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have the potential to increase the endogenous and therapeutic
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accordi ngly makes it possible to consider using the conpounds of t
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cer ebr blaBppdy ofindubisiag Tadda Aygeedinglyi rakesiitpassidla teenoasiderausing the compounds
at her ogg{ ' [ esd f. denentias_such as
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Their use will be valuable in the treatment, prevention and secondary prevention of vascular

30 complications, more especially cardiovascular, pulmonary and cerebrovascular complications,



15 reconbi nant uPA or streptoki nase, which are used in energency
situations (for exanple, nyocardial infarction, cerebrovascul ar
.accident). The conpounds of the present ,invention reinforce the

activity of those injectable fibrinol yt'iZE: agents and therefore result

in their being used with fewer haenorrhagi ¢ and neurotoxic risks )
(their %Fé@‘éatﬁgi igth owdeedhgmbotic halisshesse athhwiselemisise didbetes.s hyperlipidaemia,
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group. or R2 represents a nitrogen-containing heterocyclic group, an
aryl grau r a heteroaryl oup, 5R3 represents. a hydrogen atom or a
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and also to addition salts thereof wth a pharnmaceutically acceptable

aci d. 1@nasis af demgntsputls auAddestobdliscoshadoiesnylar dphémiaailiy C., De Ronchi D.

bstitut . i denti cal di ff t elected., .. .
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opt i onalrtajimpyeiang/os pEyentien eldlamensaesush as vidzheimedsr disgashaghedsear dementia.
(Cl-Co6)al kyl groups. 15A heteroary-1 group is understood to be a 5-
to 12-nenbered, nono- or hi-cyclic, aromatic group containing one,

two or TAFRercbadesitie eidogen@s!fteinet)ticrpomendixly QeninhibithfsogeNA Biadthe Woplpstnds of
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one or RErCiPEnyeRiongaredtherepisn tsefio @p sediwcht the dropico eRiEIEg effith injectable
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am no (Optl onal substitute y one or two lInear r ranc
( C1+5Co6) rmtdaybingmtouP4) oanteptokinase, which are used in emergency situations (for example,
myocardial infarction, cerebrovascular accident).
The compounds of the present invention reinforce the activity of those injectable fibrinolytic

agents and therefore result in their being used with fewer haemorrhagic and neurotoxic risks

(their dose being lowered and, therefore, their side effects reduced).

20  The present invention relates more specifically to compounds of formula (I):

R,-(CH,) CO,R,

RS @,

wherein:

R; represents a hydrogen atom or a group of formula COR4 wherein Ry represents a linear or
branched C;-Cgalkyl group or an aryl group,

25  or R represents a group of formula (A):



20am noal kyl, the am no group optionally being substituted by one or
two |linear or branched (G -GC6)al kyl groups. -4- Anong heteroaryl
.groups there nmay be nentioned, w thout %nplying any limtation, the
groups thienyl, pyridyl, furyl, pyrrolyl, imdazolyl oxazolyl,

i soxazolyl, thiazolyl, isothiazolyl, pyrimdinyl, pyrazinyl,

pyri dazi nyl . A nitrogen-containing heterocyclic group is understood
to be a 4- to 7-nenbered, Satﬁfﬂtﬁf or 5(§5%§turated, nonocyclic
group contai ning one or nore nﬂtrog@m atonsZzahd optionally one or
nore ot her hetero atons selecteddro gen and suégﬂgr. Anong

ni t rogen-contai ni ng heterocyclic gro here may b nti oned,

w thout inplying any limtation, the Yps azetidinyl, pyrrolidinyl,
pi peridyl and piperazinyl. Optical isoney’s are understood to be

di ast ereoi sonmers and enantiomers. 10 The conpounds of formula (1)
contain at least two asymmetric centres (in positions 1 and 2 of the
[119) aRdlrdFeheS BAh @r8hritla NR DAL RS afll R NGhRNEAAN QR or Bifferent,
single diastereoisoner or in the Tormof a mxture of

di ast-erechgopressit aAmsnggenhaomhar ardiceart drcldahghed (CePiadibtl ezrawp, ds Rheapeesents a
may be ntion%gg Wi h%%t ipgl{ing agé Iim'tat'onf gﬁdrochloric aci d,
hydr obr YHPERET ,m?&fhﬁ PPEIBIHP- BhLbHOHP &7 48P &9W- aci d, 15
trifluoroacetic acid, lactic acid, pyruvic acid, nalonic acid,
succinic acid, glutaric acid, fumaric acid, tartaric acid, maleic

aci &, cRt repeeserth @ hydweer biog e lineaprabriagchedi@; Caieyharmasul phoni ¢ aci d,
benzenesul phoni ¢ acid, canphoric acid. One aspect or the present
invention relates to conpounds of formula (1) wherein ILL represents
a hydr ogespratcam anlidfvget hdveaspeed 6 afclddive, present invention relates to
compounds of formula (1) wherein R2 represents an am no group.

Anot her aspect of the present invention relates to conpounds of
fornulan$#gsﬁg§@eggr52 represents a pyridyl group. -5- Another
aspect o t%e présent” invention relates to conpounds of fornula (1)
wherein mrepresents 3. Another aspect of the present invention
relates to compounds of fo la (1).wherein n represents 1. 5Anot her
aspect B PHE GPELaRmPTY R ABR 1P Glioss s JeTERIURUE SoPoFBRARRISaD dgceptable

a partigu ar case of

10  An aryl group is understood to be phenyl optionally substituted by one or more identical or
different groups selected from halogen, linear or branched (C,;-Cg)alkyl, linear or branched
(C1-Ce)alkoxy, amino (optionally substituted by one or two linear or branched (C;-Cg)alkyl
groups) and aminoalkyl, the amino group optionally being substituted by one or two linear or

branched (C;-Cg)alkyl groups.

15 A heteroaryl group is understood to be a 5- to 12-membered, mono- or bi-cyclic, aromatic group
containing one, two or three hetero atoms selected from oxygen, nitrogen and sulphur, it being
understood that heteroaryl may optionally be substituted by one or more identical or different
groups selected from halogen, linear or branched (C;-Ce)alkyl, linear or branched (C,-C¢)alkoxy,
amino (optionally substituted by one or two linear or branched (C;-Cg)alkyl groups) and

20 aminoalkyl, the amino group optionally being substituted by one or two linear or branched

(C1-Cy)alkyl groups.



t he conpounds of fornmula (l1): wherein n, 121, R3, R5 and R6 are as
defined in formula (1). Another aspect of the invention relates to

‘the followi ng conpounds of formula (1): ,10(IR,

2S) - 1- ( 3- aninopropyl)-2-nercaptocyc|opéﬁianecarboxylic acid, and al so
its optical isomers and addition salts thereof with a

phar macAmong élplepoa@d@rpu@bqhgreggajd be piertioned, without implying any limitation, the groups

25) -2 AERLYL  pltad (RRAT ORI AU g YR RSB ANCCRERONKA! Gtk RBflaoly

16N “sal ts Ther'8d
phar macguinhidalyl pyaeaent meideziag. d The present |nvent|on rel ates
also to a process for the preparatlon of conmpounds of fornula (1),
15starting fromthe conmpound of formula (11): -6- where n n

represeqts. .0 enjto%a\}\‘xﬁ gf @Qro%y E@%Fogx‘ﬁ ?ﬂaerQ{OE?E e bk 31@1 “FHoOHMehfbere l F"ﬁt&lrated or

car boxy function eac a conpound of formula

X- ( GH2) unskRuzatéd, Irha)noc\yblar groupXcaneiniag ek Sorambad @igegerahmmwamhopuonaﬂy one or
triflate, tosylate or ylate group, 5S5mrepresents an integer

bet weenmpreigerdiefese F‘tﬁg}s\ﬁé lecigh drom ox¥gepaBd SWPAY gr oup of for mul a

NR 512. 8 \WhethatdbetRontachif® het%cga%cg%&’)gﬁ]@th%ﬁemﬁ?%@ n?erntlghécf e&>l71?rﬂ)t11t iBfGhe any

represent a protecting group f no function or | i near or
branchddnﬁmyﬁﬁdknqu@ﬁawmhnﬁgpﬁhﬁkﬁmﬁrm@@mﬁéaadpqmnagem cont ai ni ng
het erocyclic group optionally substituted by a protecting group for
the amno function, or R2 represents an aryl or heteroaryl group, to

yield t@ﬁtm‘é@%ﬁié?sdar@funﬁéﬁtﬁ&hﬁ) 6d MhsteeoROmBrsWA8eBhftiolnes.2, G mand n
are as defined hereinbeforc,
10 The compounds of formula (I) contain at least two asymmetric centres (in positions 1 and 2 of

the ring) and may therefore exist in the form of a single enantiomer, a single diastereoisomer or

in the form of a mixture of diastereoisomers.

Among the pharmaceutically acceptable acids there may be mentioned, without implying any
limitation, hydrochloric acid, hydrobromic acid, sulphuric acid, phosphoric acid, acetic acid,
15 trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid, succinic acid, glutaric acid, fumaric
acid, tartaric acid, maleic acid, citric acid, ascorbic acid, oxalic acid, methanesulphonic acid,

benzenesulphonic acid, camphoric acid.

One aspect of the present invention relates to compounds of formula (I) wherein R, represents a

hydrogen atom.

20  Another aspect of the present invention relates to compounds of formula (I) wherein R,

represents an amino group.

Another aspect of the present invention relates to compounds of formula (I) wherein R,

represents a pyridyl group.

Another aspect of the present invention relates to compounds of formula (I) wherein R

25  represents a hydrogen atom.



which is subjected to a reducing agent for the oxo function, 15 to

yield a conpound of formula (V): CO2G HO wherein R2, G mand n are

_as defined hereinbefore, -7- which is reacted with nesyl chloride,

tosyl chloride, tritlic anhydride or a ﬂél ogenating reagent to yield

t he conpound of fonula (VI): R 2-(CH2)CO20 wherein R 2, m and n
are as Qapihge@spret ifnBef prosent ainyentione prlaise rie scamprads ot eformyloy (Iat wheyein m
triflatg 9@55\%%93“ a hal ogen atom 5the diastereoisoners of which are
separateg en’it is desired to obtain a conmpound of fornula (I) in

the formof a single diastereoisoner, and which is then reacted with

a conpound of forrmula (VIl): M-(03)-R11 (VI1), wherein M )
repr gg eg-P%thﬁbtaél%‘%’F U thsoarSseRtoVERHM selnteaniy RImpEpdsseinfamup Dk yherein n
or arylre?; Hﬁ 110to yield the conpound of formula (VII11):

R 2-(C - 2%%, FCo20 R wherein R1, R2, 0, mand n are as defined

her ei nbef ore,

5  Another aspect of the present invention relates to compounds of formula (Ia), a particular case of

the compounds of formula (I):

(Ia),

wherein n, Ry, R3, Rs and Ry are as defined in formula (I).
Another aspect of the invention relates to the following compounds of formula (I):

10 - (1R, 25)-1-(3-aminopropyl)-2-mercaptocyclopentanecarboxylic acid, and-also its
optical isomers and addition salts thereof with a pharmaceutically acceptable acid,
- (IR, 25)-2-acetylthio-1-(3-aminopropyl)-cyclopentanecarboxylic acid, and also its

optical isomers and addition salts thereof with a pharmaceutically acceptable acid.

The present invention relates also to a process for the preparation of compounds of formula (1),

15 starting from the compound of formula (1I):

CO,G

O (D,



t he enantiomers of which are separated by chiral chromat ography when
it is desired to obtain a conpound of foma (1) in the formof a
single enantioner, 15the thiol, am no a%d carboxy functions of which
are, where applicable, deprotected to yreld the conpound of fornula
(l), -8- which, when it is desired to obtain an addition salt of the
conpoundtherein mrapigsants D) 1w 2hand (renreraieatiretshiing @iose furdhe earhexsdfunptéon,
reacted wth the correspondi ng acid. The present invention rel ates
also to a process for the preparation of conpounds of forrmula (la), a

par ti culvéiichdagacel wittea compandds fahmuloml a (1) wherein mrepresents
3 and 129 represents 5 NR5SR6, starting fromthe conmpound of formula
(I'1): wherein n represents 0, 1 or 2, and Grepresents a protecting
group for the carboxy function, wﬁ js re%fﬁfd with acrolcin, to in
t he presence of an asymetric catal “%u&h for exanple, catalyst
Qor QD dependlng on whether it is de5|red to obtain the conmpound of

configuratio or cataly atalyst QD to yield the
conpou n}f’(ﬁ?ﬁemf r F%?n S %%)‘50@? LYRLOF @Efﬁfz%t?ggs%‘?ﬁﬁ)‘)r Wsﬁ(li@)gmup.,

wherei Nyt &f ﬁlte%%r gafveasd Jheschagior e,

and R'; represents a group of formula NR'sR's wherein R's and R's, which may be the same or
different, each represent a protecting group for the amino function or a linear or branched
Ci-Cealkyl group, or R', represents.a nitrogen-containing heterocyclic group optionally
substituted by a protecting group for the amino function, or R'; represents an aryl or heteroaryl

10 group,
to yield the compound of formula (IV):

R'-(CH) _ CO,G

O av),

wherein R'>, G, m and n are as defined hereinbefore,

which is subjected to a reducing agent for the oxo function,

15  to yield a compound of formula (V):

R -(CH,) . CO,G

HO V),

n

wherein R';, G, m and n are as defined hereinbefore,



t he al dehyde function of which is reduced to yield the conpound of
foula (X): OH wherein n and G are as defined herei nbefore, 5which is
reacted with nesyl chloride, tosyl chloride, triflic anhydride or a
hal ogenati ng reagent to yield the conpound of formula (Xl): X

wherein n and G are as defined hercinbefore, and X represents a
hal ogenWhicBris sractedewith mesd chieside fasyl glomdes wn‘acean@rf@m% or a pglogenating reagent

wh ' : ' . h i nbef , Which i ted with
2 Compouni S yifhl R (e 52 6 (X1 1) swherein R'5 and R'6

each represent a protecting group for the am no function or a |linear
or branched G - C6al kyl group,
YOO ey oG

X (VD,

n
wherein R, G, m and n are as defined hereinbefore, and X represents a mesylate, tosylate or

triflate group or a halogen atom,

5  the diastereoisomers of which are separated when it is desired to obtain a compound of

formula (I) in the form of a single diastereoisomer,
and which is then reacted with a compound of formula (VII):
MS-(CO)-R'; (VID),
wherein M represents potassium, sodium or lithium, and R'; represents an alkyl or aryl group,
10 to yield the compound of formula (VIII):

R'-(CH) _ CO,G

R' -(CO)-S (VIID),

wherein R';, R, G, m and n are as defined hereinbefore,

the enantiomers of which are separated by chiral chromatography when it is desired to obtain a
compound of formula (I) in the form of a single enantiomer,
15 the thiol, amino and carboxy functions of which are, where applicable, deprotected to yield the

compound of formula (1),



to yield the compound of foula (XIV): NR'5R'6 wherein n, G W and

R'6 are as defined hereinbefore, which is reacted with nesyl
.chloride, tosyl chloride, triflic anhydgide or a hal ogenati ng reagent
10 to yield the conpound of fornula ( ": NR'5R'6 whereinn, G R'S5

and R'6 are as defined hereinbefore, and X represents a nesyl ate,
t osyl atwhigh, pibendt & desirgg t@rol&alhaﬁno@cbhtlm &#H oaribe whmppunds of Kermula (D) with a

react e i bR AeATPONL 0L o181 LULALMA inMBrk G, M 1) Swherein

M reprepse S pota driam°or presents an

al kyl or aryl group, to y| eI d the conpound of formula (XVI): NR'5R'6
the thigl, am ngo and carboxy functions of which are, where

appl i cabhepresRah ipratorEries ‘W‘é?oda prosessden s duieRisation qf&pmﬁpanftﬂ ¢f)formula (Ia),

a particular case of the compounds of formula (I) wherein m represents 3 and R, represents
5  NRsRe,

starting from the compound of formula (II):

CO,G

O (ID,

wherein n represents 0, 1 or 2, and G represents a protecting group for the carboxy function,

which is reacted with acrolein,
10 in the presence of an asymmetric catalyst such as for example, catalyst Q or QD, depending on

whether it is desired to obtain the compound of configuration (1R) or (1S),

catalyst Q catalyst QD

to yield the compound of formula (IX), of configuration (1R) or (15):



wherein n, R, R3 R5 and R6 are as defined hereinbefore, -12- which,
when it is desired to obtain an addition salt of the conpound of
formula (la) with a pharmaceutically acceptable acid, are reacted
with the corresponding acid. Optically pure conpounds of foluta (1a)
ei ther are obtained by asymmetric reduction of the ket one of
formula (XlI) using a chiral red@king agent or they are separated from
. : . Fl
the m xture of 5d|asterc0|soneri at a |l ater stage The conpounds of
the invention are inhibitorﬁﬂe AFl a. As such they are useful in the
prevention or treatnent of ronbgtic events in at-risk patients.
Their use will be valuable in thejtreatnent and prevention of
vascul ar conplications, nore espegjally di ovascul ar, pul monary and
cerebrovascul ar conplications, assogiated with 10at herothronbotic
di seases, atherosclerosis, di&bete hyper | i pi dagnXy, hypertension,
chroni c venous di seases, netabolid fdr one associ ated with obesity,
or cancer. The conpounds accordi ng\togihe invention are especially
useful in the treatnent, prevention and secondary prevention of
nyocardi al infarction, angina pectoris, cerebrovascul ar accidents of
any origin (especially atherothronbotic, cardi oenbolic or caused by
atrial Whereinn and Grye asdniined hasinbeforgisns or arteritis of the | ower

oat  ont FEARAE RATRI SEMERRERL A guta g BB ERPREH FBETICC o

di seases such as hypertension, (@gesity, diabetes, heart disease,
cerebrovascul ar di seases and hyperlipidaem a and therefore

at herosclerosis play a part in{he genesis of denentias such as
Al zhei ner' s di sease and vascul arNdenentia (Qu C., De Ronchi D

