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(57) ABSTRACT

This mvention relates to processes for the production of
3-oxo-pregnane-21,17-carbolactones of formula II
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as well as 3-oxo-pregn-4-ene-21,17-carbolactones of for-
mula III
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by the metal-free oxidation of 17-(3-hydroxypropyl)-3,17-
dihydroxyandrostanes of formula I

In addition, the invention relates to the dichloromethane
hemisolvate of 6B,7B;15pB,16-diethylene-3-oxo-17a-preg-
nan-5p-0l-21,17-carbolactone (IV) as such.

42 Claims, No Drawings
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PROCESS FOR THE PRODUCTION OF
3-0X0O-PREGN-4-ENE-21,17-
CARBOLACTONES BY THE METAL FREE
OXIDATION OF 17-(3-HYDROXYPROPYL)-
3.17-DIHYDROXYANDROSTANES

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

This mvention relates to processes for the production of
3-oxo-pregnane-21,17-carbolactones as well as 3-oxo-pregn-
4-ene-21,17-carbolactones, 1n particular processes for the
production of 3-oxo-17a-pregnane-21,17-carbolactones as
well as 3-oxo-17c-pregn-4-ene-21,17-carbolactones. In
addition, the invention relates to the dichloromethane hemi-
solvate of 6p,713;15p,163-dimethylene-3-0x0-17a-pregnan-
5p-01-21,17 carbolactone.

Examples of pharmacologically active steroid-21,17-car-
bolactones are eplerenone (9¢.,11 a-epoxy-7o-methoxycar-
bonyl-3-ox0-17a-pregn-4-ene-21,17-carbolactone),  dro-
spirenone (6,73; 158,16p-dimethylene-3-0xo-17a-pregn-
4-ene-21,17-carbolactone), spironolactone (7ca.-aceylthio-3-
oxo-17a-pregn-4-ene-21,17-carbolactone), canrenone
(3-oxo0-17a-pregna-4,6-diene-21,17-carbolactone), and pro-
renone (6p,7p-methylen-3-0xo0-17a-pregna-4,6-diene-21,
1’7-carbolactone).

The build-up of the steroid-21,17-spirolactone can be car-
ried out by oxidation of the corresponding 17-hydroxy-17-
(3-hydroxypropyl) steroid

O
OH O
OH
Oxidation
e

with suitable oxidizing agents such as chrormic acid (Sam et
al. I. Med. Chem. 1993, 38, 4518-4528), pyridinium chloro-
chromate (EP 073189), pyridinium dichromate (Bittler et al;
Angew. Chem. [Applied Chem.] 1982, 94,°718-719: Nickisch
et al. Liebigs Ann. Chem. 1988, 579-584), or potassium bro-
mate 1n the presence of aruthenium catalyst (EP 918791). The
clearly pronounced formation of by-products by a number of
secondary reactions 1s disadvantageous 1n the oxidation pro-
cess of the prior art with chromium(VI1) derivatives, by which
the 1solation of the pure product 1s hampered and the yield 1s
reduced. The by-product profile 1s improved namely by the
ruthenium-catalyzed oxidation (EP 918791), and thus also
the yield increases. The use of transition metals 1n the pro-
duction of pharmaceutical active ingredients, however, 1s
generally associated with the drawback that the removal of
heavy metal traces 1s already connected with an elevated
expense. Moreover, large amounts of heavy metal-containing
wastes accumulate 1n the production, and said wastes can be
removed only 1n an 1ntensive and costly way.

The object of this invention therefore consists in making
available an alternate process for the production of 3-oxo-
pregnane-21,17-carbolactones as well as 3-oxo-pregn-4-ene-
21, 1'7-carbolactones from the corresponding 17-(3-hydrox-
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2

ypropyl)-3,17-dihydroxy-androstanes that makes it possible
to produce the target compounds with a higher yield and

purity.

This object was achieved according to the mnvention in that
the 17-(3-hydroxypropyl)-3,17-dihydroxyandrostanes of
general formula I

I
in which

R” hydrogen, hydroxy;

R°* hydrogen, together with R> a double bond, or together
with R’* a—CH, group;

R°?hydrogen, together withR’? a—CH,, group oradouble
bond;

R’ hydrogen, C,-C,-alkyl, C,-C,-alkoxycarbonyl,
C,-C,-thioacyl or together with R°* a —CH.,, group;

R’? hydrogen, or together with R°” a —CH,, group:;

R” hydrogen, together with R*' a double bond, or together
with R'! an epoxy group —O—;

R hydrogen, methyl, or ethyl;

R hydrogen, together with R” a double bond or together .
with R” an epoxy group —O—;

R'° hydrogen, methyl or ethyl;

R"™ hydrogen, C,-C,-alkyl, together with R"® a —CH,
group or a double bond,

R"®hydrogen, together withR'> a—CH, group oradouble
bond,

are reacted with an organic or morganic hypochlorite as an
oxidizing agent in the presence of catalytic amounts of a
2,2,6,6-tetramethylpiperidine-N-oxide dertvative to form the
3-oxo-pregnane-21,17-carbolactones of Formula 11

11

If R°=hydroxy group, the compounds of formula II can be
converted 1n the presence of an acid at pH<5 with water being
climinated 1nto compounds of formula III
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Metal-free oxidations of alcohols to the corresponding,
aldehydes, ketones, carboxylic acids, lactols, and lactones are
collectively referred to 1n the survey article of W. Adam et al.,
Chem. Rev. 2001, 101, 3499-3548. Metal-free oxidations in
the presence of 2,2,6,6-tetramethylpiperidine-N-oxide
(TEMPQO) are described by van Bekkum et al. in Synthesis
1996, 1153-1174.

