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Process for the Production of
3- Oxo- pregn-4-ene- 21, 17- car bol act ones by the

woMbbalwPEnee Oxi dati on of PCT/EP2006/007287

17- (3- Hydroxypropyl ) -3, 17-di hydr oxyandr ost anes Thi s
invention relates to processes for the production of

3-,0x0- ane- 21, 17-carbQl act one
SPEReRsR BE e ialichn o 3X3 pledl sRE 2N cftRplactenes by the
pr MmetabEref@Xidatien pf OTHE-Hydroxypropyl)-3,17-dihydroxyandrostanes
3- 0x0- 17a- pregnane- 21, 17- car bol actones as wel | as
3-0x0-17a- pregn-4-ene-21,17-carbol actones. In
Takdhddntion rdites toproksses forehapasiutior &fes-oiacpleghame hanearbo-

R i s Lo b o a b P ag, i gl i processes for
tf@%ﬂ&ft@h% B‘ablwaa&bg NgheS2 BN Darbdlhctbhes as el as Bos@s1 7a-
are epl erenone

PERgRed- ﬁas(g&éﬂtf@fggla@oqggoImacgjlt&negﬂqﬂn\@ﬁ\gan relates to the dichloro-
n?etﬁéﬁeh@n%%l%@)of 66‘79 BH%BQﬂﬁet(@lQng@uoxo 170-pregnan-5p-ol-21,17

16b- di net hyl ene- 3- 0xo-1 7a- pregn-4-ene-21
Cadﬂﬂﬁﬁﬂﬂgolactone) splronolactone
(7a-acyl t hi o- 3-oxo0-17 a- pregn-4-ene-21
17-car bol act one), canrenone ( 3-
ExrmpiER0f pharasolpomally astive sieroid21cHr-easbalactones aregrierenone

(Qd)'%g'icggggﬁl 48! %e?ﬁoﬁ@%}%hﬁ-%@o& 17g-pregn-4-ene- 21,1 caLPoIactone) dro-

iene-21,1 ol act one
sbmemmhet(pB @B; 16[3,6 6ptdimethgle@d-3iokosTiorwegn-#eane-2iat/-barbolactone),

TN T e—

25“0*&3:5@1334161’&1&1&2113 h?-@érb@fé"c@iﬂibp afdipeore 6w BB, 78-methylene-3-
em 1995, 38 4518-4528), pyridinium

%ﬁﬂ@ﬂdlf?@%@é"‘i@?bﬁfB@P'aCWﬂ di ni um di chr omat e
ThBIJulid-8p ofthe steroid-21,17-spirolactone can be carried out by oxidation of the

corresponding 17-hydroxy-17-(3-hydroxypropyl) steroid

0]
OH o)
OH Oxidation
——

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
(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(VI) 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
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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al ; Angew. Chem [Applied Chem] 1982, 94, 718-719;

Ni ckisch et al. Liebigs Ann. Chem 1988, 579-584), or
wopotamss2am bromate in the presence of a rut he®CamP2006/007287
catal yst (EP 918791). The clearly pronounced formation
of by-products by a nunber of23econ dary reactions is

I sa vant ous [ Xi dat the prior
ot e R R Col ordEt FaLeT bGP iR en RnSve 8ha costy
wayol ation of the pure product is hanpered and the
yield is reduced. The by-product profile is inproved
nanmely by the rutheniumcatal yzed oxi dation (EP
T%b&%ﬂal:) of taisdnidntisn tHesefotehengised i makirigeavadisble haltesateoprocess

t I th t of ph I
orfF o R Eresprontm L e isnes B Wel 25 o ckreon--
eWetzh 1hearbolagtbaekfrérhdlie Edreespendingt 798-hhdraxypropyip3, 17-dihydroxy-

S L SRRBET S DB SR S e

andgplueiy. accunul ate in the production, and said wastes

an be removed on in an jntens

ThioRjest G aorieyey adoad o bR RiRaHer bBe bR < Rvpropy-
Jrekdingdraxygindedstahea of gbherarfotraulpn ocess for the

production of 3-oxo- pregnane 21 A? car bol act ones as

wel | as 3-oxo-pregn-4- ene-21 R17-car bol act ones from

t he correspondi ng re,
17- ( 3- hydr oxypr opyl ) - 3, 7
makes it possible to D
a higher yield and
according to theg
17- ( 3- hydr oxypropyl ) -

' w&ha th
Tﬁf%ydroxyandrostanes of

general formula I 55
in which
R® is hydrogen, 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, C;-C,-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,
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in which R5 is hydrogen, hydroxy; R6a is hydrogen,

together with R5 a double bond, or together with R7a a
wWO-20bf/@grioup; R6b is hydrogen, together w th ROI/EP2006H07287

2 group or a double bond; R7a is hydrogen, G -C

4-al kyl, CrC 4-al koxycarbonyl3 G -C 4-thioacyl or

together with Réa a -CH 2 group; R7b is hydrogen, or

together with R6b a -CH 2 group; R9 is hydrogen,

dre gicteer with arfhorgéanit on irdegdriehjparbioriterast argetidizing agédt ilkiHe pres-

an epo roup -0 I.§ hydrogen, .nethyl . or _ethyl;
<Rt 5P PR FBUHS of 3 e B R DR RS PardIB Y 2XgR erRpive to form
the gaixbpregranb-2R9 7acarbglactyngy sftiorm@a;ll R13 i s hydrogen,

met hyl or ethyl; R15 is hydrogen, Ciéc 4- al kyl ,

together with R16 a -CH 2 group or gjdouble bond, R16

i s hydrogen, together with R15 a4 2 group or a

doubl e bond, are reacted w.th anBoriganyc or inorganic
hypochl orite as an oxi di i'f'1r A the pres ence of
catal ytic anounts of a R R
2,2,6,6-tetranet hyl pip j
form

R15

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 formula Ill

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 (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 cal-
cium hypochlorite [Ca(OCl,)} in the presence of TEMPO derivatives [S. Torii et al. J.
Org. Chem. 1990, 55, 462-466]. Sodium hypochlorite (NaOCI) 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. Anelliet 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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t he 3-oxo-pregnane-21, 17-carbol actones of Fornula I
If R5 is a hydroxy group, the conpounds of fornula II

wocasr/fes2¢onverted in the presence of an acid ®RCT[HH2606807287

with water being elimnated into conpounds of fornula
11 Metal -free oxidations of 4lcohols to the

oo Sy aeReE inERRe Ib T eaifiaforer cBE 3067, 52
26569-2562\vey article of W Adamet al., Chem Rev. 2001
XI daﬁl ans, i

