29 JUL 2004 DI PEPTIDE NI TRI LE CATHEPSI N K I NHI BI TORS This invention relate

to inhibitors of cysteine proteases, in particular to di pept| de ni th§ el “
cathepsin Kinhibitors and to their pharmaceutical use for the treatnent

or prophyl axis of diseases or nedical conditions in which cathepsin Kis
inplicated. Cathepsin Kis a menber of the famly of |ysosonal cysteine

cat hepsin enzynes " engi M&ﬁre I nplicated in
vari ous di sorders —D.!E@?’L@ %ﬁ ¥ JlﬂE(EATlgEPEIIﬁDU ritis,

osteoarthritis, osteoporosis, tunors (especially tunor |nvasion and tunor
net astasi s), coronary disease, atherosclerosis (including atherosclerotic
pl aque r upt ur elanmveitonablatdsza tnhdbijors afdysicinepneteaies ciapagicular espi r at ory

di seases, _.infectjous diseases and i munaol ogi cal ly nedi at ed di seases
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of cysteine ca use CretP et & cat hepsin
dependentungllga@@ses or nedi cal condl tions. New dipeptide nitrite conpounds
have now been nmade which are inhibitors of cathepsin K and which have

desi rabl e profeathépsin Kads a plembaneftbe faaily Qfmtﬂoswaallcastsme,&e&l@psim ngly the
e i 8 el Rl

I ndepend hmiaticg! L Qr r the carbon
atomto \efivﬁit %_tﬁmy ar telgétl?iacﬁ %h%(éo%hrﬂtg’ C%é Bﬂu{"% °9§?‘I‘Jg§n‘é‘w‘a?d 2 9 JUL

2004 -2 (especially tumor invasion and tumor metastasis), coronary disease, atherosclerosis

(including atherosclerotic plaque rupture and destabilization), autoimmune diseases,
respiratory diseases, infectious diseases and immunologically mediated diseases
(including transplant rejection).

Our copending International patent application WO 99/24460 describes
dipeptide nitriles which are inhibitors of cysteine cathepsins and their use for treatment
of cysteine cathepsin dependent diseases or medical conditions. New dipeptide nitrile
compounds have now been made which are inhibitors of cathepsin K, and which have
desirable properties for pharmaceutical applications.

Accordingly the present invention provides a compound of formula I, or a

pharmaceutically acceptable salt or ester thereof

Het

In which
R; and R; are independently H or C,-C;lower alkyl, or R, and R, together with the
carbon atom to which they are attached form a C;-Cycycloalkyl ring, and



Het is an optionally substituted nitrogen-containing heterocyclic
substituent, provided that Het is not 4-pyrrol-l-yi. The Het subst iZtlidt 2004
may be at the 2- or 3-position of the phenyl ring, though is preferably at
the 4-position. In the present descri Ei i on "nitrogen-containing

het erocycl e" signifies a heterocyclicring systemcontaining at |east one
nitrogen atom from2 to 10, preferably from3 to 7, nost preferably 4 or
5, car bonHat isan oatidnaibtsutmimtb@' nitviogencomamng hettddcyichn silbshisieet, paddded sel ect ed
fromO, S or ref er l\l t may conprise an unsaturated, e.g. an

aromati c, bljé‘ﬁtgd’ﬁ%/rﬁ ;lny het erocycl e; though preferably conprises a

sat ur at ed m 1T Q0P pm,tsaeu@mga ﬁﬁﬂ&f%& -poditi mué gﬁélrm ﬁf]gftﬁaﬁgg Sabl y

sat ur at ed nltrogen contal ni ng “het erocycl es*are pl

pi per azi np}efathblyerthBMp;ﬁfsitmnnyl preferably piperi d| n-4-yl . Het may be
substituted by-one or nore substltuents e.g. by up to 5 substituents
i ndependent | y Hethe presantideseriptions gléwgemrymtmylg hetereryclen |Stgmd'163@pt i onal |y

opt onal | JleresIe NSt Bpreiers JEE S tpESP Dme rpr tt Giek ettt no.
aryl or hghe! PEVE nidst re?élra g|4|3?)5¥ cm%ﬁﬁ@hﬁ%ﬁo?ﬂ&ndﬂ? onBFhidryit ed at a
nitrogen atom nost pP erably nono- substituted nitrogen atom

Pr eferreda&dlbﬁtaﬂh&tenmmmmlebEﬁfmmOCS-dﬁﬁcfmblya‘ﬂ kyl, Cl1-C7l ower al koxy-Cl1-
C7l ower al kyl, C5-C, oaryl -C, -C7l ower al kyl, or C3- 08c cloalkyl. Rl and R2
as O -C71 over &ﬁekwyﬁ?@?mﬁpsﬁt%é ESMO‘T@"@ mﬁegwont@nmm and R2
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t her eof Hprefegably pigerazin-1-yl, or piperidinyl, preferably pxper1d1n-4-y1
Het may be substituted by one or more substituents, e.g. by up to 5 substituents
independently selected from halogen, hydroxy, amino, nitro, optionally substituted
Ci4alkyl (e.g. alkyl substituted by hydroxy, alkyloxy, amino, optionally substituted
alkylamino, optionally substituted dialkylamino, aryl or heterocyclyl), C,salkoxy.
Preferably Het is substituted at a nitrogen atom, most preferably mono-
substituted at a nitrogen atom.
Preferred substituents for Het are C;-C;lower alkyl, C,-C;lower alkoxy-C,-
Cilower alkyl, Cs-Cjoaryl-C,-C;lower alkyl, or C;-Cgcycloalkyl.
R; and R; as C;-Clower alkyl are preferably the same, e.g. methyl, or R; and
R; together with the carbon atom to which they are attached preferably form a C;-
Cscycloalkyl ring, e.g. a cyclopropyl ring. Most preferably both R; and R; are H.
Thus in particutarly preferred embodiments the invention provides a compound

of formula I, or a pharmaceutically acceptable salt or ester thereof

X

O H



2 9 JUL 2004 -3 wherein Xis CHor N, and Ris H, C-C7l ower alkyl,

Cl - C7l ower al koxy-Cl -C7l ower al kyl, C5-Cloaryl-Cl-C7l ower alkyl, or29 JuL 200
C3- C8cycl oal kyl . Thus particul ar exanples of R as Cl-C7l ower al kyl are

met hyl, ethyl, n-propyl, or i-propyl._ A particular exanple of R as

Cl - C7l ower al koxy- C1- C71 ower al kyl i s -3 mret hoxyet hyl . A particul ar exanpl e

of R as C5-Cioaryl-Cl-C7lower alkyl is benzyl. A particular exanple of R
as C3- C&cycl oal kyl is cyclopentyl. Exanples of particular conpounds of

formula H are; N[ angnet hyl - car banoyl ) - cycl ohexyl ] - 4- (pi per azi n- |
-yl) - benz&l’@P’(’fé‘X'W OFC%
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1- (Cyanonet car barmyl) cycl ohexyl]-4-[4-(1-propyl)-piperazin- | -yl]-
benzam de; N- [ Thus particular examples of R as C,-Cjlower alkyl are methyl, ethyl, n-propyl,

1- (Cyanonet hyl - clar banmoyl ) - cycl ohexyl ] -4-(4-isopropyl -pi perazin- |-yl)-
benzam defr KPY°

1-( Cyanoret hyl AR AL R LA B BRSO | -Y!)-

benzar ni de;
I -(Wanonmehwxyaaylbanoyl ) -cycl ohexyl ] - 4-[ 4- (2- met hoxy- et hyl ) - pi per azi n- |
-yl ]-benzam de; N[
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Examples of pamcular compounds of formula I are:

N-[1-(Cyanomethyl-carbamoyl)-cyclohexyl]-4-(piperazin-1-yl)-benzamide;

N-[1-(Cyanomethyl-carbamoyl)-cyclohexyl] -4—(4—methyl—piperazin— 1-yD)-
benzamide;

N-[1-(Cyanomethyl-carbamoyl)-cyclohexyi}-4-(4-ethyl-piperazin-1-yl)-
benzamide;

N-[1-(Cyanomethyl-carbamoyl)-cyclohexyl]-4-[4-(1-propyl)-piperazin-1-yl]-
benzamide;

N-[1-(Cyanomethyl-carbamoyl)-cyclohexyl}-4-(4-isopropy!-piperazin-1-yl)-
benzamide;

N-[1-(Cyanomethyl-carbamoyl)-cyclohexyl]-4-(4--benzyl-piperazin- 1-yl)-
benzamide;

N-[1-(Cyanomethyl-carbamoyl)-cyclohexyl]-4-{4-(2-methoxy-ethyl)-piperazin-
1-yl]-benzamide;

N-[1-(Cyanomethyl-carbamoyl)-cyclohexyl]-4-(1-propyl-piperidin-4-yl)-
benzamide;

N-[1-(Cyanomethyl-carbamoyl)-cyclohexyl]- 4-[1-(2-methoxy-ethyl)-piperidin-
4-yl]-benzamide;

N-[1-(Cyanomethyl-carbamoyl)-cyclohexyl]-4-(1-isopropyl-piperidin-4-yl)-
benzamide;

N-[1-(Cyanomethyl-carbamoyl)-cyclohexyl]-4-(1-cyclopentyl -piperidin-4-yl)-

benzamide;



N [ 1-(Cyanonet hyl - car banoyl ) - cycl ohexyl ] -4-(1-i sopropyl - pi peridi n-4-yl)-
benzam de; N-[1-(Cyanonet hyl - car banoyl ) - cycl ohexyl ] -4-(1-cycl opent ylz g JUL 2004
-piperidin-4-yl)- benzamide; 2 9 J UL 2004 -4 N[

1- (Cyanonet hyl - car banoyl ) - cycl ohexyl ]-4-(1 -nethyl-piperidin-4-yl)-

benzami de, and -4-

N- (1- (Cyanonet hyl - car banoyl ) - cycl ohexyl | - 4- (pi peri di n-4-yl)-benzam de.
Conpounds of f ey @ydnomethyl-tarbadofiheydpiexyllide( lcnehaupipidipavd)-ar e
hereinafter referred to as Conpounds of the Invention. Conpounds of the

| nvent i on beagamide. padpar ed by coupling the corresponding Het substituted

cyanomet myl amibibt (EArOm PO A SRR A 60205 cr b y i 1

the form of i t&omuehimes Rk Rriita I Ardi IFax& the'd aﬁéc%awﬁdv@%anecar boxylic
aci d.cyanonet hyl m de, e.g. in the presence of T

( 1- hydr ox\Hesixvafiter redercddatp as WB@Ipoands oft the dventiami ne, in solution, e.g. in
DMF, and stirred, e.qg. O%/tﬁr?i ght, at roomtenperature. . The product nay be
recovered, for GomeRoxadeof thy IpvEation may 56 PepareddySonpigg:the FomespRading y

washi ng w | AR Gits 9 Mlih & I mldly
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drying of &hen®thylabiide. Pobexatply, tiedstinoic avidfdeticativeyprafraly mntheforkher sol vent
and filtration. ternative procedures and reagents nmay be used; for

i nst ance, iahydrchlonidé.tismixgdyoith bearnoacyclehex xyic agid gyanameshylur t her
aspect the i.nvention provide sg for the prep Lon,of a conpound
of formul & E%ﬁig_cﬂ‘ @SWSF%%?%MfRﬁ%yaWyW&&%Hﬁdedsubst i tuted
benzoi ¢ agjitthaiinéain séfueish, &.8NiMBMFE! dnd stifel, 4.5 overdifht at coom temperature.

The product may be recovered, for instance, by evaporation of the solvent, followed by

washing with aqueous sodium carbonate solution, preferably under mildly basic
conditions, followed by solvent extraction, e.g. with ethy! acetate, drying of the
extract, e.g. over sodium sulfate, evaporation of the solvent and filtration. Alternative
procedures and reagents may be used; for instance, as hereinafter described in the
Examples.

Thus in a further aspect the invention provides a process for the preparation of
a compound of formula I which comprises coupling the corresponding Het substituted
benzoic acid derivative of formula ITI

Het

n
_OH

C
1]
o

With 1-amino-cyclochexanecarboxylic acid cyanomethyl-amide.

1-Amino-cyclohexanecarboxylic acid cyahomthyl—anﬁde may be prepared by
coupling 1-amino-cyclohexane carboxylic acid, typically in appropriate amino



11 0 Wth 1-ani no- cycl ohexanecarboxylic acid cyanonmet hyl -am de. O

,CH2 M H C-\ N 1-Am no-cycl ohexanecarboxylic acid cyanomet hyl -am d?eg dﬁL/Z[lﬂf;
be prepared by coupling 1-am no-cycl ohexane carboxylic acid, typically in
appropriate am no 29JUL2004 -5 protected form e.qg.

FMOC- 1- am no- cycl ohexane carboxylic acfd, with 2- am noacetonitrile. For
exanpl e, FMOC- 1-am no-cycl ohexane car boxyl ic acid, e.g. wwth HOBT and
WSCD, is aodested form. egl EM% loamino syt lohexane carbexylic ecidnwith 2+ et hyl ami ne in

g)g/rdangy;g%%ure st r red atg %@&(2 erni gYﬂ%‘i&éﬁ}i‘m no- x&ﬁ% g(ggggeca}ébox?/l iCc
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form or DMBasdthe mirarresfired as28°C dverrighgl m@symmxmeemkyhc%moounds of
the Invention haV|ng basi c. groups can be converted into acid addition
sal ts, essmomet I-pmédenmerbe re@amryd a%éfésn@dmtwta@plem@ﬂ@%ﬂeammmd f or
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Compounds of the Invention having basic groups can be converted into acid
addition salts, especially pharmaceutically acceptable salts. These are formed, for
example, with inorganic acids, such as mineral acids, for example sulfuric acid, a
phosphoric or hydrohalic acid, or with organic carboxylic acids, such as (C;-
C,)alkanecarboxylic acids which, for example, are unsubstituted or substituted by
halogen, for example acetic acid, such as saturated or unsaturated dicarboxylic acids,
for example oxalic, succinic, maleic or fumaric acid, such as hydroxycarboxylic acids,
for example glycolic, lactic, malic, tartaric or citric acid, such as amino acids, for
example aspartic or glutamic acid, or with organic sulfonic acids, such as (C,;-Cg)-
alkylsulfonic acids (for example methanesulfonic acid) or arylsulfonic acids which are
unsubstituted or substituted (for example by halogen). Preferred are salts formed with
hydrochloric acid, methanesulfonic acid and maleic acid.

In view of the close relationship between the free compounds and the
compounds in the form of their salts, whenever a compound is referred to in this
context, a corresponding salt is also intended, provided such is possible or appropriate
under the circumstances.

The compounds, including their salts, can also be obtained in the form of their
hydrates, or include other solvcnts_ used for their crystallization.

The compounds of the invention exhibit valuable pharmacological properties in
mammals and are particularly useful as inhibitors of cathepsin K.

