WO 03/ 092578 PCT/ EP03/ 03831 I nproved synthesis of cyproterone acetate
Field of the invention .5 The present invention relates to inproved nethods
for synt hweiogiopag7eypr ot erone acetate (17a- Acet oxy- 6-chl oPCTER)3/03831

2a- net hyl ene- 4, 6- pregnadi ene- 3, 20-di one). Background Art 10 Cyproterone
acetate (17a-Acetoxy-6-chloro-1 a, 2a-nethyl ene-4, 6-pregnadi ene-

3, 20-di one, CAS 427-51-0) of formula (M (M 0 CH3 20, OO 121 1111
1419 2 10 -s Od 15 has first been described in DE-AS 11 58 966 as a
conpound wilmmprovedgsyptbesisofcyprotergnelacetates was found that it was
al so a potent androgen antagoni st (Neumann. The anti androgen cyproterone
acetate: discovery, chem stry, basic pharmacol ogy, clinical use and too
in basic reSeRf &6fth eHtigy Endocrinol (1994), 102: 1-32). The conpound
nowadays is a val uable drug 20 present in pharmaceutical conpositions for
various indications. There are various strategies for the chem cal

t hesi th far - | e DE-O8 40 06 165, ,
Slpra. convihi beREN BY AT FaEsdP I Pr R ERIASdal RuBpoRBrIPIO RS

acetate (17oa-Acetoxy-6-chloro-1a, 2a-methylene-4,6-pregnadiene-3,20-dione).
Background Art

10  Cyproterone acetate (17a-Acetoxy-6-chloro-1a, 2a-methylene-4,6-pregnadiene-
3,20-dione, CAS 427-51-0) of formula (M) ‘

(M)

15 has first been described in DE-AS 11 58 966 as a compdund with strong
gestagenic activity. Later is was found thét it was also a potent androgen
antagonist (Neumann. The antiandrogen cyproterone acetate: discovery,
chemistry, basic pharmacology, clinical use and tool in basic research. Exp Clin
Endocrinol (1994), 102: 1-32). The compound nowadays is a valuable drug

20 present in pharmaceutical compositions for various indications.

There are various strategies for the chemical synthesis of the compound, see for
example DE-OS 40 06 165, or Neumann, supra. Conventional synthesis starts
from solasodine of formula (A)
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WO 03/ 092578 PCT/EP03/03831 2 HN OHO (A which can be extracted from
| eaves of the tropic plant Sol anumlaciniatum Alt, 5 and involves a

| abor i ouswO®36925p8 pr ocedure acoording to Figure 1 (Sree, Ra®/EP0303831
Mahapatra, Research and Industry, Vol 2 27, 1982, pp. 326-328; Ringold, et
al., J. Am Chem Soc., Vol. 78, 1976, pp. 816-819; US 3,485, 852; DE
1075114; Ringold et al., J. AmChem Soc., 81, ‘3485 (1959); GB 890315; The
Merck | ndex, 12th Edition, 1996; Merck I ndex, 12thEdition, 1996; US
3,234,093). 10 Disclosuré., of tHhe nth on The present invention now-

provi des inproved synt hg gt hods for this valuable 15 conpound which

are both faster and word cestOeffective. In particular, by the present
invention it i &m synt hesi se cyproterone acetate from sol asodi ne
in 14 or 16 stg Q

as~gpposed to the conventional 18 step synthesis. To
achi eve that nt, t he present invention provides sone reaction
steps 20 wyTh~arexof particul ar advantage. Therefore, in one enbodi nent
it relates to a process for the production of cyproterone acetate (M ,
conprising (a) Converting » :
6, 7a- oxi do{A) pr egnene- 17a-ol - 3, 20- di one- 17-acetate (J2) into chl ormadi none
acetate (K2) by a single step procedure; (b) Introducing a double bond at
position 1 of (K2) to yield del nadi none acetate 25 (L2); and (c)

| ntroduci nQyiRcHRRAMLERr4tOY Bol |29e89f BRSIbhiMark SBldnamItbchlatdmt ity! el d
cyproterone acetate (M. WO 03/092578 PCT/ EP03/ 03831
5 and involves a laborious 18 step procedure acoording to Figure 1 (Sree, Rao and
Mahapatra, Research and Industry, Vol. 27, 1982, pp. 326-328; Ringold, et al., J.
Am. Chem. Soc., Vol. 78, 1976, pp. 816-819; US 3,485,852; DE 1075114; Ringold
et al., J. Am Chem. Soc., 81, 3485 (1959); GB 890315; The Merck Index, 12th

Edition, 1996; The Merck Index, 12thEdition, 1996; US 3,234,093).

10
Disclosure of the invention

The present invention now provides improved synthetic methods for this valuable
15 compound which are both faster and more cost-effective. In particular, by the
present invention it is possible to synthesise cyproterone acetate from solasodine

in 14 or 16 steps as opposed to the conventional 18 step synthesis.

To achieve that improvement, the present invention provides some reaction steps
20 which are of particular advantage. Therefore, in one embodiment it relates to a
process for the production of cyproterone acetate (M), comprising
(a) Converting 6,7 a-oxido-4-pregnene-17o-0l-3,20-dione-17-acetate (J;) into
chl-ormadinone acetate (Kz) by a single step procedure;
(b) Introducing a double bond at position 1 of (K3) to yield delmadinone acetate
25 (L2); and | |
(c) Introducing a methylene group bridging positions 1 and 2 of (L) to yield

cyproterone acetate (M).



3 The follow ng schene illustrates that process: OO (a) 0 O-d 6,7

al pha- oxi do- 4- pregnene 17 al pha-ol -3, 20-dione-1 7-acetate (J2)

Chl or nadiworng/ogaseg ate (K2) O (b) O ",,0,,,0 0 (c) i CPCUTEPIEYISBDt er one

acetate (M Del madi none acetate (L2) Breferably, step (a) is carried out by
passi ng anhydrous hydrogen chloride gas 5 through a reaction m xture

cont ai ni ng The folidwihg ScheficCidisthigtesd fatProdeskd- di one- 17-acetate (J2).

Al ternatively, using hydrochloric acid in aqueous di oxane yields the

i ntermedi ate chl orohydrin which can be dehydrated to chl ormadi none acetate

(Bruckner, Hampel, and Johnsgn, Chem Ber., 94,1225, 1961; Lgdnicer and

M tscher, The Organic Chem st Ry of Drug Synthesis, John WI|ey~sd Sons, New
10 York, 1977). In a furtheryp[eber -enbodi nent, step (b) ¥s|carL out

by the use the dehydroge gent

2, 3-di chl oro-5, 6-di cygno zodqui non )( DDQ, CAS B8g-b oxane may
be used as a sove . peti vely, setentunrdi oxi g€ 1k pe used, e.g.
wi th pyridine and as solvent (US Patent ?), or according
to the nmethod of=R d_et al., J. Amer. Soc., 8%, 3485). A further

way to carry oul that stén:)is with Pb(OQAc )4 inTacetic : id (Abe, T .,
Amer. Chem WD 03/092578 PCT/ EP03/ 03831 4 Pharm Bull.,CR1 (6), 1973,
1295-1299) 6,7 Blphahexidodepredi@neny be used toget her

1? alpha-ol-3,20-dione-17-acetate (J,) Chlormadinone acetate (K,)

Cyproterone acetate (M) Delmadinone acetate (L,)

Preferably, step (a) is carried out by passing anhydrous hydrogen chloride gas
5 through a reaction mixture containing 6,7 a-oxido-4-pregnene-17a-0l-3,20-dione-
17-acetate (J,). Alternatively, using hydrochloric acid in aqueous dioxane yields
the intermediate chlorohydrin which can be dehydrated to chlormadinone acetate
(Bruckner, Hampel, and Johnson, Chem. Ber., 94,1225, 1961; Lednicer and
Mitscher, The Organic Chemistry of Drug Synthesis, John Wiley and Sons, New
10 York, 1977).

In a further preferred embodiment, step (b) is carried out by the use the
dehydrogenation agent 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ, CAS
84-58-2). Dioxane may be used as a sovent. Alternatively, selenium dioxide may
15 be used, e.g. with pyridine and t-butanol as solvent (US Patent 3,485,852), or
according to the method of Ringold et‘al., J. Amer. Soc.,, 81, 1959, 3485). A further
way to carry out that step is with Pb(OAc )4 in acetic acid (Abe, T ., Amer. Chem.



Wi th 4-nitro-phenol in benzene (Abe T., Kanbegawa, A., Chem Pharm Bull.,
22, 1974, 2824-2829). 5 Advantageously, step (c) is carried out using the
Cl reagemwopsegasrsor trimethyl sul foxonium i odi de (TMSI, PCAEPLYI3S3UT- 6)
and an al kali hydride. DMSO may be us€d as a solvent (CGoto, G et al.,
Chem Pharm Bull., 26,1978, 1718-1728). Alternatively, this step may be

achi eved d t 1t M Di ne,
3 g A B O 10 A aOR R e mot, Y Tl e s AN g er
di azorret hawnithaknitioypherol i bearems (Abey Tt oKaihbepewa, AndCikempRharmReln 2Ber .

93,1710 (1 reacti on pat hway woul d be use of diazonet hane and
pyrol ysis 8?9%’0%@46%E§§)trogen (Lednicer D and Mtscher LA, The organic

chem stry of drug synthesis, Volunme 2, A WIley-Interscience Publication,
1980, pp. 166). Miltistep errbodl ments are described by Tolf et al. (ToIf et
al ., 155 TeAdshetagenusly stepds) saariesout usingthe £k geagemqueedisagtrimethyl

b e N VN Sk L @&@?ﬁﬁgﬁﬁﬁdﬁmyﬂ%e
acetate (LgedwbiasdivemeGntb, SULT alxaThaer PR&MAEBIITMS 11 oasd1an8-al7ka).i _
hydri de, preferabl E; 20 SOdI um hydri ‘de. The reaction may be carri ed out in

di met hyl sufdtesnaiwe pten may ber @@iaev%hwaihwqmﬂﬁane and treatment with

6, 7a- oXi do5drRice HEVBh Tinéd) HRNTHEM AEPLET (1588). A Rurt iAol 2
A S5 3

process corrprl Si Ng I'mtroducrhg a nd at‘ posi't
17a-acep OXbBramﬂeylang@zc(rhtha@e atf demlg/sts adcordihg to Wlechert and Kaspar,

4, 6- pregnadj ene-17a- gl - di one-17-acetate (12) nverting the
doubl e bonnam. R 9% 4% 8#96(03-2§n preart @acfaathwamﬂfgwseﬁ fel d
6, 7a- oxi dos 3 1L S
choun 1 n t RSP EIRERE ahd ol s Y10 OB BB e ISR B Bno
(d) 00 organic chemistry of drug synthesis, Volume 2, A Wiley-Interscience Publication,
1980, pp. 166). Multistep embodiments are described by Tolf et al. (Tolf et al.,
15 Tetrahedron Lett, 25,43, 1984, 4855- 4858.).

Acoordingly, in another aspect the present invention relates to a process for the
productidn of cyproterone actetate (M), comprising reacting delmadinone acetate
(Lo) with trimethyl sulfoxonium iodide (TMSI) and an alkali hydride, preferably

20  sodium hydride. The reaction may be carried out in dimethylsulfoxide (DMSO).

In a preferred embodiment, 6,7a~0xido-4-pregnene-17a-0l-3,20-dione-17-acetate
(J2) is obtained by a process comprising |
(d) Introducing a double bond at position 6 of 17a-acetoxyprogesterone (H) to
25 convert it into 4,6-pregnadiene-17a-0l-3,20-dione-17-acetate (l,);
(e) Converting the double bond at position 6 of (I,) info an epoxy function to

yield 6,7o~oxido-4-pregnene-17a-0l-3,20-dione-17-acetate (Jz).

That process is shown in the following scheme:

30



O 4, 6- Pregnadi ene- 17 al pha-ol -3, 20-di one-17-acetate (12) 17
al pha- Acet oxyprogesterone (H (e) OO (J2) Step (d) may advantageously be

per f or medweaiosloashd or ani | (tetrachl oro-p- benzoqui none, CABCIEPoFE382) ,

either alone or in conbination with sefenium dioxide (Lednicer D, Mtscher
LA, The organic chem stry of drug synthesis, Vol. 2, 5 A Wley-Interscience
Publ i cation, 1980, pp. 182.) In another. enbodinent, chlorangl i

organi ¢ synthesis, Vol. 1, JohnQ4| and sgns, Inc., New York, |k OA |
further alternative is DBQgnd Qsﬂgzs cat al’yst (L.F. Fieg®é ﬂ Fi eser,
Vol . 2,<John-W.| ey and po w 10

York, 1969.) Step e~done with m chl or o- per behze actd or
nmonoper oxypht hal i Al ternatively, perbenzoic ) I h ethyl ene

' AN93)~of perbenzoic
acid according to the nethod of Lednicer and 15 tscher, The Organic
chem stry 0B-Braimaslisridi¢Biafphadol3,20-doié1@yadethier $9i ence . Publicati on,
from sol asodi ne by methods known in the art. SoY afuh-Aeetoxypilogestaranadid)
e.g. by alcoholic %g) ex'j;acti on of dried |leaves or fresh or dried green

a

e.g. 2-propanol or nethahol as™gxtraction agent, and subsequent hydrolysis
of the thus obtained glycosidg @e?@i ne. Preferably, the plant materi al
™~ b

t-butanol or xylene nmay be ussd (L.F. Fieser and M Fieser, -Reagénts for

Reagents for Organic

chloride as sol Fbe used (US Patent 3, 234 €

1980, pp. 166. The 17a-acet oxyprogesterone (H) can be prepared conveniently

berri es of Sol anum‘laci nj at urp WD 03/ 092578 PCT/ EP03/03831 6 Alt, using
fore extraction. Preferably, the

extraction agent is 69

70 - 80 % (v/v). vafy extraction product sol asonine may be
precipitated from s t e.g. by

(J2)

v) .2-propanol in water, nore preferably

Step (d) may advantageously be performed with chioranil (tetrachioro-p-
benzoquinone, CAS 118-75-2), either alone or in combination with selenium
dioxide (Lednicer D, Mitscher LA, The organic chemistry of drug synthesis, Vol. 2,

5 A Wiley-Interscience Publication, 1980, pp. 182.). In another embodiment,
chloranil in t-butanol or xylene may be used (L.F. Fieser and M. Fieser, Reagents
for organic synthesis, Vol. 1, John Wiley and Sons, Inc., New York, 1967). A
further alternative is DDQ and TsOH as catalyst (L.F. Fieser and M. Fieser,
Reagents for Organic synthesis, Vol. 2, John Wiley and Sons, Inc., New

10 York,1969.)

Step (e) can be done with m-chloro-perbenzoic acid or monoperoxyphthalic acid.
Alternatively, perbenzoic acid with ethylene chloride as solvent could be used (US
Patent 3,234,093), or perbenzoic acid according to the method of Lednicer and

15 Mitscher, The Organic chemistry of drug synthesis, Vol.2,.A Wiley-Interscience
Publication, 1980, pp. 166.

The 17a-acetoxyprogesterone (H) can be prepared conveniently from solasodine
by methods known in the art. Solasodine may be obtained e.g. by alcoholic

20 extraction of dried leaves or fresh or dried green berries of Solanum laciniatum,



addi ng hot water and ammonia solution to the hot extract and allowing to
cool. Usually, the crude precipitate is further purified by washing and
recryst alWozanyzsm steps, as exenplified in exanple 1, belPCTEPas1I$31
hydrolysis e.g. with hydrochloric aci@, which gives sol asodi ne

hydrochl ori de. Hydrolysation is preferably carried out 1o in 1 N

hydr ochl or} L 2- n I ks i ned by
recrystal I'}il‘g’a&ﬁhg efél'ozrz'rPQ& %Z‘z)ll §P me@ﬁ)ﬁﬁql %g %@gtlgﬁﬁ%ég%ggo%ﬁﬁga%ﬁf t hen be
converted hydrohGisdeherthps epteened glyeosidetsalasonirte. Birdjerallyr #d planihgatdrial n

acetic acid/acetic, anhydride e.g. in_the presenc f tal ytic p-toluene
sul f oni ¢ alSiHieCrATHPrARY ivfo am\?%rﬁ@forﬁr%graw%i éﬁeg@’agﬁ’g%“%\ﬂdf? ¥ oni ¢
anhydri de, It & bOX] . [ ' d AR S| gai n
o th acet| NS EOTAS PN oRp ik tcr, Mo pRBIfIy FOC 0P (P89
pr ocesss f oprithey pxtoakcticin prodott ddlasalehy dnaphbe presipitaiee froo Steaexirddt)e.g. by

20 (1) 1 sortaihgi i watSheed asavan g seidinn thehs B Resatbinad e
di acet at e; s aPthd Rl dpiddfiffs 1§ fukher Béﬁ%@whﬁa%ﬁﬁ{ Sndlkarestatioatioh t he

presence of a ‘phase transfer catalyst. As outlined above, acetylation of
sol asodi nestepy, be egemipéfied in examplegl ikeforet dcid hydendysis e.qaifrdinydrechlariche

ey 8oy P Gver ShiBpHEiRARSbRER, t kB aalion i hrbrebl: EER g ™
Pref er gl yin 1 NehpitaeRloticaed Ry 2-pA8sHn6ehtFrieB dosdiialfdydRen bherobtained by

tetraet hyl anmoni um i odi de or tetrabutyl anmoni um hydrogen sul fate,

pr ef er abl yrearygiallizatien fronsa brisii aceplegaition Sodesading mayHherdeconyededm

ber no_ ot et 1% PeaEviRREE SR SERARE R BRIy ARTHER] 1 BRARE MR on'i <
carried ouganhydride 819. #vthd preenbe ehcamlytibe -y adianigacid (TBO$) | dndrdrc

acid. Hydrolysis of the oxidative gro uct produces 16-DPA. WO 03/092578
PCT/ EP03/ oBgdinezthen exXdisingraet WithicRroragaittysyee: enresvey ioxide, 26seshuny B)

to 16, ]%Za' dichromate, and refluxing again with acetic anhydride.

In one aspect, the present invention relates to a process for the production of 16-
dehydropregnenolone actetate (B), comprisin)g
(k) Acetylating solasodine (A) to give O, N-diacetylsolasodine;
20 () Isomerising O, N-diacetylsolasodine to give pseudosolasodine diacetate;
(m)Oxidising the resulting pseudosolasodine diacetate in the presence of a

phase transfer catalyst.