CO,G

(X) >

wherein n and G are as defined hereinbefore,

5  which is reacted with mesyl chloride, tosyl chloride, triflic anhydride or a halogenating reagent

to yield the compound of formula (XI):
X

O (XD,

wherein n and G are as defined hereinbefore, and X represents a halogen atom or a triflate,

tosylate or mesylate group,

10 the ketone function of which is reduced with the aid of a reducing agent to yield the compound

of formula (XII):



20 and Fratiglioni L., The epidem ol ogy of the denentias: an update,
2007, Current Opinion in Psychiatry, 20: 380-385). The conpounds of
‘the invention wll accordingly also be yseful in the treatnent and/or
prevention of denentias such as Al zhei ef' s di sease and vascul ar
denentia. TAFla reduces the endogenous fibrinolytic potential. As

i nhibitors of TAFla, the conpoytds of the present invention are
therefore useful as adjuncts t@ acute treatnment with injectable 25
fibrinolytic agents such as recqnbi nant tPA (for exanple, alteplasc,
tenectepl ase, reteplase), reconbnnant uPA or streptokinase, which are
used in energency situations (for exan&le, nyocardi al infarction,
cerebrovascul ar accident). -13- ZJhe ﬁbﬁhnds of the present
invention reinforce the activity ofthose injectable librinolytic
agents and therefore result HO~their “hei ng used (MIN fewer
haenor r hagi ¢ and neurotoxic risk gir dose being | owered and,
therefore, their side effects reduced)., The present invention relates
al so to pharnaceutical conpositions conprising a conpound of formula
(1), i nwheninmat amhXwrd &5 defieed hemimbefareier t, non-t oxi c,
pharmaceutically acceptabl e excipients or carriers Anmong the

phar maceuti cal conpositions according to the invention there nay be

Tent | OGO RagSRSAA dothloiag e thuAeasYl table for oral,

parenteral (intravenous, Intranuscul ar or subcutaneous), per- or
trans-cut aneous, nasal, rectal, peHR"sRjual (XIdul ar or respiratory to
adm ni styatiopn, and.especially tablets or dragees, sublingual .
tablet P e5oR el Ry BRI HICL BEFSEE ShfPE; g aeo Tpdigpsor a lincar or
oi nt menggnchdeaTed aB&t Eroubnj €ct abl e or drinkabl e preparati ons,
aerosol s, eye drops and nose drops. In addition to the conmpound of
formula (1), the pharmaceutical conpositions according to the

i nvention. ri e jpients or carriers such as

di | uent@?lﬁqgllg% écozl?rﬁog@&lg?ﬁod{éﬁk Qﬁ?ﬁi sintegrating agents, absorbents,
col ourants, sweeteners. By may}@@ggxgnple of excipients or carriers,
there may be nentioned: as dijuents: |actose, dextrose, sucrose,
mannitol, sorbitol, cellulose,\glycerol, as lubricants: silica,
talc, stearic acid and its magnesi um and cal cium salts, polyethyl ene
gl ycol, 20 as binders: alumnium/silicate, magnesiumsilicate,
starch, gelatin, tragacanth, netByl ceJCUL,0Ose, sodium

car boxynet hyl cel | ul ose and pol yvi mgpy-rrolidone, as disintegrating
agents: agar, alginic acid H@dit? eoiun1salt,(gﬁV§rvescent

m xtures. The percentage of act ngredi ent of formula (1) in the
pharmaceutical conposition is prefergply from5 %to 50 % by wei ght.
25The useful dosage varies according to the age and wei ght of the

pat i entwhdrbia AR s6d Rt 88 af @&tiRd hereinbefore,

which is reacted with mesyl chloride, tosyl chloride, triflic anhydride or a halogenating reagent
10 toyield the compound of formula (XV) :
NRHSRH6

CO,G

X (XV),



the nature and severity of the disorder, and the adm nistration of
any associated treatnments and ranges fromO0.5 ng to 1000 ng per day
in one or nore admnistrations. -14- cording to one aspect of the
present invention, the pharnmaceuti cal éﬁﬁpositions according to the
present invention do not contain any active ingredient other than the
conpounwheeinf vruRs gnd)R" oA oy défngdihsrainteioner anb Baepreodnts hengsylete hasylate or
inventigﬂbttq%u Q?Q a%qggug%] conpositions according 5 to the present
i nvention also onprrse, Pelr des the conmpound of foirmula (1), a
Cbrinolytic agent, nore especially an injectable fibrinolytic agent
such as reconbi nant WA (for exanpl e, alteplaseé} reconbi nant ti PA or
st r ept oidiakieh i3 then pragted y4th a ¢qrapgshed SpmudneVBre in injectable form
It will be possible for the tPA dose to vary in scale between 0 and
100 ng. 10 According to another aspect of the present invention, the
phar maceuti cal conpositions accorMBARGA)R'T h@/IP;, esent invention

conpri se, besides the conpound of foimula (1), an anticoagul ant such
as, for exanple, warfarin, dabigatran etexilate, rivaroxaban. It wll
be SSi Ve s i [

e A S S I S
phar maceuti cal conpositions according 15to the present invention
conpri se, . i des the canpound of fornula (1), an anti-platelet agent
such a§?5@%§%%SﬁﬁﬁWQ¥PdQEg£PFﬁEC@ngidogrel, prasugrel.... It will be
possible for the aspirin dose topyary i n scale between 10 and 1000
my. It will be possible for the ¢l opidbgrel dose to vary in scale

bet ween 10 and 1000 ng. The anples that followillustrate the
present invention. The structures af the conpounds 20 described in

t he Exanpl es were determ ned according to customary
spectrophotonetric techni ques (infrared, Cayd ear nmagneti c resonance,
mass spectronetry). ABBREVI ATI ONS PCT:
()-diisopinocanpheylchlorgbgyg;~ (+ {1 sopi noca yl boron

chlori de) DVAP: di et hyl ami'hopyri di DMF:  di net hyl'tf or mam de DVSO:
di net hyl sul phoxide -15- eq.: nola i val ent

wherein n, R'y, G, R"s and R"¢ are as defined hereinbefore,

the thiol, amino and carboxy functions of which are, where applicable, deprotected to yield the
10 compounds of formula (1a):

NR,R,

CO,R

R1S (Ia),

wherein n, R, R3 R5 and Rg are as defined hereinbefore,



HMPA: hexanet hyl phosphor am de HPLC:. Hi gh-Perfornmance Liquid

Chr omat ogr aphy NVR: Nucl ear Magneti c Resonance 5TAFl a: activated
_thronbin-activatable fibrinolysis inhibjf{or THF:. tetrahydrofuran tPA:
ti ssue plasm nogen activator uPa: urokimase or urokinasc-type

pl asm nogen activator EXAMPLE 1: (1R, '
2S) - 1- (ohish Nespdp e slesiredep cobitip apcadsiféan spleeh tisosgmpaindcofaformula (Ia) with a

10trifl . I 2= . I C b late In a
2o 1 r e PIEAPARAE, P CRREE e AR SRR ANERAIRE s

met hyl 2-oxo- cycl opent anecar boxyl ate (380 nL; 3 not), benzyl al cohol
(342 m,; 3.3 nol; 1.1 %g§%ﬁ nd DMAP (18.3 g; 0,15 nol; 0.05 eq.) are
>

0. > )
di ssol vEatisalyREe cempepn Hnda) qifher pes ebteimgd Ayxasypungtge reduction of the

15stirr u - r.ef r e. re: .
and t he et har AmBLOS) Shink G ot (o ERELALYE f Ay Pscitied Bom Wlhingyre of
m xtaur ediagercorsometsrahdadeasiged aken up in 1500 nL of di chl or onet hane.

The organi c phase is washed with 1IN hydrochloric acid, wth water,
and then with saturated sodiumchloride solution. It is then dri ed,

Filterethaasnpdifds 6V AR @G all1BhiBltbrstdrargYy. obtai ned is purified by
fractional distillation under reduced pressure (128 - 20130C/ 4 x

10-2 nbar) to yield the expected product. Step B:Benzyl |-(4-te

but oxy- 4- oxqbut y1) - 2- ox0- cycl opent.anecar boxyl| ate At. anbi ent . . .
Conper atnoieh et ot B B HE R SY 8% Beeiohb Bb Mo ahbili BUstyn iy w-risk patients
obt ai nedhdin ukhevilbtRPvabapie if kth@;treaudeht TBXE! prevdhtion N$hvatu@P RYEHAYSions, more
acetone is poured, with vigorous stirring, into a suspension of dry

pot assi GFdalboimadievissulgr. Pulmongnp| ands cergbyovaseulay apmplieftioanhysiosiated with

acetone N he k. jon m.xture.is,continued .

for fooneath%ré?mghg&h?ﬁse?éeerst _a%}{l}?cilﬁ%{eacgm r%ﬁﬁg%% 3 r?g)g lgaz%afnaﬁ, Syp lepgion, chronic
nol ;  2vesqu) didésssg nwegbollio sgndromefas@ceitaneith 8bésipi o sanpaured in. The
reactiopn mxture is heated at reflux overnight. After cooling, the

react i o 5omRiUEds acqorqing fQ Hhe invention are especially useful in the treatment, prevention and

secondary prevention of myocardial infarction, angina pectoris, cerebrovascular accidents of any

origin (especially atherothrombotic, cardioembolic or caused by atrial fibrillation), aortic

15 aneurysms or arteritis of the lower limbs, venous thromboses (especially in the catheterised

cancer patient) and pulmonary embolism.

Vascular risk factors and vascular diseases such as hypertension, obesity, diabetes, heart disease,
cerebrovascular diseases and hyperlipidaemia and therefore atherosclerosis play a part in the
genesis of dementias such as Alzheimer's disease and vascular dementia (Qiu C., De Ronchi D.
20 and Fratiglioni L., The epidemiology of the dementias: an update, 2007, Current Opinion in
Psychiatry, 20: 380-385). The compounds of the invention will accordingly also be useful in the

treatment and/or prevention of dementias such as Alzheimer's disease and vascular dementia.

TAFIa reduces the endogenous fibrinolytic potential. As inhibitors of TAFIa, the compounds of
the present invention are therefore useful as adjuncts to acute treatment with injectable
25  fibrinolytic agents such as recombinant tPA (for example, alteplase, tenecteplase, reteplase),
recombinant uPA or streptokinase, which are used in emergency situations (for example,

myocardial infarction, cerebrovascular accident).



_16- and then taken up in 20 nL of dichloronethane. The organi c phase
is washed, dried, filtered and then evaporated. The crude product is.

_purified by flash chromat ography on si Ip:a gel using a m xture of
heptane / ethyl acetate (95/5) as eluant. 5 Step
C 4-(1-[(Benzyl a%écar bonylp2- oxocyclopentyl } butanoic acid 140 niL of

trifl uotbacempeungsif the Pressui Byentian epmioedst the espeitari tleose gnisetablg fibrinolytic

m nut es, . L.nt i - e ined in,th tep .
above (%B%g&(%ﬂ%%wem@%m%n }}%gr {r’w?ﬁﬁ%fu Qéagnﬁ}f/t(}f r %&7\? (}ﬁQ% (lgracgr(ilr(;éf11 ﬂ%rrllg‘sm%%%cp risks
react i ofth¢it dbserteirngdostietraad, thyrefore,ghéir side affbéte Ridut&fyper at ure. Not e:

Add 10% nore trifluoroacetic acid if after stirring overnight, any
starting material 10remai ns and continue stirring for 3 hours. The

reacti ' ' t j X::0

o or dor™d Berain e REHRIA Ab ATERAERR [qhabRutER Robribyiin gfinbound of
dryisng fomdela d).pinponbication wWithe one wdemaicl ineh} abmexkic,Sphiarkeceutipaliyn acceptable
sodi um hydr.ogen car.bonate solution (84 g/ 1 L; 2 eq.). The basic
aqueous® H%i%rgs PS“YHER- washed with ether (3 x 300 nlL) and then
re-acidified wwth 4N 15 hydrochloric acid solution. The acidic

aqueous phase is extracted with ethyl acetate (3 x 300 nt.). The

conmbi nedmongahé ehpimasesticat somastitoys aedoetingnal tee apentere therd meaypbo thentioned

i d_without. purjfication in. t Step. Step.D. B | .
12 (52 i, CE R 1S bt oty 157 e SRy RS i RBRy vipsgmaeatar o
To a sodubti@fedk),t per-ack duhiLathieusSt @RsAP R al 1381iAglil, o ABR ®P! Yespiatory

1 L of anhydrous toluene 20there arc added, dropw se over 5 m nutes, '
at Hnbi admingsgaier adnig especiallgt whleimion arpgies.s sitlingud. BbBtotapsules kagd ) gelatin

L X SV R

i S sti raeeskodt eyedlopxawyessaidgdds. After cooling, the reaction mxture

is evaporated and taken up in | L of ethyl acetate. The ethyl acetate
phase is washed with I N hydrochloric acid solution (3 x 200 ni),

wat er, paldi@hee dmeIBHPdIhd¥ATaaa. ¢A! BRNMHafmSRULHL Udnfdd; i
saturated sodi um chl or ipge sol ut1i ona.1 &TLhe gf;%aniéc p asenﬁ)sgtd‘%?ig?cordmg to the
filteradvarmnt tenprescagor at exbre Thxeipienit er produs tsuclts ap utiiubntediubyicants, binders,
distilling off.the inpurities inly benzyl alcohol) from50 to 70C
ungbr A Tegiinggen TRt bR sl SR Elers.

1- (3-{[ benzyl oxy) car bonyl | ar ni no} propyl ) - 2- hydr oxy- cycl opent anecar box
ylate To a solution of the keto ester fromthe Step above (98 g;

0. 239 Y yvay ef exanple obexapiyid oo garriers, there may be mentioned:

* as diluents: lactose, dextrose, sucrose, mannitol, sorbitol, cellulose, glycerol,

¢

as lubricants: silica, talc, stearic acid and its magnesium and calcium salts, polyethylene
glycol,

20 ¢ as binders: aluminium silicate, magnesium silicate, starch, gelatin, tragacanth,
methylcellulose, sodium carboxymethylcellulose and polyvinylpyrrolidone,

¢ as disintegrating agents: agar, alginic acid and its sodium salt, effervescent mixtures.

The percentage of active ingredient of formula (I) in the pharmaceutical composition is

preferably from 5 % to 50 % by weight.

25  The useful dosage varies according to the age and weight of the patient, the administration route,
the nature and severity of the disorder, and the administration of any associated treatments and

ranges from 0.5 mg to 1000 mg per day in one or more administrations.



met hanol there is added, at -10C, sodi um borohydride (11.4 g; 0.301

mol; 1.25 eq.) in ten portions. The reaction mxture is held at -10C
for one hour and is then allowed to conF back up 5 to, and is

stirred at, anbient tenperature for two hours. After evaporating off

t he met hanol, the reaction mxture is taken up in 1 L of ethyl

acetate. The organic phase is washed with 10 % ammoni um chl ori de

solutio r r d_sodi um,chloride solution...The .

or gani copsolBhEi e o Leero PR A ROl MR B WhinBO i pecorcing v
Benzyl the present invention do not contain any active ingredient other than the compound of
1- (3-ff(benzyl oxy) carbonyl i am nol propyl ) -2-1- Onet hyl sul phonyl ) oxy 1. -
10cyc|O%Eﬁﬂﬁﬁgcarboxylate (racem c trans di astereoisoner) At anbient
tenperature, triethylamne (49.53 nL; 0 357 nol; 1.5 eq.) is added to

a solution of the alcohol obtained in the Step above (98 g; 0.238

nmol ) i nA8&Rdint tohnahdredpa sf thetpredeydinoéntioanthe Pharmeacti¢ab nompaditisre dcsording
cooled to, -30C and then syl chloride (27.61 nmL; 0, 357 I ;.. 1.5 .

eq. )’ di OB lentAnvERHoRAE LRSI PG Sybe camperst ol armila (BotdibEnelyte agent,
dr opw sﬁoreTQQpec?a@ymdﬁti#{)e%ta'b% FekABRHC Rohf Tich K LR lfinar@BA Sfor example,
stirred at, anbient tenperature for two hours. After evaporating off

t he t etal&plade)ofrepoarbingn eiPe ac siremiolinaseu e this chsk éhe upmppsitions @k ietihjectable
acetate. The organic phase is washed, dried, filtered and then
evaporé@@&: The crude product is purified by flash chronat ography on
silica @i 68 pkeiblb$dritHe & AU 18 Vhryah sBAPbaRReh 08hBboaget ate (7/3 to
6/4) as eluant. 20The trans diastereoisoner is the first in the order

of elution. Step CT: Benzyl

2- (pcetyl thi.0)-1- VWenzyl ).carbonvl i.ct m,no}propyl }cycl opent.anecar. ..
poxi at S PRk i e P R LA s LR R RS G FL BB AR 26 ine
t hi oacebahepre¥an ynRygo06aapii R, besides it caipound B @afuga @Ndnsecoagulant such as,
ext enpor aneously. 25A suspension of 40 g of potassiumthioacetate in

350 nl 16F exmmpler Budarte dalyaatean qtexilate, Haaiogabak reflux for 30 minutes

and is il . t - Aty [ : tinme.

e T B ey A o AR BT BUIBOREE s e

above (25 g; 0.051 noll in 800 m of anhydrous acetonitrile there are

added previ qusl hed pot assi um thi oacetate (45 not filtered )
inder SAGHTORE 19 phbryopss oD TG PrengaviBon. Sealanmigiin egmppins sccording
ether (h3hd pise® A9dntlR conhpr@; besi@Rdhd RERPONK he aFiu®N (I a4 éi{tﬁ{j]&?:éet agent

heated at reflux for 20 hours. After cooling, the reaction 5m X
i s fil tsckds,dotexahwls abnignt clppidogreh peasagrst.at ed of f The crude product

or adi ort "0f PRERCATE br AT R SRR Yo Bap it SapEn A Bl Bk, .

this filskll 60bostibl@kdramsclppiopiel HbdeaathBNinabsle beGRELNY a8 1000 fng.ct ed
starting material . The portion containing the expected product

(6.5 9g) is purified by flash chromatography on silica 10gel (200 g)
gls Iugg ¢ ?H%r E‘Qérﬁﬂltes q{latdfo(ﬂmwoﬁﬁlgﬁﬁtg e p/res%}xth levegﬁ(%. abie gt?l%tareg ?f gtﬁé %))mﬁgunds

20 described in the Examples were determined according to customary spectrophotometric

techniques (infrared, nuclear magnetic resonance, mass spectrometry).