The cathepsin K inhibitory effects of the compound of the invention can be

demonstrated in vitro by measuriﬁg the inhibition of e.g. recombinant human cathepsin
K



for exanple oxalic, succinic, maleic or fumaric acid, such as

hydr oxycar boxylic acids, for exanple glycolic, lactic, malic, tartgy gyof(p
citric acid, such as ami no acids, for exanple aspartic or glutam c acid,

or with organic sulfonic acids, such as (Cl-C4)- al kyl sulfonic acids (for
exanpl e net hanesul fonic acid) or arylstlfonic acids which are

unsubstituted or substituted (for exanple by halogen). Preferred are salts
formed wi The inHyiae gssay éy ¢astied pet, asifelayatiesul fonic acid and maleic acid. In

vi ew of the clﬁse r.el atilg_nshi p between the free conpounds and the

conpounds i n t h& 4YRSB Rt hei r salts, whenever a conpound is referred to in
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possi bl e or appropriat under the circunstanhces. The conpounds, including
t hei r sal tging maombinam themanbdaghepsid K. inhibitiof of cathépsinii€iis assdyedraates, or

i nclude other solvents used for their crystallization. The conpounds of the
i nvent i onc@etnberzying| (s M pand subsistts grrcentratiofniaft midsZ-P hc'ﬁﬂfﬁn‘g&i‘:‘s‘\ and are
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and 1 nV &hliflon Gavélepgthnof3605andptedi ma ubspeetively. Conigoandsdfi the Toeatidor 30 m n,
and the reaction is initiated hy the addition_ of _substrate. After 30 mn
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fl uor escepag oil_rfésgnesét%ohﬂmad on a nulti-well plate reader at excitation
and , €.8. :

In view of their activity as inhibitors of cathepsin K, Compounds of the
Invention are particularly useful in mammals as agents for treatment and prophylaxis of
diseases and medical conditions involving elevated levels of cathepsin K. Such diseases
include diseases involving infection by organisms such as pneumocystis carinii,
trypsanoma cruzi, trypsanoma brucei, crithidia fusiculata, as well as parasitic diseases
such as schistosomiasis and malaria, tumours (tumour invasion and tumour metastasis),
and other diseases such as metachromatic leukodystrophy, muscular dystrophy,
amytrophy and similar diseases. |

Cathepsin K, has been implicated in diseases of excessive bone loss, and thus
the Compounds of the Invention may be used for treatment and prophylaxis of such
diseases, including osteoporosis, gingival diseases such as gingivitis and periodontitis,
Paget’s disease, hypercalcemia of malignancy, e.g. tumour-induced hypercalcemia and
metabolic bone disease. Also the Compounds of the Invention may be use for
treatment or prophylaxis of diseases of excessive cartilage or matrix degradation,
including osteoarthritis and rheumatoid arthritis as well as certain neoplastic diseases
involving expression of high levels of proteolytic enzymes and matrix degradation.

Compounds of the Invention, are also indicated for preventing or treating

coronary disease, atherosclerosis (including atherosclerotic plaque rupture and



em ssion wavel engths of 360 and 460 nm respectively. Conpounds of §

I nvention typically have Kis for human cathepsin K of |ess than aboll JUL 2004
50nM preferably of about 5nMor less, e.g. about 1 nM In view of their
activity as inhibitors of cathepsin K,,Conpounds of the Invention are
particularly useful in mammals as ageﬁ?'s for treatnment and prophyl axis of

di seases and nedi cal conditions involving el evated | evels of cathepsin K
Such di sedstabilizatien)uasoumenesdiscasesy tispiratgry diseasesi and iynuoplpgivallys such as
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I nvention ma e use for treatnent or prophylaxis of diseases of excessive
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arthritis wel |l as cert eopl asti c di seases |nvoIV|n expr essi on of

hi gh | eve@aeffagﬁ%f %Ezsﬁﬁg%&%ﬁﬁq sRgpkeynPr sala 9eéd?rga§nds of the
| nventi on ﬁﬂhﬁ%! '123’F1%V r di sease,
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I mmunol ogi cal ly nedi at ed i seases (including transplant rejection).
COrrpoundstmffortm.ef salutéans; o8- m@r:ﬁ&x equeaRssalytiqns @F suspensies; aprt BVEYQ | ng or
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therapy ogq deaﬁﬁdhk’t'n&ny br aBEE'tﬂfd &aiplle 8F tdlet ForafubatRYA THB (dBEageln 'vﬁrd’ﬂnhj? o and in
Vi Vo pharnacologlca tests
range between about 10° molar and 10 molar concentrations. The dosage in vivo
may range, depending on the route of administration, between about 0.1 and 100
mg/kg.
In accordance with the present invention it has been found that Compounds of
the Invention, have good bioavailability, in particular good oral bioavailability. Thus,
for example selected compounds of the Invention have absolute oral bicavailabilities of
50% or greater e.g. about 80% or more.
The antiarthritic efficacy of the Compounds of the Invention for the treatment
of rheumatoid arthritis can be determined using models such as or similar to the rat
model of adjuvant arthritis, as described previously (R.E. Esser, et. al. J.
Rheumatology, 1993, 20, 1176.)
The efficacy of the compounds of the invention for the treatment of
osteoarthritis can be determined using models such as or similar to the rabbit partial
lateral meniscectomy model, as described previously (Colombo et al. Arth. Rheum.
1993 26, 875-886). The efficacy of the compounds in the model can be quantified
using histological scoring methods, as described previously (O’Byrne et al. Inflamm

Res 1993, 44, S117-5118).



generally known in the art, and as illustrated herein. The above cited
properties are denonstrable in in vitro and in vivo tests, using 29 Jut 2004
advant ageously mammal s, e.g. rats, mce, dogs, rabbits, nonkeys or isolated
organs and tissues, as well as mam‘ral%an enzyne preparations, either
natural or prepared by e.g. reconbinant technol ogy. Conpounds of the

I nvention can be applied in vitro in_  the formof solutions, e.g.
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dosage in vivo depending on"the route o dm nistration,
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of rheumatoid arthritis can be determ ned using nodels such as or simlar

to the raa phamdequtml cadjpavition camprising a Sompoudd of theoventionas anatyve R. E.
Esser, et. aId Rheumat ol ogy, 1993, 20, 1176.) The efficacy of the
corrpounds ingfedieAt i nvention for the treatment of osteoarthritis can be
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ovari ect ofReg@éuticadr prophylactic treatment of a disease or medical condmon in which
cathepsin K is implicated.

The present invention relates to methods of using Compounds of the Invention
and their pharmaceutically acceptable salts, or pharmaceutical compositions thereof, in
mammals for inhibiting cathepsin K, and for the treatment of cathepsin K dependent
conditions, such as the cathepsin K dependent conditions, described herein, e.g.
inflammation, osteoporosis, rheumatoid arthritis and osteoarthritis.

Particularly the present invention relates to a method of selectively inhibiting
cathepsin K activity in a mammal which comprises administering to a mammal in need
thereof an effective cathepsin K inhibiting amount of a Compound of the Invention.

More specifically such relates to a method of treating osteoporosis, rheumatoid
arthritis, osteoaﬂf:ﬂtis, and inflammation (and other diseases as identified above) in
mammals comprises administering to a mammal in need thereof a correspondingly
effective amount of a Compound of the Invention.

The following examples are intended to illustrate the invention and are not to
be construed as being limitations thereon. Temperatures are given in degrees
Centrigrade. If not mentioned otherwise, all evaporations are performed under
reduced pressure, preferably between about 15 and 100 mun Hg (= 20-133 mbar). The
structure of final products, intermediates and starting materials is confirmned by



or other simlar species, e.g. rabbit or nonkey, in which test conpoun

are adnministered to the aninmal and the presence of narkers of bone 29JUL2WL
resorption are neasured in urine or serum(e.g. as described in Osteoporos
Int (1997) 7:539-543). Accordingly in Burther aspects the invention

provi des: A Compound of the Invention“for use as a pharmaceutical; a

phar maceuti cal conposition conprising a Conpound of the Invention as an
active i stgndatd emalytical methieds| ecf. micesanalysjs mqo@pttecvmosigtzhmttng'stiqscﬁqgor
susceptibhf ég sease ar nedlgfl ondi tion, i ich cathepsin Kis

i mpl i cat &S n@]\'ﬂg griptiensused Ats thpsesonytiopy in Q‘r"r[ﬁﬁht of a Conpound of
the Invention to the patient, and the use of a Conpound of the Invention
for the preparation of a medicanment for therapeutic or prophylactic
treatnment of a disease or nedical condition in which cathepsin Kis

i nplicated. The present invention relates to nmethods of using Conpounds of
the Invention and their pharnaceutically acceptable salts, or
pharmaceutical conpositions thereof, in mammals for inhibiting cathepsin
K, and for the treatnent of cathepsin K dependent conditions, such as the
cat hepsi n K dependent conditions, described herein, e.g. inflammtion,
osteoporosis, rheumatoid arthritis and osteoarthritis. Particularly the
present invention relates to a nethod of selectively inhibiting cathepsin
Kactivity in a mammal which conprises admnistering to a mammal in need
thereof an effective cathepsin K inhibiting anount of a Conpound of the

I nvention. More specifically such relates to a nethod of treating
osteoporosis, rheumatoid arthritis, osteoarthritis, and inflammuation (and
ot her diseases as identified above) in mammals conprises adnmnistering to
a mammal in need thereof a correspondingly effective anount of a Conpound
of the Invention. The follow ng exanples are intended to illustrate the
invention and are not to be construed as being Iimtations thereon.
Tenperatures are given in degrees Centrigrade. |f not nentioned otherw se,
all evaporations are perfornmed under reduced pressure, preferably between
about 15 and 100 mm Hg (= 20-133 nbar). The



structure of final products, internediates and starting materials is
confirmed by 2 9 J UL 2004 -9 standard anal ytical nethods, e.g. 20 JuL 2004
m croanal ysis and spectroscopic characteristics (e.g. M, IR NW).

Abbrevi ati ons used are those conventiognal in the art. 2 9 JUL 2004 -10
EXAMPLES Synt hesi s of 1-Am no-cycl ohexfnecar boxylic acid cvanonet hvl -am de
A. FMOC- 1-aminoc cl ohexane carboxylic acid The title conpound is prepared
from 1- am nocycl ohexane carboxyl i ERXAMPLESOmDI ), FMOC-chl ori de

(770mmol ), Diisopropyl-ethylamne (770mmol) and 770nl NaOH IN in 950 m

di oxan by conventional nethods. M. 180-182C Rf=0.21 (CH2Cl12/MeOH=95:5)

Acet O {1 SLEHBY oPE A1RAH BRIGRANLENL BIGRE AR Ganfh®iitfanfie

2- Ami noacetonitril hydr ochl ori de (564nmmol) and triethylanm ne (564nmmol) are
di ssol ved in DVE 1700mL). FMOC- 1- am nocycl ohexane carboxylic acid
(564mol ) A. HOBEMOKzkraminogyclohsxame ¢ahorwlit jcidr e added and the nixture is
stirred a over ni ht Af t | of th | vent he residue is
Gt 550t ved Tk tde RS preppist Hors (FREHYHRedbe e Ble A RLACHREDN T ght 1y
basi ¢ conﬁMO@Jambna@@vmlﬁaytmﬁo ﬁﬁethylum éW@rﬁm@f-) Ak 79641 RAOH hge
extract is washed wth water, tric aci briné, sodium bicarbonate,
brine andutDﬁOadldwm bmwmtmmn]srnbthadlseh@:dS@Wﬂﬁ%E,difeﬂZlThe residue is
suspended in_dj ether and the solid filtered of and dried (vacuum. A
white povxﬂé‘?I é‘ﬁl—?é'ﬁ )169C, Rf 0.27 (n-hexane: ethyl acetate=l:1) is
obtained. Alternatively THE may be used as the solvent and

1-chl oro- 3, 5-di net hoxytriazine (CDMI) as the activator, together with

N- et hy hn gegbaitfite endy WAk d ds1sdivegt inhslaceCofdidnag reaction; in which case the
product may be recovered by addition of isopropylacetate and water,
separation of the organic phase foll owed by washing with

B. FMOC-1-amino-cyclohexanecarboxylic acid cyanomethyl-amide

2-Aminoacetonitril hydrochloride (564mmol) and triethylamine (564mmol) are
dissolved in DMF (1700ml). FMOC-l-aminocyclohexane carboxylic acid (564mmol),
HOBt (564mmol)} and WSCD (564mmol) are added and the mixture is stirred at 25°C
overnight. After evaporation of the solvent, the residue is dissolved in a mixture of
water and sodium carbonate {to ensure slightly basic conditions) and extracted three
times with ethyl acetate. The extract is washed with water, 10% citric acid, brine,
sodium bicarbonate, brine and dried over magnesium sulfate and evaporated. The
residue is suspended in diethylether and the solid filtered of and dried (vacuum). A
white powder with mp.167-169°C, Rf=0.27 (n-hexane:ethyl acetate=I:1) is obtained.

Alternatively THF may be used as the solvent and 1-chloro-3,5-dimethoxytriazine
(CDMT) as the activator, together with N-methylmorpholine (NMM) during the
coupling reaction; in which case the product may be recovered by addition of
isopropylacetate and water, separation of the organic phase followed by washing with
brine, partial evaporation of the solvent, recovery of the crystallised product by
filtration and drying.

C. 1-Amineo-cyclohexanecarboxylic acid cyanomethyl-amide



brine, partial evaporation of the solvent, recovery of the crystallizgq
product by filtration and drying. C. 1-Am no-cycl ohexanecarboxylic gL 2006
cvanonet hvl - am de 29JUL2004 - 11 FMOC- 1-am no-cycl ohexanecar boxylic acid
cyanonet hyl - am de (248mvl) is dissolyed in DVF (200ml), piperidine
(248mmol ) is added and the mixture is stirred at RT for 2 hours. The
reaction mxture is poured into water (3000nl) and stirred for 30 m nutes.
The suspension is filtered and the filtrate is acidified with HCl 4N and

h i th | . NaoH I N i s add k th
bhase basRaf-Hsd-<SbiGhen SRRl MO0 Biprpplu PR CRTROB T Bt at e
The or gang?ssm@&h'@m 206mf) d¢ F&&Y@(msﬁ&%b%&!&dfaﬂ&%&'ﬂ&tﬁ&% SRrUER 1S

evapor at e The residue iIs d (vacuum) to yield a pale yellow oil.
Rf =0. 26 ( G2fdir 2 Hen€X- 86 réiction hiXthie if péured/Re) water (300n8Par(dnstirted fioly 304. 0 (br .