As outlined above, acetylation of solasodine may be achieved reacting it with

25  acetic anhydride in the presence of a base and/or p-toluenesulfonic acid in
catalytic amounts. The base may be pyridine. Isomerisation may be obtained with
acetic acid. Preferably, the phase transfer catalyst in the oxidation step is
tetraethylammonium iodide or tetrabutylammonium hydrogen sulfate, preferably
the latter. As oxidising agent, potassium dichromate, sodium dichromate, or

30  potassium permanganate may be used, potassium dichromate being preferred.
Methylene chloride may be used as a solvent. Oxidation is carried out in at an acid
pH which may be achieved e.g. with sulfuric acid. Hydrolysis of the oxidative
product produces 16-DPA.



epoxypregnenol one (C) in a single-step procedure. This may be achi eved by
reacting (B) with peroxide, preferably hydrogen peroxide, in a basic

sol uti on,wopsedsreabl y an al kal i ne al coholic solution. Mt RanaiPosreds3be

enpl oyed as a solvent 5 in this reacti®on, and sodi um hydroxi de as a base. O
O 00 NaOH H2ZO2 O HO 16-Dehydropregnenol one acetate (B) 16, 17

L6 br oo 1145 BBy Acbingdh PRVl i BREATEII 8P 1 e g in glacia
acectic aCbeoxymegﬁer%wﬁ)é (?) fal éblﬂfg%-@fep%&‘écé@un@ QR Y& bR ééﬂléve?tﬂg the

br onohydrin actetate ures The bronohydrin may t hen
be reducedreasting4B x@gn@mr@ﬁw ReErogen p@r&md@,en apasic sphitigoet at e El ,

Raney- N ckaroaag %a%d%%lméoﬁ'%%@ FaBAtRR; flsetiid b BETuhes sbittrotvanty
form c 5acirdthisTRiagtieanahe sbéiam kpdrerideett 4 batbe 17-acetate diester (G by
reaction with 15 acetic anhydride and catalytic acid, e.g. p-toluene

sulfonic acid. (G my be reacted with alum nium propoxi de to yield
17a- acet oxy- progesterone (H) gsee Figures 3A 4A). In a furtd1er
enbodi ment, the present inventNgrf provides a process for the %0
of cyproterone acetate (M ofprising (f) Introducing two doubl@ bonds at
positions 1 and 6 of 17a- .dcele rogﬁsbz_[é (H) to con j
1,4,6-triene conpound (y1 di ngi'@ / p-procedur e;

rret hyI ene groug br| rons 1 and 2_to yiel
) )
W. et o At

nmet hyl ene conpfund | nt roduci ng an oxi do | |dg|ng posi tions
1~6-Dehydropregneno|one acetate (B) 16,17 alpha-Epoxypregnenolone (C)

6 and 7 of (J 6, 7a- epoxy conpo

2

(C) may then be converted to 16-bromo-17a-hydroxy-pregnenolone e.g. by
addition of HBr,'e.g. in glacial acectic acid, which gives a mixture of the

10 bromohydrin (D4) and the bromohydrin actetate (Dg) (cf. Figures 3A, 4A). The
bromohydrin may then be reduced to 17a-hydroxypregnenolone (E;, in mixture
with the acetate E1, AS-pregnene-38, 17a-diol-20-one-3-acetate) using a catalyst
like Raney-Nickel and, converted to the 3-formate ester (F) by reaction with formic
acid. This can be then converted to the 17-acetate diester (G) by reaction with

15 acetic anhydride and catalytic acid, e.g. p-toluene sulfonic acid. (G) may be
reacted with aluminium propoxide to yield 17a-acetoxy-progesterone (H) (see
Figures 3A, 4A).

In a further embodiment, the present invention provides a process for the
20 production of cyproterone acetate (M), comprising
(f) Introducing two double bonds at positions 1 and 6 of 17a-
acetoxyprogesterone (H) to convert it into the 1,4,6-triene compound (14) by
a single step procedure;
(g) Introducing an methylene group bridging positions 1 and 2 to yield the 1,2~
25 - methylene compound (J4); |
(h) Introducing an oxido group bridging positions 6 and 7 of (J4) to yield the
6,7a~-epoxy compound (K,);



WO 03/ 092578 PCT/ EP03/03831 8 (i) Transform ng the epoxy group of (K1) to
the 6-chl oro-7-hydroxy conmpound (L1); and (j) Converting (L1) to
cyproterowecaoexsate (M. 5 This reaction sequence is illugcratresioisyl t he
foll owing schene: OO 1%0 0 "O (f) 4,4,6-Pregnatriene-17

al pha-ol - 3, 20 di one-17-acetate (11) 17 al pha Acet oxyprogesterone (H (g) O

O ot SPer o0 L Renbiothirdihd ohkylern of 08 T8 tng E.MHE.7 By ey Flngunc

dehydr ogenat i on(bgeandZ 3-di chl oro-5, 6- dicyano-1, 4- benzoqw none (DDQ CAS
84-58-2; Ml I&a ag Hel vetica WO 3/0 2578 PCT/ EP03/ 03831 9
Cheni ca Act a, (60 9 9 cynepieteng 8e5 @S (Mbr oni ne i n absol ute di oxane
gives dibromde (internediate) which is reacted with collidine (US
2,962,510). Advantageously, step (g) is carried out using the G reagent
precur ser ﬂ'lhnawmamlbn sequence is illustrated by the following scheme:

O
1,4,6-Pregnatriene-17 alpha-ol-3,20-dione-17-acetate (l,)

17 alpha-Acetoxyprogesterone (H)

Cyproterone acetate (M) ‘ (Ly)

A preferred agent for step (f) is the dehydrogenation agent 2,3-dichloro-5,6-
dicyano-1,4-benzoquinone (DDQ, CAS 84-58-2; Muller, M., et al., Helvetica



5 sul foxoniumiodide (TMSI, CAS 1774-47-6) and an al kali hydride.
Alternatively, this step nay be achieved with di azonmet hane and treat nent
wi th aci owpKsaksser and Van Dine, J. Og. Chem 31, 3467 PCI9®63/038% f urt her
way woul d be enpl oyi ng di azonet hane ahd hydrol ysis according to Wechert
and Kaspar, Chem Ber. 93,1710 (1960). Another agent woul d be

di azonet ha I y r D.and Mtscher
o, 20net bapeAlch PUASIAE B 108" afbryBl): ERGRGlEANORE AN s

Wl ey-Int eumom(lmdnmed@ttemmcﬂa%eea@@d whBEollidibe: gustzgﬁz Bopdi nents are
described by Tolf et al., Tetrahedron Lett, 25,43, 1984, 4855-" 4858). 15

Step (h) maybe carried out using mchl oroperbenzm c acid (CAS 937-14-4). In

A or < AE5BhtagBLNE Boo) f Lelfol Bl MR ol ¥ RBknBsBR Aol o

acid (ns CPBﬂlfommmbedlalef(TM&dca(S:OTm Ag- ﬁ)carﬂlarbatl@hd!iydatie., Alﬁémﬁtlvfl arrr}

chor | de (U 350 BEVGIe PEGYEhYER CIRAOEHBRER ANd FeatEreit vy 46/ GREKRLET on

with lithi QHUWrPDirQaeJ &y SChat, 9¢! Y4619 ”Rtfbbﬂller LWt di6e Rysniagingor | de
% gng 31 ng)z

in DMBO at 75C (Ut hal' Sak Boonsong K thip a anpong athi p,
Abst ract ofliazemetiane aodehydeol‘,asld atootug thWlQ(ﬂ‘\éEbalhtéll@spar cﬁhe‘r‘halBénand p.

234) can b ...ELRal step (] n be achigve | 0 al i
acet ate |,§§U|?§g’(,]§b§€é4\fé#lg %@ "%ﬂ‘ﬁ@ de?@'&ﬁ@taﬂsra“égﬁge A ent
i nventi;pn hﬁﬁo@eﬂS(Lb@n%ePDOﬁ%MI{fs@ﬁer{lt‘R Ttﬁ’é ngéﬁld: eRePfst @Fd?hg sgﬂﬁ)e%%iﬁt ate
(M, conprising reacting conmpound é’ R formul a 03/0 ‘
PCT/ EP03/ 0¥8iime 20 A \lileydnterspience Publication, 1980, pp. 166). Multistep

embodiments are described by Tolf et al., Tetrahedron Lett, 25,43, 1984, 4855-

4858).

15 Step (h) may’ be carried out using m-chldroperbenzoic acid (CAS 937-14-4). In one
embodiment, ethylene chloride is used as solvent (US 3,234,093). Alternatively,
epoxidation of C-6 double bond with m-chloroperoxybenzoic acid (m-CPBA) can
be achieved according to Shibata et al., Chem. Pharm. Bull, 40 (4), 935-941
(1992).

20
For step (i), trifluoromethanesulfonyl choride (CAS 421-83-0) is an agent of choice,
preferably in combination with lithium chloride. Alternatively, N,N-dimethyl
acetamide hydrochloride in DMSO at 75°C (Uthai Sakee, Boonsong Kongkathip
and Nganpong Kongkathip, Abstract of the 27™ Science and Technology

25 Conference of Thailand, p. 234) can be used. Finally, step (j) can be achieved

employing an alkali acetate like sodium acetate.

Accordingly, in another aspect, the present invention relates to a process for the
production of cyproterone actetate (M), comprising reacting compound (K1) of

30 formula



(K1) wth lithiumchloride/trifluoromethylsulfonylchloride to yield
conpound (Li) of formula OCH3 To OOHO (L1) 5 and reacting conpound
(Li) withwan3amiepus acetate solution, preferably a sol uPCoreEro$/03sedi um
acetate, to yield cyproterone acetate 10M. Again, the

17a- acet oxyprogesterone (H) can be prepared conveniently from 10

sol asodi ne by nethods kppwn in the art as descri bed above. In another
aspect, the present invenyOfi'rel ates to a process of production of

del madi none acetate (L2)y cdanprisong addi ng chl or madi none acetate (K2) to a
culture of a mcroor s Ie of converting (K2) into (L2), and

i solating the«l5 : m- di none actetate fromthe culture. The
organismis pieéf Arthrobacter sinplex or Bacillus sphaericus, nore

Ry pe~Qultture  Collection (ATCC), P.QO Box 1549, Manassas, VA
20108, USA~ Preferabl'hy an exogenous el ectron carrier is added to the
culture, e.g. nenadione (2-Methyl-1,4 WO 03/092578 PCT/ EP03/ 03831 11
napht hoqui none) at ageencentration of 0.1 to 1.0 nmol/I, preferably 0.2 to
0.4 nmol/l. Further‘m1 e, the yield may be inproved by addition of a
steroid to the <culture, preferably hydrocortisone at a concentration of
0.01 to O. ; i / ;5819\@ ts were
obt ai ned mﬁfi&ﬁ%&fﬂﬁg@?ﬁﬂ%ﬁ@f%ﬁ%@%ﬁl?l&nﬁ%d&&rﬁ};ﬁ fo (ryrk?lrgréioc% (DI\/FgLGT\)tS%lii i nprove
t he sol ubi farlaf the steroid. The yield may be further inproved by
addition of a surfactant, preferably a non-

and reacting compound (L1) with an aqueous acetate solution, preferably a
solution of sodium acetate, to yield cyproterone acetate (M).

Again, the 17a-acetoxyprogesterone (H) can be prepared conveniently from

10  solasodine by methods known in the art as described above.

In another aspect, the present invention relates to a process of production of
delmadinone acetate (L) comprising adding chlormadinone acetate (Ko)to a
culture of a microorganism capable of converting (Kz) into (L), and isolating the
15 resulting delmadinone actetate from the culture. The organism is preferably
Arthrobacter simplex or Bacillus sphaericus, more preferably the strains ATCC
6946 or ATCC 13805 which may be obtained from the American Type Culture
Collection (ATCC), P.O.Box 1549, Manassas, VA 20108, USA. Preferably, an

exogenous electron carrier is added fo the culture, e.g. menadione (2-Methyl-1,4-



lonic detergent, nore preferably pol yoxyet hyl enesorbitan nonool eate (Tween
80TM at a concentration of 0.25to 1.0 % (wv), nore preferably 0.5 to 1.0
% In B. wephagasigus, 0.1 to 0.2 mmol /1 chi or madi none acetaTr&pPas0m3st arti ng
concentration 10 were found to be optimmal, in A sinplex good starting

concentrations were 0.2 to 0.3 nmmol /1 chlormadi none actetate. Al though the

Il yi ' r Int.N- ,.CAl ShS, It Is
of " advant agieryRiod et dor eyl ey 0P Fl Brlf MBI 2507, o 1o
avoi d | ar gemailiFusthefmiooithe Iyisg emdy hé&PRbroved byoadrifibr ofalstsald (odthexane) .
15 In the context o r%@iyzwi nvention, the term"reaction mxture" conprises

both honoddfBudre dregoriigane alsa Aeneativel (P k tuP&d womibsvaref
i quid anc!zfr@fer%@k/i(% ?&Wﬁ%l;ﬁ: be&?ﬁﬁﬂ&ﬂﬁ@@ inelﬁI Whén fire nitd the |ike.

20 Figure Legen Figure 1 outlines e conventiona ep synthesis of
cypr ot eronecatained & Yordimetndicanadiide (DRI ) ko gupmva thi\setullity of éie sevoidf t he

i j hesi ] di h t
Phvent fon. Pk Boy e fABe KRPTRH byl AR af SaAvRES Ieteray SR odi ne
accordi ng tignicHtéreehe rﬁor‘é%rbf@a@[yﬂiﬁﬁx&%éﬁééﬁ?bitéj{ H‘r&fn%cﬂe%%{(}ﬂg@%ﬁ

cyproterone acetate synthesis fromsol asodi'ne according to . of the
present i YY) ara coTOBIBiOnSHD. PETS ERD%/ @888 Mork2prEfeyably G5d0itiL0 Medn B.

gyg;g;te ' ?Ee %%%bﬁflse\@géﬁgﬁqéh %%{a@%&%%ﬁ%ggg arttigg clc:\))(r)1gér?’crac%ioor:c the

10 were found to be optimal, in A. simplex good starting concentrations were 0.2 to
0.3 mmol/l chlormadinone actetate. Although the overall yield of the process is
lower than with chemical synthesis, it is of advantage particularly in large-scale
production because it affords to avoid large amounts of toxic reagent (DDQ) and
organic solvent (dioxane).

15
In the context of this invention, the term “reaction mixture” comprises both
homogeneous solutions as well as heterogenous mixtures composed of liquid

and/or solid components, like suspensions, slurries, and the like.

20

Figure Legends

Figure 1 outlines the conventional 18 step synthesis of cyproterone acetate from
solasodine.

25
Figure 2 gives an overview of the experimental outline of the synthesis routes

according to the present invention.

Figure 3 outlines cyproterone acetate synthesis from solasodine according to
30  Route A of the present invention.

Figure 4 outlines cyproterone acetate synthesis from solasodine according to

Route B of the present invention.



Exanpl e 1: Extraction of Sol asodine from Leaves of Sol anum | aciniatum Ait
1. PCRNC Method 5 1.1 Isolation of Solasonine 500 g of ground dried | eaves
are pl acewoiop/ogestsvo-1itre Erl enmeyer flask, 1400 nml of adquedPs3/iasepr opanol
(80 %v/v) are added and the m xture i1 refluxed with boiling 10 for 4
hours. The extraction mxture is filtered and the residue is re-extracted
Fo oty eEigut b Sltindd b BlE5nE 5BeRROL e R A TR Id LGRS B! °
concentr at e by a ar ora I sopropanal “in iltrates
IS evaporaRgdu;Chﬁthe*ﬁeggnnmwenmbhomed to stand overnight and then
filtered. The filtrate is heated to 80 C and an equal volune of water is
added. The m xture is then allowed to stand for one hour 15 and agitated
magnetically. 25 % aqueous ammonia is added until the precipitate is
fornmed. Agitation at 80 Cis continued for one hour. The m xture is
transferred to a 2-litre separation funnel and allowed to stand over

ni ght. The supernatant liquid is then decanted off and the precipitate is
exhaustively washed with water until the supernatant is colourless. The
decol ori zati on may al so be done by electrolysis or 20 bl eaching with H202.
The m xture is filtered through filter paper. and the filtrate is

di scarded. The precipitate of glycoalkaloids is dried at 60 C. Sol asodi ne
and solamargine were isolated fromthe glycoal kal oi ds by col umm

chromat ography. 1.2 Hydrolysis of Sol asoni ne/ sol amargi ne 25 10 g of crude
sol asoni ne gl ycoside are placed in a 250 -m round-bottomflask. 100 m of
i sopropanol and 8.3 m of hydrochloric acid (37 %HCI) are added and
refluxed in a water bath for 3 hours. Then, it is allowed to cool to room
tenperature and stand overnight. The mxture is filtered and the
precipitate is washed with 30 isopropanol (20 m) and recrystallised from

i sopropanol and aqueous sodi um hydroxide (50 % . The product (sol asodine)
is colourless and forms hexagonal plates. * %yield of solasodine = 0.8 %
of the dried |eaves (starting from50 g of the dried



| eaves). WO 03/092578 PCT/ EP03/03831 14 ** The hydrolysis is al so done by
enzymatic reaction with pure enzyne (gal actosidase/glucosidase) or from
m cr oor gawoDIAe2478 ni ger, E. coli, Yeast) 2. Alternative WeTIEPA303861 extract
sol asodi ne from Sol anum | aci niatum A 5 2.1 Alternative nethod I
(rnodified fromR Culford Bell and Linsay H Briggs, Journal of the

Chem cal Society, 1942, pp.1l-2) Isolation of Solasonine. The dried green
berries fromshrubs growing in Chiang 10 Mai, Thailand were exhaustiveéely
extract ed Bkampé d9ExtractitinolBslastdihé frath1@2Ves o¥eSoladitln 4cihiaimi, et
extract by distillTation, an excess of Z % aqueous acetic acid wasS added,
and the residual al cohol renoved by steamdistillation. The aqueous

sol ution was ﬁéﬂiﬂ@ﬁl@th&fe filtrate boiled, and the crude sol asoni ne
precipitated in a granular formby the addition of anmonia (precipitation
in the gold produces a 15 jelly). The crude al kal oi d-was purified by
solution in dilute acetlc acid and reprecipitation with ammonia, followed
by repeat e 1c§9?ﬁ“8ﬂlq SRS om 60-80 % al cohol and 80 % di oxan- wat er
(crystallisation from hi gher concentrations of alcohol or dioxan produces
ajelly) to give colourless pointed plates, m p. 284-285 C (deconp.). 20
Hydr ol ysi s500 gSwigrsomd deed Téavegsare pdded hniaitwmditrb&tmwwﬁlaah BQkey 0bf 3

% hydrochloric acid a or hour sol. asodi.ne h dr

cont 1 ast -t BUSSHSISBRTREn) b oyl piteatded 8R8 it s Telied Bk col o
and i s.,prefjr A@H8dThE e%traéﬂ'dﬁh%kthfé’% fﬁl‘é@lﬂ bh@h&Evadidld %r?eté‘)@crét@éd for5
solution.). After cooling, the hydrochloride 25 was collected

recyst al | i fmest Ml six ffltratasa)%moiemarhe carsbioedditfratas lave cwac@ntrated@sqa i ed

h d NOC fo h
ool oot oq e aebraE Unfit ol Bl s HtiateF eV A ERRE) Vel s
form ng hgiswgenesd sihat®@right Bnd §%h Mitek88. ke filtrate is heated to 80 °C and an

equal volume of water is added. The mixture is then allowed to stand for one hour

15 and agitated magnetically. 25 % aqueous ammonia is added until the precipitate is
. formed. Agitation at 80 °C is continued for one hour. The mixture is transferred to
a 2-litre separation funnel and allowed to stand over night. The supernatant liquid
is then decanted off and the precipitate is exhaustively washed with water until the
supernatant is colourless. The decolorization may also be done by electrolysis or
20  bleaching with H,O,. The mixture is filtered through filter paper and the filtrate is
discarded. The precipitate of glycoalkaloids is dried at 60 °C. Solasodine and

solamargine were isolated from the glycoalkaloids by column chromatbgraphy.

