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According to the present i nvention conpound t he gener formula (V1)
- wher ei n RshowehrSchese railhhmesningrod Saib ket by bdipregtsibil @rovyp fsmneans

carbon at Om%lcéty groupa\%’tﬁdE reaEtlon 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.

The object of this invention is to provide a shorter synthesis with higher yield.
Unexpectedly it was found that the protection of the primary 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, which 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 synthesis.

According to the present invention a compound of the general formula (VII) — wherein R?
means a straight or branched alkyl group containing 1-4 carbon atoms — is 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,
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conpound of the general fornmula (VIII) - wherein Rl neans a nethyl or an
ethyl group, X stands for chlorine or brom ne or iodine atom SUBSTI TUTE
SHEET ( RWwB 036)18\WO 03/ 011849 PCT/ HU02/ 00074 2 CF3SQ2- O gcamjo2agizdo-
cyano-, or -OC=CH G CH3 - group or a further group described in the
following literature: 11 CH3 O Silylating Agents, Fluka Chenmie AG Second
Edition, Edited by Dr. Gert van Look (1995) | SBN 3-905617-08-0 - is

react ed, tQe;3bi-Gigreth,caijoenydn®f ot he general formula (M) - wherein the

meani ngs of Rl and are as defined above - .is.oxidized.into the aldehyde
of the gen@r%TCIfId?'%ﬁ" EAPyP OF gLt ﬁ“f%’e&ﬁ‘érél?ﬁ%r’iﬁéwgfpﬁﬁf“ ﬂge@l%fr e as d
defi ned above - t obt ai ned above al dehyde with or without isolation is

reacted with a phosphonate of the general fornula (I1X) - wherein R3 stands
for strai ght ©H; branched al kyl group containing 1-4 carbon atons - the

obt ai ned conpound of t ener al rgul a - W int [
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protect| “91@1@@9@61@%-9%%%&%h@@ﬂtafdaa_c@agmnwdf e sdiergdornah (Vay Aul a
(rrr) - wherein the neaning qf R2 is as defined above - thus obtained i
reduced, ]Ehaemﬁn ticneehningmpfRirddt” arhes defiradaabover pueddiged Jnto thgrldeydeidhe
meaning of R2 is def i ahove -. is__hydrolz n i h
formula (I yhe; %eqerbai& _ az_ﬁ’g '\Xﬁ}eﬁel? él};lecﬁe%lﬁx%sf 8gkb§§%%l '% r% Esed‘fa@{fgs o ?/%rggthlent 0
its salt apgihe MRt aldhiyaohahes Rithélhssolbtion negtaced dvitdf atphesftonatel of (k) -
is transformed without iSolation.nto its salt and the Sﬁﬁlé{i t hus obt.aj ned

|(§/ I |I )so! at egenddalr foruiaHEXAbovkergindesiands fob ppaehPrdrangied gld exguny cRRipgs
is reacted with a go g RTINS
(V10,10 LGN, GOTROUD Db SONBLS MUY ) pubisble
RL nmeans neidaingdrofeR hythd RPoup, asXdefinad dbofor hiqriteeted Hyr thei spdiftingdifnthe
atom CF3-SO2-0O, azido-, cyano- or -0 C=CH C-CH3 | IL CH3 P
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 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 (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 (VII) is reacted with a
compound of the general formula (VIII) suitable for the introducing of the triethylsilyl or
trimethylsilyl group — wherein R' means methyl or ethyl group, X stands for chlorine,
bromine, iodine atom, CF3-SO,-0-, azido-, cyano- or —O-C=CH-C-CHj

.
CH; O

group 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 triethylamine 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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group or a further group described in the followng literature: Silylating
Agents, Fluka Cheme AG Second Edition, Edited by Dr. Gert. Van Look
(1995) | SBN0309B5617-08-0 - trinethylsilyl or triethylsilpycThaiegertides are
preferred, especially the chlorides or the specific derivatives listed
above. The received disilylated diols of the general fornula (VI) may be
oxi di zed nost advant ageously by a mi xture of dinethyl-sul foxide,
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the for mul @efablosEeffob@ulaRTPRHE 8 wthotiteRGEdIAgr.t W th bases. Salt-formation
can be carried out after isolation of beraprost of fornmula (1) with or

wi t hout it or prsipatation of beraprasbgnsiem isalh thsfusp of apsHvathysleseriderisdhe mosharefpsredof
sodi um hydroxi,bdee is the nost preferred as a base. Conpounds of the general
formul a (VIaF)a 2 phosphonat es of the general fornula (1 X) used in the

process of (dagpopnésenthd paemiliformiy VB gideptassphbmsesdeSibe i deaetal Gornaxafii)e
in Tetrahedron 55 p 2449-2474 (1999). Conpounds of fhe genera%) for rru{ a
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commercially available compounds.

