WD 97/ 31937

PCT/ EP97/ Q08331937 : ; SERI NEpEREPEARB3S
I NHI Bl TORS The [ nvent ion relates to a serine protease inhibitor
havi ng an al kynyl ami no side chain, a phar maceuti cal conposition

contai ning the same, as well SERINE PROTBASEINHIBEFORSt or for the 5
manuf acture of a nedi canent for treating and preventing thronbin-rel ated

di seases. ' Serine proteases are enzynmes which, anopngst other
things, PRy i@fentiBR Yelatéd! td Q! Serine proteatd Giitbitor havm asoa yl’éduﬁ@ SideS sl a
Menbers of this group of proteases are for exanp hronbi n, trypsin,

factors Vphamat:é(m:ab(eqmpdm;o@(cﬁmmnmgdhp Isame, as @ell ’_ns the use ofismd itors farrthe
seri ne proteagse vvhi ul at t he. | ast st in.the, co i on cascade.
Thes"® " manarimiof  meARBTICHIOr HPBIRG M S RN P SBred Gt ogen | o

generate fibrin nmononers, which - forman insoluble gel by

ctross-linking. In addition, thronmbin regulates its own production by
act i vat i nSefimecprotensas a‘actnﬁjmes which,i amorigst other thingsaplay ah impostantirale inthebkeadt

actions at cellular where it acts on ecific receptors to
Couse bl aberESlatay dascade: Mpmbertioh His BHuPceh professes are 35 exarppls thipmiiy rypsn
fibrobl asgdpg ﬁ'ﬂf hitgrat B gas a central regulatory role in

haenost asi s an m%ﬁ) E’r matai' ond)ﬁjéikéri:‘(‘:e inhibitors of thronmbin may have a
wi d@ r ang@hndmbin is the senhéi @ratpsset which regyidtescthiei last stepeintthe soagulatesecascaden The

b f t hi d | t ] t het
Coh bt or Brime Tuneida.ot fHeBala s the. Flgayage B SpEEPEILLA Bnedite Bbrin monomars. wiEh

the i nt er gstin i iraBRble £1HyGbls et HIARRA! uR6MbieRMRIes 84 S prd R by ©

enzymes in a 20 manner simlar to that of natural substrat has
i ncr easedactivating fasotst V andvWHE pailige in theecascade. It alsé hhs phpertant astionshateceliular

d, the t t tate inhibit t hr onbi.n. . T
Cear oh 1 oleVRp AP bty i, dbecih 2oGEarass 1o, BAUSH RBIch SERTREBHO endshalioh sell
ungBat ed hivation and fHréklast! grdﬁbérﬁt'ivﬂ\ U PR TR nibi s ¢ Qréen‘ﬁ‘%l Rg@Bdr{ Crole in

adm ni stered 1 n | ower dosages and I ch have ewer and |ess severe
si de ef f ebaemoskasist &rek ﬂmumbmfmuhabn a&mmmhtbltorssomdnhm mayahave a wide range of
bi oavai | a i nt.rave hr anbi n .i hi bi tors are

o1 Doy 3L | P hergmelticd sapicationt SRRty FtATh R berh BRI

treat ment ppfthé W&Elggﬂieﬁte@t SHthdtie CiRhiBRorsHEFQ¥Rke pRRedses,Uhid |rﬁokh§;eclﬁcally of
prevention of thronbin- rel ated di seases such as nyocar

| nfarct, ¥ thrpmbbb slmmg@st n srwbsynﬁmuc peptidlsngiws eremecmmppy proteolytlc enzymes ina
P20 s | Tadter baiaY 40 el BF 2Bra pEBREtsa R, s, b (bt few Btide fike

S i de chai ﬂﬁubltors have been prepared, such as the transition state inhibitors of thrombin.

The search for more effective and more selective thrombin inhibitors continues unabated in
order to obtain thrombin mhxb;tors which can be administered in lower dosages and which have
fewer and less severe side eﬁ'ects Furthermore, speclal attention is paid to oral bioavailability.
25 Potent intravenous thrombin inhibitors are clinically effective in acute care settings requiring the
treatment of thrombin—relate:d- diseases. Howevér ~ particularly the prevention of thrombin-
related diseases such as myocardxal infarct, thrombosns and stroke require long-term therapy,

preferably by orally dosmg an anticoagulant.

30 Most of the peptide-like thrombm inhibitors diséiosed in prior publications contain side chains
of arginine. The thrombin inhibitors may also contain lysine side chains instead of arginine, such
as the inhibitof N-Me-D-Cha-Pro-Lys-COOH and derivatives thereof, disclosed by Jones et al.,
J. Enzyme Inhibition, 9 (199$j, 43-60, and the inhibitors N-Me-D-Phe-Pro-Lys-X, X being a
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A is H, optionally substituted D,L a-hydroxyacetyl, R’, R'-0-C(O)-, R'-C(0)-, R'-SO.,
R’_ooc-(crmz).,.-sor, R’00C-(CHR?),,-, H2NCO-(CHR?),.-, or an N-protecting group,
wherein R' is selected from (1-12Cjalkyl, (2-12C)alkenyl, (2-12C)alkynyl and

15 (3-8C)cycloalkyl, which groups may optionally be substituted with (3-8C)cycloalkyl,
(1-6C)atkoxy, oxo, OH, COOH, CF; or halogen, and from (6-14C)aryl, (7-15C)aralkyl and
(8-16)aralkenyl, the aryl groups of which may optionally be substituted with (1-6C)alkyl,
(3-8C)cycloalkyl, (1-6C)atkoxy, OH, COOH, CF; or halogen; each group R? is
independently H or has the same meaning as R": m is 1,2o0r3;

20 B is a bond, an amino-acid. of the formula -NH-CH[(CH,),C(O)OH]-C(0O)- or an ester
derivative thereof and p being 0, 1, 2 or 3, -N((1-12C)alkyl)-CH>-CO-,
-N((2-12C)alkenyl)-CH,-CO-, -N((2-12C)alkynyl}-CH,-CO-, -N(benzyl)-CH,-CO-, D-1-
Tig, D-3-Tiq, D-Ate, Aic, D-1-Piq, D-3-Piq or a L- or D-amino acid having a hydrophobic,
basic or neutral side chain, which amino acid may optionally be N-(1-6C)alkyl substituted;

25 or A and B together are the residue R’R*N-CHR’-C(O)-, wherein R® and R* independently

| are R', R-0-C(0), R-C(0)-, R'“-SO,, RY0OC-(CHR?),-SO;-, R*00C-(CHRY,-,
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hydr ophobi c, asic or neutral side chaims s an
L-amino acid with a hydrophobi c side chain, serine, ghreonine, a cyclic
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ist % f-(EHﬁﬂem:F;, -CO-NH-( l—60)atkylene-CsHs, -COOR* and R® being H o
(1-6C)alkyl, -CONR’R® and R’ and R® being independently H or (1-6C)alkyl or R” and R‘
together being (3-6C)alkylene, or Y is a heterocycle selected from 2-thiazole, 2-thiazoline,
2-benzothiszole, 2-oxazole, 2-oxazoline and 2-benzoxazole, which heterocycles may
15 optionally be substituted with (1-6C)alkyl, phenyi, (1-6C)alkoxy, benzyloxy or oxo;
and r is0,1,20r3;.
or a prodrug thereof or a pharmaceutically acceptable salt thereof, are potent and selective
inhibitors. In addition, some of the compounds of the invention show good bioavailability after
oral administration.
20
The compounds of the present invention are useful for treating and preventing thrombin-
mediated and thrombin-associated diseases. This includes a number of thrombotic and
prothrombotic states in which the coagulation cascade is activated which include, but are not
limited to, deep vein thrombosis, pulmonary embolism, thrombophlebitis, arterial occlusion
25 from thrombosis or embolism, arterial reocclusion during or after angioplasty or thrombolysis,
restenosis following arterial injury or invasive cardiological procedures, postoperative venous

thrombosis or embolism, acute or chronic atherosclerosis, stroke, myocardial infarction, cancer
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More preferred are compounds of formula I, wherein A is H, 2-hydroxy-3-cyclohexyl-
propionyl-,  9-hydroxy-fluorene-9-carboxyi, R}, R'-80,~, R*0OC-(CHR?),-SO,,
R’00C-(CHR?)u-, H;NCO-(CHR?)-, or an N-protecting group, wherein R is selected from
20 (1-12C)alkyl, (2-12C)alkenyl, (6-14C)aryl, (7-15C)aralkyl and (8-16)aralkenyl; each group Ris
independently H or has the same meaning as R"; B is a bond, D-1-Tiq, D-3-Tig, D-Atc, Aic, D-
1-Piq, D-3-Pig or a D-amino acid having a hydrophobic side chain, which amino acid may
optionally be N-(1-6C)alky! substituted; or A and B together are the residue R’R*N-CHR®-
C(0)-; Y is -CO-NH-(1-6C)alkylene-C¢Hs, -COOR®, -CONR'R?, or Y is a heterocycle selected
25 from 2-thiazole, 2-thiazoline, 2-benzothiazole, 2-oxazole, 2-oxazoline and 2-benzoxazole.
In particular preferred are those compounds, wherein A is H, R-S0,- or RZOOC-(CHRz)...-; B
is a bond, D-1-Tiq, D-3-Tig, D-Atc, Aic, D-1-Piq, D-3-Piq or a D-amino acid having a
hydrophobic side chain; or A and B together are the residue R’R*N-CHR’-C(O)-, wherein at
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PCT/ EP97hiepeudently is (IAC)al}/c\ﬁ, %7-4%%31%!-50;— or HOOC-CH,- and R’ is (3-8C)cycloalky],
(3-8C)cycloalkyl(1-4C)alkyl, phenyl, benzyl, optionally substituted with chlorine or

(1-4C)alkoxy. Particularly preferred are those compounds wherein Y is a heterocycle selected

from 2-thiazole, 2-benzothiazole, 2-oxazole or 2-benzoxazole.

20 When AisR'-SO,-, preferably B is a bond, D-1-Tiq, D-3-Tiq, D-Ate, Aic, D-1-Piq, D-3-Piq or
a D-amino acid having a hydrophobic side chain; or A and B together are the residue
R’R*N-CHR’-C(0)-, wherein at least one of R* and R* is R!-SO,- and the other independently
is (1-12C)alkyl or R'-80;-; X is 2-azetidine carboxylic acid, proline, pipecolic acid,
4-thiazolidine carboxylic acid, 3,4-dehydro-proline, 2-octahydroindole carboxyhc acid,

25 ~{N{cyclopentyl)}-CH,-C(O)- or the fragment
(CH,) W\
2
7N |
-NH-CH N-CH»-C(O}- -NH N-CH,-C(0)-
o . or O

More preferred are those compounds wherein A is Ethyl-SO,- or Benzyl-SO4~; B is a bond, D-
Phe, D-Cha, D-Coa, D-Dpa, p-CI-D-Phe, p-OMethyl-D-Phe, p-OEthyl-D-Phe, D-Nle, m-Cl-D-



| east one of Rlerr] and Rlerr] is Rerr]OOC-(CHRLerr])[err]- or

R err] - S¥@s13w3and t he ot her independently is ( 1PCREPI/609BS
(2-12C)al kenyl, (2-12C)al kynyl, (3-8C)cycloal kyl, (7-15C)aral kyl,
R[err]-8qerr]- or R[err]OOC(CHR[err])[err] and R[err] is a

hydr ophobi ¢ side chain; Y is -CO NH (I-6€)al kyl ene- C[err]H[err]
-COORerr] and Rlerr] being H or (1 30 alkyl, -CONRlerr]Rerr], Rerr] and
Rl err] being independently H or (1- SC)aI kyl or Rlerr] and Rlerr]

50 s P BE SR OMERRE) 6%he: 5 agcﬂ"@ B 105edien S s ofesidie RN Glgoon, i
R er r ] OGhérettRitaédst bheof R? and 'I@WEEB#—EO@- b Béniyi-8 zDQn@ﬁiedoth&Vth&gﬁdenﬂy is

hydr ophobi ¢ si de chain; and B together are the res

Rl er r] R &-12QalkyRiarr R}-SQz0)and Rhds e(mscacyamkxl mmdwwqrmm ephiehyi, s

(1150 bRy poeingiibly PRt srint S o, st v chorine or

Risrr]- Séi{%falkox?r Nb& b}ma Q& fokd )Joﬁ{prohnds mréinl Y 35 AR INHLRSH,-CeHs,

carboxylic acid proling, plpeco ic acid, 4-thiazolidine

car boxyl 1@&&1&}1@%@%%@%3& D&’ and BEtbahgdndnpeddérely H or (1-3C)alkybox Rl i c

acid or - Q) gycloal ky, S referr re co ounds

wher ei n #‘NR" §g°ﬁ¥ ‘?—R&I.ééggmy%“% Cé}%h’é [ﬁ@fg d?&“"g%

p-a -D- %mmaﬂ-oﬁza%r NbédzbRazote. D- Phe D-Ne, mCl- D Phe

3, 4-di - Ovke- D- Phe, IﬁChg; or A and B together are the residue 15

R er r | R Most preferatfly r is| L 0t compmendsiof farnuladast one of R{err] and Rerr] is
-CH err]- and the other i ndependently is (1-4C) al kyl,

(1-4Cal kyl-SOerr]- or HOOC-CH2- and Rerr] is (3-8C)cycloal kyl,

3-8C . em{gg , I Pﬁ,t‘éd‘, h
f:hl or |) ﬁgﬂéér)ﬂ Mk&ﬁnﬁ@éﬁﬂ:id oxgh’ k}gaﬁﬁ:ﬂ?lﬂna?%é%%?é% ?ing; e h‘gg?ouw
tREp:

conpoundesedtie peptidey. $l§t8él tecting groups can beifound in T.W. Green and PiGiVD| Wts:

2-b L& Goa
frorr] R clads 3 Dfes SyBefS SAonT EdRon Qi 15F. dob, andip The
D- 1- Pi q, Péptitiet)i A]mﬂj’(sxs, Synthesis, Bxdn:gamvm 3@, dGHRY ahd J2 MeiéhhoROBUE, §AERIemic

chai n; or A and B toglet her are the residue

RA&r r | R] Bress, DiewrMpdk.1P88.0) -, wherein at | east one of Rierr] and Rlerr] is
Rlerr]-SOerr]- and the ot her i ndependent |y is (1-12Q) al kyl or
Rlerr]-SOerr]-; Xis 2-azetidine carboxyl | c acid, proline, pipecolic acid,
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20 or aromatic 6-membered rings, and which 5- or 6-membered ring consists of carbon atoms and
optionally one heteroatom selected from N, O and S. Preferred D,L a-hydroxyacetyl groups are
2-hydroxy-3-cyclohexyl-propionyl- and 9-hydroxy-fluorene-9-carboxyl.
The term (1-12C)alkyl means a branched or unbranched alkyl group having 1 to 12 carbon
atoms, such as methyl, ethyl, t-butyl, isopentyl, heptyl, dodecyl, and the like. Preferred alkyl
25 groups are (1-6C)alkyl groups, having 1-6 carbon atoms. More preferred are (1-4C)alkyl
groups. Most preferred in the definition of R®, R” and R® are (1-3C)alkyt groups, having 1-3
carbon atoms, such as methyl, ethyl, isopropyl.
A (2-12C)alkeny! group is a branched or unbranched unsaturated hydrocarbon group having 2
to 12 carbon atoms. Preferred are (2-6C)alkenyl groups. Examples are ethenyl, propenyl, aliyl,
30 and the like.
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Phe, 3,4-di-Owe-D-Phe, D-Chg; or A and B together are the residue
Rlerr]Rerr]NNCHR[err]-C(O) -, wherein at | east one of R err] and
Rlerr] is Ethyl-Sqerr]- or Benzyl-SJerrf- and the other independently is
(1-12C alkyl or Rerr]-SOJerr]- and Rerr] is (3-8C) cycl oal kyl,

(3-8C) cycl oal kyl (1-4C) al kyl, phenyl, benzyl , di phenyl net hi nyl,

whi ch groups are optionally substituted with chlorine or 5 )

(1-4C) al k M.temékgﬁ)a@ﬂéme)éae@ﬁ 8 btfmﬁi?eéj ) nmvﬁé #lkgicas group; having 1 to 6 carbon:
- CO- NH- CH - . r i - Cli ks

-CONR] err ﬁ:\é&r S .]ghe%‘kg%%i F e?r 1sbletlon%; -|Cn etg?;fdent Y h(%l;lg?,l'ﬁ%grgﬁe{(rﬁi ag?r lene
E[ter r] Igroupslin aituﬂcjeli?hich]oé‘ff)?gtdmldemmme(tm&@) al kyl etnﬁ_, orI Y i Z a I
eterocycle selected from 2- azol e, - henz i azol e, 2-pxazol,
or 2- bons dkkadpElalkynyl group oz ragehad.on, gokranched %‘19'{%3 B ETOR Soptaaing  a triple
: Lo ], . . . ot A
orrgl a bx?:@ and havu?@%ta_ h$ cmi‘b%%&ﬁip'l’i'&‘cﬂas e (Q«%Cj@icyése }ﬁgﬁddg%pt. gg&fh%)‘l 'afld

of noiety 'S any rotecting grou

Sui t abl e ropymiylecti ng groups can be found in TW Geen and P.GM Wits:
Protective oups i.n Organic Synthesjs, Second Edition (\WIey, NY, 1991
and in Thé g-l‘*e)awlw@mae@,m Potely °f§ﬂﬁt‘ﬂe‘§(E‘%",“%ﬁ”BF- aryjgroupsmay fugther

d J. Mei ) R, \/
The ter m Gonast G oF e HERTARMS shch oy N, 5, S0 Bablifes Gyt i arc phenyl,
fo (rj mul ad narhthyl, (iki(H)qﬁﬁbbd,rix]ldingl; :i_ld tt(e_(l?jce, Moﬂquefh rprefe rreRilés[ethe bhenyﬂﬁﬁppr r

epende re a r obj.c side chain, or rr] a )
'RFeWF ] togéﬂﬁéﬁfv% g‘&gﬂ%ﬂﬂ%ﬁ@r BEPUPS e akvicnd sa"}sw{]cmwsy respeetiyely,
th . . . ' . ,
U1t O Ses by BB ok ary g 4 GH el SRR kg T 3 ke
het er oat onto 46| eespaetivelyom N, 0 and S. Preferred DL [err]-hydroxyacetyl

- hydr oxy- 3- cycl ohexyl - i opyl -, and .
9 byt oy e g (LSS TRkbE, Bpkns an dikoxy Brobig iR, -8 arbse oy, theallstk moiety of
|

branched thiémm‘ﬁ,%{“gqln& las EQAGusiiAdenRgd.! to 12 carbon at ons,
such as nethyl, ethyl, tbit%ty , Isopentyl, heptyl, dodecyl, and the like.

Pr ef%er r ed HEiek yermp {3-8C)cyclaptkyd pmeanse a( eyl kgroupr baving 3k8 v¢atbpnl -atomgr being
atorms. Nbrcgc ogagpe R rc%glogxrngl,(cly_cﬁ)%)e%lykyclyclohexyl, cycloheptyl or cyclo-octyl. Cyclopentyl and
cyclohexyl are preferred cycloalkyl groups.

The term halogen means fluorine, chlorine, bromine or iodine.

The term ester derivative means any appropriate ester derivative, preferably (1-4C)alkyl-esters,
20 - such as methyl-, ethyl- or t-butyl-esters.
The terms 1- and 3-Tiq mean 1,23 4-tetrahydroisoquinoline-1- or -3-carboxylic acid,
respectively; 1- and 3—Piq are 1- and 3-carboxyperhydroisoquinoline, respectively, Atc is
2-aminotetralin-2-carboxylic acid; Aic is amino indane carboxylic acid; Phe is phenylalanine;
Cha is cyclohexylalanine;, Dpa is diphenylalanine; Coa is cyclooctylalanine; Chg is
25 cyclohexylgtycine; Nle is norleucine; Asp is aspartic acid.
The term hydrophobic side chain means a (1-12C)alkyl, optionally substituted with one or more
(3-8C)cycloalkyl groups or (6-14C)aryl groups (which may contain a heteroatom, e.g. nitrogen)
such as cyclohexyl, cyclo-octyl, phenyl, pyridinyl, naphthyl, tetrahydronaphthyl, and the like,
which hydrophobic side chain may optionally be substituted with substituents such as halogen,
30 trifluoromethyl, lower alkyl (for instance methyl or ethyl), lower alkoxy (for instance methoxy),
phenyloxy, benzyloxy, and the like. '



groups. Mst preferred in the definition of- Rlerr], R7 and R err] are

(1-3C) al WP 9FBWIPs, having 1-3 carbon atons, SuchCHEPY®G0B3S ,
ethyl, isopropyl. A (2-12C) al kenyl group is a branched or
unbranched unsat urated hydrocarbon group having 2 to 12 car bon
atons. Preferred are (2-6C)al kenyl group®. Exanples are ethenyl, propenyl,
ally), 30 and the |ike. - WD 97/ 31937
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containing a,triple. .5 ond and having 2 to 12 carbon atons.
Preferre?f‘g F@‘{“ZR’G%JPJ\" Mhedlli‘ﬁups such as et hynyl and propynyl .
A §6- 14Crpaw anSiﬁGH&dk Brefor Eah 2-%:&&:@&:&&? &, Polff! g@gc ; Iﬂ.ﬁp&f y!

group may” furt tain one or ro at

or d0 :Exh-wptb@sytﬂ‘mwclogﬂmups(pmfera}bb«é g, ISﬁ or 6C) ﬁapbéﬂiﬂlhe (arbmbyﬁw ﬁﬁﬂ,yl
i ndan i ed is fhe roup
(7- 15%) A‘f’a\r’1 “J&H}? Wg"%)a&?"g &%‘ﬁ?‘lr' -BIRliae, '} gmha{fimgnle gabapic

respecti Yy, uf.ed ?ﬁe{? o) Lot a
nunmber o?&%araggnthaet cl)‘r}?g E’éﬁ‘;’b &E % ‘gﬁ% &;Mﬁc aécty% %&‘9 s%é%?, %/é’
The ter m-@hlaﬁmdaielcaxbommv\?;d 3r|::4-gbhydxypgﬂmu mmmmymmdowm?:@ﬁga?d tge
i C vi ng .t ani ng. as i ously define 15

7\ f nie erBaradrug mrny b CHERASRLInGYuF e AR YRGS YARATHIS O camponnd of
atoms CMGC V. Bﬁﬁﬁ' exyl,
cycl ohegtﬁi‘/’ili]‘g g‘rl :gggotgctg%% 99%3’2?‘ %ﬁhﬁ%%ﬁw or {1 Gtﬁ cy ?’%ﬁe@y?‘%ﬂé
preferred cycl oal kyl groups The term hal ogen neans fl uori ne,
chl ori ne,, brom n i od | The termester de t|v rreans any
pbropr The iantien Hrther qpdlides 3,pecers i Presanepan pypPostlrt foria 1 imcdpe
as net hy I Rl ) I BSllobred an
1 2,3, 4 baup rhg%% Suidbly prottéedd wiilcPddids or aming g aad ?'gal%% g W'é"&& tte

15 protective groups.

The compounds according to formula I may be prepared in a manner conventional for such
compounds. The modified amino acid having an alkynylamino side chain is introduced in a way
similar to methods known for other amino acids.

20 To that end, suitably Na protected (and side-chain protected if reactive side-chains are present)
amino acid derivatives or peptides are activated and coupled to suitably carboxyl protected
amino acid or peptide derivatives either in solution or on a solid support. Protection of the -
amino functions generally takes place by urethane functions such as the acid-labile tert-
butyloxycarbonyl group (Boc), benzyloxycarbonyl (Z) group and substituted analogs or the

25 base-labile 9-fluorenyl-methyloxycarbonyl (Fmoc) group. The Z group can also be removed by
catalytic hydrogenation. Other suitable amino protective groups include Nps, Bmv, Bpoc, Msc,
etc. A good overview of amino protective groups is given is given in The Peptides, Analysis,
Synthesis, Biology, Vol. 3 E. Gross and J. Meienhofer, Eds., (Academic Press, New York,
1981). Protection of carboxyl groups can take place by ester formation e.g. base-labile esters

30 like methyl- or ethylesters, acid labile esters like tert-butylesters, or hydrogenolytically-labile

esters like benzylesters. Protection of the alkynylamino side chain may be accomplished by



respectively; 1- and 3-Piq are 1- and 3-carboxyperhydroi soqui noli ne,

respecti vilasrAbsr is - 2-aminotetralin-2-carboxylic RETEPINPW3P

am no indane carboxylic acid; Phe is phenylal ani ne; Cha is

cycl ohexyl al anine; Dpa is di phenyl al anine; Coa is cyclooctylalanine; Chg is
25 cycl ohexyl gl ycine; N e is norl eu8i ne, Asp is aspartic acid.

The term hydrophobi c side chain neans a (1-12C)al kyl, optionally
substituted with one or nore (3-8C) cycl oal kyI groups or

SUch b CUENG HEPRrerTaRBed BloHPs. BRLTHEn O edRryT Richp, i e Shtably protected
tetrahydr h&& 4, oraﬁﬂ)tng@ cah K@ke place by theizide, "%9&9 PAHMRHEd 'El:ﬁtveh@été}‘ gy

optionall e su stlt wi th substituents such as hal ogén,

trifluor ocarbbxjdmndé anethody| éspecigliyo thhnﬂkaxdﬂaxmeoﬁyatabmceqrddytmnﬁmum—wntmmg
f

.6\0057} gigg&%gour;%ts e)ﬂhydroxybenzotnfzoﬁe iq Ry&lmxﬁﬁgczx% 3!(3: 3-h roxy xo~k.’$ 4-dihydro-
PCT5EP97/ N-hydroxy-5- 2,3-dicarboxjmide. §

In téhe de?’ghltlons t he te}l wxgbsstnﬂbt?tr%eé‘e.rreanlsc oxt)stlctutegd B one orep d§s
subst i t ueAalysis, SynthesstBldn;gye(seachbmfa)/anﬂfm'elaaé iAppliediEhertha59(3 3138 143dd (1987).
exanple, but not limted to, arginine and |ysine, preferably
arginine. The termam no acids having a neutral side chain refers to am no

aci ds sucCirpe compo undsdT tHEDERTUNN @ hitth! AR B8 iR fe (*oﬂﬁ o 'akt?ee ba§e, ay be fsSfatddfrom

am no acids are or exanple 2-azetidine carboxylic acid, proline, pipecolic
aci d, 1- athenreaction mixture ih-thefoom yof (Bpm)ngmnmﬂlwmp(ableeﬁhr Myphéﬁladiﬁtrally

S4B B i o A o i ey B g T O e o
aci d, and; ﬁgggmkd kGd sBERGS ms,&%geﬁ %hn%naé,eﬁ,»ﬁbg&xs‘%w@é yH)’d‘Eog%ﬁ' fddide Qlifift acid,

pipecolic t hi"azol i di ne car ylic aci
3, 4- dehydpboqphom rmtdandcezacoecxdhmtopme lacidc cglysofig| md,aamalmc 18cid, maloni¢)eacid,

o i R el b Sl g3 Dok o

(1-60 al kﬂﬁ@brﬁiéa&& 6C) al koxycar bonyl group. The i nvention
further includes a process for preparing a conpound of fornula I, including
coupl i ng of suitably protected ami no acids or am no acid anal ogs, followed

by removi e comp%unds of this mven‘t:'ccntl 'p\tl)gsegs Oné’or more chirat carbon atoms, and may therefore
be obtained as a pure enantiomer, or as a mixture of enantiomers, or as a mixture containing
diastereomers. Methods for obtaining the pure enantiomers are well known in the art, e.g.
crystallization of salts which are obtained from optically active acids and the racemic mixture,

20 or chromatography using chiral columns. For diastereomers straight phase or reversed phase

columns may be used.

The compounds of the invention may be administered enteralily or parenterally, and for humans
peeferably in a daily dosage of 0.001-100 mg per kg body weight, preferably 0.01-10 mg per kg
25 body weight. Mixed with pharmaceutically suitable auxiliaries, e.g. as described in the standard
reference, Gennaro et al., Remington's Pharmaceutical Sciences, (18th ed., Mack Publishing
Company, 1990, see especially Part 8: Pharmaceutical Preparations and Their Manufacture) the
compounds may be compressed into solid dosage units, such as pills, tablets, or be processed
-into capsules or suppositories. By means of pharmaceutically suitable liquids the compounds
30 can also be applied in the form of a solution, suspension, emulsion, e.g for use as an injection

preparation, or as a spray, e.g. for use as a nasal spray.



The conpounds according to fornula | may be-prepared in a manner

convent i oM@978187 such conpounds. The nodified an ROTEEPT0938/i ng an
al kynyl am no side chain is introduced in a way simlar to methods
known for other am no acids. 20 Tq that end, suitably Nerr]

protected (and side-chain protected if active side-chains are present)
am no acid derivatives or peptides are activated and coupled to suitably
car boxyl protected am no acid or peptide derivatives either in

sol ution | 1, r i = am no
Funct i onEomaRng iBec bntd P iblestl Bk BE} pAUAn0Roriol adlihis sych a5 s, Elbrates
aci d- | abpblgmieri¢ thinders and the liké jis cantemplacedy [In Qeneral @hlp pharniueatidalty \aeaéphstiy |
(2) groug nd s ,bﬁti tuted anal ogs, qr fhe 25 . base-lahile

9-fl uore ‘}‘ﬁ‘-‘YPe‘f’H‘s? gestant F’e(‘lﬂﬁ'bgf functigp of thecactive compounds can beussd. r enoved
b : airetd Gidhy dhRdemat & r o < 7] t iLye groups
i %cl ude B%a,s?@an, B'J)pgvé%&yl\/sc, the éd?ﬁbosgéopg .“'Zlug?og‘g*“@‘vé’ﬂ?%/‘?g“v‘v’% %%14% § 3, P
pr 6t ect i vellulpse dprivatives andetheilike gorumixnires thereofLaBéd ifanitable amponts., '

Synt hesis, Biology, Vol. 3 E. Goss and J. Meienhofer, Eds., (Academc

Press, New York, . 1981). Protection of carboxyl groups can take

pl ace by ester formation e.g. base-labile esters 30 | i ke nmethyl- or
ethylesters, acid labile esters like tert-butylesters, or

hydr ogenol ytically-1abile esters |ike benzylesters. Protection of
the alk | am n i de chajn may be acconplished b WO 97/ 31937
PCT/ Ep9¥%9§ggm?onsis gunher ?llustrate% by the &%o%g examples.y 9
ugpng the aforenentioned groups. Activation of the carboxyl group of the
suitably protected am no acids or peptides can take place by the -
azi de, nEXAMBDESdri de, active ester, or ~carbodi i mi de net hod,
especially with the addition of catalytic and racenization-suppressing

conpounddhe j teem 1-LysianyRV (PG OIGH., oL ysining1Me oangds u cEysininyl@-thiazolyl) mean a

3- hydr oxye-sgf 3 | - 1, 2, 3-benzotri azi ne,
N- hydr oxy- P%é?gg}'ﬁgﬁt%, %‘%ar boxi m de. See, e.g. The Pepti des,

Anal ysi s, Synt hesi s,NBol ogy (see above) and Pure and Applied Chem 59(3),
331-344 (1987). The conpounds of the invention, which can be in
the formof a free Rase, may be isolated from

-NH-CH-C(0)-Y
15  wherein
Y = COOH, OCH, and 2-thiazolyl, respectively.
Azt = 2-azetidine carboxylic acid, Boc = tert-butyloxycarbonyl; Cbz = benzyloxycarbonyl; Bzl
=benzyl.

