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Summary. Selenium dioxide oxidation allows the selective introduction of a hydroxyl group at

position 6 of the steroid skeleton of the antihormone (11�, 17�)-11-(4-dimethylamino-phenyl)-17-

hydroxyl-17-(1-propynyl)-estra-4,9-dien-3-one (mifepristone, RU 486) and leads in a one-step

procedure to two diastereomeric oxidation products. Their structure (6�- and 6�-hydroxy-

mifepristone) was determined by NMR spectroscopy. The antiprogestinic activity of the oxidation

products is comparable to that of mifepristone.
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Introduction

(11�, 17�)-11-(4-Dimethylamino-phenyl)-17-hydroxyl-17-(1-propynyl)-estra-4,9-
dien-3-one (1, mifepristone, RU 486) is a well known progesterone receptor
antagonist, also exhibiting antiglucocorticoide activity [1, 2]. It has been applied
with success to the control of human fertility [3, 4]. In Austria, its trade name is
Mifegyne and it is used for early pregnancy termination since 1999 [5, 6]. In
addition, 1 shows tumor inhibitory potential in hormone-dependent breast cancer
varieties, and its use for the treatment of progesterone-dependent tumors has been
discussed recently [6, 7]. In order to map the interaction sites of 11�-norsteroids
with the receptor proteins and to establish structure-af®nity relationships, many
related compounds have been synthesized and evaluated in various biological
systems. Therefore, there is a fundamental importance of new selective synthetic
methods as a tool for the derivatization of such 11�-norsteroids. Since anti-
glucocorticoid activity causes adverse effects, recent emphasis has been directed to
a further increase of the dissociation between antiprogestine and antiglucocorticoid
activity. For 6�-methyl analogues, a reduced af®nity to the glucocorticoide receptor
without affecting the antiprogestinic activity has been described [8]. According to
Ref. [9] it is believed that polar substituents below the D-ring, contrary to
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hydrophobic groups, rather would lead to compounds with diminished antiproges-
tine and increased glucocorticoid receptor activity. To facilitate the synthesis of new
antiprogestines with polar substituents at carbon 6, a simple procedure as an
alternative to the total synthesis [10] would be appreciable. In the present work we
describe the application of selenium dioxide oxidation for the selective introduction
of a hydroxyl group at position 6 of the steroid skeleton of 1. We could also show
that the oxidation products have similar af®nity to the progesterone receptor and can
therefore be used as a lead for the synthesis of biologic active derivatives of 1,
which might be useful for the treatment of hormone dependent cancer [11, 12].

Results and Discussion

Selenium dioxide ± introduced in 1932 as a selective oxidating agent for organic
compounds [13] ± is regarded as a standard reagent for oxidation reactions and used
under various reaction conditions. Selenium dioxide enables the introduction of
various functionalities, e.g. acetyl [14], aldehyde [15], or hydroxyl groups [13], in
the allylic position of unsaturated compounds.

Mifepristone (1) was oxidized in dioxane with selenium dioxide at 80�C for 20
hours. Usual workup and puri®cation by column chromatography gave a mixture of
the two diastereomeric hydroxyl compounds 2 and 3 in 39% yield [16] (Fig. 1), the
major product being 3.

HPLC analysis of the product mixture showed that 2 and 3 were obtained in a
ratio of 1:9. The separation of the diastereomers was carried out by isocratic
preparative HPLC. This procedure allowed the separation of up to 150 mg of
product in a single run. The puri®ed compounds were obtained as colourless crystals
after lyophilization.