Figures 1,2,3,4,5,6,7,8 and 9 show general formulas (I), (II), (I1I), (IV), (V), (VI), (VID),
(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
The compound of the general formula (VI) — wherein R! stands for ethyl group and R?

stands for methyl group

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 m! (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 1 M aqueous solution of NaHSO,, 30 ml of water, 30 ml 1 M NaHCOj3 solution,
2x30 ml of water, then with saturated NaCl solution. The hexane solution is dried on
Na,SO, 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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The present invention will be described in nore detail by way of the
follow ng exanples wthout Iimting our clains thereto. Exanple 1 The
conmpound wbD sleisgeneral fornmula (VI) - wherein R stands feam/mtopho7gr oup
and R2 stands for nethyl group 1.84 g (6 mmol ) of diol of the general
formula (M1) - wherein R2 neans a nethyl group - is dissolved in 10 ml of
pyridine. The solution is stirred and 2.3 m (14 mvol) of triethylsilyl
chl ori de i sTBAAd&} (hStaneetindadetite®n}=+06%E¢TLO-TEM- oy eiudhesmatogdraphgn t he
reaction mxture is poured into the mxture of 50 m of water and 20 m of
hexane. Thelhfudbéhexapredylpcstatsdt:arle?-wi th hexane (2x10 ni) and the
conbi ned hexane solution is washed with 30 m of 1 M aqueous sol ution of
NaHSO4, 30 ml of water, 30 m 1 M NaHCO3 solution, 2x30 ml of water, then
wi t h sat ur atHesINRRCHOG ML, i Qi) 'Bhb(plpmbaﬁé%,d] 6iq JAH:; =19 it SoEHLNERBOO.9 3y
one hour and then it _is evaporated bove nentioned tlt|§ El_r"rs“pound IS

obt ai ?ed as1-881 bHH: (-3%‘57 itz S’(@l{zﬂ:_@s]ﬂg ani o50pm [SHeIP-HuPe] L, R EMD 6)
WO 03/01184 0 T
CREne e A e il e

exane- et ate
1H NMVR (4005&7. OCHE}6$-,H]SBI @ppoH; 03-54Yy,4.0Lt6J4H][ 1%}44,53:&911%] 8i]5aRH [1H;

3 vo] 2. 16 w%ﬁ%’%ﬁ%%a& b e 5y s 1l St 7 B0

[3H OCHs] ﬁ{%l:glq}[lg. =8.8,7.0 Hz; 8-H; 3.63m[2H 13-H2]; 40td[1H
J=7 Jz ,48ddd[1H J=9.1,7.2,5.4 He: 9H];685t J=7.3
Hz: Bcglsm TH0 Mi7z,3CHs), A€ (p@m) 7.1.089 [SIAH,GH7):R Hz.; 7.8' Si Hﬁ@)NwR

(zéo‘i [Mé?g] De8 16 PabfiC: 3Pt B st TPEATH -5y 5o Srielaf M TERg
59.0 [C12] ¢ @§]C073 ¢ Fcddl; 873 [€- §1C1é1]4 [85491083915-3°321243 [[6:9; h2052%-3);

[C-3']; 124:3 1296 [CT' |
132.0 [C- 7] 158.8 [C- 6] 1739[c 1].

Example 2
The compound of the general formula (V) — wherein R! stands for ethyl group, 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 dichloromethane is added dropwise at —60°C.

After stirring for 5 minutes 1.07 g (2 mmol) of compound of the general formula (VI)
prepared by the Example 1 dissolved in 2 ml 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 m! of water and 7 ml of 10 M aqueous
solution of NaHSOQ, are added at room temperature. 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 NaHCOs3, with 10 ml of water and 10 ml 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 the next reaction step with
or without purification.

Yield: 0.83 g (99%)

TLC - R¢ (hexane-diisopropylether 1:1)=0.44,
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132.0 [C-7]; 158.8 [C-6]; 173.9 [C1]. Exanple 2 The conpound of the
general fornmula (V) - wherein R stands for ethyl group, R2 stands for

met hyl - grewom3Q1@79 M (3 nmol ) of oxal yl-chloride is di ssolpecadiion/og7al of

di chl oronet hane and the mxture is cooled down to -60C. To this solution
0.44 m (6.2 mmol) of dinmethyl sulfoxide dissolved in 3 ml dichloronethane
is added dropwi se at -60C. After stirring®for 5 mnutes 1.07 g (2 nmml) of
conpound offLiheR gnearelethylacatbta 3(NF).52pr epar ed by the Exanple 1 dissol ved
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reaction mi Le . i t . . X
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i Pl o omed @ Tt SOt e 185 g pred £5adhEk O - Tt 7.4 H
aqueous 5012“-%1&9@.89& Mj—@;@.{p 3 - e uaAQ- ) sefinvwaued [BRd~1 @At 3af) sat urat ed Nadl

solution. The organic Se is dried on Na2SO4, it is evapofated in vacuum

and the abdi@eNMERi(10NBHz,tCdk SCofppo)ndl6i[Si(GBhEGHael 75 SHCHeCHowl; 81610 Whdkh
may be used in the next reaction step with