Primary alcohols can be oxidized to aldehydes with
sodium bromite (NaBrO,) or calcium hypochlorite [Ca

(OCl,)] n the presence of TEMPO derivatives [S. Torn et al.
J. Org. Chem. 1990, 55, 462-466]. Sodium hypochlorite
(NaOCl) can also be used as an oxidizing agent (Org. Synth.
69, 212).

The oxidation of secondary alcohols to ketones and in
particular the oxidation of primary alcohols to carboxylic

acids (or with suitable diols to lactones) requires a co-catalyst
(P. L. Anelli et al., J. Org. Chem. 1987, 52, 259-92562). As a
co-catalyst, a bromide (generally KBr or NaBr) 1s used. The
addition of bromide 10ns can be useful even 1n the oxidation
of primary alcohols to aldehydes (P. L. Anelli et al., J. Org.
Chem. 1987, 52, 2559-2562).

The danger of the formation of bromine-containing by-
products under oxidative conditions 1s disadvantageous 1n the
use of bromides as co-catalysts. This oxidation method 1s
especially suitable for the oxidation of primary alcohols to the
corresponding aldehydes.

Without the addition of bromide, the TEMPO-catalyzed
oxidation of secondary alcohols to the corresponding ketones

requires higher excesses of hypochlorite (3-4 molar equiva-
lents of Ca(OCl),, thus 6-8 molar equivalents of OCI™; S. Tor1

et al. J. Org. Chem. 1990, 55, 462-466].

The oxidative lactonization of 1,4-diols proceeds 1n many
stages via the aldehyde, which first forms lactol 1n an inter-
mediate stage; the quasi-secondary hydroxy group of said
lactol must then be further oxidized. The oxidative lactoniza-
tion of 1,4-di1ols therefore requires still harder conditions (at
least equimolar amounts of the TEMPO derivative (J. M.
Bobbitt et al., J. Org. Chem. 1991, 36, 6110-6114) or other
ox1dizing agents 1in connection with increased amounts of the
TEMPO catalyst (J. Einhorn, J. Org. Chem. 1996, 61, 7452-
7454; 1n the presence of a bromide addition: S. D. Rych-
novsky, J. Org. Chem. 1999, 64, 310-312; in the presence of
bromide 1ons produced in situ from the oxidizing agent
sodium bromuite: S. Tor, J. Org. Chem. 1990, 33, 462-466).
In view of the prior art, 1t was therefore surprising that oxi-
dative lactonization on the D-ring and the oxidation of the
secondary 3-hydroxy group of the 17-(3-hydroxypropyl)-3,
1’7-dihydroxyandrostanes of general formula I (altogether
three oxidation stages) can be performed successtully at the
same time under mild conditions 1n the presence of catalytic
amounts of TEMPO derivatives. In addition, it was surprising
that the process according to the invention can be performed
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with only 1.0 to 2.0 equivalents of hypochlorite per oxidation
stage, thus altogether 3.0 to 6.0 molar equivalents of
hypochlorite quite without the co-catalytic bromide addi-
tions.

The process according to the invention 1s performed with a
total of at least 3 molar equivalents of alkali hypochlorite,
organic hypochlorite or at least 1.5 molar equivalents of alka-
line-earth hypochlorite as oxidizing agent; preferably with
3-6 molar equivalents of alkali hypochlorite, or 1.5-3 molar
equivalents of alkaline-earth hypochlorite, especially prefer-
ably 3-4 molar equivalents of alkali hypochlorite or 1.5-2
molar equivalents of alkaline-earth hypochlorite.

The concentration of the aqueous hypochlorite solution
during the oxidation 1s preferably adjusted such that 1t 1s 0.8
to 1.1 mol of hypochlorite/kg.

Sodium hypochlorite, potassium hypochlorite, calctum
hypochlorite or tert-butyl hypochlorite are preferably used as
oxidizing agents.

The 2,2,6,6-tetramethylpiperidine-N-oxide denvatives
(TEMPO dernivatives) are used 1n catalytic amounts, whereby
the amount 1s preferably 1-5 mol %, especially preferably
1-1.5 mol %.

Suitable TEMPO derivatives are, 1.a., the 2,2,6,6-tetram-
cthylpiperidine-N-oxide (TEMPO), the 4-methoxy-2,2,6,6-
tetrahmethylpiperidine-N-oxide (4-MeO-TEMPO) as well as
the 4-benzyloxy-2,2,6,6-tetramethylpipenidine-N-oxide
(4-BnO-TEMPO).

TEMPO 1s preferably used according to this invention,
especially preferably 1n an amount of 1-5 mol %, quite espe-
cially preferably 1-1.5 mol %.

The oxidation 1s carried out 1n an organic solvent or in a
two-phase solvent-water mixture, whereby the solvent 1s
selected such that both the TEMPO dernivative and the com-
pounds of formula I can be well dissolved therein.

