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| NHI BI TORS ' The invention relates to a serine protease inhibitor

havi ng an acyl guani di ne side chain, a phar maceuti cal conposition

cont ai ni ng t hewsemsse7rs well as the use of said inhibitor foectxesioosas 5 -

and preventing thronbin-rel at eg di seases. Serine proteases are
EROE

enzymes whi ch, anongst other t PBP&FWWTQRF role in the bl ood

coagul ati on cascade. Menbers of this group of proteases are for exanple

thronbin, trypsin, factors Vlla, |IXa, Xa, Xla, Xlla, and protein
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and nore selectlve serine protease Inhibitors continues unabat ed
In the development of synthetic inhibitors of serine proteases, and more specifically of

thrombin, the interest in small synthetic peptides that are recognized by proteolytic enzymes in a
20 manner similar to that of natural substrates, has increased. As a result, new peptide-like
inhibitors have been prepai‘ed. such as the transition state inhibitors of thrombin and the low
molecular weight thrombin inhibitor Inogatran (Thromb. Haemostas. 1995, 73:1325 (Abs.
1633); WO 93/11152 (Example 67)), which has been disclosed to be a potent and selective
thrombin inhibitor. Related compounds are described in WO 95/23609; in comparison with
25 Inogatran and its analogs, compounds disclosed in this patent application have an aromatic

group in the agmatine-like group.

The search for more effective and more selective serine protease inhibitors continues unabated
in order to obtain inhibitors which can be administered in lower dosages and which have fewer

30 and less severe side effects.

A new class of highly potent serine protease inhibitors, in paricular being selective thrombin or

Xa inhibitors, has now been found. having the formula 1



in order to obtain inhibitors which can be administered in | ower dosages

and whi ch have fewer 30 and | ess severe side effects. A
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[err] wher ei n Ais H optionally substituted D, L

[err]-hydroxyacetyl, R, R-OC(O-, Rerr]-C(O-, Rerr]-SJerr],
Rlerr] OOC(CHR[ err])[err].SOerr] Rerr]OOC(CHR err])m H2NCO (CHR[err])m
or an N-protecting group, b5 wher eHN. R er” Is selected from
(1-120).al kyl, (2-12C)al kenyl, (2-12C) al kynyl 2
(3-8C) cycl oal kyl, which groups nay optional be substituted with
(3-SCO) cycl oal kyl , (1-6C) al koxy, , OH, COOH, CF3 or hal ogen,
and from (6-14C)aryl, (7-15C)aral kyl and O (8-16)aral kenyl, the
aryl groups of which may optionally be substtuted with (1-6C) al kyl,
i(2-80) cycl oal kyl, (1-6C)al koxy, OH COOH, CF qrr hal ogen; each group R err]
A-B-X-NZ-CH-Q )
wherein
A is H, optionally substituted D,L a-hydroxyacetyl, R', R'-0-C(0)-, R'-C(0)-, R'-SO--,
R’00C~(CHR)-S0;-, R?O0OC-(CHR?),,-, H;NCO-(CHR?),-, or an N-protecting group,
5 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 s;ubstituted with (1-6C)alkyl,
(3-8C)cycloalkyl, (1-6C)alkoxy, OH, COOH, CF; or halogen, each group R? is
10 independently H or has the same meaning asR'; mis 1, 2 of 3
B is a bond, an amino-acid of the formula -NH-CH[(CH>),C(0)OH]-C(O)- 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-
Tiq, D-3-Tiq, D-Atc, Aic, D-1-Piq, D-3-Piq or a L- or D-amino acid having a hydrophobic,
15 basic or neutral 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)-, wherein R® and R* independently
are R, R-0-C(O)-, R'-C(0)-, R'-SO,-, R*00C-(CHR?).-SOr, R’0OC-(CHR?)-,
H,NCO-(CHR?),,-, or an N-protecting group, or one of R® and R* is connected with R® 1o
form a 5- or 6-membered ring together with “N-C” to which they are bound, which ring
20 may be fused with an aliphatic or aromatic 6-membered ring; and R® is a hydrophobic,
basic or neutral side chain;
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
substituted with (1-6C)alkyl, (1-6C)alkoxy, benzyloxy or oxo, or X is -NR-CH,-C(0)- or
25 the fragment



10 I ndependently H or has the sane neaning as Rerr]; mis 1, 2 or
3; B is a bond, an am no-acid of the fornula

-NH-CH (CH err])[err]C(OOH -C(O- or an ester derivative
thereof and p being 0, 1, 2 or 3, -N((1-12C alkyl)-CH err] CO,

-N((2- 1 2C) al WOBITEH err] CO-, -N((2- 1 20 al kynyl ) - CHz- CO-ECT/EPI7/00625 -
-N(benzyl)-CH err]-CO[err], DI- 5 Tigq, D3-Tig, DAtc, Ac,
DI-Pig, D3-Pigor alL- or DDam no acid having a hydrophobic, 15

basic or neutral side chain, which am no acid nmay optionally be

N-(1-6C) al kyl substituted,; or A and B together are the residue
Rlerr]RAN-CHR[ err]-C(O) -, wherein R3 and Rl err] indeMéndently

are R, R-00O-, R}&H;):.C(O)-, Rlerr]-sqerr]-,f
R[err].OOC-(CHR[er“l_L, SO erh . R err OOC—(CHR[err]l).-,

H2NCO- ( CHR2) [ er r |"NEsiEhn SHxt(Q group, oiNBre_of M-@H}CEE Rierr] is
connected with Rlerr] to forma 5- or 6- ered ring together
with "N-C'" to which theyOare bound, whichyring 20 O may be fused with
an aliphatic or aromatic 6-nmenbered ring; and Rlerr] is a hydrophobic,
basi c or neut rvderein fis s fe@if, and WisCHorNix s an L-anmino acid with a

obt1 ohal Ty cord 3 it LORE R Y SRUCHE, Ereeq-REAT. SaRibf-Cl, -OQRE
optional |y  and R® beingsHbwt (1t6@)alktyln-CONRIR '@} R karid, RY heifijralkpendently i rary(loxy
or 05 0F X letyldtor B nd Rk loglihe Being (3-6C)alicicie, of PR Mterocycle selected from 2-
PCT/ EP97/ 0062%hiazole, 2-thiazoline, 2-benzothiazole, 2-oxazole, 2-oxazoline and 2-benzoxazole,3which
Leg; ] ) (O, MQF%Q%E&Q gqtéoﬁgléihﬁg?bsgégéf; wi%ng -é%laliylﬂ_ll -&E)a‘l\lc;oxy Or OXO0; Qis
-CO NH- (1 -6C) o kH sve-6c)fikyl] H err], -COORerr]

risOor1ifQis-C(O)Yorris0, 1,2, 3 or4ifQis H;

10 or a prodrug thereof or a pharmaceutically acceptable salt thereof

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
15 limited to, deep vein thrombosis, pulmonary embolism, thrombophlebitis, arterial occlusion
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
and metastasis, and neurodegenerative diseases. The compounds of the invention may also be
20 used as anticoagulants in extracorporeal blood circuits, as necessary in dialysis and surgery.

* The compounds of the invention may also be used as in vitro anticoagulants.

Preferred compounds according to the invention have the formula I, wherein X is an L-amino

acid with a hydrophobic side chain, serine, threonine or -NR*-CH,-C(O)-; and Z is H or methyl
25  Other preferred compounds of formula I are those, wherein A is as previously defined; 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((1-6C)alkyl)-CH>-CO-, -N((2-6C)alkenyl)-CH,-CO-,
-N(benzyl)-CH,-CO-, D-1-Tiq, D-3-Tiq, D-Atc, Aic, D-1-Pig, D-3-Piq or a D-amino acid



and 'Rl err] being Hor (1-6Calkyl, -CONRerr]Rerr] and Rl err] and R err]
hei ng i ndependently Hor (1- 5 6C)al kyl or Rlerr] and Rerr]

t oget her being (3-6C)al kylene, or Y is a heterocycle selected from 2-

t hi azol e, 2-thiazoline, 2-bénzothiazole, 2-oxazole, 2-oxazoline and

2- benzoxazol wo awers het erocycl es may opti onal | yPEEERXIE2S ¢ yt ed
with (1 -6Calkyl, (1 -6C)al koxy or oxo; 4 , Zis Hor (1-6C al kyl;
risoOor 1if Qis -C(OYor ris0, 1, 2, 3or 4if Qis H 10 - or a

prodrug thereof or a pharnaceutically acceptable salt thereof

The conpounds of the present invention are useful for treating and
preventing thaviaghd rhydrophobic sideéTedHiinl efhichneminar acihi mapseidhsllye Be ANJ@ BT dkyl
Thi s i ncludes a nupber of thronbotic and, 34 r,0f hronbotjc states jn
whi ¢ch the cdugtised: OR AcadcB dusether k% g dssisye JERAN GHECTC(O0:-S 388X i5raecyqlig amigo

limted 10, d@eg iRl &Qfaﬂﬁ@ﬁﬁ SddifioHal R o¥toR icledMrorh N QR ) | 558 dptiSnally
arterial occlusion rom thronbosis or enbolism arterial

reoccl usi on subatitutef with £F-66)aligh il i6)alkexy, benzylhxyoemenoy of X is -NR*CH,-C(O)- or the
r est eng)si S fﬁ%l lnow ng arterial injury or invasive cardiol ogical procedures,
post operat i ves&hous t hronbosi s or enbolism acute or chronic
atherosclerosis, stroke, myocardial infarction, canc® and

nmet astasi s, and neuroif&j'ér)erative di seases. The c rrpouws of the invention
may al so be 20 sed a\?\h n ié&igul ants in exffracorpgoreal bl ood
circuits, as neceggagé\{;{d& %ﬁ:ﬂ‘ d surgeryNH N-Che-C@Mpounds of

the invention nmay al so used as in vitro anticoaguhfants.