0.83 g (99%P-4Ti4); 32 ([Ge’éaaﬁyc[ﬁrls@pf*éyﬁy[ﬁ?e%]h%ﬁ-ﬁé@rﬁéz ﬁg%rﬂ({s g%‘?%&?ﬁﬁ%%

(RULE 26) i CEA4AU92 1exaneq etrhyia tre.3:
1) =0. 52 1H\§gw7&%é géé%%ff%’ -égﬁo’(]ﬁplrﬁiﬁ gg%’ql%gH,@?ﬁB.lgoﬁz[;b g’ ?ggf €
CH3) 3] ; 0. BAL1BIHC-1F=W0® Idz13]Si (CH2CH ) 3]; 1.94m 2.02m [3H, 10-H, 3-H2];
2.17m 2.20t [3H, J=7.4 Hz; 10- H, 2-H2]; 2.64m[2H, 4-H2]; 2.73t [IH,
J=6.0 Hz; 12-H; 3.32s [3H, OCH3]; 3.73dd [1H, J=8.7,6.4 Hz; 8-H; 4.04q
[1H, J=6.0 Hz; 11-H; 4.69m[1H 9-H; 6.75t [1H J=7.4 Hz; '2'-H; 6.88d,
6.91d [2H, J=7.4 Hz; 1'-H, 3 -H; 9.46d [1H J'.Z~1 Hz; 13-H]

Example 3

The compound of the general formula (IV) — wherein R! stands for ethyl group, R? stands

for methyl group

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 ml 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 ml of water and 2 ml
of 1 M aqueous solution of NaHSO4 are added to the reaction mixture and it is stirred for
two minutes. The aqueous phase is extracted twice with 5 ml of toluene and the combined
toluene solution is extracted with 10 ml of water, 10 ml of 1 M aqueous solution of
NaHCO3;, 10 ml of water and 10 ml of saturated NaCl solution.

The solution 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 the next reaction step without
purification.

Yield: 1.2 g (>99%)

TLC - R¢ (hexane-diisopropyl-ether 1:1)=0.49

TLC - R¢ (hexane-ethylacetate 3:1)=0.54

'H NMR (400 MHz, C¢D¢), 8H (ppm): 0.47q, 0.48q [6H; J=7.8 Hz; Si(CH>CHj3)s]; 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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13C NWMR (100 MHz, C6D6), 8C (ppm: 5.6 [Si(CH2CH3)3]; 7.5 Si (CH2CH3) 3];

26.0 [CG-3]; 30.4[C4]; 34.2 [CG2]; 43.7 [CG10]; 45.9 [C8]; bl.6 [OCH3];
68.8 [ C 1wPp;03mB1899 [ C- 11]; 85.7 [C9]; 121.6 [C2']; 123. 2Cr@Bi2jopo7a24. 3
[C5]; 129.9 [C1']; 130.4 [C7]; 158.7 [CG 6]; 173.9 [CG1]; 200.6 [C 13].
Exanpl e 3 The conpound of the general formula (IV) - wherein R stands for
ethyl group, R2 stands for methyl group € ly dispersion of 92 ng of sodium
hydri de (60%2n{ RIS 3nigl 2.21s[JsiSHéndet:]; A.6270m{2Hyf4-HiloB Odme[ 1&h §-1]; 513?@1[3‘32 2

ety o o ke Al GRS T dgBEd e e

15C under ﬁogeg ﬁt]ng)gggqmq 1’Imesopxture is stirred for 20 m nut es at
15C and th sol Ution contai npmg Lghosphonate sodiumsalt is ad
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I ne ac |
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sol uti on of
c"i% %aS‘P'@ oteL1, %8 .4 gaghj; gn. 1ot re7an¢7l9t7se s:twrceqi9 or
two m nute w ous gse |315 ext%ct]ed tvn\goéewwth of [tol uene ];nd

