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Abstract. Monoclinic, space group P2,/c, a=7-707 (2),
b=18-013 (7), c= 13-888 (4) A, f=12575 (2)°, Z=4,
M=270-37, D.= 1-14 g cm™3, and D,,=1-15 gcm™3.
The atoms in the six-carbon alkyl group form a zigzag
chain, and the molecule has a bent conformation which
differs from the conformation of the highly active arti-
ficial estrogen diethylstilbestrol. The oxygen—oxygen
distance is 8:63 A.

Introduction. A crystal with dimensions of approx-
imately 0-2x0-2x0-25 mm was used to measure the
lattice parameters and intensities. The data showed
systematic absences of k=2n+1 for 0kO and /=2n+1
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Fig. 1. Atomic numbering for ( 4+ )-hexestrol.

Fig. 2. Crystallographically observed conformation of (+)-
hexestrol. @ =oxygen atom.

for 40/ indicating space group P2,/c, and the cell con-
stants were determined by least-squares analysis of the
angular settings of 30 reflections [at 20°C; A(Cu Kua,)=
1-54051 A]. The intensities of 2729 reflections (1589
reflections had 7> 20) with 20<125° were measured
on a G.E. XRD-5 diffractometer using Cu Ko radia-
tion monochromated by balanced nickel and cobalt
filters. After the usual Lorentz and polarization correc-
tions had been applied, normalized structure factor
amplitudes were computed, and the structure was
solved by direct methods using quadruples of cal-
culated cosine invariants (Hauptman, 1972, chapter X).

The positional and anisotropic thermal parameters
of the non-hydrogen atoms and the positional param-
eters of 20 hydrogens (B, fixed at 4:0) located by
Fourier difference syntheses were refined by block-
diagonal least-squares using all data for which sin /4
>0-15. Data for which |F,|/|F,] was less than 0-6 were
not allowed to influence the refinement. Weights were
chosen such that {(w4?) would be independent of
|F,| where w™'={1+[(|F,|—b)/al’}*/* and the con-
stants a and b were both taken to be 10e, and refine-
ment was terminated when all shifts were less than %
of their respective standard deviations. The R index
was defined as >(||F,|—|F.||)/>IF,l, and its final value
was 8:6% for the 1589 reflections with I>2¢ and
12-:3% for all data. The final refined positional and
thermal parameters are given 1n Table 1, and a list of
the structure factors is obtainable.®

Discussion. The structural formula for (4 )-hexestrol
is shown in Fig. 1. The interatomic distances and
valency angles among non-hydrogen atoms are given
in Table 2, and there are no unusual values. The con-
formation of the molecule is shown in Fig. 2 and ex-
pressed quantitatively in Table 3 in terms of the tor-
sional angles centered about the bonds where free ro-
tation might be presumed to exist. The atoms in the
six-carbon aliphatic chain are arranged in approx-
imate ¢rans orientations about the three central bonds
[C(13)-C(15), C(13)-C(14), and C(14)-C(17) bonds] as
shown by the torsional angles of —161-6, 169-1, and
—169-8°. The deviations of the six atoms from a least-

* This table has been deposited with the National Lending
Library, England as Supplementary Publication No,SUP 30112,
Copies may be obtained through the Executive Secretary,
International Union of Crystallography, 13 White Friars,
Chester CH1 1 NZ, England.
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Table 1 (cont.)
(b) Final positional parameters for the experimentally observed
were not found.

hydrogen atoms
Standard deviations are in parentheses. The hydroxyl hydrogens
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these bonds have lengths of 2:74 and 2-76 A. There is

one other intermolecular distance between non-
hydrogen atoms which measures less than 3-5 A, and
A between O(10) and C(16).

Table 2. Interatomic distances and angles between the

this is a contact of 3-48

only
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hylstilbestrol.methanol. water complex (Busetta & Hospi-

Fig. 3. Conformation of diethylstilbestrol in the triclinic diet-
tal, 1969b).
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Table 2 (cont.)
(b) Angles
C(2)—C(1)-C(6)
C(2)—C(1)-C(13)
C(6)—C(1)-C(13)
C(1)—C2)-C(3)
C(2)—C(3)-C(4)
C3)—C4)-C(5)
C(3)—C4)-04)
C(5)—C4)-04)
C(4)—C(5)-C(6)
C(1)—C(6)-C(5)
C(¥)—C(7)-C(12)
C(8)—C(7)-C(14)
C(12)-C(7)-C(14)
C(7)—C(8)-C(9)

116:3 (2)° C(8)—C(9)—C(10)
1228 (5) C(9)—C(10)-C(11)
1209 3)  C(9)—C(10)-O(10)
1223 (2) C(11)-C(10)-O(10)
1202 3) C(10)-C(11)-C(12)
1190 (4) C(7)—C(12)-C(11)
1222 (2) C(1)—C(13)-C(14)
1188 (3) C(1)—C(13)-C(15)
11944 2) C(14)-C(13)-C(15)
1228 (3) C(7)—C(14)-C(13)
116:6 (2) C(7)—C(14)-C(17)
1204 3)  C(13)-C(14)-C(17)
1230 (5) C(13)-C(15)-C(16)
12244 3)  C(14)-C(17)-C(18)

119-2 (4)°
119:6 (2)
121-7 (2)
1187 (3)
120-0 (4)
1220 (4)
114-0 (2)
113-4 (2)
1117 (4)
1141 (2)
112:4 (2)
1115 (4)
112-7 (5)
114-1 (3)

Table 3. Torsional angles

C(2)—C(1)—C(13)-C(14) —851°
C(2)—C(1)—C(13)-C(15) 443
C6)—C(1)—C(13)-C(14) 94-5
C(6)—C(1)—C(13)-C(15) —-1362
C(8)—C(7)—C(14)-C(13) 954
C(¥)—C(7)—C(14)-C(17) —1363
C(12)-C(7)—C(14)-C(13) —854
C(12)-C(7)—C(14)-C(17) 42:9
C(1)—C(13)-C(14)-C(7) 650
C(1)—C(13)-C(14)-C(17) ~ 607
C(15)-C(13)-C(14)-C(7) —622
C(15)-C(13)-C(14)-C(17) 1691
C(1)—C(13)-C(15)-C(16) 630
C(14)-C(13)-C(15)-C(16) ~1616
C(7)—C(14)-C(17)~C(18) 60-6
C(13)-C(14)-C(17)-C(18) —169-8

The structure of (+)-hexestrol, which is estrogen-
ically inactive, was solved in order to determine what
conformational differences exist between it and the
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structurally similar, highly potent artificial estrogen,
diethylstilbestrol (Smiley & Rossmann, 1969; Busetta
& Hospital, 1969a,b; Weeks, Cooper & Norton, 1970).
A specific distance between terminal oxygen atoms has
long been regarded as essential for estrogenic activity,
and X-ray analysis has shown this distance to be about
11 A in the natural steroidal estrogens (Cooper,
Hauptman & Norton, 1969) and 12 A in diethyl-
stilbestrol. In contrast, the oxygen—oxygen distance in
(+£)-hexestrol is only 8:63 A. This short distance re-
sults from the conformation about the C(13)-C(14)
bond. A planar, zigzag chain arrangement of the six-
carbon aliphatic group may be achieved when the
C(1)-C(13)-C(14)-C(7) torsional angle is 60° (actual
value 68:0°). In diethylstilbestrol (Fig. 3), the C(13)-
C(14) bond is unsaturated, and this angle is restrained
to be 180°.

This research was supported by U.S.P.H. Grant No.
CA 10906.
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