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and of the tissue plasmmogen activator (tPA) generated by endothelial cells in the case of

thrombotic ischaemia. They accordingly make it possible to localise the conversion of
plasminogen into plasmin by tPA without interference either with the circulating plasmin
inhibitor a2-antiplasmin or with the circulating inhibitor of tissue plasminogen activator (PAI-1).
20 Cleavage of the C-terminal lysine sites by TAFIa therefore reduces the rate at which plasmin is
generated. Endogenous fibrinolysis is then inhibited and reduces the lysis of fibrinous arterial
and venous thromboses and also the therapeutic thrombolysis undertaken in patients in the post-
thrombotic acute ischaemic phase. Inhibitors of TAFla therefore have the potential to increase
the endogenous and therapeutic fibrinolysis potential and to act as anti-thrombotic and pro-
25 fibrinolytic agents without major haemorrhagic risk because they interfere neither with platelet

activation nor with coagulation during haemostasis of the blood.

The property of inhibiting TAFIa accordingly makes it possible to consider using the compounds
of the invention in the treatment and prevention of thrombotic events in at-risk patients.
Their use will be valuable in the treatment, prevention and secondary prevention of vascular

30 complications, more especially cardiovascular, pulmonary and cerebrovascular complications,
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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 ():

R,-(CH,),. ,CO,R,

RS (D),

wherein:

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

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



The conpounds of the present invention reinforce the activity of
those injectable fibrinolytic agents and therefore result in their
.being used with fewer haenorrhagi c and geurotoxic risks (their dose
being I owered and, therefore, their side effects reduced). 20 The
present invention relates nore specifically to conpounds of formula
(1) Rz (CH2)mCOR3 RIS 1 (1), wherein: R represents a hydrogen
atomor a group of formula Cﬁ_(mr)ei n Iﬁorgpresents a linear or
branched Cl - C6al kyl group or mgr oup, 225 or Rl represents a
group of fornula (A): 3 R2-(CH_§)rn (XRR, -S (A, R represents a
group of fornula NRSR6 wherein R 0 whi ch ar e(dhe sane or
different, each represent a hydrogen gm or a linear or branched

Cl - C6al kyl group, or R2 represents a nit/nogen-contai ni ng

heterocyclic group, an aryl group or a heteroaryl group, 5 R3

represents a hydrogen atomor a linear or branched G -C6al kyl tgr ogp,

in repr i i®C ve, 1T S S O,
R e AW g e S
with a @ikhrapreswt iackidrygeacatept @bd éincacircbraddheArC a€alkydredoyp, icd R, represents a
understood to b«%. he { optj.onal ly sub]zgtituted by one or nore

i dent i cAI'O8F ¢ Eflglélgg’%/i er%j.%gﬁcbgrog& WATEEPHB N hEFBYaR, gfq4Rear or

branched (C -C6)al kyl, [inear or branched ((-C6)alkoxy, am no
(optionally substituted by one or two linear or branched (Cp-C6)alkyl

gr odps)Ruuearesenthahydipen athe e linsagedupndiped iCorahlky! peupg substi t ut ed

by one or two linear or

m represents an integer between 1 and 6 inclusive,

n represents 0, 1 or 2,

to their optical isomers, and also to addition salts thereof with a pharmaceutically acceptable

acid.

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
(Ci-Ce)alkoxy, amino (optionally substituted by one or two linear or branched (Cy-Cy)alkyl
groups) and aminoalkyl, the amino group optionally being substituted by one or two linear or

branched (C;-Ce)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;-Cg)alkyl, linear or branched (C-Co)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

(C-Co)alkyl groups.



branched (C 1-C(,)al kyl groups. 15 A heteroaryl group is understood

to be a 5- to 12-nenbered, nono- or bi-cyclic, aromatic group
.containing one, two or three hetero atons sel ected from oxygen,

nitrogen and sul phur, it being understood that heteroaryl may
optionally be substituted by one or nore identical or different
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tho A, B ST R e AR Rb DRy S5 S o,
am no gEelpidoRl,igradidy, Beidagingubstituted by one or two linear or

branched ({ -0C6)al kyl groups. -4- Anong heteroaryl groups there may
be nmentioned, without inplying any limtation, the groups thienyl,
pyri dyl . . I [ m l. I SOX vl
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pi perazinyl. Optical isomers are understood to be diastereoi soners
and enantionmers. 10 The conpounds of formula (1) contain at |east two

asy met Opigeal RBRSaré LIRSS 1008Sdidst@86is@m8is anll BRadtioRd)s and may
therefore exist in the formof a single enantioner, a single

di a¥t er'’thsi ewpraunds of foymulee(Iy epntninfat deast ’ra psynuhetdic asnteese@ posivons, 1 and 2 of

ot thout s PR FaIA Rt A ER Rod Batie SEUTe it SRt isomer o
15

aci d, siulthfeninofachigtrurpbpdiphiercbBomersd, acetic acid, 1! _
trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid,
succinic acid, glutaric acid, fumaric acid, tartaric acid, nmaleic

aci d, CALbAS (A€ pRamASERIENF 18%hEHICXA] heRChly STELRARSRY! RRRDLCindlifly 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.



benzenesul phoni ¢ acid, canphoric acid. One aspect of the present
invention relates to conpounds of formula (1) wherein R represents a
"hydrogen atom 20 Anot her aspect of the _present invention relates to
conpounds of formula (1) wherein R2 repgresents an am no group.

Anot her aspect of the present invention relates to conpounds of

f or mul aA(l‘Df;)leMéIPe@t wfRhe prpmésientrgioa platedyd a@nuopndsAndtfoenulas@pothadéin m
t he pre&pﬁ%lhggention relates to conpounds of fornula (1) wherein R3

25 repregen?s a hydrogen atom Another aspect of the present

invention relates to conpounds of formula (1) wherein in represents

3. Another aspect of the present invention relates to conpounds of

f or mul aApgthesaencst pinther pissens einvention slapotthecorappeds of farmelapKBswherein n
inventh%§K£ (@fes to conpounds of formula (la), a particular case of

t he conpounds of forrmula (I): NRSR6 COZR3 R1S 2 (la), wherein n

R, R3i R5 and R6 are as defined in formula (1). Another aspect of

the invention relates to the foll ow ng conpounds of fornmula (1): 10 -
(1RS 2spnathernsgest9bHicoygiont Mveriadistassye coppntadsed domory (lag agertitulamdse of
also it ' I SONRS nd addition salts thereof with a
pharnaggﬁfﬁgg%ﬁggéﬁgepté QZ acid, - (IR
28)-2-aeety|thio-I-(3-aninopropyu%R%yclopentanecarboxylic acid, and

also its optical isomers and adglition salts thereof with a
pharmaceutical ly acceptable acid, The present invention relates also

to a process for the preparation wf conmpounds of fornula (1),

CO,R,

(Ia),

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

10 - (IR, 28)-1-(3-aminopropyl)-2-mercaptocyclopentanecarboxylic acid, and also its
optical isomers and addition salts thereof with a pharmaceutically acceptable acid,
- (IR, 2S)-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 (I):

€O,6

0 D,



15 starting fromthe conpound of formula (I[): C&zG O (R), -6-
wherein n represents 0, 1 or 2, and G represents a protecting group
for the carboxy function, which is reacted wth a conpound of
formula (111): X-(CH2)mR 2 (ITl), wher&fn X represents a hal ogen
atomor a triflate, tosylate or nesylate group, 5 in represents an

i nt eger wheeingerepiesants 061 bnZ|andiGreepraxauts R pRoteapigesen fr shegeavbixydimetion,
formula NR 5R 6 wherein R5 and R 6, which nmay be the sane or
different, each represent a protecting group for the am no function
or a |iwBRhiPreable@neconPout®at othu@f @Up, or R 2 represents a

ni t rogen-contai ning heterocyclic group optionally substituted by a
protecting group for the amno function, or R 2 represents an aryl or

het eroaryl 10 group, to yield t nd formula (1V):
R,-(CH2), C02G O (Tyr), mhereiﬁgﬁﬁgggggziﬁﬁgnd n are as defined
her ei nbefore, which is subjected to a reducing agent for the oxo

function 15 to yield a conpound of formula (V): z 2, ~ 02G HO (V),
wher ei nWhersin Xsrenrgseatia hlegen atpan aed iriflsde. hesybitnpemendate grupwhi ch i s

reac e AREN) iRl oK deen £ 88V) LRI e, 1r1T1T e anhydride or

hal ogenat |

10

g reagen ‘
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

group,

to yield the compound of formula (IV):

R,-(CH,)__ CO,G

2

O av),

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

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

to yield a compound of formula (V):

R'-(CH,)_ . ,CO,G

HO V),

n

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



to yield the conpound of formula (M): R2 -(CH 2). C2G X (VlI), n
wherein R2, G in and n are as defined hereinbefore, and X
represents a nesylate, tosylate or |Inflate group or a hal ogen atom
5 the diastereoi soners of which are separated when it is desired to
obtain a conmpound of forrmula (1) in the formof a single

di ast er ebichdprisactednditiviricsyl ¢hdortdee tosyleeldorade, wiiflie ealh&dmcim@m@hdbgérmtmgl reagent
(Vii): I n Mrepresents potassium sodi um or
lithium I@%@@C&@&}e{é}éﬁ S an(\%pkyl or aryl group, 10 to yield the
compound of formula (M11): R 2-(CH)m C02G R ,-(CO-S (VIIl),

wherein R,, R2, G in and n are as defined her ei nbefore, the
enantioners of V\/m ch are selfsg't( (5@l chromat ogr aphy when it

is desired to obtain a compound of ¥orrmula (1) in the formof a

singl e enantiomer, 15 the thi oK —ar and car boxgVHuncti ons of which
are, where applicable, deprotected eld the compound of formula
(1), which, when it is desired to obtaf)p an addition salt of the
conmpound of forrmula (1) with a pharnaceutically acceptable acid, is

r eact edwhgreln RheGe or ried pomel as gefndddherdinbeforep seatX represehiscnmestlat ewsylate or
al so totﬁi\ grocess fgr t he greparati on of conpounds of formula (Ia),

a parti CUIPKETRUR 8 HPAlPR UBWnounds of formula (1) wherein m

represents 3 and R2 represents 5 NRBR6, starting fromthe conpound

of formula (I1):
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),



CazG O (Il), wherein n represents 0, 1 or 2, and O represents a
protecting group for the carboxy function, which is reacted with
~acrolein, 10 in the presence of an asyngretri c catalyst such as for
exanpl e, catalyst Q or QD, depending on° whether it is desired to
obtain the conpound of configuration (1R) or (I S), H HH ~H O (r

N H ° whieh,1when it\ iS\ defsiﬂedi t¢-0btail am-hddﬁa):naSeghs of Qecedrmapysid @Dfdroula €) dvith a

the co ound o uration R (1S): -9- O H

ectlighrrtas e o g Rl LR s wbPhaBEsr . ¢ he
aldehyde functlon of which is reduced to yield the conmpound of
formula (X): OH CRG

The present invention relates also to a process for the preparation of compounds of formula (Ia),
a particular case of the compounds of formula (I) wherein m represents 3 and R, represents

5 NR5R69
starting from the compound of formula (II):

CO,G

0O D,

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 (1S):



O(X), wherein n and G are as defined hereinbefore, 5 which is
reacted with nmesyl chloride, tosyl chloride, triflic anhydride or a
hal ogenati ng reagent to yield the conmpound of formula (Xl): X 7C2G
"O(Xl), n wherein n and G are as defi nd hereinbefore, and X
represents a halogen atomor a triflate, tosylate or nesylate group,
10 the ketone function of whichOis reduced with the aid of a reducing
agent to yield the conmpound offffornmula (XIl1): -10- X CO2G HO (Xl j),
n wherein n, G and X are as ned herei nbefore, which is reacted
with a conmpound of fornula [11)y NHR'S5R'6 (XII1), 5 wherein R'S5
and R'6 each represent a protecting group for the amno function or a
| inear or branched G -Co6al kyl gr yirel d the conpound of
formula (XIV): NR' R 56

(IX),

wherein n and G are as defined hereinbefore,
the aldehyde function of which is reduced to yield the compound of formula (X):
OH

CO,G

O (X) b

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):



C2G HO (XIV), whereinn, G R'5 and R'6 are as defined

her ei nbefore, which is reacted with nesyl chloride, tosyl chloride,
triflic anhydride or a hal ogenating reagent 10 to yield the conpound
‘of fonnula (XV) : NR" R® 56 CDZGX(&'V), -11- wherein n, G R'5
and R'6 are as defined hereinbefore, and X represents a nesyl ate,
tosylate or triflate group orXa hal ogen atom and which is then
reacted wth a conmpound of forpula (VIT): M-(CO-R, (M), 5
wherein Mrepresents potassiu sodiumor lithium and R, represents
an al kyl or aryl group, to yield the conmpound of formula (XVlI): NR'
5R" 6 C.zG R t(COS (XVl), wherfeinn, R,, G R'5 and R'6 are as
defi ned herei nbefore, the thiol, zamn @ carboxy functions of which
are, where applicable, deprotecte yield the 10 conpounds of
formula (la): NRSR6 CO2R3 HO (X10),

wherein n, G and X are as defined hereinbefore,

which is reacted with a compound of formula (XIII):
NHR"sR"¢  (XIII),
5  wherein R"s and R"¢ each represent a protecting group for the amino function or a linear or

branched C;-Cgalkyl group,

to yield the compound of formula (XIV):
NR"SRH6

CO,G
HO (XIV),

n

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

which is reacted with mesyl chloride, tosyl chloride, triflic anhydride or a halogenating reagent
10 to yield the compound of formula (XV) :
NR"SR"6