ABBREVIATIONS

(+)-DIPCI: (+)-diisopinocampheylchloroborane ((+)-diisopinocamphenyl boron chloride)
DMAP: dimethylaminopyridine

25  DMF: dimethylformamide
DMSO: dimethyl sulphoxide



Step H Benzyl (1R

2S)-2-(acetylthio)-1-(3-{[ (benzyl oxy) car bonyl i am nof pr opyl ) -

~cycl opent anecar boxyl at e The enantioners of the racem c cis conpound
obtained in the Step above are separated by preparative chiral
chromat ography on a colum of CHI RAT, PAK AD-H 5 pmusing a m xture of
15 Co2/0rpleseqvlerds nobil e phase. The detection wavel ength is 230
nm The I(I%Aé%;;arﬁ%%nf hgsn%[)ra%i pannomer 2 is the second in the order
of elution. 'Step PYIPROSY

Benzyl 28p1.¢- (1&:h( Pérhemant oxiyhRComatdgaaphio} pr opyl) - 2- mer capt ocycl open
tane- carboxylate 20 To a solution of the conpound obtained in the
Step abdVR:@gici@r ylagnee Rasomgnge j n 150 nL of anhydrous and degassed

di oxan [ e d Qpw - : ﬂ]%Nw odi um hydr oxi de

sol )ugti %A?%Sgﬂ‘%?eﬂcﬂ%g}fgﬁ %o%ﬁ%’]%gﬁ?&"q%%% m Qoﬁre is heated at 60C
for 30 THRukeshyddfuem cooling, the reaction mxture is neutralised by
adding 35 mi, IN hydrochloric acid and is then |yophilised 25Step J:
(IR 234 e RIRTRHEABBAAY 29! nt er capt ocycl opent anecar boxyl i ¢ aci d
i F1UGERAGRAAS: B08rolln: 0L ATRRLANGIA S£B0deNSed Tn @ 2-1itre reactor
and, at -78C, sodium (10 g;"°0.435 nol; 25 eq.) is added in ten
portions. The reaction mxture is held at -78C for 45 m nutes. There

is the r opwi ~qver 30 mnutes, a solution of the conpoun
oot i nBRAEHE RPN 3y T8, A oD B mEr Sy Bg Rk U 4
t et jpahydr of ur an/ metdigoaéeddf®@ M/ 12 nl). Stirring i s maintained at
-78C for 1 hour, and the mxture is allowed to cone back up to, and
is stirred at, anbient tenperature. After renoving the ammonia, a
sol uti oy, of amgonium chl ori dl%mgvzgc:‘)"rgogzlitn 110 nL of water) is added to
the redetion m xture over 86" At es” the tetrahydrofuran is

evaporated off and then acidification with 6M hydrochloric acid

sol uti 1 e jed.out.~Fildration and then |yophilisatio

are ca(r)[r%1 i édé'olﬂ%? ﬂf‘%lé @ﬁ%ddemg} oadu% ani'gsta]r e?BP%r%tH > b?/n%raeﬁérrng e lﬂﬁfﬁl&[] ozﬁoxo"
a col ungychipeltasmatioxylasd (380 anlgragbBNbengdl alcohol (342 mL; 3.3 mol; 1.1 eq.) and DMAP
wat er/acetonitrile/trifluoroacetic acid as nobile phase (100/0/0.1

for 10 GPdAu dsld> mré-Qenoree dissedvehimsbi®, ml gf ewchgerangui be reapien giigyre is
y fssogsgﬁrspgfgﬂggr@wgﬁ éh&%&@é&ar@e oL B ENGixdk1BCHH _San%%hﬁiagh% gg%ed is

expect so the corresponding di ner (disulp
ar e | yap#tilledseddl. After eodmiguthicoreactiont éxtatzorseconyaptatdd sat tkéd ud ig)1508 mL of

100 nL of ,acetic acid there are added 4.5 inc (10 eq.)  and

then, hEHOORiGREGs s Prearitarns VEged PRI Ry GPeTpge Ret: bindiigpend then
until ten itiBiedBiutH SAPRGAIRGIdraRAY thef deRY Bleredrlthe £ ORlPoRFed. t he
reaction mxture is filtered, the filtrate 15is diluted with 400 nL

of wat erheapid therebhehtainedpisi purdsd. by fractional distillation under reduced pressure (128 —

20 130°C /4 x 107 mbar) to yield the expected product.

Step B:  Benzyl 1-(4-tert-butoxy-4-oxobutyl)-2-oxo-cyclopentanecarboxylate

At ambient temperature, a solution of benzyl 2-oxo-cyclopentanecarboxylate obtained in the
Step above (1 g; 5.43 mmol) in 5 mL of anhydrous acetone is poured, with vigorous stirring, into
a suspension of dry potassium carbonate (3 g; 21.7 mmol; 4 eq.) in 10 mL of anhydrous acetone.
25  Vigorous stirring of the reaction mixture is continued for one hour and then fert-butyl 4-
bromobutanoate (2.04 g; 9.16 mmol; 2 eq.) dissolved in 2 mL of acetone is rapidly poured in.

The reaction mixture is heated at reflux overnight. After cooling, the reaction mixture is filtered



The crude product is purified by preparative HPLC on a col um of

Kromasil (1 kg - 600mx60Omm -70 m/mn) using a m xture of

wat er/acetonitrile/trifluoroacetic acid é)85/ 15/ 0. 1) as nobil e phase.

The fractions containing the expected [5} yduct are | yophilised.

200ptical rotation: solvent: nethanol, C=1, T=21C, L=589 mm, [a] D =

- (32. 46andihep aenEPIR AL pluaf dichiormathane. 2ba ongapie rhesoisdeasbed. Wiried, filkesed and

expecte . EXAMPLE 2: (1 R

2S) - 2- A@gﬁ%ﬁiﬁoﬁ%&% (3-am nopropyl) - cycl opent anecar boxylic acid

hydr ochl'b¢ tee peoducsBlputified befflash ehoatpauanshyain Sli€pgdt using xaikphe of heptane /

(2.40 g; 4 72 nnnl?s) in 20 nL of 25 anhydrous dichl oronethane there

i s addetthg¥EHSES Aes §Bent tenperature, 4M HO di oxane sol ution

(35.5 nmL; 141.6 =toles; 30 eq.). The reaction mxture is |left at

anbi ent _tenperature, with stirring, until the two functjions have been

deprot e@w‘ﬁégf(ch‘ééké@eﬁiﬂ@@)%bany OB ERPE P e R Acéver ni ght ) and

the solvents are then evaporated off The product obtained is purified

on -20- a colum of BIOGEL P2 using a m xture of ) )

wat er / abt 6Hi ©of itrEpaassiigr it iast ipewsd; at proBol 1R e 9 VDB minutes, into a
hase. : | ONS,. t ad.ni : : d ane: vy i:lLigsed

P £ er‘re%a[’lgtll&{meﬁ Elg%a%?l @g?lsé’éi% @%afn@c? &?iﬂpeeg{e?) aH%"vQC{EGG g5 0&4'5 r?lBB 15 FRYmL of

anhydrous dichloromethane. The reaction mixture is stirred overnight at ambient temperature.

Note: Add 10 % more trifluoroacetic acid if, after stirring overnight, any starting material

10 remains, and continue stirring for 3 hours.

The reaction mixture is evaporated and taken up in toluene (3 x 500 ml) in order to remove the
maximum amount of trifluoroacetic acid. After drying under a pump vacuum, the crude oil
obtained is taken up in sodium hydrogen carbonate solution (84 g / 1 L; 2 eq.). The basic
aqueous phase is then washed with ether (3 x 300 mL) and then re-acidified with 4N
15 hydrochloric acid solution. The acidic aqueous phase is extracted with ethyl acetate (3 x
300 mL). The combined organic phases are washed, dried and evaporated. The product is used

without purification in the next Step.

Step D:  Benzyl 1-(3-{[benzyloxy)carbonyl Jamino}propyl)-2-oxo-cyclopentanecarboxylate

To a solution of the acid from the Step above (123.7 g; 0.406 mol) in 1 L of anhydrous toluene
20  there are added, dropwise over 5 minutes, at ambient temperature, tricthylamine (84.5 mL;

0.610 mol; 1.5 eq.), benzyl alcohol (75.6 mL; 0.731 mol; 1.8 eq.), and then diphenyl phosphoryl

azide (96.3 mL; 0.447 mol; 1.1 eq.). The reaction mixture is stirred at reflux overnight.

After cooling, the reaction mixture is evaporated and taken up in 1 L of ethyl acetate. The ethyl

acetate phase is washed with IN hydrochloric acid solution (3 x 200 mL), water, saturated
25  sodium hydrogen carbonate solution and then saturated sodium chloride solution. The organic

phase is dried, filtered and then evaporated.

The crude product is purified by distilling off the impurities (mainly benzyl alcohol) from 50 to

70°C under 4 x 10 mbar.



‘Calculated % 7.15 4.97 11.38 12.58 Found % 46.82 7.2 5.23 10. 828

13. 13

EXAMPLE 3: (1R,

_28)-1-(3-Aninopropyl)-2-nercaptocyc|opeﬁ}anecarboxylic aci d

hydrochl oride 5 A solution of the conpo

nmol es)

ound of Exanple 2 (4.51 g; 16
in 148 nL of 4M HCl1 solution is heated overnight at 45C.

After cooling, the reaction mxture is diluted wwth 150 nL of water

and is SReE:|ysemyl i beh. &8Bo 63 /pk SpyDUT-hdire 18¥ @R 84 DY lat
HPLC on a colunﬁﬂ%f ﬁfgéégéfo 1 kg}?@%ggné56 4 -7% n?bﬁ¥g?;u5|ng a.ﬁyae

m xture of water/acetonitrile (95/5) as nobile phase. toThe fractions
cont ai ni.ng the expectiq product are |yophilised. Elene

m cr oanaf y?sﬁo t10n of the

10

15

20

25

eto ester from the Step above (98 g; 0.239 mol) 1n 600 mL of anhydrous
methanol there is added, at —10°C, sodium borohydride (11.4 g; 0.301 mol; 1.25eq.) in ten
portions. The reaction mixture is held at —10°C for one hour and is then allowed to come back up
to, and is stirred at, ambient temperature for two hours. After evaporating off the methanol, the
reaction mixture is taken up in 1 L of ethyl acetate. The organic phase is washed with 10 %
ammonium chloride solution, water and then saturated sodium chloride solution. The organic

phase is dried, filtered and then evaporated.

Step I': Benzyl 1-(3-{[(benzyloxy)carbonylJamino}propyl)-2- [ (methylsulphonyl)oxy -

cyclopentanecarboxylate (racemic trans diastereoisomer)

At ambient temperature, triethylamine (49.53 mL; 0.357 mol; 1.5 eq.) is added to a solution of
the alcohol obtained in the Step above (98 g; 0.238 mol) in 950 mL of anhydrous
tetrahydrofuran. The reaction mixture is cooled to ~30°C and then mesyl chloride (27.61 mL;
0.357 mol; 1.5 eq.) dissolved in 120 mL of anhydrous tetrahydrofuran is poured in dropwise. The
mixture is allowed to come back up to, and is stirred at, ambient temperature for two hours. After
evaporating off the tetrahydrofuran, the reaction mixture is taken up in 1 L of ethyl acetate. The
organic phase is washed, dried, filtered and then evaporated.

The crude product is purified by flash chromatography on silica gel (5 kg) using a gradient of
heptane / ethyl acetate (7/3 to 6/4) as eluant.

The trans diastereoisomer is the first in the order of elution.

Step G:  Benzyl 2-(acetylthio)-1-(3-{[(benzyloxy)carbonylJamino}propyl)cyclopentane-

carboxylate (racemic cis diastereoisomer)

Preparation of potassium thioacetate: Very hygroscopic - Do not dry - Prepare and use

extemporaneously.

A suspension of 40 g of potassium thioacetate in 350 mL of anhydrous acetonitrile is heated at

reflux for 30 minutes and is filtered, and the operation is then repeated a second time.



Cl - Calculated %45.09 7.57 5.84 13.37 14.79 Found % 44.57 7.68 5.74
12.88 16.69 CAD/ M5/ M5 spectrum of [NH—l] = 204.1 in accordance with

.the expected structure. EXAMPLE 3a: th
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10. 32 rous reaction maadire ftered
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pr eci pi tate of ﬁyl’l diniumchloride is filtered off and rinsed wth

t ol uenel erhangddheiethe Tpaciier MIKtui shsated; apeiiny foy d0dionrorifter sepling, the reaction
sol Wt ' Ollﬁngtére)ﬁs ﬁRQrema)ld thje%o%’eﬁpg R evagc]rated off.

The crude product is purified by flash chromatography on silica gel (2 kg) using a gradient of

heptane / ethyl acetate (8/2 to 5/5) as eluant.

Note: this first column allows pre-purification and recovery of unreacted starting material.

The portion containing the expected product (6.5 g) is purified by flash chromatography on silica
10 gel (200 g) using a gradient of dichloromethane / ethyl acetate (99/1 to 95/5) as eluant.

Step H:  Benzyl (IR, 25)-2-(acetylthio)-1-(3-{[ (benzyloxy)carbonyl]amino}propyl)-

cyclopentanecarboxylate

The enantiomers of the racemic cis compound obtained in the Step above are separated by

preparative chiral chromatography on a column of CHIRALPAK AD-H 5 pum using a mixture of
15 CO,/EtOH (80/20) as mobile phase.

The detection wavelength is 230 nm.

The (1R, 2S) enantiomer = enantiomer 2 is the second in the order of elution.

Step I:  Benzyl (IR, 2S)-1-(3-{[(benzyloxy)carbonyl]amino}propyl)-2-mercaptocyclopentane-

carboxylate

20  To a solution of the compound obtained in the Step above (8.16 g; 0.0174 mol) in 150 mL of
anhydrous and degassed dioxane there is added dropwise, at 10°C, a IN sodium hydroxide
solution (35 mL; 0.0348 mol; 2 eq.). The mixture is heated at 60°C for 30 minutes. After
cooling, the reaction mixture is neutralised by adding 35 mlL. 1N hydrochloric acid and is then

lyophilised.
25 StepJ: (IR, 25)-1-(3-Aminopropyl)-2-mercaptocyclopentanecarboxylic acid trifluoroacetate

600 mL of ammonia are condensed in a 2-litre reactor and, at —78°C, sodium (10 g; 0.435 mol;
25 eq.) is added in ten portions. The reaction mixture is held at —78°C for 45 minutes. There is

then added dropwise, over 30 minutes, a solution of the compound obtained in the Step above in



carbonate solution (1 x 500 m.water (1 x 500 nlL) and then with

saturated sodium chloride solution (1 x 500 nmL) The organic phase is
dried over sodium sul phate, filtered ang,then evaporated. The

crude oil obtained is purified by fract dnal distillation under

reduced pressure (100C/ 2 x 50- 2nn££ﬁ B: tert-Butyl
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devel op towards a suspension. 150nce the addition is conplete, the
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reaction mxture i s hydrol ysé C, using 10 % acetic acid
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sul phate, filtered and then evaporated. The orange oil is purified by
fractloh@@gﬂﬁgﬂﬂpﬂabﬁ@ﬂ under reduced pressure (65-70C/ 1 x 1(1'

( | S) 5.3 P %%fﬁx(tlgheorfttﬁg%&()e 1§%thhsat 4.3 % inbl 00 1inL of age t1c %1 there ate added 4.5 g of
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2- 0X0- Cﬁé%ﬁ%’\%ﬁ?@@@ﬁﬂ%zﬁé&nﬁﬁs él%ngyop%%w%é mol es) and catal yst Q

(1.46 g; 2. les - of anhydrous di chl or onet hane

The crude product is purified by preparative HPLC on a column of Kromasil (1kg -
600mmx60mm — 70 ml/min) using a mixture of water/acetonitrile/trifluoroacetic acid (85/15/0.1)
as mobile phase.

The fractions containing the expected product are lyophilised.

20  Optical rotation: solvent: methanol, C=1, T=21°C, L=589 nm, [a]p = +32.46°.
CAD/MS/MS spectrum of [M+H]" = 204.1 in accordance with the expected structure.

