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Abstract. 17B8-Hydroxy-5B-androstan-3-one, C;o-
H3002, M, = 290'45, Orthorhombic, P212121, a=
11-7821 (6), b=21-2184(8), c=65322(Q) A, V=
16330 (2) A3, Z=4, D,=1-181 Mgm™3, A(Cu Ka)
=1-54178 A, u =058 mm~! F(000)=640, T=

293 K, R=0-033 for 1849 unique observed reflec-

tions. The molecular conformation of 58-dihydro-
testosterone shows the strong bending typical of
5B-steroids: the bowing angle of the 4 ring, relative
to the remainder of the steroid, is 65-1°. Bowing
shortens the distance between the terminal O atoms,
0@3) and O(17), to 9-824 (2) A which is ca 1A
shorter than was observed in 5a-dihydrotestosterone
and testosterone. The effects of both the bowing and
the shorter separation between O(3) and O(17) may
explain a difference in the affinity of 58-dihydro-
testosterone for the dexamethasone binding site on
membranes compared to that of the other two com-

* On leave from Institute of Chemistry, Nicolaus Copernicus
University, Torun, Poland.
1 Author to whom correspondence should be addressed.

0108-2701/90/091700-05$03.00

pounds. A unique conformational feature of 58-
dihydrotestosterone is the flattening of the 4 ring on
the side containing the C(3)—C(4) bond; this may be
due to the combination of the 3-oxo substitution and

‘the 5B8-configuration.

Introduction. Dexamethasone binding sites have been
identified on both nuclear envelopes and plasma
membranes (Howell & Lefebvre, 1989; Howell, Po &
Lefebvre, 1989) and are postulated to be important
in the transport of hormones. Our study of the
activity profile of steroids that interact with the
dexamethasone binding sites has shown that steroid
affinity for these sites is strongly correlated to the
distance between the terminal O atoms of the steroid
(Roszak, Codding & Lefebvre, 1990). Analysis of the
crystal structures of pregnanes showed that the
distance between the O atoms, O(3) and O(20), is
consistently in the range 11-2-11-9 A whereas, for
testosterone, the distances between the terminal O
atoms, O(3) and O(17B), are 10-94 and 1093 A in
the two independent molecules of testosterone

© 1990 International Union of Crystallography
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(Roberts, Pettersen, Sheldrick, Isaacs & Kennard,
1973), and 10-83 and 10-86 A in the two polymorphs
of testosterone monohydrate (Busetta, Courseille,
Leroy & Hospital, 1972; Precigoux, Hospital & Van
den Bosche, 1973). The corresponding distances in
the structure of Sa-dihydrotestosterone (178-
hydroxy-5a-androstan-3-one, Sa-DHT) are 10-77
and 1066 A in the two independent molecules
(Courseille, Precigoux, Leroy & Busetta, 1973) and

10-84 A in the structure of Sa-dihydrotestosterone
monohydrate  (Busetta, Courseille,  Fornies-
Marquina & Hospital, 1972). The pregnanes

exhibited highly competitive binding at the dexa-
methasone site; in contrast, testosterone and 5a-
dihydrotestosterone displayed a similar, moderate
affinity which may be related to the similarity in the
distance between the terminal O atoms in these
compounds and to the fact that this separation is
shorter than that found in the pregnanes. Of the
testosterones, 5B8-dihydrotestosterone (58-DHT) was
unique and displayed low affinity. The crystal
structure of 5B-DHT and thus the separation
between terminal O atoms was not available; there-
fore its molecular structure was determined to test
the hypothesized correlation of affinity and inter-
atomic distances.

