WO 01/07417 PC | EPOO 06504 s 1,4,5,6 - TETRAHYDROPYRI M DI NE DERI VATI VE AS
-A VITRONECTIN INHI BITOR 5 The present invention relates to ethyl
(2S) - 2- (napht hal ene-1 -sul fonylam no)-3-(4-(2- (1, 4,5, 6-tetrahydropyrim di n
2 yl car banoywbhgbiayd ) benzoyl ami no) propi onate heni f umar at epeivEFRDbtIassé40r nul a |,
210 OO0 NOCH3 HO Nx 1/2 HOOHI1 OCNtr NHO and to a process for its
preparation conprising reacting 4-(2-(1,4,5,6- tetrahydropyrimdin 2

yf car banoyl ) et hyl ) benzoic acid or a derivative thereof and ethyl 15

(2S) - 3- ami no- 2- (napht hal ene-1 - sul f onyl am no) propi onate. The conpound of the
formula | is a valuable pharnaceutical whi ch can be used, for exanple, in

}[Eﬁi b}[?ﬁg”ﬁﬁts%r roneckl n m@fé’[‘) iﬁ?# &H?ﬁbugﬁm%f@*gggsgg such

as osteoporosis. The invention further nore relates to chem cal _

i nternedi ates useful for the preparation of 20 the conpound of fornula I.
Bones aBe subject to'an ongoing dynam c renovati on process conprising bone
resorption and bone formation. In certain bone diseases |ike osteoporosis
bone - resorption predom nates over bone formation thus |eading to | ower
bone nass ’Eha:lp@’éentrih\samied rélategitd 'ethyl (28)2¢(napithalehe-drsulfodylamire)f3e@HRt | on ar e

controll e b Bone
resor ption ysgy “(11'"' ' P %@éﬁgﬁﬁ%ﬁg%?@#wgéﬁﬁ%/ EPOQ 06504
2 matrix U}ermmmaretmtbefmiaﬂat ed ost eocl asts becone attached to the

surfacgaof the bone matrix and secrete proteolytic enzynes and acids which .
cause the destruction

and to a process forits prebaraﬁun comprising reacting 4-(24_(1 .4,5,6- |

tetrahydropyrimidin-2-yicarbamoyl)ethyl)benzoic acid or a derivative thereof and ethyl .
15 (2S)-3-amino-2-(naphthalene-1 ;sulfonylamino)propionate. The compound of the

formula I is a valuable pharmaceutical which can be used, for example, in the

treatment or prophylaxis of diseases which can be influenced by inhibiting the

vitronectin receptor, in particular of bone diseases such as osteoporosis. The

invention furthermore relates to chemical intermediates useful for the preparation of
20 the compound of formula I. '

‘Bones are subject to'an -'on'géan'g dynamic renovation brdceséboinprising bone
resorption and bone formation. In certain bone diseases like osteoporosis bone
resorption predominates over bone formation thus leading to lower bone nass and
25 enhanced fragility. Bone resorption and bone formation are controlled by types of cell
specialized for these purposes. Bone resorption is based on the destruction of bone



of the bone. The attachnent of osteoclasts to the bones, and thus bone

resorption, controlled by vitronectin receptors a' J3 on the cell
surface of ost asts. ar03 inthis 5 case binds to b dekos Proteins

. : . 6504 ! :
such as oszgd’b'gﬁg bone sial oprotein_and thronmbospontin. Antagoni sts of

2" (33 inhibit the attachnent of osteoc?asts to the bones and thus bone

resorption as has been shown, for exanple, in in vivo experinents

descri bed by Fisher et al., Endocrinol ogy 1323&1993 1411, Yaqﬁ not o
Chen1

al ., Endo®@lrixiyRfieccirsts. Msateqaaitfoc'aﬁts gachad to the syfface

Letters pordmafkHhd skéfete pmeocht ér29Res afd raeiaeww&h aauséwe HSStRICHBTOY ane
gl ycoprotein belo n superfam | I ntegrin receptors, and
besi des off 'Bﬁtbéﬂﬁiﬂﬁ%‘q“g‘"@ﬁ‘bﬁ"f iests ‘Pﬁ%e benes, agd thushongresarplisn, ise| | s
such as eggipidigl b?'vntfbﬁbbﬁl reeBbtofs B3 bR the'@NGuHaEe 8?’&%&!5555 EGHtms ur e or

tunor cells and controls interaction processes in which such cells are

i nvol v&d. case kiads to kanerpatriy Rraieins sechhamesteepastin: bane faloproteimaidigoni sts are
therefor ethr&ﬁﬂ@éﬁoﬁhﬁkﬁtﬁéédﬁ&ﬁf &‘% s PRI th@ LRSGHIEHR ofH&QoaﬁstBW growt h and

rret astasis, arteriosclerosis, enesis or I nflammation, and in general
a" a3 antb@ﬂﬁﬁ%’tdsfhbﬁé‘m%[ﬁspmpeaﬁ S Ben shewm i9r exsmpie, d’fb'M“éQ(l s of diseases

whi ch areg Wﬁ,’ ORnB6LHAB pgggz INeLSRhaths and
their ligands In ce%%ggﬁfwg&sﬁ%gﬂélngngl X ﬁﬁy\e{Fgé t.ﬂg?})cesses&{:)'r whi ch
can be preta@lnEagocrinalegy; WS{A998) 1401 cer Miller etifal. uBiserg Hledk fhemi keltarat i on. avf
3 as aqt hpygeppysdL target and indications for cL 33 antagonists are

reviewed, for exanple, in Hllis et al., dinical Science 91 (1996) 639;
Engleman et al., Ann. Rep. Med. Chem 31 (1996) 191; or Samanen et al.

Current Phgé Wtrol?@étir&'éce&ér érr,/#%%qg)rﬁ%iaﬂ:e% &g?d@h%eldﬁgar@aé gagen shown by Yue

et al., Pharmacol | eman et al.

Grcul ati swpemaily @l lr(tq@w)emsrs @Mbesadespﬂ;\ eSteQmiRAts srexpramses pp thegell

m grati ONgGrfactat it cefisBlth s BBlHRIAElS cBof tRE VESURR Rdotrie f or mati on
which 30 leads to arteriosclerosis and restenosis after_ angi oplasty. WO

01/ 07467 musextatdre oy toman selisand conifelsintstrckien ArosAsAs in Whichisyeh FP‘!Sr‘Hﬁect in
recept or _fivoldd inadhlty PlitholdiRe rRRIThOSnaborRstt B elerdt types of

cancer, av] ~ ant agoni Sts can cause a rnkage o tunors by
i nduci ng sma%gﬁr\@@@motmrcm@pe@ég%wch@@ltu@oagﬁqwﬂgand metastasis,

arteriosclerosis, angiogenesis or inflammation, and in general a2 antagonists are
suitable for the therapy and prophylaxis of diseases which are based on the

20 interaction between vitronectin receptors and their ligands in cell-cell or cell-matrix
interaction processes or which can be prevented, alleviated or cured by influencing
this interaction. .3 as a therapeutic target and indications for o83 antagonists are
reviewed, for example, in Hillis et al., Clinical Science 91 (1996) 639; Engleman et
al., Ann. Rep. Med. Chem. 31 (1996) 191; or Samanen et al., Current Pharm. Design

25 3(1997) 545.

For example, it has been shown by Yue et al., Pharmacol. Rev. Commun. 10 (1998)
9; or Coleman et al., Circulation Res. 84 (1999) 1268, that a3 antagonists inhibit the
migration of vascular smooth muscle cells and reduce neointima formation which

30 leads to arteriosclerosis and restenosis after angioplasty.,



angi ogenesis and can inhibit tunor growmh and tunor netastasis (see, for
exanple, 5 Brooks et al., Cell 79 (1994)1157; Carron et al., Cancer Res. 58

(1998) 193Q; t al., Cancer Res. 56 (1996) 1268; or ﬁ{‘%‘ - pent i oned
refer ences;}’.vo eﬂgorrbi nation of a" (33 antagonists wi t D e‘? 553;?0\,\,”

antitunor treatnments has been shown toSact hi ghly efficiently on tunors
and netastasis (see Lode et al., Proc. Natl. Acad. Sci. USA 96 (1999)
1591). 10 Friedl ander et al., Science 270 (1995) 1500, have described a P3
ant agoni sftdhagi@sapeanshownithatibe yitrepegting rands §devrivaddn heocesses in the
rat eye, S | s ' - 4 at nent of
reti nopat P@g ané‘t%fsécljwralrgg'i%._ Sts(??ggg'?%q' ég{aqgﬁt%%éﬁ%%%dsl%ﬁbgg?gfw (1999)
47, have shrinkageefitumss by indhingihe apapserimoidieod vessebealls dutingat ment  of

ey e . ; ; "
"Nt or act | S LOgEERRs arld CarHRABH Nind: Mopith ol Rifior MeleSEAN @b M shaltpid, 00
i nf | uedci Brpaks et ak.&all 78 88411 aCaron eralywReseet Res. $8y(1998) 198@:00Imetaxi s
‘h . . ) . ;
ere conbj bl RebSeA(19961 68! oSatol@Mentihéd ﬁ%@ﬁ%éﬂ%@ﬁ%@ﬁl sts have

ingredients . Various integrin antagoni sts inc
al ready bektmpsantegpmsts withrotberningwn aptitumer treatmertehasbesroshesvnith@ct onpounds

descri bedyd 5 I€ap] 16.:6,

WO A 93/ 1094 é'%‘ﬁg %3?%’5‘%4%' I%&%&ﬁé&%&%%t a@\[fﬁﬁ@é%g Sei

WO A- 98/ 2USAPES199@) 1893Y/ 32457. Certain sul fonani de derivatives which are
partiggl arly strong a, 03 antagoni sts and inhibitors of bone resorption are
described_in International Patent Application PCT/EP99/00242 and its

cor r esponbiigfiandep et alatScianse 2§§i(‘&99§hﬂg@a haveldespsibed svhaantaganistsiwhich 2S) - 2-
(napht hal ot leg ) rBarkehid moa 2 h F&,gm: bgli n-2 30

yl car bam@ﬁﬁgmiw(%gﬂéz{%%g%ﬂglgfgﬁ%ﬁ %ﬁé%sgﬁ:lﬁl’cfﬁg?ﬂtiygt éﬁs t lr“@‘?. Et hyl
(2S)-2- canbe used therapeutically in the treatment of retinopathies and psoriasis. Storgard

(napht hal gng- - &, Ivae, 388 199999 a7 Aidvé db gbeﬁrt 3 e b LAABYSASEH N-2 -ism -
WD 01/ 07417 PCT EP&%G?M? 499§i c'ar%arm%ﬁr et h‘?/? g'ﬁéenzoy amg%o";'%‘rsgipi onat e
whi ch 16n thedreatmentypfipdhiticdiseases.ne actual |y av(is antagonistic
(2S) - 2- (napht hal ene- 9-sul fonyl am no)-3-(4-(2-(1, 4,5, 6-

Influencing the vitronectin receptor a3 or the interactions in which it is involved thus

offers the possibility of influencing different disease states for whose therapy and

prophylaxis there continues to be a need for suitable pharmaceutical active

20 ingredients.