1.2 Hydrolysis of Solasonine/solamargine

25 )
10 g of crude solasonine glycoside are placed in a 250 -ml round-bottom flask. 100
mi of isopropanol and 8.3 ml of hydrochloric acid (37 % HCI) are added and
refluxed in a water bath for 3 hours. Then, it is allowed to cool to room temperature
and stand overnight. The mixture is filtered and the precipitate is washed with

30 isopropanol (20 ml) and recrystallised from isopropanol and aqueous sodium
hydroxide (50 %). The product (solasodine) is colourless and forms hexagonal
plates. '
* % yield of solasodine = 0.8 % of the dried leaves (starting from 50 g of the dried

leaves).



30 2.2 Alternative nethod 2 (fromLinsay H Briggs and R C. Canbie, Journal
of the Chem cal Society, 1958, pp. 1422-5.) S.laciniatum Ait - Isolation
of sol asowpDre/09Bresh green berries (466 g) were coarsel yPoirmpesiomad

i medi ately extracted under reflux w tih boiling nethanol for WO 03/092578

PCT/ EP03/ 03831 15 2 hr. The pul p was separated fromthe m xture, and

washed wel L t nd th iltra gncentrat ed

under . reduc m%mg'%ységfs ng sdr?QFaby %VM'CJ%&{J%W@@V?&MH& devi ce.

After addi {gtactobidaBeRMucsiddey B8 from whdrebrgaridha (ATARRY,AEVESY, ¥ddet) i nto the
boi li ng sol ut| on, and the coagul ated precipitate 5 was col l'ected after

cooling. The grey glycosidic alkaloid was reprecipitated twice, in a

crystalling SAI?érﬁaE\gtgr @{)@éﬁg&@f %C&treﬁ:t%Bla@,oa%le%érﬂ@%éb%al%mytﬁm ﬁgpeat ed

crystallisation us neth ave col ourl ess,
flat needles (4.10 g) of solasonine, m p. 301-302 C (deconp.), wth

5. 267 302 O Pale Greted SroR eaioBLRapIOTEPeb ARGl G BHaYF ousl y
stirred and k m%f)&f%' Ft;hégyln;cté, %b%& tzgpgﬁ th) , and devel oped with

but an- 1- oI/rre an gave a Si rigl e (needles from 75%
met hanol), m p. 301-302 C (deconp.), identical with that purified by

[ | | f | - |
i hanol (1 CHRTOr S aPainGL She YR P n PRES TODGHLUPR BEITOH) R br | C
acid (3, m M OThaala'P\'a wg@eﬂfﬁﬁl%ly'%acw% Bld&'hbﬁ%ﬁ?h%&‘?rofﬂ?éegicﬁﬁbl

deposi t ed after hydrolysis for mn was | ected after cooling
over ni ght wag resvedstard tmtewtraattlardl(sﬁld}atrdn) anmaswﬁﬂ %faquaossispeticaoid of

t he hydrochl orli vvit oncent r at,e t 20 100 C
gave T he cPaaEdEE eb AR T du G FRTEyPy 513 Fabra Sialionor B ABPads
| ar ge col ogplu@ish v&wm@aal thie! fifr 8 ileBlOhAs sk BRIdeBolBsorand pf@@iﬁ@bt@@ ia
196-198 C. The infrared spectrum was Identical with that of authentic

sol asodi negranutarforernatheeddiiemetiammania (erecpitafian @hthasc@ewrmesm | ton
Grerr erg. ]:quVﬁdlq{e cru%é élilgglg?d was purified by solution in dilute acetic acid and

reprecipitation with ammonia, followed by repeated crystallisation from 60-80 %
aicohol and 80 % dioxan-water (crystallisation from higher concentrations of
alcohol or dioxan produces a jelly) to give colourless pointed plates, m. p. 284-285
°C (decomp.). )

20
Hydrolysis of Solasonine. The pure alkaloid was heated with an excess of 3 %
hydrochloric acid at 100°C for 3 hours (solasodine hydrochloride, in contrast to
solasonine hydrochloride, is only slightly soluble in the cold and is precipitated in a
crystalline condition even from the hot solution.). After cooling, the hydrochloride

25 was collected, recystallised twice from 80% alcohol, suspended in hot water,
basified with ammonia, and heated at 100°C for %2 hour. The solasodine was
collected after cooling and repeatedly crystallised from 80 % alcohol, forming
hexagonal plates, m. p. 197.5-198.5°C. |

30 2.2 Alternative method 2 (from Linsay H. Briggs and R.C. Cambie, Journal of the
Chemical Society, 1958, pp. 1422-5.)

S.laciniatum, Ait - Isolation of solasonine. Fresh green berries (466 g) were

coarsely minced and immediately extracted under reflux with boiling methanol for



A. The fruit of huapag is picked in the pinton stage. One kg of fruit is
used. Each fruit is divided into quarters by two nutual |y perpendi cul ar
cuts al ormotobe9zsxs s of the fruit. The fruit is then dri e@CirErPanossen at 60
Cuntil brittle enough to 30 grind easisly. The fruit is then ground in a
simpl e grooved-disc mll set so as to barely avoid fracturing the seeds.

Th i gh I h d
frait 1o of W BHESHEHRS e el Tt thelmittfe. GBRole S0 Mt hatos) odsa1
16 For t hengathanel BAB thé Arags awstontehtraicsl i deredditediptessute td & shidiienmeyer
flask and 810 ml of aquequs isopropanol (77 %: sopropanol by volune) is

added. The Volumg knger 3n gppmaaina sigVicee AlRE paditiraofieg egal velwinarof watdroom
tenperat ur mé Qﬁqn%mg%é?&\ﬂés&ﬁ&i@( {981 .h@goﬁm%“ ﬁ&trPeeébé;@gaféfd rb% tgtéfer

manual agi on an raction mk ure is
paper I8 awascdlectdduaiter cantidgt Tiee gso) glgsosidie alledloidnweds repmbmltﬁtddeuwma'er

flask. For,a s i on further rtio 540 n eous
| Sanr opanolt BOIALRS sike: e B arsliceaisehiop Y i HT R, RePpafar od
except thag s'?@h%[d ghb?cd%ﬂ)efré]ﬁ%%'e@%&‘?ﬁé’th%olt% %Zgﬁve lcbfYiiirides alf again

drai ned as before. a t'hird extraction, 1dent the 10 second, is
carried ouneedlés ( Al‘ﬁﬁeg) 6f salasarége amechﬂﬁ&BﬂEdC (ﬁleaeomrbmnﬂfnslhiequg(ﬂ 286e fed

| owd t I t t d th

50- 706 TheC; fntorpiasBl PEesSIIRR Phaled RlatakP br 787 " oRALo B
gradualdy wadirsrd biahOs %@ﬁldﬂﬂhé%pﬁév@s@@hrﬁé&bhb |kéf)?fdr31 eeRRRmMasd v 15
pure water. The aqueous residue is not all'owed to coo Its wel ght S

adj usted t bukIB1®P byantdevelaped withdiutaatleo!/metieag! {51 bmavea simgle Ri¢duci on

Ctirreq. aCHsdE ﬁ%ﬂiié%ﬁﬁﬁowtpm P02 (ipetion Bl idtoa 1o

stand for 4$uAfed crylstélllﬁgtlwﬂametl e |t cools to approximately room
tenperature. 20 T%/e supernatant liquid is then decanted through nedi um

filter paper and finally the precipitate (P) is transferred to the filter
paper. B i %ﬂr&b@&lé? SBYESFAe 2 Soranine (500 mg) in ethanol (10 ml) was hydrolysed by

refluxing in concentrated hydrochloric acid (2 ml) for 3 hr. The crystalline

hydrochloride (slender needles) deposited after hydrolysis for 30 min was

collected after cooling overnight and was washed with water (10 ml). Treatment of

a éuspension of the hydrochloride with concentrated ammonia (25 ml) for 1 hr at

20 100 °C gave the crude aglycone. Three crystallisations from methanol yielded
farge colourless hexagonal plates of solasodine, m. p. and mixed m. p. 196-198
°C. The infrared spectrum was identical with that of authentic solasodine. -

2.3 Alternative method 3 ( from U.S. Patent 3,960,839, Milton Gverrero, Equador,
25 1976)

A. The fruit of huapag is picked in the pinton stage. One kg of fruit is used. Each
fruit is divided into quarters by two mutually perpendicular cuts along the axis
of the fruit. The fruit is then dried in an oven at 60 °C until brittle enough to

30 grind easily. The fruit is then ground in a simple grooved-disc mill set so as to
barely avoid fracturing the seeds. The weight of the ground fruit is 270 g. The

solids content of the ground fruit is 94 % based on weight loss at 100 °C.



easily filtered material. Its color is olive-drab. After drying at 100 C, P
weight is 1.9 g. This material begins to nelt at about 160 C, but is not
yet conplwoaBp9Iz3 nelted at 230 C. The filtrate is placed PCA/EROBOBS31itre
round-bottomflask fitted with a reflus¢ condenser and is then heated to
80C. It is maintained at this tenperature and agitated magnetically while

15 m of 25 9% La | . d 30 ' ' 80C i
conti nued f or SrotacHony ne-arduRy TEe PRgerinddiaTute BrphmedrEiss s gn
medi um paper gyt beabubbligiseprspatics %QOPEIIE(%QSVBMM ¥eRieddTRED 10

and is free of glycosides. WO 03/092578 PCT/E 31 17 The filter cake,
still on the flaskidstoppased and the exbaatigeis/pasried psbrbeam fripeekratuie Tof @nove

et gnt of 25. P W aREpefs St fute BB biosdaRber G 205 58,
Anal ysi g of artsaspirectidn inheubis Grginedksm fiterwapehdt aiconfanfurinesad@ e g of 5
gl ycosi des and i ndi cates a negl igi ble |l oss of glycosides in the

purificati on SoHds argseturnes to e Fienmeyer iask: EOF 8 fsgope xbrcHom A fugther

pl aced 46 ¢ ' : i ' A, 138
5 | sopr opanol "o FS HEePrals Son/oRpRRE SFicER, Gt e et gsls Ao .
The fl ask i s aglrggésirepddiechexedpitkaicthseniseris oapthomdnsttad ofigvd.aTheon and
is heated to reflux in a water bath for hours. At the end of this tine
the content ilQu %@@@Q%P%M%MP%, b @Hﬁﬁr‘é extragiRny Identicebf they r oom
tenperature | . Y i ght) sodi um hydroxi de
in wat 2% are agggg.’ l%%]éerﬂgg i”ﬁ'ﬁ?’ﬂ%é%i‘lt e@%‘gregggﬁg(r’?éﬁg m 15 increnments at
first, and later dropw se. Between additions, the mxture is swrled

o ous O R e Ao i £ B e P T RS, o
second |iqui dyithaspatereaffeat SPRAO TN The i) brskRbe & &5bit 15D ShPBPeRré@iryan
pH of about 9.5 to 10, by which time a considerabl e separation of the
liquidinto andthisis gradually reduced to 50 mm by which time the distillate is essentially
15 pure water. The agueous residue is not allowed to cool, but its weight is
adjusted to 510 g by.the addition of water heated to 60-70°C. The addition of
the water is made over a 2 minute periods, while the mixture is being stirred. A
precipitate forms immediately. The mixture is then allowed to stand for 4 hours,
durihg which time it cools to approximately room temperature.
20
The supernatant liquid is then decanted through medium filter paper and finally
the precipitate (P) is transferred to the filter paper. P is a finely divided but
easily filtered material. Its color is olive-drab. After drying at 100 °C, P weight is
1.9 g. This material begins to melt at about 160 °C, but is not yet completely
25 melted at 230 °C. '

The filtrate is placed in a one litre round-bottom flask fitted with a reflux
condenser and is then heated to 80°C. It is maintained at this temperature and
agitated magnetically while 15 ml of 25 % aqueous ammonia is added, and

30 agitation at 80°C is continued for one more hour. The mixture is immediately
filtered through medium paper and the filtrate is discarded. It has a pH between

9 and 10 and is free of glycosides.



20 two phases and the formation of a precipitate is observable. The total
anount of sodi um hydroxi de solution added is 29 m. The m xture is all owed
to stand WoOro309%E28 hr at roomtenperature and then is fil PemaPodg3sgr avity

t hrough nedi um paper. The precipitate 1’7s dried by pressing 25 between
absorbent papers. The filtrate consists of two |ayers. The upper layer is
brown and appgars.to _,contain. the major portion he 1sopr nol as well
as a very snma eﬁ'?ﬁfuqﬂkeo?ﬂi?gﬁlﬂégﬁ‘&?rn%a,peirnlse{?fﬁ??‘?cg&eﬁwqqﬁﬁqrgga@épﬁ@t‘P ower
layer is dar kebicWeaARfICARITERE g8 dsOpssRiiial Thatiess, drith i) eood fids and
inpurities. The entire filtrate is discarded. The danp participate is

agi tated wi t Weighkelid5 fyaifedheodryingsali W0°S giveea weight loss108 26H ¥s bet ween 6

and 7. It is Al | ' rnj . M re ds

fiter ed by v o A Stns AifEar DS ek ehordiBiL i 187

03/ 092578 PCIIiE¥Ed&38a3d indiCatps essalighté Weofapsushisd inthp@usificdtish and
precipitate is dried in an oven at 60C for 12 hours. The dry wei ght of the
precipitate i180l@#08. 5 The precipitate is estimated to contain 97 %

sol asodine on the following basis: Pure solasodine is reported to nelt at
200-202 C. An early, less pure sanple produced here nelted 191-197 C and
cont ai ned 85%sobasditterreund-®oRtod fladk arerpibcat 46wt dfcdbrmp Zrddel glybbsideal s:

Fruits (code No. 160695-3P), and | eaves ode No. G1090Q395 f S..laciniatum
e soode (PRnsiag Ao baA Tn Roadin 18H & Sebibaneh Ay hydiechiRyo s
Thai | angl wer b andrd } : ; ; i by
22 oS or ogoad YO and' Gap Wehdr, THE MRk iGBEURREA Hil P Sl CorRfer 2
and ot her chand magoeiieegitpiiore Bnd éalhéatertSirgiux 0 wastr. batb dos3 hiviys. BSA) .

'SA‘IO: v e?\? Lvﬁgﬁ :thfe%rndc gfr s tmqg 5 %ﬁte%ﬂs‘pé) ﬁgehst Brown ‘sOJspElﬁls'i%n%v%clic% is%ﬂg\?vred to

cool to room temperature over a period of 2 hours. Then, 40 % (weight) sodium
hydroxide in water are added. The sodium hydroxide is added in 5 ml

15 increments at first, and later dropwise. Between additions, the mixture is
swirled vigorously by hand for one to two minutes. At about pH 9 the viscosity
of the mixture decreases noticeably, the colour deepens and the formation of a
second liquid phase becomes apparent. Addition of alkali is stopped at an pH
of about 9.5 to 10, by which time a considerable separation of the liquid into

20 two phases and the formation of a precipitate is observable. The total amount

of sodium hydroxide solution added is 29 ml.

The mixture is allowed to stand for 1% hr at room temperature and then is
filtered by gravity through medium papér. The precipitate is dried by pressing

25 between absorbent papers.

The filtrate consists of two layers. The upper layer is brown and appears to
contain the major portion of the isopropanol as well as a very small amount of
solasodine, in addition to impurities. The lower layer is dark brown and appears

30 - to contain water, sodium chloride and impurities. The entire filtrate is discarded.
The damp participate is agitated with aqueous hydrochloric acid is added until
the pH is between 6 énd 7. It is then allowed to stand overnight. Then, the

mixture is filtered by gravity through medium paper and the prebipitate is



reagent grade. 20 2.4.2 Isolation of solasodine from Sol anum | aci ni at um
Ait. 2.4.2.1 Effects of 2-propanol concentrations on crude gl ycoside
extracti owo25/0935e8 dri ed | eaf powder (500 g) was extractedPdTHEPH3/m831 by O to
100% v/v of 2- propanol/water (1.5 | d&ch) at 70C in an Erlennmeyer fl ask.
Al filtrates were pooled and 2-propanol was vacuum evaporated using the

St rrog wnr Pot e anubAE e T Bran IR R i a piepateldy ™

9-10. The forfapd2poees.pi tate was 30 coll ected, and then crude glycosides
were hydrolyzed by 1 N hydrochloric acid in 2-propanol in a round-bottom
flask for 3 h. The 20% sodi um hydroxi de solution was added to precipitate

t he crude sol | ; Lasodi was obtained by crystallization
i n met hanol . Wﬁﬁ@%@ﬁ@ﬁ@gﬁﬁﬁﬁ’@%@s g/o(v/ v) 2-propanol, with 0.45 %

w w of gdry |eaves within that range. Particularly suitable for that nethod
is WO 03/092578 PCT/ EP03/03831 19 2- ropanol at a concentration of 70 %
since it was tMePIESHR eéﬁ)ﬁ%@ﬂ@tﬁgttp&é?”éﬂlmgﬁ Yo SOROdHIgAN yhe falloydng basis:

sol asodi ne. dg f

gl ycosi des ?#’923"2?. ed eaf Brt\%g ?’Eéllpats%w\/\ggge% rﬁ\g{?é}ﬁﬂéé;é @eréss%fngple
procedur e as prod@ced Bede niaaltedd:@ﬂn@ﬁi’@%inhlcmdmtavae&l%i"/hsblesddmb. 2- propanol .
The crude gl ycosides were divided into four portions and hydrol yzed by
four methods which were electrolysis, 1 N hydrochloric acid in water,

et hanol,,or 2-propanol. 10 For the electrolysis nethod, the aqueous extract
(1.5 1) in 0.02 N hydrochloric acid was applied with a DC current (30 A)
for 2 h usidg Altepaative wetteldsi num pl ate el ectrodes (10 x 10 cnR) in a 3
litre tank. 15 Using 2-propanol as a solvent in the hydrochloric acid
hydrol ysi s gave the hi ghest

2.4.1 Materials: Fruits (code No. 160695 3P) and leaves (code No. G1090395) of
S. laciniatum at the age of 3.5 months grown in Bann Huay Sai District, Chiang

15 Mai, Thailand were collected, dried in an oven at 60°C and ground into powder by
a simple grooved-disc mill. The reference standards of solasodine, 16-DPA, and
other chemicals were purchased from Sigma Co. (St. Louis, MO, USA). All
solvents for chromatographic purposes were of HPLC grade. Other solvents were
reagent grade. ‘

20

2.4.2 Isolation of solasodine from Solanum laciniatum Ait.
2.4.2.1 Effects of 2-propanol concentrations on crude glycoside extraction

25 The dried leaf powder (500 g) was extracted 4-5 times by 0 to 100% v/v of 2-
propanol/water (1.5 1 each) at 70°C in an Erlenmeyer flask. Al filtrates were pooled
and 2-propanol was vacuum evaporated using the rotary evaporator (Buchi,
Switzerland). The filtrate was heated to 80°C and stirred while adding 30%
aqueous ammonia solution until the pH reached 9-10. The formed precipitate was

30  collected, and then crude glycosides were hydrolyzed by 1 N hydrochloric acid in
2-propanol in a round-bottom flask for 3 h. The 20% sodium hydroxide solution
was added to precipitate the crude solasodine. The pure solasodine was obtained
by crystallization in methanol. Yields were best with 70-80 % (v/v) 2-propanol, with
0.45 % wiw of dry leaves within that range. Particularly suitable for that method is



yield of sol asodine. 2.4.2.3 Conparison of solasodine contents in fruits
and | eaves of Solanum |laciniatumAit. 20 The dried fruit (60-750 g) or

| eaf (40-wB®3g»2spowder was di spersed in 70% 2- propanol amdTspos/exssed for 2
h before extraction. The suspension wd8 put into the thinble and the

al coholic solution (volune adjusted to 300 or 3000 M) was added to the

Soxhl et ' I EOR o I til haust i and 2
25" pr opanol 2ol mcenEeRrafon bl 20 8 hee ™ wHaTGe Kilan BheR el o
wat er was Hiddlbiht yieldhef sofssadiiree.whi | e bei ng stirred. The sol ution was '

filtered and the filtrate was heated to 80C and stirred while adding 30%
aqueous ammoni a solution until the-pH reached 9-10. The precipitate was

repeat edl y paohedinbid et IRaiRE s sf hiFREANL GL Gl 00C 30 The

above crude gl ycosides, 2-propanol Fric idin the
ratio of 16.4:76:7.6% by wei ght were placed in around-bottomflask. The

i f f d hep fil d b . Th
col lected praz et B baierdt kol M mclhb s i SRmarRIOo AP Bth 2t
hydr oxi de smhtuxsii@disﬁllé@m«@eM&@%Q?%ﬁ:%gB%{. ERa rgégéy&o%%e%{@ée%tdiwaeﬂm er

was added into_the solution to obtain the crystalline aso
Sol asodi ne AEsTour Pogtiass and bydrelvized ki foue metapds waitth weiceeleatrol§8i€, 1 N

Recrystal li j :0f y [ m net hanol . gave col ourl ess hexagonal
pl ates of cr@s?%Pf'ﬁgcﬁ‘hﬁ’g@%ﬁ@ﬁﬁi06%%’?3{?% as a precursor for 16-DPA
synt hesiss. 5 Sol asodi ne extraction fromdried fruits with 70% 2- propanol

gave crude _so| asodi ne glycosides as |ight brown powder, as conpared to the
product frdiRf the rolygie nathed dheanusowe extrantila t)énitsd2 dshydrhehloria@eid

| id i thl . tam nagted with | our ed
?rr%ﬁ??lt i g: \Q?%%EBE%% Hﬁtﬁ%bh&;r?éﬁr(% ) I 2R sirtd 2' 3 Gt i mitum plate
electrodes (10 x 10 cm?) in a 3 litre tank.

