)  4.0(9) 1.12(4)
H(do)  —57(2) 884(2)  479(6)  4.0(9) 1.01(4)
H(48) 8(2)  873(2)  576(7)  5.2(10)  0.95(4)
H(6) —104(2) 820(2) 726(6)  4.8(9) 1.09(4)
H(6B) —45(2) 792(2) 805(7) 4.9(10) 0.91(4)
H(7a) —145(2) 718(2)  644(6)  3.5(8) 1.12(4)
H(78) —110(2) 715(2)  861(5)  3.2(8) 0.99(4)
H(8) ~19(2)  670(2)  730(6)  3.4(8) 1.05(4)
H(9) —88(1) 686(1) 369(5) 2.7(7) 1.02(3)
H(11) 3(2)  638(2)  221(7)  5.2(10)  0.95(5)
H(11p) 41(2)  632(2)  406(7)  5.3(11)  1.06(5)
H(120) —75(2) 577(2)  301(6)  4.3(9)  1.04(4)
H(128) —12(2)  536(2)  324(6) 4.5(10)  1.00(4)
H(14) —127(2)  608(1)  587(5) 2.6(7)  0.99(3)
H(150) —153(2) 603(2) 899(5) 2.5(7)  0.99(3)
H(158) —78(2)  597(1)  963(6)  3.9(9) 1.01(4)
H(160) —160(2) 502(2)  855(7)  4.8(10)  1.01(4)
H(168) —87(2) 497(2)  931(7)  5.1(10)  1.01(4)
H(18) 35(2)  587(2)  668(6)  4.3(9) 1.05(5)
H(188) 7(2)  540(2)  840(6)  5.3(11)  0.97(5)
H(18y) 34(2)  512(2)  634(7)  5.9(11)  1.08(5)
H(19)  —62(3) 422(3)  527(11) 11.8(22)  0.92(7)
H(22) —222(2) 506(3) 318(9)  8.9(15)  0.92(5)
H(l'x) 756(2) 26(2) 77(7)  6.6(12)  1.00(5)
H(I'g)  720(2)  80(2)  205(6)  4.0(9) 1.01(4)
H(2'%) 623(2) 25(2)  194(7)  6.3(11)  1.11(5)
H(2'p) 679(2) —18(2)  238(6)  3.8(9)  0.94(4)
H(#a)  584(1) 17(2) —201(7)  5.1(10)  1.04(4)
H(4'p) 637(1) —11(1) —317(5)  23(7)  0.92(4)
H(6'a) 603(2) 101(2) —425(6) 3.4(8) 1.00(4)
H(6'8) 669(2)  93(2) —494(6)  4.1(9) 0.97(4)
H(7a) 635(2) 195(2) —256(6) 3.8(9) 1.04(4)
H(7'B) 662(2) 195(2) —475(6) 3.2(8) 0.93(4)
H(8) 754(2)  161(1) —363(5) 24(7)  0.90(3)
H(9) 7T1(1)  180(1) 1)  2.0(7) 1.00(3)
H(11'¢)  805(2) 135(2)  105(6)  3.8(9)  0.95(4)
H(I'g)  826(2) 123(2) —116(6)  4.4(9) 1.00(4)
H(12«)  801(2)  236(2) 83(6)  3.8(9) 0.97(4)
H(12'8) 871(2)  215(2) 17(6)  4.2(9) 0.96(4)
H(14) 727(1)  268(1) —161(5)  2.1(7) 1.02(3)
H(15)  704(2)  303(2) —462(7)  5.8(11)  1.00(4)
H(158)  756(2)  273(2) —551(T)  6.4(11)  0.90(5)
H(16's)  770(2)  382(2) —363(6)  3.6(8) 1.08(4)
H(16'8)  823(2)  341(2) —497(7)  5.6(10)  0.99(5)
H(18a) 855(2) 176(2) —363(8)  6.9(12)  1.05(5)
HO88)  861(2)  240(2) —466(8)  7.2(12)  0.91(5)
H(18'y)  907(3)  224(3) —304(11) 8.5(18)  0.99(6)
H(19') 893(3)  376(3) —253(10) 11.1(19)  0.94(6)
H(22)) 750(2)  301(2)  217(8)  8.2(13)  1.03(5)

thermal parameters, and distances to their bonded atoms
are in Table 2. Tables of anisotropic temperature factor
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parameters, valency angles involving hydrogen atoms, and a TABLE 3 (Continued)
listing of the observed and calculated structure amplitudes () Intermolecula.r separations <3.65 A
0(20) - - - O(19Y) 2.79 0(20) - - - C(17%) 3.57
0(19) - - - O(19'1y 282 0(19') ... C(31) 3.57
TABLE 3 0(19) C(41) 3.22 C(3) - - - O(19Y) 3.64
0(201) - - - C(187%)  3.40 0(20) - - - C(6'Y) 3.65
Interatomic distances (A) and angles (°) involving non- 0(20) C(12I 3.44 C(22') - - - C(22VY) 3.65
0(19°) - - - C(51) 3.48

hydrogen atoms, with estimated standard deviations

in parentheses

(a) Bond lengths

C(1)-C(2)
1)-C(10)