Various integrin antagonists including a.f3 antagonists have already been described.
Exemplarily there may be mentioned the compounds described in EP-A-820991,
European Patent Application 99102916.6, WO-A-93/19046, WO-A-94/121 81, WO-A-

25 95/32710, WO-A-98/00395, WO-A-98/23451 or WO-A-99/32457, Certain
sulfonamide derivatives which are particularly strong a3 antagonists and inhibitors
of bone resorption are described in International Patent Application PCT/EPS9/00242
and its corresponding applications. Said suifonamide derivatives include (2S)-2-
(naphthalene-1-sulfonylamino)-3-(4-(2-(1,4,5,6-tetrahydropyrimidin-2-

30 ylcarbamoyl)ethyl)benzoylamino)propionic acid and esters thereof. Ethyl (25)-2-
(naphthalene-1-sulfonylamino)-3-(4-(2-(1,4,5,6-tetrahydropyrimidin-2-

1T



tetrahydropyrimdin 2-yl carbanoyl ) et hyl ) benzoyl am no) propi oni ¢ aci d,
exhibits an especially favorable pharmacol ogi cal profile. 5 By the process
of preparation descr; bed in international Patent. Applica}l

PCT/ EP99/ OB9¥4fhe ethyl (29) Ferfibooesns

2- (napht hal ene- 1-sul fony[ am no) - 3- (4-(2-(1, 4,5, 6-

t et rahydr opyri m di n- 2-yl car banoyl ) et hyl ) benzoyl am no) propi onate i s obtai ned
as hydrochloride salt. However, it turned out that the hydrochloride salt
whi ch i n ylbarbamopl)etbelsenzbylamine)prapionatalwhreh ianivoip ihlydmiyzed o theT/ EP99/ 00242

| at ' I he f t ' d hl or i
aci d and ScURbquERereonat B nap bR e a8 8310 A% cd by
cr Iyst a:c I |ﬁﬁﬁh%o%n@ﬂ&i—%ﬁh?rmi)@tFylaﬁelrfﬁbylaT%m )ﬁlmfo‘.tdcid, eikhigitdigalr ochl ori de
salt of et t ha S onyl am no) -

374 C2- (asProsE s bR o

2-§/I cgsbgm)yl ) et hyl )bengoyl am no) propi onate 15 can scarcel y be used as

h | 9gi | t bst h t . f wh

Const | ¢ ekl Hener Rt et fapneele nblob Pt Aveiedion: ces of puri ty.
and as tan&’lERﬂst@nm the athyl |(2$§b@-tnaph{hamfh¥haﬂfwymmlma)-3-(m(zg(ﬂm;s;ss es for

preparin ' | [ lLkew se condltlons
and oper 3arﬁs§%9§i%@§}n:§9cgtﬂéﬁoéi)%gy'zbfﬁégﬂaﬂng é/(ﬁ? @ﬁa‘%'%%a sa§I y defi ned
by | egal bydrdchionidessalt. PlowSuér 8 whea bitthat the hydrochloride salt which in the

2S n ' £ 3 z hydr opyri m di n
27! caPbaaReps e Rel Pl Rl ol Ve PSRl e stsoBERY 00 e oo,
cannot becancestraling a ediution ofithé fras esier imdhysirachiagid, acichahd meqmentlyarl y coul d

Lhus 1y BB RRD il RBaislly BLindd mPLobEnidlch SR RRU Siscbfilonand | abor

effective 0’ provi de et hyl
(2S) - 2- ( nGphsenuentiy the agdrochlonde salt of ethyl (2S)-2-(naphthalene-1 -sulfonylamlno)-

sul f onyl agi .(E'?L P2 5%6- fe?raﬁ%dr‘;?ﬁ'ﬂ?dﬁei ?I@g%gﬁﬁ?l#thﬁg@&o%fmmfoywﬁ?m e i1 one

yl car banmoyl') et hyl ) benzo onat e ui t
an eady Wb?%ﬁf?%m ba#ae@as pharmcpbslcaﬂy adiive gigsgooiRstANgA dn pirrregcardicals | ¢

possi bl e o whaBe eBnttidhts 9@3@9&!&& E@Hﬁ%‘bfe@gegﬁgﬁﬁ dédreBs bt ;fl)ht)and neet

t he demands associ at ed* stri al si's, as wel

gal eni c d%ﬁﬂ?fgwqm% lrbm @évstn%l syetheEs ag in therqseeassagfoy Pfﬁtﬂﬁﬂbgow d| ng the

hem f umar
2- (napht h%FgﬁgglbbgghnﬁHfﬁa%ﬁ%? bs?,ta?%e h(kgwn(sle condmons and °‘f’$”8 rimdin 2 WD

01/ 07417 Presedyres hovs tpbe adhered to which are preclsely def' ned by Iegal gun elines.
20 Salts of ethyl (2S)-2-(naphthalene-1-sulfonylamino)-3-(4-(2-(1,4,5,6-

tetrahydropyrimidin-2-ylcarbamoyt)ethyl)benzoylamino)propionate with various other
acids, too, cannot be crystallized or at least precipitated, and they similarly could thus
not be prepared on an industrial scale in a feasible, cost and labor effective manner.
The object of the present invention is to provide ethyl (2S)-2-(naphthalene-1-

25 sulfonylamino)-3-(4-(2-(1,4,5,6-tetrahydropyrimidin-2-
ylcarbamoyl)ethyl)benzoylaminc)propionate in a suitable form which allows an easy
isolation and purification of the compound and which makes it possible to adhere with
ease to the required degrees of purity and meet the demands associated with an
industrial synthesis, as well as the galenic demands.

30
This object is achieved, surprisingly, by providing the hemifumarate salt of ethyl (2S)-
2-(naphthalene-1-sulfonylamino)-3-(4-(2-(1,4,5,6-tetrahydropyrimidin-2-



5 yl car banoyl ) et hyl ) benzoyl am no) propi onate whi ch contai ns the ethyl
(2S)-2- (naphthal ene-1-sul fonyl am no)-3-(4-(2-(1, 4,5, 6-tetrahydropyrimdin

2- ylcar baa?yﬁ,%ﬁbhyl ) benzoyl am no) propi onate and fumari schepedosses 2 nol ar
ratio of 2 or approximately 2:1), Lg e. which contains 1/2 (= 0.5) (or
d

approximately 1/2) nmol of 5 fumaric a per nol of ethyl
(2S) - 2- (napht hal ene- 1-sul fonyl am no) - 3-(4-(2-(1, 4,5, 6- tetrahydropyrlmdln

21 ot DD BB RR SRR SRS ool 8 oBiPRG- o  he

(2S) - 2- ( paphithalbred-stifonylamimp)-3+#(2 34,6/6-tefaliydrdpysinGdint2t r ahydr opyri mi din 2
10°% 0 NS BT e RS R B B R ARG MO el BB 23
specific (eﬁilappkroim*iateiaaﬂﬂl) e avHichpeondains 62 (ao\ambtagmnmmpte}gsﬂﬁbmbboﬁbcal

For esctin Tmeris ad g MAELEaRAReS 2 trtaR bttt £ e e ¢« ¢ om
the r eacttemﬁysio:bnyhrmﬂm-eb;learhardoyl)etmnberszpulanm)srqmm Fhus,raisutjech of

purifica %Bfésénﬂﬁs?ér{t ﬂié Iethﬂ}?(asg?rgﬁérﬁ%a? e ggifdhg%‘éﬁnﬁ g{l@jp f@@d' tions,

for exa roma so I'Ts the

| egal andetrafwldmpyarnlmmbmwemmgembbmﬁmopmammmamfof t he
formul a I ?d??,, f T epar ed according to conventional procedures for the
preparatlon acid addition salts by conbining the free ethyl (2S)-

2- (napdt hal ene- 1- sul f onyl ami no) - 3- (4-(2-(1, 4, 5, 6- tetrahydropyrimdin 2-

yl car bamoyl ) et hyl ) benzoyl am ng) propignat e V\/m ch may be obtained as an in
situ intermediate as described in Ijptergati onal Patent Application

PCT/ EP99/ 00242, with 25 | @t ric acid per nol or an

appropriate W(ceﬁs | &l ab it 0.55 or 0.6 | of fumaric acid per
nmol, in as Mt , or it can be puepar e ~Lbhs OH | :

°

The specific salt of the formula | possesses advantageous physicochemical
properties like non-hygroscopicity and stability which could not be foreseen. It can be
15 easily isolated by precipitation, for example from the reaction solution obtained inthe
synthesis process, and if a purification is desired it can be precipitated under defined
conditions, for example from a solution in ethanol. The compound thus fulifils the

legal and technical demands on a drug substance.

20 The compound of the formula I can be prepared according to conventional
procedures for the preparation of acid addition salts by combining the free ethyl (2S)-
2-(naphthalene-1-sulfonylamino)-3-(4-(2-(1,4,5,6-tetrahydropyrimidin-2-
yicarbamoayl)ethyl)benzoylamino)propionate which may be obtained as an in situ
intermediate as described in Intemational Patent Application PCT/EP99/00242, with

25 about 0.5 mol of fumaric acid per mol or an appropriate excess, for example about

' 0.55 or 0.6 mol of fumaric acid per mol, in a solvent or diluent, or it can be prepared

KHI



WO 01/ 07417 PCT/ EPOO/ 06504 6 from another salt of ethyl
{2S) - 2- (napht hal ene- 1- sul fonyl am no) - 3-(4-(2-(1, 4,5, 6-

t et rahydr ogyfi/haghi N-2- yl car banmoyl ) et hyl ) benzoyl am no) pr epireestesssshi ch may
be obtained as an synthetic intermediate, by anion exchange. Preferably
the compound of the fornmula | is prep‘gred by a process which conprises a
new synthetic strategy 5 for the preparation of ethyl

2S) - 2- ht 1
Eet 3 ahyél? B%QFP r\e?Pg?l}Qf%gg%gﬁ'g]?ﬁ%%%BEﬁ@IW%%ﬁ Af51h2€s, ol | owed
by C0nVetléﬁ'abydroﬁyrtriﬂdlrﬂ-a-ylcawbagmygethwybegmmémmu;&bnonétetwmcﬁ magbea |. This
new proce e t he SILIre CO e COI’]VGI’ ent
F ochdur cataingd s B BNel otsr sl Y icR A age- Prerabh B cpmpaid O
anot her sefithe édrmufa tisprepaeetby abﬂoceaywmch@umpﬁbes acewsyothets smﬁteg}fl aI | ows
th f t h | e
Sult ol JoF HissBraBacatba b e s B2 (B iRRC T Sifamyiamingl-3-(4-2-1.4.5.6-
yl car barru;etr}ahydmbyrmdmez/-ylaanbam)opl)elpylyheaz@/lmhlnbbproﬁlonaml flidbwedibyl sal ts
<ot S ) T s i s
4- ( 2- (1, 4which praidesitie depired mmbamnﬁbylacsknblemwyﬂ/ér@tehWrMeﬂma kighd or a
deri vati . I d
(56 5" el el Hictp e dinels 3 M Bdind i arkdela aupiect gtine grasent 1o ¢ o1l

11, 68 adngedtionor salts of any one or both of these conpounds, are
reacted. The conpound of the formula IV thus obtained can 20 subsequently
be converted into an acid addition salt by enploying an acid, for exanple
by enpl oyTheynéw peadess adich dllows thrcprgpaptionaof ethyl{25)-A<naphthaienedt-of t he

formul a | sy @R 4LG BT BB Mpyrmich 41 X 2N ---4 OB NYN , + \H

ONH 0 0= y_lcarbamoyl)ethyl)benzoylamino)propionate of the formula IV and salts thereof, in

15 particular of the hemifumarate of the formula |, is characterized by a condensation
step in which 4-(2-(1,4,5,6-tetrahydropyrimidin-2-ylcarbamoyl)ethyl)benzoic acid or a
derivative thereof of the formula il and ethyl {2S)-3-amino-2-{naphthalene-1-
sulfonylamino)propionate of the formula Ili, or a salt or salts of any one or both of
these compounds, are reacted. The compound of the formula IV thus obtained can

20 subsequently be converted into an acid addition salt by employing an acid, for
example by employing fumaric acid for the preparation of the compound of the
formula 1.