, 2 b d . Al |y I f DVF
S e ot hyPEHER A aBREtoB R fterre e it s AUCERE WHDEC BN B8 SBAn o of cp,
Exarrpl e 1 &X{;E&%ﬁh%&gﬁ 2\&?%& Na(;)ﬁr]mt#dédl' tf)q‘ﬁz{f(@rme lvatc?gﬁz&s@ﬁ%sx?: anétheo '

y net hyl “ester

per azi n- | 5 enzami erazin- benzoi c

1-(4- Q/aneﬂmme/is)emmed ﬂﬁwﬁnéd with 619 dcetate. hs segamdrictiondait difedavet xt ur e
of concentrated sulfonic acid and nethanol (5N) and stirred in a seal ed

tube at i sodi@nfsuifatend dhe solvent isevaporatpdrEhe residust is dried Sepcyem) to yigld & esi due
is dissolv wat.e et hyl acetate. Addition of sodium
car bonateﬂagﬁeﬂ‘é éf%@m %%?}esul ts in the precipitation of a
white sol iy & r a r u t wder with
o LSO o . Lo s

4- pi perazi n-1-yl - benzoi ¢ acid hydrochlorid 4-piperazin-I|-yl-benzoic acid

met hyl ester (17mol) _is dissaolve Cl . (.2 . ed upder

reflux forAltpriasiyely. Tl‘)ﬁ@a #3rdain %858@5&_{ and é{?fﬁgﬁémﬁd{‘ﬂa‘f"o‘%}”ﬁ@ t he
in the the FMOC deprotection step.

Example 1: Synthesis of N-[1.(Cyanomethyl-carbamoyl)-cyclohexyl]-4-

piperazin-1-yl-benzamide

A, 4-piperazin-1-yl-benzoic acid methyl ester

1-(4-Cyanophenyl)-piperazine (11mmol) is dissolved in 15ml of a mixture of
concentrated sulfonic acid and methanol (3N) and stirred in a sealed tube at 110°C for
3 hours. After evaporation of the solvent, the residue is dissolved in water and
extracted with ethyl acetate. Addition of sodium carbonate to the water phase until
pH=9 results in the precipitation of a white solid which is filtered off and dried
(vacuum). A white powder with Rf=0.59 (CH,Cl,/MeOH (+NH, 3N)=9:1) is obtained.

B. 4-piperazin-1-yl-benzoic acid hydrochlorid

4-piperazin-1-yl-benzoic acid methyl ester (17mmol) is dissolved in 6N HCl (25ml) and
heated under reflux for 3 hours. The mixture is cooled in an ice bath to 0-4°C and the
solid material formed is filtered off, washed with acetone and dried (vacuum). A white
powder with mp. >240°C is obtained.



solid material forned is filtered off, washed with acetone and dried
(vacuun). A white powder with nmp. >240C is obtained. 2 9 J U L 200428121.Q004

' 4- (4- FMOC- pi per azi n-1-vl)-benzoic acid 4-Piperazin- | -yl-benzoic acid
hydrochiorid (10.5mml) is dissolved ip, 15 mM D oxan and 11.6nml NaCH (2N)
and cooled to OC. Sinultaneously, FMOCG<hloride (11.6mmol) in dioxan (5ml)

and d isopropyl-ethylamne (11.6mmol) in dioxan (5nl) are added dropw se
over 20 mnutes at OC and the m xture is stirred for 15 mnutes and is
then allowed to yarmup, o rt and is,stirreqd.over night. The mxture is
diluted with weter oG hrPIDEENCL VL OERINGAN ves with diethyl ether. The
wat er phase is acidified wth agueous HCI (4N) at 0-4C and the solid
material formed is filtered off, washed wth water and dried (vacuun). A
whi t e powdePipétatzin- Rik-beéhzdic (A BY 686 €0RS5mnol)sis disbmed él.150Pnl Nidxan

| - (Cvanonet hvl - car banoyl ) - cycl ohexvl | - 4- (4- FMOC- pi oer azi n-1- yl)-benzant de
1- Ani no-cmﬂohéﬁme&oﬁbw 'c%i@@aﬁ@n@%@wyﬁu&mﬁ@mqmsmé ide FMOC-

B 6" G s b B Bofab i o Eoberbn SBlseitiT Bronell afbse® L98or a1 o

of the solyenlided dBBwiseTver 20 intinstes 80DY(Cand theamiXivtt W Qirffd RS mARRs Sodi um
carbonate (to ensure slightly basic conditions) and extracted three tines

wi t h et hylanddetlenhelloWhé ta evaipinnpdtoert tand dg stirsed olver egghbvEbe spdiunens dilittdt e and
evaporated., The resjdue |s purifjed by flas hr t ography .on silica gel
wi th (et hy¥it¥ater Zf%}&?é%.raﬂﬁdait%bﬁt& herriihe wa?qsdﬁes{e ig arigdedi ng
fractions ' 7 | | '

i ot hy! of nab i8Sl B (ATSaPUARE AR Bk solddi i Rencdhs USRAME whded
with np. w2 wiléand KisD(vaGuunHAGK Ritd\Biohited with) Rf=6. 2000 Onade OH =9§:5) is

1- (Cvanonet hvl - car banmovl ) - cycl ohexyl | - 4- ( pi perazin-1-vl)- benzam de N-|
1- ( Cyanonmeattginedcar banoyl ) - cycl ohexyl ] - 4- (4- FMOC- pi perazin- | -yl)-benzani de

D. N-[1-(Cyanomethyl-carbamoyl)-cyclohexyl]-4-(4-FMOC-piperazin-1-
yl)-benzamide

1-Amino-cyclohexanecarboxylic acid cyanomethyl-amide (8.3mmol) 4-(4-FMOC-
piperazin-1-yl)-benzoic acid (8.3mmol), HOBT (8.3mmol) and WSCD (8.3mmol}) are
dissolved in DMF (20ml) and stirred overnight at rt. After evaporation of the solvent,
the residue is dissolved in a mixture of water and sodium carbonate (to ensure slightly
basic conditions) and extracted three times with ethyl acetate. The combined extract is
dried over sodium sulfate and evaporated. The residue is purified by flash
chromatography on silica gel with (ethylacetate/hexane=4:1) as mobile phase. The
product containing fractions are combined and evaporated. The residue is suspended in
diethylether and the solid filtered of and dried (vacuum). A white powder with mp.
192-194°C, Rf=0.26 (CH,Cl,/MeOH=95:5} is obtained.

E. N-[1-(Cyanomethyl-carbamoyl)-cyclohexyl]-4-(piperazin-1-yl)-

benzamide

N-[1-(Cyanomethyl-carbamoyl)-cyclohexyl]-4-(4-FMOC-piperazin- 1-yl)-benzamide
(4.4mmol) is dissolved in DMF (15mb), piperidine (4.4mmol) is added and the mixture



(4.4mol ) is dissolved in DVF (15m), piperidine (4.4mol) is added and the
mxture 2 9 J UL 2004 -13 is stirred at RT for 4 hours. 4 additional Sdtogel
of piperidine are added and the m xture is stirred over night. The
reaction mxture is poured into water d ethyl acetate and the suspension
is filtered and the filtrate is acidified with HCl 4N and then extracted
with ethyl acetate. Saturated sodium carbonate solution is added to nmake

the water i ﬁﬁ&geatt%% for Gbeprs.rfbadditional draps Oémeaéme@remddéé apd thesmixtury et hy|

acet ate. S r with s mch oride. and extracted
three tine Eltvlﬁ\(%;g‘{ar i ?a’glé‘% %aé%ﬁgg% t(rtallpl's T ef g'a'fefgﬁ? &P@ %ﬁ?%t €#ed over
sodi um sulihatiBpensibrt Refilepd BRt tHeSTiltraAR AR meﬁolem AMe tHen Rirabtkyed by
flash chronmat ography on silica gel with CH2C12/ MeOH (with 3N NH3) =95:5 as

nmobi | e phaeth ethijleagetabel Ubaturatedt mdmmg:arlfomatctsommnas adda:mtn meakle ahnjwater

evaporated, The res e IS sus ended n.di eth Iether the solid

filtored Ehassneest F'?éﬂw(ev%’ﬁﬂ?ﬁg RLEGH efie s ithret aczt%e oEhgCwater =0, 28
CH2C12/ 1.35

Em e N%Qggéwéags %Wi"d@f&)" o%ta@%%}aqge gh%%@%ﬂ’;@}ﬂ a @é

4H) ; 3. 15 aggih. 4Mfe; ofgaﬁlc( Gractidhs, afe Wried dovez Hodivin 6mife@, addd)the 7solfent (i, 2H)

8.15 (m 1 H). Exanple 2: Synthesis of
N- FI - ( Cyasyparatpd.- pb@ﬁ@w)wcwnfmﬁiekw flash - ¢hyomptegraphy mrpéﬂ&,a_u gpu with

L) Deneguida, fredi AU NBP R sl RERECSe AGha JEE MBSt o
and  pot asl HinC BanRl £ AATRLY, ﬁf@#%ﬁwﬂs theis) %”@é e IgEL) and

stirred u ree tér evapora |on t he

residue i théo‘-ﬁﬂcﬂlt\éﬂﬂ dfanddried (va%admw& kvt 9wl igh b BG6-M 0T, ®rby bg
acetate. The extract is dried over sodiumsulfate and evaporat ed. The

resi due i $Cpafl/Ms@Ib{with &§tNHﬁr=€9ﬁb)tl®Qb@pﬁ9 on silica gel with
(CHzC 2/ I\/EC]-I =95:5) as nobile se. product containing fractions are
conbi ned d BMEO): k- ﬂé"él(ﬂuémsl éﬂs‘-’p@!ﬁcﬁé@ it A5di-&{my2BY; Rl¥pent ane

and the ?J;CP ebt 5556, Q2095 Pl 58 WG, 665 Ry T B W 1RAISS W th

nip. 117-
(d, 2H), 8.15 (m, 1H).

Example 2: Synthesis of N-{1-(Cyanomethyl-carbamoyl)-cyclohexyl]-4-(4-

methyl-piperazin-1-yl)-benzamide

A. 4-(4-Methyl-piperazin-1-yl)-benzoic acid methyl ester

" 4-Fluorobenzoic acid methyl ester {34mmol), 1-methyl-piperazine (7Smmol) and
potassium carbonate (34mmol) are suspended in acetonitrile (30ml) and stirred under
reflux for three days. After evaporation of the solvent, the residue is dissolved in water
and extracted three times with ethyl acetate. The extract is dried over sodium sulfate
and evaporated. The residue is purified by flash chromatography on silica gel with
(CH,Cl,/MeOH =95:5) as mobile pﬁase. The product containing fractions are
combined and evaporated. The residue is suspended in diethylether/pentane and the
solid filtered of and dried (vacuum). A pale yellow powder with mp. 117-119°C,
Rf=0.20 (CH:Cl,/MeOH=95:5} is obtained.



Rf--0.20 (CH2C12/ MeOH=95:5) is obtained. 2 9 JUL 2004 -14 B.

4- (4- Met hyl - pi perazi n-1-yl -benzoic acid hydrochl orid 29 JuL 2004
4- (4- Met hyl - pi perazi n-1-yl)-benzoic acid nethyl ester (8.5mvl) is

dissolved in 4N HC (15m ) and heat e_84under reflux for 8 hours. The

m xture is cooled in an ice bath to -4C, diluted with 5 nl acetone and
the solid material fornmed is filtered off,
(vacuum .B.A whi 4£€4-Methyl-pinerhzinpl -vBsbhrogpic R
obtained. C. N-f

1- (Cyanonet hyl - car banoyl ) - cycl ohexyl | - 4- (4- et hyl - pi perazin-1-yl)-
benzam deg_dr Srdiif- 1€ XA | | : 20 . 38mml )
4 et P T e T s R A, e
(1. 38mmoI HC]I M5fED andlhedtdnandyr wfidx for hdurb.aPhemix(ute B&oniet)in an &ediatdswl ved in
DMF (5ml) and stirred overnight at rt, After_ evaporation of the solvent,

the resi dué G dilytedswith & nliaetgnerand thesobid majgainbiormetisddgragribarsbedi e (to
ensure SILANLLYo AR GEARILLLATSA yAMH (BRG] 0g6hc, RABY 1 L et h!

acet ate. C Xtract oVer soditum sulfate and evapor at ed.
The resi ot@gz' BOPERYRds bhatheg! hyl et her and the solid filtered of and
dried (vacuur}sj) . A pale powder with np. 218-220C, Rf=0.19 (CH2CIW MCH

=9:1) is obtained. 1HNWR (d6-DVBO): 1.15-1.35 (m 1H); 1.4-1.6 (m 5H);
H) ; 4, -3

1.65-1.8¢m
4H); 4.0 ¥d, : A g e A = : o E5~(m 1H) .
¢ of N-fl-(Cyanonethyl-carbanoyl)-cycl ohexyli-4_(4-

ExamIlp a 3:
et hyl - pi perazi'n-_‘y@%enzam' de A 4-(4-Ethyl-piperazin-l-vl)-benzoic acid
met hyl ester 4-Fl uorobenzoic acid nmethyl ester (53mmol), 1-ethyl piperazine
44mmol ) and | potassi um carbopate (44mmol)  are suspended. in
fji met hyl) - hé&la?mn@ok@emﬂwhf‘sm (Fwomh)yl-armde (1:38mmol) 4-(4-methyl-
piperazin- 1-yl)-benzoic acid hydrochloride (1.38mmol), HOBT (1.38mmol), WSCD

(1.38mmol) and triethylamine (1.38mmol) are dissolved in DMF (5ml) and stirred

yvashed with acetone and dri ed
cDhyidirocifloRaC12/ MeOH=9: 1) is

overnight at rt. After evaporation of the solvent, the residue is dissolved in a mixture of
water and sodium carbonate (to ensure slightly basic conditions) and extracted three
times with ethyl acetate. The combined extract is dried over sodium sulfate and
evaporated. The residue is suspended in diethylether and the solid filtered of and dried
(vacuum). A pale powder with mp. 218-220°C, Rf=0.19 (CH,ClyMeOH=9:1) is
obtained.