Preferred conpounds acc®ding to the inveption have Ohe formula |, wherein
X is an L-am no. acid with a hydrophobi c side chain, serine,

t hr eoni ne onnd K Hormethy.err] C(O-; and Z is Hor nethyl 25 Ct her

preferred c u r 12 e i ' g .
defined; B ;ig&g ﬂ@ﬁn@é Jr?bdghﬂaﬁ ugdr? gﬁifél'ﬂ@gc ?’dw@?e?hea 1&0 F‘énu?gyd%@“ Q&b%ﬁéxyl

- NH- CH ( CH2)prapionyl( O) Oydopifiuorsne-Brcadionyy  dBli vaRi-60-,  R'00C-{GHRDoEOaNd
P28 b REROCHGHE Yy FUEBRCHR) o 8 it apppm, yersi R i gelptp rom
D-3-Tiq, D A1-a2CHhilkyl, (P12ERlenylX63148)aryh (7-25C)antkyhand(8+16)aralkenyl; each group R%is
\IQIC)T/Q ggggloggé@gpendenﬂy H or has the same meaning as R'; B is a bond, D-1-Tiq, D-3-Tiq, D-Atc, Aic, IZ-
1-Piq, D-3-Pig or a D-amino acid 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’-
15 C(0)-; Y is -CO-NH-(1-6C)alkylene-CeHs, -COORS, -CONR'R’, or Y is a heterocycle selected
from 2-thiazole, 2-thiazoline, 2-benzothiazole, 2-oxazole, 2-o0xazoline and 2-benzoxazole.
In particular preferred are those compounds, wherein A is R'-80:-, R*°00C-(CHR?),-; 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; or A and B together are the residue R°R*N-CHR®-C(0)-, wherein at
20 least one of R® and R* is R2OOC-(CHRY).- or R'-SO,- and the other independently is
(1-12C)alkyl, (2-12C)alkenyl, (2-12C)alkynyl, (3-8C)cycloalkyl, (7-15C)aralkyl, RSO~ or
R?’00C-(CHR?),-, and R® is a 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
25  2-thiazole, 2-benzothiazole, 2-oxazole or 2-benzoxazole. '
‘When A is RZOOC-(CHR?),-, preferably 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’OOC-(CHR’)...— and the other independently is (1-12C)alkyl, (3-8C)cycloalkyl, R!-SO;- or



havi ng a hydrophobi c side chain, which am no acid may optionally be

N: (1-6C) al kyl substitut ed; or A and B together are the residue
Rlerr]Rlerr] N-CHR{ err]-C(O) - andX|sacycI|c am no acid
optionally containing an addi tional heteroatom sel ected from N, Oor S and
optional |y  Wwoem®nbstituted with (1-6C) al kyl, (1-6C)al koxRCTHERIFIGEYy
or oxo, or Xis -NRerr]-CH2-C(O - or the §err] 5 f ragnent

and Z is Hor nethyl. More preferred are corrpounds of formula I,
wherein Ais H 2- hydr oxy- 3-cycl ohexyl- pr opi onyl -

9- hydr oxy-fl uorene-9 garbox yl Rerr], Rlerr]-SJerr]-

R[ er r ] OOC- ( CRIQREAL r;]and Sjise?-pzetiding carboxylic mEidy ploting:- pe;@m[ceaqq, Yrhiazolidine
et ot { RO Al S oot PHORBHLRRI MBI MRS Mt

(7-15C) ar al kydmponady &hél@haAaiskHOﬂC—CHﬁ-QlB - DLIFheR[IBChiI B—Coa D Dpa p-Cl-D-Phe

D3 T, D Ab Oy ne, FOBRED TR e, 5r oTprbpe, . 42 OMERE Br G
hydr ophpobi ¢ gi fipethbaiais theh rsidud RIRONITHIP-OF0}-, wherem at f&ﬁt' Grﬁhabr YR:’and R! is

N-(1-6C) al kyl substituted; or A and B together are i due 5.
Rl err] R er r | ROQ4RCERrand thegother independeptly is methyl, ( lAC)a!kyl-SOz- or HOOC-CH;- and R’ is

hg&r'\‘g'; §/ 1:| 0 Lﬁ%&%&yﬂ fi- Eéj&@&&lﬂf#g%t pﬁ\lny& % §Jubl§§1§'r Et]bsttf?x[edeJ:tﬁ a

2- benzot hi azdﬂmne&nﬁle&(z‘.bllexxyZ oxazol i ne and 2-benzoxazol e.

t I th
Rrer] oo (CRBERATE I SpF, by BG-G9, Diag: R iy Dri -
Aic, Dol-Pi qa Mamird ﬁbl@ﬁlaﬁn@-ﬁﬁydtﬁpmlcdsxh@\éhﬂﬂ 6r A and B togwdar Qphc:be ¢es$dude
chain; or A agld, B toget her are the residue,

wherein at 2B R'N-CHB((Oknwhegeingat @P?P“&HHRF{'@#]'S Fs Sﬂ?'e?ﬂd] '@88"?@%%“1’?’)‘%

S RQ I Kk
o, (L) SO mhes SRR fob v, ot ARt

R[ er r] - SO er #thiggolidine carboxyhc REdr Bﬁmqfﬁﬁmlm,rq-ﬁtdmd]’mﬂ@*mcﬂ’whﬂ} agid, er the
hydr ophobi ¢ gj hain; Yis -CONH(1-6C) alkylene-Clerr]Herr],
-COOR[ err] an err] bei ng Hor (1-3Calkyl, -CONR[err]Rerr], R7 and

Rl err] being independently H or (1-3C) al kyWgqr R[err] and Rlerr]
t oget her being (3-5C VIZ)n e, or Yis a heterocydle sgﬁact ed from 25
zol e. VWhen A

2-thiazol e, 2-ben zol e, X e or 2-benzo
is Rerr]) OOC—(CH@%’ [e ]]J'?Clg?'g:i@i‘abl y B i s-NHB~anm pNAHACH)ri ng a

hydr ophobi ¢ si de chai n; or A and B togetherfare the residue
Rerr]ferr]NCHRerr]-APO) -, wherein at ¢east one ofOR err] and R[err] s

(R\[ge ;38 (iymcl gg%?” A er@i’e] g@f@gpéshﬁm?ég %I’ stEQI?y? %((a)rz]-d grnéel:nyzyf 502(—,1B Jisza)o J< %)-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

20 (1-12C)alkyl or R'-SO,- and R® is (3-8C)cycloatkyl, (3-8C)cycloalky}(1-4C)alky!, phenyl,
benzyl, diphenylmethinyl, which groups are optionally substituted with chlorine or
(1-4C)alkoxy. '

The most preferred compounds of formula I are those wherein QisHandris 0, 1 or 2.

25 The N-protecting group as defined in the definition of moiety A is any N-protecting group as
) used in peptides. Suitable N-protecting groups can be found in T.W. Green and P.G.M. Wuts:
Protective Groups in Organic Synthesis, Second Edition (Wiley, NY, 1991) and in The
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Rlerr] OOC-(CHRferr])m and X is 2- azetldlne carboxylic acid, proline,
pi pecolic acid, 4-thiazolidine car boxylic acid,

3, 4- dehydr o- pva)bm 2-oct ahydr oi ndol e carboxylic acid. Mor@CpERS®eSEd are
conpounds wherein Ais HOOC-CH err]-; B is D Phe, D Cha, D Coa, D Dpa,

p- Cl - D- Phe, p- OMet hyl - D- Phe, p-CEthyl -D-Phe, D-Nle, md - D Phe,
3,4-di -Owve-D-Phe, D-Chg; or A and 5 B together are the residue
Rlerr]Rerr]NNCHR[err]-C(O -, wherein at |least one of Rerr] and Rerr] is
HOOC- CH[ er rlfeptides:l Anhalysig,t Symthesis,dBjolopge Vol. \3 ESGross layd J. Meiedhofer, Bds.; fAEemic-

or R (3-8C) cycl oal kyl ,

(3- 80) cycI &E‘ff&{‘a\%@) phenyl, benzyl, optionally substituted with
chlorine or (14C)a|koxy V\henAis R-SOerr]-, preferably Bis a
bond, D-1-Tiq, D-3-Tigq, DAtc, Aic, DI-Pig, D3-Piq or 10 a D-am no

aci d havi ngTbF ey cqvhomllu sibdtisuteda Dt o-ﬂlydmaymetﬂ tmeges eergreupe of htker fosindlac

R or 1 P50 MR LO, Shiwinm RS ifeBingeh e F'S nidpifobi'shas Moy i gha' °
Rl err]-Sq em‘h]ogethef fosm 2-5a.0e 6iméniberedoning0 whichds eytiofallyfusddi with orw (ﬂﬂ%bleha@ﬁl d,

4-t hi azoli di ne car box id, 3,4-d dr o- pr I|ne 2- oct ahydr oi ndo
carboxyl i ¢ %fcﬁ"%f“a r é) F%@Lerec? %ngs anc} yv ﬁﬁ@%pr 6- e ered ring consncsts of carbon atoms and

[err] ¥ Cg;onal}y one hetWa%nP&e?Jc&rdrt?dg?] gt & &8 @Pﬂéﬂeﬂ?}d gq?xg 5@1{39&%%&@%#5 ae?"

or Benzyl - err Is a bond
p-d - D- Phe,2 ymwdwwromoﬁtm 19-Hydixy-fluGrend-8-carbexiil- D- Phe,

Rt or PRy or 18 G L 2 Bmesh f Bradoh @76 Wbranihed T gidib g 1 19 17 eprbamg
R4 i s Et hylatéity, esuch a@melﬂgl:l 2ihyl, 3Gusil,r kopentyl] heprgl, dblezyl, iand! eiclikde Pidfatredsalkyl
groups are (1-6C)alkyl groups, having 1-6 carbon atoms. Most preferred in the definition of RS,
R’ and R® are (1-3C)alkyl groups, having 1-3 carbon atoms, such as methyl, ethyl, isopropyl.
A (2-12C)alkenyl group is a branched or unbranched unsaturated hydrocarbon group having 2

15 to 12 carbon atoms. Preferred are (2-6C)alkenyl groups. Examples are ethenyl propenyl, allyl,
and the like.

