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1 INTRODUCTION

Steroid hormones and their synthetic analogues
interact not only with classical nuclear receptors, some�
times they also demonstrate a characteristic binding to
other receptor or nonreceptor proteins with a known or
potential biological function [1].2 A specific protein had
earlier been shown to occur in the cytosol of the rat
uterus. It specifically binds progesterone derivatives
containing relatively voluminous 16α,17α�cyclopen�
tane and �cyclohexane substituents (pregna�D'�pent�
aranes) while demonstrating an exceptionally weak
interaction with native progesterone [2, 4]. The isola�
tion and identification of this protein (we named it
“uterine pentaranophilin”) is of interest to reveal its
function in an organism. The use of affinity chromatog�
raphy on sorbents with immobilized steroid ligands
might be an optimal isolation method for the protein.
An investigation of the series of our substituted 3� and
19�oximes of 16α,17α�cyclohexanopregnanes with
PR and UT showed [5] that pentarane (3Z)�(3�
methoxycarbonylpropoxyimino) derivatives display a
high affinity for UT while demonstrating an
extremely weak interaction with PR. The biggest dif�
ference between the affinities for the two proteins was
observed for (3Z)�(3�methoxycarbonylpropoxy�
imino)�6α�methyl�16α,17α�cyclohexanopregn�4�en�
20�one. This contains a sufficiently long chain with a

1Corresponding author; fax: +7 (499) 196�0221; e�mail:
nagaev@img.ras.ru
† Deceased.
2 Abbreviations: UT, uterine pentaranophilin; PR, progesterone

receptor.

terminal carboxyl group that can form an amide bond
with the carrier and, in its acidic form, might turn out to
be an efficient ligand for the preparation of an affinity
sorbent suitable for UT isolation. The corresponding
labeled analogues of pentaranes should be synthesized
to carry out such a work.

RESULTS AND DISCUSSION

In this work, we describe a method for the prepara�
tion of tritium�labeled 3�(O�carboxypropyl)� and
3�(O�methoxycarbonylpropyl)oximes of 6α�methyl�
16α,17α�cyclohexanopregn�4�ene�3,20�dione. The
(3Z) isomer of the last compound is necessary for
studying the degree of completeness of the unlabeled
analogue with the corresponding support during the
preparation of the affinity sorbent.

The synthesis of these compounds is given in
Scheme 1. The interaction of 6α�methyl�16α,17α�
cyclohexanopregna�1,4�diene�3,20�dione (I) with
O�(3�carboxypropyl)hydroxylamine hydrochloride
led to a mixture of (3Z)� and (3E)�substituted
oximes (II) and, further, to individual methyl esters
(Z�III) and (E�III). The selective reduction of the
1,2 double bond in steroids (I), (Z,E�II), and
(Z�III) was effected by gaseous tritium in the pres�
ence of tris(triphenylphosphine)rhodium chloride
by the procedure in [6]. The rate of the selective
hydrogenation of the 1,2 double bond in the imine
derivatives of dienes (Z,E�II) and (Z�III) turned out
to be substantially less than that of diene (I). The
hydrogenation of oxime (Z�III) for 19 h resulted in a
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30–35% yield of (Z�[1,2�3H]VI) with a molar radio�
activity of 25 Ci/mmol, whereas the 2�h hydrogena�
tion of pentarane (I) led to a 65% yield of
([1,2�3H]IV) with a 50� to 55�Ci/mmol molar
radioactivity. An extremely low yield was observed
during the hydrogenation of the 1,2 double bond in

the steroid oxime (II) with the terminal carboxyl
group. This seems to be connected with the fact that
in contrast to methyl ester of oxime (Z�III), the free
acid (Z�(II) forms a stable complex with the homo�
geneous catalyst that inhibits the transition into the
activated state (Scheme 2) [7].