Thp SeBaR dfe Brmston episcy RGP B dndBrecatie cona:
tlbﬂ'EI‘dRﬁQacﬂaetadewm teludry ofbmomideks las o atatalysts. iTiis oxidation method
SHECRIL YRR s AT K aBP U BBl A ReRep e pide-
hydés.ci um hypochl orite [ Ca(OCl 2)] in the presence of
RS s S B LB )R TEMF S e RahzR elionl Shariapgaiconls

tol &@jCoa&sﬁﬁhdhrxg khtéme‘ﬁgrquméﬁ higli@r@exceyset lof hﬁﬂqchlbiu%) [3-4Timelar
bR LB RUSPLGI SE0EETS 16180 0
Craim o9p0] 55, aezdssx],or with suitable diols to |actones)
R BRSSP Pf%}isé\%e'blsﬁ%ﬁisa%ﬁéiﬁa‘]Q‘e%'&'hyde'
wHichirdefofrae ackil il dryintébmediatd\s&ge; trheSqusedeco'Fideryani’d)dycgﬂoup of
<B4 REBmEF bt pe A PReCPyliReh oInT Broain® lacin Pt B 1 2ol there-
f@eg‘eq@‘&%mﬂll hakdiér cortitichs {8t [2adi Zhuimidher allm‘lg'ﬁ ofcthe tTEMPO deriva-
t&%{(@: %b@{ﬁtgquog] 8:%‘. ?‘nt aHSéP%Gb% R)ré)‘fjl% or of gr 8{|d|zmg agents
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
the prior art, it was therefore surprising that oxidative lactonization on the D-ring and the
oxidation of the secondary 3-hydroxy group of the 17-(3-hydroxypropyl)-3,17-
dihydroxyandrostanes of general formula | (altogether three oxidation stages) can be
performed successfully at the same time under mild conditions in the presence of cata-
lytic amounts of TEMPO derivatives. In addition, it was surprising that the process ac-
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
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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tions is disadvantageous in the use of brom des as
co-catal ysts. This oxidation nethod is especially

WO v@Bs2e for the oxidation of primary al coholPSTIEP20(466807287

correspondi ng al de hydes. Wthout the addition of

brom de, the TEMPO cat al yzed bxi dati on of secondary

al cohols to the correspondi ng ketones requires higher
excesses of hypochlorite [3-4 nolar equival ents of

& coBLgtratiph wé the-tusolisainy paghioritel sohttion alritg the; ox{datior & prefera-

t_al. J. sy 1 5 4 Th
bi&?@ﬂ?tfedéuﬁ%@‘?yﬁg% fooi'?g?mf?ﬂy ﬁ‘oé'?e@g%ceedg i n many
Sadcmgﬂhywdmldrim patadesioyroleypochibrte, €alcisin Hypochdorita ot trt-butyl hy-
erne asi - secondary hydroxy

ate stage:. the.qu
ealoplecA S e Py B S AR AR T her o i s
THee2 Dxtﬁaltetrathyﬂxi;iemineaﬂ-io@He aleridatides ( THEMPOhizrigatives pare used in
lres still condi.tions t, Lea equi ml ar
S ot ineREilEF afRROL pOHE b oh Tl FHECERY Bfeterably 1-
115 n@l% Chem 1991, 56, 6 110-61 14) or ot her
X in_conne ased ang unt
Siteble R AU SeS oS 13- g AR s SRR
@ EMPm5ﬁe7Mﬁéthl?km-2t2”ﬁ§6ﬂemﬁetb¢pm‘érlmnbmaxldte(met-Tm PO) as
V, J : m 1999 64 - -
W PE S BV B B 2 TR B e A BN
TC%MEOZQ; pafergbiptused decomiihg eonthissihvedition cedpecially préfegably in an
em 0, 55, 462-466). |ln vj t prior art, it
aunt ﬁé?‘gfrﬂ?'e"”SH\‘%??%%"I‘?@JVPWZ?'aEWaﬁ%i OZ%' act oni zat i on
Tima di)hﬁatlaa g teyriedhduttit an @xgathid savend br infeetwoehaisd ablyent-water mix-
ture ¥v Eraby tie gé“?en?fls éerllgctélc? sl RN R MB Y dRrivdtive and the
compounds of formula | can be well dissolved therein.
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.

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 Brénsted acid, such as organic acids
(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
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 KHSO3), the aqueous solution of sodium or potassium disul-
fite (Na,S0O,0s or K,S,0:5) is especially preferably used.
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di hydr oxyandr ost anes of general formula | (altogether
three oxidation stages) can be perfornmed successfully

woanotdees2dane time under mild conditions in theCprEPEtOa7287

of cata lytic amounts of TEMPO derivatives. In

addition, it was surprising that the process according

to the invention can be perforned with only 1.0 to 2.0
equi val ents of hypochlo rite per oxidation stage, thus
Ifairt thg eédution Bidutep th@. éxcesd Iaypoeqlo'riteerleegﬁrs abpH <5 is quenched thus

h I i it hput.

BRI RE At B bl bl e blfercsif Bieiréhdrranty Bdiytey acid adai-

tioay the I3AeG-pregiane-210t hbartbblaatonéseaﬁfbrrﬁulamll (ﬁrRsquHyﬁiue eliminate

Water2prq et REE S o8t inRpHE Y S2rSeRRT Ak Sl ¥ 1t are formed

ulnmmehd:t‘mni mletluae;tT@elof«bnmllei:@Fa:gemtoxnﬁtleh esakibly at/\a:anL pH 033;4eﬁs than 5

ent,s .0 al i or i or 1. 5-

aeRposihie s Eikiclh & ERronie wintis hfnatnerndl Pasess

It; lrathb)rp;tlazmtm? emﬁbie?{ thg e‘kcﬁedl; aypoequmteadlawelnmsm‘ueabhmi with the addition

orite or,l.5- r .equi val ent s

oS HE3RE Ee barie furigr el OB P STl wrBuTaliats £ T-gerogciopgs of for-

mja d@as beyigsiatet OThd eorsplétidn aftheloxidatgntrbactioniat atpHef mere than 5

I_ﬁrefera nol of

y, adj usted such that it .1

355 haiPietns RSP RD s RmERyreR o IRt

Siyqeoin Elhe)casteazts < @Hcthe molupilitycdfltios cerapaumds ef fonlnutaw in comparison to
0oC rite.are ef er abl a OXI Lzin n

the B Ples? EIh ST BRI oS Rl e e QSRR Gor e
dofripvBatlefi fornadla Yies)andnterrasdiatei am tbebathytbloommmu of formula 1ll
%ﬁe tg‘?%ﬁt?ggl acf?r'i’tggﬁgf ;p%rp%fsSB‘?‘R'éf a more ec Lﬁffagét%ln (X.g., by
crystallization). The purified intermediates can be reacted according to the methods that
are known in the literature with a suitable acid (such as, e.g., sulfuric acid, hydrochloric

acid, para-toluenesulfonic acid, etc.) to form compounds of formula Il (EP 0918791).