Experimental. Title compound from Steraloids Inc.
(Wilton, New Hampshire, USA), colorless crystals
grown from ethyl acetate by slow evaporation,
crystal specimen: 0-33 X 0-32 X 0-12 mm, Enraf-

58-DHT

Nonius CAD-4F diffractometer, Cu radiation with
Ni filter, @26 scan mode; accurate cell parameters
from least-squares refinement for 25 reflections with
30 < @ < 49°; three standards [4,15,0: 1196 (12); 922:
281 (4); 2,104: 299 (5)]; two octants collected,
h —14/0, k —26/0, 10/8 and h0/14, k 0/26, [0/8;
maximum (sin6/A) = 0-6258 A~'; 4212 reflections
measured, 1952 unique reflections (R;, = 0-06), 103
unobserved reflections [/ < 2-5¢([)]; no absorption
correction.

Structure solved by direct methods with
SHELXS86 (Sheldrick, 1985); blocked least-squares
refinement on F’s with XRA Y76 (Stewart, 1976); all
H atoms located in a difference Fourier synthesis
and refined with isotropic thermal parameters; aniso-
tropic thermal parameters for non-H atoms; 311
parameters refined.
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Final R=0-033, wR=0037 [w™'=d*(F)+
0-00002|F|*] and S =1-13 for 1849 observed reflec-
tions; empirical isotropic extinction parameter (g)
converged at 1-87 (8) x 1073 (Larson, 1967); maxi-
mum (4/¢) =004 in final cycle; maximum (dp) =
0-21, minimum (4p) = —0-12e A~* in final AF syn-
thesis. Scattering factors from Cromer & Mann
(1968) except those for H atoms from Stewart,
Davidson & Simpson (1965). Other computer pro-
grams used: ORTEPII (Johnson, 1976), PROFIT
(Smith, 1983) and MMS (Dempsey, 1986).

Discussion. The fractional coordinates and B, values
for the non-H atoms of 58-DHT are given in Table
1.* The molecular conformation and atomic labeling
scheme are shown in Fig. 1. Bond lengths and angles
and endocyclic torsion angles are listed in Table 2.
The C—H bond distances range from 0-94 to 1-04 A
with an average of 099 A (with o of sample of
0-02A). The O(17)—H(O17) bond length is
0-81 (3) A.

The major conformational feature of the 58-DHT
molecule, in comparison to molecules of 5a-DHT
and testosterone, is the S5pB-configuration of the
steroid backbone. A 58-configuration produces a cis
Jjunction between rings 4 and B; 5¢-DHT and testo-
sterone have a Sa-configuration and a trans junction
between rings A and B. The 5B-configuration and
the cis A/B junction results in a strong bending of the
steroid nucleus along the line through atoms C(6)
and C(10). The bowing of the A4 ring relative to the
remainder of the steroid, defined by the dihedral
angle between the least-squares plane of atoms C(1)
to C(5) and C(10), and the least-squares plane
through atoms C(5) to C(17), is 68-8° in 58-DHT.
Similar bowing, by 65-1°, was observed in the struc-
ture of the closely related compound, 58-androstane-
3a,17B-diol (Weeks, Cooper, Norton, Hauptman &
Fisher, 1971), and in several naturally occurring

* Lists of anisotropic thermal parameters for non-H atoms,
coordinates, isotropic thermal parameters, bond distances and
bond angles for the H atoms, and structure factors have been
deposited with the British Library Document Supply Centre as
Supplementary Publication No. SUP 52925 (14 pp.). Copies may
be obtained through The Technical Editor, International Union of
Crystallography, 5 Abbey Square, Chester CH1 2HU, England.

Fig. 1. Stereoview of the title molecule showing the labeling of the
non-H atoms, with thermal ellipsoids drawn at the 50%
probability level (ORTEPII, Johnson, 1976).
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Table 1. Fractional coordinates ( x 10%) and B,, values
(A% x 10% for the non-H atoms (e.s.d.’s in paren

