- 30 Decenber 2005 | PROCESS FOR THE PRODUCTI ON OF BERAPROST AND I TS SALTS

The present invention relates to a new synthesis of the b r ost he
formula (1) and its salts and to the new i nternedi at es o?dﬁg “S%eﬁgb(ﬁ
formulas (1V), (V) and (VI) - wherein R stands for nethyl of ethyl
groups, R2 stands for a straight - or branched alkyl group containing 1-4
carbon atons -- which are used in the new synthesis.' A first aspect of the
i nvention provides a process for the preparation of the conpound of formula
(1) and its salts, especially its sodiumsalt, characterized in that, a
compound of the general ..dOLRlA ﬁé’(’:ll:r)on oé‘“ﬁaﬁbﬂosﬂuﬂﬁf‘ﬁs sar B4 rai ght or
branched al kyl group contai ni ng E carbon atons - is reacted with a
conpound of the general fornmula (VIII) - wherein Rt nmeans a nethyl or an
et hyl group, X stands for chlorine, brom ne or iodine atom
CF3SO2- Ogro 05 ’
acet yl oxi - groupp g‘%%a H?ﬁ%?&éart%sufp? %g;‘?r?? gﬂlggﬁ 0951#%5%}“? PHS? ﬁfﬁ{e ffbnln}"lav&%and Its
literature; $£iH3 MndIolthe ﬁéwrlgteﬁgedm’&s oF kuk gertehe formviles (IS8 OVYladtl{ V1) onwherein R
Edited by Dr. Cert van lLook | SBN, 3-905617-08-0_-- the obtajned
conpound of $tAedsyEere math BfloP#:n?&Q’ (BIPYPS, EVnesrt@}CF foRea Pgighhu Brengheds alknkogroup

are as defi n&%\kﬁg&g t%%%t&hgeqvﬂléﬁ% td%@d%%@éqﬁs nfles ;she gener al

formula (V) e meani ngs o and are i ned above ---
t he obt ai ned above al dehyde- with or without isolation is reacted with a

phosphonat e oA first &3pe@on®é mberfiot provides(| X) - wherein R3 stands for straight

or branched al kyl group containing 1-4 carbon - - bt ai

compound of thepgmﬁéiiﬁ?rﬂlgpﬁ‘ma@t(‘m %éP@PH“Pa@P%E}W%gSaB lﬁlsaﬁﬁcf’sﬁﬁm&p@ts
as defined abqy S 1 r]g :
group at the g’r‘{nﬂ 8%%‘?965%?}5? corrp% na I@#A eéf;gﬁ%%gfﬁ?g?%@% D wherem

wherein the mgghihRandh skfdig s ofbraiehedalkyd ipoviep conthinirg dbt sarbed atemsr—emmadt,ed

‘the obtained conpound of t eneral fornula --.Wwhereijn the nea
R2 is as defi rmaaabmmpounéoti generalgfosmyls K&kﬁirdwh?f% f%?%:?l%“(‘%‘ygg

(isolated and with reackipon of AHARE: bidikSolbARSLRRTSd TNto its salt and

CF;;SOz-O-group, azido-, cyano-,
P .._O-C""CH-C—CH3-— group or acetamido or acetyloxu-group or a further group descnbed'
] il in the. followmg literature: |

—t

CHy O _
Silylating Agents, Fluka Chemie AG, Second Edition, Edited by Dr. Gert van Look

(1995) ISBN 3-905617-08-0 — the obtained coxhpound of the general formula (VI) —
wherein the meanings of R’ and R? are as defined above - is oxidized into the aldehyde

_ of the general formula (V) - wherein the meanings of R' and R? are as defined above —
" the obtained above aldehyde with or without isolation is reactéd with a phosphonate of
the general formula (IX) — wherein R? stands for straight or branched alkyl group
- containing 1-4 carbon atoms — the obtained compqund of the gpneral formula (IV) —
wherein the meanings of R' and R” are as defined above — is deprotected by the
sphttmo off the protecting group at the position 11 and the compound of the general
formula (III) — wherein the meaning of R? is as defined above — thus obtained is
reduced, the obtained compound of the general formula (II) — wherein the meaning of
R?is as dcﬁned above — is hydrolized and the acid of the formula (I) is isolated and
with reaction of a base it is transformed into its salt and the salt is isolated or the
obtained acid of the formula (I) is transformed without isolation into its salt and the salt

thus obtained is isolated.



obtained acid of the formula (lI) is transformed without isolation into its
salt and the salt thus obtained is isolated. 30 Decenber 2005 |la A second
aspect of the invention provides the conpounds of the gen%QQFC‘F'BP‘?ﬁﬂ 25 (V1)
- wherein the neanings of R and R2 are as defined in the first aspect. A
third aspect of the invention provi de® the conpounds of the general fornula
-- wherein the neanings of RL and R2 are as defined in the first
aspect. A fourth aspect of the invention provides the conpounds of the :
general f ox satoAd Gspékt of-thaMAGInGr prbVides tAE a6hR@RdsOdt the géechl Rdmas @vids vilefcingd

in the firsdanRgPed, ana-hfa@%@e?‘n&fmhﬁrf?s‘?ﬁ%&t of the formula (1), especially
the sodiumsalt are orally applicable prostacycl I ne derivati ves whi ch are

ef fectivel b or the tr. nt of cuI ar
Gl sease. o) EBPER Rt T Blenbohprivicedy B amainds o Ry cesnbal bFBTe Me whae be
phar rraceut"i‘"t?&!“ggr?f& éﬂ‘i’@nﬁreé‘fdﬁlfﬂ%"f'&eﬁtﬁ‘asl’(e?t) and its salts used |n the
comrerci al pharmaceutical conpositions are racenm c conpounds containing
f our st er gofmolmesmect dhige swaithe picsided thieh@mpomds wh theafenérar fatshida (1V) — avhereint the

salts is desmirge o R anﬂ?m%meﬁﬁdaﬁ&heﬂk&r&sbgatlon -Publ . No 084856A, in the
publ i shed Japanese Patent Application No 59-° 134787A and in Tetrahedron,
55, p 2449Tesplts ofdeeaprasicitthe foumiall), esfpeciaﬂyshmsmhumssahsaresjmﬂm applicable e
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route belonging to the state of the art is rather ng and its yields are
nmoder at e. agiveephashaewtical sngredipatoef the forwhbr f(kand ytntslaks |used/w1t thehtghmercial

ld. U t ed it f d that. th t
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subsequent renoval of the (&H(S)t ecting grou romthe primary hydroxy group

my b avémedion el e (HSS0AL e owbbsha %ﬂp@@se&taé%ntpﬁppl@@tlﬁn o Foup,
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shown by Scheme 1. The meaning of TBDMS is tert.butyl- dl_mcthylsﬂyl group, Ac means

acetyl group, W-H-E reaction means Wittig-Horner-Emmon’s reaction in Scheme 1.
From the Scheme 1 and from the prior art it can be seen that the synthetic route belonging

to the state of the art is rather long and its yields are moderate.