1H-NMR (d6-DMSO): 1.15-1.35 (m, 1H); 1.4-1.6 (m, 5H); 1.65-1.8 (m, 2H); 2.05-
2.15 (m, 2H); 2.2 (s, 3H); 2.4 (m, 4H); 3.2 (m, 4H); 4.0 (d, 2H), 6.95 (d, 2ZH); 7.65 (s,
1H); 7.75 (d, 2H), 8.15 (m, 1H). '

Example 3: Synthesis of N-[1-(Cvanomethyl-carbamoyl)-cyclohexyl]-4-(4-
ethyl-piperazin-1-yl)-benzamide

A. 4-(4-Ethyl-piperazin-1-yl)-benzoic acid methyl ester

4-Fluorobenzoic acid methyl ester (53mmol), 1-ethyl-piperazine (44mmol) and

potassium carbonate (44mmol) are suspended in dimethyl-acetamide (50ml) and stirred



29JUL2004 -15 under reflux overnight. After evaporation of the solvent, the
residue is dissolved in water and extracted three times wth ethyl 29 JuL 2004
acetate. The extract is dried over sodium sulfate and evaporated. The
residue is suspended in diethylet her/ﬂ%nt ane and the solid filtered of and
dried (vacuun). A browni sh powder wt rrp 102 104C, Rf=0.22

(CH2C11/ MeOH=95; 5) is aobtained. B. 4-(4-Ethyl-piperazin-I-vl)-benzoic acid
hydr ochl oknder refjux. OE@ﬁyghtpABé?%Pﬁtayogrpf tlwesﬁ P% t%rcneadmsmso ddn (15mol )

is dissoly d t efl.u r 8 hours. The
mixture i s(‘?’gg)ml"{l %‘I\tll o eéinthlg%ég%%t‘ﬁm %ttﬂélaacg ﬁef‘{f%aé%‘?n@o?ﬁréﬁ%ﬁfn formed is
filtered giifate MAShaRoredNTRS RispmE mampafdbsm &mgm&/ Mafid 8¥d BRWEES W th
np. X270C, Rf=0.08 (CH2Cl 2/ MeOH=9: 1) obt ai ned ge

N- C1- ( Cyahltered bf/andedmddivaguumy 4l hrbwnyh poWd@ﬂw;tbn‘lwlthlﬂé‘f@.zan:OIZZyl )-.
benzam de é}bﬁﬂ\ Qﬁ-ﬁ‘k %‘x}xagecar boxylic acid cyanonet hyl -am de (0.9mmvl)

4- (4- ethy 15&% 1 doi ¢ aci d hydr ochl oride (0.9mmuol), HOBT
(0.9mMmmol ), WSCD (0.9mmol) and triethylam ne (0.9mmol) are di ssolved in DV
(5mM) and stirred overnight at rt. After evaporation of the solvent, the
resi due i B. di ssdl{eBthyvi-piperaxintl-el)dfenzoietaeid hydkosbldiidm car bonate (to ensure
slightly basic conditions) and extracted three tines with ethyl acetate.
The conbi ned extract is dried over sodi um sul fate and evaporat ed. The

residue i i fi fl 0 Cl12/ MeCH
(with 3N %ﬁ@'ﬁg‘@?ﬁ?&@s{“‘%ﬁ‘@fp" a"’srsgit'?1 %?ecr) uc ng%'ﬂ “’cg m?‘% ons are
conbi ned edsehlpamtRatidashded Rfuk (ﬁﬁ-l giburk. STHeURREIRE %d:oblbd?ih ah el ipilheg oand  the
solid filtered of and dried (vacuum). A white powder is obtained. 1H NWR

( d6- DVBO) 4°Qlaml the solgHaterial Rrmed & fliered off,; washed with aceipnend d:ied55- 1.8 (m

2r) | 6. os0puin, ey bpudecih oy $200rC Rt OB BEMedEI 1) 5030l 2004

obtained.

C. N-{1-(Cyanomethyl-carbamovl)-cyclohexyl}-4-(4-ethyl-piperazin-1-vl)-

benzamide

1-Amino-cyclohexanecarboxylic acid cyanomethyl-amide (0.9mmol} 4-(4-ethyl-
piperazin-1-yl)-benzoic acid hydrochloride (0.9mmol), HOBT (0.9mmol), WSCD
(0.9mmol) and triethylamine (0.9mmol) are dissolved in DMF (5ml) and stirred
overnight at rt. After evaporation of the solvent, the residue is dissolved in a mixture of
water and sodium carbonate (to ensure slightly basic conditions) and extracted three
times with ethyl acetate. The combined extract is dried over sodium sulfate and
evaporated. The residue is purified by flash chromatography on silica gel with
CH2Clh/MeOH (with 3N NH;) =93:7 as mobile phase. The product containing

fractions are combined and evaporated. The residue is suspended in diethylether and
the solid filtered of and dried (vacuum). A white powder is obtained.

H-NMR (d6-DMSOQ}): 1.0 (t, 3H), 1.15-1.35 (m, 1H); 1.4-1.6 (m, 5H); 1.65-1.8 (m,
2H); 2.05-2.15 (m, 2H); 2.35 (q, 2H); 2.45 (m, 4H); 3.2 (m, 4H); 4.0 (d, 2H), 6.95 (d,
2H); 7.65 (s, 1H); 7.75 (d, 2H), 8.15 (m, 1H).



-16 Exanple 4: Synthesis of

N-[ 1- (Cyanonet hyl - car banovl ) - cycl ohexyl | - 4-f 4- (1- 29 JuL 2004
propyl) - pi perazi n-1-yl | -benzam de A 4-

4- (1-Propyl)-pi perazin-1-vll-benzoic 3 id methyl ester 4-Fluorobenzoic acid

met hyl ester (I 65mmo1), 1-(1-propyl)- § I perazi ne di hydro- bromn de (138nmol)

and potassi um car bonate (690nnn| are suspended |n dlnethyl

(320ml) aBExamplerd:edSynthesis bl np¥ pamoy ey I
sol vent, the reS|dg_JgiLﬂMpsmmmddﬂ]bemamuﬂeand extracted three times with
et hyl acetate. The extract is dried over sodiumsulfate and evaporat ed.

The residye is susp P g}yhﬁtlh flﬁﬁ%lé%uﬁﬁ@tﬂ Bst I|d filtered of
and dried (vacuun. r OWn| s .23

(CH2d 21 95.5) is otal ed | | ace o 203 in the
above prg/g'?g"fﬂrgbe%m%a? oﬁ&)?ﬁ%wég lglsﬁfqpy Q"‘(ff‘@“%cﬁhgg

hydr ochl opigthide [ 158tmkndly Qﬁd/ tzﬂﬁ@ﬁr@ﬁdﬁ fe- (6ODMARITY AeCsuderde @Bl QithetBLL ©F
(38nmmol ) |§ di sgol ved I1n 4 HCl:I (60ml;aeand heat edcungﬁér t?ef uiﬂ‘?lo}?

hours. Thacetdmitle|(320md) awbiteddi undenreflue obemight Aftdr-e4@pamdon héthseblvelnn;rat erial
formed is filtered shed with col d er and dried, (vacuu A pal e
powder wi th§ g“%?? @SOIF&V@G MHLer @RSy e Gnes withygihyl peetate n)rhe

Al ternat| ¥ﬁlg§ét 0 Qrida [ e Jsoﬁfuapmat@'aﬁﬁrea@,&aﬂedy!ﬂ ePRIAL Gs AbbebBL Gt Y
be produced as an 1 nternal sal th acetic aci nsta

4-[4-(1- Paewle)her@emanazmmthk- Ji fikeredadfandcdritdnPhdiim) eAt b winish pesdrepded i n
wat er / met hanol at 70 and %O(ro sed by addition of 1 equivalent of NaCOH

t he sol ut Wéth mps 98t I047€, Ry L/MeOH528 ) ds ofspieed.pi t at ed by addition of
| equivalent of acetic acid, filtered and dried. C

N-11- (Cyanonet hyl - car banmovl I - cycl ohexyl | - 4-f4-(1-propvl) -

acet am de

pi perazi nca.zodl maAetzaet Geplhced R RICOYiA e dbesB pestelapey | | ¢ aci d
cyanonet hyl - am de (22nnn|? 4-[4-(1-propyl)- piperazin-l-ylj-benzoic acid
hydr ochl ori de (22mm|) HOBT (22mml ), WSCD 2 9 J U L 2004 -17

B. 4-[4-(1-Propyl)-piperazin-1-yl]-benzoic acid hydrochlorid

4-[4-(1-Propyl)-piperazin-1-yl]-benzoic acid methyl ester (38mmol) is dissolved in 4N
HCI (60ml) and heated under reflux for 7 hours. The mixture is cooled in an ice bath to
0-4°C and the solid material formed is filtered off, washed with cold water and dried
(vacuum). A pale powder with mp. >270°C, Rf=0.19 (CH2CIZ/MeOH=9:1) is

obtained.

Alternatively the 4-[4-(1-Propyl)-piperazin-1-yl]-benzoic acid product may be
produced as an internal salt with acetic acid. For instance, the 4-[4-(1-Propyl)-
piperazin-1-yl]-benzoic acid methyl ester is suspended in water/methanol at 70° and
~ hydrolysed by addition of 1 equivalent of NaOH; the solution is clearfiltered and the
product precipitated by addition‘of 1 equivalent of acetic acid, filtered and dried.

C. N-[1-(Cyanomethyl-carbamoyl)-cyclohexyl]l-4-f4-(1-propyl)-
piperazin-1-yl]-benzamide

1-Amino-cyclohexanecarboxylic acid cyanomethyl-amide (22mmol), 4-[4-(1-propyl)-
piperazin-1-yi}-benzoic acid hydrochloride (22mmol), HOBT (22mmol), WSCD



(22mm|) and triethylam ne (22mmoi) are dissolved in DMF (50n) and stirred
~overnight at rt. After evaporation of the solvent, the residue is di #Sallddi
in a mxture of water and sodi um carbonate (to ensure slightly basic
conditions) and extracted three ti rreswvmth et hyl acetate. The conbi ned
extract is dried over sodiumsulfate evaporated. The residue is
purified by flash chromatography on silica gel with CH2C12/ MeOH=9: 1) as
mobi | e ph4 @Jﬂramﬁhxla@mt zmm@}) farg atissolyed alne Pomb arth@tirred

o b g %%P LS SBagiRRaTBORE soPaft Merpbritisif bistfed daagid o ' ¢ ©r o
(CH2C12/ N%Qt'&gandlsbdmh? cﬁj%ﬁ’dté‘?ﬂy erﬂsh'ré\@ﬂ%)ﬂ %ﬁ@%d:t:@nsg%ﬁtextéﬁ):d thre¢- 1. 3
(m IM 1.4-1.6 (m 7H: 1.65-1 m 211); 2.5 (t,
2H) ; 2. 45 tifwes with ;etig/] 2ac§:lmte 4Fhe cdn‘bm@d ema;u; 16 d6i&d (oorer s@di)lm Wlﬁﬁe @rd 1H);
7.75 (d, 2H), 8.15 t d t he t i d
|nter§1al §;1)’R°f%de4TE1ﬁ ’P&‘db"r dﬁy?‘{ar&ﬁapél? a'f‘nlcvh?" rf?(éjeap Iré(ra&‘bi nggﬂl‘g’é‘gﬂeat ed
t { d
RS AR M M TE e Ye

after stirriRg exanecar boxyl i c

aci d Gyan%pﬁtgba@r ga dﬁhe fes@ﬁst,soai gt hde m%ueg@ﬁiaﬂer o) msgam gt ffanline

reaction, precitp Ion of water to the reaction

m xture, fdrieaevatdumnd\hmﬁtbcpmdgr mugenpmﬁ-%sm, RE03¥0{CH£Cld/MNMedH=0: IHhhe end
product. Exanple 5: Synthesis of

N-[ 1- ( Cyariooihingd.- car barmyl) cycl ohexyfl - 4- (4-

| sopropyl - pi perazi n- I- enza
4-t4-1 Sopridh ETM% SQ310FP E RS ot dckr VDK Hy- L 6ckm THD: 1.65-L8 (m,

Tris- (di b ) )4

(2 St cyci 3R 9?-% ﬁﬁ?n*ﬁ‘%-%%%w b A IR 064 B 87 (%

pot assi umz}gr’mgﬂqg aH)47.957 @) 2H)84 5 (gydppnded in 1, 2-di met hoxyet hane (10n1)
in an oxygen-free atnosphere (N2). 4- Bronp-benzoic acid nethyl ester

(3.3mmol) and 1-isopropyl-piperazine (3.9mmvl) are added and the stirred
T o e ok 8 SRR BRI BB 2,
tines wt I"M]egémblcacgélgt eis Th@a&anbmechceegmﬂkt imgithdr iIROBQVeNMPd wmisul fat e
and diisopropylcarbodiimide {DICI), and after stirring for 1 hr at 40°C a solution of 1-
amino-cyclohexanecarboxylic acid cyanomethyl-amide in acetonitrile is added. On
completion of the reaction, the product is precipitated by addition of water to the
reaction mixture, filtered and following digestion with ethanol is dried to the end

- product.

Example 5: Synthesis of N-[1-(Cyanomethyl-carbamoyl)-cyclohexyl]-4-(4-
isopropyl-piperazin-1-yl)-benzamide

A. 4-[4-Isopropyl-piperazin-1-yl]-benzoic acid methyl ester

Tris-(dibenzylidene-acetone)-dipalladium  (0.05mmol), (2'-dicyclohexylphosphanyl-
biphenyl-2-yl)-dimethyl-amine (0.1mmol) and potassium carbonate (4.6mmol) are
suspended in 1,2-dimethoxyethane (10ml) in an oxygen-free atmosphere (N2). 4-
Bromo-benzoic acid methyl ester (3.3mmol) and 1-isopropyl-piperazine (3.9mmol) are
added and the stirred mixture is heated under reflux for 28 hours. After cooling the
solvent is evaporated and water is added to the residue, which is then extracted three
times with ethyl acetate. The combined extract is dried over sodium sulfate and



2 9 JUL 2004 -18 evaporated. The residue is purified by flash

chromat ography on silica gel with (CH2C12/ MeOH=95:5) as nobile phas2$ Johdli
product containing fractions are conbined and evaporated. The residue is
suspended in diethylether/pentane and the solid filtered of and dried
(vacuum . A pal e-brown powder with Rf =18 23 (CH2C12/ MeOH=95: 5) i s obtai ned.
B. 4-(4-1sopropyl-piperazin-|-vi)-benzoic acid hydrochl oride

4- (4- | sopeapytated. pEheziesidde yis pupifind dbye flash dhrompdtggraplst en §ilicd bl with s

di ssol ved j H ) and at ed reflux for The m xture
i s cool ed(¢ﬁ2§i§m&8‘%§§{$}t gt Bo ﬁ@ Eﬂi‘ﬁs 'glﬂ%rﬁoﬁj‘yaﬂﬂ&ﬂm”ﬁhg"a%?qsd At er| al
formed is fi]Jtered,of cold aeon. drjed (vac

pal e- br owfi®B [anqme[yﬁp%\l\@a,>§%€esl = Sygpen 'E Qe“tilé‘ éjdg% ai ned.
C N[1-(Cuar W I a ) exy| S yl p
1-yl)-benzam l%ﬁﬁ%yﬁ%gexﬁgggl?bgyk gbgf:k‘l’% %‘?\Ho?rre‘?lﬁiylﬂf-q;i

(0. 6mmol ) (CHHCh/MsOPI=951) -is pbyadiredzi n- 1-yl ) - benzoi ¢ aci d hydrochl ori de

(0. 6mmuol ), HOBT (0.6nmmmol), WBCD (0.6mmol) and triethylam ne (0.6mml) are
di ssolved in DMF (2ml) and stirred overnight at rt. After evaporation of

t he solvent, the resi duIe I S dllssol ved in a mxture of wat er and sodi um

car bonateB(to ensur 8 - ‘ 3 MG three tines
with ethyl acetate. The corrbl ned extract S dr| ed over sodium sul fate and

t h d ded tat e/ h t.h d th
ol d 111 4pdPerap AR Ao bR aed RETN re aﬁv%%aﬁ s pess aoc,
T f2 8 38( H@(@&% iﬁ%ﬁ& un&ér ﬂeﬁupﬁira;' Htﬁﬁls ﬁne'ihﬁw% &%ol@}@g)ag 1%5&8(1 to EDH)

(2 451|(_|) m ?#4)7"(53 ahdGSetone isl ad}ipd 31'1& s(oh;l mﬂtbnal fbrﬁledah ﬁ]&h’?d’hom \Qﬁsh?dl I\\vl_x;hz:}d)d 7. 65
S, : nt hesi
1- (Q/anonﬁf‘"ﬁ?ﬂc (?8?‘ b‘%‘ﬂﬁS‘y%acBVB} oﬁe??lFbeﬁwQ 4powder wx){h mp. >378 =0.08

benzyl - pi pefgE)LMbMLd: 1 PR VBRI

C. N-[1-(Cyanomethyl-carbamoyl)-cyclohexyl]-4-(4-isopropyl-piperazin-

1-yl)-benzamide

1-Amino-cyclohexanecarboxylic acid cyanomethyl-amide (0.6mmol), 4-(4-isopropyl-
piperazin-1-yl)-benzoic acid hydrochloride (0.6mmol), HOBT (0.6mmol), WSCD
(0.6mmol) and triethylamine (0.6mmol) are dissolved in DMF (2mi) and stirred
overnight at rt. After evaporation of the solvent, the residue is dissolved in a mixture of
water and sodium carbonate (to ensure slightly basic conditions) and extracted three
times with ethyl acetate. The combined extract is dried over sodium sulfate and
evaporated. The residue is suspended in ethyl acetate/diethylether and the solid filtered
of and dried (vacuum). A white powder with mp.218-220°C, Rf=0.28
(CHyClh/MeOH=9:1) is obtained.