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.

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 triple 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.

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).



Sui t abl e TEMPO derivatives are, La., the
2,2,6,6-tetranet hyl pi peri di ne- N-oxi de (TEMPO, the

WORoomtobgMy- 2, 2, 6, 6-t et ranet hyl pi peri di ne- N- oxiPd&/EP2006/007287

(4- MO TEMPO as well as the
4- benzyl oxy- 2, 2, 6, 6-t et r anet hyl pi peri di ne- N- oxi de
(4-BnO-TEMPO). TEMPO i s preferably used according to
this invention, especially preferably in an anount of
1-5 nmol % quite especially preferably 1-1 .5 nol % The
oxidation is carried out in an organjg,solvent or in a
two- phase sol vent-water m xtilie, ®r eby_t be_sol vent
is sel ected such that both t'he o-feriVati9e and

t he compounds of formula | caf

.therein. The reaction is T
t wo- phase system The prog
invention is quite preHerab & gfared in a

di chl or onet hane-wat er m xture: ;I"3 R oxi dation is
performed according to the invdhiion at a tenperature
of O to 200C, preferably at 10-200C. During the

oxi dation, the pH of the reactior] solution is to be at
| east 8.0; preferably 8.5 to 10.(; =#ptaial |y
preferably 9.0 to 9.5. The pH car suitably be adjusted
Wth a suitable Brnsted acid, sudh as organi c acids
(e.g., acetic acid) or _jnorganic acids (HCl, H2SO4,
H3PO ) or acid salts of nultival ent aci
(bi carbonates, hydrogep sulfates, hygsegen [phosphates,
etc.). Alkali bicarbonptes, ggpeciayl /efler abl y
pot assi um bi carbonate, | are pr %f,’ 5“

Perforned in a

Rlimf°to the

work-up at pH< 5 work-up atpH > 5
R5=OH
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The oxidation reaction is brought to a halt by adding
a reduci ng agent to quench excess hypochlorite

wOor2ee®ps21 For thi s purpose, any reduci ng agentPCEEPR006/007287

correspondi ng redox potential that is known to one

skilled in the art is suitabl® An aqueous al kal

hydrogen sulfite solution is preferably used according

to this invention. Sodium or potassium hy drogen

Tl grodess @blediding to thekihisgoRipn is $uiabgseeciallysfol thiei ppodwation of 3-oxo-

di d 2S2C6 K252(6
ggp(lggén%%r iﬁ? k’glrﬁpf:vlnggéj OT'PUIQ;N% the r eg(r:t i on )1

m xture, the excess hypochlorite reagent at pH< 5 is
guenched thus w thout the addition 8f a base or a
basic buffer, or in the presence ofjja further acid
addi tion, the 3-o0xo0-pregnane-21 - car bol act ones of
formula Il (if R5 = OH) Lhus eI" nape water, and
equal | y the 3-oxo-pregn4*en def- carbolactones of
formula I11 mefonmdlmf =b "°ni xture. The
conpl etion of the oxi ge on at a pH of less
than 5 makes possi bl e RYiY%om of conmpounds of
formula 11l in a oneA esg» |f, ipathe reaction
m xture, the excess hypodh@i;fe reagent i s quenched
with the addition of a bas®®r a basic buffer at pH >
5, the 3-o0xo-pregnane-21, 17-carbol act ones of formula
as|wellas H8x9-3 Br-Rread-4-eRe-2¢ dfasiglastonss f flrma Wat i on
reaction at a pH of nore than 5 makgs possible the
specific production of conpounds offfforrmula Il. Since
in the case R5 = OH the sol ubili tg t he conpounds of

formula Il in conparlsowlo L chbnpounds of fornula
Il in organic solvents i ye h}@pem fic
i sol ation of the conpoyQds Il as an
i ntermedi ate on the o@ rH)oqu of formula 111
R
0 < " llia
2% _6b
liSaR

in which the substituents R have the following meaning:

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, C;-C4-alkoxycarbonyl, or C,-C,-thioacyl,

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, or methyl;

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;

R'® is hydrogen, together with R'® a ~CH, group or a double bond;
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of fers the special advantage of the possibility of a
nore effective purification (e.qg., by
wOongraasdli zati on). The purified internmedi at es PEAEPRE6/007287
reacted according to the nethods that are known in the
literature with a suitable ac9d (such as, e.g.,
sul furic acid, hydrochloric acid, para-tol uenesulfonic
acid, etc.) to formconpounds of formula Il (EP
WHER ) starfing arditeridls, thee 1 PL8-hgdrgxypiio gyl 8, €7-dingdpayarairastanes of
organic b §¢ or any sui tabl e buffer or any suitable
%G?Pﬂbf@y@t 8m can be used. The base or buffer is
preferably added m xed or in parallel to the reaction
. mxture with the reducing agent. _ According to this
i nvention, sodium phosphate (Ng I s\ preferably
used as a basic buffer.™ " 1 OH
17-(3- Hydroxypropyl)-3, 1 YyeRdr ost anes of
general fornula | cap™® . {, e.g., starting from
t he correspondi ngly R
3- hydroxy-17- ket IresthnRg '@gathe a gition of
propar gyl al cohol at C IgHah@ Subsequent hydrogenation
of the triple bond (EP 91&M1 , EP 5 1143, DE 3026783)
or as described by NN W Atwater in J. Og. Chem
ar®es8ed.26, 3077 and in US 4,069, 219 or in the docunents
cited therein. The correspondi ng
3- hydr oxy-17- ket oandr ost anes can be produced in turn
Themroedss acoondingo tiul ingéntiopddrsthe pradadtion of compounds of formulas tla
éﬁggggroxyandrost-S-en-17-one (EP 5 1143, DE
83) . oxi dati onThe process according to the
inmwh@ht i on is suitable especially for the production of
@-nd GAr Pregnangs -carbol actones of formula M
§ZH§B1$'§§ g-o%o-%@%£%¥ééﬂ£4-ene-21 , 17- car bol act ones
R¥ahdRMul a 11ia, togetherarea—CH, group;

R0 is methyl;

R' and R*® together are a —~CH, group;
thus compounds llb as well as lllb, whereby the compound of formula Ib is used as a

starting material is quite especially suitable.