15 Using 2-propanol as a solvent in the hydrochloric acid hydrolysis gave the higheét
yield of solasodine.

2.4.2.3 Comparison of solasodine contents in fruits and leaves of Solanum
laciniatum Alt.

20
The dried fruit (60-750 g) or leaf (40-750 g) powder was dispersed in 70% 2-
propanol and sonicated for 2 h before extraction. Thve suspension was put into the
thimble and the alcoholic solution (volume adjusted to 300 or 3000 ml) was added
to the Soxhlet receiving flask. The solution was refluxed until exhaustion and 2-

25 propanol was vacuum evaporated using the rotary evaporator. Boiling water was
added to the residue while being stirred. The solution was filtered and the filtrate
was heated to 80°C and stirred while adding 30% aqueous ammonia solution until
the pH reached 9-10. The precipitate was repeatedly washed with distilled water,
filtered and dried at 60°C.

30
The above crude glycosides, 2-propanol and 37.6% hydrochloric acid in the ratio-
of 16.4:76:7.6% by weight were placed in a round-bottom flask. The solution was
refluxed for 3 h and was then filtered b); vacuum pump. The collected precipitate

was dissolved in 2-propanol and 20% w/v sodium hydroxide solution. A large



10 coloured inpurities and gl ycosi des were soluble in al cohol. Wen the
crude glycosides were repeatedly washed with water, better appearances
were obswowa92sThis is due to the solubility of al nost alPCT@EPO®0838d
impurities in water. The crude gl ycos0de yields were 2.03 and 2.17% w w of
the dry fruits and | eaves, respectively. For hydrolysis of the crude

gl ycosides, it found that, th roportion. by wei gh f crude.,.

01 yoosi des amsgt BRwRB it Aoel d8R s BRRESN o BB A€ AR Ene S585RHNE e ¢ e
acid hydr Osbﬁs%dir@wtascmeaéwtmwﬁn trRsHlteTi D ep bAE Wted £3BT°0 Recry1gllisSoH t

of chronatograns I ndi cated that hydrol ysis of glycosides yielded the

cor r espondPhgolagedivefeorineethpnakgaveasolguressshexadanabplates Pherypiedingct

Sol acod ne35oREnE Wb ik ¥56 e b1 ePutsol RPIPDRA NGRS, The aver age

yield of white crystalline pure sol asodi ne powder was 0.34 and 0. 44% of
dry fruits and | eaves, _resfpect i vely. The maximumyield of solasodine in
dry fruitsSesading extragiioa fromxrieghfiuits witihy Ofe2petanansl gavareidsurity of

sol asodi ne re %. (: - | | Ci ent'
bor ity t o SoEnelMealpBlace o ilfhPorohtPoo f6ci s ol rBUR0 1S pRARIGEHON |
spectra (I kaves vatidh NeB)greén tpoevder etiardctevisties] Thratchudd glyebsides bataindd t he
aut hentic sanple. This indicated that sol asodi ne can be isolated. from both

fruits andfmoBathesedracion welegaitamingied it crieysd impurifies sincedaid
chromat,pgr ' g | By ' b d I

i or 1 20, SRR IREEMECalfcbSiBS orb LRI PlcBiol, Theh ieénPR] S0 ONE
be 30 appl ghabkiEleswereheppatsdilc vashed fwithokaieodietteriappearayeesomtre, since it

e "R EN B0 Rl Bl kARl Sl
(16- dehydr o Snas S s D e ey o o ot Gy i A Joavs: ¢ rom
Sol asodi ne rénaciivekyd Fpr bidiSlydiniof tieatrude ghicosBlesulttwasfosdithatthei | and
15 prbportion by weight of crude glycosides, 2-propanol and hydrochloric acid played
a role to complete the acid hydrolysis reaction and give less side product reaction.
The result of chromatograms indicated that hydrolysis of glycosides yielded the
corresponding aglycone with practically less dehydrogenation product
(solasodiene). After hydrolysis, the all-remaining impurities in crude solasodine
20 were removed by filtration and crystallization. The average yield of white
crystalline pure solasodine powder was 0.34 and 0.44% of dry fruits and leaves,
respectively. The maximum yield of solasodine in dry fruits and leaves were 0.42
and 0.70%, respectively. The purity of solasodine was more than 90% (m.p. 198-
200°C). This product has sufficient purity to be use as the starting material fo
25  convert to 16-DPA. All spectra (IR, MS and NMR) of the product were identical
with that of the authentic sample. This indicated that solasodine can be isolated
from both fruits and leaves of S. laciniatum by this method. It required no
chromatographic procedure to eliminate the remaining impurities and colour
materials. This method is simple, efficient and less expensive. It can also be
30 applicable for the production of solasodine in large scale, since it will be more
convenient to harvest both fruits and leaves or the whole plant at the same time in

the isolation process.



1. PCRNC nethod A solution of solasodine (1 g) in acetic anhydride (5 m),

pyridine (7 m) and p 10 .tol uenesul fonic acid (0.0250 g) was refluxed (160
C) for 6 WOD93/0T4se8 reacti on was cooled to roomtenperat ur @CarmPozesssi c aci d

(10 M) and water (4 m) were added aad refluxed (160 C) for 4 hrs. The

m xture was cooled to 15 C and a solution of chromc anhydride (0.75 g) in

80 %aqueogé aceéié_gtciqté3 gé was added dropwise with stirring over a
period of } te u addi tion of the oxidant, 15 the content
was stirred for 4 hrs at roomtenperature and sodium sul phite (0.08 g) in
wat er was added to deconpose the excess oxidising agent. The m xture was

al | oned t o Syndhesisvef 16-HRA {18+-debytiepregmnedtcldee @Betdty, 3pacetiobertpregha-

refl uxed 1 C r 6 s. The reaction s cool ed to, roomtenperature.
The cool métﬁé)'d"%&éi}éfmf’e)g{"‘?@ %ﬂésﬁtdé'&‘? E?‘fré‘\fgge%fr%-%ﬁ?'wnﬁvr%@uct was
filtered, \RAHIGSted IMTRAIINRGer and dried, and recrystallised from nethanol.

It gave yell ow powder. The product can also be purified by colum
chromat ography on alum na neutral with n- hexane and ethyl acetate (9:1).

It gave col,0 |les of 16-DPA. * %yield of 16-DPA = 44.6 from
starting 16-3%%%@%@358?% 25 Note: A phase transfer catalyst (PTC) may
al so be applied to increase the yield of 16-DPA, see below. 2. Alternative

met hods to synthesize 16-DPA from sol asodi ne extracted fromsS. 30
| aci ni at um® $Qlutienpf solasedined 1 tén peglic anhydaidedBriat)i pwidiee doniLand pem J.

Rodr i , . i | 1 vn25-530) WO
031 003975 e Errbin SO AT TEERER (oY SR o Epreo B eR bRt
deri vat i vecodlesidbubbomienfiperature etidratelié agid @O M) dridl wakkri(s natvéré bddel) was
added to a solution of p-toluene-sul phonic aci f@%ﬁo rg\%@l n acetic acid
(1.2 m) . aRBdgelred GYER drifae4 hys Dhe mixtyre was cepladuios! me@ andia selutiem of oom
tenper at ur @nfRhichanHydRBE (H¥8NRHPHA aqueous acetic acid (3 ml) was added

dropwise with stirring over a period of 20 minutes. After the addition of the oxidant,

15 the content was stirred for 4 hrs at room temperature and sodium sulphite (0.08 g)
in water was added to decompose the excess oxidising agent. The mixture was
allowed to stand overnight and acetic ahhydride (5 ml) was added and refluxed
(160 °C) for 6 hrs. The reaction was cooled to room temperature. The cool water
was added to the precipitate of 16-DPA. The product was filtered, washed with

20  water and dried, and recrystallised from methanol. It gave yellow poWder. The
product can also be purified by column chromatography on alumina neutral with n-

hexane and ethyl acetate (9:1). It gave colourless needles of 16-DPA.

* % yield of 16-DPA = 44.6 from starting 10 g of solasodine.
25

Note: A phase transfer catalyst (PTC) may also be applied to increase the yield of
16-DPA, see below.

2. Alternative methods to synthesize 16-DPA from solasodine extracted from S.
30 laciniatum, Ait cultivated in Thailand

2.1 Alternative method 1 (from J. Rodriguez, et al., J. Chem. Tech. Biotechnol, Vol.
29, 1979, 525-530)



under reflux for 6 h. The solution was then cooled to 15-18C and after
dilution wth acetic acid (14 m). The yields of 16-DPA, based on the

t heor et i c&b osoveses si on of sol asodi ne, ranged from 15 of 2OTAPOZ/@E8AL M Xt ure
of solasodine (2 g, 80 %, acetic anhydride (1.8 m) and pyridine (40 m)
was heated under reflux for 1 h. Then a solution of pyridine hydrochloride

(3 g) in 0 ; MELY; zarég:- flus or a further .2 h. The
sol vent s V\e%t}g%gﬁ %’?gfg@?Iun@?&?g%uﬁmegﬁéjem%ﬂ‘fgési due was dissolved in
acetic acid (60 m). The follow ng steps were perfornmed as descri bed

bel .15 Th el d f 16- DP t aj ned i ed 20-30 % Sol di
(3 0" 800 Psatlisn oF peleadfinaia . dork) Thacaioad T4 Bl Wasadded ersaltion
heet] e i R _ | ¢

forthor ot bHgRidne.slPhonikariAdRing) PAdetEabd (2 ol JERKE LfhDgfac o 2
distill ed 622 mhdéhe weiztwenwaRstirressatdoenptenaperatiredsr 1 hesricethewi Heataget i ¢

acid (20 m) and heate der reflux for 15 m.n. \\ this pgodification,
the vyiel ds u}i‘g%@@ﬁ%ﬁg%ﬂﬁpﬁ%&?&j‘ wap then Q%Q|§§?@@1 b &ja'&‘iaftﬁéd'ﬂq{t%‘r etical
value obt awigaddiRBdki 4 k). a%R0)ia8s ofF6DPAAbAG BRI HUALNC SaRDErs|

sol ution obtained after isonerisation, in acetic acid, was C00 ed to 1% 20
C and sol of pelasedineomngaddiremrtnat 20 P acetic acid (11 % 10 m) was
added, Kkeeping the tenperature below 40 C. The m xture was stirred at room
30 tenperature for 1 h, then anhydrous sodi um sul phite (0.52 g) was added

to desbron mheurxshssiagidine(2anso w)r,w@cteﬁv@_aﬁwdw@(ms%l?@lna%riéintat{abhﬁDlg 2
h. WO 03/092578 PCT/ EP03/03831 23 _1solation and purification of 16-DPA
After atteM@sihrptesandsereftdar dkd Thenia selutionaf pyridise bydreghlarids Gug) in

met hods tal khsaf i i i nz d chloroform, the
Fol l'ow ng. PULAnEdE0 TR VAR AJpia R BB o RISEER, TRE sSLsRISHRiy  he
16- DPA was ditified loffachderdecuvacandritrvesitivegwad eissovedah cafiy sl @0 rhhe
resi due. Tt?.% reﬁt of the acetic acid )
e following steps were performed as described below.
15

The yields of 16-DPA obtained varied between 20-30 %.

Solasodine (2 g, 80%) was dissolved in pyridine (40 ml) and heated under reflux.
Acetic anhydride (2.3 ml) was added slowly and the reflux maintained for a further
20 1.5 h. The pyridine and excess of acetic anhydride were distilled off under
vacuum. The residue obtained was treated with acetic acid (20 ml) and heated
under reflux for 15 min. With this modification, the yields of 16-DPA were improved

up to 48-53 %, based on the theoretical value obtained from pure solasodine.
25 Oxidation and hydrolysis

The solution obtained after isomerisation, in acetic acid, was cooled to 15-20 °C
and solution of éodium dichromate in acetic acid (11 %, 10 ml) was added,
keeping the temperature below 40 °C. The mixture was stirred at room

30 temperature for 1 h, then anhydrous sodium sulphite (0.52 g) was added to

destroy the excess of oxidant, and the mixture heated for a further 2 h.



was elimnated by addition of benzene and distillation of the azeotrope
formed. The residue was dissolved in a mxture of water-ether (1 :1, 100
m ). The wOlaneg2sl8 | ayer was separated, the aqueous sol ut iPoR/ERa%0383t r act ed
t horoughly with ether 10 and the sol vedt was renoved under vacuum A
brown-yel | ow resi due (3.3 g) was obtained, which was purified by

crystallisati, frgm net hanol (4:1), or by chromatography over

al um na wi ?‘?PIBQ%QH pé’é%cﬂﬁ%ﬂ‘{ %ﬁgﬁry pur e product was obtained (0.69 g)
and characterised by W/, IR 15 and NVR 2.2 Alternative nethod 2 (nodifjed
fromA Sree, Y.R Rao & S N Maha Patra, Research and Industry, Vol. 27
Decenber 19dter afgnuimgdbe)isoletion and ipatifieaticmel 166X by aarious ofetsotimsodi ne

Pseud | L& ' ) f I ' 0 ain. (o
anhydr de- (CBEREAeh T S Achon tidiy e RsBa R oo ateltonp i BFisue
aceti c aci tvamnithallgratjoptéd e theTdsiutieracshtaming ¥ia1§-DRA werddisficanhdw@t er was
added to decolrjragzae\pi%@excess acetic anhydride. The_ crude Froduct of

O N-di acet P& d e coowleir drgng4tidne residvel Hierasé el thesapatisracid hr t o
gi ve t'he psgudy j i i.datd . i

16- dehydr opr egngﬁb?gér%gbgggtg g’t%@?}f%tﬁgz?%%b ﬁg}r'\étm%?ﬁ%n%:/égé\?%ﬁ%mp?\eg%?med'
pseudosol adbei iesiddicagas dissoives in @ahedurecof Mater-atitbrd1s9) 100 o). Thewdthersat

anhydride (45 in 200 80 % aqueous, ,acetic acid s added dropwi se with
sti ?/ri ng O\q@ferg\)/%sewwaég,y@e ﬁﬂ(\)'\%? SO KF'?%W%P?@“@&B@%WO%NY Mathosthaant |

the conpentgg tWe'sBhant WRd tenperature and sodi um
bi sul phite (5 g) 1N water e e DS 03831 24 added to

deconpose excess oxidi sing agent. The reaction m xture was refluxed for 3

hr, sol vent distilled off t dded to precipitate 16-DPA
The *pr ogud Die-YSlav ettt e whkSialea, SicHwes firfes Byvaelaton  n o

hyd b : ] I I illed
ydr ocar Oﬁoﬁ%étﬁé‘rﬁel{ﬁé@r ?4<|t1 5,%(@4@@6@&@%@%&?%&%{@5@% M HzePeSd | 1 e

off to get a 5 colourless solid
eluent. A very pure product was obtained (0.69 g) and characterised by UV, IR

15 and NMR.

2.2 Alternative method 2 (modifjed from A.Sree; Y.R. Rao & S N Maha Patra,
Research and Industry, Vol. 27 December 1982, pp 326-328)

20 Acetylation and isomerisation of solasodine

Pseudosolasqdine acetate: A solution of solasodine (100 g) in acetic anhydride

(105 mi) and an amine solvent (650 ml) is distilled free of acetic acid and

anhydride. The reaction mixture was cooled and water was added to decompose
25 excess acetic anhydride. The crude product of O,N-diacetate was taken in 600 ml

of acetic acid and refluxed for 1 hr to give the pseudosolasodine diacetate.