Therefore, the use of a homogeneous catalyst for
the obtainment of the target steroid ([1,2�3H]V) from
(II) was unpractical. All of the efforts to carry out the
selective hydrogenation using heterogeneous catalysts

(5% Pd/C, dioxane, 30 min; 5% Pd/BaSO4 dioxane,
30 min; Lindlar catalyst, ethyl acetate, 30 min; Lind�
lar catalyst, dioxane, 30 min; and Lindlar catalyst,
dioxane, 90 min) were also unsuccessful because a lot
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of side labeled compounds were formed. Hence, the
synthesis of isomers of the labeled steroid (V) was
achieved by the selective hydrogenation of 1,4�bisde�
hydrosteroid (I) to ([1,2�3H]IV) by a modified proce�
dure [6] with the subsequent interaction of the result�
ing labeled steroid with O�(3�carboxypropyl)hydroxy�
lamine. After chromatographic purification and
separation, the individual isomers (Z�[1,2�3H]V) and
(E�[1,2�3H]V) were finally isolated in 43 and 36%
yields, respectively. The molar radioactivities of both
labeled preparations were equal (50 Ci/mmol). The
treatment of acid (Z�[1,2�3H]V) with diazomethane
yielded the individually labeled 3�O�[3�(methoxycar�
bonyl)propyl]oxime (Z�VI).

EXPERIMENTAL

One and two�dimensional NMR spectra (δ, ppm)
were registered in CDCl3 at 30°C on a Bruker
DRX�500 spectrometer (Germany) with working fre�
quencies of 500.13 and 125.76 MHz for protons and
13C nuclei, respectively. The signals of residual CHCl3
(7.27 ppm) for the 1H NMR spectra and CDCl3
(77 ppm) for the 13C NMR spectra were used as refer�
ences. When measuring two�dimensional spectra, the
standard Bruker programs were applied. The spectra
were decoded using the COSY, HSQC, and HMBC
procedures. The configuration of oximes was deter�
mined by the use of 2D�NOESY spectroscopy.

Tris(triphenylphosphine)rhodium chloride (Fluka)
was used as a catalyst. Radioactivity was measured on an
LKB1215 scintillation counter with the efficiency of tri�
tium registration near 30% in a dioxane scintillator. A
MultiChrom 1.5 system (ZAO Ampersend, Russia)
was used for the collection and processing of chro�
matographic data. Plates coated with Sorbfil�UV silica
gel (Russia) were used for TLC. The optimal condi�
tions for carrying out the reactions were found by the
use of a 1% tritium–protium mixture according to the
procedures in [8–12]. The stability and distribution of
the label were tested by the method in [8].

Labeled preparations were analyzed and purified
by HPLC on a Reprosil pur C18aq, 5 µm, 4 × 150�mm
column at a flow rate of 1 ml/min in a system of
methanol–5 mM H3PO4 9 : 1. Retention times (min):
6.08 for (IV), 6.75 for (Z�II), 7.53 for (Z�V), 9.83 for
(Z�III), 10.86 for (Z�VI), and 12.21 min for (E�VI). The
preparative purification was carried out on a Kromasil
100C18, 7 µm, 4.6 × 150�mm column, flow rate
1 ml/min; systems: (A) 1 : 1 methanol–10 mM
H3PO4, (B) methanol, 50% B for 5 min, then a linear
gradient from 50 to 80% B for 10 min; retention time
(min): 8.41 (Z�III), 9.52 (Z�VI), 5.49 (Z�II), and 6.19
(Z�V).

3E� and 3Z�(3�Methoxycarbonylpropoxyimino)�
6α�methyl�16α,17α�cyclohexanopregna�1,4�diene�
20�ones (Е�III) and Z�III). A mixture of O�(3�carboxy�
propyl)hydroxylamine hydrochloride [13] (304 mg,
1.95 mmol) and 1,4�didehydrosteroid (I) [12]

