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Abstract-Reduction by Birch procedure of 3-methoxy-B-nor-8-isoestra-1,3,5(10)-trienesfollowed by
hydrolysis of reaction products furnished 19,B-bisnor-8,10-isoanalogs of steroid androgens. With the use of
the correlation NMR spectroscopy a completeassignment of signals in the1H and 13C NMR spectra was
performed for two representatives ofthis steroidgroup, and theirprevailing conformations in solutionwere
established.

B-Nor-8-isoanalogs of steroid estrogens may
possess more favorable biological properties than the
natural hormones[1]. Such compoundsfrom the
androgen series were virtually unstudied; only in [2]
was reported on Birch reduction of 17b-hydroxy-18-
methyl-3-methoxy-B-nor-8-isoestra-1,3,5(10)-triene.
The structure of the target steroid was tentatively
established as 17b-hydroxy-18-methyl-3-oxo-B-nor-8-
isoestr-4-ene. The study of correlation between the
structure and biological activity of the new steroid
group requires the knowledge of the configuration of
the C10 centers thereof. This is the aim of the present
investigation.

We selected as a model compound 17ab-acetoxy-
16,16-dimethyl-3-methoxy-D-homo-B-nor-8-isoestra-
1,3,5(10)-triene that to ourknowledge did not possess
uterotropic activity at a dose up to 100mg/kg body
weight daily. Since the hormone-binding sites of the
receptors for estrogens and androgens are of similar
structure [3] wehave presumed that the androgen
analog synthesized would not possess hormone
activity, and therefore we would beable to evaluate
the promising properties of these substanceseffected
through the nongenome mechanism.

The synthesis of the target steroid is presented in
Scheme 1. The initial 16,16-dimethyl-3-methoxy-17a-

Scheme 1.
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Fig. 1. Spatial structure of 17ab-hydroxy-16,16-dimethyl-3-oxo-D-homo-B-nor-8,10-isoestr-4-ene (VIII ). Overhauser effects
most important for establishing the conformation are marked witharrows.

Fig. 2. Scheme of protons spin-spin coupling in the molecule of 17ab-hydroxy-16,16-dimethyl-3-oxo-D-homo-B-nor-8,10-iso-
estr-4-ene (VIII ), and coupling constants (Hz) for proton pairs not included into strongly coupled spinsystems.
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Fig. 3. NMR spectra of 17ab-hydroxy-16,16-dimethyl-3-oxo-D-homo-B-nor-8,10-isoestr-4-ene (VIII ), CDCl3, 20oC: (a)
COSY-DQF; (b) HETCORR; (c) NOESY.
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Table 1. Chemical shifts (d, ppm) in the 1H and
13C NMR spectra of 17ab-hydroxy-16,16-dimethyl-3-oxo-
D-homo-B-nor-8,10-isoestr-4-ene (VIII ), CDCl3, 20oC
ÄÄÄÄÄÄÂÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÂÄÄÄÄÄÄÄÄÄ

Atom ³ dC, ppm³ 1Ha , d, ppm³ ³ 1Hb , d, ppm
ÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÅÄÄÄÄÄÄÄÄÄ
C1 ³ 23.86 ³ 1.95 ³ ³ 1.77
C2 ³ 37.27 ³ 2.29 ³ ³ 2.45
C3 ³ 199.5 ³ ³ 3 ³
C4 ³ 123.77 ³ ³ 5.90³
C5 ³ 174.86 ³ ³ 3 ³
C6 ³ 31.71 ³ 2.48 ³ ³ 2.51
C8 ³ 42.21 ³ 2.14 ³ ³ 3