EXAMPLE 2: (1R, 25)-2-Acetylthio-1-(3-aminopropyl)-cyclopentanecarboxylic acid
hydrochloride

To a solution of the compound of Step H of Example 1 (2.40 g; 4.72 mmoles) in 20 mL of
25  anhydrous dichloromethane there is added dropwise, at ambient temperature, 4M HCl/dioxane
solution (35.5 mL; 141.6 mmoles; 30 eq.). The reaction mixture is left at ambient temperature,
with stirring, until the two functions have been deprotected (checked by LC/MS — approximate

duration: overnight) and the solvents are then evaporated off. The product obtained is purified on
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solution of zert-butanol (3.27 L; 34.4 moles — 10 eq.) and pyridine (800 mL; 10.32 moles — 3 eq.)

Step

in 3 L of anhydrous toluene. The reaction mixture is heated at 70°C, with stirring, overnight.

After cooling, the precipitate of pyridinium chloride is filtered off and rinsed with toluene. The

toluene phase is washed with IN hydrochloric acid solution (4 x 500 mL), 10 % sodium



of anhydrous DVF there are added, at anbient tenperature,

di-tert-butyl imnodiearboxylate (7.83 g; 36.06 mmolcs; 1 eq.) and

then caesium carbonate (11.75 g; 36.06u£m)I es; 1 eq.). The reaction
‘mxture is stirred at anbi ent tenperat s for 3 hours. The reaction
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sol uti f t.al ! d ( . 176

ol sy T bR AE ORI B ROy e B R (8 Tl o

anbi entAfternqmﬂlagutﬂle reafbbibm@ilkdir@isameir@gi;aat ho0°(, 1B8gM0;, %0acsBc auklasluuaﬁ (1 L).
eq.). e reactign mxture |s?fl& anblent t enper at ur e,

stirri n  (RaTE S (PR o manc B oun RBEot at@&te@cw&h @&%GOO ml).

LT/ VB -TiRPBEaKineR e hiRBarONRKR O /8dr (he 300 VRl gta%d%@n L@ saturated
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i n t he sedim shlepide solpdon (300 ml).

20  The organic phase is dried over sodium sulphate, filtered and then evaporated.
The orange oil is purified by fractional distillation under reduced pressure (65-70°C /

1 x 10" mmHg).

Step C: tert-Butyl (1S)-2-oxo-1-(3-oxopropyl)cyclopentanecarboxylate

A solution of acrolein (4.19 g; 74.83 mmoles - 2.5 eq.) in 10 mL of anhydrous dichloromethane

25  is poured, over 30 minutes, at -25°C, under argon and with slow stirring, into a solution of tert-
butyl 2-oxo-cyclopentanecarboxylate (5.51 g; 29.93 mmoles) and catalyst Q (1.46 g;
2.99 mmoles — 0.1 eq.) in 60 mL of anhydrous dichloromethane



Denrotection of the alio!: The evaporation product is taken up in 200
m. of 4M aqueous HCl sol ution previously degassed with argon and is
.then heated at 45C overnight. After cog%%ng, the reaction mxture is
diluted with 100 nL of degassed water & is then lyophilised. 5 Step
(JR 2S)-1-(3- A ni nopropyO- 2- ner cai nl ocycl opent anecar boxylic acid The
conpound of the Step above (10 g, 41.5 mepd is dissolved in 80 ni.
of water and stirred. The solution is a clAaw pale yellow (pH about
1.2). Wiilst stirring, about m_ of satufSted sodi um bi carbonat e
solution are added. From pH{

yved a first precipitate
which is filtered off The fi rendered nore basic, up to
pH = 5.5, filtering off the pr¥

tat g Qas qand when they are
formed. The filtrate is evapor

(Tbat h=55C). When about 10 ni 2
carried out again. The precipk es of “equivalent quality are
collected and dried in vacuo to~yield the title product. NWMR

spectroscopy: (1H NVR, D20, 600 MHz) 6 = 3.08 ppm (111, dd);
2.91 (2H, t); 2.18 (H, n) ca@lysd© -Gyithes destribk@id5(1H, m); 1.69-1.56
(4H, m; 1.52 (111, m; 1.46gd Thempipt EQ. 280, (4H05-108) . EXAMPLE 3h:

(1R, 2S)-1-(3-Atninopropyl)-2-mercaptocycl opentanecarboxylic acid
phosphat e The conpound of Exanple 3a is reacted with phosphoric acid

85 % i nAVReRIndITdhd haNtibY, AR tdab§&H R LuNVR sBReE 6 0ReP B¥urs at dt MMBberature and
D20, 600 MHz) 6 = 3.09 ppm OH, 0; 2.93 (21-1, 0; 2.18 (2H, m; 1.82
(1H, mthenovanightat-¢f¢; 1.72-1.50 (5H, m); 1.41 (1H dt). -26-

EXAMPLE3¢; R . .

28)-1-('55}?‘e %P%%ﬁ?gﬁﬁﬁyqﬁéH%?@gﬁfggygkghgﬁtanecarboxylic acid besylate

The conpound of Exanple 3a is reacted with benzenesul phonic acid in
water and is then |yophilised. NMR spectroscopy: NVR, DVSO- D6,

600 SVHeD=tero Brgl ﬂpsgn1(@F@ydéwpropyéﬂ-ewyglppwyf:wwfwyl@m- I, m;

7.32 (2H, m; 7.29 (1H, m; 3.02 (1H, t1): 2.76 (2H, mM; 2.33 (1H,

sl); 2.13 (2H, m; 1.84-1.65 (311. m; 1.61 (1H, m; 1.52 (3H m;

1. 32 (1K) anplution of EXARGPL Estdr aldblB;de from the Step above (6.5 g; 26.9 mmoles) in 80 mL of

210- 1- ( 3- A nopr o - 2- mer.capt ocycl opent anecar bgxyl.i ¢ aci
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pr OI%yI )l%_n%t Oo%%za&g_and washed with saturated sodium bicarbonate solution (2 x 20 mL). The
basic aqueous phase is extracted with CH,Cl,. The combined organic phases are washed with
saturated sodium chloride solution, dried over sodium sulphate and then evaporated. The crude

product is purified by flash chromatography on silica gel using a mixture of CH,Cly/isopropanol

(95/5) as eluant.
15 Step E: tert-Butyl (1S)-1-(3-bromopropyl)-2-oxocyclopentanecarboxylate

To a solution of the alcohol from the Step above (5.4 g; 22.12 mmoles) and triphenylphosphine
(6.7 g; 25.44 mmoles — 1.15 eq.) in 35 mL of anhydrous dichloromethane there is added N-
bromosuccinimide (4.53 g; 25.44 mmoles — 1.15 eq.) in portions, whilst holding the temperature
at 5°C. After stirring for 1 hour at ambient temperature, the reaction mixture is evaporated. The
20  residue is taken up in 100 mL of isopropyl ether and triturated to obtain crystallisation of

triphenylphosphine oxide. The solid is filtered off and rinsed. The filtrate is concentrated, then



"carbo xy 1 ate. 15 CAD/ M5/ M5 spectrum of [MrH = 204.1 in accordance
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Step F: tert-Butyl (1S, 2R)- 1-(3-bromopropyl)-2-hydroxycyclopentanecarboxylate

5 At ambient temperature, with stirring, a commercially available 1.8M solution of (+)DIPCI in
hexane (320 mL; 0.577 mole — 1.5 eq.) is poured onto the keto ester (117.5 g; 0.385 mole)
~obtained in the course of the Step above. The reaction mixture is stirred at 55°C overnight at
ambient temperature. |
To the reaction mixture there are added 950 mL of ethyl ether and then, with stirring, at 0°C,
10 acetaldehyde (35.9 mL; 0.635 mole — 9.65 eq.). The reaction mixture is stirred at ambient
temperature for 4 hours. After cooling the reaction mixture to 10°C, 6N sodium hydroxide
solution (480 mL; 2.88 moles — 7.5 eq.) is added. The reaction mixture is stirred at ambient
temperature for 1 hour. The organic phase is separated off, washed with water (3 x 300 ml),
10 % citric acid solution (2 x 300 mL) and then saturated sodium chloride solution (3 x 150 mL).
15  The organic phase is dried over sodium sulphate and then evaporated. The crude product is
purified by flash chromatography on silica gel using a gradient of heptane / ethyl acetate (95/5 to
85/15) as eluant.

Step G:  tert-Butyl (1S,2R)-1-{3-[bis(tert-butoxycarbonyl)amino [propyl}-hydroxycyclopentane-

carboxylate

20 To a solution of the brominated alcohol from the Step above (11.8 g; 36.06 mmoles) in 110 mL
of anhydrous DMF there are added, at ambient temperature, di-tert-butyl iminodicarboxylate
(7.83 g; 36.06 mmoles; 1 eq.) and then caesium carbonate (11.75 g; 36.06 mmoles; 1 eq.). The
reaction mixture is stirred at ambient temperature for 3 hours.

The reaction mixture is filtered. After concentrating the filtrate, the oily residue is taken up in

25 300 mL of ethyl acetate. The ethyl acetate phase is washed with water (3 x 100 mL) and then
with saturated sodium chloride solution (100 mL). The organic phase is dried over sodium
sulphate, filtered and evaporated.

The crude product is purified by flash chromatography on silica gel using a gradient of heptane /
ethyl acetate (9/1 to 85/15) as eluant.



12.78 -27- EXAMPLE 6:

1- (3- Am nopropyl) - 2- ner capt ocycl opent anecar boxylic acid
trifluoroacetate (racemc cis diastereggﬁoner) The expected product

is obtained in accordance with the procedure described in Steps T and

J of Exanple 1, starting fromthe conmpound obtained in Step G of

Exanple 1. 5 CAD/ M5/ M5 spectrumof [MAI] = 204.1 in accordance with

the expsep el wdri-BabuyEs, 2IBXANRYEs {ért-butoxycarbonyl)amino]propyl}-2-[ (methylsulphonyl)-
1- (4- Am nobut y1) - 2- mer capt ocycl opent anecar boxyl i c acig

trifl uor oacet &0y arespanecaribandaidi ast er eoi soncr) Step A: Benzyl

1(4- bronobutyl) - 2- oxo- cycl opent anecar boxylate In a 500 nL

t hree-necked flask provided with magnetic stirring and a condenser,
under afiriéthelamid(hi t mbgen.5atmms et .6 eq9dslaudedyydimbenOfenfffetafurd, ©;a solution
87.1 matol ; IS suspen in a mxture of anhydrous THE (115

1.2 ed
) andofitisa e(lq_(iyogqﬁq)g)m Hes SYSR HV%f(SH@r&yllg-i- mmoles) in 130 ml of anhydrous
0oX0 - . . qa . N ) i . . .
on oy, CLORIBONFERTADILAE WA Rocl ) I S on sy, e
45C. Theesygachloode ni2&UrmLj 2%15 rmedldspr1.1 ehoudissdlvahtinent mL of anhydrous
tenperature.. 1, 4-Di hr onobut ane 2. nb; 105 4 mol; 1.5 eq.) i )
added t SRSy YRS 18 oaf(lllﬂ"fegnt.o e pagk PBnfomiaR u‘rses‘%@eds at, ambient

stirredeageiure fof twd HAW Afidtevafblatife offf IR! eGP RIUPAC khd ReaBIBH Skture is
tenperature, 80 nmL of saturated aqueous anmoni um'chl oride solution

are addielen Théen A& mr ef ¢thylpangtaged Tihetathyd @0etate mfaseisheashadovithheater (Paxi2® mL)

phase i s shed..five tines. with 100 .of water then with 100 ,nl

b 05 P BT St Ty P P e Taufl S0 il Rt phasgd afisd over
dried odiunMe@pHateffilkdred adi @dbslcepoefal.r at ed. 20The product is

purified on silica gel using a m xture of cycl ohexane/ethyl acetate

( gr adi ehite gsfgprodugt igeprtiyd By flashuelematwgyaphl @nisHicacgsepusingd gadirnt of heptane /
the for f i : Benzyl '
1-(4-br%}l 66??%9§5ﬁ§3§§§9?§§e ggentaneearboxylace -28- Step C: Benzyl
1- (4- azi dobutyl) - 2- hydr oxy- cycl opent aneear boxyl ate In a flask, under

an inerf nitrogen a sphere, the conmpound aobtained in the Step above
(4. 41 gife-@cz efeﬁfrﬁbﬁw; ?’9%557%%05’%1‘5@5({%{ gtSé?ﬂé?A!?@y?ﬁféw?y@n@a%vrw&-
sodjsum i odi de 0y 2nfeliBonspended in 60 mL of ethanol. The reaction

m xture is stirred at reflux for 24 hours and is then concentrated 5
to dryness. The oily residue is dissolved in 150 m, of ether and 80

nL of water. Th i c,ph i s. h i th 80 f 40 .
T of SCAuPRPR ARy SoBun RinETde hedothogRt Shales b Sthed in
i's dri egconenceMiBPhe frbdddarest aesicGaIsaniplat ed.

Step J: (1R, 25)-1-(3-Aminopropyl)-2-mercaptocyclopentanecarboxylic acid hydrochloride

Deprotection of the acid and amine functions.

20 To a solution of the compound obtained in the Step above (8.80 g; 17.6 mmoles) in 100 mL of
anhydrous CH,Cl, there is added dropwise, at ambient temperature, 4M HCl/dioxane solution
(132 mL; 0.53 moles; 30 eq.). The reaction mixture is left at ambient temperature, with stirring,
until the two functions have been deprotected (checked by LC/MS — approximate duration:
overnight) and the solvents are then evaporated off. The product obtained is used without

25  purification in the next step.



The (Rac)-trans and (Rae)-cis azide m xture formed is used as such in

t he next reaction. Step D. Benzyl

1- (" - am nobut y0- 2- hydr oxy- cyclopentanecg boxylate 10ln a flask, the
(Rae)-trans and (Rac)-cis azide mxture %20 64 g; 62.3 mmol) and

tri phenyl phosphine (24.4 g; 93 nrnol; 1.5 eq.) are dissolved in 500

i nL of %ﬁﬂﬂmiﬁé_géﬁﬁﬂh@h is stirred for 1 hour at 50C. Water (10 ni:

556 mmol; 9 eq.) is added. The reaction mxture is stirred for 4

hours at 50C and is then concentrated to dryness. The oily residue is

di ssol v&he evapabfiioniprafuceisheaitenandint206 ol ganMcaqueaseHTS s@ufisragicedubividegassed

W th 1201£E§0f 1N a&ﬂ gs 15 h drochloric acid solution. The aqueous
phase | ¥ithasgayang s cated gt %@n@Yemrzhb Adfgrspoling theyeastien pHasEe jssdiluted

brought t.9 138 1B o PYe ydroxi de. The aqueous
phase i S extract ed éﬁtlﬁggnﬁﬁ&ﬁq @%ﬁﬁiﬁhpﬂkghyl acetate. The conbi ned
organi ¢ phases are washed with 100 m, of water and then with 100
mi_,s of sgpkurar ey mmm REVCRB R IRV LR boIIR RIMani ¢ phase
is drie ove{ Ng fl|té?ggwg%h coﬁ%eﬁ??%?ed ZOT%e expect ed
product, obtai ned in the formof a cis/trans m xture, is used as such

in the E; y oo . .
a1 DR s TR RS T B P oo nslaseled R PG e EaisaPEbTeC
ate | n ahd kalgkon ihe chaoguletyctibvaiphehbbtt 1 hg Whap ﬁbﬁﬂ% {tRdt 31 MO oY shisrated
di ssolved. in_ 160 mL of dj oxane. An_aqueous sol ution of sodium

car bonat®iym Bicpghagatersphitionsyre addedqFiom RHT@Othete 19pbswayasta figst prsiniigieewhich is
At 0C, Lo (
nmol : 1Fl :EE%@%H{?@?% ﬁ}%ﬁ%{bﬁ tlh? i gf(%ggﬁ d k?(eégﬁr e‘é}g){ n m§>5<’t %lr%eermlg Oéfhlefprre%p tates
at snbi anandt wh@eﬂmy ure fcﬁrmredlzhh Gilirate andvapsratdteondrarréduced pasent r(@bat=55°C).
The aqugﬁg g i% 4@ gxtracted twce with 250 nL of ether. The
combi ne td OgpLi of solytien yamaied1ltrgfiqeig carried gt a&imnd concent r at ed.

- 29- Th?he%r@@i%ﬁﬁteé 8f &}h’i\'/aflérﬁ ‘E!]u%'ﬁgse&é écﬁﬁcﬁ@lan& RREA 9 SIm &5 gl%[d the %ﬂ@ #oduct

acetate : gradient of 9/1 to yield the expected product

the formof a yellow oil. Step F: Benzyl

1-(4 (fg carbonyllanlno}butyl) 2-[ (' et hyl sul phonyBoxy-
cyclopeﬁﬁgﬁé%§§§%8§¥iate (racenmic cis diastereoisonmer) 5The expected

pr oduct ('HN Wit @,0ed00 MIaH@0: dABGRmIH) dihe . Pr @ceeupe SCt¢HCfﬂ)bEQil '(IH rn) 1.79
Ste& F of Example 1 startlggﬁfron1the conpound obt ai ned i n the
e.

abo @ﬁbn@»§68ﬂa§i@$bémgé IHSH@hb45(H§Un)rii?HéHbHﬂer of eIutlon
Step G Benzyl 2-(acetylthio)-1-(4-{Ibenzyl ox- y)cczrbonyllanlno}butyo-

cycl opeﬁkgﬁfﬁt%xy&%t ?S)( i %%mﬁmtp?(%]y )- glrggllcg{) ocyc opent)anecarboxyhc acid
phosphate

The compound of Example 3a is reacted with phosphoric acid 85 % in water and then

lyophilised.

20  NMR spectroscopy:
(’H NMR, D,0, 600 MHz) & = 3.09 ppm (1H, t); 2.93 (2H, t); 2.18 (2H, m); 1.82 (1H, m); 1.79
(1H, dt); 1.72-1.50 (5H, m); 1.41 (1H, dt).