in which the substituents R have the foll ow ng
meani ng: R6a is hydrogen or together with R7fa a -CH 2
woooumIs2R6b i s hydrogen, together with R7b a PCH/EP2006/007287
group, or a double bond; R 7a is hydrogen, CC
4- al koxycar bonyl, or G -C4-tHiloacyl; R7b is hydrogen,
or together with R6b a -CH 2 group, K9 is hydrogen,
together with RL 1 a doubl e bond qg Qth}er\vmth R11
an epoxy group -O; R10 is hyd or methPH Ri1 is
hydrogen, together with RO 8 d or toget her
with RO an epoxy group - Aogen, together
with R16 a -CH 2 group | e bond; R16 is
hydr ogen, together wyh <gH 2 group or a double
bond; whereby as starting rrat0H| A S, q
17- (3 hydr oxypropyl )-3,17- dlhydroxyand rBst anes of
general formula la are used. The process according to
the invention for the production of conpounds of
formulas Ma and Ilia, in which acxiqien R9, Rl 1 are
hydr ogen;

work-up atpH < 6 work-up at pH > 5
RS =OH dichloromethane

1 1/2 CH,CI,

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

that is formed, surprisingly enough, from compound 1lb 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 possible further reactions, which can result in the formation of

by-products, are evaded.
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R6b and R7b together are a -CH 2 group; R10 is nethyl;
R15 and R16 together are a -CH 2 group; thus conpounds
WOH00EE9sE! | as | Mo, whereby the conmpound of f @OTEP2046H07287

is used as a starting material is quite especially

sui t abl e. oxi dati on Anot her asplect of this invention is

t he poorly sol ubl e dichl oronet hane- hem sol vate 1V that

is formed, surprisingly enough, from conmpound Iib when
'ItHeejicpiﬂmommaaemendM@te O ishdistinguishéd byaistricoend constaht imelting

hI ar O{rﬁg]a% Vﬁp hﬁpot‘ﬁﬁf@% %{gﬂiq?@fcﬁ&@ b@ﬁ'a%@ﬁa' Scanning

qm«aumgtr;t) ateasureanahts have sHoevni thitl coepoendlV ishetawe udita thegmelting
agﬁnt and thus possible further reactions, which can

ult in the formation of by-products, are evaded. The
Attet tHeoreaotinhia semhletads tHevere eipitationof dorspourgliVsfhen theyreaction solu-
strict, .and constant nelti | ich is 121 0 .
(Rt SRR SO B oM rafbr Bt etnil eSpas il Eretaably cisopropy
eBosrnisicompleddd IMheeionypolarexikiatienand sliTiastorsprodincts treit are produced

oi nt

RS 838 et B Badhd B PRl A dur, whic
makqsmmssible\érfé)mmrteltyesligealsblbwn efcthel compoury/|Veatdi high ﬂunty.

55 BB RN B o0 b Lo REh TIRREE  linba roduc
dmotmr[scmﬂnnomdwdaBP/@stemuhl ebmtammahtscnchxrambastt;s bé hexicterr without
A RGsallab Satolind o REERe R Wi S iRty 8 Forbro-
spirenone Ilib (EP 918791). The synthesis variant that runs through the isolated com-
pound IV offers the additional advantage of a considerably higher total yield at lllb by a
simpler and more effective purification in the final stage. The total yield at lllb 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).

As an alternative, Ib can be oxidized to b and converted directly to llib 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 lib > lllb 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*

* See Table on page 7 EP 918791
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makes possible an extrenely slight isolation of the

conpound IV at a high purity. In this way, conpound IV
WO001100882ti el d of 82% i s obtai ned. The thus obtPaiTER3006/007287

product contains no nore than 6% steroi dal

contani nants and can easily H@ reacted without further

purification according to known nethods with a

suitable acid to formdrospirenone | Mo (EP 918791).

Thiseinggntibh éseéxplaimed iamboreuatailrhased bh theuepandies belowawitut being

C und |V offers the additional advantage of a
l'@ﬁﬁ@?’?%%&bl y higher total yield at IHb by a sinpler

and nore effective purification in the final stage.

The total yield at |HogLs, 7.0% 7% hi gher than
according to the Ru-caréﬁluzcé'é’o"oé{oggglgon process and

subse quent water elimnation and even around 21%
i gher~t hap accor djng .t . 3 r C '
Gk Qpatafind FEGGet Y 1 (RORH: SRRBRE B TREgu e S £orhtta
oxidized to lib and converted directly to Mb in the
t. by the reaction m xtur el ng. wor, [

R i bt e P ol Hsffet Bt SRERAKTE 148 s Ronioro-
nyétehks Eifst,thes @ bowsd) FECKEMPIO igaddedith ¢hd midureiabn5°C. The addi-
Conpared.to.the Proce f th sor Art * T ,
1R S AgeyoR il Sofhs fF 4% ok T ok e dankbly spdidh nRASHiprte sou-
tidat(230.7 rasadaah8.R0g (82 anpdlpsf gutdssium bicatbonbatebiriihg ml of water is
Iimtcggthereto. Productj pn P neral. i

BT T OCPRARE i DB e ARSI BFORBRISH e o
deks oxidizing agent is quenched 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
(NazS,0s) and 121 ml of water.

The product of formula Il is isolated from the organic phase by being precipitated from
the reaction solution by adding 240 m! 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-
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 ml of water, washed and dried.

General Operating Procedure 2 (GOP2): Synthesis of Compounds of Formula lll
in a One-pot Process

76.9 mmol of a compound of formula | 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-
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 9.1 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 (565.8
mmol) of sodium disulfite (Na;S,0s) in 121 mi of water.

The pH of the reaction solution is set at pH < 5 by adding dilute, aqueous sulfuric acid,

and stirring is continued at room temperature until the reaction is complete.
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76.9 mmol of a conpound of fornmula | is dissolved or
suspended in 135 m of dichloronmethane. First, 0.15 g

wo(207/0vagd1) of TEMPO i s added to the mi xture atPCIBEEP2006le7287

addi tion of a solution that consists of 134 g of a

15. 25% aqueous sodi um hypochli& ite solu tion (230.7

mol ) and 8.20 g (82 mmol ) of potassium bicarbonate in
114 m of water is carried out, whereby a pH val ue of
TheIsdlationadf thetproduct tof ormeakacitliiscarried ootrapiaiigedsly tdthedsolation of

Cdi 7 e b . .
R T R D], erkel el rganc
phbse sdedistilled ampdiadEropyl étHed. BhegprioBbet@hatiioprecipitateddh tinis case is

isul fit 252 21 f ter. Th duct
e fe o e Sl o B aier o e "or gani ¢ phiase by
bei ng precipitated fromthe reaction solution by
Giersidapergping FRaelr 8GR, Syiasic BLbRRPgIAdh B Pormuta
Staiting,. fréve Gompoardsief ForepulalliieimpwhibhoR® < O#: i s al r eady
el & fermheimr R dhabiate = F BhfRectPoane o cort is
sagperiedyn aﬁlgﬂ ogte&bb%droﬁuoamdsl I rhamad imeane and atcldu‘fied:rtgarpi:bofphaglsiladding
' t i St ' L. { T .
SyPLTEREE GPe208 ARt et SO BLBBHasth Ry come
uetifuntil dehy8@liomis awimpleteer , washed and dried. General
OB iy e FOPME bl pa0tEe 8530 B ipiit BV hEans of the
additipo vh 80 ofl of waten| Thel predpithited ptodact iofilteaed pf mdtbdvater, &¥aShed
m . of dichloro
nautral and dfied.