The reaction 1s preferably performed 1n a two-phase sys-
tem. The process according to the mvention 1s quite prefer-
ably performed 1n a dichloromethane-water mixture.

The oxidation 1s performed according to the ivention at a
temperature of 0 to 20° C., preferably at 10-20° C.

During the oxidation, the pH of the reaction solution 1s to
be at least 8.0; preferably 8.5 to 10.0; especially preferably
9.0 to 9.5.

The pH can suitably be adjusted with a suitable Bronsted
acid, such as organic acids (e.g., acetic acid) or mmorganic
acids (HCI, H,SO,, H,PO,) or acid salts of multivalent acids
(bicarbonates, hydrogen sulfates, hydrogen phosphates, etc.).
Alkali bicarbonates, especially preferably potasstum bicar-
bonate, are preferably used.

The oxidation reaction 1s brought to a halt by adding a
reducing agent to annthilate excess hypochlorite reagent. For
this purpose, any reducing agent with corresponding redox
potential that 1s known to one skilled 1n the art 1s suitable. An
aqueous alkali hydrogen sulfite solution 1s preferably used
according to this invention. Sodium or potassium hydrogen
sulfite (NaHSO, or KHSO,), the aqueous solution of sodium
or potassium disulfite (Na,SO,0; or K,S,0.) 1s especially
preferably used.

I1, 1n the reaction mixture, the excess hypochlorite reagent
at pH<S 1s annihilated thus without the addition of a base or a
basic builer, or in the presence of a farther acid addition, the
3-oxo-pregnane-21,17-carbolactones of formula II (if
R°=0OH) thus eliminate water, and equally the 3-oxo-pregn-
4-ene-21,17-carbolactones of formula III are formed 1n the
reaction mixture. The completion of the oxidation reaction at
a pH of less than 5 makes possible the production of com-
pounds of formula III in a single-pot process.
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If, 1n the reaction mixture, the excess hypochorite reagent
1s annihilated with the addition of a base or a basic bulfer at
pH<3, the 3-oxo-pregnane-21,1°7-carbolactones of formula I1
can be 1solated. The completion of the oxidation reaction at a

pH of more than 5 makes possible the specific production of 53

compounds of formula II.

Since in the case R°=0OH the solubility of the compounds
of formula II 1n comparison to the compounds of formula III
in organic solvents 1s lower, the specific 1solation of the com-
pounds of formula II as an intermediate stage on the path to
compounds of formula III offers the special advantage of the
possibility of a more effective purification (e.g., by crystalli-
zation). The purified intermediate stages can be reacted
according to the methods that are known 1n the literature with
a suitable acid (such as, e.g., sulfuric acid, hydrochloric acid,
para-toluenesulfonic acid, etc.) to form compounds of for-

mula 1T (EP 0918791).

10

15

6

To adjust tie pH, any suitable inorganic or organic base or
any suitable buffer or any suitable buffer system can be used.
The base or butfer 1s preferably added mixed or in parallel to
the reaction mixture with the reducing agent.

According to this invention, sodium phosphate (Na,PO.,)

1s preferably used as a basic bu

17-(3-Hydroxypropyl)-3,17-dihydroxyandrostanes

er.

of

general formula 1 can be obtained, e.g., starting from the
correspondingly substituted 3-hydroxy-17-ketoandrostanes
by the addition of propargyl alcohol at C-17 and subsequent
hydrogenation of the triple bond (EP 918791, EP 51143, DE
30267783) or as described by N. W. Atwater 1n J. Org. Chem.
1961, 26, 3077 and in U.S. Pat. No. 4,069,219 or 1n the

documents cited therein.

The corresponding 3-hydroxy-17-ketoandrostanes can be
produced 1n turn from the correspondingly substituted 3-hy-
droxyandrost-5-en-17-one (EP 51143, DE 302673).

i3 OH
11
R, OH
R 10 ‘“RQ . R 16
R’ R 13
HO ) ‘;ffR?fI
58
RRﬁa Rﬁb
I
lOXid&tiGn
_ o
Rl3 O
RY,, .
RID “‘\\RQ . Rlﬁ
R7® L
O : ""#R?a
58
RRﬁ.{I Rﬁb

Working up at pH < 5
R”> = OH

O
R] 3 O
Rl},h
R>=0H
Rl 0 “\\\RQ . Rl 6 -
: Acid
R’ 13
0O “Ria

I11

\Nmrking up atpH > 5
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The process according to the invention 1s suitable espe- R’ can be hydrogen, C,-C,-alkoxycarbonyl, or C,-C,-
cially for the production of 3-oxo-17a-pregnane-21,17-car- thioacyl;
bolactones of formula Ila R’? can be hydrogen, or together with R®” a—CH,-group,

R” can be hydrogen, together with R'* a double bond or

i together with R'" an epoxy group —O—;
R' can be hydrogen, or methyl;
R"™ can be hydrogen, together with R” a double bond or
Ha together with R” an epoxy group —O—;
L0 R' can be hydrogen, together with R'® a —CH,-group or
a double bond;
R"° can be hydrogen, together with R*> a—CH,-group or
a double bond,

15 whereby as starting compounds, the 17-(3-hydroxypropyl)-
3,17-dihydroxyandorstanes of general formula Ia

20
as well as 3-oxo-17a-pregn-4-ene-21,17-carbolactones of Ol Ia
formula Illa,
25
[1la 30
35
are used.