NOMMCH3 NNe HNH~NH O 0=S=0 Ilv HO OH O The group COX in the conpounds
of the formula Il can be the carboxylic acid group COCH or a reactive .
car boxyl i c wagézéler i vative, for exanple a carboxylic adgpdipposiRsia such as
the carboxylic acid chloride or the carboxylic acid brom de, a reactive
carboxylic acid ester like an appropriﬁte aryl ester such as the phenyl
ester, the p- nitrophenyl ester or the pentafluorophenyl ester, a
carboxylic acid azolide such as the imdazolide, or a group which usually

is present only as an interi@diate in solution i ke a m xed anhydride, for
exanpl e a m xed car boni cid anhydri de bmﬁmc].f) t he carboxylic
acid and isobutyl chio fmaXe, or an acizlvat ed ester I3 ke the 1-

hydr oxybenzNgr i . r or hkhydroxysu00|ﬁ' idyl ester. X in the
formul a I‘thu dan be hydroxy or a |eavingoxgxg, for exanple, hydroxy,
chl ori ne, nes unsubstituted or substitutied phenyl,

i sobut oxycar bonyl oxy, etc. Preferaply X is or chlorine, nore
preferably chlorine. #mr: WO 01/0§417 PCT/ 204 8likalts as which the
conpounds of the formulae Il and Iyl may be enployed in the reaction can
be, for exanple, hydrohalides such as the hydrochloride or hydrobrom de,
salts with other inorganic acids _Jike sylfuric acid, or salts with organic
5 carboxylic acids or sulfonic alfl ds i trifluoroacetic acid or

p-tol uenesul fonic acid. It _r to enmpl oy a conpound of the
formula 11 and/o& a onpoun tRe fhrmula I'IF in the formof a salt
because in thei = g dar ati ofif he conpounds of the fornul ae |
and/or 111 aregéb, HN

.‘s as a salt amﬂ:éﬁoaddltl onal step is to be avoided,
and/ or the salt Tan easi er be handl ed i ndustrigl process, 10 and/or
the salt is nore stable than the resfree conmpound. For exanple, if
in the preceding preparation of theSggepgend of the fornula Il the ethyl

ester group is

0

The group COX in the compounds of the formula Il can be the carboxylic acid group
COOH or a reactive carboxylic acid derivative, for example a carboxylic acid halide
5 such as the carboxylic acid chloride or the carboxylic acid bromide, a reactive

carboxylic acid ester like an appropriate aryl ester such as the phenyl ester, the p-
nitrophenyl ester or the pentafluorophenyl ester, a carboxylic acid azolide such as the
imidazolide, or a group which usually is present only as an intermediate in solution
like a mixed anhydride, for example a mixed carbonic acid anhydride obtained from

10 the carboxylic acid and isobutyl chioroformate, or an activated ester like the 1-
hydroxybenzotriazolyl ester or N-hydroxysuccinimidy! ester. X in the formula | thus
can be hydroxy or a leaving group, for example, hydroxy, chlorine, bromine,
unsubstituted or substituted phenyl, isobutoxycarbonyloxy, etc. Preferably X is
hydroxy or chiorine, more preferably chlorine.

AR



obtained fromthe respective carboxylic acid by esterification wi th ethanol
in the presence of an acid |ike hydrogen chloride or sulfuric acid, the
conmpound of_ t orrmula Il is obtained as acid additi t he am ne
noi ety vvitEP'(fﬁz’fmgci d, and 15 noreover as such a salt tﬁgbﬁgér?phlgﬁﬁ“d of the
formula Il is nore stable during stolBage than the free amine. Sinmlarly
the conmpound of the fornmula Il in which Xis chlorine, for exanple, my be
obtained in its preceding preparation in the formof the hydrochloride
salt of the guanidine noiety, and as such a salt nay be nore stable and

teﬁz i tza(r) ﬁce) %%ﬁ%ﬁiﬁﬁ%ﬁ@o&n{i}%ﬁf (}ﬁé’fﬁ?ﬂ\ﬁ%‘lfigé% Fﬁn%)fﬁg‘éh?gg P,,J,ﬁ, enpl oyed in
parti cul areastiohiean ue,ftnr@zannpie» tedrehdlides suchcasthekydeochigrideione or broni ne the
conpound %&d?&ﬁ*ﬂ%%'& With ?théﬂﬂorghﬁicQﬁlﬂ%ﬁkéﬁ?%nﬁgg‘dmfga@ﬁm m&gé,% DECt ive

hydr ohal i br exa rochlori
hydr oxy5 t rcarhmﬁsmamds or sqlhelcrastdﬁﬂnkatnﬂuomyetbeacu@ pepdoivenasulionic acidsit s aI t (or

bet ai ne or, %éﬂiﬁ? o&Q%é‘t‘nPigP% &n{b%aaabvmesfoﬁmm%d?a? Fpﬁisxb%%e group

and a posi t I've uan ni-um whi ch al so
i ncl uded |tlrretqmutﬂlélse efpmeﬁasalhbecmger etrpoecedmgtmparemmds of the

formul ae Idr@atinid bf he Hnkfad N EnGO MU oinel S = §4f 5HH dn hoitichaPichor e

under usua A% Pons ormatlon of an am om an ne and
a car boxyligto %ﬁ:?‘(P'@?d angler thesaltiranepsieebs hapdledinagreindestiialinreeass: o one

skilleggi mndhs 17 Salt ishidrd dtabie bEﬁtH@kEﬁé&wéﬂ@e%ﬁﬂbhh@%r%Qé}%‘lefi‘i‘ fm peptide

chemstry. Details of such reactions can be found |n standard references
li ke WO OiWQP@P?d'PQP?WBV%@ZP campqying O thadprmulgdll theorthy! @ster GFYRH$ schen

Cheni e ( Myjbkehslsd ﬁém@aaeéypect%%r&ﬁ@naacm @Qétﬁnﬂ&é}heﬁwt}‘{@lﬂa’z\ﬁl inthelt t gart,
1974; or J. March Advan gﬁgamc Chem's Third Edition, John Wley &

Sons.  10857e%5ngA % ap Gy SR FiphRE STAUAGATE, 1A CRRPEHERIP S COCH | & |
enpl oyed ifgmidie il i@%ﬁlh&ﬂas &cid sddifiorpéditorf the Emike mo\ay Gﬂih ithht aeiduand th a
Co ot apr sl e Eaem s e i e stele G ©
N, N - di i scpsrage tremr th@ﬁeerﬁlﬂr@a Sﬁnlb’r@ﬁhélabrﬁﬁédnd dfitee formula Il in which X is
tetrar ?ﬁ%@&%ﬁf‘{@bon 5. PY b phETeAR 5 biecP B Prasasa i Hagom o 8 -
N -tetr an&tybsdcuroﬁae &t of the guanidine moiety, and as such a salt may be more stable
and easier to handle. Preferably the compound of the formula lil is employed in the
20 reaction with the compound of the formula It as a salt, in particular as the
hydrochloride salt. In case X is chlorine or bromine the compound of the formula |,
too, is preferably employed as the respective hydrohalide salt, for example as the
hydrochloride salt. In case X is hydroxy the compound of the formula Il may be
present as an inner salt (or betaine or zwitterion) containing a negatively charged
25 carboxylate group and a positively charged guanidinium group, which type of salt is
also included in the present invention.

The reaction of the compounds of the formulae Il and (il to give the compound of the
formula IV is performed under usual conditions for the formation of an amide from an
30 amine and a carboxylic acid or a derivative thereof which are well known to one
skilled in the art, including the methods and conditions known from peptide
chemistry. Details of such reactions can be found in standard references like



hexaf | uor ophosphat e (HATU), or propyl phosphonic anhydride. The activation

can also be carried out to give as an in situ Internedi ate one of the ’ i
conpounds formula Il already nentioned above, f an

i m dazol i dy%{?%%ééction with 1,1 - carbonyl diinidazol e,q{)r&g’adr@%‘@d car boni ¢
acid anhydride by reaction with an alk§l 15 chloroformate, or an acid . i
halide |like the acid chloride by reaction with a chlorinating agent such |

as thionyl chloride or oxalyl chloride. The activation can be perforned
under st aHdeben-WayliiMatoeden uor@rmpeve Cheme Mathods eiddrganictChemistry |

chl or of or | I ed out in
an inert g%% T@e@%%e@%ﬁ $l¥ﬂt§£‘t g)?z?. ?‘?};’3?% '?réﬁicl?,orl ndt ed

hydr ocar bdhird EHI@OBOIODBNEHW&&DON‘IQ%HH hane 20 an ether |ike
tetrahydrof uran, di oxane or di nethoxyethan, an ester |like ethyl acetate,

an am de |ike N, N-di nethylfornmam de or .N-rrethyl pyrrolidone or a nitrile
i ke &ceWhenithe cempenndofitha fanmuladt ingvhieh GOIXIE 6QOH i emploped ixthees from

about -10fg a%-@o@k%iﬁsuanpmaamaﬁ yi@wnﬁ BRoRfidn/AHREr qamdri cacidis

then reacte he ‘conpound he for rrula |11, ‘usual ly at tenperatures
f r om aboutarbexdicasidgisych as, (f@‘h?’@ﬂ"ﬂ'%rﬁﬁ@qﬂ el MiNy the activation and

the subs e&t‘?&l&héx?féﬁ?ﬂo@fﬁniﬁetd? N, hedsﬁeaaasyuaslrboeﬁm*aa% hﬂfnm Saltile @ e carried

out in the presence of a base tertiary amne such as

triethyl aMO(Wwearbgamwpylemamﬁwel "JNN TtFtFﬁﬁ'?fW'Hfﬂ"ﬁ‘l%l ine which base

al so |1bbefeﬁhﬁ§orbﬂ&aféﬁ©mﬁoﬁQ—G’Laidﬁéni&ﬁéﬂéi-@-yb“ NINY, mﬁ@tmuftm juher eof is
enpl oyed, and ensures that finally the free CONE&”Q%J% the formula IV is

present . hexafligropbesAngirdiATide RIRRY! PBPSRARNIS 3nh gacHYFinagan
hydr ocar baigs be @ahRéiout w@udeas @h iMsitu ihleRfiediae atlessf thecomsslndsohte compound

O e kBl ey e o, B eSBH08 SHRol G ST SRt e 1
PCT/ EPOO/ %E%ldnihﬂd&wé) oh amsined carbonis umhlaﬂhmid@macﬁwdunMn alkyt
| o ooy GOl A 3 s s Piathe A28 e By FredigR iy %ﬂ?@ﬁﬁ%%?}’ki, h
besi deS- agem@umas thidriykehlondir arcxalyberdoride. The actlmmdampel perfem‘tedns such as
P ovans: o ARl Sl S5 SR, e ALYt AP ARSI
di net hyl f carbadiinide or a Marmmyalpysrusuhﬂwlmamed)mutm an unea!lsap;dt;hst:h\eena(f@t onitrile,
or m xtur gfampie a hydrocarbon or chiorinated hydrocarbon like toluene or dichioromethane,
20 an ether like tetrahydrofuran, dioxane or dimethoxyethan, an ester like ethyl acetate,
an amide like N,N-dimethylformamide or N-methylpyrrolidone or a nitrile like
acetonitrile, or a mixture of such solvents, at temperatures from about -10°C to about
room temperature. The activated carboxylic acid is then reacted with the compaound
of the formula |1, usually at temperatures from about -10°C to about room -
25 temperature. Usually the activation and the subsequent reaction with the compound
of the formula 1ll are carried out in the presence of a base like, for example, a tertiary
amine such as triethylamine, N,N-diisopropylethylamine or N-methylmorpholine
which base also liberates the free amine of the formula Ill in case a salt thereof is
employed, and ensures that finally the free compound of the formula IV is present.
30 The mentioned bases and solvents like the mentioned hydrocarbons, ethers, amide
or nitriles may also be used when a compound of the formula Il in which COXis a

carboxylic acid ester is reacted with the compound of the formula lll or a salt thereof,

EHtH



of such solvents, the reaction can also be carried out in water or a

m xture of one or 10 nore of the nentioned sol vents and water, and
particul ar yo fiavasably it is carried out in a two phasepciyEmoenssef wat er
and an organi c solvent which is substaptially inmscible with water, for
exanple in a mxture of a hydrocarbon chl orinated hydrocarbon, for
exanpl e di chi oronet hane, and water or in a mxture of an ester, for

exanpl e et hyl acetate water. 15 In order. to gbtain fr onpound
of "t he 1 oS & Teapan AR RIS Frier Syt nseroiutes fSiAER 4 ' RRHET Te o
brom ne i goegually reacted with a conpound of the formula Il in the
presence of a sufficient anmount of a base which scavenges the hydrogen

halide that is produced in the reaction, and which also liberates the free
am ne i n XWherea eompoand oftithe fdrmutzoiiisamployedd it whidroX ieithlorine oribsomime| iay ed.
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zaglh u?aggdlm}athyl&;mmr aiides of Nrmdthylpyrrilideneor nitriles such dsyeabetonitdle, omamixturest lr”e g: ngfe
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i nt endtd tmari of the mertionedsolyents andaatérpandparticdardy tayacebiyhibisfaaniedaut | | i n

whi ch X i | ronl ] t; lit, certain
bases andﬁ%gwgﬁhé%sﬁﬂgg) {g]fa{é?ﬁ% %‘SS@"%W@‘Q@&“#%? ggéf?%@é‘r action
m xt ur e aimiscitie with avater, fos exampladree mixturenf adwsinpdasbon ar ehigrinatedhydr ogen

