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(57) Abstract: The subject of the invention 1s process for the preparation of the prostaglandin amides of the general formula I, -

where 1n the o1

'mula the bonds marked with dotted lines may be single or double bonds, in the case of double bounds at positions

5,6 and 13,14 they may be in cis or in trans orientation, Q stands for a hydroxyl-group and Z stands for a hydroxyl- or oxo-group, R
and R* independently represent hydrogen atom or a straight or branched Ci.1o alkyl- or aralkyl- group, optionally substituted with

-ONO, group, or an aralkyl- or aryl- g
Cs-6 hydrocarbon g
tuted phenyl-, C.10 alkylaryl- or hetaryl- g

roup, or a Ca.10 alkylcycloalkyl- or cycloalkyl- g
roup, Y represents (CH,), g

roup, which contains heteroatom, R represents a straight or branched, saturated or unsaturated
roup, or an optionally with alkyl group or halogen atom substi-
roup or 0 atom or S atom, and where n=0-3.
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Novel processes. for the preparation of prostaglandin amides

‘The subject of the in\}ention 1S a'process for the préparation of prostaglandin amides of the

geheral fo,rlrnula (I).

In the compounds of the general formula (1)

the meanings of the substituents are as follows:

| the-bo_nds marked with dotted lines may be single or double bonds, in the casé of double

bounds in pdsiti.pns 5,6 and 13,14 they 'rhay be in cis or 1n trans orientation,

~ Q represents hydrOXy-grohp and Z represents hydroxy- or oxo-group,

R'and R* independenﬂy repre's'e'nt _hydrogeh aﬁ)m or a straight ‘or branched Ci-m alkyl- or "

aralkyl- groﬁp, optionally. substituted with ~ONO; group, or an ar'al.kyl-. 6r aryl- gr(.{)up,. B
R’ ‘reprcfsents a straight or branched, saturated or uriéatufated Ca6 hydrocarbon group, or a
Ca-10 alkylcycloalkyi- .(')r cyc‘loa‘lkyll- group, or dptionally with alkyl group or halogen atom
‘subs‘titu.ted phenyl-, C7.1 aik)}laryl-- or hetaryl- gfbup, ' .

‘ Y r.epresents (CHz)“ group or O atom or S atom, and |

n=0-3. | o | | -
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- To prepzire the prostaglandin amide derivati\}és economically, the appf_opr’iately substituted '

~ prostan acid has to be activated.

According to -the present state Iof'. the art,‘ carboxylic acids rﬂay" be activated Dby
transformation into their

mixed anhydrides ;

actiifated esters or‘

activated amides,

~and these compounds may then be further transformed into the desired_ prostaglandin amidé

derivatives by reaction with the appropriate amines.

.
Y-

| Qf the above possibilities, activation of the chemically very _'Sensitive'prostaglandin acids

through ester formation is described for example in EP 0 660 716.
According to the proceés,. the starting ester is formed with the help of alkyl halogenides
and the ester is then reacted with the appropriate amine to give the amide function.p

Disadvantage of the method is that the use of alkyl halogenides at the end of a Synthesis —

1n thé last step — is to avoid, since alkyl halogenides are proved to be genotoxic agents.

In addition, the resulting ester has to be treated with the appropriate amine at a high

temperature for a long time and conversion rarely exceeds 50% (EP0660716 page 42.
Examplel2.). Considerihg the known temperatUre-séris:itivity “of prostaglandins, their
treatment at high temperature 'unfavourabl"y influences the impurity profile and the yield of

/

the prostaglandin derivatives obtained in this way.

Preparation of the mixed anhydride and its reaction with the appropriately substituted

“amine is dembnstrated in W09153206.
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Disadvantagé of the method is that the active alkylating agents ,u:sed for the preparation of
the mixed ;’:mhydrides‘ - halogenated formic acid esters, pivaloyl chlorides and others - are

proved to be genotoxic compounds.

In.the method descibed in WO2005058812 (page 23.) the starting carboxylic acid is
directly transformed into the ethyl amide by use of ‘the activating agént 1-(3-
dimethylémiﬁopropyl)-3,—carbodiimide h_ydrochlbride’ (EDC HCI) and e.thylamine..; During

the arrﬁdation reaction the hydroxyl groups at positions 11 and 15 are protected with

tetfahydrbpyran (THP) ;protec’ting group, which' is then removed.

 We have found that via the novel activated esters and novel activated amides according to

the invention, the compbundS of the general formula (I) can be prepared under mild

e
1

reaction conditions in high yield-and purity.

The compounds of the general formula (I) according to the i,nve.nt‘ion’ can be prepared by

' reacting an acid of the ‘gen’eral‘formula (1),

where 1n the formula

- the bonds marked with dotted l.ihcs may be single or double bénds, in the case of double

bounds at positions 5,6 and 13,14 they may be in cis or in trans orientation,

Q represents hydroxy-group and Z represents hydroxy- or oko-group,,
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NS

R’ represents a s‘traight'.‘ori Branched, saturated or 'unsafurated Cat hydrocarbon group, or a
Ca-10 alkylcycloalky]l- or cycloélkyl- group, or optionally With alkyl group or halo'ge‘ri atom,
“substituted phenyl-? 'C_'7-10 alkylarjzl- or hetarylf group, o -

Y represents (CH,), group or O atom or S atom, and '

n=0-3,
1.) with a compound suitable for the introduction of group R®, where R represents
N
A
N
a)

“a group of formula a.),

| ~and reacting the amide of the general fori:nula (III)', thus obtained

N :

YR3 ° .
OH |
7 where the meax}'ings of Q, Z, R’ R*, Y and n are as deﬁnéd above, with an amine

of the general formula (IV),

NHRTRZ v,
~ where the meanings of R' and R2 are _?s deﬁ‘ned‘ above, or

11.) with a compound suitable for the introduction of group R°, where R’ represents
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9)
N—
b) C )
O .

N—

- d.)

e

a g,roup of formula b.), g::), d.) or e.), where X stands for halOgenor hydrogen atom,

and reacting the activated ester of the general formula (V), thus obtained

N

.wvr3 ©
OH | Ve

where the meanings of Q, Z, R”, R”, Y and n are as defined above, with an amine

‘of the general formula (IV),'where the meanings of R ahd R are as deﬁned above.

We have further found that the cbmppunds of the general -"for‘mula (I) according to the
invention can also be prepared by reacting a compound of the general formula (II) with a
\coﬁmpo’und of the general formula (IV) - Whére in the formulae the meahingé of the -
' substitueﬁts are as deﬁnéd above - in the presence of 2-chlof0-1,3-diméthylimida201inium

chloride and a base (method iii.).
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The intermediates of the gener'al formula (III) and (V) are novel compounds.

As for a ‘ compound suitable to introduce group R*, preferably 1,1°-

carbonyldiimidazole(DCI) or 1,1’-thiocarbonyldiimidazole, to introduce group R’, in a

given case in the presence of an activating agent, N-hydroxysuccinimide, N-

hydroxyphthalimide, -N-hydroxy-S-norben-endo-Q,3,—dic‘arb0xamide, o 1-

hyerxybepzotriazolé, _ ' (benzotriazol-—l-‘yloxy)tris(dimethylamino) phosphonium

“hexafluorophosphate, N,N’-disuccinimidyl carbonate (DSC) or N,N’-disuccinimidyl

oxalate, especially N,N’-disuccinimidyl carbonate may be applied
As for actlvatmg agent N N’-dnsopropylcarbodnmlde N N’-dlcyclohexylcarbodnmlde or
2- chloro 1,3- dlmethyhmldazohnlum chlorlde preferably N N’-dnsopropylcarbodumlde

may be apphed. '

A

" In the course of method i.) according to the invention, group R* can be introduced in an

- ether-type solvent or aromatic solvent or polar aprotic solvent or in their mixtures, using

for example 'dii"soprOpy_l ether, tert-butyl methyl ether, 2-methyltetrahydoturan, toluene,

anisole, 'dimethylfolnnamide, ‘ dimethylsulfoxide, N-methylpyrfolidone? "éspecia‘lly

tetrahydrofufan'. The resulting activated amide of the ge.neral formula (III) 1s reacted with |

the amine of the general fbnnula.(IV) after or without 1solation. -
The reaction temperature 'during_ the introduction of group R* is between 20-80°C,
preferably 70°C, while the reaction of the compounds of formula (IIT) and (IV) is carried

out between 20-80°C, preferably at room temperat'ure;

- In the course of method ii.) according to the invention, the introduction of group R’ is

carried out in an ether-type solvent or in an aromatic or polar aprotic solvent or in their

mixtures, using for example diusopropyl ether, tert-butyl methyl ethé(, 2-
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methyltetrahydoturan, toluene, anisole, dimethylformaniide, : dimethylsulfoxide, '. N-
methylpyrrolidone, especially tetrahydrofuran. The resulting a_ctivated ester of the general
formula (V) is reacted with the amine of the generall formula (IV) after or without isolation.