Fig. 1. Oxidation of mifepristone (1) with selenium dioxide to 6�- and 6�-hydroxymifepristone

(2, 3)
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The structure of the diastereomers was determined by NMR spectroscopy (see
Table 1). Characteristic for the substitution in position 6 is the resonance of the
ole®nic protons at 6.20 ppm for 2 and at 5.89 ppm for 3, both shifted to lower ®eld
as compared to the resonance of the corresponding proton in 1 (5.76 ppm). The
signals of the protons at position 6 are found as 4.58(2) and 4.48(3) ppm. The
con®guration of the new stereogenic centre was deduced from the coupling constant
between the proton at position 6 and the protons at position 7. The resonance of the
equatorial hydrogen atom in 3 shows a small coupling constant of 5 Hz (equatorial-
axial coupling), whereas the axial proton in 2 shows a broad resonance, indicating a
large coupling constant of 15 Hz (axial-axial coupling). From this we conclude that
2 is 6�-hydroxy-mifepristone and 3 is 6�-hydroxy-mifepristone. The relative
con®guration of carbon 6 was con®rmed by a 2D-ROESY experiment, where a
correlation between the 6�-proton and the protons 7� and 8� was observed in 2. For
compound 3, the 6�-proton showed a correlation exclusively to the neighbouring
protons in positions 7� and 7�. Additional information concerning the con®guration
of C-6 was obtained from the 13C NMR spectra. A comparison the chemical shifts
of carbon 4 in 2 (118.7 ppm) and in 3 (122.2 ppm) shows a signi®cant 
-effect
induced by the equatorial hydroxyl group in 2 [17]. In 3, the axial hydroxyl group
induces a similar high ®eld shift at C-8 (2: � � 37:2 ppm, 3: � � 34:2 ppm).

Table 1. NMR data of 2 and 3

2 3

�/ppm (1H) Position �/ppm (13C) Position �/ppm (1H) Position �/ppm (13C) Position