An embodiment is to provide a shorter synthesis with higher yield.

Unexpectedly it was found that the protection of the primafy. hydroxy group by an acid
sensitive protecting group and the protection of the secondary hydroxy group by a base
sensitive protecting group and the subsequent removal of the protecting group from the
primary hydroxy group may be avoided by the use of a single specially selected protective
group, whi_gh makes possible at the same time the selective oxidation.

The removal of above protective group before the reduction of the oxo-group at the 15-
position and the careful selection of the reducing agent increase the stereoselectivity of the

reduction and the yield of the entire synthess.

A compound of the general formula (VII) — wherein R? _
means a straight or branched alkyl group containing 1-4 carbon atoms - may be reacted with a

compound of the general formula (VIII) - wherein R' means a methyl or an ethyl group, X

stands for chlorine or bromine or iodine atom,



position and the careful selection of the reducing agent mgr@gg
stereoselect|V|t of the reduction and the yield of the entire sSyn heS|s.
A corrpound Wip 0 ﬁ'é'gfeneral formula (VI f) - wherein R2 neans a straight or
branched al kyl group containing 1-4 carbon atons - nay be reacted wi.th a
compound of the general fornula (VII1) wherein R neans a nethyl or an

et hyl group, 1_2; st ands for,.chlorine or brom ne or iodine atom .3 0 DEC
2005 WD 03/ (3 §ﬁ)9 g@‘@s@%‘d@@%’&p Tazi do-, cyan-, or -O C=CHC-CH3 - group
or a further g Uéfsluﬁ&éfmﬁhépg&o@wa@riﬁea@i aleuoHowing litetat@e3 O
Silylating Agents Iuka em e AG Second Edition, Edited by Dr. Gert van
Look (1995) ISEBN 3ll905617-08--0 --- is react ed, the obtained conpound of
the general forpula (VI) - wherein the nmeanings of R and R2 are as defined
above - is oxi §tBedOinto the al dehyde of the general fornula (V) - wherein

the mean NgssiRlatie ﬁ%%tﬁ%lﬂfﬂﬂém@@i@@&oﬁb%ﬂ@hm Bated DY DA (Bt @k (1995)

al dehyde vm Isolation is reacted with a phosphonate, of
general for rIBBaJ 84905 617-084Y eiin rdagteds mmbtampd somapyd ob thepgense ey D-
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an e conpoun

t he gener al forrmlacélll - wher ei th&g&bo {I PEh
R2 is as - defhtmacﬁ aliumealdehydehwgh optveiilivay isodatisisceacted rEty grRo ae ol the
conpound of the rmul a } Afining
def i ned abov@n‘m1 qilayglt')@ e&hg‘ hedgglljc’i&a?gﬂtth%g %orn&@gl@l gl?lgléﬁ ;é%lol at e

and wi th reaﬁhld&fbdﬁf af@rRas ¢hd bbﬂaﬁaedtd’om}ﬁﬁmd refckhi: rgeneial Somalla (a‘ﬁ)HWhe:sm the
is isolated or the obtained 9C|d of the formnul a

i A Udbrotedied BABR! QUTRLE off the
wi t hout i sol medmimesi of 8 jand Balare andefined ahpye rhigsdepprisstad Yl Wit §:
During the above.process onpe f c{ g@rﬁdé ehMlal )foffﬁma ) —
reacted w t PRIECH a\glih WQSIggrgelﬁa?ﬁcrgkrlﬁﬁﬁb i a% able for th b(g )

i ntroduci ng Rherbiethe rm@hm/g sf RYlis a¢ -defined above - thus obtamed is reduced, the obtained
compound of the general formula (II) — wherein the meaning of R? is as defined above — is
hy.drolized and the acid of the formula (I) is isolated and with reaction of a base it is
transformed into its salt and the salt is isolated or the obtained acid of the formula (I) is

transformed without isolation into its salt and the salt thus obtained is isolated.

During the above process a compound of the general formula (Vil) may be reacted with a
compound of the general formula (VIII) suitable for the introducing of the triethylsilyl or
trimethylsilyi group — wherein R! means methyl or ethyl group, X stands for chlorine, -

bfomine, iodine atom, CF3-50,-0-, azido-, cyano- or —O-C=CH-C-CH3;

|
CH; O

gréup or a further group described in the following literature: Silylating Agents, Fluka
| Chemie AG, Second Edition, Edited by Dr. Gert. Van Look (1995) ISBN 3-905617-08-0 ~
| trimethylsilyl or triethylsilyl halogenides are preferred, especially the chlorides or the
specific derivatives listed above. The received disilylated diols of the general formula (VI)
may be oxidized most advantageously by a mixture of dimethyl-sulfoxide, oxalyl-chloride
and friethylamine into the aldehydes of the general formula (V).
. The aldehydes of the general formula (V) are‘reacted with phosphonates of the general
formula_ (IX) under circumstances of Wittig-Horner-Emmon’s reaction (Chem. Rev. 89 p

' 863-927 (1989) to obtain the compounds of the general formula (IV).
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trimethylsilyl group - wherein R neans nethyl or ethyl grgﬁpnﬂé?@iands for
chlorine, Dbronine, iodine atom CF3-SO2-0, azido-, cyan-“or-= CH C CH3
111 CH3 Oworeampises a further group described in the following literature:
Silylating Agents, Fluka Chemie AG Second Edition, Edited by Dr. Cert.
Van Look (1995) |SBN 3-905617-08-0 - trinethylsilyl or triethylsilyl

hal ogeni des are preferred, especially the 8hlorides or the specific
derivatives aAfest8AnARONE thEN@ictiggaiy ast ﬂﬁéthyﬂsm(legrﬁwi@_ Blouphér #RN&IBhdary
formula (VI) may be oxidized nost ‘advantageously by a m Xture of

di met hy| - subp ok sezouat i comporndsco the gensrbinghimING it acidia medamyenyehssn

of the gener,al formul a . The .al deh S 0 general fornmula (V) are
" reacted mt@%WSBH%%@QWSPﬁg%?&H%@ o1 Iﬂ’gﬁ?‘a (1X) under circunmstances

of Wtti g- HhBefer&sieRBiiSe reRLtLA LI ERRFBunBe\bof 188 genedb JoR@dla (APBY) cdrBied out
obtain the conpounds of the general formula (1V)." SUBSTI TUTE SHEET (RULE