20 EXAMPLE |
HOOC-CH,-D-Cha-Pro-Lysininyl-(2-thiazolvl).
(a). 1-Amino-4-chloro-2-butyne hydrochloride
25 1,4-Dichloro-2-butyne (73.8 g) was dissolved in chloroform (600 mi). Hexamine (84.0 g) was

added and the reaction mixture was heated under reflux for 2.5 h and then cooled for 24 h at

5°C. The hexamine complex was filtered off (220 g). A solution of the complex in ethanol (1 1)



the reaction mxture in the formof a pharnmaceutically acceptable salt. The

phar naceuwcewiigs710 racceptabl e salts may al so be obtai BIHOBS: i ng
the free base of formula | with an organic or i norgani ¢ acid such
as hydrogen chl oride, hydrogen brom de, ggdrogen i odi de, sulfuric acid,
phosphoric acid, acetic acid, propionic id, glycolic acid, maleic acid,
mal oni ¢ aci d, nmet hanesul phoni ¢ acid, fumaric acid, succinic acid,
tartaric acid, citric acid, benzoic acid, and ascorbi-c acid. 15

The conpaounds. of. £hig ,i v ' SS: mﬁlﬁ - cal

and may t‘ﬁ%‘r%‘%ﬁem 21 & %?%W%gﬁged%gsngn%ﬁ e enan #’%@r‘é?&gé??gss@m ©
mi Xt ure Qire@ipitdiéd Qidichiuf! chieride Waxtfilteped” Offf andiithg filtrate was cbnoaitfated whder.
‘Met hods for obtaining the pure enantiaqners are wel I?}movvn in the art, eqg.

cryst al | ireduced pressureyntil caystalbzation wastingipient. fAdgitianef disthyletber then: presipitatedn d

t he racen kXUl @ . 0 ? | ' SOl
i ast or cone PEREbHfds, 5 yamino-4¥hich 2Ry TRBH el BRI Bl S
usesl. 1-amino-4-cHib®-Z-bitae hydroghlotide(SaMsegdt i on may be admi ni stered
enterally or parenterally, and for humans preferably in a daily
dosage of%@%ﬁm,ﬁﬂ%ﬁh dighlpeamethanefmathanel/anter J9(30/DvlyM- 10 ng per kg 25
body weight. Mxed with pharnmaceutically suitable auxiliaries, e.g. as
described in the standard reference, Gennaro et al., Rem ngton's
Phar ITHCEL(b). alA c&olamiroed-chioid®Dibutyhe, Mack Publ i shing Conpany, 1990,
see especlally Part 8: Pharnmaceutical Preparations and Their Manufacture)

t he l-r\smmﬁvblngq@—bmnmbydtgﬁmiméaf Sngwas |dissotyed dmd Ou¥i agueous; sodivm
rs, ! i as B
Peibe of MatsoiionB38 5 b cetats (500.mj) Uaf a6REE Uhd Bcllc FHPRAR OB/ 1 3pas.”

be appl i eslided drdisviéesrroo rmpetatireOA, 25%sRRiR6L Sodieridcsiatesol@ich whoaddedaoas

an injectign .preparation, or ,as a spray, e.g. for use as a nasal
spray. PHS and the solytigngwassstyred for 30 min at room temperature. The ethyl acetate layer was
PCT/ EP97/ the

For ki rigPaaled and the aqueoys layer way extracted twice with ethyl scetate, The pombide) orgasic
such as flaydrewere washed adthavater, brine anddriedrover sodiim dalphatafiltdrbd and &@pbfated in
contenpl ated. | p._general any pharmaceutically acceptable addi tive
whiteh doedcupyreiding}-pestya chlerg-Zrbutyng 8s ayellovs syupi(38 8@ rpounds can be

used. TLC : R¢=0.99, silica gel, dichloromethane/methanol/water 70/30/5 v/v/v.

20 (70 mi) was added dropwise absolute ethanol (70 ml). The mixture was allowed to warm to
room temperature and a solution of diethyl aceﬁmido malonate (20.5 g) in dioxane (70 ml) was
added dropwise. Sodium iodide (9.07 g) was added and a solution of 1-acetylamino-4-chloro-2-
butyne (11 g) in dioxane (140 ml) was added dropwise at room temperature. After addition of
another 100 ml of ethanol the mixture was refluxed for 2.5 h. The reaction mixture was cooled

25 and the precipitate formed was filtered off. Purification using chromatography on silica (eluent:
ethyl acetate/methanol 9/1 v/v) yielded acetamido(4-acetamido-2-butynyl)-malonic acid diethyl
ester. (15.9 g).

TLC : Re=0.25, silica gel, ethyl acetate.

30



s T me r RS e BT TTNERAAINA & rmler” e 0

Suitable carriers with which the conpositions can be adm ni stered incl ude

| act ose, w9375 cel lul ose derivatives and the |ike, pOr/Erd7dodsses

t hereof, used in suitable anpunts. The invention is further

i 11 ustrat ed by the follow ng exanples. 10 EXAMPLES The term
~Lysininyl[err][COCO - OH, -Lysininyl-OMel&8nd - Lysininyl - (2-thiazolyl) mean
a resi due of the follow ng fornul a: [err] 15 wher ei n

Y = COOH, OCH err] and 2-thiazolyl, respectively. Azt = 2-azetidine

car boxy | (G 35k SRl Syl P RHSHGI . e aHEANRGYEE oY B2
HOOC- CH| eXdelantidéi32adetamibiy-2Liitily-indionit agial diethy! ester (7.64 ) (vaas diksolved in a
- Ami no- 4- chl or o- 2- but yne hydrochl ori de 25 1, 4-Dichl oro-2-butyne (73.8

gé dwgs dimaixtire of acetic Brid (370 mi) (asdoa 6M hydroghleris cacidssolgtion (390 ml), and heated

ool ed 1 Greafah 4855 T Hiklufe W3 cORGBR e 1 Shals” Tpkfradlle as e By

(220 g) . efhandl/whaiep VieMing o6-dRiithe-a-RexyRdibade] dihjddochloride as a crystalline powder
(4.0 ).

(). Boc-Lysininyl(Cbz)-OH
Copper(I)sulphate pentahydrate (287 mg) was added to a solution of 2,6-diamino-4-hexynoic
10 acid dihydrochloride (500 mg) in 17 ml dioxane/water 3/2 v/v and the pH was adjusted to 9 by
adding a 2 M sodium hydroxide solution. N-(benzyloxycarbonyloxy)-succinimid (573 mg) in
dioxane (10 ml) was added dropwise at room temperature along with a 2 M sodium hydroxide
solution to keep the pH around 9-9.5. After the addition was complete, the reaction mixture
was stirred overnight at room temperaturé. The mixture was filtered and the thus obtained
15 precipitate was suspended in dioxane (20 mi). Di-tert-butyl dicarbonate (500 mg) was added
and the pH was adjusted to 12-13 by adding a 4 M sodium hydroxide-solution. The reaction
mixture was stirred overnight at room temperature. The mixture was filtered and the filtrate
was diluted with water. A 4M hydrochloric acid solution was added until pH 2 and the
waterlayer was extracted twice with dichloromethane. The combined organic phases were
20 washed with water and driéd over sodium sulphate and the solvez;t was removed by evaporation
yielding Boc-Lysininyl(Cbz)-OH (540 mg).
TLC : Rr=0.70, silica gel, ethyl acetate/pyridine/acetic acid/water 63/20/6/11 v/iviviv.

(). Boc-Lysininvl(Cbz)-NMeOMe

iS N, O-dimethyl-hydroxylamine hydrochloride (363 mg) and [L(lH—benzotriazol-l-yl)--l,1,3,3-
tetramethyluronium tetrafluoroborate] (1.2 g) were added to a solution of Boc-Lysininyi(Cbz)-
OH (1.4 g) in dichloromethane (50 ml) and the pH was adjusted to pH 9-10 by adding N,N-
diisopropylethylamine. The reaction mixture was stirred for 1 h at room temperature. The
mixture was washed successively with a cold 2 M hydrochloric acid solution, water, 5 %

30 aqueous sodium hydrogencarbonate solution and water. The organic layer was dried over
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concentrated hydrochloric acid (180 m). The ~ precipitated amoni um
chloride was filtered off and the filtrate was concentrated under

reduced pressure until crystallization wads incipient. Addition of

di et hyl ether then precipitated t he hydrochl ori de of

| - am no- 4- chl or o- 2- butyne Recrystal lization from et hanol / ether afforded 5
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was tirr itk erature. The ethyl acetate |ayer was
separ at ed,~a e aqueous ayer was extracted twice with ethyl acetate.

The conbi madolntigm of @-bromothiazold {lyZ# g) icdiethylathier (1 Ovmihwas added dropwiseana cold
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di oxane (70 mi dropwi se. Sodi um 1 odi de . g) was
added and maxbdutw:ﬂnd:othykﬂméﬂw mbu organio layees were washed “bt!t\ymr (driedcgver n

di oxane (14 dr,0 vvlse oomte era Af t er addjtion..of
anot hor 106 tyibale Hiered s Rbeb el THORRH TRE S AH by dirapRacoiabln 0B iy,
m xture Vggluea? Ml acetate/heptane l/l v/v) to yield Boc-Lysininyl(Cbz)-(2-thiazolyl) (1.21 g).

15 TLC : R¢=0.72, silica gel, ethyl acetate/heptane 3/1 v/v.

(h). H-Lysininyl(Cbz)-(2-thiazoiy). TFA

Boc-Lysininyl(Cbz)-(2-thiazolyl) (1.21 g) was dissolved in trifluoroacetic acid (TFA) /

dichloromethane (15 mi; 1/1 v/v) and stirred for 1 h at room temperature. The crude amine was
20 isolated as a yellow oil in quantitative yield after removal of the solvent by evaporation, and

used immediately to  prepare = N-Boc-N-(tert-butyloxycarbonylmethyl-D-Cha-Pro-

Lysininyl(Cbz)-(2-thiazolyl).

TLC : R¢=0.28, silica gel, ethyl acetate/pyridine/acetic acid/water 63/20/6/11 viviviv.

25 (i). H-D-Cha-OMe HCI
To cold (20 °C) and dry methanol (195 ml) was added dropwise thionyichloride (28 ml). H-D-
Cha-OH.HCI (40 g} was added and the reaction mixture was heated under reflux for 5 h. The
n_ﬁxture was concentrated in vacuo and coevaporated with methanol (3 times). The residue was
crystallized from methanol/diethylether yielding H-D-Cha-OMe HCl as a white crystalline
30 powder (40.9 g),
TLC: Ry= 0.66, silica gel, n-butanol/acetic acid/water 10/1/3 viviv.



25 . and the precipitate formed was filtered.off. Purification using

chr omat ogwapémysiesr silica (el uent: et hyl acet at e/ naicR 708438 v/ V)
yi el ded acet am do(4-acet am do-2-butynyl)-nmal onic acid diethyl

ester. (15.9 g). TLC. Rerr]= 0.25, silica gel, ethyl acetate.

30 WO 97/ 31937 14
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(d). 2.6-D am no-4-hexynoic acid di hydrochloride (H L sinine:
di hydroch] ori de Acet am do( 4- acet am do- 2- but ynyl ) - mal oni ¢ aci d
di et hyl d8k Ne(t{B yirpethydyD-Ehia-OMe m xture of acetic acid

140 6\ hyelr ochlori ¢ aci.d sl Ut q d
ver ni ghi 0Bl ais Gl Faf e B4 shREL HobtRL P EtR O R 0 e dne
was crystavol inf ff deefoitrife. The pHES @iROMIxAGeWas/ hjusleddo 8.5 with N,N-diisopropyl-
2, 6-di am no-4- hexynoi ¢ acid di hydrochl oride as a crystalline powder

(4.0g). ethylamine. The mixturganasstised for/l6(howrs at@pom temperatureyphavapotajesliih yacuoe
end ahydrgte (.287 . ded, + 0 a sol uti,on of 6- di am po: 45 hexynoic, 10
Ber 1™l nydiecitifey 8 opSBed s aihfotormetfions #oihe Bolufion was Srasher Witk wHte dFiedas
adj ust ed dnosodi evdfidrated th vackbS CH mg{p ' [

N-J(benzyl oxycﬁ)gtﬂplll%ixqsucci ni mﬁ::l (573%ﬁn ﬁ%bdé‘r %%%&?ﬂe’rﬁﬂ;ﬂ
was addeccenateiHi (@/{'hsavecﬁﬂm oENt-butylexycarbonyimethy-DrChai@Medi um hydr oxi de
sol ution ) e.pH araoun -9 b5 Aft the addition was conplete, the
reaction %‘bﬁ%ﬂhg’ s'ﬁ)cag%i’\ﬁqug%t?tszﬁp‘@{}%‘mivéﬁt at roomterrpera[rﬁre. The

m xture was filtered and the thus obtained 15 preci pitate was suspended
i n_di oxane D -tert-butyl carbonate (500 ng) was added

antP t he (- JDicét-Buat sarbonylmethyl-NrBogiCha-OMe M sodi um hydr oxi de- sol uti on.
The reactqn a1 Xt Wr tirred ov ' at..\ro t eratuce.
The m xt (1B BHsof i bl S0 KBS0 Ryl il By NS ek i B ik
A 4M hy drdicitbstiate” (463 0)Sinl NUNUimb§Ifeeatdd/ (800 nl)wasdtustddeto 8.5 with N)N-

wat er | ayer, was extracted twi ce wth dichl oronethane. Thé conbi ned organic
phases wediisopropylethylamine. The mixture was stirred for 16 hours at room temperature. The solvent

was removed in vacuo. Dichloromethane and water were added to the residue. The organic
15 layer was separated, washed with cold IN hydrochloric acid, water, 5% sodium hydrogen

carbonate and water. The organic layer was dried on sodium sulphate and the filtrate was

evaporated to an amorphous solid of N-(t-Butyloxycarbonylmethyt)-N-Boc-D-Cha-OMe with a

yield of 59.6 g.

TLC: R=0.50, silica gel, ethyl acetate/heptane 1/1 v/v.

20
(1). N-(t+-Butyloxycarbonylmethvi)-N-Boc-D-Cha-OH
A solution of N-(t-Butyloxycarbonylmethyl)-N-Boc-D-Cha-OMe (59.6 g) in 900 ml of
dioxane/water 9/1 (v/v) was treated with sufficient 6N sodium hydroxide to keep the pH at 12
for 6 hours at room temperature. After acidification, the mixture was poured into water and
25 extracted with dichloromethane. 'The organic layer was washed with water and dried on

sodium sulphate. The filtrate was evaporated and vyieldled 54 g of N-(t-
Butyloxycarbonyimethyl)-N-Boc-D-Cha-OH.
TLC: R=0.60, silica gel, dichloromethane/methanol 9/1 v/v.

30



20 washed with water and dried over sodi um sul phate and the sol vent

was renovee dnsigarapor ation - yi el di ng Boc- Lysi ni nyl (CSFEPTIHOPINO

ng) . TLC. Rerr]=0.70, silica gel, ethyl acetate/pyridine/acetic
aci d/water 63/20/6/11 v/v/v/v. (f) Boc- Lysi ni nyl (Cbz) - NMeOVe 25
NO- di net hyl - hydr oxyl.am ne hydrochl ori de (135’63 -nmg) and

[ 2- (] H-benzotriazol-1-yl)-1,1, 3, 3- t et r anet hyl ur oni um

tetrafl uoroborat e] (1. 2 g) were added to a solution of Boc-Lysininyl (Chz)-

OH (1.4 it H was adjusted to pH 9-10 by
addi ng N%-)m) J}\ et q:hta ‘preactlon m xture was stirred

for 1 h aA sbmnﬁhtdfm-mxwl@qcﬁben lmethyl)-N—BBaDeEI&M(l\wa.‘sb)ad\ 200k acetomitrile
with a cold 2 Mhzdrochl oric_acid so]ution, vvater rh’é aqueous
a

sodi um hyWabgHEaER hovish e Nebydroxpricsnimida .1 TE: ap -¢1ay$ryimonrppxllr3-

over
- BCT/ EP97/ ﬁwggbodnmﬁph%tlo%ﬁl%%e (6.84 g) overnight at room temperature. The reaction nnﬂn

SOdf UM S Wivits ¥apordted t@ﬁ%eﬁlﬁxﬁlﬁﬂ@ﬁdﬁ@dm%ow iinfl ethyhvacetster Theé a%a?w phas
ViV

chr omat ogr aphy on silica (eluent:; ethyl acetate/ hept ane

t oI yi el d wagwashsd m*ﬁwe@bzqnthpm@@q‘qimyrlpgyte agd concentr(am)éco affiord-thg aptive ester,
silica g v/ v g
Boc- Lysi %nﬁ}%dﬁﬁg%aazo y st 6 A sol ution of 2-bronothiazole

(1.78 g) in diethylether (10 m) was added dropwi se to a cold
(- 78[err]C§ stlrred solutlon of nbutyl I|th|um 10.9 mmol ) in diethylether
(10 m)( ik Lt aa-BE-NLt j rred at -78[err]Cfor

SOy RO PR £ BSTYB, p o o e

[err] C f cgdjddled to 8 with 11 N &sdiurh h%mwmtmdwueaeha&mqenumﬁmﬁab@lmhﬁ)-
sol ution was added. The m xture |l owed to warmto room

t enper at NeB %E‘Q%QS&y dissolygd ia 15°9p'&’r ﬁf@&q‘dmhﬁﬁl@éﬁ%dep H‘S’é addgd-dropwise. The
t t

vator. " arreBbhch s o bdiight b fodrR EHnRS Al foplE: & T Racifoh iR s thdith

resi due vafd fdjistdd ROpHY% ZTHihTENGFdAithloreackd. The aqueous layer was extracted with ethyl

15 acetate. The organic phase was washed with water, dried over sodium sulphate en evaporated

in vacuo. Silica gel purification, using a gradient ethyl acetate/methanol 9/1 — 1/1 (v/v)
afforded 11.0 g of the desired dipeptide.
TLC: Re= 0.81, silica gel, ethyl acetate/pyridine/acetic acid/water 163/20/6/11 viviv/v.

20 (0). N-Boc-N-{tert-butyloxycarbonylmethyl)-D-Cha-Pro-Lysininyl(Cbz)-(2-thiazolyl)

' N-Boc—N—(tert-butyloxycarbonylmethyl)-D-Ch#—P’ro—OH (1.31 g) was dissolved in dry N,N-
dimethylformamide (15 ml). After addition of triethylamine (750 ul), the reaction mixture was
placed under nitrogen and cooled to -15 °C, Isobuty! chloroformate (352 ut) was subsequently
added and the mixture was allowed to stir for 15 min at -15 °C. H-Lysininyl(Cbz)-(2-

25 thiazolyl). TFA (1.15 g) was disolved in dry N,N-dimethylformamide (10 ml) and added
dropwise to the cold mixed anhydride solution, maintaining the pH at 8.5 by addition of
triethylamine. The reaction mixture was stirred for 30 min at -15 °C. The reaction mixture was
evaporated to dryness. The residue was dissolved in ethyl acetate and successively washed with
water, S % aqueous sodium hydrogen carbonate solution, water and brine, dried over sodium

30 sulphate and concentrated in vacuo. The residue was purified by chromatography on silica



(eluent: ethyl acetate/heptane 1/1 v/v) to yield

Boc-Lysininyl (Cbz)-(2-thiazolyl) (1.21 g). 15 * TLC Rerr]=0.72, silica
gel, ethyl vaseisiloes heptane 3/1 v/v. (h).

H Lysi ni nyl (Cbz) - (2-thiazolyl). TFA PCT/EP97/00938

Boc- Lysi ni nyl (Cbz)-(2-thiazolyl) (1.21 g) was dissolved in trifluoroacetic
acid (TEA) / _ dichlororrethane(ngi; 1/1 v/v) and stirred for 1 h
at roomtenperature. The crude am ne was ]2 i solated as a yellow oil

in quantitative yield after renoval of the solvent by evaporation, and
used I medi ately to prepare

N- Boc- N- ( t
2 o (S A WA R e oyt

et hyl acetR+ChaRrolaisiminyi€oe)-2-thinzdlyWall K7 g3/ 20/ 6/ 11 v/ v/ v. 25 (i).

H D Cha- Owve. HCl To cold (-20 [err]C) and dry nethanol (195 m) was
added dropw se thionyl chlori de (28 n1) H D Cha-OH HCl (40 g) was
added and (phe gCt] . adotyfyder reflux for 5 h. The

m xture was concentrate I Vacuo anc coevaporated with nmethanol (3 times).

The CﬁSI dlré-ﬂn&sN-(tert-bm\lowm:ﬂmerl?éhmewmymaﬁ(@mmhﬁm B 12 ¢ Reas
H D- Cha- | 40.9
TLC: R[ae ?‘quliﬁ “’@%“ﬁl‘wf ‘tég"%@@; o niﬁg&/‘ a'éﬁf%%'e\ﬁvci'gaﬁvlh@emomxmm \The

WO 97/ 3193¢€action mixture was concentrated in vacuo and th
PCT/ EP97/ 00938 © residue was dissolved in watey, The

(7). N-(t-28ueqsohyssavasonsshed expnsively with ditwbylether. The waterSayer wily SHERPSPHiRdcRly

300 1 of coR ke HRLE Ryl 3% B siRipat o . i Shiorvisem of

NN—l(ﬂl i SOPR2OY4IA /70 % B /10 & Uydoazo %A TEEBXBY r%‘ %%eﬁ&%%ﬂ,datffholfs DOUE 50
room t(m‘erat ure and evaporated in vacuo. e resi due

d| ssol ved MUmin; (4 03N phosphate byffer pPHQ L &: M&terncmtmm:dm B2 wm)er, dried

on sodi umﬁghgpﬁggd%gregmor ated in vacuo. Chromatography over silica gel
i n hept ane/ et hy ’
* 300 mg. Massa : ESI" : 518.5 [AH] ; 259.8 [AH2)*"
Re(1LC):2881min;20% A/80%Btoc20% A/20 % B /60 % C in 40 min
15 * 500 mg. Massa : ESI” : 518.5 [AH]" ; 259.8 [AH2]*

R(LC):29.88min;20% A/80%Btc20% A/20%B /60 % C in 40 min

EXAMPLE 2

20 N-Me-D-Phe-Pro-Lysininvi¥[COCO]-OH

(a). Boc-Lysininy] (Cbz)-
[2-(1H-benzotriazol)-1,1,3,3-tetramethyluronium tetrafluoroborate} (1.83 g) was added to a
solution of Boc-Lysininyl (Cbz)-OH (2.15 g) in a mixture of dichloromethane:methanol 9:1
25 (25 ml) and the pH was adjusted to 7-8 by adding N,N-diisopropylethylamine. The reaction
mixture was stirred for | h at room temperature. The mixture was washed with 1 N
hydrochloric acid. water, 5 % sodium hydrogen carbonate solution and water. The organic layer
was dried over anhydrous sedium sulphate, filtered and concentrated in vacuo. The residue was
purified by chromatography on silica in ethy! acetate/heptane 6/4 v/v Yield 2.17 g

30 Rf=0.5, silicagei. in ethyl acetate:heptane 3/1 viv.



acetate 9/1 (vlv) gave 64 g of N-(t-butyloxycarbonyl methyl)- DCha

TLC. Rr= wQ@97/31931 1 ca gel, ethyl acetate/heptane 1/1 v/v. m’“‘{’ﬂﬁ

N- (t-Butyl oxycar bonyl nmet hyI) N- Boc- D- Cha- Owe The pH of a solution
of N-(t-butyloxycarbonyl methyl)-D-Cha- OV 7(64 g) and di-t-butyl

di carbonate (40.3 g) in NN-di rrethylforrrar?tde (500 M) was adjusted to 8.5
with N, N dii sopropyl ethyl am ne. The m xture was stirred for 16
hours at room tenperature. The ‘sol vent _was rem)ved in vacuo.

Di chl or omgtih [ t £
| ayer . wars“&i) Mﬁ’%ﬁg ‘

sodi um hytQg®PC, to a stirred s‘o&itmzé aifCBauan.ystnnnyﬂm\dengsolrd dfawﬂomtmewbs
on sodi um sul phate and the filt rate was evapor at ed to an am)rphous

solid of mdded ER:2ymbyof 2 prssagledesofition of discbpiyialuminyem fdridg (1.0 M solutippdng

f 59 6 | 1
Vv 20 Thexane) at sueh ¥ rie B s demBessBlet bEREDIe TR soff i Ik il 0P,
sol I on The NmisitnBU twas Opstnered bintey | aredoivtion: NfBeitridD-dcih -iMarafeb Sarfit Baratted ORith]

of . dioxane/water 911 (v/v) was treated with sufficiaent 6N sodi um
hydr oxi de dichlaremethans: Fhe a@m.b.tzed extracts wersy washed Lwith awates, o % cvadiuma thydeogen

After aci

extract ed%Wés@Hpgé g‘?rde an’e he or gg‘ﬁ@g @9&&%@( V\g‘sgﬁlhel “FR‘M‘&? wd

dried on concentrated SR acUd tosyibld 2 $ g of anTdib THei drudepfodusawas dispslved 025 ail Of
But yl ox%(?car bonyl net hylg’ N- Boc- D- Cha- O4.

yi el ded 54 N-
TLC R[ er Id}ehtprwethsm F@K spiytiongvas, conledi e Raife/ansi hdh@ obbenzyl triethyl 3pymonium
/319
P P97/ gglggge, 1.2 mi of acetic anhydride and a solution of 2.5 g of sodium cyanide in 75 mi o{gra:er
were added. The mixture was stirred vigorously for 30 min at 0-5 °C. The organic layer was

separated, washed twice with water, dried on anhydrous sodium sulphate and evaporated to

dryness. The residue was chromatographed on silica in heptane:ethyl acetate 8:2 (v/v) and gave

1.4 g of 2-acetoxy-3-(t-butyloxycarbonylamino)-7-(benzyloxycarbonylamino)-hept-5-yn-nitrile.
15 Rf= 0.6, silicagel, in heptane:ethyl acetate 1/1 viv.

(). H-Lysininyl(Cbz)¥{CHOHCO]-OH

At -20 °C, 6.5 g of gaseous hydrogen chloride were led into a solution of 1.4 g of 2-acetoxy-3-

(butyloxycarbonylamino)-7-(benzyloxycarbonylamino)-hept-S-yn-nitrile in a mixture of diethyl
20 ether/methanol 9/1 v/v. The mixture was stirred overnight at 0-4 °C. The mixture was then

cooled to -20 °C, and 6.75 ml of water was added. The reaction mixture was stirred for 4 h at

20 °C. The organic layer was separated. The pH of the aqueous phase was adjusted to 10 with

1 N sodium hydroxide, followed by extraction with 1-butanol. The combined extracts were

washed with brine and concentrated in vacuo and gave 650 mg of H-
25 Lysininyl{Cbz)¥[CHOHCO]}-OH.

Rf=0.17 in ethyl acetate/pyridineacetic acid/water 63/20/6/11 viviviv.

