27 Cctober 2006 WO 03/092578 PCT/ EP03/03831 Further synbhep&samb
cyproterone acetate Field of the invention s The present invention rel ates
to i nproved nethods for synthesising cyproterone acetate

(17a- Acet oxy- 6-chl oro-1a, 2a-nethyl ene4, 6- pregnadi ene- 3, 20-di one) .
Background Art 10 .Cyproterone acetate (1l7a-Acetoxy-6-chloro-1 a,

2a- et hy| QP3892878, egnadi ene- 3, 20- di one, CAS 427-51-1@pmEpesmpsanul a (M (M
OCH3 20.12t O\N/OIlY *,,. 1419 210 a d 1s has first been
described in DE-AS 1158 966 as a conmpound with strong gestagenic activity.
Later is was found that it was al so a potent androgen antagonist (Neumann.
The- ant i ang{AR&G3yRthBSREEPIReRREh&Re di scovery, chem stry, basic

phar macol ogy, clinical use and tool in basic research. Exp din Endocrinol
(1994), 102: 1-32). The conpound nowadays is a valuable drug 20 present in

phar maceut igaly @Q@ﬂﬁﬂeﬂigﬂs for various indications. There are various
strategies for the chemcal synthesis of the conpound, see for exanple

DE-GS 40 06 165, or Neumann, supra. Conventional synthesis starts  from
sol asodi ne -ffy J2LdMy InFeritioh réRted o ﬁ%cptrgv%%rme o8 fonyégngl?é/sigsi% %;g'otﬁgrr{eEPOB/ 03831

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

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

(M)

e 15 has first been described in DE-AS 1158 966 as a cornpﬂund with strong

' gestagenic activity. Later is was found tﬁat it was also a potent androgen
antagonist {Neumann. The antiandrogen cyproterone acetate: discovery,
chemi_stry, basic pharmacology, clinical use and tool in basic research. Exp Clin
Endocrinol (1994), 102: 1-32). The compound.nowadays is a valuable drug

-20 ‘presentin pharmaceutical compositions for various indications.

There are various strategies for the che_mical synthesis of the compound, éée for
example DE-OS 40 06 165, or Neumann, supra. Conventional synthesis starts
from solasodine of formula (A)

B




2 HN HO (A which can be extracted from |l eaves of tdrepéteesrimop! ant
Solariumlaciniatum Alt, s and involves a | aborious 18 step procedure
acoording to Figure 1 (Sree, Rao and Mahapatra, Research and Industry,
Vol . 27, 1982, pp. 326-328; Ringold, et at., J. Am Chem Soc., Vol. 78,
1976, pp. 816-819; US 3, 485,852; DE 1075114; Ringold et at., J. Am Chem -
Soc., 81, wevgm92678959) ; GB 890315; The Merck | ndex, 1Zichrerdamidsion, 1996; The
Merck | ndex, 12thEdition, 1996; US B, 234,093). 10 D sclosure of the
i nvention Disclosed herein are inproved synthetic nmethods for this val uabl e
conmpound whi ch are both fast and nore ‘cost-effective. In particular, it
is possible to synt hesp,se cy et e acetate fromsolasodine in 14 or 16
steps as opposed to the ‘gon al 18 step synthesis. Accordingly, a
first aspect of the : t oi nvention provides a process for the
production of cyp acetate (M, conprising (a) Converting

ghene drr)-ol -3, 20-di one-17-acetate (J2) into
chl or madi none g (K2) by a single step procedure; (b) Introducing a
doubl e bongodat ™ fon 1 of (K2) to yield del madi none acetate 25 (L2);
and (c) Introducing a nethylene group bridging positions | and 2 of (L2) to
yield cyproterone acetate (M. 27 Cctober 2006 WO .03/092578.
PCT/ EP03/ 0831 3 The fol | owi ng schene illustrates that process: OO

7 which can be extracted from leaves of the tropic plant Solanum laciniatum, Ait,
( 5 and involves a laborious 18 stép procedure acoordir?g 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

Disclosed herein are improved synthetic methods for this valuable
compound which are both faster and more cost-effective. In particular,
it is possible to synthesise cyproterone acetate from solasodine

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

. Accordingly, a first aspect of the present invention provides a process

for the production of cyproterone acetate (M), comprising

(a) Converting 6,7a-oxido-4-pregnene-17o-0l-3,20-dione-17-acetate (J2) into
chlormadinone acetate (Ko) by a sfng!e step procédure
| (b) Introducing a double bond at posntlon 1 of (i) fo yneld delmadlnone a/cetate
25 (L2); and
(c) Introducing a methylene group bridging positions 1 and 2 of {La) to yield

cyproterone acetate (M).




,00~0 ,000 (a) OO 6,7 al pha-oxido-4-pregnene 17 97 october 2006
al pha-ol -3, 20-di one-17-acetate (J2) Chl ormadi none acetate (K2 (3 (Oi(b) 0o
,,0~0 0 (c) 0 C Cd Cyproterone acetate (M Del nadi none acetate (L2)
Preferably, step (a) is carried out by passing anhydrous hydrogen chloride
gas 5 through a reaction m xture contai ning

6, 7a- oxi devespsegnene-| 7a-ol - 3, 20- di one- 17-acetate Gdgkposplshe! Natively,

usi ng hydrochloric acid in aqueous gdi oxane yields the i nternedl ate

chl orohydrin which can be dehydrated to chl ornadi none acetate (Bruckner,
Hanpel , andrhégbiinesng, schéagiilufitites th@fprééda; 1961; Lednicer and Mtscher, The
Organlc Chem stry of Drug Synthesis, John Wley and Sons, New to York,
1977). In a further preferred embodi ment, step (b) is carried out by t he
use the dehydrogenation agent. 2, 3-di chl oro-5, 6-di cyang 1, 4- benzoqui none

(DDQ CAS 84-58-2). Dioxane y be used as a sovent. Al'Rérnatively,

sel eni um di oxi de may 15 k n%fé)g with pyridine a . ol as

sol vent (US Patent 3, 4§ 3 ac@prding to the ‘ off Ringold et
al., J. Arer. Soc. y out that step

is with Pb(QAc )4 27 October 2006 WO

fic aC|d (Abe, T .,

03/ 092578 PCTI ERg 3831:4 Pharm Bull., 21 1295-1299) ..
Furt her nore, nay be~gsed toget her 0
' Cl
6,7 alpha-oxido-4-pregnene-
17 alpha-ol-3,20-dione-17-acetate (J,) Chlormadinone acetate (K,)

Cyproterone acetate (M) Delmadinone acetate (L,)

Preferably, step (a) is carrled out by passing anhydrous hydrogen chloride gas
5 through a reaction mixture containing 6,7c-oxido-4-pregnene-17a-ol-3,20-dione-
| ( B 17-acetate (J2). Alternatively, using hydrochioric acid in aqueous dioxane yields
the intermediate chlorohydrin which can be dehydrated to chiormadinone acetate
(Bruckner, Hampel, and Johnson, Chem. Ber., 94,1225, 1961; Lednicer and
Mitscher, The Organic Chemisiry 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,':'E‘;AS
84-58-2). Dioxane may be used as a sovent Alternatively; selenium dioxide may
15  be used, e.g. with pyndme and t-butanol as solvent (US Patent 3,485,852), or
according to the method of Ringold et a! J. Amer. Soc., 81, 1959, 3485). A further
way fo cary out that step is with Pb(OAc )4 in acetic acid (Abe, T ., Amer. Chem.




W th 4-nitro-phenol In benzene (Abe T., Kanbegawa, A., Ghetmpphdivapgr Bull .,
22, 1974,2824-2829). Step (c) is carried out using the C, reagent
precursor trimethyl sulfoxoniumiodide (TMSI, CAS 1774-47-6) and an al kal i
hydri de. DMSO may be used as a solvent (Goto, G et al., Chem Pharm
Bull., 26,1978, 1718-1728). Alternatively, this step may be achi éved with
di azonet h¥HOD3EARF8t r eat mrent with acid (Krakower and VeweRispsss1 J. Org. Chem
31, 3467 (1966). A further way woul 8 i o be enpl oyi ng di azonet hane and
hydr ol ysi.s according to Wechert and Kaspar, 1 Chem Bar., 93,1710 (1960).
Anot her r e&baimaBuliah @)y 19, 11 29582993 Fudhermbre, D@ iyt tead tqyetherysi s by

| oss of nit;n e'ﬁtUs | t LA, JTh organi c.chem stry of
drug synt hygﬁ% obﬁ%@ @?eRP%qge%nﬁg@qg@WéeApﬁg?ﬁncg&i‘rﬁhPUI 1980, pp.
166) . Ml t 1874 2824B8828)nents are described by Tolf et al. (Toff et al., is
Tetrahedron Lett, 25,43, 1984, 4855- 4858.). Accordingly, a second aspect

provi des a process for. the production of cyproterone actetate (M,
conpri si ngStep &3 tsicagied edt nsio the 8ercageat @mémrsof figpthwi t h tri met hyl sul f oxoni um

i odi de ( TIVR ‘ | I ef erahl v.,20 .50d] hydri de. ‘The
Ireact | OI(’I_ @JP%@@E%'%@%L %géf’%’f%@f %ﬁ?%@?ﬁ'@ygﬁﬁ%w H¥aé{ BSref err ed
ot e sl gt ert AR chson a3
0 . atr .

G of 17a- aNinBhaGTRE GOTRRL L BEhpIoh Wil ditElERe Al fegment it
Goubl e Pongl 2t aasr tion Brot (420 et o e oo Fancoh gD (e

| é 7a- OX}IBdOg%f%P @gﬁgﬁié‘%}?g‘hgﬁ'e éj%qu%@%?[dﬁ'gégwi@%ej%ng ﬁﬂ?ﬁ?rv process is

. shown in t@eerhdBdro@B1718 (1960 Another raZctiohtpathiay 3R baMeQ/ 092578

PCT/ EPO3/ Ogigg’ojfne%a%e a%% Mafys%l%l losos o?nitrogen (Lednicer D and Mitscher LA, The

organic chemistry of drug synthesis, Volume 2, A Wiley-Interscience Publication,
1980, pp. 166). Multistep_gmbodiments are described by Tolf et al. (Tolf et al.,
15 Tetrahedron Lett, 25,43, 1984, 4855- 4858.). :

Accordingly, a second aspect provides a process for the

production of cyproterone actetate (M), tompn'sing reacting delmadinone acetate

{L2) with trimethy] sulfoxonium lodide (TMSI) and an alkali hydride, preferably -
20 - sodium hydride. The reaction may be carried out in dimethylsulfoxide (DMSO0).

7 In a preferred embodiment, 6,7a-oxido-4-pregnene-17a-ol-3,20-dione-17-acetate
: ( - (Ja) is obtained by a process comprising -
' (d) Introducing a double bond at positidn 6 of 17a-acetoxyprogesterone (H) to
25 . convert it into 4,6-pregnadiene-17a-ol-3,20-dione-17-acetate (I,);
- (e) Converting the double bond at position 6 of (I) into an epoxy function to
| yield 6,7o-oxido-4-pregnene-17a-ol-3,20-dione-17-acetate (J).

That process is shown in the following scheme:




4, 6- Pregnadi ene- 17 al pha-ol -3, 20-di one-17-acetate (12) s¥/october 2006
al pha- Acet oxyprogesterone (H (e) O",0 O (J2) Step (d) may be perforned
with chloranil (tetrachl oro-p benzoqui none, CAS 118-75-2), either al one or
in conbination with selenium dioxide (Lednicer D, Mtscher LA, The organic
chem stry of drug synthesis, Vol. 2, s A WIley-Interscience Publication,
1980, pp. WBHA25Bn anot her enmbodi ment, chloranil inpdeivgiesenl or xyl ene
may be used (L.F. Maser and M FleseY, Reagents for organic synthesis,
Vol. 1, John Wley and Sons, Inc., New York, 1967). A further alternative
IS DDQ and TsOH as catal y§ F. Fi eser and M Fl eser, o.Reagents for
Organi ¢ synthesis, Vol. Wley and Sons, I nc. i'D_Yor k; 1969.)
Step (e) can be done wi - per béd)zoi ¢ acid or n be? ht hal i ¢
acid. -Alternatively, cl acid Wi th ethyleng ap sol vent

L ent 3 4,093), or perben
met hod of Lednice : Mtscher The Organic
synthesis, Vol .z g% - | nt er sci ence Publ%
17a- acet oxypr ogester one (H) can be prepared conveniently from sol asodi ne
by net hods 4G+&egriadienérd? alpha-8, 28 dibineet 7rapptdee(lgbt ai ned e. g. by al coholic 20
~extraction of dried |leaves or fresh or dried green berrices of Sol arium
| aciniatum ---------- i@ 27 Cctober 2006 WI7@iphegesilyircieddrons 03831 6

Alt, using e.g. 2-f@opdgnol or nethanol as extraction agent, and subsequent
hydrol ysis of the thus Jobt d&fqed gl ycosi de sol asonine. Preferably, the plant
material 1s dried and 'ground lmtooa powder before extraction. Preferably,
‘he extraction agent ' b (v/v) 2-propanol in water, nore

referably 70 - 80 %

0 %, = (Jz)
0

Step (d) may be performed with chloralnil (tetrachloro-p-
benzoquinone, CAS 118-75-2), either alone orin combirllation'wiﬂ'u 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 altemative is DDQand TsOH as catalyst (L.F. Fieser and M. Fieser,

- ( Reagents for Organic synthesis, Vol. 2, John Wiley and Sors, Inc., New

10 York,1969.)

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

% Mitscher, The Organic chemistry of drug synthesis, Vol.2, AWlley~lntersc|ence
.Publication, 1980, pp. 166. -

The 17a-acetoxyprogesterone (H) can be prepared conveniently from solasodine
t?y 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 Sofanum laciniatum,




s primary extraction product sol asonine may be preci pi t-8t 8gohd ok he
extract e.g. by adding hot water and ammoni a solution to the hot extract
and allowing to coot. Usually, the crude precipitate is further purified
by washing and recrystallization steps, as exenplified in exanple 1,
before acid hydrolysis e.g. wth hydrochloric acid, which gives sol asodi ne
hydr ochl oMQ®9258dr ol ysation is preferably carried owtrAmsjomsi N
hydrochloric acid in 2-propanol. Frée sol asodine may then be obtained by C
recrystallization froma basic al coholic solution. Sol asodi ne may then be
converted Ajtousify ¢lgh3-doppnal on aretianolasas@etion a@é:ﬁ;@lﬁ@ub?é/c{deﬁﬂ uxing it in
acetic acig J dride e. .9 in the presence of catalytic p-toluene
sul foni c a%@%’(&% mh%g% %bttgn?)‘%’;?%swg,so{gﬁ@ﬁ“% F%?‘?P'Mgfh% plgnt fRteRakhromic -
anhydr i de, isodriedreind grauniddnto depowder isedotieextradtion. dreferabiyR iR oxBastiche | UXi ng agai n
W th aceti ] | glee third.aspect, the_present invention provides a
process fo%g?ﬂgy %b%’ﬁé%(il’&?]i@f‘)pfga '%QE@EM?B Rly $0280.8 e Bhe B) |
conp E : )sisngpﬁm?wwwgatpiﬁtg{csswm?mb :ﬁ%y(bg)prédﬂaiﬂie\ﬂgrogl thb“eﬂié@&"e}@f bgg! asodi ne;
' is i sin : i acet yl.sol asqdi ne to gi ve pseudosol’asodi ne
di acet ate;g&ﬁlﬁé E%‘%\%ﬁ% %ﬁ%ﬁ%ﬁaa&@&%%?wﬂgmgd@ gedtate in the
presence obsually-the cnidapeedipiattsit Qurtheppuizg by wishi)drd r@&?stﬁﬁ] n acetylation
of sol asodj‘stggs %gé Q@ lg.t:/aai.eved rlezﬁ%i ng it W t@_ 2s acefic anhydride in the
presence ob RBRSECHRYFEMN FATIG, LrRelalf peif hydralysis eignwith Bydipghlers anounts. The
base may bacidywhiich giees soleoting hgdrbeHiorBYHRBoIpSSh RGfeMiably caffiide aci d-
Preferz%bl Yi Mﬁ (ﬁhqﬁe.trgpsfer cat El }/st In the oxidation step Is
(t-etraet Ryl 'l YURFIYI 26 152-Rrepang E%WWP%WMW@@IJ&! Bit e, _
pr ef er abl yrectystallizationdom Abaslk bibIFIIB oIt BolaBtiRSRAY FeA bE bR,  Sodi um
anate may be used, potassium di chromate

di chr omat r, 30 .potassi um per man e |

bei ng pr e?@r’%é@%ydr%@ﬁeﬂwréf@eé?ﬁ@ﬁ @Q‘Q‘F’aﬁ) by eeflyxing it i acetie etidinetic Oxi dation is
carried oudnhyridd e.g/in &) stesdhice thitdlyiEiokRna sl i ' ul furic

aci d. Hydrol %si s, of the ngi datjve g!egﬁuct_ n%?@?ﬁ?éﬁa?ndﬁ%ﬁ@f@t ober 2006
WO 03/ Q925EdiBenthepeXdisiag 8. with chromic anhydride, chromium trioxide, or sodium

15 dichromate, and refluxing again with acetic anhydride.

In a third aspect, the present invention provides a process for the production of 16-
dehydropregnenolone actetate (B), con’ipn'sirig
(k) Acetylating solasodine (A) to give O, N-diacetylsolasodine:;
‘20 (I} 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 solasodiﬁe 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, sedium dichromate, or.-

' % - potassium permanganate may be used, potassium dichromate being preferred.
Methylene chloride may be used as a solvent. Oxidation is camied out in at an acid
pH which may be achieved e.g. with sulfuric acid. Hydrolysis of the oxidative '

- product produces 16-DPA.




