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20-Oxopregn-5-ene-34,16a-diyl diacetate

The title compound, C,sH3cOs, has two independent mol-
ecules in the asymmetric unit with similar geometry. The main
difference between the two molecules relates to the confor-
mation of the 178-methyl ketone and 38-acetoxy groups, the
latter being disordered in one of the molecules. The five-
membered ring adopts an unusual 138-envelope conforma-
tion.

Comment

In the course of our research on the development of mild and
catalytic methods for the chemi-, regio- and stereoselective
transformation of polyfunctionalized molecules we directed
our attention to the enormous potential of biocatalytic
methodologies. In this regard, the 20-oxopregn-5-ene-38,16¢-
diyl diacetate, (I), is an interesting substrate for study in acyl
transfer reactions catalysed by commercially available
enzymes. Compound (I) was prepared from 20-oxopregna-
5,16-dien-38-yl acetate, by application of synthetic methods
already described: stereoselective epoxidation of the C-16
double bond with hydrogen peroxide under alkaline cond-
itions, followed by sonochemical reductive opening of the
corresponding 16a,17«-epoxide with aluminium amalgam and
acetylation of the 38- and 16a-hydroxyl groups using acetic
anhydride in pyridine.

The X-ray diffraction study of (I) shows that the asymmetric
unit contains two symmetry-independent molecules, 1 and 2,
with almost identical geometry, although with some disorder
on the side chains. An ORTEPII (Johnson, 1976) drawing of
the molecules, with the corresponding atomic numbering
scheme, is shown in Fig. 1. A study of isostructurality between
the ordered parts of both molecules (Kalman et al., 1991) gives
the following values: I,*° (distances) = 99.3% and I,”
(valency angles) = 99.6%. All rings are fused trans. Bond
lengths and angles are within the range of expected values
(Allen et al., 1987), apart from some minor deviations in the
disordered 38-acetoxy group.

Both molecules show a larger than usual Csp®—Csp’ bond
C5—C10, 1.527 (3) and 1.523 (3) A for molecules 1 and 2,
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Figure 1
View of two symmetry-independent molecules of the title compound,
with 50% probability ellipsoids and the atom-numbering scheme.

respectively, a feature already found in the similar structure
of 16a-hydroxy-20-oxopregn-5-en-38-yl-acetate (Andrade,
Paixdo, de Almeida, Martins, Soares, Moreno et al., 2001).
Rings A and C have slightly flattened chair conformations, the
mean values of the torsion angles being 52 (3) and 54 (5)° for
molecule 1, and 53 (3) and 54 (5)° for molecule 2, respectively.
As a result of the double bond C5—C6, the C5 environment is
planar; the sum of valency angles is 359.9 (4)° for both mol-
ecules. Thus, ring B is highly distorted, assuming a confor-
mation between 88,9a-half chair and 88-sofa [asymmetry
parameters (Duax & Norton, 1975) are AC,(5,6) = 3.2 (3),
ACg(6) = 20.3 (3), ACy(5,10) = 489 (3)° and AC,(5,6) =
1.9 (4), ACs(5") =21.0 (3), ACy(6',7") = 48.1 (4)°, respectively,
for molecules 1 and 2]. The five-membered D ring assumes an
unusual 13B-envelope conformation, with puckering para-
meters (Cremer & Pople, 1975) g, = 0.460 (3) A, @, =
185.5 (3)° for molecule 1, and g, = 0.455 A, @, = 183.9 (4)° for
molecule 2 [pseudo-rotation (Altona et al., 1968) and asym-
metry parameters (Duax & Norton, 1975): A =24.3 (5), ¢,, =
46.6 (2), ACs(13) = 6.0 (3), AC,(14) =28.5 (3)° for molecule 1,
and A =27.7 (5), ¢, =462 (3), AC5(13") =4.4 (3), ACs(14) =
29.6 (3)° for molecule 2. The 3B-acetoxy group, which does not
disturb the usual chair conformation of ring A, is planar and
oriented equatorially in both molecules. For molecule 1, the
dihedral angle between this group and the mean molecular
plane is 49.61 (13)°. For molecule 2, the structure refinement
reveals a disorder of the 38-acetoxy group over two positions
with occupancies of 0.72 (1) and 0.28 (1). The conformation of
the 178-methyl ketone group is characterized by a torsion
angle C13—C17—C20— 020 of —52.4 (5)° for molecule 1 and
of 100.0 (4)° for molecule 2. This is curious as it represents the
main difference between the two almost isostructural mol-
ecules. The conformation of this group in molecule 2 is close to
those reported by Weeks et al. (1973) and Andrade, Paixao, de
Almeida, Martins, Soares, Moreno et al. (2001), but in mol-
ecule 1, the conformation is closer to that found in the
16a,17a-epoxy steroid molecule, with a torsion angle of

—7.1 (4)° (Andrade, Paixdo, de Almeida, Martins, Soares,
Morais et al., 2001). The pseudo-torsion angle C19—C10—
C13—C18 is rather large for both molecules [1: 7.35 (18)°; 2:
12.8 (2)°], indicating that both are highly twisted.