(d). N-Bo¢-N-Me-D-Phe-OH
Commercially available H-N-Me-D-Phe-OH (11 g) was dissolved in a mixture of dioxane/water
30 1/2 (165 ml) followed by the addition of di-tert-butyl dicarbonate (19.1 g). The pH of the

reaction mixture was kept at 8.5 - 9 using sodium hydroxide as base. Next, the reaction mixture



(m. N (t-Butyl oxycarbonyl nmet hyl)- N Boc- D- Cha- OSu. A sol ution of

N- (t - But yiwaxgsgasdonyl net hyl ) - N-Boc-D- Cha-OH (12.5 g) in 200pot/Erernéoss tril e
was treated wth N-hydroxysuccinimde (4.1 g¢g) and

1- ( 3-di net hyl am nopr opyl ) - 3- et hyl car bodi i ni de hydrochl ori de (6.84
g) overnight at roomtenperature. The repgtion mxture 5 was evapor at ed
to dryness and the residue was dissolved in ethyl acetate. The organic
phase was washed with water, dried over sodi um sul phate and
concentrated to afford the active ester, whi ch was directly used
in the néyas conegntrated in vacuo andrthe residue was dissolved in ethyl acetate. The organic phase

N (t-Butyl oxycarbonyl pet iyl ) - N-Boc- D.Cha Pr o- 1 H.Pro;: O HO (7.5
g) was dixg o‘ly'?/s@ﬁ‘? i ﬁ‘lgg &h)@é? ‘?“%féggﬁf’ (ﬁm‘fggd Fege&!ﬂ SMOW%H‘H%‘ Q¥ES sgdmm
adj ust ed ghiphfteVilk d vapsth | te 9 J 5?30 ereafter
I\I—(t-ButyI%xyg'ar b%ﬁ?lﬁe?ﬁyl)-ﬁm@n%ﬁtﬁk%ﬁi-g a-%, di ssolved in 100 m
of N, N- diThkG: Rt 0.38psilichegel,\dichlordthethage/metiianol 872ve/v. reacti on was
stigred overnight at roomtenperature at pH = 8. The reaction m xture was
cool'ed and adjusted to pH =2 with 1 N hydrochloric acid. The
aqueous I BN-Rd-DaPReEProlOHn et hyl 15 acetate. The organic phase
was washed wt , dried over sodium sul phate en evaporated I n

vacuo. SiN-Bos-Ndfe-PsPhe-Ob(l70hg) ans HePro-QMadHE (10 dig)were covpled scaerding b the 1
> 11 (v ffarded 11.0. i red dj pepli
o Fy SBridedyres as desarfbed AR spmeri® of M-belislRrationy REbiaBoc b pro-

163/ 20/ 6/GHz1\(se¢/ ¥tample 1%0The obfaiikd dipeptide, N-Boc-N-Me-D-
N- Boc- N- (ter ;( but yl opxglcgr boem(l)l met hyIx e-pD%ha- P?c(;l-q&/{sei.l?liPrll'ﬁP{%%yF(g-z’tthézYﬁsyI

21' 10 | OclliS_soIVélbéx nioel\cfmdmﬂsusyl &gpcm:)lrr!?rmmwyu ﬂ?udim (h%\ﬁtd’ddh (Ozlétvtg;mmsf
| SSOol ve L N r . | J O mam « er addl (0]
ety SRR Ehberbtult overnight. TheTefiommirfisy Mg duuted with 300 oy ice witep aeidiiea

ni t r ogen (FHY)aMiag AN Y drotbhicrie atidand! extrasted hviﬁmianl&fo%m. fﬁéeoratmed?%cn

subsequent |y added and the m xture was allowed to stir for

at -15 [ dayepsowers woshed with sgturated sodigg chloridehdded loyer) soitym (sulphateg filtered and

ot he caVaPati o MM b SHE B Sroditn CovmBiiioicRm dstmicwrerhéntiid 26,
of15 viv afférded piteaNiBHR-NMe-D-PREPrQOH{16iEE Was stirred for 30 nmin at
-15[err] C_ The reaction m xture was evaporated to dryness. The

resi due WELCBEsL2Qastlica gelotolyenefetind geatatg 84 wivecessi vel y washed with

wat er, 5 % aqueous sodi um hydrogen carbonate sol ution, water and brine,
dried over sodium 30 sul phate and concentrated in vacuo. The residue

, PPICHOHCO]-OH
Isobutyl chloroformate (0.101 g) was added to a solution of N-Boc-N-Me-D-Phe-Pro-OH
20 (0,195 g) in N,N-dimethylformamide (10 ml) at -20 °C, and the pH of the mixture was adjusted
to 8 with triethylamine. A solution of H-Lysininyl(Cbz)¥[CHOHCO]}]-OH (0.3 g) in N,N-
dimethylformamide (10 mi) of which the pH was adjusted to 8.5 with triethylamine, was added
to the reaction mixture at -20 °C. The mixture was stirred overnight. The reaction was
incomplete, therefore a solution of N-Boc-N-Me-D-Phe-Pro-OH (293 mg) in N,N-
25 dimethylformamide (5 ml) was treated at 0 °C with N-hydroxysuccinimide (95 mg) and 1,3-

dicyclohexylcarbodiimide at pH 8.5 and was added to the reaction mixture. The mixture was

stirred for 4 h at room temperature. The volatiles were removed in vacuo. The residue was

dissolved in dichloromethane. The solution was washed with water, dried on sodium sulphate

and evaporated to dryness. The residue was chromatographed over silica gel in ethyl
30 acetate/pyridine/acetic acid/water 63/5/1.5/2.75 viviviv.
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(el uent: dichl oromet hane/ net hanol 95/5 v/v) to yield

N-Boc- N- (tert-butyl oxycar bonyl net hyl ) -

D- Cha- Pro- Lysi ni nyl (Cbz)- (2-thiazolyl) (*77 g). (p).
HOOC-CH err] -D- Cha-Pro-Lysininyl-(2-thiazolyl) 5

N- Boc- N- (tert-butyl oxycar bonyl met hyl ) - D- Cha- Pr o- Lysi ni nyl (Cbz) - (2-t hiazol yl

) (1.77 wa . tr i t.h S | acpeti g agi fALL R RAIRS 0/ 1
v/iv (20 fgrrac‘hmﬁ at 0o téér%rge\r%g uré&eThgﬁbo LA ?degé%%g&mnbx tf're%rb'was
concentrqjﬁﬁmyﬂcummgcd]a)nesi due was dissolved in water. The

aqueous phase was washed extensively w th diethylether. The water |ayer was
char ged dfre@.2# jn ethyl acetate/pysiding/acetic wdm«v@fﬁé&?@é yaysunisilics 18- BD
colum using a gradient elution systemof 10 20 A/ 70 %B/ 10 % C
"to 20 %A /50 %B 30 % C over 45 mn, at a flowrate of 20

/g, (@), NeBBMNIMSDOPEPRUL it ERNICECOKDR' . C acetonitril/vater
3/2 viv). el d of two di astereoners: _ * 300 ng. Massa:
ESI : 51 Solticf pENrBoc-N2Kle-I3-Fhettb{laysininyl(Cbz) ¥[CHOHCO<OH (260Gng) i32@ it of n;
209 80% B .to 20% A/ 2098/ 60% C jn 40 m.n 15 X500 )

mg. Massa-dichiqramethane avas; grepted - with - L Ed-tgacepguey- |, Adihydro-1,2-benziodoxqiy3s (1HD)-ope) -

ExpLE D85 The iR il gl for DA roR ot Yol with @ sodim

Boc- Lysi rthiosulpliabsglutidrband water. The organic layer was dried on anhydrous sodium sulphate and
[ 2-(1H benzotriagzol)-1,1,3, 3-te met iyl ur Qni tetrafl uor,qbqr at 1.83 9)
el 2cdedvaEpTated 10 drymess ¥ Ehech Y5 8 ARSI MIR-Fhebs Lesreal Qe CORDL

m xture #&? %?mﬁﬁd‘gg " (25 m) and the pH was
adj usted(é%q - %}a{z}? I ng |?§§t°rd§f)%logt eyrle?i enﬁe' The reaction

m xt ur e \Rfs 886 in ettiylf avetate/pyridine/avetiv acidivatat 68/20/6/Th ev/vivivton sificans washed
with I N

(h). N-Me-D-Phe-P
15 A solution of N-Boc-N-Me-D-Phe-Pro-Lysininyl(Cbz)'¥{COCO}-OH (0.3 g) in a mixture of
trifluoroacetic acid/thioanisole 10/1 v/v (10 ml) was stirred for 4 h at room temperature. The
reaction mixture was concentrated in vacuo, dissolved in water and washed diethylether. The
residue was dried in vacuo and gave 430 mg of crude N-Me-D-Phe-Pro-Lysininyl'¥{COCO]-
_ OH, which was purified on a preparative HPLC Supelcosil LC-18-DB column using a gradient
20 elution system of A 20 %; B 80 %, C0% 10 A 20 %; B 70 %: C 10 %, over 45 min and at a
flow rate of 20 mi/min.
Yield of two diasteromers:
* 53.7 mg; MS: FAB" 429.1 [M+H]); FAB" 426.9 [M-H]
Rt (LC): 15.25 min; A: 20 %; B: 80 %; C: 0 % to A: 20 %; B: 20 %. C: 60 % in 40 min.
25 * 51.6 mg; MS: FAB" 429.1 [M+H]; FAB" 426.8 {M-H]
Rt (LC: 16.30 min; A: 20 %:; B: 80 %, C: 0% to A: 20 %; B: 20 % C: 60 % in 40 min.
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hydrochl oric acid. water, 5 % sodi um hydrogen carbonate sol ution and water.

The or garwo etrazear was dried over anhydrous sodi umPSTOYEReZ/00938
filtered and concentrated in vacuo. The residue was purified by
chromat ography on silica in ethyl acetate/ heptane 6/4 v/v Yield 2.17 g. 30
Rf= 0.5, silicagei. in ethyl acetate: hepgane 3/1 v/v. WO

97/ 31937

PCT/ EP97/ 00938 17
(b).

2- Acet ox\EXAMPLE 3. | oxycar bonyl ami no) - 7- (benzyl oxycar bonyl ami no) - hept - 5- yn-
nitrile. At -78[err]C, to a stirred solution of 2 g of
Boc-Lysininyl-Ove in 60 nml of dichloronmethane was added 18.2 m of
a precoo hiaProd.ysiningP¥ i um hydride (1.0 Msolution in
hexane) at such a rate to keep the tenperature below -70[err]C. The
solution was stirred for [err] h. 5 The m xture was poured into a
solcut i on (Gf IS AC} and extracted with

di Chl or onet , tracts were washed with water, 5 % sodi um
hydr 0gen N-Me-N-Boc-DACRRPRS-OH lal Ipréfr@D el to tHel theOShoaftibrel A'fs SRR
sul phate and filtered. The filtrate was concentrated in vacuo to

yield 2. gxample2(ednstasting frose N-Med-BowBuCha-@ikand HRsp\OMeHCI25 nm  of
di chl oro I err]C, and 0.31 g of benzyl
triethyl rig‘térrr]r::i)lir}\{liiu?n ?’Os“?cg cr@@#%@%&‘“@‘."éﬁ?ﬂ“& O‘YPX etic anhydride and a

solution of 2.5 g of sodiumcyanide in 75 m of water wer e added.
The m xture vvas stirred vi orousl for 30 min at 0-5 [err]C. The organic
| dPer waéb)- Bo ok LM OMei ce with water, dri ed on anhydr ous

0 O B i i -

1.4 g of nitrile (36 g) in dieth letherfmethanol 3/1 v/v 1 1) was cooled to -20 °C Gassou '
2-acet oxy-3 ((t g) oxyj(’:ar bonyl am no) - ((be)nzy | oxycar bonyl ani no -ﬁegd ge?/n-

nitrile. chigride wapras@dmhrgugh daags:ﬂmmmumdm coneertratioh d‘cbh/h(m%g)lwxd mached,

C, 6.5
é;)seolus %‘a’ﬁ L y”&éf'é"q aYermghi AL £ 4 gt%b&’%’e%{)]d"‘!ﬁa ’%d%%‘ 3-
%qgtﬁrgxo?aé?w sz%%ezm@gtr%gdr:?rret Egﬁ%fuw vg V. ‘Q?R&es x{ ure was sft’i rred

over ni ghstimxed ﬁ:réhnbﬁrer ]S(houﬁmt rooni mmpemaret The organic phase eas sephrited. T pH of
]L g: ] C edwgtez ?ayer a\ﬁ%xtsteerd o ?O wit eg'lut;r r;gch{:ealcxztdlro erri éﬁ(%rgd wasthesgalxt;:{cggn
with 1-butanol. The combined extracts were washed with brine, dried over sodium sulphate and

evaporated to dryness to give H-Lysininyl(Cbz)¥[CHOHCO]-OMe (58 g). Di-tert-butyl

20 dicarbonate {18.4 g) was added to a solution of H-Lysininyl(Cbz)y[CHOHCO}-OMe (58 g) in
methanol and the pH was adjusted to 8 by adding triethylamine. The reaction mixture was

stirred at room temperture. After the reaction was complete, it was concentrated in vacuo. The

residu was dissolved in ethyl acetate and washed with 0.1 N hydrochloric acid solution and

brine. The organic layer was dried over magnesium sulphate, filtered and evaporated. The
25 residu was purified by chromatography on silica (eluent: gradient of heptane/ethyl acetate 7/3

viv, to ethyl acetate to ethyl acetate/methanol 8/2 v/v). The fractions were pooled and gave

4.76 g Boc-Lysininyl(Cbz)y[CHOHCO]-OMe.

TLC: R¢= 0.40, silica gel, dichloromethane/methanol 9/1 vN.

Furthermore a side product was isolated and characterised as Boc-
30 Lysininyl(Cbz)y[CHOHCO]-OBu (0.94 g).

TLC: Ry= 0.47, silica gel, dichloromethane/methanol 9/1 v/v.



20 [err]C. The organic | ayer was separated. The pH of the agueous ’&gase was

adj ust ed WO 3P31837 h ' ‘L N sodi um hydr oxi de, foll ovved i on
wi th 1-butanol. The conbi ned extracts were washed with brine and
concentrated in vacuo and gave 650 ng of H 25 _
Lysi ni nyl (Cbz) [ err] [ CHOHCO] - OH #=10.17 in ethyl

acet ate/ pyri di neacetic acid/water 63/ 20/ 6/11 v/v/vlv. (d).

N- Boc- N- Me- D- Phe- OH Commerci al ly avail abl e H N Me- DPheC]—I( g)
was di ssol ve n.a m I r 30 1/2 (165 m) foll owed
by the adé)f ' \ﬁ(%&?ﬂ u?@gg\sg%ﬂ&e (19.1 g). The pH of the

reaction me&mx% V@&ehﬁ&ho@ras aes%nbu? nPéia 1§mlmnymﬁm (CezPPICHORCOON e

t he reaction

PCT/ EP97/ {503 ang) was converted into the t:tle compound (500 mg) and immediately usedli the
was concentrated in vacuo and the residue was dissolved in ethyl acetate.
The organl"é’“&ﬂﬁs was washed with 0.1 N hydrochloric acid and

sat iy at ed g8 c}@%ﬁgbogm&egelmﬁ&omeasan%%mbws/sv/v sul phate, filtered

and evaporate ryness to give 17.1 g product TLC. Rf = 0. 35,
silica gel, dichloromethane/ nmethanol 8/2 v/v 5. (e).

N- Bo- N- Me- 171g) and

H Pro- Ove { . procedures as

NG LBS&%&%@?S@?){‘ **‘SE 3%%- wcrsa gro-0rt (345 . N-dimethyfoppmide
1) . The ol{ieinilpdetd m&sxmy aaadaop.wumzs;mm gy, dﬁ:yﬁﬁohe?@%aégdnmlde

di ssol ved i n di oxane/water 9/1 (200 and treated with 4 N so

hydtbxi de (@Q&mx) mu,! HtLysininyl (Cbz)¥§ERQRGEQEOMe; ' EF A (26nmghwherpagier the oH of the

3 N hyar oapeh Sk hahlsied 13 K with ol T feablicn Eiure wesrsimed i pek? o 0
organic  °C and thdnakép’tsat%b&l Yénspeestudd blerfight! rmeeﬁm&efél W3 €bbleB tde-200°C aid

over sodi um sul phate, filtered and evaporated to dryness to give

the crude ditysthhexyluren yeas semoved: ydiltrationn The diltnate avas evipozated te devnessl The residue
viv afforqed was dist Fve&l_ in %ﬁlyl\li Méate aﬁé} %valzﬁed succéswely wﬂP\ 't N hydrochloric acid, water, S %

15 sodivm hydrogen carbonate and water, dried over sodium sulphate and concentrated in vacuo.
The residue was chromatographed on silica gel in heptane/ethyl acetate 1/1 — 1/4 (v/v) as
eluent. The fractions containing N-Me-N-Boc-D-Cha-Pro-Lysininyl (Cbz)¥[CHOHCO]-OMe
were pooled and evaporated. Yield: 544 mg.

TLC: Rf = 0.39, silica gel, diclﬂoromethanelmethanol 95/5 viv.

20
(¢). N-Me-N-Bog-D-Cha-Pro-Lysininyl (Cbz)¥[CHOHCO]-OH
N-Me-N-Boc-D-Cha-Pro-Lysininyl (Cbz)¥[CHOHCO]-OMe (544 mg) was dissolved in
dioxane/water 7/3 (v/v) (13 ml) and treated with 2 N sodium hydroxide solution (0.61 ml) for 1
hour at room temperature. The reaction mixture was diluted with water (30 ml), 2 N
25 hydrochloric acid solution was added until pH 2 and the water layer was extracted with

dichloromethane. The combined organic phases were washed with water, brine and dried over
sodium sulphate, filtered and concentrated in vacuo to afford the desired product. Yield: 560
mg.
TLC: Rf = 0.47, silica gel, dichloromethane/methanol 4/1 v/v.

30



TLC.Rf = 0.20, silica gel, toluene/ethyl acetate 6/4 v/v. _ (f).
N- Boc- I\I-Maolayﬁquro Lysi ni nyl (Cbz)[err][ CHOHCO - OH PCT/ERS100038

chl oroformate (0.101 g) was added to a sol ution of N Boc-N Me-D Phe- Pro-CH
20 (0,195 g) in NNbdinethylformamide (10 m) at -20 [err]C, and the
pH of the m xture was adj usted 22 8 with triethylam ne. A solution
of HLysininyl (Cbz)[err][CHOHCO -OH (0.3 g) in NN-.

di met hyl f ormami de (10 m) of which the pH was adjusted to 8.5 with
tricethylamne —vas added .. to the reactlon m xture at -20 [err]C
The i xt éPeliabds-N-BocRLhaok B4 10O S I nconpl et e,

rer et or S aR kK. f%@%ﬁ?‘é‘?@@fﬁﬁ?ﬁ’@ﬁ%% R Soued in A3 e
(95 ng) aifd 015 Bf solution of 1-hfdroxe-t PIEentiddaksIF{ THI6IR BbxiBEInHimeysuldxidedded

tothereactlon m Xt ure. e mxture was : stlrredforeﬁ.ghat room
t enper at tiered Pivernight at roam tmmammiﬂweaﬁmmrem quené¢hed ovitlug solution of

Sod om P BiokBhEET 330 n |3 i e, CRPUEF R e lh Mereahe i of the

chromat o vV, t
aci d/ wat g?&ggﬁglv% ?ﬁ%ﬁ‘%hﬁ/@ vgehv2 N ﬁ}d}&éhl&% acid, m%i& l?f?ww“&geﬂtﬁ

PCT/ EP97 /dixhiygmethane and the combined orgamc layers were washed with a saturated sclium

Lyei ni nyictiRig EBhRpR PR g b Suss dkd QB Qg Sl gered and apocatedin

acet at e/ & A . ilica. 5
(gz . N Bg,%w I\?-jtl\%@([()?gﬁghg ﬁ?s?ﬁﬁ;clz ?%g% %ﬁéxﬁ%%ﬂbdcopom A sol ution
of

O\ Boc-TLGRA> 073, sica ge),sithyl apetatelpyrine/abeticHoiddORtec B8/ A8/ Indyviva 20 m of

di chl oronet hane was treated with
1,1,1-triacetoxy-1,1-di hydro-1, 2-benzi odoxol -3 (1H)-one (180 np).

The m xt l(gfﬂﬁ QEﬂﬁi Eﬂz g%mﬁ!!&@?g@m enperature, washed with a sodium
t hi osul phat e solrat1 on and water € organic |ayer was dried on anhydrous
sodi um sCpiatN-MedN-Boc-D-Cha-Pro-Lysininyl(Cbz)¥[COCO]-OH was treated under the same
conditions as described in example 2h to afford, after HPLC purification, 175 mg of pure N-
15 Me- D-Cha-Pro-Lysininyl#{COCO]}-OH as a diastereomeric mixture.
Rt (LC): 22.19 and 22.83 min, 20 % A, 80 % B to 20 % A, 20 % B and 60 % C in 40 min.

EXAMPLE 4
20 3.3-Diphenvipropionyl-Pro-Lysininyl ¥ {COCO]-OH

(a). 3.3-Di Ipropionyl-prol

3,3-Diphenyipropionyl-prolyl-OH (5.2 g) was prepared, according to the same procedures as

described in example 2e, using 3 3-dxphenylpropxomc acid (5.0 g) and H-Pro-OMe HCI
25 (3.66 g).

TLC: Rr=0.65, silica gel, ethyl acetate/pyridine/acetic acid/water 63/20/6/11 viviviv

-Diph ropionyl-Pro-
According to the same procedures as described in example 3, 3,3-diphenylpropionyi-prolyl-OH
30 _ {648 mg) was coupled with H-Lysininyl (Cbz)¥[CHOHCO]-OMe. TFA (722 mg) to afford the
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10 evaporated to dryness and gave 0.35 g of

N- Boc- N- Neo@z8i¥7 Pr o- Lysi ni nyl (Cbz)[err] [ COCQ - OXGT/ERR7/98938,\j t h
some degradation products of the reagent. Rlerr]= 0.36 in ethyl
acet at e/ pyri dine/acetic acid/ water 63/ 20/2 11 v/v/vlv on silica.

(h). N-Me-D- Phe-Pro-Lysininyl[err][COCQ - 15 A sol ution of

N- Boc- N- Me- D- Phe- Pro-Lysi ninyl (Cbz)[err][COCO -CH (0.3 g) in a mxture of
trifluoroacetic acid/thioanisole 1011 v/v (10 mM) was stirred for 4 h at
roomte ?etcwde 3 3. _Prbot: {nfny (@ COROME u
di ssol ve n wat é?&%ﬁgems#l@egpﬁwt?@ﬁ y‘léhe zj*?['@l‘ir esl OJaeMWas(\i?(3 g?i
i n vacuo #e pgrifieatiéd0 ngy of crude N-I\/e DPhe Pro-Lysininyl[err][ COCO -

OH, which was purified on a_prepar tlve %%3; osil LC-18-DB col umm
.using a gFlk@i BRT 0AY, silica geldichlorgm YVY-B 80 % CO %to A 20
% B 70 % C 10 % over 45mnandata flowrate of 20 ml/ m n.
Yield oftwo di asterorrers * 53 7 ng; MS. FAB[err] 429.1 [ MtH] ; FAB
42659 [M Diphe bpidnyEPro-1I A0k B: 80 % C 0 %to A: 20
% B: 20% C. 60 %ln 40 m V5. FAB[err] 429.

[M+H] FABM@Bhw[nwmpny!-Pro-Lysm“ml(QbE)jP[%OﬁC%-E’M (8% ymz): was %ap@mﬁ;d

to A o 97/ 31937

PCT! EPO7 /{,%g%gzt% the Sam® Brcelure hs Heleribed in exainple 3(e). The crude pro product was oxigized

EXAVPLE 3 dichloromethane (80 ml) using 1,1, 1-triacetoxy-1,1-dihydro-~1,2benziodoxol-3 (1H)-one (594

mg) as described in example 2g. Subsequent deprotection in TFA and thioanisole (example 2h)

10 gave 3,3-Diphenylpropionyl-Pro-Lysininyf#{COCO]-OH (229 mg) as a diastereomeric
mixture.

Rt (LC): 20.31 min, 20 % A, 60 % B and 20 % C to 20 % A, 80 % C in 30 min.

EXAMPLE 5

15 _
BenzylSO;-norLeu(cyclo)-Gly-Lysininyl'V [COCO]-OH
norLeu(cyclo)-Gly means a structural fragment of the formula

CH
,( 2)4

-NH-CH N-CHTC(O)-

O
(a). N-Boc-L-o-Amino-g-caprolactam
20 To a stirred solution of (10 g) in dioxane/water (2/1 v/v) (30 ml) was added 1 N sodium
hydroxide solution (7.8 ml) followed by di-t-butyl dicarbonate (18.8 g). The mixture was stirred
for 16 h. at room temperature and concentrated in vacuo. The residue was dissolved in ethyl
acetate and washed with water and brine, dried over sodium sulphate, filtered and evaporated in
vacuo. The crude material was triturated by hexane, filtered and dried in vacuo to yield N-Boc-
25 L-a~-Amino-g-caprolactam (16 g).
TLC: Rf = 0.85, silica gel, ethy! acetate/heptane 1/1 v/v.



N- Me- D- Cha- Pr o- Ly5|n|nyl[err][COCO] OH 5 . (a).

N- Me- N- Basg $3rf¢hsr Pr o- OH N- Me- N- Boc- D-"Cha- Pr 0- OH viecT/Rremassy
according to the sane procedures as described in exanple 2(e),
starting from N Me-N-Boc-D- Cha- OH and H-ProOVEHCI TLC. Rf=
0.26, silica gel, ethyl acetate/nethanol 24/ 1 v/v. 10 (b).

Boc- Lysi ni nyl (Cbz)[err][CHO—|CO] O\e. A sol ution of

2- Acet oxy-3-(t- butyl oxycar bonyl ami no) - 7- (benzyl oxycar bonyl ani no) hept - 5- yn-
nitrile Egl-no h met hanol 3/1 v/v (11) was cooled to -20
[err] C. chl ori de was passed through the sol ution

until a QUB®RM-eaAnio-8icapr dldcéamgl@g) wmgﬁmhqﬁ dichloromethan¥/(RJ05Hf) d§ dﬁ'ﬁ:
was adde In

m xture was _stired overnight at err]C. Water (170 m)

such a 13 1 M splytiontof biscspmethylsilyaraide in tetrahgdrofrap/cyclohexane (Hé wea(dt équiv.)

Foom t omyare el el TR e dums,siered g 0 b Ml FoBfocea2 Ay
mater | ayabssy@endyidast ! te Hlxtind Wl isitted 509 1R Rigkh Qeinleranre] Aﬂ&ﬁ%ﬁylgls

t he extractlon 1-but anol. The conbi ned extracts were was

with bri r(mmethylab'l);me md@trahudsqﬁxpm{mlmne (1/1 viv) vas addedite forco thir reaction

i o bon: 1P SRR, The bngs rvay gty giifiorpmenfihe aid waShed with 8!1N Rydrochioric
H-Lysi ni gt Qﬂﬁdx\? et erCISFiChdue bl sddifim Dicarbonate solution BB BARE)! dritddoved Solidm

was adj usted to 8 by adding triethylamne. The reaction m xt'ure was
stirred sulphatenfilteredcand evaportedoin vanuor dhe tresiduewas qmmﬁpétbar cliromatography on

c ent r at,ed d| SS etate
il s h RGeS e Ranel i antater e O I 814 ity et - Db 058
organi ¢ I'EMEIRM0.58] silich galodthylag @ulsmwbe filtered and evaporat ed.
The 25 residu was purified by chromatography on silica (eluent:

gr adi ent of hept ane/ ethyl acetate 7/3 viv, to ethyl acetate to
et hyl gc)al ‘ > fractions were pool ed and gave

4.76 g B weirs cHoRCO)| - OVe. TLC: Rerr]= 0.40,
silica geﬁ-BdeaLar(eymﬁGneom (541 @h wak Hiseblved in S0% TFA/Michidiomethane 1/B(viv)
si de product was, isolat ed and characteri sed as, Boc- 30

Lylsﬁ ni ny|(¢@usl) (a8d stircedidand) hoetiroam gampgrature. The reactjpremixguse Was gyaporated in
silica 98heydll $RL UrSdE WA WER! B30ed int a¥dhYoromethane (40 ml), cooled (0 °C) and
benzyisulphony! chloride (3.43 g) was added. Triethylamine was added to keep the pH at 8

during the reaction. The mixture was stirred for 1 h. at room temperature, whereafter the

mixture was concentrated in vacuo. The residue was dissolved in ethy! acetate and washed with
20 5 % sodium hydrogencarbonate solution, water and brine, dried over sodium sulphate, filtered

and evaporated in vacuo to yield BenzylSO>-norLeu(cyclo)-Gly-OMe (6.1 g)

TLC: Rf = 0.88, silica gel, dichloromethane/methanol 9/1 v/v.

(d). BenzylSO;-norLeu(cyclo)-Gly-OH. -

25 A solution of BenzylSO,-norLeu(cyclo)-Gly-OMe (6.1 g) in 100 m! of dioxane /water 9/1 was
treated with sufficient 1 N sodium hydroxide to keep the pH at 13 for 2 hours at room
temperature. After acidification, the mixture was poured into water and extracted with
dichloromethane. The organic layer was washed with water and dried over sodium sulphate.
Filtration followed by evaporaton of the solvent gave the desired compound (6.3 g).

30 TLC: Rf = 0.73, silica gel, ethyl acetate/pyridine/acetic acid/water 63/20/6/11 viviviv.



WD 97/ 31937

PCT/ EP97 1989381937 S PCT/EPI7/00938
(c). HLysininyl (Cbz)[err][CHOHCO - Owve, TEA According to the
met hod as described in exanple | h, Boc-Lygsninyl (Cbz)[err][CHOHCO - Ove
(500 ng) was converted into the title conpound (500 ng) and i medi ately

used in the coupling. 5 TLC. Rf= 0.12, silica gel,
di chl or onet hane/ et hanol 95/ 5 v/ V. (d).
N- Me- N- BoQe}BéE Je ) dihie DEDIEOH To a cold

O o ety oS mm%&a RS

s e i i ooy YO L0 ) i i

sol ution (IH(DHG:G]EOBIeV\ﬂFA (mehgy IThei protectBdetripeptitdel (625 rmg)t wae sapmified,
“stirred for 1 hour at [e C and t hen kept _at roomterrperature

overhi ght oridized M@ur@ﬁﬂ@t@@)(ﬂ% Q‘émP 4) éPrf@"dnﬂ“fe BenzylSO;-norLeu(cyclo)-Gly-

rynoss. - oLy [EACOTBH 6 R nulallerohect Wt 2 BPAREo AR o '

succesi velgy@es: 25D i) 201% AD80% B RLI0% APAEYs B and88 %% C in 40 hiadi um hydr ogen
carbonate and water, dried over sodium sul phate and concentrated in vacuo.

The residue was chr orrat ographed on silica gel in heptane/ethyl acetate 1/1

-> 1/4 (Vm el uent. The fractions containing

N- Me- N- Bo c -Lysininyl (Cbz)[err][CHOHCQO - Owe wer e pool ed
andygvaporated. Yield: 544 ny. TLC. Rf = 0.39, silica gel,

di chl or omet hane/ net hanol 95/5 viv. 20 (e) :

N- Me- N- Bo athy iyt . ] A9
N- Me- N- Boc- D- Cha- Pro LyS|n| nyI (Cbz)[err][CHO—|CO] Owve (544 ng) was

di ssolved in di oxane/vvater 7/ 3 (v/v) (13 M) and treated with 2 N
sodi um hy qaY BdieD HalWro DHepicvileste hour at room
tenperature. The reaction mxture was dijuted with water (30 nm), 2 N 25
hydr ochl orBes-BeCha-Brsi-OPpo wascprepared acenrding a)similag manpere mnhedyere)mle 2,

extracted wt hane. The conbi ned organi c phases were
vashed wi tH %"r’”%’?ﬁ'ﬂ@%‘?#‘?f?@%er sodi um sul phate, filtered

and concentreiRe= 05 meugextacmbfaﬁahsdmn&aﬁdwwsduct. Yiel d: 560

ny. TLC. silica gel, dichloronethane/ nethanol 4/1 v/v.

30

(b). EthylSO,-D-Cha-Pro-OPac
Boc-D-Cha-Pro-OPac (3.8 g) was dissolved in 50 % TFA/dichloromethane (25 ml) and stirred
20 for 30 minutes at room temperature. The reaction mixture was evaporated in vacuo. The crude
amine was dissolved in dichloromethane (50 ml) and ethanesulphonyl chloride (0.8 mi) was
added at -78 °C. Triethylamine was added to keep the pH at 8 during the reaction. The mixture
was stirred for 3 h at 0 °C, whereafter water _(25 mi) was added. After an additional stirring for
30 minutes at room temperature, the reaction mixture was concentrated in vacuo. The residue
25 was dissolved in diethylether and washed with 1 N hydrochloric acid solution, water, 5 %
sodium hydrogencarbonate solution and brine, dried over sodium sulphate, filtered and
evaporated in vacuo. Trituration of the crude material with methanol yielded EthylSO,-D-Cha-
Pro-OPac (3.0 g). TLC: Rf = 0.6, silica gel, dichloromethane/methanol 95/5 v/v.

30



WD 97/ 31937 .

