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15  oxo-17a-pregna-4,6-diene-21,17-carbolactone), and prorenone (6pB,7B-methylene-3-
oxo-17a-pregna-4,6-diene-21,17-carbolactone).
The build-up of the steroid-21,17-spirolactone can be carried out by oxidation of the
corresponding 17-hydroxy-17-(3-hydroxypropyl) steroid
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with suitable oxidizing agents such as chromic acid (Sam et al. J. Med. Chem. 1995, 38,
4518-4528), pyridinium chlorochromate (EP 075189), pyridinium dichromate (Bittler et
al; Angew. Chem. [Applied Chem.] 1982, 94, 718-719; Nickisch et al. Liebigs Ann.
Chem. 1988, 579-584), or potassium bromate in the presence of a ruthenium catalyst

20

25 (EP 918791). The clearly pronounced formation of by-products by a number of secon-
dary reactions is disadvantageous in the oxidation process of the prior art with chro-
mium(V1) derivatives, by which the isolation of the pure product is hampered and the
yield is reduced. The by-product profile is improved namely by the ruthenium-catalyzed
oxidation (EP 918791), and thus also the yield increases. The use of transition metals in

30 the production of pharmaceutical active ingredients, however, is generally associated
with the drawback that the removal of heavy metal traces is already connected with an
elevated expense. Moreover, large amounts of heavy metal-containing wastes accumu-
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10  3,17-dihydroxyandrostanes of general formula | :

R13OH
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in which
R® is hydrogen, hydroxy;
R® is hydrogen, together with R® a double bond, or together with R™ a
15 —CH, group;
R% is hydrogen, together with R a =CH, group or a double bond;
R™ is hydrogen, C;-Cs-alkyl, C4-C;-alkoxycarbonyl, C4-C,-thioacyl or
together with R® a ~CH, group;
R™ is hydrogen, or together with R® a ~CH, group;
20 R® is hydrogen, together with R'' a double bond, or together with R" an
epoxy group —-O-;
R is hydrogen, methyl, or ethy!;
R™ is hydrogen, together with R® a double bond or together with R® an
epoxy group ~O-;
25 R® is hydrogen, methyl or ethyl;
R is hydrogen, C4-C,4-alkyl, together with R'® a ~CH, group or a double
bond,
R'® is hydrogen, together with R'® a ~CH, group or a double bond,



20 R9 is hydrogen, together wwth R' a double bond, or together with R' an
epoxy group -0-; R10 is hydrogen, nethyl, or ethyl; R' is hydrogen, together
with RO a ¢aykjososgpd or together with RO an epoxy grouppcPrp28godidsy i S
hydrogen, nmethyl or ethyl; R15 is hydrogen, Cl-C4-alkyl, together with W a
-CH2 group or a double bond, RL6 is hydragen, together with R15 a -CH2
group or a double bond, WO 2007/009821 PCI/EP2006/ 007287 3 are reacted with
an organic or inorganic hypochlorite as an oxidizing agent in the pres- ence
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If R® is a hydroxy group, the compounds of formula Il can be converted in the presence
of an acid at pH < 5 with water being eliminated into compounds of formuia ([l

10  Metal-free oxidations of alcohols to the corresponding aldehydes, ketones, carboxylic
acids, lactols, and lactones are collectively referred to in 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-tetramehylpiperidine-N-oxide (TEMPO) are described by van Bekkum et al. in
Synthesis 1996, 1153-1174.

15
Primary alcohols can be oxidized to aldehydes with sodium bromite (NaBrO,) or cal-
cium hypochlorite [Ca(OCl,)} in the presence of TEMPO derivatives [S. Torii et al. J.
Org. Chem. 1990, 55, 462-466]. Sodium hypochlorite (NaOCl) can also be used as an
oxidizing agent (Org. Synth. 69, 212). ‘

20 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, 2559-2562). As a co-catalyst, a bromide (gen-
erally KBr or NaBr) is used. The addition of bromide ions can be useful even in the oxi-
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in connection with increased amounts of the TEMPO catalyst (J. Einhorn, J. Org. Chem.
1996, 61, 7452-7454; in the presence of a bromide addition: S. D. Rychnovsky, J. Org.
Chem. 1999, 64, 310-312; in the presence of bromide ions produced in situ from the
oxidizing agent sodium bromite: S. Torii, J. Org. Chem. 1990, 55, 462-466). In view of
20 the prior art, it was therefore surprising that oxidative lactonization on the D-ring and the

eased

oxidation of the secondary 3-hydroxy group of the 17-(3-hydroxypropyl)-3,17-
dihydroxyandrostanes of general formula 1 (altogether three oxidation stages) can be
performed successfully at the same time under mild conditions in the presence of cata-
Iytic amounts of TEMPO derivatives. In addition, it was surprising that the process ac-

25 cording to the invention can be performed with only 1.0 to 2.0 equivalents of hypochlo-
rite per oxidation stage, thus altogether 3.0 to 6.0 molar equivalents of hypochlorite
quite without the co-catalytic bromide additions.

The process according to the invention is performed with a total of at least 3 molar

30 equivalents of alkali hypochlorite, organic hypochlorite or at least 1.5 molar equivalents
of alkaline-earth hypochlorite as oxidizing agent; preferably with 3-6 molar equivalents
of alkali hypochlorite, or 1.5-3 molar equivalents of alkaline-earth hypochlorite, espe-
cially preferably 3-4 molar equivalents of alkali hypochlorite or 1.5-2 molar equivalents
of alkaline-earth hypochlorite.
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The reaction is preferably performed in a two-phase system. The process according to

the invention is quite preferably performed in a dichloromethane-water mixture.