16- DPA (B) can be converted to 16, 17a epoxypregnenol ong $&bbérpods
singl e-step procedure. This nmay be achieved by reacting (B) with peroxide,
pref erably hydrogen peroxide, in a basic solution, preferably an alkaline
al coholic solution. Methanol may be enployed as a solvent s in this
reaction, and sodium hydroxide as a base. OO 0o NaOHWQ2 O T HO
16- Dehydr oY 8¥%®b| one acetate (B) 16, 17 al pha- Epoxypr@agiengiene (O - (O
may then be converted to 16-bronp-17a- hydroxy- pregnenol one e.g. by
addition of HBr, e.g. in glacial acectic acid, which gives a m xture of the
t o br onohydBiDPA((B) gan 8B dorivBifedlts g drin actetate (D2) (cf. Figures 3A 4A).
The: bronohydrin na F}hez be reduced to 17a-hydroxypregnenol one (E2, in
mxture WS xlfﬂﬁ%g'?%@ e £CHR 2 sipglensiap pwaeduge. Thimmey be adioved by 3- acet at e)
using a catrehdting (B) wikiepdtariey, phéf&isBly hz&ﬁgerpﬂé}éﬂaé el ab9sik Q(ﬁuti%-for mat e ester
cid. "~This can be t’ A

(F) by reaction wth formc [ . t'hen. converted to the
17- acet at e%ﬂ?fg@graW%Jfg'W a“’@%&’? Eeltion- Methenokiway be emnloyett askesalvahtcat al yti c
aci d, e.q. ipthisolerictivn, ahd Sstiin® hafibide 442 ba%y be reacted with al um nium
propoxi de to yield 17a-acet oxy-progesterone (H) (see Figures 3A 4A). In a
fourth aspect, the present invention provides a process for the 20
production of cyproterone agetate (M, conprising (f) I@troducing t wo
doubl e bonds at positions | ajd 6 of 17a- acetoxyprogestgone . (H to
convert it into the 1,4,6:t1i&ne conpound (11) by a.singj.@ step procedure;
(g) Introducing an meth g PUPNROHHASIHNY positio i 2 to yield the
d.(J1); (h) I*nfroducing

1,2a- 25 nethyl ene 3. : , group bridgi ng
(positions 6ﬁ7 to yiel d+he>6, 7a- egfoxy rpound (Ki);
| | 0 HO

16-Dehydropregnenolone acetate (B) 16,17 alpha-Epoxypregnenolone (C)

{C) may then be converted to 16-bromo-1 7a-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-hydroxypregnenclone (Es, in mixture
with the acetate E,, As-pregnene—3[3, 17a-diol-20-one-3-acetate) using a catalyst
like Raney-Nicke! and, converted to the 3formate ester (F) by reaction with formic
acid. This can be then converted fo the 17-acetate diester (G) by reaction with

o 15 acelic anhydride and catalyiic acid, e.g. p-toluene sulfonic acid. (G) may be

( ' reacted with aluminium propoxide to yield 17x-acetoxy-progesterone (H) (see

Figures 3A, 4A). ' '

In a fourth aspect, 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 17c-
acetoxyprogesterone (H) to convert it into the 1,4,6-triene compound (l1) by
a single step procedure; ,
(9) Introducing an methylene group bridging positions 1 and 2 fo yield the 1,2a-
% - methylene compound (J;); '
- (h) Introducing an oxido group bridging positions 6 and 7 of (J;) to yield the

6,7a-epoxy compound (Ki):




group of (K1) to the 6-chloro-7-hydroxy conpound (Li);

e

27 Cctober 2006 WD 031092578 PCT/ EP03/03831 8 (i) Traﬁs(g rg%)% %he epoxy
nvertlng
(Li) to cyproterone acetate (M. 5 This reaction sequence is illustrated by
the followi ng schene: 0 O ,000 ,00 E(~ OO 1,4,6-Pregnatriene-17
al pha-ol - 3, 20-di one-1 7-acetate (I,) 17 al pha- Acet oxypr ogest erone (H (g) O
(

0 000 OOwddsfeosszsll) (K1) a0~0 p\ OO H C K505 acetate M
(Li) A preferred agent for step (f)sgis the dehydrogena I on agent
2, 3-di chloro-5, 6- dicyano-1, 4-benzoqui none (DDQ CAS. 84-58-2; Miuller, M,

et al. , Hel veg 7 03/ 03831 Chem ca
Acta, 63, 1879 qlé‘%%’)rﬁgﬁbgérpﬁ QI@gP\éP(@? #ﬁ%g cﬁ'ﬁ C‘%@%‘F@W&OW&% e -gi ves
di broni de (i nt efid@ndte) which is reacted with colt-dirne {US 2,962,510).

(i) Converting (L1) to cyproterone acetate (M).

5 This reaction sequence is illustrated by the following séheme:

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

17 alpha-Acetoxyprogesterone (H)

Cyproterone acetate (M) ) | (Ly)

A preferred agent for step (f} is the dehydrogenatiori agent 2,3-dichloro-5,6-
dicyano-1 ,4-benzoquin0ne (DDQ, CAS.84-58-2; Muller, M., et al., Helvetica




is carried out using the C, reagent precursor dzbgBbdood
SLFPoig%i umiodide (TMSI, CAS 1774-47-6) and an al kali hydride. t
Alternatively, this step may be achieved with di azonet hane and trea]'E nenh
with acid (Krakower and Van Dine, J. Og. Chem 31, 3467 (1966). A Ert er
way woul d be enpl oying diazonmethane and hydrol ysis according to Wechert

d Kaspar WOO¥8%$78Ber ., 93,1710 (1960). Another agenpcppisbsbsie |
Sinazoma!tohane and pyrolysis by loss of 1o nitrogen (Lednicer D and M tscher

. . _ : 2 A
LA, The arganic chem stry of drug synthesis, Volune 2, _
S b et o ) ) o e AR R

i . £ et at, Tefr ( 1, , 43, 1984, :
gf Zﬁr I( E;a dng%g"c},'&‘ﬂ? ﬁﬁ'%ﬁ"‘%ﬁﬂ?ewi" is feadtachvifpenllidine {UB 2,962,810f, CAS 937-14-4). In
one enbodi ment, ethyl'ene chloride is used-as solvent (US 3,234, 093).

tive epoxi dati o of C-6 double bond w th m chl oroperoxybenzoic
' Qlc-it Sr ? ﬁ" IC\F/>B %b&g&ﬁ%arg@d 2 HeiRg,toeiCalgagantiirenyrspotriBithysat a et al ., t Ehﬁgsurpgg ;1/1|
Chor | 405(4%152 1 8’2%“9.((19%.)%‘\%ﬂ’%?»ﬁ)&%ﬁcéjﬁkag%#@reggﬁ%ﬂ&we onbi nati on
chori de . - 83- i S €, 1 11 _
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31 092575, RKDH BABAhihSeios2H Fbication, 1960, pp. 166) Multstop
| embodiments are described by Tolf et al., Tetrahedron Lett, 25,43, 1984, 4855

4858).

15 Step (h) may.‘ be carried out using m-chlo-roperbenzoic acid {CAS 937-14-4). In one
embodiment, ethylene chloride is used as solvent (US 3,234,003). Alternatively,
epoxidation of C-6 double bond with m-chioroperoxybenzoic acid (m-CPBA) can

be achieved according to Shibata et al., Chem. Pharm. Bull, 40 (4), 935-941
(1992).

For step (i), trifluoromethanesuifonyt choride (CAS 421-83-0) is an agent of choice,
. ( preferably in combination with lithium chloride. Alternatively, N,N-dimethyi
| acetamide hydrochloride in DMSO at 75°C (Uthai Sakee, Boonsong Kongkathip
and Nganpong Kongkathip, Abstract of the 27" Science and Technology
s Conference of Thailand, p. 234) can be used. Finally, step (j) can be achieved
emplaying an alkali acetate like sodium acetate.

Accordingly, in a fifth aspect, the present invention provides a process for the

| production of cyproterone actetate (M), comprising reacting compound (K1) of
o formula . : |




(K1) with lithiumchloride/trifluoromethylsulfonyl chl oy gl d
conmpound (Li) of formula COCHs ,,0 OOCHd (L1) gﬁaﬁgmpgra%ﬁtofgng
conpound (Lj) with an aqueous acetate solution, preferably a solution of
sodi um acetate, to yield cyproterone acetate (M. Again, the

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

sol asodi nev@y3a7hods known In the art as described ap@yosdsgs@ Si xth
aspect, the present invention provides a process of production of

del madi none acetate (1-2) conprising addi ng chl ornmadi none acetate (K2) to a
cul ture of a mcroorgamsmeggpabl e of converting (K2) into (L2), and
isolating the is resulting dé[nadinone actetate fromthe culture. The
organi smi.s preferab acter sinplex or Bacillus sphaericus, nore
preferably the stra 6946 or ATCC 13805 which nay be obt-ai ned from
the American Tye Col | ection (ATCC), P.QO Box 1549, Manassas, VA
20108, USA. P an exogenous electron carver is added to the

cul ture, e. g diene (2-Methyl-1,4 27 Qctober -2006 WO 03/ 092578

PCT/ E"3/ 03831 11 ndgt hoqui none) at a concentration of 0.1 to 1.0 mmwl/t,
preferably 0.2 to 0.4 mmlp. Furthernore, the yield nmay be I nproved by
addition of a steroiﬂoto the <culture, preferably hydrocortisone at a
concentration of 0.01°to 0.55 mml /I, nore preferably 0.3 to 0.5 mmol II.
CGood results were obtained when the medira s contained 5 % di nethyi formam de
(DVF) to i Miihdihium shlogda/iBudromgthyisuliohglchibedeniodield compound (Ly) of

formula :
C

(L1)

and reacting compound (L4} with an aqueous acetate solution, preferably a
sqlution 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 a sixth aspect, the present invention provides a process of production of
delmadinone acetate (L) comprising adding chlormadinone acetate (K;) toa
culture of a microorganism capable of converting (Kz) into (L2}, and isolating the
15 resulting delmadinone actetate from the culture. The organism is preferably
Arthrobacter simplex or Bacillus sphaericus, more preferably the sirains 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 to the culture, e.g. menadione (2-Methyl-1,4-




The yield may be further inproved by addition of a surfachapber ogf €rably a
non- ionic detergent, nore preferably pol yoxyethyl enesorbitan nonool eate
(Tween 80"'"A) at a concentration of 0.25 to 1.0 % (w v), nore preferably
0.5.to0 1.0 % In B. sphaericus, 0.1 to 0.2 mml /1 chiormadi none acetate as
a starting concentration io were found to be optimal, in A sinplex good
starting cBAGEMRFALI ons were 0.2 to 0.3 mmol /| chl orpegkresissact et at-e.

Al t hough the overall yield of the pildcess is |ower than with chem cal
synthesis, it affords to avoid | arge anounts of toxic reagent (DDQ and

or gani ¢ “sol viephthogiiinonehada mcm:oéui;@en Bﬁ@ﬂ@o WOQQH&H'ﬂ@fembk’b %{Eﬁ% gontext of
ture" comprises Bot onpgeneous

this inventi t t,i on
sol uti ons agm\?ve ﬁﬁth%ﬁré%r %8[5’%3 rh fpreved by pgdifenofsrsterpigue the and/ or sol i d
conponent s, ciwe, m‘e@mhshydmamﬁwaha%m@-m%éﬁ@fdgkﬁo%q_g#‘bglu é_egends

Figure 1 ou n 18 ste nt hesi s rb erone acetate
frgm sol asglaé &gﬁly?gﬁlgl gurl""ﬁ1 @ GPQ/%EGSH“F‘WW@&P doshepitae m&%lgrl mental outline
of the synt hethiped 5% dmeﬂw(fmmamlmg(mn]:)ttbﬁm%ﬁ‘éﬁ@tso Q%g{gg%;eéﬁhgure 3 30

outlines cyp c nt from sol asoo

Route A of ﬁ%&%{c@géﬁ% E’h@e@ﬂff‘i’%ﬁ ‘Pby difianof a aytfmtarﬂaye@yqbbm porBNe acet at e

synt hesi s fnoomdetfbrgsﬂ.dnae paef@'ablﬂpﬁz %@th E&bﬁrﬁh ﬁd&?ea E i nvention.
P03/ 0383 ou

27 Cct ober g&g t 03/,09257 112 I gure I'i nes
~ cypr ot erone ac aa[%)g @rﬁ%eﬁ%ﬂdmn@mefembdﬂﬂfgtotbo%%uBe C of the

present i nveptigedeus, 6149 0. @Gﬁ@&ﬁ&h]&@%rnoﬂ@agé/a@%5 7§tar't3|ﬁ:T éo%lc::gn{raqgg?’ !

( : 10 were found to be pptlmai in A. simplex good starting concentrations were 0.2 to
_ 0.3 mmolAl chlormadinone actetate, Although the overall yield of the process is

lower than with chemical synthesis, it affords to avoid large amounts of toxic

reagent (DDQ) and organic solvent (dioxane) in large-scale production.

In the context of this invention, the term “reaction mixiure” comprises both
homogeneous solutions as weli as heterogenous mixtures composed of liquid
and/or solid components, like suspensions, slurries, and the like.

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
%0 Route A of the present mventton

Figure 4 outfines cyproterone acetate synthesis from solasodine according to
Route B of the present invention.




13 Exanple 1: Extraction of Sol asodine from Leaves of 2%%%8 é’pdoﬁgl ni atum
Ait 1. PCRNC Method 5 1.1 Isol ation of Sol asoni ne 500 ground dried

| eaves are placed in a two-litre Erlenneyer flask, 1400 ml of aqueous

i sopropanol (80 %v/v) are added and the m xture is refluxed with boiling
io for 4 hours. The extraction mxture is filtered and the residue is
re-extracyagsseadrsS tines. Al six filtrates are pool g4, f&ﬂﬁfﬁonbined
filtrates are concentrated by a ragary evaporator untjﬁ i sopropanol in
the filtrates is evaporated The m xture is allowed to stand overni ght and

then filte I #ﬁﬁg vol ume of water
i s added. grenéé@ﬂ{rég P ?%drgs% wgsg'ﬂﬁ 8‘% g‘rjﬁgﬁg&ﬁgﬁgmw and agitated
nagnetlcaIRwﬁ925dﬁh%qweeuyﬂanmunla is added until the precipitate-is
formed. Agitation at 80 Cis continued for one hour. The nixture 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 zation may al so-be done by electrolysis or 20 bl eaching wth H202.
The m xture is filtered through filter paper and the filtrate is
di scarded. The precipitate of glycoal kaloids is dried at 60 C Solasodlne
and solamargine were isolated fromthe glycoal kal oi ds by col um
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 ml of
i sopropanol and 8.3 m of hydrochloric acid (37 %HCI) are added and
efluxed in a water bath for 3 hours. Then, it is allowed to cool to room
(Eenperature and stand overnight. The m xture is filtered and the
precipitate is washed with so isopropanol (20 m) and recrystallised from
i sopropanol and aqueous sodium hydroxide (50 % . The product (sol asodi ne)
is colourless and fornms hexagonal plates. %yield of solasodine = 0.8 % of
the dried | eaves (starting from50 g of the dried

e




| eaves). 27 Cctober 2006 WO 03/092578 PCT/ EP03/ 03831 1 naindMolydrol ysis
Is al so done by enzymatic reaction with pure enzyne

(gal act osi dase/ gl ucosi dase) or from m croorgani sm (A niger, E coli,
Yeast) 2. Alternative nethods to extract sol asodi ne from Sol anum

| aciniatum Alt s 2.1 Alternative nethod 1 (nodified fromR Culford Bell
and Li nsawdbse®¥sisggs, Journal of the Chem cal Soci etl,gT,ﬁ‘Jﬂg@ s PP 1-2)

| sol ati on of Sol asonine. The dried green berries fromshrubs growing in
Chiang to Mal, Thailand were exhaustively extracted with al cohol. Wen nost
of the al cohol was renoved fromthe extract by distillation, an excess of
2 % aqueous acetic aci'd was added, and the residual al cohol removed by

st eam di st iBxaepieots. Extraetion wf Soksodinkdtoneheavas dfiSolanatiaciiaui Ajtr at e

boi |l ed,, and the crude sol asonine precipitated in a granular fTormby the
addition of ammonia (precipitation in the cold produces-a is jelly). The
crude al kalloiRCRE Methddf i ed by solution in dilute.acetic acid and
reprecipitation with anmmnia, followed by repeated crystallisation from
60-80 % al cohol and 80 % di oxan-water (crystallisation from higher

concent r at il drisolation of[Soéasohiner di oxan produces a jelly) to give colourless
pointed plates, m p. 284-285 C (deconp.). 20 Hydrol ysis of Sol asoni ne.
The pure al kal oid was heated with an excess of 3 % hydrochloric acid at
100C for . 80thguwf groisdtidebidaves dny placatih artvoditre Efle F Ak, 1490 ngiQk asoni ne

hydr ochl or | ' I 5l.Laht L,y sol ubl.e i,n the, col nd,is precipitated in
a crystal P&'ﬁeé) ”éi‘“’r‘%’gﬁ’ﬁggﬂ (%(32%\”%@6%?‘#%3 ar‘u’glrt}’es'al’fﬂi"‘? l§r{‘?@xe9&\YVtt|éBOIH%| ing, the
ydr ochieor faild HpBrandilse exitdction mikiure Bditeied dnt SedtebMie B rb el ford cohol |
uspended | [ basi fi with,a nia, and heated at 100C for %
hour. The Q@Fg%éﬁt?%%m&ﬂeggﬂ&c% ’@F}@Eﬂ% g canrgniraipely adl y
crystal | i sedar eeapddaiortrdil aibisopropdrol ithofiliritex RAVAFdralH atHRAShixie B-
LS EE0SIE. gl%wed to stand overnight and then filtered. The 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 % aqqebus ammonia is added unti the precipitate is
formed. Agitation at 80 °C is coniinued for one hour. The mixture is transferred to
a 2-litre separation' funnel and allowed fo stand over night. The supernatant fiquid
is then decanted off and the precipitate is exhatistively washed with water until the
supernatant is colourless. The decolorization may also be done by electrolysis or

20 bleaching with H202. 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 chromatégreyphy.