theses)
By, = (877/3)2.%,;Uya*a*a; a,.
X y z B,q
c(1 37574 (16) 3627 (8) 11183 (34) 380 (8)
) 46358 (19) 1451 (9) —4417 (33) 424 (9)
c@3) 57381 (17) -278 (8) 5646 (30) 374 (8)
C(4) 61528 (16) 4069 (8) 22145 (32) 372 (8)
c5) 52376 (16) 6715 (7) 36618 (29) 309 (7)
C(6) 57438 (17) 11861 (8) 50317 (29) 361 (8)
() 59595 (16) 17988 (8) 38770 (30) 342 (7)
C(8) 49030 (15) 20353 (7) 27536 (27) 270 (6)
o) 44346 (14) 15151 (7) 13224 (27) 269 (6)
C(10) 41591 (15) 9010 (7) 25281 (29) 299 (1)
c(11) 34471 (16) 17429 (8) —295 (30) 359 (8)
C(12) 37168 (17) 23606 (9) -11583 (32) 378 (8)
c(13) 40884 (15) 28703 (8) 3434 (28) 317 (7)
c(14) 51354 (15) 26295 (7) 15066 (28) 293 (7)
c(15) 56007 (17) 32219 (8) 25668 (35) 402 (9)
c(16) 53452 (19) 37519 (8) 10182 (42) 477 (10)
c(17) 45780 (19) 34662 (9) —6535 (36) 439 (9)
c(18) 31094 (16) 30628 (9) 17693 (33) 394 (8)
C(19) 31950 (18) 10106 (9) 40936 (36) 433 9)
003) 62726 (13) ~4948 (7) 712 (25) 542 (8)
o(17) 37112 (15) 38911 (7) - 13044 (29) 670 9)

Table 2. Bond lengths (A), bond angles and endocyclic
torsion angles (°) for the non-H atoms (e.sd.’s in

parentheses)
c(1y—c@) 1524 (3) CR—C(1)—C(10) 1145 2)
C(1)—C(10) 1-542 (3) C(1)—C(2)—C(3) 116 ()
C(2)—C(3) 1501 (3) C2)—C(3)—C(9) 1165 ()
CO—C(4) 1:500 (3) C(2—C(3)—00) 1220 2)
C(3)y—00) 1218 @) C{)—C(3)—00) 1215 (2)
C@)—C(5) 1-540 (3) CR3)—C(@)—C(5) 1159 2)
C(5—C(6) 1-533 (3) C(4)—C(5—C(6) 110-2(1)
C(5—C(10) 1:549 (3) Cdy—C(5—C(10) 1133 @)
C(6—C( 1524 2) C(6—C(5—C(10) 112:0 (1)
C(7—C(8) 1530 (3) C(5—C(6—C(T 1126 2)
C(8)—C() 1548 (2) C(6)—C(N—C(®) 112:4 (1)
C(8—C(14) 1:526 (2) C(N—C(E)—CO) 1102 (1)
C(9)—C(10) 1557 2) C(7—C(8)—C(14) 1124 (1)
CE—C(11) 1539 (3) C(O—C(8)—C(14) 1093 (1)
C(10—C(19) 1546 (3) C(8)—C(9)—C(10) 1114 (1)
C(11)—C(12) 1537 (3) C®—CO—C(11) 1131 (1)
C(12)—C(13) 1524 (3) C(10)—C(O—C(11) 113:3 (1)
C(13)—C(14) 1536 (3) C(1)—C(10—C(5) 1077 (1)
c(13)—C17) 1535 (3) C(1)—C(10)—C(9) 112:5 2)
C(13—C(18) 1-:538 (3) C(1)—C(10y—C(19) 1063 (1)
C(19—C(15) 1-536 (2) C(5—C(10—C(9) 1095 (1)
C(15—C(16) 1-542 (3) C(5)—C(10)—C(19) 1095 (2)
Cc(16—C(17) 1-542 (3) C(9)—C(10)—C(19) 11:2(1)
CaN—0o(17) 1427 (3) CO—C(11)—C(12) 112:8 (1)
C(11)—C(12)—C(13) 1108 (2)
C(12)—C(13)—C(14) 1082 (1)
C(12)—C(13)—C(17) 1148 2)
C(12)—C(13)—C(18) 1113 Q)
C(14)—C(13)—C(17) 100:5 (1)
C(18—C(13)—C(18) 1130 (2)
C(IT—C(13)—C(18) 1087 (1)
C(8)—C(14—C(13) 113-2(1)
C(8)—C(14)—C(15) 1200 2)
C(13)—C(14)—C(15) 1037 (1)
C(14—C(15)—C(16) 103-4 (2)
C(15—C(16)—C(17) 107:0 (1)
C(13)—C(17)—C(16) 1041 (2)
C(13)—C(17—0(17) 1122 (2)
C(16—C(1T—0(17) 112:5 2)
C(10—C(1)—C(2)—C(3) 53-8 (2) C(14)—C(8)—C()—C(11) —49-8 (2)
C(1—CR)—CR)—C@) -429 (2) CE—CO—CIDN—C(12)  501(2)
C)—C3)—C@d)—C(5)  39:5(2) CO—C1)—C(12)—C(13) —544 (2)
CO—C(4—C(5)—C(10) —44-4 (2) C(11)—C(12—C(13)—C(14) 583 (2)
C@y—C(5—C10—C(l) 517 (2) C(12)—C(13)—C(14)—C(8) —61-4 (2)
C(5—C(10—C(1)—C(2) —580 (2) C(13)—C(14)—C(8)—C(9) 56'5 (2)
C(10—C(5)—C(6—C(D) —533 (2) COT—CU3)—C(14—C(15) 463 (2)
C(5—CE—C(N—CE) 534 (2) C(13)—C(14—C(15—C(16) —345 (2)
C(6)—C(T—C(E—CO) —547 (2) C14—C(15—C(16—C(1T)  94(2)
C(T—C(8)—CO—C(10) 571 (2) C5)—C(16)—C(ITy—C(13) 190 (2)
C(8)—C(9)—C(10)—C(5) - 569 (2) C(16)—C(1T)—C(13)—C(14) —39-6 (2)