CO,G

X (XV),



RIS 2 1 (la), wherein n, R, R3 R5 and R6 are as defined

herei nbefore, -12- which, when it is desired to obtain an addition
salt of the conpound of fornmula (la) with a pharmaceutically
"acceptable acid, are reacted with the cb#responding acid. Optically
pure conpounds of forrmula (la) either are obtained by asymetric

r educt i wherefn #,H&, Rketndi'safe fodatitled heXinbetisknghdXabpresdnty £ eesylag, tosylate or
agent or.they are separated fromthe mxture of 5 diastereoisoners
at a laff “é‘ﬁﬁ%?r%ﬁ OgIHUnds of the invention are inhibitors of
TAFTa. As such they are useful in the prevention or treatnent of
thronbotic events in at-risk patients. Their use will be valuable in
t he tr eatdrelich anidiepreavied Wit afmpesd wlf &rmeda@fllcat i ons, nore

especi ally cardi ovascul ar, pul nonary and cerebrovascul ar
conplications, associated with 10 atherothronbotic di seases,

at heroscl erosi s, diabetes, hyperbngkgqgn@@4yh§pertension, chronic
venous di seases, netabolic syndrone associated with obesity, or
cancer. The conpounds according to the invention are especially
useful | he trea n revent.i agn . secondar reventi gn of
nyocgéltr deg rtel|nn ar ﬁrtelgeglﬁs, p d&%sg%“rﬁ% pector ggmc%?% d\fﬁ‘grg%ngsranaaéfé’ﬁd)é APd ghgup,
any origin (especially atherothronbotic, cardi oenbolic or caused by
atrial fibrillation), aortic 15 aneurysnms or arteritis of the | ower

li mbs, Wendddha somenavad 08 fqrawlke@iWiy in the catheterised cancer
patient) and pul nonary enbolism \Masgul ar risk factors and vascul ar

di seases such as hypertension, obesiPty¢ di abetes, heart disease,
cerebrovascul ar di seases and hyperlipidacm a and therefore
atherosclerosis play a part in the genesis of denmentias such as

Al zhei ner' s di sease and vascul ar dgnentia (Qu C., De Ronchi D. 20
and Fratiglioni L., The epidem ol ogy of enenti as: an update,
2007, Current Opinion in Psychiatry © 380-385). The conpounds of
the invention wll accordp (yxglso pesuseful int t r eat ment

and/ or prevention of denentias’ suc ﬁ' zhei nmer' 4 ease and

vascul ar denenti a.

wherein n, R';, G, R"5 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 (Ia):

NR.R,

CO,R

I{IS (Ia),

wherein n, R, R3 Rs and R are as defined hereinbefore,



"TAFTa reduces the endogenous fibrinolytic potential. As inhibitors of
TAFl a, the compounds of the present invention are therefore useful

as adjuncts to acute treatnent with injectable 25 fibrinolytic agents
"such as reconbi nant tPA (for exanple, alZeplase, tenectepl ase,

retepl ase), reconbinant uPA or streptokinase, which are used in

emer genoiichi thah iipissdésired texbigih en addithhasati aff thHendoaigun@rof formula (Ta) with a
cerebrovascul ar ci dent 13- The conpounds of the present

i nvent | BRTEsigalEaGcRRIaBle aFigh 7 r%%"tqdh‘@%}éﬂ}erﬁogéﬂ%%lﬁ@gfﬁ%irl nol ytic

agents and therefore result in their being used with fewer
haenorrhagi ¢ and neurotoxic risks (their dose being | owered and,
t her ef oPeficallyepure sbohpoeddseatt BrmedudedjitheThe: pitemed tbyi a3y minteton radat@dess the

al so to har eut 05|t| ns conpr|5|n a conpound o 5 )

For mul sk Qi3 SRR bR ER Al GRS BE R eoH ey o1e RoHAKwrom the mixture of
pharmac&gﬁh@agbywﬁgﬁgmﬁaphgﬁ excipients or carriers. Anong the

phar maceuti cal conpositions according to the invention there nay be

ment i oned nDre espeC|aIIy those that are suitable for oral,

parentefﬁ Qﬁ&» 8 ! 1ﬂw%§§%?£H%@E%&%&g;ﬁfﬁubcutaneous) per- or
an n T :

trans-cu Gcular or respiratory 10
adnlnlstratlon and especially tablets or dragees, sublingual

tabl et s, capsules hard gelatin capsules, ppositories, creans, .

oi nt mends sudiethelargusedul inrhe preysh@omer afsatm@abo’rgﬂqmréb@trca@\ie@ﬁsln at-risk patients.

aer osol ’flzeiﬁé? Q\rlﬁ 1058 tﬂ{ ?ﬁgtmen? ?9 giréve%ﬂoﬁo Jt va%c%cl Bld ca%ons more

f or nul rnaceutlca nposi ns accor

i nvent i @pe@mlmsprdasdiomeulaf pﬁlm)rﬁrgmandeaéﬁb@mmra&l ecﬁrﬁplsdaﬁbnﬁs associated with
di l uents bri cants, binders, 15 d|S|ntegrat|nq agent s, absorbents,
T

col Bur afﬁ?%mt GRbetin dissases, affiiosglerosisarfipfete hywe f143, o By ReAiePFi@R. chronic
there may ReqREREL ‘ﬂ{b%g)olhc@?n&bﬁn@%%%rat%d%ﬁl??jﬁ sﬂ%e&tcraﬁée? SUCrOse,

manni tol, sorbitol’, cellulose, glycero ricants: silica,
tal c, sTlmmmpcamdd agodling & thegmesitiomasnapeailty uwafigddh tilss trgpomyet prelemeon and

gl yCOI '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).



"20 as binders: alumniumsilicate, magnesiumsilicate, starch

gelatin, tragacanth, nethylcellul ose, sodi um carboxynethyl cel |l ul ose

and pol yvi nyl pyrrolidone, as disintegrating agents: agar, alginic

“acid and its sodiumsalt, effervescent-Fxtures. The percentage of
active ingredient of fornmula (I) in the pharmaceutical conposition is

pr ef er abhey cémponrkls Ubfttbe poesthtbinverdioghteinfdtze The ausefubf desadejestalble &fbrinolytic
according to the age and weight of the patient, the adm nistration .,
Foute, SRR s GreETamdORY &W iing eecpaigur bagsrgic and Rearotoxic risks

admi ni stfaf 428 RingdVeRE 20¢ 1AL SR (Ra} SBOLF A duéafges from 0.5 ng
to 1000 ng per day in one or nore admnistrations. -14- According to

one aspect of the present invention, the pharmaceutical conpositions

accordi to the present inyention do not contain. any active

or edi Lk PBESEAmY AR THEISS b g EP o AP ASEBGrifg % gompound of
anotsher foa8RRCL), 0l tABbiREESL Rt BYERE Iffte hhe BRAIIKRS SHatfddeutically acceptable
conpositions according 5 to the present invention also conprise,

besi desexchuergpapemersof fornula (1), a fibrinolytic agent, nore
especially an injectable fibrinolytic agent such as reconbi nant tPA
(for exanple, alteplase), reconbi nant uPA or streptokinase. In this

case, tAROBENRO Phirin@RSURIE chfpbdlii®t &ltbRlind @ fhe InveMiidd tHege RRFShdhRntioned
for the tPA dose to vary in scale between O and 100 ng. 10 According
to anot®eic gsise@lly othoshdhair &g ewtitabley &4t Pish, PeBICHHh AintERYENQYSe dhtramuscular or

conposi t} rqLng ..t h nt _i.av Ljon kse si.des .
he corpbuRandfe’ fhibor Pl RietRe Thabdly SO0k [ BHRNAS BeuRE b BRspiraory
war foar i admidabhgat, ranl etpexiallat @bletsi vardoagbgnsublihgidl | fablees, papsiléy, chatdrgelatin
the warfarin dose to vary in scale between 1 and. 100 ng. Accarding to,

anot her°a§§‘ﬂ%t3“8f’°sﬂtﬁ€eiar%§3éﬁ% PRRSHS &e{melh%elwaﬁﬁﬁgéeum ¢aipkable preparations,

conposi&%&gg;@fggﬁggggimiédhﬂmthe present invention conprise, besides
t he conpound of formula (1), ‘an anti-platel et agent such as, for

exanpl e, aspirin, clopidogrel, prasugrel...
In addition to the compound of formula (I), the pharmaceutical compositions according to the
invention comprise one or more excipients or carriers such as diluents, lubricants, binders,

15 disintegrating agents, absorbents, colourants, sweeteners.

By way of example of excipients or carriers, 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.



It will be possible for the aspirin dose to vary in scale between 10
and 1000 ng. It will be possible for the clopidogrel dose to vary in
scal e between 10 and 1000 ngy. The Exanples that followillustrate the
“present invention. The structures of tHé-conpounds 20 described in
t he Exanpl es were determ ned according to customary
spectrophotonetric techniques (infrared, nuclear magnetic resonance,
mass spectnﬁnetry ABBS?VEATICNS (+)-D PC ;

(+) - di i AeKITHBE AMBPRJIPER) JriBe Breasm ipYerTion; the phiHpCaHMbAYRPesHieRs according to

Chl ori gﬁ%&rw fiéprﬂ%hhﬂ% q{o@'%@fﬁ'ﬂf%‘) B Q%Eedl t”@ﬁq@”tﬁé}{ chﬁpound of

oxi de -15- eq ar equi ent HWPA:
hexaneﬂhyhmhdﬁphoranlde HPLC. Hi gh- Performance Liquid Chromat ography
NVR Nucl ear Magnetic Resonance 5 TAFla: activated
t hrombi n-activatabl e fibrinolysis inhibitor THF: tetrahydrofuran

tPAT ti8&WediRg @&éﬂdﬂﬁ@%%@ bt %@T?&seﬁk‘?ﬁw’zaﬂ%ﬁ,@h@ agmcettAKERASRIIMRBccording
pl asm nogen acti vat or MPLE 1. (1R ) '
28) 51- (t8-thgmpneesmt @ngehyl@malﬁ@ cemptisse pedidgsdhe aorspamdm{yfdinoulacl),ch fillfinolytic agent,

trifl t at cl opent anecarb |l ate.In.a

a1t hoRS BRI iR R AL & G Aekpp Rl o6 EahrRih BaBpf exampe,
net hyl aztegps@e) %e@hmmt apacal dlahRe( BBthiskease3 tiPLImphreihy! ar@li€ ahyettable
(342 niL 3 nmol; 1.1 eq.) and P (18.3 g; 0.15 nol; 0.05 eq.) are

di ssol vfétini n 1800 nL of cycl ohexane. The reaction mxture is
It will be possible for the tPA dose to vary in scale between 0 and 100 mg.

10  According to another aspect of the present invention, the pharmaceutical compositions according
to the present invention comprise, besides the compound of formula (I), an anticoagulant such as,
for example, warfarin, dabigatran etexilate, rivaroxaban.

It will be possible for the warfarin dose to vary in scale between 1 and 100 mg.

According to another aspect of the present invention, the pharmaceutical compositions according
15 to the present invention comprise, besides the compound of formula (I), an anti-platelet agent

such as, for example, aspirin, clopidogrel, prasugrel....

It will be possible for the aspirin dose to vary in scale between 10 and 1000 mg.

It will be possible for the clopidogrel dose to vary in scale between 10 and 1000 mg.

The Examples that follow illustrate the present invention. The structures of the compounds
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  DMEF: dimethylformamide
DMSO: dimethyl sulphoxide



15 stirred for 48 hours at reflux (tenperature of the mixture: 90C)
and the nethanol forned is distilled off. After cooling, the
reaction mxture is concentrated and taken up in 1500 nlL of

“di chl ororret hane. The organi c phase is Washed with IN hydrochloric
acid, with water, and then wth saturated sodium chloride solution.
It is tdyenmelat @miivalédit ered and then evaporated. The oil thereby
obtained is purified by fractional distillation under reduced

pr essureMPry gexamghylghesphopmide 0.2 nhar) to yield the expected

pr oduct B, -

Benzyl 1@12%{312}%@_%%{05?3{1%% ggu(t:}i/rf)sn?tzo%a (}:)lycycl opent anecar boxyl ate At
anbi entNMemerchhuMagneaticRésohame of benzyl

2- 0X0- pent anecar boxyl at e obt ai ned in the Step above (1 g; 5.43
mol°) %ﬁﬁﬁCtWPtegﬁﬁﬁ?H’%ﬂé?x&@ %fﬂ@?&&fﬁ‘é@}% th vigorous stirring,
into argespensidatuRh dry potassium carbonate (3 g; 21.7 mol; 4 eq.)
in 10 nmL of anhydrous acetone. 25 Vigorous stirring of the reaction

m xt ur gPis tisowtplasngdodenractmgohour and then tert-butyl 4-

br omobut.anocate (2.04 9. 9.16 ;. 2 eq. issolved in 2 nL of
acetoneu}?‘su?ogma V‘H8EW§%B'%H?%%HWB&%‘6%O% xture is heated at
reflux overnight. After cooling, the reaction mxture is filtered
-16- and then taken up in 20 nL of dichl oronethane. The organi c phase
i s wasHENAMIRLEJ]: (IR, 28)-¢d3aminopiepyledapercaptegy clvpentanesaebpxydigusid i s
purjified by flash 0 ography on silica gel using a m xture of
hepltoane /[ ethyl a%g‘!uaotqﬁg%‘(egﬁ%) as eluant. 5 StepCC

4-{1-[ (Benzyl oxy) car bonyl J- 2- oxocycl opentyl ) but anoi ¢ acid 140 nL of
trifluoroacetic acid are Poured, af anbient tenperature, over 20

mi nut esSfeA At o Benzd G Wor GRLOBEIERE A W Aty ester obtained in the
Step above (200 g; 0.545 not) in 700 nL of anhydrous

di chl oronet hane. The reacti.gn m xture is stirred overni ght at anbi ent
t enper dfupetl1tRodlask A&rﬁ‘EFdl(Y%hT@r PPpiSarko poRIERES candciad cpgdenggry gpethyl 2-oxo-

e i e b L P
in tol Uéd8 g 3.6 HOD () ed.h aor diesolteadl inerfPPenk lo€ cyclohexane. The reaction mixture is
15  stirred for 48 hours at reflux (temperature of the mixture: 90°C) and the methanol formed is
distilled off. After cooling, the reaction mixture is concentrated and taken up in 1500 mL of
dichloromethane. The organic phase is washed with 1IN hydrochloric acid, with water, and then

with saturated sodium chloride solution. It is then dried, filtered and then evaporated.