26) 3 0 DECprosbiyDby3rengs4disghutpptuspingm-2io-dingriduty lthamethsilphomprigde| gpd othe
trimet hyl si Lyl egt the.
compounds. oPSPREES Sk Bl el bPRRAGED PR ol o 13 Bl BlehBF tens

type conpoupsisheberap@sgenahaliofauiin THel sglis dheompiRDSE RS formeuls €Ducdr o8

of -conpounds of the general fornmula (111) is_carried out . preferably. by
usi ng di i sobtrdpred biiRrGRIt6ViEh agss: g@\iﬁ%’m@%?%b%ﬁ@ﬁ&%ﬁ piet aftfg pofation of
conmpounds o fx(*gg! ( - Aar | ; hydrol ysis of which in basic
medi um | eadg)e}ap%m{%e era%lp@c%vftﬁg xx{?ﬁx@ﬁ#%&ﬁ?&%ﬁﬁ%l). The salts of conpound of
t he fornmul aFol prepaatibe of peragticesbdiymrsahthid g oftsodiunhhpdesiie iStet mbs mateired
can be carried out after isolation of beraprost of fornmula (1) with or

Wi thout its2&888S8tion. For preparation of beraprost sodiumsalt the use of

Formila (vi L a0 B Rarerd B e pRARRonf QT PP Besbhall BindRNGRS)
used in the process of the present invention may be prepared as described for example in
Tetrahedron 55 p 2449-2474 (1999). Compounds of the general formula (VIII) are
commercially available compounds.
Figures 1,2,3,4,5,6,7,8 and 9 show general formulas (I), (II), (III), AV), (V), (VD), (VII),
(VIII) and (IX). ' ‘
The present invention will be described in more detail by way of the following examples

without limiting our claims thereto.

Example 1 7
5 " The compound of the general formula (VI) — wherein R' stands for ethyl group and R?

stands for methyl eroup

1.84 g (6 mmol) of diol of the general formula (VII) - wherein R? means a methyl group —
is, dissolved in 10 ml of pyridine. The solution is stirred and 2.35 ml (14 mmol) of
triethylsilyl chloride is added. Stirring is continued for 30 minutes and then the reaction
.mixture is poured into the mixture of 50 ml of water and 20 ml of hexane, The aqueous
phase is extracted with hexane (2x10 ml) and the combined hexane solution is washed with
30 ml of I M aqueous solution of NaHSQ,, 30 mi of water, 30 ml 1 M NaHCO; solution,
2x30 ml of water, then with saturated NaCl solution. The hexane solution is dried on
NSOy for one hour and then it is evaporated. The above mentioned title compound is
obtained-as colourless oil.
Yield: 3.08 g (96%).
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used in the process of the present invention may be prepare@ (BEUEd®ri bed.
for exanple in Tetrahedron 55 p 2449-2474 (1999). Conpounds of the general
formul a (WOIB/03184% comerci al |y avai |l abl e conpounds. Fi gures '

1,2,3,4,5,6,7,8 and 9 show general formulas (1), (I1l), (I11), (IV), (V),

(M), (M1), (MII) and (I X). The present invention will be described in
nore detail by way of the follow ng exanpl et without limting our clains
t her et 0. ExahpCe Hr(wnemtipdacatnto f:1)+@ 60 (18rCe THindanek-ahfoviadfographgher ei n R1

stands for | group an t angs_ met hyl group 1.84 g (6 mml) of
di ol of theetgﬁéllgfl(ﬁ?’%‘ﬁiﬁ%%ﬁ%ﬂt%??S'qsmigéfi n R2 means a methyl group - is.
dissolved in 10 m of pyridine. The solution is stirred and 2.35 mM (14

nmol ) of tr{ethylsil | chloride is added. Stirring is continued for 30

m nutes and tHheRIRHAOG dAldz.i Gl o).k (npne): i0554goﬂ46éd (123017 1feHp &KGE&CHE]bB@.?rSm
f . ' i
(2x10. 1) - ank0gnb b 8 d sl ChISE: Sashe Diben Luta bL 56l 2dpms o,

aqueous sol upbom pfiNablsP o130 m—g?,f oWahe TeH3 %A, 13 M N IE08 39l Uty Siyg [1H;

2x30 M of water, then wth saturai’ed NaC" solution. The hexane solutio
dried on NaPSG70ohzo8dilhdui3manH h3hhiit 4.08tdeMahdrdtdeds Hie ladfv485ddd [1H;

tioned ti{l d 4 5. {neds g | 285,01 L. Y eld, 3.0
(565 " SUpsTI L 2ebRte Db 3s AR TR e 0b i oo T 674 Tt & IR7.194
(hexane. ot Pyl aear ara 2o dT009% CTHR (400 Nt OBDR) - SiT (o) 0. 540,
exane-e . :1)=0. 32. . , . . 0. ,
0.63q [12H; yigﬁﬂm&w% Ci)-35¢ (ppwdt 3.5, it%mi(gﬂﬂﬁs)ﬁ; 7-79 v SH{EHLCHABH

LoH o Tore DI b ottt s Bddtiok EflephiStodkss ute-fal%so
- [C-13); 73.6 [C-117; 85.9 [C-9%; 121.4 [C-2°]; 123.3 [C-3']; 124.3 [C-5]; 129.6 [C-1°];
132.0 [C-7]; 158.8 [C-6]; 173.9 [C-1].

Example 2
The compound of the general formula (V) — wherein R! stands for ethyl eroup. R? stands

for methyl-group

0.27 ml (3 mmol) of oxalyl-chloride is dissolved in 3 ml of dichloromethane and the
mixture is cooled down to —60°C. To this solution 0.44 ml (6.2 mmol) of dimethyl
sulfoxide dissolved in 3 ml diéhloromethane is added dropwise at —60°C.
After stirring for 5 nljnufes 1.07 g (2 mmol) of compound of the general formula (VI)
prepared by the Example 1 dissolved in 2 mi of dichloromethane is added to the mixture.
The mixture is let to warm up to ~35°C and it is stirred for 30 minutes at this temperature,
The reaction mixture is cooled down to —60°C and 1.42 ml (10 mmol) of triethylamine is
~added. The mixture is stirred for 15 minutes and 10 ml of water and 7 ml of 10 M aqueous
- solution of NaHSO4 are added at room femperature. The aqueous phase is extracted twice
with 5 ml of dichloromethane. The combined organic phase is washed with 10 ml of 1 M
aqueous solution of NaHCOs, with 10 ml of water and 10 m! of saturated NaCl solution.
The organic phase is dried on Na, SOy, it is evaporated in vacuum and the above mentioned
- title compound is obtained as a yellow oil which may be used in thé next reaction step with
or without purification.
Yield: 0.83 g (99%)
TLC - R¢ (hexane-diisopropylether 1:1)=0.44,