20 The oxidation is performed according to the invention at a temperature of 0 to 20°C,
preferably at 10-20°C.
During the oxidation, the pH of the reaction solution is 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
25 (e.g., acetic acid) or inorganic acids (HCI, H,SO;,, H;PO,) or acid salts of multivalent
acids (bicarbonates, hydrogen sulfates, hydrogen phosphates, etc.). Alkali bicarbon-
ates, especially preferably potassium bicarbonate, are preferably used.
The oxidation reaction is brought to a halt by adding a reducing agent to quench excess
hypochlorite reagent. For this purpose, any reducing agent with corresponding redox
30 potential that is known to one skilled in the art is suitable. An aqueous alkali hydrogen
sulfite solution is preferably used according to this invention. Sodium or potassium hy-
drogen sulfite (NaHSO; or KHSO;), the aqueous solution of sodium or potassium disul-
fite (Na,S0O,0; or K;S,0s) is especially preferably used.
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acid, para-toluenesulfonic acid, etc.) to form compounds of formula Il (EP 0918791).

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

According to this invention, sodium phosphate (Na;PO,) is preferably used as a basic
buffer.

25  17-(3-Hydroxypropyl)-3,17-dihydroxyandrostanes of general formula | 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 tripie bond
(EP 918791, EP 51143, DE 3026783) or as described by N. W. Atwater in J. Org.
Chem. 1961, 26, 3077 and in US 4,069,219 or in the documents cited therein.

30 The corresponding 3-hydroxy-17-ketoandrostanes can be produced in turn from the
correspondingly substituted 3-hydroxyandrost-5-en-17-one (EP 51143, DE 3026783).
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The process according to the invention is suitable especia or
production of 3-o0xo- 17a-pregnane-21, 17-carbol actones of fornula | la 0 R
Rio RO RL6 R7/b R15 O"" Ralla OHRsb a as well as

3- 0x0-17a- pregn-4-ene- 21, 17-carbol actones of forrmula Ilia, O

The process according to the invention is suitable especially for the production of 3-oxo-

17a-pregnane-21,17-carbolactones of formula lla

in which the substituents R have the following meaning:
10 R* is hydrogen or together with R™ a —CH, group;

R® is hydrogen, together with R”® a ~CH, group, or a double bond,;

R™ is hydrogen, C4-C4-alkoxycarbonyl, or C;-Cg-thioacyl;

R™ is hydrogen, or together with R®® a ~CH, group,

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

R' is hydrogen, or methy;

R" is hydrogen, together with R? a double bond or together with R® an

epoxy group ~O-;

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

20 R' is hydrogen, together with R'* a ~CH, group or a double bond;



R Ro.'"IRSRI6 R/b RRre 0 11"R 7a Ilia ab OR in which the substituents R
have the fo aning: 10 R8a is hydrogen or togeth - CH2
group; Rob #‘Js %M}ﬂﬁbog};ln together with Rib a -CHs group, %%WB%%@ d;
R78 is hydrogen, Cl-C4-al koxycarbonyl, or Cl1-C4-thioacyl; R7b is hydrogen,
or together with Rob a -CH2 group, RO is hydrogen, toget her with R' a double
bond or together with R' 15 an epoxy group -0-; R70 is hydrogen, or net hyI'

R' is hydroge to ether with ﬂdqan%%%nd or to ether with RO a

group -0-; 1§rebyh3%51aHiee, m%“é@%ﬁ Be TaileRy °6V%[°P!(§—|§ avddwarwaadraafaa%ofbond
20 RS is h el foriregalbher with R15 a -CH2 group or a double bond;, WO
2007/ 009821 CT/ EP2006/ 007287 9 whereby as starting nmaterials, the

17-(3- hydroxypropyl) 3, 17-di hydr oxyandr ost anes of general fornula la OH
R11'. " OH R10 RtheR?les HO 7a la Odgya Rsb Rea 5

la

5

are used.
The process according to the invention for the production of compounds of formulas Hla
and llia,

10  inwhich
R® R™ R® R" are hydrogen:
R® and R™ together are a ~CH, group;
R™ is methyl;
R" and R together are a ~CH; group;

15  thus compounds Ilb as well as lllb, whereby the compound of formula 1b is used as a
starting material is quite especially suitable.



are used. The process according to the invention for the production of

conpounds o Ila and Ilia, 10 in which R8a, R7a, 'ar

hydr ogen; Rgg;gﬁ@Hggé together are a -CH2 group; RI10 is Hg$ﬁ9¥£%¥§g%gnd R16
together are a -CH2 group; 15 thus conpounﬂi I[I'b as well as Illb, whereby

t he conpound of fornula Ib is used as a starting material is quite
especially suitable. WD 2007/009821 PCT/ EP2006/ 000887 10 OH HO OH I b
oxidation O OH[OIbJ work-up at pH< 5 «abypﬂ\3»$ RS = OH

di chl oronmethane O0 0 O acid :1/2 CHzCl Z b OH I Anot her aspect

of this invention is the poorly solub ane- hem solvate IV 5
that is forned, surprisingly enough, b when the process
according to

HO
ib

oxidation

work-upatpH < 5 work-up at pH > 5
R5 = OH dichloromethane

£ 1/2 CH,CI,

Another aspect of this invention is the poorly soluble dichloromethane-hemisolvate IV