The oil thereby obtained is purified by fractional distillation under reduced pressure (128 —

20 130°C/ 4 x 10* mbar) to yield the expected product.
Step B:  Benzyl I-(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



“maxi mum anount of trifluoroacetic acid. After drying under a punp
vacuum the crude oil obtained is taken up in sodi um hydrogen

carbonate solution (84 g/ 1 L; 2 eq.). The basic aqueous phase is
“then washed with ether (3 x 300 ni) and@hen re-acidified with 4N 15
hydrochl oric acid solution. The acidic aqueous phase is extracted

wi t h etdnd therc ekat ep (:B26 mI300dichlpronidieaneOithd trganio phadei is wablasledried, diltered and
washed, .dri ed and, evaporated. The product is used w thout

purifi cBER §¥PPORehe next St ep. Step D.- Benzyl

1-(3-{ [ﬁﬁé‘@rﬁh@ﬁ@dﬁ@{ 1920th@8} ﬁ@%@éfﬁ@%@ogﬁgﬂ?%n%%ég%%?ﬂ&ﬂ%ﬁ%@%&&é(%% ﬁ%p?]ane /

To a sol ution of fromthe Step abo

1 L of ahﬂmﬁkates(%kjl)aenlaantzo there are added, dropw se over

m nut es, at anbient tenperature, triethylamne (84.5 niL; O. 610 not ;

1.5 eq.), benzyl al cohol (75.6 nmL; 0.731 not; 1.8 eq.), and then

di phenystepbos phef il (Beagialg) @bl /rd-px @y ddpermplf hutdndic ecd) . The

reaction mxture is stirred at reflux overnight. After cooling, the
reaction mxture is evaporated and taken up in | L of ethyl acetate.

The et hl40 mdcef altiﬁucprhwﬁciesid/\aehpcdlmdtdrt arhbikytd tengiekaduies oaed 20 sm’lnutteis Oimto a

3 200 t 25 h car t| on
gandxt heﬁﬁ)hgt%&h?%’@o’e?o% X}lrgs ‘gjll"?lﬂ‘iéi g}c))aﬁ‘t g%ﬂy%‘ﬂﬁ%? g&hgggg %@ QO mL of
dried, {dhlliRusdicAlohbBRnE TRR SRS midhR: 8 rsHH@d Q\Eé?ﬁ'igﬁf atlafh B 'técnllfe‘ijatgﬂé
d|st|II|ng off the inpurities (mainly benzyl alcoho from50 to 70C

under 4Ngqteg@\dal ﬂyﬁ% morgmlﬂgp@@cep(lc acid if, after stirring overmght any starting material

Benzyl 1 carb n am no} propyl ) - 2- hydr oxy-cycl opent anec
ar b@(’yl a&%lr{s’r% a so |brﬁn ?ry*% PRsto ester fromthe St ep above (98

g; 0.239 not) in 600 m. of anhydrous methanol there is added, at

-10C, sodi um borohydride (11.4 g; 0.301 not; 1.25 eq in ten
por t i onkhe rPRAEINERBEISHS gY3porated %‘1 talsprjupgn tolgroef(@rx ﬁ?émﬁdﬂrm@ﬁido irgmove the

then alﬂi {% AnfoQHF p?r?ilfuolf%w%tl& %Clda%hérsd fn' r&fifé r{g]?w L“]‘m 1% crude oil

tenperature tor two Rour s ter evapor at|
react i oobtarhed i eakes upaklesndmmnlhydiogenodarmﬂa;el s@':lﬁﬁcbra(&ﬂ‘ gThe Iaryagi)c The basic

phase is washed with 10 % u hl ori de solutlo wat er .and .t hen
sat ur atEYCLEdPHHR deagﬁmﬂ% ethg ég)df‘ gk el) 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]amino}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, triethylamine (84.5 mlL;

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.



phase is dried, filtered and then evaporated. Step F: Benzyl

| - (3-{[ (benzyl oxy) car bonyl ] am no) propyl ) - 2-[ (et hyl sul phonyl ) oxyl - 10
cycl opent anecar boxyl ate (racem c trans di astereoisoner) At anbi ent
‘tenperature, triethylamne (49.53 nL; 67357 not; 1.5 eq.) is added to
a solution of the alcohol obtained in the Step above (98 g; 0.238
not) in 950 nL of anhydrous tetrahydroftiran. The reaction m xture

L S e e

dropwi se. The 15 m xture is allowed to cone back up to, and is
stirred at, anbient tenperature for two hours. After evaporating off
t he t etTahydhtiboradrhe kéte eseadioimotherftp abevei ©8tgake3 dupoli in 0 mlobf anhydrous

t hyl te. The. i i shed,.dried, filtere t hen
ovapor dPEun b s el ot RS Satibmy PR TEy il bSrt e ahbied Ao o ten
si lica gtiodd Tk eadGbMhiBuR 188 —-06°C foeBhaRSur andlifHen 3ASHEL B ((ozl'é]egback up

to 6/4) as eluant. 20 The trans diastereoisoner is the first in
order op. apdjtsisgirred g{,e?@nhyj:nt temperature for two hours. After evaporating off the methanol, the

” 1,0) ~ J-( 3- I b I ' I I o
Cane, . carangy PR ik bl LB LETUE TN BPURCPREPBY W SRR %

pot assianmbhiugaclEbAlE solME6y, MNgF ASC einCsatur¥ed ROEiutH Yhioril¥ @Plafien.amkt organic
use extenporaneously. 25 A suspension of 40 g of potassium

t hi oacdthgpeisidiedsiliered 1d hemewmnsidedicet onitrile is heated at reflux
for 30 mnutes and is filtered, and the operation is then repeated a
second tine. -18- To a solution of the (racemc trans) nesylate from

t he St eYieabovebdri2d Ig(3-Q (B¥mtylool) yarbon8REninb pobpyladiyed: brisulpket ot/ i | e
there are added reviouslg shed potassium thigacetate (45 g not
filered unde?P CORIPEADPRE; acosyc Fays dgsisEmisepter) 5 eq.) and 1806
crowmn ether (13.5 g; 0.051 nol; 1 eq.), and then the reaction

m xture is heated at reflux for 20 hours. After cooling, the reaction

5 mi xt uhleathbich fetmperduranidicthybansiob V63 ind.;tth3V ewbplos aq.¢ds added to a solution of

the alcohol obtained in the Step above (98 g; 0.238 mol) in 950 mlL 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
15 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.

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

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

carboxylate (racemic cis diastereoisomer)

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

extemporaneously.
25 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.



The crude product is purified by flash chromat ography on silica gel

(2 kg) using a gradient of heptane / ethyl acetate (8/2 to 5/5) as
eluant. Note: this first colum allows pre-purification and recovery

"of unreacted starting material. The pOTltgi'OI’] cont ai ni ng the expected
product (6.5 g) is purified by flash chromatography on silica 10 gel
(200 g)Twskslgtien gf tdi(@ntmaftrabiscikoiaadtonathe Jtepedtoyk (2T et @021 18Y/id 800 ml of
95/5) as, eluant. Step H Benz (117, . i
29) - 2- (CRLELPH? piesy Y Hop D éﬁ%ﬁ RBRYPERY HERBARAMSIE bR Fite (45 g not filtered

cycl opgRlyaNe&oROX Yidhe 25*.‘23%,’369@5 IRETEBSePf ald1§8EACERINE cHef (FRTROWIRT mol;
obtained in the Step dbove are separated by preparative chiral

chr omatlogr aphy tlem the coictiom noktuHis RablAlt Adlubd for A heimsgAftentodlimgethefreaction

15 02/ Et 80/ 20) as,nobi | e .phase. The detection wavel ength is 230

m ST Begr e it IRA G peERTSNTS the second In the

order ofpheedrlilid pRIuS B Pulifite e Yilash _Jeﬁromatograiohy on silica gel (2 kg) using a gradient of
2S) - 1-(3-{[(benzg| oxy) car bonyl j am no} pr opyl )- 2- mer capt ocycl opent ane-

car boxyleatage 2 ethybacgtaio (842 o Shis elntconpound obtained in the Step
above (,8..16,09;~0.0174 1) 1n 15Q nl of . anhydrous an ssed, .
i oxand otk S Sl Mk hitabPhefortiad SONKAL SR BT AFARRE B cerial
sol ut i Orhe(pdetitd contdnd348e Eected pRAtULt (618) RipKtilE@by Sadieaireda@dbradBEon silica
for 30 mnutes. After coolin the reaction mxture is neutralised
by 14ddigsh(28 aHusing argreiernf drhiorampthanmaethyl acgiae OPAIpIRDIY) segluans
Step J. (1R, 2S)-1-(3-Am nopropyl)-2-mercaptocycl opent anecar boxylic
acid tr fluoroacetate 600 nL of ammonia are condensed in a 2-litre
react orStand; enz)ylI§ R, EHdl-@aelykBiofy] - (G- (#donaidxy) callorglapingpaggld in
ten portions. The reaction n}'xture is held at -78C for 45 m nutes.
There is therfY4BEHYHERAEE over 30 minutes, a solution of the
conmpound obtained in the Step above in -19- a previously degassed
m xtur efh%f e&a%%igglre] sd(r)fo Ih%r ggénq}?:t (tllg'nc%lmp%l]ié 0 ta/iril'e {;11_ 2h'e ttella ra I()\r/]eg a{res separated by
preparative chiral chromatography on a column of CHIRALPAK AD-H 5 pm using a mixture of
15  CO,/EtOH (80/20) as mobile phase. ’
The detection wavelength is 230 nm.

The (IR, 25) enantiomer = enantiomer 2 is the second in the order of elution.

Step I:  Benzyl (IR, 25)-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 mlL; 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 mL 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



mai ntained at -78C for 1 hour, and the mxture is allowd to cone

back up to, and is stirred at, anbient tenperature. After renoving

~the ammoni a, a solution of amoni um chl %rlde (233 g in 110 nL of
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| yophi IFlﬁmnen(aﬂdﬁleg)lymphﬂl@ﬁomhreofarrmdeiut.c acid there are added 4.5 g
of zinc (10 eq.) and then, with vigorous stirring, the reaction

m xture is heated at 60C until the diner has di sappeared (about 6

hour
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sol vent: net hanol, C=1, 89 nm [a]lo =

spectrlhﬂd@ﬁ)fﬂrmlmpﬂlﬂlszm 1 in accordance with the expected structure.
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The crude product is purified by preparative HPLC on a column of Kromasil (1 kg -
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



‘wWith stirring, until the two functions have been deprotected (checked

by LG M5 - approximte duration: overnight) and the solvents are

then evaporated off. The product obtained is purified on -20- a

“colum of BIOGEL P2 using a mixture of-3Rater/acetonitrile/ 1N

hydrochl oric acid (1000/1000/2) as nobile phase. The fractions

cont ai d n@lirhe eXRICIEEL pPRdudhg ad emintoehiof | $ew@r/acdibeaR@e®l hydrochloric acid
m croanal ysi s S.d Ca|CL111 %ted % 46. 88 7.15 4.97 11.38 12.58

Found %! Q /é@OO?Z}Zasgn%lemagez dhg frg cti@s%mg@e ee&pq:@ted product are lyophilised.
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fractions containing the expected product are |yophilised. El enental

m croa

Found. Det L B 1S SR kARG YR P

204. 1 i n accor danchkydvochloride expected structure. EXAMPLE 3a: (1R

2S) - 1- ( 3- Ami nopr opyl ) - 2- mer capt ocycl opent anecar boxylic acid Step A
Di-tert-Butyl adipate |5 Adipoyl chloride (629.8 g; 3.44 noles) is
poursed ALERYILS Of tiatcoalFRLUBMbS ELARSE @t(WSQ g; 18t@males)Sial 148 0N oPAM HCI solution is
tert-butanol (3.27 L; 34.4 noles - 10 eq.) and pyridine (800 ni;

10. 32 rhﬂa@é avegniglt. gt 45°6. After efolanghyir taslianomirdies. is Thistadewith il6f mL of water

mxture, | s&%ﬁtﬁ%h%seioc with stirring, overnight.

The crude product is purified by preparative HPLC on a column of Kromasil (1kg -
600mmx60mm — 70 ml/min) using a mixture of water/acetonitrile (95/5) as mobile phase.

10 The fractions containing the expected product are lyophilised.

Elemental microanalysis C H N S Cl-
Calculated % 45.09 7.57 5.84 13.37 14.79
Found % 44.57 7.68 5.74 12.88 16.69

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

EXAMPLE 3a: (1R, 25)-1-(3-Aminopropyl)-2-mercaptocyclopentanecarboxylic acid

Step A: Di-tert-Butyl adipate

15 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 1N hydrochloric acid solution (4 x 500 mL), 10 % sodium



After cooling, the precipitate of pyridiniumchloride is filtered off
and rinsed wth toluene. The toluene phase is washed with IN
“hydrochloric acid solution (4 x 500 rrL)1 10% sodi um - 21- carbonate
solution (1 x 500 nmL), water (1 x 500 H{) and then with saturated
sodiumchloride solution (1 x 500 nL). The organlc phase is dried

over sodirbanatusrianc(l ¥ iS00 enled vaked (1 h@ﬁp(bvép@n tleeh Withesaigraieibsqslipm chloride

obt ai ne r e y fractional distillation under reduced
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2. 71 no| €5, 15 eq.) in 1.1 L of anhydrous toluene. The reaction

m xture IS ﬁl ed at reflux. At that 10 tenperature, a solution of
di-tert-butyl adipate (324.6 g; 1.26 nDIes) di ssolved in 500 m, of
anhydr oys oluene is poured in dropw whi | st controlling the

evol uti f 57"ﬁb%$6¥1ﬁ%%§wﬂﬁW§¥i ﬁU%Vethe addi tion: 3 hours.