!

The reaction temperature during the introduction of group R’ is between 0-80°C, preferably

- at room temperature, while the reaction of the compounds of formula (V) and (IV) is

carried out bétween 20-8Q°C,'preferably at room temperature.

In the course of method iii.) according to the invention, the reaction is performed in an

- ether-type solvent or in an aromatic or polar aprotic solvent or in their mixtures, using for

example dusopropyl ether, tert-butyl methyl efher, 2-methyltetrah.yd0furan, toluene,
anisole, dimethylformaﬁﬂde,] dimethylsulfoxide, N-methylpyrfolidone or tetrahydrofuran. ‘

As for base, the usually  applied bases, like pyridine, N-methylmorpholine,

o diisopropylethylamine, 1,5-diazabicyclo[4,3,0]non-5-ene, 1,8-di’azabicyclo[5.,4,0]und'ec-7- '

15

20

25

ene or tricthylamine may be employed.
The reaction is carried out at a temperature'betweeﬁ 0-70°C, 1n such a way that to the

solution of .the' compound of the general formula (II) in an organic solvent are added at 0-

- '70°C, preferably at 30°C, the compound of the general formula (IV), the 2-chloro-1,3-

dimethylimidazolinium chloride and 2 molar equivalent amount of the base. The mixture

is first stirred at that temperature’ and then gradually heated until the starting material

T

disappears. The reaction is followed by TLC.

Methods i., ii or iii may be carried out also under ,,0one pot” conditions.

As for the amine of the general formula (IV) the amine apperriate for the final compound,

~ 1n the case of bimatoprost ethylamine may be used.

For the preparation of the compounds of the general formula (IA) -
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- _R1
N-/ ]
,\Rz

OH

- where 1n the formula the meanings of Rl,'Rz? R’, Y and n are as defined above,

. tha compounds of the general formula (ITA) according to the invention are used as starting

materials.

The compounds of the general fbrmula. (IA)

ok ..

lIA.

-where in the formula

R3' represeﬁts a straight or brénch'ed, saturated or unsaturated Cy.¢ hydrbéarbon group, or a

| .C a-10 alkylcycloalkyl- or cycloalk);l- group, or optionally witﬁ alkyl group or'harlorgen atom | |
substituted phenyl-, C7.;¢ alkylaryl- or hetafyl- éroup,' . . '
Y repfesents (CHz)n group or O atom or:S atom, an;i
n=0-3, '

. .may be prepared ‘according to the invention by reducing the lactondiol of fhe gen.eral '

formula (XID), '
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""l'llo

OH  x.
where 1n the meanings of R3, Y and n are defined abovg, to the lactontriol of the general

tormula (XIII),

""l"l.

O ' ;XI|I'.

5 Where"the meanings of R3 , Y and n are defined above, the protecting group of the
compound of formula (XIII) is then removed, and the compound of the 'general tormula

(XIV), thus obtained,,

L J
-»
L)
-
L
-—
—
Wiy
e

"OH ~ XIV.
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~where the meanings of R’ Y and n are d"eﬁne‘d above, is transformed by Wittig 'reactio'n

into the compound of the general formula (I1A).

Reduction of the compounds of the general formula (XII) may be carried out by known

methods, for example with diisobutylaluminium hydride in tetrahydrofuran medium. The

\

protecting group can be removed by known methods in acidic or alk_alihe medium,

preterably i"n'al_kaline medium. - - - - ,. | .s-

| | : | S
The lactoltriol derivatives of the general formula (XIII),

YRS

,""ll'ap

O X

 wheré R3 represents a straight or bré.hched, saturated or unsaturé.ted Cas hydrocarbon .
group, or a Cy.1g alkylcycloalkyl- Oor cycloafkyl- group, or !optio,nélly-with 'alkyl group o_r"
' halog'en atom substituted phenyl-,. Cr.10 alkylafyl- or hetaryl- gr.oupg,
Y represents _(CHz)n gfoup or O atom Qr S atom, and n=0\-3,
are novel com'pounds'.
. Acqordingto a further embodiment of th\e‘ iﬁvention, the ‘épecial compound of the generaal
| foﬁhﬁla HA, where RB. stands for a phenyl group and Y fstand; for a- —(CH; );group,

compdund of the f(')rmula'(IIB) can be prepared also in crystaline form.



- The crystaline form of the compound of the formula (IIB) 1S new.

CA 02837261 2013-11-25
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11

~(IIB)

The compound ot the formula (1IB) can be prepared 1n crystalline form, in isuch a way that

 to a mixture containing the compouhd of the formula (IIB) a mixture of ester type and

ether type solvents 18 added.

According to the process dimethyl ether, diethyl ether, diisopropy! ether, preferably

- diethyl-ether and diisopropyl ether are used_'as ether-type solvents, and ethyl-acetafe,

. methyl-acetate, 1sopropyl-acetate, preferably iSOpropyl-acétate‘as'ester—type solvents.

10

15

20

‘The crystallisation is performed between (-)30°C and 30°C, preférably between 0-25°C.

The suspension of crystais, thus obtained is stirred 1-24 hours, preferably 8 hours, then

filtered and washed with ether type solvent , preterably with diisopropyl ether.,

—

" The filtered crystalls are dried under vacuum between 25-50°C, preferably at 35-40°C.

The compounds of the general formulae (I) and (XII) may be prepared by known

methods, for example as described in US 5359095, WO 93/00329.

The advantage of the method according to the invention is that the desired bimatoprost

- final product - if desired - may be synthetized through a crystalline bi\matoprost-. acid.
Further adventage of the method according to the invention is that the desired final product

1s synthetized through a novel intermediate, a Crystalline, activated ester or amide, which -

if desired- can be isolated and -1f desired- can be purified by‘ crystallisation or
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12

chrlorhatography‘. Due to the applied catboijic acid .activating agehts (e.g. DSC, DCI), the

protection of the secondary hydroxyl groups in poéitions 9, 11 and 15 1s not necessary,

parallel reactions, for example dimer formation was not observed, eithe’r in the case of the

activated ester or activated amide, or under the conditions of the final amide formation, and"

‘the activated carboxylic acid derivatives aécording to the invention were easily 'isolated

with high yield and purity.

}

Surprisingly it was found that the crystalline activated carboxylic acid derivatives of the

~ invention can be easily purified by crystallisation processes for 'eliminating the impurities

and can also be transformed into the desired amide final product simply, under mild

reaction conditions and in high yield.

- It 1s well known that in case of an active pharmaceutical ingerient (API) the level of the
impurities is a key issue, in case of bimatoprost the amount of every unknown impurity
- must be reduced under 0,1 %. According to the process of the invention - to keep thisivery |

strict limitation — the crystallisation of bimatoprost acid and the crystallisation of the active

carboxylic acid derivatives were used instead of the expensive preparaiive HPLC

resolution déscribed in WO09153206.

Further embodime'nt‘ of our invention is a process for the preparation of a high melting

brystal foﬁn IT of bimatoprost of the formula (IB).

OH
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' 'By the process according to the invention a chemicall'y'and thérquynamically stable and

~ from other crystal forms free, high melting crystal form II. of bimatoprost can be prepared.

The tfollowing paient applications deal with thq crystallisation of bimatoprost product:

US 2005/0209337 A1, WO 2009/153206 A2, US 2009/0163596 Al.

In Example 30 of US 2005/0209337',A1 , the high melting poiﬁt crystal form of bifnatbprost

- (DSC peak read value 79°C) _(furthér"on: crystal form II.) is characterized by its X-ray

diffraction, by its IR spectrum in KBr pellet and by its DSC and TGA curves.

- WO 2009/ 153206 descriBes the purification of bimatoprost product by preparative HPLC,
followed by crystallisation. Crystallisation is carried out from acetonitrile 'sol\\zent or from

acetonitrile as dissolution and TBME (tert-butyl methyl ether)\' as precipitating solvent.