SUBSTITUTE SHEET (RULE 26)



2H, 13-H2]; 4.01td [1H; J7458Hz 11- 11]
9

-H

; 9-H; 6.85t [1H J=7.3

1H J=7.3 Hz; 3'-H 13C NI\/R?’Q%% %@
CH3)3]; 7.7, 7.% Sl(CHZCHB)B] 30 5
: C 10]; 479[C—8] 51.5 [OCH3]; 59.0 [C12]; 63.0
[C-13], 73.6 C-11] 8 [C9]; 121.4 C-2] 1233[C—3] 1243[C-5]
129.6 [C1'] 1 AT [ 1739[C—1] ExarrpleZThe
conpound of Ftr%g ggfrggfrﬂlaﬁe &hrj/l&%%t&; l():_\/\f]g%el n R stands for ethyl rou R2

stands for IFERAVR- @00UdHz, zz:zD@)n ISH Bppmin[0)4 lof [66% a-$10- Hb SHCERCHS);Hi (84t [9el)

in 3 m -of dichloronethane an m xture is cooled down to -60C. To this

sol ution 0. 4488z Bi(GHakrBb)]; df9dd1il,r%921§ll[3Hsl@-fb>3rfété il ZwoP 2843 J3741 Hz; 10-

A ot A R T S PR TRAC A e e
Exanpl e 1 di 5<SoT,64c:;8-2Ij5m.0ah [m{;m:k@o mtmamr}lg ;u q;;tn???gdgifgr régugt mﬂnfl W4 Hz;

h - d
e TSt Sk ek T e S Tl P Tt o

tnd 1o of CIERMOATYRG, LapaR6E thhmlnte IRCHICH) Y 75 S ClaiiDay 250 UREES
at room t enpEy.AQLA; 33&30 gyegUﬁ[@h@§e45§[@>@]r§psq@dHyu C@S 8‘1{@@]57% [@‘-11]
di chl or omet hane.” The conbi ned or gani ¢ phase i's washed Wt

aqueous sol u&ﬁ BACH]: m—@dﬁ2\hﬂk2¢ 2 C31; 3R4BeCef]; AR O 1C-Il; b}%é@ﬂ]at@&ﬂrﬂ@a
sol ution. dried on Na2SO4, it is evaporated in vacuum
and the abov nﬁi?ﬁgr}gdf&féf?é lonpound is obtained as a yellow oil which

may be used in the next reaction step with or wthout purification. Field:

0.83 g (99% TLC - Rf (hexane-diisopropylether 1:1)-0.44, SUBSTI TUTE SHEET
(RULE 26) WD 03/011849 5

Example 3
The compound of the general formula (IV) — wherein R! stands for ethvl group. R? stands

for methy! sroup

Oily dispersion of 92 mg of sodium hydride (60%) (2.3 mmol) is suspended in 2 ml of
toluene and 0.51 ml (2.2 mmol) of phosphonate of the general formula (IX) — wherein R’
stands for methyl group — is dissolved in 1 m! of toluene and added to the mixture at 15°C
under nitrogen atmosphere. The mixture is stirred for 20 minutes at 15°C and then the
- solution containing phosphonate sodium salt is added dropwise to 0.83 g (2 mmol) of
‘ crude aldehyde of the general formula (V) — obtained according to the Example 2 —
( ! dissolved in 2 ml of toluene at —10°C. After stirring for two hours 10 mi of water and 2 ml
of 1 M aqueous solution of NaHS.O4 are added to the reaction mixture and it is stirred for
two minutes. Thé aqueous phase is extracted twice with 5 mi of toluene and the combined
toluene solution is extracted with 10 ml of water, 10 ml of 1 M aqueous sojution of
 NaHCOs, 10 m! of water and 10 ml of saturated NaCl solution.
~ The solution is dried on Na;SQy, it is evaporated in vacuum and the above mentioned title
compound is obtained as a yellow oil, which may be used in the next reaction step without
purification. '
Yield: 1.2 g (>9%%)
TLC - R¢ (hexane-diisopropyl-ether 1:1)=0.49
TLC - K; (hexane-cthylacetate 3:1)=0.54
H NMR (400 MHz, CeDg), SH (ppm): 0.47q, 0.48q [6H; J=7.8 Hz; Si(CH,CH,);]; 0.90t,
0.91t [9H; J=7.8 Hz; Si(CH,CHs):]; 1.16d [3H; J=6.9 Hz; 21-H,]; 1.54m [3H; 20-Hs];
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30 Decenber 2005 PCT/HU02/0007 i TLC - Rr (hexane-ethylacetate 3:1)=0.52
I'H NMR (400 MHz, CB6D6), SH (ppn): 0.41q [6H J=8.0 Hz; Si 0.-84t
[9H  J=8. QB Hed CH2CH ) 3]; 1.94m 2.02m[3H 10-H, 3- I?&]PC%H%%%(%ZM
[3H, J=7.4 Hz; 10- H, 2-H2]; 2.64m[2H, 4-H2]; 2.73t [1H J= 12- H|
3.32s [3H, OCHB] 373dd[IH J=%$.7,6.4 Hz; 8H] 404q[1H J6.0Hz
11-H; 4.69m[1H 9-H; 6.75t [1H J=7.4 Hg; '2'-H]; 6.88d, 6.91d [2H,
J=7.4 Hz; P2 NNRIﬁQH ,36@ 3H
SC (o 5 28 PR (T LR R S L A 20 i
[C2]; 43. 7qc<:}131]o]3,5945[19{[t1-811],,451ms[1 ,,66&1@[}@— ﬁﬁzé Hzy Hia67§517

[C9],; 121. 4 G5 129.9 [ C ; 130.4[ G 7
158.7 [C 6]2 117331%’“[ éﬁi?'%l%ggﬁ ]1[81% : I[Exan%)I e 3 The[conpound of 'Ehe b
gener al for rd sk Y100 Mﬂgr@m) BC glhpai)ds.offor2@i 5.7 [SURPLETRMST. Scm(ﬁ’iﬁﬂﬁ’d)s]

group G ly dispersion of of sodi um hydride (

suspended i n72 fa-2of; ZSQQQBér{éI—thZGDE{II- 3@3 [z- *&?ﬁﬁ)z/ﬁﬁfgbﬁﬁs'b%ﬁél ek ohe