Example 1 6B,7pB;15 B,16p-Dimethylene-3-oxo-17a-pregnan-53-ol-21,17-

carbolactone-dichloromethane hemisolvate (1V):

According to GOP1, 30 g (0.0769 molt) of 17a-(3-hydroxypropyl)-683,73;15 3,16B-
dimethylene-androstane-383,5 3,1783-triol is reacted.

During the reaction, the product 6 3,73;153,163-dimethylene-3-0x0-17a-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
6B,7pB,;15pB,16pB-dimethylene-3-oxo-17a-pregnan-58-ol-21,17-carbolactone-
dichloromethane hemisolvate (0.0630 mol) = 82% of theory is isolated.

[a)o® = -61° (c = 1.0; CHCI;); melting point = 121°C;

'H-NMR (400 MHz, CDCl,): 8 =0.52 (q J = 5.5 Hz, 1H, 21 a-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, 4a-H), 5.30 (s, 1H, CH.Cl,).
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met hane. First, 0.15 g ( 1 mmol) of TEMPO i s added at
15C to the m xture. The addi tion of a solution that

wOcooB09893 of 134 g of a 15. 25% aqueous sodi umPCT/EP2006/007287

hypochl orite solution (230.7 mmol) and 8.20 g (82

mmol ) of potassium bicarbonat®® in 114 m of water is
carried out, whereby a pHvalue of 9.1 is set. After

the reaction is conpleted, the ex cess oxidizing agent
TG-NIUR (1ioeMdH2t CBK): by = &t (QiH.p0-2A0, U8B (CHY Gt20)M 674 (CH, C-

135118, f8 (GG I 2 EHe P okl PSR T (B b1, 2431
(&l Cat6)p24. 76 ECHYC-BYHABS (@HICR3) BLEDICH S akzmrsxgal(md,, C-8),
S Eoli % 2 BT ERE I GO AHE8 L ld .o
13), 47089MBH, 0-9{, 50s180@H;, DSM)QH?AQI(WH@Quﬁ.yS {CH3, (I?e4), 75.57 (C, C-
2 k30, 08 e S R E N 2 Diee B3t ¢ orace il O

WS dEls 70éV)ad/eon384 (hm*o;pnmw Bs@(l\?*ielquO)rTreree gmdumﬁ-@l:gm)\jm nft; =111
B th: b7 S P Anb urTE S s e arat (G e edur o

IR: (9GOB233 crhy NORE S s 1967 ERrTICHOdRctohefFOr s @8 Erh' (C=0); 9 = 1200

rtin% from Conpounds of Formula I'l, in which RS =

St
okt (HCF =3014 cBbrifoghd of formula 11, in which Rs =

OH, obtained according to GOP1l, is suspended in 65 ni

of tetrahydrofuran or dioxane and acidified to_a pH of

&xwla@dﬁéaﬁs5ﬁ1168fDlm9%v§upf3u¢>f0c17aecp@9-4aen¢3bﬁr7-carbolactone
perature, stirring of the reaction mxture is

contin ued until dehydration is conpleted. The

Acsotding or3OP21 3kg (7.0hfcmoby of 1 Bx-(Rthyaroxyipropyl) iy 3 €28, thi-

J?%ef?\ryﬁe%%inh%sia%%—ﬁsﬂ%t?iopfs régc?ed. After excess oxidizing agent is de-
stroyed according to GOP2, the reaction mixture is acidified with 10% 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 3,7B;15B,16B-dimethylene-3-oxo-17a-preg-4-ene-21,17-carbolactone
(0.059 mol) = 76.7% of theory is isolated.

[a)p? ~ -182° (¢ = 0.5 CHCI,); melting point = 201.3°C; UV (MeOH): &5 = 19,000; most
important '"H-NMR data (CDCls): 8 = 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-
isch, R. Nickolson, K. Petzoldt, R. Wiechert; Angew. Chem. Int. Ed. Engl. 1982, 21,
696-697};

MS (El, 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].
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addition of 90 m of water. The precipitated product
is filtered off wwth water, washed neutral and dried.

WOR0aT98211 6b, 7b; 15 b, 16b- Di net hyl ene- 3- oxo- 1 PCT/EP2006/007287

a- pregnan-5 b-ol -21,17- carbol act one-di chl or onet hane
hem sol vate (IV): According tid GOP1, 30 g (0.0769 nol)
of 17a-(3-hydroxypropyl)-6 b, 7b; 15 b, 16b-
di met hyl ene- androstane-3 b,5 b, 17b-triol is reacted.
Exaplg 3t hesp RS, 18B-ditriethyinedd:6xo-67d-prey-4-ene-21,17-carbolactone
(b, 16b- di et hyl ene- 3- oxo- 17 a-pregnan-5 b-ol - 2
1, 17-carbol actone accunulates in the formof its
AceRiiry BOPRBY d&10, Zommpidl)eof 68I7REIEREsERINReBicte B6)d-17a-
agent 1 s destroyed and after working-up according to )
reegnene5p-¢f-2311 7a¢arhgjaatape gsbloan#eams/ﬁ%ﬁ@owab(ﬁemExample 1)is
5 b Az -adut di chl or onet hane
régcr%gasmgta ga(dg%%%%a?%%%oﬁ@%é'?'%gory is isolated.
[a]D 20 = -61 (c = 1.0; CHCA3) ; nelting point = 121
0C, 1H NWR (400 MHz, CDCI3) : d = 0.52 (g J = 5.5 Hz,
1H, 2 1 a-H [of the 15, 16-nethyl ene bridge]),
0.68-0.78 (m 2H, 20-H [of the 6,7-methyl ene bridge]),
0.89-0.97 (m 1H16-H), 0.93 (S, 3H1L 19-H)1 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, 4a-H, 5.30 (s, 1H CH2C 2)
.13C-NWMR (400 MHz, CDCI3) : d = 9.97 (CH2, C21),
11.63 (CH2, C-20), 16.74 (CH, C
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C 18),