1.2 Hydrolysis of Solasonine/solamargine

25 .
10 g of crude solasonine glycoside are placed in a 250 -mi round-bottom flask. 100
ml of isopropano! 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 mi) and recrystallised from isopropanot 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 method 2 (from Unsay H Briggs and Bzl i&diiogs Jour nal
of the Chem cal Society, 1958, pp. 1422-5.) S.laciniatum At ?sol ation
of sol asonine. Fresh green berries (466 g) were coarsely mnced and

i mmedi ately extracted under reflux with boiling nethanol for ---------- -
27 Cctober 2006 WO 03/092578 PCT/ EP03/03831 15 2 hr. The pul p was

separ at edwig@mkize m xture, and washed well with hot pcpRihayagl . and the
filtrate was concentrated under reduced pressure to a small vol ume under
an antifoam ng device. After addition of an equal volunme of water, the

anmoni a V\B‘S*W%{(hlgéié)lstgﬁ% &ﬂbl#%ﬂzﬁﬁéﬂﬁéqcﬁg%ﬁﬂﬂp@ggp%gﬁ :Jlja\tNgg precipitate

s was ceollected he™grey gly

repr eci pi té@@@?tﬁwﬁtﬁéfglucpﬁdasa) oy&eralniémerganisi 4. figeE Tofpyeashi ¢ aci d
solution with amoni a. Repeated crystallisation (charcoal) from agueous
met hanol (75 % gave col ourless, flat ~needl es (4.10 g) of solasonine, m
p. 301-3022CAl M@mthodﬁtdﬁﬁﬂant@iasngmafrom%lar@n Iekinjatons, Alyr aphy of the
partially purified material (m p. 297 -301 C) in water io saturated

but an-1-ol on alumina (previously stirred and kept for 1 hr with noist
but an- 1- ol 2,1 Altrinative lebiesid! (madifiedditemRIG diofchdiheadlinsait H1Brigggave a singl e

product (neegl ¥ Q’C?:g!m 1)9 301-302 C (deconp.), identical
L of B CRAES AT, 02 B B

wiith that puri y crysta 15 Hydrol ysis of Sol asoni ne -
Sol ani ne (500 ng) in ethanol (10 m) was hydrol ysed by refluxing in

hydr ochl or Fanetet PESTafif, Tic by armlperdte B Shrof oIyt Cheed 30 i n vas
gellce ol ooty remifimcsline oo Moo T,
(25 ) f oWai retmoafifoiing %6‘%‘ ij&@@%ﬁ@ A fEeess of ?‘C{)ﬁ@eo%?@@c acid
g(r) ly: ; glj: |n : wes adddd, and thetrbsided] abcobrb!@%ﬂoﬁeﬁ@%ﬁ@ﬁi—ﬁ?ﬂlhﬁ?ﬁglﬁ%ﬁ@%@gﬂ r Elma;t/vgz of
Cdentical SeHiotYs @% ﬁt%ﬂigﬁ‘? @0’!5?%1 %{&%‘g‘? Ff@ge solaSORNeyFHAIFE Bt hod 3 (from
U. S. Pat engraBuR60ad9 thevhddition oBamimonlaQprebighigidniin the cold produces a
15 jelly). The crude alkaloid-was purified by solution in difute acetic acid and

reprecipitation with ammonia, foliowed by repeated crystallisation from 60-80 %

afcohol and 80 %-dioxan—water (crystallisation from higher concentrations of

alcohol or dioxan produces a jelh_/) to give colourless pointed plates, m. p. 284-285

°C {decomp.).

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 hydrochlotide, is only stightly soluble in the cold and is precipitated in a
crystalline condition even from the hot solution.). After cooling, the hydrochloride

26  was collected, recystallised twice from 80% alcohol, suspended in hot water,

‘basified with ammonia, and heated at 100°C for % hour. The solasodine was
collected after cooling and repeatedly crystallised from 80 % aicohol forrnlng
hexagonal plates, m. p. 197.5-198.5°C.

3 2.2 Alternative method 2 (from Linsay H. Briggs and R.C. Cambie, Journal-of the
Chemical Society, 1958, pp. 1422-5.)

S.Ia ciniatum, Ait - Isolation of sofasonine. Fresh green berries (466 g) were
coarsely minced and immediately extracted under reffux with boiling methanol for




25 1976) A. The fruit of huapag is picked in the pi ntorg-,s@&ggerz(é@ﬁ kg of
fruit is used. Each fruit is divided into quarters by two nutually

per pendi cul ar cuts along the axis of the fruit. The fruit is then dried in
an oven at 60 Cuntil brittle enough to so grind easily. The fruit is then
ground in a sinple grooved-disc mll set so as to barely avoid fracturing
t he seedswobbe2swei ght of the ground fruit is 270 g. FEEeposMkids content of
the ground fruit is 94 % based on wsi ght | oss at 100 C. 27 Cctober 2006 WO
03/ 092578 PCT/ EP03/03831 16 For the extraction, the ground fruit is placed

inatw |IZtHreﬁﬁrdL@JW@épaHt@@#mﬁﬁﬁ’em&ﬂtﬂe ’QndWasﬁéHJ\ﬁé’lHﬁltH figpr opanol (77 %

i sopropanol by vol une) s add I s stoppered and the extraction
i s carri ed"siangh aP@)mﬂfﬂt%E’ﬁﬁf’%“ﬁiﬁd Qndﬂﬁfﬁﬂufye@\mehsmbﬁ(ea smeing 5 ninute

periods of vumg@&muérmwﬁianﬁsg éléﬁdeoﬂﬁ fyadfnﬁﬁ fh Iﬂﬁl @G WGy, m xture is

drained on filter paper in a conical unne aré returned to
the Erl enmiRRAMmpnia was pgdedintodhe hailirgalugioni and thrac@agutam preqaptate on (540 n)

of aquequs was eBllcRRAMMer £dbli q%@g?%lﬁd&@ldﬁlatﬂ%f Es %Ql‘ cﬁhbféﬁ ty drest is

repeated except that the period’ s one hour | i qui ds
are agai n Hraryealingstaie; B’P'@3%Wéﬁticaﬁfdwllﬁ@n&wbramqnmﬁepﬁﬂd| cal to the 10

second, lScwan.sa@nqmarcﬂn)lfmmmo munahafzvsﬂ%?gamfa{?ﬂ fhe conbi ned

I|qU|ds arefe Into a one-li1tre rotar Vaporator heated with a

water bat hnge f@d“?‘@@) OWSOHIHP» m pR0dSHare d@ompc)uwmgatermg atf2gﬁer cur y, and
this is gr sty :
essenti al | ;d itg*rblﬁ?th%ﬁnghQ éﬁa%@ﬁ%&@gfs\eﬁaums t3 HLI‘#) U\/LQ% o cool but

(ts wei Bht S@tﬁrat%’(ﬁl{tﬂﬂ'%@’ Qrbalglllmagjpl@yfouﬂ)es'fﬁwdlanddiapt(ftbr it weith theist ed t o 60- 70C.

he additi girapfi-olf, 'Ba‘ﬁd%@&6pédsw1fm&a@¥-8¥rgapé?ﬂﬂﬁh§%\%le%%ugﬁ?’ profiley’ ©. LN

mxture is being Stir g & mixture is
t hen al | owkteetles omr§% wethaneibur. 9, 304303 1y(dabinsh), idemiicalwith tredt s t o

appr oxi mat t 20 The super nat ant liquid is then decanted
t hr ough ne%ﬁ'r%%?%%%@r%’%d finally

15 Hydrolysis of Solasonine - Solanine (500 mg) in ethanol (10 mi) was hydrolysed by
- refluxing in concentrated hydrochloric acid (2 mi) for 3 hr. The crystalline

hydrochloride (slender needles) deposited after hydrolysis for 30 min was
co_!fected after cooling overnight and was washed with water (10 ml). Treatment of
a suspension of the hydrochloride with concentrated ammonia (25 ml) for 1 hr at

20 100 °C gave the crude agiycone. Three crystaltisations from methanol yielded
large 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, Mllton Gverrero, Equador,
2 1976)

A. The fruit of huapag is picked in the pinton stage. One kg of fruit is used. Each
fruit is divided info 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 thé ground fruit is 270 g. The
. solids content of the ground fruit is 94 % based on weight loss at 100 °C.




the precipitate (P) is transferred to the filter paper 27%ét§b@.252§1ely
divided but weasily filtered material. Its color is olive-drab

drying at 100 C, P weight is 1.9 g. This material begins to nmelt at about
160 C, but is not yet conpletely 25 nelted at 230 C. The filtrate is placed
in a one litre round-bottomflask fitted with a reflux condenser and is

then heat &b ds@e88C. It is maintained at this te”peraﬂg{rﬁmﬁiﬂﬁaa agi tated
magnetically while 15 ml of 25 % aqgiseous anmonia is a and 30

agitation at 80C is continued for oEe ][mre h;)ur The mx;ure :f ihmTe'di a}_lely
filtered thr e e filtfrate i scar ded. as a p
betwoen 9 and’ ?'b ':?% %é”@%";’%%’é? inatyo '%e?ﬂsames?og%sk% 031092578
PCT/ EP03/ 0383t01ml ofﬁheedusl isapropaakldy7 % isdgropamot lb;e\rgdleé)eiE amﬂ‘he I s Elr essed
bet ween absor as Imuc t he SSI e.
Then, it is ?g SH@H%(S%!% thég)r(% \R@F"g"ﬁ?%{a@%‘?’? dryl ng at
100C gi ves a hwregmth hliegsatinf) SXl nﬂte%enod%rtﬁk/lgetoﬂsijan@aﬁ@dmildhdéhﬁ r%eh.e 25.7 ¢
cake sho t for D cpsi des I ndi es a
negligible | (r;f;}ée é&#m&ﬁ{;} 'ﬁ‘?ﬁ‘ﬁ%’i‘%ﬁ"%%’ fﬁtﬁ?%ﬁlﬁﬁ‘ﬁﬁ‘ﬁ‘%ﬁﬁm"?'@@ﬁ B. In a
one-litre rowuntdbartktretmiadds mea:‘t’rEnmlewgldsléfGoga @écdﬂﬂraktrﬁétléﬂeaﬁhué?ros'h?e
repared as art A 13 | SORr dr.ochl oric
ggu d 10 (37. € fﬁ?—léF?@ Saﬁuego"fé%bwaw%aﬂ%sﬁf n@&# with a
refl ux condermﬂrrestémtbpﬂfa@dekmpt&gtmelpeﬁtm igBde hﬁuhﬁﬁé&ﬂoﬁt\@o el ux in a water
bath for ' |saI|ght br own’

suspensi on aﬁpiﬁa[egagﬁrpgﬁgﬁgﬁgfbe%%ﬁhé%atggﬂg)fté%g%ﬁg{% B\B® "a period of

hour s s Themendﬁ,%tﬁaneécgdim)Alﬁb@ielﬁmatds%@cxmslﬁed.n wat er are added. The
odi um hydroxide is added in 5 ml 15 increnents at first, and |l ater

dropwi se. Between additions, the mixture is swrled vi gorously by hand for

one to two mniThatcembindd irqb:d@brerfbﬁ &oivb%w B DReSre Yota@fevbﬁﬁam Kdide decreases
noti ceabl y, second |iquid phase

becones appar"gﬁ‘t c\g[ﬂgg{’ E[’tﬁ 8ﬁ8@%a§1?ﬂﬁ ‘”'F@ pg‘?rsgg':[ﬁlé% glég‘]‘ctéﬁc’ i of mercury,
and this is gradually reduced to 50 mm by which time the distillate is essentlally
15 pure water. The agueous residue is not allowed fo 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 mixiure 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 ﬂésk 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. -




of about 9.5 to 10, by which tinme a considerabl e separ ati liquid
into 20 two phases and the fornmation of a precipitate ?g(g %@%&%@?e. The
total amount of sodi um hydroxide' solution added is 29 m. The m xture is
allowed to stand for 1% hr at roomtenperature and then is filtered by
gravity through nmedi um paper. The precipitate is dried by pressing 25

between aweesmesnt papers. The filtrate consists of tyeyRks. The upper
| ayer is brown and appears to contiain the major portion of the isopropanol

as well as a very snmall anount of solasodine, in addition to inpurities.
The | ower | a | br ) ears so o _contain water, sodium

chl ori de and%ﬁ%g!}%i (%?é'ls%t Iﬁ?ﬁg&e@?ﬁ%@gﬁ PrESTd l??iw%qns%’é?'@@?f.pap?'ﬁéodanp
partici pate irgmas asamoch o thdliquiglasmessibled Tieat) itdy dribdast 60PC t sa@ed until  the
pH i s betwee I e d to stand ov j ght. Then, the
mxture is fi e@?@%%@?gﬁ'%&t%*ﬁ@hé%%ﬁ %Hﬁeﬁﬁ 8?3‘39‘%3%%13 precipitate is
27 Cctober 2@0elysOf 8340PRDT heRST dHE4Ka/sDdw8 thal B contaias 384 ghft ween absor bent
papers. _The LRI Iy ' i n _oven at..60C, for, 12 hours. The dry
hergn S« ngvailes A dindads & RougBieTascs haBbint e menaden dat o <o
contain 97 %seldties.odi ne on the followi ng basis: Pure solasodine is
reported to nelt at 200-202 C. An early, less pure sanple produced here

melted 191-197 C and cont ai ned 95% sol asodi ne. 10 2.4. Alternative nethod 4
2. 4.1 Mat eBi &i s onétie taand-botiem Kask al6 PIEOEd 8Py obdeing eadeglyésside No. G1090395)

Gni ang 15 nalCrore e AR EAEBarc b ol eiediodl . hyiGeRod Sd6C and gr ound

. #to pomder K37.6 8 HCHpdrel g tapweterdTiscilask id equidped with @rreMk@ofdaRdar ds of
Rl | L P SN T A i S
grade. - O her theadndesftisis e the content is a light brown ‘suspension, which is allowed to

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

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 noficeably, the cofour deepens and the formation of a
second liquid phase becomes apparent. Addition of alkali is stopped at an pH
of about 2.5 to 10, by which time a considerable separafion of the liquid into

20 two phases and the formation of a precipitate is observable. The fotal amount
of sodium hydroxidesolufion added is 29 m.

The mixture is allowed to stand for 1% hr at room temperature and then is
filtered by gravity through medium papér. The precipitaie 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 smali amount of
solasodine, in addition to impurities. The lower layer is dark brown and appears
% to contain water, sodium chloride and impurities. The entire filtrate is discarded.
The damp participate is agitated with aqueous hydrochloric acid is added untit
the pH is between 6 and 7. Itis 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 fromsS I ni at um
Altg 2. 492 1 Effects of 2-propanol concentrations on c(rﬂlﬁ%&gt{’%g?géde
extraction 25 The dried | eaf powder (500 g) was extracted 4-5 times by O to
100% v/v of 2- propanollwater (1.5 1 each) at 70C in an Erlennmeyer fl ask.
Al filtrates were pooled and 2-propanol was vacuum evaporated using the

rotary evappgabRss (Buchi, Swtzerland). The filtratg % lﬂsgﬁt ed to 80C and
stirred while adding 30% agueous agnoni a sol ution un‘t: ¢ pH reached

9-10. The formed precipitate was 30 coI I ected,. and then crude gl ycosi des
wer e hydroly Yy hl,ori in . 2-prgopanol in a round-bottom
flask for rgslslr)?é bf&yggeg@g Wfﬁpﬂ% %Cf‘flﬁafeo'ﬁ drigg i ancryen at @0°r eci pi t at e

t he crude. solfastﬂihwws. The pure sol asodi ne was obtained by crystallization
in methanol. Yields were best with 70-80 % (vlv) 2-propanol, with 0.45 %
w w of dry |leaves within that range. Particularly suitable for that nethod

i's 27 CctoberTH2abpweldght SHOGebifittPEH4R03/ 03831 19 2-propanol at a
concentration of 70 %since it was the | owest concentration giving that

hi gh vyi e1d of solasodine. 2.4.2.2 Conpari son of various nethods for
hydrol ysis Ofo@W@lﬂﬁiadﬂS esﬁna'lfb@tw&dn%ih Qﬁ%fsolé@.ﬁ\@lﬁé 06 %&%M@%a%?&t racted by
|

the sanme pro ut usin i stil nst ead of

2- propanol . 'I%?HE &ﬁ%?é"@l'?/ﬁ%’?ft%@ %?%28?\293& An @‘RFU lpsupurpsamplens and

hydrol yzed byrodiuced helehmsied Woi-gb7 vebed @drﬁ&ﬁé@é&%b&las&di hydrochl oric acid
in water, ethanol or 2-propanol. 10 C For the electro ysi s net hod, the

aqueous extract (1.51) in 0.02 N hydrochloric acid was applied vmth a DC

urrentm(SO A) for 2 h using 2 pairs of alum numplate electrodes (10 x 10
in a { ank Usi ng 2-propanol as a solvent in the

hydrochl or%4 ﬁ‘h‘?rﬂ ‘I’Wd?%"?ﬁg‘?s gave the hi ghest

2.4.1 Materials: Fruits (code No. 160695-3P) and Jeaves (code No.G109fJ395) 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, '

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

5 The dried leaf powder (500 g) was extracted 4-5 fimes by 0 to 100% v/v of 2-
propanol/water (1.5 | each}) at 70°C in an Erdenmeyer flask. All 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-propanot 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 rahgé. Patticularly suitable for that method is




yield of sol asodine. 2.4.2.3 Conparison of sol asodi ne hRsfruits
and | eaves of So/anum | aciniatumAft. 20 The dried fr%??ﬁﬁg%%%g g) or

| eaf (40-750 g) powder was dispersed in 70% 2- propanol and sonicated for 2
h before extraction. The suspension was put into the thinble and the

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

Soxhl et r eweesebRg fl ask. The sol ution was refl uxed ug&},ﬁm%jlgﬁustion and 2
25 propanol was vacuum evaporated ugi ng the rotary evaporator. Boiling
water was added to the residue while being stirred. The sol ution was

filtered ane. [ : td. £0.80C and stirred.while adding 30%
aqueous ammn‘%rgf%‘g){ %Jt:ei{%}rqeinntl ;Sﬁe%%ﬂkgggv@ﬁ&?q@wﬁ%.GOW?@"%‘P@(Q‘WQ ate was
repeat edl y (% high Yigld of selaseding.ed water, filtered and dried at 60C. 30 The
above crude gl ycosides, 2-propanol and 37.6% hydrochloric acid in the ratio
of 16.4:76:7.6% by wei ght were pl-aced in around-bottom flask. The solution
was ref | ux@d-4-6Fomparisaacdf warious Imethoids fardwerdlysls of gigetsiaeguUnp. The col | ect ed
precipitgte was dissolved in 2-propanol and 20% w v sodi um hydr oxi de
solution. A |arge 27 Cctober 2006 WO 03/092578 PCT/ EPO3/ 03831 20 . anpunt

of I wat Sr m§h%@@?eafmdeh@ kgpwas exiracted by theagamd dilﬁcé(;du)@éﬁ(hj |2i,‘4r£23 S CC):l asodi ne.
Sol asodi ne Il ter. paper and dried at. :
Recrystal | i_g@étﬁs{;]rq é%?‘%g‘g%tgfs@%ilg%eaﬁ%r%%ﬁ@E&F”dﬁ O%S?WP giidedexagonal

pl ates of chipsiour fartiens agd hydrolrzerkbwibirahethods wisieisvere e@ecpbﬁﬁyrﬁqr for 16- DPA
synthesis. gydrthRRAcisn %H %cﬁ.}&h%réfqgﬁr)np@%ted fruits with 70% 2- propanol

gave crude ‘sol asodi ne glycdsides a brown powder, as conpared to the
éroduct’?ron1 | eaves whi ch had green powder characteristics. The crude
I

cosi des ghtal : action were contamnated with col oured
i rr%;ur > e lgl? rt]igée QE%{#SG%&'I&? X duBSld ex’tra\(':\FU % )in 0.02 N hydrochloric acid
was applied with a DC current (30 A) for 2 h using 2 pairs of aluminum plate

electrodes {10 x 10 cm?) in a 3 lifre tank.

