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Energetically favourable conform ations for sim ultaneous intram olecular rotations of both the
17 a ethyl side chain and the 17 ß hydroxyl group of a model steroid are calculated by MM2
m olecular mechanics. In accordance with recent IR and N M R interpretations, the 17a substituent
is found to preferably adopt conform ations which may sterically hinder the formation of hydrogen
bonds betw een the steroidal 17ß oxygen atom and the receptor protein. Furtherm ore, the 17a
ethyl substitution is com puted to influence the D-ring conform ation and to alter the location of
the 17ß oxygen function by 28 pm in space.

Introduction
The 17 ß hydroxyl group is a common feature of
several steroid horm ones, e.g. estrogenes, andro
gens, or progestins of the ethisterone type. Two
properties of this O H group are discussed to have a
significant influence upon receptor binding and
biological response: (i) the spatial location of the
oxygen atom as outlined, e.g., in the A-ring binding
and D-ring acting model [1, 2] and (ii) the capa
bilities of hydrogen bond form ation including direc
tional specificity [3—8].
Both properties might be affected by appropriate
cosubstitution at the 17a position.
Actually, 17a substituents in addition to the 17 ß
hydroxyl group are found to produce substantial
changes in biological functions. Introduction of the
17a ethinyl group, for instance, drastically reduces
the binding of testosterone to the androgen receptor
but simultaneously induces some binding to the p ro 
gestin receptor [9]. In the case of estradiol deriva
tives, the 17 a ethinyl substituent enhances the affini
ty to the estrogen receptor [9] whereas the 17 a ethyl
group induces a strong reduction in receptor binding
and estrogenic activity [10, 11].
There are two possible ways in which 17 a sub
stituents can influence receptor binding: (i) direct
substituent-receptor interactions and (ii) indirect
effects on steroid characteristics as, e.g., on the
abovem entioned properties of the 17 ß oxygen func
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tion. The form er must be taken into consideration
for progestins since quantitative structure-activity
relationship (Q SA R) studies reveal that the hydro
phobicity in the 16 a , 17 a region is an im portant fac
to r in determ ining progestational potency [12]. On
the basis of molecular mechanics calculations on an
drogens, some shift in the 0 17 oxygen atomic spatial
position and a slight effect on D-ring conformational
features caused by the introduction of a 17 a methyl
group are found [8]. From recent interpretations of
IR and NM R spectra [10, 11] it is concluded that the
17 a ethyl substituent modifies the geometrical
abilities of the 17ß-OH group to form hydrogen
bonds to the receptor and, thus, strongly reduces the
receptor binding affinity in contrast with other, more
linearly shaped 17a substituents.
In the present paper, molecular mechanics calcu
lations are used to investigate the energetically
favoured conformations of the 17a-ethyl-17 ß-hy
droxy model steroid shown in Fig. 1 in order to study
intram olecular influences due to double substitution
at the C17 carbon atom.
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Fig. 1. Investigated 17a-ethyl-17ß-hydroxy-androstane and
carbon atom num erotation.
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Theory