5 thatis formed, surprisingly enough, from compound ilb when the process according to
the invention is performed in dichloromethane and is worked up, basic, at pH > 5. Dur-
ing the oxidation, this poorly soluble product precipitates, and thus the influence of the
oxidizing agent and thus possibie further reactions, which can result in the formation of
by-products, are evaded.



the invention is perfornmed in dichloromethane and is worked up, basic, at pH
> 5. Dur- ing the oxidation, this poorly sol uble product precipitates, and
thus the influence of the oxidizing agent and thus possible further
reacti ons, WO0eH08824 result in the formati on of by- prod PETEP286M0E@SAded. WO
2007/ 009821 PCT/ EP2006/ 007287 11 The di chl or onet hane- hem sol vate 1V is

di stingui shed by a strict and constant n#lfting point, which is 121 C, while
conmpound Ilb nelts at 188C. DSC (Differential Scanning Calorinetry)

measur enents have shown that conpound.lV is stable up to the nelting 5

poi nt. Aftef herdmhtoseaueﬁhane-ihsn'rismlmitet\éid distinguiphextbypa stict amd cdnstantpweliting | V

et her s pedPit IS 21 s i ceBiiohBE yB medR R To8ic, T flroreRid el Do ar
oxi dati on aiQGhlcimetiy)alciastirementilicdve shoah thdteompodnd. Bdis stabild up tethexmeltimg on

remai n Igrgel di ssolved in the ether-dichloromethane m xture, which 10
makes possi Beit-an extrenely slight isolation of the conpound IV at a high

purity. In taAffeftheaiactiof®estApleted, el predipitdtioh @f 8dmBaind IV fRdth B @dctiohsld-hus
obt ai ned product contains no nore than 6% steroidal contanm nants, and can

easi |y be rd&aePyaddipg gian-ralarsoluent. preferablyan ehera eepadaitprefsrabhiodiisorroProds
with a suitaie?, igebMpleted. %E‘n@h%ola?%k%ﬁﬂ&ﬂ@nd éulnmnétﬁﬁ% ;%é&&&lhat IrbepréuméaeSI S

vari ant that runs throug the 1solated com1 ﬁoun fers the additional
advant age oWith theagdationemaimiargely dissalvgd inithe ef gl[—dlphlp[pnng;h@e @Nﬂiﬁe\ﬂhlafhd
nore efkgcti ' [ [1lb is
7% aﬁgun meﬁpgiggéﬁhéggegq%&éggh{ Ib&?{ 6ort§¢%]ﬁ9§80r-nrg§mfo° aym% N process
and subse- dymﬁ\iﬁwmwempeunmwm erweidmdf 82k s chtainad. memapgmdtmmct

Seeer g, ot B e SR PR B PR e 5
sanme pot byurtHee purfioation acearding Itcekmmmmglemtndkwhlamultatﬂeracai:hodomn dwmadi ti ons at
PH oot on s RS ety ool Hspb e BB R it
Theory) 16b pauifd IV bffdrs the éddltlbn'ﬁbaca}an(dm dbldobilderably higher total yield at liib by a

simpler and more effective purification in the final stage. The total yield at llib is 77%,

around 7% higher than according to the Ru-catalyzed oxidation process and subse-

quent water elimination and even around 21% higher than according to the one-pot

process according to EP 075189 (Tab. 1).

20 As an alternative, Ib can be oxidized to Ilb and converted directly to Hlib in the same pot
by the reaction mixture being worked up under acidic conditions at pH < 5.

Tab. 1: Comparison of the Yields of the Process According to the Invention Compared
to the Process of the Prior Art

Process Yield (% of Theory)
Ib—lib iib - liib Total (la—llib)
Process According 82 94 77

to the Invention (in the form of IV)

Ru-Catalyzed Oxi- 75 94 70
dation According to
EP 918791

CrO; Oxidation Ac- not isolated not isolated 56
cording to
EP 075189*

25 * See Table on page 7 EP 918791




Process According 82 94 77 to the Invention (in the formof |1V) Ru-Catal yzed

xi- 75 94W§pz§g‘ﬁtﬂf9§ﬁn According to EP 918791 Cr03 Oxi datiﬁlmoﬁ@&sol at ed

not isolate cording to EP 075189* 25 ° See Tabl e on page 8791 WO
2007/ 009821 PCT/ EP2006/ 007287 12 This i ntion is explained in nore detail
based on the exanples below, without being limted thereto. 5 Production
Process CGeneral Operating Procedure | (GOPl): Synthesis of Conpounds of

Formula 11 . | .of .compound of formyla.Jl is dissplved or spended
135t of MO BYTORE.S SeTRERT RO it s of e pRariS Peit: wRARE BB e
to the m xt Uirmitedther8e. The addi tion of a solution that consists of 134 g of
a 15. 25% aqueous sodi um hypochlorite solu- tion (230.7 mvol) and 8.20 g (82
nmol ) of potassium bicarbonate in 114 mM of water is carried out, whereby a
pH val uesof 9.1 is set. After the peagidtioh Processpl eted, the ex- cess

oxi di zi ng agent is quenched at 15C by addi ng an aqueous sol ution that
consists 15 of 12.5 g (76.5 mmol ) of sodi um phosphate and 10.6 g (55.8 mmol)

of sodi um digeHeral Gperating Probeded (EUP1) SPhthesiscst CImpoih@$lBf Forthuladr mul &

li is isolated fromthe organic phase by being precipitated from the
reaction solution by adding 240 m of diisopropyl ether, continuing to be