The term (1-6C)alkylene means a branched or unbranched alkylene group having 1 to 6 carbon
atoms, such as -(CHy)n- and m is 1 to 6, -CH(CH;)-, -CH(CH;)~(CH,)-, etc. Preferred alkylene
groups in the definition of Y are ethylene ind methylene.

20 A (2-12C)alkynyl group is a branched or unbranched hydrocarbon group containing a triple
bond and having 2 to 12 carbon atoms. Preferred are (2-6C)alkynyl groups, such as ethynyl and
propynyl.

A (6-14C)aryl group is an aromatic moiety of 6 to 14 carbon atoms. The aryl group may further
contain one or more hetero atoms, such as N, S, or O. Examples of aryl groups are phenyl,

25 naphthyl, (iso)quinolyl, indanyl, and the like. Most preferred is the phenyl group.
(7-15C)Aralkyl and (8-16C)aralkenyl groups are alkyl and alkenyl groups fespectively,
substituted by one or more aryl groups, the total number of carbon atoms being 7 to 15 and 8
to 16, respectively.

The term (1-6C)alkoxy means an alkoxy group having 1-6 carbon atoms, the alkyl moiety of

30 which having the meaning as previously defined.



20 (1-12C)alkyl or Rerr]-SOJerr] and R err] is (3-8C) cycloal kyl,
(3-8Q) cycl oal kyl (1-4C)al kyl, phenyl, benzyl, di phenyl net hi nyl,

whi ch groups are optionally substituted with chlorine or

(1-4C) al koxy. The nost preferred conmpounds of fornmula I are those
wherein Qis HW@AWBs 0, 1 or 2. 25 The N-protecti nBCHEBUMOGSE -
defined in the definition of noiety Ais apy N-protecting group as

used in peptides. Suitable N-protecting groups can be found in T.W G een
and P.G M Wits: Protective Goups in Organic Synthesis, Second
Edition (Wley, NY, 1991) and in The WO 97/ 30073

PCT/ EP97/ 006Re term (3-8C)cycloalkyl means a cycloalkyl group having 3-8 carbon atoms, beifig

Pepti des,. Anal ysi s,. Synt.he Bi ol ogy, ,Vol.. 3 E. oss and 1. i enhof er,
e O adCFBPTORL SYObUR DicloPREH lahenoitioneptl & Syclbrocrify CyTR atd
optlonal Iy sé%[@p‘o;,é Pir@ﬁréi%r#ed glaglmgﬁyﬁgyacetyl means a group of the formula
err err erein Rand R err] independently are H, a
hydrophob| c '!ihm 8?““1%“ uering, chlgrine, bromine or ipdig¢.r | t oget her forma 5- or

or aronat ¢ Rl G el SRRl dppitiine BlreRIE R, pROR (1DAU T eery

car bon at onssuanas methyl-, ethyl-@pt-bmgbbsltgrs one het eroat om sel ect ed fromN, 0 and
S. Preferre DLahdroy y . .

2- hydr oxy- Bd&fclmxy'l aﬂé g W“gaﬁ:#pg“'ﬁ%%wﬁ(?/s%“ml"é% é’rcé"rwm £61d.
The term (1-gbgfetfdely! 1-nmn3.1>a, afeanC RRdl péarw&pﬁaﬁyabashqainme GepYativeiny ARG isl

to 12 carbon such as nethyl, ethyl, t- but%/ I sopent yl

hept yl , dode%ymmogﬁahq-ﬁgarppw@c apldem {scaming mdpne carboxylxc ag »o?ﬂ?s‘s d}hényla anine;
(1-6C)l kyl @RPUPSE cﬂﬁ&b}&@an%e d%?x&i}&lanh{@s tcd §d eéfcﬁa@ct‘yﬂlahfﬂ@ Chg is

definition of err err| are (1-3C)al kyl groups havi ng
1- 3 carbon agyslehexy mealglemaqqnlpucmtet hyl, isopropyl.

(2-12Q al ke O

(2-120) a1 Kentl BioHinhols Ju2BRIE efls a1 EAE SpAY é“b?é‘ﬂ& A SR ke

gr oups. Exarml-aﬁ)cﬁldall@[ greups or (G140 lgroups (which may contain a heteroatom, e.g. nitrogen)
such as cyclohexyl, cyclo-octyl, phenyl, pyridinyl, naphthyi, tetrahydronaphthyl, and the like,

15 which hydrophobic 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.
The term substituted means: substituted by one or more substituent.
Amino acids having a basic side chain are for example, but not limited to, arginine and lysine,
20 preferably arginine. The term amino acids having a neutral side chain refers to amino acids such
as methionine sulphon and the like.
Cyclic amino acids are for example 2-azetidine carboxylic acid, proline, pipecolic acid, 1-amino-
1-carboxy-(3-8C)cycloalkane (preferably 4C, SC or 6C), 4-piperidine carboxylic acid,
4-thiazolidine carboxylic acid, 3,4-dehydro-proline, azaproline, 2-octahydroindole carboxylic
25 acid, and the like. Preferred are 2-azetidine carboxylic acid, proline, pipecolic acid,
4-thiazolidine carboxylic acid, 3,4-dehydro-proline and 2-octahydroindole éarboxylic acid.
The term prodrug means a compound in which the amidine group of the compound of formula I

is protected, e.g. by a hydroxy or {1-6C)alkoxycarbony! group.



and the like. The term (1-6C)al kyl ene neans a branched or
unbranched al kyl ene group having | to 6 carbon atons, such as
-(CH2)[ert]- and mis 1 to 6, -CH(CH err])-, -CH(CH err])-(CHerr])-[err]
etc. Preferred al kyl ene ) groups |nthe definition of Y are ethylene
and met hyl enwo 9280073 A (2-12C) al kynyl group is a brancheRCHEPSHMRInched
hydr ocar bon group containing a triple bond and having 2 to 12
carbon atons. Preferred are (2-6C)al kynyP groups, such as ethynyl and
propynyl . A (6-14C)aryl group is an aromatic noiety of 6 to 14
carbon atons. The aryl group may further: contain one or nore
hetero at 0?5 rﬁ%fbnaﬁnmzr 1§cluws £ proeés3NBl pepRfing?i \bm@brdPst fordula e MeludingS
napht hyl, (1so)qui noIX i ndanyl, and the F Most preferred is the
phenyl ~ gr oequpling of suitably ;\rmstymm agids oarv@"ecaa%eyﬁ%ﬂ fRlioped by Jemeving the

al kyl and gll k;"ytl: rg{lgﬁups respectively, substituted by one or nore
aryl groupsS, the FETBY  nunber of carbon atoms bei ng 7 to 15 and 8

to 16, respectively. - The term (1- 6C) aI koxy nmeans an al koxy group
havi ng 1-6_carbon atons,

me an,sng as bq EWBQ}‘:W% aEﬁQ{ I%HJ }o%ularEDJnaG); Xe prepared in a %\A%;%%??nﬂgfo; Ach

PCT/ EP97/ Oélﬁﬁprb : 7
The term (3 )cycl oal kyl nmeans cl oal kyl group_havjng 3-8 carbon atons,
bei ng To that gnd; |suitablyye prq;gqgwb(@g%/ gide-chajiprafssted i reactiye siderghajps are present)
cycl ohept y| mfé’nf) ?’aﬁh%vgmel‘lur pgﬁﬁéegg?@ta&l?aéﬁdand coleed to GYitbRNEaftidxyR pfotected

preferred Cy gr oups term hal ogen neans fl dorine, .
chl orine, hminoiadid (ﬁrpepmﬂ! deeivatives either in ﬁlmnoher on @ssolid sehpoity Rtatsctiomofithe cany

appropriate ester derivati bl 4C) al .k ch
as’ hyl - ami@epfnctions se"fmifsy 1akes place by Uretane S’%“FH%X% Sfchg 8%, e, ai-labilg &t :
1,2,3,4- teBu@i&(Waﬁioﬁﬂ%&bﬂp \(B68; ﬂmnz?l'b dye’irb@ﬂilt(@)gi‘ddb @i sibstituted analogs or the

respectlvely are 1- 3- car boxyper hydr oi soq ol i ne,
respect i vebgse-lalzlle 9rfhxorenyl-methylowcaWPﬂ!dt@’!’?‘élE’?FPZ T BeAESYR FA0 “x’é’qﬁ rempyed;by

am no | ndagﬁmﬁﬁ%@%&h&oﬂcgﬁeﬁgﬁ&vﬁ%%ﬁ&&le@tk\@@r&ﬁas incfide Nps, Bfa3Bpot, Msc,

cycl ohexyl al ani Coa s cycl ooct yl al ani ne: Chg is
etc. A good overview of amino protective groups is given is given in The Peptides, Analysis,
15 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
like methyl- or ethylesters, acid labile esters like tert-butylesters, or hydrogenolytically-labile
esters like benzylesters. Protection of the side chain function of lysinine may be accomplished
by using the aforementioned groups. Activation of the carboxy! group of the suitably protected
20 amino acids or peptides can take place by the azide, mixed anhydride, active ester, or
carbodiimide method, especially with the addition of catalytic and racemization-suppressing
compounds like 1-hydroxybenzotriazole, N-hydroxysuccinimide, 3-hydroxy-4-oxo0-3,4-dihydro-
1,2,3-benzotriazine, N-hydroxy-5-norbornene-2,3-dicarboximide. See, e.g. The Peptides,
Analysis, Synthesis, Biology (see above) and Pure and Applied Chem. 59(3), 331-344 (1987).
25 The acylguanidine moiety may be coupled to the C-terminus of suitably Na-protected amino

acid derivatives or peptides by coupling methods as described above.