‘general fornmula f li:gspl Mad
Pn1nl of t[grx.@néf%& Yaabd O6ToRTE Reark 2! BB R Eg IS
at nosphere. 1;]@’9 130185 .05 1py 8GcL9N: P SO LRI [GHTAIRO.A [CTLLIOT [C
sol ution cont ai horat e sodi um salt i s added dropwise to 0.83 g (2
mmol ) of crluﬁtel%ISdéhﬁﬂe[CeH]thiﬂ@é(ﬁ—éﬂ,alﬁf&)ﬁ(héﬂ 200w [C-1Ypt ai ned according to
the Exanple 2 - dissolved in 2 ml of toluene at -10C. After stirring for
two hours 10 mM of water and 2 mM of 1 M aqueous solution of NaHSO4 are
added to thegpgagd4on mxture and it is stirred for two mnutes. The

- aqueous phase 1s extracted twice with 5 m of tol gene and the corrbl ned

t ol uene sol (Elegonipgued of fretgerenal fosmute G0 ppvhgesin R stapdgforgpetnyharglp o 6 s
sol ution of H%IB Q.nil r

The sol uti or} é\la 18868?': Cﬁhdf§&y\@&({%elogq%v%&egétf§; m@?’tﬁ%ng{?gl Ehﬁéﬂhgit%%é?

nentioned tijtlagsole8RO Q00N f eftiaihobahd.18 mb (1. anmmol) ofwvincentraggd bedroskldricn

t he next reaction step wthout urification, o
acid is added thereto. The lePL ire is stirred for 5 minutes at 25°C and 0.16 g (1.9 mmol) of

solid NaHCOQs5 is added thereto. This mixture is stirred for 10 minutes at 25°C and then it is
evaporated in vacuum. The residue is dissolved in foluene, the inorganic salts are filtered
off and the filtrate is evaporated. The crude product obtained is purified by column
chromatography, and thus the above title compound is obtained as a pate yellow oil.
Yield: 0.46 g (56%) |
TLC - R¢ (diisopropylether-ethylacetate-acetic acid 50:50:1. 5)“0 50.
'H NMR (400 MHz, CDCls), §H (ppm): 1.21d [1H, J=7.0 Hz; 21-Hs]; 1.77t [3H; =20 -
Hz; 20-Hs]; 1.94m [2H; 3-H,]; 2.08ddd [1H, J=13.6,8.4,5.0 Hz; 10-Hy]; 2.27m {1H, 17-
,]; 2.33t [2H, J=7.5, Hz; 2-H,}; 2.46m [1H, 17-H]; 2.62m [2H, 4-H]; 2.68m [2H, 10-H,,
12-H]; 2.90sx [1H, J=7.0 Hz; 16-H]; 3. 58t [1H, J=8.5; 8-H]; 3.65s [3H; OCHs}; 4.11m
[1H; 11-H]; 5.16ddd [1H; J=8.5, 7 2,5.0 Hz 9-HJ; 6.34d [1H, J=15.6; 14-H] 6.78m [1H;

- 2°-H]; 6.894d [1H; J=15.6,8.8 Hz; 13- -H]; 6.94m, [2H; 1°-H, 3*-H]

© BCNMR (100 MHz, CDCls), 6C (ppm): 3.5 [C-20]; 16.4 [C-21]; 22.3 [C-17]; 24.7 [C-21;
29.1 [C-4]; 33.4 [C-3]; 41.8 [C-10]; 44.1 [C-16]; 50'3.[6'8]; 51.5 [OCHj3); 58.6 [C-12];
76.4 [C-11]; 76.6, 77.2 [C-18, C-19]; 84.6 [C-9]; 120.7. [C-27]; 121.9 [C-37]; 123.5 [C-3];
129.1, 129.2 [C-14, C-1"]; 129.7 [C-7]; 146.0 [C-13]; 157.2 [C-6]; 174.1 [C-1]; 201.7 [C-
15].
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Yield: 1.2 g (>99% TLC - Rf (hexane dii sopropyl ether 1: 1)=0.49 TLC - Rf
(hexane ‘ethyl acetate 3: 1)=0.54 .'"H NWR (400 M4z, C6D6), cbHH rn) 0.47q,
0.48q [6H, WedaBubis Si(CIH CH3)3]; 0.90t, 0.911 [9H J=F Beggmberfpep iy
)3]: 1.16d [3H J=6.9 Hz; 21-H3]; 1.54m [3H 20-H3]: SUBSTI TUTE SHEET
(RULE 26) WO 03/011849 30 DCT/ HUQ2/ 00074 6 2.02m [2H, 3-H2]; 2.21t [J=7.5
Hz; 2-H2]; 2.67m[2H 4-H2]; 3.04m[111;78-H; 3.32s [3H, OCH3]; 3.59m
[I1H 11- H]Exafh m[1H 9-H ; 608dd[1H J=15.3,2.3 Hz; 14-H]; 6.78m [2H
~13-H, 2- .91m [ 2H, 1 H 3 H ' 3C NNR(lOM—Iz CGDIG) SC(pprr) 4.0
[ C 20] SEMER B

2§ , 23.3
c %} 53 134 %c,f%] tosg) éﬁ[ %E%é""bﬁ@é%@[ﬂ%ﬂ%eﬁ% i g2 53029’1 g itifed
78.0 [ C- 18@111&1&9}1&1& ﬁi‘ﬂrogmﬁ GtpspheR] 1657 & @1 muddlp of difSoButyl- alh&énﬁnﬂ@dﬁ]ﬂe

130.1 [C-1 130. 4 7 [CG 14]: 146.8, 146.9 [C 13]; 158. c-a
173. 8 %c- iifs]solzfeé 1158[@ BJlsnllEﬁléﬁlﬂP@ 1 a@ﬁed deompassia the 2bgwe SQBH’]@PaTh? b

111 -- wh osi |

of the gegléra for Fiﬁ%n?g%e&?rga?he@é%tnp %O Psq%lugg&oléi/e’gb ?rﬁg

m of net Fdaeﬁibutﬂaﬂnﬂnﬂlﬁl-am @JiﬁxtMetbﬂphmem redgedt Hydr or hlidr immoliciod i1 s
added thereto. The _nmixture.is stirred for m_nut e t 25C 0.

ol ) of SBPPERdafEsEssTal dauerle K@f)e?wmn?a 2 4o o éom%l g%s(‘]’ilé&
mnutes atgjgafs e%déc!ﬂelww dk E‘eVQtpOfSQﬁﬁeﬂhé et W8 fﬁéﬂ%h@ht at —

di ssolved 1 n toluene, the indrganic salts are tered off and the
filtrate |5§°(éwaqbdtmt19d}qﬁ5hehadrwﬂlb 2 moldefc M)hr[tmonetiytﬂmc]piunc famdd;ob;tloa&olélftm

Ghr orat 0g( ApY, 200 gy, HISyEb0te, LLLLe. SHPONL. 50012050 3%ic2 iRl

Yellow oi |

( di i SODF 09%(1' &t '?rﬂﬁer?et rygé %ﬁﬂﬁﬁcﬁ' @ﬁ;%iccpﬁs&b ds 5@as§1@d lwfeﬂ i@ Eﬁ’ of éﬁhﬂ'ﬁﬁd( 1201
solutlon 15 ml of 1 M aqueous solu’ﬂon of NaHC03 and wzth "XZO m[l of saturated NaCl

@)

solution. The organic phase is dried on Na;SO, and it is evaporated in vacuum. The above

title compound is obtained by purification using chromatography from the residue as a

colourless oil. -

Yield: 0.25 g (55%)

TLC - Ry (diisopropyl-ether: ethylacetate: acetic acid 50: 50: 1.5)=0.24 .