21 ter nat | ve, O ante 81 Fboripound i i | s Hteel br ikhenibd i 185 mEd dichiore, | g
the read0i ormetbaradrireg, GHS gt ownol) ofyTEMPQiis htdaddto thentidire at 46°G.eThei adsdb| ved
Fodi ot 11 o o4 sClokoh B baRs 0P 2314 4Pa 338N SuRARE Souiim MEBRIGHESCRTY,
case is fil ttiend2B3mT mmel} andBB20 gy (883 fmmal) ef potassitime Bicartebndte ind.14 ml of water is
carried out, whereby a pH-value of 9.1 is set. After the reaction is éompleted, the ex-
cess oxidizing agent is quenched at 15°C by adding an aqueous solution that consists
15 of 12.5 g (76.5 mmol) of sodium phosphate and 10.6 g (55.8 mmol) of sodium disulfite
(Na;S,05) and 121 ml of water.
The product of formula 1l is isolated from the organic phase by being precipitated from
the reaction solution by adding 240 ml of diisopropy! ether, continuing to be stirred for
3 hours at 25°C, being filtered off and dried. As an alternative, the product that is al-
20 ready partially precipitated during the reaction depending on solubility in dichloro-
methane can be dissolved again by adding dichloromethane, and the organic phase is
separated and redistilled in diisopropyl ether. The product that is precipitated in this

case is filtered off with 300 mi of water, washed and dried.

25 General Operating Procedure 2 (GOP2): Synthesis of Compounds of Formula lll
in a One-pot Process
76.9 mmol of a compound of formuia | is dissolved or suspended in 135 ml of dichloro-
methane. First, 0.15 g (1 mmol) of TEMPO is added at 15°C to the mixture. The addi-
tion of a solution that consists of 134 g of a 15.25% aqueous sodium hypochlorite solu-
30 tion (230.7 mmol) and 8.20 g (82 mmol) of potassium bicarbonate in 114 ml of water is
carried out, whereby a pH-value of 8.1 is set. After the reaction is completed, the ex-
cess oxidizing agent is quenched at 15°C by adding an aqueous solution of 10.6 g (55.8
mmol) of sodium disulfite (Na;S,05) in 121 mi of water.
The pH of the reaction solution is set at pH < 5 by adding dilute, aqueous sulfuric acid,
35 and stirring is continued at room temperature until the reaction is complete.



- 25 CGeneral Operating Procedure 2 (GOP2): Synthesis of Conmpounds of Fornul a
[1l in a One-pot Process 76.9 mml of a conpound of formula | is dissolved

or suspend [ of dichloro- methane. First, 0.15 ¢&4lesthR! § TEMPO
I s added aﬁg?g@ﬂ@%@e m xture. The addi- tion of a sol ut iq)on t hat /Oégirglsi sts

of 134 g of a 15.25% aqueous sodi um hypoch|l30ri te solu 30 tion (230.7 mmol)
and 8.20 g (82 mml) of potassium bicarbonate in 114 ml of water is carried
out, whereby a pHvalue of 9.1 is set. After the reaction is conpleted, the

10,6 g (55 6 MEVBIRE D! i areL PR e B aratocd s Bt elfn brrc 1.

of the react itcanpaunds of fosmalatll adcopdihgtdsGOP 1 aaiéreby thd ndutral wasredusganit f uri c
id, 35 d sti ' o ti t t t, tjl, .t ti

s conpi ot o. PAEFBGSENsE 5 Besmend sais GO B paR s e alen b iy SR

product of f diteret affl Whshed Wil 306 olbatenand@@es! y to the isolation of the

conpounds of formula Il according to GOP1l, whereby the neutral washed

organic phase is redistilled on diisopropyl ether. The product that is

preci pi tated Gé?\eiéli%)é"raﬁﬁg Procetiure |3R€Cﬁ‘h)9‘%gtﬂ&ﬁh€f’0&ﬁd&u§@9 of FofthukAlier
and dried. Ceneral erating Procedure 3 (GOP3): Synthesis of Conpounds of
Fornul a |11 StadingfremiGasnpewngioohiiernysla teimwhieh R = O:which RS = o 0.1

not of a co f ' i G 5= A, ' ' .
GPL. i o 10tenmaL e oD ot forrbfh i GRS O, oA CoRERI GBI, oy
to a pH 49 1 sbypended imy6%mibf ietrabyiyefurart errdiexaneiand asidifieddmatpbhpict by adding
stirring of eh i M, XU ' b esUSH i g . i .
corpl et ad. | Tisgh 2% pArEatis Afrdof fERHelgtire, it the *Eavtich Ml i Sony;
preci pi t at i onebyntietehgdmation lsecongdeted on of 90 ml of water. The precipitated

LSS 13 PG B TR B e
car bol act one-additibh of @0l btwateh ihegwesipitated prdductafilfered offiwith watelGw@ihedB0 g

(0.0769 t) of 17a-(3-hydroxypropyl)-6R, 70; 1513, 160-
di net hyl gﬁe- QﬁHV%]ﬁ"Q%E'-egO, 5 (3,17(3-triol is reacted.

Example 1 6B,7B;15 B,16p-Dimethylene-3-oxo-17a-pregnan-5p-0l-21,17-
carbolactone-dichloromethane hemisolvate (V).