In a suitable method to prepare the compounds of this invention wherein Q is -C(O)Y,
protected glutamic acid (Glu) is coupled to the group Y, deprotected, followed by coupling at
30 the N-terminus to the A-B-X- part of the molecule to form the compound of the formula A-B-

X-Glu-Y. In a separate procedure, S-methylisourea is protected and converted into protected



cycl’ohexyl gl ycine; N e is norleucine. The term hydrophobi c side
chain neans a (1-12C)al kyl, optionally substituted with one or nore
(3-8C) cyct oal kyl groups or (6-14C)aryl groups (which nmay contain a
het eroatom e.g. nitrogen) ' such as cycl ohexyl, cycl
phenyl, pyri diwgb730&pht hyl , tetrahydronaphthyl, and the Ii kg&%gwmzs
whi ch hydr ophobi ¢ side chain may opti onal I¥ be substituted with

I

substituents such as hal ogen, trifluoronmethyl, |ower alkyl (for
instance nethyl or ethyl), lower alkoxy (for instance nethoxy), :
phenyl oxy, benzyloxy, and the |ike. The term substituted neans:

substitut ed gusnidine. The lpsmta:teijgmmmantcnupled to A-B-XMGlnd. aod aBendeprotgetionothsi ¢
side chain are for egt%ﬁgle %t réa limted to, arginine and |ysine, 20
preferably a‘l“‘lj'ﬂ’r‘??“ﬂ‘%0 ulg LisPtaiReAo aci ds having a neutral side chain
refers to am no acids such as net hi oni ne sul phon and the IiKke.
Cyclic amno acids are for exanple 2-azetidine car bo lic acid, proline,

pi pecol i ¢ acThe compeundscof the invention, wh@manbxyn the faym) AT eschares M2y (be isolated:Homy
4C, SC or | 0 h

car boxyl I C a(%% dea%é'gélprg{thgof th%?% |&r<1ﬁé4 bgazrg'géegﬁag)é acheP ggledsﬁt;d?‘gﬁz giéldéﬁ g&gmaﬂy
carboxyl i ¢ 24cceptable ssdtslmhy alsocbetdbininied by . tredting the freel beaeepfiora@btll witinan organic or
carboxylic acid,

l.
carboxyl i c alPia grﬁ“’asé'ﬁ?/aﬁ}‘%ﬁ?%ﬁ“ a@ﬁ’dhsﬁk%f' all’ﬁ e %}%gé%r eﬂ%u iric acid. 4.
The term pro ﬂmdmaa@d aaeewpmmdpﬂopmml abidt @ﬁycam déide ngaﬂawpcﬂf mﬂemc acid,

conpound of fornul a r ot ect ed e. by. a dr
( 1”180) al koxy@aqhmn}lphcmqﬁﬁlﬁ ﬁamanc ac% succinic acid, t cg%/z 86!6%801(]( )()CI'IZOIC acid, and

PCT/ ERQ7/ 006280 rbic acid. 8
The invention ?urt er includes a process for preparing a conpound of
formula I, including coupling of suitably protected am no, acids

or am no_aci gga@é‘JJ %%ds o?ltljng‘mwnt@ﬁ @% s@sﬂ c;ngeor |Bore chiral BIrBSrEEolnéE aktl HapS-

5 The s accord prepared in a manner
conventi onal théaforellnelbbtamed as a pure enantiomer, or as a mxxture of enantiomers, or as a mixture

containing diastereomers. Methods for obtaining the pure enantiomers are well known in the
15 art, e.g. crystallization of salts which are obtained from optically active acids and the racemic
mixture, or chromatography using chiral columns. For diastereomers straight phase or reversed

phase columns may be used.

The compounds of the invention may be administered enterally or parenterally, and for humans
20 preferably in a daily dosage of 0.001-100 mg per kg body weight, preferably 0.01-10 mg per kg
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 .
25 into capsules or suppositories. By means of pharmaceutically suitable liquids the compounds
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.
For making dosage units, e.g. tablets, the use of conventional additives such as fillers, colorants,
polymeric binders and the like is contemplated. In general any pharmaceutically acceptable

30 additive which does not interfere with the function of the active compounds can be used.



corrpbunds. To that end, suitably N err] protected (and side-chain

protected if reactive side-chains are present) am no acid
derivatives or-peptides are activated and coupled to suitably carboxyl

pr ot ect ed am no acid or peptide derivatives either in solution or
on a solid swaxbe7sProtection of the a- 10 am no funct PCHEPJEMBSal | §

t akes pl ace by urethane functions such ag the acid-labile tert-

but yl oxycar bonyl group (Boc), benzyl oxyc Pbonyl (Z) group and substituted
anal ogs or the base-| abi | e 9-fl uorenyl - met hyl oxycar bonyl (Fnoc)
group. The Z group can al so be renoved by catal yti c hydrogenati on.

QG her sui t ailiteble Gafers vith OWAitl @hed EoMHpSsitions lchit Be NMaminiferéd iftRRIe, lad¥bSe, starch,
etc. A good overview of ami no_protective groups is given is given in The

Pepti dés, AgHyigsejdgrivatives and the like, primixtuses thergpfpysed in/sjitablg amounts.oss and J.

Mei enhof er, Eds., (Academ c Press, New York, 1981). Protection of
carboxyl groups can take place by ester fornmation e.g. base-labile esters
|i ke methyl- or ethylesters, acid labile esters like tert-butylesters, or

hydr ogenol wiical | y-l.abil.e . sters. | i ke henzylesters. Protection of
t he s?de c%&\er\m‘reﬂ%%‘['?g‘?ﬁhﬁ‘“Pi’ﬁ“‘rﬁ%éﬁ‘ﬁ@mﬁ@g% i shed by usi ng
the af orenenti oned groups. Activation of the carboxyl group of the suitably
protected 20 am no acids or peptides can take place by the azide,

m xed anhydride, active ester, or car bodi i m de nethod, especially
with the adgkAfp@oEgf catalytic and racem zati on-suppressing

conpounds |ike |-hydroxybenzotriazole, N-hydroxysuccini m de,

3- hydr oxy- 4- oxo- 3, 4- di hydr o- |, 2, 3-benzotri azi ne,

N- hy%_oxy- 2‘;“%3%%&?'&?"@‘%1"%‘5 jr?%(rggoxi m de. See, e.g. The Pepti des,

Anal ysi s, esi s above) and Pure and Applied Chem 59(3),
331-344 (1987). 2HN The acyl guani di ne noi ety may be coupled to the
C-term nus of suitab E‘ﬂr] -protected am no acid derivatives or
pepti des by coupl igy nmet hods as described above. In a suitable
met hod to prepare the ounds of this invention wherein Qis -C(OY, '
protected glutamc id (Au) is coupled to the group Y, deprotected,

foll owed by coupling\at 30 the NFterminus to the A-B-X- part of the

nol ecule to formthe/onpound of the formula A-B- X-Au-Y. In a
separate pr ocedum_cﬂ_@d)yl isourea is protected and converted into

prot ect ed WO 97/ 30073

PCT/ EP97/ 00825 benzyl; Boc = tert-butyloxycarbonyl, Cbz = benzyloxycarbonyl, Ac = acetyl; PA®
phenylacetyl, Glu = glutamic acid, Cha = cyclohexylalanine; Pro = proline; Phe

phenylanlanine; 1-Piq = 1-carboxyperhydroisoquinoline; Nal = 2-naphthtylalanine; Asp

15 aspartic acid

If not indicated differently, the retention times (Rt (LC)) were determined by reversed phase
liquid chromatography on a Supelcosil LC-18-DB (2.1 mm x 25 ¢m) column.

20 EXAMPLE |

HOOC-CI1,-D-Cha-(N-cvclopentyl}-Gly-B-Ala-guanidine

(a). N-(tert- butyloxycarbonyl)-S-methylisothiourea
25 S-Methylisothiourea semisulfate (10 g) was suspended in dichloromethane (100 ml). To the

suspension, a 4N sodium hydroxide solution (10 ml) was added under stirring. The reaction



guani dine. The protected guanidine is coupled to A-B-X-@ u-Y, and after
deprotection t he conpound of fornmula |I is obtained. The
conmpounds ‘of the invention, which can be in the formof a free base, may be
i solated from5 the reaction mxture-in the formof a pharnmaceutically
accept abl e salwo9¥se7phar maceutically accept abl e salPCIERENPOSASSo be
obtained by treating the free base of forn% W th an organic or

i norgani ¢ acid such as hydrogen chl ori de ydrogen broni de, hydrogen

i odi de, sulfuric acid, phosphoric acid, acetic acid, propionic
acid, glycolic acid, nmaleic acid, nmalonic acid, met hanesul phoni c
acid, funari gnigmie was plaeediie aaCiicel bathrdi-teri-butyiCdicarberiate (15.2@)dn dichilaromethane
acid, _.and 10 ascorbéc aci The conpouynds o

f thi
i nvention mayflffbEledss e 6‘F°H’f‘6§°ea'€‘Pﬂ with a2 b"8ﬁ'“5‘t oxidggplwkgp to Keep the pH
therefore be ;ahiindl NCAMRE Ik RiditRnENAEInPIRED, 1Y redtich mxmrurveas%nea%&m@ﬁeaﬁ
or as a mxture contai ning di astereoners. Mthods for obtaining
the pure enarfeomrtemperatues. \ie dighlofamethane fayer) yas separated.t andethg. aqueous layer was
crystal §i zatigon, 4y Sith td?cthmbrﬁgihﬁfee TR e Binbifich B{{;@ﬁﬁb qwe}scahéeyw%ﬁéa ‘dﬁth%g.sa?d"d
t he racem c , or chromato grap usin I'ral col ums.
di ast er eoner snsd rmnghadnpinaaaliate,r fllembambdvaporated in vnbas&'hemésﬁmmmpmiﬁed by

used. ounds of th lon ma Stere
enteral Iy or HEAMBIGIENEY) O Shi (et GRRTSA et 57 S 2w, Pt it g
dosage of 0. Qﬁﬂylé@@armggﬂ-mbﬂylhadmml(ghg )preferabl y 0.01-10 ng per kg
body weight. M xed wt harmaceutically suitable auxiliaries, e.g. as

descri bed i n He: %lt'aﬁ)ra%trsﬂm gel, ethyl acqtate/bentanes 3/E¥iviYaro et al., Remington's
Phar magguti cal Sciences, (18th ed., Mack Publishing Company, 1990,
see especi al | y Part 8: Phar maceutlcal Pr epar atlons and Their Manufacture)

t he (b)o Mafbarayloxyg: y ; siisothieuregni t s, such as
pills, tablet§ .qh ed By
means. of phar tglg&u%oﬁfa%&%ﬁ@g%ﬁylrsmhwn SQ?%%&%P&%O% o d“%MBnQ:%ﬁa% Kﬁ)slrnlg
be applied i Ta the sblotion, ef4l\hsqdoinuhydnmdesmpen:{2 onh) wemdded ovith stirnipg. fl‘hc reasdonas
an injection_. repatation, or. as spray, e.q. f use asal
spray. MIXIUES, rwaﬁagl b dngke uﬁﬂﬁt" ?\J-@eréz@{of%-mrgfa@dm&yﬁéucﬁg-gmgf @628
conventsonal diibrémstbine20 Ml)abasfadlidddropwisiogétAétiwith a 2N sodium hyeroyide isblation to
bi nders and the |ike is contenplated. |In general any, pharmaceutically

accept abl e 3(keep the pHaneynd; \}eAﬁpr additign was priepletethe reastion fixtre Was srlcrﬁépr'%mlsbtr

the active CQERPGH IsmSerdtuld® THE Afthloromethane layer was separated, and thé aqueous layer was

washed twice with dichloromethane. The combined organic layers were washed with water and