According to the description, by that method the high melting péint crystal form of‘ ‘
bimatoprost (DSC peak read value 79,°C) can be prepared. By re_pr'oducing fhe; method we
did not succeed to obtain thc high melting point crystal form of bimatoprost.

US 2009/0163596 discloses crystal form I. of bimatoprost and its preparation. Crystal

- form I". of bimatoprost 1s ‘characteriZed by its meltiﬁg point (62-6_4°C), by DSC, X—’ray'

~diffraction and IR investigation. It describes in- details the crystallisation process, such as

the dissolution process (in an organic solvent or in the mixture of an organic dissolution-
and precipitation- solvent at a temperature hear- the bbiling point), the cooling process, the
separation Qf the precipitated crystals from the mother l.iquor and the cirying' process (in
vacuum at low temperaturé). Th_é high m\elting‘ point cry‘stal form (DSC peak read‘ value

79°C) of bimatoprost éannot be prepared by the methods described in US 2009/0163596.

By the' process of the invention the chemically and thermodynamically stable, high melting
point crystal form IL of birhat_opfost (=high melting point crystal form (DSC peak read

value 79°C)) can be prepared which 1s free of crystal form I. Form II. is chafacterized by
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' its melting point (72-78°C), by DSC Investigation and by IR and X-ray powder diffraction

studies.

The essence of the process is, that from a bimatoprost-containing reaction mixture after

!

Work-up and evaporation, or from any crystalline or non-crystalline form of bimatoprost or ' |

from their mixtures of any ratio, through crystallisation from a protic or ‘\ether-t’ype solvent

 the thermodynamically stabile, pure form II. is prepared. The crystallisation procesé is the

followihg: to the oily or crystalline crude bimatoprost calculated amount of the solvent is

added, then it is dried and periodically éXposed to mechanical etfect.

In accordance with the above, our invention relates to a process for the preparation of form

II. of bimatoprost of formula (IB), characterized in that to a bimatoprost-containing

¥

- reaction mixture after work-up and evaporation, or to any crystalline or non-crystalline -

form of biniatOprosf[ or to their mixtures’ of any ratio, calculated amount of an ether-type or

protic solvent 1s added, if desired the resulting mixture is exposed to mechanical effect,

then it 1s dried and homogeriized.

The meltihg point_of crystal form II. obtained in the above process is between 72-78°C, the
endothermic peak, based on DSC investigation, is between 73-79°C and the melting heat 1s '

higher than 75 J/g.

Figures VI, VIII. and IV. respectively, present the DSC curve, the X-ray ‘powdé‘r
diffraction curve and the TR spectrum of crystal form II. obtained in the process according
to the invention.

Figures V., VIL and III respectively, present the DSC curve, the X-ray powder diffraction

curve and the IR spectrum of crystal form L.
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In the process according to the invention we use calculated amount, favourably 20-60 mass
%, preferably 35 mass % amount of protic solvent, especially alcohols like methanol,

ethanol and/or water. Preferably water 1s used as protic solvent.

AsS mechanical' effect we apply stirring or Scratching, or both. The added solvent is
removed by drying. Drying is perforrned at"a'temperature'betWeeni(-) 60°C and 70°C,
eSpecially at'35°C‘ In vacuum. - :

As ether-type solvent we apply calculated amount, preferably 2000 8000 mass% amount of
dimethyl ether dlethyl ether, diisopropyl ether, preferably diethyl ether The added solvent .
1s removed by drying. Drylng 1s performed at low temperature, preferably between

| 0-(-)50°C;By passing through nitrogen gas.

[dentification of the products was carried out with the help of the following analytical

instruments:

 NMR spectra were recorded by Bruker-Avance III-SOO MHZ instrument DSC curves 'by -

'Mettler-Toledo DSC 1/700 instrument, IR spectra by Perkln Elmer Spektrum 400 FT-IR
ispectrophotometer MS spectra by Shimadzu LC MS IT TOF 1nstrument Melting points

~were determined by Biichi Melting Point B-545 apparatus.

/__r

Further detailes of the invention are described in the examples, without to limit the

invention to the examples.

Examples

1. Preparation of the starting material
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a.) Preparatioh ,of the ['1,1,’-Biphenyl]-4-carboxylic acid ((3aR,4R,5R,6aS)-hexahydro-
4-[(1E 3S)-3- hydroxy -5-phenyl-1- penten 1-yl] 2- hydroxy 2H- cyCIOpenta[b]furan S-yl)

ester (PPB lactoltrlol)

The lacton group of 55 g of [1, 1’-B1phenyl] 4 carboxyllc ac1d ((3aR, 4R 5R 6aS)
hexahydr0-4 [(1E SS) 3 hydroxy-S-phenyl l-penten- -yl]-2- oxo-2H- |

cyclopenta[b]furan-5-yl) ester (PPB-—lactondiol)

Is reduced in 1000‘ ml of tetrahydrofuran (THF) solvent at (- )65 - (-)85°C with the
hexane solutlon of 422 ml dusobutyl alurnlnlum hydrlde (DIBAL H) The reactlon' |
- mlxture 13 destroyed with NaHSQ4 so]utlon, the aqueous phase is extracted with ethyl
acetate, the ergaﬁie phase 1s washed with NaHCO;, ‘solution and the solvent is removed
'at 40-50 °C. The crude material is evaporated to obtain 46.2 g oil. .'

Structural formula of the obtained PPB-léctOltriol:
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From the crude o1l after crystallization in tert-butyl methyl ether (TBME): hexane
mixture, 41.6 g white crysfals are obtained.

Melting point: 91.1-91.7 °C

IR spectrum of the lactoltriol of example la. is shown in.Figure I

3¢ and 'H NMR data:

B

<

29"

30

I

7 XY 44 -
8 | 46.26,4569
9 1~ 80.19; 80.

OH: 6.05; 6.28
257" (32H); 1.77 (39H)
- 1.78*

T e e— e —— e g e

- 22 166.07; 166.16

- || Position | C (ppm) Number | Mulitiplicity C.oupling (Hz)
B | | of the | .
I B S
6;OH | 9972 10064 557*(20H) 549

JB 9—-9 1. 2 7 3 3;
1.3-74, J9,10=5.25

I
I
|
|
I
|
I
I
|
I
| 11;OR | 80547903 5.12; 5.05 7473
, | | 7.4-7.55; 9.8
12 | 54.12,53.22 2.55* (33H); 3.11 ~ -
I~ 137 [ 129.38;12962 | 559*(19-20H); 5.59" (19-
| N 20H
|~ 14| 13666, 13660 | 565 (17-16H) 585 (17-
| - 18H
I 15,00 | 7047,7039 |. 3.98" (28H); 3.98" (28H) J14,15=525.5
- l OH: 4.80* (24H); 4.79* J15,01=4.7; 4.8
| .
{16 | 4009" 1.71-1.61* (40H
I 17 31.86,31.80 | 257" (32H): 255" (33H
(18 | 14314 _
19,19 129.06
20,20 129.00 723" (OH): 7.20° (10
2 126.41: 126.37 11H'7_13*_1gH)_
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|

e EE— S

-

o —

2424 | 13071 | BO4'(2H);806°(TH) | 1 f 0d |  Jux=83;84
25,25 | 12786 | 783 (@H781°(4H) | 1 1 d |  Jux-8584
e
139.77 N

2828 | 12790 | 775T(Hy7A3eH) | 1 ] 0 d | Jux=76795
2929 | 1001 ] 000 785 | 1 ] 0t ] Ja»n=JaxT478
T : J30=7.3-7.35