Not e: substantial clunping of the reaction mxture will be observed

in the course of adding the di-tent-butyl adipate but this wll

devel optettghvdamd (266 uspdhst owle 16.00mge anleladdi ¢ bOdi-teg-teoyipldatat, art Ipeured, at

reaction m xt held at reflux f h lin

Feaot 1 omHFAS ter-Gonky bt py sisiensish pENaFLT ' Soeontefbed St 3.7 motes -
sol utionifdqRin The, of daRjEoRNASBereS BRPARAEEM nkfure 30thehBe AAYERUS AL that
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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.

15 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).
The combined toluene phases are washed with water (2 x 300 ml) and then with saturated
sodium chloride solution (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



‘Step C

tert-Butyl (1S)-2-o0xo0-1-(3-o0oxopropyl)eyel openl anecarboxyl ate

A solution of acrolein (4.19 g; 74.83 mmoles - 2.5 eq.) in 10 nL of
~anhydrous dichl oronmet hane 25 is poured, over 30 m nutes, at -25C,
under argon and with slow stirring, i nt’d-a sol ution of tert- but yl
2-oxo-eyclopentanecarboxylate (5.51 g; 29.93 mol es) and catal yst Q
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evaporated. The residue is Angkeherp. IhNEd. Q0dOH, mbs-ofs Cl 1 2C12 and
washed with saturated sodi um bi carbonate solution (2 x 20 nmL.). The
basi ¢ aqueous phase is extracted with CH2Cl2. The conbi ned organic

phases gy ﬁle%arb?qhé’\@l&&}tion, the reaction mixture is stirred for four hours at that temperature and
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15

20

then overnight at —5°C.

The filtrate is evaporated to yield a colourless oil.

Step D: tert-Butyl (1S)-1-(3-hydroxypropyl)-2-oxocyclopentanecarboxylate

To a solution of the keto ester aldehyde from the Step above (6.5 g; 26.9 mmoles) in 80 mL of
anhydrous tetrahydrofuran there is added sodium triacetoxyborohydride (6.84 g; 32.3 mmoles —
1.2 eq.). The reaction mixture is heated at reflux, with stirring, for 5 hours 30 minutes. After
returning to ambient temperature, the reaction mixture is evaporated. The residue is taken up in
100 mL, of CH,Cl, 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.

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
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



sat urated sodi um chl oride solution, dried over sodium sul phate and

then evaporated. The crude product is purified by flash

chromat ography on silica gel using a nlxture of CH2C12/i sopropanol
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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.



15 The organic phase is dried over sodium sul phate and then
evaporated. The crude product is purified by flash chromat ography on
silica gel using a gradient of heptane / ethyl acetate (95/5 to
"85/15) as eluant. Step G tert-Butyl -24-
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Step I tert-Butyl (1R, 2S)-2-(acetylthio)-{3-[bis(tert-butoxycarbonyl)amino Jpropyl}-

15 cyclopentanecarboxylate

The expected product is obtained, starting from the compound obtained in the Step above, in

accordance with the procedure of Step G of Example 1.

Step J: (IR, 2S)-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.



10 and then with saturated sodi um chloride solution (1 x 20 nL). The
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degassed wth argon an a over night. Aft
cool i ngsodiune bicedonatesohiixh areeaddsd.di tout =4, thérh i Gyerved of firldegrasipaate which is

Tl R Aat e Sl Bt » A e
t hejoSt e Agovken( Hey Gre fhkmed MR Filthage (i %Bbﬁé?éa ﬁd@leﬁpedglaecpf)rfg‘%l;r@ fl\“/%mllg—;StSC’C).

stirred. The solution is a clear pale yellow (pH about 1.
sti rri niyhemplant 19 mipdf ssflutaax ngmaire diltraivdiisiparbicd antrgait e sol ution are

added. ﬁ{eogpeggﬁeﬁ{es 5fh eec'\]qnevaie%t 81?&1 1 }rf gr%dco e(];tleé gltld grrigcf: zlnqzlatcz?'ot t% }%}Id%}rl]e %it?e product.

NMR spectroscopy:
(IH NMR, D,0, 600 MHz) & = 3.08 ppm (1H, dd); 2.91 (2H, t); 2.18 (1H, m); 2.11 (1H, m); 1.79
15 (1H, m); 1.69-1.56 (4H, m); 1.52 (1H, m); 1.45 (1H, m); 1.37 (1H, m).

EXAMPLE 3b: (1R, 25)-1-(3-Aminopropyl)-2-mercaptocyclopentanecarboxylic acid

phosphate

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

lyophilised.

20  NMR spectroscopy:
(IH NMR, D;0, 600 MHz) 6 = 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).




filtered off. The filtrate is then rendered nore basic, up to pH =
5.5, filtering off the precipitates 10 as and when they are forned.
The filtrate is evaporated under reduced pressure (Tbath=55C). Wen
"about 10 nL of solution remain, filtratd%n is carried out again. The
precipitates of equivalent quality are collected and dried in vacuo
to yi el EXAMPLEtIce p(IRI2S)-1-(3NMRisqaopyhempicapodylcpBatabe€rb60did\did
S =308 ppm(IH dd); 2.91 (2H, t); 2.18 (1H, m; 2.11 (1H, m; 1.79
15 (1H, m; 1.69-1.58°P4H¢ in); 1.52 (111, m; 1.45 (1H, m; 1.37
(1H, in). EXAMPLE 3b: (1R

2S) - 1- ( 3- Ami nopr opyl ) - 2- mer capt ocycl opcnt anecar boxylic acid
phospha"fbe ThmpewnbolitikampleERanplreacal wsthr baztmdulphohic plood pinovdter amd @6 then
% i 8‘@% nd then |yophilised. 20 NWVR spectroscopy: ('H NWR
D20 6 §°°s = 3.09 ppm (111, 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). -26-

EXAI\éPL (1 i
2S) -1- (%ﬁ%&%ﬁﬁ?ﬁ 2- mer capt ocycl opent anecar boxylic acid besylate

The con@qumRomeS@tmds S08aVHS) 5eact, rli/%pymt(hﬂbﬁpm@mi @bom Isg/l%@ql i1 of,
water and is then gv:oghl lised. 5 NMR spectrosco ('l
DIVISO D6m):608° (MHE)mp =02 91138ty Bri6( Rl m)s |2)33 (71Ha41)( 21413 (éH) m)7189-1(&H3H, m);

(i s 0t St P ey b (il I 1T GRS e (50,

n; 1 32 (1H, m. EXAMPLE 4: (IS,
2R) - 1- (3- Ani nopr op [5) 2- mer capt ocycl opent anecar boxylic acid 10
trifl UOE&M.E&: ell 2R)-1- (3-Am1nopropyl§)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 (18, 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 5: (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




‘The expected product is obtained in accordance with the procedure

described in Steps | and J of Exanple 1, starting fromthe other

enantioner obtained in Step Il of Exanple 1, that is to say benzyl

(IS, ol

(2R) -2-(acetylthio)-1-(3-{[(benzyl oxy) car bonyl ] am no} propyl ) cycl opent a

ne car bEXAMPEE 6:13-(SA0LMuplEpapeahéreaptoley Pl timeca?Pdkyliciaid trifluoroacetate

accordance wth the expected, structure EXAMPLE 5: (1S,

2R) - 2- Acet yI t hi o- | ({a8emis ¢ivdiastsyeoisayen) opent anecar boxyl i ¢ acid

hydr ochl ori de The expected product is obtained in accordance with the

procedure described for Exanple 2, starting fromthe other

enant i offks exgletad pectluchisSibegpndd of acExdampdeewith thehabcddaird dbssﬁbedbiﬁ;&@ﬂs Iand J of
1S, 20 2R).-2-(acetylthio)-1-(3- benzyl oxy) ear bonyl ] am no

|(or opy! ) W@Sﬁnétaﬁ‘é‘éé% |08fﬂé’.g>u’§; %%WF%FH e %ﬁ%%%l%]'c HNSOJ-

Cal cul ated % 46.88 7.15 4.97 11.38 12.58 Found % 46.90 7.25 5.02

11.09 12.78 -27- EXAMPLE 6:

1- ( 3+ AnCASEMSHYIS) spectrien oA PYioHY ¢t 8péhtiancwaddnox ylithdhaeimcted structure.

trifluoroacetate (racemc cis diastereoisoner) The expected product

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

J of EEXWMBLE7:5lfiﬂlAlﬁﬁmfoh%-ﬁhﬁe&%ﬂ%%&ﬁﬁﬁécﬁ%ﬂy’ﬁc%Qﬁptr@llﬂfroacetate
Exanpl e 1.5 CAD M5/ M5 spectrum of [MrH~ = 204.1 in accordance wth

t he expected st rucfigeemic tFapg\dingteneoispnier) Arri n

obut yl ) - 2- ner capt ocycl opent anecar boxylie acid trifluoroacetate

(racem c trans di astereoisoner) Step A

Benzyl | SteAAbr omBHagll VL (- Rrosbnsl A-opeticinrornbaxydaige | N a 500 n
t hree- necked flask provided with magnetic stirring and a condenser,
under an inert 10 nitrogen atnosphere, sodium hydride 95 % (2.2 g;

PTLL B0 R SRCEAT ol OV e an e
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 (14.6 mL). 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.



oxocycl opent anecar boxylate (15.3 g; 70.3 mml) in 45 m, of anhydrous
THE i s added dropwi se so as to keep the tenperature bel ow 45C. The
reaction mxture is stirred for 1 hour at anbient tenperature.

"1, 4- Di bronpbut ane (12.6 nlL; 105.4 mml281.5 eq.) is added to the

clear yellow 15 solution. The reaction m xture is stirred again, for

14 hourSep &t r denpA .I-Aidzedobonii hgydragkcicdopeanineenbotiéaper ature, 80 niL

of saturated aqueous ammoni um chl oride solution are added. The

m xture is poured into 500 nmL of ether and the organic phase is

washed fiV@aski ﬁ%r‘éﬁ‘irﬁrt]iggo%@n atRlosREE thEQhn e odtalidkf e”é—teﬁfabove (4.41 g;
sat urat ed aqueous sodium chforide solution. The organic phase 1s

dri ed oMes mvydDbodiuin sade.agd846mueol Saednd20dilineiodided (¢t )i e suspended in

purified o ilica | using a mxture qf cycl ohexane/ et hyl. acet ate

Car aci ant meesthaigl 36 s a8 difihes ireiee feffirior £ Boteat s Biteonentated
t he sf org @neds.Yehd Gy Risldue 3§ @RsBved in 150 mL of ether and 80 mL of water. The organic
Benzyl | - (4- br onobut yl ) - 2- hydr oxy- cycl opent anecar boxyl at e The expecte

pr oductphase sbrvashadwithBlaob o deaterendi4Ormt loé spnmtetuneodesdiin ebforide solution.
ot ep o & Al o BXATRhRC g TP MO OMRE oSO TRRUAL 0! 2 ned T the Step

| - (4- azTiboRat Yrdns2may HeOXMs 6316¢ ARaDicADasaT BAXY] & Rich h teflerSkactonder

an inert nitrogen atnosphere, the conpound obtained in the Step above
(4.41 g; 16.6 mmol), sodiumazide (5.5 g; 84.6 mmol; 5 eq.) and
sodi um 0dirde ) are 13C in . The

reacti c‘r%g%bxdt ugée;nlgyslgs@?{n?lgw rQe ?Zﬁé(xﬁyfcgr@gﬁ%ﬁlg%?g&gﬁ%?% s then
concentrated 5 to dryness. The oily residue is dissolved in 150 nL of

et her and 80, nL of ter, The arganic. phase is washed with 80 nL of
vatbr aidaadlaie ke Sierrey %&ugga@%(ﬂ CRPSHE &0t ugi OR:3 el and

or gani GriphasSHospidhd Bt L%e63 Man44 sfdq iR aflsANEy GPIGERLS . TiEsolution i
(Rac) -t?gns and 1[()Raét:)@fi}ci g azi de m xt uqr)e for rsredg? S usegl aésaftﬁgh %Sot]ﬁueon '
next rediceiddor 1 Buept H°BeNatel (10 mL; 556 mmol; 9 eq.) is added. The reaction mixture is

1- (4-arni tyl)-2-h -cycl t boxyl at e. 10 .] fl .
Che | rayreg AL i TR0 & B BEMRRE G eo A To b Sy e in
tri phemgophesphidifer(Z# $hdorddicPRise it iR Alige dii#sabvesht Br 980 aflicous.

of TI-IF. The solution is _ _
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 I-(4-{[benzyloxy)carbonyl]amino}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.



stirred for | hour at 50C. Water (10 nL; 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 dissolved in 250 nL of
“ether and the organic phase is extracted-twice with 120 nL of IN

aqueous 15 hydrochloric acid solution. The aqueous phase is washed

wi t h 10Dharprodfictat Iperified he siiida @kl {feeolecamuehers/ ghaseeiase bgadight of 91 to 2/8) to
12-13 by addi ng sol.id potassi um hydroxi de. The aqueous phase is

ext ract%ﬂlﬁég? P’g%t%mﬁo%@ tﬁig‘{f@ draxalloRcdtat e. The conbi ned or gani ¢
phases are washed with 100 nL of water and then with 100 nlL of

sat urat ed aqueous sodi um chl oride solution. The organic phase is

dri ed o¥ew FNyS@Genziflill#elf baizplngy)caboayly aratne thutZD 2 Jectexpepb@d)pxpduct ,
obtained in the formof a cis/trans nixi%re is used as such in the

next reacti On_cy§9@e&z‘@ecg&% fite (racemic cis iastereoisomer

]-(4-{{benzyl oxy) car bonyl Jam no) but yl ) - 2- hydr oxy- cycl opent anecar boxy|
ate In a flask, the product obtained in the Step above (62.3 mmol)

i s di ssbhevexpacted1podndt isf ohddiosdiie accordanequeitly she pregeilane dfscloadi imStep F of

b 3 . 12 1: 2 eq.) in 16 f is 25 added.
A 0, Terglity ot e L6 B ShmspuBlbybOL i B ShartalE (1o mi aa 4

mol ;  ITREciediadteiedisoB@r Mthofirdlihareder baglutigact i on m xture is stirred
at anbient tenperature for 12 hours and is then partly concentrated.