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

_ 2.4.2.3 Comparison of solasodine confents in fruits and leaves of Solanum
laciniatum Ait.
20'
The dried fruit (60~TSO g) or leaf (40-750 g) powder was dispersed in 70% 2-
. ~ propanoi and sonicated for 2 h before extraction. Thé suspension was put into the
thimble and the alcoholic solution {volume adjusted to 300 or 3000 m!) was added
to the Soxhlet receiving flask. The solution was refiuxed until exhaustion and 2-
25 propanol was vacuum evaporated using the rotary evéporator. Boiling water was
added to the residue while being stired. The solution was filtered and the filtrate
was heated to 80°C and stired while adding 30% agueous ammonia solution until
the pH reached 9-10. The precipitate was repeatediy 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 by— vacuum pump. The collected precipitate
was dissolved in 2-propanol and 20% wiv sodium hydroxide solution. A large




;0 coloured inpurities and glycosides were soluble in alcohol.. - gn t he
crude glycosides were repeatedly washed with water, better appearances
were observed. This is due to the solubility of alnobst all col oured
impurities in water. The crude glycoside yields were 2.03 and 2.17% w w of
the dry fruits and | eaves, respectively. For hydrolysis of the crude

gl ycosi desvo éstoodsms found that the 15 proportion by WeighdsgksCrude ,
gl ycosi des, 2-propanol and hydrochlsric acid played a rofe to conplete the
acid hydrolysis reaction and give | ess side product reaction. The result

of chromat i .ndi e drol.ysis,of. glycosides yielded the
correspond %ﬁaﬁgﬂ/@%&ﬁ@%ﬁ %q]dteg ﬁ';%{hi%csgﬁ'lné" *%@%"&%%&GS%&@H é?'%,ﬁ?d"lﬁ‘ oduct
(sol asodi erRgasodineavasiiijtered iysigh, the Fiker paperraniriiod ABG0POIREdstMiBatish Cr ude

_ L the ko R ldieald
yiera of wi rereadh PR NERaRY debe bhPAE et ereABalie and 0 adon of

dry fruits salgodivawbich waseisedat & pelcyrsoiloe 18vDRARWIthadi€! d of sol asodine in
dry fruits and | eaves were 0.42 and 0.70% respectively. The purity of
sol asodi ne was nore than 90% (m p. 198- 200C). This product has sufficient
purity to Ifnlasedinaexirdutios framtdriag fros with 20% RopréfarePaaveiciude0 16- DPA. Al l

spectra (IR, .and, N of .t roduct -were identical wth that of the

aut henti c gg{?g&gr_ae Q'M?%swaeﬁ&%%'{}i’&’p"ffh%qw 5Ia§§BH‘PW§Q(%Wetﬁ’€’dP§UT°&? ed fromboth

fruits and léavawedichhad grdeagiontart dhardelerkidss TR s Rglyddside & abthhgd no

chr omat ogrzﬁ%hi@ procedure to I.m nt?tfi the repmining inmpurities and col our

mat eri al s. "FHI ‘?ﬁé@?@ﬂ"?’k’?f‘-’s‘mﬁf‘a{‘at@ Wt FRIpire ppuptiassincgdelsi ve. 1t can al so
so appl icolbted ifhpariticb ang gycusides Arer@Eolisle AssbhBEWhEn ki @GdeScal e, since it

M-l 1 be nor ynveni ent oth fruits and | eaves or the whol e

h oSt |
pl ant at t ng{ ‘V?rﬁéeq%ie%fyﬁ’ggsy'g&”ﬁgP"@Fﬁ"sﬂ?eg@'é@@?a’?'?%@d'{%er 2006 WO

03/ 092578 BEIERNIHRISle Rlhe SNatRy 6faﬂmo§taﬂléblbﬁeﬂ‘irﬁptﬁti§’iﬂtv€a?§! s _of 16-DPA
(16-dehydr 5, 16- di en- 20-one) from

Sol asodi ne%?ﬂﬁmgﬁ%}%@g %Iteé%?aé g’étﬂ%%‘%%gf%%i ndis@adilaavedai | and
respectively. For hydrolysis of the crude glycosides, it was found that the
15 préportion by weight of crude glycosides, 2-propancl and hydrochloric acid played
a role to complete the acid hydrolysis reaction and give less side prdduct 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 filiration and crystallization. The average yield of white
crystalline pure solasodine powder was 0.34 and 0.44% of dry fruits and leaves,
e o 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 to
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. faciniatum 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 acetif 34hysrl ﬁg (5 m),
pyridine (7 m) and p 1o toluenesul fonic acid (0.0250 g) was refo uxed (160
C) for 6 hrs. The reaction was cooled to roomtenperature and acetic acid
(10 M) and water (4 m) were added and refluxed (160 C) for 4 hrs. The

m xture was cooled to 15 C and a solution of chromic anhydride (0.75 g) in
80 % aquequruzanslsi ¢ acid (3 nl) was added dropw se i‘&ltlil’ﬂ§l§53551ri ng over a
period of 20 mnutes. After the addiiti on of the oxidant, 15 the content was
stirred for 4 hrs at roomtenperature and sodi um sul phite (0.08 g) in

wat er was ded.t 9 dec pose t he excess oxidi sing agent. The m xture was
allowed to d acetic anhydride (5 m) was added and
refluxed (160 C) for 6 hrs. The reaction was cooled-to roomtenperature.

The cool er. \as the precipitate of 16-DPA. The product was
filtered, W%é’é‘ﬂb‘i?'%ﬂ%q'gggxﬂi‘?ﬂ?hwgmﬂﬂémb%@%r%Bs@%ﬂtoxss-wgnaom met hanol .
It gave yels,18:iieRa0eine) bm SHAOGHIAE EXBEctal RonlS zaamgft&.ﬁquPy col um

chr omat ogr n, alum.na neutral wth n- hexane and ethyl acetate (9:1).
It gave “’gola(gﬁg‘fﬂg%%‘% PRd of 16-DPA. * %vyield of 16-DPA = 44.6 from
starting 10 g of solasodine. 25 Note: A phase transfer catalyst (PTC) may
al so be apql I rﬁ&gﬂiyg@_grease the yield of 16-DPA, see below. 2. Alternative
nmet hods to syf? 6- DPA from sol asodi ne extracted-fromsS. 30

| aciniatum Alt cultivated in Thailand 2.1 Alternative nmethod 1 (fromJ.
Rodriguez, at al., J. Chem Tech. Biotechnol, Vol. 29,1979, 525-530) 27
Oot ober  206e5olERD ] Faedieitts) inposiarmbydrice (5 mi)opyridinet (¥ Ind} ansip-and

55 i acet | e rion: SATDER8) op L IS 10T QRr LI redPRIAY. Ui bom ¢
aci d (140 &gyedip faé@tt?rep%ﬁuw qnd aoefie 3eid tid relkend watanMyl) wdee added2. 2 m ). The
M xture Wasng kfukae(180."C0MY hATPRE AbdrE whetodked B 1878 dnie LRk 8F
c;hromic anhydride (0.75 g) in 80 % aqueous acetic acid (3 mf) 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 afzhydn‘de (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 po;Nder. The
product can also be purified by column chromatography on alumina neutral with n-

i ( " 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 r_nethods to synthesize 16-DPA from sblasodine exfracted 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 - fter
dilution wth acetic acid (14 m). The yields of 16- dtg(g)seggg%% t he

t heoretical conversion of solasodine, ranged from15 of 20 % 1o A m xture
of solasodine (2 g, 80 %, acetic anhydride (1.8 m) and pyridine (40 m)

C was heated under reflux for I h. Then a solution of pyridine

hydr ochl ofgdgodsisg) in pyridine (50 m) was added apgrfiidied for a
further 2 h. The solvents were dispkilled off under vacuum and the residue

was dissolved in acetic acid (60 m). The follow ng steps were perforned

as descri beg-halipn &é/s% = tai ned varied between 20-30
% Sol asodi neg(ﬁ]lz -g?I?SOg -ﬁ%%}ogiog@g%gé?{%ﬁg@fﬁ?di ne (40 m) and heated under

reflux. Acetic anhydride (2.3 ml) was added slowy and the refl ux

mai nt ai ned A Qi _ ; laboh; el and excess of acetic
anhydri de’ wer . Pfg?ié I%%ﬁ.mgﬁ? gufr;\(gtg’) mvéalé(gﬁ%%& tﬂ%enrﬁ?gg? aﬂ‘gedf}BPéPﬁ’ﬁﬂ" was treated
wi th aceti @f adolepnesainhonicasd (MAumnghin aseliteacia (412 ml ahd BeeiG arhydidyV th this

nodi ficati i 0 re Lnproved,,up.to 48-53 % based on
t he thegbir e??' géﬁmsg%(@t%tﬁsnégegé%%ﬁ%e@ s@ﬁ?‘ﬁé‘nd%?"%?ﬁﬁéti on and

hydr ol ysi s Umes refsixden i Gietsaiutienlwas then cosledrr 15 #8°Caihd dfter @lugéi ¢ aci d, was
cooled to L ( f LWm di ghr e i cetic,acid (11 %
T0°m) was "2 gcefe acRla sl the JBidE ot KERPH hses Bn e pocioberd Eoeseictr € wes
stirred at of euaaodivet ranget erari6 of 20 % h, then anhydrous sodi um sul phite

(0.52 g) was added to destroy the excess of oxidant, and the m xture
heated for a further 2 h. 27 Cctober 2006 WD 03/092578 PCT/ EP03/ 03831 23

é_so! ?jt i on ArftiXI}!Jl:ﬁrci\fbelaaodiw(M,_BD%DE%tiﬁhhlwdriaé (ﬁﬂﬁﬂ)}zﬂg pyRéiné @0lnay i on and

urificati - ous et S cryst isatjon or extraction

Wth benzends Q%%}%c? Hﬁéﬁ‘g&éﬁ?{f iiRep 8|5P@a$?’h2{ &%YE%'H% MJ%&]?@%% d¥irnal |y

adopt ed : pyrsinecl60 rilomascaddediand refluldiol  ftRér MASTIA sliehisaebrainder vacuum

avoi ding t Bﬁﬁlfégrgﬁluﬂﬁgr \%%Ml'nﬂ%ng %etrggdﬂee\%ésd&{géolvggei\n ggzgﬂtc agifd (éohr%i).a cetic aci d
The 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 fnl) and heated under reflux.
Acefic 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 distilied off under
vacuum. The residue obtained was freated 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, w-as cooled to 15-20 °C
and solution of sodium dichromate in acetic acid (11 %, 10 mi) was adtjed,
keeping the temperature below 40 °C. The mixture was stirred at room

0 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 distillationgf trope
formed. The resiydue was dissolved in a mxture of wat g?_%c%tﬁ‘rgerr"‘k??@: 1, Ii)OO
m ). The ethereal |ayer was separated, the agueous solution was extracted
t horoughly with ether 1o and the solvent was renoved under vacuum C A
brown-yel | ow resi due (3.3 g) was obtained, which was purified by

crystal | i sp0xmes7d rom met hanol /water (4:1), or by chregmbR@isghy over
alumina with benzene as eluent. A mery pure product was obtained (0.69 Q)

and characterised by U/, IR 15 and NVR 2.2 Alternative nethod 2 (nodifjed

fromA. Sr ee‘%g%f"%'pa@%{’?ﬁ%ﬂfw _?gPat ra, Research and Industry, Vol. 27

Decenber 19 | ation and isonerisation of- sol asodi ne
Pseudosol asodi ne acetate: A solution of. solasodine (100 g) in acetic

anhydri de : ], | L.vent is distilled free of
ace%/i-c aci (f‘ %%%ﬁ%HW?%Faﬁ%gﬁdr é‘ﬁ"@ﬁ’q@ﬂ °ﬁ?§'ﬂﬁ’@>’w,é§9%'8?%adsand wat er was
added to delcostdisatiartorextrastion adtk berzenn hyid chickeformhy) ehecfoliksln teeBhigle Of

0, N-di acet J . f .aceti id and.refluxed for 1 hr to
i ve t ne® pons ey baSER | o SO confin e 1 PBR e lyeT bhdRt s 50 |
16- dehydr oprasywemgbiding thcematiate difing of deabsioue. Mhi rast 6f He AkaicRiciag

pseudosol a | ol . 00l ed X .C a solutpon of chromc

anhydri de (Sﬁ%l’ %&'&ﬁ%%%ﬁti%ﬁ&g%%ﬂggﬁé8'3@%'?’&&3 & & Qp%lt?ﬂ'@ -dr opwi se with
stirring ovBe rasiges wasidiesolal inmitters. of Matepieiteh @l :A0TH0 i THefetidAgy 0Xi dant

t he content Lrred for | hr. at roomte ratu and sodi um

bi sul phi t e '?%9"3@@?%5%';‘3{9&ﬂ&a@%sw@wa%@ad%o&@m@tw/ EP03/ 03831
4 added tanddbesoiyerd waexeesedardelivacingn.agent. The reaction m xture was

efluxed for 3 hr, solvent was distilled off and water was added to
precipitate 16- DPA. The product was filtered, washed and dried. It was

thrice ext rAabrosd-yefidvaresidug 8.0 ghwho obtained, whith- wablifirified ByR&Staliekisn conbi ned
and the s Olfyo?mne 'a%l}\ﬂbalteer%:qs,for }33? cl%’rg%a%graphy over alumina with benzene as

‘ eluent. A very pure pljoduct was obtained (0.69 g} and characterised by UV, IR

15 and NMR.

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

20 Acetylation and isomerisation of solasodine

__ Pseudosolasodine acefate: A solution of solasodine (100 g) in acetic anhydride
' ( ' (105 ml) and an amine solvent (650 mi) is distilled free of acetic acid and
anhydride. The reaction mixture was cooled and water was added fo decompose
25 excess acefic anhydride. The crude product of O,N-diacetate was taken in 600 m
of acetic acid and refluxed for 1 hr to give the pseudosolasodine diacetate.