PCT/ EP97A ' '
(f). N wev?ﬁpg%'gﬁ’-% Cha- Pro-Lysininyl (Cbz)[err][COCQ -COH
N Me- N- Boc- D- Cha- Pro- Lysi ni nyl (Cbz)[err] [ CHOHCO - OH (500 ng) was di ssol ved
in23m of a 0.5 Msolution of61-hydroxy-1, 2- benzi odoxol -3
(1H)-one 1-oxide in dinethyl sulfoxide and stirred overnight at
roomtenperature. The reaction m xture was quenched with a solution of 5
sodi umtgif;j) { §4-Cha g2, Hin 150 m water, cooled with an ice bath

wher eaf t &7’ solution was adjusted to 2 with 2 N
hydrochl org g safatién of EthylSOLD-CAY-Pro-OFac X0 g3 & Reraldrbfuran (250 ml) was added 1M
di chl oronet hane and the conbined organic |ayers were washed with a

sat ur at edolisign phtetrabutylammenjum flueridsin tetrabydrafisrans(@gami)c The aeastion sixture was

¥ utte N 1obe oS iputed bé Flof 1Mk RUAPRCR A o spater (1 1 Fh® Sadedud piifion _
0. 3L, silvscexprattedavitly ethyl sdetite/ The cotnbinédofianic lagdrs wWiné SicceSivily Wathed with

vivivlv. . (9). N-Me-D-Cha-Pro-Lysininyl[err][ COCQ - OH
Crude N- NN hydroshlorichacidselutipn andnyatechdiied over smtion- Silphate and cooncehtrateit in

t he sane nditi Q a escribed in ex e p afford, after
HPLC pur vacuo, t'Il‘hgnre(gigt)g r?«f) pé}ﬁﬁsi Pg cﬂstaﬁsagon ?‘ronwg_'mi .aceag.e/tdusopropyl ether to yield
D- Cha- Pr EthytSOMHDYChh Prb]OECED gPHTRE: ERli=a L BN ﬁﬁ@)rgeﬁ B@hyt \Acétate/pyridine/acetid
(LO: 22.19 and 22.83 mn, 20 %A 80 %B to 20 %A, %o B and gg%Cm
40 min. acid/water 163R20/(bl Mviviv. o0 '

3,43 Di phenyl propi onyl - Pro-Lysininyl[err][ COCQ - OH (a).

3. 3- Di phenyl propi onyl - prol yl - OH 3, 3- Di phenyl propi onyl - prol yl - OH

PCT/EP97/00938 2

TFA, as described in example 3(d), afforded the protected tripeptide (550 mg). Oxidation

followed by deprotection (see example 2) gave, after HPLC purification, the desired product
15 (130 mg) as a mixture of diastereomers.

Rt (LC): 38.2 and 38.5 min, 20 % A, 80 % B to 20 % A, 20 % B and 60 % C in 40 min.

EXAMPLE 7,

20 EthylSO;-D-Cha-Pro-Lysininy'VY[COCO]-OH

In analogy to example 6, EthylSO;-D-Cha-Pro-Lysininyl¥{CHOHCO}-OMe (550 mg) was

assembled. Subsequent saponification, oxidation and deprotection, according to the methods as

describe in example 3 and 2, afforded 180 mg EthylSO2-D-Cha-Pro-Lysininyi¥[COCO}-OH
25 (diastereomeric mixture) after HPLC purification.

Rt(LC): 35.7 and 36.0 min, 20% A, 80% B t020% A, 20% B and 60 % C.
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descri bed in exanple 2e, using 3, 3-di phenyl propionic acid (5.0 and

H- Pr 0- OVe.WOI97{25937 (3.66 Q). TLC: Rr= 0.65, si FCIERGUPORE 1y
acetate/pyridine/acetic acid/ water 63/20/6/11 v/v/vlv (b).

3. 3- Di phenyl propi onyl - Pro-Lysi ni nyl (Cbz) [ e ] [ CHOHCQ - Ove :

Accor.ding to the sane procedures as described in exanple 3, :

3, 3-di phenyl propi onyl - prol yl - OH 30 (648 ng) was coupled with

H Lysininyl (Cbz)[err][CHOHCO -Ove. TFA (722 ng) to afford the

WO 97/ 3193EXAMPLE 8.

PCT/ EP97/ 00938 : 23
protected tripeptide

3, 3-di phen Cbz)[err][CHOHCO -Owe (1.13 9),
after puriTi , = 0.40, silica gel,

di chl or onmet hane/ met hanol 95/ 5 v/ v. 5 (C).

3, 3- Di phen Ipr0c|onyl Pro L S|n1nyl[err]

3, 3_15_] pherép $DZ-E AR, BaR }-DErRVUTo] St nORNe

saponi f | edy (cpy).1.p; m&.ﬁw&nts%&éss&ame&ms&m%ﬁoﬁam dse&g,ﬁg I

3(e). The crude pro uct was ox ne (80 m)

usi ng 1, 1, TECr R&=& RS silitagel dithyl dcetate/pYhidine/acetivatid/Ratet 63/20/621 1 DA/,
ng) as described in exanple 2g. Subsequent deprotection in TFA and

t hi oani sol e (exanple 2h) 10 gave
33D|pher“? nylps ) ininyl[err][COCO -0H (229 ng) as a
di ast er eonefic m Xt ure. R (LO: 20.31 min, 20 %A 60 %B

and1®0 % Couplidg éf N-(€hz)9b-Pig-OH3(500 mg) and H-Pro-OEBAMRM mg)S according to the

Benzvl S -norL .0). G Y.L '
bR AR b 0 W

Removal of the t-butyl ester was accomplished in a mixture of dichloromethane (1 ml),
trifluoroacetic acid (3 ml), anisole (0.15 ml) for 1 h. at room temperature. The reaction mixture
was concentrated in vacuo at low temperature and the residue was dissolved in water at pH of
15 9.5. The aqueous phase was washed with diéthylether, whereafter the aqueous layer was
acidified to pH 2.5 by 2M hydrochloric acid solution. The aqueous layer was extracted with
ethyl acetate and the organic phase was washed with brine, dried over sodium sulphate and
concentrated in vacuo to yield N-(Cbz)-1-Pig-Pro-OH (588 mg).
TLC: Rf = 0.54, silica gel, ethyl acetate/pyridine/acetic acid/water 60/3/1/2 v/viviv.
20 | '
(c). 1-Pig-Pro-Lysinin
N-(Cbz)-1-Piq-Pro-OH (478 mg) was coupled with the Lysininyl moiety according to the
methods as described in example 3. The purified protected tripeptide (667 mg) was saponified,
oxidized and deprotected (see example 2) to afford, after HPLC purification, a single isomer of
25 1-Piq-Pro-Lysininyl W {COCO]}-OH (33 mg).
Rt(LC): 20.08 min, 20% A, 80% B 1020 % A, 20 % B and 60 % C.
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“lerr] _ (a). N-Boc-L-[err]-Am no-[err}-caprol actam 20 To a
stirred waetsiozy of (10 g) in dioxane/water (2/1 v/v) (30 pdrvemasoesdgded 1 N
sodi um : hydr oxi de solution (7.8 nl) followed by di-t-butyl
di-carbonate (18.8 g). The mixture was stirred for 16 h. at room
tenperature and concentrated in vacuo. T# residue was di ssolved in ethyl
acetate and washed with water and brine, dried over sodi um sul phate,

filtered and evaporated in vacuo. The crude nmaterial was triturated
by bexan%&%id and dried in vacuo to yield N Boc- 25

L-[err]- = 1 - caprol actam (16 g) .. TLC. Rf = 0.85, silica gel,
ethyl acetate/heptane 1/1 v/v. WO 97/ 31937

PCT/ EP7/ 00938 _ 24

(b) . Boc- HOOECHCH2eDOChaProBysini _

N-Boc-L-[err]-Am no-[err]-caprolactam (10g) was di ssolved in

di chl oronet hane (100 m). At -20 [err]C a l Msolution of bis

(tsi met hwee.'s.m@@rmé Fnetbds Rk ae&mwimmr%'@gﬁﬁggﬁgﬁ#&nm&w&wnm

was added s y and the m xture was sti
br onoac eBacdDChasRrp-OHs(se& example Hulvasqospled yo aBlEgsising(Chy[CHOHGOLOMe.

stirred r Eh. at room tenperature. Additional bis . L
(trimet hﬁé scf Pxamele 3 w@mﬁmﬁw&m@aﬁﬁépeﬂsﬁeﬁﬁ% mg) /was,gapynified, oxidized, t o
force th | : hAPR- )y X t '

i el or oay BRI purified o yiod YR HOBCCHED CH P L MR REICOE0N N pop,
wat er, Smiitacpuefdisstereomery) bi car bonat e sol uti on and brine, dried over sodium
SHIpphat e&t]‘dp#tered and evaporated in vacuo. The residue was purified by

c

omat o ) 283 men, 20 %A, 8076 Buta Ve A Vel and 686 Cacet ate 6/4 v/v) to
yi el d N Boc-norLeu(cyclo)-dy-Ove (12 9). TLC. Rf= 0.55, silica
gel, ethyl acetate/heptane 6/4 v/v.
EX LE 10.

HOOC-CH;-D-Cha-N-cyclopentyl-Gly-Lysininyl'¥[COCO}-OH

15
(a). N-cyclopentyl-Gly-OMe |
. H-Gly-OMe.HCl (46.4 g) was dissolved in 400 ml methanol, cyclopentanone (34 g) and sodium
cyanoborohydride (14 g) were added and the reaction was allowed to proceed for 16h at room
temperature. The reaction mixture was quenched with 6 M hydrochloric acid until pH 2 and
20 stitred for 30 min at room temperature. The solvent was removed by evaporation under

reduced pressure, the residu was dissolved in water and washed with diethylether. The pH was

adjusted to pH>10 by additon of 6 M NaOH-solution, the product was extracted with

dichloromethane, washed with brine, dried over sodium sulphate, filtered and concentrated

under reduced pressure. The compound was crystallized from ethyl acetate as the HCl-salt.
25 Yield : 43.5 g.

TLC: R= 0.71, silica gel, ethyl acetate/pyridine/acetic acid/water 88/31/18/7 v/vIviv.

(b). N-(t- ] imethyl)-N-Boc-D-Cha-N- ntyl-Gly-

N-(t-Butyloxycarbonylmethyl)-N-Boc-D-Cha-N-cyclopentyl-Gly-OH was prepared according
30 to the procedure described in example 1 for the dipeptide moiety, using N-(i-

Butyloxycarbonylmethyl)-N-Boc-D-Cha-OH and N-cyclopentyl-Gly-OMe.



(c). Benzyl SO err]-norLeu(cyclo)-Gy-0Owe. _

N- Boc- nor gy oey@bs®) - A y-OVe (5.4 g) was dissolved in 50%  PCI/EPS700938
TFA/ di chl oronet hane 1/1 (v/v) 15 (40 m) and stirred for I h. at room
tenperature. The reaction m xture was evapgrated in vacuo. The
crude am ne was dissolved in dichloronethane (40 m), cooled (O [err]C) and
benzyl sul phonyl chloride (3.43 g) was added. Triethylam ne was added to
keep the pH at 8 during the reaction. The mi xture was stirred for
1 h. at ro%rtt xture was concentr at ed
I n vacuo e gg;sg:gr é%ﬁ% éxhgrscg fr{,alg‘&lh% e%eglha"glcg?a‘tmg and washed wth 20

5 % sodi um hydr ogencar bonat e sol uti on, vvater and brine, dried over sodium
-sul phat e, flltered AcHa., L0 jeld

Benzy! SO )| HQOL:C = 0.88, silica

4 QR
%:lnzl glqc er rf%hgeu?‘é;@%{)@? %Es aéil—:[ﬁ‘s% n example 3, N QJ ityloxycarbonylmethyl)-N-Boc-D-

Benzs'l S| emﬁd-wcmﬁm@lpbiﬂ (54Nemgh. wag) obﬁplwowd EDLyﬂinﬁjﬁ@O&)ﬁi{@H@H(%?—
treated with sufficient 1 N sodi um hydroxide to keep the pH a
13 for 2 r@MesTEA (sesoframple 3(c)) wherpafiestthe protested tripeptifler (G69: mgh wasisaponified,

11 i oAU oA 981 2 b o0 ot pECATACHARSNG:-

Filtratiorn ﬁwgobx)]eaﬂmraahm&fofumg@@ma@t gave the desired conpound

(6.3 g). 3 TLC. Rf= 0.73, silica gel, ethyl acetate/poyrldl ne/ acetic
aC| d/ wat erR6E/Q028 5 and 25\ min, 20 % A, 80 % B to 204, 20 8B and 60 % C

thQ?/ 00938 25
(e) enzyl S err]-norLeu(cyclo)-@y-Lsininyl[err][COCQ - OH The
title comEXAMPER 1prepared according to the same procedures as described
I n exanple 3, starting from Benzyl SO err]-norLeu(cyclo)-dy-OH
(385 ny) and H LyS| ni nyl (Cbz)[err][CHOHCO - Owe. TFA (520
ng), The pg g Jr=Ys ¢ 62 as agponi fied, 5 oxi di zed

and depro 10
Benzyl SO err] - nor Leu(cycl o) GI y-

15 N-(t-Butyloxycarbonylmethyl)-N-Boc-D-Phe-Pro-OH was prepared according to the
procedures described in example 19, using N-(t-Butyloxycarbonylmethyl)-N-Boc-D-Phe-OH
and H-Pro-OBzl.HCI.

TLC: Rf=0.63, silica gel, ethyl acetate/pyridine/acetic acid/water 664/31/18/7 viviv/v.

20 -CH,-D-Phe-Pro-Lysininyl ' -
According to the methods described in example 3, 677 mg N-(t-Butyloxycarbonyimethyl)-N-
Boc-D-Phe-Pro-OH  was coupled with the H-Lysininyl(Cbz)y[CHOHCO]-OMe.TFA
whereafter the obtained tripeptide (814 mg) was saponified, oxidized, deprotected and purified
by HPLC to give HOOC-CH,;-D-Phe-Pro-Lysininyf¥[COCO]-OH (284 mg) as a mixture of
25 diastereomers.
Rt (LC): 16.1 and 17.0 min, 20% A, 80 % B 10 20 % A, 20 % B and 60 % C.
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B

Lysininyl[err][COCO -OH (68 ng) as a diastereoneric mxture, after HPLC

purifi cakw@esies7r R(LC: 25.9 mn, 20 %A 80 % B t opeyEvfo093® % B
and 80 % C in 40 mn. EXAMPLE 6. 10
Ethyl S err]-D Cha-Pro-Lysininyl[err][ - Ove (a).
Boc- D- Cha- Pro- OPac (-OPac = Phenacyl estér Boc- D- Cha- Pro- OPac was
prepared according a simlar manner, as described in exanple 2, 15
~using Boc-D-Cha-OH and H Pro-CPac. TLC. Rf = 0.5, silica gel,
di chl or orﬂ%%ﬂhanol 95/ 5 v/v. (b).
Et hyl S err a- Pr o- OPac Boc- D- Cha- Pro-OPac (3.8 g) was
di ssolved in 50 % TFA/ di chl or onet hane (25 m) and stirred 20 for 30
m nut es g ] X e was evaporated in vacuo.

The crude = . o p=er onet hane (50 m ) and

et hanesul phonyl chI or| de (0.8 n1) was added at -78 [err]C.

Tri et hyl am ne vas added to keep the pH at 8 dur| ng the reaction. The
mx¥ure (@) xyCarbg ‘ JI-F whereafter water (25 m)
was adde

t enper at @éf Bt a ggﬁlﬁ%ﬂ?‘%l%wéﬂﬁﬁgalﬁ?&a?ﬂies tgg?cﬁn‘ég)ZS
was di SsQlqg %@nvehea :ﬁwlﬁﬁﬁﬁlomﬁfeghﬁyﬁ‘nbc-?ﬁ IPHelOR VieldClsh

solution, water, rogencar ate solution and Bri ne,
dried ovﬂ&&lwgmmeb,etﬁylhc@atydnethwhol 9/1, v/v. evaporated in vacuo.
Trituration of the crude material wth nethanol vyielded Ethyl SO D Cha-
Pro-OPac (3.0 g). TLC. Rf= 0.6, silica gel, dichloronethane/nethanol 95/5
vive 3@ N-%-ggglmcgrﬁglrazmmog-n-g-gl-ghe-ggu (Su = succinimide)
PCT/ EP97/ 00

A solution of N-(t-Butyloxycarbonylmethyl)-N-Boc-D-p-CI-Phe-OH (14.67 g) in 250 ml

acetonitrile was treated with N-hydroxysuccinimide (4.11 g) and 1-(3-dimethylaminopropyl)-3-

ethylcarbodiimide hydrochloride (6.86 g) overnight at room temperature. The reaction mixture
was evaporated to dryness and the residue was dissolved in ethyl acetate. The organic phase
15 was washed with water, dried over sodium sulphate and concentrated to afford 19.11 g active

ester, which was directly used in the next step.

(c). N-(t- loxycarbonylmethyl)-N-Boc-D-p-Cl-Phe-Pro-OH.

H-Pro-OH.HCI (10.79 g) was dissolved in 100 ml N,N-dimethylformamide and 100 m] water.
20 The pH of the reaction mixture was ac.ljusted to 8 with 2 1 N sodium hydroxide solution,

whereafter N-(t-Butyloxycarbonylmethyl)-N-Boc-D-p-Cl-Phe-OSu (19.11 g), dissolved in 120

ml of N,N-dimethylformamide, was added dropwise. The reaction was stirred overnight at

room temperature at pH ~ 8. The reaction mixture was cooled and adjusted to pH ~ 2 with I N

hydrochloric acid. The aqueous layer was extracted with dichloromethane. The organic phase
25 was washed with water, dried over sodium sulphate en evaporated in vacuo. Silica gel

purification, using a gradient ethyl acetate/methanol 9/1 — 1/1, afforded 7.04 g of the desired

dipeptide. '

TLC: Ry 0.24, silica gel, ethy! acetate/methanol 8/2 v/v.
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26 (c). Ethyl s err]-D Cha-Pro-CH To arﬁ,ﬁz@:‘gf

Et hyl SO awo pyB¥s€ha- Pro- OPac (10 g) in tetrahydrofuran (250 added 1M
sol ution of tetrabutyl anmonium fluoride in tetrabydrofuran (84 m). The
reaction m xture was stirred forg380 m nutes at roomtenperature
and poured into water (11). The aqueous solution 5 was extracted
wth ethyl acetate. The conbined organic |ayers were successively washed
with - - IN hydrochl or| c aC| d soI utlon and wat er, dried over sodium
sul phat e I H-D-pdCl-iPhe ; ) re3|due was purified by

Eﬁé;igégmon fronlet%\hlp %‘?%E"St) dIISO og%(‘zh qto Igg}lﬂmMN-Boc-D-p-
(& "t ny CeERe o (S0, me y‘é’?‘n.aﬁ*“ﬁ it LRI ICHOHCT LOMe TEA,

Et hyl SO2- WHehafer ﬁ:e%t(nﬁéxﬁtﬂjgbtxd&@?ﬂlﬁg)awm sapbnified xjdized, [deprotEdthd G purified
TFA, as described in exanple 3(d), afforded the ‘%rot ected tri geptlde ?550

my) 5 Oxi dayiHBLC to give HODE)- pHSI-RhesProrkysinimy P COEQIOH(129 1pg)yas & mixture
after HPLC urlflcatlon the desired product 15 (130 ng) as a m xture
of dIaStePgB Rt (LC): 38.2 and 38.5 min, 20 %A, 80 %B to 20
%A 20 %8 9@03%&3 nnﬂQ,ZU%A,SO%BtOZO/EXAWVEBEndSO?%C
Ethylsqerr] D- Cha- Pro- Lysininyl [err] [ COCQ - In anal ogy to
exanple 6, Ethyl SO err]-D Cha-Pro-Lysini nyI[err][CHO—ICO]-OVE (550 ngy) was

assenbl Edwt saponi fication, oxidation and deprotection, according

to the ne describe in exanple 3 and 2, afforded 180 ng
Et ol SO2- D- Cha- Pro- Lysininyl [err] [ COCO - OH 25 (di astereoneric

m Xt ure) after HPLC purlflcatlon Rt(LC) 35.7 and 36.0 mn, 20%
A, 80YB t a1 OO -0 Sk IR~ 1] AL.' Y]

N-(t-Buty!oxycarbonylmethyl}N-Boc-D—Cha—Pro—-OH was prepared as described in example 1.
Boc-Lysmmyl(Cbz)w[CHOHCO}-OBu was prepared as descnbed in example 3(b).

15 (2). Boc-Lysininyl(Cbz}y{CHOHCO]-OH
To a solution of Boc-Lysininyl(Cbz)y[CHOHCO]-OBu (320 mg) in a mixture of dioxane/water
9/1 viv(11.2 mi) was added 1 ml of a IN sodium hydroxide solution. The reaction mixture was
stirred for 3 h at room temperature. The mixture was adjusted to pH 7 by adding IN
hydrochloric acid solution and most of the dioxane was removed by evaporation. The mixture
20 was poured into cold water and extracted with ethyl acetate. The combined organic layers were
washed with water, dried over magnesium sulphate, filtered and evaporated in vacuo yielding
308 mg Boc-Lysininyl{(Cbz)y[CHOHCO]}-OH.
TLC: Re= 0.46, silica gel, dichloromethane/methanol 8/2 v/v.

25 (b). Boc-Lysininy{(Coz2)yw[CHOHCO]-NH,
1-Hydroxy-benzotriazole hydrate {117 mg), N-methylmorpholine (132 ul), ammonium chloride
(107 mg) and 1-(3-dimethylaminopropy!)—B-ethylcarbbdiimide hydrochloride (186 mg) were
added to a solution of Boc-Lysininyl(Cbz)y[CHOHCO}-OH (308 mg) in N,N-
dimethylformamide (16.6 ml). The reaction mixture was stirred for 3 h at room temperture. The
30 mixture was poured into water and extracted with ethyl acetate. The combined organic layers

were washed with 1 N hydrochloric acid solution, water, 5 % sodium hydrogen carbonate



30 WD 97/ 31937

27 wo 9731955¢AMPLE 8. 1- Pi a- Pr o- Lysi'ni nyl [ esc¢iskpsaiaodssOH 5
(a). 2-Cbz-(4aR, 8aR) - perhydroi sogui noi ne-1(R, S)-carboxylic acid (=

N (Cbz)-1-Pig-OH) N (Cbz)-1-Pi g-OH has been synt hesi sed as
described in EP0643073, exanple 1. 32 TLC Rf= 0.85, silicagel, ethyl
acetate/ pyridine/acetic acid/water 63/20/6/11 v/v/vlv. (b)
N-(Cbz)-1-Pig-Pro-CH 10 Coupling of N-(Cbz)-I-Pig-CH (500 rrg) and

ol o 3otutiofShd Harer Y Brihid Tl Syas dried, pel halRERuA S | BEStel fone

t-butyl evhgsratsds FieCeegidi e purifisd Ny tchifsinatdgrdplgh | o ilies h@hsent: Lgiidient of
trifluoroacetic acid (3 m anlsoleg<

for 1 h. at room
t enper at @@lorvn@thaea'mthmo §2Weto 96/4 viv) to\n;g} Beerd sining CoMICHRHCO RNH0w
t enper at ?]g, the resi due was dissolved in water at pH of 15 9.5. The
aqueous 3 S s washed with diethylether, whereafter the aqueous |ayer
was TLC: madllalﬁwm,%moém&wdm%epbvgrvm acid solution. The
aqueous | ayer was extracted with et hyl acetate and the organic
phase was washed wth br| ne, dried over sodium sul phate and

concentr N . \.ac : - Pig-Pro-OH (588 np). TLC.
= 0. 54 di ne/ acetic acid/water 60/3/1/2

V/ V/ viv. @ﬂysmmyl(Cbz)qf[@hOﬁCB’]m TFAVWAS PrepdrbPhd ddsritedlin gimpie 1(h).

10 (d). N-{t-Butyloxycarbonylmethyl)-N-Boc-D-Cha-Pro-Lysininyl(Cbz)w[ CHOHCO]-NH,
1-Hydroxy-benzotriazole hydrate (50 mg) and dicyclohexylcarbodiimide (60 mg) were added to
a solution of N-(t-butyloxycarbonyimethyl)-N-Boc-D-Cha-Pro-OH (119.6 mg) in N,N-
dimethylformamide (2 mi) at O °C. The reaction mixture was stirred for !/, h at 0 °C. A solution
of H-Lysininyl(Cbz)y[CHOHCO)-NH,. TFA (100 mg) in N,N-dimethylformamide (1 ml) of

15 which the pH was adjusted to 8 with N,N-diisopropylethylamine, was added to the cold
solution. After 1 h the mixture was .al!owed to warm to room temperature and was stirred
overnight. The reaction mixture was cooled to -20 °C, filtered and the filtrate was concentrated
under reduced pressure. The residue was dissolved in ethyl acetate and washed with 5 %
sodium hydrogen carbonate solution, water, 2 % citric acid aqueous solution and brine. The

20 organic layer was dried over magnesium sulphate, filtered and evaporated. The residu was
puriﬁed by chromatography on silica (eluent: gradient of dichloromethane/methanol 97/3 v/v to
95/5 wi) to yield N-(t-buty]oxycarbonylmethyl)-N-Boc-D-Cha-Pro~Lysininyl(Cbz)-
y[CHOHCO]-NH; (93.5 mg).
TLC: R;= 0.34, silica gel, dichloromethane/methanol! 95/5 v/v.

25 .
(€). N-(t-Butyloxycarbonylmethyl)-N-Boc-D-Cha-Pro-Lysininyl(Cbz)y{COCO]-
N-(t—Butyloxycarbonylmethy])-N-Boc-D-Cha-Pro—Lysmmyl(Cbz)w[COCO]-NHz was prepared
as described in example 2(g).
The mixture was washed with a sodium thiosulphate solution, S % sodium hydrogen carbonate
30 solution and water.

TLC: Rs=0.38, silica gel, dichloromethane/methanol 95/5 v/v.



N-(Cbz) 1-Pig-Pro-OH (478 ng) was coupled with the Lysininyl noiet
CFWM I ed

accor di ngwioo7T3nes7 * methods as described in exanple 3.F

protected tripeptide (667 ng) was saponified, oxi di zed and
deprotected (see exanple 2) to afford, afjiser HPLC purification, a single
| somer of 25 1-Pig-Pro-Lysininyl[err][COCQ -OH (33 ny).

Rt (LC): 20.08 mn, 20 %A 80 %Bto 20 %A 20 %B and 60 %C. 30
WD 97/ 31937

PCT/ EP97/ @) ini 28
EXAMPLE 9. HOOCCHerr - D- Cha- Pro Lysininyl [err] [ COCQ - 5

Accor di ngﬂﬂﬂﬁﬁiﬁtmymmdw GOEaINEBxwapprepared 88 Yesegibed in example 2(h).
"N-(t-Buty, B I 1
wms coup The s B RS Phviged dimerty oo acPiepmpiive HPLC DettabEk GhEER whings o
3c) wher eghliRnt éxbswmi&%mb%npw%@e 1665€ 1500 ¥PA, 36998, 5094 C Sverdoaahl,

deprotected and purified to yield 1
HOGE- CH2- ab-adiew Fate of $€ mlimig) [ er r ] [COCO] OH as a m xture of

di ast er eq ..rOS.S L&phosphate%ﬂ%%%%.%er,c ggetg/m@'ﬂ/u%l?er% ?/2 9 20 %A 20 %B

and 60 %
87 mg N-(t-Butyloxycarbonylmethyl)-N-Boc-D-Cha-Pro-Lysininyl(Cbz)yw[COCO}-NH; yielded

35 mg HOOC-CH;-D-Cha-Pro-Lysininyly[COCO]-NH, .
Massa: CI': 478.4 [M-H]"; CI': 476.4 [M-H}

10 R(LC): 21.10 and 21.41 min (diastereomeric mixture); 20 % A, 80 % B, 0 % C to 20 % A,
20 % B, 60 % C over 40 min.

EXAMPLE 14
15 =CH;-D-Cha-Pro-Lysininviy[COCOI-OFt

N-(t-Butyloxycarbonylmethyl)-N-Boc-D-Cha-Pro-OH was prepared as described in example 1.
- Boc-Lysininyl(Cbz)y[CHOHCO]-OMe was prepared as described in example 3(b).

20 (a). H-Lysininyl(Coz)y{CHOHCO]-OEt HCl
Boc-Lysininyl(Cbz)y[CHOHCO]-OMe (2.14 g) was dissolved in a 3M hydrochloric acid
solution in ethanol (100 ml) of -20 °C. After the reaction mixture was stirred for 6 h at room

temperature, it was concentrated in vacuo yielding H-Lysininyl(Cbz)y[CHOHCO]-OEt.HC!

(2.36 g).
25 TLC: Re = 0.17 and R, = 0.25 (diastereomer mixture), silica gel, dichloromethane/methanol
95/5 viv.
().
N-(t-Butyloxycarbonylmethyl)-N-Boc-D-Cha-Pro-Lysininyl{Cbz)y[COHCO}-OEt was pre-
30 pared from H-Lysininyl(Cbz)y[CHOHCOJ}-OEtHC! (2.40 g) and N-(t-butyloxycarbonyl-

methyl)-N-Boc-D-Cha-Pro-OH (2.38 g) as described in example 13(d), but triethylamine was



HOOC- CH err] - D- Cha- N-cycl opentyl -A@ y-Lysininyl [err] [ COCO - OH 15
(a). I\I-cyﬁ,bcbggpﬁl-csly-a\/e H dy-Ove. HCl (46.4 0) peamemvpeRgved in
400 mM et hanol, cycl opentanone (34 g) and sodi um cyanobor ohydri de
(14 g) were added and the reaction was allowed to proceed for 16h at room

tenmperature. The reaction mxture was quéfched with 6 M hydrochloric acid

until pH 2 and 20 stirred for 30 mn at roomtenperature. The sol vent
was renoved by evaporation under reduced pressure, the residu was

di | ved. in. hed w di I . JIh H
20 vt oq Hs RS of N Rwiesrohyltebytaios e Gl prashelwa bttty aematograpy
ext ract edoyisiiiBa (eluent: gradsbing W%ﬁﬁﬁ%&?ﬁan&éﬁé hed v id dféﬁio?&ncﬂﬁﬁ@%e%}é@&sls%‘yr%

sodi um sul phate, filtered and concentrate under reduce )
The conpovwnd was cB§St al vivied tor onyieldhy | Ne(t-butyloxycarbomdmetbyl) NdBoc-DSCha-Pro-

Yield :43,5.q. : = 71,..silica.gel, ,ethyl

Scot at of pyPRGRwIERHETTORE (Lo4 81/ HG) ReT .53 et “dickioromethanc(aggthanct
N- (§- But yoeps¥mar bonyl met hyl ) - N- Boc- D- Cha- N-cycl opentyl -3 y- OH

N (t - Butyl oxycar bonyl net hyl ) - N- Boc- D- Cha- N-cycl opentyl - d y- OH was prepared
according 30 to the procedure described in exanmple |I for the

di peptide, qqi.ef ¥, '
But y| oxy ceP3oPErHRER

WO 97/ 31%&-@gtyloxycarbonyimethyl)-N-Boc-D-Cha-Pro—Lys‘ininyl(Cbz)\y[COCO]-OEt waszggepared

W - erTer - =

PCT/ EP97/

TLC: Rf = 4k d¥scritseldlin eRargple 13(E)Chl or onet hane/ net hanol 9/1 v/v.