The aqueous phase is extracted twice with 250 nL of ether. The

conbi n ~ganj € 2, Wagl| ' ' - )

concen?ﬂg%gg. ?%3?9?ﬁ§8%¥@@§£¥??gﬁ%ﬁ?géﬁzg”é%bZ?ﬁﬁﬁgbggg (petrol eum
ether / ethyl apdbpdieanecgtbadylert(rafenBd kakdidsi@eolsomen)i el d t he

expected product in the formof a yellowoil. Step F.

Benzyl 1- (4-{f benzyl oxy) car banyl ] am no}butyl)-2-[ (net hyl sul phonyl ) oxy-

ey elfopehiteamrarested oxpfugtas (absrnsd & epeprdngs tvaitle dhes prasegurs deperibedpiactien G of

productgy i i i . escribed in
G op P oy el HR P LA B bl o a  nhe st ep
above. The cis diastereoisoner is the first in the order of elution.

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 % 43.5] 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 ]mhz’no Jbutyl)-2-[ (methylsulphonyl)oxy-

20 cyclopentanecarboxylate (racemic trans diastereoisomer)

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

diastereoisomer).



Step G Benzyl 2-(acetyl thio)-1-(4-{[ henzyl oxy) carbonyl jam no) bul yl') -
cycl opent anecar boxyl ate (racem c trans di astereoi soner) 10 The
expected product is obtained in accordance with the procedure
“described in Step G of Exanple 1, st arff ng fromthe cis conpound
obtained in the Step above. Step H.

1- (4- Am nobutyl) - 2 mer capt ocycl opent anecar boxylic acid

trifluaqsoagetate ace rans ter 0|so The ,expect ed

br oduc B0t 4 el mﬁg‘é’%é—'&%g@ P Beeiis: 4 4 dEBFT ke g (racemic
Steps T and J ofs didderesaombe 1, starting fromthe conpound obtai ned

in the Step above. Elenental mcroanalysis CHN S Calculated %43.5
6.08 4,23 9.68 Found %43.9 6.24 4.22 9.59 EXAMPLE 8:

1- (4- Anrmagwéa prodlTBY iS BBLaARUGH gwaﬁﬂs%{hbcﬁé#dcgda%'d@scﬂbed in Steps G, I and J
trifluoroacetate (racem c cis diastereol sone Step A

Benzyl bf(ma{n[ptfehzsydrm)g/ﬁromrtb@n@th@@mdmﬂ»}dmﬁdyxh)thesqep abovev| sul phonyl ) oxy-

20 cycl openl anecar boxyl ate (racemc trans diastereoisoner) The

expect ¢ L@&%}?r gl(’ﬁnch%mﬁfé/?lsm 8 so;Te ;}IL EQ SO[TETg obtained in Step F of

Exanpl ¢ ans - 30- Step B:
1- (4- Am@hityd Y5 2- mer capt oqy(sl op@®st anegar boxyg i c aci d
t Pfiuonoaeetate (raceme iastereoisoper) The expected product

i s obt ailisedd n accor dance vﬁ&?ﬁtﬁé% obtHuf . Heskribed in Steps G |
and J ‘of—Exampte—i,—starttng—fromthe—conpound—obtained in the Step
above. Elenental mcroanalysis CHN S Calculated %43.5 6.08 4.23
9.68 MXAMPLHEDI: S6(6AXGNndbily)R2-Bfercaptocyclopentanecarboxylic 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.



5 EXAMPLE 9: 1-(4- Am nobutyl)-2-nercaptocycl opent anecar boxylic acid
trifluoroacetate (cis diastereoisoner, enantioner 1) Step A: Benzyl
2-(acetylthio)-1-(4-{{benzyl oxy) ear bonyl Jam no) butyl ) -

cycl opent anecar boxyl ate (cis di astereor%'omer, enantioner 1) The
expected product is obtained in accordance with the procedure

descri bEXAMPBFells I5(4Adninbbutil)-Bindrxsprptyrldpensdmchibugyfic acidtthiluoroacetate
conpound obt ai ned i ,gh%P A of Exanpl e 8. %nantioner | is the first

in the order of el UiSdHastgegsomer, enantiomer 2)

1- (4- Am nobut yl ) - 2- mer capt ocycl opent anecar boxylic acid

trifluoroacetate (cis diastereoisoner, enantioner 1) The expected

pr oductSteg dobt afamex] i n accor dance W-{dvetWéioprle@edbereybescaiboad]amino)butyl)-
Steps | and J of , 15 Exanpl e tarting fromthe co nd obt ai ned
inthe Step aboc\}’@Z?p@iﬁ%%éyllgﬁe%Pr”{Wﬁ”gngW% e’?a”é‘i’ﬁg?%}laccor dance

wi th the expected structure. -31- EXAVPLE 10:

1- (4- Am nobutyl ) - 2- mer capt ocycl opent anecar boxylic acid

tri fl uoteaeedeeted pradust igithsethereppsidoraer, obtringtt indtier ADf FSemple®. Benzyl
2-(acetylthio)-/-(4-([benzyl oxy)carbonyl Jam no) butyl) -

cycl opent anecar boxyl ate (cis di astereoi soner, enantionmer 2) 5 The

expect estep BodUCH (4-8minvdudl)hBimeLRPRich QOB ni@RcatbdRlid N adt® P iififiroacetate  (cis
Exanple 9. Step B: 1-(44Aininobutyli-Z-nercaptocyclopentanecarboxylic
aci d trifl uor oXb@YLeLSQBYs eniliggiebboi somer, enantiomer 2) The

expected product is obtained in accordance with the procedure

described in Steps | and J of Exanple 1, starting fromthe conpound
obt ai nebhd expepied Sratuchisabeaingd 0 acAmiMBIENB s fearecaduf ddsiibdd in=St@kd dnd J of

accord ith.the expegted structure ,EXAMRLE 11:
L At ot B P S0l L s BhR SRS Boxy! i ¢ aci d
trifd uoCABCRISAVS spe@ARTbE[NGHH] O ass af &Rb/IANRY With the expected structure

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

trifluoroacetate (racemic cis diastereoisomer)

Step A:  Benzyl 1-(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.



Step AA: Benzyl

1- (4-bronmonet hyl ) benzyl ] - 2- oxo- cycl opent anecar boxyl ate The expected
product is obtained in accordance with the procedure described in
"Step A of 15 Exanple 7, starting fronmr¥enzyl

2- oxo- cycl opent anecar boxyl ate and 1, 4- di brononet hyl benzene. Step B:

Benzyl 18#A{br onbfy&tAwinpiwertzy) behz2H Hyae@yytoewtdmpaiiean®doai Rk d Rifkior @rertate
m ctrans di as}{ereoi.son?r@% The expected product is obtained in
accordance wi t H¢958 Oris AEE(FF & @& i bed in Step E of 20 Exanple 1,
foll owed by di astereoi soneric separation of the conpound thereby

obtai ned, by flash chromatography on silica gel using a m xture of
cycl oheXbmexpecied pydduatietohtagedgn ackoedence fvithahd Procedur6 Bé8Gpedim SibpraBito H of
The trags di1a§t§%ﬁoiﬁ§omf is the ilgs.t i, 0 {hg orange?r of elution. -32-
Step C ARG NSRS esempornd obtained g %f/eé% &fit anecar boxyl i ¢
acid trii luoroacetate (racemc cis diastereoisoner) The expected
product is obtained in accordance with the procedure described in
Steps CCAD/MSHVS spretnpn ef IM+B ar 2064 ih nenorddnec pothpbiercdbeotot airnedrei n
the Step above. 5 CAD/ M5/ M5 spectrumof [MrH | = 266.1 in accordance
with the expected structure EXAMPLE 12:

2- Mer capXa-MPDEPEY: | DivieréaptoBpipek-idie ¥ Sl MRl 2aRET Reech b oa§iiflacid
trifluoroacetate (racem c trans di astereoi soner) Step A Benzyl

4- ((1-[ (benzyl oxy) caibmgacetate (xasemie/rape digsteneqisqmenhy| ) - 1-

pi peri di necarboxyl ate (racemi c cis diastereoisoner) 10 The expected
product is obtained in accordance with the procedure described in

St eps AStamd: B Bzl @etizylobtypddrbovyl f-L-Gwaitoepzydlopentyl}methyl)-1-

2- oxo- cycl opent anecar boxbylﬁt e and bhenzyl] 4-brononet hyl -

1- pi peri di necaPEL{ACarboFgledy aediia el 1ty «8der s the second in the
order of elution.

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-({1-[(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.



Step B: Benzyl

4- ((1-[ (benzyl oxy) car bonyl J- 2- [ (et hyl sul phonyl ) oxy] cycl opentyl } met hy
|)-1- 15 piperidinecarboxylate (racemc cis diastereoisoner) The
“expect ed product is obtained in accorda¥ce with the procedure
described in Step F of Exanple 1, starting fromthe conpound

obt ai ngdElemehaEmBireshadBpve. St eapCH 2{Mexcapt os 1- ( pi peridin-4

yl et h>1@g¥gmpenr anecarhoxylilc acid trifluoroaecetate (racemc
trans d tﬂéfﬂé@/somar) 20 | ¥heSexdett (=d3|8201u8:-97i 5 obtained in

accor dat Sh—the—procedy gte be Steps1(1, 1 and J of
Exanpl € iivaO,ung’lt)é’élrti ng frothZﬁZ‘ongég %8? ndd i h the st ep above.
-33- Elenental mcroanalysis CHN S Calculated % 47.05 6.2 3.92
8.97 Found % 47.12 6.52 4.03 7.6 EXAMPLE 13:

2- MVer c ApKAMPLEiIder2- Meﬂrwptwlﬁﬁ;tlpwqmeéwllww\k)ﬁmdoaelttanyttarboadlcchad
trlfluoroacetate(r ?Péﬂasteremso %} EBA Benzyl 4-([ |
-[ (benzyl oxy) car bori{ "Ofoch ¢ cg’iﬂ'l“bﬂ%ﬂwsﬁﬁ 1Y opent yl ) mel hyl ) - 1-
pi peri di necarboxyl ate (racem c trans di astereoi soner) 5 The expected
product is the other diastercoisomer obtained in Step B of Exanple 12

(trans Stgrdst eresndofe -/ (bgﬁzéb?chazbqwﬂc?aﬂmﬂlﬂé(uﬁ?@éﬂﬂ@ﬁyﬁﬂmlopenlyl}mefhyl) -1-
| met hyl ) - cycl ate (racemc cis

éi ast e?/ez)i sgm%ﬁ%@géﬁecﬂé% (Ir&egq% ?a%é&lg“%) %0%2%%%)n accordance with

t he procedure descrl bed in Steps G | and J 10 of Exanple 1,

starting fromthe conpaund obtained in the Step above. El ene
m croan ey@F%eC@HI-Pr u5? I Gt s oprsaTEoaed o0 §ldpy B %Eﬁan%f 12 (trans

46. 58 Gdié)s‘}eréoiggmzr).78

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 Jamino}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.



EXAVPLE 14: 1-(5- Am nopentyl)-2-mercaptocycl opentanccarboxylic acid
trifluoroacetate (racem c trans di astereoi soner) Step A

Benzyl 1- (5- ([ benzyl oxy) car bonyl Jam no) penl yl ) - 2- hydr oxy- cycl opent anec
"arboxyl ate The expected product is obt¥rned in accordance with the
procedure described in Steps Ato E of 15 Exanple 7, starting from
benzyl SemBo- c\Behopdnbafiboayboxylrdbey!paindendi)ol-pmapeisdpieny b dd-

Step B o :

Benzy! 1- ( 5- ([ bEXLOPBYIecHbab e Sstrerids He didpleyeassamerbt hyl sul phonyl ) oxy
cycl opent anecar boxyl ate (racem c cis diastereoi sonmer) The expected

pr oduct (B! j cGOr: 0 i SEr in

Stop P e Rk ERohA BEGRIAANGS ot A RIS I yep F of
above. Bxahlyde ¢j sarting$ioar oicompetind sbtiaihed BeboStpi abotdre or der of

elution, Step C 1-(5-Am popentyl)-2-nmercaptacycl opentanecarboxylic

aci & tr 9 dorigsierekemer %Ség%Fﬁcé'”g E“r%‘ﬁé’%&g’?]&l%i soner) The expected
product is obtained in accordance with the procedure described in

Steps G | and J of Exanple 1, starting fromthe conpound obtained

in the Bered: abdvE-AmboGAy NG cepecidapeneimefdbblylic a2BRrillubmacetate (racemic
accordance with the, expected structure EXAVPLE 15:

1- ( 5- Ami nopent )f’f‘Ylé‘?’ZCf'?@?%OéWé;cl opent anecar boxyl i ¢ acid
trifluoroacetate (racem c cis diastereoisoner) Step A

Ben_zyl | - (5-{[ benzyl oxy) car bonyl Jam no) pentyl ) -2-[ (et hyl sul phonyl ) ox

y- cycl Dpenpacied ardsorlyis abifaddo eatadancangthithg prescdwiestspeibed i SEipe G, I and J
expecte roduct 1s..the other diastereoisp. tained in Step B of
Bcanpl SRS Bofl BE B o ERag Ehe SBHEBORE

1- (5- Am nopent yl ) - 2- ne, capt oeycl opent anecar boxvlic acid
trifluoroacetate (racemc cis diastereoisoner) The expected product

i s bt &FARMSAMaseestaanel N h 7 bitorceandpeceguidle thersaaeqtef Stuspse G, |

and J

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

trifluoroacetate (racemic cis diastereoisomer)

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

cyclopentanecarboxylate (racemic trans diastereoisomer)

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

diastercoisomer).