\

*Oﬁverlapping 'H NMR signals '(The number in brackets si gnifies the position numb'er‘
o'f the 'signal group in the PMR spectrum, direction: towards de.creasingx shifts) -
Lo °C NMR‘ sighalé overlapping with the multiplétt 0f the DMSO so‘lve‘n't.
" b.) Prep.aration of the‘(3aR,4R,5R,6aS)—hexahydro-4-[(1E,3S)-3_—hydr0xy-5-phenyl-1-
. penten—l-yl]—2H-cyclopenfa[i)]furan—2,5-diol, (1ac‘toltriol): .“ o
. 46.2 g of [1,1’-Biphenyl]-4-carboxyli§aCid ((3aR,4R,5R,6aS)-hexahydro-4-[(1E,BS);
3-hy&roxy-5-phenyl-l-penten-l-yl]-2-hydroxy\-ZH-oyclopenta[b]furan-S;yl) - ester
(PPB-lactoltribl) éil 1S dissol'véd.in 230 ml of metﬁanol and after addi.ng 6.6 g'of
K2CO3 it 1S desacyléted' at.35-‘4'5°C. Thé pH of the reaction mixture 1s ad) uéted to 7-8 at |
1 (-)5-0°C with 05 M phosphoric acid solution. The precipitated érystals are filtered off
~and washed With me£hanol:water mixture. The mother liqﬁor 1S evaporatéd; e}{tracted -
with e.thyl acetate, the organic phase 1s dried over Na,SO,, the drying material is
filtered off and the 'product 1S grystallized by the addition of . hexane. 26 g of white = -
crystalline material is obtainled. | ‘

- Structural formula of the product:



|

.16 - 1.74* (27H); 1.66* (27H) -
17  32.24,32.27
-E-_
12920
25* 12920 722°(2H)
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" Melting point: 98-103 °C

3¢ and 'H NMR data:

| Multiplicity | Coupling (Hz)

546" (8H) ;540
| OH: 5.92: 6.13

39.94; 38.77 1.81* (26H) 11 m; m
- | 1977 (25H);1.66* (27H) | |
N

4563;4581 | 2.29* (22H); 2.22* (24H 1

99.65; 100.48

v
-

9 | 79.20;8097 4.38; 4.32 I J9.102=6.9; 7.3-7.55
10 41.53: 43.795 2.27* (23H); 1.48 1:1 m; m J9,102=6.4-6,8; 7.1-7 .4
| 2.30* (22H); 1.76* (27H - - '

| ~ OH: 4.75; 4.80 .
12 | 5680,5586 B
13 5.54* (6H): 5.54* (6H J1314=15.3
14 135.39; 135.16 J13,14=16

15: OH 71.14: 71.22
| |

3.94 (161); 3.94* (16H)
OH: 4.72* (12H); 4.71”

Jison=4.75:4.35 -

40.26 1 178" (27H): 1.66* (27H).

e o e S ——— T S — P - P —
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* Overlapping 'H NMR sighals. (The number 1n brackets signifies the position number

of the signal group in the PMR spectrum, direction: toWards decreasing shifts).

c.) Preparation of the 7-[(1R,2R,3R,SS)-‘3,5-dihydroxy-2-[(1E,3S)-3-hydr0xy-5-

phenyl-l-penten-l-yl]-cyclopentyl]-S-héptenic acid,-.(SZ)-(bimatoprost acid):

c1’) 108 g of 4<carboxybutylphosph6nium bromide (KBFBr) is dissolved in 800 ml .({)f -
" THF and the solution is cooled to 0 — (-5)°C. To this solution first 91 g of potassium

~ tert-butylate (KOtBu), and then after stirring and cooling to (-10) - (-15)°C, the.

solution of. 25 g of lactoltr.iol' in THF are added. When the expected conversion is

reached the reaction mixture is destroyed with water, then EtOAc is added. The

aqueous phase is washed with EtOAc. The aqueous layer is acidiﬁed with NaHSOj,

solution to pH=2 and extracted with EtOAc. The united organic phase is washed with

- 15% NaCl solution, dried over Na,SQ,, filtered and evaporated. The residue 1s

filtered off and washed, theiﬁlt_rate solution is evaporatéd. The resulting yellow oil is
purified by chrdmato_graphy on silica gel usirig diisopropyl ether —- acetone eluent.
25.5g oil is obtained.

IR spectrum of the obtained Bimatoprost acid 1s shown in Figure IL. .

c2.) The product obtained in example 1/cl.) 1s dissolved in 60 ml of 1sopropyl-acetate
and under stirring 40 ml of diethyl-ether is added to it. Small amount of bimatoprost
acid séeding crystal is added to the reaction mixture. Under stirring gréduallyi cooled to

0°C about 60-.m‘1 of diisopropyl-ether is added to it. The suspension is stirred at this

' terriperature for a night thereafter it is filtered and washed with di’isdprOpyl- ether and

dried under vacuum. 20,4g crystalline bimatoprost acid 1s obtained.

'cfystallized from the mixture of ethyl. acetate and diisopropy! ether. The crystals are

s
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‘ .DSC'_cur.ve of the obtéined Bimatoprost acid is shown in Figure X and X-ray powder
- diffraction curve in Figure IX.

Strl_.ictural formula of the product:

Melting point: 63.0-65.5 °C

3 C ahd 'H NMR'dataf

Coupling (Hz)

- COOH: 12.02 - COOH: 1
223 i) 206 @ 11

154" (26 2

201" (24H 2
1
1

7
8 49. 81

9; OH 7047
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| | 5.85;2.3-2.4
=15
| X J1314=1545
1 | | - J1314=154
3.94" (13H); OH: 4.74
16 | 4045* | 175%(25H);169*(25H) | 1,1
17 ] 320 | 0 26 | 2 | o 1
18 - 14324 | - 4 - -
1o ] 12815 | 72t*(sHy [ 1t | 4 ] Jwx69
| 21x  f 12651 | 7A9r(BH) | 1t ]t | Jom=dnze=67-73 [
22 ] 129.20 J21,227022,23=7.5-7 55
12915 |  72t*eH) | 1 | d | Jpxn=69

‘ II

* Partly or tully 'overlapp”ing 'H NMR Signals.- (The number 1n brackets signifies the
position number of the sifgnal'group_in the PMR spectrum, direction: towards
decreasing shifts).

2. Preparation of 7-[3,5-Dihydroxy_-2-(3-hydroxy-S—phenyl-pent-l;enyl)-cyclopehtyl]-

S-heptenoic acid (2,5-dioxo-pyrrolidin-1-yl) ester (activated ester)

27.5 g of bi‘matoprost aéid of example i/c?.) is dissolved in 270 m! of THF and to it are
added at room temperature 13.7 g of N,N’-diisopropylcarbodiimide ‘followed by 1‘3.7‘ g of
N-hyc'iroxysuécinimide. Tile ‘mixture is stirred at that temperature an‘c'l lthen poured onto the
mixﬁre ,of IN ‘NaH.SO4 SOIUtion and tert-butyl methyl ether (TBME).I The phases are'.
‘separated. The orgaﬁic phase 1s washed with IN NaHCO# soklution, the aqueous—alkaliné
phasé is extracted with TBME. Thé united organic phase 1s dried over Na,SQq, ﬁitered and
evapor;:ited. The residue isl-crys.tall,iz'ed from hexane : aéetone mixture to obtain 30.04 g
white crystalline material.

Product:
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activated ester .

C27H3sNO;
M=485,58

Melting point: .93 5-103 .4°C_

‘3.) 27.5 g of bimetoprestacid of example 1/c1.) is dis‘solved in 2.70 ml of THF and to this

eolution are added at room temperature | 1;5. g of potaseiufh carbonate end 19.6 g of /N,N’} -

disuccinimidyl 'carbonate. The reac‘:tion.mix"cure 1S under‘ stirring gradﬁally heated to 60°C-_
'end then poured onto the ,m‘ixture of IN N'aH\'S.OI4 solution and tert'-btdltyl methyl ether |
'. (TBMEj. The phases are separafed‘, the organic phase is washed with 1N NaHCO; solution

and the aqueous-alkaliﬁe phase 1S extracted with TBME. The united Jorganic* bhase s dried
-~ over Nez_SO4, ﬁltered and evaporated. lThe residﬁe' 1S cry'stallized from hexane : acetone

mixture to obtain 309 ¢ wﬁite crystalline ‘ma.terial. : ‘

Prd_duct:

activated ester

CHyNO;
M=485,58

Melting point: 93.5-103.4 °C
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- C and '"H NMR data:

| L N | 1 - | Coupling constant |
C (ppm) Number of 'H Multiplicity “;_Ialg A
ot | 188 - - - - - -
2 1 2970 - f. 28~ I 02 1 ot ] =4
la [ 270 [ 206 [ 2 om0 J=72 ]
6. ) 132 | 548 | -t ]  difddd) . | = Jerz74 ]
| I . | . Tar 214 1 m
| T S R
8 | 478 4 - 132 |- -t | m(dddd) | 1041045151 |
9 | 698 ] 39t | 1 |  m 0
oow | 1 . 4% | ot 1 d - | Jeowb50
| o 144 1 3 ddd - 5.6; 2.3
o 1 783 )} 388 -} 1 | m(dddd) | ~79,~79,~58,~58
ol | -} 450 1 1 1 4 1 Jiowhs8 |
13 1 13202 § 0 537 - o 01 ] dd ] Jiniee154 a8l |
(14 [ 1316 | 544~ ] 0 1 ] - omfdd) - ] Juas=63 |
s | 705 ] 399~ | ¢+ | 0m -
o | - 4 466 o 01 o - d b Jusowd7
\ N | I A R 1 m -
7 1 3% 280 2 | m [ -]
o8 - wwx | 0o- oy -
11923 ) 1281912824 | 0 7at* 0 f 0 2 ] 0 od ] Jew74
2t . | 185 | 0 oo7t* | o+ 1 v -
242 ¢+ 08 §{ - V- o -y
025,26 | 26542 | 28 | 4 | s {0