the conbi n&d.9 ECbP]Jeldé 65Eﬂ-ﬂt]l, 022.8 $CeRt; riRdteC-d; tlﬁOﬂo[Gﬂl ]oﬁ3%t[@r7] 1904 [Cor 1

ot ton. s @Rt PoR FEBR TS UrPhadeste i 2FESIGsT: aea™Tn v acuum and

t he above nentioned title conpound is obtained as a yellow oil, which may
be used in the next reaction step without ©purification. Yield: 1.2 g
E;QQ% TLC__l_BM_‘hexane di i sopropyl -ether 1: 1) =0.49 TLC - K

exane- et acet at e 0 , 0.47q,
(e e AL ot Akl AT HOUE R SR (T3,

)3]; 1.16d |8 (2 #iEhol§ offgiud2 silyi3dnond ob#e debtal RQmkiB] av) SLBSE T EHEEHIE: 3

(RULE 26) WO 3/ 011849 PCT/ HU02/ 00074 6
is dissolved in 20 ml of methanol and 0.I5 ml (1.8 mmol) of concentrated hydrochloric

acid is added thereto. The mixture is stirred for 5 minutes at 25°C and 0.16 g (1.9 mmol) of
solid NaHCO; 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 toluene, 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, CDCl3), 8H (ppm): 1.21d [1H, J=7.0 Hz; 21-H;]; 1.77t [3H; J=2.0
Hz; 20-H;]; 1.94m [2H; 3-H,]; 2.08ddd [1H, J=13.6,8.4,5.0 Hz; 10-H,]; 2.27m [1H, 17-
Hy]; 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-HJ; 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-H]; 6.34d [1H, J=15.6; 14-HJ; 6.78m [1H;
2’-H]; 6.89dd [1H; J=15.6,8.8 Hz;' 13-H]; 6.94m, [2H; 1°-H, 3°-H]

13C NMR (100 MHz, CDCl3), 8C (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 [C-8]; 51.5 [OCH3]; 58.6 [C-12];
76.4 [C-11]; 76.6, 77.2 [C-18, C-19]; 84.6 [C-9]; 120.7 [C-2’]; 121.9 [C-37]; 123.5 [C-5];
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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2.02m [2H, 3-H2]; 2.21t [J=7.5 Hz; 2-H2]; 2.67m[2H, 4-H2]; 3.04m|[1H;

8-Hl; 3.32s [3H, OCH3]; 3.59m[1H, 11-H; 4.67m[1H, 9-H]; 6.08dd [1H,
J=15. 3, 2.80H3/0149 H ; 6. 78m [2H, 13-H, 2'-H|; 6.91m [2H, PCTAH]02B067#] 13C
NVR (100 Mz, C6D6), 6C (ppm: 4.0 [C20]; 5.7 [Si(CHZCHB)B]; 7.6

Si (CH2CH3) 3]; 17.0 [C 21],; 23.2, 233[C—17] 26.0 [CG3]; 30.4 [C4]; 34.2
[C2]; 43.7 [CG10]; 45.2, 45.3 [C-16]7 50. 3 [C-8] 51.6 [OCH3] 59. 6

[C12]; Eandplp -11] 77.8, 77.9, 78.0 [c- 18, C 19] 84.9 [C-9]: 121.6
[C-2']; 122.8 [C-3 4 . 130.7 [C
14], 1464 :n G_[!_w!_ d : -15] ExaITp| e 4

The conp tm 2t 9813"244 df-106 Larr(ekﬁ 1ph m§rd@; ol E& ﬁﬂnﬁiﬂ oD ui smiﬂ'elil |
group 1. g d%gé 1'HIFIOEOf crudle s‘ﬁ}‘“ I-eno}Jn% e(1)11co t he fg?er‘llerall formul a 1 Y
obt aj nedtoﬂuenb hedEx anmmgnmtmosptcnr«:,sbﬁﬁ/@ (11 npgoly o o@ll%?ék%ﬁmrnlawaﬂtydi@e m

5 ot ir st 8 Gnal Bl YRPE R AL ariite [ HEEHGR SRR Tue ARG "¢

added thgfahR iJhitfrdd XoHr éhd ot i 4tr €l 0fhe1101tmmutotei£datto25’[8°£thbhelnls|t i s

evaporated in vacuum The residue is_dissolved in tol h
sal ts ar diifobutyéaleapinigms2, éﬁ&ttbﬁg’lﬁrmﬁﬁll&fpé‘e’il%’“ S ARt (329 Tﬁe ]re I n%b)?d)guct

22?7;;'03% (':)ril url ff' t%g g%éerépkogfmda W%&,Paté v eeirnopﬁ@q &1@65&/68;!% fﬁﬂ"d@stﬂleﬂ' e