(c HOOC- CH err]- D Cha- N-cycl opentyl -d y-Lysininyl [err][ COCCQ - OH
hoaBr i noTEEY Rife Dy R BelodigbORmasbane Mkl ST .

N (t-Butyl oxycar bonyl net hyl )-N-Boc-D- 5 Cha- N-cycl opentyl -d y- OH
(547 ng) was coupled to HLysininyl(Cbz)[err][CHOHCO -

(d). HOOC-CH,-D-Cha-Pro-Lysininyly[COCO}-OEt

HOOC-CH,-D-Cha-Pro-Lysininyly[COCO}-OEt was prepared as described in example 13(f).

The water layer was charged directly onto a preparative HPLC DeltaPak column using a
15 gradient elution system of 20 % A, 80 % B, 0% C to 20 % A, 54 % B, 26 % C over 45 min, at

a flow rate of 80 mt/min.

(A: 0.5 M phosphate buffer pH 2.1, B: water, C: acetonitril/water = 3/2 v/v)

293 mg N-(t-butyloxycarbonylmethyl)-N-Boc-D-Cha-Pro-Lysininyl(Cbz)y{COCO]}-OEt

yielded 62 mg HOOC-CH,-D-Cha-Pro-Lysininyly[COCO]}-OE:t.

20 Massa: ESI": 507.9 [MH]"
R(LC): 26.45 and 27.30 min (diastereomer mixture): 20% A, 80% B, 0% Ct020% A, 20 %
B, 60 % C over 40 min.
EXAMPLE 15

25

HOOC-CH;-D-Cha-Pro-Lysininvly[COCOI]-(1-azetidine)

N-(t-Butyloxycarbonylmethy!)-N-Boc-D-Cha-Pro-OH was prepared as described in example 1.
N-(t-Butyloxycarbonylmethyl)-N-Boc-D-Cha-Pro-Lysininyly[ COCO)-(1-azetidine) was
30 prepared in a similar manner as described in example 13, starting from Boc-

Lysininyl(Cbz)yw[CHOHCO]-OBu. Deprotection (see example 13(f)) of 427 mg N-(t-

T we BREESIE R - AN T



. VT RN e - oAl L e AT el

Ove. TFA (see exanple 3(c)) whereafter the protected tripeptide (660 ng) was
saponi fi eyo 97131937 oxi di Zed, deprotected and purified to WCITRPIZUHPI$Y

HOOC- CH err] - D- Cha- N-cycl opentyl -Qd y- Lysini nyI[err][COCO]-C]—I as a
m xture of di astereoners. Rt (LC) 28.5 and 29.1 min, 20 %A 80 %
Bto 20 %A 20 %B and 60 % C. 10 3%EXAMPLE 11.

HOOC-CH err] - D Phe-Pro-Lysininyl[err][COCO -OH 15
N- (t - But yl oxycar bonyl net hyl ) - N-Boc- D- Phe-Pro-OH was prepared according

to the ' i i . g

N- (t - But yl%Wgﬂ ongi/&g"‘J @ '§ﬁ§|-8 -% ﬁgﬂ@ﬁfﬂyﬁyﬁ&Cﬁi—éi‘%ﬁﬁ%ﬂe&legﬁ_‘v& : after
TLC. Rf= GIpBC p%hhbﬁfb!QQbs mgt;msauacet ate/ pyri dine/ acetic aci d/ water

-664/ 31/ 18/ 7 v/v/vlyv.

HOOC- CH] erHPLE.conditippg Qe}@i’ﬁk solmaysingeradientelution system of 3036 Ay 80,0 % C
met hods de@%& PERT: aﬁ’*/gc%vFﬁZi i N FowPikte bPZY RimpRNY | met hyl) - N-

‘Boc- D- Phe-Pro-

H- Lysi ni nyA:@x M ﬁlﬂdsbbit@ﬁﬁﬂfi@ﬂ%ﬁﬁﬁater C: acetonitril/vestes 8¥2 vy obt ai ned
tripeptide (814 no) was_ sapon] fied, oxidized, deprotected and purified
by HPLC t qMassaeF 18-} MFHI AR 162 [MH]i nyl [err][COOO - OH (284 ng) as

T LR 2624, and A P hlsBereomer mixturk]: 20904, g% 75309 € fo 352 2%

PCT/ EP97/ 0B968% C over 40 min.

10 EXAMPLE 16

N—(t-Butyloxycarbonyhnethyl)—N-Bo&D-Cha-N-cyclopentyl—g!ycme was prepared according to
the procedure in example 1. '

15 N-(t-Butyloxycarbonylmethyl)-N-Boc-D-Cha-N-cyclopentyl-Gly-Lysininyly[ COCO}-(1-
azetidine) was prepared in a similar manner as described in example 15. Deprotection of
401 mg N-(t-butyloxycarbonylmethyl)-N-Boc-D-Cha-N-cyclopentyl-Gly-Lysininyhy{COCO}-
(1-azetidine) gave, after HPLC purification, 107 mg of the product.
Massa: FAB": 546.2 [M+H]"; FAB": 544.0 [M+H]

20 R(LC): 35.85min: 20% A, 80% B, 0% C 1020 % A, 20 % B, 60 % C over 40 min.

EXAMPLE 17
HO -D-Cha-Pro-Lysininyly 05 Ph

25
N-(t-Butyloxycarbonylmethyl)-N-Boc-D-Cha-Pro-OH was prepared as described in example 1.
H-Lysininyl(Cbz)y/{CHOHCO]-OMe.TFA was prepared as described in example 3(c).

(a). N=(s- (o) nylmeth -Bo¢-D-Cha-Pro-
30 N-(t-Butyloxycarbonylmethyl)-N-Boc-D-Cha-Pro-Lysininyl(Cbz)y[ CHOHCO}-OMe was

prepared in a similar manner as described in example 13(d) from H-



30 EXAMPLE 12. , _

HOOC- CH[ g4y br3tober r] - G - Phe-Pro-Lysininyl [err] [ COCQ - OH

N (t-Butyl oxycar bonyl met hyl ) - N- Boc- D- p- Cl - Phe- OH ccor ng to
anal ogous procedures as described in exanple 1, H-Dp Cl -Phe-OH HA (10 g)
was converted into N-(t-Butyl oxycar bonyl ﬁéthyl) N- Boc- D-p-Cd - Phe-OH. Yield:

16.7 g. TLC. R err] 0.27, silica gel, ethyl acetate/nethanol
9/ 1, v/v. 10 (b). N-(t- Butyl oxycar bonyl met hyl ) - N- Boc- D- p- O - Phe- OSu
(Su = CI-I’N

(1 - Bt SoSRRE R ICHOHG LR AT o )pand Mt buwiqsycasponyimethy)-Boo-D-

acet oni t ICHaProaOH! (16K 8§ The Brubfe Mc?‘d
1- (3-dinet hyl am nopr op 2? é f}i{ﬂﬂﬁ&et h crsanreE]olﬁe gﬁ%gp%nﬁ? S‘r“ucée("‘(‘&“'se
g) over niggadiensof heptan ethyb:mm 4a/6 ertorlﬂ(ylv)oto yield Nﬁ(e-butyloxycatbouylﬁ)ethyl).N.

or gani ¢ Bedi-crePre-LygumicabCaPRTAFOMe (sl D, oL Eo R m b pivics ark

concent rg;&%,gﬁeﬁgﬁgﬁ&ﬁa%oﬂgs,gvﬁpt ive ester whi ch was directly
used in the next step (c).

N-(t-Butyl oxycar bonyl rret hyl) - N—Boc D- p- C - Phe- Pro- CH. ' H Pr o- OH. HCI
(10.79 Q)

th Iforrram de and 100 n1 vvater 20

The pH 0](b ptyioxycarbonyimeth 0g+1)~liha {

hydr oxi dewsol uf i ofh

N (t - But 3|°§>?yg£alr ggny’l"ﬂé"t‘h 1Y Nggc%%’c‘ffyﬁ%“’&“e?‘!‘é"‘lf ST "H?‘s%’&’v’@&"%
120 (Cbz)WCHﬁlHﬂSONOMm 08 | g dni ﬂ&ﬂkdﬁe ofidioxanéladtet mpw\sgzo rhlyowiseaddeld ON

stirred _over ni mterrperature at . The reaction
ure wﬁg edN%Qﬂfg @Yﬁ@j"t@tséhnloa 'BhP mixtusg Was poured into ) cold witer adjubtied to pH

d. Th ; )
g T M P B
evapor at efganit layersiveréSivashed vgth water, dried ovetimagnediint Qﬂphdls,lﬁlﬁréﬂ slidélapbated

ethyl acetate/nethano] 9/1 -> 1/1, ‘af forded 7.04 g of the desired
dipepti d#  vacuo  yielding 105 ' g  N-(t-butyloxycarbonylmethyl)-N-Boc-D-Cha-Pro-

Lysininyl{Cbz)y[CHOHCO]-OH.
15 TLC: Re= 0.4, silica gel, ethyl acetate /methanol 7/3 v/v.

(©).
1-Hydroxy-benzotriazole hydrate (150 mg), N-methylmorpholine (150 pl), benzylamine

(155'pl) and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (190 mg) were
20 added to a solution of  N-(t-butyloxycarbonyimethyl)-N-Boc-D-Cha-Pro-
Lysininyl(Cbz)y{CHOHCO]-OH (502 mg) in N,N-dimethylformamide (16.6 m{). The reaction
mixture was stirred for 17 h at room temperature. The mixture was poured into a cold I N
hydrochloric acid solution and extracted with ethy! acetate. The combined organic layers were

washed with, water, 5 % sodium hydrogen carbonate solution and water. The organic layer was

25 dried over magnesium sulphate, filtered and evaporated to yield N-(t-butyloxycarbonylmethyl)-
N-Boc-D-Cha-Pro-Lysininyl(Cbz)y{CHOHCO]-NHCH,Ph (512.4 mg). TLC: R, = 0.5, silica
gel, dichloromethane/methanol 95/5 v/iv.

30 N-(t-Butyloxycarbonylmethyl)-N-Boc-D-Cha-Pro-Lysininyl(Cbz)y[COCO]-NHCH,Ph



TLC. Rlerr] 0.24, silica gel, ethyl acetate/methanol 8/2 v/v. 30

WO 97/ 3196 97131937 : PCT/EP97/00938
PCT/ EP97/ 00938 31
(d). HOOC-CH err]-D p-d - Phe-Pro-Lysi ni n3517[err] [ COCO - OH Accordi ng
to the nmethods described in exanple 3,
N- (t - Butyl oxycar bonyl net hyl ) - N- Boc- D- p- C - Phe-Pro-OH (500 ng). was
coupled with H Lysininyl (Cbz)[err][ CHOHCO - Ove. TFA, whereafter the
obt ai ned | p ' (242 SLUAS 35 hieed (i drged, rlepsot@ss edg
oy ‘f,PéﬂaPégy a% Lcdgpant Ob\gegveﬁ Radinplecd13@x1 dTEEd, Klepsotgss edsindd gel,
HOOC- CH[ edichlofonpethidnelthethénad-9AIvivi. nyl [err] [COCO - OH (129 ng) as a mixture

- of di astereoners. Rt (LCO: 22.3 and 23.1 min, 20 %A, 80 %B to 20
%A, 20 % B and 60%C. EXAMPLE 13 10

HOOC- CH[ e{eg_%ggg%ﬂpm. oLk r]
"N (t-Buty nyTmet hyT) - 0C- a- Pro- Was prepared as descri bed

i N gxanpl HODC-CH;-D-Cha-ProcLysiinyhy[COCOMNHEHRH Ghlpfédarédtas deseribéd v ednple
described in exanple 3(b). 15 (a). Boc-Lysiniyl (Cbz)[err][CHOHCO - OH
To a sol ut3®a of Boc-Lysininyl (Cbz)[err][CHOHCO - OBu (320 ng) in a mixture

f di / < a0, : o o N sodi
Pyl ox! deReC Py mig; 207 & RSk, 00k ol 20 W R20SB oA ol oyl °0

roomtenperature. The m xture was adjusted to pH 7 by adding IN

hydrochl oric_acid solution and nost of the di oxane was renoved by
evaporaliiﬂﬁﬂﬁﬁﬂéiiﬁxture 20 was poured into cold water and extracted
mﬁi@ et hyl acetate. The conbi ned organic | ayers were

. D-Cha-Pro-Lysininyl -N{CH.

HOOC-CH,-D-Cha-Pro-Lysininyly{ COCO}-N(CHj3); was prepared in a similar manner as

described in examplé 17, starting from N-(t-butyloxycarbonylmethyl)-N-Boc-D-Cha-Pro-
15 Lysininyl(Cbz)y{CHOHCO]-OH.

R(LC):32.84 min: 20% A, 80 % B, 0 % C to 20 % A, 20 % B, 60 % C over 40 min.

E 19

20 HOOC-CH;-D-Dpa-Pro-Lysininyl-(2-thiazolyl).

(2). Boc-D-Dpa-Pro-OBazl.
To a cold (0 °C) solution of Boc-D-Dpa-OH (5.2 g) in N,N-dimethyiformamide (50 mi) were
successively added 1-hydroxy benzotriazole (3.1 g), dicyclohexyl carbodiimide (3.3 g), H-Pro-
25 OBzl HCI (4.07 g) and triethylamine (2.46 ml), The mixture was stirred at 0 °C for 1 hour and
then kept at room temperature overnight. The mixture was cooled to -20 °C and
dicyclohexylurea was removed by filtration. The filtrate was evaporated to dryness. The residue
was dissolved in ethyl acetate and washed successively with 5 % sodium hydrogen carbonate,
water and brine, dried over sodium sulphate and concentrated in vacuo. The resfdue was
30 chromatographed on silica gel (eluent: heptane/ethyl acetate 4/6 v/v) yielding Boc-D-Dpa-Pro-
OBzl (8.7 ).



washed with water, dried over magnesi um sul phate, filtered and evaporated
I N vacuo ¥y \ 308 ng Boc-Lysininyl (Cbz)[err][ - OH.

TLC. R err“]’(gb’g#gfg? silica gel, dichloromethane/ nmethanol 8/2°V/i'V. /00938
(b). .Boc-Lysininyl (Coz)[err] [ CHOHCO - NH err]

1- Hydr oxy- benzotri azol e hydrate (117 ng), 38 net hyl nor phol i ne (132 pl),
anmoni um chl ori de (107 ng) and

1- (3-di net hyl am nopr opyl ) - 3- et hyl car bodi i m de hydrochl ori de (186 ng) were

G et hy !+ SRR D she Bl RrdaciAde A0S I Z AN 3 1 af

roomtenperture. The 30 m xture was poured into water and extr.acted
with ethyl acetate. The conbi ned organic | ayers were washed with 1
N hydr och(tr Bec-R-DpaRmo:®Hon, water, 5 % sodi um hydrogen carbonat e

WO 97/ 319 . e

Dor tpoy; 18 ¢ galladium on charcoal (1 g) was added to a solution of Boc-D-Dpa-Pro-OBzl (7:22) in
sol §tion @Rthanel §140 TRB. OTRARhiktr8Y fas nSldOYE" Lup.syl phat e
filtered and A gvapor ated. The resi \;\s{/aé‘si %ﬁrﬁ@%@ﬁg E}ﬁ?sg‘t(rgt gfg?my

% 5] s qtd it i sty o
ng). 5 ’e"}“""%‘_’é:""ﬂ[%?‘ﬁ“é‘%?‘i ,egy Fesspre 3%&1“}"]3 Mﬁ?ﬂn@’?rﬁﬁékmmanol 97/ 3
viv. TLC: Rr=0039, sﬁicé;mg&ia?éth&@#mf&h&k&%@gf Egbﬁ'ihwfgrgg/v

H Lysi ni nyl (Cbz)[err] [ CHOH NH2."TFA was prepare escri I'n exanpl e
1(h). 10 (d).

N- ¢4 - But yéc ? oY A aﬁ_ ZE_ﬂc-DF ﬁua- Pro- Lysi ni nyl (Cbz)[err] [ CHOHCO - NH
[err] ) hydrate (50 ng) and

di cycl oheTeé cmixeddanddide 66 d i Sk it i
N-(t-butyl oxycar bony’fyrret ﬁyl -%ﬂgoyﬁa%@%ﬁa&r&?g rf‘%? i n kkﬁﬂyl?ébz)—(z-

di met hy| ftbiaraly)deF A gseqiexample(t) ovas] done Boeording a6 ithenprocetunesdeseribedtin ek fifiple 22,
Lerr] N 3fieiing N-Bot:DDFiPi L hninyl-(2-thiazolyl) (560 mg).
TLC: Rr= 0.1, silica, toluene/ethyl acetate 3/7 v/v.
15

(d). H-D-Dpa-Pro-Lysininyl(Cbz)-(2-thiazolyl). TFA..
N-Boc-D-Dpa-Pro-Lysininyl-(2-thiazolyl) (560 mg) was dissolved in dry dichloromethane (2.5
mi) and trifluoroacetic acid (2.5 ml) and stirred for 1 h at room temperature. The solution was

concentrated in vacuo and coevaporated with toluene yielding H-D-Dpa-Pro-Lys(Cbz)-(2-
20 thiazolyl). TFA (670 mg).

TLC: Re= 0.51, silica, toluene/ethyl acetate 1/1 viv,

(e).N-(t-Butyloxycarbonylmethyl)-D-Dpa-Pro-Lysinin z)-(2-thi

H-D-Dpa-Pro-Lys(Cbz)-(2-thiazolyl). TFA (570 mg) was dissolved in acetonitrile (10 mt), tert.-
25 butyl bromoacetate (141 ul) was added. The solution was kept at pH 8 with N,N-

| diisopropylethylamine and stirred for 2 days at room temperature. The reaction mixture was

concentrated in vacuo, dissolved in ethyl acetate, washed with water and brine, dried on

magnesium sulphate and 'again concentrated. The residue was chromatographed on silica using

ethyl acetate/toluene 1/4 as eluent vyielding N;(t-Butyloxycarbony]methyl)—D-Dpa—Pro-
30 Lysininyl(Cbz)-(2-thiazolyl) (499 mg).

TLC: Re= 0.47, silica, dichloromethane/methanol 96/4 viviv.



 ———————CrSOEASEEE

of H-Lysininyl (Cbz)[err][CHOHCO -NH err]. TFA (100 ng) in

NN- di et kybbosmemi de (1-n) of 15 whi ch the pH was aBfFEFPEH09B 3 with
NN- di i sopropyl et hyl am ne, was added to the cold solution. After |
h the m xture was allowed to warmto roogwaterrperature and was stirred
overnight. The reaction m xture was cooled to -20 [err]C, filtered and the
filtrate was concentrated under reduced pressure. The residue was
dissolved in ethyl acetate and washed with 5 % sodi um hydr ogen

car bonat &S ¢ -Pra-LYaiginyI-{LthgoRaqueous sol ution and brine. The
20 organrc Tayer was dried over magnesi um sul phate, filtered and

evapor at &he d’d]moneemld andythe purification of Ni(F-Butylaxycarhoryimetbyh) I Mpackrodiysininyl-

) \(//el/;Jent (%a)e B,t 0 )dx'v%f*é'é) rn%qtec;[:oh ne/t Lh%po%edureé §escngetf in example 22, Ygtgl/d of a

N-(t - but %WEQFWGHE%WNWEQDR@%PJPST-W 3.2 Intikb20 % A and so % B to
“[err] [ CHOHCO - NH2 (93. Rlerr] = 0.34, silica gel
di c¢hl oror?@t%&néﬂﬁ@hadéﬂ%@@ 49/min. 25 (e).
N- (t-Butyl oxycar bonyl nmet hyl ) - N- Boc- D- Cha- Pro-Lysi ninyl (Cbz)[err] [ COCO - NH e
rr
N-(t-But g® yl met hyl ) - N- Boc- D- Cha- Pro- Lysi ni nyl (Cbz)[err] [ COCQ - NH2
was prepare as described in exanple 2(g). The m xture
was washed with a sodiumthiosul phate solution, 5 % sodi um hydr ogen
car bonat g, . A err] 0.38, silica
gel , di cliorortiafrer<mit X ' O 97/31937
PCiId EP97/ 00938 33
(f). HOOC-CH err]-D Cha-Pro-Lysinin }({:err][CG:O] NH err]
HOOC- CH] e¥-«(1-BotyineycabonylimethyDayBao-Di Clacaiyclupentylglysine pas prepareddecondingdtd

| h d di |
T epar ot ﬁ%ﬂ%ﬁ%@fﬁé’?&%&%@&%ﬁ*ﬁéﬁ digégiide iR Empte 70 10l Y Pon syt em
of 20 % AN, lﬂu%&ycﬂ:@m@lﬁeﬁﬂl)a@-%@-@ﬁ-% cloﬁ@ntyfl@l)@!ﬁmﬁkﬁ\y GCO%JEQ}%; was

at aflowrateo 5 M phosphat e "butf er
wat er, Cpregasednin ral Smlaer mangér> as vt)escnbed in e3am 13, starting from Boc-

B - D- Cha- Pro- Lysi ni nyl (Cb NH2
T B R ARGV o e oyl ] Feoby e
'Vassa CIRALCY: 349%mift: 20447A[ 86 % B, 6'% ch620%%[AM2d % B, 60 % C over 40 min.

EXAMPLE 21
20 H;-D-Cha-Pro-Lysininyl -

HOOC-CH,-D-Cha-Pro-Lysininyly{COCO}-NHCH; was prepared in a similar manner as
described in example 17, starting from N-(t-butyloxycarbonylmethy!)-N-Boc-D-Cha-Pro-
Lysininyl(Cbz)y[CHOHCO]-OH.

25 R(LC): 29.61 min: 20% A, 80% B, 0% C 1020 % A, 20 % B, 60 % C over 40 min.

EXAMPLE 22

N-Me-D-Nle-Pro-Lysininvl-(2-thiazolvl}
30

(a). H-D-Nle-OMe. HCL.



R il LI o B

10 Rlerr](LCO: 21.10 and 21.41 mn (diastereoneric mxture); 20 %A, 80
% B, 0 %@%1;39 % A, 20 % B, 60 % C’over 40 mM Nnpcr/EP9T/00938
EXAVMPLE 1 15 HOOC- CH err] - D- Cha- Pro- Lysi ni nvl [ err] [ COCQ - OEt

N- (t-Butyl oxycar bonyl net hyl ) - N- Boc- D- Cha- Pro- OH was prepared as descri bed
in exanple 1. - Boc- Lysi ni nyl (Cb#P[ err] [ CHOHCO - OVt was prepared as
descri bed in exanple 3(b). 20 (a).

H Lysi ni nyl (Cbz)[err] [ CHOHCQ - CEt . HCl

yar oen b 20 Y méthanel Sobldgih-FC] 15,2 Siagd s iy “Bled Tpbpesvepuy. the

After thempeafire QhsBlISed fo HeStoSl10rCeHah Qﬁglt@ofistﬁﬁt 0P 20'min after which 10 g H-D-
tenperature, it was concentrated in vacuo i el di ng

H-Lysi ni NietQHowaq addeil] TheOe@perabifieNGls slowly increase@ agé atyefluRkept constaht €sr 5 h.
=Q 17 R = 0. i L Li l
R ol L oRis praiiot nats Eyilized ffom metianpbang dethylether at 4'-C apdyiis yielded 12.9 g

N-§ t - But : = - = LA nyl (Cb COHCQ - OEt
vt 1 bt PH SN0 M b rcRai (SeRBL IR, V1 oz) [ err] [ carog) - ot

was pre- 30 pared from H-Lysininyl(Cbz)[err][CHOHCO -CEt. HO (2.40
g) and N@ff'b yl oxycar bonyl - nmet hyl ) - N- Boc- D- Cha- Pro-OH (2. 38 Q)
as descr = 13(d), but triethylam ne was WO

97/ 3193

PCT/ EP9 %&-ﬁgOMeHCl (12.9 g) was dissolved in 200 ml dry methanol followed by addition §£ di-

tert-butyl dicarbonate (15.5 g) and triethylamine (19.8 ml). The reaction was stirred for 3h at
10 room temperature after which the mixture was concentrated in vacuo. Next, the residue was

dissolved in ethyl acetate and washed with water. The product was chromatographed on silica

using heptane/ethyl acetate 3/1 v/v. Yield: 169 g.

TLC: R¢= O.SS, silica, heptane/ethyl acetate 3/1 v/v.

15 {c)- N-Me-Boc-D-Nle-OMe.
Boc-D-Nle-OMe (16.9 g) was dissolved in 200 ml dry N,N-dimethylformamide under nitrogen.
Next, methyliodide (24.9 ml) was added, cooled to 0 °C, sodium hydride (3.31 g, 60 %
dispersion in oil) was added and the mixture was allowed to react during 16 h at room
temperature. The mixture was concentrated in vacuo, dissolved in ethyl acetate, washed with
20 0.1 N hydrochioric acid, water, sodium bicarbonate (5 %) and water, dried and concentrated
again. This yielded 18.8 g of alkylated product.
TLC: Rr=0.56, silica, heptane/ethyl acetate 3/1 viv.

(d). N-Me-Boc-D-Nle-OH.

25 N-Me-Boc-D-Nile-OMe (18 g) was dissolved in 400 ml dioxane/water 9/1 (v/v) and the pH of
the solution was adjusted to 12 with IN NaOH. The reaction was allowed to proceed for 2 h,
keeping the pH constant at 12. The work-up procedure involved acidification with hydrochloric
acid, cooling on ice, adding extra water (400 ml) and extraction with dichloromethane. The
organic layer was washed with brine, dried, filtered and concentrated in vacuo. This yielded

30 189 g.

TLC: Re= 0.26, silica, dichloromethane/methanol 9/1 v/v.



used instead of N, N-diisopropylethylam ne. The crude product was purified

by chr ong{@gtsnby . on silica (eluent: gradient of RGH/ERIIOLIRy |
acetate 1/1 v/v to dichl oronet hane/ nmet hanol 97/ 3 viv to 95/5

v/ v) to vyield N (t-butyl oxycar bonyj‘get hyl ) - N- Boc- D- Cha- Pr o-
Lysi.ninyl (Coz)[err][COHCO - CEt (1.24 g). TLC. Rerr] = 0.5, silica gel,

di chl or onet hane/ net hanol 5 95/5 v/v. (c).

N (t-Butyl oxycar bonyl met hyl ) - N- Boc- D- Cha- Pr o- Lysi ni nyl (Cbz)[err] [ COCQ - CEt

- N-(t-But (é pw%ﬂ.ﬂ%@ﬂ\l— Boc- D- Cha- Pro-Lysi ninyl (Cbz)[err] [ COCQ - OEt
was prepare as described in exanple 13(e). 10 TLC. Rerr]=

0. 51, -si Firstathga¥-suckiniiide estert was preparédastaiting7frgm\iNyMe-Boc-D-Nle-OH( d8.g of this

-HOOC- CH[ err.] -D- Cha- Pro-Lysi.ni ny| [ er.l s OEt . . :
HOOG. CH{ Bpiyative cas @5oled i ?1%‘{’\5'(‘5‘% kl ) 3o Jesthyl3:3:(dimethylaming)prapyi}-
in exanp i loride! .5 RYCind\BEhydiakgSeccirimife (HHONSUY

pr epar at ibé‘:-g&%i&)xﬁl_x)geDlé%d{%cé\a%ndgofﬁ)r}%g%g% 15 é’?‘adi ent el Elitli on sy(g’t?eﬁ?

of 520 % wwer@@ddeds Thevseaction requited, 16h 3, ®onp gempeatye rafies witich he solvent was a

TR iy e ol i il o
N-(t-but | i g :

D1 6l ded. B a1 HeAt wEp Sriath sdielrotile FUY 16 Vil 360
ESI [ er r ] mINN-dinfethyffosmamide and 300 mRwatarjand tpe pibwas adjwsted o) with2 N NaOH
(di ast er B TA ShiliSh of 1 SNSu SPkr (283 Linddo h? NR-difernyiRrriamide) was adfed

HQQC- CH[ @rdpwise fe/¥hisriofutionsit ﬁhtf‘\fi{[&'fﬁ. ITihe‘Peddtioh bwadZ@nipléted hfter 5 h, after which the
N- (t-Butyl oxycar bonyl met hyl ) - N- Boc- D- Cha- Pro- OH was prepared as described
i N exanppeganic solvent was largely removed by evaporation under reduced pressure. Extra water (300

N-(t-Butyloxyca nyl.net hyl.) - N- Boc= = Pr o- Lnin errll. -(1l-azetjd
N Bt AR N TR B BB B R i e U R ke
13, star asited withvatBQCAfter drying, filtkatidhindyddnClritydtivn! the @relisdtl wid tbtained as a
Deprotection (see exanple 13%“)) of 427 ny N—gt- R
yellow oil in 222 g The crude product was matographed on silica using ethyl
15 acetate/methanol 8/2 v/v as eluent. Yield: 13.2 g.

TLC: Rs= 0.65, silica, ethyl acetate/pyridine/acetic acid/water = 163/20/6/11 viviviv.

(9. N-Me-Boc-D-Nle-Pro-Lysininyl(Cbz)-(2-thiazolyl).
N-Me-Boc-D-Nle-Pro-OH (376 mg) was dissolved in dry N,N-dimethylformamide (3 ml).
20 After addition of N,N-diisopropylethy!amiﬁe (0.19 ml), the reaction mixture was placed under
nitrogen and cooled to -20 °C. Isobutyl chloroformate (136 ul) was subsequently added and the
mixture was allowed to stir for 15 min at -20 °C. H-Lysininyl(Cbz)-(2-thiazolyl). TFA (see
example 1) was dissolved in dry N,N-dimethylformamide (3 ml) and added dropwise to the cold
mixed anhydride solution, maintaining the pH at 8.5 by addition of N,N-diisopropylethylamine.
25 The reaction mixture was stirred for 15 min at -20 °C and 1 h. at room tempel;ature. The
reaction mixture was evaporated to dryness. The residue was dissolved in ethyl acetate and.
successively washed with 5 % aqueous sodium bicarbonate solution, water and brine, dried
over sodium sulphate and concentrated in vacuo. The residue was purified by chromatography
on sifica (eluent: ethyl acetate/heptane 1/1 v/v) to yield Boc-N-Me-D-Nle-Pro-Lysininyl(Cbz)-
30 (2-thiazolyl) (408 mg).
TLC: Re= 0.21, silica, ethyl acetate/heptane 1/1 v/v.