Oxidation and hydrolysis

%  16-dehydropregnenolone acetate: The reaction mixture containing
pseudosolasodine diacetate was cooled to 15 °C and a solution of chromic
anhydride (45 g) in 200 mi 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 terhperatuie and sodium bisuiphite (5 g) in water was




s colourless solid (44.5 g), mp. 169-72C. 16-Dehydro I Acet at e:
A mxture of pyridine (40 m, 0.05 nol) and NH4C (26.%&%@%&&9%I) S
added at i0 once to a stirred suspension of solasodine (210 g). The

m xture is heated to 125- C 135 C and kept at that tenperature until TLC

I ndicates the reaction to be conplete (usually 8-9 h). Acetic acid (400

m), 1.2-éeihesmet hane (400 m), and water (54 m) pafgeobhgsy added, and
the m xture is.cooled to 0 C A solytion of CrG3 (88.2 g, 0.882 nol) in
water (124 m) and acetic acid (42 ml) precooled to O C is is added

tiropw se, . dfHeli%o B%ﬂ&@%&%&%ﬁdkﬁg%ﬁ&t e rga?umn%c ure SJPR 4, (200 m ) of

the solution has been , coolin di'scont I nue remai ni ng
portion hal§F B8k olertaas disilledoland watbrwas added db ;breclpitatla 16DRAD wm

tenper at ur eprofuck %gﬂté}@d %dashﬁ@gd et Qb iﬂﬁc&‘@&tﬁcﬁ%ﬁé\wﬁ} %g}y nd ggﬁf P?gg;l (16

m) is then introduced Irring.i's con
hour. The kiftl‘@nbghéﬁxﬁr%ct%m?ﬁeaﬁ@ﬂ“@mewanﬂuthg spiveot distitéd off egebane (1 x 450 ni

and 3 x 60 dHiduriedd$hiii g4 thacts are washed wth water (2 x 500
m) to renove the reS|dua§m§grr§1gﬁf?ﬁ¢salts Solid NaCAc x 3 H20 (70 g, 0.51

nol) is added to the organic phase and the solvent is distilled off

azeot r opi Ca*dMeﬁﬁrJffé(%)\éﬁsﬂb}?@A%tgr (4-6 h). The cooled residue is carefully

treated wth wat to produce a solid product, ‘which is collected by
~filtration. The 25 product is washed thoroughly with water until the

filtrate isyRuRESE @*r?ﬁin%q%’.g\iﬁ lOGOQSSmoI ggﬁﬁﬁl(ﬁﬁgfgaglgﬁb%@gaiéfl of the

residual chromums re a 1d).
yst al I'f s&nce & Sfﬁfﬁdrmlﬁh%mmn qfaﬁésmiin)e (210 gy Tise pixige heatirity dpepr egnenol one

oLt e o Db A e ot 2, 5,50 ©
al., Sept m}etq@@ggllyﬁ?g ) Aoslizraciea0 miO!. %diﬁ%ﬁétﬁamﬁmﬁé%%l 25 (a)
Acetol ysi s Witert54 AMUIL fen'RuEd GHE BRIhRR AL 280idl BSEI A A Csatition of E:rcssol asodine
(88.2 g, 0.882 mol) In water (124 ml) and acetic acid (42 ml) precooled to 0 °C is
15 added 'dropwise, while the temperaturé is_ kept at 7 -10 °C. When 90 % (200 ml) of
the sollution 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 methano! ( 16 mi) is then infroduced and the
stiring 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 I} to produce a solid product, which is collected by filtration. The
25 product is washed thoroughly with water until the filtrate 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 mt) affords pure 16-
dehydropregnenolone acetate (4); yleld : 117.1-123.8 g- (65.0-69.0 %); mp 167~
172 °C.
30 :
2.3 Altemative method 3 (modified from US. Patent 5,808,117 , Chowdhury l et al.,
September 1998) :




=

was charged with 40 mi of acetic anhydride and to it wag g g[gmﬁ m of
xylene in a pressure reactor vessel and heating was started e stirring
till the tenperature 200 C and correspondi ng pressure of 5 kg/cnR are
reached. The 5 reaction was carried for a period of 10 hours after

attai nment of desired tenperature (190 to 200 C). Heating was stopped and
was al | onswio0am9tses cool ed under stirring for a peri odcokrRifRsour and the
product was discharged at a tenper&ture |less than 100 C through the

di scharge tube. TLC (thin layer chromatography) analysis of the sanple was

carried out (aMAc6BlySEUNEEIa8HiNe to/PReORR o Bl e &Q&ttatg Bo E‘o? G(ﬁ' s@tgﬁe Sol vent

removal was done jn a rotary vacuun1evaporator pressure

(about 50 nbaWps charged élébé@mdef%@ﬁlvgmiwdmwcﬁpmWasradde@yﬁﬂ mlofAfter the
removal of thgyb@si é[ﬁr@ﬁﬁe Féfacﬁah Sﬂa%nnﬁ%ésdabﬁg?&r{&g? i tgﬁ {ai ned

whi ch 15 was confi nmed pseu oso aso
pseudosol asodiSRPFuE Nﬂd’%@tcarr@spoodmg mreeweafﬁbglcm? aﬂehmahmi dmet sol ution.
25 g of GhrOn}éém:érf\lv%bﬂﬁedﬁ%én%ﬁéﬂﬁ'hﬁ&r@ B atlohnfent lacQiedat of and 10 20

m of glacial acetic acid a clean so utlon precool ed to
0C - 5C. (ii )temratw@rﬁ%@to@ao EhttHesting wassiofedand s@s afiawtidte bdi acet at e

bt d Qr.qet,;hane, and 100 i
ot 3: ne aﬁsaiﬁﬁ'%’ l\é@%rgmﬁ@&%o\és ehéqéf%ﬂ?ﬂbura?@tﬁé%Bhgégpvgéaggha&gﬂ and 200 M
C and the oxi #hiempsraleredessihaptioee throughathe viischarge abseTl G (hin faydr opwi se

2dar ] on vas. CyoRBe PRy Pneh/oR of FR a8 el U EhBN SinGe ol v

'ngpl et @0 cooPhavgaimaspatiosdbRinlateed and the 30 tenperature of the reaction

diumwas allowed to rise up to 15 C and also allowed to be stirred at
that tenperature for a period 25 mnutes. Wen thin |ayer chronatography
i ndi cat ed theS@mﬂilr@mvahwas derresin arrdatyt\naanum avawratdi umdeabdieg of sodi um

the removal of the last _traces of- the solvent, solid material was obtained whlch
15 was confimed to be pseudosolasodine.

(b) Oxidafion 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 {o
0°C-5°C.

(1)  Addition of oxidant solution
Pseudosolasodine diacetate obtained as above was dissolved in 100 ml
25 of dichloroethane and 100 ml of glacial acetic acid and 25 ml of water.
The mixture was cooled to 05 °C and the oxidant solution prepared as
above was added fo it dropwise keeping the temperature of the reaction
mixiure 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 thé
reaction, a solution qf 5 g of sodium chloride }n water (200 ml) and




27 COct ober 2006 WD 03/092578 PCT/ EPO3/03831 26 net ha@lo&&tg)er?obev\ere
added and the stirring was continued for another 20 mnutes. (iI1)
Extraction of O, N-diacetate a The keto ester o, N-di acetate was extracted
fromthe reaction mxture wth 1, 2-dichloroethane (4 tinmes, 200 m). The
organic layer after separation was subjected to distillation under reduced
pressure woaospesgver the solvent. A gumy residue of p@pmribosgiacet ate was
obt ai ned which was purified by colasm chromat ography usi ng petrol eum et her
10 and ethyl acetate. (c) Hydrolysis and degradation of O, N-diacetate to

16- DPA. 0, N-di aCEtrﬁétﬁaho@Qfo%' ql” to reflux in 200 m of
- glacial acetic acid for a. p@ﬁ?]gﬁé%@}é&gﬂ@ﬁe Q&ﬁgggg?twe%\g’gaﬂﬁh?rtored on
TLC. After conpl etd00RNBESt he 15 reaction,. acetic dcid was recovered by
distilling under reduced pressure (50 nbar). The cool ed residue was then

treated with cold water (1 I&} to renmove nmaximum anount of chromi umsalts
present and afila mExFartionedO MdineetBlRA separated out which was col | ected by

filtratipn. 20 Thepnp&siclif s (It} ith cold water 5 tines.
Finally, the solid resit for LRGSRl e Poouob Bt on wi th 1. 5
| of petrol eum et Néth 1, 2-dich{dgthaned4 imes, 20D mihdhe arganicliayer sfdrut i on of 16- DPA
was obt ai ned | eavi : i g The, vell ow, sol uti on on
distillation gavesgﬁﬁéﬂ%ﬁc@\ﬁeﬁ%@ gﬁ?@%ﬁ%’? Q’bdr?éﬁglfjﬁ?gepre%ﬁq Bt e which was
‘recrystal lized fr &egovetibesdlvend Aygummy essiduewti oy M- dfayét?]t@g\tﬁs oﬁfmedﬁi el d 0;
16- DPA was found i 0 ' ; rnative net 4. nt hesis o
16- DPA from sol asg@ljcﬂ?’%% ”Eﬁ%":‘g’ ‘%’F”;}'?}%@g?'%a@aﬁaaﬁ%ﬁ'%ﬂ R%?@)szfg e Acetyl ation
(and i sofferi sat i onapd etytasptate. 2006 , _
{¢) Hydrolysis and degradation of O,N-diacetate fo 16-DPA. O,N-diacefate
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 acld was recovered by distilling under reduced pressure (50
mbar). The cooled residue was then treated with cold water (11) to remove
maximum amount of chromium salts present and as a result solid 16-DPA
separated out which was collected by filiration.

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 distiliation gave crude yeliow 16-Dehydropregnenoclone
acetate which was reciystallized 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 fransfer
. catalysis (PTC) : ) '

2.4.1 Acetylation and isomerisation




W I D 03/092578 PCT/ EP03/03831 27 A m xture of sol asodi yridi ne
(10 M) and acetic anhydride (5 mM) was refluked for ?ﬁoéﬁﬁ?g%ed. Then,
the m xture was poured on ice plus aqueous anmonia solution. The
precipitate was filtered and dried. The product was refluxed in glacial
acetic acid (10 M) for 1 h. Gacial acetic acid was distilled off under 5

vacuum giwobngosasyel | ow residue. 2.4.2 Oxidation andpdyygiedlsysii s 2.4.2.1
Conventional technique 10 For hydregen peroxi de as an oxidi zi ng agent, the
residue from2.4.1 was refluxed wth glacial acetic acid (10 m) and

hydr ogen par 7 for. 5.h, . t.hen water was
added to dgs@?gf %‘f(s?(%g gmhi |%)d§)?2< ﬁﬁgﬁg"g@étml)O%Qeacr%ca%Wgrﬁ&n(gir@FW?% was

extract ed U@flikedionyh andeoaled. Ehed, theenistalanress poves] arvieg plusbguboushe i s resi due
was reflux e 4oal s | rpot assi um per napganat e,
pot assi um gﬁl}c ﬁ%ﬁlb@.ﬂﬁ%ﬁ%@%@?v% ﬁ)‘)g??%dgl’%dsdrg IHF%WH@”%&'@F\F UX¢the sol ution
obt ai ned ait@acial acedsracichi Do) fon1 gl Glackal acetie btid was didtiNaiofogdeed to 0 to 15C
and a gol U%ciuﬂ& @iﬁ’ﬁ&@iﬁﬂ M4Qgr manganat e, pot assi um di chromate or chromc

' e (30 65 &

trioxid no cess) I n glacial acetic acid (10.mM) was added
dropwise with stirring 20 for 3 h. Then, nethanol was added to destroy the

excess OXi§.h?@ﬂd?tﬁv§%tngfh}&ﬁ)%&eac“On m xture was refluxed for 2 h and the

sol vent was di st er vacuum 2.4.2.2 Phase-transfer catalysis
technique 25 The residue from2.4.1 was dissolved in nethylene chloride

(10 mM). T -Q-ﬂbgﬁ\@nﬁ&glgegﬁ%ué?’o nol % excess) and phase-transfer catal yst

(tetraet hyl ammoni um 1 odi I tetrabutyl amoi um hydrogen sul fate; 10 nol %
(O.f oxi dpzing agent) were dissolved in water (10 m) and added to the

it i o afooph BB RE o ER BRI AL FefEnge i 247 Welegiasd t enper at ur e
was mai nt awitfedlacial @etioadd (10frol) afd hydrdden @raadd (80 mol % excess) at 70°C
for 5 h, and then water was added to destroy excess oxidizing agent. The reaction
mixture was extracted with ethyl acetate and the solvent was evaporated. The |
15 residue was refluxed in glacial acetic acid (10 ml). For pota‘ssium 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 frioxide
(30 mol % excess) in glacial acetic acid (10 mi) was added dropwise with stirring
20 for 3 h. Then, methanol was added o 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
%5 _

- 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 _

3  mixture was vigorously stirred while maintaining the pH at 0 to 1 by adding sulfuric

 acid. The I_)ath temperature was maintained at 0 to 15°C for 3 h. The organic -
solvent phase was separated from the system and washed with water several
times. Then, the solvent was remc:\_red under vacuum until gummy material was




sol vent phase was separated fromthe system and washed 3 &h yatehgseveral
times. Then, the solvent was renoved under vacuumuntil gumy naterial was
27 Cctober 2006 WO 03/092578 PCT/ EP03/03831 28 obtained. The product was
refluxed in glacial acetic acid (10 mM) for 2 h and distilled off under
vacuum 2.4.3 Purification 5 The gummy material .of the product was packed

on a .col uwb@fosstsl i ca gel 60 (Merck, Germany) and elppt@phsiissh petrol eum
et her and ethyl acetate with incressing polarity. The eluent gave pure
16- DPA. Recrystallisation of 16-DPA from nethanol gave a rod-like crystal.

10 2.4.4.: i j - DPA 4. litative analysis
15 The i sol(_éayt@éé(ogg g?f)ocﬂﬁ géeﬁ%grgh%(r%gﬁ'?%a%@ra?g @Ce?ci%{i%mb;ot ﬂnqaayer

chr omat ogr afistijled pffu@jerbypcwesmpar i son with an authentic sanple using silica
gel 60 GF254 aluminium plate (Merck, Germany) devel oped with a nobile
phase consisting of chloroform! nethanol (9:1). The spots were visualized
by sprayi ngRhBtRuriB@ten/ v sul furic acid solution on TLC plate before
heating pn a hot plate. 16-DPA was detected in the 20 same nanner but

devel oped with nobil e phase consisting of ethyl acetate I petrol eum et her

(2:8). The Bpauwimemnstedel o ttequodunians pbhtdediop sedohdivofiiiica gd.60. 4. 2
Quantitativy | i.ne s_anal yzed,.by high performance |iquid
chr omat ogr a(glﬁgi:&? Eﬁ@ﬁ%@@k@a%@bgﬂﬁlgﬂ e5§ﬁ§{at§|yl?/a}g8{_a?e ifornia, USA) at
305 nm usi rigcr%aslirig:;miarfmr‘ﬂhe ememﬂgmlpugeﬁg&zﬁﬁxne@ysméﬁéagd? ?f @me particl Ie
i ameter, Q e B an .01 MTris-HCI buffer/.acetonitrile
srtinef e rabe i

(20:80 by volu eat aflowrate of 2200 M/mn with
j-njectian volume of 20 pl. 16-DPA was anal yzed by 30 -HPLC at 254 nm using a

typersil ColB,cRlwil draaQ%sti 8 WoppAC Pmparticle f
2.4.4.1 Qualitative analysis

15 The isolated solasodine was preliminary detected by thin-layer chromatogréphy
(TLC) by comparison with an authentic sample using silica gel 60 GF2s4 aluminium
plate (Merck, Germany) developed with a mobile phase consisting of chioroform /
methano! (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 ethyl'acetatel
petroleum ether (2:8). The spots were detected under UV lamp at 254 nm.

2.4.4.2 Quaniitative 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 (250)(4.6 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 mi/min with injection volume of 20 pl. 16-DPA was analyzed by

s HPLCat254 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 mi/fmin with injection volume of 5 pi.

2.4 4.3 Identification




di aneter; 250A average pore size, H chrom UK) and 100%msiibedi@lggeas used
as the nobile phase at a flowrate of 1.00 mM/mn with injection vol une of
5pl. 2.4.4.3 Identification 27 October 2006 WD 031092578 PCT/ EP03/ 03831
29 Sol asodi ne and 16-DPA were determned by nelting point (mp.)
measurenent (Stuart Scientific, UK), IR (Jasco FTIIR-5000, Japan), GC-M5
(Varian Sgiowsmms®100, UK) and NMR (Hitachi R-1500, Japgdphsgefparing to the
authentic 5 standards. 2.5. Resultsgeand Di scussion of alternative nmethod 4
KMn&4, Cr03, Na2Cr207, or K2Cr207 nmay be used as oxidising agents. 10

Tet raet hyl ammoni um i odi de or tetrahbutyl ammoi um hydrogen sul fate may be used
as phase transfer catal ysts. Best yield of 16-DPA with respect to

sol asodi ne Seasodiopaad heOPA wdre deterribed by meing buint (wel) peasursmbAtat € and

K2Cr 207 (37 et j L onver )seydosol asodi ne

di acet at e ég%ﬁ%w5aggg§2%3ﬁ?ﬁﬁ%@m%aPa"S’é&i@eaﬁ%ﬁ? g@“”‘bf sol asodi ne
to give 0, ¥180.d4SapdIIR ddithchidR-1500] Jasamyeshpaaing ao thefaudieaset ate to gi ve
pseudoso) a§%id?|%3di acetate. The resulting residue was oxidized by various
oxi di zi ng agents under PTC and conventional nethods. Further hydrolysis of

t he oxidative product produced 16-DPA. Finally, the product was separated
by col um e highest vield (37.0% 93% 20 purity, mp.
169-172C) %?ggg&g%%nﬁéﬁg%}g%&bﬁ%&%naﬁ@ %ﬁf'ﬁgédi ne by continuous operation
wi thout purification of internmediates was found in PTC system using
tetrabutyl i hydr, n |f at e and potassi,ym di chromate. The product
" characteri zeg Bye'lnqe’ M%Cﬁ%, R}éklzg 7 r‘h&ﬁgd Pﬁ@HHﬁSE‘QIagF@S{ he aut hentic
anpl e. 0 PesathyamuibtibmdodideontsitabutiRtmalitybREER Bl Mxfhoaen sul fate as
(Shase 2s t E‘%@ﬁ% M Ca{e?lf;%tslt ? et belt t gr bi | d.than tetraethyl anmoni um i odi de
“and the cORVERTi Gha el %@ Yigld o A%PE Avithigspactiorsnlagedine wae yi el d of
the producbbiabied iwith detizpuiyRhmasiuamhydlogdi SUTRE SndRSCHDIRET0 dhan from
pot assi um per manganat e. However, even bei ng '
* Solasodine was first converted to pseudosolasodine diacetate as in two
%5 consecutive steps: i.e., acetylation of solasodine to give O,N-diacetylsolasodine
and isomerisation of diacetate to give pseudosclasodine 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 sulfate as phase-
25 iransfer catalyst gave better yield than tetraethylammonium iodide and the
conventionat iechnique.