(diisopr Qm{ér%h@@ddeﬁt shWQC@fprfseam ef8°C. é“(hedeeﬁﬂloﬁ@mxtt@ 1sOstis@d forp Night @260

MHz, CDC13 © 1. 21d -
20- H3] : %leq@lﬁp ltg})sr@%ncféddﬁ H7’[niﬂf93\4f§u H‘é]d%‘)c Ingétac y%tf 22&2&7HZ

[1H, 17- ) %{gﬂr%g fé’iﬁ%‘l“@ thd fgasaf a}ézseggra!'e'a][ the %qﬂ&fﬂs %)ﬂikée id %rabiad; twaceORith [1 2 H,

4-Hel; Hz; 16-H; 3. 58t [ 1H
J=8.5; 81rH|] of B6Es, [BHCcoMBHs] ; orgarfid mhafe] I vahqd] withy, 3G deldof s#purated NaCl

J=8.5,7.2, 4d [1

h )51 soBignd Sl obd Vipiaigugiamlution gt Negps 3 iR 240 gt sppapifivact ©90C

CDClB? g&uﬁFx%@l o%&ént 91125%]13 dhi6d fn Na;$3] andPR 1336\[a§0rh?e]d indAcuurh CH?d abov29. 1

[C 4] I; 44.1 [C 16]; 3'[C-8]; 51.5 ogHs 58. 6

[1 g:-l 151 : Cuge o@lﬂp@md]m ob@ur&d melﬁ@tlpa usmglgf}ron@@%ar[h@ ﬁsf])m tho gesidy ca5: 9.
23.5 [C5 129-1, 129.2 [C -1']; -

[C13]; fBLPL{leiS@l%] 174]1 [C1]; 201.7 [[cC el Az e 7] 1469

Yield: 0.25 g (55%)

TLC - R¢ (diisopropyl-ether: ethylacetate: acetic acid 50: 50: 1.5)=0.24

TLC - Ry (toluene: dioxan: acetic acid 20: 10: 1)=0.5'0

'H NMR (400 MHz, CDCl3), 8H (ppm): 1.02t [3H; J=6.8 Hz; 21-Hs]; 1.79m [1H; 16-HJ;
1.80t, 1.81t [3H; J=2.6 Hz 20-H;]; 1.88-2.18m [6H; 3-H,, 10-Hy, 17-Hs, OHJ; 2.25m [1H;
17-Ha]; 2.33m [1H; 2-H,]; 2.48m [1H; 12-H]; 2.61m, [2H; 4-H,]; 2.66m [1H; 10-Ha];
3.46t, 3.47t [1H; J=8.2 Hz 8-HJ; 3.66s [3H; OCHs]; 3.95m [1H; 11-H]; 4.07t, 4.21dd [1H;
J=7.0, I=5.8, 4.9; 15-H]; 5.12m [1H; 9-HJ; 5.63dd [1H; J=15.5, J=5.8,7.0; 14-H]; 5.70dd,
5.71dd [1H; J=15.5,8.4, J=15.5,8.0; 13-HJ; 6.77m [1H; 2°-H]; 6.97m [2H; 1°-H, 3’-H]J;

Example 6
Beraprost of the formula (I)

0.246 g (0.6 mmol) of compound of the general formula (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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15] . SUBSTI TUTE SHEET (RULE 26) WD 03/011849 PCT/ HU02/ 00074 7 Exanple 5
The conmpound of the general formula (11) - wherein R2 neans nethyl group
5.14 g (22omaohig4of 2, 6-di-t-butyl-4-nethyl phenol is di sselcratinzno®d m of
distilled toluene under nitrogen atnosphere. 1.55 g (11 mml) of

di i sobutyl -al um ni unmhydride dissolved in 8 ml of distilled toluene is
added dropwi se to the above solution. Thé8 reaction mixture is stirred for
one hour agryekallideiefont dibylacdtetickane- ABQurd aantihitie pure above mentioned title
di i sobutyl al'um nium 2, 6-di-t-butyl -4-met hyl phenoxi de reagent 0.45 g (1.1
mol ) of e@ﬁp@mdsabta@rr?éagéﬁ@ﬂlaPSSf%Mﬁﬁa (I11) obtained in Exanple 4