*ht roduce YRRSiERR, 1F BarhileérliBomPNaNE, SRUYAER i ERodle B84 FHBCTer 05 04
11 begi nniexamplecstbyacetate, #5d waterydr oxi de is to be used it may be preferred

to addyg he base gradually during the course of the reaction. It may also

be favorable to add the base in such a manner that a certain pH range, for
exanpl e a Ipprder hekipmthe fep gomppwnd of toe formulediia eampeurid-of theafesnela t o about

9, i's mai i GhiAk Bhiditield BrdniAe id Rlaff redicted WRARRPEGHpSUnd dttnd RFAUWEa 1 | i n
which X is chlorine or bromne wth a’conpound of the
in the presence of a sufficient amount of a base which scavenges the hydrogen

halide that is produced in the reaction, and which also liberates the free amine in

20 case a salt of the compound of the formula il is employed. Besides tertiary amines
like, for example, triethylamine or pyridine also inorganic bases can favorably be
used, for example hydrogen carbonates like sodium hydrogen earbonate or
potassium hydregen carbonate, carbonates like lithium carbonate, sodium carbonate,
potassium carbonate, cesium carbonate, magnesium carbonate or calcium

25 carbonate, or hydroxides like sodium hydroxide, potassium hydroxide or calcium
hydroxide, or mixtures of such bases. in particular when the reaction is carried out in
the presence of water the use of an inorganic base is preferred. Depending on the
intended technical details of a reaction of a compound the formula Il in which Xis
chilorine or bromine with a compound of the formula lll, certain bases and certain

30 modes of introducing the base into the reaction mixture are particularly
advantageous. For example, in case a hydrogen carbonate is to be used in a tiwo
phase system it may be preferred to introduce the whole amount of the base at the



formula I'll. The reaction of a conpound of the fornmula Il in which X is
chlorine or bromne with a conpound of the formula Ill is usually carried
out at tenggr, s fromabout 0OC to 10 about 40C prebeiabo

t enper at ures oﬁgﬁfabout 10C to about 30C, in particular at a out room
tenperature. In general, depending on 1t1he speci fic node of reaction the
nolar ratio of the corrpounds of the formulae 11 and IIl is usually from

about 1.1:1 to about 1:1.1, 15 preferably about 1:1. The conpound of the
formul a | PegiRing PFﬁ%ﬁ“&FﬁF?H&"ﬁBﬂ%@c@ bier\"seﬂéfr'?mb'a? B@f?rfedtﬁeadedh?)ound of

the fornmibzsd érauﬁax@ranhaymb mry&mhe ?@acﬁommhaymsarué favdrasie uf; aa& theis to be

activated, and the co formu subse?_EentI added in
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The conpodrfaiadfi. the formulae Il and Il can be enployed in the form of
sol utions or suspensions or as solids. Depending on the details of the
reaction, the reaction of the conpounds of the formulae Il and Il1l is

u?uaLl y cmm}eetﬁommwﬁpwndmmélmmﬁlamhﬂwhmg(is\mmmwbmrme withé st i L ring
of the 25 reacti,o X1t usua needs .t e CQ er than
for a feWdRAL 9?8?9%832‘?\'53\'5 lﬁ_ugh){ Cﬂﬁ?}rag te%eéaﬁ'%ﬁ(nﬁ%n ﬁoweeggact i on

m Xt une Catyorsh ae"cc; rpréfeeabhypatdemperataresiitomiabout (28 to laboutr 3ACT ingrarticsilgoer f or med.

I n gener arried out using conventional 30 working steps
l'i ke add|+|t b&@ Ilg"rél;}‘ath eFaq%'sr\égam c solvents, adjusting the pH, separating - |

phases, perform ng extractions, washing, dry| ng, filtering, evaporating,

etc. In c,ﬂ(s%gng#éf}%eﬁ?ﬂ@ﬁé%ﬁ‘iﬂgsf (e e l&@é&’c‘i’ on%l‘?e {ngfar rRdrypd of the _ |

conpounds s carried out inm scible organic
sol vent vmnhnqmnﬂs optheffermaiag Il pedilbnsmdalmirmabmg 1V\hﬂ4¢abm1tgt‘&/‘h a two phase

systegy ORLk %@*%ﬁo&dﬂ 4 Sire Wrriotihd thla)for%gd ﬁl n f‘%‘h?" phases,

optional I'y cting the aqueous gtlona

concentr akaf‘h@-ﬂ@frlf tlseappmpaﬂn%gf f éormul @&m@lméé"hlqw lfrhYéﬁt@Wrﬁﬂ‘F’ng manner
the wor K upnitR fifdt & 18 bt ctivated fMaRél chp &iticof the formula 1l subsequently be

added in one or several portions or continuosly. Just so, the compound of the formula
11} can be initially introduced and the compound of the formula il can be added in one
20 or several portions or continously, or both components can also be metered - -
simultaneously into the reaction vessel. The compounds of the formulae I and llf can
_be employed in the form of solutions or suspensions or as solids. Depending on the
details of the reaction, the reaction of the compounds of the formulae 1l and lll is
usually complete soan after mixing of the reactive components, and stirring of the
25 reaction mixture usually needs to be continued not longer than for a few hours, for
example 0.5 to 8 hours.

The workup of the reaction mixture depends on the specific manner in which the
reaction is performed. In general, workup can be carried out using conventional

30 working steps like adding water and/or arganic solvents, adjusting the pH, separating
phases, performing extractions, washing, drying, filtering, evaporating, etc. In case

1M



t he reaction Is carried out in a mxture of a water-imm sci ble solvent and
wat er . case the reaction is carried out in a water-m sci ble organic

solvent th preferably performed by first r enpyi ﬁag& sol vent
under redu@ggﬁ{gﬁﬁsure then adding a water-inm scible so(ﬁgn nd wat er
to give a two phase systemand 10 procteding as before. In all these
preferred workup procedures the free conpound of the fornula IV is

directly obtained in the formof a solution in an organic solvent or, if
in the ev@ipmte@ptlwgofsthepomneuw of dine formpulad iprarried put isepvealgr-immisciple f or m of
an evapor, rh&d gani c
sol vent . gﬁ%;ﬁ@s& q&r ep%mg? Fégﬁégvtﬁﬁgem rg%égghg%éé ??S%Gésg{of&(%g ét he
conpound &¥steme optignaly adiusting a slighly hasie aHs serarating e phases embonald of the

formil a | \burgetfriy éQ dﬁdstﬁhaké‘edr?\ﬁ@ hﬁ@ggtnéiﬁllgcoﬂ_éﬁ"utl%ﬁhéioF@vrth?ﬁﬁ\wﬂyed in

pure form or |nt ormof a so I on spensi on, - and e acid
can be %d@wm@phmswlanamrmg mamaf@mwgn@pas peaferablypeniarmed in case t he

sol ution I éaggi?é;l, acid. The
pr ef erred am)un '&pww&aﬂtﬁggén ;Bfgﬁﬂétltﬁ e'tsg'lsf Eﬁdyagem PI c salt

f or mat i on casétheseactipniis P@@ﬂ@uhlﬂ'cﬁ vatgrmisgible peganisc sivent dieaweruR Ise acid i s
usual | y %F&"ﬂai%b : érfbnﬂeEBWiFst Fé&ﬁéﬁnd}tfhe%%ht Qnder(?édddéd%régu?é gerFess from

about 1. from about T. where usually the nol ar

amount of a@H@Qaﬁ;Wae&W@st'm FS}d wst«sr HhS'!G thsmyﬁﬁmeﬁmum of the
startiqg m@%scﬁeféraennfanrtﬁéaeaﬁeiehee workdp proBedire§ gfeSiré eonapo%@ud»f

addi ti on salt contain the compound of the fornula er not
of acid idh Qf?r'ﬂéladyé?ﬁ'l’%a'ytq'?@’%&ﬂ g ﬂ?%f°[f§GBFISQIL@%I%?%BGEH'%F%F‘EW ati o of

about 0. ﬁq&]e(evaperanﬁg 5tdﬁiﬂhe Sbivéries @m,slewreanovaa iafthé fbﬁnQﬂ’ﬁﬁOUﬂd of the
formul a | or from about
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precipitated fromthe soI ution it is isolated by 30 evaporati on or
| yophi , S|red t he oduct t hen s
e 1 1t o ity BBctation 572 pEgig' <t 4l lf INaLco o Rk o1 % 1BBR Y ¢ at e
the sol vene blﬂtamehlsﬂlmtlbhefmwonfpeuﬁmbﬂtﬁéfcbrﬁ'M‘éﬁNilsQﬂrrMﬁed witretheesirgd of t he
sol vent andc{‘ﬁﬁ enperat ure WO 01/ 074f17 PCT/tF 0/ 06504 t13 are preferably
chosen. sudich P SEHESR.BA-ASRIPYSAIT PR TG BF KLPB 1O PLASIRINE o bauct
starts fr muslaermicralns ettlnéntbaa acitiigcan b& edﬁé&tdtamsbunﬂan af theaonipoand oftheund of

the foml "%ormula iV of th (?utuon %Jengorr%cound of the formula IV can be added to the

20 acid. The preferred amount of the acid depends on the details of the specific salt
formation. In case a 1:1 acid addition salt is to be prepared the acid is usually
employed in a molar ratio of about 1:1 or in 2 molar excess from about 1.3:1 to 1:1 or
from about 1.1:1 to 1:1 where usually the molar amount of the acid can conveniently
be based on the molar amount of the starting compounds of the formulae 1l or lll. In

25 case a 2:1 acid addition salt containing two mol of the compound of the formula | per
mol of acid is to be prepared the acid is usually employed in a molar ratio of about
0.5:1 (i. e. 0.5 mol of the acid per 1 mol of the compound of the formula IV) orin a
molar excess from about 0.65:1 to 0.5:1 or from about 0.55:1 to 0.5:1. If the resulting
salt cannot be crystallized or precipitated from the solution it is isolated by

30 evaporation or lyophilization, and if desired the product is then subjected to
purification procedures. If the salt crystallizes or can be precipitated the solvent in
which the salt formation is carried out, the amount of the solvent and the temperature



5 the formula |, is to be prepared preferably about 0.5 nol of fumaric
acid, conveniently based on the nolar anount of the starting conpounds of-
the formula Il or Ili, is added to the obtained solution of the conpound
of the forWQOMOMY for exanple directly to its dried aRGTFRIO06YN |y
evaporated solution in dichloromethang3if this solvent is used for the
reacti on of the conpounds of the fornulae Il and Il and/or for 10
‘extractive workup. After conbining the fumaric acid and the conpound of the
fornul a 4dr¥ préferably dresbasochathbitheicrystalitzatibre ot prebipitatiort ofrthe prodgetve a cl ear

solution, _for .. about 30C to 40C if dichloronethane is used, from
ﬂ?ri?%g&ggagﬁé& éq?uuoﬁ

whi ch soi cooltng the conpound of the fornmula | starts to
precipitate or can be precipitated. To conplete precipitation the

ensi qn f t re f 15 -10C
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which'I's rea optically pure form e conpound of

the for miVat way he faverakie firsbiaheat thermixtyre o give A wlesr selution: &r exempiedrd

condi ti ongoit S6PChto RPLH dighisiBfsiaink Yeustia, Ramutieh 8818tonlagdd dRgmaci d, for
exanpl e w th napht hal ene- 1-sul f | chloride of the fornula Vi usually in

onyl cf 0 e
the pres&empoynd gf thedermula | giaps loRrgrigiate op fam BB preaRitates 19 sampletym

t enper at (rgeipitdlio the SedpeRBioR Ay BREsRIRIdER bXariBledd BltbMPertlre oA aboyenpl e, in
a mxture 30 of an organic solvent and water, for exagple a m xture of
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washed, and if desired dried and/or purified. The product is obtained in high yield and
high purity. '