The process according to the invention for the production
of compounds of formulas IIa and Illa,

40 M which
R°*, R’% R”, R [are] hydrogen;
R®” and R’ together [are] a —CH,, group;
- which R [is] methyl;
R°“ can be hydrogen or together with R4 a —CH2-group; 44 R*™ and R*® together [are] a —CH, group:
R®” can be hydrogen, together with R”” a—CH,,-group, or thus compounds IIb as well as I1Ib, whereby the compound of
a double bond; tormula Ib 1s used as a starting compound

Ib

lOXidatiGn
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O

IIb

Working up at pH <5
R> = OH

O

Acid

[11b

1s quite especially suitable.

Another aspect of this mvention i1s the poorly soluble
dichloromethane-hemisolvate IV that 1s formed, surprisingly
enough, from compound IIb when the process according to
the invention 1s performed 1n dichloromethane and 1s worked
up, basic, at pH>5. During the oxidation, this poorly soluble
product precipitates, and thus the influence of the oxidizing,
agent and thus possible further reactions, which can result 1n
the formation of by-products, are evaded.

The dichloromethane-hemisolvate IV 1s distinguished by a
strict and constant melting point, which 1s 121° C., while
compound IIb melts at 188° C. DSC (Differential Scanning
Calornimetry) measurements have shown that compound IV 1s
stable up to the melting point.

After the reaction 1s completed, the precipitation of com-
pound IV from the reaction solution by adding a nonpolar
solvent, preferably an ether, especially preferably diisopropyl
cther, 1s completed. The nonpolar oxidation and elimination
products that are produced with the oxidation remain largely
dissolved 1in the ether-dichloromethane mixture, which
makes possible an extremely slight 1solation of the compound
IV at a high punity.

In this way, compound IV with a yield of 82% 1s obtained.
The thus obtained product contains no more than 6% steroidal
contaminants and can easily be reacted without further puri-
fication according to known methods with a suitable acid to
form drospirenone IIIb (EP 918791). The synthesis variant
that runs through the 1solated compound IV offers the addi-
tional advantage of a considerably higher total yield at I111b by
a simpler and more effective purification in the final stage.
The total yield at I1Ib 1s 77%, around 7% higher than accord-
ing to the Ru-catalyzed oxidation process and subsequent
water elimination and even around 21% higher than accord-
ing to the single-pot process according to EP 075189 (Tab. 1).
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10

Working up at pH > 5
Dichloromethane

11/? CH2C12

1Y

As an alternative, Ib can be oxidized to IIb and converted
directly to I1Ib 1n the same pot by the reaction mixture being
worked up under acidic conditions at pH<5.

TABLE 1
Comparison of the Yields of the Process According to the Invention
Compared to the Process of the Prior Art
Yield (% of Theory)
Process Ib — IIb [Ib — IIIb  Total (Ia — IlIb)
Process According 82 94 77
to the Invention (1in the form of IV)
Ru-Catalyzed 75 94 70
Oxidation
According to EP
918791
Cr0O; Oxidation Not Isolated Not 56
According to EP Isolated
075189%

*See Table onpage 7 EP 918791

This mvention 1s explained 1n more detail based on the
examples below, without being limited thereto.

Production Process

General Operating Instructions 1 (AAV 1): Synthesis of Com-
pounds of Formula II

76.9 mmol of a compound of formula I 1s dissolved or
suspended 1 135 ml of dichloromethane. First, 0.15 g (1
mmol) of TEMPO 1s added to the mixture at 15° C. The
addition of a solution that consists of 134 g of a 15.25%
aqueous sodium hypochlorite solution (230.7 mmol) and 8.20
g (82 mmol) of potassium bicarbonate in 114 ml of water 1s
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carried out, whereby a pH of 9.1 1s set. After the reaction 1s
completed, the excess oxidizing agent 1s annihilated at 15° C.
by adding an aqueous solution that consists of 12.5 g (76.5

mmol) of sodium phosphate and 10.6 g (55.8 mmol) of
sodium disulfite (Na,S,O.) and 121 ml of water.

The product of formula I1 1s 1solated from the organic phase
by being precipitated from the reaction solution by adding
240 ml of dusopropyl ether, continuing to be stirred for 3
hours at 25° C., being filtered off and dried. As an alternative,
the product that 1s already partially precipitated during the
reaction depending on solubility 1n dichloromethane can be
dissolved again by adding dichloromethane, and the organic
phase 1s separated and redistilled 1n diisopropyl ether. The
product that 1s precipitated in this case 1s filtered ol with 300
ml of water, washed and dried.