Experimental

Stereoselective epoxidation of the C16 double bond on the
commercially available 20-oxopregna-5,16-dien-38-yl acetate with
hydrogen peroxide in alkaline conditions, and subsequent sono-
chemical reductive opening of the corresponding 16«,17x-epoxide
with aluminium amalgam were performed according to the literature
(Moreno et al., 1993, 1998). The 3 8,16¢-dihydroxy-20-oxopregn-5-ene
(600 mg, 1.81 mmol) obtained by this two-step procedure was then
acetylated with acetic anhydride (3 ml, 31.8 mmol) in pyridine
(15 ml) at room temperature for 24 h. The reaction mixture was
poured into cooled water (250 ml) under magnetic stirring and the
suspension was filtered to isolate the title compound (684 mg, 90.9%)
as pure white solid (m.p. 441445 K). IR: vy, 1726 (3-OAc and 16-
OAc), 1703 (20-CO), 1436, 1372, 1242 cm™'. NMR, & (300 MHz,
CDCl;, Me,Si, p.p.m.): 0.67 (3H, s, 18-Me), 1.02 (3H, s, 19-Me), 2.00
(3H, s, 3-Ac), 2.03 (3H, s, 16-OAc), 2.17 (3H, s, 21-Me), 2.68 (1H, d,
J17a.168 = 6.36 Hz, 170-H), 4.61 (1H, m, 3a-H), 5.37 (1H, m, 6-H), 5.49
(1H, m, 168-H); §c (75.47 MHz, CDCl;, Me,Si, p.p.m.): 206.5 (C-20),
170.6 (3-OCOCHj;) and 16-OCOCH3;), 139.7 (C-5), 122.0 (C-6), 75.7
(C-3), 73.6 (C-16), 70.0 (C17). Crystals suitable for X-ray analysis
were obtained by slow evaporation of a solution of the steroid in
acetone/n-heptane.

Crystal data

C25H3605

M, = 416.54
Monoclinic, PZJ
a=14892(2) A
b=9375(3) A
c=17.119 (7) A
B=99.18 (2
V =2359.3 (13) A®
Z=4

Data collection

Enraf-Nonius MACH3
diffractometer

Profile data from w-26 scans

Absorption correction: i scan

(North et al., 1968)

Tmin = 0.831, Tpax = 0.868
7913 measured reflections
4918 independent reflections
4607 reflections with I > 20(1)

Refinement

Refinement on F?

R[F? > 20(F?)] = 0.043

wR(F?) = 0.124

§=1.05

4918 reflections

559 parameters

H-atom parameters constrained

D,=1173Mgm™>

Cu Ko radiation

Cell parameters from 25
reflections

6 =10.2-29.2°

n=0.64 mm—

T=293Q2)K

Prism, colourless

0.55 x 0.24 x 0.22 mm

1

Rine = 0.034
Omax = 71.9°
h=-18 — 18
k=-11—11
[=-21—5

3 standard reflections
frequency: 180 min
intensity decay: 5.7%

w = 1/[0*(F,%) + (0.0752P)*
+ 0.3449P]
where P = (F,” + 2F.%)/3
(A/0)max < 0.001
APmax =027 ¢ AT
APmin = —021e A7

Extinction correction: SHELX1.97
Extinction coefficient: 0.0014 (2)

The 3B-acetoxy group of molecule 2 is disordered over two posi-
tions with refined occupancies of 0.72 (1) and 0.28 (1). The bond
lengths within the disordered group were restrained to standard
values to regularize the refinement. All H atoms were refined as
riding on their parent atoms using SHELXL97 defaults. Owing to the

Acta Cryst. (2002). E58, 0898—0900

L. C. R. Andrade et al. + CysH3c0s 0899



organic papers

absence of significant anomalous dispersion, Friedel pairs were
merged and the absolute structure assigned on the basis of the known
configuration of the molecules from the synthetic route. Examination
of the crystal structure with PLATON (Spek, 2001) shows that there
are no voids in the structure that might be occupied by solvent
molecules.

Data collection: CAD-4 Software (Enraf-Nonius, 1989); cell
refinement: CAD-4 Software; data reduction: HELENA (Spek, 1997);
program(s) used to solve structure: SHELXS97 (Sheldrick, 1997);
program(s) used to refine structure: SHELXL97 (Sheldrick, 1997);
molecular graphics: ORTEPII (Johnson, 1976); software used to
prepare material for publication: SHELXL97.

This work was supported by Fundagido para a Ciéncia e
Tecnologia.
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