C9 ³ 42.67 ³ 2.06 ³ ³ 3

C10 ³ 46.87 ³ 2.72 ³ ³ 3

C11 ³ 19.49 ³ 1.43 ³ ³ 1.02
C12 ³ 35.03 ³ 1.01 ³ ³ 1.83
C13 ³ 38.86 ³ ³ 3 ³
C14 ³ 38.27 ³ 1.58 ³ ³ 3

C15 ³ 39.73 ³ 0.96 ³ ³ 1.37
C16 ³ 31.28 ³ 3 ³ ³ 3

C16
3CH3³ 32.99 ³ 3 ³ ³ 0.95

C16
3CH3³ 27.02 ³ 0.96 ³ ³ 3

C17 ³ 43.43 ³ 1.31 ³ ³ 1.41
C17a ³ 76.48 ³ 3.31 ³ ³ 3

C18 ³ 11.13 ³ 3 ³0.81 ³
C17a

3OH³ 3 ³ 3 ³ ³ 1.55
ÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÁÄÄÄÄÄÄÄÄÄ

oxo-D-homo-B-norestra-1,3,5(10),8,14-pentaene (I )
was prepared under conditions described in[4], its
spectral characteristics were as expected.

The reduction of compoundI with sodium boro-
hydride afforded alcoholsII and III whose structure
was established from massspectra. In themass
spectrum of steroidIII is present a peak [M318]+

indistinguishable in the spectrum of compoundII .
This result is characteristic of steroid alcohols with
axial (herea) and equatorial (hereb) hydroxy groups
respectively [5].

Steroid IV was obtained by acetylation of alcohol
II as described in[4].

The hydrogenation of acetateIV on Raney nickel
afforded 8-isoanalogV in a mixture with 9-isoanalog
VI . These steroids were completely separated by
crystallization from ethanol. The structure ofcom-
poundsV andVI was established from the signals in
the NMR spectra characteristic of this type com-
pounds [4].

Steroid V was reduced under conditions of Birch
reaction. The hydrolysis of the intermediate product
VII by hydrochloric acid in methanol resulted in the
target compoundVIII .

The spatial structure of compoundVIII (Fig. 1)
was proved with the use of NMR spectroscopy. To
this end we applied to the assignment of the proton
signals correlation spectra COSY-90[6], COSY-DQF
[7], HETCORR [8], COLOC [9], andNOESY [10].
We performed a complete assignment of the signals in
the 1H and 13C NMR spectra, in particular the
resonances of eighteen protons in the strong field
region 1.032.8 ppm (Table 1).

As a result was established the scheme of coupling
between protons through the couplingconstants, and
the values of the coupling constants were determined
for the pairs of protons not included into strongly
coupled spin systems(Fig. 2).

In establishing the coupling scheme we chose
initially the proton signals that wereeasy to identify:
H4 and H17a at 5.90 and 3.31 ppm (Fig. 3). Thefirst
one is not within the spectral interval of the COSY-
DQF spectrum onFig. 3a since in this case the
spectral width was taken less than the total spectral
range in order to get better resolution. Nevertheless,
in this spectrum are present the reflected cross-peaks
corresponding to coupling of the H4 proton with one
methine proton at2.72 ppm andwith two methylene
groups in the 2.5 ppm region (the number of protons
at the respective13C nuclei has been established
from the DEPT-135 and HETCORR spectra).Among
methine protons only H10 can be coupled with it (4J
2.7 Hz). Besides this H10 proton is coupled with five
more protons in the upfield part of the COSY-DQF
spectrum(Fig. 3a). Thesignal of one among them
at 2.06 ppm according toDEPT-135 and HETCORR
belongs to a methine proton(Fig. 3b).Consequently,
this is H9 proton. The rest fourprotons originate
from two methylene groups(Figs. 3a and 3b, and one
of them contains a proton showing Overhausereffect
(NOE) with the protons at C18 atom (Fig. 3c) and
with H4 (the corresponding cross-peak is outside the
spectral region onFig. 3c). Thus themethylene
group in question is at the C6 carbonatom, and the
proton showing NOE with C18 atom hasb-orientation.
The comparison of the cross-peaks in the spectra
COSY-DQF and NOESY reveals that the protons of
the second methylene group are vicinal with respect
to H10 and consequently are attached to C1 atom.
Therewith the pseudoaxial proton H1 possesses three
large coupling constants (~11 Hz) with the neighbor-
ing protons whereas the pseudoequatorial H1 has a
single large coupling constant. The corresponding
cross-peaks unambiguously indicate the position of
signals from the protonsbonded to C2 (Figs. 2, 3a).
One of the protons shows NOE with H10. Taking into
account the interatomic distances the latter is only
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Fig. 4. 1D NOE Difference spectrum of 17ab-hydroxy-16,16-dimethyl-3-oxo-D-homo-B-nor-8,10-isoestr-4-ene (VIII ),
obtained at irradiation with radiofrequency pulse of Ha