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




20 of Exanple 1, starting fromthe conmpound obtained in the Step
above. Elenental mcroanalysis CHN S Calculated % 45.21 6.42 4.06
9.28 Found % 45.41 6.76 4.1 9.75 35 EXAMPLE 16:

"2- Mer capt o- | - (2- pi peri di n-4-yl et hyl ) - cy¥opent anecar boxyl i ¢ aci d
trifluoroacetate (racemc cis diastereoisoner) Step A: Benzyl

4- (2-{J-[ (benzyl oxy) car bonyl ] - 2- hydr oxy-cycl opentyl } et hyl ) - |

i i dj.pe- bo e 5 The expected product is obtained in .
glcg gi :jgﬁgmmﬁ-ﬁ%&%‘arlé(?dgﬁ)erﬁdyéd-xlﬁhsk)wgloaelaﬁaaegrbwlwﬂ)| e
7, starting fro”‘bﬁﬁﬁ%ﬁu@ﬁ&%ﬁi?&ﬁkﬂ%@&&?ﬂﬁﬁé&%ﬁgX%@te and benzyl

4-(2- bronoethyl)- | -piperidinecarboxyl ate. ans
di astereoisoner is the first in the order of elution. Step B: Benzyl

) LS PRt < o PR Rt e S e ek
expect ed produqky&%yg@;ained in accordance with the procedure

described in Step of Exanple 1, starting fromthe conpound
obtained in the Step above. Step C. 2-Mercapto-I|-(2piperidin-4

| |} cvel v i id trij. t . ' i
4 o L SERERTMANGER AR B A5 abEd b YBLRARRLRL B BAE AT ek Suna
with the mheesdr2 destig DA beblEP-6xo-tyckipnthne@irbd(@®| gndl, benzyl 4-(2-

starting fromthe conmpound obtained in the Step above. CAD Ms/ M5
spect r utfPBPreixbg Lepipondineearbexybitelance with the expected structure

EXAMPLEp e irard dMREGARL R dr i A G iR f¥idaCy c! opent anecarboxyl i c

aci d trlf?uoroacetate 6racen1c Cis %?%?%ercépéoner) 20 Step A
Benzyl 2- oxo-1-(3pyri dyl el hyl ) cycl opent anecar boxyl at e
Step B: Benzyl 4-(2-{1-[(benzyloxy)carbonyl]-2-[(methylsulphonyl)oxy]cyclopentyl}ethyl)-1-

10 piperidinecarboxylate (racemic trans 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-(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



In a 1-litre three-necked flask provided with nagnetic stirring and a
condenser, under an inert nitrogen atnosphere, potassium hydride 32

% (25 g; 200 nmmoles; 1.1 eq.) is suspended in -36- anhydrous TIIF

(200 nL). The reaction mxture is cool etPto -78C and then benzyl 2-
oxocycl opent anecar boxylate (39.7 g; 182 mmol es) is added dropw se

whi | st wdedrowg ThE (2Wnpb).atbe eedioownixt8E. isTlegoleé aot iBﬁCrr'mxd uhen ibenzyl 2-

stirred for hour at anbj e enp ture saol.u

3 ( chr P SReE P sy RioaR Rl bs (815 imiss/ ingbed Gomsise quyilitokegpipe the
ML of SteaiRydneustloiErdos. gideehction tntﬁﬁm(r’é eaktiryRl ﬁo?W 1Rk W hl?iBtenfr Rénperature. A
reaction mxture is stirred at reflux for 12 hours. After com ng

back t osdwiinef 3- @h{b@@@?@ﬁ?}’@ pytrtdener éafis‘?t (7 @i QﬂérmmOéesevla%breqt)em 00 mL of

dryness_an up 0 thyl. a

The quu%rgnds rkﬁigg{ek fssadded "%&C%@&f Y%Yf 1}“}1%%5[% ‘ﬁacé‘an lXt(‘)"%/ ’étﬁ p&bEreflux for
acet at e]12 Ho@rsC uidrn@ehing dadk Go PRESESR t@ih@ex\&ﬁﬁél ethe WehdtionSal-Hat ﬁdevaporated to
sodi um chl oride solution and then dried over 504, filtered and

concent faPes. antlotairee Up ik di?cllnLl of waier Bnéd08mnlsof icdw! gestaigs Thg agueous phase is
m xtur ee;ﬂ{acfydccg]leg &ﬁ{@%ﬁ{‘ﬁi pr OQ{JI (agétgtg' ﬁlgé ?ogé%ngf ééa{l/ig P?%%%?élrela%ashed with

eluant to yield the expec nt

Step B: seBﬁﬁted/so&luhydﬂmmdoh(tiﬂ)npmﬂ itiehl dreedhywke) MgSmpﬁlmr&D&QMd?@é(Mfa&écB
(racem ¢ tran di ast re0| S| The expect ed(gproduct is obtained in
accHt dahbe Pwdglﬁt {ShRHTH} ig2 @é%&%%@dmﬁﬁu@t dighlgromefanedeshpgpk (gradient of

The progigst, i 9§/5§)H§ élﬁérﬁ(tio 9i@lc§ﬂhle o€ BBkt rH&ﬁ&?u %egblf[f% H{_fg(? ow oil.

di chl or onet hane/ et hyl acetate (gradi as eluant to
yield the expected product in the formof a colourless oil. The trans

di ast er goi soner eco e grder of elution. St C .
2 Nor G EBTT - ( RRRMI S PRy D0gePuiainiiutas i iece Qapeme rans
tr(uoroacet atedlgge,@ggg,@ga c cis diastereoisoner) The expected product

i s obtained in accordance vvlth the procedure described in Steps F,
G 1l and J of Exanple 1, starting fromthe conpound obtained in the

Step ab?l){ee expected product is obtained in accordance with the procedure described in Step E of
15 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

20 (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



El emental mcroanalysis CHN S Calculated %47.86 4.59 3.99 9.13
Found % 45.85 4.93 3.85 7.26 CAD/ M5/ M5 spectrumof [MrH += 238.1 in
‘accordance with the expected structure -37- EXAMPLE 18:

2- Mercapto-I|-(2-pyridin-2-ylethyl)- cycl'%7pent anccar boxylic acid
trifluoroacetate (racemc cis diastereoisoner) Step A: Benzyl
2-0x0-7-(2 pyridin-2 ylethyl)cycl opentanecarboxyl ate The expected

Stop A ERAMPLE B uRSER FTT R oty iopentinecaosyile acd
2- 0x0- cycl opent anecaiiishadifredPiteRn PV dRerdodb kRN
met hanesul phonate. Step B: Benzyl 2-hydroxy-I-(2 pyridin-2

yl et hyl ) eycl opent anecar boxyl ate (racem c trans di astereoi soner) The

expecte roeduct i bt ai ned i.n. accor,dance with th rocedure

degcri bSlt 4 Stééeﬁlz)%% xo'z'giﬁ%g?p‘/f)?faféy Z%E/hy ) Wzoﬁepé’ﬁgccﬁgﬁ’gv{@f?eoi SONer is

the second in the order of elution. Step C

2- Mer ca -l i di n-2-yl.ethyl.)-cycl.opent arboxylic. acid trii

| uor oacg%‘gteleipe(c?%@leo%u% Ci %bt?:llin%%t"é rag% fé%ff?&‘?@ﬁ c @%%Cgﬁ'tlrgddeﬁ%l&q.?c{n F?p A of
obt a neBxamplacthr damag fbhhbéh9] REOCRPERIHARBEIHREF 14 Bl eRPyFRdinG-ylethanyl
and 15 J of Exanple 1, starting fromthe conmpound obtained in the

Step abB§dangsuihepdtal nicroanalysis C H N S Cal cul ated % 49. 31 4. 97
3.83 8.78 Found % 45.54 5.11 3.48 7.56 CAD/ M5/ M5 spectrum of [ MH] +=

252.1 in accordance with the expected structure -38-
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 3.48 | 7.56

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



EXAMPLE 19:

1-[ (6- Am nopyridiin-3-yl nethyl)]-2-nmercaptocycl opent anecar boxylic
acid trifluoroacetate (racemc cis diastereoisoner) Step A
“tent-Butyl 2-oxo-cyclopentanecarboxyl at%e |) Di-tert-butyl adipate: 5
Adi poyl chloride (629.8 g; 3.44 noles) is poured dropw se, at anbient
t enper ENAMPLELD: al-[(oAminapyrisfin-Seylmethytlf binef Sip2acyklopdhtahecaibesylic acid
10 eq.) and pyridine. (800 0.32, ml in 3 L of

anhydr ous tol uene. t’fﬁé‘“lr%%\‘gﬁtﬁ#WWW‘%&@“}{%‘EF@B“& 70C, with
stirring, overnight. After cooling, the precipitate of pyridinium
chloride is filtered off and rinsed with toluene. The toluene phase
i s wash¥®dp i t h 7% Bwpd Pesdatoycioperianatagishutaieon (4 x 500 nml), 10 %
sodi um 10 carbonate solution (1 x 500 m-), water (1 x 500 m.) and
then with saturated sodiumchloride solution (I x 500 nmL). The

or gani ci)abiage-thgylddipaeh: filtered and then evaporated. The crude oi
obtained is purified by fractional distillation under reduced
pressure (100C/ 2 x 10-2 nmHg). 15 2) tert-Butyl

2 ox CASARETRRCarones] 3. Kty Rl Ay BRTy il Bl oo o

t enper atolutidn dfnémbataﬁbIlS(B@ﬂSL L, 3. éblfnol‘daH 10108). b FridfneG0CI DO BARESEs — 3 eq.)
2.71 nDIes --Qﬁgé- in 1.1 L of anhydrous tolugne The reaction
mi xt ur 3%l Ak roys t?lé?rreuif he macvmmlxttlr@rfﬁé%@wte?() & W sirkg, gfernight.

di -tertRut (}’(Johﬂg,' tﬂ@g)?ecgﬁ%{le md% C?]\ﬁl gfﬁ!}l‘?&e) 15&}]1?2?&1 Nivd %n!i @m??cpw% t%l(&gne The

20 anhydrous tofuen pour e r opw se, st contro
evol ut itolieoé has: isApv;aslmdl wmlﬂlelNulnsalromhorhf atidesdutihint (o 580 hnh) sl0 % sodium

Not e: stanti al f the reacftion mxture wjlI served
' B el ity sone s XCP arpdie Wik srafReiom thioride
devel opsohaards sposHspensi on. Cnce the addition is conplete, the

reaction mxture is held at reflux for 5 hours. 25 After cooling, the
r eact i obherirganie phiss ihguedb ifiised and thadGvapwated. 10 % acetic aci d

sol uti Ofhe crmlig oil obtained is purified by fractional distillation under reduced pressure (100°C / 2 x
10? mmHg).

15 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
20  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.
25 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).



The organi c phase is separated off, and the aqueous phase is

extracted with toluene (300 m ). 39 The conbi ned tol uene phases are
washed with water (2 x 300 mM) and then with saturated sodium

"chloride solution (300 m). The organi @%hase is dried over sodium

sul phate, filtered and then evaporated. The orange oil is purified by
fracti ofiad colnbined [taluemn phmderare edslseldwithessiar € (x6500 @T) /and Ghdn xvithOsaturated
mHg) . Step B:, tent-Buty -({6-[(tert-butoxycarbonyl)am noJ-3
pyridyI%ﬂ%F%?h@mg@S@R%@yépéﬁgatanecarboxylate The expected product

i s obtajnedshic ﬁ&s%rigéﬂ&?o%rsgﬂi%xlﬂ%uﬁfhg&:,eﬂ}{&%d %?@ﬁfehl%@ dritet €P A oOf
Exanpl e 17, "stafting fromtert-buty - 0X0- cycl opent aniecar boxyl at e

and t erthdwiradge[ 61 &0 piohibd rigmdtabtidnabydistlilatiod- yhdararddavat eresstrep (65-70°C /
tert-Butyl

| - ({6- [];%/épt "BH8Xycar honyl ) ami nod- 3pyri dyl } met hyl ) - 2- hydr oxy-

cycl opent anecar boxyl ate The expected product is obtained in

accordapnce, wth t ro re described in Step B of le 17. 15
The pr Yi's %{kw éd?g-%%ﬁﬁbmy% Owﬂwaa(-ﬁ%%!}&wgf?ﬁﬂ
dichloronethanQ&g@Qg?@hn&g&ﬁg; M Of 98/2 to 95/5) to yield the
expected product in the formof a colourless oil. The trans

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

tert-Butyl . . . . . .

15 16- T (e PEBEC RS S PS5 Horeograier ayith s REesduse desgihisgin Step A of
sul phongtahgry - €y,clsepand afemarbemlyat e-dkbaselhenthi@Bbodyae! emaoi&apBly) [5-
20 The expected product i s obtained in accordance with the procedure
desWr i eblorgmeshppyridig-2-ytearpgmetel, starting fromthe conpound

obtained in the Step above. Slep F:

1-[ (6- Am nopyridi n-3-yl net hyl ) J- 2- (acetyl t hi 0) - cycl opent anecar boxyl i c
acid (Srge€m c rov-Budil dslf &y @ei-9ameydarbonyl)aminoJ-3-pyridyl}methyl)-2-hydroxy-

cyclopentanecarboxylate

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.