WD 97/ 31937 I

PCT/ EP97 009281937 PCT/EP97/00938 5

but yl oxycar bonyl net hyl ) - N- Boc- D- Cha- Pro-Lysininyl [err][ COCQ - (1-azeti di ne)
gave, after HPLC purification,,J05 mg product. HPLC
conditions: DeltaPak columm using a gradient -elution systemof 20 %A 80 %
B, 0 %C to 20 % A, 45 % B, 35 % C over 45 mn, at a flow rate of
80 mM/mn. 5 (A: 0.5 M phosphate buffer pH 2.1, B: water, C

acet oni t (g}l MQ-MQM&mmﬂ-(z-miazMsa: FAB[err]: 518.3 [MrH [err]; FAB:
516. 2 [ % rl (LG : 26.24 and 26.70 m n (di astereoner

m xt ur e) %%P—%-Bmé-ysm%l “hz)-(2ghiagolyl) (408, mg) was pmpaed escordingr the0
m n.

- o Broepdyse GRECHRe it rample 1p. The crude, nrpfiust s, farasit greq ¢ prsRarpee PLC
N- (t - But mmnmam aﬁhhnltﬂsniﬁ-fgﬁd&@”lﬁné‘ﬁ gma:pem ¥i ALSO %B' 6> 269 R/,

accgordin t he procedure I n_exa

N-gt But I’M&Bﬁfﬁoﬂ'ﬂ‘ﬁiﬁs)mﬂ @ﬁ&olflﬁg‘}lm opentyl Ady-Lysininyl[err][C
ocq - ) was prepared in a simlar manner as descri bed
I n exarrp gqgfwgepro?'teeéﬁkgsﬁ of 401 ny

N- ('t - but Y0SomgcR(DCRYINER injs, 201% B 80D, Eneo 26 %/ Al 2095BYand @0y 0V 40 s [err] [ C
oCcq - & zet|d| ne% ave, after HPLC purification, 107 ng of the
product . 110 mg. R{LCY; Pe/m"]’ Oﬁ@w%mﬂ@%BmAﬁpéﬁrqmwm [ M+H]
20 Rlerr](LO: 35 85 mn: 20 %A 80 %B, 0 %Cto 20 %A 20 %B, 60
% C over 40 m n. EXAMPLE 17

HOOC- CH EXAMPEERA- Pr o- Lysi ninyl [err] [ COCO - NHCH[ err] Ph
N-Me-D-Phe-Pro-Lysininyl-(2-thiazolyl).

(). N-Me-Boc-D-Phe-Pro-OH,
15 The synthesis of N-Me-Boc-D-Phe-Pro-OH starting with H-D-Phe-OH was done according to
the procedures described in example 2.

(b). N-Me-D-Phe-Pro-Lysininyl-(2-thiazolyl).

The mixed anhydride coupling between N-Me-Boc-D-Phe-Pro-OH and H-Lysininyl(Cbz)-(2-
20 thiazolyl). TFA (see example 1), the deprotection and the purification were done according to

the procedures described in example 22.

Yield of two diastereomers:

89 mg. R(LC): 8.45 min, 20 % A, 60 % B and 20 % C to 100 % C in 40 min.

63 mg. R(LC): 10.98 min, 20 % A, 60 % B and 20 % C to 100 % C in 40 min.
25

E 24

N-Me-D-Cha-Pro-Lysininyl-(2-thiazolyl).

30 (2). N-Me-Boc-D-Cha-Pro-OH.



25 N- (t-Butyl oxycar bonyl nmet hyl ) - N- Boc- D- Cha- Pr o- OH was repar ed as
descri begwdsrspanpl e 1.- X H- Lysininyl (Cbz)[err]]| A was
prepared as described in exanple 3(c). (a).

N- (t-Butyl oxycarbonyl met hyl ) - N- Boc- D- ChagqPr o- Lysi ni nyl (Cbz)[err] [ CHOHCO - QM
e 30

N- (t - But yl oxycar bonyl net hyl ) - N- Boc- D- Cha- Pr o- Lysi ni nyl (Cbz)[err] [ CHOHCO - OM
e was " prepared in a simlar nmanner as described in

exanpl e Thebghthesfs'dfN"N-MEEBoc-D-Cha-Pro-OH stiin® Withl3I5-Cha-OH was done accordmg to
PCT/ EP97/ 00938

Lysi ni nytheasegederesidessibeddy exampladA (1.09 g) and

“N-(t-butyl oxycarbonyl net hyl ) - N- Boc- D- Cha-Pro-CH (1.18 g). The
crude product was purified by chr orrat ography on silica (eluent:

gr adi ent ()f NOERIMCha Frbvlysitirtd-£2-ShidZdh '

N- t - but yl oxycar bonyl et hy I

e Kbt samirge emwammnm (Jba-ysp@H axd &1 Logiging|(Cbzp (3,
iﬁ '( {5 BiaobD.TEA (see bR PRILE BROERLORAS i butitkation were dops apsqipiby oy

To a the pro¢aduiesidescribed in example 22.
N-(t-but %/,I,oxycar bonyl net hyl ) - N- Boc- D- Cha- Pr o- Lysi ni nyl -
(Cbz) [ er Xpel mmomrsgs g) in a mxture of dioxane/water 9/1 v/v (20

m Th t
wab pour TP il BLY: 12,93 i, 30 8 A MoSRH MR AVA €46 160 30 Hh sihin 0 T
hgar ochl 39 mgammc;zcﬂmmmha,aoaée\xtsoae&d:ma% Ctd 300 2 €tinko.minhe conbi ned

organic |l ayers were washed with water, dried over magnesi um sul phat e,
filtered and evaporated I n vacuo yi el di ng 1.05 g

N-(t-but#%%%nyl nmet hyl ) - N- Boc- D- Cha- Pr o-
Lysi ni ny ][ CHOHCO - OH. 15 TLC. Rerr] = 0.4, silica gel,
et hyl acetate /nethanol 7/3 v/v.

EthyiSO;-D-Cha-Pro-Lysininyl-(2-thiazelyl).

15
(2). EthylSQ2-D-Cha-Pro-OH.
The synthesis of Ethy!SO,-D-Cha-Pro-OH starting with Boc-D-Cha-OH and H-Pro-OPac was
done according to the procedures described in example 6.

20 (b). Et. hylSO,-D-Cha-Pro-Lysininyl-(2-thiazolyl).
The mixed anhydride coupling between EthylSO,-D-Cha-Pro-OH and H-Lysininyl(Cbz)-(2-
thiazolyl).TFA (see example 1), the deprotection and the purification were done according to
the procedures described in example 22.
Yield of diastereomers: 127 mg.

25 R(LC): 44.52 and 45.58 min, 20% A, 80 % B t0 20 % A, 20 % B and 60 % C in 40 min.

EXAMPLE 26

2-Propyipentanoyl-Asp(OMe)-Pro-Lysininvl-(2-thiazolyl).
30

(a). Boc-Asp(OMe)-OH.



T iRk RGO AAR i Ny 1L

(c).

N-(t-Buty nyl nmet hyl ) - N- Boc- D- Cha- Pr o- Ly3| ni nyl (Cbz) CO - NH
CH e ]Phwyﬁ%pp 1- Hydr oxy- benzotri azol e hydrate (150 m)%&%

N- rret hyl mor phol i ne (150 pl), benzyl am ne (155 pl) and

1- (3-di net hyl am nopr opyl ) - 3- et hyl car bodi 4% de hydr ochl ori de (190 ng) were

20 added to a sol ution of

N- (t-butyl oxycar bonyl net hyl ) - N- Boc- D- Cha- Pr o- '

Lysi ni nyl z ] - OH (/02 ),i |rrethlforrramde(16 m).

The reacté%éﬂes'éﬁ_@d% é""\ﬁfa‘g ’édp IpXAneatel ﬁ ¢158rmbeande ml@d en icghe

m xture \mmw&%xﬁf 4% gPhAl bi-firt-bytyl SR d

extracted Wllth et hyl aeg(et aFP Th le cob dxgarggﬁgil?f?"* %gﬁgg%&d gpo ions. Q’He

washed wi m!xtummae stirred forsiéch, whileytbie pﬂamsieapbama.ﬁ evithododiung bicarbdniye! Water (860

organic | dried over gnesLum sul phate, filtered and
evgpor at WadgF% and the RixYrewos Xas y) with heptane, cooled in ice, acidified

V2D G vy £ 5 S B it o i

(d). layer was washed wnth water and brine, dried over sodium sulphate, filtered and eva orated in

[\I—e“] Eﬁt){l ox‘}/c%gel?&m Xs&((ﬁtf%—&l—? gloazfro LyS| n| nyI (Cbz) [)err o etl}lll;lCH

’

N (t But wkaawiawécgg/ galg@a&mm@wvfwvws' ni “y' (Coz) [err] [ COCT - NHCH

PCT/ EP97/ 00938 37

prewﬂ gs ;pgﬁ%lg in exanple 13(e). TLC. R = 0.32, silica
€ met hanol 97/3 v/ v. (e).

gel ,
HOOC- CH @i o= I R
HOOC- CH% er rc%-A%-(Cha )Prrg ?33 n?ﬂ?hérﬁ ?jr;dtﬁm as%@%{ 1"';?%%’%?%’3&#%‘8“‘8‘5‘ L,

descri beaenlmwhlnm@ylmorphohne W‘fe}hﬁm"mh"lme Rlerr] (LC): 39.05 min: 20 %
0,
A 80 %y 14-% 58 sili (y%fghloromet aBﬂe/lggtha/go?9gyse 0 M

15 (c). H-Asp(OMe)-Pro-OBzl HCI.
Boc-Asp(OMe)-Pro-OBzl (7.25 g) was dissolved in dry ethyl acetate (25 ml) and cooled in ice.
Ethyl acetate saturated with hydrochloric acid (45 ml) was added and the mixture was stirred at
0°C for 5 h. The excess.of hydrochloric acid was removed By a nitrogen-flow and the resulting
solution was concentrated in vacuo yielding H-Asp(OMe)-Pro-OBzI. HCl as a white solid
20 (6.21 g). |

TLC: Ry = 0.17, silica, dichloromethane/methanof 95/5 viv.

(d). 2-Propylpentanoyl-Asp(OMe)-Pro-OBzl.

A solution of H-Asp(OMe)-Pro-OBzl.HCI (6.21 g), dry dichloromethane (10 ml) and N,N-
"25 diisopropylethylamine (200 ul) was added at 0 °C to a solution of 2-propylpentanoic acid

anhydride which has been prepared by dissolving 2-propyl-pentanoic acid (1.63 ml) in dry

dichloromethane (15 mi), cooling in ice, adding 1,3-dicyclohexylcarbodiimide (1.11 g) and

stirring of this solution for 5 min. The mixture was stirred at room temperature, maintaining the

pH at 8.5 by addition of N,N-diisopropylethylamine, for 16 h after which 0.5 eq of 2-
30 propylpentanoic acid anhydride was added and the solution was stirred for another 4 h. Then

1,3-dicyclohexylurea was removed by filtration. The filtrate was concentrated in vacuo and the



EXAMPLE 18 10 _
HOOC- C- Chygfofrs1937 Cha- Pro- Lysi ni'nyl [err] [ COCQO - N( CH[ err] ) [ e PCI/EP97/00938
HOOC- CH2- D- Cha- Pro- Lysininyl [err] [COCO -N(CH err])[err] was prepared in a

simlar manner as described in anple 17, starting from

N- (t-butyl oxycar bonyl net hyl ) - N- Boc- D- Cha- Pro- 15

Lysi ni nyl (Cbz)[err] ( CHOHCO - OH. , Rerr](LO: 32.84 mn: 20 %A, 80
%B, 0% Cto 20 %A 20 %B, 60 %C over 40 mn. EXAMPLE 19

20 resigl »CH %‘isrsbrvgh [?ﬁaetﬁyrloaééfﬁtb”'mi solitibhi w&O|wdshed successively with) IN
Boc- D- Dpa- Pro- OB o a cold [err]C) solution of Boc-D Dpa- OH

(5.2 g) hydrmummm,ysatmmrmdm( bﬂdmgynomoeate and brine, dried: pveri spdium auiaba;e

25" s SpA el vagtion et ik pAn RS Yy Chtohdgiadt Snfiics ysné

stirred glludheletiyl] gceizﬂé ﬂthQ'W &ncbluent %leldmgt fZ‘éﬁ\' bﬂ?&nﬁﬁoﬁ%ﬁ@mﬁ'@bﬂﬁ

overnight. The m xture was cooled to - [err]
di éycloh€6<§49)ea was renoved by f||tration The f||trate was evaporated to

dryness e et hyl acetate and washed
successf&gg& ﬁ%%d’é‘f"&%ﬁ%ﬁ?{g}? wat er and bri ne,
dried over SOdI um sul phate and concentrat ed |n vacuo. The residue was 30
chromat o raphed on silica gel (eluent: hept ane/ ethyl acetate 4/6 v/v)

yi el di ng(epa2-Pregyjpentanoyl-Asp(OMe)-ProfOH. (8. 7 ). WO 97/ 31937
PCT/ EP97./K9Q§3

palladium on charcoal (750 mg) was added to a solution of 2-propylpentan05ﬁ

10 Asp(OMe)-Pro-OBzl (705 mg) in methanol (10 ml). The mixture was hydrogenated at
atmospheric pressure at room temperature for 2 hour. The palladium catalyst was removed by
filtration and the solvent was removed by evaporation at reduced pressure yielding
2-propylpentanoyl-Asp(OMe)-Pro-OH (580 mg).
TLC: Re= 0.48, silica, ethyl acetate/pyridine/acetic acid/water 163/20/6/11 viviviv.

15
(9. 2-Propylpentanoyl-Asp(QMe)-Pro-Lysininyl-(2-thiazalul).
The mixed anhydride coupling between 2-propylpentanoyl-Asp(OMe)-Pro-OH and H-
Lysininyl(Cbz)-(2-thiazolyl). TFA (see example 1), the deprotection and the purification were
done according to the procedures described in example 22.

20 Yield of a mixture of two diastereomers: 186 mg. R{LC): 23.16 and 24.30 min, 20 % A, 60 %
B and 20 % C to 100 % C in 40 min.

X LE 27
25 1-Pig-Pro-Lysininyl-(2-thiazolyl).

(a). 1-Pig-Pro-OH.
The synthesis of 1-Piq-Pro-OH was done according to the procedures described in example 8.

30 (b). 1-Piq-Pro-Lysininyl-(2-thiazoly).



TLC. Rerr] = 0.95, silica, ethyl acetate/pyridine/acetic acid/ water

520/ 31/ 18W0 YHXHXT v . (b). Boc-D- Dpa- Pro- OH. PCT/EP97/00938 %
~pal l adium on charcoal (1 g) was added to a sol ution of Boc- D Dpa- Pro- OBzl
(7.0 9g) in 5 met hanol (140 m). T m xture was hydrogenated at

at nospheric pressure at room tenperature for 1 hour. The palladi um
catal yst was renoved by filtration and the sol vent was renmoved by
evaporation at reduced pressure yielding Boc-D Dpa-Pro-CH (5.5 g).

TLC: R eMhimikednhydride caxplmgmawmet-mqe?myﬂmmeﬂaqe&ﬁ@l(mblz)i(mah‘ﬂolyl) TFA
520/31/12“7 v/v/v/v %% oc- D-_Dpa- Pro- Lysi ni nyl - (2-thiazolyl).
The i xelFeaPHRP ed’e) &*ewmr?@cm themyifieatign.wese fang agperding to the procedures
H-Lysi ni g % inple thiazolyl).TFA (see exanple 1) was done
accordi ng to e prog dzres described in exanple 22, yi el di ng

N- Boc- D- I¥ield lof owd dimsterepners:2- t hi azol yl ) (560 nm). TLC. Rr = 0.1,

P B Do DS LD T3 7o 40% Al 854 5 19 34 20, 20 % B'arid 60 % C in 40 min.
SII- Eﬁfo%%?’%@@f gg'bﬂmn’(ﬁ%nﬁagd;‘ﬁ%ﬁt}? ??I@ﬁo oac ;Saé'q;m (E(ﬁp%d ‘%f and

stirred for 1 h at roomtenperature. The sol ution was concent rat ed
in vaCUOWorat ed with toluene yielding H D Dpa-Pro-Lys(Cbhz)-(2- 20
t hi azoly ny) . TLC. Rerr]= 0.51, silica, toluene/ethyl

acetate 1/1 v/v.

(e).N-(t-Butyl oxycarbonyl rret hyI) DDpa Pr o- LyS|n| nyI(Cbz) (2-thiazolyl)
HTOOCECH; 2 iningl-(2thigedyllli ssol ved in

acetonitrile (10 m), tert.- 25 butyI brormacetate (141 pl) was

added. The sol ution was kept at pH 8 W|th NN-

di i soproppl R i NE 3 gREr ature. The

reaction m X ure was concentra 'o I'n vacuo, |ssol ved in ethyl

acet at e, The symtiiesis of Nvﬂt-ButyMca;bon)QnemyIMBon-D—Cha-N-cyclqmsﬁlu-rQH Lstgrting e
20 9% QRSP N AP ol B ORI S

N4t - But yl oxycar bonyl net hyl ) - D- Dpa- Pr o- 30
Lysi ni nyl (Cbz)-(2-thiazolyl) (499 mg). TLC Rlerr]= 0.47, silica,
di chl or oSt HOQCGH s B-Cha-Dcgyelope : L

The mixed anhydride coupling between N-(t-Butyloxycarbonylmethyl)—N-Boc-D-Cha—N-
cyclopentyl-Gly-OH and H-Lysininyl(Cbz)-(2-thiazolyl). TFA (see example 1), the deprotection

and the purification were done according to the procedures described in example 22.

20 Yield of a mixture of two diastereomers:
107 mg. R(LC): 20.39 and 20.82 min, 20 % A, 60 % B and 20 % C to 100 % C in 40 min.

25 HQOC-CH;-D-Phe-Pro-Lysininyl-(2-thiazolvl).

(a). N-(t-Butyloxycarbonylmethyl)-N-Boc-D-Phe-Pro-OH.
The synthesis of N-(t-Butyloxycarbonylmethyl)-N-Boc-D-Phe-Pro-OH starting from H-D-Phe-

OH.HCI was done according to the procedures described in example 11.
30

(b). HOOC-CH,-D-Phe-Pro-Lysininyl-(2-thiazolyl).



R
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PCT/ EP97/ Q%3 R1937 T . PCT/EP97/00833
(f). HOOC-CH err]-D- Dpa-Pro-Lysininyl-(2-thiazolyl). The
deprotection and the purification of

N (t - Butyl oxycar bonyl net hyl ) - D- Dpa- Pr o- Ly5| ni nyl -

(Cbz)-(2-thiazolyl) were done according to the procedures described in
exanple 22. Yield of a m xture of two diastereoners: 177 ng.

5[ 3 Zs]o( OLA) é rﬁ@e@ Zn%d%?co%&:ﬁﬁ 'Betv?c@ngﬁgr—ﬁﬂ@l&@c%b@nﬂﬁmeﬂ@l)-N.Bo@ﬁ.%p,%ooﬁB

HO(OC CH end H—Q'ﬂt;ayl@bz)f(ﬁﬂbwlyl) -THA (sep sxamplel Il)ethel 4@@@%“%% the pugification .
N- (t - But carbo nmet 0C cycl ope ci ne was prepare
accor di né’ "emo‘y‘}“%'é’ %PQE%EP@BB%ﬁgM% on gf yt he di pepfl dg in
exanpl e 3eld of tw %dnastereomer

N- (t - But yl oxycar bonyl net hyT) N- Boc- D- Cha- N-cycl opentyl -@ y-Lysininyl[err][C
OC@] NH2 1431mg. R(LC): 2498 puin, &9 YorA,280YaB ta 20 Yakn 30 %A B a6l Ve dh 4dminxanpl e

o1 (LSRR 6 0020 A M 0 P Sk it Bl 40min  over

40 m n. EXAMPLE 21

HOOC- CH| err] - D- Cha- Pr o- Lysi ni nyI[err][COCO] NHCH[ er r ]

HOOC- CH2EXAMBLE3® Lysininyl [err] [COCO -NHCH err] was prepared in a sinmlar
manner as described in exanple 17, starting from

N- (t - butyl oxycar bonyl net hyl ) - N- Boc- D- Cha- Pr o-

10 HOOC-CH;-D-p-Cl-Phe-Pro-Lysininyl-(2-thiazolyl).

(2). N-(s-Butvloxycarbonytmethy)-N-Boc-D-p-Cl-Phe-Pro-OH.
The synthesis of N-(t-Butyloxycarbonylmethyl)-N-Boc-D-p-Ci-Phe-Pro-OH starting from H-D-
p-Cl-Phe-OH.HCI was done according to the procedures described in example 12.

15
(b). HOOC-CH;-D-p-Cl-Phe-Pro-Lysininyl-(2-thiazolyl).
The mixed anhydride coupling between N-(t-Butyloxycarbonyimethyl)-N-Boc-D-p-Cl-Phe-Pro-
OH and H-Lysininyl(Cbz)-(2-thiazolyl). TFA (see example 1), the deprotection and the
purification were done according to the procedures described in example 22.

20 Yield of a mixture of two diastereomers:
187 mg. R(LC): 28.86 and 30.63 min, 20 % A and 80 % B to 20 %A, 20 %B and 60 % C in

40 min.

EXAMPLE 31
25
Further, the following compounds can be prepared by using the methods of the present
invention:
- HOOC-CH,-D-Cha-Pec-Lysininyl ¥[COCO})-OH
- HOOC-CH,-D-Cha-Pec-Lysininyl-(2-thiazolyl)
30 - HOOC-CH,-D-Cha-(N-cyclohexyl)-Gly-Lysininyf'¥{COCO]}-OH
- HOOC-CH;-D-Cha-(N-cyclohexyl)-Gly-Lysininyl-(2-thiazolyl)



R, 2 P (LR . S

Lysi ninyl (Coz)[err] [ CHOHCO - OH. 25 R[err](LC) 29.61 mn: 20%A,

8098, 0% 0B, 60%Cover 40ni n. EXAMPLE 22

N Me- D£N:Itvg gro%ym ni nyl - (2-thiazolyl) 30 (a). H-ISW”B%”SHCI
WD 97/.31937 _

PCT/ FP97/ 00938 48 40
To 270 m of nethanol, cooled to -15 [err]C, 18.2 g thionylchloride was
added: Subsequently, the tenperature was allowed to rise to -10
[err] C than kept constant for 20 m n after which |10 H D Nl e- OH

was addeddOBECHaRGhar@N-eyclepropyly-fily-Lysininy BEIGOGOT refl ux kept constant

i ot hyl SHOPGEHF B SRR ST B ORI ™ "% B o, -
0. 61, SIJNMe.mphm@u@mum%ﬁ(mv c@@b}lﬁﬂv/ v/v. (b).

Boc- D- N e- Ove HCI ? was dissolved in 200 m dry
met hanol- I‘ﬂdue-&@hew-qyg&pcm})-@ly-usmlnyl-(2-th1azo ylprt-butyl dicarbonate (15.5

b ¢ cnPiaRdt oA Qe R by o OB RE nt  aced T vacuo. Next.
e Ao TR ORCE ot 11 e w1 e
acetate &-ﬁrop&hpeﬁfax&iyﬂ-Asﬁ&’rS-[grsmmyl-(2-thxaon3tl): Rlerr]= 0.55, silica,
neptane! & B rom3 cyeiohoryl-propionyl-Pro-LysiningUfcOCOLOR . = e O
- 2-hydroxy-3-cyclohexy!-propionyl-Pro-Lysininyl-(2-thiazolyl)
10 - 1-Pig-(N-cyclopentyl)-Gly-Lysininyl ¥ {COCO}-OH
- 1-Pig-(N-cyclopentyl)-Gly-Lysininyl-(2-thiazolyt)
- Diphenylpropionyl-Pro-Lysininyl-(2-thiazolyl)
- N-Me-D-Nle-Pro-Lysininyl¥[COCO]-OH
- EthylSO;-D-Phe-Pro-Lysininyl¥ [ COCO]-OH
15 - EthylSO;-D-Phe-Pro-Lysininyl-(2-thiazolyl)
- EthylSO,;-N(Me)-D-Cha-Pro-Lysininyl ¥[COCO}-OH
- EthylSO,-N(Me)-D-Cha-Pro-Lysininyl-(2-thiazolyl)
- EthylSOz-N(Me)-D-Cha-Pro-Lysininyl-(2~oxazolyl)
- HOOC-CH;-N(Me)-D-Cha-Pro-Lysininy’¥[COCO}-OH
20 - HOOC-CHy-N(Me)-D-Cha-Pro-Lysininyl-(2-thiazolyl)
- HOOC-CH;-N(Me)-D-Cha-Pro-Lysininyl-(2-oxazolyl)

EXAMPLE 32

25 Anti-thrombin assay
Thrombin (Factor IIa) is a factor in the coagulation cascade.

The anti-thrombin activity of compounds of the present invention was assessed by measuring
spectrophotometrically the rate of hydrolysis of the chromogenic substrate s-2238 exterted by
thrombin. This assay for anti-thrombin activity in a buffer system was used to assess the ICso-

30 value of a test compound.



BocD- N e- Owvk (16 9 g) was dissolved in 200 m dry N, N-di nethyl f or mam de

under nit . Next, nethyliodide (24.9 ml) was aBgEEPITMEPRd to
O [err]C, so |um hydrlde (3. 31 g, 60 % di spersion in oil) was
added and the m xture was allowed to reacgduring 16 h at room
tenperature. The m xture was concentrated 1 n vacuo, dissolved in ethyl
acetate, washed with 20 0.1 N hydrochloric acid, water, sodium

bi carbonate (5 % and water, dried and concentrated again. This

i el ded ke ) —_—) i
hept ane/ e?‘ﬁé‘lj%"gj wﬁ&e %FB hestes polyethylene g!-g'kl_@NE Boc Nl)e-b%ﬁ‘er M@;

N- Me- Boc- MIKSBS @Kabihs M vaNR rbuﬁm Boluhiilisation/ ean cbe Mssisted/ \With

-and the pH of the SO on ,was ad sted to, 1 C]—I Th
reaction dpnethylsuiphox L 6‘?"]’2 af,ptom rile or te“ke'ééf V#lf“?‘ﬂé ut
at 12 TheavdeerBish %@%Hfrﬁnaﬂz 6885 %‘nﬁhggﬁatrbw. fndpgdr ochl Or' c
-acid, coollng on Ic I'ng extra water extractlon with

di cll or onet hane. The organi c Iayer was vvashed with brine, dried,
filtered and ¢concentrated in vacuo. This yielded 30 18.9 g.

TLC: R er$chnigues silica, dichloronet hane/ methanol 9/1 v/v.

\QQT?EIPS%?%%%%“S* 1. Tromethamine-NaC| (TN) buffer. Composmon of the buffer: Tromethimnne

(e). N I\/E(’Bux)émﬂﬁl g(Sorromol), NaCi 5.844 g (F00 stmal) evaterdoc i IniThedpeoft the sulation is
b epar o] Sbaed R T SR BR D ot e Sl Byertylene giiSh " 48005
1- qphy! (ﬁik%n&ga aeghm apg RE @6nkentrati no(f arﬂpostms Q@uutweﬁbbmmms

(EDCI) N hydr oXy-succi ni m wer e
added. Thé&SmgrKabirDiagoesticySw&len) it dissobredtia ﬂpenlamrwf&f te glm concentzation of

Zﬁhvﬁgihﬁm%ma{a@ewﬁ@‘ﬁ% Threiy sotobcn: Fiiman FEmG 34/008 gkip-vi & foired,

ester. TheagXoriahPPod¥Blob@ralishif, indEdam) q‘h&'@etﬁ&ﬁn&s)% disso¥e@ in TNP buffer
m NN-d| rrethylforrramde and 300 nl var er and H was adjusted to 8 with

2 N NaCH to give a stodosalutiamof 83% oKatinbh Imﬂnqdmel revsethig salution) is dihged with
NN_Igl et h;ﬁqu%u er éj Ei)veva\al%%ngednqggon of 3.34 nKat-ml”.
- *All ingredients used are of analytical grade

- For aqueous solutions ultrapure water (Milli-Q quality) is used.

..................................................................................

20 The test and reference compounds are dissolved in Milli-Q water to give stock concentrations
of 10? mol-I"’, Each concentration is stepwise diluted with the vehicle to give concentrations of
10®, 10™ and 10”° mol'I"". The dilutions, including the stock solution, are used in the assay (final
concentrations in the reaction mixture: 3-107; 10%; 3:10%, 104 3-10%; 10°% 3-10° and 10*

mol-", respectively).

25
Procedure
At room temperature 0.075 ml and 0.025 ml test compound or reference compound solutions
or vehicle are aiternately pipetted into the wells of a microtiter plate and these solutions are
diluted with 0.115 m! and 0.0165 ml TNP buffer, respectively. An aliquot of 0.030 m! S-2238
30 solution is added to each well and the plate is pre-heated and pre-incubated with shaking in an

incubator {Amersham) for 10 min. at 37 °C. Following pre-incubation the hydrolysis of S-2238



10 dropwi se to this solution at the pH of 8, ‘The reaction was conpl eted

after 5 hwQe¥73a937whi ch t he organi ¢ sol vent was | arBeTEPI838d by
evapor ati on under reduced pressure. Extra water (300 m) was added
and the mxture was acidified. The produgl, was extracted with ethyl acetate
and washed with water. After drying, filtration and concentration
t he product was obtained as a yellow oil in 22.2 g. The crude
product was chromat ographed on silica using ethyl 15 acet at e/ net hanol

8/2 viv ds sﬁh%& -adWitiIntf 0183 @l thrombin solutidi-f6 edRh-wéll. BFhe Slateiis ?ncuﬁﬁt'%? f(\mth
acetate/ pyridine/acetic acid/water = 163/20/6/11 v/v/v/v

N- Me- Boc-Shaking for 3 $ati37°6y Staating after 1 min o6ingubation, the absorbance of each sample at

(l\j-3Mr3r1 ;3002@5% ’f&g\?%&é& ??%m"\?o? a&l‘%—%gl | sop'#'@bg%' }egg ﬁy%e%c %hfﬁor m‘f‘q’ie

reacti on (Mwihreader'\phss, PloacEdborawdeies). nitrogen and cooled to -20
[err]C. 1sobutyl chloroformte: ﬁ36 pl). was subsequentl_r\ﬁadded and t he
m % ure vk data atgeepllested: inr an JB mensqsalapomwe{ asingLOTUS-MEASURE. For each

h\L)d/flyn:\lr%-"g’ggrre% o&h@@gg&# ('ﬁeﬁ'ogddeﬁacgﬁ)op\%/(ﬂ%gg "Sol%%gaﬁo'ﬂﬁs Ol Vetg‘

m xed an%xbdﬁ:eﬁ@ lotted VersiSitheireadtiondimé@ rhi. at 8. 5 by addition of

NN- di i sopropyl et hyl am ne. 25 The reaction mxture was stirred for 15
mn at -20 [err]C and 1 h. at roomtenperature. The reaction
m xture ,

acetate ang — egér?/%g Final &ﬁlcé&% hﬁﬁ&%@us s@ﬁﬁ% ezt‘sh&h’“med

bi Har bondtdm 3 viskp plotThe rIng?hhhH (il cokidefitfation, expressedvial umoH" U BnisiHgP 5006
and concentrated in vacuo, The residue was purified by chromatography

on si| i canhibitigenef the hpraxismum asksorkape %m@f the biank) measyicalculated using the logit

Boc: NR['Vg r:%n%gmg’:ion Aysd. Qéé' ﬁgl ee,thg.f)qt DAGGOFskn BRI KB 1977, 270y,

97/ 31937 1871-3).
PCT/ EP97/ 00938 42
(g) N-I\/e D- Nl e-Pro-Lysininyl-(2-thiazolyl).