CO—C(10—C(5y—C(6) 545(2)

58-DIHYDROTESTOSTERONE

steroids with a 5B- configuration: cholanic acids
isolated from bile acids (e.g. 3a,6a-dihydroxy-58-
cholan-24-oic acid; Hall, Maslen & Cooper, 1974),
5B-cholestane alcohols isolated from bile alcohols
[eg. 3B,168,23(R),26-tetrahydroxy-58-cholestane;
Einck & Pettit, 1980], cardenolides isolated from
digitalis (e.g. digitoxigenin; Karle & Karle, 1969),
and bufadienolides (e.g. bufalin; Rohrer, Fullerton,
Kitatsuji, Nambara & Yoshii, 1982). Such a bowing
of the A ring causes atom O(3) to be far from the
average molecular plane through the rings B, C and
D. In 58-DHT, O(3) is 3-262 A from the plane of the
B, C and D rings. In 5B8-androstane-3a,178-diol this
distance is even larger, 3-66 A, because atom O(3) is
not a carbonyl but a hydroxyl O atom and is
a-oriented.

Importantly, because of the bowed structure, the
separation between the terminal O atoms in 58-DHT
is only 9-824 (2) A. A similar shortened distance of
9-58 A is found in 5B-androstane-3a,178-diol. In
contrast, in the 5a-DHT and testosterone structures
the bowing of the A4 ring is between 6-5 and 23-4°
(Duax & Norton, 1975) which displaces atom O(3)
from the B-C-D plane by 144 to 196 A and
produces a separation between O(3)--O(17) of
10-66-10-94 A. It seems to be clear, therefore, that
the larger overall bending of the 58-DHT molecule
(by about 45°) and the significantly shorter O(3)--
O(17) separation (by about 1 A) are the reasons that
5B-DHT has lower affinity for the dexamethasone
binding sites than has either Sa-DHT or testosterone
(Howell & Lefebvre, 1989; Howell, Po & Lefebvre,
1989). Our correlation between terminal O-atom
separation and affinity predicts that affinity of 58-
androstane-3a,178-diol would also be low; measure-
ment of the affinity is under investigation.