17a, CDCl3, 20oC.

possible atsyn-pseudoaxial orientation of the proton
with respect to H10. NOE was also observed with
H10 and two other methine protons (with signals at
2.06 and 2.14ppm) among the lastthree.These can
be only Ha

8 and Ha
9. With these protons occurs also

NOE with the last methine proton at1.58 ppm, H14,
whosea-orientation is confirmed by its NOE with
Ha

17a at 3.31 ppm (Fig. 3c).

Thus all methine protons including H10 are located
in the a-region of the molecule. Therefrom follows
conformation of the ring A where Ha

2 is pseudoaxial
and is insyn-orientation with respect of H10, and Ha

1

atom is in pseudoequatorial position. This structure
of A ring corresponds to semichair conformation in
agreement with the characteristic geminal coupling
constant2J(2a, 2b) 16.7 Hz [11].This fact and also
the values of the vicinal coupling constants between
the protons attached to C1 and C2 atoms (Fig. 2)
evidence that the mentioned conformation of com-
poundVIII prevails in solution whereas manyD4-3-
oxo-19-noranalogs of steroid androgens with a six-
membered B ring possess considerably moreflexible
conformation of A ring [11].

The Ha
17a proton is coupled only with a pair of

protons attached to C17 atom, therewith the axial
Hb

17 proton at1.41 ppm isadditionally identified as
exhibiting NOE withb-C18H3 (Figs. 3a, 3c). At the
same time Ha

17a shows NOE with a proton from
another methylene group with which it is not coupled.
This proton can be only the axial proton Ha

12a with
the syn-orientation with respect to Ha

17a as is also
confirmed by observed therewith a characteristic
long-range coupling constant(0.5 Hz) with the
protons at C18 [12]. The chemical shift of H

b

12 was
determined from theHETCORR spectrum(Fig. 3b).
The proton pair linked to C15 was identified in the

1H spectrum from the presence of coupling constants
with H14, therewith the axial proton H

b

15 unlike the
equatorial Ha

15 had two large coupling constants
(~13 Hz) whereas the second one only a single large
constant. The methylene protons at C11 atom were
identified by the coupling constants with Ha

9 and
with protons attached to C12, and the spatial orienta-
tion thereof (a or b) was revealed by NOE H

b

11

showed withb-C18H3. Finally, the moredownfield of
the two methyl groups(0.95 and 0.96ppm) linked to
C16 exhibited NOE with Ha

17a and consequently is
located in thea-region (Fig. 4).

Thus in compoundVIII under consideration the
proton H10 is located in thea-region of the molecule.
Our conclusion is in contrast to that of Rao et al. [2]
who has assigned to the H10 proton theb-orientation
in the hydrolysis productX obtained from the
steroid IX after reduction along Birch reaction
(Scheme 2). Since compoundX differed from the
above described steroidVIII with a-oriented H10

only by the size and substituents in the Dring which
is remote from the reaction center we undertook the
synthesis of the former inorder toestablish its spatial
structure by NMR means.

The synthesis was carried out in two steps with an
overall yield 50% proceeding from 17b-hydroxy-18-
methyl-3-methoxy-B-nor-8-isoestra-1,3,5(10)-triene
(IX ) (Scheme 2) that wasprepared as in [4].