TLC - Rs (toluene: dioxan: acetic acid 20: 10: 1)=0.50

'H NMR (400 MHz, CDCl3), SH (ppm): 1.02t [3H; J=6.8 Hz; 21-H;3]; 1.79m [1H; 16-HJ;

1.80t, 1.81t [3H; J=2.6 Hz 20-H;]; 1.88-2.18m [6H; 3-H,, 10-H,, 17-Hy, OHJ; 2.25m {1H;
{ 17-Hal; 2.33m [1H; 2-Hp); 2.48m [1H; 12-H]; 2.61m, {2H; 4-Hy}; 2.66m [1H; 10-H,];

3.46t, 3.47t [1H; J=8.2 Hz 8-H]J; 3.66s [31—1; OCHs}; 3.95m [1H; 11-HJ; 4.07t, 4.21dd [1H;

J=7.0, 1=5.8, 4.9; 15-HI; 5.12m [1H; 9-H}; 5.63dd [1H; J=15.5, J=5.8,7.0; 14-H]; 5.70dd,

5.71dd [1H; J=15.5,8.4, }=15.5,8.0; 13-H]; 6.77m [1H; 2°-H); 6.97m [2H; 1°-H, 3°-H];

Example 6
Beraprost of the formula (I)

0.246 g (0.6 mmol) of compoun& of the general forrnula" (II) obtained in Example 5 is
dissolved in 1 ml of methanol and 1 ml of 1 M aqueous sodium hydroxide solution is
added dropwise slowly thereto. After stirring for an hour the methanol is distilled off from
the reaction mixture in vacuum. The aqueous residue is diluted with 10 ml of water
extracted with methyl-tert.butyl-ether and the combined -organic phase is washed with

saturated NaCl solution, dried on Na;SO4 and evaporated. The residue of evaporation is
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Hz; 20-H3]; 1.94m[2H 3-H2]; 2.08ddd [1H, J=13.6,8.4,5. 03Hz pEtOMEd] ; 2.27m
[1H, 17-'" Ho]; 2.33t [2H, J=7.5, Hz; 2-H2]: 2.46m[1H, 17-Ha]; 2.62m[2H,
4- H2] ; 2.3}3519[;,3 q1sl0-Ha, 12-H; 2.90sx [1H, J=7.0 Hz; 16-H; 3.58t [1H,
J=8.5; 8-H; 3.65s [3H- OCH3]; 4.11m [IH 11-H]; 5.16ddd [1H
+J=8.5,7.2,5.0 Hz; 9-H]; 6.34d [1H, J=15.6; 14-H; 6.78m[1H 2'-H; 6.89.4
[1H, J=15.6,8.8 Hz; 13-H; 6.94m [2H, 1'-¢H, 3'-H 13C NVR (100 Mz,

CDCl 3), SC 3 RBohC aMscotfe foke? Hixua?. dl el Phie 2bove [ Medfioned2%ilk
[C 4] 33.4&?‘%—%12’;8?‘4%9%‘ [@f%ﬁe&%ﬁf"% ecgdf’éﬁ”;?ﬂ%‘.s-[c-bs]; 51.5 [OCH3]; 58.6
[C12]; 76cdmbéund id bbtafifedts cdBudefsCriBalsC- 19]; 84.6 [C-9]; 120.7 [C2'];
121.9 [C-3']; 123.5 [c-5$; 129.1, 129.2 [CG-14, C1']; 129.7 [C7]; 146.0
[C-13]: 157Yxld8}e(@%4)1 [Cc1]; 201.7 [CG 15]. SUBSTI TUTE SHEET (RULE 26)

WO 03/01184%46 _@ﬁ@?%&?xéﬁ%ﬁp%}yﬂ.ﬁﬂmgm Exanpl e 5 The conpound of

t he general " ornu erein R2 means nethyl group 5.14 g (22 nmol)
of 2,6-di -tmlﬁlygp@inn@BhMIZﬁ@enol is dissolved in 50 nil of distilled

t ol us d -1.5 I ] . . .
W enet v Sy, BRI LG e, Qo 1IN $16.8 iz 21T, 179m [1H;
added dropw, %gx]’g q §d%,el.%E’fgﬁyﬁlz&estdiamz;Tﬂftgﬂegg@%h O [IH X3BT,€ 108,51 T-EhBd. 34ir

one hour at them 1t ool to -78C. hi s

di i sobut y| al LB j+7.4rh2, BEBY;- 2.4but PE; 412w h6eme ok Hetheddlalt 30345347 L

mmol ) of conpound_of th I I t Qi } . .

di ssZ)I ved i FEBARS B ST o 2%@%%12‘%@5&%%@% ?% *3?8%%"2[@ Ik ke

reaction m ﬁpﬂ;gﬁqgﬁn Eﬁ'{r 9%%@3@ Ricyhd (8, =506 38zt BieH]j 5.674d,ouédithEld;
o) aq

with 27 m eous drochloric acid sol ution. After stirring for
30 ninutes Thts.pSasHs; H-H]sePam ftBo? -t A E8lis! 'ghasddl s washed twice with

L O SRR OIS0 SE S Lo s AR A e e te

R Y e e
[C-12]; 75.8, 763, 76.4 [C-11, C-15]; 77.2, 77.4 [C-18, C-19]; 84.5, 84.6 [C-9]; 120.6 [C-
2°]; 121.9 [C-3"]; 123.2 [C-5]; 129.0 [C-1]; 129.7 [C-7]; 132.3, 133.0, 133.8, 134.0 [C-13,
C-14]; 157.2 [C-6]; 178.3 [C-1].

Example 7
Beraprost sodium salt (The sodium salt of the compound of formula (D

0.199 g of beraprost is dissolved in 2 m! of methanol, 0.5 ml of 1 M aqueous solution of

sodium hydroxide is added thereto and after their mixing the solvent is evaporated in-
vacuum and thus the above title salt is obtained as colourless crystals.

Yield: 0.21 g (100%)

Melting point: >205°C.