[General Operating Instructions 2 (AAV2): Synthesis of
Compounds of Formula III in a Single-Pot Process]
[76.9 mmol of a compound of formula I is dissolved or

suspended 1n 135 ml of dichloromethane. First, 0.15 g (1
mmol) of TEMPO 1s added at 15° C. to the mixture. The
addition of a solution that consists of 134 g of a 15.25%
aqueous sodium hypochlorite solution (230.7 mmol) and 8.20
g (82 mmol) of potassium bicarbonate 1n 114 ml of water 1s
carried out, whereby a pH of 9.1 1s set. After the reaction 1s
completed, the excess oxidizing agent 1s annihilated at 15° C.
by adding an aqueous solution of 10.6 g (55.8 mmol) of
sodium disulfite (Na,S,O.) in 121 ml of water.}

[The pH of the reaction solution is set at pH<5 by adding
dilute, aqueous sulfuric acid, and stirring 1s continued at room
temperature until the reaction is complete.}

[The isolation of the product of formula III is carried out
analogously to the 1solation of the compounds of formula 11
according to AAV1, whereby the neutral washed organic
phase 1s redistilled on diuisopropyl ether. The product that 1s
precipitated 1n this case 1s filtered off, washed with 300 ml of
water and dried.]

General Operating Instructions [3 (AAV3)] 2 (4V1V2): Syn-
thesis of Compounds of Formula III Starting from Com-
pounds of Formula II, in which R°>=OH:

0.1 mol of a compound of formula II, in which R°>=OH
from AAV1, 1s suspended i 65 ml of tetrahydrofuran or
dioxane and acidified to a pH of 1 by adding 5 ml of 20%
sulfuric acid. At room temperature, stirring of the reaction
mixture 1s continued until dehydration 1s completed.

The 1solation of the product of formula I1I 1s carried out by
precipitation by means of the addition of 90 ml of water. The

precipitated product 1s filtered off with water, washed neutral
and dried.

EXAMPLE 1

6[3,7p;15p,163-Dimethylene-3-oxo-17a-pregnan-
Sp-ol-21,17-carbolactone-dichloromethane Hemisol-
vate (IV)

According to AAV1, 30 g (0.0769 mol) of 170.-(3-hydrox-
ypropyl)-6p,7p;15pB,16-dimethylene-androstane-33,5f,
1'73-tr1ol 1s reacted.

During the reaction, the product 6p,7p;15p,163-dimethyl-
enel3-oxo-17a-pregnan-53-ol-21,17-carbolactone accumu-
lates 1n the form of i1ts dichloromethane hemisolvate. After
excess oxidizing agent 1s destroyed and after working-up
according to AAV1, 27 g of 6p,7p;15p,163-dimethylene-3-
0xo0-17a-pregnan-33-0l-21,17-carbolactone-di-
choromethane hemisolvate (0.0630 mol)=82% of theory is
1solated.
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12
[a],,7"==61° (c=1.0; CHCl,); melting point=121° C.;

"H-NMR (400 MHz, CDCl,): =0.52 (q J=5.5 Hz, 1H,
21a-H [of the 15,16-methylene bridge]), 0.68-0.78 (m, 2H,
20-H [of the 6,7-methylene bridge]), 0.89-0.97 (m, 1H, 6-H),
0.93 (s, 3H, 19-H), 0.99 (s, 3H, 18-H), 1.19-1.52 (m, 7H),
1.54-1.85 (m, 6H), 1.92 (dd J=3.8 and 11.8 Hz, 1H, 14-H),
2.06-2.16 (m, 1H, 22-H), 2.17-2.27 (m, 1H, 2a.-H), 2.32-2.69
(m, 5H), 2.96 (d J=15.6 Hz, 1H, 4c.-H), 5.30 (s, 1H, CH,Cl,)

I3C-NMR (400 MHz, CDCL,): 8=9.97 (CH,, C-21), 11.63
(CH,, C-20), 16.74 (CH, C-15), 16.79 (CH, C-7), 17.29
(CH,, C-19), 19.83 (CH,, C-18), 21.75 (CH,, C-11), 24.31
(CH, C-16), 24.76 (CH, C-6), 29.35 (CH,, C-23), 30.70
(CH,,C-22),33.96 (CH, C-8),34.47 (CH.,, C-1),36.26 (CH,,
C-2), 37.31 (CH,, C-12), 40.25 (C, C-10), 41.81 (C, C-13),
47.59 (CH, C-9), 52.18 (CH, C-14), 53.44 (CH,CL,), 53.48
(CH,, C-4), 75.57 (C, C-5), 96.24 (C, C-17), 176.63 (C,
C-24), 210.56 (C, C-3).

MS (EI, 70 eV) m/e=384 (M™); m/e=366 (M™-H,O);
m/e=314 (M*“,H.O); m/e=111 (C.C,,0"); m/e=91
(C.H,,0"); m/e=55 (C,H,O° 7); m/e=43 (C,H,O°° 7).