20
The starting compounds of the formulae Il and {ll employed in the above reaction can
be obtained as described in the following. The preparation of the ethyl (25)-3-amino-
2-(naphthalene-1-sulfonylamino)propionate of the formula [li or a salt thereof may
start from (S)-asparagine (= (L)-asparagine) of the formula V which is readily

25 available in optically pure form. In the compound of the formula V the amino group is
first suifonylated under standard conditions with a reactive derivative of naphthalene-
1-sulfonic acid, for example with naphthalene-1-sulfonyl chloride of the formula Vi,
usually in the presence of a base at temperatures from about 0°C to about room
temperature. This reaction may conveniently be carried out, for example, in a mixture

30 ofan organic solvent and water, for example a mixture of tetrahydrofuran and water
or of diméthoxyethane and water, using an alkali metal hydroxide as base, for
example sodium hydroxide, with maintaining the pH in the alkaline range, for

hhiine



exanpl e at about 12. The conponents can usually be enployed in a nolar

ratio of about 1:1. CI 0=S=0 O H2ZN) OH OO0 NH HZN-OHi O- | O NHz VI
VVII O GNuedidZN. 2 0 CH3 | -_~ NH -~ 0=S=0 0=S=0 pérrrobdésos 5 The

car banoyl group in the obtained succi nﬁ‘{? c acid-derivative of the formula
VIl can then be converted into an am group to give the 3-am nopropionic

acid derivative of the formula VIII by nmeans of a Hof mann degradation, I.
e. by the action f ution of chlorin r brgm ne. i n_aguequs .al kal i
retal hyaPRRTEE =teBPuEtZ dp soRRoStnif frr Hy B AP O A TP AP i de. o
of an al kabéutet.al hypohalite which is the active ingredient in such a
solution. In detail the Hof mann degradation is preferably carried out
substantially as descri bed below in the exanple section using brom ne and
sodi um hydroxi de, follow ng th€lnethod descri bed by Amato et al., J. Og.

Chem 63 (1998) 9533. The pregg of the fornmula VIQI may conveniently be
15 isolated fromthe aqueous~rgacti on m xtymne by acldi fication to a pH of
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PCT/ EPOO 04 15 {Esterific the conp@undNef the fornmula VIII to
give the Ny Of " OHhe
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The carbamoyl group in the obtained succinamic acid derivative of the formuia vii
can then be converted into an amino group to give the 3-aminopropionic acid
derivative of the formula VIl by means of a Hofmann degradation, i. e. by the action
of a solution of chlorine or bromine in aqueous alkali metal hydroxide, for example

10 sodium hydroxide or potassium hydrokide, or of an alkali metal hypohalite which is
the active ingredient in such a solution. In detail the Hofmann dégradation is
preferably carried out substantially as described below in the example section using
bromine and sodium hydroxide, following the method described by Amato et al,, J.
Org. Chem. 63 (1998) 9533. The product of the formula Vil may conveniently be

15 isolated from the aqueous reaction mixture by acidification to a pH of about 6.5t0 7
at which the inner salt precipitates.



formula 11 or a salt thereof can be carried out under standard conditions,
for exanple wth ethanol in the presence of an acid catalyst |ike gaseous
hydrogen chloride or 5 sulfuric acid at tenperatures from abo % 0OC to the
boiling t WROEr e of ethanol. Preferably in the aci drgrlggo[oé ¢ cati on
process nore than one equivalent of ty® acid is enployed so that the
resulting am noester of the formula Vill is present as the respective acid
addition salt which can easily be isolated and exhibits a higher storage
stability. Preferably the esterification is done by passing hydrogen

hlorid nt ' f t f th la VI i

et hanol _ EReTEaNon pye cREPbREHIRe Rl S Bive R EHEPAA G2 or i de. of 't he
Z 0 ?12302 Qd Z@ﬁmdﬁb? d;r Qrmgﬁerh(bﬂ dan b'dE_f‘&nﬁEdaélﬁ mﬂérosﬂallﬁdartﬁ h:ﬁrl'ndigons, for exampl_ed
-(2-(1,4,5, 6-tetrapydropyr.i i n-2- ar hanoyl ) e enzgi¢c . acid or
e Lvat it olbaRl i HraERen B o 5o cbtaieh LT asebiis posmaatda 71 r om 15
com*rgmij&hlf&ric&;?@i bahhmeﬁaéﬁasmrb_ A md fQG"CHtti tﬂe;bbilihgeerm@éra}uralof é(haBr!xdrl.der Ve
st andar condi.tiaps _as, descri bed, for examle W a . oor g. :
Chom 5. PrSGBY 8 BRI S reaion e SHss TP e on eqlivdin B t8ER T o e
approp[} i &;:(ml@ﬁdﬁbqthEFMe rescﬁthglani:]\bédn?reofml prhul_?_amldbﬁpr‘eism dsahegyl brom de
into the kno n ster,.of. the fa .2 0._achieve_such an

O o kyl arPEIFIGG 0 pepfidh S0t fhich 480 rectiBr Spitieb arB bbb s o 1
sol vent atordge stability. Peeferablyrthé esterificationis dbmel bykpasking-hydrogeh ghlodderam de, in
th f | '

tonpelG S8 b= fhspddon oifie co oA EropRab TP n fharcf ah? iBlindnd 200
be di r eproductiindtie form ¢fdhe hydrochienide of thgpcompaunddy theformulat\iut f urt her
purification. 25 The ester of the formula X is then condensed with mal onic

acid under the conditions of the Knoevenagql_ reaction to give the cinnamc
aci d der iThetpreparstion ofdhe 4+{2x(1.4,5/6-tetrahydropyimitin-yigarbamgybethyiibepreissi c

o per di A fevalARLRRAG e KpRHRIRGd ik hBreoP e St L P R or mil 2
Xl i s1hi ghemerpisly awilgbletifommylbenzoicaddefithe frsmula X Hoder ¥andasd formula 30
1X) . - 11LoMbXiOAd A ddstriBed, &R 0 Huldt 2B BlookdMed. Bhefh. b/(1987)! / |

1873 the acid of the formula IX is first converted into an appropriate ester, for

example with a benzyl halide like benzyl bromide into the known benzy! ester of the

formula X. To achieve such an O-alkylation usually the acid and the benzy! halide are

20 reacted in a solvent or diluent, for example in an amide like N,N-dimethylformamide,
in the presence of a base like, for example, potassium.carbonate at room
temperature or elevated témperature. The benzyl ester of the formula X can be

directly used in the subsequent step in crude form without further purification.

25 The ester of the formula X is then condensed with malonic acid under the conditions
of the Knoevenagel reaction to give the cinnamic acid derivative 6f the formula X1.
When carried out under the classic condition's of the Knoevenagel condensation in
pyridine in the presence of piperidine under reflux the yield of the resulting compound
of the formula Xl is higher than 95 % (based on the formylbenzoic acid of the formula

30 X).
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HH IXX HOOHOO HOI / OXI O NH2Z INNH v NNI YI/ NOXI Xl
O OH H NH"INO XIV To allow a snooth reaction wth 2-am nopyri m di ne

of the forryaueiy to, give the benzyl PCT/EP00/06504
4- (2-(pyri mdin-2-yfcarbanmoyl)vinyl)benzoate of the fornula X1, the 5
carboxylic acid noiety in the conmpound®f the fornula Xl is expediently

first activated or converted into a nore reactive carboxylic acid
derivative. The above explanations with regard to_the activation of the
carboxylic acid of €he fornula Il in which X is H}droxy correspondingly

' ' la XI. In a preferred

apply to the a on of t eohpound of th .

manner, th QIcheXI I §.co nteA®wan acid halide,

in particult3 78 the acid clilforide, i. eA™MH the co d of the WO
*_ich the group ©€OH i s repl aced
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To allow a smooth reaction with 2-aminopyrimidine of the formula Xil to give the
benzyl 4-(2-(pyrimidin-2-ylcarbamoyl)vinyl)benzoate of the formula Xl the
5 carboxylic acid moiety in the compound of the formula Xli is expediently first

activated or converted into a more reactive carboxylic acid derivative. The above
explanations with regard to the activation of the carboxylic acid of the formula Il in
which X is hydroxy correspondingly apply to the activation of the compound of the
formula XI. In a preferred manner, the compound of the formula Xl is converted into

10 an acid halide, in particular into the acid chioride, i. e. into the compound of the



chlorinating agent such as thionyl chloride or oxalyl chloride under
standard conditions. The acid of the fornula XI nmay be reacted, for
exanpl e, Wb by@ksexcess of thionyl chloride, if desiregcifposissoder t
solvent like a hydrocarbon or chlorinated 5 hydrocarbon such as tol uene,
until the evolution of sulfur dioxideldnd hydrogen chloride ceases.

Fol I owi ng removal of the solvent and/or the excess thionyl chloride, the
crude acid chloride (or another reactive derivative of the conpound of the
fornul a fatmulaXd in whishthegroup CRQR isoreplacedhwith d1igrelP &QCleVith 3 t hen react ed
with 2 a Por formation of
an am de@hﬁ%{'qg‘h%oégaggﬁﬁa&gp%ﬂid W t ﬁaﬁggg?ﬁd{gﬁc%érgfap gg@t i on of the
conpoundscoofitions Theraaid efthe formyladXlimay beraastasds frriexampleawith entexcesseof pr esent
reaction. th*aﬁguaénkahdbhfdéﬁ%tman ineht éawerntmeéaﬁyamwbwermmg& of a base,

in the present case In ticular atertlarfy amne like triethylamne or
pr ef er &blhydmpearbnsichias t@dnenqaémtﬂ the pyutionel syifurdixide goghhydrogemr exanpl e, a

hydr ocar hafhrde deB5&Y, iIFefdwafg Péfﬁémafthe@olvemeaﬁa/&hh@ems DRy @hioAde,et her 15

or ester at tenperatures froma out -10C to about 20C. In the obtai ned

conpound the crude acist ehieridepr anqther reactive gepvative of s camrawnd ohBiedormpulat he

CH=CH- COxy tm' l?BBﬁplcﬁeH FURbr it acié umah&)b@mén redQed GitR2OAr omatic
pyrimdin- 2-yl noiéty is reduced to a 1,4 -tetrah dro%rqu_hdln 2-yl

noi ety arﬁgmnwrmﬁ@wunger %stefﬂt%?b?i’@d|“§"%f°ééhv%@"i‘6f"m -
4- (2- 48, 4bove ekSahalbrdnaiiregardds mamtmwmamlo}m-maam d of the

formula XIV. These three converS| ons can | t anepously in a

d
si ngl e r eRetil spTEsRANdingly-RRAY ‘B}h%p‘@é‘?’étlrﬁ??tt?n ﬂ?‘ﬂﬁ"éfd'g = P IS|BMEE therefore

preferredth ﬂhé%@ﬁihcb of & bass YintHagiresent tase in@artizlildr Iaetertlaryem'mne likewvent i on
e, SRRy oA PR it Ao PSR A 08 i, 276, 29
conpound axaniphs; a Hyafgoarison'dr\énlorinbtedingdroearben liké dizhiagméthanaorcan éther
Ao Qa%'g%%r%&%%?“ P e R OARE BB orple comPound, of the formi &
car ri ed out in the presence of a 30 conventional noble nmetal catalyst, for
o coonce o AR R P DV B 0
t he det aiths Ch{=QGHrEQ-Nanoielyris eaddcedhio aisingle doand dhe hiesteroaramatiapinigin- WO
01/07417 é?qTé.EEQOé ?@d?x%d t01§ 1,4,5,6-tetrahydropyrimidin-2-yl moiety and the benzyl
20 ester group is cleaved to give the 4-(2-(1,4,5,6-tetrahydropyrimidin-2-
ylcarbamoyl)ethyl)benzoic acid of the formula XIV. These three conversions can be
achieved simultaneously in a single reaction step, namely by a catalytic
hydrogenation. It is therefore preferred to proceed in the synthetic strategy of the
present invention via the beniyl ester compounds of the formulae X, X! and Xlil and
25 perform the conversion of the compound of the formula XIll into the compound of the -
formula XIV including ester cleavage by catalytic hydrogenation.