(415 mg, 1.09 mmol) in pyridine (5 ml) was stirred at
60°С for 6 h. The solvent was removed in a vacuum,
and the residue was coevaporated with toluene (3 ×
30 ml). Ethyl acetate and water were added to the
resulting residue, the water phase was extracted with
ethyl acetate, and the combined organic layers were
washed with 5% HCl and water and dried over Na2SO4.
A mixture of isomeric 3�O�(3�carboxypropyl)oximes
(II) was dissolved in methanol (5 ml) and kept for 0.5 h
at 20°C with 10 ml of an ethereal solution of diazo�
methane (from 460 mg of nitrosomethylurea and
0.92 ml of 45% KOH). The solvents were evaporated
in a vacuum, and the residue was chromatographed on
a column filled with Kieselgel 60 (0.063–0.100 mm)
(Merck). Elution with a petroleum ether–acetone
mixture of 99 : 1 to 96 : 4 gave individual 3�O�[3�
(methoxycarbonyl)propyl]oximes: (E�III), mp 73–
75°C (hexane) (229 mg, 42%) and (Z�III), mp 101–
103°C (215 mg, 40%). The 1Н� and 13C NMR spectra
of these compounds are given in the table.

3Z�(3�Carboxypropoxyimino)�6α�methyl�16α,17α�
cyclohexanopregna�1,4�dien�20�one (Z�II). Ester
(Z�III) (70 mg, 0.14 mmol) and NaOH (110 mg,
2.75 mmol) in methanol (6 ml) were kept for 20 h at
room temperature, and ether (20 ml) and 10% HCl
were added. The organic layer was washed with water,
dried over Na2SO4, and the solvent was removed in a
vacuum. The residue was chromatographed on a col�
umn filled with Kieselgel 60. Elution with a 78 : 20 : 2
petroleum ether–acetone–methanol system led to the
isolation of (Z�II), yield 56 mg, mp 223–225°C
(ether–hexane).

3Z�(3�Methoxycarbonylpropoxyimino)�6α�methyl�
16α,17α�cyclohexano�[1,2�3H]pregn�4�en�20�one
(Z�[1,2�3H]VI). (a) A solution of 1,4�bisdehydroprecur�
sor (Z�III) (2.2 mg, 0.0044 mmol) and tris(triphe�
nylphosphine)rhodium chloride (2.2 mg, 0.0024 mmol)
in benzene (0.3 ml) was placed in an ampoule, frozen
in liquid nitrogen, evacuated, filled with a protium–
tritium (1 : 1 ratio) mixture up to a pressure of 400 hPa,
and kept under stirring for 19 h at room temperature.
The ampoule content was frozen again in liquid nitro�
gen and evacuated. The labile tritium was removed by
the three�time evaporation of the reaction mixture
with methanol (5 : 1). Analysis was carried out by
HPLC (Fig. 1).

To remove the soluble catalyst, the reaction mix�
ture was applied to a Sorbfil�UV plate, which was
developed with a 7 : 3 hexane–acetone system. The
zone containing the target labeled substance was cut
out, and the reaction products were eluted with meth�
anol (5 × 10 ml). The eluates were filtered and evapo�
rated. The analysis and the preparative purification of
the preparation were carried out by HPLC. The radio�
chemical purity of (Z�[1,2�3H]VI) was 95–97% after
the chromatography; yield 30–35%; molar radioactiv�
ity, 25 Ci/mmol. The labeled steroid (VI) was stored as
a solution in methanol at 10–15°С.



266

RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  Vol. 36  No. 2  2010

SHEVCHENKO et al.

(b) The Z�isomer of ([1,2�3H]V) was dissolved in
methanol (0.5 ml) and kept for 0.5 h at 20°C with 1 ml
of an ethereal solution of diazomethane. The methyl
ester (Z�[1,2�3H]VI) was isolated by HPLC; its molar
radioactivity was 50 Ci/mmol.