- '"H NMR (;1:00 MHz, DMSO-dg), 5H @pm): 0.90d, 0.92d [3H; J=6.7 Hz; 21-Hs]; 1.75- |
I.San [7H; 10H,, 16-H, 3-1L, 20-Hs); 1.89t [2H, J=7.6 Hz; 2-H,]; 1.94m [1H; 17-Hy];
2.16q [1H, J=8.5 Hz; 12-H]; 2.25m [1H; 17-Ha}; 2.44t [21; 3=7.5 Hz; 4-Hy]; 2.500 [1H;
10-H,]; 3.3t [1H, ¥=8.5 Hz; 8-H}; 3.72td [1H; J=8.5,6.1 Hz; 11-H]; 3.84t, 3.96t {1H,
1=6.5,6.0 Hz; 15-H]; 4.85b [2H, OHJ; 5.01dt [1H, }=8.5,6.6 Hz; 9-H]J; 5.46dd, 5.47dd [1H;

| J=15.4,6.5 Hz, }=15.4,6.0 Hz; 14—H]; 5.65dd, 5.66dd [1H; J=15.4,8.5 Hz; 13-H]; 6.71m
[1H; 2°-H]; 6.92m [2H; 1’-H, 3’-H] ‘
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title conpound is obtained by purlflcatlon usi ng chromat ogr aphy fron1the
residue as a colourless oil. Yield: 0.25 g (55% TLC -

(di i sopropwao et/inesse et hyl acetate: acetic acid 50 50: 1. % D%eg%oz,%%ﬁér
(tol uene: dioxan: acetic¢ acid 20: 10: 1)=0.50 "H NMR (400 WMHz, CDC13), 8H
(ppm: 1.02t [3H, J=6.8 Hz; 21-H3]; 1.79m[1H, 16-H]; 1.80t, 1.81t [3H
J=2.6 Hz 20-H3]; 1.88-2. 18i n [ 6H; 3- H2, 10-#tb, 17-Hb, OH; 2.25m [ 1H;
17-Ha]; 2. 33!Dur{n3the 2bbi2d thid .14 dhiddhat jrabﬂly (2LE lﬁrodeﬂhl‘es‘*zvé"ﬁked BlaRSIMERTIY
10-Ha]; 3.46t, 3.47t [1H .J=8.2 Hz 8- 3.66s [3H, OCH3]; 395m [ 1H;

11-H ; “4. 07t Kigselael§0 Fas; thickepsspf layes i0.2 m, lengthiqf plafesipmamr,  9- H] ;

5. 63dd [IH, J=15. 5, J=5.8,7.0; 14-H; 5.70dd, 5.7ldd [1H J=15.5,8. 4
315.5,8.0; 13-H]; 6.77m[1H, 2'-H; 6.97n1[211; P-H 3 -H; Exanple 6
Beraprost of the fornmula (1) 0.246 g (0.6 nnnol) of conmpound of the general
formula (11) obtained in Exanple 5 is dissolved in 1 m of nethanol and I
m of 1 M aqueous sodi um hydroxide solution is added dropw se slowy .
thereto. After stirring for an hour the nmethanol is distilled off from the
reaction mxture in vacuum The aqueous residue is diluted with 10 m of
water extracted with nethyl-tert.butyl-ether and the conbi ned -organic
phase is washed with saturated NaC solution, dried, on Na2SO4 and
evaporated. The residue of evaporation is SUBSTI TUTE SHEET (RULE 26) 3 0O
DEC 2085 WD 03/011849 8 crystallized from ethyl acet at e-hexane m xture and
the pure above nentioned title conpound is obtained as col ourl ess
crystals. Yield: 0.21 g (87%9 TLC - Rf (toluene-di oxan-acetic acid
20:10:1)=0.41 Melting point: 98-112C. 'H NWR (400 NHz CDC13), 8H (ppm:
1.004, 1.03d [3H J=6.8 Hz; 21-H3]; 1.79m ][I H;
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16-H; 1.80t, 1.81t [3H, J=2.5,2.4 Hz: 20- HS] 2.3-1. 9m[5g %[Eg 10Ho, |
17-H21; 2.34t [1H J=7.4 Hz; 2-H2]: 2.431n [1H, 12- 4 10- Ha,
4-H2]: 3. 4900381848 [1H, J=8.7,8.5 Hz; 8- H] 3. 92m[1H 11-H; 4.07t,
4.17t ‘[1H, J=7.3,5.6 Hz: 15-H; 4.3b [2H OH: 5.09m[1H 9-H: 5.58dd,
5.6/ dd [1H, J=15.3,6,5 Hz; 14-H; 5. 67dd g 68dd [1H, J=15.3,8.0 Hz;
13-H: 6.77m[IH 2 -H: 6.95m[2H 1'-H ! -H 13C NMR (100 M-z, CDC13),
6C (ppm: 3.5, 3,6 [C20]; 14.7, 158[C—211 22.3, 22.6 [C 17]: 24.6
[C2]: 29.1 [C-4]: 33.1'[C3]: 38.2, 38.3 [C-16]: 412 [C-10]: 50.4 [C 8] :

' 58.8 [C12]; 75. 8 76.3, 76.4 [CG 11, CG15],;, 77.2, 77.4 [CG 18, C19],; 84.5

84.6 [C-9]: 120.6 4o 2']; 121e@u[C 3" 1; 123,@0f C5]: 129. Qedlc-1' 1; 129. 7

[C-7]: 132.3, 13380, 133.8, 134.0 [C 13, - 178.3 [C-1] .
Exanple 7 Bera rost sodiumsalt (The godiumisalt of the cofpound of

formul a- (D 0.1f ber aps i's digsol we nol, 0.5 m of
| M aqueous spRutT6n of  sédiwm hydiodi d nd after their

m xi ng the solfvent is evapofated in vac and t hus the{above title salt
i s obtained Ws cofourl ess cry<feass. Yiefd: 0% g (160% | ting point:
>205C. '"H NWR (400 MHz, DWVSO d6), 5H (ppn') 0. 90d 0.92d [3H, J=6.7 Hz;
21-H31; 1.75- 1.55m[7H; I10OHb, 16-H, 3-H2, 20-H31; 1.89t [2H, J=7.6 Hz;
2-H2]; 1.94m{1H, 17-Hb]; 2.16q [1H, J=8.5 Hz; 12-H]; 2.25m[1H;, 17-Ha];
.44t [2H J=7.5 fF4-HT]: 2. 5000 H 10- Ha] ; 8289t [1H, J=8 Gdiz; 8-H];
3.72td [1H, J=8.576.1 Hz; 11- 3.84t, 3.96t J1H, J=6.5,6.0 ; 15-H;