The catalytic hydrogenation of the compound of the formula Xlil or a salt thereof to
the compound of the formula XIV is preferably carried out in the presence of a

30 conventional noble metal catalyst, for example a palladium, rhodium or platinum
catalyst, in particular in the presence of palladium on charcoal. The amount of the
catalyst depends on the details of the reaction and the desired reaction rate and may

T



be, for exanple, 0.5 to 5 nol % (based on the conpound of the fornmula X I1).
As solvent or diluent one or nore solvents |ike acetic acid,

(C1-A4) - al ..such as nethanol, ethanol or isopropa | rticul ar
I sopr opanoﬁ;l&g{n&grs such as tetrahydrofuran or :di oxane?Elcgl'rEPb\/?/g}tﬁlgebra may be

used, for exanple a mixture of acetic18 acid with one of the solvents

wat er, isopropanol and di oxane, in particular a mxture of acetic acid and
water. It is preferred to carry out the hydrogenation of the conpound of

t he f or mbeafociexampie, &5 WA mot%Hased omthemoswonnd o thefooraulB XY} A8 aci d |i ke

acet! ¢ aGidl o bEGIUIRY oflc SOnbI KRl @;ﬁggﬁgp@,ﬁ =RBnbAYERALC acid | i ke

hydrochl oric acid or sulfuric acl > K acl | ke acetic acid
i s enpl oyeethand, gtheneirmsiisaprepaneh in particuerdsopreranalirathers suchios on t he

ava | 3! Qek N GPln GURRE br waltina? BeDEed 16t bxamdig miHurdBr dQyRDOU! 2

bar, or 10 _about her. “The “hydrogenation 1s usually carried
out at 5t cagibwith gne §f theeiveptsuvatel Sopernanol andsdicxanepin partieuercymixtue t he

cat al yst hg; i LS onpound of the
formul a Iqffé?ﬁﬁémﬁﬁg%ﬁ%ﬂ?aéérhﬁa{@%%ﬂeﬁst%%gf 2@6@35‘3& r?gﬁb/azﬁﬂugr% 15 net hods.
In case toempound & Biedoroiaixdll gban addiciphl in e preserseef axtarboxic oeig likei d | i ke
hydr ochl ayd ] i | : ; tbS conpl etely
converte?‘ileﬁ?gauﬁrgﬁ@ggfg& if@g&%@%&%ﬁﬁnﬁ?ﬁﬁggﬁggﬁﬁ% E@ '_lciz(gnpound of the

f or nul a Haydrochoricracidhen uifudc acid Rrefarably a wasl acisdikerasgtic acidds empigyed.el y

convehp edrHedHdidd 6F thé BPdrogerpressurtidebbfds drPthBldvailallie/tdchhicaediipmdit an i nner
salt). 20 For the#guttagara i on of a conp the formula 11_in which X is
t

chl ori ne ¥ ARA rhar. Q5 hpda ARow:2 ??ng'?‘{%rtg{ﬁb&uwva% orbighee8d into the
car boxy! iHydasgehation isdisublly Caniédoiteit térmperbtufdy fRdrh RBbLIID°E36 BboutioCexanpl e
compound AT FRESIY ISP tae BBAUG Bt PrTJaPRE (oD & IEHi%r | de. | e.
t he conpaivhipotindtoh thef farrililad ih whidh XU3ire/droky) 18 isdiated ibpeontdhtiopdict ion with an
e g meeanibsate B ReEORI 1§ b el betor SR e e omy
al so be ugrifodhoricerid/eméulfaric 8tid pRITérablythéiProdelis completdly corverteliitat | i ke a
e e ee A Wk sal VA S3hRS heEH e B KRS B act 1 ony
chl ori de, neaftrialized-ardihetpraducbls dohpletelg conviinted into aeireel compuadiof.thd he
;Egﬁi I on #orsméié‘i&\'/'(%m‘éﬁ%ra'y%% é)nui%ngr:[sa yevat ed tenperatures from about 40C to
20 -
For the preparation of a compound of the formula |1 in which X is chlorine or bromine
the compound of the formula XIV is converted into the carboxylic acid halide by a
conventional chlorinating agent, for example thionyl chloride, oxalyl chloride or oxalyl
bromide. Preferably the compound of the formula XIV is converted into the acid
25 chioride, i. e. the compound of the formula Il in which X is chlorine, by reaction with
an excess of thionyl chloride, for example 1.2 to 2 mol thionyl chloride per mol of the
compound of the formula XIV. An excess of thionyl chloride may also be used as
~ solvent or diluent, or an inert solvent or diluent like a hydrocarbon or a chiorinated
hydrocarbon such as toluene or dichloromethane may be added which, together with
30 the excess thionyl chloride, after completion of the reaction is removed in vacuo. The
reaction is usually carried out at elevated temperatures from about 40°C to about

100°C. The hydrogen halide that is formed during the transformation of the



100C. The hydrogen halide that is forned during the transformation of the
WO 01/ 07417 PCT/ EPOO/ 06504 19 conpound of the fornula XIV into an acid

halide is the basic guanidine noiety in the gi ve the
hydr ogen hRﬁH e addltlon salt. The acid halide is pre?g#$ Q%F%glated in

the formits solid hydrogen halide sall® which can directly be enployed in.
the reaction with the conpound of the fornula IIl as expl ai ned above. 5 As
a whol e, the above-descri bed process for the preparation of the compound of
t he f or nedrapaundrad the feemuleXiV intel en atidihalids isrbauinddythe basic puanidinaken

Start ng el i mRpERE 8 GG RirBbarRaRhdafion 3, Rk Abds 0| o
t heI L o][ Tprafa-abm isglatedhiplthe fmmn@rsobmuwmgﬂﬂhame@aﬂe\ﬂmfmmi dld@@lb@\r/]?r 2: I
}s“t rGat egi eésﬂ“?’sfg%i’ﬁi‘ﬁr%éh taﬁlgﬁh ﬁf%"?’g‘“@f ﬁ-fe f@ﬁur%ﬁgg €gf%$ﬁ?%§9§v%r mul a 1V)

the udique way in which in the present process snmall building blocks. are

assenbl edad 9 whoR, U’fé‘ dv@%&%yd?\l; ScesWifdrdie B!ée%taf'gi% ﬁ'[@bésoﬂl@%uhg ]pgih\ée the

final target conp hus es to be I Cu ess At any
rate the fpmaylg |8§tnathﬂ.§empﬁurtd$eof§mfgamlae_s q@\dduetslsen t;:geumwuletrwm y hi gher

than the éHo%EQlef-nﬂé&eprﬁéHQQé‘fb‘?Pﬁf Fyr&ﬁ&aﬁ SFthé s ﬂ@%ﬁggpﬁsom ai nabl e

if the process of International Patent plicati 242 woul d be
fol | owned frenulee B 35AdiRipvidesihe semparnd ofitee Fasamula kin acimpleumanner andia f or nul a

1V, apg té?f?eiééﬁm hiahQﬁér%ﬁ yiekd FoiiPeily 304 RRS $t8HingRRdteF) Anorgthén

I ndustrial scale than t of |International Patent plication

PCT/ EP99/Rs¢gntial stegtegigs E"'@H%"Qj@ﬁd'ﬁﬂ'%c%ﬁfdh? farmulabies HiedfgemulaiVithe present
process qrrﬁqmﬁﬂ.n%.émia the! l%séﬁt f&@skemu BURIAE BicekLareMssémBleti® MUl ae | |
and XV, i. on the u“@’é??'b%{ %
t et rahydr"@ﬁﬂ"l infegmadiates, 5"0‘8@2‘@ the fipaltargeticorpROWdy i vat i ves,
and | on tthes ;Br@;l@é M@pﬁ@ﬂ@@&tﬁ:ﬁéssfdﬁGAtranEWﬁ?&h@?liem)?talﬁe@hrthé Brelsant :he f
si np pre aratio ou ornul a enation o
"1 o oFe O RS it Catseraii ioBTHRe B9 el ot Be cRmrund P Rmtia hehos tho
removal Q\fodlchbe bbtairable ifthierauess vf intepnational Patent mpnwmnd the reduction of
as well aci as the ng. A subject of
the pres gﬁ'&hggﬂ @%ﬁé"&éﬁ?‘é’ ??@?ﬁ'@“%r?ﬁ%ﬂﬂ@"?ﬁ% or mul ae 11

: compound of the formula IV, and the present process is simpler and better applicable :

on an industrial scale than that of Intemational Patent Application PCT/EP99/00242.
20 To a considerable amount the advantages of the present process are based on the

use of the key intermediates of the formulae il and X1V, i. e. on the use of 4-(2-
(1,4,5,6-tetrahydropyrimidin-2-ylcarbamoyl)ethyl)benzoic acid and its derivatives, and
on the favorable process for their preparation, in particular the simple preparation of
the compound of the formula XIV by hydrogenation of its precursor of the formula Xill

25 which in one step accomplishes the removal of the benzoic acid benzyl protection
group and the reduction of as well the cinnamic acid double bond as the pyrimidine
ring.

A subject of the present invention are therefore also the compounds the formulae Il
30 and XIV which are valuable intermediates for the preparation of pharmacologically

active compounds like the hemifumarate of the formula | or other salts of the _

compound of the formula IV, or of other compounds which contain a 4~(2-(1,4,5,6-

“1'HT



30 and XIV which are valuable internmedi ates for the preparation of

phar macol ogically active conpounds |ike the hem fumarate of the fornula I
or other s to§mﬁ£7the . conpound of the fornmula IV, or phmebdAEesCOMPOUNdS
whi ch contain -(2-(1,4,5,6 -eimWD:01/0741? PCT/ EPOO/ 06504 20

tet rahydropyrim din 2-yl carbanoyl ) et hy20 benzoy noiety. A subject of the
present invention are in particular the conpounds of the fornula XV, 0 Y
N~ Nr Y-1-& XY ~ NHO 5 in which Y is hydroxy, chlorine or bromne, and
t hei r sal tetrahpirppprimiding®-yicarnamayt)ethidbenzemiraeiatis Actubjastof the Prasenkv ar e
hydrogen ghibpfidisrelq bhiclar (MsHoRpB 0N S1he forfffld Xv, Whi ch may in particul ar
be present in case Y is chlorine or bromne. The conpound of the formula
XV in which Y is hydroxy and which is not an acid addition salt at the 10
guani dine noiety is also covered bygthe fornula XV and by the present

I nvention as an inner salt (or betjhine). Preferred conmpounds of the
formula XV are those onpoun vych Y is hydroxy or chlorine, and the
salts thereof, i. gy 4 tetrahydropyrimdin

2-yl car banoyl ) et hyl )¥€nz and 4-(2-(1,%V5, 6-

tetrahydropyri m dkQ- | @ar banoyl ) et hyl ) benzoyl chloride and their salts,
in particular 15 the hydrochloride salt in the case of the conpound of the
formul& XV in which Yis chlorine. Further subjects of the present

et o eh Y PP b B S AR, BB el
t et r ahydr cpmpoumdsi of e fdrmalaiiranel Hydtduen)dhitonideisaltsor hiydrogen sraiide $saltseof by

hydr ogenal i 8Ly BEENbal e HbA WUl 8 HoFRL BRBRNY Fhd dRREARLF O 2
4- (2- (pyr the frmuia-XM inawhicn6ys hydrowyl dridoshicatsencs Bntavie ddvition sait axthel  or a sal t

ther eafg Wa,5hlding mdigty §¢ aisb LR bF tHebrmh 3k X84l B (He%Ssent invention as

an inner salt (or betaine). Preferred compounds of the formula XV are those

compounds in which Y is hydroxy or chlorine, and the salts theredf, i. e. 4-(2-(1,4,5,6-
tetrahydropyrimidin-2-ylcarbamoyl)ethyl)benzoic acid and 4-(2-(1,4,5,6-
tetrahydropyrimidin-2-ylcarbamoyl)ethyl)benzoyl chloride and their salts, in particular

15 the hydrochloride salt in the case of the compound of the formula XV in which Y is
chlorine. Further subjects of the present invention are the above-described
exceptionally simple and highly efficient process for the preparation of 4-(2-(1,4,5,6-
tetrahydropyrimidin-2-yicarbamoyl)ethyl)benzoic acid or a salt thereof by
hydrogenation of benzyl 4-(2-(pyrimidin-2-ylcarbamoyl)vinyl)beﬁzoate or a salt

20 theredf, as well as benzyl 4-(2-(byrimidin—2-ylcarbamoyl)vinyl)benzoate of the formula
X1l or a salt thereof which is the starting material for said process.