With the compoundXI obtained was carried out
the assignment of signals in the1H and 13C NMR
spectra and coupling constants determination along
the procedure described above for compoundVIII .
Its prevailing conformation in solution was deduced
from these data (Table 2,Fig. 5). Thehomonuclear
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Scheme 2.

coupling constants observed in the1H NMR spectrum
thereof are consistent with this structure that is
similar in the spatial arrangement of the A, B, and C
rings to that of compoundVIII . For instance, NOE
revealed between approached1,3-syn-pseudoaxial
protons indicates that the C rings in both compounds
and the D ring ofcompoundVIII are present in the
chair conformation. These protons ina- and
b-regions of the molecule compose twogroups, and
in each group they are successively approached to
eachother. Therewith the H10 proton exhibits NOE
only with the protons froma-region: with Ha

2

(pseudoaxial), Ha
8, Ha

9 and Ha
1. Besides the value

3J(Ha
10 , Ha

9 equal to~4 Hz (Fig. 2)also is consistent
with thea-orientation of the H10 proton since if it be

Table 2. Chemical shifts (d, ppm) in the1H and13C NMR
spectra of 17b-hydroxy-18-methyl-3-oxo-B-nor-8,10-
isoestr-4-ene (XI ), CDCl3, 20oC
ÄÄÄÄÄÄÂÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÂÄÄÄÄÄÄÄÄÄ

Atom ³dC, ppm³1Ha , d, ppm ³ ³1Hb , d, ppm
ÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÅÄÄÄÄÄÄÄÄÄ
C1 ³ 24.00 ³ 1.96 ³ ³ 1.77
C2 ³ 37.15 ³ 2.25 ³ ³ 2.43
C3 ³ 199.58 ³ ³ 3 ³
C4 ³ 123.58 ³ ³ 5.88³
C5 ³ 175.22 ³ ³ 3 ³
C6 ³ 31.83 ³ 2.53 ³ ³ 2.70
C8 ³ 39.85 ³ 2.45 ³ ³ 3

C9 ³ 42.90 ³ 2.07 ³ ³ 3

C10 ³ 46.30 ³ 2.74 ³ ³ 3

C11 ³ 20.68 ³ 1.42 ³ ³ 0.92
C12 ³ 31.98 ³ 0.80 ³ ³ 2.17
C13 ³ 44.35 ³ ³ 3 ³
C14 ³ 44.81 ³ 1.52 ³ ³ 3

C15 ³ 18.61 ³ 1.46 ³ ³ 1.46
C16 ³ 30.18 ³ 2.07 ³ ³ 1.52
C17 ³ 83.27 ³ 3.65 ³ ³ -
C18 ³ 23.44 ³ 3 ³ 1.49³
C18

3CH3³ 9.70 ³ ³ 0.93³
C17

3OH ³ 3 ³ 3 ³ ³ 1.53
ÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÁÄÄÄÄÄÄÄÄÄ

located in b-region the expected3J(H
b

10, Ha
9) value

should be about 14 Hz as fortrans-diaxial vicinal
protons.

Therefore the assumed in [2]b-orientation of the
H10 proton in the hydrolysis product was erroneous:
the obtained steroid had structureXI and notX.

The data obtained show that the reduction under
Birch conditions of 3-methoxy-B-nor-8-isoestra-
1,3,5(10)-trienes with no other substituents in the A,
B, and C rings followed by hydrolysiseffected with
HCl gives rise to 3-oxo-B-nor-8,10-isoestr-4-enes
notwithstanding the size of the Dring and sub-
stituents therein.

EXPERIMENTAL

Mass spectra were measured on MKh-1321
instrument at ionizing chamber temperature 2003
210oC.

The NMR spectra were registered on a spectro-
meter Bruker DPX-300 at operating frequencies
300.130 and 75.468 MHz for1H and 13C nuclei
respectively. The spectra were recorded from solu-
tions in 0.6 ml ofCDCl3 containing 537 mg of the
substance for1H spectra and 30350 mg for 13C
spectra.