20 According to GOP1, 30 g (0.0769 mot) of 17a-(3-hydroxypropyl)-6B,783;15 B,16p-
dimethylene-androstane-3,5 B,17p-triol is reacted.
During the reaction, the product 6 8,783;158,16p-dimethylene-3-oxo-17a-pregnan-53-ol-
21,17-carbolactone accumulates in the form of its dichloromethane hemisolvate. After
excess oxidizing agent is destroyed and after working-up according to GOP1, 27 g of
25 6pB,7pB;15B,16p-dimethylene-3-oxo-17a-pregnan-5p-ol-21,17-carbolactone-
dichloromethane hemisolvate (0.0630 mol) = 82% of theory is isolated.
[a)o® = -61° (c = 1.0; CHCl,); melting point = 121°C;
'H-NMR (400 MHz, CDCly): 8 =0.52 (g J = 5.5 Hz, 1H, 21 o-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),
30 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, 20-H), 2.32-
2.69 (m, 5H), 2.96 (d J = 15.6 Hz, 1H, 4a-H), 5.30 (s, 1H, CH.Cl,).



During the reaction the product 6 p, 7(3;
151, 16( 3- 3- 0xo0-17a- pregnan-5(3-ol- 21,17-car
dy8B dhﬁ‘é}?() : ! : ? 5@%@&%072 7

accurul ates in rm of its dichloronethane hem sol va excess
oxi di zing agent is destroyed and after mqulng up according to GOP1, 27 g of
25 6( 3, 70; 150, 160- di net hyl ene- 3- oxo- 17a- pregnan 5[ 3-0l-21, 17-car bol act one

di chl or onet hane heni sol vate (0.0630 not) 82% of theory is isolated.

5100 52" (o5 OME lop itz Hoci 4 1 BbaRCHE e 2] 28 Baiy B0, vl ¢ o)
0 68 0. ;733 (()f’lﬁ) ,A8,79ACH;10-7f, 17129 (ﬁHg ccmghgbchbﬁ,lcdge} ?1 7(5(83-*200917!)(24311 H,
1- 54-1. 85 (r@ﬁG{:D"s) %’ﬁl(%d'gb%sh % (@% €¥3$839z% (PJ"h 8173?343 é&@%%zehe (m 1

H, 22 H)5 23“*72(CEIZ G‘:J’m 3‘6265 Cﬂ%’z o), 37326 CH, @9113”1405 , 41081(C; CL5. 6 Hz,
1H, 4a- 30 (s, WO 2007/ 09821 Tl s A G e R

(400 |sz c@é) 3y 5960'-" @ @75€éﬁiCHccz‘1‘§) 53,44 (H 48 (2, O, 72.5( &, Cc
15), 16.79 (5%2}(6 ?ﬁsé%@ c@n}%o%‘é( , G 18), 21.75 (CH2,

C11), 24.31 29 3 (CH2, C-23 30.70 (CH2,
C-22) 33. 9@3&«7@\% e 304 (W) (m!ﬁf 3@ i -HED; m@ef@ancczﬁ*@onm/gfmw

C12), 40.2 = 52.18 (CH, C14),
53.44 (CI—IZCI@%C'C %5‘% (&_éo&% §§~ m% §§)(?#bc)s%¥é%3 (%ia}? C17), 176.63
(C, C 24D, MR09563483 cnt! EYH); I‘GS=(IE57 crﬂOé@/?OVlactone)Bs#MQS cm? éC=OB@6— (200 H20) ;
W = 314 (M - 6 7¢O W = 91 (CeH'O W = 55 (C3H30
Ve = 43 ((cz 9458%@)\%'@&"@ g§‘5m )(O—D & = (1757 cm) (C=0, Iac'gone); %3
= 1708 cm (C=0; = 1200 cnmt' (OC=O; 8 = 1011 cm' (C-0) Exanple 2

613, 73; 15(3, 16( 3- D| met hyl ene- 3- oxo- 17a- pr eg- 4- ene- 21, 17- car bol act one
(IT1b): 15 Fxatime AGSH. 6B EomI6E-Dumethyiene Bsworitiey Preg-4-éne-21,17-carbolactone

17a- ( 3- hydr? Kpropyl) 6(3,7(3; 15[ 3, 16( 3-

di met hyl ene- ndr ost ane-3(3,5(3,17(3-triol is reacted. After excess oxidizing
agent i SSdeAcsd)ndmgdd G2 r3Di g (P. G 26 9EBP of the(&lmicmx’ypmgyib&&ﬂ{hﬁmwci dified

e s bR ERr A BB Lo A RSl silu L B! o
1513, 16p- di ¥ebYed fterdingd s dOP2; heesadioh Mixtdre ié Gciiified MithCTOYP Sulfuric acid solu-
tion to a pH of 1 and stirred for 30 minutes at 25°C. After working-up according to
GOP2, 21.5 g of 6 B,7pB;15pB,16B-dimethylene-3-oxo-17a-preg-4-ene-21,17-carbolactone
20 (0.059 mol) = 76.7% of theory is isolated.

[a)o? ~ -182° (c = 0.5 CHCI,); melting point = 201.3°C; UV (MeOH): &35 = 19,000; most
important 'H-NMR data (CDCls): & = 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. Bittler, H. Hofmeister, H. Laurent, K. Nick-
25 isch, R. Nickolson, K. Petzoldt, R. Wiechert; Angew. Chem. Int. Ed. Engl. 1982, 21,
696-697};
MS (EI, 70eV) 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].