IR: 0=3483 cm '(OH); 0=1757 cm™" (C=—0, lactone);
6=1708 cm™' (C=0); 6=1200 cm™" (O—C=0); 6=1011
cm™ (C—O)

[EXAMPLE

2]

[66,78:1503,16B-Dimethylene-3-ox0-17(a.-preg-4-ene-21,
17-carbolactone (I111b)]

[According to AAV2, 30 g (0.0769 mol) of 17c.-(3-hydrox-
ypropyl)-6[3,73;15,16p-dimethylene-androstane-3f,
S5p,17p3-thiol 1s reacted. After excess oxidizing agent 1s
destroyed according to AAV2, the reaction mixture 1s acidi-
fied with 10% sulturic acid solution to apH of 1 and stirred for
30 minutes at 25° C. After working-up according to AAV2,
21.5 g of 6p,73;15p163-dimethylene-3-ox0-170.-preg-4-
ene-21,17-carbolactone (0.059 mol)=76.7% of theory 1s 1s0-
lated.}

[[c],>*=-182° (c=0.5 CHCl,); melting point=201.3° C.;
UV (MeOH): €,..=19,000; most important "H-NMR data
(CDCl,): 6=0.40-0.67 (m, 1H, cyclopropyl H), 1.01 (s, 3H,
18-H), 1.11 (s, 3H, 19-H), 6.04 (s, 1H, 4-H) (D. Battler, H.
Hofmeister, H. Laurent, K. Nickisch, R. Nickolson, K. Pet-
zoldt, R. Wiechert; Angew. Chem. Int. Ed. Engl. 1982, 21,
696-697];]

IMS (EI 70 eV) m/e=366 (M*™); m/e=338 (M*~—CO);
m/e=351 (M™-CH,); significant fragments: m/e=111,;
m/e=136; m/e=199, m/e=217; m/e=242; m/e=255; m/e=268;
m/e=293 [Interpretation: See W. Krause, G. Kuehne; Steroids
1982, 40, 81-90]]

The entire disclosure of all applications, patents and pub-
lications, cited herein and of corresponding European appli-
cation filed Jul. 21, 2005 1s incorporated by reference herein.

The preceding examples can be repeated with similar suc-
cess by substituting the generically or specifically described
reactants and/or operating conditions of this mvention for
those used 1n the preceding examples.

From the foregoing description, one skilled in the art can
casily ascertain the essential characteristics of this invention
and, without departing from the spirit and scope thereof, can
make various changes and modifications of the invention to
adapt 1t to various usages and conditions.
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The invention claimed 1s:

[1. A process for the production of a 3-oxo-pregnane-21, Ila

17-carbolactones of formula 11

5
11
10
15
in which
R °“can be hydrogen [or together with R’* a—CH,-group];
R°” can be hydrogen, or together with R”” a—CH,-group,
| | or a double bond];
in which Y R7% can be hydrogen, C,-C,-alkoxycarbonyl, or C,-C,-
R> is hydrogen, or hydroxy; thioacyl;
R°* is hydrogen, together with R> a double bond, or R’” can be hydrogen, or together with R°®” a —CH,-
together with R’* a —CH,-group; groupl.],
R®? is hydrogen, together with R7> a —CH,-group or a 25 R can be hydrogen, together with R'* a double bond or
double bond: together with R'" an epoxy group —O—;
R’ is hydrogen, C,-C,-alkyl, C,-C,-alkoxycarbonyl, R*” can be hydrogen, or methyl;
C,-C,-thioacyl or together with R°* a —CH,-group, R'" can be hydrogen, together with R” a double bond or

. o .
R’” is hydrogen, or together with R®” a —CH,,-group; 30 together with R™ an epoxy group —O—;

R” is hydrogen, together with R'' a double bond, or
together with R'" an epoxy group —O—;

R" can be hydrogen, or together with R*® a—CH,-group
or a double bond;

R'® can be hydrogen, or together with R'> a—CH,-group
or a double bond, comprising reacting a compound of
R'! is hydrogen, together with R” a double bond or together 35 formula Ia

with R” an epoxy group —O—;

R'" is hydrogen, methyl, or ethyl;

R'” is hydrogen, methyl or ethyl;

R'> is hydrogen, C,-C,-alkyl, together with R'® a —CH, -
group or a double bond, 40

Ia

R'® is hydrogen, together with R"> a —CH,-group or a
double bond, comprising,

reacting a compound of formula I

45

50 3.Aprocess according to claim [1] 42 for the production of
the compound of formula IIb,

I1b
55

: : : : 60
with at least 3 molar equivalents of an organic or 1nor-

ganic hypoehiorite as oxidizing agent 1n the presence of
a catalytic amounts of a 2,2,6,6-tetramethylpiperidine-
N-oxide derivative at a pH of at least 8.0.}

2. A process according to claim [1] 42 for the production of 63
a [3-oxo-17a-pregnane-21,17-carbolactones] 3-oxo-170.-
pregnane-21,17-carbolactone of formula Ila
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comprising reacting the compound of formula Ib

Ib
OH

ﬂ‘“\/\
OH.

[4. A process for the production of a 3-oxo-pregn-4-ene-

21.,17-carbolactones of formula III

[11

O
R] 3 O
RY,
R 10 o RQ' . Rl 6
R Tpis
0 < RTe
Rgﬂ Rﬁb

in which

R®“ is hydrogen, together with R> a double bond, or
together with R’ a—CH, group;

R®” is hydrogen, together with R’ a —CH,-group or a
double bond;

R’ is hydrogen, C,-C,-alkyl, C,-C,-alkoxycarbonyl,
C,-C,-thioacyl or together with R°* a —CH,,-group,

R”* is hydrogen, or together with R®” a —CH, -group;

R” is hydrogen, together with R*' a double bond, or
together with R'' an epoxy group —O—;

R'? is hydrogen, methyl, or ethyl;

R'! is hydrogen, together with R” a double bond or together
with R” an epoxy group —O—;

R'” is hydrogen, methyl or ethyl;

R' is hydrogen, C,-C,-alkyl, together with R"® a —CH, -
group or a double bond,

R'® is hydrogen, together with R"> a —CH.,,-group or a
double bond, comprising reacting a compound of gen-
cral formula I

in which

R is hydroxy:;

and R®%,R®”, R’ R’%, R'°, R'!, R'?, R*®, R'® have the
same meaning as in formula III, with at least 3 molar
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equivalents of an organic or inorganic hypochiorite as an
oxidizing agent 1n the presence of a catalytic amounts of
a 2,2,6,6-tetramethyl-piperidine-N-oxide derivative at a
pH of at least 8.0

to form the corresponding compound of formula II

11

and subsequently eliminating water at pH<3, optionally in the
presence of an acid.]