(b) Valency angles

C() (1)-C(10)
g )—C(3)

9)-C(10)
8)—C(9)—C(11)
10)-C(9)—-C(11)
1)—C(10)—C(5)
1)—C(10)—C(9)
5)—C(10)—C(9)
)—C(11)-C(12)
1)-C(12)—C(13)
2)-C(13)-C(14)
2)-C(13)~C(17)
2)—C(13)~C(18)
4)—C(13)~C(17)
4)-
7

NS

C(13)-C(18)
)—C(13)—C(18)
8)—C(14)—C(13)
8)—C(14)—C(15)
13)—C(14)—C(15)
14)-C(15)-C(16)
15)—C(16)—C(l7

C(17)-C(16)
)~C(17)~0(19)
)—C(17)~C(21)
)—C(17)—0(19)
—C(17)—C(21)
9)—C(17)—C(21)
7)~C(21)—C(22)

299000000000000000000000000

ot 1 et ot o ot

Unprimed

1.535(5)
1.500(6)
1.481%5)

AR RAN4

SRR LR R
et AR Ad RSB At B RA N AL A

1.439(4)
1.476(6)
1.175(8)

113.7(3)

113.2(3)
108.1$3)

Primed

o én
®

AN
S WO G0 DO N «3 Q0 DD =
O WHOOHRDINNS O B =
TRV DD DW= o
SOOI DOTO~F ~I D =3
S22 RAIIn I

B DD b b

ot et et ot ot ot pd it Pt Pt Pod et i Pl
S oo e e e

109.9(3)

99.6(3)
112.4(3)
108.3(:

1714%5)

Roman numeral superscripts refer to the following transform-
ations of the co-ordinates in Table 1:

I -3 +9y,%—=2 IVE—x -3+
Il —% —4+y.4—2 V%—xl—ya}—}—z
IHI —1 + #,5,1 + = VIl + 9,2

TaBLE 4
Torsion angles (°); the angle A-B-C-D is defined as
positive if, when viewed along the B—C bond, atom A
must be rotated clockwise to eclipse atom D
Unprimed Primed

C(10)—C(1)—C(2)—C(3) —44.7 49.2
C(2)-C(1)—C(10)—C(5) 22.6 —21.4
C(2)-C(1)—C (10—(:(9) —163.3 154.7
C(1)-C(2)—C(3)—C(4) 44.3 —55.4
C(1)=C(2)~C(3)—0(20) —135.4 123.8
C(2)—C(3)—C(4)~C(5) —20.6 31.6
0(20)-C(3)-C(4)—C(5) 159.1 —147.7
c(3) —C(4)—C(5)—C( ) 179.1 177.7
C(3)— (4)—C(5)—C(10) —3.9 —1.7
C(4)—C(5)—C(6)—C(7) 165.0 162.8
C(10)— C(5) (6)—C(7) —12.0 —17.8
C(4)=C(5)—C(10)—C(1) 2.2 —2.9
C(4)—C(5) (10)—C(9) —171.8 —178.7
C(G)—C(5)—C(10)—C(1) 178.9 177.8
C(6)—C(5)~C(10)—C(9) 4.9 2.0
C(5)—C(6)—C(7)~C(8) 39.0 41.7
C(6)—C(7)—C(8)—C(9) —59.1 —63.1
C(6) —C(7)—C(8)—C(14) —180.0 176.3
C(7)—C(8)—C(9)—C(10) 51.2 46.5
C(7)—C(8)~C(9)—C(11) —179.1 175.3
C(14)—C(8)—C(9)—C(10) 173.9 171.3
C(14)-C(8)—C(9)—C(11) —56.5 —60.0
C(7)—C(8)-C(14)—C(13) 179.9 —176.0
C(7)—C(8)~C(14)—C(15) —55.9 —52.5
C(9)—C(8)~C(14)—C(13) 58.2 61.6
C(9)—C(8)—C(14)—C(15) —177.6 —175.0
C(8)—C(9)—C(10)—C(1) 161.0 167.7
C(8)-C(9)—C(10)—C(5) —24.8 —16.3
C{11)=C(9)—C(10)—C(1) 33.5 40.9
C(11)~C(9)—C(10)—C(5) —152.3 —143.1
(8)-C(9)— C(ll)-—L(l2) 56.4 51.5
C(10)~C(9)~C(11)-C(12) —176.8 —175.1
C(9)—C(11)~C(12)~C(13) —558 —54.2
C(11)—C(12)—=C(13)-C(14) 54.9 53.4
C(11)=C(12)—C(13)-C(17) 165.9 165.5
C(11)-C(12)—C(13)—C(18) —70.0 —170.1
C(12)—C(13)—C(14)—C(8) —57.5 —58.6
C(12)-C(13)—C(14)—C(15) 170.1 169.6
C(17)—C(13)—C(14)—C(8) 179.8 177.9
C(17)—C(13)—C(14)—C(15) 47.4 46.2
C(18)—C(13)—C(14)—C(8) 65.8 63.4
C(18)—C(13)—C(14)—C(15) —66.6 —68.3
C(12)—C(13)—C(17)—C(16) —161.2 —158.4
C(12)-C(13)—C(17)-0(19) 80.3 80.9
C(12)-C(13)~-C(17)—C(21) —42.7 —40.5
C(14)-C(13)—C(17)~C(16) —445 —41.1
C(14)—C(13)—C{ 17)—0(19) —162.9 —161.8
C(14)-C(13)—C(17)—C(21) 74.1 76.9
c )—C(l3—C(l7)—C(16) 73.5 76.5
c(l )-—C(13—-C(17) 0(19) —44.7 —442
C(18)~C(13)~C(17)~C(21) ~167.9 —165.6
C(8)—C(14)—C (15)—C(16) —160.0 —160.5
C(13)—C(14)—C(15)—C(16) —31.8 —33.1
C(14)—C(15)—C(16)-C(17) 3.3 6.4
C(15)—C(16)-C(17)—C(13) 26.0 22.0
C(15)—C(16)—C(17)—0O(19) 1485 141.2
C(15)—C(16)~C(17)—C(21) —92.8 —96.8
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for the Cu-K, data set are deposited in Supplementary
Publication No. SUP 21839 (23 pp., 1 microfiche).*