Fig. 5. Spatial structure of 17b-hydroxy-18-methyl-3-oxo-
B-nor-8,10-isoestr-4-ene (XI ). Overhauser effects most
important for establishing the conformation are marked
with arrows.
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The chemical shifts were measured in thed scale
using as internal standard the residual peak ofCHCl3
in the solvent (d 7.26 ppm, dC 76.90 ppm). The
accuracy was no less than+0.01 ppm. Thehomo-
nuclear coupling constants were measured with the
accuracy+0.02 Hz from 1H NMR spectra after the
lines were refined by Lorentz-Gauss transformation
[13].

All experiments were carried out in a double-
channel 5 mmprobe,field stabilization ondeuterium,
standard pulse sequence in the quadrature detection
mode. The duration of thep/2 pulse at power
parameterPL 36 dB was 6.45ms for 1H and 5.1ms
for 13C nuclei. In the spectra registered withdecoupl-
ing of protons WALTZ-16 [14] pulsesequence was
used.

Always before effecting theFourier-transform
procedure the zeros were supplemented, and apodiza-
tion was performed. Variousweight functions were
applied depending on the target of theexperiment.

Principal parameters in registration and processing
of NMR spectra.1H NMR: number of points for data
sampling TD 32K; spectral width SW 2.4 kHz;
number of scansNS128; relaxationdelayDl 3 s; the
parameters of Lorentz-Gauss transformationsLB
32 Hz, GM 0.2; supplementing withzeros:SI 64 K
or 128 K.13C NMR: TD 32 K; SI 64 K; SW16.5 kHz;
NS 512; D1 5 s; parameter of the exponential weight
function LB 3 Hz.

2D COSY-90 [6 ] : number of points for
data samplingTD2 512; width SW1= SW22.4 kHz
for each of the 256t1-increments;D1 3 s; size of the
spectra matrix 5120512; apodization function along
t1 and t2 coordinates sin(pt/tmax); spectrum of the
absolute values.

2D COSY-DQF [7]: TD2 2 K; SW1 = SW2
2.4 kHz; NS 16 for each of the 512t1-increments;
D1 3 s; phase-sensitive detection with time-propor-
tional phase increase(TPPI); apodization function
sin(pt/tmax). Spectral matrix size 204801024.

13C-1H-HETCORR [8]: TD 1 K; SW1 1.2 kHz;
SW2 3.5 kHz; NS 56 for each of the 256t1-incre-
ments;D1 2 s; delay for evolution of direct hetero-
nuclear coupling constantD2 3.7 ms, D3 2.5 ms;
apodization function fort2 coordinate is exponential
(LB 3 Hz), for t1 sin(pt/tmax+ p/2); thesize of spectral
matrix for absolute values 10240512.

COLOC [9]: TD2 1K; SW1 2.4 kHz;SW2 3.5 kHz;
NS 256 for each of the 128t1-increments;D1 1 s;
delays for evolution of heteronuclear coupling con-

stants (nJC3H, n 2.3): D6 62.5 ms, D8 41.7 ms.
Apodization function sin(pt/tmax) for time coordinate
t2, and sin(pt/tmax+ p/2) for t1; the size of spectral
matrix for absolute values 10240512.

NOESY [10]: TD2 1 K; SW1 = SW2 2.4 kHz;NS
16 for each of the 256t1-increments;D1 2 s; mixing
time D8 0.5 and 1.0 s. Phase-sensitive detection with
TPPI; apodization function sin(pt/tmax+ p/2); spectral
matrix size 10240512.

The purity of all compounds was tested by TLC
on Silufol plates in solvent systems petroleum ether3
ethyl acetate, 4 : 1 and 3 : 1.