di ssol ved yn 13 @blg(g?q/bl ed toluene is added slowy dropwi se at -78C. The
reaction mixture i red for a night at - 50C and then it is quenched
w th 27 m TofC 2RMicgasedioximy-acetic hbdrA0claE)=d.4dol uti on. After stirring for
30 m nutes the phases are,separated, the aqueous phase is washed twice with
15 . m of MaltesROIME PS- i ned organi c phase is washed with 20 m of
Saturat ed t af BOME QB AOHYT+®8 Hf, 2NHHGOB 76 14 t h
2x20 of D@ﬁ%ﬁ Og I\lI/\IlaP% Cﬁ:l{ﬂu?l o(ﬁé{njhr/lhe or anlg phase is dried on N;[ZSO4
and |t i s egappriegtedlgnt (AUl 5, THe O] m&-ﬂérmbiﬁ;omh ﬂ@H@blﬁaHzﬂe@?xﬁ'

ficat h h h

el a: 0. 26l Fubdyiin SThlnp ach taboRhh Zahmorttici Bl asebl BOLEMAIE, ¢
50: 50: 1. t 0 3B 0
>0 S0 403;.%2@&'8@51] ﬂznﬁ [Pﬂ%ﬂﬂlﬂ] d'o‘%@l%?@ﬁt 7. acsncle% 15- mfﬁ?ﬁ%
16 I—|] 1 &I, 510%11t[1]f139|—H1:|5258@dH§ 620d FBL; J-115686.5. H@MHB 5@7 S5.68ldHB!

[2H 4 H2] 55 @Fﬂ%ﬁk 7@2?111 TE; 212@ [@%‘i&}rz’H 340 LiHs &l]2 H]3 6%56[1ng;

OCH3] ; 3. 951y i\ﬁNIR éido Mz 4:19@13) 843 @bﬂg $$|'B6[@-‘21)] 014.7245. 8[C—41]9;22:B5221]6 [C-
5.12m [ 1H: 9 63dd [ 1H, .0; 14-H; 5.70dd, 5.7ldd ng;
J=15.5, 8. 417;)-%65@82]02913{0-4],, 36 17m1m2 2)8,3—[C 16]; 92 [QHO] POACH]5 348

[C-12]; 75.8, 76.3, 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 (I)

0.199 g of beraprost is dissolved in 2 ml 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 (400 MHz, DMSO-dg), SH (ppm): 0.90d, 0.92d [3H; J=6.7 Hz; 21-Hs]; 1.75-
1.55m [7H; 10Hy, 16-H, 3-H, 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 [2H; J=7.5 Hz; 4-H,]; 2.500 [1H;
10-H,]; 3.39t [1H, J=8.5 Hz; 8-H]; 3.72td [1H; J=8.5,6.1 Hz; 11-H]; 3.84t, 3.96t [1H,
J=6.5,6.0 Hz; 15-H]; 4.85b [2H, OH]; 5.01dt [1H, J=8.5,6.6 Hz; 9-H]; 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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Exanpl e 6 Beraprost of the formula (1) 0.246 g (0.6 mmol ) of conpound of
the general formula (I1) obtained in Exanple 5is dissolved in 1 m of

met hanol wod3d1rs9 of 1 M aqueous sodi um hydr oxi de sol ut i orCr#UdMEd

dropwi se slowy thereto. After stirring for an hour the nethanol is
distilled off from the reaction m xture in vacuum The aqueous residue is
diluted with 10 m of water extracted wifh nmet hyl -tert. butyl -ether and the
conbi ned or Darihg thehasevei thimdeyhe duwinatpgraphy U dorNeedures ovel useshplathsi MERSHK

Na2SO4 and gvaporated. The residue af evaporatij.on. i SUBSTI TUTE SHEET

( RULE 26) %&E@l@ﬁ@%ﬁ%ﬁ%? féﬁ%ﬁ‘io- ;Fé“xg{% ‘Pﬁ@%&s ngﬁﬂ*-

et hyl acet at e- hexane m xture and the pure above nentioned title conpound is
obtained as colourless crystals. Yield: 0.21 g (87% TLC - Rf

(tol uene-di oxan-acetic acid 20:10:1)=0.41 Melting point: 98-112C. 1H NWR
(400 MHz, CDC13), 8H '(PPM: 1.00d, 1.03d [3H, J=6.8 Hz; 21-H3]; 1.79m[1H
16-H]; 1.80t, 1.81t [3H, J=2.5,2.4 Hz; 20-H3]; 2.3-1.9m[5H, 3-H2, | COHb,
17-H2]; 2.34t [1H J=7.4 Hz; 2-H2]; 2.43m[1H, 12-H]; 2.64m [3H, 10-Ha,
4-H2]; 3.43t, 3.44t [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,
5.6ldd [1H J=15.3,6,5 Hz; 14-H]; 5.67dd, 5.68dd [1H  J=15.3,8.0 Hz;
13-H; 6.7/m[1H 2'-H; 6.95m[2H, 1'-H, 3 -H 13C NWR (100 MHz, CDC13),
6C (ppm: 3.5, 3,6 [C20]; 14.7, 15.8 [C21]; 22.3, 22.6 [C 17]; 24.6
[C2]; 29.1 [C4]; 33.1 [C3]; 38.2, 38.3 [C16]; 41.2 [CG10]; 50.4 [C8];
58.8 [C12]; 75.8, 76.3, 76.4 [C 1, C15]; 77.2, 77.4 [C18, C 19]; 84.5,
84.6 [C-9]; 120.6 [CG 2']; 121.9 [C3']; 123.2 [C5]; 129.0 [CG1']; 129.7
[C7]; 132.3, 133.0, 133.8, 134.0 [C 13, C-14]; 157.2 [C6]; 178.3 [C1].
Exanpl e 7 Beraprost sodiumsalt (The sodiumsalt of the conpound of fornula