20 (0.059 mol) = 76. 7% of theory is isolated. [alD22 ~ -182 (c = 0.5 CHCI 3) ;
melting point = 201.3C, W (MeOH): E265 = 19,000; nost inportant 'H NWR
data (CDCl ¥ 2067/60962140-0. 67 (m 1 H, cyclopropyl H, 1. OJPdﬁEpzﬁéﬁ/ooi& H,
1.11 (s, 3H 19-H), 6.04 (s, 1H, 4-H) (D. Bittler, H Hofneister, H
Laurent, K N ck 25 isch, R N ckolson, K} Pet zol dt R Wechert; Angew.
Chem Int. Ed. Engl. 1982, 21, 696- 697] I\/B (El, 70e\/) V\é =366 (M); W =
338 (M-CO; W 351 (M -CH3); significant fragnents 111; W = 136;

[l nter pret aty T R R ST —

2007/ 009821 / EP2006/ 007287 15 Exanple 3

o 1 1 A T 38 U e A o b

63, 7p: 153, 1%e§Ha’ﬁ€£5B¥6l%eﬂ3cé?5&aét3ﬁe dl&hl?:ﬁﬂé‘tﬂﬁnéﬁerﬂlsv%t %W?Eii}ﬁbléqt)%”e

di chl or met hane hemi sol vat (from Exanple 1) Is reacted 60 yield 24.30 g of

dr ospi r enondegstedtayield 24530 g ofidrospirenone (vield: ¥4.%pbcess for the production of
a 3-oxo-pregnane-21, 17-carbol actones of fornula Il O RI3 ORIl R Oao R c
RO Rte 15 1'llp Rs Rbe Rcn in which



R5 i-s-hydrogen, or hydroxy; Rea is hydrogen, together wwth R5 a doubl e bond,
or together with R72 a -- CH2-group; Reb is hydrogen, together with R7b a
--CH2-group or a double bond; R71 is hydrogen, Cl-C4-alkyl,

Cl- C4- al koxycarbonyl, Cl-C4-thioacyl or together with Réa a --CH2-group,
R7b is hydrogen, or together with R6b a --CH2- group; RO is hydrogen,
together with R11 a doubl e bond, or togeié‘uer with RL1 an epoxy group --0-;
R10 is hydrogen, nmethyl, or ethyl; R11l is hydrogen, together with RO a
doubl e bond or together with RO an epgxy group --0--; R13 is hydrogen,
methyl or ethyl: R15 is hydrogen, Cl-CH&IMS|, together with R16 a
--CH2-group or a double bond, R16 is hydrogen, together with R15 a
--CH2-group or a doubl e bond conprising reacting a_conpound of forrmula | |
R13 OR 4., R 1oH RiRpEEssiprahrpragustion ¢f@ 3-oxwareggane-2ikd 7rgrbolactongsth at

| east 3 nol ar sGaiavipl ents of an organic or inorganic hypochlorite as

oxi di zing agent in the presence of a catalytic anount of a 2,2, 6, 6-

t et r amet hyl pi peri di ne- N-oxi de derivative at a gH of at"l|east 8.0.

in which

R® is hydrogen, or hydroxy;

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, C4-Cs-alkyl, C-C4-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,-Cs-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 formula |




2. A process according to claiml1 for the production of a 3-oxo-I|7a-
pregnane- 21, 17-car bol actones of formula Ila lts O Re RoO R R6 R-Rs O

‘aR7. OH, R6. Rft

in which Rea can be hydrogen or together with R72 a

--CH2-group; R6b can be hydrogen, together with R7b a --CH2-group, or a
doubl e bond; R78 can be hydrogen, Cl-C4-gt koxycarbonyl, or Cl-C4-thioacyl;

R7b can be hydrogen,

or together with R6b a --CH2-group, R9 can be hydrogen,

t oget h th - i th: : --0--;
R10 can be. hydl o a8 RoRpHiah 8 9F Blaafle e iiidaniC SRR P o2

doubl e bond or oxidigivglagentin the mesenne CépmagalgicmnmuntoiaZZmS can be hydrogen,
A G Be BONRLE 200G iBPg 2N, DE hydr ogen.

together with
together with

rou

conpound of forrmula la 1. X Ru o ~~\ n"_ ox. Rio " RO R16 R~ Ri s

2. A process according to claim 1 for the production of a 3-oxo-17a-

pregnane-21,17-carbolactones of formula lia

Tla

in which

R%2 can be hydrogen or together with R" a --CH,-group;

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

R’2 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"'® 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, together with R'® a --CH,-group or a double bond;

R can be hydrogen, together with R'® a --CH,-group or a double bond,

comprising reacting a compound of formula la

Ta

3. A process according to claim 1 for the production of the compound of

formula IIb,

conprising reacting a

HO OR



OR, R6a R6b 3. A process according to claim1l for the production of the
conpound of formula Ilb, 18 lib OO ..nu OH conprising reacting the
conmpound of forrmula Ib Ib OHHO Ol 4. A process for the production of a
3- oxo0- pregn-4-ene-21, 17-carbol actones of formula Il 11l OO04".. RRR16 O
R6u 6b in which R6a is hydrogen, togethgg with R5 a doubl e bond, or
together with R7a a -- CH2 group; R6b is hydrogen, together with R7b a
--CH2-group or a double bond; R71 is hydrogen, Cl-C4-alkyl,

Cl- C4- al koxycarbonyl, Cl-C4-thioacyl or together with Rea a --CH2-group,
R7b is hydrogen, or together with R6b a --CHY-group; R9 is hydrogen,
together with RL1 a double bond, or togethg Lth R71 an epoxy group --0--;

comprising reacting the compound of formula b

b
OH

4. A process for the production of a 3-oxo-pregn-4-ene-21,17-carbolactones

of formula Il
It

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, C4-Cg-alkyl, C4-C,-atkoxycarbonyl, C,-C4-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;