1H-NMR (d6-DMSO): 1.0 (d, 6H), 1.2-1.3 (m, 1H); 1.4-1.6 (m, 5H); 1.65-1.8 (m,
2H); 2.05-2.15 (m, 2H); 2.45 (m, 4H); 2.65 (m, 1H); 3.2 (m, 4H); 4.0 (d, 2H), 6.95 (d,
2H); 7.65 (s, 1H); 7.75 (d, 2H), 8.15 (m, 1H).

Example 6: Synthesis of N-[1-(Cyanomethyl-carbamoyl)-cyclohexyl]-4-(4--
benzyl-piperazin-1-vl)-benzamide



29 JUL 200 -19 A 4-(4-Benzyl -piperazin-1-yl)-benzoic acid nethyl ester

Tri s- (di benzyl adene- acet one) - di pal | adi um (0. 03mml ), 29 JuL 10M
(2' -di cycl ohexyl phosphanyl - bi phenyl -2-yl ) -di met hyl -am ne (0. 9nmol) and

NaQx Bu (6. 5nmmpl) are suspended in toll#gne (20nl) in an oxygen-free

at nosphere (N2). 4-Brono-benzoic acid Wethyl ester (4.65mmol) and

1- (benzyl) - pi perazine (5.6mvl) are added and the stirred mxture is

heat ed under reflux for 4 hours. After cooling, a m xture of ethylacetate
and di et iyl et her i s 4a@dBéehADPipeRsziniIxyibenidic ¢id n@dtRel esfdien t he sol vent is
evaporated and the residue is suspended in diethylether and the solid

filtered gf..: i: ( h; e Yi‘ﬂ‘ft{"“ hy: - =0. 67
(cH2C12/ l\/g‘&g@ig?%yh?%co ?@ﬁ%ﬁ@dﬂﬁﬁ( 4(0 @(gnzy D, pi(ge?]g%l%&?y@’%&ge loi c acid
hydr ochl obiptienyd-2¢y)-Bieitst iy} -apifie (A 2infnol)- 3hd NaeBe| (6. 5awnel) ries Rutpeadédiin
(0.84mmol ) is dissolved in 4N HC1(2ml) and heated under reflux for 8
hours. Théolninet(dPel)iia ag o8yeea-fres mopphsrn@ ). 4-Bromobenzaieiacid anethyliestermat er i al

or ey pouiéd 53R LapnSnBibebiohd Gndedth oo i gt BRHER " v ¢

1- (CyanompEiyvd -GRePaEmYY )fof Y& IHOREX Y At thdiidde N YhixRkd f&hPibetate and
yl ) -benzam de 1- Am no-cycl ohexanecar boxyli c "aci d cyanonet hyl - am de

(0. 84nmmol HiethdddtHer(i2 agdedmnid)the piyereds filergéd.yTlenblnsodvent scvdpdratbdaaditbe | de

(0. 84mmmol ),  HOBT (0.84mmol)) CD (0.84 l) and tri et hyl am ne (0.84nrnol)
are di ssormei*ﬁswctfédﬂﬁmgwﬁﬁriapéw sogggiﬂtﬁqeg ﬁ? o) d‘i‘@(‘{] Cagian). &ralor at i on
of the so i | §CH ' g : : ter and sodi um
car bonat elpigﬁgére‘ﬁfstﬁﬁlgr' gqu: gﬁ)?f:yﬁ'g;bsﬁ@%ﬁ% M%@ﬁlg@%%%:&@%g% ‘ed three tines
with ethyl acetate. The conbined extract is dried over sodiumsulfate and
evaporated, The residuyen| pended j.n hanok and the.solid filtered of
and dri ed%'(vacuurr). S par e qu?q I bé.m . '!l ] ,cs] :

(CH2C12/ MeOH=95: 51) is obtajined. 1H NWR (d6- DMV5 )8: 1.15-1.35 (m. 1Ii\|};
1.4-1.6 ( ,4]-(4§iiqan,zy tpipeyagingl -(lpnbe@q)c, a¢id (qmgthyl ester (0.84mmol) is dissolved in 4

HCI (2ml) and heated under reflux for 8 hours. The mixture is cooled in an ice bath to

0-4°C and the solid material formed is filtered off, washed with cold acetone and dried
(vacuum). A grey powder with mp. >270°C, Rf=0.18 (CHyClp/MeOH=95:5) is

obtained.

C. N-[1-(Cyanomethyl-carbameyl)-cyclohexyl]-4-(4-benzyl-piperazin-1-
yl)-benzamide

1-Amino-cyclohexanecarboxylic acid cyanomethyl-amide (0.84mmol), 4-[4-(2-propyl)-
piperazin-1-yl]-benzoic acid hydrochloride (0.84mmol), HOBT (0.84mmol), WSCD
(0.84mmol) and triethylamine (0.84mmol) are dissolved in DMF (2ml) and stirred
overnight at rt. After evaporation of the solvent, the residue is dissolved in a mixture of
water and sodium carbonate (to ensure slightly basic conditions) and extracted three
_ times with ethyl acetate. The combined extract is dried over sodium sulfate and
evaporated. The residue is suspended in methanol and the solid filtered of and dried
(vacuum). A pale powder with mp. 210-212°C, Rf=0.20 (CH2Clp/MeOH=95:5) is
obtained.
1H-NMR (d6-DMSO): 1.15-1.35 (m, 1H); 1.4-1.6 (m, 5H); 1.65-1.8 (m, 2H); 2.05-
2.15 {(m, 2H); 2.45 (m, 4H); 3.2 (m, 4H); 3.5 (s, 2H); 4.0 (d, 2H), 6.9 (d, 2H); 7.2-7.4



2.15 (m 2H); 2.45 (m 4H); 3.2 (m 4H); 3.5 (s, 2H); 4.0 (d, 2H), 6.9 (
C2H); 7.2-7.4 29JUL200 -20 (m 5H), 7.65 (s, 1 H; 7.75 (d, 2H), 8.1%§d{
H). Exanple 7: Synthesis of

N-fl - (Cyanonet hyl - car banoyl ) - cycl ohexyl | - 4-f 4- ( 2-

met hoxy- et hyl') - pi per azi n- I -yl'l -benzam de A

4- (4- Benzyl erazin-1-yl)-benzoic acid nethyl ester 4-Fluorobenzoic acid
met hyl est(m;5HE2?,0'bﬂirfﬂ )IH),l'l () p8.p2{mziHE (300nmol ), and potassium
carbonate (300nmol) are suspended in acetonitrile (400nl) and stirred
under re-flux for 6 days. After evaporation of the solvent, the residue is
di ssolved in water and extract ed three tinmes with diethyl et her. The
extract i Example7ov&ynthesis ofiN-f1+(Cye ' x : exylpdi[dye- i s
purified by flash Chﬂﬂh&@gﬁﬂrﬂ))hmaemmﬂllﬂl‘p @hudewlth (CH2A 2 first, then
CH2Cl 2/ MeOH=15: 1) as nobil e phase. The product contai ning fractlons are

conbi ned gtd evapor at gdBFJi;%Ehe&H 9. {'ﬁ bﬁﬂﬁﬂgﬂgﬁqnétﬂyl &'teert hyI et her/ pent ane

and the solid filte 0 (va Cuurr) A powder wit h . 105-107C

és( P lthing S PypisbBi Brr}zlyi’%/t%ts‘eben; bgeﬁﬁgné%yy @&?&%ﬁ{eﬁ%mgq &Egd
di ssolve &J mﬂﬁhbﬂ'ﬁ&kat 1366 Nle sg F&Qﬁ‘ ackton 00f°HAd st Sq_m xture
in a ro

is stirre gen '~ at nosphere consunptlon has ‘cease

cat al yst iundén tetﬂex dolr 6fdayandﬁérrmraf)odahbmtoé thee s et athe desidureis ' dissb @ ih S
suspended in diethylether/pentane and the solid filtered of and dried
(vacuun) . WattfoddeeXtigeied thsce times with; diethyletiencbhe extract is dried over sodium

B o a VAR BBICTAE idf b BAEE AR hraBL S sica g
2- br onoet Ryt R OMAICH Mst, (hed cmadgmemmgtﬁsas%mr?ﬁ&et erie? peSiMEp! ) are
suspended in acetonrtrrle (50m)" ‘and stirred at 80C for 8 hours. After

evapor at i @ontafniighdrasadiveate colibine@ Sirdlevipdrated.s The regldie iyahlenddld in
extracted three tines with CH2Cl 2. The extract is dried over sodium

sul fate arﬁ’éﬁtbﬁdﬁb@r’mﬂé@c anddbe salidifiltereds o archduirtbtracyung)i é pywdarhwithi pgnt ane
and the £ red f and dried (vacuum. A powder with np. 103-105C
i's obtai ni@k 1%7 élSO tained

B. 4-(Piperazin-1-yl)-benzoic acid methyl ester

4-(4-Benzyl-piperazin-1-yl)-benzoic acid methyl ester (19.4mmol) is dissolved in
methanol (150ml) and Pd/charcoal is added (0.6g). The mixture is stirred in a hydrogen
atmosphere until consumption has ceased. The catalyst is filtered off and the filtrate
evaporated. The residue is suspended in diethylether/pentane and the solid filtered of
and dried (vacuum). A powder with mp. 95-97°C i_s obtained.

C. [4-(Z2-methoxy-ethyl)-piperazin-1-yll-benzoic acid methyl ester

4-(Piperazin-1-yl)-benzoic acid methyl ester (19mmol), 2-bromoethylmethylether
(21lmmol), and potassium carbonate (22.8mmol) are suspended in acetonitrile (SOml)
and stirred at 80°C for 8 hours. After evaporation of the solvent, the residue is

dissolved in water and extracted three times with CH7Cly. The extract is dried over

sodium sulfate and evaporated. The residue is suspended in diethylether/pentane and
the solid filtered of and dried (vacuum). A powder with mp. 103-105°C is obtained.



29JUL2004 -21 D. f4-(2-nethoxy-ethli)-piperazin-l1-MI-benzoic acid

hydrochl ori de [4-(2-met hoxy-ethyl)-piperazin-1-yl]-benzoic acid nmeth@l9 JutL 2004
ester (17mmol) is dissolved in 4N HCO (70ml) and heated under reflux for 5
hours. After cooling the solvent is \iaporat ed and the residue is
suspended in ethanol and the solid filTeéered of, washed wi th diethylether
and dried (vacuum). A powder with np. >270C, Rf=0.35 (CH2C12/ MeOH=9: 1) is
obt ai ned.DE. N-f [4-(2-methoxy-ethyl)-piperazin-1-yl]-benzoic acid hydrochloride

| - (Cyanonet hyl - car banoyl ) - cycl ohexvl | - 4- 14- ( 2- met hoxv- et hyl ) -

pi perazin-1-vll -benzanui de 1-Am no-cycl ohexanecarboxylic acid

cyanonet hy_mam . ih4- {12688l I I PEhAEH s 4; =penzoic
aci d hydr%dc R %tlh% |r§‘Z,LB4H'cg’% (1. "5’%‘%%"?‘%%%"&. el 1s igkbiled

tri et hyl ain 4/¢ HOl Gooal) pndiheated smdevedluk foDbhopdsriAftearmboling thecsblivenv dg ni ght
at rt. After evaporation of the solvent, the residue is dissolved in a

m x:j ure o@vapwag a%&‘%@ﬂﬂﬂ?n‘%&‘ﬁ%’ﬁ?%dem(iﬂ@@@héﬁﬁ thesaligrftlieged,als jwashed |
cxtract | PEUSEUFC G, SR T dbBs A BB oMinCaR TR Lo TREIT "

purified Ryﬂi(t]ame(gﬁ&gﬂ@t@%m. on silica gel wwth CH2C 2/ MeOH=92.5:7.5
as nobil e phas€. The product containing fractions are conbined and
evaporated. The residue is suspended in diethylether and the solid
filtered Bf and dN-fd(C 1-Arpae hexy11-8-[4332-nidiRobB8GRyNRS =O. 37
(CH2C12/ MeOH=9:  1)ideSaRRI1E nzamideNVR (d6- O: 1.15-1.35 (m 1H);
1.4-1.6 (m 5H); T.65-1 . 2.05- 2.15 (m 2H); 2.45 (m 6H); 3.2

. m
(7. Dok bbb b el oon -2 inciy® (0
N-f1- (Cy- angﬁt?ideydﬂ&@rmac%eidoh@wdmdé 1{1.0/8RY), - PIOXF | Al Gmdol!
benzami de A. " I-(4- Phenyl - pi peridi n-1-vi)-et hanone 4-Phenyl pi peri di ne
(87mmol ) WECIYL.Oohimed) {reiamietilyjanine (ld0remol) nealdissolddyin CHEIE{4ml) @ad Sridred and

acetykhl oride (96nmm]) in CH2Cl12 (40 i s add r i.se to the
y O\Imrnjg t at rt. erlcvaporatcl:on of(the gg'llrezllt,s the res?c?ueqs 8@%1\?& in a mixture of

water and sodium carbonate (to ensure slightly basic conditions) and extracted three
times with ethyl acetate. The combined extract is dried over sodium sulfate and
evaporated. The residue is purified by flash chromatography on silica gel with
CH»Cl»/MeOH=92.5:7.5 as mobile phase. The product containing fractions are

combined and evaporated. The residue is suspended in diethylether and the solid
filtered of and dried (vacuum). A pale powder with mp. 166-168°C, Rf=0.37
(CH7Cl/MeOH=9:1) is obtained.
1H-NMR (d6-DMSO): 1.15-1.35 (m, 1H); 1.4-1.6 (m, 5H); 1.65-1.8 (m, 2H); 2.05-
2.15 (m, 2H); 2.45 (m, 6H); 3.2 (m, 7TH); 3.45 (t, 2H); 4.0 (d, 2H), 6.95 (d, 2H); 7.65
(s, 1H); 7.75 (d, 2H), 8.15 (m, 1H).