(conform ations A —C). The other syrc-clinal loca
tion
of the 17 a side chain with respect to the 0 1 7
All calculations are executed by means of the
oxygen
is next favoured (conformations D —F). The
MM2 program [13]. The total strain energy is formed
by a stretching, a bending, a stretch-bend, a torsion most unstable conform ers (G —I) are found to be
al, and a nonbonded term using the standard MM2 those which bring the term inal methyl group in prox
force field including lone pairs on the hydroxyl oxy imity to the steroid-skeleton ring D (anfr-periplanar
gen. Torsional angle increm ents of 30° are used in to 0 1 7 ). To avoid close contacts to steroid-skeleton
the com putation of the potential energy surface for atoms mainly of the D ring, the valence angles
rotations about the C 17—0 1 7 and C 17—C20 bonds C 17—C 2 0 —C21 and C 13—C 17—C20 are expanded
(Fig. 2). For each point of this surface, the energy by 4.4° and 3.2°, respectively, when going from the A
value is obtained by full relaxation of all internal to the H energy-minimum conform ation. According
coordinates except the torsional angles C 16—C 17— ly, 75% of the total strain-energy difference between
C 20—C21 and C 1 6 —C 17—0 17—H (driving coordi these two conform ers are due to bond-angle distor
nates). The energy-minimum conformations listed in tions (Baeyer strains).
As can be seen from the variability of minimum
Table I are calculated by full-scale geometry optim i
torsional-angle
values C 16—C 17 —0 1 7 —H of Table
zation w ithout any constraints. In Fig. 3, the energet
I,
the
orientations
of the oxygen lone pairs and the
ically most preferred conformation is illustrated in
stereoscopic view generated by the PLUTO program
[14]. All calculations were perform ed on EC 1040
and EC 1056 com puters.
Results and Discussion
Fig. 2 gives an impression of the potential energy
surface for rotations of 17 a and 17 ß substituents
about the C 1 7 —C20 and C 17—0 1 7 bonds, respec
tively. This surface exhibits nine local minima which
are determ ined by further geometry optimization
each. The corresponding energy-minimum confor
mations A —I are recorded in Table I together with
their energy characteristics compared to the most
stable conform ation A. As can be taken from Table
I, the most favoured conformers adopt a torsional
angle C 1 6 —C 1 7 —C 2 0 —C21 of about —65° regard
less of the actual hydroxyl hydrogen orientation

-180*

*180*

Fig. 2. R epresentation of the potential energy surface for
rotations of 17a and 17ß substituents calculated by MM2
molecular mechanics.

Table I. M inima of the potential energy surface (cf. Fig. 2).
Minimum
designation

Relative
Torsional
strain energy angle
[kJ m o r 1]
C 1 6 -C 1 7 -C 2 0 -C 2 1

Torsional
angle
C 1 6 -C 1 7 -0 1 7 -H

A
B
C
D
E
F
G
H
I

0.0
0.2
1.6
4.6
5.2
6.5
7.7
8.1
10.1

-174°
+ 57°
- 47°
+ 70°
-167°
- 45°
+ 66°
-171°
- 45°

- 65°
- 65°
- 66°
-161°
-161°
-160°
+ 56°
+ 56°
+ 55°

0'

T O R SIO N A L A N G LE C16-C17-C20-C21
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Fig. 3. Stereoplot of the global
energy-minimum conform ation
A calculated by full-scale
geom etry optim ization includ
ing 0 1 7 oxygen lone pairs.

hydroxyl hydrogen have a greater geometrical flexi
bility as com pared to the ethyl side chain. For the
corresponding unsubstituted 1 7 a—H steroid, MM2
calculations show minima in terms of C 1 6 —C17 —
0 1 7 —H at 180°, —50°, and 69°. In view of these
values and the high degree of flexibility, it cannot be
concluded that the additional 17 a ethyl substituent
significantly alters the energetically preferred posi
tions of the 17 ß hydroxyl group. However, the ethyl
locations syn -clinal to 0 1 7 might affect the receptor
hydrogen-bond form ation by steric hindrance as it
can, for instance, be derived from Fig. 3. This expla
nation and the fact that these s>w-clinal orientations
represent the energetically preferred conformations
are in excellent agreem ent with recent IR and NMR
interpretations [11] which assign the IR band at
3633 cm -1 to a ß-side directed rotam er. O ther evi
dence th at the ethyl conformation shown in Fig. 3 is
the most stable one comes from crystallographic data
of similar com pounds with the C20 carbon atom hav
ing sp3 hybridization. Values of the torsional angle
C 16—C 17—C 2 0 —R distributed near —60° are pre
dom inantly found by X-ray single crystal analyses
of 17 a —C H 2X substituted 17 ß-hydroxy-estr-4-en-3ones ([15]: X = CN: -5 9.6 °; [16]: X = N3: -5 6 .7 ° and
-5 5 .2 °; [17]: X = C1: -6 4 .2 ° and -60.8°) and 17 ßhydroxy-estra-4,9-dien-3-ones ([18]: X = CN: —60.5°;
[19]: X = N3: —58.6°). Calculations of the potential
energy profile for 17 a side-chain rotation of this type
of com pounds keeping, however, bond lengths and
valence angles fixed [19] give the same relative-stability ord er of the three 17 a side-chain conform a
tions as found in this paper.
From exam inations of hydrogen bonding patterns
in crystal packing arrangem ents, two hydrogen bond
ing zones preferred in receptor binding are proposed
[3 —8]. These zones are described to be approxim ate
ly located in directions characterized by torsional
angles with respect to C16 of roughly 180° and 60°.
Also, in a steroid-D N A intercalation model [20] hy
drogen bonds to phosphate oxygens are stereospeci-