In all the structure-factor calculations, scattering factors
for carbon and oxygen were taken from ref. 7, and for
hydrogen from ref. 8. In the least-squares calculations
ZwA? was minimized, with weights w given by 4/w = 1 for
|Fo| < 16.0 and 4/w = 16.0/|F,| for |F,| > 16.0.

RESULTS AND DISCUSSION

Interatomic distances, valency and torsion angles
involving the non-hydrogen atoms are in Tables 3 and 4.

oo
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angles appear to imply that this ring adopts an envelope
form in all three compounds, evaluation of the deviations
indicates that ring A approximates to an envelope form
in compounds (1) and (5), whereas the corresponding
rings in (5') and (6) are more intermediate in nature. In
none of these examples, however, is the ring very close
to an ideal half-chair form as that conformation would
have a greater number of more nearly eclipsed C=0O to
C-H interactions than occur in any of the forms actually
found. In addition to these small differences in the (5)
and (5') ring A shapes, a highly significant finding is that
the C(2) displacement is to the p-side in (5) whereas it is

@”M

(57)
Ay

(50
g %
\Yé?t {(5)
o\ go—o

‘\%w

Arrangement of (5) and (5°) molecules in the crystal, viewed in projection along the ¢ axis; hydrogen bonds are denoted by
broken lines

The arrangement of the two crystallographically in-
dependent molecules in the crystal is illustrated in the
Figure; they are designated (5) and (5'). The shortest
intermolecular separations occur between the hydroxy-
groups of adjacent (5) and (5’) molecules [O(19) - - - O(19’)
2.82, 0(19) - - - H(19’) 1.95 A] and between the hydroxy-
group of the reference molecule (5) and the carbonyl
oxygen atom of another (5) molecule related by the 2
screw axis along the & direction [O(19) - - - O(20) 2.79,
H(19) - - - O(20) 2.03 A]; both of these are typical of
hydrogen bonds. All other short intermolecular separ-
ations correspond to normal van der Waals type inter-
actions.

Endocyclic torsion angles defining the conformations
of the B,y-cvclohexenone A rings in compounds (1), (5),
(6'), and (6),? and the cyclohexene B rings in compounds
(1), (5), (5), and (7),9 and the sums of their deviations
from ideal half-chair (C, — HC) and envelope (C, — E)
symmetry-constrained values are presented in Table 5.
Although the consistently small ring A w; and «; torsion

* See Notice to Authors No. 7 in J.C.S. Perkin 11, 1975, Index
issue.

to the a-side in (5°). Inspection of Dreiding molecular
models shows that a C(2) B-side displacement produces
more severe overcrowding of the 1g- and 1l«-hydrogen

1ot
H/ ™
Me

(6) (7

atoms than occurs with the C(2) «-side displacement.
The differences between the C(1)-C(10)-C(9)-C(11) and
C(5)-C(10)—C(9)—C(8) torsion angles [33.5 and —24.8° in

7 D. T. Cromer and J. T. Waber, Acta Cryst., 1965, 18, 104.

8 R. F. Stewart, E. R. Davidson, and W. T. Simpson, J. Chem.
Phys., 1965, 42, 3175.

¢ A.T.McPhailand R. W. Miller, J.C.S. Perkin Il, 1975, 1180.

