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THE MOLECULAR STRUCTURE OF A 6-THIAESTROGEN1
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The remarkable result of the Pd-hydrogenation of A8.9-6-thiaestrogen 13 as
compared with the analogous reaction4 of the corresponding carbocyclic
ateroids is of prime importance in the total synthesis of all-trang-6-this-
estrone. Formation of both 8x, 9a-H as well as 8B8-98-H products was shown to
occur, the latter isomer not being observed generally in this type of reduc-

tion.
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In order to investigate this anomalous reaction further, ketone g5, and
alcohols 4 and 2 were hydrogenated. On hydrogenation of ketone 2 the reaction
proceeded extremely slow and was stopped when no vinylproton (H15) was
visible in the NMR, One stereoisomer of D-homo-6-thiaestrone 3 was obtained
in good yield, mp 308-310°C , IR gﬁ; 3400 cm"1 (NH) 1710 cm'1 (C=0) KR
(DS-DMSO)8'1,96 (s, CHz - € =0 ). Due to lack of proper references the con-
figuration of the new compound could not be established from NMR, but the

C/D junction was supposed to be trans in analogy with other catalytic re-
ductions of the 14,15 double bonds of D-homosteroidss. Reduction of the 8.9
double bond could yield a- and B~cis products as stated above, although a-cis

4937



4938 No.56

seemed to be favoured here, for sterical reasons. An x-ray investigation

m=lhmmaend dlmd dhha Plieorcad oA 3 44 nw

showed that the first supposition the ¢/D junction is irang

i.2
i.e. sne U/0 junctiion 1 QAL

however, the reduction of the 8.9 unsaturation occured exclusively from the
B-side.

Monoclinic crystals were grown by recrystallizstion from nitromethane
The cell dimensions, measured from calibrated zero layer Weissenberg films
are a=13.847(1), b=6.154(1), c=26.141(2)3, B=106,31(1)°. Z=4.Space group P21/c.
With a Nonius automatic single crystal diffractometer 1500 independent
intensities were collected at room temperature with CuKa radiation. Because
of the small size of the crystal the absorption correction could be ignored.

The sulphur position was found from its Harker peaks in an E2—
Patterson synthesis. A fourfold minimum function with the Patterson centred
at the 4 sulphur positions revealed all other 24 steroid atoms. The refinement
wasg carried out by means of a block diagonal least squares program. At the
stage R=25% a difference synthesis showed a molecule of nitromethane, which
was included in the further refinement cycles. The refinement was terminated
at R= 11%.

The results of the structure determination are summarized in fig.1

and fig.2. The standard deviations of bond lengths and angles are 0.02 2
and 1° respectively. A list of atomic parameters and a list of structure
factors can be obtained from the laboratory of the first author.
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Fig.1. Bond angles and bond 1engths.
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Fig.2 Newman projections along some bonds.
The configuration of the molecule is such that the B/C junction is cis
(see fig. 2a), the C/D junction is irans (see fig. 2c) and the protons
of C(8) and C(14) (see fig.2b) are in the trans-configuration. In comparison
with estrone itself, the proton at C(9) is the only with an alternative
position. The acetyl-amino group is planar and the bond C(14) - C{13) is
lying approximately in the plane. The aromatic ring A is also planar within
the limits of accuracy. The methyl-group of the ether-function eclipses the
bond C(2)- C(3). The ring B is in a deformed half chair conformation; clock-
wise going and starting with C(5) - C(10) the torsion angles along the bonds
of this ring are -2, +28, -60, +68, -41 and +9°. The rings C and D are
approximately ideal chairs according to their torsion angles: -60, +58, -58,
+55, -56, +61, and +57, -62, +60,-53, +55, -50° respectively.

A tentative explanation for this anomalous reduction process is the following:

assuming the hydrogenation being a ¢is addition process where the two hydro-
gens are not transferred at the same moment, one of the carbon atoms will
have a (partial) radical character. This radical is more stabilized on 09
than 08, because of the possible maximum overlap with the aromatic nucleus.
As can be seen from models this is the case when the first hydrogen is
C8—B-H. Steric factors, however, oppose the B-hydrogenation process. When
additional S participation -eventually combined with the formation of a
B-P4d-C 4EC complex7 - of this radical becomes important, the sterically
favoured process might be counterbalanced and even overruled by this elec-
tronically determined reaction pathway.

Ag far as our results indicate the B-hydrogenation is a common path-
way of all S-steroids, which is again evidenced from compound 4, yielding
the B-cis isomer as the sole product (mp 149,5 - 152,5° C).

IR fnCBa; 3250 cm~| (OH) NMR (CDC15) 0,80 (s, CHz),~ 3.0 (m, Cq-H), centered
round 2,63 and 3,2% (two quartets, C -CH,), 3,60 (%,C 7-a—H). )
Furthermore, Pd-hydrogenation of 5 ylelded a single alcohol which was
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oxidized (Ag2003) to the known 9-H-iso-6-thia-estrone?.
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