*Overlapped “C NMR by the DMSO signal. ** *¥** ™ " ™7 " Qverlapped 'H NMR signals.

i

4.). i’reparati(m of 7-'[3,5--Dihydroxy-Z-(3-hydr0xy-5-phenyl-pent-1-eny_l)'-cyclopentyl]'-

S-heptenoﬂic écid 1,3_-diox6-1,3-dihydro-isoindol—Z-yl ester (activated. ester)



L

CA 02837261 2013-11-25

WO 2012/164324 PCT/HU2012/000045

23

2 g of bimatoprost acid is dissolved in 20 mi of THF and to this solution are added at room
temperature 1g of N-hydroxy-phtalimide',and_ 1 ml of N_,N’-diiSOpropyléarbodiimide. The .

reaction miXture is stirred for 2 hours and ‘th_en poured onto the mixture of 1IN NaHSOq

solution and tert-butyl methyl ether (TBME). The phases are ‘séparated, the organi;: phase

is washed with IN NaHCO; solution and the _aqueous-alkaline phase 1s extracted with

'TBME. The united organic phase is dried over Na;SOy, filtered and. evaporated. The

residue is crystallized from hexane : acetone mixture to obtain 1.5 g white crystalline

" material.

Product:

M:533,63
C34H3sNO; |

Melting point: 83.2-84.5°C
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3¢ and 1H NMR data:

11

T e

o HO
23~ I 19
- . o 22 \/ 20 ‘ | .
| | - 21 | o \
1 w8 | - 1 - .
13 [ 2429 | 165 - [ 002 o omy ] 00 Jwu7d
6 ] 13033 | 580 | 1 | di(ddd) |- =~ Jer=75 ‘
N . a. 2.16™ 1 . m » | |
‘ n
9 1 6952 | 32~ { ¢+ | = - -V 000000
9o | 1 43 | o+ | -d |} . Joow49
| | 1 2.205™ | T m(ddd) Jgem=14.1; J1op = 8.4 and 6.0
% Pt oo Jiga = 5.6 and 2.1
w1 7574 - | 368 0 [ 4 |  m(ddddt) | ~78~78~60,~60
uwoHw | 1 45 1 1 |- 4 o 0 Juowb8 |
12 [ 5423 [ 2t { 1+ | o ¢ O
13 [ 308 | 837 | 0t - ] dd o | J1314=154 01213283
s [ 706 [ 389~ [ 1+ | 2w (oo
1sos [ 1 46 | ot - | 0 d- |  Jisow4b
| a: 1.09" ] m
o | e > 150 N
s 1T 4w 1 - 1 - - - - o
19,23 [ 1281612820 | 75+ | 00 2 0 | 4 - f - Jwx=?5
21 . | »%s | 73 | o+ ot
24,31 | wt&t | - - -
253 | o~ 1 - V- oy -
2,29 | w3y | 7~ | 2 | - m |\ 0
27,30 [ 13%s51 | 74~ } 02 | m™ | -
| *Overlapped °C NMR by the DMSO signal. **Overlapped "C NMR signals. ¥, ** *** = " Qverlapped 'H -
S NMR signals. ' o

5.) Preparation of 7-[(1R,2R,3R,5S)-3,5-dihydroxy-2-[(1E,3S)-3-hydroxy-5-
phenyl-l-pentenyl]-cyclopentyl]-NéethyIQS-heptenamid'e, BN (SZ‘(-)bim"atOprost)

through the activated ester
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27.5 g of b'imat“opro\st acid is dissolved in 270 ml of THF and to the solution are added at
room temperature 13.7 g N,N’-diisopropylcarbodiimide and then 13.7 g of N-
hydroxysuccinimide. The mixture is stirred at room teniperature. The resulting activated

ester is hot-'isolated.

activated ester

Co7H3sNO; .
M=485,58

) After}the completion of the ester fdrmatiOn 70 iﬁl bf 2M ethylérnine- iﬁ THF solution’is o
“added to‘. the reaction mixtﬁr‘e. The mixture is stirred until the exp‘ectéd co.n\'/,ersion 1S
l reached, then 1t ié poured onto the 'mixtu're of IN NaHSO, solution and tert-bﬁtyl methyl
ether (TBME). The phéses .ar.e. separatéd,' the Organic r;hase 1S Washeci w1th IN NaﬁCO3 .
SolUtion and the aqﬁeous—alkaiine phase is éxtracted..With TBME.\ The united organic phase '
’ 1s dried over Na2804, ﬁ1~terea and‘ evaporatéd to obtain 2'5.4_g of 6il;'

- Product:

Bimatoprost

" M: 41558
C25H37NO4
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BC and '"H NMR data:

| - | 21
Position | C(ppm) | '"H(ppm) | Numberof | Multiplicity Coupling (Hz)
1l ovest |- -
.
-
‘
6 | 13038 | 548 |- 1 |
7 25.72: | 2.157 I
8 | 4978 | 135 | 1
Jeow | | 440 | U
10 4485 | B:2. 1 '
om | | 4
R
(14— | 13600 _
150H | -
-
1 |
1|
1

- 129.13
129.15

- 126.46
124Nt |
25 - 34.13

[26 1570 02
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MS data

MS spectrum:

Pozitive 10n1zation:
20 It\ten.(x100,i000) 5 | |
L 75— ' 438.p648° f
1.50+ L . . S N ‘ e | R g _-.{_#_-_‘,: y
125 '
] i : . ! : b ¢ ' . | R
1004 - | L U ! o | | s 1 o - L
0.754 ;. - i S | | | ! o | o
" . : ‘ ! . : 1 ! : | ! . : |
0,50~ z | ) : - ' o | = | 43912653
- ! , ! : .- ) T ' - : | : ! !
0.25- . - i S T T r Co SR oo S | '.
: N o T ! / - . , ,. s o | o
000- T 1 l__i | B R i“ $ ™ . : . - r—— '

a0 | 730 00 1250 10 7s0 2000 b0 00 50 00 2k0 00 0 b0 420 400 410 me
S Expected fofrnula:
C25H37NOy
Measured exaét mass: 43 8.2648 [M+Nal+ |
Expectéd’ exact mésS: 438.,2.6'1,5~ [M+Na]I,  AM=3.3mDa and 7.53 ppm '
- CysH3sNO; .,(M-Hzlo)ﬁ ‘
10 Measured exact mass: 398.2655 [M-H,O+H]+

Expected exact mass: 398.2690 [M-H,O+H]+ ~ AM=-3.5 mDa and 8.79 ppm

MSMS (precursor-ion: 438.26):

Inten. {(x100,000)
7.0- : 1 1 . -
1 I ; - 440.2685
: | - 3042366 . f
6.0- | |  420.2520
] | | | -
50.:. I : ]
- I | -
] ‘ I ‘ |
o ‘ | !
40—_‘ ‘ ! I | | /
: i | i |
- i |
305 - . 1
- ! |
: , ¥ : . ; i
20+ - - 1 | 376:2257285/2405 421549 ; - -
_I : | . . : ) .
: | 260.1617 = 439.4650,
1.0 | ' 354.2043 ; 4412720
- | ! _ ‘ 3772296 || | | |
- I ' a ' :
00 T | ™17 _T_T_L; ™ — Y ;J"I'1 Y |_T-"7Lﬁ-]| T Y T_‘} T 1. T ul;il‘l ‘l ! “I. | B | 1+T T 1