WO(200,/0

16.79 (CH, C7), 17.29 (CH3, C19), 19.83 (CHS,
21.75 (CH2, C-1 1), 24.31 (CH, C-16), 24.76
0@328), 29.35 (CH2, C-23), 30.70 (CH 2, CPEIJEP2006/007287

33.96 (CH, C8), 34.47 (CH2, G 1), 36.26 (CH2, G 2),
37.31 (CH2, G 12), 40.25 (C, 16 10), 41.81 (C, C 13),
47.59 (CH, C9), 52.18 (CH,C@-iM), 53. 44 (CH2Cl 2) |,

53.48 (CH2, C4), 75.57 (G,

IM8Y, 96.24 (C, C1 7),

176.63 (C, G 24), 210 56 (C, CG-3). MB (El, 70CeV) me =

ﬁ?: (_w%ciéseg;/&i Hp)duct %f'gé%) rire?w_erﬁ%]rg g%ﬁ% Deé iof for-

MEBH3O+) ; me = 43 (QH3O+) . IR q = 3483 crrV1i

(OH);

= 1757 crtVl (C=0 lactone); =,1708 cm1 (C=0;

g =1200 cm1 (0-CO; =101 1 cm1 GO Exanple 2

6b, 7b; 15b, 16b- Di net hyl ene- 3- oxo- ]"?O 7
, 17-carbol actone (H b): Aecordimgito

pr eg- 4- ene- 21
BsOP2, 30 g

(0 0769 nol) of 17a-(3-h df' 230}’ -6 b 7b; 15b, 16b-
hyl ene- andr ost ane- 3 If ' il is reacted.
After excess oxidi zing

to GOP2, the reactlon
sul furic acid solu

30 m
21.5

stroyed accordi ng
Ragdified with 10%
A H'F@'f 1 and stirred for
nutes at 25C. After \Hor- CRFPY- Up zi\ccordl ng to GOP2,

g of 6 b, 7b; 15b, 16b- di REt hyl ene- '3- ox0- 17

reg-4-ene-21,1 7-carbol actone (0.059 nol) = 76. 7%
PR

R5
RGa

R6b
R7a

R7b
R9

eory is isolated. [a]D
is hydrogen, hydroxy;

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

is hydrogen, together with R™ a —CH, group or a double bond;

is hydrogen, C4-C;-alkyl, C4-Cy4-alkoxycarbonyl, C4-C,-thioacyl or

together with R® a —CH, group,

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

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

epoxy group —O-;

is hydrogen, methyl, or ethyl;

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

epoxy group —-O-;

is hydrogen, methyl or ethyi;

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

is hydrogen, together with R'® a —CH, group or a double bond,;
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22 -182 (c 0.5 CHCI 3) ; nelting point = 201 .30C WV
(MeOH): e265 = 19, 000; nost inportant 1H NWVR data

wo(20RGlo9) : d = 0.40-0.67 (m 1H, cycl opropyl PEI/EPR00@DH07287

(s, 3H 18- H, 1.1 1 (s, 3H, 19-H), 6.04 (s, 1H 4-H
(D. Bittler, H Hofneister, H7 Laurent, K N ckisch,
R Nickol son, K Petzoldt, R Wechert; Angew. Chem
Int. Ed. Engl. 1982, 21, 696-697]; Ms (El, 7CeV) me
coffpribitg the reaition-of 38t potdsCal) formdia | = 351 (M+-CH 3) ;
significant fragnments: me = 111; nie = 136; me =
199, me = 217; me = 242; me = 255; me = 268; me
293 [Interpretation: See W Krge®H, G Kuehne;

Steroi ds 1982, 40, 81- &0}.. Exanpl &

6b, 7b: 15b, 16b- di net hyl que - %P
1, 17-carbol actone (I Np A bo s
(70,25 nmol ) of 6b, 7[ D o
pregnane-5 b-ol-2 1
hemi sol vat (fromHSanp : ng"i' eacted to yield 24.30

g of drospirenone (yield: égaﬁ 59 .Clains 1. Process for

t he production of 3-oxo- pl‘%gnane 21 ,17-carbol act ones

of for mula Il in which RS is hydrogen hydr oxy; R6a

I's hydrogen, together wth R5 a double bond, or

withgadtieast 3whalér e)jtivatentsOpf an grganip or inorganic hypochlorite as oxidizing

agent in the presence of catalytic amounts of a 2,2,6,6-tetramethylpiperidine-N-oxide

QB eg-4-ene-2
to GCPS, 30 g

derivative at a pH of at least 8.0.

2. Process according to claim 1 for the production of 3-oxo-17a-pregnane-21,17-

carbolactones of formula lla

lla

in which

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, C;-C,-alkoxycarbonyl, or C4-Cy-thioacyl;

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, or methyl;

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;

R'® is hydrogen, together with R'* a —CH, group or a double bond,
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R 6b is hydrogen, together with R7b a -CH 2 group or a
doubl e bond; R7a is hydrogen, G -C 4-al kyl, d-C

wo200oegay| or together with R6a a -CH 2 gr oupCTRPZ6i087287

hydrogen, or together with R6b a -CH 2 group; RO is
hydr ogen, together with Rl 118 doubl e bond, or
together with RL 1 an epoxy group -O; R10 is
hydrogen, nmethyl, or ethyl; >11 is hydrogen, together
with RO a double bond or together with RO an epoxy

roup -0 ; 3.i.s _hydrogen, nethyl or ethyl; R15 is
“%§H?€§%ﬁ?°f§%éﬁﬂg I? together with R16 a -CH 2 group
or a double bond; R16 is hydrogedi together with R15 a
-CH 2 group or a doubl e'honck.conprTsimg~phe reaction
of conpounds of forrruladw' ast 3 nol ar
equi val ents of an orgaQic aQr/Qani ¢ hypochlorite as
oxi di zing agent int ng«ﬂscatalytic anount s
of a 2,2,6,6-tetrang Ri pevt di fe- N-oxi de derivative
at a pH of at |ed® 870.72N\ ERStess atcording to claim
1 for the production of égﬁo-l? a- pregnane-21 , 17-
carbol actones of formula f& in which

are reacted.