Oxidation and hydrolysis

30  16-dehydropregnenolone acetate: The reaction mixture containing
pseudosolasodine diacetate was cooled to 15 °C and a solution of chromic
anhydride (45 g) in 200 ml 80 % aqueous acetic acid was added dropwise with
stirring over a period of 20 minutes. After the addition of the oxidant, the contents

were stirred for | hr at room temperature and sodium bisulphite (5 g) in water was



16- Dehydr opr egnenol one Acetate: A m xture of pyridine (40 m, 0.05 nol) and
NH4Cl (26.0 g, 0.50 nol) is added at 10 once to a stirred suspension of
sol asodi wO(032®2509 . The m xture is heated to 125- 135 C amdThwPpt/oms1 t hat
tenperature until TLC indicates the redaction to be conplete (usually 8-9
h). Acetic acid (400 m), 1. 2- dichl oroethane (400 nl), and water (54 nl)

| f (88.2
o Do med B UchfbdBeiaSs iRy Beh Thereafidi it wils iffildeq, &% 2
15 added drfop@ihsesolvériti veas dlstlﬂeﬂrpﬁramtdummerwds&mdaittobre&i@!t@te VePAR0THAs (200

di t d. Aft th
Tehei i ng. REPHeVAR e SRR Al arah BTioe SdstivAai hvdrorarbpaom

tenper at ur &olvant ot e b%!?a@t% wé\%‘%nﬁ&ﬁ@d %hd'tﬂe‘é’%ﬁfe t bkt ﬁ’%%oﬁqg oft hanol (16

m) is then introduced and stirring is conlnue i tional
hour. The I@ﬂ@r@§§@0|lﬁ§4éo5tg)am pd16®8°C, 2 20 di chl or oet hane (1 X 450 m
and 3 x 60 m ), and the conbined extracts are washed wth water (2 x 500
m) to renove the residual chromumsalts. Solid NaOAc x 3 H20 (70 g, 0.51

ol ) is addeiDepydioprédisiviendhestand the solvent is distilled off
azeotropically to renove the water (4-6 h). The cooled residue is carefully

treated with water (2 1) to produce a solid product, which is collected by

fil t until . th

fitrate 2 Tt gHite s%%ﬁ’a@%‘%éib]%aﬁh*ﬂﬂ«%' Ehiebo et 0 mllisrada ehe

resi duab clonesitom §tﬁtfédssu§pdm)brf 6Blagodine $210 HRITHaSNHNG i8fHeRted ) 25-

Crystalli sqlt i_on from nmethanol (400 m) affords pure 16- dehydropregnenol one
)

acetate (4):3%iGpad keptat f:t\ait&smser@tl(rswrmﬂ 6bCondicategthearactiretohe 30 2. 3

o "ot SAlTHORR M S GRS o dpdiang QBT 2

Sol asodi ne watePduthi)sariecthediadeed) andtias miiregisdfooted REOACNA soMtorrbRCasy
with 40 m 8§ 2 CG‘Ot é§2 q}/%r\;vgteer?nch fﬂ ért[\d gggtl(?gglgd(4%?‘r(1)l) r;?reccjoled to0°Cis

15 added dropwise, while the temperature is kept at 7 -10 °C. When 90 % (200 ml) of
the solution has been added, cooling is discontinued. After the remaining portion
has been added, the mixture is stirred for 1 h at room temperature. A solution of
NaCl (100 g) in water (1.5 1) and methanol ( 16 ml) is then infroduced and the
stirring is continued for an additional hour. The keto ester is extracted with 1,2-

20  dichloroethane (1 x 450 ml and 3 x 60 ml), and the combined extracts are washed
with water (2 x 500 ml) to remove the residual chromium salts. Solid NaOAc x 3
H20 (70 g, 0.51 mol) is added to the organic phase and the solvent is distilled off
azeotropically to remove the water (4-6 h). The cooled residue is carefully treated
with water (2 1) to produce a solid product, which is collected by filtration. The

25 product is washed thoroughly with water until the filirate is completely colourless.
(To achieve complete removal of the residual chromium salts it may require a
similar washing after 1 d). Crystallisation from methanol (400 ml) affords pure 16-
dehydropregnenolone acetate (4); yield : 117.1-123.8 g-(65.0-69.0 %); mp 167-
172 °C.

30
2.3 Alternative method 3 (modified from US. Patent 5,808,117 , Chowdhury | et al.,

September 1998) ‘



xylene in a pressure reactor vessel and heating was started while stirring
till the tenperature 200 C and correspondi ng pressure of 5 kg/cnR are
reached. wWbasborsescti on was carried for a period of 10 ho®C3/ERD3/@Is31

attai nment of desired tenperature (129 to 200 C). Heating was stopped and
was allowed to.be cooled under stirring for a period of one hour and the

duct j t I { | . th th h th -
B ochar go- 1abACERDER D sRasBabE B RhESsEadnb akarlo- s b 8Bty ¢ as
carried out whhskhaheedithaoyml d0acuiie artyaridsRel tent waSapbat @505al afent
renoval was done in a rotary vacuum evaporator -under reduced pressure

(about 50 nbaXylenaheamsessstdaacior vesse! wad hegiinoms stacied vehilesgtirang titl flee

renoval of t o | a2 Iy

Wi oh 15 was B piE YA Rant 86 8byahg e ts B KUY S rRRHeu Hhe
pseudosal asodigzetion iad\eatriad §dad @eribd Jof POdarabitonattdintrient okddsinéd sol ut i on.
25 g of chrom umtrioxiﬁl Cr.03) s dissolved in 25 nm of water and 10 20
m of gl aci al ‘CRRETARIIE(] §0§%28@t°03ﬁ2‘13@a?9 W@ﬁﬁqmcﬁ?ﬁf&waﬁﬁioﬁ’ﬁ@&&%d to
0C - 5C (ii) Nt ; [ t [ i '

obt ai ned as a %ga&jgggalgég@?vfgggip r?? i% (L)H fr%?'% chgﬁt)é?ﬂ gﬁ% Igg%gﬁ%%ngggb\%tg%go m
of gl aci al acata terapechtarededs then 600 W@ttbroughThe dischiange tukes TeEb(teid lapel0 - 5

C and the oxidant solutio r epar as __above was . adde p. it dropw se
ceop no & ho t SRpEIPGENSR PAEBRM NS Samtik Yes St 6uf whnshovadhghy
addi tiop was gy&majb¥ &85t SiTeL@Giel on of the oxidant solution was
conplete, cooling was discontinued and the 30 tenperature of the reaction

mediumwas allowed to rise up to 15 C and also allowed to be stirred at
t hat tenper at 25 m nut In_Layer chronmat ography .
AUt

Hr for a pqriod es. Wen th
i ndi cated t heoRURBY ETgAaE e LA ER,vaciley eyppomtalUnde) PaAUEd um
chlori d? i n waieRsukel (dbotit FoanBaN\Or IS HEerdd BENEeRRNaS R8BBfbr recycle. After

the removal of the last traces of the solvent, solid material was obtained whi'ch
15 was confimed to be pseudosolésodine.

(b) Oxidation of pseudosolasodine to O,N-diacetate
(i) Preparation of the oxidant solution.
25 g of chromium trioxide (CrO3) was dissolved in 25 ml of water and 10
20 mi of glacial acetic acid to get a clean solution which was precooled to
0°C - 5°C.

(i) Addition of oxidant solution
Pseudosolasodine diacetate obtained as above was dissolved in 100 mi
25 of dichloroethane and 100 ml of glacial acetic acid and 25 ml of water.
The mixture was cooled to 0 —5 °C and the oxidant solution prepared as
above was added to it dropwise keeping the temperature of the reaction
mixture below 5 °C till the addition was over. After the addition of the
oxidant solution was complete, cooling was discontinued and the
30 temperature of the reaction medium was allowed to rise up to 15 °C and
also allowed to be stirred at that temperature for a period 25 minutes.
When thin layer chromatography indicated the completion of the

reaction, a solution of 5 g of sodium chloride in water (200 ml) and



26 met hanol (10 m) were added and the stirring was continued for another
20 mnutes. (iii) Extraction of 0O,N-diacetate 5 The keto ester

0, N- di acewetoa/onsss extracted fromthe reaction mxture W POTEP03/03831

2-di chl oroethane (4 tinmes, 200 nl). Ti?eé organic |ayer after separation was
subjected to distillation under reduced pressure to recover the solvent. A

u residue of O i i I pupifi b ol um
ghpTonr/rat ogr aphy usi Wg%%’?‘?’gﬁglﬁ g&%%daeg%gﬁgﬂggﬂbﬁba‘pggé‘BQ{'nlﬂ%‘f%ﬁ\o I‘?fsi s
and degradation of 20,mndteacet ate to 16-DPA. 0, N-di acetate obtained above

was allowed to reflux in 200 m of glacial acetic acid for a period of. 5
hr. The reaction was nonitored on TLC. After conpletion of the 15 reaction,

acetic acid ng reg%,ggﬁﬁ] BVOdN%tléécétéﬂ%g under reduced pressure (50 nbar).
e

The cool ed resi'due was then tfeated wth cold water (1 1) to renove

maxi mumsamount of GhedetwestealQ,b-ginestatd waeda_xaacmdfe@mhlthe%édéttbnl@ﬁﬂﬁ’p%
separ ated out which, col | ected by filtration. The residue was :
t hor oughl y washed W'%ﬁﬁgﬁﬁ?@k&é@’gﬁaggﬁ baes, ?Pﬁ&mlo-y,hq REgasYE layer ael due wa
subj ected to eXhau§ébé(r%ti8ﬁt\n§a9sc§dl$§ct%tt8di'stﬁaﬂio Ln@@ttr%‘alu‘élémp%gﬁfret b.p. 60
- 80 © when a yellow solution of 16-DPA was obtained l'eaving a black
resi due. 25 The yereapwesthaisolgentoA glinsmiyl reatduerof @vé- dincdimty eldsmbtained

6- Dehyd neno| et at.e ich was recrystallized fr et hanol to
gj:j-et crga;r;p\r/\k??te cW&&%‘W%g Wﬂhedw&og‘”ﬁ? CREQTBRIROIERNY URIRG PEBOlsUNg 6thGr 30
2.4: Alfernative nahdiethacSiighesi s of 16-DPA from sol asodi ne by Phase
transfer catalysis (PTC) 2.4.1 Acetylation and isonerisation WO 03/092578

PCT/ EPO3/ 03831 27
(c) Hydrolysis and degradation of O,N-diacetate to 16-DPA. O, N-diacetate

obtained above was allowed to reflux in 200 ml of glacial acetic acid for a
period of 5 hr. The reaction was monitored on TLC. After completion of the

15 reaction, acetic acid was recovered by distilling under reduced pressure (50
mbar). The cooled residue was then treated with cold water (1 1) to remove
maximum amount of chromium salts present and as a result solid 16-DPA
separated out which was collected by filtration.

20 The residue was thoroughly washed with cold water 5 times. Finally, the solid
residue was subjected to exhaustive extraction with 1.5 | of petroleum ether
(b.p. 60 - 80 °C) when a yellow solution of 16-DPA was obtained leaving a
black residue.

25 The yellow solution on distillation gave crude yellow 16-Dehydropregnenolone

acetate which was recrystallized from ethanol to get creamy white crystals. The
yield of 16-DPA was found to be 60 %.

30 2.4.Alternative method 4: Synthesis of 16-DPA from solasodine by Phase transfer
catalysis (PTC)

2.4.1 Acetylation and isomerisation



A m xture of solasodine (1 g), pyridine (10 m) and acetic anhydride (5 nml)
was refluxed for 2 h and cool ed. Then, the m xture was poured on ice plus
aqueous w2 7S0l uti on. The precipitate was filtered amdTdPo®as3iThe
product was refluxed in glacial aceti2¢ acid (10 m) for 1 h. d acial
acetic acid was distilled off under 5 vacuum giving a yell ow residue.

2.4.2 Oxidatj VSi 2.4.2 1, ( tJ . techni 0 For
vy ogen por SRS SRR BEHE on il (LR LR ATSAreesS mies
refluxed véfluxedlfaeRal ané ebbrdathen(the mbdurenshdpeiiRaesh RSN dguésds Mol %
excess) at 70C for 5 h, _and then water was added to destroy excess

oxi di zi ng ag¥Reniamauticsh dtedprecipitpteuwas filleraskanddried. The prastuey wasdeflaxed and
t he sol ven ; T egi r N | aci acetic
aci d (10 ity SRS 4EB0E BLAT10 1A 9oy OB i cld WEG s MerheBEl Rer™ i o
trioxi de asaocwurdigiving sagstiosrediduee.sol uti on obtai ned after isonerisation in
glacial acetic acid was cooled to 0 to 15C and a solution of potassium
per manganat e, potassium di chromate or chromic trioxide (30 nol % excess)

in glacial sagetd6edqGdfakd Avilovses added dropwise with stirring 20 for 3 h.
Then, nethanol was adggé tg (f)e)étroy t he excess oxidi zi ng agent. The
reaction mxture was refluxed for 2 h and the solvent was distilled off

under vacyu 2.4.2. 2 Phase-transfer catalysis technique 25 The residue
from 2. 4. 15&'%?9@\5?6@5‘3??? YA ene chloride (10 m). The oxidizing

agent (180 nmol % excess) and phase-transfer catal yst (tetraethyl ammoni um
i odide or tetrabutylammoi um hydrogen sulfate; 10 nol % of oxidizing agent)
wer e di ssofeebydipgratpsrokide ad an axidizing egenty theheesiduscfroom2 Ai wvas eefiuaaivi se.

e T O R g R
\:/),vi []h Ilgfe?fcgggf%rl]@ HerewhidMAsLaddsd &Pa8stRSLEkdds8BXidIfing e ARt redr3iBRd
mixture was extracted with ethyl acetate and the solvent was evaporated. The
15 residue was refluxed in glacial acetic acid (10 ml). For potassium permanganate,
potassium dichromate and chromic trioxide as oxidizing agents, the solution
obtained after isomerisation in glacial acetic acid was cooled to 0 to 15°C and a
solution of potassium permanganate, potassium dichromate or chromic trioxide
(30 mol % excess) in glacial acetic acid (10 ml) was added dropwise with stirring
20  for 3 h. Then, methanol was added to destroy the excess oxidizing agent. The
reaction mixture was refluxed for 2 h and the solvent was distilled off under

vacuum.

2.4.2.2 Phase-transfer catalysis technique

25
The residue from 2.4.1 was dissolved in methylene chloride (10 ml). The oxidizing
agent (30 mol % excess) and phase-transfer catalyst (tetraethylammonium iodide
or tetrabutylammoium hydrogen sulfate; 10 mol % of oxidizing agent) were
dissolved in water (10 ml) and added to the reaction mixture dropwise. The

30 mixture was vigorously stirred while maintaining the pH at 0 to 1 by adding sulfuric
acid. The bath temperature was maintained at 0 to 15°C for 3 h. The organic
solvent phése was separated from the system and washed with water several

times. Then, the solvent was removed under vacuum until gummy material was



times. Then, the solvent was renoved under vacuumuntil gummy material was
WO 03/ 092578 PCT/ EP03/ 03831 28 obtained. The product was refluxed in

gl aci al awetmwozsesd (10 m) for 2 h and distilled off unaermravesss 2.4. 3
Purification 5 The gummy nmaterial.of 28he product was packed on a col um of
silica gel 60 (Merck, Germany) and eluted with petrol eum ether and et hyl

acetate wt LNGr [ larity. The el uent gave .gure 16- '

Recryst al | iOEBa 'hSﬁ ﬁﬁgtﬁg&ﬁ% Wash ﬁyﬁ%$%ﬁ89'3839 'Caa?'ag-® rl?@ fgfé&%r'\d 10

2. 4. 4. Analgigilled T sidarsedynsm. and 16-DPA 2.4.4.1 Qualitative analysis 15
The isol ated sol asodi ne was prelimnary detected by thin-|ayer

chromat ography (TLC) by conparison with an authentic sanple using silica
gel 60 GF2 | el pl ate (Merck, Germany) devel oped with a nobile
phase cons?g%'?’n%mofwagﬁbor oform| nethanol (9:1). The spots were visualized
by spraging with 30% v/v sulfuric acid solution on TLC plate before
heating on_a hot plate, 16-DPA was detected in the 20 sanme manner_ but

devel oped vinergwBBY Bajsiiad ef tenriosiuchyas Pagkeq Pnacerldig of sl 9¢)18Um et her
(2:8). The \5%‘?&? A&nfarfiat %tcﬁgtegi’\%ﬁ pWoﬂe@WFeﬂ‘lter%aﬁ %H%l ac%téllf‘;dw@w o
y high pertornmance |iquid

Quantitative andlysis ol asodi ne was anal yzed

chr omat ogr amirgasinBlgClarityh€heelugst gaat ipane PEdBAL Retnstalligzdtionfafri@-BPAUSA) at
205 nm usi a Lichrosorb C ? col um] (250x4.6 mmi.d.; 10 pmparticle

di anet er, nﬁ%@ﬁ'ﬁ@lgﬁjﬁ?,a l'ﬁ@l"k%ﬁa’séﬁ 01 M Tris-HCO buffer/ acetonitrile
(20: 80 By volune) as the nobile phase at a flowrate of 2.00 m/mn with

i njection volunme of 20 pl. 16-DPA was anal yzed by 30 HPLC at 254 nmusing a
Hypersi| C2484cAhalysis(ebtas@linerandd6-DPA pm particle dianmeter; 250A
average pore size, H chrom UK) and 100% net hanol- was used

2.4.4.1 Qualitative analysis

15 The isolated solasodine was preliminary detected by thin-layer chromatography
(TLC) by comparison with an authentic sample using silica gel 60 GF2s4 aluminium
plate (Merck, Germany) developed with a mobile phase consisting of chloroform /
methanol (9:1). The spots were visualized by spraying with 30% v/v sulfuric acid
solution on TLC plate before heating on a hot plate. 16-DPA was detected in the

20 same manner but developed with mobile phase consisting of ethyllacetate /

petroleum ether (2:8). The spots were detected under UV lamp at 254 nm.
2.4.4.2 Quantitative analysis

25  Solasodine was analyzed by high performance liquid chromatography (HPLC,
Thermo Separation Products Inc., Califomia, USA) at 205 nm using a Lichrosorb
C-18 column (250x4.6 mm i.d.; 10 um particle diameter, HPLC Technology, UK)
and 0.01 M Tris-HCI buffer/ acetonitrile (20:80 by volume) as the mobile phase at
a flow rate of 2.00 ml/min with injection volume of 20 pi. 16-DPA was analyzed by

30 HPLC at 254 nm using a Hypersil C-18 column (250x4.6 mm i.d.; 10 um particle
diameter; 250°A average pore size, Hichrom, UK) and 100% methanol was used

as the mobile phase at a flow rate of 1.00 ml/min with injection volume of 5 .

2.4.4.3 ldentification



as the nmobile phase at a flowrate of 1.00 mM/mn with injection vol une of
5pl. 2.4.4.3 ldentification WO 03/092578 PCT/ EP03/ 03831 29 Sol asodi ne
and 16- DPwowafg2sdet ermi ned by nelting point (mp.) measur @CEmPo3/(Bsuar t
Scientific, UK), IR (Jasco FT11R-5000,29Japan), GC-MsS (Varian Saturn 2100,
UK) and NVR (Hitachi R-1500, Japan) conparing to the authentic 5 standards.
2.5. Results and Discussion of alternative nmethod 4 KMn&4, Cr03, Na2Cr207,
or K2Cr207 may be used as oxidi sing agents. 1o Tetraethyl anmoni umm i odi de

or tetrabutSdiasotinel emhyw pgmfvétd a@tbﬁnmyi Bemesrg paift @H@Sﬁnéé@%mnt
catal ysts. Best yield of ect to sol asodi ne was obtai ned

with tetrabgtyarbaagntifien %@HHB@éﬂS%FTH’R QK Jrpan 2 GC-AGS (Yangn SaSUhaso;jl ne
consecut i ve
s 1750 e AR M AL o R

i somer i sat istendardsli acetate to give pseudosol asodi ne di acetate. The
resulting residue was oxidi zed by various oxidizing agents under PTC and
conventional nethods. Further hydrolysis of the oxidative product produced

16- DPA. Fi | i Dqgég, : | utm chr omat ography. The
hi ghest i e@?%l (37 %%ndf’:%% SEISWt@@H%thﬂ%@%Q%C) based on the

theoretical of solasodine by continuous operation wthout puri flhcgti on of
i nternedi a s~fou i TC t usin t et rabut yl amoni um ydr ogen
sul fate anﬁ%&gsgrcg?nr&% g’}%@r’r&{ Kaf;@ 'B?)S&%c‘{sedc@%%!éig@?g 288Nty m p . IR
M5 and 4 NNRWa@tHMHd?ﬁumﬁ@dIHQQ)r%'itrJé'&ﬂyfa‘?nrﬁém ﬁgdrf?%h%%ﬁi’a@ﬁ% RS €

under tetrabutyl amoni um hydrogen sulfate as trans
gave bett esyihsise transien eatalystsh Besttield ofiv 6-&H/klw1ﬂarrdsp$cé to solagediricomas

pot asstum WfFOHEACfAEMGREP T bR e R P oTale: “Hovever.

even being 30 a strong oxi d| zi ng agent, chrom um trioxide can not be used

for PTC since it _is no
Solasodine was ﬂrst converted to pseudosolasodine diacetate as in two

15 consecutive steps: i.e., acetylation of solasodine to give O,N-diacetylsolasodine
and isomerisation of diacetate to give pseudosolasodine diacetate. The resulting
residue was oxidized by various oxidizing agents under PTC and conventional
methods. Further'hydrolysis of the oxidative product produced 16-DPA. Finally, the
product was separated by column chromatography. The highest yield (37.0%, 93%

20 purity , m.p. 169-172°C) based on the theoretical of solasodine by continuous
operation without purification of intermediates was found in PTC system using
tetrabutylammonium hydrogen sulfate and potassium dichromate. The product
characterized by m.p., IR, MS and NMR were identical to the authentic sample.
Potassium dichromate under tetrabutylammonium hydrogen sulifate as phase-

25  transfer catalyst gave better yield than tetraethylammonium iodide and the
conventional technique.