In conventional technique, the yield of the product obtained by potassium
dichromate was higher than from potassium permanganate. However, even being

30 a strohg oxidizing agent, chromium trioxide can not be used for PTC since it is not
tonized. In case of hydrogen peroxide, no oxidation product can be observed -
because. of its low oxidizing potency. |




so a strong oxidizing agent, chromumtrioxide can notzbqjagﬁg PTC
since it is not ionized. In case of hydrogen peroxide, no oxidation product
can be observed because. of its |ow oxidizing potency. 27 Cctober 2006 WO
03/092578 PCT/ EP03/03831 30 In our novel method of 16-DPA production by

oxi dation of pseudosol asodi ne diacetate using potassiumdichromate as an
oxi di zi ngwagenszsignder PTC, not only the product canpPgpmepedated easily
fromthe system but also the excess of the active dichromate salts in the
aqueous phase can be reused as well. In addition, 5 less toxic and |ess

amount of e producti on,
which w || E van ag(gdo%@%%r‘&@ m' h%ﬁﬁoxfﬁtﬁg’&p@gﬁ%ﬁ"'ggﬁ 16- DPA can
be anti ci pah@etat& esirgqaigsisim ﬁchlﬁmete &8l dRaxidiziry dpent drelsr PTOf ndt@nly '

/730 an, GREAR BF00 tettds S HOALTRARIS g FEPSGabe 7) 150

Thr ee gr anscife dichi@nate egiteid itemnaguepuophdde cembe musthbeweldn didii, ved i n 200

m of t r fter,chilling to 15C, with 6
M oof 4% héa%ﬁ%"r’r? fﬂ’ ro%éd}"ltgp?h\p@ﬁ%h” @%%ﬁf%ﬁevw QPR h 12 M of 30
% hydr ogen wastecprodiehors avhichiveihbe Fthantagebus fer comsndrbialprotiwtion s sfhe

f t th 20 h Th t hanol sol ution was
refri gera g%égg&%% Je]?é’%ﬁglgdy ree ours. e nme

poured int and the resulting white solid separated. The
solid, which was washed well with water and dried, C weighed 2.63 g (95 %
and nelted at 180-186C.. Recrystallization of a sarrpl e from nethanol gave
col ourl ess needles nelting at 187 -190C. 25 yield =100.43 from8 g of

arti ng midxempld % .Stejr2RopteB4: Step 3/ Route B 30 Synthesis of

6- Bronp- 17a- hydr oxy- pregnenol one from 16, 1l7a- epoxypregnenol one (H J.
Ringold, et al., J. Am Chem Soc., Vol. 78, 1956,

Synthesus of 16, 17a-epoxypregnenolone trom 1 G-dehydrogregnenolone
‘ 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-ol-20-one acetate was dissolved in 200 mi of
methanol. This solution was treated, after chilling to 15°C, with 6 ml of 4 N sodium
hydroxide solution and then-immediateiy 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 mi 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 Synthe'sis of 16-Bromo~17a-hydroxy-pregnenoclone from 16, 17a-'
epoxypregnenolone (H. J. Ringold, et al., J. Am. Chem. Soc., , Vol. 78, 1956,
pp- 816-319}




pp. 816-819) 27 COctober 2006 WO 03/092578 PCT/ EP03/ 0383% (etoberdbod SOl Ution
of hydrogen bromde in glacial acetic acid (215 mM, 32 %wv) was added
during 10 mnutes to a stirred suspension of 107 g of 16a, 17a-oxi do-A5-
pregnen- 3j3-o0l-20-one in 1.11 of glacial acetic acid, the internal
tenperature being, kept at 18C by ice- cooling. A honogeneous sol ution
resul ted sydmumngisnutes after 5 the end of the additi epyrigbisgned shortly
thereafter by partial crystallisatiman of the bronmohydrin. After a reaction
time of 25 mnutes at 18C, the m xture was poured into 7 | of water, the

crude brono i . t hly . d. v ter and
air-dried f%%ayﬂ%@?g'%%'l‘rﬁgbﬁ% 'Sr?ip%ag%‘%%%‘“\é\@ﬂ?%?%%]\H/"%%%. 57 (42.13 +
46. 44) fr onadsled dufings 1 @urinutes toatstiredbispendioreoilloz oo 16% effadoxidoRdut e B 15

nt hesis of 17a-hyd re ol one from 16- Bronp- 17a- hydroxypregnenol one
(S)ér onohydr i AFIEI ?:E'Owﬁ%g? H‘g{'ﬂ] qtjggﬂc_ta,l acptic Agig, %mmﬁé@@m’%‘yfﬁ be)i/ﬂ%, 91956,
- pp. 816- 81%epTﬁte1&°0H39|ics;E:Uélfh8bA ﬁﬁiﬁb%égr{ebtﬁ‘s ShtioR WSRRETS fovt Mirmites aREr 96%0

ney- Ni ckel . The suspension was heat ed

thanol together with, K 20 40 f
to boil i ﬁngﬁ? gad 8‘%5|39§'ﬁ°%ggiowg%gwwhawaﬁ%ﬁywaia! ergstallizgtiop ofdheh boi | i ng

et hanol .  Thgomemirineaitdria readion SméR 25 miRAGERtBES, 95k h&tnﬁ@ﬁra&hour%’o' ed in ice
ur foduced 91.0

and the resagﬁ"tj nqﬁpreci&gi h@te was collected. This proce ]

g of A5- pr BRI veer, the stude bromaehydiinwas epliseted.dhorounhly washied mith= 84. 19
(41.57 + A2vf@)aridrmadrfedFoiods Isdurd &tirbEin BMrdtaes. Exanple 6: Step 5/ Route B
30 Synthesis of 5-pregnene-3p, 17a-diol-20-one-3-formate (formate) from

17a- hydroxypregnenolone (H J. R ngold, et al, J. Am Chem Soc., Vol.
(5. 19560 P yRkS= B48Y (£X15X 1408y 9§ of YEHRGnARGRE PCT/ EP03/ 03831 32

Example 5: Step 4/ Route B

15 3ynthesis of 17a-hydroxypregnenolone from 16-Bromo-17a-

hydroxypregnenolone (Bromohydrin) (H.J. Ringold, et. al., J. Am. Chem.
Soc., Vol. 78, 1956, pp. 816-319)

~ The total crude bromohydrin was suspended in 5 | of 86% ethano} together with

20 400 g of Raney-Nickel. The suspension was heated to boiling, the catalyst was
removed and washed thoroughfy with boiling ethanol. The combined filtrates were

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

; This procedure produced 81.0 g of A5-pregnene-3ﬂ, 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

3 Synthesis of 5-pregnene-3p, 17a-diol-20-one-3-formate (formate} from 170~
hydroxypregnenolone {H. J. Ringold, et al, J. Am. Chem. Soc., Vol. 78, 1956,
pp. 816-819) '




A suspension of 90 g of A5-pregnene-3(3, 17a-diol-20-0 i of 85%
formc acid was stirred for 2 hours at 70C. A homgenggu%ag%ﬁrépp%n did not
result at any time but a change of crystal formwas noted. The m xture was
cooled inice and the formate was collected. It weighed 81.0 g (83 % and
showed a mp. of 203 5 207C. A sanple was crystallised from acetone and

~then exhiwobgezsasm p. of 207- 209C. * % yield = 98. Serimppilads® 9 of starting
materials. 10 Exanple 7: Step 61Romte B Synthesis of

5- pregnene- 30, 17a-di ol - 20-one 3-formate 17-acetate (diester) from

5- pregnene-,3 - dioal - 205 - f te. rimt e, Ri ngol d, et al,
15 J. Am éw%éﬁerég@.&g@& ‘3‘%7%%5%%95’%5? “fe‘i’i"g"fzg‘fg? “%2'?1_1g &Qﬁl@f"&'ﬂ%oo g of the
formate, 2abidgvasfstiped fur 2dwamsHt 701C. A lmagehylisabitiandid 480esal atahyacet i
anhydri de i WA at for. 30 mnutes,, allowed to stand
at room te\(rr@%rbta']t'!e %}ggﬂpgrotfgry%%t{ogmgﬁanﬁeﬁ%q%;n ‘?‘WF'%FRO? M8 ahe di ester 20
th0ﬁ| |t ecﬂmdprmmsnadcﬁi_lmd .Mvgtghtad Bi._UTglh(ei(’,j efgladgaﬁ@ﬁ%oga ?mnysﬂzdsdﬁ ang then
Wi 0 : e roduct wei ghe an owed a mp.
of ' 195~ Fo6 e CrstiiR s e B Ton St ard e Sten i £y 201 | | sat f on
from acet 0289°&nd exhibited mp. 198-200C. 25 * %yield = 94.78 from 10 ¢
of starting materials. Exanple 8. Step 71Route B . so Synthesis of

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

17- acet at e* (dyield =988y frbm'30 gk slgrting matdriald.. , J. Am Chem Soc., Vol.
78,1956, pp. 816-819.) 27 COctober 2006 WO 03/092578 PCT/ EP03103831 33 The

diester (51 g, m p. 192-196C) was dissolved in 1.4 1. O commercial xylene
jG-nd 510/m of cycl ohexanone, and the solution was distilled (250 m of

istill ateE coI‘ > d; 0 repove noisture. Al um num i sopropoxide (51 g)
di ssol ved a %:tS?e B}RouteED .

Synthesis of 5-pregnene-3p, 17a-diol-20-one 3-formate 17-acetate (diester)
from 5-pregnene-38, 17a-diol-20-one 3-formate (forméte) {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 stiriing at 80° for 30 minutes, aliowed to
stand at room temperature for 2 hours and finally overight at 0°C. The diester
20  was collected, washed first with a little cold acetic anhydride and then with hot
watgr. 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 .

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




of xylene was added during 5 mnutes to the slowy di styl tion and
5 distillation was then continued for an additional 45221(?1%(?%5%?%rther 210
m of distillate collected). The m xture was cooled rapidly, a m xture of
.ice and water was added and the solvents were renoved through steam
distillation. The resulting solid was collected by filtration and dri ed.
Extracti oRygisfosbsfaot acetone, followed by crystallisgiipi.deqmthis
solvent, furnished 40.7 g (86 % ofs3;l7a acetoxy 1o progesterone with mp.
240- 243C. A further purified sanple showed a mp. of 243-247C %yr eld =

78.95 from r't n 9: Step,8lRoute
Synt hesis o e@é | '@E d?é@&@ﬁgﬁéc’[ﬁ&g‘ﬁ% I(ﬂigo’?‘m@ﬁ%i’%‘i"eu
acet oxypr ogmﬁtﬁeomi@f é}@lqhehancﬁefaﬁd tetsohition wa 8isIleBH2E0 W dBdlstilate VOI . 26 (6),

20 1978, PR, ution of l7a-a sterone (5.0 9g) in

t-BuOH (50 ﬁ{"?&%ﬁé é’ﬁm @r’é’HWnuMs?Pr%?O"ﬁlﬁggi Hi‘ygﬁé’&ggf'&i‘ Okt ur e was

heated to 8@ xflene \Ba*laddeélfcnﬁng chhutmo théé]@ml?ﬂ%ﬁiluhg)ébltﬁﬂo}ﬂaﬁﬂe was poured into
were 25 extracted with CH2CI 2. The

10 %NaZCCB Iutlon nd the C

extract s° 53‘ o0y "ﬁ?ft ?P%‘f%{foﬁ? %‘E"tmgﬂﬁ@ﬁﬁﬁﬁu'ﬁ?ﬁﬂ%%@' ol vent was
evapor at ed distillaté toltedteti. Uthe rmmﬁetwdassf;oolaa%pr@p & hixGRd ¢ bﬂéb adomaterdfRt one gave
(4.6 g) colg = 08 53from4 of starting materi al s.

rles nee es
30 Exanpl e afiged %‘E‘g’}?e@? %taerer%?@z’?ves&rra%@h Sgplsgias hrmsHtng>CT/ £P03/ 03831
34  Synt hesold whs doliected ewxm@h and cﬁreﬁXE)dr%ctlcﬂr\Eﬂﬁﬂﬂﬁaém% foa&\wedib ne from 17

a- acetoxy-4 r egnodi 20-d -2/route B C nmet hod
5 y crys%ﬂga cg'r from |s SO vent, furnrshed 40 7 g (é)B %) of 17a—acetox3)r-
( 10 progesterone with m.p. 240-243°C. A further purified sample showed a m.p. of

243-247°C.
* 9% yield = 78.95 from 2 9 of starting materials.

15
Example 9: Step 8/Route B

Synthesis of 17a-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)

' (’ o To a solution of 17a-acetoxyprogesterone (5.0 g) in t—BubH {60 ml) was added
chioranil (4.0 g) and the reaction mixture was heated to 80° for 5 hr. After cooling,
the reaction mixture was poirred into 10 % NaxCOj3 solution and the products were

25  exiracted with CH.Clz. The extracts were washed with water dried over Na,SO4
and the solvent was evaporated to afford crude crystals. Recrystaliisation from
acetone gave (4.6 g) colourless needles.

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

a0

Example 10:; Step 9 / Route B




1.0 g of 17a acet oxy- 4, 6- pregnadi en-3, 20-di one were dlﬁs@&gg&go@GSO m of

di chor onet hane and added with 0.9 g mchl oroperbenzoi c aci d.

soi utioawas allowed to stand at roomtenperature for 24 hrs. The reaction

m xture was poured in to 5 % sodi um carbonate solution and the product was
extracted with 1o di chl oronet hane. The extracts were washed with water,

dried overwamngtivous sodi um sul phate. The sol vent V\@@T@y@aﬁgft ed to
17a-acetoxy-6, 7 -oxido-4- pregnenes8, 20-di one (col ourless ol

resi due was subjected to chromatography over silica gel, using a petrol eum

et her and e t and gav ol our | ess needle. 15 %
yield = ggmfhre %%eﬁfag& oz{fyeé{xg's%#é%ﬂé‘% e%Pr&QEg“"zg % g@"ﬁzﬁ'ﬂ“@é / et hods for

t he synt hesaeetoxy-ﬂ;ﬁapmgaomye-a 207dione(Stép 9f/rotegpene- 3, 20 -dione from 17
a- acet oxy- 4, 6- pregnadi ene-3, 20-dione 20 2.1 Alternative method 1 (US

Pat ent 3, 234 093, Rudoff Wechert, et al., 1966) 2.34 g of 1, 2

a- met hyl enefi-A:E’CBNCbmgmddl ene-17a-ol -3, 20-dione-17-acetate are dissolved
in 18.25.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 e1.0giofi1Faideetox gt buireshadichi3, PBHBYE GRfe &&Hoﬁ%ﬂﬂﬁacgfﬂpof"“ht 2 aqueous
washed into

ferrous sul{,ahe so¢hut| on @)g tg\ bi carbonate sol ution
neut r al W qfpethanegnd adoed wita 039 mochlorepesernzoic(acidi The solwlipowast , al .
Chem Phar nalioel lto stdnd at raﬁm(t&i)rperétﬁﬁea‘or 20Rrs. ﬁie%aét%%%&tw%%va%ﬂ%@r 2006 WO

03/ 092578 PC&‘E@S 3831, 35 0 a solution
f acet oxy-- 1M £ 'Eﬁ@rbe%\at?§°|BWI%PT®%M6§WF@MM§T 4en-3-one (1.5
g’ I i n CH2Cl dicHiGOmathandarheaskiasts Wercod<Peg Bith W&kt Urfad Gér%fﬁ)(p)q]gusg) and the

ution was allowed to stand at room tenperature The reaction
i xtur e wassoﬂﬁlm giPhate. g he solvept yasmvaporated to 17a-acetoxy-6, 7 -oxido-4-

pregnene-3,20-dione (colourless oil). The residue was subjected to

- chiomatography over silica gel, using a petroleum ether and ethyl 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 1 7a-acetoxy-6, 7 a-oxido-4- pregnene-
3, 20 ~dione from 17 a-acetoxy-4,6-pregnadiene-3, 20-dione -
20 i

2.1 Aiternati\(e method 1 (US Patent 3,234,093, Rudoff Wiechert, et al., 1966)

2.34 g of 1, 2 o-methylene-A*®- pregnadiene-17a-ol-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 akt
room temperature. It is then diluted with methylene chloride and with agueous

ferrous sulfate solution, sodium bicarbonate solution and washed mto neutral
with water.