Fig. 2 compares the steroid backbone conforma-
tions and the positions of atom O(3) for 58-DHT
(thin line) and for all examples of 5a-DHT and
testosterone (thick lines). The superposition shown
was obtained by a least-squares fit (PROFIT; Smith,
1983) of atoms C(5) to C(18) in all three structures.
After the least-squares fit, the average separation

017
03

03

Fig. 2. Least-squares fit of 58-DHT (thin line) with molecules of
5a-DHT (Courseille et al., 1973; Busetta, Courseille, Fornies-
Marquina & Hospital, 1972) and testosterone (Roberts et al.,
1973; Busetta, Courseille, Leroy & Hospital, 1972; Precigoux et
al., 1973) drawn with thick lines.
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between matched atoms was less than 0-096 A. The
minimum distance between O(3) atoms of 58-DHT
and the other molecules is 1:866 A (maximum
2:446 A).

The bond lengths and angles in 58-DHT are all
close to the expected values. In the A4 ring, the
lengths of the bonds C(2)—C(3) and C(3)—C(4) are
in good agreenmient with the value of 1-505 A pre-
dicted for an sp’>~sp* C—C bond (Bartell & Bonham,
1960). A similar shortening of the C(2)—C(3) and
C(3—C(4) bonds was observed in the structure of
7a-methyldihydrotestosterone  acetate  (MeDHT
hereafter; Hazel, Rohrer, Duax & Wolff, 1976) and
in the structures of 5a-DHT. Also, the C(2)—
C(3)—C(4) angle is enlarged to 116-2(2)° in
5B-DHT and to 115-1° in MeDHT. The C(2)—C(3)
and C(3)—C(4) bonds in the saturated, unsubstituted
A ring of androstan-17-one (Banerjee, Das &
Saenger, 1978) are 1-523 (5) and 1-542 (6) A and the
angle C(2)—C(3)—C(4) is 1099 (3)°; thus the effect
of the 3-carbonyl substituent on the geometry of ring
A is clear. Junctions between rings B and C, as well
as between C and D, are trans in all these structures.

In 58-DHT, the angle C(3)—C(4)—C(5) is
1159 (2)° which is significantly larger than the
corresponding angle found in 5a-DHT, MeDHT
and androstan-17-one, which vary from 108 to 112°.
This larger angle is correlated to the 3-oxo-58-con-
figuration of 58-DHT; the other 3-oxo-5B-steroid,
17B-acetoxy-5-methyl-58-estran-3-one (Boeyens,
Bull & van Rooyen, 1980), shows a similar effect: the
C(3)—C(4)—C(5) angle is 115-4 (8)°. In both com-
pounds, this effect is accompanied by an extensive
flattening of the A ring which is expressed by
diminished torsion angles along the bonds
C(2—C(3), C(3)—C(4) and C(4)—C(5). These
angles are —429(2), 39-5(2) and —444(2)° in
58-DHT and are —47-6(13), 46-2(12) and
—49-0 (11)° in 5B-estran-3-one. This flattening may
be due to the close approach of the H atoms on C(4),
C(7), C(2) and C(9).