R10 is hydrogen, methyl, or ethyl; 19 R11 is hydrogen, together with RO a
~doubl e bond or together with RO an epoxy group --0--; R13 is hydrogen,

met hyl or ethyl; R15 is hydrogen, Cl-C4-alkyl, together with R16 a
--CH2-group or a double bond, R18 is hydrogen, together with R15 a
--CH2-group or a double bond, conprisingqgeacting a conpound of general
formulal 1 RIS ONRj ON RORRI6 Rb RL5 9"RONO Rs R6w R6b in which
R5 is hydroxy; and t he sane
meaning as in fornu as:ﬁ?{ﬂﬂ,og ﬁggﬁ&l\’g{a%tgg m'%&@%ﬂﬁég?tg%@'t% églrl"l organic
or inorganic hy@cycgrbw*}-t)e- as an oxidizing agent in the presence of a

catal yti c anount of | - pi peridi ne-N-oxi de derivative at
a pH of at |east 8. \V% ﬁ\e;?hrégth %Esmdndl ng conmpound of formula Il H O
RI3O R 4,,, RO Réﬁ?@ hidi@gen, 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 general formula |

in which

R® is hydroxy; and

R® R%® R R™ R'" R'" R®% R, R" have the same meaning as in
formula HI, with at least 3 molar equivalents of an organic or inorganic
hypochlorite as an oxidizing agent in the presence of a catalytic amount 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 Il

I

and subsequently eliminating water at pH<5, optionally in the presence of an acid.

5. A process according to claim 4 for the production of a 3-oxo-17a-pregn-4-
ene-21,17-carbolactones of formula llla



R71 Rls
optionally in the presence of an acid. 5. A process according to claim4
for the production of a 3-oxo-17a-pregn-4- ene-21, 17-carbol act ones of
formula Illa 20 HHa O RlI1 RIOR9 RlI6 ,0. RM15 O"'ORla RGe R6b in
whi ch R6a can be hydrogen or together wi t20 R71 a --CH2-group; R6b can be

hydr ogen,
hydr ogen,

OJ'"R7T0 R5 R6. R6b and subsequently elimnating water at pH<5,

together with Rib a --CH2-group, or a double bond; R71 can be
Cl- C4- al koxycar bonyl, or Cl-C4-thioacyl; R bmcan be hydrogen, or

together with R6b a --CH2-group, R9 can be hyd “ogen, together with R' a
doubl e bond or together with R an epoxy f -.. --0--; Rl can be hydrogen,

or

nmet hyl ;

R11 can be hydrogen, t oget her h B9 a doubl e bond or together

with RO an epoxy group --0--; R15 &ar beArRee/oOgen, together with RL6 a
--CH2-group or a doubl e bond; _ oifen, together with RIS a

--CH2-group or a doubl e bond,

ra

in which

R® can be hydrogen or together with R™ a --CH,-group;

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

R' can be hydrogen, together with R'® a --CH,-group or a double bond,

comprising reacting a compound of formula la

Ia

6. A process according to claim 4 for the production of a compound of
formula {llb



off RORv RI6 RI' HOR6 O~ R6. R6b 6. A process according to claim4 for

t he production of a conmpound of forrmula Illb 21 Hn O O conprising
reacting the conpound of formula Ib b OHOCH HO OH 7. A process according
to claim4, wherein the conpound of formula Il is isolated before step b).
8. A process of claim5 wherein the conpqund of Formula Il corresponding to
the conmpound of fornmula la is isolated before step b). 9. A process of claim
5 wherein the conpound of Formula Il corresponding %@ the conpound of

formula I b is isolated before step b). 10. process according to claiml,
wherein the reaction is perfornmed in a twoyphase solvent-water m xture. 11
A process according to claim4, whereint action is perforned in a two
phase sol vent-water m xture. 12. A pr cording to claim 10, wherein

t he sol vent is dichl oronethane.

comprising reacting the compound of formula Ib

Ib

OH

7. A process according to claim 4, wherein the compound of formula Il is

isolated before step b).

8. A process of claim 5 wherein the compound of Formula |l corresponding

to the compound of formula la is isolated before step b).

9. A process of claim 5 wherein the compound of Formula 11 corresponding

to the compound of formula Ib is isolated before step b).

10. A process according to claim 1, wherein the reaction is performed in a

two-phase solvent-water mixture.

11. A process according to claim 4, wherein the reaction is performed in a two

phase solvent-water mixture.

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

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



13. A process according to claim 11, wherein the solvent is dichloronethane.
22 14. A process according to claim1l2 for the production of

di chl oronet hane hem solvate IV: IV 006 // :Yi CH2Cl2. 4 0 OH 15. A
process according to claim1l, wherein 1-5 nol % of the 2, 2,6, 6-

t et ramet hyl pi peri di ne- N-oxi de derivative2 s used. 16. A process according to
claim4, wherein 1-5 nol %of the 2,2,6,6- tetranethyl pi peridi ne-N oxi de
derivative i sfi4iseda plobesfabidpdiRg o @SEPTHHoR thel proglicioMol dickBfingdtharke 1. 5 ol %
of 2,2,6,6- tetranet h){l pi peridi ne-N-oxide is used. 18. A process according
to claim4, WEvigehteI 5 nol % of 2,2,6, 6- tetramethyl piperidine-Noxide is
used. 19. A process according to claim1l, wherein 3-6wynol ar equival ents of

al kali hypochlorite are used. 20. A procegs according to claim4, wherein
3-6 nolar equivalents of alkali hypochlorkte are used. 21. A process
according to claim1l1, wherein 3-4 nol ar ival ents of sodium hypochlorite
are used. 22. A process according t wherein 3-4 nol ar equival ents
of sodium hypochlorite are used., 2 pecegsmaecording to claiml,
wherein the pH of the reactiop-s £¥Y3 between 8.5 and 10.0. 24. A
process according to claim4,

15. A process according to claim 1, wherein 1-5 mol % of the 2,2,6,6-

tetramethylpiperidine-N-oxide derivative is used.