16,16-Dimethyl-3-methoxy-17a-oxo-D-homo-B-
norestra-1, 3,5(10),8,14-pentaene (I)was prepared
along the procedure from[4]. mp 1053109oC.
1H NMR spectrum (d, ppm): 1.08 s, 1.23 s and 1.30 s
(3H each, methyl groups at Dring), 5.60 s (1H,
H15), 6.81 d.d (1H, H2, 3J2,1 8.1 Hz, 4J2,4 2.4 Hz),
7.01 d (1H, H4, 4J4,2 2.1 Hz), 7.13 d (1H, H1, 3J1,2

8.1 Hz). Found, %: C 81.95; H8.09. C21H24O2.
Calculated, %: C81.78; H 7.84.

Reduction of steroid I with sodium borohydride.
To a solution of 5 g (16 mmol) of steroidI in 90 ml
of dioxane and 9 ml of water was gradually added at
stirring 4.5 g (119 mmol) of sodiumborohydride.
The reaction mixture was stirred for 8 h at 24oC and
left overnight. The excess reducing agent was
destroyed by cautious addition to the mixture of
concentrated acetic acid till the end offoaming. The
mixture then was diluted withwater, the reaction
products were extracted intochloroform, and the ex-
tract was dried with sodium sulfate. The solvent was
removed on a rotary evaporator, and the residue was
subjected to chromatography on silicagel, 5340 m,
gradient elution in the system petroleum ether3
ethyl acetate. The separated substances were crystal-
lized from a mixture petroleum ether3ethyl acetate.
The reaction was twice carriedout. We obtained
5.55 g of 17ab-hydroxy-16,16-dimethyl-3-methoxy-
D-homo-B-norestra-1,3,5(10),8.14-pentaene (II )
(55.5%), mp 983100oC, and 3.9 g of 17aa-hydroxy-
16, 16-dimethyl-3-methoxy-D-homo-B-norestra-
1,3,5(10),8.14-pentaene (III ) (39%), mp 1143115oC.
Mass spectrum of compoundII , m/z (Irek, %): 310
(57), 295 (100), 277 (2), 262 (2), 251 (2), 235 (2),
165 (3.4).Mass spectrum of compoundIII , m/z (Irel,
%): 310 (60), 295 (100), 292(3.8), 277 (10), 262
(6), 248 (5.6), 235 (5.8), 209 (5.4), 165 (7.3).

17abb-Acetoxy-16, 16-dimethyl-3-methoxy-D-
homo-B-norestra-1,3,5(10),8.14-pentaene (IV).To
a solution of5.55 g (18mmol) of steroidII in 20 ml
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of pyridine heated on a boiling water bath was added
50 ml of aceticanhydride. After 4 h the mixture was
poured on ice and extracted withchloroform. The
extract was washed successively with diluted hydro-
chloric acid, sodiumcarbonate solution, andwater.
The solvent was removed in a vacuum. The product
was crystallized from methanol to obtain4.55 g
(72%) of steroid IV, mp 93395oC. Mass spectrum of
compoundIV , m/z (Irel, %): 352 (50), 337 (42), 277
(100), 262 (36), 247 (14), 165 (15), 121 (27). Found,
%: C 78.24; H 7.84. C23H28O3. Calculated,%: C
78.38; H 8.01.

Catalytic hydrogenation of steroid IV. A solu-
tion of 4.55 g (13mmol) of steroid IV was subjected
to hydrogenation on 10 g of Raney nickel in 270 ml
of benzene under hydrogenpressure 503150 at 603
120oC. On completing the reaction the catalyst was
filtered off, the solution was evaporated. By crystal-
lization from 50 ml of ethanol was first obtained
2.45 g (53%) of 17ab-acetoxy-16,16-dimethyl-3-
methoxy-D-homo-B-nor-8-isoestra-1,3,5(10)-triene
(V), mp 1253128oC, and then 1.7 g of 17ab-acetoxy-
16,16-dimethyl-3-methoxy-D-homo-B-nor-9-isoestra-
1,3,5(10)-triene (VI ), mp 1103112oC. 13C NMR
spectrum (dC, ppm) of compoundV: 11.7, 21.2,
26.6, 26.7, 31.5, 33.0, 33.3, 35.5, 38.0, 38.8, 39.7,
40.0, 44.3, 44.4, 55.3, 78.7, 110.5, 111.6, 123.9,
141.1, 143.9, 158.5, 170.6. Found, %: C 77.3; H
9.45. C23H32O3. Calculated,%: C 77.49; H9.05.
13C NMR spectrum (dC, ppm) of compoundVI : 10.4,
20.4, 21.1, 26.4, 31.2, 31.8, 33.1, 36.6. 37.4, 37.5,
38.7, 39.4, 41.5, 42.2, 55.3, 78.1, 110.9, 111.1,
122.8, 137.0, 144.7, 158.4, 170.6. Found, %: C
77.65; H 9.44. C23H32O3. Calculated,%: C 77.49;
H 9.05.