Nevertheless, the overall shape of the 4 ring is still
approximately the chair conformation typical for
totally saturated A rings. Distortions from that ideal
form can be expressed by the loss of mirror symme-
try through atoms C(2) and C(5) [AC(2) =131
definition of asymmetry parameters from Duax &
Norton (1975)] with a retention of perpendicular
rotational symmetry [AC,(1,10) = 1-8]. Ring B has a
highly symmetrical chair conformation with all
asymmetry parameters below 3-7. Ring C, because of
strain at the junction with the five-membered D ring
[C(2)—C(13)—C(14)—C(8) torsion angle over 60°],
has a distorted chair form [AC(9) = 2-2, ACx(8,14) =
10-0]. Chair conformations of rings B and C were
observed for all 5a-DHT and testosterone molecules,
as can be seen in Fig. 2.
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The conformation of the D ring in 58-DHT is
intermediate between 138,14a-half chair [AC,(13,14)
=77 and 13B-envelope [AC(13)=119] with
pseudorotation parameters (Altona, Geise &
Romers, 1968) A= 11-8 and ¢,,=46-5. The devia-
tion from the half-chair conformation is evident
from the unequal distances of C(13) and C(14) from
the plane through C(15), C(16) and C(17); C(13) is
0-485 A over this plane (on the B-side of steriod) and
C(14) is 0-245 A below this plane. This conformation
of the D ring is within the range of observed confor-
mations for this relatively flexible ring; the range for
D rings consisting of five sp® C atoms is between
13B-envelope and 138,14a-half chair (i.e. with pos-
itive pseudoparameter 4).

In the crystal, molecules of 58-DHT are linked
head-to-tail by hydrogen bonds between the
hydroxyl and carbonyl O atoms. The geometry of
the hydrogen bond is O(17)-O(3) = 2-784 (2),
H(017)+0(3)=2:02(3) A and /[O(17)—H:-O(3)]
=156 (3)°. Chains of hydrogen-bonded molecules
are parallel to the b axis, about the twofold screw
axis at 3, y, —34. The adjacent chains are packed with
van der Waals contacts.

In summary, the bowed structure of the 58-
skeleton and concomitant short distance between the
O atoms appears to be the reason for the low affinity
of 58-DHT for the sites on nuclear envelopes and
plasma membranes. Thus, the crystal structure of
58-DHT supports our hypothesis (Roszak et al.,
1990) regarding the correlation between the binding
affinity for dexamethasone sites and the separation
of terminal O atoms on the steroids.
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Departments of Medicine and Biochemistry in Uni-
versity of Ottawa, Ottawa, Canada, for providing the
sample of the title compound and the biochemical
data. This work was supported by the Alberta Heri-
tage Foundation for Medical Research (fellowship
for AWR and scholarship for PWC), the National
Science and Engineering Research Council of
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Structure of Delvestine: a Norditerpenoid Alkaloid from Delphinium vestitum Wall
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Abstract. C;,HN,Og, M, = 586-73, m.p. 458-460 K,
monoclinic, P2,, a=9-187(2), 6=14979(3), ¢c=

11-474 2) A, B =104-09 (2)°, ¥ =1531-5(9) A3, Z=.

2, D,=127gem™3, ACuKa)=15418A, u=
7-1ecm™', F(000) =632, room temperature, R=
0-039, wR = 0-053 for 3077 observed reflections [/ >
3o0(l)). The aminoethyl C(21) atom is disordered.
There is an intramolecular hydrogen bond between
O(1)—H(O1) and N(1) atoms,
O(3)—H(03) and O(4), stabilizing the boat confor-
mations adopted by the rings 4 and D.

Introduction. The polyoxygenated norditerpenoid
alkaloids of Aconitum and Delphinium species have
been recognized since antiquity as poisonous towards
animals and as possessing medicinal properties (Benn
-& Jacyno, 1983). In an earlier investigation, we have
reported the isolation and structure determination of

* To whom correspondence should be addressed.
0108-2701/90/091704-04$03.00

and between

delvestine (1) from Delphinium vestitum Wall (Desai,
Joshi & Pelletier, 1985). We report here the X-ray
crystallographic studies of delvestine to confirm the
structure and stereochemistry of this norditerpenoid
alkaloid as 4-{[(2-aminobenzoyl)oxy]methyl}-20-
ethyl-6,8,168-tetramethoxyaconitane-1a,7-diol.

a1y
© 1990 International Union of Crystallography