16. A process according to claim 4, wherein 1-5 mol % of the 2,2,6,6-

tetramethylpiperidine-N-oxide derivative is used.

17. A process according to claim 1, wherein 1-1.5 mol % of 2,2,6,6-

tetramethylpiperidine-N-oxide is used.

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

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

20. A process according to claim 4, wherein 3-6 molar equivalents of alkali

hypochlorite are used.

21. A process according to claim 1, wherein 3-4 molar equivalents of sodium

hypochlorite are used.

22. A process according to claim 4, wherein 3-4 molar equivalents of sodium

hypochlorite are used.

23. A process according to claim 1, wherein the pH of the reaction solution is



between 8.5 and 10.0. 25. A process according to claim1l, wherein the pH of
the reaction solution is set with potassium bicarbonate. 26. A process
according to claim1l, wherein the reaction tenperature is 0 to 20 C 27. A
process according to claim4, wherein the reaction tenperature is 0 to 200
C. 28. A process according to claim1, whggein after the oxidation reaction
is conpleted, a reducing agent for annihilating excess hypochlorite reagent
is added to tBenea%id Sy fpyture. 29. A process according to claim4,
wherein after the oxidation reaction is conpleted, a reducing agent for
anni hi | ati ng excess hypochlorite reagent is added to the reaction m xture.

30. A process Qg_corgid;g%ésg a%@'jdmg%gdam%ﬂﬂ‘ée}?hg o Eﬁgﬁﬂ‘?&amﬁk&%“ ded

with the addition o ase or a“basic nore than 5. 31. A
process accor dbetyeen 83 andi®9, wherein the reducing agent is added with the
addition of a base or a basic buffer at a pH of nore than 5. 32. A process

according to claim28, wherein an aqueous al kali hydrogen sulfite solution
i s used as a r@duci Agracpsstacc@8ingAo plate d swhereindhe iphigpfthee relaaiion KBytionhier ei N an

aqueous al kali _hydrogen_ . fite lution is used as a reducing agent. 34. A
process accor dlshtdm{hogog?%lsl'%%g?}%§%ei n as a reduci ng agent, sodium 24
hydrogen sulfite or potassium hydrogen sulfite is used in the formof the
aqueous solutign of sodiumdisulfite. or tassiumdi.sulfite. 35, process
Rtording ro cPar m AgTosE Aervag 1 oBish P R SRabR e R 5GR sul £t e
or potassium hgdrogen sulfite is used in the formof the aqueous solution
of sodiumdisulfite or potassiumdisulfite. 36. A process according to claim
30, wherein sodi um phosphate (Na3PO4) is wused as a base or a basic buffer.

27. A process according to claim 4, wherein the reaction temperature is 0 to
20° C.

28. A process according to claim 1, wherein after the oxidation reaction is
completed, a reducing agent for annihilating excess hypochlorite reagent is
added to the reaction mixture.

29. A process according to claim 4, wherein after the oxidation reaction is
completed, a reducing agent for annihilating excess hypochlorite reagent is

added to the reaction mixture.

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

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

33. A process according to claim 29, wherein an aqueous alkali hydrogen

sulfite solution is used as a reducing agent.

34. A process according to claim 28, wherein as a reducing agent, sodium



37. A process according to claim 31, wherein sodi um phosphate (Na3PO4) is
used as a base or a basic buffer. 38. 6(3, 70, 15(3,
16R- Di met hyl ene- 3- oxo- 17a- pregnan-5(3-of -21, 17-
car bol act one-di chl or omet hane hem sol vate. 39. A process of claim1l wherein
said derivative is 2,2,6,6 tetra methyl # peridene- N oxi de,
4- met hoxy- 2, 2, 6, 6-t et ranet hyl pi peri dene- N-oxi de or
4- benzyl oxy- 2h®irégdi sulfite anpotagsipingydicgen sulfifeds uded indBe fokmpofdloeagueons t he
producti on of L e .. ri.si , ' 6(3, 7(3; 150,
16( 3- di net hyl %ﬂ{ét? _55;@8@%@'%@@8r?é%?%?@@@%ﬁ%@%_ car bol acton- e-
di chl oronet hane hem solvate with an acid. 41. A process of claim40 wherein
the acid is sgéfur'io\c aci d, ha/gro hi oriE acri]d . Qr _para-.tol yene_ s | f oni ¢ aci d.
. process ‘according fo claim 29, Wherein as dréducing agent, sodium
hydrogen sulfite or potassium hydrogen sulfite is used in the form of the aqueous

solution of sodium disulfite or potassium disulfite.

36. A process according to claim 30, wherein sodium phosphate (Na;PO,) is
used as a base or a basic buffer.

37. A process according to claim 31, wherein sodium phosphate (Na;PO,) is

used as a base or a basic buffer.,

38. 6B, 7B, 15B, 16p-Dimethylene-3-oxo-17a-pregnan-58-ol-21, 17-

carbolactone-dichloromethane hemisolvate.

39. A process of claim 1 wherein said derivative is 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 comprising reacting 68, 78;
158, 16B-dimethylene-3-oxo-17a-pregnan-5p-ol-21,17-carbolacton- e-

dichloromethane hemisolvate with an acid.

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