The expected product is obtained in accordance with the procedure
described in Step G of 25 Exanple 1, starting fromthe conpound
obtained in the Step above. -40- Step F; 1-[(6-Am nopyridin-3
"yInetyl)]-2-nercaptocyc|opentahecarboxy%}c acid trifluoroacetate
(racemic cis diastereoisoner) Deprotection of the acid and am ne
functions: To a solution of the conmpound obtained in the Step above

(2.40 g, 4.72 es).in 2 - of anhydrous, Cll 2C12 there is
added dPépdi se@#%ﬁ?@ﬁfﬁg?-?ﬁﬁ@ﬁ%@?&m KRR UPEY AR S Ritf 6
(35.5 mL; 1438 orambRSs (r3EnB8 cis-didiGeb®@R&Hon m xture is left at
anbi ent tenperature, with stirring, until the two (am ne and aci d)

functions have been deprotected (checked by LC/ M5 - approxi nate

duratioB:I%&%ﬁnﬁgﬁé%a%ﬁd ng.sokvgpts,are t hen evaporated off.

Depr ot : oration product is taken up in
4M aqueous HC solution and is then heated at 45C overnight. The
reaction mxture is diluted with water and then | yophilised. The

pr oduct T9 & spintion; eddhe gompeyE opgined ithheaStap Rbaee(20 g; 4.72 mmoles) in 20 mL of

wat ey / I, & M . .. Th action nt i, N the .
e AT R B0 il OSBRSS L A O B sovion
253. 1 i @®5acanr; daaemmdlbs; t3ee@X PHet adcsdd udkiuree isl e EMAMPbEN2 @mpeddtire, with
2S, 1'R,.2'S)-2.ZQ{EXSEIphane i yl bi s[ 1- (3-am nopropyl)cycl opent ane-

car boxytiEn&] T WyRiFasaRe ard aeidnfutsHians bavedreen Kapiobisioishedked byi lfeS —
in Step imEReaR 1 ; ¢%§§ ' - I N sodi um
hydroxiﬂgmgénheate%ﬁgkoggg’g@%ﬁ%#gﬁ%ﬂ ﬁgghgggwgﬁggﬁgﬁgireaction

m xture is neutralised with 3 nL of IN hydrochloric acid solution.

20 The produc istBurLf:ed on BIOGEL P2 using a m xture of
wat er/ : 9% as eluant. The fractions containing the

expected product are |lyophilised. -41-

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: (IR, 2S, 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.



El emental mcroanalysis CHN S C a 45.28 8 67.18.18 5.87 13.43
14.85 F nd % % 5.94 13.32 14.54 EXAMPLE 21: (1R

2S)-1-[3-(Di nethylanino)propylI-2-nereq£tocyclopentanecarboxylic

acid trifluoroacetate Step A (IR 2S, 1R

2'S,)-2,2' -Di sul phanedi yl bi s[1-(3-(di methyl am no) propyl ) cycl opent ane-
car boxpflementel digodtmlwissol utG on| of Ht he| coNpound 8bt ai n€d- i n Exanpl e
20 (0. Bhlgiattd 7 nmmol e) i 4828 nlL748 for /8¢ |aclidd3t herig.§5s |added
dropw S®undts anbi ent tenpepatyre, Q32 msef 37 %ﬁgguequ%4fcrnaldehyde
sol utilon. _The reaction mixture is heatled”at rlefl (X, W th stlirri ng,

for one hour. After cooling, the reaction mxture is diluted wth 10
m, of water and then the solvents are evaporated off. The product

| s usedERAMPLE DI i(I RE2$)- DB-(Divh SRy Reiiho)PrEpyl]-20n & @PtRy clopEhtanecarboxylic
2b) - 1- £ 3- (D nei hyl am no) pr opyl J- 2- ner capt ocycl opent anecar boxylic acid
trifluoroacetate To a&idkUiflngrencesatet he conpound obtained in the Step
above in 35 nL of a mxture of water/TI IF (I /1), there are added
dropwi se, at anbient tenperature, 2 nL of tributyl phosphine. The
react i oftep A XIRITXS, V'R, DSAL A Daduipiifae dpi i1 1 981 (Hin gyl amome)irb@ilcy clbbdrdine-
cooling, the reagtion mxture is diluted 15 wth 100 nL of water and
t he agqueous pwagé“ﬂ@cﬁﬁ@% washed with ether (3 x 25 nlL). The aqueous
phase i s evaporated. The crude product is purified by preparative
HPLC on a Krornasil colum (1 kg - 600nunx60nm - 70m /mn) using a
m xtiur eToh solatien bhthetcomippund efthined inbBxoade 2D ¢0.4€ igd0.78 pirddlePinl).5 ad. of formic

nobi | e se. .20, . The, fractions .contai ning the_ expected product_are
| yophi | ?CEQ .erW%;]ﬁé"%‘ﬁ’éE’t ?Hﬁ‘ﬁ‘%‘?nt[tﬁ}ﬂ?ﬂf@g‘éeaz@%.f& 0 s fogakehyde
the expemiRsh. The Y&IcHb® 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.

10 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 1s heated at 50°C, with stirring, overnight. After cooling, the reaction mixture is diluted
15 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 watet/acetonitrile/trifluoroacetic acid (85/15/0.1) as mobile
phase.

20  The fractions containing the expected product are lyophilised.

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



-42- EXAVPLE 22:

1-[ 3- (Met hyl ami no) propyl | - 2- mer capt ocycl opent anecar boxyl i ¢ aci d

trifluoroacetate (racemc cis diasterco 4sorrer) Step A

Benzyl 2- [ (et hyl sul phonyl ) oxyJ-] - ( 3- pyr yI met hyl ) eycl opent anecar boxy
late (racem c trans diastereoisoner) 5 The expected product is

obt ai neBXIAMBEEGX] arlel3- QMetlhyimnp)pmpylﬂr-rZemdmptdcbrehipbmtaﬁb&pgowlllc&c&hd
C of Exanple 17 enzyl 2-90xo-cycl t anecar boxyl at e
and 3- [FFbenzyI oxy%ﬁlﬁuﬂg %?]ﬁ&aﬁfﬁl‘)ca‘rﬁ ﬁ'&ffﬁr thanesul phonat e.
The trans di astereoi sonmer is the second in the order of elution. Step
B: 1-[3-(Methyl am n%) ropyl zt ocycl opent anecar boxylic acid
Dri 11 oSisadel Mg raduiishens) dlepevibiavde) Tiepanpmcnbooa
roduct is obt aceordance wi.th the procedure described in

gt eps G | and%&e%fé%?m(%f’mrfal ’t”S’E)t. ng fromthe corrpound obt ai ned
in the Step above. CAD MS/MS spectrum of [ MFH] += 218.1 in accordance
with the expected structure EXAMP

2- Vet capooirepizd eredichisnbiained Hyfrcfor@yereowéhttlem@r@mm 9¢sceb@rbrru8ten$A B and
trifl t
S (et b arBley o Pbongthes. RO GO0 Pibe SR RE M o e g >

ne- cardeﬂﬁba)&ﬁbeg&}ﬁmﬂg@a@mmﬁp@py] methbta@ulphdndtet accordance with
t he pro,gﬁdureé{}jaétcrlbed i.n Steps A and B of Exanple 7, starting from
I

benzyl 2XO%YY %ﬁ‘é?ﬂ%ﬁé&%ﬁ&%%ﬂddfl e et utio yl 20

3- ([ (et hyl sul phonyl ) oxy] net hyl } azeti di ne-|-carbamate. Step B: Benzyl
3-((1-(tert-butyl oxycarbonyl)-2-[(nel hyl sul phonyl ) oxyJcycl opentyl } net
hyl') - | -Step &: t | B héblatbbxyhapeopljatenraptagaispditasiceriooyikomsd Jriffitveoacetate
expget ed produ IS obt ined in azcor dance with the procedure
described in §1%% "t 6 ‘f:‘sfféﬁ‘ﬁfl“g" starting fromthe conpound
obtained in the St ep above.

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.



-43- The product is purified on silica gel using a m xture of

di chl oronet hane/ et hyl acetate (gradient of 9/1 to 8/2) as eluant to
yield the expected product in the formgof a colourless oil. The trans

di ast ereoi somer is the second in the ortfer of el ation. Step

2- Mer capto- 7- (azeti di n-3 yl net hyl)-cycl openi anecar boxylic acid 5

trifl uofleapwdattas prebedron sdics gil aste revixsooef Hichheomxthend/ ettlypacethte {gradient

dure . d ed.in,Sten F of

is obtaj i ccar dance. h the proc Scri
Exanpléﬁ%g?uégg??ﬁﬂbmﬁﬁ%ﬁFp% e@ﬁWﬁgﬁﬁHO‘5?5?“@36?%0f%@ﬂ§W$358 ove.
CAD/ VB M saRidstdre@borhdWibidit-sedotl it thdbraSCFfi@me W th the expected
structure PHARMACOLOG CAL STUDY to EXAMPLE 24: I nhibition of TAFIa

Purified human TAFI (25 ng) is activated by adding

t hr onbi
After i
addisng

- g dul i n l.ex,in t resence of calciumchloride.
e L O oA 1R 5 B R R R eSSt o by
t he i rr exgnsioalt@ate W ehid ik Alaksi-dodonPPACK (TAFI Activity Kit,

Aneri can Di agnostica). The conpound under test is added to the
(3.2nM TAFla solution and incubated for 5 mnutes at 15 20C. A

chr omogggl Q%E'd%@@&t {sa&bq%ihéd %g%ggorgﬂl%et\bﬁl? C‘)[%%é)ﬁ&%é&rg dcfiqel%%ré@e% in Step F of

m nut es at

enzymati ¢ reaction 1s s

sul phurkxangdée d9(stafthg Aot the tymEbiind Amanédarthe Biepgbosd.i ca) . The

opti cal
ai d of

density (OD) of the solution is neasured at 490 rimw th the
a spectrophotoneter (Spectramax, Ml ecul ar Devices). The 0D

val ue of Af/MEINISGBRLAIND Bf‘%ﬁ% =V% f@g ﬁm&oﬂaﬁ&qw&q_hﬂ%eexgé@d étﬁlcturs 0

subtracted from each of t

ues measur ed. € pércent age

inhibition of TAFla at a given concentration of the conpound under

(0D of compound x 100/ 0 SHABMAEAILGETL &P, on of Compound

of the

i nvention which inhibits 50 %of the enzymatic activity of

TAFla (1C50) is calculated fromthe inhibition percentages of the COD

val Yes

15

20

fnhibition of TAFIa

Purified human TAFT (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 (TAFI 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 TAFIa 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 TAFI is subtracted from each of the OD values measured. The percentage
inhibition of TAFIa 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 (ICsp) is calculated from the inhibition percentages of the OD values measured for



-44- increasing concentrations of the conmpound under test using
non-|inear regression according to a signoidal four-paraneter

equation (effect-dose). The | C50 val ues, pbtained with representative
conpounds of the invention are recordedtn nMin the Table bel ow
Compound I1C50 (nM Exanple 1 6.7t 0.6 Exanple 2 22 f 6 Exanple 3

7.4 t lingreagipggpheengationsf thx eerpp@ing under testiusingExamiphar trétioh at6ording to a

Exanpl e_. 184-.-22 EX le 20 1861, .26 .5 LE.25: Pharpaceutical .
conposi t' %ﬁ&gﬁ % rl'peafar%%? r’r%qua?%?% g(ef?%é'%ﬁ?eépgg%ﬁ i9nvaé?esl%@n?‘g%1l ISP sEative
cont2 2‘ NédigpckMdegf Oif idhtive atetSéReERILM iCARPRURGMwone of Exanples 1

to

........... | ogr—Hydroxypropyt——cettut-gse

...................... Compound. . ......|......... ICse(nM)..........|.....
................................... 2—g—\Wheat—starch
...................... Exanmpleld. .. .... ... .......67£06..........0.....
................................................. l og—10 Lactoge
...................... Examp16222:|:6
............................................... 100 g
Magnesi um st ear at e Example 3 74+1.1 '
...................... Example639 -Iia_ljpz

...................... E 18:E
g EXAMPLE 26: Phar naceu)%almcpaf conposition - tablle7t8, }In associ atijon
with warfarin Formul aﬁx%lp}ehﬁ) prepar ati on of 10§)pit1 bl ets each
containing 10 ng of active

Ingredient:] 15 Conpound of one of Exanpl es

1to 23 Example 13 184 + 22
........... | og] Warf apEuxgmple 20 | 186 4 26
................................................ 2 g

5  EXAMPLE 25: Pharmaceutical composition - tablet

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

Compound of one of EXamples 110 23 .....civiiiioiiiiiceceeeeeeeeeeeeeeeee e, 10g
HydroxXypropyleellUlOSe.....c.couiiiieiieicieieteeeee ettt eev e e e 2¢
WREAL SEATC ... eeeeeee e ser e eeeeeoeeeee oo 10g
100 LACTOSE ..eiiiiiiieeeiee ettt e et es et et e e e e e e e e e e e e et e s eeeenenee s 100 g
MaEGNESIUM SEEATALE.........ouiieiietieteeeeeeie ettt ettt e st es e e et e e e e e esesees e 3g
TTALC ettt r s e es e 3g

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 ....ooviuiviuiiiiecececeeeeeeee e e, 10g
WAAITALIIN ..., 2¢
HydroXypropylCelIULOSE. ....cveuvrueeeeieiieieteeceeeteee ettt erens 2g

WHEAt STATCH. ........oviiiiiiiic ettt ettt 10g



_Fydroxypropylcellulose

.................................... 2_%~ Wheat starch
... ... ..log -45- Lactose
_______ LACTOSE .ovivriniisieinieieini sttt ssesssssesessseseseenenenenens 100 €
------- M i L
......... ARNCSIUM SIEATALe Lo Ll et el L g NG HES T U S Tear At e 8
....... Talc ....................-....,.......-‘.-.,..-.....-..-.f..-.......\.a....x....\..-..-..=..-..-..:..-..-...-..-..:..-..-...-..-..:..-..-...-..-..:..'..'..:..'..:.:..'3 g
........................................... 3 g Talc