(1)
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0.199 g of beraprost is dissolved in 2 m of nethanol, 0.5 mM of 1 M
aqueous solution of sodium hydroxide is added thereto and after their

m xXi ng t hwoslvsme is evaporated in vacuum and thus the @oowuwiood7e sal t
is obtained as colourless crystals. Yield: 0.21 g (10099 Melting point:
>205C. 1H NMR (400 MHz, DWVBO-d6), 6H (ppm: 0.90d, 0.92d [3H J=6.7 Hz;
21-H3]; 1.75- 1.55m[7H, 10Hb, 16-H, 3-H2} 20-H3]; 1.89t [2H, J=7.6 Hz;
2-H2]; 1.94in [1H, 17-Hb]; 2.16q [1H, J=8.5 Hz; 12-H]; 2.25m[1H, 17-Ha];
2.44t [2H, J=7.5 Hz; 4-H2]; 2.500 [1H; 10-Ha]; 3.39t [1H, J=8.5 Hz; 8-H;
3.72td [1H J=8.5,6.1 Hz; 11-H]; 3.84t, 3.96t [1H, J=6.5,6.0 Hz; 15-H;
4.85b [2H, OH]; 5co&ddt [1H, Jc_o&{;5 6 6 Hz; Qdd]u,; 5. 46dd, 5.c€a@0d [1H,
J=15.4,6.5 Hz, J 5.4,6.0 Hz, :
13-H; 6.71m 2'-H; 6. 2m[2H 1'-H \3' - H] SUBSTI TUTE SHEET (RULE 26)

WO 03/ 011849 2/ 0007 Durin yve thin |l a chr gmat ogr aphy
(TLO) proced used 4 s Me gel 60 F hi ckness of

| ayer is 0.2, Iength pI ates is 5 SUBSTI TUTE) EET (RULE 26) WO
03/ 011849 PET/ FUG2/ 00078 DO BISQH3 ciba- &5 TINCF6 ctBa-6 " OH I g Ho
Hp~OTBDVS AcO OTBDVS AcC OH COOCH3 coocH3 COOCH3 COOdi 3 reduction / Renoval
of the protecting PO9 WH-E reaction o o group/ ACOO0 Ad/ AcO' HO' H
OH OH COON OOONa

COOCH,

COOCH; COOCH, COOCH,
Removal of the protecting
5 W-H-E reaction 5 reductlon 05 Pem 05

Aco' AcO AcO < Y Ho' F

10

Scheme 1
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HO off OH 5 10 Schenme 1 SUBSTI TUTE SHEET (RULE 26) WD 03/011849

PCT/ HU02/ 00074 11 Cains 1. A process for the preparation of the conpound
of forrmulwo(Bpimad its salts, especially its sodium salt pcehareaobeni zed in
that, a conpound of the general formula (VIl) - wherein R2 neans a
straight or branched al kyl group cont ai ni rlg 1-4 carbon atonms - is reacted
with a conpound of the general formula Y/ 1) - wherein RI neans a nethyl
or an ethyl group, X stands for chlori@li®s bronine or iodine atom
CF3S2- O group, azido-, cyano-, or -O-C=CHCCH3 - group or a further group