In conventional technique, the yield of the product obtained by potassium

dichromate was higher than from potassium permanganate. However, even being
30  a strong oxidizing agent, chromium trioxide can not be used for PTC since it is not

ionized. In case of hydrogen peroxide, no oxidation product can be observed

because. of its low oxidizing potency.



ionized. In case of hydrogen peroxi de, no oxidation product can be observed
because. of its | ow oxidizing potency. WO 03/092578 PCT/ EP03/03831 30 In
our novelwowslhm$7of 16- DPA production by oxidation of pse®rdvgPoaesdi ne

di acetate using potassiumdichromate &8 an oxidi zi ng agent under PTC, not
only the product can be separated easily fromthe system but also the

f ACT i i.gh | 1S h h d
e vl 1 1 I oY Bo e A ool by B BENER oF oBRFSSrTRAlTe Lol
Hence, | owdppetatanginPpotaseiing digheshiatd &han WRidiiinglagenbendeivirnt ageostsy f or
commerci al production scale of 16-DPA can be anticipated. 10 Exanpl e, 3:

Step 2/ Routlte Brogpt AR e separaied Brally oY iiecyisterd) buealse dhe excess of the
Crem oo, SR BROISGIs SAE T o BRI haSEEEY bbretod BB vl iF buaitin, A7

5, 16- pr egnagdisdoricIhdies? Gnunmt af ehainsiumbwert ased. \Wehda) |&0@ost amd lowret hanol .
This solution was freated,, ﬁft,er C%;V ling to 15C, with 6 m -of. 4 N sodi um
hydr oxi de W&StR PEughan: waich wiflbbe agvaniadaaus fepcemmarcishpoadugtips geale of

per oxi de i } re was then stored in the refrigerator at 5C
for twenty-slteh%}é%%g %%ﬁrr]{sﬂ&'ﬁ g' met hanol sol ution was poured into 800 m of

water and the resulting white solid separated. The solid, which was washed
well with water and dried, weighed 2.63 g (95 %9 and nelted at 180-186C.
Recrystallization of a sanple from nethanol gave col ourl ess needl es

mel ting,at E;(gﬁpéggcgteéalﬁo%wiael d = 100.43 from8 g of starting materials.
Exanpl e 4: j thesi s of 16-Brono-17a- hydr oxy- pregnenol one
from 16, 17a- epoxypregnenolone (H J. Ringold, et al., J. Am Chem Soc.,
Vol. 78, 1 ?/Ersl'thegig'otg 11663_1%%poxypregnenolone trom 16-dehydrogregnen6lone
'acetate (16-DPA) (Percy L. Julian, et at., J. Am. Chem. Soc., Vol. 72, 1950, pp.
5145-5147)
15 |
Three grams of 5,16-pregnadiene-3p-0l-20-one acetate was dissolved fn 200 ml of
methanol. This solution was treated, after chilling to 15°C, with 6 ml of 4 N sodium
hydroxide solution and then'immediately with 12 ml of 30 % hydrogen peroxide
solution. The mixture was then stored in the refrigerator at 5°C for twenty-three
20 hours. The methanol solution was poured into 800 ml of water and the resulting
white solid separated. The solid, which was washed well with water and dried,
weighed 2.63 g (95 %) and melted at 180-186°C. Recrystallization of a sample

from methanol gave colourless needles melting at 187 -190°C.

25 ¥ % yield = 100.43 from 8 g of starting materials.

Example 4: Step 3/Route B

30 Synthesis of 16-Bromo-17a-hydroxy-pregnenolone from 16, 170.-
epoxypregnenolone (H. J. Ringold, et al., J. Am. Chem. Soc., Vol. 78, 1956,
pp- 816-819)



WO 03/ 092578 PCT/ EPO3/ 03831 31 A solution of hydrogen brom de in glacial
acetic acid (215 m, 32 %wv) was added during 10 mnutes to a stirred
suspensi owWo®B/04B378 g of 16a, 17a-oxi do- A5- pregnen- 3(3-ol PROAPOE0ISAL 1. 1 |
of glacial acetic acid, the internal td3nperature being, kept at 18C by
ice- cooling. A honpbgeneous solution resulted a few m nut es after 5 the end

The br omottyaPiution B hPFSe o it BlRER) rebc Hofitee s Tk SRR VSR e ur o
was pour ed gddalddufing Ph mMBLRS: to Qirfd S8 ﬁfé’fdm?‘ W9 660h ¥ & xRib-A°-

t hor oughly washed with water and air-dried 24 h urs at room
t enper at ur garegoeri- 3p-pl-20ene i881. 57 of glAaclkB acetdbadid) tl‘fermtarﬁagteﬂipafémré bethg

terials t e ute B 15 Synt hesi s of
T%a hydr oxﬁ?%@ﬂgg(ﬁ gbféce? r@?ﬂ?‘ﬂg E&Wgﬁﬁouﬁﬁﬂ“ﬂ@b@@ﬁ@%@l fgWeminutes after

(o e 53 el Bl ol sy ) sl
et hanol todmron@hyvlnm hAft@0a mt@ndfm&aﬁéﬁJanut@I at TB7€, dhis pextﬂr@wamuh@cat ed
to boiling, em)vEydand was ed th ou h boiling -

et hanol . H’étogﬁhﬁf‘f’{@{f%f r\et‘?erjﬁyg\%‘P %%W@érﬂqj geted’ I i ni ce

and the resydtel BEd RirEidY R NGRS SR ro&R8Mperdifs procedure produced 91.0
g of A5-pregnene-3R, 17a-diol-20-one-3-acetate. 25 * %yield = 84.19 (41.57

+ 42.62) from5 g of starting materi al s. Exarrple 6: Step 5/Route B 30

Synt hesj s af, eg i formate. (formate) from 17a-
hydr oxy}pr egn/églé)%]énﬁ?%% @& 1RQi %@r‘%‘ ?@[mgl FStaﬂm 6‘7‘% a(l Boc., Vol. 78,
1956, pp. 816-819) WD 03/092578 PCT/ EP03/ 03831 32 A suspensi on of 90 g of

A5- pregnene-3(3, 17a-diol-20-one in 2.3 1 of 85%formc acid was stirred
for 2 hours at 70C. A honpbgeneous solution did not result at any

Example 5: Step 4 / Route B

15 Synthesis of 17a-hydroxypregnenolone from 16-Bromo-17a-

hydroxypregnenolone (Bromohydrin) (H.J. Ringold, et. al., J. Am. Chem.
Soc., Vol. 78, 1956, pp. 816-819)

The total crude bromohydrin was suspended in 5 1 of 96% ethanol together with
20 400 g of Raney-Nickel. The suspension was heated to boiling, the catalyst was

removed and washed thoroughly with boiling ethanol. The combined filtrates were

concentrated to 500 ml, cooled in ice and the resulting precipitate was collected.

This procedure produced 91.0 g of A°-pregnene-3p, 17a-diol-20-one-3-acetate.

25 " % yield = 84.19 (41.57 + 42.62) from 5 g of starting materials.

Example 6: Step 5/Route B

s0 Synthesis of 5-pregnene-3p, 17a-diol-20-one-3-formate (formate) from 17¢--
hydroxypregnenolone (H. J. Ringold, et al, J. Am. Chem. Soc., Vol. 78, 1956,
pp. 816-819)



time but a change of crystal formwas noted. The m xture was cooled in ice
and the formate was collected. It weighed 81.0 g (83 %9 and showed a m p.
of 203 5 wOW09A7sanpl e was crystallised from acet one andPCh@progsdssbited a
m p. of 207- 209C. * %yield = 98.83 f32om 10 g of starting materials. 10
Exanple 7: Step 6/Route B Synthesis of 5-pregnene-3p, 17a-diol-20-o0ne

S tormate oY TSrErBion of SO Y EA purlihe 3l TS A ane Radd (orgt Bvee. 76,
1956, pp. %%Qf@ég)stlﬁfemféﬁﬁ%u%‘ atl AP Nﬁo%@eﬁ@bi@&@lmlgn@l@ng resultat any

p-tol uenesul foni c acid hydrate and 400 acetic anhydri de was
wi th stirriting but Bchange sbcryistal ferm wasinoied. The mixtaraiwas aooted indopendt ur e

| h | |
voshad 11 L8Rt Y odlistledl B keBhed 51 0 TpH ST A sFRwREE Frp B 080n o1
The drigd moqdocA Saeh 81 &b PO tallisc8Frdh a@@ﬁbrﬁé“mﬂwéh SHbite ak9H; 4PS¢7- The

anal yti cal nBI e was obtained through crystallisation from acetone and
exhi bi t ed I%OQ 198-200C. 25 * %yield = 94.78 from 10 g of starting
materials. Exanple 8: Step 7/Route B 30 Synthesis of

17a- acet oxyprogest erone from 5-pregnene-30, 17a-diol-20-one 3- formate

17- acet at e *(Wiyesit &r98.8Bl.frah 1B nabstdrtirgt materialsl. Am Chem Soc., Vol. 78,
1956, pp. 816-819.) WD 03/092578 PCT/ EP03/03831 33 The diester (51 g, m
p. 192-196C) was dissolved in 1.4 |.of comercial xylene and 510 m of .
cycl ohexanone, and the solution was distilled (250 m- of distillate
collected) to renove noisture. Al um num i sopropoxide (51 g) dissolved in
210 M of Exaneple TrcStepdéi®buteB ng 5 minutes to the slowmy distilling
solution and 5 distillation was then continued for an additional 45 m nutes
(further 210 m of

Synthesis of 5-pregnene-3f, 17a-diol-20-one 3-formate 17-acetate (diester)

from 5-pregnene-38, 17a-diol-20-one 3-formate (formate) (H. J. Ringold, et al,
15 J. Am. Chem. Soc., Vol. 78, 1956, pp. 816-819)

A mixture of 100 g of the formate, 2.5 g of p-toluenesulfonic acid hydrate and 400
ml of acetic anhydride was heated with stirring at 80° for 30 minutes, allowed to
stand at room temperature for 2 hours and finally overnight at 0°C. The diester

20  was collected, washed first with a little cold acetic anhydride and then with hot
water. The dried product weighed 99.5 g (89 %) and showed a m.p. of 192-196°C.
The ‘analytical sample was obtained through crystallisation from acetone and
exhibited m.p. 198-200°C.

25 ¥ % yield = 94.78 from 10 g of starting materials.

Example 8: Step 7/Route B .

30  Synthesis of 17a-acetoxyprogesterone from 5-pregnene-3p, 17a-diol-20-one
3- formate 17-acetate (diester) (H. J. Ringold, et al., J. Am. Chem. Soc., Vol.
78, 1956, pp. 816-819.)



distillate collected). The m xture was cooled rapidly, a mxture of ice and
wat er was added and the solvents were renoved through steamdistillation.
The resulworngoses i d was col l ected by filtration and dri e®CTHEPDS/@388i on Wi th
hot acetone, followed by «crystallisatdon fromthis solvent, furnished 40.7
g (86 %9 of 17a-acetoxy 1o progesterone with mp. 240-243C. A further

ified I ‘ f, ~e43-247C. * % yvield z 78 .95 f 2 9 of
B arti ng milBranef (5 g el hip g 196°ETwad Ssanlvad B B4R bfirigielel Wefie” ©
17a- Acet OX)an&ﬁm*iwgﬂ@yHl@Hi@ca?w%@jéﬁdOtﬁé dol@mnlWas dtife O XI50 A 0F HRtiNR
(Gichi CGoto, et al., Chem Pharm Bull., Vol. 26 ((6%1,59 20 1978

1718-1728) cw&etae@l}mﬁeirmv%moﬁweaéarawﬁr isgeseraxite (g 15andigyolved in Eﬁguml( 50
m d ' ; L onL. ted to 80
)18 SR ohR\BERkdod 4 AN FEIH QR LAN ghES' 5L 22

sol uti os anitillatornnedines contistuetbfoxdn additohal4Shmbid2éd Gurthbe2 Bxhmlatt s were
washed with water dried over Na2SO4 and the sol vent, was evaporated to

afford crudistidaieseallestedethg siixiure ¥asi 9199 maidlyca Myxbirg ) ce@ndwgier was
I I £S5y 1% 1Y = i ' .30
Exanpl ¢ 10708 050 e oAty aps BapaEst YRS A PR JRERAE, ¢ Ot
17a- acet oxpohd w‘ésacadtl;ebtkd- bﬂﬁlggtignenel-dﬁsetdzExtgrd'tz;’fbmmwﬁthmgt Jafemggh fl\clncl:lowetdhb)éI c
t -4, 6. - odi ene- 3, -di one | -2/ route . met ho
o o A BER 0 B ihi o B U o e ar e e o of
di chor aget BaGsABHRANRK b ! 24023 A ARG RRFHREY:R e Pbothed F.p. of

sol uti on-
243-247°C.

* % yield = 78.95 from 2 9 of starting materials.
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Example 9: Step 8/Route B

Synthesis of 17c-Acetoxy-4,6-pregnadiene-3,20-dione from 170~
acetoxyprogesterone (Giichi Goto, et al., Chem. Pharm. Bull,, Vol. 26 (6),
20 1978, pp. 1718-1728)

To a solution of 17a-~-acetoxyprogesterone (5.0 g) in t—BuCH (50 ml) was added

chloranil (4.0 g) and the reaction mixture was heated o 80° for 5 hr. After cooling,

the reaction mixture was poi.zred into 10 % Na,COj solution and the products were
25 extracted with CH2Cl,. The extracts were washed with water dried over Na,SO4

and the solvent was evaporated to afford crude crystals. Recrystallisation from

acetone gave (4.6 g) colourless needles.

* % yield = 98.53 from 4 g of starting materials.

30

Example 10: Step 9 / Route B




allowed to stand at roomtenperature for 24 hrs. The reaction m xture was
poured in to 5 % sodium carbonate solution and the product was extracted
wi th 10 owohBoesasmet hane. The extracts were washed w t h waP€T/EPd3/03861 over

anhydrous sodi um sul phate. The sol vers# was evaporated to 17a-acetoxy-6, 7
- oxi do- 4- pregnene- 3, 20-dione (colourless oil). The residue was subjected

acetat e m OAIECS{eSE o Rt GRy B £ o BRI GolGishad, 28 elans Gour o 405 o
from1l g Ofac%ﬁéympﬁ*géﬁé&@ré-aéo-&idﬁé(be\@z%h'??ég for the synthesis of
a- oxi do- 4 -dione fr

17a- acet oxy- 6, - pregnene- 3, 20 m 17
a- acet oxy- 4, 6- pregnadi ene-3, 20-dione 20 2.1 Alternative nethod 1 (US

Pat ent 3, 2314 Q%N%%QHWechert, et al., 1966) 2.34 g of 1, 2

a- et hyl ene- A4 i ene-17a-o0l -3, 20-dione-17-acetate are dissolved
in 18.2% m of ethylene chloride which contains 844 ng of 25 perbenzoic
acid. The solution is stored for 16 hours at +5 C and 7 hours at room

t enper at ur €.0 ptofi 1y oraegtony+hB-peeanadienst AQidione wharedisdelvaddn &0trhl afqueous

houtar v dicaf B ana 388p T A B RRG b Rttnale ARSCLRS SohiloNgges
Chem Phar mijo®ellto s¥ad a?n@uoﬁﬁ}emée‘?r;éﬁalr? 8P 24 hfd:8rre’ FehctioNPhiRR(r 93" Soured

PCT/ EP0O3/ 03831 35 To a sol ution of :
f 1 - acet oxyin {@a-%soRiHNe carBmate seltiry -aneitheipsoguaspydsaexrasted adi- 3- one (1.5

in 2Cl | oroperhenzoi ¢ aci.d, (0.9 nd the
gZﬂ ut i (c);lr(_%| Wadicrﬁaﬁag\q/\%haﬁ%i@égggg%& r\'\g%%%ﬁsg}?ﬁ{e\?@ﬂ Wragerf pegﬁevar .aﬂmopgacti on
m xt ur e wagogui ediphate) ThdsdieatiBad eabarateNtorh bbetdx B YCloxpRsqext ract ed
with CH2Cl 2. The extracts were washed wth water, dried over Na2SO4 and

t he sol ventProgrRensa g Zé-dioad (colourless oil). The residue was subjected to
chromatography over silica gel, using a petroleum ether and ethy! acetate mixture
(3:2), and gave a colourless needle.
15

* % yield = 95.02 from 1 g of starting materials».

2. Alternative methods for the synthesis of 17a-acetoxy-6, 7 a-oxido-4- pregnene-
3, 20 -dione from 17 a-acetoxy-4,6-pregnadiene-3, 20-dione
20
2.1 Alternatiye method 1 (US Patent 3,234,093, Rudoff Wiechert, et al., 1966)

2.34 g of 1, 2 a-methylene-A*®- pregnadiene-17a-0l-3, 20-dione-17-acetate
are dissolved in 18.25 ml of ethylene chloride which contains 844 mg of

25 perbenzoic acid. The solution is stored for 16 hours at +5 °C and 7 hours at
room temperéture. It is then diluted with methylene chloride and with aqueous
ferrous sulfate solution, sodium bicarbonate solution and washed into neutral
with water.

30 2.2 Alternative method 2 (Giichi Goto, et, al., Chem, Pharm. Bull, Vol. 26 (8), 1978,
pp. 1718-1728.)