....... EXAMPLE 7: Ph t' l Ly . ) . e AN 2 2t . o a 3
g EXAVPRETSPLERT: Plreneeuioe! Copodrion iablet ippapriafipn yidtaplin o,

with aspirin 5 Formula for the preparation of 1000 tablets each

cont ai ni.n 0 of active | redient: . Conpaound of one of Exanmples 1
to 23 n#orgluzl'a forp‘al'le preparation otl IQJ%O tablets each con’gl?ning 10 mg of active ingredrit%t:

------- Compeund of-one of Examples 1t0 23w i L i L L L L 10 g
........... log Aspirin..... _

_______ ASPILI 111t ns i et vs s e a et er 0 1o a s g ae e seasaene e ensn s meeomom e LOO @
........................................ 100

Hydr Oxy%y%rgw%rgwlﬁ?lgg%se ......................................................................................................... 2¢
------- Wheatstareh 10 g
.................................... 2 g Weat starch

L0 LACOSE ettt eetepeat e pe et oot pennepnennegenenterenners L OQ 8
------- Magnesium stearate:....1.0.00 0o s o 20 g 10 Lactose o
....... Talc ..-.......--......-..-..-....-..-..-.o..-;.-..-.u.:..-..u..r..s.l....x.a..m.l....-..:....s....'...'..'..=..'..'...'..'..:..'..'...'.-'...]:Q.Q...g........ 3 g
Magnesi um st ear ate

------- EXAMPLE28: Injectable solution, in associatiof with difdase
................................................................... 3
g EXANPLE 28. |njectable solutjon, in association with alteplase

For mul W?ﬁfﬁé{%rpéﬁ%‘F%I{Q%‘%qgfmfl SHUSR sol uti on: 15 Conpound of one
of EXanDdBEouhdld? 088 0f EXAMPIES 110 23 .....euieeeeeeeeeeeeeee oo seee oo, 20 mg
o ATCHBASET A £ @PIBS @-rvrevrerrerraresesesiiiesesenneeesessesessissseseeee oo 10 TIQ
o LArgminelOngSSO g
L= Ar gi TRODESOTDALE 80.......eeiveveieieieeeicee et r et e e s e ee s en s eeeeeerese, 1 mg
L PHOSPROTC BOI ..t tepe ottt oottt B 5 Qe L e 0.5 PHT
POl S O R e B CCtIONS oo 10 ml
PR 1 nmg Phosphoric
acid

... .. ........ 9.s.PpHT 20 Wter for



1. Conpound of forrmula (1): R2-(CH 2), C 2R3 RIS (I), wherein: 5R1
represents a hydrogen atomor a group of fornmula COR4 wherein R4
represents a linear or branched Cl-C6al kyl group or an aryl group,

or Rl represents a group of formula (A)ﬁ'RZ-(CH 2)m CO2R3 -S (A, R2
represents a group of fornmula NRSR6 wherein R5 and R6, which are the
sane or different, 10 each represent a hydrogen atomor a linear or
branched C - C6al kyl group, or R2 repkgiﬁgﬁé a nitrogen-containi ng
het erocyclic group, an aryl group or roaryl group, R3

represents a hydrogen atomor a linear or branched C i-C6al kyl group,
m represents an integer between | and 6 inclusive, n represents 0, 1
or 2, 1b i¢emppidfifoimadatlds, and al so addition salts thereof with a
pharmaceutically acceptable acid. 2. Conpound of formula (1)

}{Depre € g _a hydrogen atom -47- 3.

according to claimi1, mhereq@_¢g

Conpound of formula (1) accordi ng”fonefthér3claim1 or claim 2,

wherein R2 represents an amma.or pyNdyl group.(ﬁ. Conmpound of

formula (1) according to any ohe O n 1 to 3,>"Wherein R3
Gonppund of fornmula (1) according

represents a hydrogen atom 5 5.
to any one of clains 1 to 4, wherein i hrepresents 3. 6. Conpound of

formul a ﬁ%).according to any one of clains 1 to 5 wherein n
represeffitS: 7. Conpound of fornula (la) according to claim1:

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

or R represents a group of formula (A):

R,-(CH,)_ . CO,R,

=3 (A),

R, represents a group of formula NRsRg wherein Rs and Rg, 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;-Cgalkyl group,

m represents an integer between 1 and 6 inclusive,

n represents 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 R; represents a hydrogen atom.



NRER6 CO2R3 R1 S 2 1 (la), whereinn, Rl, R3 R5 and R6 are as

defined in claim1. 10 8. Compound of fornula (1) according to claim

1, selected from (1R
28)-1-(3-aninopropyl)-2-nercaptocyc|opéﬁ%anecarboxylic acid, its

optical isoners and addition salts thereof with a pharmaceutically
accept abl e(l(g@p@%ndaqfcfogr_gﬁg (I) according to either claim 1 or claim 2, wherein R, represents an

28) - 2-acetyl.thio-]-(3-am nopropyl)-cycl opent anecar boxylic acid, its

opti cal f%%ﬁngplﬁﬁﬁéﬁﬁﬁkion salts thereof with a pharnaceutically
acceptable acid. 15 9. Process for the synthesis of conpounds of

formula (1) according to claim1l, starting fromthe conpound of

for mul (1 9me%£1-01°<%2@11@ (Drageording {ghamephe pf clanadetats wheraindys @presents a

and G repr rotecting group for the carboxy function, which
IS reactedﬁaﬁgﬁﬁgaggnpound of formula (I'l11): X-(CHR2)mR 2 (I1l), 5

wherein X represents a halogen atomor a triflate, tosylate or

nmesyl at oup, .mrepresents an integer between 1 and 6 |nclusive,
And R ot 3?%15%}9@5“ émafﬂg%ggléﬂfwf PR ApYNREDRCBIMA & 1@ fHwhersingp gepressnts 3.
whi ch may be the same or different, each represent a protecting
group for the amno function or a |linear or branched G -C6al kyl
group, fr RmEpouwmdroddentda d) atcordige to- agningiofiiclagmb étte@ b pelyabinm gpeugnts 1.
optionally 10 substituted by a protecting group for the am no
function, or R 2 represents an aryl or hetcroaryl group,

7. Compound of formula (Ia) according to claim 1:

NR,R,

CO,R

RI S (Ia)a

wherein n, Rj, R3 Rs and Rg 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
- (IR, 28)-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 (T) according to claim 1, starting from the

compound of formula (IT):



to yield the conpound of formula (1V): R 2-(CH2)m CO2G O (1V),
wherein R2. G mand n are as defined hereinbefore, 15 which is
Subjected to a reducing agent for the o function, to yield a
conpound of formula (V): -49- R 2-(CH2)M CX2G HO (V) n wherein R 2,
G in and n are as defined hereinbefore, which is reacted with nesyl
chloride, tosyl chloride, triflic a@fydride or a hal ogenating reagent
to yield the conmpound of formula (Vl): Rz (CH2), CO2G X (VT) 5
wherein R 2, G in and n are @s—ge ed herei nbe(fIBre, and X
represents a nmesylate, tosylate @ illate group’ or a hal ogen atom
t he di astereoi somers of which are\sepgrated when it is desired to
obtain a compound of forrmula (1) in the formof a single

di astereoi soner, 10 and which is then reacted with a conmpound of
formula (M]): M-(CO-R1 (VIl), wherein Mrepresents potassium
sodi um BReRinhieprgsedf . Ror 2.raagd (e seprasentan padiksiingaggroag far thy aulpoxy function,
yield the conmpound of formula (MI1): R 2-(CH )m CQ2G

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

X-(CHy)m-R> (11D,

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

Ci-Cealkyl 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

O Iv),

wherein R';, 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):



R,-(CO-S (VIIl), n 15 wherein R1, R2, G in and n are as defined
her ei nbefore, -50- the enantioners of which are separated by chiral
_.chromat ography when it is desired to ob}ig{ai n a conpound of formula
(T) inthe formof a single enantioner, tThe thiol, am no and carboxy
functions of which are, where applicable, deprotected to yield the
compound of formula (1), 5 Rhi€Hl)when €O,Gs desired to obtain an
addition salt of the conpound of forwmdla (T) with a pharmaceutically
acceptable acid, is reacted wif] o r espondi ngvaci d. 10. Process
for the preparati on of compounds o la (la) according to claim
7, starting fromthe conpound of flerngla (Il1): COZG O (11), n 10
wherein n represents 0, 1 or 2, and G represents a protecting group

f or t hewbaeilmdXy, &, unahd amre asvduifimhd hereinkafotred Wi th acrolein. in the
presence of an asymmetric catalyst, to yield the conpound of fornula
(I'X)y, of configuration (1R) or (IS): O Il C®G O (LX), t5 wherein

n and C\Nﬁfcﬁ i@ geadbil e a8y &R0t Ry1 chloride, triflic anhydride or a halogenating reagent
to yield the compound of formula (VI):

R'-(CH,) _ CO,G

X (VD),

5 n
wherein R, G, m and n are as defined hercinbefore, and X represents 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 (I) in the form of a single diastereoisomer,
10 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,
to yield the compound of formula (VIII):

R,-(CH,) _ CO,G

R',(CO)-S— (VII),

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



t he al dehyde function of which is reduced to yield the conpound of
formula (X): -51- OH 7C2G O (X), n wherein n and G are as defined
~hercinbefore, which is reacted with nesyl chloride, tosyl chloride,

triflic anhydride or a halogenating reé%%nt to yield the conpound of
formula (XI): X CRG O (XlI), n 5 wherein n and G are as defined

her ei nH8¢ §REtiofess X pljshese m@mée%by ebjed] chranategraphy when étis desired to obtain a

tosylaggmgkgﬂgéyhgkﬁ. %Rhe% 9@§6E Q@hﬁpn of which is reduced

with the a re ng agen e donpound of formula

(XI1): tKe @GEOBIGantiid Gl l:érbox;ﬂﬁllﬁtwme@féwmcﬁl ardovaiek Fppliceblasddpedtbdred to yield the
her ei nbef ore, ich |s reacted with a conmpound of formula (XI11):
_52- NHRmpRad of fermpda (1

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

pharmaceutically acceptable acid, is reacted with the corresponding acid.
10.  Process for the preparation of compounds of formula (Ia) according to claim 7,
starting from the compound of formula (II):

CO,G

2

0 D,

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 (1S):

O (IX)ﬂ

wherein n and G are as defined hereinbefore,

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



wherein R'5 and R'6 each represent a protecting group for the am no
function or a linear or branched O -C6al kyl group, to yield the
~compound of fornmula (XIV): NR' 5R' 6 G HO (XIV), 5 wherein n,
G R'5 and R'6 are as defined herei nbefore, which is reacted with
mesyl chloride, tosyl chloride, triflic anhydride or a hal ogenating
reagent to yield the conpoundOdt formula (XV): NR* R® 56 OC®RG X
(XV), nto whereinn, G R'S5 And R'6 are as defined hereinbefore,
and X represents a nctsylate, tosylate or triflate group or a hal ogen
atom and which is then reacted With a conpound of forrmula (VII):
M5-(CO-R1 (VIl), -53- wherein repr&;ents pot assi um sodi um or
lithium and R represents an al iyl EQ}I group, to yield the
conmpound of forrmula (XVI): NI?)‘ R'

6
(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):
X

0 (XI),

5 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 (XII):

X

CO,G

HO (XII),

n

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

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



CO2G R i(COS (XVI), whereinn, R1, G R'5 and R'6 are as defined
her ei nbefore, 5 the thiol, am no and carboxy functions of which are,
where applicable, deprotected to yield #ﬂe conpounds of formula
(la), which, when it is desired to obtalh an addition salt of the
conmpound of forrmula (la) with a pharmaceutically acceptable acid,
are reacted with the correspondi "JHRCIR's 16XIIPhar naceuti ca
conposition conprising a conpound of fornmula (T) according to any one
of 10 clains 1 to 8, in conbination with one or nore inert,

non- t oxwherefphRf Mk R'} eadt yepesempd phitectingX@b@ &Mt Sie GmiGarfih@Ios. orl? linear or
Phar maceutical  c o?ition according to claim 11, characterised in

t hat itb@HﬂFgﬁbﬁggBV'gEBWprises a fibrinolytic, anticoagulant or
anti-platelet agent. 13. Pharmaceutical comnposition according to
claim1l in injectable form characterised in that it 15

addi ti otogli¢ld tieoapupsed of fdritmld @AVt i ¢ agent sel ected from reconbi nant
t PA, reconbi nant uPA and stregﬁgk%pase. 14. Use of a conpound
according to any one of clains 50 8 in the manufacture of

medi canents for use in the prgvention, secondary prevention or
treatnment of nyocardial infarcthon, angina pectoris, arteritis of
the I ower |inbs, venous thronbosgs, pul nonary enbolism -54-
cerebrovascul ar accidents, vascular cqg@I'cations of diabetes, aortic
aneurysns or denentias. 15. Use ﬁgound, according to claim
14, in association with a fjbrinoly<ic, anticoagulant or
anti-platelet agent. No fi %XIVL

n

5

wherein n, G, R"5 and R"¢ 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):

NRHSRH6

CO,G

X (XV),

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

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

MS-(CO)-R'; (VID),



10

15

-53.

wherein M represents potassium, sodium or lithium, and R'; represents an alkyl or aryl group,

to yield the compound of formula (XVI):
NRHSR"6

CO,G

R (CO)S (XVI),

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

compounds of formula (Ia),

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

pharmaceutically acceptable acid, are reacted with the corresponding acid.

11. Pharmaceutical composition comprising a compound of formula (I) according to any one of
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 fibrinolytic, anticoagulant or anti-platelet agent.

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

and streptokinase.

14. Use of a compound according to any one of claims 1 to 8 in the manufacture of medicaments
for use in the prevention, secondary prevention or treatment of myocardial infarction, angina

pectoris, arteritis of the lower limbs, venous thromboses, pulmonary embolism,



-54.-

cerebrovascular accidents, vascular complications of diabetes, aortic aneurysms or

dementias.

15. Use of a compound, according to claim 14, in association with a fibrinolytic, anticoagulant

or anti-platelet agent.

No figure