Ltylokycarbonyhe

_ dried over sodium sulfate, filtered and evaporated in vacuo. The residue was purified by
20 chromatography on silica (eluent : heptane/ethyl acetate = 3/2 v/v %) to yield N-(benzyloxy-
carbonyl)-N"-(tert-butyloxycarbonyl)-S-methylisothiourea (3.15 g).
TLC : Re=0.78, silica gel, ethyl acetate/heptane = 1/1 viv %

(c). N-(Cbz)-N’-(t-Boc)-guanidine

25 N-(Benzyloxycarbonyl)-N’-(tert-butyloxycarbonyl)-S-methylisothiourea (3.15 g) was dissolved
in methanolic ammonia (2.4M, 50 ml). The reaction mixture was stirred overnight at room
temperature. The mixture was evaporated in vacuo and the resulting residue was purified by
chromatography on silica (eluent: dichloromethane/methanol = 95/5 viv %) to yield
N-(Cbz)-N’-(t-Boc)-guanidine (1.83 g).

30 TLC : Rr= 0.80, silica gel, dichloromethane/methanol = 9/1 v/v %.



WO 97/ 30073

PCT/ EP97/ 00625 10 :
Sui tabl e tarriers with which the conpositions can be adm ni stered i ncl ude
| act ose, starch, cellul ose derivatives and the Iike, or mxtures

t hereof, useswgperst abl e anounts. 5 The i nvent i ONPCHEPIIONR2ET -
Illustrated by the foll ow ng exanpl es. EXAMPLES . 10 The
term"-d u(guani di ne)" neans [ eRP] Bzl = benzyl; Boc =

tert-butyl oxycarbonyl; Cbz = benzyl oxycarbonyl; Ac = acetyl; PAc =

(d). N-(t-Boc)-guanidine. hydrochloride

10% Palladium on charcoal (250 mg) and 3.12 ml of a 2N hydrochloride solution were added

to a solution of N-(Cbz)-N’~(t-Boc)-guanidine (1.8 g) in methanol (50 ml). The mixture was

hydrogenated at atmospheric-pressure at room temperature for 1 h. The palladium catalyst was
5 removed by filtration and the solvent was removed by evaporation at reduced pressure yielding

N-(t-Boc)-guanidine.hydrochloride quantitatively.

TLC : Re= 0.10, silica gel, dichloromethane/methanol = 9/1 v/v %.

(e). Cbz-B-Ala-(N-t-Boc)-guanidine .

10 Cbz-B-Ala-OH (171 mg) was dissolved in dry dimethylformamide (5 ml).l After addition of
triethylamine (212 pl), the reaction mixture was placed under nitrogen and cooled to -15°C.
Isobutylchloroformate (99 ul) was subsequently added and the mixture was allowed to stir for
15 min at -15°C. N-(t-Boc)-guanidine.hydrochloride (150 mg) and triethylamine (106 ul) were
added to the cold mixture. The reaction mixture was stirred for 1 h at -15°C and then kept at

15 room temperature for 45 min. Triethylamine.hydrochloride was filtered off and the filtrate was
evaporated to dryness. The residue was purified by chromatography on silica (eluent:
dichloromethane/methanol = 95/5 v/v %) to yield Cbz-p-Ala-(N-t-Boc)-guanidine (256 nig).
TLC : Rr= 0.50, silica gel, dichloromethane/methanol = 9/1 v/v %.

20 (f). H-B-Ala-(N-t-Boc)-guanidine.hydrochloride
10% Paliadium on charcoal {100 mg) and 300 ul of a 4M hydrochloride solution were added to
a solution of Cbz-B-Ala-(N-t-Boc)-guanidine (220 mg) in dimethylformamide (5 ml). The
mixture was hydrogenated at atmospheric pressure at room temperature for 1 h. The palladium
catalyst was removed by filtration and the solvent was removed by evaporation at reduced
25 pressure yielding H-B-Ala-(N-t-Boc)-guanidine.hydrochloride quantitatively.
TLC : Ry=0.10, silica gel, dichloromethane/methanol = 9/1 v/v %.

(g). N-Cyclopentyl-Gly-OMe .
Cyclopentanone (15.6 g) was added to a solution of H-Gly-OMe.HCl (23.2 g) in 200 mi of
30 methanol. The mixture was stirred for 15 minutes and sodium cyanoborohydride (7 g) was

added. The pH was adjusted to 6. The reaction mixture was stirred for 16 hours at room



phen;;l acetyl; du = glutamc acid; Cha = cycl ohexyl al anine; Pro = proline;

Phe = phenyl anl ani ne | -Piq = 1-carboxyperhydroi soqui noline; Nal =
2-napht htyl al ani ne; Asp = aspartic acid I f not indicated
differently, the retention tlrres (Rt (LC)) were determ ned by reversed
phase WP hr onat ogr aphy on a Supel cosil LG | 8- DRECYERSTOOS «
cm) col um. 20 EXAMPLE 1

HOOC-d I [err]-D- Cha-(N-cycl opentyl)-d y- [err] Al err] -guani di ne

(a). N-(tert- butyl oxycarbonyl)-S-nethylisothioures 25

S-Met hyl i sothiourea sem sulfate (10 g) was suspended in dichl oronet hane
(100 m). TotdmiRrature. To compRenlic peactich eicpetahdRen§idgp viasieadded did Sfirring Owadl )

was added under stl rring. The reaction WO 97/ 30073

PCT/ EP97/ 006 gontinued. 11
mxture was RhLaGefltibd was m&monfatan TiC twr.én vae' sxg.lnﬁgrmm fiad Hiagpedied! the

di chl or onet hane (10 was added dropw se along wth a 2N sodi um

hydr oxi de solmixtuzgrwasacidifies ta ﬂé ZpHd was stirred fop3Qmineites. | The/solvent wasgemonediand the

Cemper ot ur o, reithe ik AR 0 Fah 18 o b bl WEh B e Bt st 12 MG,

was 5 hed m@ﬁamt lqdrwtddhrdle&hhaéd)g&h h(;m&rorﬂ'dil&ngdnﬁh mlibfmea fnR:l |hfeysed g
were washed wt water an Il ea qQver Ium,.su Iltered an
evapor at ed i Wraghed pgth al'FPé“’P?Ql*BG'@“\Aﬁ%‘”}S’GFP‘PP%‘B on sodium s“@ﬂ?é gated ingn

silica (el ueRjouchspleRN® Léffanloilacet at e 4/1 viv % to yield N (t er t -

Rf = 0.46 in ethyl acetate/pyridine/acetic acid/water 63/20/6/11 (v/v/viv) on silica.

10
(h). N-(1-Butyloxycarbonylmethyl)-D-Cha-QMe
t-Butyl-bromo acetate (17 g) was added to a stirred solution H-D-Cha-OMe.HCl (26 g) in
300 ml of acetonitrile. The pH of the mixture was adjusted to 8.5 with diisopropylethylamine.
The mixture was stirred for 16 hours at room temperature and evaporated in vacuo. The

15 residue was dissolved in dichloromethane and the solution was washed with water, dried on
sodium sulfate and evaporated in vacuo. Chromatography over silica gel in hexane/ethyl acetate
9/1 (v/v) gave 20 g of N-(t-butyloxycarbonylmethyl)-D-Cha-OMe.
Rf = 0.46 in ethyl acetate/pyridine/acetic acid/water 15%/5/1%4/2% (v/v/viv) on silica.

20 (D. N-(t-Butyloxycarbonyimethyl}-N-Boc-D-Cha-OMe
The pH of a solution of N-(t-butyloxycarbonylmethyl)-D-Cha-OMe (20 g) and di-t-butyl
dicarbonate (17 g) was adjusted to 8.5 with diisopropylethylamine. 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 layer was separated, washed with cold IN hydrogen
25 chloride, water, 5% sodium hydrogen carbonate and water. The organic layer was dried on
sodium sulfate and the filtrate was evaporated to- an amorphous solid of N-
(t-butyloxycarbonylmethyl)-N-Boc-D-Cha-OMe with a yield of 28 g.
Rf = 0.60 in ethyl acetate/pyridine/acetic acid/water 252/20/6/11 (v/v/viv) on silica.

30



but yl oxycar bonyl ) - S-net hyl i sot hi ourea (9.38 g). TLC. R err]= 0.75,
silica gel, ethyl acetate/heptane = 3/1 v/v % 10 (b).