10 The expected product is obtained in accordance with the procedure
described in Step G or Exanple 1, starting fromthe cis conpound
obtained in the Step above. Step

H. - 1- (4- Am nobzi t yO- 2- ner capt ocycl opent'%\?fecar boxylic acid
trifluoroacetate (racem c trans di astereoi soner) The expected
product E id i(hRadDok-thAsuneprapyDE mereapideycdoprasanecmdpxylic acid
Steps | and S of 1551)%?&% 1, starting fromthe conpound obtained in
the Step above. El enen At cr oanal ysis CHN S Calculated % 43.5
6.08 4.23 9.68 Found % 43.9 6.24 4.22 9.59

The compound of Example 3a is reacted with benzenesulphonic acid in water and is then

lyophilised.

5 NMR spectroscopy:
(‘"H NMR, DMSO0-D6, 600 MHz) & = 12.38 ppm (1H, sl); 7.64 (3H, sl); 7.59 (2H, m); 7.32 (2H,
m); 7.29 (1H, m); 3.02 (1H, tl); 2.76 (2H, m); 2.33 (1H, sl); 2.13 (2H, m); 1.84-1.65 (3H, m);
1.61 (1H, m); 1.52 (3H, m); 1.32 (1H, m).

EXAMPLE 4: (1S, 2R)-1-(3-Aminopropyl)-2-mercaptocyclopentanecarboxylic acid

10 trifluoroacetate

The expected product is obtained in accordance with the procedure described in Steps I and J of
Example 1, starting from the other enantiomer obtained in Step H of Example 1, that is to say
benzyl (1S, 2R)-2-(acetylthio)-1-(3-{[(benzyloxy)carbonyl]amino} propyl)cyclopentane-

carboxylate.

15 CAD/MS/MS spectrum of [M-+H]" = 204.1 in accordance with the expected structure

EXAMPLE S: (1S, 2R)-2-Acetylthio-1-(3-aminopropyl)-cyclopentanecarboxylic acid

hydrochloride

The expected product is obtained in accordance with the procedure described for Example 2,
starting from the other enantiomer obtained in Step H of Example 1, that is to say benzyl (18,

20 2R)-2-(acetylthio)-1-(3-{[(benzyloxy)carbonyl]Jamino} propyl)cyclopentanecarboxylate.

Elemental microanalysis C H N S Cl-
Calculated % 46.88 7.15 4.97 11.38 12.58
Found % 46.90 7.25 5.02 11.09 12.78




EXAMPLE 8: 1-(4-Am nobutyl)-2-mercaptocycl opent anecarboxylic acid
trifluoroacetate (racemc cis diastercoisoner) Step A Benzyl

“1-(4-{[ benzyl oxy) car bonyl | am no) but y0- 21( net hyl sul phonyOoxy-

20cycl opent anecar boxyl ate (racem c trans' di astereoi soner) -30- Step

B: 1- (1- Ami nobut y1) - 2- mer capt ocycl opent anecar boxylic acid o

trifl uoE.éfAMRhﬁ« 1 deminapirapyl)-3snercaptospetepyntThecarkpadicenid trifumvacetate
I s obtained in accordance .W,th the procedure described in Steps G |

and J of Exanple 1,&35c o ‘flﬁglaﬁ%?ﬂlfcﬁ'éeréonpound obtained in the Step
above. Elenental mcroanalysis CHN S Calculated %43.5 6.08 4. 23

9. 68 Found % 43. 56 6. 26 L . o
he expected product is obtained in accordance with the procedure described in Steps I and J of

Example 1, starting from the compound obtained in Step G of Example 1.
5 CAD/MS/MS spectrum of [M+H]" = 204.1 in accordance with the expected structure.

EXAMPLE 7: 1—(4-Amin0butyl)—2-mercaptocyclopentanecarboxylic acid trifluoroacetate

(racemic trans diastereoisomer)
Step A: Benzyl 1-(4-bromobutyl)-2-oxo-cyclopentanecarboxylate

In a 500 mL three-necked flask provided with magnetic stirring and a condenser, under an inert
10 nitrogen atmosphere, sodium hydride 95 % (2.2 g; 87.1 mmol; 1.25 eq.) is suspended in a
mixture of anhydrous THF (115mL) and HMPA (14.6mL). A solution of benzyl 2-
oxocyclopentanecarboxylate (15.3 g; 70.3 mmol) in 45 mL of anhydrous THF is added dropwise
so as to keep the temperature below 45°C. The reaction mixture is stirred for 1 hour at ambient
temperature. 1,4-Dibromobutane (12.6 mL; 105.4 mmol; 1.5 eq.) is added to the clear yellow
15 solution. The reaction mixture is stirred again, for 14 hours, at reflux. After coming back to
ambient temperature, 80 mL of saturated aqueous ammonium chloride solution are added. The
mixture is poured into 500 mL of ether and the organic phase is washed five times with 100 mL
of water and then with 100 mL of saturated aqueous sodium chloride solution. The organic phase

is dried over MgSQy, filtered and concentrated.

20 The product is purified on silica gel using a mixture of cyclohexane/ethyl acetate (gradient 95/5

to 80/20) as eluant to yield the expected product in the form of a yellow oil.

Step B:  Benzyl 1-(4-bromobutyl)-2-hydroxy-cyclopentanecarboxylate

The expected product is obtained in accordance with the procedure described in Step E of

Example 1, starting from the compound obtained in the Step above.



4.13 9.36 5EXAMPLE 9:

1- (4- Am notiutyl)-2-nereapt ocycl opent anecar boxylic acid
trifluoroacetate (cis diastereoisoner, ggant ioner 1) Step

A: Benzyl 2- (acetylthio)- | -(4- | benzyl©oXy)carbonyll am no} butyl)-
cycl opent anecar boxyl ate (cis di astereoi soner, enantioner 1) The
expect edepLoduchericy lobtaiidmdanilhl dedwrpand epspitanecerbexypiscedur e
described in Steps G and H 10 of Exanple 1, starting fromthe
conpound obtained in Step A of Exanple 8. Enantioner | is the first

in the Dr#faskotnddruhiigdt nifog@n atmosphere, the compound obtained in the Step above (4.41 g;
B: I -(4- Am nobutyl) - 2- rre_cm%)t ocycl opent anecar boxylic acid

trifl uotdasenabetiaiypzde &6 & SHPSRMobaett) #it widiym iodide (g chajsewsregded in
duct i \ h . - .

D ope. 1 64 o8t ARl Tk SEARGARNEGM M\ (R BCRESIBAEESIS 3 ncontrated

t he St efp diyoess. TRADIVBLAMBiesipelidsolved afi 1pWmI2 b8 eiher and 80 dah o€ wiitdérh Thé@rganic

expected structyre. . -31- MPLE 10:; . . )
1- E) 4- APIRSH i ‘gyfl#i_eg My gﬁ}i@l}‘t%ﬁ‘@tm %@éaqusawmp% agloys sodium chloride solution.

trifl uorRagRhAt Hhbs is dALASI ENEOS S L TBlcredeRANbhQTRAd) LS tep

A: Benzyl 2- (acetyl thi o)-1-(4-{Thenzyl oxy) car bonyl I am no) butyl)-
cycl opehhadecatboxgidaRac)-cis 9zidk askerebirnodiy yseé namahon tlernedy réactidre
expected product is the other enantiomer obtained in Step A of
Exanple 9. Step B: 1-(4- Am nobutyl)-2-nercapt ocycl opent anecar boxylic

acid trgbpupr oBLEMt €A &hS0BhRBIRRRPLSERI0pRIAAEEdr BB atd)

10 In a flask, the (Rac)-trans and (Rac)-cis azide mixture (20.64 g; 62.3 mmol) and
triphenylphosphine (24.4 g; 93 mmol; 1.5 eq.) are dissolved in 500 mL of THF. The solution is
stirred for 1 hour at 50°C. Water (10 mL; 556 mmol; 9 eq.) is added. The reaction mixture is
stirred for 4 hours at 50°C and is then concentrated to dryness. The oily residue is dissolved in
250 mL of ether and the organic phase is extracted twice with 120 mL of 1IN aqueous.

15 hydrochloric acid solution. The aqueous phase is washed with 100 mL of ether. The pH of the
aqueous phase is brought to 12-13 by adding solid potassium hydroxide. The aqueous phase is
extracted 3 times with 250 mL of ethyl acetate. The combined organic phases are washed with
100 mL of water and then with 100 mL of saturated aqueous sodium chloride solution. The
organic phase is dried over MgSQy, filtered and concentrated.

20  The expected product, obtained in the form of a cis/trans mixture, is used as such in the next

reaction.
Step E:  Benzyl 1-(4-{[benzyloxy)carbonylJamino}butyl)-2-hydroxy-cyclopentanecarboxylate

In a flask, the product obtained in the Step above (62.3 mmol) is dissolved in 160 mL of dioxane.
An aqueous solution of sodium carbonate (13.16 g; 124 mmol; 2 eq.) in 160 mL of water is
25  added. At 0°C, slowly add a solution of benzyl chloroformate (12 mL; 84.4 mmol; 1.35 eq.) in
30 mL of dioxane. The reaction mixture is stirred at ambient temperature for 12 hours and is then
partly concentrated. The aqueous phase is extracted twice with 250 mL of ether. The combined

organic phases are washed, dried, filtered and concentrated.



“The expected product is obtained in accordance with the procedure
described in Steps | and J of Exanple 1, starting fromthe conpound
_obtained in the Step above. 10 CAD/ M5/ spectrumof [MrH = 218 in
accordance with the expected structure” MPLE 11:
1|(4-AninonethnyIiené%kf-ztnercaptocyclQ@gntanecarboxylic.acid

t ri f 1 uoFesapiedaétds purBewon sdics adl fxtiolent sbaef jthet eqstate Baragyant of 9/1 to 2/8) to
1-(4-br r - 2-0X0- 0 car boxyl ate t he expected
productﬁggig %§¥hegq%%hgéﬁgﬁ gﬁgggaﬁgﬁa%ﬁgiprocedure described in

Step A of

15Exanpl e7, starti ngf rombenzyl 2- oxo- cycl opent anecar boxyl at eandl, 4- di

br ormma'&ﬁglfi bdie e{_—(49{[énggl_ogé)ﬁgl¢|onyl]ammo}bulyl)—2—[ (methylsulphonyl)oxy-

1- (4- br ot nonet P p ] ylate (racemc
trans diastereg¥§%§§é¥ﬁﬁﬁg eg%gé?%é%%%ggg@%ﬁ?g%%%?g?ned i n accordance
with the procedure described in Step E of 20 Exanple 1, followed by

di astereoi soneric separation of .the cqonpound thereby obtained, by
flash chi% ﬁﬁ@e&&ﬂam@l?%fnws@h@esé g%@ca%rﬁﬂ&ea“%hxtga r@o‘iﬁi‘lf?yg?s(’iﬁg%h‘é Sep F of
ethyl acelgtie 1(gaadiem e BRpLAnd ebtéélegﬁ)th%%tgil MRRE. The trans

di astereoi sorner is the first in the order of ution. -32- Step

C: 11( 4-Bmi ipdestaydojdoorsz yslthe Sirsten dwpirdaryodlebpient anecar boxyl i ¢ aci d
trifluoroacet ate (racem c cis diastereoi soner) The expected product
is obtained in accordance with the procedure described in Steps Cto

Il of Eyapple keﬁ%;z@t(tamngﬁibpm(?%W%Mw@mdn%g}au@uhe St ep

above. 5 CAD/ M5/ spect rum of 6.1 i'n accordance with the
expected str uc CiglepExgadgormb oxplate (racemic trans diastereoisomer)
2- Mer capt o- | (pi peri di n-4-yl net hyl)-cycl opent anecar boxylic acid

o OBl GRSy SRD 5% Sy B GRRRDN prbehyS 508 in st 6 or
pi peri dixnegas Doyhiab Erold 8RN ontlotnd oBEIRUER kBB hbove.

Step H:  1-(4-Aminobutyl)-2-mercaptocyclopentanecarboxylic acid trifluoroacetate (racemic

trans diastereoisomer)

The expected product is obtained in accordance with the procedure described in Steps I and J of

15 Example 1, starting from the compound obtained in the Step above.

Elemental microanalysis C H N S
Calculated % 435 6.08 4.23 9.68
Found % 4391 624 | 422 | 9.59

EXAMPLE 8: 1-(4-Aminobutyl)-2-mercaptocyclopentanecarboxylic acid trifluoroacetate

(racemic cis diastereoisomer)

Step A: Benzyl 1-(4-{[benzyloxy)carbonyl ]arhino} butyl)-2-[(methylsulphonyl)oxy-

20 cyclopentanecarboxylate (racemic trans diastereoisomer)

The expected product is the other diastereoisomer obtained in Step F of Example 7 (trans

diastereoisomer).



10The expected product is obtained in accordance with the procedure

described in Steps A and B of Exanple 7, starting from benzyl

_2- oxo-cycl opent anecar boxyl at e and benz%é 4- brononet hyl 1 - pi peri

di ncearboxyl ate. The cis diastereoison Q’is the second in the order

of elution. Step B:Benzyl

4- ({1-[ (benzyloxy) car bonytt 21( met hyl sul phony1) oxyl eycl opentyl | net hyl)

-1- 15pkperg-di ngcar ] ) j i J Ter.): ;

expect o BrsduCt || e S P S Bacetate (racemic

descri bed i n St@pdiastsfedisoarepl e 1, starting fromthe conpound obtai ned

in the Step above. Step

C. 2- Mer capt o- 1- (pi peridin-4-yl met hyt) -cycl opent anecar boxylic acid

trifl uoThaegperted I(rmﬁmmoﬁtﬁiag@ iﬂéo@ﬁtcﬁﬁ@ﬁ&bﬁﬁﬂroﬁéﬁﬂﬂ@%@éﬁﬁ@% BlgSteps G,Tand]J
roduct i.s obtained jn accordance with the procedure described in

gteps crt Exargplg 13 staiting,fampthe cpmpopad pptaed i hertied diYgound obt ai ned

in the Step above. -33- Elenental mcroanalysis CH N S Calculated %
47.05 6| BletcBthl microanalysis C H N S

Calculated % 435 ] 6.08 | 4.23 9.68

Found % 43.56| 6.26 | 4.13 9.36

5 EXAMPLE 9: 1-(4-Aminobutyl)-2-mercaptocyclopentanecarboxylic acid trifluoroacetate

(cis diastereoisomer, enantiomer 1)

Step A: Benzyl 2-(acetylthio)-1-(4-{[benzyloxy)carbonyl]amino}butyl)-

cyclopentanecarboxylate (cis diastereoisomer, enantiomer 1)

The expected product is obtained in accordance with the procedure described in Steps G and H
10 of Example 1, starting from the compound obtained in Step A of Example 8.

Enantiomer 1 is the first in the order of elution.

Step B:  1-(4-Aminobutyl)-2-mercaptocyclopentanecarboxylic — acid  trifluoroacetate  (cis

diastereoisomer, enantiomer 1)

The expected product is obtained in accordance with the procedure described in Steps I and J of

15  Example 1, starting from the compound obtained in the Step above.

CAD/MS/MS spectrum of [M+H]"= 218 in accordance with the expected structure.



8.97 Found % 47.12 6.52 4.03 7.6 EXAWPLE 13:

2- Mer capt o- 1- (pi peridin-4-yl met hyl ) -cycl opent anecar boxylic acid
trifluoroacetate (racemc cis diastereolsoner) Step A Benzyl

4- ({1- 17benzyl oxykar bonyl r 2-[ 7met hylsul phonyOoxyl cycl opent yl } met hyl ) -

1- piperidinecarboxylate (racetnic trans diastereoisoner) 5The_

expect eEXAMBRE 10:51 (kA minebuty])-2gnercaptospelepensbnedanboxylic QikprifBigpacetate

Exanpl e 12 (trans dj reogl ofe
B:Z-Nbrcapto-l-(pipgiféﬁﬁégééﬁﬁgé%ﬁ ﬁgvg %ﬁ@ntanecarboxylic acid
trifluoroacetate (racernic cis diastereoi soner) The expected
product is obtained in accordance wiith the procedure described in

Steps aSiepdhid JB9BYof Exanple 1, star€iaiy/Feomthesualiababl/aried buty)-
in the Step aboeﬁ/%lopgkﬁg&%”%xymtg Fc%a&ﬁl‘tgfséo?soglek' ewa;%ié;ﬁér%l ated %

5 The expected product is the other enantiomer obtained in Step A of Example 9.

Step B:  1-(4-Aminobutyl)-2-mercaptocyclopentanecarboxylic  acid  trifluoroacetate  (cis

diastereoisomer, enantiomer 2)

The expected product is obtained in accordance with the procedure described in Steps I and J of
Example 1, starting from the compound obtained in the Step above.

10 CAD/MS/MS spectrum of [M+H]" = 218 in accordance with the expected structure

EXAMPLE 11: 1-[(4-Aminomethyl)benzyl]-2-mercaptocyclopentanecarboxylic acid

trifluoroacetate (racemic cis diastereoisomer)

Step A:  Benzyl I-(4-bromomethyl)benzyl]-2-oxo-cyclopentanecarboxylate

The expected product is obtained in accordance with the procedure described in Step A of
15 Example 7, starting from  benzyl  2-oxo-cyclopentanecarboxylate and  1,4-

dibromomethylbenzene.

Step B:  Benzyl 1-(4-bromomethyl)benzyl]-2-hydroxy-cyclopentanecarboxylate (racemic trans

diastereoisomer)

The expected product is obtained in accordance with the procedure described in Step E of

20  Example 1, followed by diastereoisomeric separation of the compound thereby obtained, by flash
chromatography on silica gel using a mixture of cyclohexane / ethyl acetate (gradient of 90/10 to
65/35) as eluant.