ﬂhﬁﬂ foublitg BteICIvEiBZ bt St dndZ BF il e sl P eDa e

accordln ed | n_exanp crude product
was char geo‘f onto a pE&mpbtl ve HPLC Del t apapBsevathieRUMY! UMM US| ng
a gradient felution.systemof 20 0% A/ 30 ¥Rito 20 %A [/ 30 %

1 0.56

3 _ 43

11 5

15 - 0.7

27 _ 4.64

30 5.1




5 B/ 50%C over 40 mnutes, at a flowrate of 80 nm/

Yiel d of WOPTHESt er eoners: * 105 ng. Rerr](LO: 13?‘%%7’&”350 % A,
80 %Bto 20 %A 20 %B and 60 % C in 40 mn. 110 ng. R err](LC):
21.47 min, 20 %A, 80 %Bto 20 %A 208B and 60 % C in 40 nin. 10 '
EXAMPLE 23 N- Me- D- Phe- Pro- Lysi ni nyl - (2-thi azol yl') .

(a). N-Me-Boc-D Phe-Pro-OH 15 The synt hesi s . of N Me-Boc- D Phe-Pro-OH
starting with H D Phe- OH was done according to t he procedures
descri be€CLAIM&anpl e 2. (b)

N- Me- D- Phe- Pr o- Lysi ni nyl - (2- t hi azol yl ). ;
coupling between N Me-Boc-D Phe-Pro-COH and H liysini [ P &6EP- (2- pO
" t hi azohy &) cohipduhd B8vifg @dfofmdia 1 the deprotection and the pu =ation were

done according to t he procedures described in exanple 22.
Yield of two diastereongNHz 89 ng. Rerr](LO: 8.45 mn, 20 % A,
60 % B and 20 % Cto 1 % Cin 40 mn. 63 ng.ThR[SrHéslBC: 10. 98
mn, 20 %A 60 %B and\20 % C to 100 % C in 40 nin. 25 (e > £ 24
N- Me- D- Cha- Pro- Lysi ni nvigj (2- t hi azol yl') . 30 (a). ”"m“"l"" I
N- Me- Boc- D- Cha- Pro- CH. |
e
A-B-X-NH-CH-C(0O)Y m
s wherein

A is H, optionally substituted D,L a-hydroxyacetyl, R!, R-0-C(0)-, R"-C(0)-, R'-SO--,
R*00C-(CHR?),-50;-, R’00C-(CHR?),-, H;NCO-(CHR?).-, or an N-protecting group,
wherein R'is selected from (1-12C)alkyl, (2-12C)alkenyl, (2-12C)alkyny! and (3-8C)cycloalkyl,
which groups may optionally be substituted with (3-8C)cycloalkyl, (1-6C)alkoxy, oxo, OH,
10 COOH, CF; or halogen, and from (6-14C)aryl, (7-15C)aralkyl and (8-16)aralkenyl, the aryl
groups of which may optionally be substituted with (1-6C)alkyl, (3-8C)cycloalkyl,
(1-6C)alkoxy, OH, COOH, CF; or halogen; each group R%is independently H or has the same
meaning as R'; mis 1, 2 or 3;
B is a bond, an amino-acid of the formula -NH-CH[(CH.),C(O)OH]}-C(O)- or an ester
15 derivative thereof and p being 0, 1, 2 or 3, -N((1-12C)alkyl)-CH;-CO-,
-N((2-12C)alkenyl)-CH,-CO-, -N((2-12C)alkynyl)-CH,-CO-, -N(benzyl)-CH,-CO-, D-1-Tig,
D-3-Tiq, D-Atc, Aic, D-1-Piq, D-3-Piq or a L- or D-amino acid having a hydrophobic, basic or
neutral side chain, which amino acid may optionally be N-(1-6C)alky! substituted;
or A and B together are the residue R*R*N-CHR®-C(0)-, wherein R® and R* independently are
20 R}, RL.0-C(0), R-C(0), RS0, R’0OC-{CHR?,-SO,-, R*00C-(CHR),-,
H,NCO-(CHR?),,-, or an N-protecting group, or one of R* and R* is connected with R® to
form a 5- or 6-membered ring together with “N-C” to which they are bound, which ring
may be fused with an aliphatic or aromatic 6-membered ring; and R® is a hydrophobic, basic
or neutral side chain;
25 X is an L-amino acid with a hydrophobic side chain, serine, threonine, a cyclic amino acid

optionally containing an additional heteroatom selected from N, O or S, and optionally

L



WD 97/ 31937

PCT/ EPO7/ %03381937 This Sheet Has Been Replaced ’ ’ PCT/EP97/00938} 3

The synt hesi s of N- oC]—Istartlng wi th H D Cha- OH was done
according to es desg |bed F=A—exanpl e 3.

(b). N Me-D- Cha- Pro- Ly5| n| nyI (2-t hi azol y i TH!SSHE hydri de
coupling between N Me-Boc-D Cha-Pro-OH and H-LS|n| NNER :
thiazolyl). TFA (see exanple 1), the deprotecti e o] i on were
done accaubktinged avith (1-6C)alkyt,{e- ac)atkedy;rmzﬁe@caﬂ &%) or'’X waﬂml 2C(0)- or
Yield of two di astereoners: O ng. Rerr](LO: 12.93 mn, 20 %
60 % B afi@8P6M, C to 100 % C in 40 mn. 10 139 ny. R[err](LC) 14.31
mn, 20 %A 60 %B and 20 % Cto 100 % Cin 40 m nyy EXAMPLE 25
Et hyl SO err] - D- Cha- CHt, sininyl-(2-thiazolyl). /D (a).

Et hyl SO err] - D Cha ro-2 The synt hesi g of

Et hyl SO er r] - NG O- O—INsCH (@) th Boc- Dy, OH a é—h;&% ac was
done according to Hﬁgceduﬁes descrl bed i n*&xa A 0 (b).

Et hyl SO err] - D- Cha- Pr @- Lysi ni nyl - (2-t hi azol yl). The m xed

anhydri de coupling between Ethyl SO2- D- Ob&a- Pr o- OH an&)H-Ly5| ni nyl (,Cbz) - ( 2-

BQLZZSLZ%F‘:F{Q"F?% S B GH B8N0 oo descr i bed i n exanpl e 22, ¢
118,31 Slem cxguc, O S0k OO’ Pt (it 2
and R’ and R® being independently H or (1-6C)alkyl or R" and R’ together being
(3-6C)alkylene, or Y is a heterocycle selected from 2-thiazole, 2-thiazoline, 2-benzothiazole,
2-oxazole, 2-oxazoline and 2-benzoxazole, which heterocycles may optionally be substitutéd
with (1-6C)alkyl, phenyl, (1-6C)alkoxy, benzyloxy or oxo;
10 andris0,1,20r3;

or a prodrug thereof or a pharmaceutically acceptable salt thereof.

2. The compound of claim 1, wherein X is an L-amino acid with a hydrophobic side chain, serine,
threonine or -NR?-CH;-C(O)-.

15
3. The compound of claim 1, wherein A is as previously defined;
B is 2 bond, an amino-acid of the formula -NH-CH[(CH,),C(O)OH]-C(O)- or an ester
derivative thereof and p being 0, 1, 2 or 3, -N((1-6C)alkyl)-CH;-CO-, -N((2-6C)alkenyl)-CH.-
CO-, -N(benzyl)-CH,-CO-, D-1-Tig, D-3-Tiq, D-Atc, Aic, D-1-Piq, D-3-Piq or a D-amino acid
20 having a hydrophobic side chain, which amino acid may optionally be N-(1-6C)alkyl

substituted;

or A and B together are the residue R’R*N-CHR®-C(0)-;

and X is a cyclic amino acid optionally containidg an additional heteroatom selected from N, O

or S, and optionally substituted with (1-6C)alkyl, (1-6C)alkoxy, benzyloxy or oxo, or X is
25 -NR2-CH,-C(O)- or the fragment

) 0 A



EXAMPLE 26

2- Proopy| peOamtssr - A@ sehi Nyl - (2-t hi azol yl ). 30 PCTEPS7/00938,)
Boc- Asp( OMe) - OH, ”,
PCT/ EP97/ 00938

97/ 31937
53 44
Asp(Owe) - OH (10.0 g) was di ssol ved in di oxane/ wat er 2/1 (150 n1) and

cool ed in ice. Sodi um bi carbonate (4.6 ) ghat=th=tert=—bui
di carbonate (13.1 g) were added in portions. The THISSHE‘EXH—[A&BM
stirred for 16 h, while the pH was kept at 8. (t hil sodi Lfkﬁfthmtbonat A

Wat er (400 CH2)7,1) was added and the m y

wi th hept ane, OGOI ed \aice, acidified 5 Wi h 1 N hydrochl oric acid
to pH 2.5 aNH-H ract N-GHotC@ny| acet aNH

| ayer was washe wat er and brine, dried Owet sodium sul phate, filtered
and evaporated in vacuo yblel di ng Boc- gpp(OWve)-OH (10.25 g). TLC
Rlerr] = 0.58, silica, ethyl acet ate/ pyri di ne/ acetic aci d/ wat er
163/ 20/ 6/ 11 v/v/vlv. 10 (b). Boc-Asp(QOwe) - Pro- 0Bzl .

Boc- Asp(Owe) - Pro- OBzl has_ been synthesi sed as described in WD 95/35312,
exanpl e #, The compound efirlaiss Agwherein Wy is: Zidrony-3xsyclehexylnrapiopylal 9-hydroxy-

TLC: di ch th /

I+ Ao p( OVEPOERSSiarhony SO RY SRR A IERR 3p3, 7 HRIQOGICHRAS)
di gsol vemchai{&I-mf'ml oacaﬁt N-protéing gmap,d Mzﬂml fis iselected from (1-12CHailtyl,
acetate saturated with drochl oric acid mk% was added and the m Xxfure
was sti r (2d2Gpatkenyl, (5'14§)§W¥] €7113C)aralkyl Tﬁ%d dQ)aralianyliy rash higsrur: Bei i

o cont MiflpcRIE SRS TR ABNRIESL U 00 o Sl e o
B is a bond, D-1-Tiq, D-3-Tig, D-Atc, Aic, D-1-Piq, D-3-Pig or a D-amino acid having a
hydrophobic side chain, which amino acid may optionally be N-(1-6C)atkyl substituted;
10 or A and B together are the residue R’R*N-CHR’-C(0)-;
Y is <CO-NH-(1-6C)alkylene-C¢Hs, ~-COOR®, -CONR'R®, or Y is a heterocycle selected from

2-thiazole, 2-thiazoline, 2-benzothiazole, 2-oxazole, 2-oxazoline and 2-benzoxazole.

5. The compound of claim 4, wherein A is H, R'-SO,- or R*0OOC-(CHR?).-;
15 B is a bond, D-1-Tig, D-3-Tiq, D-Atc, Aic, D-1-Pig, D-3-Piq or a D-amino acid having a
hydrophobic side chain; _
or A and B together are the residue R*’R*N-CHR*-C(0O)-, wherein at least one of R* and R* is
R200C-(CHR?),.- or R'-SO,- and the other independently is (1-12C)alkyl, (2-12C)alkenyl,
(2-12C)alkynyl, (3-8C)cycloalkyl, (7-15C)aralkyl, R'-SO2- or R*OOC-(CHR),-, and R® is a
20 hydrophobic side chain;
Y is -CO-NH-(1-6C)alkylene-CsHs, -COOR® and R® being H or (1-3C)alkyl, -CONR’R®, R’
and R® being independently H or (1-3C)alkyl or R and R® together being (3-5C)alkylene, or Y

is a heterocycle selected from 2-thiazole, 2-benzothiazole, 2-oxazole or 2-benzoxazole.

25 6. The compound of claim S, wherein A is RROOC-(CHR?),.-;

B is a D-amino acid having a hydrophobic side chain;

ORI



20 (6. 21 TLC R[err = 0.17, silica,

di chl or orwtimnﬁmet lace (d). PCT/EP97/00938
2- Propyl pent anoyl - A sol ution of
H Asp( Owe) - Pr o- OBzI ry di hI or dret] ' I NN- 25

di i sopropyl et hyl ani ne (200 pI) was addePht 0 || dHY
2- propyl pent anoi ¢ aci d anhydri de whi qn.has
di ssol ving 2-propyl -pentanocic acid (1.63 m) in dry

DS AP UAf Okl RSN IEOR. e ey ppof s
sol ution OO(E(GHR’),,.I heamh xthy e other sfndepentieatly r dom (1em(eyan@ur €(2-6C)alkenyl,
mai nt ai ni addi t ,on of NN-diisopropylethylan ne

for 16 h(%gpé‘rycm% W‘»e% ‘5@@&%0C{C}mp}0pyl pent anoi ¢ aci d anhydri de

175 i oy ind X3s 2R caBoPac. O, pREpISHCRE e iadoi it urponeyic acid, 3.4-
| (F:> (C):'?' ;: E g t9 r7 ?%13338 ¢-prolime)2-oetatiydrbindole carboxylic acid OHW?JSWalkyI}-CHrC(O)—

resi due was dissolved in ethyl acetate. This solution was washed

succesglyﬁé%‘,ﬁ%é&dl I%r|6h§'he(fw Qﬁ@@é acid, saturated sodi um

hydr ogencar bonat e an over ~sodi um sul phat e and
concent r Btis®-Phe,vDeOlta, D-0ay EsDﬂa;ep«%-D-Bhus, p-OMetinl-D-Phe "pOEhyifPheNDENIe, ca

gs:opgpyl B\;ﬁ*‘ tols:ggl(‘%hﬁﬁac&&ﬁe 8/2 viv ?Z glélug)nt yi el di ng e
Rig" 1= G Adand® 'tbgg %@g{%ﬁ% @m@e@tﬁgﬂw ieast one of R? an R

2- Pr opyl pent anoyl i'um on char coal l550
nmg) was Hmm-cm and mlle.loﬁhetrﬁndépeﬁdgniypyI(]}dﬁb&llgd,yﬂl-40ﬁlkyl-80ﬁ&pﬂom-0¥heaﬂ32I

At mosphe & %@2&8@&%\%@9&%@% OS] Pheni P gl sebsites vt 1

was renoyg m"'(e‘ Dx?_l Itration and the solvent was renoved by
evaporatlon at duced pfessure yielding

ﬁ

15 8.The compound of claim 7, wherein Yisa heterocyclé selected from 2-thiazole, 2-benzothiazole,

2-oxazole or 2-benzoxazole.

9. The compound of claim 5, wherein A is R'-SO,-;

B is a bond, D-1-Tiq, D-3-Tiq, D-Atc, Aic, D-1-Piq, D-3-Piq or a D-amino acid having a
20 hydrophobic side chain;

or A and B together are the residue R*’R‘N-CHR’-C(O)-, wherein at least one of R* and R* is

R'-SO.- and the other independently is (1-12C)alkyl or R'-SO,-;

X is 2-azetidine carboxylic acid, proline, pipecolic acid, 4-thiazolidine carboxylic acid, 3,4-

dehydro-proline, 2-octahydroindole carboxylic acid, -[N(cyclopentyl)]-CH-C(O)- or the
25 fragment '

(CHy) W\

2

7N I

-NH-CH N-CH,-C(O)- NH N-CH,-C(0)-
O or 0

10. The compound of claim 9, wherein A is Ethyl-SO,- or Benzyl-SOo-;

L



2- propyl pent anoyl - Asp(Owe) - Pro- OH (580 np) . TLC R = 48 5| l'i ca,
et hyl acwowms19y? i di,nehaciadsbeendeplebehat er 163/ 20/ 6/ 11 v/v/vFF"’EfB"

(f). 2-Propyl pentano 0-L-ysinin The
m xed anhydri de couprgﬁ - pr opysgen OH and H
Lysi ninyl (Cbz)-(2-th (see exanpl d BEBLdeEbotect on and the
purification were done accordi ng to t he proceguores=4d gskribed in

exanpl e -22. 20 . Yield of a mixture of two diastereomers: 186 ny.
R(LC): 2B it tond, DAPRE) DHCha, DOCo4,/D-INh, 6-Cl-D-Phe, p-GMetiyl-10-Ple,(pLOEthPDIPE,

: ) P|48 gr &E}Fs PCHP-Phe Wb&%ﬁ)‘l’ h°2 -Chg; (a). 1-Pig-Pro-OH.
The synt peai 5408 t&#: thé} drk Q%Q’e'smﬁ (ﬁ?ﬁﬁ-@ﬁﬁg DY wirdifl Gt Fa?i.c@t@&@ﬁ’ R‘ is

descri bed 1 n exa | -Pig-Pro-Lysininyl-(2-th |azo
WO 97/ SIBﬁiyl-SOz- or Benzyl-SOz- and the other independently is (1-12C)alkyl or R'-SO,- and R is
P /EP97/00

The m xe ehﬁ%‘ ERDryrlpalien(laG)alkyh; phepyl, besayl, diphenylmethinyl, which groups
HLysi “igaeér? %;ry(% Eﬁth%%afﬁémxﬁﬁeor anco&g.ee exanple 1), the
on an e do e a

deprot ecti purtfication mer cording to the procedures
descri bed in exanple 22.

11.The compound of claim 10, wherein Y is -CO-NH-CH,-C¢Hs, -CO-NH-CH,CH,-CsH; or
-CONR'R®, R” and R® being independently H or (1-3C)alky! or R? and R* together being
10 (3-5C)alkylene, or Y is a heterocycle selected from 2-thiazole, 2-benzothiazole, 2-oxazole or

2-benzoxazole.
12.The compound of any one of claims 1 to 11, whereinris 1.

15 13.A pharmaceutical composition comprising the compound of any one of claims 1 to 12 and

pharmaceutically suitable auxiliaries.
14.The compound of any one of claims 1 to 12 for use in therapy.

20 15.Use of the compound of any one of claims 1 to 12 for the manufacture of a medicament for

treating or preventing thrombin-related diseases.

HIIIIII ﬂllll lllll Il Illl



' : AGES St - S

Yicel d of two diastereoners: 5 92 nmy. R[errt?(DLC) 23.75 mn, 20 % A,
§0 % B to 20-% A, 20 % B and 60 % C i.a #40*m n. 97 nyg. R[err](LC):
25.72 min, 20 %A, 80 %B to 20 %A 20 %B.and 60 % Cin 40 mn.
"EXAMPLE 28 10 ALREY

HOOC- CH er r | - D- Cha- N- cycl opent yl - G y- LysPhi nyI (2-thi azol yl)
(a). N-(t-Butyl oxycarbonyl net hyl)-N Boc-D Cha-N-cyclo O
The synthesis of THIS SHEET HAS BeeN

N-(t - But yko rwmh 4;)'@'&58 c} Cha- N- cycl opent yi ‘-BEP_E‘[‘QFPi ng |

Pt

w th H D Was do g.to the procedures described 1n
exanpl e 10. 15

HOOC- CH err] - D- Cha- N-cycl opentyl A y- Lysi ni nyl - (2 t hi azahyls The
m xed antycomptaindchapingrthe formutadn Bt Has Boen Re laced
N (t-Butyl oxycar bonyl nmet - N- Boc- D- Cha- N- cycIJ m and
H Lysi ni nyl (Cbz)--(2-thia ). TFA (see exanple 1), the

and the purification we{e done according to the procedures described in
exanple 22. 20 Yiald of a mxture of two diastereoners: : 107
ng. Rlerr](LC): 20.39 anff 20.82 min, 20 %A, 60 %B and 20 % C to 100 % C
in 40 mn. - MPLE 29 25 1

HOOC- CH[ err] - D- Phe- Pr o- L'Xsi ni nyl - (2-t hi azol yl ). (a).
N- (t-Butyl oxycar bonyl met h g N- Boc- D- Phe- Pr o- OH. The synt hesi s of
N (t-Butyl oxycar bonyl nmet I N Boc-'D- Phe- Pro- OH starti ng from H D- Phe-

e w? procedures described in exanple 11. 30
£ i'ni nyl - (@)t hiazolyl).

(b oo o B RL
5 wherein

A is H, optionally substituted D,L a-hydroxyacetyl, R!, R'-0-C(0)-, R-C(0)-, R'-SOx-,
R?’00C-(CHR?)-S0,-, R?°00C~(CHR?),-, Ho.NCO-(CHR?),-, or an N-protecting group,
wherein Ris selected from (1-12C)alky!, (2-12C)alkenyl, (2-12C)atkyny! and (3-8C)cycloalkyl,
which groups may optionally be substituted with (3-8C)cycloalkyl, (1-6C)alkoxy, oxo, OH,
10 COOH, CF; or halogen, and from (6-14C)aryl, (7-15C)aralkyl and (8-16)aralkenyl, the aryl
groups of which may optionally be substituted with (1-6C)alkyl, (3-8C)cycloalkyl,
(1-6C)alkoxy, OH, COOH, CF; or halogen; each group R?is independently H or has the same

meaning asR'; mis 1, 2 or 3; |
B is a bond, an amino-acid of the formula -NH-CH[(CH:),C(O)OH]-C(O)- or an ester
15 derivative thereof and p being 0, 1, 2 or 3, -N((1-12C)alky!)-CH>-CO-,
-N((2-12C)alkenyl)-CH-CO-, -N((2-12C)alkynyl)-CH,-CO-, -N(benzyl)-CH,-CO-, D-1-Tiq,
D-3-Tiq, D-Atc, Aic, D-1-Piq, D-3-Piq or a L- or D-amino acid having a hydrophobic side
chain, whith hydrophobic side chain means a (1-12C)alkyl, optionally substituted with one or
more (3-8C)cycloatkyl groups or (6-14C)aryl groups (which may contain a heteroatom, e.g.
20 nitrogen) such as cyclohexyl, cyclo-octyl, phenyl, pyridinyl, naphthyl, tetrahydronaphthyl, and
the like, which hydrophobic side chain may optwnally be substituted with substituents such as
haldgen, trifluoromethyl, lower alkyl (for instance methyl or ethyl), lower alkoxy (for instance
methoxy), phenyloxy, benzyloxy, and the like, or B is a L- or D-amino acid having a basic side
chain, being for example, but not limited to, arginine and lysine, or B is a L- or D-amino acid

25 | having neutral side chain, such as methionine sulphon and the like, which hydrophobic, basic or

neutral amino acid may optionally be N-(1-6C)alkyl substituted,
AR
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WO 97/ 31937

PCT/ EP97/ 0093 T
The m xed anhgr joheet Hat B a‘f)et ween N
"N-(t-Butyl oxyca!ﬂ Hmﬂ N- Boc- D- Phegy Pr 0- OH
H- Lysi ni nyl ( Cbz ) TFA (see exanple 1); the deprote
the purification wer e done according to the procedures descrlbed

in exanpl e 22. Yield of two diastereoners: 5 143 ny.

R[ er ] (A and’B Q@géihé? are the’pefidud R3R‘6m0fm’2@(awwh&@1n°fk%n‘ ffdeperidently 4@
err&)(LC 26.91 nin, 20 %A 80 %B £,0 0 %A 20 %

B and 6BL% ad-e-a(o n%I-C( ), R ngwpuﬁcm-(cm Ya-SOz2-, R?00C-(CHR?),-,

N-(t- %%m&y%mw rngSl n| ltpgz(g e k{%la@ R! is connecteqrh‘gl)th R’ to

synt hesgfmpa Mﬁ&%@&ﬁ%@?@g@&ﬁ%‘ mPt'B%w% e a%bp&ﬁa% LR lrinignd

fromH was done accor I ng the probcedures
dgscri bagyibe faxéﬂfwitﬁ ahZaliphatic or aromatid 6membered nnF and R5 isa hydrthobxc, basic
HOCC- CH[err] - D-p-Q - Phe-Pro-Lysini nyl -(2-thi azol yl). e m xed
anhydr i qenesmabsxdnghmt ween

N (t - Bugyl oxycar bon c: D - nd <
- Lyst i 2 ei i o, AR RO B el i hvdrapbotie 4R &6 areet g
t he [ r tgr d
ORI g oy s G140
187 ny. grslips (WHitiCnay 28niath alelerd8tody eng. mjtréifen)/suthanscy&lohexyl) ayolodctyiAphal, B8
%] d 60 p@n%ullyrl], naphthyl, tetﬂ)hyg]roqiaphthyl, and the E@N\I?vlﬁx":?:hs %y&r%phobic side chain may

optionally be substituted with substituents such as halogen, triffuoromethyl, lower alkyl (for

instance methyl or ethyl), lower alkoxy (for instance methoxy), phenyloxy, benzyloxy, and the
like, or X is serine, threonine, or X is a cyclic amino acid, for example 2-azetidine carboxylic
acid, proline, pipecolic acid, 1-amino-1-carboxy-(3-8C)cycloalkane, 4-piperidine carboxylic

15 acid, 4-thiazolidine carboxylic acid, 3,4-dehydro-proline, azaproline, 2-octahydroindole
carboxylic acid, and the like, which cyclic amino acid optionally contains an additional
heteroatom selected from N, O or S, and is optionally substituted with (1-6C)alkyl,
(1-6C)alkoxy, benzyloxy or oxo, or X is -NR?-CH,-C(0)- or the fragment

W
(CH,), A
/ \ ,
-NH-CH N"CHZ’C(O)- -NH N_CHZ_C(O)_
20 whereinnis 2, 3, or4, and Wis CHor N;

Y is H, -CHF,, -CF;, ~-CO-NH-(1-6C)alkylene-CgHs, ;COOR‘ and R® being H or (1-6C)alkyl,

-CONR'R® and R” and R® being independently H or (1-6C)alky! or R’ and R® together being

(3-6C)alkylene, or Y is a heterocycle selected from 2-thiazole, 2-thiazoline, 2-benzothiazole,

2-oxazole, 2-oxazoline and 2-benzoxazole, which heterocycles may optionally be substituted
25 with (1-6C)alkyl, phenyl, (1-6C)alkoxy, benzyloxy or oxo;

andris0, 1,2 0r3;

or a prodrug thereof or a pharmaceutically acceptable salt thereof.
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Furth‘er the fol | ow ng corrpounds can. be prepar ed by usi ng the nethods of

the present ’Ih:sSheezHasIBa G]—I

HOOC- CH[ err] - |nyI[err‘][COCO] .

HOOC- CH er r ] - g! ii |nyI (2-thiszol yl) IS SHEET 1S BEEN
HOOC-CH err] - exyl)-dy-LysininylijLerc] 8 -

HOOC- CH err] - D- Cha- (N-cycl ohexyl)-d y-Lysininyl-(2-thiazolyl)

WO 97/ 31937

PCT/ EBQTh@O&Bﬁound of claim 1, wherein X is an L-amino acid with a hydrophobic side chain, selﬁae
2- - Cha- opyl) A y-Lysininyl[err][COCQ - CH

HOOC OH g0 r&gﬁﬁ bropyl ) - @ y- Lysi ni nyl - (2-thi azol yl) -

N Me- DPhe(N—cycIopentyI) A y-Lysininyl[err][COCQ - CH -

N- Me- D- Phe- (N-cydopentyl )-d y-Lysininyl -(2-thiazolyl) 5 -

2- pr oy Theesthpoiund! ofMﬁ@MxeﬁimAhS’as preniousle rdeﬁixﬁ@cq OH -

2- propyl pent anoyl - Asp- Pr o- Lysrnrn [err]h%ﬁg

25 opyB- it ) amsie-aid ¥o EHIL(TH),C(0)OH]-CLO)- or an ester

2-h dro .C rQ

2" hydr o851V vx%@rem?%ﬁp%ea& Qm%jrz 8 TG R P e i s akenyt-C
|- Pi - ( NocyNagyhtH;-E0L; YR, DB L'ﬁg rbl;&i@Cﬂc, ?:h.ﬁq, D-3-Piq or a D-amino acid’
| - Pig-(N-cyclopentyl) - Gy Ly5|n| nyl t hi azo

Di phenyhgyvingpiao hytraphobicy sidei chain, ( Whtdhl amitoy | a)cld may optxonaﬂy be N-(1-6C)alkyl
N-Me-D-N.e-Pro-Lysininyl[err][COCQ - CH .
Ethyl scubsfitpted; pr o- Lysi ni nyI[err][COCO] OH 15 -

E;: g%fﬁéﬁ@&’éfﬁgoﬂ{ysr nr ny [er %%&Sa -

Et hyl SGhd\X &3 cirlichhmift chumhahﬂw cn(n?aufn iﬁﬂdihbnal heteroatom'selected from N, O
Et hyl SO err] N(Me) - D- Cha- Pro- Lysi ni n liqy oxazol
HOOC- CHpre 8+ pad\optipnally wbstituted) with r(rlrgﬁ)fi L1 m benzyloxy or oxo, or X is

-NR*-CH,-C(O)- or the fragment

(CH,), W\

2

7N |

-NH-CH N-CH-C(0)- -NH N-CH,-C(0)-

O or 0
15 |
4. The compound of claim 3, wherein A is H, 2-hydroxy-3-cyclohexyl-propionyl-, 9-hydroxy-
fluorene-9-carboxyl, R),  R“SOs;, R’00C-(CHR).-SOr, ROOC-(CHRZ.-,
H,NCO-(CHR?),-, or an N-protecting group, wherein R’ is selected from (1-12C)alkyl,
(2-12C)alkenyl, (6-14C)aryl, (7-15C)aralkyl and (8-16)aralkenyl, each group R? is
20 independently H or has the same meaning as R';
B is a bond, D-1-Tiq, D-3-Tiq, D-Atc, Aic, D-1-Piq, D-3-Piq or a D-amino acid having a
hydrophobic side chain, which amino acid may optionally be N-(1-6C)alky! substituted;
or A and B together are the residue R’R“N-CHR’-C(O)-;
Y is -CO-NH~(1-6C)alkylene-CHs, ~COOR’, -CONR'R”, or Y is a heterocycle selected from

25 2-thiazole, 2-thiazoline, 2-benzothimle, 2-oxazole, 2-oxazoline and 2-benzoxazole.