N- (benzyl oxycarbony)-N err] (tert-butyl oxycarbonyl)-S-net hvli sot hi ourea
N-(tert-butyl oxycarbonyl)-S-nethylisothiourea (2 g) was dissolved in

di chl or onet hwoeédeds n ) . To the solution, a 4N sodCIEPRINEKi de
solution (2 mM) was added with stirring. The reaction m xt ure was
placed in an ice bath; N (benzyl oxy-carbdfyl oxy)-succinimd (2.62 g) in 15
di chl oronet hane (20 m ) was added dr-opwi se together with a 2N sodi um

hydr oxi de solution to keep the pH around 11. After addition was
conpl ete, fj a A pver ni ght at room
terrperature(' ) S-separated, and the aqueous |ayer
was ) dA Mﬁhﬁd ofquebuwlbhycdtb@hylm&mwwd B&eD-G}heod mmpfz?egj Of 08200 enll afers
were washed wi th wat over sodiumsuylfate, filtered and
evapor at ed digxage;watgr 94 t(lé"’) was yeatedyith sufhcient iV W‘“?Dhyrgm’“de ©rkespredi abhy on

silica (el yghég minai aNRIRT i erﬁﬁl?é %ﬂ%r nnﬁﬁ%ﬂ&‘.\{he@uﬂlﬁe%}aﬁf Qur% (oS Dadel Qe -
carbonyl)-N -(tert-butyl OXéB)aI‘ bonyl ) - S- net I'sot hi our ea

.15 g
TLC: ] er r (was@xuacted; with digh meth;qnny heaesganic lay¢ropsavashed with wam ang was dried

N-(Cb
I(\f% Benz§/I o@cggogonyl &J]ﬁﬁogﬁgrggqﬁkﬂérofécaer 3}%}?‘& §“ Ylﬁldf?sgf‘hl%ur eaN(%'. 15

g) was di ssl:nty&mﬁ)carbonylmethyl)-N-ant-Mwom amoni a (2. 4M 50 m ). The reaction

cvapor ot ed B 3% Ao h@ﬁ‘rieeé‘%bwﬂ%‘l (AR pur fied by

chromat ography on silica (eluent: dichloromethane/ methanol = 95/5 v/iv % to
yield N- (t Boc -uanldl ne (1 83 : TLC : Rr=
0.8010si1 dlD)- & Hyloxycarbanyln i N-Bog-b -( clope Gly-OMe

WD 97/ 3007

PCT/ EP97/ Og% fgclopentyl -Gly-OMe (10 2 g) and 2-(1H-benzotriazol- 1-yl)-l,1,3 3- tetramethyluromixrzn
tetrafluoroborate (TBTU; 21.2 g) were added to a solution of N- (t-butyloxycarbonylmethyl)-N-
Boc-D-Cha-OH (24 g) in 300 ml of N,N-dimethyl formamide. The pH of the mixture was
adjusted to 8.5. The mixture was stirred overnight at room temperature and was concentrated
15 by evaporation. Water and ethyl acetate were added to the residue. The organic layer was
separated and washed with IN hydrogen chloride, water, 5% sodium hydrogen carbonate and
water and dried over sodium sulfate. The filtrate was evaporated and the residue was
chromatographed on silica gel in he#ane/ethyl acetate 8/2 (v/v) as eluent. The fractions
containing N-(t-hutyloxycarbonyimethyl)-N—Boc-D-Cha-(N-cyclopentyl)-Gly-OMe were
20 pooled and evﬁporated. Yield: 17 g. | |
Rf = 0.57 in hexane/ethyl acetate 7/3 (v/v) on silica.

(1). N-(t-Butyloxycarbonylmethyl)-N-Boc-D-Cha-(N-cyclopentyl)-Gly-OH
N-(t-butyloxycarbonylmethyl)-N-Boc-D-Cha-(N-cyclopentyl)-Gly-OMe (17 g) was saponified
25 in a mixture of dioxane/water 1/1 (v/v, 150 mi) and diluted sodium hydroxide and yielded 15 g
of an amorphous solid. Chromatography over silica gel with dichloromethane/methanol 95/5
(v/v) as eluent gave 13 g of N-(t-butyloxycarbonylmethyl)-N-Boc-D-Cha-(N-cyclopentyl)-Gly-
OH. '
Rf = 0.30 in dichloromethane/methanol 9/1 {v/v) on silica.
30



(d). 'N-(t- Boc) - guani di ne. hydrochl ori de 10% Pal | adi um on char coal

(250 ng) and 3.12 m of a 2N hydrochl ori de sol uti on were added to
a solution of KN (Cbz)-N -(t-Boc)-guanidine (1.8 g) in nmethanol (50 nl). The
m xture was hydr ogenat ed at at nospheric pressure at room

t enperature foWQI¥0The pal | adi um catal yst was 5 r enov BgT/EYR700625 -
filtration and the solvent was renoved by gg/aporat I on at reduced pressure
yi el di ng N- (t-Boc) - guani di ne. hydrochl ori de quant itatively.

TLC. R err]= 0.10, silica gel, dichloronethane/ nethanol 9/1 viv %

(e). Chz-[err]- AIa(N-t Boc) guanldlne 10 Cbz [err] Al a-OH (171 nm)
was di ssol veg.nj : YN Warone- v sl ]9
triethylamne ( the. reactlon mxture vvas p rogen
and cool ed t guanidi@e | sobutyl chloroformate (99 [err]l) was

subsequent |y n
2t 19 or 1] DGEERI ARG BURS Al RBHIOb YL G OR 10 me) wer gfsbifEl ]
(106 [err]l) inwdey dimethylformamidgidoanl). mﬁeheddmircbfrmethylimne es pﬂ)eatetrbmoiﬂhm&me
was stirred for 1 h at -15[err]C and then kept, om t enperat ure

for 4535 n. Was Glarpd awrdse Mtremenc And reogled\ iy 45 Ft else‘anmhlorammme(?% ) yras
Vas il X@@Q&@t ﬁfée&? f&ﬁeéﬁﬁ&re e a[l&%%dlj{(’:bﬁ?t%ﬁr Pf ﬁlanef sfcr{ HB-Ala-(QNt-

chromat ogr aphy | TCa orone

viv % to yi Bbc)-grlamidine hydredtiarideN 54 Bey) )wagudissoltedén ﬂ@Sﬁmﬁgl)llformamlde 6] ml)'laﬁd.
Rr = 0. 50, si ' el., dichl oronet h Jrethanol = 9/[1 v/v 9 0 ...

(f). H[err]? g%(‘ﬁ'ﬂ'*eé&fg ‘Eﬂ‘;m?ﬁ ﬁﬁﬁﬂﬁ@e f‘gwm"owr"a@ms the Péoa‘fofkmﬂdf‘%&’&iﬂﬁm
on charcoal ({rietHylaine. Ine reddfiod Mixtdre vials sBrrédVFd?VIOK @CNISET WAL theR lat! DICOfor V&, @he

added to a, solution of Cbz-[err]-Ala-(Nt- Bo%)ﬁyguam di ne (220 rTg

i n di Nkt hy| f ERFHAR RIEYCE Wis evapprated to dryness. mwawdee Has vqﬂg@rﬁlﬂsédcmte an
at mospheri c Rfceés&%:g ‘@Ehe{dqvm WaP Sk u&ﬁfﬁf Ser %mh.m hgedand @&chﬂtated in vacuo.

cat al yst was renove I'tration and the solvent was renove
evapor ati on Zhe residue erdts Jwrified by clpmmmra@hy |09Isdlcm@eluent dichloromethanelmethanol

H Al

T Rfert] = 0. 195 Lo M MU RRE R ER B g Erfppeny-Giy-pae-©
(9). N Cycl o@eeBpk)-fhaidide¥268 mg). QICI opent anone (15. 6 g) was added to a -
ol utign of 23. 2 i n 20 of 3 met hanol . The

?n'x;J ulr ﬁ‘e &ég’}f@i’ silj (ﬁ?ﬁr‘?lﬂ‘%@'éﬁ?'@&ﬁ‘r‘{?ﬂ?‘c:y%fgb’ﬁ’c%ohydri de (7 g) was
added. The pH was adjusted to 6. The reaction m xture was stirred for 16
hours at room

(n).
N-(t-Butyloxycarbonylmethyl)-N-Boc-D-Cha-(N-cyclopentyl)-Gly-p-Ala-(N-t-Boc)-guanidine

(265 mg) was treated with 90% trifluoroacetic acid/water (10 m!) for 2 h at room temperature.

20 The reaction mixture was concentrated in vacuo and the residue dissolved in water and directly
charged onto a preparative HLPC Supelcosil LC-18-DB column using a gradient elution system
of 20% A/80% B to 20% A/20% B/60% C over 40 min at a flow rate of 15 mV/min (A: 0.5M
phosphate buffer pH=2.1, B: water, C: acetonitril/water = 6/4). Yield: 185 mg of
HOOC-CH;-D-Cha-(N-cyclopentyl)-Gly-p-Ala-guanidine.