Chont ¢ ac Scigrar Bh e bR Bt Eog b sontelat BBl Rt e
3-905617- 08- Oggdit@aRbdpir st P eaRth &SmpRRJIFIRE dénekABRthda (VID) — whbRlei n

the meanings of R and R2 are as defined above - is oxidized into the
al dehyde of Rhemeganesthighbenbraached)alkyl\heeeontainiagnidniatpn YpmR— grneaded

are as defined.above - th t ai ned, abov i it
isolation is Wétg‘cq 8@9\%@89@}?0%6%%}&?@%? %{I?ﬁgxgg}rl%@r%:kl? J(’I)lre )F%ﬂ gg‘ﬁﬂ%l of an
wherei n R3 st gidBoioap, Xistaidgdr chlorkeanbheainalkiddigraom, containing 1-4

carbon atons - the obtained conpound of the general fornula (IV) - wherein
t he meani ngs 6F:392-Engropp, azido-o&ya8et Phed above - is deprotected by the

splitting of f_ghe_pfotesti n el g,ﬁ}pg-fgg,%nd of
the general fg:ﬁrruﬁeféloéfle‘(ﬁflﬁ -%m\%l%g)?gi@?ﬁ?ﬁﬁésﬁﬂé%flﬁ%ﬁggoas dle I ned above
- thus obtained s rHduced, the obtained conpound of the general fornula
(') - wherein té}ﬁ megni ng of

3

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 (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 defined above — is hydrolized and the acid of the formula (1) 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.
2. The process according to claim 1, characterized in that, a compound of the general

formula (VIIT) — wherein R! stands for ethyl and X is chlorine, bromine or iodine atom,

cyano-, azido-, CF3-S0,-O- or
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R2 is as defined above - is hydrolized and the acid of the formula (I) is
isolated and wth reaction of a base it is transforned into its salt and
the salt we osmoisat ed or the obtained acid of the fornul aPCI)HUGR00074
transfornmed without isolation into its salt and the salt thus obtained is
isolated. 2. The process according to claim1l, characterized in that, a
conpound of the general fornmula (VIII) - 1dherein R stands for et hyl and X
is chlorine, bieeFaE-6rCHadi ne atom cyano-, azido-, CF3-SO2-O or
SUBSTI TUTE SHEET l( RULEF 26) WO 03/011849 PCT/HU02/ 00074 12 -OC=CH CCH3 |
Il CH3 O group - is'used. 3. The process according to claim1,
characterized i ndghat g a conpound of the general fornula (VI) is oxidized
into a conpound of the general formula (V) by using a mxture of dinethyl
sul f oxi de, oxalyl chloride and triethylamne. 4. The process according to
claim1, characterized i,n that, an al dehyde of the general formula (V) and
a phosphonat e BPR RS B¥¥feral formula (1X) are reacted under circunstances
of Wttig-Horner-Emon's reaction. 5. The process according to claiml,
characterized in that, the protecting group of the hydroxyl grouP at
posi tion 113 nTheapeocess @pceugim)mn@lm b rrbagpeteaized it drapud goppoyng ef thepgenetadd
off in the acigic M. 6. . QI OC [ Gl ai , .
characterized:gﬁnPﬁgeYHtﬁég?@%%gﬁﬁéﬁlgéﬁg&%%ﬁ%gﬁﬁgg%gnghﬁgg%%hg¥£Fyﬂg%%%Fa
(111) is carrigktonstoflaymelihiy aidisikideabiutyrhlord? a6d diethgamineut y| - 4-
met hyl phenoxi de. 7. The process according to claim1l, characterized in
that, a conmpound of the general fornmula (I1) is hydrolized in basic
medi um 8. Jherpr ﬁfo%?% G010 B9 ifmCl AR abter CORER LS bf Gflichitid BRthe Ediferal
acid of the fornufa is

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
hydroxyl 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 (1) is hydrolized in basic medium.

8. The process according to claim 1, characterized in that, the acid of the formula (I) 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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transforned into its sodiumsalt and that salt is isolated. 9. The
conpounds of the general formula (VI) - wherein the nmeanings of R and R2
are as dwbDiedisin claim1l. 10. A conpound of the general pcarmuizao(vl ) -
wherein R stands for ethyl group and R2 stands for nethyl group.

SUBSTI TUTE SHEET (RULE 26) WO 03/011849 PCT/ HU02/ 00074 13 11. The
conpounds of the general formula g\/) wlérein the neani ngs of Rl an

are as deflinEik cmnpmmdnnithe]@nelﬂ fpmp&mfd -ovhemia the msaaings st Ry vare as
wherein R st s . f.or et group and R2 stands for nethyl group. 13. The
conmpounds of aé%éllaHP for mula (I1V) - wherein the neanings of R and R2
are as defined inclaiml. 14. A corrpound of the general formula (1V) -
wherein R stands for eth group and R2 %nds Qr ”t]g" 1(ﬁ;roulp. 2
SUBSTI TUTE 18HEEPnfRUDE of ;;e general formula (V) — wherein R" stands for etliyl group and R

stands for methyl group.

13. The compounds of the general formula (IV) — wherein the meanings of R' and R%are as

defined in claim 1.

14. A compound of the general formula (IV) — wherein R! stands for ethyl group and R?
stands for methyl group.
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