3. Process according to claim 1 or 2 for the production of the compound of for-

mula llb,

o)

whereby the compound of formula Ib

is used as a starting material.
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R6a i s hydrogen or together with R7a a -CH 2 group;

R6b i s hydrogen, together wwth R7b a -CH 2 group, or a
wocoutnoes2bond; R7a i s hydrogen, Cr Ctal koxycar b@eyIEP2a06/007287
Cl-C4- Ui JCaCyl; R 7b is hydrogen, or together with R6b

a -CH 2 group, RO is hydrogerl9 together with Rl1 a
doubl e bond or together wth RL1 an epoxy group -0O;
R10 is hydrogen, or nethyl; R11l is hydrogen, together

Av t h RYocesdderithe pogludtiar oft hoat-pregn-ere-10 1 Grarbplactones of for-

rlgn -O; R15 is hydrogen, together wwth R16 a -CH 2

"Slll E or a double bond; R16 is hydrogen, together with
R15 a -CH 2 group or a doubl e bond; @herei n conmpounds
of formula la are reacted. 3. Procegs according to

.claim1 or 2 for the producti orr® tHNe conpound of for
mul a Hb, whereby the comdaynd la Ib is used as
a starting material.4. Prge R1epr oduct i on of
3- 0X0- pregn-4-ene-21 , 14 nes of for nmula I11
i n which 15

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, C4-C,4-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;



R6a i s hydrogen, together with R5 a doubl e bond, or

together with R7a a -CH 2 group; R6b is hydrogen,
wotogriohe with R7b a -CH 2 group or a doubl e PamtEP2606407287

i s hydrogen, d-Cral kyl, d*-al koxycarbonyl, C -C

4-t hioacyl or together with R®a a -CH 2 group, R7b is

hydr ogen, or together with R6b a -CH 2 group; RI is

hydrogen, together with R11 a doubl e bond, or together

coiriphisiRg tHe falloweipgstepgr oup - O-; R10 i s hydrogen, nethyl,

or ethyl; RL 1 is hydrogen, together with RO a double

bond or together with RO an epoxy group -O; R13 is

dyy dr odrenreactidrhgfl comrpoahlly bf geRetal farmtujedlr ogen, Cr C

4-al kyl, together with R16 a -CH %C&Joup or a double

bond, R16 is hydrogen, together Wit 3

or a doubl e bond; conpri si NG~ tHe

the reaction of conpounds

whi ch R5 is hydroxy;

HO

in which
R® is hydroxy;
R® R® R R™ R', R', R'™, R", R have the same meaning as in formula Ill,

10  with at least 3 molar equivalents of an organic or inorganic hypochlorite as an oxidizing
agent in the presence of 1-5mol% of a 2,2,6,6-tetramethyl-piperidine-N-oxide derivative
at a pH of at least 8.0 and at a temperature of 0—-15°C, in dichloromethane or in a two-

phase dichloromethane-water mixture,

15  to form the compounds of formula l|

b) subsequent elimination of water at pH < 5, optionally in the presence of

an acid.
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RaR6bR7aR7bRi oRi i Ri 3Ri 5 Ri 6 hgve

the sane neanjng a s Jn fornmula Ill, with at |east 3
worobar9gjui val ents of an organi c or inorgani c PCT/EP2006/007287

hypochl orite as an oxidi zing agent in the presence of

1-5mol % of a 2, 2,6, 6-tetranetMyl - pi peri di ne- N-oxi de

derivative at a pH of at least 8.0 and at a

tenperature of 0-15 OC, in dichloronethane or in a

5t woph#@seceds ddrltioe progubtiomesf\8aderpregm-dteme;2 1, t7 -Earbotattoees of for-

n&gn‘g unds of formula Il b) subsequent elimnation of

\s at pH < 5, optionally in the presence of an

acid.5. Process for the production Of

3- 0X0- pregn-4-ene-21 ,17-carbol actgpes of for nmula |11

in which R6a is hydrogen, togetgt®” wth R5 a doubl e

bond, or together with Ra_a~(g

hydrogen, together with b {

bond; R7a is hydrogen, d-EI%

C1- C4- al koxycar bonyl ,

R6a a -CH 2 group, RAx_ L= "

R6b a -CH 2 group; RO i'S hyd Q&gﬁ, togelher with RL 1

a doubl e bond, or together ﬁwipth R11 an epoxy group

_O.’

in which

L or together with
or together with

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,-C4-alkoxycarbonyl, C,4-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;
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R10 is hydrogen, nethyl, or ethyl; RlL 1 is hydrogen,
together with RO a double bond or together with R9 an

woeooxgIgpioup - O ; R13 is hydrogen, nethyl or @CTRP2008R0§7287

is hydrogen, G -C 4-al kyl, together with Rl6 a -CH 2
group or a double bond, R16 i&X hydrogen, together wth
R15 a -CH 2 group or a doubl e bond; conprising the

foll owi ng steps: a) the reaction of conmpounds of
epeisiag thefoitowiag Istéps: whi ch R5 is hydroxy; R a R b R7a
R7b Ri ORi i Ri 3 RRhave the gane neanjng a s
jn formula I'l1l, with at | east 3 nolar equival ents of
an or daereaction oftongmiands bfygeredl dormtuta s an oxi di zi ng
agent in the presence of catalyti ¢, jrount s of a
2,2,6,6-tetranet hyl - pi per%{;{i ne- NRoxji de_dexj vative at a
pH of at least 8.0, in diCHl-orongey i AHa

t wo- phase di chl or onet hane- Rwa; mRe; to formthe
conpounds of fornula 1 tion of conpounds

of formula Il c) subseq pRnai'on of water at pH
< 5, optionally in jfe e gia |
R® %6
: R
F'z6a
in which
R® is hydroxy;

R® R® R R™ R', R', R®¥ R', R'" have the same meaning as in formula Ill,

with at least 3 molar equivalents of an organic or inorganic hypochlorite as an oxidizing
agent in the presence of catalytic amounts of a 2,2,6,6-tetramethyl-piperidine-N-oxide
derivative at a pH of at least 8.0, in dichloromethane or in a two-phase dichloro-

methane-water mixture;

to form the compounds of formula Il

b) the isolation of compounds of formula |l

C) subsequent elimination of water at pH < 5, optionally in the presence of

an acid.
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an acid. 6. Process according to claim4 or 5 for the
production of 3-o0xo-1 7a-pregn-4-ene-

wWO2007100982ar bol act ones of formula Ilia in whi chPREEP2606/007287

hydrogen or together with R7fa a -CH 2 group; R6b is

hydr ogen, together with R7/b #3 CH 2 group, or a double
bond; R 7a is hydrogen, R 7b is hydrogen, or together

with R6b a -CH 2 group, R9 is hydrogen, together with

6?(1)1 aRiOwsbo | %ﬁb@ﬂmgﬂb claﬁgatditsqufollr/\ihbfprdﬁhcﬂiorﬁﬁfdsapmy7@-Ipﬁagm-4-ene-
-0 IS ogen, .or methyl; >11 is hydrogen,
%10%?%%?'3969?#%30%“3%116 e bond or together with R9 an

epoxy group -O; R15 is hydrogen, together with RL6 a

-CH 2 group or a double bond; R16 ijg hydrogen,

together with R15 a -CH 2 group
wherei n the conpounds oR'f or m 2 pare reacted. 7.
Process according to any i ' 64, 5 or 6 for
t he production of a comou f_f/Ormul a 1Mo wher eby
t he conpound of for

g Il

in which

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, C,-C,-alkoxycarbonyl, or C,-C,-thioacyl,