. 1 i]: [ I | I iil'll 1 i 1 1 lll i.t liI | | II 1 ] :l
50.0 750 © 1000 1250 150.0 175.0 200.0 225.0 2500 - 2750  300.0 325.0 350.0 375.0 400.0 42|5.0. 456.0 475.0 mz

15  Expected formula: : - - S ,.\

CasHisNO; (M-H,0)
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Measured exact mass: 420.2520 [M-H20+Na]+

Expectgd exact mass: 420.25 09 [M-H20+N_a]+ - A\MZ 1.1 mDa and 2.62 pprﬁ
C25H3NO; (M-H,0-5H) ' '

| Measm‘ed exact mass: 394.2‘*36_6, [M"sz‘SH]+

'Expecf[ed exact mass: 394.2377 IM-H,;O-5H]+ |  AM= -i,l mDa and 2.79 ppm
C25H30N02 (M-2xH,0-5H) B ' '

'Measured exact mass:; 376.2258 [M-2xH20fSH]+

Expected exact mass: 376.2271 [M-2xH,0-SH]+ ~ AM=~-1.3 mDa and 3.46 ppm

6.) Preparation of Bimatoprostthrough‘ the hctivated ester . o

© 27.5 g of bimatoprost acid is dissolved in 270 ml of THF and to this solution are added at

room temperature 11.5 g of potassium carbonate and 19.6 g of N,N’-disuccinimidyl -
carbonate. The reaction mixture is gradually heated to 60°C under stirring. The resulting

activated ester 1s not isolated.

. activated-ester '

Cz7H35NO7 R
M=485,58

.After the formation of the activated ester, 70 ml of 2M ethylamine in THF solution is

added to the reaction mixture. When the reaction is completed the mixture is poured onto

the,mixture of lN NaHSO4 solution aﬁd EtOAcC. .The'organi‘c phase 1s washed with IN
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NaHCO; solution, the aqueouéfalkaline phase is extracted with EtOAc. The ﬁnited organic
" phase 1s washed with NaCl solution and dried over Na,SOy. The drying material is filtered

off, the filtrate is eVapOrated to obtain 25.7 g of oil.

Product:. h
oH . - |
g . - . ! ‘ H :
$$$$ \VE/\/\”/N\/
. _ o jl |
HO
Bimatoprost "
S M: 415,58
5 - | ' CasH3NO,

7.) Préparation of BimatOpmSt through the activated amide

275 g b'ir'n‘atOprost‘ acid is di‘SS(')lved- in 270 'ml of pyridine .and 13.7 ,g‘ of 1,1’-;
10  carbonyldiimidazole is added to it. The mixture 1s stirred at 20-25°C until the activated

~ amide formation takes place. .The resulting activated amide is not isolated.

ac_tivated amide

~ CyHaNO
M=438,57

70 ml of 2M ethylamine ‘in THF solution is added to the reaction mixture at room
temperature' and the mixture is stirred until. the, expected conversion is reached.” The -

- 15 muxture is then poured onto the mixture of IN NaHSO4 solution and tert-butyl methyl ether
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(TBM‘E)_'. The phaSes are separated, the organic phase 1s washed with IN NaHCO;; solution
and the aqueous-alkaline phase 1s extracted with TBME. The united organic phase 1s dried
over Na,SQq, filtered and the filtrate is evaporated to obtai‘n‘23.82 g of o1l.

Product:

Bimatoprost ' X

M: 415,58
C25H37NO4

3.) Pr'eparation of Bimatopl;o‘st from the puriﬁed activated ester

30.9 g of the activated ester according to Example 3. is dissolved in 270 ml of THF and to .-

this solution 70 mi of 2M ethylamine diSselved inTHF is'added. After the .eompletion of
the reaction the fnik'tu're 1s poured ento the mixture of IN NaHSO4 solution and EtOAc.
The organic phase 1s washed with IN N\aHCO3 solution. The aqueousfalkalirie phase is

extracted with EtOAc. The united organic phase is washed with NaCl solution and dried

over Na;SQy4. The drying material 1S ﬁltei‘ed off and the filtrate is evaporated. To, the

' res'ulfing oil 35 mass% of water is added and the product 1s crystall'ized../ 24.8 g of white

bimatoprost crystals ot higher than 99.5% pu'rityi are obtained.

Product:
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Bimatogrdst
'M: 415,58
-C'st_37NO4
Melting point: 71.9-72.5 °C " ' o ] \

HPLC: 99.6 % bimatoprost, less than 0.3% transrbimatoprost, 0.1% other impurity

9.) Preparation of Bimatﬁprost ac_cord.’ing to method iii.)
2.00 g of Bimatoprost acid is dissolved in 20 ml of tetrahydfbfuran (THF)-and at 30°C ﬁrét .
1.29 ¢ of 2-chlor0-l,3-dimethylimi'dazolinium chloride (DMC) and ,1:.44 ‘ml of
‘triethylamine, then after 10 minutes of stirring 2.57 ml of 2M ethylamine in THF solution
are added. The reaction mixturé 1s gradually, in 1 hour,'heated fo 70°C and the mixture is

stirred at that temperature until the starting material disappears' (approx. 1. hour). The

reaction is followed by TLC.

After the cqmpletion of the reaction the mixture is poured onto the mixture of IN NaHSO4
solution and isopropyl acetate (iPrOAc). The organic phase is washed with IN NaHCO;

solutibn, the aqueous-alkaline phase is extracted with 1PrOAc. The united organic phase 1S

' washed with NaClsolution and dried over Na,SO,. The drying material is filtered oft and

the filtrate is evaporated to obtain 1.41 g of oil.

Product: |
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HO Y

' Bimatoprost

M: 415,58
C25H37N04

10.) Preparation of crystal ‘form I1. of bimatoprost from crude bimatoprost oil -

To the bimatoprost oil prepared acckord\ing to Example 6., 35 mass% amount of purified '
water is added. Thé mixture is intensively stirred and .then dried in vacuum at max.' 35°C
'tempcrature, while every 2 hour it is agitated and scratched. After complete dryness the
n}ixture 1S homogenized; IR spectrum of f[his product is'lshown in F’igurve 1V and thé DSC |
curve of this\product 1S shown in Figure VI The X-ray diffrac';i‘on curve ;of produced Form
II1s shoxim In Figﬁre VIII. ‘

Yield: 96.9% -

Mp.: 78°C

DSC onset: 73.56 °C
11.) Preparation of crystal form 11. of bimatoprost

The crude bimatoprost prepared according to Exafnple 5. is dissolved under heating 1n

3000-f01d ' amou.nt‘ of diethyl ether. The solvent 1is “then ,rérnoved at -

- (-)20-(-)30°C by lewly passihg thrdugh nitrogen gas. The resulting cfy_stalé are

homogenized, or first exposed to mechanical effect and then homogenized.

Yield: 94.4%
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- Mp.: 75.9°C

DSC onset: 72.92 °C
12.) Preparation of crystal form II. of bimatoprost

To the crude bimatoprost prepared accordirig to Example 6., 35 mass% amount of

- methanol 1s added. The mixture is intensively. stirred and then dried in vacuum at max.

- 35°C temperaturé, while every 2 hour 1t is'agitatéd. and scratched. After complete dryness

the mixture 1s homogenized.

Yield: 95.8%

Mp.: 77.2°C

- DSC onset:' 73.07 °C

13.) Preparation of crystal form II of bimatoprost

To the crude bimatoprost prepared acéording “to Exami)le 6., 17.5 'mass,% amount of
puriﬁéd water and 17.5 mass”o amount of ethanol are added. The mixture 18 intensiv‘ely
stirred and then dried in vacuum at max. 35°C temperature, while every 2 hour it is agitéted |
and scratched. After comp'lete dryness the mixture 1s homogenized.

YVield: 92.3%

Mp.: 72.9 °C

DSC onset: 72.”96 °C

14,

a.) Preparation of Bimatoprost crystal form L. (according'to EXamplé 38 of paten't '

- application US 20090163596)
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5.2 g'of crude bimatoprost 1s crystallized from 106 g of acetonitrile: the mixture is heated
to a temperature near the boiling point, the hot solution is éooled-to room temperature and

the mixture is stirred at that temperature for 1 hour, then at 0-5°C for 2 hours. The

\
prec’ipitatéd cryétals are filtéred off, washed with 20 g of cold (0-5°C) aceton‘itr.ile and
dried in vacuum at 0-5°C for 1 ‘hour, at room temperature for half an hour and at 30\-40°C '
for 2 hours.
4.3 gsof crystal-forrm . of bimatoprost i‘s'o'btain.ed.' Its IR spectrum 1s shown in Figure I1I,

its DSC curve is shown in Figuré V and its X-ray diffraction curve of Foi'm I i1s shown'in -

Figure VII.