25 R, (LC): 32.22 min 20% A/80% B to 20% A/20% B/60% C in 40 min.

EXAMPLE 2
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(a). H-D-Cha-OMe HCI



WO 97/ 30073

PCT/ EP97/ 00625 13
tenperature. To conplete the reaction cycl opentanone (1 g) was added and
stirring was conti nued. The reaction was nonitored on

TLC. When alWwotdageess arting nmateri al had di sappeared, the  PCI/EPITIOMRXt ure
was acidified to pH 2 and was stirred for 30 m nutes. The sol vent was
renoved and the 5 residue was dilut@8 with water. The sol ution was
washed with ether, the pH adjusted to 12 with 6N sodi um hydr oxi de
and extracted with dichloronmethane. The conbi ned organic |ayers were
washed wit | 0 S

and evaporgt:c(ﬁ&i%%%)%gd 88' vég;u“?{l% nggfvgs %‘@Ed 8%“@% ‘ggi‘ﬁ &lor%g ‘%n'“?’R**fﬁo 46
| n et hyl a0l HE (40 ghwhsnadded antamedéamblemn&%zﬁhlsﬂkétéd gdey reflust)fop s hstThe ca.

h (t But l.Qx ar b met h
t But yl - br (5?}%‘ %fc\gfsa‘{%cqﬂil? eg)m vmg;r%e%wt?pgﬂmg%lnmﬂ The residue was
H- D- Cha- OMryslallizbd Froth memanoudlethyleme?oﬁem of-pDaCKi-OMetH Ol & atmtamﬂeqio“rdhfe

m xture was ‘adj usted t : th diisopr opyl et hyl am ne.

m xt u? e waf4@Pglred for 16 hours at room tenperature and evapor at ed in
vacuo. The e topane and the sol ution
was vvashedﬁvm ‘nr vvgg kﬂ% éf‘@%ﬂéﬂ%ﬁ?&&‘@%d/@za&ﬁ?}h& th and evaporated in
vacuo. Chromat ogr aphy over silica gel in hexane/ethyl acetate 9/ 1
(v/v) gave 20 et hyl ) - D- Cha- Ove. Rf =
0.46 in ett‘é ipavpan 2 Sjame d/water 15[err]/5/1[err]/2[err]
(v/viviv) leyllur@ao aceuae (36 g) @aa added loa st:rred solution H-D- Cha-OMe HCI (40.9 g) in
N-(t- Butyl oxycar bonyl N- Boc- D Ch H of a solution
of N!9t- bu149¥ aqu@ngnlenﬁthﬁyﬁ) ofnhmtwa(szdlugfd ;é de'ﬂt dlﬁeprypvlethylamme

di car bonat et Ifixthle ‘0@4§ sﬁﬂ'kﬂ’%re% th8u1§ a5 b teflpéra@R! 2R bbbt in Gacud "Ehe

m Xture was stirred f hours at roomtenperature. The solvent

was r ermvedealdvev\wubssomm dncldnmstme anithgesolation was washed, it wateriedriedoont he

residue. T S e )Q?é

chl ori de, \%g‘g'g'%g&%ﬁ SO %YSW%FFF ogg‘?]’r‘:@%r '(')rna eggagglw E}egm JéINS ?N%E\a?'gg{i‘ger
was dried apetate 9/1 (v/v) gmdﬁmém-l(f-wtﬁowtdrbbh;&néthylh-mcm-%. evaporated to -
an a@r phOﬁCS ?{l %2% mN_:a gel, ethyl acetate/heptane=1/1 viv %.

(c). N-(t-Butyloxycarbonylmethyl)}-N-Boc-D-Cha-OMe
The pH of a solution of N-(t-butyloxycarbonylmethyl)-D-Cha-OMe (64 g) and di~t-butyl
dicarbonate (40.3 g) was adjusted to 8.5 with diisopropylethylamine. The mixture was stirred
20 for 16 hours at room temperature. The solvent was removed in vacuo. Dichloromethane and
water were added to the residue. The organic layer was separated, washed with cold IN
hydrogen chloride, water, 5% sodium hydrogen carbonate and water. The organic layer was
dried on sodium sulfate 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.
25 TLC: R=0.50, silica gel, ethyl acetate/heptane=1/1 v/v %.

(d). N-(t-Butyloxycarbonyimethyl)-N-Boc-D-Cha-OH

A solution of N-(t-Butyloxycarbonylmethyl)-N-Boc-D-Cha-OMe (59.6 g) in 900 m! of

dioxane/water = 9/1 (v/v) was treated with sufficient 6N sodium hydroxide to keep the pH at
30 12 for 6 hours at room temperature. After acidification, the mixture was poured into water and

was extracted with dichloromethane. The organic layer was washed with water and was dried



(t-butyl oxycarbonyl met hyl )-N-Boc-D-Cha-OVe with a yield of 28 g.
Rf= 0.60 in ethyl acetate/pyridine/acetic acid/ water 252/20/6/11 (v/v/vlv)

on silica: 30 . WD 97/ 30073
PCT/ EP97/ 00625 14
(i). N (t-ButyWefy38fdonyl et hyl)- N-Boc- D- Cha- OH A TCFEFIEIOS;

N-(t-butyl oxycarbonyl methyl)- N Boc-D-Cha-G¥e (28 g) in 420 nl of

di oxane:water 9/1 (v/v) was treated with sufficient I N sodium hydroxide to
keep the pH at 13 for 90 m nutes at roomtenperature. After
acidification, the mxture was poured into water and 5 was extracted
wi t h di chl oromesddivre. stifate.or Taeni Gltratey ewasnaevaperstedd andt lyisldeder S4ng vefs Nu(i-ed

o 570 U BTkl BoteoRiBRT =1 o0 and i gled 24 g of (1

di chl or onet hEbe/ Re0l6a) wilica @e), dickibrometHans/inkihaibl=9/1 iz&% (k).
N- (t - But yl oxycar bonyl net hyl ) - N- Boc- D- Chia- (N-cycl opentyl )-d y Owve
N-cycl opentyl -d y-Ove (10.2 g) and

2- (1H-lsenzot (h a3.@l-Biibiokyoh INeBbATRERMPILOBHUM
tetrafl uoroborate wer e adde 0 a solution of

N- (t - but yl ox¥eacoldrpiGiesolwipy ot'\N-(t-ButyloxycMM&-MBO@&D&CQ)-QH\(chghh MN—
N, N- di et hyl h X

The m xture ‘\iﬂlgng{hg? ?ngﬁrdudz grs ﬁtwérF ¥ oSFﬁt' %@nﬁ%&gt %d ba%%Pcong tr a§)éd
15 by edieyzlohaxyl @arbolfirhide (aau g&;tlli-;ﬂro—b)ﬂzl HCE(%2Y @) anﬂ:ietl:th}dnnhh‘e(ﬁ ad) dhe.
The organic |a vvashed W th

er \WwWas. o ar at n .
chl ori de, }5‘}/ ure ugs SHIERd At 1 o 33‘ ﬂelm}ﬁ‘ﬁ Pt IR temperatureo 1g$t gﬁ?ﬂ“’ﬂ‘?‘f’%d
over g0di um ww cadled tdh<01C |and adieyclishexyhitesd Wast refloedd by NRltraml ITIR filGate was

evaporated to dryness. The residue was dissolved in ethyl acetate and washed successively with

5% sodium hydrogen carbonate, water, 3% citric acid and brine, dried over sodium sulfate and

concentrated in vacuo. The residue was chromatographed on silica gel in heptane/ethyl acetate

= 3/1 (v/v) as eluent. The fractions containing N-(t-butyloxycarbonylmethyl)-N-Boc-D-Cha-
15 - Pro-OBz! were pooled and evaporated. Yield: 15 g.

TLC: R¢e= 0.70, si!icé gel, heptane/ethyl acetate= 111 viv %.

(). N-(t-Butylo bon hyl}-N-Boc-D-Cha-P
10% palladium on charcoal (750 mg) was added to a solution of N-(t-butyloxy-
20 carbonylmethy!)-N-Boc-D-Cha-Pro-OBzl (15 g) in methanol (150 ml). The mixture was
hydrogenated at atmospheric pressure at room temperature for 1 hour. The palladium catalyst
was removed by filtration and the solvent was removed by evaporation at reduced pressure
yielding 11.2 g of N-(t-butyloxycarbonylmethyl)-N-Boc-D-Cha-Pro-OH.
TLC: R=0.65, silica gel, ethyl acetate/pyridine/acetic acid/water= 213/20/6/11 viv %.
25
(8). Boc-Glu(OtBu)-NMeOMe
To a solution of Boc-Glu(OtBu)-OH (15 g) in dichloromethane (150 ml) was added N,O-
dimethyl-hydroxylamine hydrochloride (53 g) and [2-(1H-benzotriazol-1-yl)-1,1,3,3-
tetramethyluronium tetrafluoroborate] (15.87 g) and the pH was adjusted to pH 8-8.5 by
30 adding triethylamine. The reaction mixture was stirred for 16 h at room temperature. The

mixture was washed successively with cold 0.3M hydrochloric acid solution, water, 5%



chromat ographed on silica gel in hexane/ethyl acetate 8/ 2 (v/v) as eluent.
The fractions cont ai ni ng

N- (t - but yl ‘oxycar bonyl net hyl ) - N- Boc- D- Cha- ( N- cycl opentyl )-Gy-Ov  were 20
pool ed and evaporated. Yield: 17 g. Rf 0.57 in hexane/ et hyl
acetate 7/3 (WO9J30078 silica. (). PCT/EPY7 -
N (t-Butyl oxycar bonyl met hyl ) - N- Boc- D- Cha- (N cycl opentyl )-Q3 y- OH

N- (t-butyl oxycar bonyl met hyl ) - N- Boc- D- Cha-%q\l- cyclopentyl)-dy-Ove (17 g) was
saponi fied 25 in a mxture of dioxane/water 1/1 (v/v, 150 m) and

di [ uted sodi um hydroxi de and yielded 15 g of an anor phous solid.

Chr omat ogr apdiiéos Sddivih |hy@l%géi€ karBbriafe SoIGHUNOAMATRERA TEHBYgRAE MyeP Wa® dried over
(v/v) as eluent gave 13

N- (t- but yl ofgdim Bdfe, @FWQ&?“ rvapgeatey. e residue yeas pyefied by chepmatography on silicaoH,
R = 0.30 I Nl | dRhRPSHARN/ABRNABNC08/ VA %Y (0'Yield Bot Gri@RBu)TMeOMe (17.5 g).

WD 97/ 30073
PCT/ EP97/ O0BRE : Re= 0.85, silica gel, dichloromethane/methanol = 9/1 v/v %. 15

(m.