Example 8: Synthesis of N-[1-(Cyanomethyl-carbamoyl)-cyclohexvl]-4-(1-
propyl-piperidin-4-yl)-benzamide

A. 1-(4-Phenyl-piperidin-1-yl}-ethanone

4-Phenyipiperidine (87mmol) and pyridine (96mmol) are dissolved in dry CHClp
(100ml) and acetylchloride (96mmol) in CH7Cly (40ml) is added dropwise to the

stirred solation at 10°C. The reaction is stirred for 1 hour at rt. The mixture is



stirred solution at 10C. The reaction is stirred for 1 hour at rt. The
mxture is 2 9 J UL 2004 -22- extracted three times with water and 2hdUl 2004
wat er phase is extracted again with CH2C 2. The conbi ned organi ¢ phases
are dried over sodiumsulfate and evagarat ed. Apale brown oil with

Rf --0.13 (ethyl acetate/hexane=l:1) i$“obtained. B. 4-Pi eridin-4-

1-benzoic acid 1-(4-Phenyl-piperidin-1-yl)-ethanone (84mml) is dissol ved

i n CH2Cl 2xragedthree tignes oxith yatsin|and itk waBB Ghss 1§ extsacsetagrinivehGHClat - 20 to
-10C. After the oxalylchloride addition alumniumtrichloride g260mml ) is
added i n Per edrabisechprgan@gpharefeane driagy evarsodivm pylfate and eyaporated. 3 paurs. The

cooling bath is r. /€ he mxture is.stirred.,at rt overnight. The
mxture i OBaﬁﬁe‘Hﬁbnﬁ}l‘ﬁgﬁ%glﬁ}étacitérﬁéﬁﬁ“eéﬂg‘)eQPﬁ%ﬂegd 3 times with CHCl 2.
The conbi ned organi ¢ phases are washed with water, dried over sodium

sul fate and evaporated. The residue is dissolved in aqueous sodi um

hydr oxi deBsol ut i on 4-PipéridibettlbenmiccddidiCl i s added at 0C to acidify the

solution. The precipitate formed ig filtered off and e i th water.

The sol i cl-dBaeny lnggd%%-ﬁaﬁmopﬁ( ooy IS(cg%’feIw %rﬁﬁgﬁg &‘SBFE} anq s

heat ed for hour s der refluyx, /After coqling to ri. the solvent is

renoved a‘i’n‘&i‘iL "F‘%.s@gg'é‘"}@ Q&Qg%ﬁ@d"‘i'ﬁ' %t'%gﬁB?.lé%‘heA%ltaﬁo .-‘(lgﬁf’ﬁ‘flé is

filtered pludiiCdthinfithn rdbHRSfd1 2BOMAHRD Waldbd R potohO% 19°CPTR AfturcGs 4 P
-benzoi ¢ acid nethy Pa

eridin-4- ester 4-Piperidin-4-yi-benzoic aci

(47mmol ) dtdredi £ S00°Ebri Nhoms HEROtodling Gath) is aexdoved andfthe adxtasnisrsttred asul f oni ¢
acid is added. The m xture is heated under reflux overnight, After
evapor at i Grovemighte The mistyre is;pruredep derédwatsr (600} gudyextracied 3 Hmesavith  wat er

and sodi rbqnag e {. ke ' | 1y ) r ee
times w tﬁﬁ:@??@y theaé%rflél'%’gq %#agmc Bﬁ%ﬁﬁ%é&g %egc?ﬂﬁsw%?ﬁeﬁégvgﬁtr?%h@{m
sulfate a v.ano, : ' : %@%ﬁ&ﬁ 1) is
obt ai ned. Qﬁaﬁﬁiﬁ I ﬁrvg rotcfyiavrlh : g%@dﬁcﬁgggg(flv%%r? @ig %‘Qasg:)lﬁ%l y ﬁé\e/g‘tgeisgn
4- Pi peri diaN,2350mtpand BN RCI & addedyit 67T ¢6 acid@ymhe )solueibhy THe ipseqipioypy | anmi ne
(31nmol) and 1-iodopropane (42mpl) are dissolved in 1, 2-dinethoxyethane
(1 oon-1) fomed liefiltered off and washed with water. The solid material is suspended in 6N

HCI (300m!) and the mixture is heated for 18 hours under reflux. After cooling to rt

the solvent is removed and the residue is suspended in ethanol. The solid material is

filtered of and dried. A brown powder with mp. >270°C is obtained.

C. 4-Piperidin-4-yl-benzoic acid methyl ester

4-Piperidin-4-yl-benzoic acid (47mmol) is dissolved in methanol (300ml) and 1ml of
concentrated sulfonic acid is added. The mixture is heated under reflux overnight.
After evaporation of the solvent, the residue is dissolved in a mixture of water and
sodium carbonate (to ensure basic conditions) and extracted three times with ethyl
acetate. The combined extract is dried over sodium sulfate and evaporated. A brown

powder with Rf=0.18 (CH,Clp/MeOH=9:1) is obtained.

D. 4-(1-Propyl-piperidin-4-vl)-benzoic acid methyl ester

4-Piperidin-4-yl-benzoic acid methyl ester (28mmol), ethyldiisopropylamine (31mol)
and 1-iodopropane (42mmol) are dissolved in 1,2-dimethoxyethane (100ml) and the
mixture is heated at 70°C overnight. After evaporation of the solvent, the residue is



m xture is heated at 70C overnight. After evaporation of the solvent, the
residue is 2 9 J UL 2004 -23 dissolved in a mixture of water and sat$ uth 2004
carbonate (to ensure basic conditions) and extracted three tines with

et hyl acetate. The conbined extract is dried over sodium sulfate and
evaporated. The residue is purified bg3flash chromat ography on silica gel
with CH2Cl 2/ MeOH=9: 1 as nobi |l e phase. The product containing fractions are
conbi ned # ' | ' | : d the
o e b R e e G S A L LS
(CH2C12/ MxEaicted theei timesbtvith re¢idyl aEetate: (The Rompbirled pixpract @i dried- over-dodnmwi ¢ aci d
hydr ochl ori de 4-(1-Propyl -pi peridin-4-yl)-benzoic acid nethyl ester

(B2rmol ) Sulfat; apdorpeeraled. e Hesidug isopreificd ey B cBeo MHABRPRE PP AR GRel 7

hour s. - TGl SR lrB0RRYL £l BBl TG hlh biodier 4G0ARE HEachBht drmt or i 2

fornmed is efé washed w ol'd ace vacuunj. A
b Wit ' ; i ' F.
R By it nd SO, THE SeRud BRI Bt af s Rt

yl') - benzafiliegi&l 1ofimand- cyiddohgmamannr hoxydalec boiwth Ccpeawdert Wth- aRFE®R35

(23mmol ), 4-(i-propyl- piperidin-4-yl)-benzoic acid hydrochloride (23mmol),
HOBT (23nt&312Cl =?32§rf$rﬁbt)am&ﬂd triethylamne (23nmmml) are dissolved in
DMF (50m ) and stirred overnight at it. After evaporation of the solvent,
the residue is dissolved in a mxture of water and sodi um carbonate (to
ensure basic conditions) and extracted three tines with ethyl acetate. The
conmbi ned Bxtract 4£1 pyl-piperidimdivilbenzoicacid hydroshlotidest ed. The resi due
i s suspended in diethyl ether/pentane and the solid filtered of and dried
(vacuumn . 4-Al-Pedpyl-piparddin-dryDibenznic 468 -mxoind ester (320n8a) isGhisschztdne @NHCL) i s

obt ai ned., |_H- NVR ( d6- 0 : 0. , 3H. 1.2-1.3 1H); .1.4-1.6 (m 7H);

1.6-1.8 (({?15"’1)61’\‘/?5; hcf?eé-[zl\ﬂ‘/.%éz (‘?fﬁ‘,"%gﬂ‘fﬁ“’??s@ -%.“T’S‘“Eq'ﬁ,"g%)i;‘“ ol st ?"c‘% @y, 2 55

(M TH; 2Od fhe o matedat formed s filtered off, washed with cold acetone and dried
(vacuum). A brown powder with mp. >270°C, Rf=0.08 (CH,Clo/MeOH=9:1) is

obtained.

F. N-[1-(Cyanomethyl-carbamoyl)-cyclohexyl}-4-(1-propyl-piperidin-4-

yl)-benzamide

1-Amino-cyclohexanecarboxylic acid cyanomethyl-amide (23mmol), 4-(1-propyl-
piperidin-4-yl)-benzoic acid hydrochloride (23mmol), HOBT (23mmol), WSCD
(23mmol) and triethylamine (23mmeol) are dissolved in DMF (50ml) and stirred
overnight at rt. After evaporation of the solvent, the residue is dissolved in a mixture of
water and sodium carbonate (to ensure basic conditions) and extracted three times with
ethyl acetate. The combined extract is dried over sodium sulfate and evaporated. The
residue is suspended in diethylether/pentane and the solid filtered of and dried
(vacuum). A pale powder with mp. 198-200°C, Rf=0.34 (CH2Clp/MeOH=9:1) is
obtained.

1H-NMR (d6-DMSO): 0.85 (t, 3H); 1.2-1.3 (m, 1H); 1.4-1.6 (m, 7H); 1.6-1.8 (m,
6H); 1.9-2.0 (m, 2H); 2.05-2.15 (m, 2H); 2.25 (t, 2H); 2.55 (m, 1H); 2.95 (d, 2H); 4.0
(d, 2H), 7.35 (d, 2H); 7.8 (d, 2H), 7.9 (s, 1H); 8.15 (m, 1H).



(d, 2H, 7.35 (d, 2H); 7.8 (d, 2H) 7.9 (s, 1H); 8.15 (m 1H). 2 9 JUL 2001
-24 Exanple 9: Synthesis of N-f 1-(Cyanonethyl -carbanovl)-cvcl ohexvId$ Juk 1004
1- (2- methoxy-ethyl)-piperidin-4-vll-benzamd e A 4-Carbo benzeneboronic
acid nethyl ester 4-Car boxybenzeneborzgnl c acid (300mmol) is dissolved in
met hanol (400ml) and 1.5mL concentrated HCO is added to the stirred
solution. The re ctron IS, heat ed under refI ux for 30 hours The soI vent is
evaporatem?f:e b ld - yanomethylcaehameyl)-qy elohes 4 )

solid filtered of mu' (yeginyh igin-4aylidlenzamigdéer with np. 201- 205C,

Rf =0. 28 (CH2C12/ MeOH=95:5) is obt ained. This powder is a m xture of

4- car boxyhenzeneborqgnjc_acid net rg)yl ester and the di meric anhydride of 4-
car boxybeftzenebor onfe-SPYIENZERAVOEIRIG ACKEIRE ylestery wit hout further

rificat -,
épluciatr hoxy%%engﬁrﬂ@g@%@? gm%?wmgﬁs e(?igé() g’fgqrrémn?é)kha?' oﬁognﬂ)zlmbdr tﬂ%ﬁ}&yri di ne
(248l ) coricentratkd $Itis addedno! thb etifrbd B luped. IFidi rdibtiod. i5 heared indétdren@k aSsi um

carbonate (744mmol) are suspended in 1, 2-di net hoxyet hane (1100m ). The
stirred fx3Qrous Femsekiertnise pvanorateds ther remaining gesider ay susmhderlg inhe

ot 1 act eadiefVRRR AT BT oraba BRPE TRl By il reti ke 201511 e

over sodi g3y REa0.28 wﬂge?mem@ :5) TR @blaBiz IS | b§wd§M§ a%tstﬁﬂe b

di et hyl et her and the so | tered of and dried (vacuun). Fle br own
powder wi Hfl:aﬂ%x Shzdeb6ronR0. 2 (1RERG %side Onfed5hS) din’ieriébtaﬂhﬁﬁihe Qf 4-

4- (4- Met hoxyca onyI phenyi ) - 1- (2-net hoxy-ethyl)-pyridinium brom de
4-Pyrid ncar Xybbmgbqromeraadmthxllesresm is aF@ihwishgut dwrther purification.

2- bromoet hyl - met hyl et her (28nml) are heated for 1 hour to 110C. After
cooling the reaction mxture is suspended in acetone and the solid
filtered gf and drig BaliHVlberPoitodcsd B efgider with np. 170-171 C,
Rf =0. 22 (CH2C12/ Me 'S obtalne

411- ( 2- Neﬂtﬁntboybhwe)leh@rm mstndwﬂ;th)tlb@wom%amuﬂ) feninyA, ddiremopyridine

(248mmol), tetrakis-(triphenylphosphin)-palladium (2.5mmeol) and potassium

carbonate (744mmol) are suspended in 1,2-dimethoxyethane (1100ml). The stirred
mixture is heated under reflux for 8 hours. After cooling the solvent is evaporated and
water is added to the residue which is then extracted three times with ethyl acetate.
The combined extract is dried over sodium sulfate and evaporated. The residue is
suspended in diethylether and the solid filtered of and dried (vacuum). A pale-brown
powder with mp. 99-101°C, Rf=0.39 (CH»Clp/MeOH=95:5) is obtained.

C. 4-(4-Methoxycarbonyl-phenyl)-1-{2-methoxy-ethyl)-pyridinium;
bromide

4-Pyridin-4-yl-benzoic acid methyl ester (70mmol) and 2-bromoethyl-methylether

(28ml) are heated for 1 hour to 110°C. After cooling the reaction mixture is suspended

in acetone and the solid filtered of and dried (vacuum). A pale-brown powder with mp.
170-171°C, Rf=0.22 (CH,Clp/MeOH=9:1) is obtained.