5. A process according to claim [4] 43 for the production of

a [3-oxo0-17a-pregn-4-ene-21,17-carbolactones] 3-oxo-170.-
pregn-4-ene-21,17-carbolactone of formula Illa

[Ila
O
O
RY,
R]U \\Rg . R16
R Tpis
0 X~ “R"
Rgﬂ Rﬁb
in which
R°“can be hydrogen [or together with R’ a—CH.,-group];
R°” can be hydrogen, or together with R”” a—CH,-group,
or a double bond]:
R’ can be hydrogen, C,-C,-alkoxycarbonyl, or C,-C,-
thioacyl;
R’? can be hydrogen, or together with R®” a —CH,-
group[.];
R” can be hydrogen, together with R'" a double bond or
together with R'! an epoxy group —O—;
R'" can be hydrogen, or methyl:
R'! can be hydrogen, together with R” a double bond or
together with R” an epoxy group —O—;
R" can be hydrogen, or together with R'® a—CH,-group
or a double bond:;
R"° can be hydrogen, or together with R"> a —CH,-group

or a double bondl.]; comprising reacting a compound of
formula Ia
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Ia

6. A process according to claim [4] 43 for the production of
a compound of formula I1Ib

[1Ib

Ib

7. A process according to claim [4] 43, wherein the com-
pound of formula II is isolated before [step] b).

8. A process of claim 5 wherein the compound of [For-

mula] formula 11 corresponding to the compound of formula
Ia is isolated before [step] b).

9. A process of claim [5] 6 wherein the compound of
[Formula] formula 11 corresponding to the compound of for-
mula Ib is isolated before [step] b).

10. A process according to claim [1] 42, wherein the reac-
tion 1s performed 1n a two-phase solvent-water mixture.

11. A process according to claim [4] 43, wherein the reac-
tion 1s performed 1n a two phase solvent-water mixture.

12. A process according to claim 10, wherein the solvent 1s
dichloromethane.

13. A process according to claim 11, wherein the solvent 1s
dichloromethane.

14. A process according to claim 12 for the production of
dichloromethane hemisolvate IV:
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IV

1/2 CH,Cl,.

15. A process according to claim [1] 42, wherein 1-5 mol %
of the 2,2,6,6-tetramethylpiperidine-N-oxide derivative 1is
used.

16. A process according to claim [4] 43, wherein 1-5 mol %
of the 2,2,6,6-tetramethylpiperidine-N-oxide derivative 1is
used.

17. A process according to claim [1] 42, wherein 1-1.5 mol
% of 2,2,6,6-tetramethylpiperidine-N-oxide 1s used.

18. A process according to claim [4] 43, wherein 1-1.5 mol
% of 2,2,6,6-tetramethylpiperidine-N-oxide 1s used.

19. A process according to claim [1] 42, wherein 3-6 molar
equivalents of alkali hypochlorite are used.

20. A process according to claim [4] 43, wherein 3-6 molar
equivalents of alkali hypochlorite are used.

21. A process according to claim [1] 42, wherein 3-4 molar
equivalents of sodium hypochlorite are used.

22. A process according to claim [4] 43, wherein 3-4 molar
equivalents of sodium hypochlorite are used.

23. A process according to claim [1] 42, wherein the pH of
the reaction solution 1s between 8.5 and 10.0.

24. A process according to claim [4] 43, wherein the pH of
the reaction solution iz a) 1s between 8.5 and 10.0.

25. A process according to claim [1] 42, wherein the pH of
the reaction solution 1s set with potassium bicarbonate.

26. A process according to claim [1] 42, wherein the reac-
tion temperature 1s 0 to 20° C.

27. A process according to claim [4] 43, wherein the reac-
tion temperature ir a) 1s 0 to 20° C.

28. A process according to claim [1] 42, wherein after the
oxidation reaction 1s completed, a reducing agent for annihi-
lating excess hypochlorite reagent 1s added to the reaction
mixture.

29. A process according to claim [4] 43, wherein after the
oxidation reaction 1s completed, a reducing agent for annihi-
lating excess hypochlorite reagent 1s added to the reaction
mixture.

30. A process according to claim 28, wherein the reducing
agent 1s added with the addition of a base or a basic buffer at
a pH of more than 5.

31. A process according to claim 29, wherein the reducing,
agent 1s added with the addition of a base or a basic buifer at
a pH of more than 3.