The trans diastereoisomer is the first in the order of elution.



47.05 6.2 3.92 8.97 Found % 46.58 6.24 4.02 7.78 EXAMPLE 14:

1- (5- Am nopcntyl ) - 2- ner capt ocycl opent anecar boxylic acid
‘trifluoroacetate (racemc trans diastergpisoner) Step A Benzyl

1- (5-{1 benzyl oxy) car bonyl i cnni no} pent yI"j="2- hydr oxy- cycl opent anecar box

yl ate The expected product is obtained in accordance with the

pr ocedudi@r des cri-beddmimome sl banzyd-FEmetcapsexdegrnéaripcarbogrlid avid frifbroacetate
benzyl 2-oxo- Cy&&&%ﬁ?%%%ﬁm%§8%§¥%ase and 1, 5-di bronopent ane. - 34-

Step B: Benzyl

1-(' 5- {[benzyloxy)carbonyl|an1no}penty1) 2 [ (et hyl sul phonyl ) oxy-
cyclopentcznecarbox | at e acem c ci s diastereoisoner) The expected

pr oduct Theegseted Wchlsé%’ efdn @ecarfianse i the prasedie dgecsibed BredtephC to H of
Step F i |ned in the Step
abo€e. ggﬁgﬁgﬁg&gpégggggg%g§%§%$8&b§%§mgg@gﬁ Q?he order of

elution. Step C 1-(5-Am nopentyl)-2- nercaptocyclopentanecarboxylie

aC|d trif etate (racem tr s di ast er eoi soner
AIDL}S/fS? spectrung O?ﬁ\/l—rﬂ{%r = 2 .1 in accordance with the )expected structure

EXAMPLE 12: 2-Mercapto-1(piperidin-4-ylmethyl)-cyclopentanecarboxylic acid

trifluoroacetate (racemic trans diastereoisomer)

Step A:  Benzyl 4-({1-[(benzyloxy)carbonyl]-2-hydroxy-cyclopentyl}methyl)-1-

piperidinecarboxylate (racemic cis diastereoisomer)

10 The expected product is obtained in accordance with the procedure described in Steps A and B
of Example 7, starting from benzyl 2-oxo-cyclopentanecarboxylate and benzyl 4-bromomethyl-
1-piperidinecarboxylate.

The cis diastereoisomer is the second in the order of elution.

Step B:  Benzyl 4-({I1-[(benzyloxy)carbonyl]-2-[(methylsulphonyl)oxy]cyclopentyl}methyl)-1-

15 piperidinecarboxylate (racemic cis diastereoisomer)

The expected product is obtained in accordance with the procedure described in Step F of

Example 1, starting from the compound obtained in the Step above.

Step C: 2-Mercapto-1-(piperidin-4-ylmethyl)-cyclopentanecarboxylic acid trifluoroacetate

(racemic trans diastereoisomer)

20 The expected product is obtained in accordance with the procedure described in Steps G, I and J

of Example 1, starting from the compound obtained in the Step above.



The expected product is obtained in accordance with the procedure
described in Steps G 1 and J of Exanple 1, starting fromthe
.conpound obtained in the Step above. 10 CAD/ M5/ M5 spect rum of

[ Mk1-11+= 232.1 in accordance wth the @(pect ed structure EXAVPLE 15:
1- (5- Aninopenty1) - 2- ner capt ocycl opent anecar boxylic acid

trill uorﬂamn@l ml(rpataémsc ci6 ci aklt ereoNsorrerﬁ St ep A: Renzyl

1- (5- { Thenzytoxy ear-boryHamRa-pentyb—2 Ryl sul phonyl ) oxy-
eyel opgn (‘r?%lﬁ‘g ab/bxyl at ey(rggéﬁ ! P@? éé)?w g‘gg : sotner) 15The
expect g0 REL@GHCT 1S the otfier di 83beT €QipgoTer; pblained in Step B of

Exanpl ¢ _14 (trans di asterdoisoner). $tep
B: 1- (5- Am nopent y1) - 2- t ner capt ocycl opent anecar boxyl ic acid

triflu acem c cjs diastereoisoner The expected
pr oductﬁﬁﬁ%é MFraeEf@rhgne%“wnr‘ﬁry{lﬂ%thpmcfdé@wetaaé%bpm 36id
Steps a 1 and J 200&,@@.@4&34 (ravefid lgqlgsrt%gﬂgﬁgg pormpound obt ai ned

in the Step above. Elenental mcroana ySI S Cal cul ated % 45. 21
6.42 4.06 9.28

Step A: Benzyl 4-({1-[(benzyloxy)carbonyl]-2-[(methylsulphonyl)oxy]cyclopentyl}methyl)-1-

piperidinecarboxylate (racemic trans diastereoisomer)

5  The expected product is the other diastereoisomer obtained in Step B of Example 12 (trans

diastereoisomer).

Step B:  2-Mercapto-1-(piperidin-4-ylmethyl)-cyclopentanecarboxylic acid trifluoroacetate

(racemic cis diastereoisomer)

The expected product is obtained in accordance with the procedure described in Steps G, I and J

10 of Example 1, starting from the compound obtained in the Step above.

Elemental microanalysis C H N S
Calculated % 47.05| 6.2 3.92 8.97
Found % 46.58 | 6.24 | 4.02 7.78

EXAMPLE 14: 1-(5-Aminopentyl)-2-mercaptocyclopentanecarboxylic acid

trifluoroacetate (racemic trans diastereoisomer)
Step A: Benzyl 1-(5-{[benzyloxy)carbonyl]amino}pentyl)-2-hydroxy-cyclopentanecarboxylate

The expected product is obtained in accordance with the procedure described in Steps A to E of

15 Example 7, starting from benzyl 2-oxo-cyclopentanecarboxylate and 1,5-dibromopentane.



Found % 45.41 6.76 4.1 9.75 -35- EXAMPLE 16:

2- Mer capt o- 1- (2- pi peridi n-4-yl ethyl)-cycl opent anecar boxylic acid
‘trifluoroacetate (racemc cis diast ereoi'csomer) Step A Benzyl
4- (2-{11(benzyloxy) car bonyll- 2- hydr oxy- 4;7cl opentyl)ethyl)-1-piperidit
i e- carhoxylate 5The expected product is obtained in accordance with

t he proltenlllr e diwerli/b@el/DenzBloapsakoaridarBinof peBrdpl/ énetlylstphariyhgofr om
benzyl 2-oxo-cycl ent anecar boxyl at e .and benzyl. 442-
oy et byor 1. oEaP PR T B RS ARBIEY U HATL: coi somer i s the

first in the order of elution. Step B: Benzyl

41 ( 2|‘ { 1@1(@@525@6&%@590%&%%3&11& 1 iRt drahi! RRNHO Prydeaue! @&@HBé_Iﬂh '!ief?tSIE%OF of

Opi peri di necar boxyl cae (racenic trans di astereoi soner)
expect eidxampdlcstaitigg divnatheedmipnuad clyridad oethwiStdp dtoeepr ocedur e _
deser | DEg §i0gBLeR ool RATRLS i in LA AR (e compound cbtai ned
C. 2- Mer eapt 0- 1- ( 2- pi peri di n-4-yl et hy0-cycl opent anecar boxylic acid
trifluoroacetate (racemc cis diastereoisoner) 15The expected product
i s obt a¥terefl” i n laGchnawnedyihidnerchploprdereainrecarésericusd! yiflusragseta, (racemic
and J of Exanple 1,..starting fromthe conpound obtained in the Step
above. CAD/ M5/ I\t}%'ngﬁzé%%efﬁnﬁs% erf M+Fl j F = 258 in accordance with the
expected structure

The expected product is obtained in accordance with the procedure described in Steps G, I and J

of Example 1, starting from the compound obtained in the Step above.
10  CAD/MS/MS spectrum of [M+H]" = 232.1 in accordance with the expected structure

EXAMPLE 15: 1-(5-Aminopentyl)-2-mercaptocyclopentanecarboxylic acid

trifluoroacetate (racemic cis diastereoisomer)

Step A: Benzyl 1-(5-{[benzyloxy)carbonyl]amino}pentyl)-2-[(methylsulphonyl)oxy-

cyclopentanecarboxylate (racemic trans diastereoisomer)

15 The expected product is the other diastereoisomer obtained in Step B of Example 14 (trans

diastereoisomer).

Step B:  1-(5-Aminopentyl)-2-mercaptocyclopentanecarboxylic acid trifluoroacetate (racemic

cis diastereoisomer)

The expected product is obtained in accordance with the procedure described in Steps G, I and J

20  of Example 1, starting from the compound obtained in the Step above.

Elemental microanalysis C H N S
Calculated % 4521 | 642 | 4.06 | 9.28
Found % 4541 | 6.76 4.1 9.75




EXAVMPLE 17: 2-Mercapto-1-(pyridin-3-ylnmethyl)-cycl opentanecarboxylic
acid trifluoroacetate (racemc cis diastereoisoner) 20 Step A: Benzyl
.2-oxo-1-(3-pyridylnethyl)cyclopentanecd{ oxylaie In a 1l-litre
t hree- necked fl ask provided with magnefi€ stirring and a condenser,
under an inert nitrogen atnosphere, potassium hydride 32 % (25 g; 200
mmoles; 1.1 eq.) is suspended in -36- anhydrous THF (200 ni) The

reacti ol ed t 78C nd t enzyl 2- ..
oxooycEyaMERESe: s SBReto 5o fingr o IRy PasfibpeTansarardisase
whi | st keeping the ttrffm%@de%e(mm% ci{ AfastelBgisé@apt i on mi xture is
stirred for 1 hour at anbient tenperature. A solution of

3-(ehl or onet hyp- pyridi ne base (38.7 g; 226 mmoles; 1.24 eqg.) in 100

T SR SIS T o A0 L 0 LA S bR O T

to anbi ent tenpermtyiue, the reaction mxture is evaporated to dryness
and taken up in 80 nL of water and 500 nL of ethyl acetate. The
aqueous phase is extracted three times with 50 nL of ethyl acetate.

The sco ' | 1

ol Gt 1 o and e LN S e8] P SRE b RERIBARE SR Sl o B
pr oductofi Exaumld i d mmtnsg I from delnzyisihgx@acynlogicutapecdrboxylate and benzyl 4-(2-
di chl oronet h ﬁslethan ent of 98/2 to 95/5) as eluant to yield

the expdemegt obﬁ%¥“'qpﬁ M of a yellowoil. Step
B: Benzyfigs hydia@verdsiédnds é&'ﬂr@rlhxﬁ@aﬁép&%ﬁtﬁecar boxylate ('racemc

trans di ast ereoi soner) The expected product is obtained in
accordance with the procedure descrlbed in Step E of 15Exanple |I. The
product puri in i Xt ur e, of

G ohi orHEBhandRuER ek b B Rp sdt et e Do Y Gy oy carlgusroifesio)- -
yi elod the expe%ﬁdzc@r@dﬁ&&ym& (rb@nti®FromOliaerRlsonieless oil. The trans

di astereoi soner is the second in the order of elution. Step C

2- Mer capt o- 1- (pyri di n-3-yl met hyl ) - cycl opent anecar boxyl i ¢ aci d
trifhi oreaegieated product is obtained in accordance with the procedure described in Step F of

Example 1, starting from the compound obtained in the Step above.

Step C: 2-Mercapto-1-(2-piperidin-4-ylethyl)-cyclopentanecarboxylic acid trifluoroacetate

(racemic cis diastereoisomer)

15 The expected product is obtained in accordance with the procedure described in Steps G, I and J

of Example 1, starting from the compound obtained in the Step above.
CAD/MS/MS spectrum of [M+H]" = 258 in accordance with the expected structure

EXAMPLE 17: 2-Mercapto-1-(pyridin-3-ylmethyl)-cyclopentanecarboxylic acid

trifluoroacetate (racemic cis diastereoisomer)

20 Step A: Benzyl 2-oxo-1-(3-pyridylmethyl)cyclopentanecarboxylate

In a 1-litre three-necked flask provided with magnetic stirring and a condenser, under an inert

nitrogen atmosphere, potassium hydride 32 % (25 g; 200 mmoles; 1.1 eq.) is suspended in



“ 20(racem c cis diastereoi soner) The expected product is obtained in
accordance wth the procedure described in Steps F, G | and J of
Example 1, starting fromthe conpound % tained in the Step above.

El emental mcroanalysis ¢ Il N s Cal cul

ed % 47.86 4.59 3.99 9.13

Found % 45.85 4.93 3.85 7.26 CAD M5/ M5 spectrumof [M= 238.1 in
accor danbpdigils hTIﬂﬁg@QQp@Ig)g ebhes reagtiom rmpixture is cooled to -78°C and then benzyl 2-

10

15

20

oxocyclopentanecarboxylate (39.7 g; 182 mmoles) is added dropwise whilst keeping the
temperature below -78°C. The reaction mixture is stirred for 1 hour at ambient temperature. A
solution of 3-(chloromethyl)-pyridine base (38.7 g; 226 mmoles; 1.24 eq.) in 100 mL of
anhydrous THF is added to the clear yellow solution. The reaction mixture is stirred at reflux for
12 hours. After coming back to ambient temperature, the reaction mixture is evaporated to
dryness and taken up in 80 mL of water and 500 mL of ethyl acetate. The aqueous phase is
extracted three times with 50 mL of ethyl acetate. The combined organic phases are washed with
saturated sodium chloride solution and then dried over MgSOy, filtered and concentrated.

The product is purified on silica gel using a mixture of dichloromethane/ethanol (gradient of

98/2 to 95/5) as eluant to yield the expected product in the form of a yellow oil.

Step B:  Benzyl 2-hydroxy-1-(3-pyridylmethyl)cyclopentanecarboxylate (racemic trans

diastereoisomer)

The expected product is obtained in accordance with the procedure described in Step E of
Example 1.
The product is purified on silica gel using a mixture of dichloromethane/ethyl acetate (gradient

of 7/3 to 5/5) as eluant to yield the expected product in the form of a colourless oil.

The trans diastereoisomer is the second in the order of elution.

Step C: 2-Mercapto-1-(pyridin-3-ylmethyl)-cyclopentanecarboxylic acid trifluoroacetate

(racemic cis diastereoisomer)

The expected product is obtained in accordance with the procedure described in Steps F, G, I and

J of Example 1, starting from the compound obtained in the Step above.

Elemental microanalysis C H N S
Calculated % 47.86 | 4.59 3.99 9.13
Found % 45.85 | 4.93 3.85 7.26

CAD/MS/MS spectrum of [M+H] = 238.1 in accordance with the expected structure



-37- EXAMPLE 18:
2- 1Vl ercapt o-1- (2- pyridi n-2-yl et hyl)-cycl opent anecar boxylic acid
“trifluoroacetate (racemc cis diastereogjsoner) Step A Benzyl
2-am 1- (2-pyridi n-2-yl et hypcycl opent anecar boxyl at e The expected
product is obtained in accordance with the procedure described in
Step A of 5Exanple 17, starting from benzyl

2- 0X0- Cﬁﬁggﬁgﬂkq f?%@%@é@%@éﬁ@g&iéi}lE’ﬁ’.&ie%y'li-%iéi(')l?én gr@/clarboxylic acid

met han P _
2- hydr oxy- 1- (2- pyr i tdifTirooade BitO iRR¥EICHS QiR RPEsisHAKY)| ate (racem e
trans di astereoi soner) The expected product is obtained in

accordance with the procedure described in Step B of toExanple /7.

The tr i ast iSQer 4 s the ;Ssec 0t elution. Step

C 2 veridhto. 10 TR R AR AR R s i ¢ et
trithioroctcetate (racem c cis diastereoi soner) The expected

pr oduct—ry.s I i n-aceor e\ t / edur scribed in

St eps. P eceRRUHIAR BERUAAN AR s oirb Tl RECHMGRIEESLRRY hiseep A of
obt ai ndtkampl¢ NE, Stefinglfexe. bdnkgnenixalcydlopesanalapsixglate abll 2-pyridin-2-ylethanyl

methanesulphonate.

Step B: Benzyl 2-hydroxy-1-(2-pyridin-2-ylethyl)cyclopentanecarboxylate (racemic trans

diastereoisomer)

The expected product is obtained in accordance with the procedure described in Step B of
10  Example /7.

The trans diastereoisomer is the second in the order of elution.