fically form ed with this torsional angle being about
60°. Thus, these H bonding zones are placed in those
regions which are blocked up to a great extent by the
two mostly preferred locations of the terminal
methyl group in the 17a side chain. Hence, the pres
ent molecular mechanics calculations support the ex
planation suggested by Kaspar and Witzel [11] that
binding of 17a-ethyl-estradiol and related com
pounds to the estrogen receptor is disturbed by the
ethyl group directionality. The total binding energy
of steroid-receptor interactions should be reduced by
the energy contribution due to intram olecular con
form ational conversion as a precondition for selec
tive receptor-steroid hydrogen bond formation. Also
in the case of progestins, it is experimentally found
that a change from the linearly arranged 17 a ethinyl
group to 17 a —C H 2X substituents diminishes both
the progestational activity of 19-nor derivatives ([21]:
X = CN, N3, Cl, Br, O C H 3) and their receptor bind
ing: relative binding affinity to the rabbit-uterine
progesterone receptor of norethisterone: 263% [22];
of
17 a-cyanomethyl-17 ß-hydroxy-estr-4-en-3-one:
24% [23]; of the 17a-azidomethyl-17ß-hydroxy-estr4-en-3-one even with additional azido group binding:
176% [23],
Further sources of receptor binding energy are
Van der W aal’s interactions and hydrophobic bond
ing from the steroid backbone. Therefore, it is inter
esting to see which influence the 17 a side chain ex
erts, e.g., on the D-ring conform ation. The 1 7 a —H
analogue of the steroid under study is calculated
to adopt an interm ediate between 13ß,14a-half
chair and 13ß-envelope (phase angle of pseudo
rotation
A = 14.1°;
asymmetry
param eters:
AC2(C 16) = 9.4°, ACS(C 13) = 11.1°). This D-ring
conform ation is changed by the 17 a ethyl group in
the most favoured side-chain conformation A into a
13ß,14a-half chair (A = -3 .7 °; AC2(C 16) = 2.3°,
AG;(C 13) = 19.2°). H owever, such D-ring conforma
tional alterations cannot be used to explain substan
tial variations in biological functions since, already in
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the case of 17a unsubstituted 17ß-hydroxy steroids,
a variability of D-ring conform ations ranging from
13ß-envelope to 13ß,14a-half chair is crystallographically observed [24], On the other hand, the
conform ational change induced by the 17 a ethyl
group is much more striking than that calculated for
a 17 a methyl group [8].
In connection with the reorientation of D-ring
atoms, the M M 2 com putations reveal that the 0 1 7
oxygen atom is slightly displaced when the 17 a ethyl
substituent is introduced. A least-squares fit of all
carbon atoms of the A , B, and C rings for the
17 a —C H 2C H 3 versus the 17a-H steroid yields a
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geometrical separation between both 0 1 7 oxygens
of 28 pm in space.
A similar displacement has been found in the case
of the 17 a methyl substitution by means of molecular
mechanics calculations [8], An appropriate spacing
of this oxygen atom is claimed, e.g., by Duax et al.
[1 ,2 ] for expression of steroid horm one activity.
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