0.54 13/CH3 3.82 17/30/propynyl 0.54 13/CH3 3.79 17/30/propynyl

1.36 15� 14.18 130/methyl 1.36 15� 13.76 130/methyl

1.70 7� 23.19 C-15 1.64 7� 23.18 C-15

1.74 15� 26.85 C-1 1.73 15� 26.01 C-1

1.77 14� 37.16 C-7 1.77 14� 33.83 C-7

1.86 17/CH3 37.21 C-8 1.86 17/CH3 34.21 C-8

1.94 16� 38.68 C-2 1.93 16� 37.28 C-2

2.22 7� 38.79 C-16, C-12 2.09 7� 38.92 C-16, C-12

2.23 16� 39.44 C-11 2.21 16� 39.80 C-11

2.27 12� 40.67 CH3±N±CH3 2.26 12� 40.80 CH3±N±CH3

2.32 2 46.77 C-13 2.27 2 47.20 C-13

2.36 12� 49.86 C-14 2.30 12� 49.48 C-14

2.40 2 68.52 C-6 2.36 1� 68.41 C-6

2.45 1� 80.13 C-17 2.43 2 80.14 C-17

2.60 8� 82.17 17/10/propynyl 2.75 1� 82.37 17/10/propynyl

2.78 1� 82.65 17/20/propynyl 2.77 8� 82.49 17/20/propynyl

2.91 CH3±N±CH3 112.85 11/C-ar/20,60 2.91 CH3±N±CH3 113.18 11/C-ar/20,60

4.32 11� 118.74 C-4 4.32 11� 122.24 C-4

4.58 6� 127.40 11/C-ar/30,50 4.48 6� 126.12 C-5

6.20 4 127.78 C-5 5.89 4 127.58 11/C-ar/30,50

6.67 ar/11 145.09 C-9 6.67 ar/11/20,60 146.46 C-9,

7.05 ar/11 148.46 C-10 7.05 ar/11 146.66 C-10

159.26 11/C-ar/10,40 155.93 11/C-ar/10,4
199.57 C-3 200.22 C-3
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The antiprogestinic activity of 2 and 3 was determined using the alkaline
phosphatase (AP) assay of T47-D breast cancer cells. For progesterone con-
centrations between 10ÿ10 and 10ÿ8 mol/dm3, the AP activity of this cell line
increases with drug concentration. AP activation is diminished when progesterone
and an antiprogestinic compound, e.g. mifepristone, are applied simultaneously.
Thus, cells were co-incubated with 10ÿ9 mol/dm3 progesterone and increasing
concentrations (10ÿ11 to 10ÿ5 mol/dm3) of 2 or 3. Cells co-incubated with
progesterone and 1 served as control. In order to compare the antiprogestinic
activity of the compounds quantitatively, the IC50 values (concentration of the
antiprogestine which resulted in 50% inhibition of the AP activity caused by
10ÿ9 mol/dm3 progesterone) were determined. Although the IC50 values of 2
(50 nM) and 3 (100 nM) were signi®cantly higher as compared with 1 (1 nM), the
new compounds exhibited antiprogestinic activity in the nanomolar range,
indicating a high af®nity to the progesterone receptor. These results demonstrate
that both 2 and 3 exhibit comparable antiprogestinic activity, but less pronounced
than 1. Compounds 2 and 3 are regarded as valuable biologically active inter-
mediates for the preparation of novel 11�-substituted 19-norsteroids.

Experimental

General

M.p.: B�uchi/Tottoli melting point apparatus; uncorrected; analytical TLC: precoated Al-backed

0.2 mm silicagel 60 F254 plates (E. Merck), mobile phase: cyclohexane:AcOEt� 1:1; UV/Vis:

Shimadzu UV-160 A (MeOH); IR: Perkin-Elmer 1720-X (KBr); NMR: Varian Unity 600 (CDCl3);

MS: Varian MAT-711 (70 eV).

Oxidation procedure

107 mg 1 (0.243 mmol) were dissolved in 50 cm3 dry dioxane in a 100 cm3 three-neck ¯ask equipped

with a re¯ux condenser. After addition of 33 mg SeO2 (0.303 mmol) the mixture was stirred at 80�C
under an Ar atmosphere. The slightly yellow coloured reaction mixture became red. The reaction was

stopped after 20 h by addition of 30 cm3 5% aqueous KOH solution. Thereafter, the solution was

extracted four times with AcOEt, and the combined organic layers were washed with H2O to neutral

pH, dried over Na2SO4, and evaporated. A mixture of 2 and 3 was obtained as a yellowish oil which

was further puri®ed by column chromatography on silica (mobile phase: cyclohexane:AcOEt� 3:7).

Separation of the diastereomers was performed by preparative HPLC (Labomatic-HD-200/high

pressure metering pump) on a Bischoff prep 3250, Prontoprep-120-10 C 18 HS 10mm HPLC column

(length 500 mm diameter 32 mm); mobile phase: water:acetonitril� 65:35, ¯ow: 25 cm3/min,

detection: preparative UV-detector, 277 nm (Labocord 700 UV/VIS-spectrophotometer), pressure:

75 bar, injection volume: 5 cm3, amount of substance: 150 mg. Fractions containing 2 or 3 were

lyophilized, and the desired compounds were obtained as colourless crystals.

(11�, 17�)-11-(4-Dimethylamino-phenyl)-6�, 17�-dihydroxy-17-(1-propynyl)-estra-4,9-dien-3-one

(2; C29H35NO3)

Yield: 4%; m.p.: 158±161�C; Rf � 0:15; MS: 445 (100 M�), 296 (50), 278 (20), 134 (18), 121 (72);

IR (KBr): � � 3425 (b, OH-valence), 3021 (w), 2904 (w), 2846 (b, CH-valence), 1597 (s, CO-

valence) cmÿ1; UV/Vis (MeOH): �max � 231, 277 nm.
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(11�, 17�)-11-(4-Dimethylamino-phenyl)-6�,17�-dihydroxy-17-(1-propynyl)-estra-4,9-dien-3-one

(3; C29H35NO3)

Yield: 35%; m.p.: 150±153�C; Rf � 0:15; MS: 445 (100 M�), 296 (50), 278 (16), 134 (18), 121 (75);

IR (KBr): � � 3424 (b, OH-valence), 3019 (w), 2904 (w), 2845 (b, CH-valence), 1594 (s, CO-

valence) cmÿ1; UV/Vis (MeOH): �max � 231, 277 nm.