10 P. A, Luhan, Ph.D. Dissertation, Duke University, 1973.
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(5); 40.9 and —16.3° in (5')] indicate that the short
H(1p) - - - H(11a) interaction is relieved to some extent
in (5) by a mean clockwise rotation of 8° about the
C(9)-C(10) bond from the conformation found in (5’)
with concomitant change in the ring B conformation

TABLE 5

Endocyclic torsion angles (°) in some selected steroid rings

wl (A1)
R WML

{(a) B,y-Cyclohexenone A rings, R = O

1= (5) ¢ (694 (6)°
©; 47.6 —44.7 49.2 —46
©p —475 4.3 —55.4 55
oy 20.6 —20.6 31.6 —35
o4 7.1 —3.9 —1.7 7
. —5.6 2.2 —2.9 0
wg —22.4 22.6 —21.4 20
A(Cy, — HC) ¢ 62.1 52.8 40.2 24
A(C, — E)f 14.6 8.5 21.0 31

(b) Cyclohexene B rings, R = H, H

(1)@ 5)8 (52 (n*
wy 47.7 51.2 46.5 49
Wy —62.5 —59.1 —63.1 —61
g 434 39.0 41.7 43
wy —11.2 —12.0 —17.8 —15
o —3.1 4.9 2.0 3
e —15.5 —24.8 —16.3 —20
A(C, — HC) * 11.7 29.9 4.7 14
AC, — E)f 57.0 39.0 67.8 53

¢ Calc. from the co-ordinates provided in ref. 1 which lists
those for the mirror image of the natural series. ? Present
work. °¢Ref. 9. 4Ref. 10. ¢A(C, — HC) = || + |0, — oyl
+ o, — og]l. FA(C, — E) = log| + l‘%l + loog + “’sl + oy +

;).

from the approximately ideal half-chair form in (5') to a
higher-energy intermediate form in (5).1' The co-
occurrence of molecules possessing these two different
conformations in the same crystal is clearly a conse-
quence of crystal packing forces, especially hydrogen
bonding. The carbonyl oxygen atoms of (5) molecules
participate in hydrogen bonds to the hydroxy-groups of

11 See e.g., R. Bucourt, Topics Steveochem., 1974, 8, 159, and
references therein.

12 C. Altona, H. J. Geise, and C. Romers, Tefrahedron, 1968, 24,
13.
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adjacent (5) molecules whereas the carbonyl oxygen
atom of (5’) molecules is subjected only to weak van der
Waals type forcesin the crystal (vide supra). From these
observations and the results of earlier structural studies
we conclude that the low-energy form of ring A in 3-oxo-
A%10_steroids approximates more closely to a C(2) x-side
envelope conformation than to a half-chair form. How-
ever, the corresponding higher energy form in which
C(2) is displaced to the B-side is capable of coexistence
to an appreciable extent in the appropriate environment
and may have a significant population in biological
systems and in solution.

The c rings in (5) and (5°) molecules adopt the usual
chair conformations which differ significantly only in
the torsion angle around the C(8)-C(9) bond [—56.5 in
(5), —60.0° in (5")] as a consequence of the different ring
B conformations already described.

Deviations of the endocyclic torsion angles in the b
rings of (5) and (5’) from ideal C(13)-envelope [A(C;—E) =
|15, 16] + |@10,15 + @16,17] + [@13.14 + @13.17]] and C(16)-
half-chair [A(C,—HC) = |w15,1; — ©14.15] + |©15.16 — ©16.17] ]
symmetry-constrained values [A(C, — E)12.0in(5),22.6in
(6'); A(C, — HC) 35.4in (5), 23.6°in (5")] indicate that the
ring has an intermediate form in (5') but lies closer to a
C(13)-envelope form in (5). An alternative description 12
of these conformations may be made in terms of the
maximum torsion angle ¢,, (48.8 in (5), 46.8° in (5’)] and
phase angle of pseudorotation A [27.3 in (5), 18.8° in
(6")]. The conformations found here are quite typical
for ring D in steroids bearing 17g-hydroxy groups 1314
and their different forms reflect variations in crystal
packing forces.
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