The compound of the formula | is a valuable pharmacologically active compound
which is suitable, for example, for the therapy and prophyiaxis of bane disorders,

25 tumor diseases, cardiovascular disorders or inflammatory conditions. The compound
of the formula I.can be administered to animals, preferably to mammals, and in
particular to humans as a pharmaceutical for therapy or prophylaxis. It can be
administered on its own or in mixture with other pharmacologically active compounds



The conpound of the formula | is a val uable pharnmacol ogically active
conpound which is suitable, for exanple, for the therapy and prophyl axis -
of bone disorders, 25 tunor di seases, cardi ovascul ar dJ§8$ 6504

i nf | anmat oV§ OUFALi ti ons. The compound of the fornula I. e adm ni stered
to animals, preferably to manmal s, an@1in particul ar to hunans as a

phar maceuti cal for therapy or prophylaxis. It can be admnistered onits
own or in mxture with other pharmacol ogically active conpounds WO 01/ 07417
PCT/ PQQ drah tHe foirh 0b pha'irmachetidd)cmnpﬁitidmamtﬁdepﬂrmaantwehwmeﬂtmb whi ch

permt enter. i
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5 The pre&mﬁomd\oﬁmafonnmlbé.r efore also relates to the corrpound of the
formula | for use as a pharmaceutical, to the use of the conmpound of the

formula | for the production of pharnmaceuticals for the therapy and
pr ophybsaxttse prbsemténvﬁnﬁemﬁesefmwQ)WeaMdhe compotnrd oftheffermubaHfaptise f or t he

th d t t h
conpound T @ Phefateditial 1f e Wiy he irisiui o e Blrafhe or HE pradhpidcr, 1
di seases phawnaeeutsallsd@rsthe mersmcanct mepwraafdhpﬂmsnyeameatmnﬁqleabpmg@nt
| nvent | Olhe |$vvffBP {Jr%@ﬁ&m ;srp%&iétaf%h CANTPAETS LA isd B'the

u ont al

phar maceutical prep n an e flcaC|ous dose of the
conpound use afifke mmmd af %@muled&@h%wa%eew@@w Weskcept abl e

;ra]'{j; l)?é ad%sea%es ana t@ﬁlefﬂ'&i@ f&*b%ﬁﬁfé? )J & ﬁrﬁpﬁy}é‘g@@tﬁ@ fresérit irveSionsubst ances

Itrves. har naceuti cal s can be adm ni st.er ed oral ly, for
exanpl e |fnrtln¢rmor@r¢+ats$ %P"I‘qulace‘ﬂt!&ﬂ @"39051“&6%1(@?9@6"{‘%%”&'@ PrepsEgtionst abl et s,

granul es, wiiah ortaif sdticatR8 doBe 6APE EoMPound 6 tHe wma Barid P Bustéfiarysi ons,
suspensi ons or aerosol mxtures. Admnistration, gr%} all So be
carried charmaequtically aqcgptableLARTSS. i A qnecor Wﬁ%’@ﬁ%%' YAcpertanls, oo ,
par ent era&al,.,ye,. JuB5tafdey B dor ddditREenousl y, intranuscularly or subcutaneously,
in the formof injection solutions or infusion solutions, mcrocapsules,

“inpl a®®s or rods, or percutaneously or topically, for exarrpl e inthe form

of oi nt Meriesp haﬁr@nbdéutrea& canbeddnministersd draly; forfexampie inithe farinef pileys,  f or
exanpl e in the form

conposi t i BRE sal?&ﬂi‘ﬁ'eaéaq N ‘?P?@lt‘?sdrﬁ%ﬁpﬁag%"éﬂsegr 'S%" §5g§g3yb§1a§n%a£@ff&”t | cal

solutions, syrups, emulsions, suspensions or aerosol mixtures. Administration,
however, can also be carried out rectally, for example in the form of suppositories, or - .

20 parenterally, for example intravenously, intramuscularly or subcutaneously, in the
form of injection solutions or infusion solutions, microcapsules, implants or rods, or
percutaneously or topically, for example in the form of ointments, solutions emulsions
or tiné:tures, or in other ways, for example in the form of aerosols or nasal sprays.

25 The pharmaceutical compositions according to the invention are preparedin a
manner known per se and familiar to those skilled in the art, the compound of the
formula | being mixed with one or more pharmaceutically acceptable inert inorganic
and/or organic carrier substances (or excipients) and/or additives and, if desired, one
or more other pharmaceutically active compounds and being brought into a suitable

30 administration form and dosage form that can be used in human or veterinary
medicine. For the production of pills, tablets, coated tablets and hard gelatin capsules
it is possible to use, for example, lactose, corn starch or derivatives thereof, talc,

T
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such as, or exanple, fillers, disintegrants, binders, lubricants, wetting
agents, stabilizers, enulsifiers, preservatives, sweeteners, colorants,
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nore other therapeutical I%/ rophyl actically. active ingredients. The
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receptor gisknts, buffer substances, solvents, solubilizers, agents for achieving a depot effect,
salts for altering the osmotic pressure, coating agents or antioxidants. Furthermore,
20 in addition the compound of the farmula |, they can also contain one or more other
therapeutically or prophylactically active ingredients.

The compound of the formula 1 in vivo is an antagonist of the vitronectin receptor and
inhibits cell adhesion. It has, for example, the ability to inhibit the binding of

25 osteoclasts to the bone surface and thereby inhibit bone resorption by osteoclasts.
The action of the compound of the formula | can be demonstrated, for example, in
the test described below. Because of its vitronectin recepiqr antagonistic activity the
compound of the formula 1 is generally suitable for the therapy and prophylaxis of
diseases which are based on the interaction between vitronectin receptors and their

30 ligands in cell-cell interaction processes or celi-matrix interaction processes, or which
can be influenced by an inhibition of interactions of this type, or for the prevention,
alleviation or cure of which an inhibition of interactions of this type is desired. As
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conventional osteoporosas treatments such as, for example the administration of
20 bisphosphonates, estrogens, estrogen/progesterone (hormone replacement therapy-
or HRT), estrogen agonists/antagonists (selective estrogen receptor modulators or
SERMSs), calcitonin, vitamin D analogues, parathyroid hormone, growth hormone
secretagogues, or sodium fluoride (cf. Jardine et al., Annual Reports in Medicinal
Chemistry 31 (1996) 211). Administration of the compound of the formula | and of
25 other active ingredients effective in the treatment or prbphy’laxis of osteoporosis like
‘those listed before can take place simultaneously or sequentially, in any order, and
jointly or separately. For use in such a combination treatment or prophylaxis the
compound of the formula | and one or more other active ingredients Iiké those listed
before can together be present in a single pharmaceutical composition, for example
30 tablets, capsules or granules, or can be present in two or more separate
pharmaceutical compositions which can be contained in a single package or in two or

more separate packages. The use of the compound of the formula | in such a
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favorably be used in combination with conventional cancer therapy. Examples of

conventional cancer therapy are given in Bertino (Editor), Encyclopedia of Cancer,
20 Academic Press, 1997 which is incorporated herein by reference. All the above
statements relating to the use of the compound of formula | in combination with
conventional osteoporosis therapy like, for example, possible modes of
administration and pharmaceutical combination compositions, correspondingly apply
to the use of the compound of farmula | in combination with conventional cancer
25 therapy. )

When using the compound of the formula |, the dose can vary within wide limits and,
as is customary, is to be suited to the individual conditions in each individual case. it
depends, for example, on the nature and severity of the disease and the general

30 state of the individual to be treated, or on whether an acute or chronic condition is
treated or whether prophylaxis is carried out. In the case of oral administration, the
daily dose is in general from about 0.01 to about 100 mg/kg, preferably from about
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Examples

1) 4-Benzyloxycarbonylcinnamic acid

20 a) Benzyl 4-formylbenzoate
304 g (2 mol) of 4-formylbenzoic acid were dissolved in 1 | of dimethylformamide
(DMF), 304 g (2.2 mol) of potassium carbonate were added and then over a period of
30 min 261 mi (2.2 mol) of benzyl bromide were added at about 40°C (exothermic
reaction). The mixture was stirred for further 4 h at 40°C to 45°C. Then the reaction

25 mixture was poured into 3 | of ice-water and extracted for times with 1 | each of ethyl
acetate. The combined organic layers were dried over sodium sulfate, filtered and the
ethyl acetate removed in a rotary evaporator at reduced pressure. 503 g of an oil
were obtained. The crude product was used directly in the next reaction step.

30 b) 4-Benzyloxycarbonylcinnamic acid
245 g (2.4 mol) of malonic acid were dissolved in 360 ml of pyridine (exothermic,
temperature raised to about 50°C). Then 503 g of the crude benzyl 4-formylbenzoate

g



1) 4-Benzyl oxycarbonyl cinnam c acid 20 a) Benzyl 4-fornyl benzoate 304 g (2

.mol ) of 4-fornyl benzoic acid were dissolved in | | of dinethylformm de

(DVF) , 304‘3) (/2. 2 nol) of potassium carbonate were addegdciRpooiobsn over a
period of wapT 261" m (2.2 nmol) of benzyl brom de were added at about
40C (exothermic reaction). The m xtur@was stirred for further 4 h at 40C

'to 45C. Then the reaction 25 mixture was poured into 3 1 of ice-water and

extracted for tinmes with | | each of ethyl acetate. The conbi ned organic

layers werebtaipedin Bore) 3wtRAm sipiperidine wire addegl, and thevaixtuse was hgatadat e
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obt ai ned. The crude product was used directly in the next’reaction step. 30
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50C). Then 50 ?p the crude benz I | enzoat e 7417
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di oxi de had ceased (about 7 h). m xture was cooled to room

t enper at ursseP PheR9I8 & %Mhat er were added and the product was preci pitated
by aci di fimgycpned.2(meHptirred mxture with ca. 600 m of concentrated '5
hydrochl orjic acid to The precipitated product was filtered

H1. 8 at 10C
of . washel-NYR ONSODe) &apm F3a.55 (Sewreadntidr 102dc2k): 7raBe,2H): 7&@bi nod
i el d . Wy MBS (C): 283.2 (MrH) ' H NWVR
(w0 1) TEGR T 8517 S VASHL e DA% PS80 (s 21, ol Tl “7o85 (d 2Hy: 7,65
10 (d, 1 H,; 7.55 - 7.30 (m 5H); 6.70 (d, 1 H); 5.38 (s, 2H) 2) Benzyl
4- (2- ( pyr iZyiBtngyl4-{0-@ormriR 2 ylcsitanoyNeRyRREe08R2. 3. 9 (1 nol) of

4- benzyl oxycar bonyl ci nnam ¢ acid were suspended in 21 of 15 tol uene and
108 mM (1.48 nol) of thionyl chloride were added. The mi xture was reacted

fror about 2828 g4 irlol tdm_mgeﬂbs%h%ngi:inﬁathd&ciaih@@ s\espeadesasiet and a clear
sol uti cif t he agl ct?IPréde vvz%s,o Eal ned. The.solvent was renoved under
8g oluene and 108 ml (1.48 mol) of thionyl chioride were added. The mixture was

reduce
reacted for about 7 h untit the production of sulfur dioxide had ceased and a clear
solution of the acid chloride was obtained. The solvent was removed under reduced
pressure in a rotary evaporator. The residue was dissolved in 1 | of dichioromethane
and added dropwise during 1 h to a solution of 95.2 g (1 mol) of 2-aminopyrimidine
20 and 81 ml (1 mol) of pyridine in 2 | of dichloromethane at 0°C to 5°C. The reaction
mixture was stirred for 1 h at room temperature and then evaporated under reduced
pressure in a rotary evaporator. The residue was dissolved in 2.5 of hot ethanol, |
then 1.5 | of water were added and the mixture was cooled slowly to 0°C to 5°C
whereupon the product precipitated. The product was filtered, washed with water and
25 dried at 60°C under reduced pressure. Yield: 317.1 g (88 %)
MS (ES): 360.2 (M+H)* '
'H-NMR (DMSO-Ds): 5 (ppm) = 10.85 (s, broad, 1H); 8.72 (s, 1H); 8.68 (s, 1H); 8.02
(d, 2H); 7.85 (d, 2H); 7,65 (d, 1H); 7.55 - 7.18 {m, 7H); 5.38 (s, 2H)