17ab-Acetoxy-16, 16-dimethyl-3-methoxy-D-
homo-B-nor-8,10-isoestr-4-ene (VIII).To a solution
of 2.3 g (6 mmol) of steroidV in 160 ml of tetra-
hydrofuran was added at360oC 300 ml of liquid
ammonia. Then at stirring was graduallyadded 2.5 g
(0.357 mol) of finely cut lithium. Four hourslater
under the same conditions was slowly added 70 ml of
anhydrous ethanol. After usual workup[15] the
residue was crystallized from a mixture petroleum
ether3chloroform. The 1.5 g of colorless crystals of
compoundVII was dissolved in 150 g of ethanol at
heating on a boiling waterbath, to thesolution was
added 100 ml of 3 MHCl, the mixture was boiled
for 2 h, then poured into 1.2 liter ofwater, andafter
the usual workup the residue was crystallized from a
mixture hexane3chloroform. We obtained 1.2 g
(61%) of steroid VIII , mp 1803182oC. 1H and
13C NMR spectra are given in Table 1.Found, %: C

79.44; H 10.22. C20H30O2. Calculated,%: C 79.42;
H 10.00.

17bb-Hydroxy-18-methyl-3-methoxy-B-nor-8-iso-
estra-1,3,5(10)-triene (IX) was prepared similarly
to compoundV. mp 1383140oC (publ. mp 1483
149oC [2]). 1H NMR spectrum (d, ppm): 0.94 t(3H,
C183CH3), 0.95 m (1H, Ha

12), 1.23 m (1H, Hb
11),

1.6031.73 m (6H, H14, Ha
15, Hb

15, Hb
16, 2H18),

1.87 m (1H, Ha
11), 2.21 m (2H, Ha

16, Hb
12), 2.71 m

(1H, Ha
8), 2.79 m (1H, H6), 2.95 m (1H, Ha

9), 3.11
(1H, H6), 3.78 t (1H, Ha

17), 3.79 (3H, OCH3), 6.72
d.d (1H, H2, 3J2,1 8.4 Hz, 4J2,4 2.7 Hz), 6.76 d (1H,
H4, 4J4,2 2.4 Hz), 7.12 d (1H, H1, 3J1,2 8.1 Hz).
13C NMR spectrum (dC, ppm): 9.70, 18.12, 23.60,
27.95, 30.41, 32.18, 33.82, 41.86, 44.29, 44.37,
45.43, 55.26, 83.78, 110.43, 111.95, 124.37,
140.72, 144.14, 158.52.

17bb-Hydroxy-18-methyl-3-methoxy-3-oxo-B-nor-
8,10-isoestr-4-ene (XI). 0.707 g (2mmol) of steroid
IX was reduced under Birch reaction conditions as
described for compoundV. The reaction product was
hydrolyzed similarly to compoundVII . The reaction
mixture obtained was subjected to chromatography
on a column with a reversed phase sorbent (silica
gel3phenyl, 30 m, prepared along procedure [16]),
gradient elution in a system water3acetone. The
fractions containing the target product were
combined, poured intowater, the product was
extracted intochloroform, and after ausual workup
recrystallized from a mixture ethylacetate3petroleum
ether. Weobtained0.35 g (50%) ofsteroid XI, mp
1363138oC (cf. [2]: mp 1783179oC). 1H and
13C NMR spectra are presented in Table 2.Found,
%: C 78.53; H 9.41. C18H26O2. Calculated, %: C
78.79; H 9.55.
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