D. 4-[1-(2-Methoxy-ethyl)-piperidin-4-yl]-benzoic acid methyl ester
4-(4-Methoxycarbonyl-phenyl)- 1-(2-methoxy-ethyl)-pyridinium; bromide (67mmol) is
suspended in methanol (250ml) and platinoxide (1.2g) is added. The mixture is stirred




4- (4- Met hoxycar bonyl - phenyl ) - 1- (2- met ho) g- et hyl ) - pyri di ni um brom de
_(67mml) is suspended in nethanol (250ml) and platinoxide (1.2g) is3ddedii
The m xture is stirred 2 9 JUL 2004 -25 in a hydrogen atnosphere at nornal
pressure until consunption has ceased. The <catalyst is filtered off and
the filtrate evaporated. The residue i®-dissolved in CH2Cl2 and extracted
W t h aqueous sodi um carbonate solution. The organic phase is dried over
sodi um sulif st bydrngereatmpasphé¢recat fidrenal geéssure amtil peonbimpibroYiad lcasBd. The

chr omat ogra&y o:}_ Sﬁ'Hai&a &el w th CH2C 2/ MOH9:1 as nobi |l e phase. The
product c&ARYShiSHYteredael japd dhe fltrate gyaperated. dhe residysols alissalved ip &Ha Gl | ow
oil with Rf:0.22(CHZCI2/I\/EO—‘|§195:5) is obtained. E. o

4- [ 1- ( 2- M Extactsd With agyeous sedipm carbonateisalutign.cThecqraani ahase iy drigdaaver

4-11-(2- s | Wk - I ' thyl ester, (47mmol)
s i asolvadty s g CBrAGH T HeekanB e Rlfed Bl CiomalSiRin & AT by
cool i ng t lsttica gel walhiCHLCl 29:¢ chs ansbilelphates ihe YRodufet SoRRBRCHadtdnacet one
and the solid filtered of, washed with acetone and dried (vacuum. A white
powder W tahe epnbindi7ald ¢vapomaiddaiAnpale yéllow oil with Rf=0.22 (CH,Cly/MeOH=95:5)

N-f | -(Cyanonet hyl - car banoyl ) - cycl ohexy_ Il _4-f1-(2-methox -ethyl)-

pi peri di n-islebtaihedbenzam de 1- Am no- cycl ohexanecar boxylic acid

cyanonet hyl -am de (107mmol ), 4-[1-(2-
mathoxy-etéwl)-pipe i din-4-yl] [
(107mmol ) ;= WsCD ( Poih-ten ELNOXY-6 PAReridin4-yil-henzgie - :
(250mL) and stirred overnight at A After evaporation of the solvent, the
residue is dissolved in a mxture of water and sodi um carbonate (to ensure
slightly Hadi@-Methogy-tihyl)ipeaidih-xi]rlentsid atidmaahyliesRs(Mndblpishy| acetate.
The conbined extract. is dried over sodium sulfate and evaporated. The

resi due i $ispRived N BE1{§0mlh andhhestask undenrsifipx foml 2shaury Aftgs(coolingtheH2C12/ MeOH

ith 2N =9: jd . t i ni ti
Conbi ned SaeusisebpaRudPbife RARREis e Btihion ARt ie ol R ot hy !
acet at e andhshddewisiohdetorlei dntietiied (Ricuamyl Alhe powaswitl mp >pPAiee gowder
obtained.

hydr ochl ori de
id.

> (107mmol ), HOBT
AXArACRIORteced i n DVF

F. N-[1-(Cyanomethyl-carbamovyl)-cyclohexyl}-4-[1-(2-methoxy-ethyl)-

piperidin-4-yi]-benzamide

1-Amino-cyclohexanecarboxylic acid cyanomethyl-amide (107mmol), 4-[1-(2-
methoxy-ethyl)-piperidin-4-yl]-benzoic acid hydrochloride (107mmol), HOBT
(107mmol), WSCD (107mmol) and triethylamine (107mmol) are dissolved in DMF
(250ml) and stirred overnight at rt. After evaporation of the solvent, the residue is
dissolved in a mixture of water and sodium carbonate (to ensure slightly basic
conditions) and extracted three times with ethyl acetate. The combined extract is dried
over sodium sulfate and evaporated. The residue is purified by flash chromatography
on silica gel with CHyClp/MeOH (with 2N NH;) =9:1 as mobile phase. The product

containing fractions are combined and evaporated. The residue is suspended in
diethylether/ethyl acetate and the solid filtered of and dried (vacuum). A pale powder
with mp. 160-162°C, Rf=0.42 (CH2Clp/MeOH (with 3N NH,) =9:1) is obtained.

1H-NMR (d6-DMSO): 1.2-1.3 (m, 1H); 1.4-1.6 (m, 5H); 1.6-1.8 (m, 6H); 2.0-2.2 (m,
4H); 2.45 (m, 2H); 2.55 (m, 1H); 2.95 (br. d, 2H); 3.2 (s, 3H); 3.4 (dd, 2H); 4.0 (d,



th mp. 160-162C, Rf
1H— NVR (d6-DVBO): 1.
2.

0.42 (CH2C12/ MeOH (wth 3N NH3) =9: 1) is obtained.
2 1
2.0-2.2 (m 4H; 4

1.3 (m 1H; 1.4-1.6 (m 5H); 1.6-1.8 (in, 6HEI JUL 2004
5(m 2H); 2.55 (m 1H); 2.95 (br. d, 2H); 3.2 (s,
3H); 3.4 (dd, 2H); 4.0 (d, 2 9 JUL 2004 -26 2H); 7.35 (d, 214); 7.8 (d,
214); 7.9 (s, 1H); 815(|n 1H). Exarfple 10:

N-fl - (Cyanonet hyl - car cchohevaI- 4- (1-isopropyl - pi

peri di n- 4291))7&&1%)@@8 d, H)é709§50I1HIF hi%tlﬁﬁ carbon | -hen 1- pyridinium
brom de 4-Pyridin-4-yl-benzoic acid nethyl ester (2.3mmol) and
2-1odopropane (1.0m ) are heated for 24 hours to 90C. After cooling the

sol vent i%ﬁﬁgﬂ@l&t o[ B(OydrbimdtReL eitBamdyl) YEIBREASH4(ILidppbnie and the

solid filtered of a@&é}mlﬁ _isl!__q,gH%_ﬂudeA pale-yelTow powder wth np.
187-189C, Rf=0.27 ( 'S obtained. B.

4- (1-1sopropvl-piperidin-4-yl)-benzoic acid nmethyl ester hydroiodide

1- 1 sopr op\A.- 4- (4- mlsbgzmg%?gwbﬂﬁm&nﬂ%meﬂ%g Q&*ir‘]dlmqlﬁ%nﬁae 9nrnol) is
suspended i n mnet hano 10 pl at 1 noxi de ng) 1s added. The m xture
is stirred in a hydrogen atnosphere at normal pressure until consunption
has ceased-Pyrhlin-4gdbetapst acid rhi:thybeﬂd' (Z.3mawol) 4k 2fioddprapane efic)ml) adred. The
residue is suspended in %é\ ether/p ntane and the solid filtered of and
dried (vadfify forRdhqus [ °Fﬁ’°°1|‘ﬂ 02&@%2&@'&%&@@[{1@:@@@2/%04

=9:1) is e o]
nydr ot on EEPE o e od IRPSORY il 4 Sdhaded (il RECA b o .,
hydr oi odi gewdér \mep) 18- 138G Ri=0.20 (CH @i/lvﬁt)}(:Eml)) isbthifgiat ed under refl ux
for 10 hours. After cooling the solvent Is evaporated and the residue is
suspended in acetone and the solid filtered of, washed with acetone and
dried (vacuum. A grey-brown powder with np. >270C S obt ai ned D.
N—fI-(Cyarﬁ)rTethyI sapEppy)-piperidined vl)-benzoic acid met} : did
4-vp-benzam de 1- Ani i no- cycl ohexanecar boxylic acid cyanorret hyI am de
(0.95mmol ), 4-(1-isopropyl-

1-Isopropyl-4-(4-methoxycarbonyl-phenyl)-pyridinium;  bromide  (1.9mmol} is

suspended in methanol (10ml) and platinoxide (80mg) is added. The mixture is stirred
in a hydrogen atmosphere at normal pressure until consumption has ceased. The
catalyst is filtered off and the filtrate evaporated. The residue is suspended in
diethylether/pentane and the solid filtered of and dried (vacuum). A pale powder with
mp. 219-224°C, Rf=0.41 (CH»Cly/MeOH =9:1} is obtained.

C. 4-(1-Esopropyl-piperidin-4-yl)-benzoic acid hydrochloride

4-(1-Isopropyl-piperidin-4-yl)-benzoic acid methyl ester hydroiodide (1.7mmol) is
dissolved in 4N HCI (5ml) and heated under reflux for 10 hours. After cooling the
solvent is evaporated and the residue is suspended in acetone and the solid filtered of,
washed with acetone and dried (vacuum). A grey-brown powder with mp. >270°C is
obtained.

D. N-[1-{Cyanomethyl-carbamoyl)-cyclohexyl-4-(1-isopropyl-piperidin-

4-yl)-benzamide

1-Amino-cyclohexanecarboxylic acid cyanomethyl-amide (0.95mmol), 4-(1-isopropyl-
piperidin-4-yl)-benzoic acid hydrochloride (0.95mmol), HOBT (0.95mmol), WSCD




pi peridin-4-yl)-benzoic acid hydrochloride (0.9Smvol), HOBT (0.95muol ),

. WBCD 29 Jul 2004 -27 (0.95mmol) and triethylamne (0.95mmol) are di s8I edii
in DM (5m) and stirred overnight at rt. After evaporation of the

solvent, the residue is dissolved in a gxture of water and sodi um
carbonate (to ensure basic conditions)’27and extracted three tinmes with

ethyl acetate. The conbined extract is dried over sodium sul fate and

evapor at ed0-9Tmmol)r ard mhi’lsmmgsw&iadolﬂ rared ﬂsScbiyédeithMEr(dni)hch elidred

filtered of an dr| n} [Jj vvder thrrp 214-216C, Rf=0.38
(cHeq] 2/ M8 rf?)aPQ@ i9n °f§"= sglyeat; d’eslfl%lww lrd ipRmoKturg obs (d,

6 1.2- 1H);
ety B B a7 1
111); 8. 15@thy} hddrate FRberpémbiidd extract is dried over sodium sulfate and evaporated. The

N-i 1- (Cyanonet hyl - car bamyl ) - cycl ohexyl ] -4- (1-cycl opentvl -
pi peri di nresidpe) s suspeadedidn diethylether) wdcthe yspli ﬁltercd of and dried (vacuum). A

aci o mot hy S geRRr i Bag o bie R MR oM EOn X e F 88T e For

4 hours tQphifle. 1-1odocyclopentane (0.5m) are added and the m xture is
heated for another 4 hours to 120C. After cooling the solvent is evaporated

and the r asi-NMR (d6-DMPON 35 (d) 68)L1.04163 Grﬂ.ClH)hchtSDS(ﬂ,il}lI)t erosd2.06 (mnd dried
(vacuum). The solid residue is &Brl fied flash chromat ography on silica

gel with GHRE2P NeolH)=37{mdHyp ﬁédplﬂbéo (thaHr babid, Zib)nﬂaﬁ td, 280,
fractions Y evaporated. The residue is suspended in

di et hyl et ﬂ?&am@e&%ﬁqﬁf. |tered of and dried (vacuum). A yell ow powder
with np. 183-185C, Rf=0.35 (CHZClZ/ MeOH=9: 1) is obtained. B.

4- (1-Cycl oyentyl - plperldln yI) ben20|c aC|d nethyl ester hydro- i odide

1- Cycl opelixpmple L1 | arhamy ehiwh-4 wedel { 1. 27mol )
i's suspended in nemm;nj@m%eaMeatl noxi de (50mg) is added. The

m xture is stirred in a hydrogen at nosphere at nornmal pressure until

consunpti on has ceased. The catal yst
A. 1-Cyclopentyl -4-(4-methoxycarbonyl-phenyl)-pyridinium; bromide

4-Pyridin-4-yl-benzoic acid methyl ester (2.35mmol) and 1-iodocyclopentane (1.0ml)

are heated for 4 hours to 110°C. 1-lIodocyclopentane (0.5ml) are added and the
mixture is heated for another 4 hours to 120°C. After cooling the solvent is evaporated
and the residue is suspended in acetone and the solid filtered of and dried (vacuum).

The solid residue is purified by flash chromatography on silica gel with CHQCIZMCOH

=9:1 as mobile phase. The product containing fractions are combined and evaporated.
The residue is suspended in diethylether and the solid filtered of and dried (vacuum). A
yellow powder with mp. 183-185°C, Rf=0.35 (CH;Cl/MeOH=9:1) is obtained.

B. 4-(1-Cyclopentyl-piperidin-4-yl}-benzoic _acid _methyl ester hydro-
iodide

1-Cyclopentyl-4-(4-methoxycarbonyl-phenyl)-pyridinium; bromide (1.27mmol) is
suspended in methanol (8ml) and platinoxide (50mg) is added. The mixture is stirred in
a hydrogen atmosphere at normal pressure until consumption has ceased. The catalyst
is filtered off and the filtrate evaporated. The residue is suspended in
diethylether/pentane and the solid filtered of and dried (vacuum). A pale powder with
mp. 204-210°C, Rf=0.27 (CHpCh/MeOH =95:5) is obtained.



is filtered off and the filtrate evaporated. The residue is suspendi i n
di et hyl et her/ pentane and the solid filtered of and dried (vacuum. dgpéulemm'
powder with nip. 204-210C, Rf 0.27 (CH2Cl 2/ MeOH =95:5) is obtained. 2 9
JUL 2004 -28 C. 4-(1-Cydopentyl - pi per i&céicn-4-yl ) -benzoi ¢ acid hydrochl ori de
4- (1 -Cycl opentyl - pi peridin-4-yl)-benzdt™ acid nethyl ester hydroiodi de
(1.06mml) is dissolved in 4N HCl (5m ) and heated under reflux for 10
hour s. After cool i n t he soI vent i s evaporat ed and he residue is
suspendedG n acet drdd-Gyelopes rid ) 1y higride acetone and
dried (va er .Wth >27

N1 (O andbipe R FhiR &wf @@t‘%m&m n&”ﬁmesev x ?ﬂ@? béiinon

yi aeri di nggsoffdd ;AN AT @ﬁm?a{famme&uﬁde?tﬁmrr@pﬁfww 5bfin

cyanonet hyl - am de (0. 74nmo - cycl opentyl - pi peri fls benzoi c
aci d hydr salidmis cifap()ﬁatezklandnhé residﬁBTs sdsﬂenﬁédmndc):ton\i\ﬁﬁﬁbtl(e&oﬁd ileered ofnd
triethylamne (O. 74mm| re_glssolved in DMF (5nl) and stirred overnight
at A Af t weshedapith drid (sshy@htA graebrewn ipawéer with gips 3VQ&eiisi n a

m xture of ﬁ\%ﬂ‘ §' and sodi um car bonat e (to ensure basic conditions) and
extracted ? ee times with ethyl acetate. The conbined extract is dried
over sodium sulfate and evaporated. The residue is suspended in

di et hyl ether and the solid f||tered of and dried (vacuum. A white powder
with np. P33- 234cN-F-£Cyanomethybearbamori-cyalohexyid{ilieyclopentyl- s obt ai ned.
1H NVR ( d6- DVSO) : pipetidingbyl)henzaifide; "1.9:2.15 (m 4H); 2.4-2.6 (m 2H);
3.05 (d, 2H); 4.0 (d, 2H), 7.35 (d, 2H); 7.8 (d, 2H), 7.9 (s, 1H); 8.15
(m 1H. Exdmbey &E,hem&éart,é}vAyﬁeonatlhyl cgaioBR AL hnidey Cl(072xwaly, 4- @J10et hyl
-ni peridin- 4-yl)-benzamd 4- Phenyl - | - net hyl - ai per| di ne

4- Pheny| peysiegeatytpigeridinaybtbenzqiar apeidmalhydtoghleride 4. @hitrnmobnd HOBT
tetral SOpE(?’P‘Pm%oI), WSCD (0.74mmol) and triethylamine (0.74mmol) are dissolved in DMF

(Sml) and stirred overnight at rt. After evaporation of the solvent, the residue is
dissolved in a mixture of water and sodium carbonate (to ensure basic conditions) and
extracted three times with ethyl acetate. The combined extract is dried over sodium
sulfate and evaporated. The residue is suspended in diethylether and the solid filtered
of and dried (vacuum). A white powder with mp. 233-234°C, Rf=0.34
(CH3Cly/MeOH (with 3N NH3) =9:1) is obtained.