36 2.2 Alternative method 2 (Glichi Goto, et, al., Chem, Pharm. Bull, Vol. 26 (6), 1978,
pp. 1718-1728.) :




s solution and the product was extracted with CH2Cl2. Thepswbéemios were
washed wth water, dried over Na2SO4 and the sol vent was evaporated. 2.3
Alternative nethod 3 (U S. Patent 3485852, Howard J. Ringold, 1969) io A
solution of 4 g of 19-nor-A4 6- pregnadi en-17a-o0l -3, 20-dione 17-acetate in
100 m of chloroformwas cooled to O C and then adm xed with 4 nol ar

equi val entvg @foastnoper pht hal i ¢ aci d di ssol ved i n di epbykrosbiasy . The
resulting reaction mxture was hel# at roomtenperature for 20 hours,
after which it was diluted with water. Next, the organic |ayer was

separ at ed, was;bgcéowiﬁ@rhomﬂ&mn@m]emﬁgiﬁc@#ptg&@%s% solution and then

with water until neutral, ‘tthen “dfied over anhy di um sul fate and
finally evapoltapeayigrirestyleasoone (RE@) yCHiCl: Samipmasdddetien-dry resi due from
acet one/ hexan sl i o0 = - ' .

nor - At pr egnen-et]llgig?%]b?lgz,oé%&g? egr?g@fl}a ?i'?:ee?%‘ft’é’.“ wlaﬁiagw‘v)erdotggmggt B8 t hen

repeat ed in elgEpraieen24uis Therfeaction mixtyre was umddnin &k dla,00a- ol - 3, 20- di one
20 17-acgtate ' L erqi [ Vi ng. 6a, 7a- oxi do- Ad-
oregnen-ira. ol eRsP iAol BEuat Bdoh LRk, The bR R A or

pat ent 115896With waigs|dried\peas iNaw304 and the splvatédis evaior@te®4 g of ,

1, 2a- net hyl en- A4, 6 pregnadi en-17a-01- 3, 20-t hane-17-acetate are di ssol ved
in 18.25 m_ et hyl enechl oride containing 844 ngy perbenzoic acid. The

sol uti on i S-kbiamalive metodHU.9.aten 8485652, Howard sRiabold,0960) enper at ur e.
Afterwards, it is diluted with nmethylene chloride and washed wi th aqueous
iron (I1) sulfate solution, sodium hydrogen carbonate solution, and water

th i | 30 neutAsblutionfofdrg afriPinogA* % pecgnbdiani1Zaehage-dicke i rdusa jgver sodi um

sul fate till ..1.62 g of, the_ grud \ i '

1, 2a- et hyl en‘!ad-ii)rd?4 ";"3-%@’)‘2{0 cfmﬁf?%pqu'&ﬂé?lo 1#5‘-"8 thengdpixediwiihd.-molacet at e t hus
obt ai ned ar e efjubmisnised nicmoddiphilicglchidigdonad o disthfGkidr, TRERLSIRRY Ution is
saturated wt rogen chl.orjde gas and stored at room 27 October 2006 WO
03/ 092578 PG‘?E&%’%/@%%@W@@GM[%%%P i%reneéawé@@ ¥ gltenwhighsit waen di | ut ed
wi t h met hyl erdiluteldiwithiviiteraNelxtyibie ba@nicneyer wab s¥pdrited\aBhed Wi &5 dryi ng, the

' h ' d d to dryness. over
or gant €,;PNas & qusols Sodin bicatbonate scﬁu_tion and then with water until neutral, then
dried over anhydrous sodium sulfate and finally evaporated to dryness,
Recrystallisation of the dry residue from acetonefhexane gave Bo, 7o-oxido-
19- nor-A*-pregnen-1 7u-0l-3,20-dione-17-acetate. This procedure was then
repeated In every detall but one, namely, A*®-pregnadien-17-ol-3.20-dione-
20 17-acetate was used as the starting steroid, thus giving 6a,7a-oxido-A*-

pregnen-17c-0l-3,20-dione-17-acetate,

2.4 Alternative method 4 (German patent 1158966, Rudolf Wiechert, et al., 1963.)

2 2.34 g of 1,2a-methylen-A**-pregnadien-17a-oi-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
() sulfate solution, sodium hydrogen carbonate solution, and water until

30 neutral. After drying, the organic phase is reduced over sodium sulfate til
dryness. 1.62 g of the crude 1,20-methylene-8,7a-oxido-A*-pregnen-17a-ok
3,20-dione-17-acetate thus obtained are dissolved in 109 mi glacial acetic acid.
This solution is saturated with hydrogen chloride gas and stored at room




sodi um sul fate. The crude 6-chl oro-1la-chl oronet hyl - Ad. Ghaghaddoss- 17a- ol

3, 20-di one-17-acetate thus obtained is added to 20 m collidine and heated
s under nitrogen to boiling for 20 m nutes. After dilution with

di ethyl ether, the reaction mxture is washed neutral with 4 N HCl and

wat er. The residue after drying above sodium sul fate and reduction to
dryness i o @fs2eiat ogr aphed over silica gel. 900 nO pcr/Eposmssst

6- chl oro- 1, 2a- net hyl ene- A4, 6 10 pregnadi en-17a-ol -3, 20-di one-17-acetate are
eluted with a m xture of benzene and acetic acid ester (19:1) which ,

after recrystalli ] L.om.i ) et her - S mp. of 200-201 C. W
- 8281 :178201%‘;‘%%%@&%%)25 hols %%‘(?)rg‘y'&'ie% “‘é‘f‘e’Be“ig%ﬁoﬁ}'%dE and vefhed 5 of

chi or madi nonenautrel withewdéten Witér, diviog,dhe dgadic phasprie reelutsd pinkiRss @verout e B) 20
1. PCRNC net hod. 3. 3 of 17a-acet oxy-6, 7a-0xigp-4- pregnegne- 3, 20- di one
were di ssol ve%)di'”ﬁ" ﬁéP%?h%F'Hé?ETOﬁE’ECE?‘?%mngy Asl‘Hﬁﬂ&?ﬁ‘I%é & " anhydr ous
Pydrogeﬂ chl m,g@dﬁga-ST%Qtataqmaﬂaihd&Ui@u@bedmosmﬁj@mﬂiﬁb@ﬁd hedted hrs],c stO(r]I eg
or 20 hrs, and, then ured iptg 25 ice ter, T recipitate is fornme y
filtrati®on, ¢ "B‘fﬁ’%‘g 8@@&9%’6&38}’“%3-Aﬁ%‘ﬁ@%ﬂf"ﬁb‘ﬂ@ﬁﬁﬁ‘g%  * ovyield of
chl or onadi noneastiod nidiBrefis aasisddaicuiralovit, 419 HOf kAdwétepr egnene 30 2.

Alternative nethods to prepare chl ormadi none acetate from 6, 7a- oxi do- 4-
pregnene 2.1 Alternative nethod | (US. Patent 3485852, Howard J. Ri ngold,

1969) 27 Cct ohwyreid0afterBniidy A48 8 BLIFRS ahdra8dod fo dihessds am of

6a, 7a- oxi do- 19- nor - A4-‘Eegqe nen- 17a-ol - 3, 20- di one-17-acetat e. was suspended
in 35 nl of g‘?i%i'ﬁpgrﬁe epsilica gel-NBQ Mg Grcllprgn) Zoaumettwlene ~anhydr ous

ydr ogep, chl ofy . A0 i jn.s 10
Gt s el | OB AT SRORRGE | e alg Vel ARE A Tiflhe ABEIe 101 s
was cont i nuedridaicetc acid esterd 9:3) Woidh safter rentystdliisation o snprapy etencentrated to

has a m.p. of 200-201 °C. ‘UV = gog1 = 17820 (methanol).

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

' ( i 3.3640 g of 17-acetoxy-6,7c-oxido-4-pregnene-3,20-dione were dissolved Iin 80

ml glacial acetic acid. A slow current of anhydrous hj/drogen chloride gas was
passed through the suspension for 4 hrs, stored for 20 hrs, and then pbured into

25 [ce water. The precipitate is formed by filtration, gave pale-yeliow powder of
chlormadinone acetate.

* % yield of chloromadinone = 91.18 from starting 6,7a-oxido-4-pregnene

3 2. Alternative methods to prepare chlormadinone acetate from 8,7c-oxido-4-
pregnene

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




about one-third of its initial volume by distillation %q,c%b gd
pressure at 35C, and then poured into ice water. The preC| p| e forned
thereby was collected by filtration, washed with water until neutral, and
then dried. 10 Recrystallization from nmethyl ene chl ori de/ hexane gave
6-chloro-1 9- nor-A4, 6- pregnadi en-17a-ol -3, 20-di one-17-acetate. By

repeat i ngwidzsoefsocedure in every detail wth one ex?ﬁﬂﬁ(}h%kss Qamely,
repl aci ng the anhydrous hydrogen chdyori de gas with anhydrous hydrogen 15 .

brom de gas, the correspondi ng 6-brono-19-nor-A4' 6- pregnadi en- 17a- of - 3, 20-
di one-17-acetate was obtained. Simlarly, by replacing.the starting steroid
W th 6a, 7a- oxi do- 19- nor - Ad- pregnen- 17a-ol -3, 20-di one-17-acetate and t he

anhydr ous hydOnggranc b G, 7elexida3 9-nork-Af- Bgreemhirdr M3 0IeHeo R AceRiteM de gas,

K Il ot her f
o7 oo Ad. 6- pr W EUAPBICEA 3511 57 SR Bl a0k ek RSN GETOBNSHai ned. G 2. 2

ﬁlg grnat :c ve naHydebud hycﬂiﬁgerPdil(&mg g%%%@%ﬁsseﬂlﬂ(ﬂﬁﬁéh Mé%@é}%?élon %Tngﬁ\ﬁz . é966) i?
g of cru a, 7a en-| 7a- ol - i one-17-
acetate &re d?@@&"\%@cﬁﬁé\ %?J@ maﬁe[)Prea?rﬁ@ﬁgprsQé@ Eﬁ%ewagwtae g8%ution is
then saturatwss ﬁntrh@eﬂmot-&ltmﬂroﬁﬁHb@s%éﬂﬂtﬁé)é@fuﬂ&?ﬂa&&ﬁr@éhtﬁb@ecgﬁs and stored
for 20 hours IS tg p uteglg?v% th | ene chl oride and washed with
water until %ﬁ’% prg-third 'tsr'HE'aId’P chﬁﬂ @t@"l@dﬁ'r"ﬁé‘dpeéﬁéﬁssg'@(ﬂtum sul fate
and then concgsrey amemeh@ourdamﬁ:ﬁ walst, m“et @@ﬁ:ta@@ﬁned’i@er%ﬁ{;%@m

PCT/ EPO3/ 03831 3 er natlve met h (Gichi CGoto, et, al., Chem

‘Pharm Bul | . gted EB?'@'?t'O" yaed Wb wagqulgmhwgyl andshendiiesh of
673 acefoxy- mg@yﬁﬁﬁiﬂbﬁﬂ&n@ﬁetﬂ%@%ﬂ:ﬂé@&aﬁe'gﬁﬁé SAtRYIngRAR 4. &

i en-3-one (2.0 Q) | aci al acetic aci
pragnadlen ~170-0i-3,20-dione-17-acetate.

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*®-pregnadien-170-0l-3,20-
dione-17-acetate was obtained. ’

Similarly, by replacing-the starting steroid with 6c,, 7a-oxido-1 9-nor-A*-pregnen-
170-0l-3,20-dione-17-acetate and the anhydrous hydrogen chloride gas with

20 anhydrous hydrogen bromide gas, keeping all othet: factors the same, 6-
bremo-A*®-pregnadien-17a-0l-3,20-dione-17-acetate was obtained.

2.2 Altemative method 2 (US. Patent 3234093, Rudolf Wiechert, et al, 1966)

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

30. _

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




saturated with. anhydrous hydrogen chloride. After stangi8g.gl, JogeMm
tenperature for 20 hr, the reaction m xture was poured Into I ce-water and
the product was extracted with CH2Cl 2. The extract were worked up in the
usual manner to give 173-acet oxy-| _

a-chl oro-nmet hyl - 6- chl or o- 16J3-i sopropyl androsta 10 4, 6-di ene-3-one (1.74 Q)
was di ssokyweddubR7gy-collidine (15 m) and refl uxed unpﬁf/‘a‘)g‘%ﬁz‘or 30 mn.
After cooling, the reaction m xturesgnas extracted wt 2. The
extracts were washed with 5 % HCl solution, water, and dried over Na2SO4.

Evaporati o t he. sal ven v rude c t al Recrystal | i sation from
et her gaverﬁl&é“eda%vsg?%htﬂﬂl[%g%cﬁeé%?’e% ?a@ﬁ%%@r@. %E@y" YWleth®h1 Route B
Synt hesi s of td8ypplitTedd728)et at e from chi ormadi'none acetate (step 20

11l Route B) 1. PCRNC Method 1.1 Chem cal synthesis 25 1.0 g chl ormadi none
acetate were dissolved in dioxane (40 m) and an addition of 2, 3-

di chl or o- 5, 6- Misolytisrefl78-cbeiozPuabiasteyiédd®d, fo-Bpdgaeg) - The reaction
m xture was refl uxed for_g his (110 C). After cooling to roomtenperature,

the sol&uti on‘sﬁ%{Q@g@df‘W% Gndiergraned0wiin gaciah agaticacid{RQ mikveasand t he

products  wergatgrted@dh\Wnhydreld tkdratefchlofde. NREr QAN atWsUne evaporated to
dryness, gave 30 g@re-ﬂ%%lo ow oil of del madi none acetate. %yield of

del madi none -a€BWPgRLIE] g the paetiongmishure washqueRs intgriee-water and the. - - - . . - . 27
Cct ober 2006 pry¥udd 348 SirattedRiEH EiF £.Qﬁ|§§5@tra%9wer@-v?ﬂr@dq}pqﬁm& j cal -

synthesis Cultivation of_bacterial cells. Two strains of standard bacteria,

A sinplex (Aaunsrfodivs 1dhecatoxysligheiigro-methyi-ATidoror tBgasgproppiangtosiger e kept in
;,fo a:Jw]?iclo, %g.'&@esra%e%% of WaB bR solV& iff ySURGHE [ add Vel Bd(uhayPt | ¢ Soy
N2 for 30 min. After cooling, the reaction mixture was extracted with CH.Cla.
The extracts were washed with 5 % HCI solution, water, and dried over
Na2S0;. Evaporation of the solvent gave crude crystals. Recrystallisation from =~
ether gave 1.4 g as colourless needles, )

15

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
2 1.0 g chlormadinone acetate were dissolved in dioxane (40 ml) and an addition
of 2,3- dichloro-5,6-di'cyano-1 4-benzoquinone (DDQ){ 0.636 g). The reacﬁon
~ 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 fo dryness; gave
30 pale-yeliow oil of delmadinone acetate.

* % yield of delmadinhone acetate = 81.43 from 1 g of chlormadinone




for 48 h. Each strain was grown in 100 M first-stage oyl biNgdiophs medi um
containing (g/l) in 50 mmol Tris-HClI buffer pH 7.8: yeast extract, 5;
anmoni um sul fate, 3; and magnesium chloride, 0.1; in 250 m shaken fl asks
at 25 2C, 200 rpmfor 48 h. The bacterial cell .concentrations were
primarily determned 10 by plate count nethod. Biotransformations. Each

portion oWwoledes:bacterial cell suspension was added tgcrifgeggcond- stage
cul tivation nmedium adjusted to 50. el , which was the same as first- stage
cultivation nmedium The cultures were then grown in 250-nl is shaken fl asks

at 25 2C, 12080kbRRdidicat Sl rious chemcals as described below were
added to the nedi urrs%th%’ptpeesﬁous optimal results of each effect for each
bacterial cells have been used in further studies). The conditions were

mai nt ai ned a j e ' ' reactions (0.5 nl each
welr e l:ol I ects%'gﬁf%géh ﬂ‘g% a%gf‘eyg.iﬂgmcg%ﬂagﬁ Lgi,%faé%rhﬁa?te% Ataﬁ’a’@%‘( h. 20 To )
opti m se t he {ATEEE4EhandR oephaericys ¢AELE 3805, awhicharere &kbptdm mirdraloie acet at e

and varizous ' ' - . LSS ed in

di r net hysf)f or (r?gyh%ﬁ;%&eé %tl\s/%ﬂ&?g{%e %g@%ﬁﬁga@?«ﬁpﬁ@%@gn @Mg% timse the

ef fects of suUpstthiEachsitaipmesgrevsiol 108 ml firsiretage culthatiamthedivar | ous

concentratio oLhi oy nadi ( -0.50 1 L1) and DMF (5 or

10 % were ag:gg%fngxgd‘@ﬁfeﬂ%gﬁg&e@gﬁﬁ%ﬁ ?’ﬁ?r&% %ﬁ'eveg?tfeé( ’%fa?”lr{’@%‘i’d i nducers,

hydr ocor t i sorsilfgto- %) abs magnksilin chioride, 030 iIR250ahishakén ﬂ?e%ksJ?ﬂ' 2?1% ygs added to
resence of hydrocortisone,

the nedia. Afg.ar r -cultivation in th )
nenadi one and"IO @ﬁ?'ﬁ?%r}%ﬂhgﬁg bﬁ‘&*&E’%{Pgﬁ-?%cmﬂ%@ Verepimely detsrmigedber 2006 WO
(ﬁg/ 09258 PChyRROSLABRAEHY. To optinmise the effects of surfactant,

nadi one, chlormadi none acetate and various concentrations of Tween 80
(0-1.00% W v) in DVF were added to the nedia after 24 h cultivation in the
presence of |Biutransformatiomsektach.portion of the bacterial cell suspension was added to

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 mi 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
dimethylformamide (DMF) (5%) were added to the media.