Yield: 83%

Mp.: 62.1°C

DSC onset: 63.61 °C

b.) Preparation of Bimatoprost crystal form I1. started from form L

- To crystéllfonn L. of bimatoprost'_pfepared according to Exarnple 1:4a.', 35 mass% amount

of purified water. is added. The m_ifcture is intensively stirred 'and then dried in vacuum at
max. 356C tgmperature, while every 2 hour it is agita_ted_ahd _sc'ratqhed. After 'co’mplete,
dgness the mixture ié homogenized.’ ‘

Yield: 97.3%

Mp.: 77.7°C‘

DSC onset: 73.14 °C

15..) Preparation of crystal form IL. of a mixture of bimatoprost t.crystal form 11. and

.
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To a 50%-'50.% mixture of crystal form I1. and I. of bimatoprost 35 mass%' amount of
purified \Wa'ter 1s added. Thé mixture ié intensively stirred and then dri~ed In vacupfn at max.
35°C temperature, while evéfy 2 hour .it is agitated and scratched. After'complete dryness
the mixture is homogenized.

Yield: 97.6%
Mﬁ.: 782°C

DSC onset: 73.77 °C
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- Claims
1.~ Process for the preparation of prostaglandin amides of the general formula (1),

R
N~

- - where in the formula '
the bonds marked with dotted linés may be single or dQublg bonds, in the 'ca_Se of double
bounds at positions 5,6and 13,14 _'_they may be in cis Or in trans orienfatibn,

Q represents hydroxyi-grOup émd / repreéeﬁts hydroxyl- or dxo- group,

Rl and R” independently represent hydrogén atom of a str‘aight or’b,ranched Ci.10 alkyl- or
aralkyl- gfoup, obtionally -subétituted With —ON02 group, .(')r an’ aralkyli or aryl- group, ‘
which contaiﬁs heteroatorr‘;,‘ ‘

R’ represents a stfaight or branched, saturated or uns'atﬁrated'Cz;-f; hydro¢arbon group, or a
Ca-10 alkylcycloalkyl- Or.cycloalky'l-.group, or optionally with alkyl groﬁp or halogen atom
substituted phenyl-, C7.1 alkylaryl- or hétaryl- group; . ' ' ‘

“Y represents (CHj), grdup or-b atom or S atom, and where n=0-3, |

characterized in that an acid of the general f(jrmuia (II),
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where iﬁ the formula
the bo.nds‘ marked with dbtted li'nes_ may be single'or double ands,‘ in the case ot double
'bounds at positions 5,6 and 1_3,‘14 they may be 1n cis or in trans orientation,
Q fepresents hydroxyl;group and / représents hydroxyl- or oxd- group;
R’ represents a straight or‘branched, saturated or unsaturated Cag hydrdcarboﬁ group, or a
' Ca.10 alkylcyclOalkyl; or cycléalkyl- group, or opﬁonaloly with‘allfiyl _éroup or hal.ogenN atofh
substituted.phenyl-,. Cr-10 ‘alkylaryl- Or hetaryl- group, - . '
., Y represent‘S (Cle)rl group or O at_(‘)m' or S atom, and Where'n=0-3, '
is reacted - ‘
i.). - wi}h a Compoimd éuitable to intrbduce; grqup R‘?, 'Whére' R4. represents
Y
W
N
a.)

the group of formula a.)

.and reacting the amide of the general formula (III)  thus obtained |
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YR3 ©
N T}

N .

OH
where the meanings of Q, Z,-R3 .R* Yandn are as defined abQVe, with an

amine of the ge"neral tormula (IV)

"NHRTRZ2 v, .
- where R' and R? have the meanings as defined above, or

with a compound suitable to introduce group R°, where R5 represents

i)
N— . N
N
O
b) c.)

10 ' a group of formula b.),- c.), d.) or e.), where (X) stands for halogen or

vated ester of the general formula (V),

hydrogen atom — and reacting the acti

thus obtained
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ORS

Yyr3 O
' ‘ V.

where the meanings of Q, Z., R3,~ RS, Y and n are as deﬁned'ab‘oye, with an
amine of the general formula (IV), where the meanings of R’ and R are as |

defined above, or

111.) ~ with an amine of the geheral formula (IV), - where the meanings of Rl and

R* are as defined above - in the presence of 2-chlor6-l,3-

| dimethylimidazolinium chloride and a base.

.2.)  The compounds of the general formula (III),

where in the formula -
the bonds marked with dotted lines may be single or double bonds, in the case of double
bounds at positions 5,6 and 13,14 they méy be in C1S Or in trans orientation,

Q represents hydroxyl-group and Z represents hydroxyl- or 0XO0- group,
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R? represen"[s' a straight or branched, /saturated or unsaturated, Cas hydrocarbon group, Or a
Ca.10 alkylcycloalkyl- or cycloalkyl- group, or optionaily with alkyl group or halogen atom

substituted phenyl-, Cs.1o alkylaryl- or hetaryl- group,

. Y represents (CH»), group or O atom or S atom, and n=0-3,

~

and

)4
R represents

. "N
Q-
' ‘a.) "

the group of formula a.).

3.) The compouhds of the general formula (V),

.

- where in the formula
the bonds marked with dotted lines may be single or double bonds, in the case of double

_bounds“at posttions 5,6 and 13,14 they may be 1n cis or in trans orientation,

- Q represents hydroxyl-group and Z represents hydroxyl- or oxo- group,

R’ represents a straight or branched, saturated or unsaturated Cq4.¢ hydrocarbon group, or a
Ca19 alkyleycloalkyl- or cycloalkyl- group, or optionally with alkyl group or halogen atom

sustitutéd'phenyl-, C-;-lo‘alkylary.l- or hetaryl- group,
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Y represents (CH2)rl group or O atom or S atom, and n=0-3,
and

R’ represents

!

a group of formula b.), c.), d.) or e;), where X stahds for hailogen atom or _hydrogeri atom.

4.) Process according to method i.) of Claim 1., characterized in that the ‘compound

suitable  to introduce the group .|R4, is 1,1’-carbonyldiimidazole or 1,1’-

‘ th\ioca'rbonyidiimidazole.

5.) Process according' to method ii:) of Claim 1., characterized in that for the
introduction of group R’, N-hydroxysuccinimide, N-hydroxyphthalimide, N-hydroxy-5-

norben-endo-2,3-dicarboxamide, 1-hydroxybenzotriazole, . (bénzotriazol‘-l-,

' yloxy)tris(dimethylamino)-phosphonium  hexafluorophosphate, N,N’-disuccinimidyl
‘carbonate or N,N’-disuccinimidyl oxalate are used, in a given case in the presence of an

~activating agent.
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6.) Process aécording to Claim 5., characterized in that the applied activating agent is '

N;N’-diisopropylcarbodiimide,  N,N’-dicyclohexylcarbodiimide ~ or  2-chloro-1,3-

dimethylimidaz'olinium chloride.

7.) Process according to Claim 1., characterized in that the reaction is carried out in an

ether-type, or aromafic, or polar-apretic solvent, or in the mixture of them.

8.) Process according to Claim-1., characterized in that the introduction of group R* is

performed at a teniperature between 20-80°C, ﬁréferably at 70°C. .

9.) Process ac_cordiﬁg to method 1.) of Claim 1., characterizéd in that the reaction of the

compounds of formulae (III) and (IV) is carri"ed out at a te'mperature‘fbetwee'n 20-80°C.

10.) Process according to method 11.) of Claim ., characterized in that the reaction is

carried out in an ether-type or aromatic or polar-aprotic solvent, or in the rhixturé of them.

11.) - Process according to method i'i.)-(t)f Claim 1., characterized in that the introduction

“of group R5 is carried out at a temperature between 0-80°C.