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, or methyl;

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;

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

wherein the compounds of formula la

11
R "I,'

are reacted.



is used as a starting material. 8. Process for the
production of dichl oronethane hem sol vate IV:
wocoopemsiing the foll ow ng steps:a) the reacti @CTaP2006/007287
conmpounds of general formula Ib with at | east 3 nol ar
equi val ents of an organic or 24organi c hypochlorite as
an oxidi zing agent in the presence of catalytic
anounts of a 2,2,6, 6-tetramethyl -pi peridi ne- N oxi de
Mer i va@rocessaccarding toanpbné ehidaint. 4),5 o6 fdr thiel ppoduotiom aha com-
| hase di chl oronet hane- water m xture; b)
qugd og%’lrémgdﬁbof conpounds of fornmula Il 9. Process
according to any one of the clains 5through 8,
wherein 1-5 nol % of the
2,2,6, 6-tetranet hyl pi peri di ne-N-oxgOe™derivative is
used. 10. Process according toany \eng of the clainms 5
t hrough 10, wherein 1-1 .5
2,2,6, 6-tetramnet hyl pi perj
Process according to o g precedi ng clains,
wherein 3-6 nolar equi of al kali hypochlorite
are used. 12. Proces® actordirkg to one of the
preceding clains, wherein 3-4 nolar &YBiva lents of
5 sodi um hypochlorite are used. 13. Process according to

one of the preceding clains, wherein the pH of the
W'&J%WW“SM%PHW phfoiaulgdh ween 8.5 and 10. 0.

dxi g\ i s used. 11.

HO

is used as a starting material.
10

8. Process for the production of dichloromethane hemisolvate 1V:
0

O

2 1/2 CH,CI,

OH

comprising the following steps:
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14. Process according to one of the preceding clains,
wherein the pH of the reaction solution is set with

WOoR00H@e81M bi car bonat e. 15. Process accordi ng tPETER20@{007287

the preceding clainms, wherein the reaction tem
perature is 0 to 15C. 16. Pr@dess according to one of
the preceding clains, wherein after the oxidation
reaction is conpleted, a reducing agent for quenching
ag X c es shengaotidtl afrdopourdsyefigeniesal futohath Ibo t he reacti on
m xture. 17. Process according to claim 16, wherein
the reducing agent is added with the addition of a
base or a basic buffer at a pH oHnore than 5. 18.
Process according to any one<of b+aNos 1 or 17,

0 sulfite solution is

. Rr g€gss according to one
ein as a reduci ng agent,

pot assi um hydrogen sulfite
is used in the f&Omo Je~_gueous sol ution of sodium
disulfite or potassiumd ite. 2B. Process
according to one of clainms 17 to 19, wherein sodi um
phosphate (Na3POX4) is used as a base or a basic
buffer. 1. 6b, 7b; 15b, 16b- di net hyl ene- 3- oxo- 1
7a- pregn 7-car bal act on
m@ﬁpéqﬂgs\l, atr@larzeguwp]z.e@&% §nfcggar?|ﬁ ar ﬁp@e‘}gi& r}lgﬁérgﬁante as an oxidizing
dYeRBiRithe prreen sttt nidtaes of2, 818, 64etrhfetHlB piperidine-N-oxide

derivative at a pH of at least 8.0, in dichloromethane or in a two-phase dichloro-

used as a reducing a
of clains 16 throug
sodi um hydr ogen sul

methane-water mixture;

b) the isolation of compounds of formula li

9. Process according to any one of the claims 5 through 8, wherein 1-5 mol% of

the 2,2,6,6-tetramethylpiperidine-N-oxide derivative is used.

10. Process according to any one of the claims 5 through 10, wherein 1-1.5 mol%

of 2,2,6,6-tetramethylpiperidine-N-oxide is used.

11. Process according to one of the preceding claims, wherein 3-6 molar equiva-

lents of alkali hypochlorite are used.

12. Process according to one of the preceding claims, wherein 3-4 molar equiva-

lents of sodium hypochlorite are used.

13. Process according to one of the preceding claims, wherein the pH of the reac-
tion solution is between 8.5 and 10.0.

14. Process according to one of the preceding claims, wherein the pH of the reac-

tion solution is set with potassium bicarbonate.
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di met hyl ene- 3- oxo- 17 a- pregnan-5

b- ol - 21, 17- car bol act one-di chl or onmet hane hem sol vate
womoptooaselaci d. 23. Process accordi ng to cl ai mPEZI/EP2006/007287

wherein the acid is sulfuric acid, hydrochloric acid

or para-tol uenesul fonic aci d26

15. Process according to one of the preceding claims, wherein the reaction tem-
perature is 0 to 15°C.

16. Process according to one of the preceding claims, wherein after the oxidation
reaction is completed, a reducing agent for quenching excess hypochlorite reagent is
added to the reaction mixture.

17. Process according to claim 16, wherein the reducing agent is added with the
addition of a base or a basic buffer at a pH of more than 5.

18. Process according to any one of claims 16 or 17, wherein an aqueous alkali

hydrogen sulfite solution is used as a reducing agent.

19. Process according to one of claims 16 through 18, wherein as a reducing
agent, sodium hydrogen sulfite or potassium hydrogen sulfite is used in the form of the

aqueous solution of sodium disulfite or potassium disulfite.

20. Process according to one of claims 17 to 19, wherein sodium phosphate

(NasPO,) is used as a base or a basic buffer.

21. 63,7pB;15pB,16B-dimethylene-3-oxo-17a-pregnan-5p3-ol-21,17-carbolactone-

dichloromethane hemisolvate.

22. Process for the production of drospirenone comprising reacting 6p3,73;153,168-
dimethylene-3-oxo-17a-pregnan-53-ol-21,17-carbolactone-dichloromethane hemisol-

vate with an acid.

23. Process according to claim 22, wherein the acid is sulfuric acid, hydrochloric

acid or para-toluenesulfonic acid.