2.3 Alternative nethod 3 (U. S. Patent 3485852, Howard J. Ringold, 1969) 10
A solution of 4 g of 19-nor-A4, 6- pregnadi en-17a-ol -3, 20-di one 17-acetate
in 100 mvomB/ogdsior of orm was cooled to O C and then adm x@dT®Pp$o3s3nol ar
equi val ents of nonoperphthalic acid di3§sol ved in diethyl ether. The
resulting reaction mxture was held at roomtenperature for 20 hours,

Separ at o, walRaEal e 8 T2 4 8eletnl Lo re A BRI § on and t hen
with water unfp rdWérfoﬁbst—&@@B—oﬁH(195159?WC}-BC§}_Y@OQH§ wekdhdiBpHl-fate and

finally evaporated'to dryness Recr all'tsation of the dry residue from
acet one/ hexanehlgepperisenzoia acid (@ g)Lgnd the solution was allowed to stand at room

epeated o cOBNEaRka e ¢ ol rAdRER e WA RA BTN S B 08520 4 one

20 17- aget at esyiafory8Ad tHE prduct indlst eﬂm&é@mhctm;dmgsme ekitbcteavara ot Ad-
pregnen-17a-ol - 3, 20-di one-17-acetate. 2.4 Alternative nethod 4 (CGernman

pat ent 115896@ith piater, drgpcvesNa2S6) and theismbeent vess evappratesk :
1, 2a- net hyl en- A4, 6- pr egnadi en- 17a-ol - 3, 20- di one-17- acetate are di ssol ved
in 18.25 m ethylenechloride cont ai.ni ng 844 ng perbenzoic acid. The

sol uti on i 2.Xkatrnative mehbdr3 %ﬁShPEtéhtMSBSQOHDWaﬁd Jr Ringole ture.
Afterwards, it is diluted with nmethylene chloride and washed wi th aqueous
iron (I11) sulfate solution, sodium hydrogen carbonate solution, and water

until 30 neut naly & 418695'1@%9#&(3 ?@gﬁéﬁeﬁm?&?oliss‘,ﬁ%ee%%\é%faté?ﬁ“ um

sulfate till ryness. .
1, 2a- et hyl enee@nﬂ@f@hlaﬂ@foe#rwaegm@dlta@m and tBéh ddaneedliitadeiatg t hus
obt ai ned are dissolved in 109 gl acial acetic acid. This _solution is

sat urated wi tPAYyaleseef r@ﬁnepew@tfgﬁ@ m digsgived indiethyetoer. dheoesyitng

ot hyl ene.chi SCae” SR g e e e o Gitikratte I SRR e o Ainthives

or gani ¢ phasedilded edincwdtaroNdxiy thes srgarde layeodnasmmkétedgwaﬁhed wﬂlhdam

RS s TG A S PR R
dried over anhydrous sodium sulfate and finally evaporated to dryness.
Recrystaliisation of the dry residue from acetone/hexane gave 6a, 7a-oxido-
19- nor-A*-pregnen-17a-ol-3,20-dione-17-acetate. This procedure was then
repeated in every detail but one, namely, A4'6-pregnadien-17oc-ol-3;20-dione-

20 17-acetate was used as the starting steroid, thus giving 60, 7a-oxido-A*-

pregnen-17a-ol-3,20-dione-17-acetate.
2.4 Alternative method 4 (German patent 1158966, Rudolf Wiechert, et al., 1963.)

25 2.34 g of 1,2a-methylen-A*®-pregnadien-17a-0l-3,20-dione-17-acetate are
dissolved in 18.25 ml ethylenechloride containing 844 mg perbenzoic acid. The
solution is kept at +5 °C for 16 hours and 7 hours at room temperature.
Afterwards, it is diluted with methylene chloride and washed with aqueous iron
(I1) sulfate solution, sodium hydrogen carbonate solution, and water until

30 neutral. After drying, the organic phase is reduced over sodium sulfate till
dryness. 1.62 g of the crude 1,2oc-methylene-6,7oc-oxido-A4-pregnen-17oc-bl-
3,20-dione-17-acetate thus obtained are dissolved in 109 ml glacial acetic acid.

This solution is saturated with hydrogen chloride gas and stored at room



5 under nitrogen to boiling for 20 mnutes. After dilution with

di ethylether, the reaction mxture is washed neutral with 4 N HCl and
wat er. Thworesprsae after drying above sodi um sul fate and PEWEPV3/@S3L O
dryness is chromat ographed over silicda gel. 900 ny

6-chl or o-1, 2a- net hyl ene A4, 6 10 pregnadi en-1 7a-ol -3,20-dione-1 7-acetate

| d b 19
after Ceoryot el b e28hobE] 8 Syar e St mBty e biorta gouthed
6281 = 1782Q (R NWAB Waler. Aﬁeﬁi% Qhéérgaﬂn@?hé@é @)#étd@xc@d%! AHiRssovel

chI or madi none acetate from 6, 7a- oxi do- 4- pr egnene ( ep, 10- 2/route B) 20 1.
PCRNC net hod Sediéansujfade. 'ﬂl‘?@cmd@tfi}zbloﬁq ﬁaad‘ﬂml@meth)blrégﬁpmmdmﬂﬂm wer e

di ssolved in i al tic,acid. | o nt of anh

hydr ogen chl 0539 gdﬁag %gcetﬁés 'BE%P?‘E%G@IE%%@H? iding an) ﬁ' J[Jedst ored
for 20 brs, aaﬁidérhﬂﬂo@@m&goinﬁg%ﬂﬁo hﬁm\é@tﬁﬁeramlow\ﬁm Bidtiafi6thies, ther med by
filtration, gave pal e-yell ow powder of hl or madi none acetate. * %yield of
chl or onadi nonegaction nigture inweshed negtral w&h &N dtClansk watesne 30 2.

Al ternative nmethods to prepare chl ormadi none acetate from 6, 7a- oxi do- 4-
pregnene 2.1 Alternative nethod I (US. Patent 3485852, Howard J. Ringold,
1969) WO 03/ 0?257@318@3'/a1ﬁ893f)&$§8&ov§§0@0ﬁ1 Suilfte @ind reduction to dryness is

6a, 7a- oxi do- 19- nor -\ 4- pregnen-17a-ol - 3, 20- di one-1 7- acet at e %uspended
in 35 nl of gthiomatogwsiied eusr silingge!. QQ%WGv@ @bluor@ﬁtZwmethyiﬁyaonth hydr ogen

hlorid th t h 10 1L th
ol {d it tor DRBSBAAL o dine- Thabpace Ao By Wi . Eb el i RRged

for a total ofndabalit acid'd u@e %mhleh' %ﬁew@e%rg&amgaﬁwr%ﬁq 8prPbther,

one-third of Its initra distillatio er re ucedp ssure at
35C, and thenhaoamag. ioiR00+204 ‘thsz ebhe= pY 820 pinettamol)or ned t her eby was

15 Example 11: Step 10/Route B

Synthesis of chlormadinone acetate from 6,7a-oxido-4-pregnene (step 10-
2/route B)

20 1. PCRNC method

3.3640 g of 17oc-acetoxy-6,70c~oxido-4-pregnehe-3,20-dione were dissolved ‘in 80

ml glacial acetic acid. A slow current of anhydrous hydrogen chloride gas was

passed through the suspension for 4 hrs, stored for 20 hrs, and then pbured into
25 ice water. The precipitate is formed by filtration, gave pale-yellow powder of

chlormadinone acetate.
* % vield of chloromadinone = 91.18 from starting 6,7a-oxido-4-pregnene

30 2. Alternative methods to prepare chlormadinone acetate from 6,7o-oxido-4-

pregnene

2.1 Alternative method 1 (US. Patent 3485852, Howard J. Ringold, 1969)



collected by filtration, washed with water until neutral, and then dri ed.
10 Recrystallization from nethyl ene chl ori de/ hexane gave 6-chloro-1 9-
nor - A4, 6 wopsegasasli en- 1 7a-ol - 3, 20-di one-1 7-acetate. By PEpERO3/0833t hi S
procedure in every detail with one exa@ption, nanely, replacing the
anhydr ous hydrogen chloride gas w th anhydrous hydrogen 15 brom de gas, the
correspondi ng 6-brono- 19- nor - A46- pregnadi en-17a- of - 3, 20- di one-17-acetate
was obtained. Simlarly, by replacing the starting steroid with
6a, 7a- oxi do- 18naqjraff o6& JeEtkidd-AD-9dr-8' BleyieAE ol 83 DL dibRe ATdaddibte
anhydr ous hydr ogen chloride gas with 20 anhydr ous hydrogen brom de gas,
keepi ng all owa&rsuspended in ag miafgladal acetic acid. Next, a slow current of
20-dione-1 7-ac obt ai ned. 2.

b
A Cornat ouPr SHARTOEE pyARsdy dhbhad 588 Fis dasefildiolRBe Rt Bhgen, a@%& 25
1.62 g ef crude rindeesal thel Sinie- rﬁartérapregeﬁlm&ﬂd@éooeénrhé?_:a@baée 8Ptheél e 17-

acetate are dissolved in 109 ml of glacial acetic acid his sol uti on i's
then sat ur at wa@sgoniipues femptatak of ehewrshthepdhe getution was éenegniraiad tat or ed

for 20 hourspbie i biETord e ki SPHI SRS, GAIGHARoRTameped v

water until neu e organic rie ate
and then COnCBBtCBaér&dtHetm pélrgdests. rcé/\Wa(ﬂ@n’ Wﬁéiﬁécrﬁﬁa't/eEfBﬂﬁéafﬂB@reb 2. 3
Al ternative nmethod 3 (G i chr Cot o, Che Pharm Bull., Vol. 26(6),

1978, pp. 17180lersey by fidmtian, wasged wrfh water untrl neutral and then dried.

1713- acgt oxy X 0 I

di en- 3- gne (2‘1{88333% %|O%2f? %r?ramg Fe(?]%a%h1(é$@63)rﬁrfe g/a\%)é wg@}&r

anhydr ous hydprggadedH- q)dedﬂ.?, 70-dnestpademge.at room tenperature for 20 hr,
the reaction m xture was poured into ice-water and the product was

extracted wth CH2Cl 2. The extract were worked up in the usual
By repeating this procedure in every detail with one exception, namely,

replacing the anhydrous hydrogen chloride gas with anhydrous hydrogen
15 bromide gas, the corresponding 6-bromo-19-nor-A*8-pregnadien-170-0l-3,20-

dione-17-acetate was obtained.

Similarly, by replacing the starting steroid with 6a,70-oxido-19-nor-A*-pregnen-
17a-0l-3,20-dione-17-acetate and the anhydrous hydrogen chioride gas with
20 anhydrous hydrogen bromide gas, keeping all other factors the same, 6-

bromo-A*%-pregnadien-17a-0l-3,20-dione-17-acetate was obtained.
2.2 Alternative method 2 (US. Patent 3234093, Rudolf Wiechert, et al, 1966)

25 1.62 g of crude 1,20-methylene-6a, 7a-oxido-A*-pregnen-1 7a-0l-3,20-dione-17-
acetate are dissolved in 109 ml of glacial acetic acid. This solution is then
saturated at room temperature with hydrogen chloride gas and stored for 20
hours. It is then diluted with methylene chloride and washed with water until
neutral. '

30.

The organic phase is dried over sodium sulfate and then concentrated to

dryness.



manner to give

1713- acet oxy-1a-chl or o- net hyl - 6- chl or o- 1613-i sopr opyl androsta 10

4, 6- di enewB-00m0225(8.. 74 g) was di ssolved in y-collidine (15Pcir)EPasiaBssef | uxed
under N2 for 30 min. After cooling, t3e reaction m xture was extracted
with CH2Cl 2. The extracts were washed vvith 5 % HCl solution, water, and

Recrystall Prrometys ReBbRa (ebLosty; ot Chedf Hhetl ey fé@)Exanpl e
12: Step 11 11§§qytp% I37$gn¢7%| s of del nadi none acetate from chl or nadi none
acetate (step 20 11 /Rout 1. PCRNC Method 1.1 Chem cal synthesis 25

1.0 g chl ormadl none acetate were dissolved in dioxane (40 mM) and an

ddi ti .63 .
'?’hel :Ieg(r:]tl on Krﬁ%ﬂtﬁ Cg‘tl\/\ﬁrs[5 ?%?tpﬁgé?%aﬁ}etlé'lﬁpg%nﬁg LéI@)r(])?({)A g?%fm?i ﬁSGt g) room
t enperagure, %BSropWalﬂﬁrb@t@-zpésal%ﬁ 3-Bheyglo @hﬁ@la&@l' a&mlccécu@(ﬂzo il wasum na .

and the products were el uted with ethyl acetate. The eluent were

evapor at ed toSaihlSﬂiééswlﬂ‘g%Nwde%BV@OQléhICdSWrtﬁieI %‘Her@mnmm Abr®Macetate. * %

bt erosy 0383t g A 835EA A B SradieniRg et P! FRO LR BRe Aot er a1
cell's. Two stp@idust wab extracttar With &H,©11. ThelexigiorMers wdrRé’@GFEiﬁ%é uangl B.
sphaericus (ATCC 13805), which were kept in mneral oil ayered agar

slants, were R@poar tuge inp- TEAOXYF grstfiierosegthydarchigior £6f- lagsﬁqwl@ndmatan
Each strain tage cul t.i vatj.an di um cont a| n| ng
(9/1) 150 1B oRe-pie T s 558 87 Epoliil L miand iEurer
sul fate, Qﬁdfaﬂf‘ﬁﬁh %&Hﬂd&lhgeﬁhe%éctlémn%é@rém%@(‘&%Bté‘d \ﬁﬁl‘f%%@l?f’ 2C,
200 rpm for 48 The bacteri al concentrations were prinaril
determi ned The extracts were washed with 5 % HCI solution, water, and dried over
Na,SO,. Evaporatjon of the solvent gave crude crystals. Recrystallisation from -
ether gave 1.4 g as colourless needles. ‘
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Example 12: Step 11 / Route B

Synthesis of delmadinone acetate from chlormadinone acetate (step
20 11/Route B)

1. PCRNC Method

1.1 Chemical synthesis
25 1.0 g chlormadinone acetate were dissolved in dioxane (40 mi) and an addition
of 2,3- dichloro-5,6-dicyano-1,4-benzoquinone (DDQ)( 0.636 g). The reaction
mixture was refluxed for 6 hrs (110 °C). After cooling to room temperature, the
solution passed through short column of neutral alumina and the products
were eluted with ethyl acetate. The eluent were evaporated to dryness, gave

30 pale-yellow oil of delmadinone acetate.

* % yield of delmadinone acetate = 81 .43 from 1 g of chlormadinone



10 by plate count nethod. Biotransformations. Each portion of the bacterial
cell suspension was added to the second-stage cultivation nedi um adj usted
to 50.0 nWo mafdxsie was the sane as first- stage cul tivati @cTmPds/sss1 The

cultures were then grown in 250-m 15 38haken flasks at 25 2C, 200 rpmfor
48 h. Various chem cals as described below were added to the nediuns (the

previ ous optg : . effect for each bacterial cells have been
i BPred eyt

used in fur he conditi ons were naintained as descri bed
above and all cultivation reactions (0.5 m each) were <collected for HPLC

SRR R e R R

(OVF) (590 el e o] oo SHLaeRo P RAEE et WAl Tere ki Bl BF T
and organi c slelyert agarsiadisonerasdbcultured irs T8ANTeypticaB oy AganfDifdd, /i none
pti mi ge. the B ABC-Eah Stalfdras armuaBr D0 ) trsbelids cOReos Bod Ml /1) as
" the b esemee g e o one hrif - dRp et ol Sheriitohlafg | O

DVF  wer e addedfat&\(3;,08108@25n8sBET CRIBAGE RS 3h 28 nTehakén fiasls 4h2s eff°ect s of
vari ous concentrati ons of

sur f act ant, di one, . chl di nope acetate and S ) |

Tween 80 (O- Tf@ﬁagw%g 45 - %b? eé'ai&a@eowﬁtrﬁélowré Riirparly getgrmined
cultivagion i hydrocortisone. 5 To optimse the effects of
u+)-g%cose,%g%§ggﬁgﬂ1§§nﬁ of D(+)-glucose (0- 10.0 g/1) were contained

in the second- stage cultivation nedium Menadione, chlormadinone acetate
ﬁ;gr g‘@'ﬁft” i ggnégtr%fo%ra?io%gq Eglcﬁf’1 Extjﬁﬂ)n%% tRe %lélc%elri\é tcc'el?guspl)ennstlgnevv%rseasd%g(c:{etoOf
the second-stage cultivation medium adjusted to 50.0 ml, which was the same
as first- stage cultivation medium. The cultures were then grown in 250-ml
15 shaken flasks at 25 + 2°C, 200 rpm for 48 h. Various chemicals as described
" below were added to the mediums (the previous optimal results of each effect
for each bacterial cells have been used in further studies). The conditions were
maintained as described above and all cultivation reactions (0.5 ml each) were
collected for HPLC analysis at 0, 4, 24, 48, 72 and 96 h.
20
To optimise the effects of exogenous electron carrier, chlormadinone acetate
and various concentrations of menadione (0-1.2 mmol/l) dissolved in

dirnethylformamide (DMF) (5%) were added to the media.

25~ To optimise the effects of substrate and organic éolvent, menadione and
various concentrations of chlormadinone acetate (0.12-0.50 mmol/l) and DMF
(5 or 10 %) were added to the media.

To optimise the effects of steroid inducers, hydrocortisone (0-0.55 mmol/l) as a
30 2% ethanol solution was added to the media. After 24 hour cultivation in the
presence of hydrocortisone, menadione and chlormadinone acetate in DMF

were added.



10 HPLC anal ysis. The sanples (0.5 m) taken fromthe cultivation m xture
were extracted with 2.0 mM of chloroformby vortex mxing for 2 mn. A
portion (WO®3/09d5y8 of chl or of orm phase was transferred to &C3&PP3/03841L vi al .
Chl or madi none acetate and del madi noneldacet at e concentrati ons-were
determ ned by high performance |iquid chromatography (HPLC, Therno

analyzed on o SBouies fis e B uteoSheBadidfel TR atetREand Ly

enpl oyi ng net vaimls éorvmm’ratlbﬁé)oﬁmwebn BOOdOuﬁBD‘V@W/\t)hﬁ DMHIW@redei‘?ed tatth@ flow
rate of 1.0 mM/mn di none acetate and chl OI’ITB.dI none acetate gave
conpl etel y sep&di ?%%%Zﬁcﬁwtmaﬁeﬁ in thenprasanse o hHdiosPEIGNSA times at 9. 3
and 11.3 min, respectively. The other 20 detected conpounds were

hydrocorti sone, prednisolone and nenadi one. The reaction m xture w thout
menadi one hadTeepfindisavhe effieats iof D(v)-glncost, vatious siompe réx oﬁﬁlﬂ+Bglusp‘sna¢(D-i cus.

from0.3 to 11BOMIATe R OES ALaiona: BEGRA Y ertse Sogit WeRelonegher

than cul tivat bMBﬁné‘ﬁﬁwBﬁétac@mg%auﬁN@ér?SD"r?DWWe'r@raddBHtaf@r 24 gﬁﬂﬁi'/atlon
concentration than 0.3 nM nenadi one apparently did not increase th

product vyi el din tha@rasenceseihysirosurtisenait e concentrations from 0. 50 to 0.12
mol /1 both in 5% 30 and 10% DMF lead to a nore conpl ete conversion of the
substrate for B. sphaericus, with the highest yield of about 15%at 0.12

nol /1 4ghl or nHF"'L(DO@ﬁalyﬁiQETﬁé gamle@/ ) ¥ReAFf A 28 BulfiGati s ttrBware 41

All conditions of A hr;gl ex with t steroi d i nducer gave t he nmaxi mum
product at 4exracipd it Qrﬁb@fecmcpr@form Py vaktexyixivgdert £ soneA payiendbt i sone

o onet oo SRR AT RS ol i  BuRyBb I CEERBAIRSE! o e
wel I. 5 Tweena&étatwane delradindse atefdtd bohcerirdldn¥oviave\deterpinedey higel d in
A sinplex, performance liquid chromatography (HPLC, Thermo Separation Products Inc.,
15 USA) at 282 nm. Each sample (5 pl) was analyzed on a 250x4.6 mm Hypersil

5 u ODS 250A column (Hichrom Inc., USA) employing methanol / water (70:30

by volume) as the mobile phase at a flow rate of 1.0 ml/min. Delmadinone

acetate and chlormadinone acetate gave completely separations from other

compounds with retention times at 9.3 and 11.3 min, respectively. The other

20 detected compounds were hydrocortisone, prednisolone and menadione.