30 3) 4~(2-(1,4,5,6-Tetrahydropyrimidin-2-ylcarbamoyl)ethyl)benzoic acid
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t he resi water w ati'ng. Upon cooling to
room t enpMS 4ES): @76HeMpH)tiuct precipitated. The 10 'mi xture was cooled to 0C

to 5C, t d was _f1 LL.er - O q Wit . t Ak dri ed
under reg&@@%&’ﬁ@é’ﬁﬁ"eﬁaégfcgqﬁfﬂaw%’?ggga\(%dgbﬁﬁ qﬂgv@'&%i)’ g’%g& 1 (MH) !
H NMVR ('t r(dé) 419y Ga8qHd,2H) 285:(d& H)P2W5 ¢m12HB5 (s); 8.15 (d, 2H); 7.40 (d,
2H) ; 62 (dd, 4H); 3.18 (dd, 2H); 2.95 (dd, 2H); 2.15 (m 2H 15 4)

4-(2- ?5 4,5,6 Tetrahydropyrim (fn-2-ylcar barmKI ;et hyl ) benzoyl chloride

hydr ochl o4)id2-(1,4,5,6-Tetrahydropyrimidin-2-yicarbamoyl)ethyl)benzoyl chloride

hydrochioride

110.2 g (0.4 mol) of 4-(2-(1 ,4,5,6-tetrahydropyrimidin-2-ylcarbamoyl)ethyl)benzoic
20 acid were suspended in 1.5 | of toluene, then 35 ml of thiony! chloride were added -
and the mixture was heated to 70°C for 2 h. Then further 16 mi of thionyl chioride
were added and heating was continued until the evolution of sulfur dioxide had
ceased. The almost clear solution was evaporated to dryness to give 139.5 g of the
crude title compound as a yellow powder. This product was directly used in the
25 subsequent reaction. _
MS (FAB): 294.1 ((M+H)" of the free base) -
"H-NMR (CDCla): & (ppm) = 13.05 (s, broad, 1H); 9.35 (s, broad, 2H); 8.05 (d, 2H);
7.40 (d, 2H); 3.50 (m, 4H); 3.10 (dd, 2H); 2.95 (dd, 2H); 2.05 (m, 2H)

30 5) (28)-3-Carbamoyl-2-(naphthalene-1-sulfonylamino)propionic acid

il
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6) (2S)-3-Amino-2-(naphthalene-1-sulfonylamino)propionic acid

20 To a stirred solution of 148 g (4.1 mol) of sodium hydroxide in 840-m! of water 26 mi
(0.5 mol) of bromine were added over 45 min at 0°C. Then, separately, 129 g (0.4
mol) of (28)-3-carbamoyl-2-(naphthalene-1-sulfonylamino)succinic acid were
dissolved in 400 mt of 2 N sodium hydroxide and further 16 g of sodium hydroxide
were added. This solution was cooled to 5°C and added with vigorous stirring to the

25 previously prepared sodium hypobromite solution while maintaining the temperature
of the reaction mixture below 10°C. The mixture was stimed for further 15 min at 10°C
and then warmed within 30 min to 45°C. Then heating was remaved and an
exothermic reaction proceeded for about 1 h with a peak temperature of about 50°C.,
When the exothermic reaction had ceased the mixture was heated within 20 min to

30 "70°C and maintained at this temperature for 10 min. Then the reaction mixture was
cooled to 40°C and at this temperature acidified to pH 6.8 with 330 ml of
concentrated hydrochloric acid whereupon the product precipitated. After standing
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20 8.13 (d, 1H); 8.09 (d, 1H); 7.80 - 7.60 (m, 3H); 412(m 1H); 3.50 - 3.36 (m, 2H); 3.08
(dd, 1H); 2.92 (dd, 1H); 0.55 (t, 3H) |

8) Ethyl (2S)-2-(naphthalene-1 -sulfonylamino)-3-(4-(2-(1,4,5,6-tetrahydropyrimidin-2-
ylcarbamoyl)ethyl)benzoylaminoc)propionate hemifumarate
25 o |
25.1 g (0.07 mol) of ethyl (2S)-3-amino-2-(naphthalene-1 -sulfonylamino)propionate
hydrochloride were dissolved in 100 mi of dichloromethane by addition of 17.7 g
(0.21 mol) of sodium bfcarbonate in 30 ml water. Then under vigourous stirring 23.2 g
(0.07 mol) of 4-(2-(1 4,5, 6-tetrahydropyrimidin-2-ylcarbamoyi)ethyl)benzoyt chioride
30 hydrochloride were adde& in portions within 30 min. The reaction mixture was stirred
for further 1 h and then the layers were separated. The organic layer was extracted
with bicarbonate solution and water and then dried over sodium sulfate. The sodium

I
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3H) 15 9) bdharesmepliorgi cal testing: PTHinduced hypercal cema in the TPTX
rat nodel of bone resorption In this in vivo nodel a stinulation of bone
resorptlon I's induced in

In this in vivo model a stimulation of bone resorption is induced in

thyroparathyraidectomized (TPTX) rats by the infusion of parathyroid hormone
20 (PTH). The changes in bone resorption are monitored by measuring the serum
calcium concentration which is directly related to the extent of bone resorption.

Male Sprague Dawley rats (OF A-IFFA CREDOQ, France) weighting 150 - 200 g were
thyroparathyroidectomized by the supplier. The rats were allowed free access to a

25 standard commercial pelleted diet containing 7 g Ca/kg (UAR) and Eau de Volvic
water. The success of thyroparathyroidectomy was tested by measuring serum
calcium concentrations 8 days after operation in overnight fasted animals. Rats were
considered as TPTX when the serum calcium level was < 80 mg/l.

30 For treatment with PTH, rat PTH(1-34) (Bachem) was dissolved in 0.15 M sodium
chloride solution containing 2 % Cys-HCI and delivered via asmotic minipumps
(ALZET 2001D) at 200 pmol/kg/h. The minipumps were inserted into the



t hyr opar at hyr oi dect om zed (TPTX) rats by the infusion of parathyroid
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% effect according to the formula:

20 Calcemia {compound group) — Calcemia'[PTH group)
% effect = x 100
Calcemia (PTH group) — CalCEmia (control group)

The % effect observed with the compound of formula | administered perorally twice at
25 10 mg/kg was -45 %. This in vivo resuit shows that the compound of formula i is a
highly efficient inhibitor of bone resorption.
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c Las 1. Ethyl

(2S) - 2- (napht hal ene- | - sul f onyl am no) - 3- (4- ( 2- Ummwmllt“m“mropyri m di n- 2
-yl car banpgytenttibiys) benzoyl am no) propi onate h e fornula I.
5O HNO"""CH3 NHNNHO- OH[ ~NH O0=S=0 x 1/2 HQJ [I 0 O 2. A
pharmaceutical conposition, conprising the compound of the formula |I as
clainmed int cEthyIr(QS)—ZﬂdaﬂttlpﬂlanMGelﬂdmylamhq)-3c¢4:-®i(13,51565 -tetnahjdropyrimidi®-2-A
process for, t

(2S)-2- ( n rﬁgﬁngxli&ﬁylﬁﬂﬂ%@ﬂ%ﬁngﬁ;ﬂé?logﬂfJpen'tlfyrrtaiatﬁ qgttz)e ff’gf'?'aﬂydr opyrimdin

2-yl car Banpyl ) et hyl ) benzoyl am no) propi onate of the fornula IV or a salt

t hereof, conprising reacting 4 (2 (1,4 5, 6-tetrahydropyri m di n-2-

yl carbarmyl ) et hyI ) benzoi c aci d or a dqrivative -thereof of the fornmula II
wherein X is hydr oxy oolpcHynd et hyl

(2S) - 3-am no- 2N(n L am no) propi onatg of the forrmula I1l1,

or a salt or s of ary of thesg? conpo nds V\@pﬁ)l/01417
PCT/ EPOO/ 06504 1911111111111 3¥=S=0 HO

°

2. A pharmaceutical composition, comprising the compound' of the formula i as
claimed in claim 1 and a pharmaceutically acceptable carrier.
10 _
3. A pracess for the preparation of ethyl (2S)-2-(naphthalene-1-sulfonylamino)-3-(4-
*(2-(1,4,5,6-tetrahydropyrimidin-2-ylcarbamoyl)ethyl)benzoylamino)propionate of the
formula 1V or a salt thereof, comprising reacting 4-(2-(1,4,5,6-tetrahydropyrimidin-2-
ylcarbamoyl)ethyl)benzoic acid or a derivative-thereof of the formula Il wherein X is
15 hydroxy or a leaving group, and ethyl (2S)-3-amino-2-(naphthalene-1-
sulfonylamino)propionate of the formula lll, or a salt or salts of any one or both of
these compounds.




FTTITITEINLE -, SO HXHZNO- NNI / +# NH~NHO 0=S=0 11 / , Il '
NOS --~ANNI / HNH~NH O O= =0 IV 4. The process as clained in claim 3,
5 5. The process as clained in clains 3

Wﬁé)ﬂ&'&ﬂeri zed i t subsequently to the reBREVERIOGY4( he

or nul ae nd I1ll a9 acid is enployed and an acid
addition salt ‘LM m‘m of fornula IV with said acid is prepared. 6.
The process a\slm‘ more of claims 3 to 5, characterized in
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and/ or 4,
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4. The process as claimed in claim 3, characterized in that X is Cl.

5. The process as cla|med in claims 3 and/or 4, charactenzed in that subsequently to
the reaction of the compounds of the formulae 1l and Hi an acid is employed and an
acid addition salt of the compound of formula IV with said acid is prepared.

6. The process as claimed in one or more of claims 3 to 5, characterized in that ethyl

(28)-2-(naphthalene—1-sQlfonylamino}S-(4—(2-(1,4,5,6-téfr_ahydmpyrimidin-2—
ylcarbamoyl)ethyl)benzoylamino)propionate hemifumarate is prepared.

7. A compound of the formula XV,

et rahydropyrim din
amXo) propi onatlgN he Lﬁrara e is prepared. 7. A
NNNHPO 15 lilff UL1111(U 1 (111 WO

504 34 wherein Y islh droxy, chlorine or

rmula XV as clainmed in

Or 4“‘2 (1,4,5,6 5
fide or a salt of any
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10 H IN "N A NOl t he preparation of

4-(2-(1,4,5,6- tetrahyd mm‘m‘;mm“‘car banoyl )et hyl ) benzoic acid or a
sal t thereo@ooi: I Si rogenatsi ng benzy( 4- 5 PCT/EP00/06504
(2-(pyrimdin-

2- 2-yl car barmyl ) vi nyl )benzog‘t’e or a sal t thereof.

wherein Y is hydroxy, chlorine or bromine, or a salt théréof.

8. A compound of the formula XV as claimed in claim 7 which is 4-(2-(1,4,5,6-
tetrahydropyrimidin-2-ylcarbamoyt)ethyl)benzoic acid or 4-(2-(1,4,5,6-

5 tetrahydropyrimidin-2-ylcarbamoyl)ethyl)benzoyl chioride or a salt of any of these
compounds.

8. Benzy! 4-(2-(pyrimidin-2-ylcarbamoyl)vinyl)benzoate of the formula Xlil or a salt'
thereof.
10

H o
S [ -
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10. A process for the preparation of 4-(2-(1,4,5,6-tetrahydropyrimidin-2-
ylcarbamoyl)ethyl)benzoic acid or a salt thereof, comprising hydrogenating benzyl 4-
16  (2-(pyrimidin-2-ylcarbamoyl)vinyl)benzoate or a salt thereof.