6α�Methyl�16α,17α�cyclohexano�[1,2�3H]pregn�
4�ene�3,20�dione ([1,2�3H]IV). A solution of 1,4�bis�
dehydrosteroid (I) [12] (4 mg, 0.008 mmol) and
tris(triphenylphosphine)rhodium chloride in dioxane
(0.2 ml) was placed in an ampoule, frozen in liquid
nitrogen, evacuated, filled with 100% gaseous tritium
up to a pressure of 400 hPa, and kept under stirring for
120 min at room temperature. The ampoule content
was again frozen in liquid nitrogen and evacuated. The
labile tritium was removed by the three�time coevapo�
ration of the reaction mixture with a 5 : 1 ethyl ace�
tate–methanol mixture. The soluble catalyst was
removed by application on a Sorbfil�UV plate and
three�times eluted with a 1 : 1 hexane–ether system.
The zone containing the target labeled substance
([1,2�3H]IV) was cut out, and the reaction products

were eluted with ethyl acetate (5 × 10 ml), filtered, and
evaporated. The analysis and preparative purification
of the preparation were achieved by HPLC. The radi�
ochemical purity achieved 95–97% after the chroma�
tography; the yield was 65%, and molar radioactivity,
50–55 Ci/mmol. The labeled steroid ([1,2�3H]IV) was
stored as a solution in a 2 : 1 ethyl acetate–methanol
mixture at 10–15°С.

3Z� and 3E�(3�Carboxypropoxyimino)�6α�methyl�
16α,17α�cyclohexano�[1,2�3H]pregn�4�en�20�ones
(Z�[1,2�3H]V) and (Е�[1,2�3H]V). A methanolic solu�
tion of ([1,2�3H]IV) (50 µg, 0.132 µmol, 7 µCi) was
placed in an ampoule, evaporated, and O�(3�carboxy�
propyl)hydroxylamine hydrochloride (0.4 mg,
2.57 µmol) and dry pyridine (0.1 ml) were added. The
ampoule was filled with argon, sealed, and stirred on a
rotary evaporator for 3 h at a bath temperature of 60°С.
After the end of the reaction, the ampoule was opened
and the pyridine was evaporated. The residue was puri�
fied by preparative HPLC and (Z�[1,2�3H]V) (43%)

Chemical shifts (δ, ppm) in the 1H� and 13C NMR spectra of (3Z)� and (3E)�(3�methoxycarbonylpropoxyimino)�6α�methyl�
16α,17α�cyclohexanopregna�1,4�dien�20�ones (Z�III) and (E�III)

(Z�III) (E�III)

Atom 
number

1H 13C Atom 
number

1H 13C Atom 
number

1H  13C Atom 
number

1H 13C

1 6.20 142.10 16 2.95 33.87 1 6.34 146.48 16 2.96 33.87

2 6.13 120.83 17 – 64.10 2 6.77 113.77 17 – 64.11

3 – 149.40 18 0.73 15.94 3 – 149.81 18 0.73 15.93

4 6.57 106.59 19 1.15 20.27 4 5.93 113.25 19 1.15 19.94

5 – 161.66 20 – 212.40 5 – 156.92 20 – 212.36

6 2.52  
1.13 (CH3) 

33.68
18.23

21 2.12 27.90 6 2.45 
1.09 (CH3) 

33.04
18.16

21 2.12 27.89

7 1.85 
0.76 

42.41 22 1.96 
1.50 

26.98 7 1.81 
0.71 

42.32 22 1.95 
1.48 

26.97

8 1.67 35.53 23 1.57 
0.86 

22.23 8 1.65 35.54 23 1.58 
0.86 

22.22

9 1.04 53.12 24 1.42 
1.13 

20.97 9 1.04 52.85 24 1.43 
1.13 

20.95

10 – 43.13 25 1.54 
1.46 

27.47 10 – 43.08 25 1.54 
1.45 

27.46

11 1.75 
1.58 

21.73 1' 4.12 72.76 11 1.73 
1.57 

21.76 1' 4.11 72.70

12 1.66
1.58 

31.87 2' 2.03 24.65 12 1.66 
1.57 

31.86 2' 2.02 24.62

13 – 46.94 3' 2.45 30.76 13 – 46.91 3' 2.43 30.77

14 1.63 49.47 4' 173.82 14 1.62 49.50 4' – 173.79

15 1.53  
1.32 

29.97  5' 3.67 51.53 15 1.52 
1.33 

30.00 5' 3.67 51.50
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and (E�[1,2�3H]V) (36%) were obtained (Fig. 2); the
molar radioactivities of each isomer were 50 Ci/mmol.
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