The reaction mixture without menadione had very low productivity in both A.
simplex and B. sphaericus. All cultivations of B. sphaericus. In the presence of
menadione ranging from 0.3 to 1.2 mmol/l gave delmadinone acetate yields 3-
25 5 times higher than cultivations without exogenous electron carrier. But at
higher concentration than 0.3 mM, menadione apparently did not increase the

product yield.

The decrease of substrate concentrations from 0.50 to 0.12 mmol/l both in 5%

30 and 10% DMF lead to a more complete conversion of the substrate for B.
sphaericus, with the highest yield of about 15% at 0.12 mmol/l chlormadinone
acetate in 5% DMF.



with a preferred range fromO0.5 to 1.00 % The, concentration of Tween 80
at 0.75% w v gave the highest yield at 28. 7% on A sinplex. 10 The

chenm cal welgdsrsgenati on of chl or madi none acetate by DDQ iPSTEPOI@ISBY used
wi th higher yield, but especially in t#he | arge-scale production, this
process uses |arge amounts of the toxic reactant (DDQ and organi c sol vent

(di oxane) f gé].oé r

producti on of 'L %ﬁ%ﬁﬁrﬁénéfng E@Ie%%ﬁ'?%%&ﬂgﬁﬂﬁdgo b g‘%lrtg%o@?gﬂ{norg?t%er W th
the pr gcqiucth dtx hrwhidwhgas:?auﬂhau*hwﬁhaﬂ%dmdyﬂwﬁM sl-l?drobbﬂrsonecd]daas’es t he
cost. t he | ot ransf or hl or madi tate to

del madi none %Eﬂ’ﬁ”&eﬁg‘efﬁzﬁ@q?%@‘tﬁé@%eg?'Otﬁ?” prelan 8€C orrg 88fcus. in
aqueous nedi way for clean
synt hesi s. Tﬁae éf%%télﬁ c%‘r?gl%tﬁﬁ) Wthe bi otaérgﬁ@?grrdrrr]éﬁsg\ﬁygf t he
starting 0.25 mmol /1 20 chl or madi none acetate for A sinplex were 5% DV,
0.41 mmol /| drocartison and % en. 80 and ,of the startin

012 moi /1 BhPeh Blsaskengeucm o 065 @A iGN iepflPe Stetg Mo FTpIeR]
menadi one, S% VG, preflrfel @?@b’ﬁorﬁ% 859100 HOTReaRMCAnREHEH bf Phsbn@ousose.
The overall effects In both strains gave del madi none acet ate production

| ess than 409%.72% Whegaez e jgbestofieldvai-Atha%ecors s sismplaxd cel |

i robi lization were al so devel oped for the biotransfornmation of
chl omadi none to del madi none. The application of |iposones to solubilise the

substrgj es anph®eRamidst d@ﬁy@ﬁd@ené@o@bﬁdﬁoﬁﬁﬁ@hbﬁ@rﬁce‘!ﬁé b BDQ iBtdopstieal t
i ncrease the biotransformation ields. 2. Alternative Mthods WO 03/ 092578

PCT/ EP03/ 03834sedwith m.gfmrtyé@lﬁawt\ﬁtsn%tawdn the largersagleproduction, thisiupessss
VoL o0 B P2 By B ARSI B Va4 RSy B,
mol e) in di oxmusf direttly effsttteehuixetment. Another problem is the production of
hydroquinone from DDQ, which has to be disposed together with the product
15 from the column chromatography. This further increases the cost. On the
other hand, biotransformation of chlormadinone acetate to delmadinone
acetate by using free cells of A. simplex or B. sphaericus. in agueous media
can be used as an advantageous alternative pathway for clean synthesis. The
optimal conditions for the biotransformation of the starting 0.25 mmol/l
20 chlormadinone acetate for A. simplex were 5% DMF, 0.41 mmol/l
hydrocortisone, and 0.75% w/v Tween 80 and of the starting 0.12 mmol/l
chlormadione acetate for B. sphaericus’were 0.6 mmol/l menadione, 5% DMF,
0.41 mmol/l hydrocortisone and 0.25 g/l D(+)-glucose. The overall effects in
both strains gave delmadinone acetate production less than 40%.
25
The techniques of two-phase system and cell immobilization were also

developed for the biotransformation of chiomadinone to delmadinone.
The application of liposomes to solubilise the substrates and products of the

30 above experiment was also introduced fo increase the biotransformation

yields.

2. Alternative Methods’



overnight while stirring. After cooling to roomtenperature. the reaction

m xture was filtered. Three drops of pyridine were added and evaporated to
dryness. woOha/092538 due was extracted with ethyl acetate aneCraEPh&asyit h
saturated aqueous sodi um bi carbonat e, 492water dried (Na2SOX) and evapor at ed
to give 50 10 ng (80 %9. 2.2 Alternative nethod 2 ( Bernardo Beyer. et al.
Steroids. Vol. 31, pp. 481-488, 1980) 15 A solution of chl ornadi none
acetate (1 g. 2.68 mmmol) and 2, 3-di chl oro-5. 6- di cyanobenzoqui none (0.92 g.
4.05 mmol ) 2l Aliternatiee (mEdhod ) (AatharsfY ueteal., Steroids Viol. 6@ g.22Heppsto@oFy. The
preci pitated hydroquinone is fornmed and the ,solvent fromthe filtrate was
renoved under reduced pressure. The resultant dark soI id was

chr omat ogr aphegicavedd DR I i
benzene- CHCI 3 aIfo }ﬁ%elg%émyv\%r?gqsol i %5('613?0‘9? c_‘; 3. S@q‘é‘nv gtgla\%ﬂ erarg?\tg %I%tl?rbof chi

Goto. et5al., GHewmadneneracaiate (63/o1g, 1245 ((65) rm@le‘nn dioxai 18-y 28) rafuxea a

| ut f ch di dded
ool uti on of cI AR} DANE Gk Bl 1 e A0SR Ban et e B0
sol ution vwas tweefigstedn Thise 8B dTvyREhe Wer ¥§de éhé@%ﬁ@ra&é@m 8:%@539&\/9

del madi none acetate (3.2 g) as colourl ess needles. 30 Exanple :
12/ Route B Synthe & Wi @@ﬁéﬁe@n\wﬂa@&tyéa@eﬁart@andewasdimdnmuesatwafade V\D

tieEs
ol ) and 0. oi Gy e SseatmblsrpSdtel yeld? diR a8t B & Rbttey e ghvgiob

di met hyksul f oxndg8(QPVEO) and sti rred for 30 mnutes at 5C under nitrogen
gas. Then, 0.5 g of del nadi none acetate (1.24 nmmole) were added and
stirred for 5 hours. The mixture was allowed to room5 tenperature for 24

hours. The gijtiRafve RRIAGH 2! (Béindrdd B er Y 5 St&RldsS Yot td L hp. 481-488,
1980)

15 A solution of chlormadinone acetate (1 g. 2.68 mmol) and 2,3-dichloro-5.6-
dicyanobenzoquinone (0.92 g. 4.05 mmol) in dioxane (40 ml) was refluxed for
16 hr and then cooled. The precipitated hydroquinone is formed and the
solvent from the filtrate was removed under reduced pressufe. The resultant
dark solid was chromatographed over activated magnesium silicate. Elution
20 with benzene-CHClI; afforded a white solid 61 %)
2.3 Alternative method 3 (Giichi Goto. et al., Chem. Pharm. Bull. Vol. 26 (8). 1987,
p.1718-1728) )

25 To a solution of chlormadinone acetate (3.5 g) in dioxane (40 ml) was added
DDQ (2.8 g) and the reaction mixture was refluxed for 5 hr. After cooling, the
solution was treated in the same manner. Recrystallisation from ether gave

delmadinone acetate (3.2 g) as colourless needles.

30

Example 13: Step 12/Route B

Synthesis of cyproterone acetate from delmadinone acetate



the precipitate filtered and washed with water. Recrystallisation from

i sopropyl et her gave white powder of cyproterone acetate. * %yield = 51.51
fromO0.5 wooB/ostsas ti ng materials. WO 03/092578 PCT/ EPO3/ 0B83EPONESICl ai N
1. Process for the production of cyprdBerone acetate (M , conprising (a)
Converting 6, 7a- oxi do- 4- pregnene- 17a-ol - 3, 20-di one- 17-acetate (J2) into 5

hi or madi , i : . i
Goubl 6 bond 5 S SP MBI ShrRorun iaue (& BIRRINET U0 o SPRod DT RTINS,
(p)lgntrodumm@)wevetdﬁsdowmi igrmJT(l) Uizrh@tgylsglf@xiéét(DMB(;Q)LaﬂdI@ﬁﬁrllefor(:Bi@) \Mt1 o
|1 e C rot.er.one t at V) . . rocess according to claimi1l, erein
S oxt o i ER A BEC ik boady 0. aiiss B-aa of dBknedapne acaiRb2d by o
process Conﬁfﬂwélbﬁ‘ﬁ/e@é')adh?%a%?lgﬁirf&i Br g?ib@r&. ‘ﬁ%ﬁwiﬂhreo%gtajIIBWeg 8'room

17a- acet oxypr ogest er one convert 1t i
4, 6- pr eghadiesnesralireder 3¢ 20uds. difes mixturecad poeredialo 1 NoHCE \willo foed rsolutign] he

doubl e bond,at L 6 _of 2) | . f ) t ield
6. 7ax oxt do- e BE IRl Rcred) ar Bhotat A a8 Rearitelispion fop ocess
accor di ng t popladyethePfave WHIRIRIVHEH Ry pteioheidihigd out by passing

anhydrous hydrogen chl oride gas through™a reaction m xture containing 6, 7a-
20 oxi do-4- pregnene-17a-ol -3, 20-di one-17-acetate (J2). 4. Process according

to anyone of, [P ' e .Is carried out by the use of
2, 3-di chl or o-/qg&%id;?cégaéngfr @n%%%ﬁ%‘g”% 5. Process according to
anyone of clains | to 4, wherein step (c) is carried out using trinethyl
sul foxoniumiodide (TMSI) and an al kali hydride, preferably sodium

hydri de. 6. Process according to any one of clains 2 to 5, wherein step (d)
is carried out :



30 using chloranil. 7. Process according to anyone of clains 2 to 6,
wherein step (e) is carried out using mperbenzoic acid or

nonoper oxyphishgdsrs aci d. WO 03/ 092578 PCT/ EP03/ 03831 45 @CTHrowexss1 f or t he
production of cyproterone acetate (M ,44conprising (f) Introducing two
doubl e bonds at positions 1 and 6 of 17a- acetoxyprogesterone (H) to
convert it dﬂ‘ sthe 1,4,6-triene conpound (11). by 5 a single step

procedur e; _f I nt roduci ng an net hyl ene group bridging positions | and 2
to yield the 1,2a- nethylene conpound (J1); (h) Introducing an oxido group
bridging positions 6 and 7 of (J1) to yield the 6, 7a-epoxy conpound (KI);
10 (i) Transf Bregess fehbedyegyciprirproterane aestaie(M) cFOBPESAGhy dr oxy

conpound (L1); é‘ﬂﬁ' rting (L _GYPLO% 8RO cet o\ '
Process accor%ﬁ)ng (Sa%crlli?mog&@ﬁ%r é%ér%’)n BB% f@wéggbuﬂsgéggﬁﬁ%‘&w@ @bo
Process saccor di nfldrmnatlisone Scatated(K Mg mesinglédtép protetiurel kal i hydride are
used in step )l. 11. Process accordi lains 8 to 10,

r

i ding to any one of ¢ ¢ 0
wherei n trif I Gbriekedusing adauils bong @t pasitien deof{Ka) 10 Yinld Aslmadiiangacatateused
in step (i). 12.L5rgﬁgss according to any one of clains™1 to 11, wherein
17a- acet oxyprogéeésterone (H) is produced by a process conprising converting

sol asodi ne ( Ajc)ilntrodlding acektiwyaneogesibdérigyng pdsiionséams Xob{n) towyielke art.

25 13. Process according to cl z 12, wherein 16-dehydropregnenol one
acetate (B) is QBRIEFIEIAGHIBIS f@;l?-epoxy- pregnenol one (C) by a single
step prgpcedure. 14. Process according to claim 13, wherein the conversion
of (B) to (C is achieved

2. Process according to claim 1, wherein 6,7a~-oxido-4-pregnene-17a-o0l-3,20-

dione-17-acetate (J,) is produced by a process comprising
(d) Introducing a double bond at position 6 of 17a-acetoxyprogesterone (H) to
convert it into 4,6-pregnadiene-17a-0l-3,20-dione-17-acetate (12);
15 (e) Converting the double bond at position 6 of (1) into an epoxy function to

yield 6,7 a-oxido-4-pregnene-17a-0l-3,20-dione-17-acetate (Jz).

3. Process according to claim 1 or 2, wherein step (a) is carried out by passing
anhydrous hydrogen chloride gas through a reaction mixture containing 6,7c-

20  oxido-4-pregnene-17a-0l-3,20-dione-17-acetate (Jz).

4. Process according to anyone of claims 1 to 3, wherein step (b) is carried out by

the use of 2,3-dichloro-5,6-dicyano-benzogquinone (DDQ).

25 5. Process according to anyone of claims 1 to 4, wherein step (c) is carried out
using trimethyl sulfoxonium iodide (TMSI) and an alkali hydride, preferably
sodium hydride.

6. Process according to any one of claims 2 to 5, wherein step (d) is carried out

30 using chioranil.

7. Process according to anyone of claims 2 to 6, wherein step (e) is carried out

using m-perbenzoic acid or monoperoxyphthalic acid.



30 using hydrogen peroxide in al kaline solution. WO 03/092578

PCT/ EPO3/ 03831 46 15. Process for the production of cyproterone actetate
(M, conpwosifgesreacting del madi none acetate (L2) with TWBI/ERnsiozssl al kal i
hydri de, preferably sodium hydride. 3516. Process.for the production of
cyproterone actetate (M, conprising reacting conpound (Ki) of fornula
JIIITCSO ee OO (K1) wth lithium
chloride/trifluoronethylsulfonylchloride or lithiumchloride/N N 10

di met hyl ac8t dtrodesshintitoe pradiuaiientas cyprdteronerguetate () fomprisimgnul a O CH3

OOH d L d. ti Li.) wth eous acetate
\évgfut ion, pr ef(éré%ﬂ@ﬁﬁmrgg@‘{c%%] gg’%ggg‘?ﬁ 'féi%ee‘\fMAt@éldag@?%@r d cyprot elr one
t at . 15 t: -4l
Sctetate (B, corsPRBRRRSithe LIPINRRL Pl Hle 13RI O8nBAAEI 0 EY
N- di acetd| sol asodisitgle 6tgp prosaduiesi ng 0, N-di acetyl sol asodine to give

Phe resul {1 ng (BLEURACE LT M P AR SR OT R B EOBI1Baa AR 14 eld the 262
methylene compound (J1); :
(h) Introducing an oxido group bridging positions 6 and 7 of (J4) to yield the
6,70~epoxy compound (K1);
10 (i) Transforming the epoxy group of (K1) to the 6-chloro-7-hydroxy compound
(L1); and
(j) Converting (L1) to cyproterone acetate (M).

9. Process according to claim 8, wherein DDQ is used in step (f).
15

10. Process according to claim 8 or 9, wherein TMSI and an alkali hydride are
used in step (g).

11.Process according to any one of claims 8 to 10, wherein trifluoromethyl sulfonyl
20 chloride and lithium chloride are used in step (i).

12.Process according to any one of claims 1 to 11, wherein 17o-
acetoxyprogesterone (H) is produced by a process comprising converting
solasodine (A) into 17o-acetoxyprogesterone (H) by means known in the art.

25 . ‘
13. Process according to claim 12, wherein 16-dehydropregnenolone acetate (B) is

converted into 16,17-epoxy-pregnenolone (C) by a single step procedure.

14. Process according to claim 13, wherein the conversion of (B) to (C) is achieved

30 using hydrogen peroxide in alkaline solution.



phase transfer catalyst. 18. The process of claim17, wherein the phase
transfer catalyst is 5 tetrabutylanmoni um hydrogen sul fate. 19. The process
of clai mwW® 0a10925%8 wherei n the oxidising agent is potassi BEI/EPOYSONAL €, Or
sodi um di chromate. 10 20. Process of poduction of del nmadi none acetate (L2)
conprising adding chlormadi none acetate (K2) to a culture of a

m cr oor gani

resul ting dZIEIFﬁ g%]gor;’t@te gglg& c%doén%yﬁﬁge@gduﬁ %cgtél’a%%él\@?&#ﬁ@é ﬁé 5%%?

cl ai m 20, wher@lmaidl'ﬂmna m&iateg(da.a) with TS ard ab atkadirhyairidp! @@f@fabl)BQ@(ﬂlthﬂs
sphaeri cus. The process of claim?21, wherein is Arthrobacter sinplex is
ATCC 6946, or yéjzi Il us sphaericus is ATCC 13805. 20 23. The process of any
one of clains 20 to 22, wherein an electron carrier is added to the
culture, preferably rrenadl one (2-methyl -1, 4- napht hoqui none). 24. The
process of ARyProsessfordhaipfedudionofaypratheans actataie @i ebriprigidg ecadtingt he

25 culture, cortisone. 25. The process of any one of clains
20 to 24, vvhercgj:c nﬁ;&ﬁﬁjp{]ﬁ){ {nqlg added to the culture, preferably.

pol yoxyet hyl enesor bi t an nonool eat e.

e
(Ky)

with lithium chloride/trifluoromethylsulfonyichloride or lithium chloride/N,N-
10 dimethyl acetamide hydrochloride to yield compound (L) of formula

Oy__CH,

cl

(L)

and reacting compound (L) with an aqueous acetate solution, preferably a
solution of sodium acetate, to yield cyproterone acetate (M).

15

17.Process for the production of 16-dehydropregnenolone actetate (B), comprising
(k) Acetylating solasodine (A) to give O, N-diacetylsolasodine;

(I) lsomerising O, N-diacetylsolasodine to give pseudosolasodine diacetate:



10

15

20

25

WO 03/092578 PCT/EP03/03831

47

(m)Oxidising the resulting pseudosolasodine diacetate in the presence of a
phase transfer catalyst.

18.The process of claim 17, wherein the phase transfer catalyst is
tetrabutylammonium hydrogen sulfate.

19.The process of claim 17 or 19, wherein the oxidising agent is potassium
dichromate, or sodium dichromate.

20.Process of production of delmadinone acetate (L,) comprising adding
chlormadinone acetate (Kz) to a culture of a microorganism capable of
converting (K3) into (Lz), and isolating the resulting delmadinone actetate from
the culture.

21.The process of claim 20, wherein the microorganism is Arthrobacter simplex or
Bacillus sphaericus.

22.The process of claim 21, wherein is Arthrobacter simplex is ATCC 6946, or
Bacillus sphaericus is ATCC 13805.

23.The process of any one of claims 20 to 22, wherein an electron carrier is added

to the culture, preferably menadione (2-methyl-1,4-naphthoquinone).

24.The process of any one of claims 20 to 23, wherein a steroid is added to the

culture, preferably hydrocortisone.

25. The process of any one of claims 20 to 24, wherein a surfactant is added to the

culture, preferably polyoxyethylenesorbitan monooleate.