Biological tests

Human T47-D breast cancer cells were cultivated in RPMI 1640 medium without phenol red (Life

Technologies, Wiesbaden, Deutschland) supplemented with 5% dextran charcoal treated fetal calf

serum and antibiotics. 24 h after seeding, cells were incubated with progesterone and antiprogestines

1±3 for another 48 h. After removal of the incubation medium, the alkaline phosphatase (AP) activity

was determined according to Ref. [18]. Cells were brie¯y rinsed with physiological saline and stored

for at least 15 min. at ÿ80�C. After thawing, cells were incubated for 2 h with 4-nitrophenyl

phosphate (pNPP, 5� 10ÿ3 mol/dm3) dissolved in a buffer solution containing diethylamine (1 mol/

dm3), MgCl2 (5� 10ÿ4 mol/dm3), and ZnSO4 (2� 10ÿ5 mol/dm3) adjusted to pH 9.8. Quantitative

assessments were performed at 405 nm (reference: 695 nm) using an microtiterplate photometer.

At least three independent experiments were performed in quadruplicates; values are given as the

arithmetic mean. Standard errors of the mean (SEM) were usually below �15%. Concomitantly,

cytotoxicity of the antiprogestines has been evaluated using the neutral red assay [19]. For

each compound, no inhibition of cell growth was observed at incubation concentrations below

10ÿ6 mol/dm3.

Acknowledgments

This work was supported by the Interdisciplinary Center of Medical Research (IZKF, project C-3) of

the University of Ulm (grant number 01 KS 9605/2, Federal Ministry of Education and Research).

The authors acknowledge the help of Dr. O. Kunert in discussions concerning the NMR measure-

ments.

References

[1] Teutsch G, Ojasoo T, Raynaud JP (1988) J Steroid Biochem 31: 549

[2] Bertagna X, Bertagna C, Luton JP, Husson MJ, Girard F (1984) J Clin Endocr Mtab 58: 25

[3] Herrmann W, Wyss R, Riondel A, Philibert D, Teutsch G, Sakiz E, Baulieu E (1982) Cr Acad Ser

(Paris) 204: 933

[4] Baulieu E, Segal S (1985) In: The Antiprogesterone Steroid RU 486 and Human Fertility Control.

Plenum Press, New York

[5] Baulieu E (1989) JAMA 262: 1808

[6] Semrau C, Watzlawick U (1999) In: Mifegyne. Maudrich, Wien, p 27

[7] Jordan VC (1982) Clin Oncol 1: 21

[8] Van den Heuvel MJ, Groen MB (1993) Recl Trav Chim Pays-Bas 112: 107

[9] Zeelen FJ (1985) In: QSAR Strategies in Design of Bioactive Compounds. VCH Weinheim

[10] Strommer R (1999) PhD Thesis, University of Graz

[11] Heikinheimo O (1997) Clin Pharmacokinet 33: 7

[12] Mizutani T, Bhakta A, Kloosterboer HJ, Moudgil VK (1992) J Steriod Biochem Molec Biol 42:

695

[13] Dauben WG, Rabjohn N (1976) In Organic Reactions, vol 24, Wiley, New York, p 261

[14] Shibuya K (1994) Synth Commun 24: 2923

Oxidation of Mifepristone with SeO2 391



[15] Barton D, Wang TL (1994) Tetrahedron Lett 35: 5149

[16] Stalder H (1978) In: Synthesemethoden der organischen Chemie. Schweizerische Laborato-

riums-Zeitschrift, p 110

[17] Lambert JR, Vagenas AR (1981) J Magn Reson 17: 265

[18] Markiewicz L, Gurpide E (1997) Ann NY Acad Sci 828: 95

[19] Babich H, Borenfreund E, Stern A (1993) Cancer Lett 73: 127

Received August 25, 2000. Accepted (revised) October 24, 2000

392 R. Strommer et al.: Oxidation of Mifepristone with SeO2