~12.) + Process according to method ii.) of Claim 1., characterized in that the reaction of

| the coﬁlpounds of formulae‘(V) and- '(IV)* 1Is carried out at a temperature between 20-80°C,

preferabljf at room teinpérature.
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13.) Process according to methods 1.) or ii.) of Claim l., characterized in that the; '

activated carboxylic acid derivatives of formulae (I11) or (V) are purified by crys_tallization

and/or by chrOmatography'.

14.)  Process according to method 111.).of Claim 1., char,actelfiZed_ in that the reaction is

carried out in an ether-type or aromatic or polar-aprotic solvent, or in the mixture of them.‘

15‘.)' Process according to Claims 7., 10. or 14., characterized in that tetrahydrofuran is

used as solvent.

16.)  Process according to method 1iii.) of Claim 1., characterized in that the reaction 1S

carried out at a temperature between 0-70°C.

17.)  Process according "to method 1m1.) of Claim 1., characterized in that
the ~applied base is N-methylmorpholine,_ N,N-diisopropylethylamine, 1,5-

diazabicyclb[4,3,O]nbn-SQene or 1 ?8-diazabicyclo[S,4,0]undec-7-ené.

'18.)  Process according to Claim 1., characterized in that the applied base of formula -

(IV) 1s ethylamine. o - L

/.

19.) ~ Process acc'ording to methods 1., it or i1i.) of Claim 1., characterized in that the

- 20.)  Process for the preparation of the compounds of the genéral tormula (IIA)

J
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A

- - where in the formula

: "

R’ represents a straight or branched, s_aturated or unsaturated Cy.q hydrocarbon group, or a
Ca-10 all;ylcycloalkyl- or cycloalkyl- group, or optionally wi_th ‘alkyl group or halogen afom
subsﬁtutéd'pilényl-, C7.10 alkylaryl- or hetaryl- groub, |
Y represents (CHa), group or O atom or S atorh, énd n=0-3,

characterized in that, a lactondiol of the general formula (XII),

where the meanings of R3 , Y and n " are as deﬁned above, is reduced into the lactontriol of

the general‘fonnul_a (XIII)
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where the meanings of R’, Y and n are as defined above,
the protécting grbup of the compound of formula (XIII) 1S rem‘"ov“ed,‘ and the reSulting

cbrnpound of the general formula (XIV),

-
-»
b
-
Ay
A
"
Y—
wilhey

"OH XIV.

where ‘the meanings of R’ Y and n are as defined abdve, is transformed by Wittig

- reaction into the compound of the general formula (I1A). -

21.)  The lactontriol of the general formula (XIII),

10
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-
-
-
—
—
—
—
S
—

" OH

xm
'wh:ere.: R’ fepresents a straight or branched', -saturatéd Oor ‘un§atura'ted Cass hydrocarbon '

, group,tor a; Ca.10 alkylcycloalkyl- or cycloalkyl- gréuf), or optionally with alkyl group or
halogen atom substi'tufed phenyl-, Cno alkylaryl- of hetary’l- group, .

S Y -repr‘esents (CH3)n group or O atom 0 r S atom, and n=0-3.

S/

- 22) Cbmpound of the formula (IIB) ‘in crystalline form -

——

(B

10
23.) Process for the preparation of the compound of the formula (IIB) in crystalline form,

characterized in that to a mixture containing the Compound of the formula (IIB) a mixture

of ester type and ether type solvents 1s added.
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24.)  Process according to Claim 23., characterized in that dimethyl ether, diethyl ether,

.diisbpropyl ether, preferably diethyl-ether and diisbpropyl' ether are used as ether-type

solvents.

- 25.)  Process according to Claim 23., characterized in that ethyl‘-acetate; methyl-acetate,

isopropyl-acet_ate, preferably isopropyl-acetate are used as ester-type solvents.

26.) - Process according to Claims 23., _Characterized in that cryStallisation 1s performed

between (-)30°C and 30°C, preferably between 0-25°C.

3
q '

27.) Process according to Claims 23., characterized in that the susperision of crystalls is

stirred 1-24 hours, preferably 8 hours.

28.) Process according to Claims 23., characterized by that the crystal suspension is

A\

29.) Process according to Claims 23., characterized in that the filtered crystals are dried

‘under vacuum between 25-50°C, preferably at 35-40°C. |

30.) - Process for the preparation of crystal form II. of bimatoprost of formul'a (IB),

OH
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characterized in- that to a reaction mixture containing bimatoprost, after work<up and

- evaporation, or to any cryétalline or non-crystalline form of bimatoprost or t'0‘ their

mixtures of any ratio, calculated amount of ether-type or protic solvent is added, if desired

1t1s expoSed to mechanical effect, and then dried and homogenized.

31.) Crystal form II. ‘prepared;by the process according to. claim 3‘0., characterized in

| ‘ _
that its melting point is between 72-78°C. .

32.) Crystal form II. 'p.repared by the process according to claim 30., characterized in
that on the basis of DSC investigation the endothermic peak is'betwecn 72-79°C .and 1ts
melting heat\;is higher than 75 J/g. "

33.) Process adcbrding to Claim 30., characterized in that 20-60 mass% amount,'

- preferably 35 mass% amount of protic solvent is applied.

)

34.)  Process according to Claim 30., characterized in that alcohols and/or water are used

as protic solvents.

35.)  Process according to Claim 34., characterized in that methanol or ethanol is used as

-alcohol.

36.) Process acéording to Claim 34., characterized in that water is used as protic solvent.

37.) . Process according to Claim 30., characterized in that 2000-8000 mass% amount of

‘ ether-type solvent is applied.
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-38.) Process according to Claim 30., _charactérized in that dimethyl éther,. diethyl ether,
diisopropyl ether are'\used- as ether-type solvents.
39.)  Process according to Claim 30., characterized in that stirring or scratching, or both ‘

are applied as mechaniéal effect.

40.) Process according to Claim 30., characterized in that the added solvent 1s removed

by drying.

41.) Procéss.accofd.ing‘ to Claims 33 and 40., characterized in that drying is performed -

- In vacuum, at a temperature between (-) 60°C and 70°C.

42.)  Process aécording to Claims 37 and 40., characterized in that drying 1s performed at

low température, preferably between 0-(-)50°C, by passing through nitrogen gas.



10

CA 02837261 2013-11-25

WO 2012/164324 PCT/HU2012/000045
52

where 1n the formula

| .the bonds marked with ddtted lines may be is'ingle or double prds, in the case of double" :

bounds at positions 5,6 gnd 13,14 they 'mayibe In CIS or in tran's’._br‘iehtation,

QQ stands for a hydrdxyl-group and Z stands fbr a hydroxyl- or oxo-.gro'up,‘

R3 represents a straight or‘ bfanchéd, saturated br unsaturated Cg.g hydfocarbbri gr'(')up, or a
C4;1.0- alkyléycloalkyl- or c'yclo"alk'yl'- 'g_roup, or an Optionaliy W-ifh alkyl group or haloggn

atom substituted phenyl-, C7.;o alkylaryl- or hetaryl- group, Y répres_ents (CHj), group or O

| atom or S atom, and where n=0-3,

s reacted.

1) with a compound suitable to introduce the group R?, where R* represents

T
o s
N

the group of formula a.),

and the resulting amide of the general formula (I1I),



CA 02837261 2013-11-25
PCT/HU2012/000045

WO 2012/164324
53

' r R (1}
' OH
where the meanings of R’, R, Y and n are as defined above, 1s reacted
with an amine of the general formula (IV), |
5 "NHRTRZ V.
- where the meanin'gs of R'and R* are defined above, or
ii) | with a compound suitable to introduce the group R’ — where R® represents
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a group of formula b.), c.), d) or e.), where (X) stands for halogen atom or

.hydrogen atom, and the resulting activated.ester of the ge‘nefal formula (V),

N

“YRS O

OH v.

whercthe .m_ean-ings of R’ : RS , Y and n are as deﬁhe'd above- is reacted
5 with an amine of the generé.l formula (IV), or
111.) ' with an amine of ,'the general forrﬁula (IV) - Wheré‘the meanings of R' and
R* are as defined abqye— in'fhe presence of 2;—&:hior0—1,3- ‘ '
| dimethylimidazolinim chloride and a Base. .
- Further embodimgnt of our; invention is (;:1 process for the prépgiratiori of a high melfing

10 crystal form II of bitﬁatoproSt of the formula (IB).

_ OH

15

%/
Further embodiment of invention 1s a process for the preparation of a compound of the '

formula (IIB) in crystaline form.
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(1IB)
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