1H-NMR (d6-DMSO): 1.2-1.85 (m, 20H); 1.9-2.15 (m, 4H); 2.4-2.6 (m, 2H); 3.05 (d,
2H); 4.0 (d, 2H), 7.35 (d, 2H); 7.8 (d, 2H), 7.9 (s, 1H); 8.15 (m, 1H).

Example 12: N-[1-(Cyanomethyl-carbamoyl)-cyclohexyl]-4-(1-methyl -piperidin-
4-yl)-benzamide

A. 4-Phenyl-1-methyl-piperidine

4-Phenylpiperidine (12.4mmol), paraformaldehyde (24.8mmol) and tetraisopropoxy-
titanivm (12.4mmol) are suspended in 1,2-dimethoxyethane (20m!) and warmed to
60°C for 30 minutes and stirred at rt for one additional hour. Sodium borohydride
(12.4mmol) is added in portions and the mixture is stirred at rt for 2 hours and at 60°C
for additional 3 hours. After cooling the solvent is evaporated and the residue is

dissolved in a mixture of aqueous ammonia (60ml) and ethyl acetate and filtered



titanium (12. 4nrrnol) are suspended in 1, 2-di net hoxyet hane (20nml) and
~warned to 60C for 30 minutes and stirred at rt for one additional hdBrJUL 2004
Sodi um bor ohydride (12.4mmol) is added in portions and the m xture is
stirred at rt for 2 hours and at 60C for additional 3 hours. After cooling
the solvent is evaporated and the resi#e is dissolved in a nmixture of
aqueous ammoni a (60nm) and ethyl acetate and filtered 2 9 Jul 2004 -29

car ef ul | y car€fudlynThe miveuteds extracesd thtkettithsawith &gl asktatt £idke céebhad e and t he
conbi ned organic phases are dried over sodiumsulfate and evaporated. A
pal e br O\Aﬁrgi‘i“ic phascsne driefbever godiymy snifterangievapqsated. i pale-bydyn pdnvoi ¢ aci d
met hyl E.), LidgPhenyl - 1 -methyl - pi peridine (9.9mml) is dissolved in

CH2Cl 2 (6 and oxal yl chloride (39.6mmol) is added dropwi se at -20 to
-10C. After the oxalylchloride addition alumniumtrichloride (260mmol) is

added in gortions a. pmhﬂﬁﬁpmaw gﬂib%nz&-.kiaude.ﬂea_ﬁl el for 1.5 hours.
Then the cooling ba 'S renove dat it for
th t I - 30nmL
2dded dr ofh U srelnTolitiiBe; 38SBmhe Setinahen ?ﬁ’z&ﬁi BEBoitag ba: h
d at h T t
S et e A B U e B L
condi t i ongJdiasa aRidwibm tﬁelﬂbﬁa@(mﬂnﬁ&ﬁs%aam%%ds%t jdeterhd nfiab R 4! 1 Y-

The filtrate is extracted three tines with ethyl acetate and the conbi ned
extract i §tua1¢d ebl -l7Er f0$dd5 bovssuThen eheacmbl.mgahadr atrechoved hmd tlesiniuere is

fied h I th CH2C12/ MeOH=9: 1
o | ¢ phaleed 308 B GRaTer SOt r%gws' é%t% ﬂgle B IR0 e AT BB at od.
A pal e yelgayiOiddeWidbpwbrOARS do ol 4 tﬂ}?.t:%l:'&‘sgnngcbam
acl ydrogh

4- (1- Met hyl - ni oeri di n-4-vil-benzoi ori

4- (1- Met hyd repriqyed iadd nhalmutt):rebsrsnﬁed aacn dvernighty IThesr‘emnoﬁé}nﬁﬁﬂu O poured

di ssolved.in 4N, HO (10mM) | heat under reflux_ for 8.hours. Af t er
cool i ng t e doMixiige ¢ aq‘@\?ﬁf)é? E’dcae-{ at‘%é”r%l’tfu@”ﬂ“s"%’lﬁ’é‘ﬁ%‘ﬁli@ﬂ ieﬁh)écetone

and the sgldigle V\g.h!i b ﬁ%péﬂszon"l%%%gd E.rllga‘fﬁé Rt PR Dx i & e PG W ith

pal e- brown powder w t
ethyl acetate and the combined extract is dried over sodium sulfate and evaporated.

The residue is purified by flash chromatography on silica gel with CH,Cl,/MeOH=9:1

as mobile phase. The product containing fractions are combined and evaporated. A

pale yellow oil with Rf=0.29 (CH,Clp/MeOH=9:1) is obtained.

C. 4-(1-Methyl-piperidin-4-yI)-benzoic acid hydrochloride
4-(1-Methyl-piperidin-4-yl)-benzoic acid methyl ester (4.55mmol) is dissolved in 4N
HC1 (10ml) and heated under reflux for 8 hours. After cooling the solvent is
evaporated and the residue is suspended in acetone and the solid filtered of, washed

with acetone and dried (vacuum). A pale-brown powder with mp. >270°C is obtained.

yl)-benzamide
1-Amino-cyclohexanecarboxylic acid cyanomethyl-amide (0.98mmol), 4-(1-methyl-

piperidin-4-yl)-benzoic acid hydrochloride (0.98mmol), HOBT (0.98mmol), WSCD
(0.98mmol) and triethylamine (0.98mmol) are dissolved in DMF (5ml) and stirred

overnight at rt. After evaporation of the solvent, the residue is dissolved in a mixture of

water and sodium carbonate (to ensure basic conditions) and extracted three times with




D. N-f1-(Cyanonet hyl - carbanoyl)-cycl ohexvl | -4-(1-nethyl _pi"eridin-4-

.yl I -benzam de 1- Am no-cycl ohexanecar boxylic acid cyanomethyl anide 29 JUL 2004
(0.98nmml ), 4-(1-methyl- piperidin-4-yl)-benzoic acid hydrochloride
(0.98mmmol ), HOBT (0.98mmmol), WSCD (O. 98mm|) and triethylam ne (0.98rnnol)
are dissolved in DVF (5n1) and stirred0-over ni ght at rt. After evaporation
of the solvent, the residue is dissolved in a mxture of water and sodium
car bonat e¢thylacstaierEhepeombinesbextiact enddiedoonetr sstinacidfite dndesapbiisd. WHeh 2 9

JUL 2004 - 3 ethyl P‘%ﬁ’lgt hl@g gnzpqned extract is dried over sodium

sul fate aﬁca 8% af ot digthyletheripentang ank ik pollieh fdiesechyafeenbdriednt ane

and the s I

215 217c, oAt RS By RES b 2SR R 00 N BRI it

(d6- DI\/BO)NHJ! ggl)gmngﬁ 1.4-1.8 (m 11H); 1.85-2.0 (m 2H); 2.05-2.2

(m 5H); 255(m 114); 2.95 (d, 2H); 4.0 (d, 2H), 7.35 (d, 2H); 7.8 (d,

ﬁLH% (7 9 1H; NM?*)dﬁ BMSO): th2- 13H)r|n. lﬁl)mlMar BYm, 11H); 185 22 (nszb) 2052% ,
i-(cya Y y cycoex eri di n- -benzam de is

obt ai ned Q’B@brﬁt?é&"y?ﬁ é}ééc(ldi BE ‘h cﬁdeZHh Egiuﬁﬁrbl 2%1)128 far2HnSt Qs e by

omtting ﬁ'ﬂa ﬂ startl ng the synthesis procedure at step B, using

4- phenyl pi péri the starting material. 2 9 JUL 2004 -31 Clalms 1. A

conmpound accordi ng to formula I'l, or a pharnaceutically acceptable salt

thereof R NN
Similarly N [1 -(cyanomethyl-carbamoyl)-cyclohexyl]-4-(piperidin-4-yl)-benzamide is

obtained substantially as described above in Example 12; for instance by omitting Step
A and starting the synthesis procedure at step B, using 4-phenylpiperidine as the
starting material.



C x wherein Xis CHor N, and Ris C -C7l ower al kyl, Ci1-C7l ower

al koxy-C, -C7lower al kyl, C5-Cloaryl-Ci-C7l ower alkyl, or C3-Cgcycl @8 kil 2004
2. The conpound according to claim 1, or a pharnaceutically acceptable salt
t hereof, selected fromN| 231 -
1-(Cyanonethyl-carbanDyI)-cycIohexyl]-i-(piperazin-l-yl)-benzanide; N[

1- (Cyanonet hyl - car banoyl ) - cycl ohexyl ] - 4- ( 4- net hyl - pi per azi n-

-yl)-benzam de; N-|

1- (Cyangemishyl - car banoyl ) - cycl ohexyl | - 4- (4- et hyl - pi perazi n-1-yl)-benzam de;
N-[ 1-(Cyanonet hyl - car banoyl ) - cycl ohexyl]-4-[4-(1-propyl)-piperazin-|
-yl]-benzam de; N[

1- (Cyanonet hyl - car banoyl ) - cycl ohexyl ] - 4- (4-i sopropyl - pi perazi n-1-yl)-benzam
ide; N

1- (W?”Pmi‘t hyl omBERRANRYding ¥obrRAX ! dradhbrimabaRicilly pipabr%bIntHeresk ) - benzam de

1- (Cyanonet hyl - car banoyl ) - cycl ohexyl ] 4-[ 4- ( 2- met hoxy- et hyl ) - pi perazi n-|
-yl]- benzam de; N[

1- (Cyanonet hyl - car banoyl ) - cycl ohexyl ] - 4- (1- propyl - pi peri di n-4-yl ) -benzam de
; N[ I-(Cy&none | - car banoyl ) -cycl ohexyl]- 4-]

1-(2- met hoxy-et Ryl ) - pi peridi n-4-yl]- benzangide; N[

| - (Cyanonet hyl - gar banmoyl ) - cyclohexyl] 4- (1-F sopropyl - pi peri di n-4-yl)-benzam
ide; N[ 1-(Cyan §I-cz apoyl ) - cyclohgxyl] 4- (1 -cycl opentyi - pi per

di n-4-yl)-benzam de; TUL 2004 - 32
N—[1-(Cyanonethyl-carba (1- hyl - pi peri di n-4-yl)-benzam
ide; or N[ 1-(Cyanoneth carbapoyl Fseyclhohexyl t4- (

pi peridi n-4-yl)-benzam de. 3. 4
N-[ 1- (Cyanonet hyl - car banoyl ) - cyclgphe A-[4-(1-pr65?I%-piperazin-l-yl]-be
nzam de, or a pharmaceutically acce
pharmaceutical conposition conprising & conpound according to clains 1, 2
or 3 as an active ingredient. 5. The use of a conpound according to claim
1, 2 or 3 fowhelsm BisspdrealNiasd of a medi cament for

R is C,-C;lower alkyl, C,-C;lower alkoxy-C,-C;lower alky!, Cs-C,qaryl-C,-C;lower alkyl, or

C;3-Cyeycloalkyl.

2. The compound according to ¢laim 1, or a pharmaceutically acceptable salt thereof, selected
from
N-[1-(Cyanomethyl-carbamoyl)-cyclobexyl]-4-(piperazin-1-yl)-benzamide;
N-[1-(Cyanomethyl-carbamoyl)-cyclohexyl]-4-(4-methyl-piperazin-1-yl)-benzamide;
N-[1-(Cyanomethyl-carbamoyl)-cyclohexyl}-4-(4-ethyl-piperazin-1-yl)-benzamide;
N-{ 1{Cyanomethyl-carbamoyl)-cyclohexyl]-4-[4-(1-propyl)-piperazin-1-yl]-benzamide;
N-{1-(Cyanomethyl-carbamoyl)-cyclohexyl]-4-(4-isopropyl-piperazin-1-yl)-benzamide;
N-[1-(Cyanomethy!l-carbamoyl)-cyclohexyl}-4-(4-benzyl-piperazin-1-yl)-benzamide;
N-[1-(Cyanomethyl-carbamoyl)-cyclohexyl]-4-[4-(2-methoxy-ethyl)-piperazin-1-yl}-
benzamide;
N-[1-(Cyanomethyl-carbamoyl)-cyclohexyl]-4-(1 -propyl-piperidin-4-yl)-benzamide;
N-[1-(Cyanomethyl-carbamoyl)-cyciohexyl]- 4-[1-(2-methoxy-ethyl)-piperidin-4-yl]-
benzamide;
N-[1-(Cyanomethyl-carbamoyl)-cyclohexyl]-4-(1 -isopropy!-piperidin-4-yl)-benzamide;
N-[1-(Cyanomethyl-carbamoyl)-cyclohexyl]-4-(1 -cyclopentyl-piperidin-4-yl)-benzamide; or



t herapeutic or prophylactic treatnent of a disease or nedical condition in
whi ch cathepsin K is inplicated. 6. The use of a conpound accordi ng? 8qQU} 2004
claiml1l, 2 or 3 for the preparation of a nedicanent for therapeutic or
prophyl actic treatnent of osteoporosi Sg rheumatoid arthritis,

osteoarthritis, gingival disease, Page%' s di sease, or hypercal cem a of

mal i gnancy. 7. A process for the preparation of a conpound according to
claiml1, 2 or 3 which conprises coupling a) the correspondi ng Het

substitut ed NENZ0yamoaeihg-cebamogt)icydotaky!-d+ tamethyl-biperddad-4-yl)iben@ahidé; wher ei n

GRPRRA T RN AR AN -

3. N-{1-(Cyanomethyl-carbamoyl)-cyclohexyl]-4-{4-(1-propyl)-piperazin-1-yl]-benzamide, or a

pharmaceutically acceptable salt thereof.

4. A pharmaceutical composition comprising a compound according to claims 1, 2 or 3 as an

active ingredient.

5. The use of a compound according to claim 1, 2 or 3 for the preparation of a medicament for
therapeutic or prophylactic treatment of a disease or medical condition in which cathepsin K

is implicated.

6. The use of a compound according to claim 1, 2 or 3 for the preparation of a medicament for
therapeutic or prophylactic treatment of osteoporosis, rheumatoid arthritis, osteoarthritis,

gingival disease, Paget’s disease, or hypercalcemia of malignancy.

7. A process for the preparation of a compound according to claim 1, 2 or 3 which comprises
coupling

a) the corresponding Het substituted benzoic acid derivative of formula III

- Het

i
OH

wherein Het is , R and X are as defined in claim 1; with

b) 1-amino-cyclohexanecarboxylic acid cyanomethyl-amide.