Step C: 2-Mercapto-1-(2-pyridin-2-ylethyl)-cyclopentanecarboxylic acid trifluoroacetate

(racemic cis diastereoisomer)

The expected product is obtained in accordance with the procedure described in Steps F, G, I and

15 Jof Example 1, starting from the compound obtained in the Step above.

Elemental microanalysis C H N S
Calculated % 4931 | 497 | 3.83 8.78
Found % 45.54 | 5.11 348 | 7.56

CAD/MS/MS spectrum of [M+H]" = 252.1 in accordance with the expected structure



S Cal cul ated % 4931 4.97 3.83 8.78 Found % 45.54 5.11 3.48 7.56
CAD/ M5/ M5 spectrum of = 252.1 in accordance with the expected
~Sstructure -38- EXAMPLE 19:
1-1(6- Am nopyridin-3-yl methyl)]-2- rrercé&ﬁt‘ocycl opent anecar boxylic acid
trifluoroacetate (racemc cis diastereoisoner) Step A (ert-Butyl
2- exo- cHXAMBREA clrfocAmiinnpy ridin Bt ylmethy] t2-plereafitpeptcbopes fadiepanbloxylic acid

chloride (629.8 g; 3

w se, .at anbi ent

A4 noles) i s pour.ed.dro
tenperature, into atrggqoﬁ??cgﬁa%l(rﬁcgﬁfc-‘b‘ﬁ?‘éﬁ?g‘ir&(%@?%")u 34.4 noles - 10
eq.) and pyridine (800 nL; 10.32 noles -3 eq.) in 3 L of anhydrous
t ol uene. The reaction m xture is heated at 70C, with stirring,
over ni gHeLApf t dertdwéiliZryo-orieppriaticerhoaiaiof pyridinium chloride is
filtered off and rinsed with toluene. The tol uene phase is washed
wi th 1IN hydrochloric acid solution (4 x 500 nL), 10% sodi um

10

15

20

25

1) Di-tert-butyl adipate:

Adipoyl chloride (629.8 g; 3.44 moles) is poured dropwise, at ambient temperature, into a
solution of tert-butanol (3.27 L; 34.4 moles — 10 eq.) and pyridine (800 mL; 10.32 moles — 3 eq.)
in 3 L of anhydrous toluene. The reaction mixture is heated at 70°C, with stirring, overnight.
After cooling, the precipitate of pyridinium chloride is filtered off and rinsed with toluene. The
toluene phase is washed with IN hydrochloric acid solution (4 x 500 mL), 10 % sodium
carbonate solution (1 x 500 mL), water (1 x 500 mL) and then with saturated sodium chloride
solution (1 x 500 mL).

The organic phase is dried, filtered and then evaporated.

The crude oil obtained is purified by fractional distillation under reduced pressure (100°C / 2 x

107 mmHg).

2) tert-Butyl 2-oxo-cyclopentanecarboxylate

tert-Butanol (5.66 mL; 0.06 mole — 0.05 eq.) and also 14 g of di-tert-butyl adipate are poured, at
ambient temperature, into a suspension of NaH (108.54 g of 60 % substance; 2.71 moles —
2.15eq.) in 1.1 L of anhydrous toluene. The reaction mixture is heated at reflux. At that
temperature, a solution of di-tert-butyl adipate (324.6 g; 1.26 moles) dissolved in 500 mL of
anhydrous toluene is poured in dropwise, whilst controlling the evolution of gas.

Approximate duration of the addition: 3 hours.

Note: substantial clumping of the reaction mixture will be observed in the course of adding the

di-tert-butyl adipate but this will develop towards a suspension.

Once the addition is complete, the reaction mixture is held at reflux for 5 hours.
After cooling, the reaction mixture is hydrolysed, at 0°C, using 10 % acetic acid solution (1 L).

The organic phase is separated off, and the aqueous phase is extracted with toluene (300 ml).



10car bonate solution (1 x 500 nil,), water (1 x 500 nL) and then with
saturated sodium chloride solution (1 x 500 nmL). The organic phase is
dried, filtered and then evaporated. The crude oil obtained is
purified by fractional distillation undef” reduced pressure (100C/ 2
X 10-2 nunHg). 152) tert-Butyl 2-oxo0-cyclopentanecarboxyl ate
t er t - Bul ke sbmpsiedetohiene phagsnark evashed GGtheyyajer {Adx 0§ oml)dangl then with saturated
di-tert-butyl  adipatc. .ar oured, at anbient tenperature, into a

g RaidRpatuon by b

suspens?o 60 % substance; 2.71 noles -- 2.15

eq.) i nThe drganiefphasiy dried SvérabdRALsul g, TRRE £ tRindWap6rated, heat ed at
reflux. At that tenperature, a solution of di-tert-butyl adipate

(324. 6 ghe torpeeanwiledy miridied| bedraatiosdo distillatiorp omdhy dediesd t presraree (P§-70°C /

pourgd | riQpwirse, whilst controlling the evolution of gas.
Appr%xi im%t@ ggr a%ﬁ'on of the addition: 3 hours. Note: substanti al

clunmping of the reaction m xture will be observed in the course of

addi ng i-teyt ipate but ;this wll ,devel 0 ds a

sus pens&%ﬁ.“ Onctgh'fl%?”?')l)]lt a% P?Z?%%?Z?uzox S%F'é)flchmlfq ﬂ}e-é’-lpggg ]?’(%ﬁ}h Xture is
hel d .at refl ux dwoeyBoprariscar8obiifrer cooling, the reaction mxture is
hydrol ysed, at 0C, using 10 % acetic acid solution (1 L). The organic
phase is separated off, and the aqueous phase is extracted with

t ol uene 30 s proddk is! HGa e e |

wator | (O g5 prodicy i BRI AL RRLRENRSCLIE, WRHER M Sike 4 of

(300 nikxaniple df7gastartingh&oen i ©rtenit@d 2emer-cygbahicutansedriphatae  fid teertedityl [5-

and t he vapor ated. .The orange oil is purified by fractional

distdil &Pﬁ’éﬂ‘%ﬁd@?yrﬂ%&%‘%a&%@%r e (65-70C / x 10-1 rmHg). Step

B.tert-Butyl 1-616-fitert-butoxycarbonyQCarnino 3-py dyl}nethyl)-2-

oxecycl opent anecar boxyl at e The expected product is obtained in

accor dabvep Qi t Herrhfuiylrio6éd(ed-leswranbedyliamigh b p-pividpl} Eri&piH 2emUToxy-

starting from tceé} - bu[t%/l 2- OX{)- cycl opent anecar boxy | ate and

tert-butyl [5- FECRRIGISHEARYY%yri di n-2-yl]carbamate. Step

C.tert-Butyl

141- 6- Ut ert - but oxycar bonyDam naj - 3- pyri dyl } met hyO- 2- hydr oxy-
The expected product is obtained 'in accordance with the procedure described in Step B of
Example 17.

15 The product is purified on silica gel using a mixture of dichloromethane/ethanol (gradient of

98/2 to 95/5) to yield the expected product in the form of a colourless oil.

The trans diastereoisomer is the second in the order of elution.

Step D:  tert-Butyl 1-({6-/(tert-butoxycarbonyl)amino [-3-pyridyl}methyl)-2-[ (methyl-

sulphonyl)oxy[-cyclopentanecarboxylate (racemic trans diastereoisomer)

20 The expected product is obtained in accordance with the procedure described in Step F of

Example 1, starting from the compound obtained in the Step above.

Step E: 1-[(6-Aminopyridin-3-ylmethyl) ]-2-(acetylthio)-cyclopentanecarboxylic acid

(racemic cis diastereoisomer)

The expected product is obtained in accordance with the procedure described in Step G of

25  Example 1, starting from the compound obtained in the Step above.



cycl opent anecar boxyl ate The expected product is obtained in
accordance with the procedure described in Step B of Exanple 17.
15The product is purified on silica gel using a m xture of

“di chl or onet hane/ et hanol (gradi ent of 98 ‘llélj to 95/5) to yield the
expected product in the formof a colourless oil. The trans

di ast ereoi sonmer is the second in the order of elution. Step

Dtert- ut fitert-b

- 3 pyr SHRE et Ty AR S R S 2 B e I AP A5
(racer ni c trﬁWO%c@§Wg@&@ﬁla@ys)d@@aﬂ@@w@%wct ed product is obtained
in accordance with the procedure described in Step F of Exanple 1,
starting fromthe conpound obtained in the Step above. Step

K1-176- n Ija 9 | a}ﬁyh«%ﬁm%mg cetylthl 0) - cycl opent anecar boxyl i
c acid -40- Step

F:11(6- Am nopyr| di n-3-yl met hyl )] - 2- mer capt ocycl opent anecar boxyl i c
acid trtfluoroacetate (racem c cis _diastereoi soner nrot ectjon, of

the aci o &rf@ Idionred thesemperid obtaingd dipthe $i6h abpve 3% 8npddmemeles hinndymL of
t
o éIZ ﬁ%\ reis ad(geah%g? gsp\e}\n&iseé%r g?r’;%tedr?gb 1tg]g[rrpe g{a&?%aﬁ%\ﬁbggﬁxane solution

HCl/ di ogdarte ndgl Ltli.@©mrad@bs;S3hkq.). 121135 Beaction mxtu&é) iedef) at ?ﬂmbxelnemmemture with
m xture is left anbient te ture, tirrin

(ani ne %Han%fclfw The. e fomae g dox SPiop? b ecbes {e@wgﬁ%@ﬂ e e CMS -
appr oxi %&1%(@&&%11 %V%@h@)@nh tBOEhITdHs é@'tl’{e%”@v%p&ra%dto'?ﬁn evapor at ed

of f 11Sprotection of the th () The evaporation product is taken

up in 4M aqueous HCl sol uti on and is then heated at 45C over ni ght .

The reaﬁtl 0 S, diluted with water and then |yophilised. The

pr oduct—?@—%&%ﬁ%l OGEL P2 using a mixture of

wat er/ acetonitrile (1/1) as eluant. The fractions containing the

expect ed product are |yophilised.
10  The evaporation product is taken up in 4M aqueous HCI solution and is then heated at 45°C

overnight. The reaction mixture is diluted with water and then lyophilised.

The product is purified on BIOGEL P2 using a mixture of water/acetonitrile (1/1) as eluant. The

fractions containing the expected product are lyophilised.

CAD/MS/MS spectrum of [M+H]" = 253.1 in accordance with the expected structure

15  EXAMPLE 20: (1R, 2§, 1'R, 2'S)-2,2'-Disulphanediylbis|[1-(3-aminopropyl)cyclopentane-

carboxylic acid] dihydrochloride

A solution of the compound described in Step J of Example 1 (0.44 g; 1.39 mmoles) in 3 mL of
IN sodium hydroxide is heated at 65°C overnight. After cooling, the reaction mixture is
neutralised with 3 mL of 1N hydrochloric acid solution.

20 The product is purified on BIOGEL P2 using a mixture of water/acetonitrile (1/1) as eluant. The

fractions containing the expected product are lyophilised.
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EXAMPLE 21: (1R, 2S)-1-[3-(Dimethylamino)propyl]-2-mercaptocyclopentanecarboxylic

acid trifluoroacetate

Step A: (IR, 28, 1'R, 2'S)-2,2'-Disulphanediylbis[1-(3-(dimethylamino)propyl)cyclopentane-

carboxylic acid

To a solution of the compound obtained in Example 20 (0.57 g; 0.70 mmole) in 4.5 mL of formic
acid there is added dropwise, at ambient temperature, 0.2 mL of 37 % aqueous formaldehyde
solution. The reaction mixture is heated at reflux, with stirring, for one hour. After cooling, the
reaction mixture is diluted with 10 mL of water and then the solvents are evaporated off. The

product is used without purification in the next Step.

Step B: (IR, 25)-1-[3-(Dimethylamino)propyl]-2-mercaptocyclopentanecarboxylic acid

trifluoroacetate

To a solution of the compound obtained in the Step above in 35 mL of a mixture of water/THF
(1/1), there are added dropwise, at ambient temperature, 2 mL of tributylphosphine. The reaction
mixture is heated at 50°C, with stirring, overnight. After cooling, the reaction mixture is diluted
with 100 mL of water and the aqueous phase is then washed with ether (3 x 25 mL). The
aqueous phase is evaporated.

The crude product is purified by preparative HPLC on a Kromasil column (1 kg - 600mmx60mm
— 70ml/min) using a mixture of water/acetonitrile/trifluoroacetic acid (85/15/0.1) as mobile
phase.

The fractions containing the expected product are lyophilised.

CAD/MS/MS spectrum of [M+H]" =232.1 in accordance with the expected structure



' 45.28 7.18 5.87 13.43! 14.85 Found % 45.31 L 6.83 5.94 13.32 14.54
EXAMPLE 21: (IR
2S5)-113-(Di nethylan1no)propy11 2- nercap&ocyclopentanecarboxyl|c aci d

trilluoroacetate Step A (II’7 2S, IR
TS) -2, 2' - Di sul phanedi yl bi s " 3- (di et hyl am no) propyl | cycl opent aneca
rboxyl iE;X.éMBLElZ d-[SdMit mnunomremdb%pompmdpp@danmamhaxvﬂiceaczcb

(0.57 g; 0.70 mmol e Qrim ere |s added dropw se,
at anbi ent tenperat }J'Fdel“oﬂ)afetrtﬁte(frgfen;%lfc%‘gaﬁtg So%err:)ml dehyde

solution. The reaction mxture is heated at reflux, with stirring,
for one hour. After cooling the reaction mxture is diluted with 10

nL of wWhed andetBég-imehysilpbwnd)osyle! €rapoddredy Bexclonealqyeeraberyials
used wi t hout pz}rdcg;ngcat;&,%ryl&gategg?,gg t Step. 10 Ste B: (IR 25)-1 -[3-

(Di i net hyl af ni npropyl J rnercaptocyclopent anecarbo2ylic acid
trifluornacetate To a solution of the conpound obtained in the Step
above in 35 n1_ f a mxture of water/ THE (1/1), there are added

dr opwi sk ea@eq Peshuct i berngd ingiceordapee Wit the aesAuEhdEHPstbn Ytres A, B and
reactiqn rgext Eﬁﬁn}%lé heat ed,@he 5%111"‘" Béhz?f | By RRAAhER boxatET and  3-

cooling, the reaction mxture s dil
[[(benzyloxy)carbonyl] (methyl)amlno]propyl methanesulphonate

The trans diastereoisomer is the second in the order of elution.

Step B:  1-[3-(Methylamino)propyl]-2-mercaptocyclopentanecarboxylic acid trifluoroacetate

10 (racemic cis diastereoisomer)

The expected product is obtained in accordance with the procedure described in Steps G, I and J
of Example 1, starting from the compound obtained in the Step above.

CAD/MS/MS spectrum of [M+H]" = 218.1 in accordance with the expected structure

EXAMPLE 23: 2-Mercapto-1-(azetidin-3-ylmethyl)-cyclopentanecarboxylic acid

15 trifluoroacetate (racemic cis diastereoisomer)

Step A:  Benzyl 3-({1-(tert-butyloxycarbonyl)-2-hydroxy-cyclopentyl}methyl)-1-azetidine-

carboxylate

The expected product is obtained in accordance with the procedure described in Steps A and B
of Example 7, starting from benzyl 2-oxo-cyclopentanecarboxylate and tert-butyl

20 3-{[(methylsulphonyl)oxy]methyl}azetidine-1-carbamate.

Step B: Benzyl 3-({1-(tert-butyloxycarbonyl)-2-[(methylsulphonyl)oxy]cyclopentyl}methyl)-1-

azetidinecarboxylate (racemic trans diastereoisomer)

The expected product is obtained in accordance with the procedure described in Step D of

Example 19, starting from the compound obtained in the Step above.
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EXAMPLE 24: Inhibition of TAFIa

Purified human TAFI (25 ng) is activated by adding thrombin-thrombomodulin complex in the
presence of calcium chloride. After incubating for 20 minutes at 20°C, the reaction is stopped by

adding the irreversible thrombin inhibitor PPACK (TAFT Activity Kit, American Diagnostica).

The compound under test is added to the (3.2nM) TAFIa solution and incubated for 5 minutes at
20°C. A chromogenic TAFla substrate is added and then incubated for 30 minutes at 37°C. The
enzymatic reaction is stopped by adding sulphuric acid (TAFI Activity Kit, American
Diagnostica). The optical density (OD) of the solution is measured at 490 nm with the aid of a
spectrophotometer (Spectramax, Molecular Devices). The OD value of a well containing the
reagents without the TAFT is subtracted from each of the OD values measured. The percentage
inhibition of TAFla at a given concentration of the compound under test is determined using the

following formula:

% inhibition = 100 — [(OD of compound x 100)/OD of carrier]

The concentration of compound of the invention which inhibits 50 % of the enzymatic activity of

TAFIa (ICsg) is calculated from the inhibition percentages of the OD values measured for
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Formula for the preparation of 1000 tablets each containing 10 rﬁg of active ingredient:

Compound of one of EXamples 110 23 ..iii oot 10g
Hydroxypropyleellulose. ... .couiriiiiiiiiiieee et 2g
WREAL SEATCH. .....ceiiitieii ettt ettt e re e e ee e nbaaenseeaneaseeneeens 10g
1O LACTOSE «eeeeeiee ettt ettt et e bt e e ea e e sbbe s te e e sbeeessae e staesesnenasseeaseeesean 100 g
IMAGNESITUM STEATALC. .. .eeuevetieeeeeteeiteenteetee e e e e et e e s testeste e teesseesaaesseesseesseanssesssanssessnersnassnns 3¢
TALC ettt e ae e e ae e s seeeteeabe e st eneeareeareartans 3¢

EXAMPLE 26: Pharmaceutical composition — tablet, in association with warfarin

Formula for the preparation of 1000 tablets each containing 10 mg of active ingredient:

15  Compound of one of Examples 110 23 .....oooiiiiiiiiiiieeee e 10 g
BT T o | U 2g
HydroxypropyleellUlOSe.....coviiiiiieee et e 2g

WHEAL SEAICH. ....viioiiiiiii ettt st e e e e e neeseeeeeeeenean 10g



1C50 (nM) Exanple 1 6.7 0.6 Exanple 2 22 6 Exanple 3 7.4 + 1.1
Exanpl e 6 14+2 Exanple 8 178 + 11 Exanple 10 81 16 Exanple 13 184

422
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15

20

-45-
LLACTOSE ettt ettt et s e ettt et e e e e senbanenae 100 g
IMAZNESTUIM STEATALS ....eevvieiiieeieerireiireerieeatreesereestereseteesesesseesseaasseasseeenseansseeaaeeaansesanseessessnes 3g
I 1 (o2 OO U RTUUPU ROV STUSPSPRTPPPTOPORRPRINt 3g

EXAMPLE 27: Pharmaceutical composition — tablet, in association with aspirin

. Formula for the preparation of 1000 tablets each containing 10 mg of active ingredient:

Compound of one of Examples 110 23 ...co.viiiiiiiiiiceecet e 10g
ASPIT e PP 100 g
HydroxXypropyleellULOSe. ... ..oo ittt et 2¢g
WHEAL STATCH. ...ttt et e e e sere e be e stb e e snteebeeensee s st e nnseeenne 10¢g
LLACLOSE ettt ettt e s et e e s et s e e et e a e e be s e b et e e b et e st e e e et e e e esbanenane 100 g
MAGNESTUIM STEATALE. ... ceeeiieereiireiie et iaeiteeerte e st e e e ehteaeee s be e e beestesabeesbe e e bee e seeesneeesneeennneonns 3g
TG ettt et et e et e e abe e ea e e bt e et e e e bt e e et e aneeeeaneeanneebean 3g

EXAMPLE 28: Injectable solution, in association with alteplase

Formula for the preparation of 10 ml of solution:

Compound of one of Examples 110 23 ...ttt 20 mg
F N 115 o TR U PR U PSSP 10 mg
L rATGININC. ¢ttt ettt e et e et e et e et e esseeesee e rae e s ne e s b e e e e nateesanees 350 pg
POLySOTbate 80.... .. ettt et 1 mg
PRhOSPROTIC QCIA ...eiiiiiieiieccicceteee ettt e ettt s e et a et e e et e sseeeas g.s.p.- pH7



Exanpl e 20.186 +26 5EXAMPLE 25: Pharmaceutical conposition - tablet
Formula for the preparation of 1000 tablets each containing 10 ng of
active ingredient: Conpound of one of Exanples 1 to 23 10 g

Hydr oxypr opyl cel l ul ose 2 g Wieat starch 10 g 10Lactose 100 g
Magnesi um st earate3 g Tal c3g EXAMPLE 26: Pharmaceutical conposition -
tablet, in association with warfarin kormil a for the preparation of
1000 tabl ets each containing 10 ng of "active ingredient: 15 Conpound
of one of Exanples 1 to 2310 g Warfarin 2g I1ydroxypropyl cellul ose 2

g Wheat star Cf\‘h éloglpguxldb%ﬁlltﬁeﬁ(ﬁt ose 100 g
R’Z—(CH2)m COZR.'S
R]S (1)3

wherein:

5 Ry represents a hydrogen atom or a group of formula COR, wherein Ry represents a linear or
branched C;-Cealkyl group or an aryl group,

or Ry represents a group of formula (A):

R,-(CH,).. ,COR,
-5 (A),

R, represents a group of formula NRsRs wherein Rs and Re, which are the same or different,

10 each represent a hydrogen atom or a linear or branched C,-Cgalkyl group, or R, represents a

nitrogen-containing heterocyclic group, an aryl group or a heteroaryl group,

R represents a hydrogen atom or a linear or branched C,-Cealkyl group,
m represents an integer between 1 and 6 inclusive,

nrepresents 0, 1 or 2,

15 its optical isomers, and also addition salts thereof with a pharmaceutically acceptable acid.

2. Compound of formula (I) according to claim 1, wherein Ry represents a hydrogen atom.



Magnesi um |

conpositi
preparati
i ngredi en

ratc 3 g 'Fate 3 g EXAMPLE 27: Pharmaceutica
tablet, in association with aspirin 5Fornula for the
f 1000 tablets each containing 10 ng of active
Compound of one of Exanples-4-to 23 10 g Aspirinl00 g

Fydroxyprobylcellulose g Weat starch 10 g 10Lactose 100 g
Magnesi‘um st edr &°880d ‘i’%ﬁob’@’éa Exanpiie tpgithey Crﬁ“éét"ablﬁlél % oyheeip Barepiesents an
associ ati on w t hmabbeptiaseokor nul a for the preparation of 10 m of

sol uti on:

15 Conmpound of one of Exanples 1 to 2320 ng Alteplascl0 ng

L- Argi ni ne350 ki g Pol ysorbate 801 ng Phosphoric acid g.s.p. pH7
20Wat er for ihi j SERPYRS Q0ompula (gggcording to any one of claims 1 to 3, wherein R represents a

hydrogen atom.
5 5. Compound of formula (I) according to any one of claims 1 to 4, wherein m represents 3,
6. Compound of formula (I) according to any one of claims 1 to 5, wherein n represents 1.
7.  Compound of formula (Ia) according to claim 1:

NR,R,

CO,R,

RIS (Ia)a

wherein n, Ry, Rs Rs and R are as defined in claim 1.

10 8. Compound of formula (I) according to claim 1, selected from:

- (IR, 25)-1-(3-aminopropyl)-2-mercaptocyclopentanecarboxylic acid, its optical
isomers and addition salts thereof with a pharmaceutically acceptable acid, and
- (1R, 2S8)-2-acetylthio-1-(3-aminopropyl)-cyclopentanecarboxylic acid, its optical

isomers and addition salts thereof with a pharmaceutically acceptable acid.

15 9. Process for the synthesis of compounds of formula (I) according to claim 1, starting from the

" compound of formula (II):



CLAIM5 1. Conpound of formula (1): R2-(Cl-11)10C2R3 BI S wherein: RE
represents a hydrogen atomor a group of fornula COR4 wherein R4
represent's a |inear or branched C. -C6al kyl group or an aryl group, or
RE represents a group of formula (A): RE(CI12)11,C2R3 -s Ry
represents a group of fornmula NRSR6 wherein R5 and R6, which are the
same or different, | Deach represent$&thydrogen atomor a linear or
branched CE-Col kyl group, or Ry represents a nitrogen-containing

het erocyclic group, an aryl gro@e 0 heteroaﬁ§¥ group, Ry
represents a hydrogen atomor a |iR or branched CE-C6al kyl group,
m represents an integer between 1 and 6 inclusive, n represents 0,

or 2, isits optical isoners, and also addition salts thereof with a
phar maceutical |y acceptabl e acid.. 2. oQfoud 8% Mkboky function,
accor di ng to“@Péfﬁf??gﬁﬁgfg??”ﬁ%GFéﬁ?%§g2?§£§%%§Héogen atd%1 3.
Compound of formula (1) according to any one of clains | to 3,

wher ei n R3 .1 ep.e5688LSd Rithydr-egenoatenm: (§):5. Conpound of formula (1)
according to any one of clainms Ito 4, wherein in represents 3. 6.
Compound of formula (1) according to any one of clainms | to 5,
wherein n represents |.. 7. ConpoutdC&Kor®ta (1a) according to
claim1: NR5R6

5 wherein X represents a halogen atom or a triflate, tosylate or mesylate group,

m represents an integer between 1 and 6 inclusive,

and R'; represents a group of formula NR'sR's wherein R's and R's, which may be the same or
different, each represent a protecting group for the amino function or a linear or branched
C,-Ceallkyl group, or R’ represents a nitrogen-containing heterocyclic group optionally

10 substituted by a protecting group for the amino function, or R'; represents an aryl or heteroaryl

group,
to yield the compound of formula (IV):

R-(CH,), . CO,G
0 1v),

wherein R's, G, m and n are as defined hereinbefore,

15 which is subjected to a reducing agent for the oxo function,

to yield a compound of formula (V):



LI Ni k mheré§ﬁ4n, R1, R3 R5 and R6 amas defined in claiml. to 8.

Compound of fornmula (1) according to claim1, selected from - (1R
28) - 1- ( 3-am nopropyl ) - 2- mer capt oeycl opent anecar boxylic acid, its
optical isomers and addition salts thereof with a pharnaceutically
acceptable acid, and - (IR

28) - 2- acet yl t hi 0- 1- ( 3- ar ni nopriop§h,) cycl@phént anecar boxylie acid, its
optical isomers and addition sa#%f thi eof with a pharmaceutically

acceptable acid. 15 9. Process nt hesi sCOf conmpounds of
formula (1) according to claim1l, st ng fromthe conpound of
formula (11): -48- wherein n represents 0, 1 or 2, and G represents
a protecting geewRf Orm trde: acaas Baxyd Heginbdforgn, which is reacted with a
conmpound of forrmula (I11): X-(0-12)mR 2 S5wherein X represents a
hal ogen atomor a triflate, tosylate or nesylate group, mrepresents
an integer bethi@dhreioted b anepi chipridearesy! &ied ‘ﬂﬁéﬂﬁgg@ﬁﬁ§h§W§W86%mﬁ¥m
formul a NR S5R2Gcwhe ce@hpulf anduiRB/): whi ch nmay be the sane or
different, each represent ‘a protecting group for the am no function
or a linear or branched Cl-C6al kyl group, or R2 represents a
ni t rogen- contai ni ng het er ocycR,dCHpayp 89ﬂ?onally substituted by a

, or R2 represents an aryl or
het eroaryl group, to yield the conpt of fornﬂﬁ@’(lV): C2G :

5 n
wherein R%, G, m and n are as defined hereinbefore, and X represeunts a mesylate, tosylate or

triflate group or a halogen atom,

the diastereoisomers of which are separated when it is desired to obtain a compound of

formula (1) in the form of a single diastereoisomer,
10 and which is then reacted with a compound of formula (VIL):
MS-(CO)-R' (VID),
wherein M represents potassium, sodium or lithium, and R represents an alkyl or aryl group,
to yield the compound of formula (VIII):

R-(CH,), . CO,G
R’ -(CO)-S (VIID,

15 wherein R'j, R, G, m and n are as defined hereinbefore,



wherein R'Z. G mand n are as defined herei nbefore, 15which is
subj ected ‘to a reduci ng agent for the oxo function, to yield a
compound ‘of fornul a (V): where R, G mand n are as defined

her ei nbefore which is reacted with t hesyl chloride, tosyl chloride,
triflie anhydride O a hal ogenating reagent to yield the conpound of
formul a (V) : thRe@at{o@ls pof CORGrXscharytriciyehiml R2qmahgraply dnd it @sied aSbtain a

defined herei nhehak GreaRM il EPLESENLR, ARSMLAL e, tosylate or
triflate grou en atom_ the di astereoisoners of which are

separ at ed wheﬁ htoia .aglmaé%ig PRt %ﬂf&&tsaf HRigh ¥o ifeE AP les GPARGTY 1o Fipldits
the form of aosbng ef foimakt(®r eoi somer, 10 and which is then reacted
with a conpound of forrmula (VII): I\/B—(CD) RL (VIl), wherein M
represents pot assium_sodiumor lithium and R represents an al kg/l
or aryl grdup¥iich yeengf i dysifepdo ebipip auAditer stiopita epopwnpof formula (1) wit
15wherein Ri lphﬁ@ace@;cam sategiable aiRis aGcteBfihAedoefaiinbeioore, the
enautioners of which arc separated by chiral chronatography when it s

desired to obtaln a cor‘rEound of formula (I) ihi the formof a single
enanti oner, 0. Process for the prepatation of compounds of formula (Ia) according to claim 7,

starting from the compound of formula (I1):

CO,G

2

0 (1D,

10 wherein n represents 0, 1 or 2, and G represents a protecting group for the carboxy function,

which is reacted with acrolein,

in the presence of an asymmetric catalyst,

to yield the compound of formula (IX), of configuration (1R) or (18):
O

CO,G

0 X,

s . D

wherein n and G are as defined hereinbefore,

the aldehyde function of which is reduced to yield the compound of formula (X):



the thin, ‘d@nino and carboxy functions of which are, where applicable,
&rotected to yield the conmpound of forrmula (1), 5which, when it is
desired to obtain an addition salt of the conpound of fornula (1)

wi th pharmaceutically acceptable acid, &5 reacted with the ‘
correspondi ng acid. 10. Process for the preparation of conpounds of
formula (n) according to claim70itarting fromthe conpound of
formula (I1): CORG |lawherein n represents 0, | or 2, and O represents
a protecting group for the carboxy function, which is reacted with
acrolein, in the presence of an asymetric catalyst, to yield the
conpound of formula (IX), of configurati®fF (1R) or (IS): 0 -51-
01-1 wherein ii and 0 are as defined herei nbefore, which is reacted

wi th nmesyl chloride, tosyl chl ke riflic aflydride or a
hal ogenating reagent to yield the gonpound of formula (Xl): X
wherein n and G are as defined hereinbefore,

which is reacted with mesyl chloride, tosyl chloride, triflic anhydride or a halogenating reagent

to yield the compound of formula (XI):

L

wherein n and G are as defined hereinbefore, and X represents a halogen atom or a triflate,

tosylate or mesylate group,

the ketone function of which is reduced with the aid of a reducing agent to yield the compound
of formula (X1II):
X

CO,G
HO (),

10 wherein n, G and X are as defined hereinbefore,

which is reacted with a compound of formula (XIII):



5 wherein agnd 0O are as defined hereinbefore, and X represents a

hal ogen atomor a inflate, tosylate or nesylate group, the ketone
function of which is reduced with the aid of a 1:educing agent to
yield the conmpound of formula (XI1): o-sherein n.O and X are as
defined herei nbefore, which is reacted with a conpound of formula
(XI11): -52- NHR'5R'6 OV, wherei MIR'R"anKIR,6 each represent a
protecting group for the amno function or a linear or branched

Cl- Ceal | cyl group, .to yield the conpound of fornmula (XIV): NR'5.R "6
which is ?/eag‘{v%@ ke Fi‘“‘#e‘sﬁyelac}HﬁP%%“i“cfé’,”‘f"B’é%ﬁ"“”é’ﬁPlbtrh? gaiho fipifoper a linear or
anhydri de or makbdég€mdtl grag. reagent to yield the conpound of fornula
(XV): i Owherein n, G R'5 and R'6 are as defined herei nbefore, and

X represents a | gehsyl ate, tosylate or triflatc group or a hal ogen
atom and whi RHCESEHBYTEREBE (FYh a conpound of formula (VIT):
NRI!SRIYé

CO,G
HO (XIV),

s n

wherein n, G, R"s and R"s are as defined hereinbefore,

which is reacted with mesyl chloride, tosyl chloride, triflic anhydride or a halogenating reagent

to yield the compound of formula (XV):

NRUSRHG

CO,G

X (XV),

10 wherein n, G, R"s and R"g are as defined hereinbefore, and X represents a mesylate, tosylate or

triflate group or a halogen atoin,
and which is then reacted with a compound of formula (VII):

MS-(CO»-R'} (VID),



) ‘wherein M represents potassi um sodi umor hium
and R represents an al kyl or aryl group, to yield the conmpound of
formula (XVI): NLV5R'6 5the thiol, am no and carboxy functions of
whi ch are, where applicable, d |rotected 50 yield the conpounds of
formul a (ia) which, when it is desired to obtain an addition salt
of the ;conpoungheafn M@el’pran@ pbthBhmWokithn & 1RBAL, rzTPcﬁ@HEﬂl gs@ltJ a¥1 aﬁ’cﬁ%ﬁ&%l%@h{ﬁ
acid, are reacted with the corresponding acid . Pharnaceutica
conposition conprising a conpound of formula (I) accordlng to any One
Of . 10cl ai ns o vigld @ compogoid§ifavatla 69l t h one or nore inert, non-toxic,
pharmaceutical |y acceptabl e excipi egkspor carriers. 12.

Phar maceuti cal conposition according ﬁo Sclaim 11, characterised in
thatadditionally conprises a fibringlytic, anticoagulant or
anti-platelet agent. 13. Pharmaceutjcal conposition according to
claim1l in injectable form charactegrised,ih that it 15additionally
conprises a fibrinolytic agent sel ected rohlreconblnant WA,

reconbi nant uPA and st rept okirnas®s npound a66Aa ding to any one
of claims 1 to 8 for use in the preve n, secondary prevention or
treatnment of nyocardial infarction, a pectoris, arteritis of the
| ower |inbs, venous thronboses, pulnnnary enbol i sm cerebrovascul ar
accidents, aortic aneurysns Or denentias. -54- 15. Conpound
accordi ng to Hif{Fioh& .df: Red aail s ate af defigedfhorinkedee,i n t he prevention,

secondary preventlon or treatnent of nyocardi al |nfarct|on anglna
venous thro

pectoris, art,

embol i sm cer e I’ OV 3%1818 la%‘c? calbox V\%HCU %smi)vglghcﬂf s JPReIE 8%& a eiplé)ﬁgt (btf) yleld the
di abet es, aoﬁ?mﬁmaﬁéﬁﬁw@ﬁﬁﬂﬁr denentias, in association with a
fibrinolytic, anticoagulant or anti-platelet agent.

which, when it is desired to obtain an addition salt of the compound of formula (Ia) with a

MS- (00) - RL (VI

pharmaceutically acceptable acid, are reacted with the corresponding acid.

11. Pharmaceutical composition comprising a compound of formula (I) according to any one of
10 claims 1 to 8, in combination with one or more inert, non-toxic, pharmaceutically acceptable

excipients or carriers.

12. Pharmaceutical composition according to claim 11, characterised in that it additionally

comprises a {ibrinolytic, anticoagulant or anti-platelet agent.

13. Pharmacentical composition according to claim 11 in injectable form, characterised in that it
1S additionally comprises a fibrinolytic agent selected from recombinant tPA, recombinant uPA

and streptokinase.,

14. Compound according to any one of claims 1 to 8 for use in the prevention, secondary
prevention or treatment of myocardial infarction, angina pectoris, arteritis of the lower limbs,
venous thromboses, pulmonary embolism, cerebrovascular accidents, aortic aneurysms or

20 dementias.
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15. Compound according to any one of claims 1 to 8 for use in the prevention, secondary
prevention or treatment of myocardial infarction, angina pectoris, arteritis of the lower limbs,
venous thromboses, pulmonary embolism, cerebrovascular accidents, vascular complications

of diabetes, aortic aneurysms or dementias, in association with a fibrinolytic, anticoagulant

or anti-platelet agent.