5. The compound of claim 4, wherein A is H, R'-S0,- or RROOC-(CHR?),-:

AMENDEDSHEET IR



20 . - FHOOC CH err]=N(Me)- D Cha-Pro-Lysininyl-(2-thiazol yl) -

HOOC- CH2- N( m@ae@m;sﬁédaﬂe Sdednl nyl - (-2- oxazol yl) EXAMPLE 32 25
Antl-throrrbln Throrrbln (Factor 11 e
coagul ation c The ant i -gdir onbi n 4ct’ (ﬁ@%EETH@@EEQHn s of
th resent - i nvention was as ed by neasuring =PLACED
spect rophotonetrically the rat e of hydr ol ysi s of the chrom strate
s-2238 exterted by thronbin. This assay for anti-thronbin activity
in a buBfigra byad,cDr Waky, I3SdTigo DraseE sAic Ds 14P4q, eDIj-P1q38r a D-aminalacid hiving hest
conpound. - WD 97/ 31937 .

PCT/ Epghydmmw side chain; 49

Te o L AR S LE B ER o B
Sol ubi | REGHL Iﬂ@*),.bﬁr @%@%ﬂﬁehother mdependihﬁ?txi‘)(i-flﬂbﬁl@i' @&lzc?ilﬁaﬂp'

et hanol , acetonrtrrle or tert.-butyl al cohol Ich are wt

afiver se(2e12(é)aﬂgmyln (380)eyetoaliyl, of7s1 $G)atatky?,. R'- SOe-not RéOOGqé(IHRéae;taminR’ is a

m Xt ure, Techni que Reagents*: 1. Tronet ham ne-Nad

(TN) bulf)fdé‘?Ph"&&ﬁ%?‘!%n of the buffer: Tromethanne (Tris) 6.057

£ N R okt O] A,

* buf f er : aidoR YAy inde FQ5¢ alkyOor R and P eelieebe g(il‘sctz;urkgeﬁetawl Ve

a concentratlon of err 38 solution:” One vi al
(25 ny;is n&utemm@ted @M@-ﬁ?lea Z-bemzothiazole] 2-oxazolerdr 2thenzaxszole.t o gi ve a
g@ncentratlon of 1.25 mg.m[err] (2 mml-I[err]). 4. Thronbin

| ution: Human thronbin (16 000 nKat.vial[err]; Centraal '

:_ﬁb_cl)_r\ﬁt—gﬁ elprbggg oPLiaR! 5 WRSEMSA s RRIBEQCEAP),-The Netherlands) is dissolved
B is a D-amino acid having a hydrophobic side chain;
or A and B together are the residue R*R‘N-CHR’-C(0)-, wherein at least one of R® and R* is
R’00C-(CHR),- and the other independently is (1-12C)alkyl, (2-6C)alkenyl,

15  (3-8C)cycloalkyl, benzyl, R’-SO,- or R*OOC-(CHR?),;
and X is 2-azetidine carboxylic acid, proline, pipecolic acid, 4-thiazolidine carboxylic acid, 3,4-

dehydro-proline, 2-octahydroindole carboxylic acid or -[N(3-8C)cycloalkyl}-CH>-C(O)-.

7. The compound of claim 6, wherein A is HOOC-CH»-;
20 B is D-Phe, D-Cha, D-Coa, D-Dpa, p-Cl-D-Phe, ﬁ-OMethyl-D-Phe, p-OEthyl-D-Phe, D-Nle,
| m-Cl-D-Phe, 3,4-di-OMe-D-Phe, D-Chg;
or A and B together are the residue R’R‘N-CHR’-C(O)-, wherein at least one of R® and R* is
HOOC-CH;- and the other independently is (1-4C)alkyl, (1-4C)alkyl-SO2- or HOOC-CH,- and
R’ is (3-8C)cycloalkyl, (3-8C)cycloalkyl(l-4C)alkyl, phenyl, benzyl, optionally substituted with
25 chlorine or (1-4C)alkoxy.

8.The compound of claim 7, wherein Y is a heterocycle selected from 2-thiazole, 2-benzothiazole,

2-oxazole or 2-benzoxazole.

30 9. The compound of claim 5, wherein A is R'-SO-;
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[

to give a stock sotution-ef 835 nKat.m[err]. |nmedi ately before use this

sol uti on Th seled ggm\ﬂe laceJ‘S S I\P bquer 40 gi =or,0f

3. 34 nKat . - XA i hgr ed? ent's tse ﬁlgquEaMSyﬁ&Ei\ali gr ade
- For aque 4 HI,H ul trapure wat'e Erg M I -0 qiial | t yREPAGEER.
Preparati o ref erence conpolnhd sol uti olts=26 fie—test and

reference conpounds are dissolved in MI1i-Qwater to give stock
concentrations of -10[err] nol -1 [err] Each concentration is

stepw s id havi
10[err], B %Ofg’r"ﬁ? g'iiq"%[er%/?%%t[: Aﬂ-]l’\ﬁ'} tp?i ognaspr)\c mgl acé tﬁ‘emétaock
sol uti OydrdpRobie Side ‘chaihj1© assay (fi naI concent rat ions in the

reaction”m xture: 3 10[err 10[ err 10 rer 10[err]; 10[ err ‘-
10[ er r ] or Al aidBrtpgether are[the re}mdue R°RY CHBJL rvqhermegpie@a. ang| gfH)R ggi R%is

or 1 of oRriCQs- aush s e Benengrey s (-1 SChigf S BSBE ool fernately o
% ot e i figied prbEfle B ol Rl £id iR A bophe é‘@f"é Bt of

0. 030 mg 13, 2-octahgdroinidolen carboxglite dacid) N{byolepentyd)}<CHRE(Q)-a e tl&
pre-heated and pre-incubated with shaking in an | ncubat or
(Arrershﬁngmﬁmr 10 min. at 37 [err]C. Follow ng pre-incubation the

hydrol ysis of S-2238 - WD 97/ 3193&,

PCT/ EP97/ 00938 50
Is started by dH?}”nof 0.030 nl thronbiff solut}jon to each well. The

plate is |1Qﬁ,| ﬁed (Wit 2_(E(he)_absshakl

after 1 mno or bar
I's measured everyll2 mn. for a period of 90 m

ol 1 S

using a kinetic mcrotiter

pl at e reader 0O (Tw nreaderoml us, Fl ow Qiborat ories).. 5 Al
data are collected in an | BM personal conputer using LOTUS- MEASURE. For
each conpound concentration (expressed in nol-l[err] react i on

0L U) TR Bk 7 Y, e A is vyl S0 BRRERL SG-P! O 00 ver sus the
B is a bond, D-Phe, D-Cha, D-Coa, D-Dpa, p-Cl-D-Phe, p-OMethyl-D-Phe, p-OEthyl-D-Phe,
D-Nle, m-Cl-D-Phe, 3,4-di-OMe-D-Phe, D-Chg;
or A and B together are the residue R°’R*N-CHR®-C(O)-, wherein at least one of R® and R* is
Ethyl-SO,- or Benzyl-SO;- and the other independently is {(1-12C)alkyl or R'-SO,- and R® is
15 (3-8C)cycloalkyl, (3-8C)cycloalkyl(1-4C)alkyl, phenyl, benzyl, diphenylmethinyl, which groups
are optionally substituted with chlorine or (1-4C)alkoxy.

11.The compound of claim 10, wherein Y is -CO-NH-CH-CsHs, ~CO-NH-CHzCHz-Cs_Hs or
-CONR'R®, R” and R® being independently H or (1-3C)alkyl or R” and R® together being
20 (3-5C)alkylene, or Y is a heterocycle selected from 2-thiazole, 2-benzothiazole, 2-oxazole or

2-benzoxazole.
12.The compound of any one of claims 1 to 11, whereinris 1.

25  13.A pharmaceutical composition comprising the compound of any one of claims 1 to 12 and
pharmaceutically suitable auxiliaries.

14.The compound of any one of claims 1 to 12 for use in therapy.

R0 AR A
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[ .
Eval uati on of responses: For each final concentration the maxi num

,absor bance S cal cul ated 10 froIm t'he aSSa:y plot:. The | Cso-value (final
'concentrati brol -1 [err], : CQ.USI A 50 % i nhibition
of the maX| mof t he br'emk‘%> was* cat cul ated' using the |ogit
transformatl ording to ﬁ et al. (Arzneim.-Forsch/ Drug
Res. 1977; 27(11): 1871-3). 15 I n ths Iﬂéléﬂgﬁ%ﬁ%&@éﬁﬂ

I err]- val ues of corrpounds of the invention are I|i 5 BEP%ACED

Exanpl e | C err] - ade

0. 56 3

g 3 15.Use of the compound of any ong g? Jf:la:ms 1 to 12 for the manufacture of a medicament fon;) ,
27 treating or preventing thrombin-related diseases. 4. 64

30 5.1 1. A conpound
having the fornul a | NH2
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[err] wherein Ais H optionally substituted D, L [err] hydr oxyacetyl ,
Rerr], Rerr]-OC(O-, Rerr]-C(O-, Rerr]-Sgerr]- N
R[err]OOC-(CHR[err])[err]-SCIerr]-, R[err]
H2NCO- (CHR[ err])[err], or an N-protecting :

from (1-12C) al kyl, (2-12C)al kenyl, (2-12Q) < -2 "ﬁk i‘g
whi ch groups may optronally be substrtut ed W "PSI@C) c\yep pag
(1- 6C) al koxy, oxo, OH, COOH, CF3 or hal ogen| DA¥awing®) (@289 |pag """

Iec ed

(7-15C) ar gl kyl and (8-16) aral kenyl , the ary] GrAhspectof magedh-- P@%?q ohalil y
be substi Swi t h (1-6C) al kyl, (3-8C) cycl pal kyl, (1-6C)al ko,éﬁ%m COOH,
CF3 or hal ogen; each group R[err] I s i ndepephdpatEyOH RECHIRT 1.HelSalle..

meaning as Rerr]; mis 1, 2 3; Bis a bondy—amammo-acid of the

formul al- NBP@PP\(!@-!EY{HBﬁth'@J] C(O - or an ester derivative-thereof and p
being 0, 1, 2 or 3, -N((JN Calkyl)-CHerr]-CO, -N((2- =~

12C) al kenyl )-CH err]- 4 ((2- 12C) al kynyl)-CH2-CO, -N(benzyl)-CHz-CO,
D 1-Tig, D3-Tiq, D c, Aic, D1-Piq, D3-Piqg or a L- or Dam no acid
havi ng a hydrophobic si chai n, which hydrophobic side chain neans a
(1-12C)al kyl, optional Ii substituted with one or nore (3-8C)cycl oal kyI
groups or (6-14Caryl g ups (which may contain a heteroatom e.g.

nitrogen) such as cycl oh cyclo-octyl, phenyl, pyridinyl, naphthyl,

t et rahydronapht hyl, and t érl i ke, which hydr ophobr ¢ side chain may
optionally be ug F,t ' $ ubstituents such as hal ogen, :
-trifluororrethyg T or i nst @ce nmethyl or ethyl); |ower al koxy .
(for instance nethoxy), phenyloxy, benzyloxy, and the like, or Bis a L- or
D-ami no a¥ie®ihavi ng a basic side chain, being for exanple, but not limted

L. 27 9% 14 1P R Gl Sl 151 by ORABL B O RAB(ORL K B0R! I
neutral RIOOC-(CHRA)FSD4D raaa:r-qqm&a.—mmcmm?)rr, subst IN-ptogetting group,
°2: wherein R'is selected from (1-12C)alkyl, (2-12C)alkenyl, (2-12C)alkynyl and (3-8C)cycloalkyl,
which groups may optionally be substituted with (3-8C)cycloalkyl, (1-6C)alkoxy, oxo, OH,
COOH, CF; or halogen, and from (6-14C)aryl, (7-15C)aralkyl and (8-16)aralkenyl, the aryl
groups of which may optionally be substituted with (1-6C)alkyl, (3-8C)cycloalkyl,
(1-6C)alkoxy, OH, COOH, CF; or halogen; each group R?is independently H or has the same

meaning as R; mis 1, 2 or 3;

B is a bond, an amino-acid of the formula -NH-CH[(CH,),C(O)OH]}-C(O)- or an ester
derivative thereof and p being 0, 1 2 or 3, -N({(I-12C)alkyl)-CH;-CO-,
-N{(2-12C)alkenyl)-CH,-CO-, -N((2-12C)alkynyl}-CH,-CO-, -N(benzyl)-CH,-CO-, D-1-Tigq,
D-3-Tiq, D-Atc, Aic, D-1-Piq, D-3-Piq or a L- or D-amino acid having a hydrophobic side
chain, which hydrophobic side chain means a (1-12C)alkyl, optionally substituted with one or
more (3-8C)cycloalkyl groups or (6-14C)aryl groups (which may contain a heteroatom, e.g.
nitrégen) such as cyclohexyl, cyclo-octyl, phenyl, pyridinyl, naphthyl, tetrahydronaphthyl, and
the like, which hydrophobic side chain may optionally be substituted with substituents such as
halogen, trifluoromethyl, lower alkyl (for instance methyl or ethyl), lower alkoxy (for instance
methoxy), phenyloxy, benzyloxy, and the like, or B is a L- or D-amino acid having a basic side
chain, being for example, but not limited to, arginine and lysine, or B is a L- or D-amino acid

having neutral side chain, such as methionine sulphon and the like, which hydrophobic, basic or

neutral amino acid may optionally be N-(1-6C)alky! substituted;
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or A and B together are the residue R3Rerr]NCHR[err]-C(O -, wherein
Rlerr] 'and R err] independently are Rerr], HRerr]-0C(O-, Rerr]-C(O-,
Rlerr]-S@-, " Rerr]O0C(CHRlerr])mSJerr]-, Rerr]OOC(CHRerr])[err]-,
H2NCO- (CHR[ err])[err],.or an N-protecting group, or one of R err] and
Rlerr] is connected with Rlerr] to forpea 5- or 6-nenbered ring together
with "NC'" to which they are bound, which ring nmay be fused with an

al i phatic or aromatic 6-nmenbered ring; and Rlerr] is a hydrophobic, basic
or neutral side chain; X is an L-agqino acid with a hydroRpobic si de chain,

p

whi ch hy derod heshB dogsitiebe arshthie mesidueriS RaN-CHR16(O)a | whgrein BpandRaindependanslyiareit ed
wi th one or { 580) gychpal Kyl ups ) aky. . 0Ke, j2ch may
cont ai n aﬁhepgr’(;aé{:@)r?f’ e%&fé'@f’r og%%(g’s’uchlgg)g(gg/%#@%?y ; c&c‘?@-éa(%ﬁ”"
Ehgnyl ] bm@g@? m—paapthNJprot::;aingajlgtlpdp,E)ntaqndei%ﬁf,anmtng‘ is_hctzonhbdced twgil:mi Rh :o
ydr ophobj ¢ side chain _may _optionally. stituted w substjtuents
such as HaI®deh, ort gWF\PSF‘%‘p%’Pﬁ)‘)‘Pg,C eB\kéfh g‘f"%}l to( ‘f'ﬁ)‘F‘t‘ theysirg ‘1?!9\" e
SLVL), Iniifde SAdHONHN bh Qliphdiit!GH 8RS BHetibercfISTRy WX X’ PRI HoYic, B t e

like, or X“is serine, threonine, or Xis a cyc am no acl r -exanpl e
2- azet i dioneewmt sidexghaing aci d, proline, pipecolic acid,

O B A bk RSB, SAD G SR B oM s, R ans o
2- oct ahy (-0 0HRYE opstallg sisifuted with GHBbr atee (3-BC)cyoMI gRdifb OF (GTHORLIC! d

optional 'y contains an additional heteroatqQm selecte and -

i's opti oBEUPS(Whighmay santain ahetgrqatom, s g, mittagen) spch ascyelphesyly cydie-potyl phenybr
. : 2 t ; . i is 2,

0 %, P il Sk, 0, b I i yobitbl) 0 i iy

- CO- NH- ( opte@alli bey suhstitu@idewith H4ubstitients: SCRE dalogera mdfiveremethylbivweg alityb (for

1-6C) al kyl , - d ; d bei i nd d ly H
br (L 6CHetr i aptbp e s (eF sprebuh Phediinns BrRYRRRAndhe Y |
a het er ofRec beXsie ls@teS thrédrind, dr bhisazalchic andinb AtidZfk iekanple 2ot dariokyRe

2-oxazol e, , 2-oxazol i ne, and 2- benzoxazaol e, which heterocycgles, may optionally
be subst39idstaling pipecalic geidq|1rammorampry-(1-§Cloxdy x §-PiRsEing | Ghoxylic oxo:

agflt " Lz?%’af LtRiafYiidRe RhrbBxylicORHY  BSfeRidho-plolife, P RATHRGHAE U 2-6@hydrdiidoRPt abl e
S _
carboxylic acid, and the like, which cyclic amino acid optionally contains an additional
heteroatom selected from N, O or S, and is optionally substituted with (1-6C)alkyl,

(1-6C)alkoxy, benzyloxy or oxo, or X is -NR2-CH,-C(O)- or the fragment

(CHp) W\

, .

7 N |

-NH-CH N-CH,-C(O)- -NH N-CH,-C(O)-
O or 0

wherein n is 2 3,or4, and WisCHor N; )

Y is H, -CHF,, -CF;, ~CO-NH-(1-6C)alkylene-C¢Hs, -COOR® and R® being H or (1-6C)alkyl,
-COﬁk’R’ and R’ and R® being independently H or (1-6C)alkyl or R” and R® together being
(3-6C)alkylene, or Y is a heterocycle selected from 2-thiazole, 2-thiazoline, 2-benzothiazole,
2-oxazole, 2-oxazoline and 2-benzoxazole, which heterocycles may optionally be substituted
with (1-6C)alkyl, phenyl, (1-6C)alkoxy, benzyloxy or oxo;

andris 0, 1, 2 or 3;

or a prodrug thereof or a pharmaceutically acceptable salt thereof.
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53 . 2. The conpound of claim1, wherein Xis an L-amno acid with a

hydr ophobi ¢ side chain, serine, threonine or-NR err]-CH2-C(O) - 3.
The conpound of claim1, wherein Ais as previously defined; Bis a
bond, an am no-acid of the fornula -NHCH (CH2)[err]C(O OH -C(O - or an
ester derivative thereof and p being 3 1, 2 or 3,

-N((I-6Q alkyl)-CH err]-CO, -N((2-6C)al kenyl)-CH err]- Cco,
-N(benzyl)-CH err]-CO-, D-1-Tiq, D-3-Tiq, DAtc, AIC Dl Pig, D-3-Piq or a
D-amno a havi ng.a hydrophohi.c sjde, chajn, whjc no, acid ma

opt i onal |§ %’ée mpfum wﬂ whereg K 3 7 [nagipo acd withey hyﬂr%#a ‘Bs‘ﬂ%@'&fhéﬂ}{% e
the resi duegionink bRt CRs-Sd-err] - (O - and X is a cyclic am no acid
optionally containing an additional het eroat om sel ected from N, O or S,

and optionally substituted with (1-6C) al kyl, (1-6C)al koxy, benzyloxy or

0x0, or ?1] s?h'gﬁ; daament - Lerr] 4,
The corrpoun'i(!;he c]pmg?l'ﬁlﬁ[o?‘rgfalm &EIL,&%Q;W%@' roxy- 3-cycl ohexyl - propi onyl -,
%[ hydr oxy- (B is fal bard; nan- Sminavabiix gf the fothmlar -}NH-CH{(R[EB),CIGM-C(O)— or an ester
err] OOC- r])m.Sqecr,] - 00C; r err] - :
HENOO (CHREPFAP ot snd bishe . 566 o M40 ChiEIok: A6 kensd-Coi
sel ected fram, N@é&%ﬂm D-1{Tiq, Iﬁ@)’ﬂtkﬁm Aid B-1L¥{q) BL3Piq dr 4 Dlarhimd adid Y|
and (8-16) ral ken each group R err ]h
avmg a vadrophobxc side chain, which amino acid may opuonally be N—(I—GC)alkyl

substituted;

or A and B together are the residue R*R*N-CHR’-C(0)-;

and X is a cyclic amino acid optionally containing an additional heteroatom selected from N, O

or S, and optionally substituted with (1-6C)alkyl, (1-6C)alkoxy, benzyloxy or oxo, or X is

-NR%-CH,-C(O)- or the fragment

(CHZ)n B W\
/ - ,
-NH-CH N-CHz-C(O)- - -NH N-CH,-C(0)-
O or o

4. The compound of claim 3, wherein A is H, 2-hydroxy-3-cyclohexyl-propionyl-, 9-hydroxy-
fluorene-9-carboxyl, ~ R',  R80;-, RX00C-(CHR).-SO», R?00C-(CHRY.-,
H,NCO-(CHR?),-, or an N-protecting group, wherein R’ is selected from (I1-12C)alkyl,
(2-12C)alkenyl, (6-14Claryl, (7-15C)aralkyl and (8-16)aralkenyl; each group R? is
indcper_x_deﬁtly H or has the same meaning as R; |

B is a bond, D-1-Tiq, D-3-Tiq, D-Atc, Aic, D-1-Piq, D-3-Piq or a D-amino acid having a
hydrophobic side chain, which amino acid may optionally be N-(1-6C)alky! substituted;

or A and B together are the residue R*R*N-CHR’-C(0)-;

Y is -CO-NH-~(1-6C)alkylene-C¢Hs, -COOR®, -CONR'R®, or Y is a heterocycle selected from

2-thiazole, 2-thiazoline, 2-benzothiazole, 2—pxazoie, 2-oxazoline and 2-benzoxazole.

S. The compound of claim 4, wherein A is H, R'-50,- or RZOOC-(CHRz).,,-;

Hllllll mlll lllll l!lll | llll
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i ndependently H or has the same neaning as R err]; Bis a bond, D-I1-Tiaq,
D-3-Tiq, bbAtc, Aic, D1-Piqg, D3-Pig or a Damno acid having a
hydr.ophobi ¢ si de chain, which amno acid nmay optionally be N (1-6C) al kyl
substi t ut ed; or A and B together are the residue

R3R[err]N-CHR[err]-C( O -; Y is -CO Nt -6C)al kyl ene-C[err] Hs,
-COOR[err], -CONRerr]Rerr], or Yis a heterocycle selected from
2-thiazole, 2-thiazoline, 2-benzothiazole, 2-oxazole, 2-oxazoline and

2-benzoxaz@ &, pory, pLN&; % JéH D! rﬁ-f'dP:dle:ﬁ% o('A‘a' ﬁ-ah’nno acid having a
err]-Sqerr
R[ I qudr]sptmbh(sichﬁij Tlag §3 T@f DAtc Aic, D 1-Pi q D-3-Pig or a

D d h d to

D 37 0o 2f o e s B TBBF R a8, e o800 5 ML B
atnﬂ Rl er (r]I ] RF(SOdC-(tcl HRCRE rdrml 2%m| keuhe]o)ttia rllid)epelngéntlﬁi[t@ (11265t r%lﬁﬂk la
ot her i ndependen is (I- en a

(3-80) cycl H@P y ﬁ%:‘)) Hﬂ?é’ﬁ‘;‘bg@?l’s%ry PFC@R‘]%!-RT ]93‘{5[ &rr]-
and R[err]léj ;%ob:csnd@\‘. phob| c side chain; Yis :
-CoO Kyl d b
e oAt oS i oo

(1,50) 1 ol ] 81 2LSRRRERSBATE bR SOt v 1

- 2- benzoxazish heterocficle Setertedfrom Rethiaznle, CHenzvthiezole) Boxaizole &r R<benzoxazole.

Rl err] OOC-(CHR[ err])[err]; Bis a Damno acid having a hydrophobi c side
chai n; or A and B together are the residue R3R[err]N—CHR[err] O - '
wher ei n @tTHeeaapoxﬁiaQ)fefauR[sem&mamsRE‘eo CHR?,.; Rl err] OOC- (CHR[ err] )[err]

and the other i ndependent ly is (2 6C) al kenyl

( 3- 8C) cycIB#EBramingAgid havingya did Tpggﬁf‘ég‘gﬂchzﬁr R err] OOC (CHR[ err])[err];
or A and B together are the residue R’R*N-CHR’-C(O)-, wherein at least one of R* and R* is
R°00C-(CHR?),- and the other independently is' (1-12C)alkyl, (2-6C)alkenyl,
(3-8C)cycloalkyl, benzyl, R*-SO,- or R*OOC-(CHR?),;
and X is 2-azetidine carboxylic acid, proline, pipecolic acid, 4'L-thia.zolidine carboxylic acid, 3,4-
dehydro-proline, 2-octahydroindole carboxylic acid or -[N(3-8C)cycloalkyl]-CH-C(O)-.

7. The compound of claim 6, wherein A is HOOC-CH,-;
B is D-Phe, D-Cha, D-Coa, D-Dpa, p-Cl-D-Phe, p-OMethyl-D-Phe, p-OEthyi-D-Phe, D-Nle,
m-Cl-D-Phe, 3,4-di—0Me-D-Phe, D-Chg;
or A and B together are the residue R*'R*N-CHR’-C(0)-, wherein at least one of R® and R* is
HOOC-CH;— and the other independently is (1-4C)alkyl, (1-4C)alkyl-SO2- or HOOC-CH;- and
* is (3-8C)eycloalkyl, (3-8C)cycloalkyl(1-4C)alkyl, phenyl, benzyl, optionally substituted with
chIorme or (1-4C)alkoxy.

8.The compound of claim 7, wherein Y is a heterocycle selected from 2-thiazole, 2—benzo§hiazole,

2-oxazole or 2-benzoxazole.

9. The compound of claim 5, wherein A is R'-SO;-;
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and-X is 2-azetidine carboxylic acid, proline, pipecolic acid,

4-t hi azol i di ne carboxylic acid, 3,4- dehydro-proline, 2-octahydroindole
carboxylic acid or -[N(3-8C)cycloal kyl]-CH err]-C(O-. 7. The conpound of
claim®6, wherein Ais HOOC- CH2-; B is D Phe, D Cha, D Coa, D Dpa,

p- Cl - D- Phe, p-Owet hyl - D Phe, p-OEthyl-D he, D N e, m Cl - D- Phe,

3, 4-di - Ovk- D- Phe, D- Chg; or A and B together are the residue

Rlerr ] RAN-CHR[ err]-C(O -, wherein at |east one of R3 and Rerr] is

HOOC- CH2- and the ot her i ndependently i‘s@rl- 4C§)a| kyl, (1-4C)al k}g4 SO2- or
HOOC- CH2- Bri§ 2 bongdy B-}4Tiq, D-BsTigCPoHtd-dug. Il -Pig -%*ég%y& B Rarmipo 3cld bgvingcy | |
phenyl , bew}, ' 1.y substituted with chlorine or (1-4C)al koxy.

8. The corrpoun(Jphtgjpﬂt(ﬂdgir‘l'?nAl , Wherein Y is a heterocycle selected from

2-1 hi azol eor A-spd B wektherzast the residunRERN-CHR -CIO) avhereimat deast one of R mand R is

conpound of: ghaim rej.n Al 21, @%: . -~ : B is a bond,
D 1-Tiq, 3_§¢?-qa,nd e&‘%@e?_%egfrﬁdiqx gikg,d@ - qu‘§Pz’a D-am no acid having a
hydr ophobi X isi2dszesidifié Barboxylic aicidA prolthe Bpiparglit ldd, 4athinzblidiner esbotylic acid, 3,4-

E[Bg re]r r]Sal- r?af;{;h@%( %6, ggerig- at eﬂs][ 9"%2‘&& g err 'l &b«i[ rlr itl?e _

Rl err] - SO ®dghdeni X is 2-azetidine carboxylic acid, proline, pi pecdl I C
acid, 4-thiazolidine carboxylic acid, 3,4- dehydr o- proli ne,
2- oct ahydr oi ndol e(éﬁr)lzoxyl ic acid, -[N(cycl 1)]-CH err]-C(O- or the
f ragnment V4 2 \ ;
' -NH-CH N-CH,-C(O)- NH N-CH,-C(0)-
O ' or o

10. The compound of claim 9, wherein A is Ethyl-SO,- or Benzyl-SOz-;
B is a bond, D-Phe, D-Cha, D-Coa, D-Dpa, p-Cl-D-Phe, p-OMethyl-D-Phe, p-OEthyl-D-Phe,
D-Nle, m-Cl-D-Phe, 3,4-di-OMe-D-Phe, D-Chg; i
or A and B together are the residue R°R*N-CHR’-C(O)-, wherein at least one of R® and R* is
Ethyl-SO,~ or Benzyl-SO,- and the other independently is (1-12C)alky!l or R'-SO;- and R’ is
(3-8C)cycloalkyl, (3-8C)cycloalkyl(1-4C)alkyl, phenyl, benzyl, diphenylmethinyl, which groups
are optionally substituted with chlorine or (1-4C)alkoxy.

11.The compound of claim 10, wherein Y is -CO-NH-CH,-C¢Hs, -CO-NH-CH,CH-C¢H; or
-CONR'R®, R” and R® being independently H or (1-3C)alkyl or R’ and R® together being
(3-5C)alkylene, or Y is a heterocycle selected from 2-thiazole, 2-benzothiazole, 2-oxazole or

2-benzoxazole.
12.The compound of any one of claims 1 to 11, wherein ris 1.

13.A pharmaceutical composition comprising the compound of any one of claims I to 12 and

pharmaceutically suitable auxiliaries.

14.The compound of any one of claims 1 to 12 for use in therapy.
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[err] 10. The compound of claim9, wherein Ais Ethyl-SQ2- or
Benzyl -SJ err]-; B is a bond, D Phe, D Cha, D Coa, D Dpa, p-d -D Phe,

p- OVet hyl+-- D- Phe, p- CEt hyl - D- Phe, D-Ne, md -D Phe, 3,4-di-0Owe-D Phe,
D-"Chg; or A and B together are the residue Rerr]Rerr]NNCHR[err]-C(O) -,
wherein at |east one of R3 and R4 is Et hyl - SO2- or Benzyl-S( err]- and
the other independently is (1-12C) al kyl 36r Rlerr]-SOerr]- and Rlerr] is
(3-8C)cycl oal kyl, (3-8C) cycl oal kyl (14C) al kyl, phenyl, benzyl,

di phenyl net hi nyl , whi ch groups are optionally substituted with chlorine
or (1-40C) al koxy. |1 . The conpound of claim 10, wherein Y is
-CONHCHerr]-Clerr]Herr], -CONHCHRCH err]-Cerr]Herr] or

- CONR] er 13 Beaofithe cothpounfl ofady Bheof taiosi Ing l2rfdethe ndackdtyredfar médieadtehnfdry| or
Rlerr] and R.err] together hein .3-5C) al kyl ene, or Y is a heterocycle
sel ect ed ft\:eﬁRé‘ngq tWﬁW%%W%?%é‘W‘e, 2-oxazol e or  2-benzoxazol e.

12. The conpound of any one of clains | to 11, whereinr is 1. 13. A
pharmaceutical conposition conprising the conpound of any one of clains |
to 12 and pharmaceutically suitable auxiliaries. 14. The conpound of any
one of clainms | to 12 for use in therapy.

-
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manuf act UVERSION*®Edf canent - f*or treating or
di seas®s:

1601REeTTEFE] conpound of, any one of claims | to 12 for ?%@%%9-3"
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