4.85b [2H, OH; dt L1k 6 qecp—g,,,n 9 5w45dﬁt,pm:@m47d [ 1H
3515, 4, 6. 5 b, FTE18. FEE 8.5 Hz;

13-H; 6. 71m{[tH 2'-H; 2 2H WBST%(RULE
26) V\D 03/ 0].¥ 30 Decenpg I-w Dur |00 ve thin

| ayer chromat ography (TLC) procedures we used pkates MERCK N

10

Scheme 1
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Kiesel gel 60 F254, thickness of layer is 0.2 nun, length of plmpegs 8% 5 cm
SUBSTI TUTE SHEET (RULE 26) WD 03/011849 10 10 coacH, COONa-ON Scheme 1 3 0
DEC 2005 SUBOWMSAURES SHEET (RULE 26) 3 0 DEC 2005 W O 031011849 11 d ains
1. A process for the preparation of the conpound of fornmula (1) and its
salts, especially its sodiumsalt, characterized in that, a conpound of.
the general formula (VIZ) - wherein R2 neans a straight or branched al kyl
group containing 1-4 carbon atonms - 4sS redcfEBS with a conmpound of the
general formula (VII1) -- wherein R neans a nethyl or an ethyl group, X

stands for chl ogi O N L J-0di a - r-RUD.: =221 {J0- . .
cyano, - 0 ChurfatBees OIS B Bl o MO b i R B B R 5RE copecinty i
group descri be&sodium-salt, chdrfictéfiedfif thaa kgmipoued af tHetsenefaiBorttnibh (VIBLL Qherein
Agents, Fluka Chemie AG Second Edition Edited by Dr. Gert van Look
(1995) 1 SBN 3- oB5eweanpg straight pebupehadrllykeipsseataing he4 serhondatoms ~nis gacted
(VI) - wherein .9%1 ef | . ve - IS oxidized
into the al dehy‘h'gtﬁ agﬁ&? e geirglfépgl g@%@w%gﬁ?%%%e@?%@% ‘ﬁ%%‘ﬁ.%é‘géﬂ‘o’?l B an
and R2 are as dehylngdupIR\eeands for chiorine, bromine or iodine atom,

,CF3802-O-grot_1p,_azido-, cyano-,

- ~-O-C=CH-C-CHj; — group or acetamido or acety!oxi-gfoup or a further group described |
| I in the following literattirt{e':m: . '
CH; O .
Silylating Agents, Fluka Chemie AG, Second Edition, Edited by Dr. Gert van Look
(1995) ISBN 3-905617-08-0 — the obtained compound of the general formula (VI) —
wherein the meanings of R' and R* are as defined above - is oxidized into the aldehyde
of the general formula (V) - wherein the meanings of R! and R? are as defined above —
" the obtained above aldehyde with or without isolation is reacted with a phosphonate of
the general formula (IX) ~ wherein R® stands for straight or branched alkyl group
. containing 1-4 carbon atoms — the obtained compound of the general formula (IV) —
wherein the meanings of ‘R' and R? are as defined above — is deprotected by the
splitting -off the protecting group at the position 11 and the compound of the general
_ formula (JI[) — wherein the meaning of R? is as defined above — thus obtained is
{ redupcd, the obtained compound of the general formula (II) — wherein the meaning of
R? is as defined above — is hydrolized and the acid of the formula (I) is isolated and
with reaction of a base it is transformed into its salt and the salt is isolated or. the
obtained acid of the formula (1) is transformed without isolation into its salt and the salt

thus obtained is isolated.

-

2. The process according to claim 1, characterized in that, a compound of the general
formula (VIII) — wherein R! stands for ethyl and X is chlorine, bromine or iodine atom,

cyano-, azido-, CF3-S0,-O- or
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t he obtai ned above al dehyde with or without isolation is reactegcwaumsh a .
‘phosphonate of the general formula (I1X) -- wherein R3 stands for strai-ght
or branchegoadslyiss9roup containing 1-4 carbon atons -- the obtained
conpound of the general formula (1V) wherein the neanings of R and R2 are
-as defined above - is deprotected by the splitting off the protecting
group at the position 11 and the conpound df2 the general formula (I11) -
wher ei n t he nearpag(H-CR2H;s as defined above -- thus obtained is reduced,
t he obt ai ned conpqund [ the general fornula (11) - wherein the nmeaning of
"R2 is as defined above is hydrolized and the acid of the formula (1) is
isolated and wt ea(aion of a base it is transforned into its salt and
the salt is isolat or the obtained acid of the fornmula (1) is
transforned without isolation into its salt and the salt thus obtained is
isolated. 2. The process according to claim1l, characterized in that, a
conmpound of thegfeéhefﬂ&PSEdForrml a (M1l1) - wherein RL stands for ethyl and X
is chlorine, brom ne or iodine atom - cyano-, azido-, CF3-S2-0O or

SUBSTI TUTE SHEET (RULE 26) 3 0 DEC 2005 WD 03/011849 12 -OCCHCCH3 | 11
CH3 0 group -3.i Sheipastess addoedipg ac ed@nmat e cradaaterided inlthitma lconapramd ctfehe zedetah
.that, a compound of the general _forrmula (VI).i xi di zed i nt ound
of the general &mHA VP exidiged figioga Cﬁ’i“iPPB%“é ngﬁai%?rﬁelfo%‘ﬁ?i}ﬁ&g}? using a
oxal yl chloride t [ 18863 GESS iRy, to claim1,
characterized |Ir?%? gtc?fldgl%%g%%y édeng%iRECHg}éﬁer a' tﬁfg%?%uglhgg(\/) and a

phosphonate of the general formula (1X) are reacted under circunstances of
Wttig-Horner- n's reacti&? The

n. 5. process.according t =Y y
char act eri zed- i b RERCESY ReFOBPBE dR1ql3HE &r ShApe ‘?n%eﬁem o) %n" a6ty Yt the genera
formula (V) and a phosphonate of the general formula (IX) are reacted under

circumstances of Wittig-Horner-Emmon’s reaction.

5. The process according to claim 1, characterized in that, the protecting group of the
hydroxy! group at position 11 in case of a compound of the general formula (IV) is

splitted off in the acidic medium.
6. The process according to claim 1, characterized in that, the reduction of a compound of
“the general formula (III) is carried out by diisobutylaluminium-2,6-di-tert.butyl-4-

methylphenoxide.

7. The process according to claim 1, characterized in that, a compound of the general

formula (II) is hydrolized in basic medium.

8. The process according to claim 1, characterized in that, the acid of the fomula (D is

transformed into its sodium salt and that salt is isolated.

9. The compounds of the general formula (VI) — wherein the meanings of R' and R” are

as defined in claim 1.

10. A compound of the general formula {VI) — wherein R! stands for ethyl group and R?
stands for methyl group. ,
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