25 Tooptimise the effects of substrate and organic éolvent, menadione and
‘various concenirations 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 -induce'rs, hydrécortisone (0-0.55 mmoll) as a

@ 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,




5 To optimse the effects of D(+)-glucose, various contgh&oed: 49gs) - 9l ucose
(0- 10.0 g/l) were contained in the second- stage cul tivation medium

Menadi one, chl ormadi none acetate and Tween 80 in DVF were added after 24 h
cultivation in the presence of hydrocortisone. 10 HPLC anal ysis. The
sanples (0.5 m) taken fromthe cultivation m xture were extracted with
2.0 m of wasesefsorm by vortex mxing for 2 mn. A peptkmBoefsh 5 nl) of

chl orof orm phase was transferred tosa sanpling vial. Chlormadi none acetate
and del madi none acetate concentrati ons-were determ ned by high performance
l'iquid chronme D USA)  at
282 nm Each Zgﬁ%tﬁﬂgyth%%&\?\/gg ar?gg ggﬁ%ﬂ%ﬁBg@%ﬂrﬁgﬁﬁéﬁ aﬁgﬁt ¢ s p ODS
250A col umm (YArteHs smqengatlonwswwm&i@ﬁr@w\nmwBMF/wmadﬂed(tameso by

vol une) . as t hgedRbibePH aSiERbn f the B séﬁée%fﬁgdré Giidhpe . Del madi none
acetate and chl ormadi none acetate g ve Cco ?y separatlons from ot her
conpounds with retention tines at 9.3 and 11 3 mn, respectively. The ot her
20 detected CRIHRHNES thaire r nadi one. The
reactlonqm xture w tg%tgut n%tﬁégﬁgﬁgfu%%oU&ouglcgl\?tv@htr'é(@)ﬁléé fm’? i'n both A
sinpl ex and B!0.8phiarere corfaingd in fb@lB@qomd-tSt@gﬁscvdﬁvamn mpdlamrMena;:ljonlen t he
presence of / di none
acetate vyi el dtg%}ﬁ’ggmgﬁ? %ﬁ%b%d E{é’r@éﬁ ﬁ%ﬁ' E%:“ﬁ t I'va %qyéﬁsah\%g‘?lhﬁaﬁw gabenous

el ectron car r'r‘éfﬂePfsﬁﬂc'nc&tf)fh!’ﬂrgwé&soa@ncentrat|on than 0.3 mM nenadi one
apparently did not increase the product yield. The decrease of substrate
concentrations fromO0.50 to 0.12 mmol /I both in 5% 30 and 10% DMF |l ead to
(E nmor e onpl ilRLC analysisiTha sampleh €0.5 athdekent front the cBltivatpaietuieovsse with t he

[

277 0ot ober 2008 0p 206 AT 5 Beck Rl SR PR iR ot T
sinmplex with mhgfml@‘obrm phastueas trapafeered fea samplingmighrCidartiadingte 4 h, whi ch
vas. mor e t har kg adPEARGIA dst8 SoncEHMlHBRO Wble S ited ) Ploh

performance liquid chromatography (HPLC, Thermo Separation Products Inc.,

15 USA) at 282 nm. Each sample (5 l) was analyzed on a 250x4.6 mm Hypersil
5 p 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 menadioﬁe had very low producti\;iiy 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/) 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/i both in 5%

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




only induce the enzyne activity for the biotransfornmatigmpgahhs Ogémadi none
acetate but was al so conpletely converted to prednisolone as well. 5 Tween
80 concentrations of 0.25 to 1.00 % (wv) inproved yield in A SI npl ex,
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. to The

chem cal ¢@hezehenati on of chi ormadi none acetate bypPpfaghgspommmonly used
wi th higher yield, but especially i# the |arge-scale production, this
process uses Iarge anounts of the toxic reactant (DDQ and organi c sol vent

(0 oxane) oSt Shi B E B AORIRRL go PR IRRREA B ° e

vviht h the pr ol éth, which wammdre ﬂlao!vﬂ%nmdiydmml@@eaﬁwocd'm$®efdﬂmd'ier i ncreases
t he cost. 1 ﬁrgl?stf one acetate to
del madi none Bﬂ {] %qﬁée@ﬁ%ga%@gseﬁpﬂ é&%t'&{ 0@)‘(09@?&%6&sphaerl Cus. in
aqueous nedi acetimbuiavag siso campletehnchryattedisquednidolomersstwelle pat hway for cl ean
synt he5| s. The optinmal conditions for the biotransformation of the

starti ng 0.25 mmU 20 chl ormadi none acetate for A sinplex were 5% DVF,
0.41 mol /| Twedn@@monh¢enbmationsanf 8.25.10 DLU0VS (wT)improved yiehdin & sitriplexst art i ng

0.12 mmol /| e} . ' | /1
nmenadi one, 5‘%% M@%&eﬁ?&%ﬁ%&% ﬁaﬁ ﬁ%fggg‘%ﬁgg@i‘{%ﬁ%ﬁ%@ﬁ&g f g%g{r;) gl ucose.
The oveéral | dfT586 wiv gave theohibhest yialdrad 283 %eordél siapfenone acet at e producti on
| ess than 40% 25 The techni ques of two-phase system and cell

I mobi | i zati on were al so devel oped for the biotransformtion of

@hl omadionone The ciieinivabidehgdregerition apgliermatinom adetdie pp Heis comnsalyubi | i se t he
ubstrates and of th A erl s al.so introduced to
i ncrease the BF @quﬁél;% )H%?’I es%ﬁc'é’ﬁﬁ tﬁez‘% stcg rPé?cih{Vf\%O RBYEEZ7 oot ober
2006 WO 03/ (225 BsgdPerourROA thSBRit reactant (DDQ) and organic solvent (dioxane)
must directly effect to environment. Another problem is the production of

hydroguinone 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 aqetate to delmadinone
acetate by using free cells of A. simplex or B. sphaericus. in aqueous 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 mimol/l
hydrocortisone, and 0.75% wiv Tween 80 and of the starting 0.12 mmol/|

B ( 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 chlomadinone to delmadinone.

The application of liposomes to solubilise the substrates and products of the

30 above experiment was also infroduced fo increase the biotransformation

yields.

2. Alternative Methods’




42 2.1 Alternative nethod 1 (Anthony Y. et at, Steroids,

p. 221- 225t 1997), D chl orodi cyanobenzoqui none (100 ngij?S(.)%{B%e({uz?\B/?) was
added to a solution of 5 chlormadi none acetate (63 ng, 1.45 x 10-4 nole) in
dioxan (2 m) and refluxed overnight while stirring. After cooling to room
tenperature. the reaction mxture was filtered. Three drops of pyridine
wer e addegoang@yaporated to dryness. The residue Wasppidsghat ed with et hyl
acetate and washed with saturated s4aqueous sodi um bi carbonate, water dried
(Na2SO™4) and evaporated to give 50 10 ng (80 9% . 2.2 Alternative nethod 2
( Bernardo Beyer. et at. Steroids. Vol. 31, pp. 481-488, 1980) 15 A

sol ution of glormadi none acetate \ééég. 2.68 mmol) and 2, 3-di chl oro-5. 6-

di cyanobenz%tz tergaveethod 4 (Anfheny al), Steroidsoelne2 8.201-225t 1688 r ef | uxed for
16 hr and then cool ed. The precipitated hydroquinone is formed and the
solvent from b@g fil]trate was renoved under reduced pressure. The resultant
dark solid waScRiRresdicyepghangaednanedt 00, 33 cadv.rwgs eddedtosidolutian of El ut i on

20 with f ' i 0 t thod 3
(G 1chi Got o Doiadbng abOl ey o P & 16° pie) il gt 2 pf gh IRl o 77 005
25 To a sol ut PEnight wledtiriagi Aisn soclipa tarem(ismpergiurerthel reactioremixd@e m ) was
~added  DDQ ( 2ufls Aloradl A urbBRGh AllndWbfe oo A A PSR f inaa T - Alter

t I'n the sanme manner. C

cooling, the _solution was treate % 1isation
from et her gaVie regebanaseyieciedwitnethyl @setatendagashet! with etemteeed! es. 30

Exampl e 13! Sh@RodL56840iE ' f ne acetate. from
del madi none ac@?gte 27 Octlo[)@g%o %%F%dé@s%%%gﬁ%ﬁ)ﬁ&fgﬁ’ 43 1.2 g
f trimsthyl 8g18b%dni umiodide (5.6 mml) and 0.08 g of sodi um hydri de
3.3
2.2 Alternative method 2 ( Bernardo Beyer. et al. Steroids. Vol, 31, pp. 481-488,
1980)

15 A solution of chlormadinone acetate (1 g. 2.68 mmol) and 2,3-dichloro-5.6-
dicyanobenzoguinone (0.92 g. 4.05 mmol) in dioxane (40 mi} was refluxed for
16 hr and then cooled, The precipitated hydroquinone is formed and the
solvent from the filtrate was removed under reduced pressu}e. The resuitant
dark solid was chromatographed over activated magnesium silicate. Elution
20 with benzene-CHCl; afforded a white solid 61 %)

- ( 2.3 Alternative method 3 (Giichi Goto. et al., Chem. Pharm. Bull. Vol. 26 (6). 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 acefate




mmol ) were dissolved in 10 m dinet hyl sul f oxi de ( DMSO) I for 30
m nutes at 5C under nitrogen gas. Then, 0.5 g of del md?rrgﬁtgbgi%@gte (1. 24
nmol e) were added and stirred for 5 hours. The m xture was all owed to room
5 tenperature for 24 hours. The m xture as poured into |l N HCl (with ice)
solution, the precipitate filtered and washed with water.
Recryst al Iweednszsms from i sopropyl ether gave white powdempilsssy Pr ot erone
acetate. " %yield =51.51 fromO0.5 g of starting materials. C 27 Cctober
2006 WD 03/092578 PCT/E"3/03831 44 Cainms 1. Process for the production
of cypr ot er ohggat eintstieyl bdox fick i ; -

o3e o ROTRAR 08 ) SOVEBY gt pygisegoa

6, 7a- oxi do- ﬁér%rlgg’nen(g- 17a-01- 3, 20- di one- aceta

chl or madi norf8M9¢ & S‘?F‘L?? {0 &l dimeliylsulbodde (PMSEBdmd efirrgdoipr 81t r oduci ng a

doubl e bond mihutesat 5i0mder Aify U el 6! g g cet -(L2); and

(c) Introduci ngl ﬁ met hyl ene S?ééu%ﬁsbﬁ?%‘g?ﬁ cg?é. il (':)'{rzljgggc%ﬂt& @ng (L2) to

yi el d cypr dVBFigheegaddsd ang fiyred forfhaprs. Phe cvdsrearsalidivadtotroomn! ai m 1,

wher ei n 6 7aefpdtRreoP D8 9H@EEThb Ak § recBhRNEn Ht agatiahe f42) 1S

produced by a grdrzo_c_ess conpri sPr%ff@e%ﬁBeéﬁh@ﬁgN%@@ﬁ@ '89)58ﬁl'é°'£t posi tion

- 6 of 17a- acioNppPiRie Sileedard waghed with waterdRecrystaliisation from

4, 6- pr egnadi iE8eP davd wiltedd = - t ); is (e) Converting the

doubl e bond ?’?ﬁ%%si ti %n 6 ofedd(o?%)sr(l;fr#%ﬁ%ﬁén%p%f%} ‘'unction to yield

6, 7a- oxi do- 4- pregnene- 17a- oi - 3, 20- di one- 17-acetate (J2) 3. Process

accordi ng t eogiiakd®a 51,91 frém 0\ "y . is carried out by passing

anhydr ous hydr%gen chl orri dewggéﬁtﬂpﬁjﬁﬁteg&%'eacti on m xture.containing 6, 7a-
0 oxi do-4-pregnene-17a-ol 3, 20-di one-17-acetate (J2). 4. Process according
-0 anyone of clains | to 3, wherein step (b) is carried out by




the use of 2, 3-dichl6ro-5,6-di cyano-benzoqui none (DDQ .>28:8hef¥REESS
according to anyone of clains 1 to 4, wherein step (c) is carried out

using trinethyl sulfoxoniumiodide (TMSI) and an al kali hydride, preferably
sodi um hydri de. 6. Process according to any one of clains 2 to 5, wherein
step (d) L@pﬁ%ﬁr%Fd out 30 using chloranil. 7. Process according to anyone
of cl ains 078 wher ein step (e) is carried out uBCTEPKN3gHr benzoic acid
or nonoperoxyphthalic acid. 27 Oct ofer 2006 WO 03/ 092578 PCT/ EP03/ 03831 45
8. Process for the production of cyproterone acetate (M, comprising (f)
Introducingchﬂbsdouble bonds at positions 1 and 6 of 17a

acet oxyprogesterone (H) to convert it int-o the 1,4,6-triene conpound (I1)
by 5 a single step procedure; _(g) Introducing an nethylene group bridging
posi tions | T-aRtpcess fer fiedreructinn of cuoterane lagttated M} peqraptisthg( Ji ) ;  (h)

| ntroduci ng a)eshs H POgiti go_g.an 7 of gslto'yieldthe
6, 7a- epoxy conpoun (%?’lil&fgﬂ 1%%3&%?%‘?’% '983‘35‘85-2?}3'6%3} I (K1) to
t he 6- chFor o- 7- kYlaimadinape mpetatediKz) bl a)singlender procédursser ting (L1) to
cypr ot erone Process_accor di tq clajm@8, wherein DDQis
used in st epaﬁ’? S@EB‘I’&SM@F&M%@%@S&% g%@@pdli ‘*%6'?23 Y E?l‘éjdﬁl"@dﬁ‘i“"%?c‘%ﬂﬁer ein TVBI
and an al kali h{ld;iede are used in step (g). 11. Process according to any
one of clains in trifluoromethyl sulfon 20 chl ori de and
it hi um chl orgcglenrtrg?%&'l%ge\ﬂ'%ﬂﬁ!eﬁ? g{?”? ET&Q'%‘?"S%%zéﬁd g@&fﬁ? ¥§ld 0 any one of
clains | to 11, cymderene agétatefMicet oxypr ogesterone (H) is produced by a
Cs-r ocess ,conprising converting
2. Process according to claim 1, wherein 6,7a-oxido-4-pregnene-17a-0l-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 {L,);
15 (e) Converting the double bond at position 6 of (1) into an epoxy function to
yield 6,7a-oxido-4-pregnene-17-0}-3,20-dione-17-acetate (Js).

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 6,7 c-
20 oxido-4-pregnene-17a-0}-3,20-dione-17-acetate (d2).

A , _ 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-benzoquinone (DDQ).

2 5. Process according fo anyone of cléims 1 to 4, wherein step (c) is carried out
using frimethyl 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.




sol asodine (A) into 17a-acetoxyprogesterone (H by nmeansy kpewsr 2dbst he art.
25 13. Process according to claim 12, wherein 16-dehydropregnenol one
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 I s _achieved 30 using hydrogen peroxide In al kaline solution.
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production of cyproterone actetate ‘(SM conprising reacting del madi none
acetate (L2) with TMSI and an al kali hydride, preferably sodium hydride. 5
16. Process.for the production of cyproterone actetate (M, conprising

reacting canruesks(dfithe plodh@ionor &pft ' hhkkyld thium
chloride/triflyoronethyl Eul fonyl cﬂ’lporfgpgge %‘%%ﬁ&%fﬁ%@f#ﬁ"@ri de/N,N- 10
di net hyl acet d 'lﬁggﬁwwmd@\ﬁb'@boﬂcbaj'pwiﬁbnsdrqndlﬁmﬂifdbi) of formula O CH3
OH C (L1) andyde fo c\ ueous acetate sol ution,
preferably a sol q'fbi%gé] g%@@ﬂ?%@%@é&&%@@eﬁ%& 389[9?'6‘?%3 )B¢etate (M.
15 17. Prfocess fafinglpstepmiepgduieon of 16- dehydr opr egnenol one actetate (B),
conprising (kdyiAs&dud ' sodine. {A) to.give 0, N-diacetyl sol asodi ne;
(1) Isonerisi 'nl%) 0, N h??@%@%@é@@&%“’é pﬁ?’@%sﬂs%\ﬁ'c?o@dl%@ﬁﬂr?@'di acet at e;
e - - -methylene compound (J;); ) :

{h) Introducing an oxido group bridging positions 6 and 7 of (Js) to yield the

6,7a-epoxy compound (Kq);
c o (i) Transforming the epoxy group of (K1) to the 6-chloro-7-hydroxy compound
| (L1); and

(i} Converting (Ly) to cyproterone acetate (M)

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

10.Process accprding 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 sulfony!
2 - chloride and lithium chloride are used in step (i)

| 12.Process according to any one of claims 1 to 11, wherein 170~
( acetoxyprogesterone (H) is produced by a process comprising converting
solasodine (A} into 17a-acetoxyprogesterone (H) by means known in the art.
25 .
13.Process according to claim 12, wherein 16-dehydropregnenclone acetate (B}is
converted info 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.
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resul ti ng pseudosol asodi ne di acetate in the presence of a phase transfer
catalyst. . 18. The process of claim 17, wherein the phase transfer
catalyst is s tetrabutyl anmoni um hydrogen sul fate. 19. The process of claim
17 or 19, wherein the oxidising agent is pptassium dichromate, or sodium
di chr onat 80 @309238. Process of production of del nadi necweran®ate (L2)
conprising addi ng chlormadi none ac%tate (K2) to a culture of a

m cr oor gani sm capabl e of converting (K2) into (L2), and isolating the
resul ti ng débrRracessiiar thepretiadtion bf cyprotérone aetbiatar(Ry), campaéin%%cmgncess of
claim 20 wher.ei JI%%e@C%rggﬁgantbs@%s Art hl'kgépact_ersi nf‘pl X or ~ Bacillus
sphaericus. 22.The process A £nd gp aikalf Bydride. arefprablysodismsi npl ex i s
ATCC 6946, or hyBads.| | us sphaericus is ATCC 13805. 20 23. The process of any
one of clainms 20 to 22, wherein an electron carrier is added to the
culture, preferably nenadi one (2-nethyl-1, 4-napht hoqui none). 24. The

process d¢f dfyProtessfiir thel modti@ot aypRlerondadiatats (R), shRpMiNg fesicifided to the

25 cul ture, pr hydrocorti sone. 25. The process of any one of clains
20 to 24, mhefglinﬁagrms(ﬁ?)fc’ﬁ%?@ |s added to the «culture, preferably

pol yoxyet hyl enesor bi t an nonool eat e.

(K)

. with lithium chiorideftrifiuoromethylsutfonylchloride or lithium chioride/N,N-
10 dimethyl acetamide hydrochloride to yield compound (L) of formula

(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-diacetyisolasodine;
(I} 1somerising O, N-diacetylsolasodine to give pseudosolasodine diacetate;
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{m)Oxidising the resulting pseudosolasadine dlacetate 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 oxnd;smg agent is potassmm
dichromate, or sodium dichromate,

20. Process of production of delmadinone acetate (L2) comprising adding
chlormadinone acetate (K2) fo a culfure of a microorganism capable of
converiing (K>} into (L2}, and isolating the resulting delmadinone acietate 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, whereln a steroid is added to the
culture, preferably hydrocortisone.

25.The proceés of ény one of claims 20 fo 24, wherein a surfactant is added to the
culture, preferably polyoxyethylenesorbitan monooleate.