32. A process according to claim 28, wherein an aqueous
alkal1 hydrogen sulfite solution 1s used as a reducing agent.

33. A process according to claim 29, wherein an aqueous
alkal1 hydrogen sulfite solution 1s used as a reducing agent.

34. A process according to claim 28, wherein as a reducing,
agent, sodium hydrogen sulfite or potassium hydrogen sulfite
1s used 1n the form of the aqueous solution of sodium disulfite
or potassium disulfite.
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35. A process according to claim 29, wherein as a reducing,
agent, sodium hydrogen sulfite or potassium hydrogen sulfite
1s used 1n the form of the aqueous solution of sodium disulfite
or potassium disulfite.

36. A process according to claim 30, wherein sodium phos-
phate (Na,PO,) 1s used as a base or a basic bufter.

37. A process according to claim 31, wherein sodium phos-
phate (Na,PO,) 1s used as a base or a basic buftter.

38. 63, 73, 15p, 16p-Dimethylene-3-oxo0-17a-pregnan-
Sp-ol-21, 17-carbolactone-dichloromethane hemisolvate.

39. A process [of] according to claim [1] 42, wherein said
derivative 1S 2,2,6,6-tetramethylpiperidene-N-oxide],
4-methoxy-2,2,6,6-tetramethylpiperidene-N-oxide] or
4-benzyloxy-2,2,6,6-tetramethylpiperidene-N-oxide.

40. A process for the production of drospirenone compris-
ing reacting [6f3, 7f3; 15, 16p-dimethylene-3-0x0-17a-preg-
nan-5f3-o0l-21,17-carbolactone-dichloromethane] 6f3, 73,1 5,
16B-Dimethylene-3-oxo-170-pregnan-3-o0l-21,17-
carbolactone-dichloromethane hemisolvate with an acid.

41. A process of claim 40 wherein the acid 1s sulfuric acid,
hydrochloric acid or para-toluene sulfonic acid.

42. A process for the production of a 3-oxo-pregnane-21,
1 7-carbolactone of formula 11

I
4,
Ij’O

K
RI;E',“
RIO “\\REJ . Rfd

R”® V1

O < g
5§

R Rﬁ.{l Rﬁb

in which
R’ is hvdrogen, or hydroxy;
R°? is hydrogen, or together with R"* a —CH ,-group;
R is hydrogen, or together with R”" a —CH ,-group;

R’® is hydrogen, C,-C -alkyl, C,-C -alkoxycarbonyl,
C ,-C thioacvl or together with R°* a —CH ,-group;

R is hvdrogen, or together with R° a —CH ,-group;

R® is hyvdrogen, together with R'' a double bond, or
together with R'! an epoxy group —O—;

R'Y is hydrogen, methyl, or ethyl;

R is hydrogen, together with R® a double bond or together
with R” an epoxy group —O—;

R’ is hyvdrogen, methyl or ethyl;

R*? is hydrogen, C,-C alkyl or together with R'° a
—CH ,-group or a double bond;
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R’° is hydrogen, or together with R> a —CH ,-group or a
double bond; comprising
reacting a compound of formula I

I
w13 OH
R'7, OH
R0 “‘\\R9 . 216
R Pis
o~ & g
Rijl Rdb

with at least 3 molar equivalents of an ovganic or inorganic
hvpochlorite as oxidizing agent in the presence of a catalytic
amount of a 2,2,6,6-tetramethylpiperidine-N-oxide deriva-
tive at a pH of at least §.0.

43. A process for the production of a 3-oxo-pregn-4-ene-

21,17-carbolactone of formula 111

i/}

in which
R®% is hydrogen, or together with R"* a —CH , group;

R°% is hydrogen, or together with R”” a —CH ,-group;
R’ is hyvdrogen, C,-C,-alkyl, C,-C,-alkoxycarbonyl,
C ,-C -thioacyl or together with R°* a —CH ,-group;

R7? is hydrogen, or together with R°® a —CH ,-group;

R® is hydrogen, together with R’ a double bond, or
together with R'' an epoxy group —O—;

R'Y is hvdrogen, methyl, or ethyl;

R is hvdrogen, together with R a double bond or together
with R” an epoxy group —O—;

R*7 is hvdrogen, methyl or ethyl;

R?° is hyvdrogen, C,-C alkyl or together with R'° a
—CH ,-group or a double bond,;

R’° is hydrogen, or together with R”> a —CH ,-group or a
double bond; comprising:
a) reacting a compound of formula I
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in which
R’ is hydroxy;
and R, R°°, R™*, R’°, R®, R"’, R", R"°, R"”>, R"°® have the
same meaning as in formula 111,
with at least 3 molar equivalents of an organic or inor-
ganic hypochlorite as an oxidizing agent in the pres-
ence of a catalytic amount of a 2,2,6,6-tetramethylpi-
peridine-N-oxide devivative at a pH of at least 8.0 to
Jorm the corresponding compound of formula 11

I

and
b) subsequently eliminating water at pH<3, optionally
in the presence of an acid.
44. A process according to claim 43, which is for the
production of a compound of formula I1Ib

b
d,

22

comprising: a) reacting the compound of formula Ib

1b

10

15

to form a compound of formula 11b,
20

b
25

30

35

and b) subsequently eliminating water at pHH<S5, optionally in
40 the presence of an acid, to form a compound of the formula

IIb.
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