N-(t- éutyloxycarbonyl met hyl ) - N- Boc- D- Cha- (N-cycl opentyl)-dy-[err]-A a-(N-t
- Boc) h). -thiazo

N-(t-Butyl oxycar bo I net hy !Efi N Boc- D- Cha- c opent_yd) 310 nm)
was di ssol v&@ acol 4 (78, StFr Vﬁ*%ﬂfﬂsh“fﬂﬁ i %9(“27(!91]1!") iethyl F@F"@ dib, d’f’Psof

triethylam I

ni trogen an cooﬁég%{sg‘ %f%lhgﬁ BPQ%JH;@ ut y‘?‘&K g?é'} r(}lg%h ”(A@Sr f’igfﬁﬁl fmgp%
subsequent | yolatitidud beeh itmd at x80C or\3@gmia) tlhewidttqrowatddﬂed dropwise o a selution of
-15[egd4 ] C ani e hydrochl ori de ny)
wns. A 501 v BN NEONS (14,81 in oryEPEL AR (SO FRORBLE il sl o
to the col d-78"Q €er ahmhdn tltéemﬁmlreltwwlpponﬁaimbanMdQ@Id b% fapdedis dirid abig sahluion.l on

of lethlamr] he reacti on m xture was %tlrredfor 1 h - 5C
and then at T g}uft]xe W35, a l%wlq tgpyarm to room temperature and the layers were separated. ’l‘he

aqueous layer was extracted with ethyl acetate. The combined organic layers were washed with

water, saturated aqueous sodium chloride solution, dried over sodium sulfate, filtered and
15 evaporated. The residue was purified by chromatography on silica (eluent:

dichloromethane/ethylacetate = 9/1 viv %) to yield Boc-Glu(OtBu)-(2-thiazolyl) (6.83 g).

TLC : Rr=0.92, silica gel, dichloromethane/ethylacetate = 7/3 viv %.

(). H-Glu-(2-thiazolyl) TFA

20 Boc-Glu(OtBu)-(2-thiazolyl) (450 mg) was dissolved in 3 ml trifluoroacetic acid (TFA), 1 mi
dichloromethane and 150 pl anisole and stirred for 1 h at room temperature. The crude amine
was 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-Glu-(2-
thiazolyl).

25 TLC : R;y=0.10, silica gel, ethyl acetate/pyridine/acetic acid/water = 63/20/6/11 viviviv %.

G)-
N-Boc-N-(tert-butyloxycarbonyimethyl)-D-Cha-Pro-OH (590 mg) was dissolved in dry

dimethyl formamide (15 ml). After addition of diisopropylethyl amine (416 pl), the reaction
30 mixture was placed under nitrogen and cooled to -15°C. Isobutyl chloroformate (158 pl) was

subsequently added and the mixture was allowed to stir for 15 min at -15°C. H-Glu-(2-



10  reaction nmixture was evaporated to dryness. The residue was

di ssolved in ethyl acetate and successi vely washed with water, |
brine, dried over sodium sulfate and concentrated in vacuo. The
resi due was purified by chromatography on silica (eluent :

di chl or onet han&¥@8TeTol = 95/5 v/v % to yield PCT/EPS7A00625 -
N-(t-butyl oxycarbonyl met hyl ) - N-Boc- D- Cha- (Ngycl opentyl )-Ay-[err]-Al a-
(N-t-Boc)-guani di ne (268 rrg) 15 TLC Rl eer]= 0.80, silica gel,

di chl or onet hane/ met hanol 9/1 viv % - (n).

HOOC-CH err] - D- Cha- (N cycl opentyl)-d v-B- Al a- guani di ne
N- (t - But yl oxythiazbig)JIFAe300 Img) MaBdisoDedinadry I‘dimgthyl @rmamjde)(—l Gimyl) dndrddded Nropwidec

) - guanj di ne r eat e 9 ugQr.0acet i.c
et on (11t pold atRe e 3Riah bk Hiktiting the' T30 £.5 by SHEST iBonapyiety
m xture was cainenThér@dtion miRarowas) difrdte forcT0 ¢hie atli-$5l \n&ﬂ ﬂeﬂctibﬁtlﬁixttﬁtﬂdwas
directly char ged onto a jpreparative HLPC Supel cosil

8-
col unm usi ng SVagPRIRALA CrYBPTS: 1 bR Tesigus was dissolved in ethyl acepse Nda%%%s"t’ Yﬁ?ml)%
B/ 60% C pver ¢Qepl 5%34(1u@mfs| Muﬁr@i\?dr@éenléarmx{a{@ §bll(tﬁ>n QvaisévI b:ane, dried &@%me

buffer pH=2.1, B’ water, C. acetonitril|/water = 6/4). Vi
HOOC- CH2- D- Chaulghatecgnst cqneentsated. i \;acuo AThe- tpsidwet ohiam purifis! by chm[r@mspr;glc)l silica

32 22 OT[ n E?W@%ﬁp%ﬂﬁhfo& ?@G%% ggﬁgfj‘st 4 % {E}i’c]% Boc-N-(:en-but(yWr&'ﬁylz

H D- Cha- OME. Hﬁhthyl)-l)-Cha-pro-clu-(z.tmazolm197/;@)073

PCT/ EP97/ 0062
%'LC : Re=0.50, silica gel, dichloromethane/methanol = 9/1 v/v %.

10
(k). N-(tert-butyloxycarbony!)-S-methylisothiourea
S-Methylisothiourea semisulfate (10 g) was suspended in dichloromethane (100 ml). To the
suspension, 4N NaOH-solution (10 ml) was added with stirring. The reaction mixture was
placed on an ice bath, di-tert-butyl dicarbonate (15.7 g) in dichloromethane (100 ml) was added
IS dropwise along with 2N sodium hydroxide solution to keep the pH around 11. After the
addition was complete, the reaction mixture was stirred overnight at room temperature. The
dichloromethane layer was separated, and the aqueous layer was extracted twice with
dichloromethane. The combined organic layers were washed with water and dried over sodium
sulfate, filtered and evaporated in vacuo. The residue was purified by chromatography on silica
20 (eluent: heptane/ethyl acetate = 4/1 v/iv %) to yield 9.38 g .
TLC : Re=0.75, silica gel, ethyl acetate/heptane = 3/1 viv %

(D). N-(benzvloxycarbonyl)-N'-(tert-butyloxycarbonyl)-S- lisothiourea
N-(tert-butyloxycarbonyl)-S-methylisothiourea_(2 g) was dissolved in dichloromethane (20 ml).
25 To the solution a 4N sodium hydroxide solution (2 ml) was added with stirring. The reaction
mixture was placed on an ice bath, N-(benzyloxy-carbonyloxy)-succinimid (2.62 g) in
dichloromethane (20 ml) was added dropwise along with 2N sodium hydroxide solution to keep
the pH around 11. After the addition was complete, the reaction mixture was stirred overnight
at robm temperature. The dichioromethane layer was separated, and the aqueous layer was

30 washed twice with dichloromethane. The combined organic layers were washed with water and



To cold (-200) and dry nethanol (195 m) was added dropwi se thionylchloride
(28 mM). HD Cha-OH HCl (40 g) was added and the reaction m xture
was heated under reflux for 5 h. The m xture was concentrated in
vacuo and coevaporated with nethanol (3 tines). The residue was
crystallized woewseet hanol / di et hyl et her vyi el di ng H D- Cha- OVIPCHEPIHRP6ZS -

crystalline powder 5 (40.9 9). TLC. Rerr] = 0.66, silica.
gel, n-butanol/acetic acid/ water= 10/1/3 Pviv % (b).

N- (t - Butyl oxycar bonyl net hyl ) - D- Cha- Owe t-Butyl-bronmo acetate (36

g) was added to a stirred solution H D Cha-Owve.HCl (40.9 g) in 10 400

m of acet onjredi dver sddifmPiifete, GliGreda%ll Wiipoted eivi&ioSdrieOredie Wal Ppurified by

di i sopropyl et hyl am ne. The m xture was stirred for 16 hours at

room t enper Shiaveategiaphynpnsilica (aepnt nhepiaae/sthytmsetate = 3/2 viv %) tosyield, 8. s

di ssol ved i M CR|.D I s,washed with water, dried
on nggtdig}m 2'8?{?:2?2%% gl\a}%%g?/g%é rﬁn{/%u/&. Chr omat ogr aphy over
silica gel in heptane/ethyl acetate 9/1 (v/v) gave 64 g of

N-(t-bgtyl o&g I | )-D-Cha- Ove. 15 TLC. Rr= 0.25, silica gel,
et hyl 3Acetat W—%&&M&m‘ L eEog-guay (c).

N-(t-Butyl oxy. SOHRY-N*- MGgEx% S-methylisothiohfd (BH5Q) whsSdMsbivedn
of N(t-butyl%@%nylm e 4 %md di -t-(but%)

hyl ) - D- Cha- Ove
di car bonat e ip mthangjic aymoniy dél%'leéo ). Ihs regetion aitars pyassirred at Tosm temperafige
m xture was | : f 0 u J .
was renoved %én{i}ggggg&oa.xéﬁeo\?%né{é ﬂ%&ﬁgzﬁ er‘]?mro BB & W&g{'@? l\r/?/gi?%e gﬁ?@gh?@nbﬁe
resi due. Thehmmpesraphy spsilicaeluents dichteraukthane/shesbanal + BSG0/\%) 1o yield 1.83 g.
hydroggn chlgrd fg, - 86 Shica 320 SRAbUMANALAGREFALPONRYe and water. The
organi c | ayer was tred on sodrum sulfate and the filtrate was
evaporated to an anorphous solid of N-t-
but yl oxycar bon | -N-.Boc-D- Cha-Ove with a yield of 59.6 g. 25
TLC. R err] {p)- -Bog)-ghanidinehvdrochionde o - ot at e/ heptane= 1/1 v/iv %
(d). N-(t-Butyh shfici BORY(CRR)-RY{DB gmidhd 128 Plin methanol (5P nFPWe hdtfed A0%
N (t - Butyl oxycar bonyl pet hd | ) - I\I-JIESOC%%QCha- dﬂe1 ég;%met) f"i‘on (90_0"5)?11 of
di oxane/ wat ealladium on chargga mgleand il 2yt BN hydrogen evieridgolutien. (Hhermintuss wae
to kegp t heolﬁm'o%%m%_ at atmosphéid )ﬂéssg}eg%l biSrodin t%ﬂ%h?mﬁ A $hEpaltalibi' catalyst

acidificati e mxture was poured 1nto wate n was extracted

wi th dichl or\w;mmwd.bymeatiwgad the solvpatrremavedbysivepdrationiat yedueed pressureayielding ed
N-{t-Boc)-guanidine.hydrochloride quantitatively.
TLC : Re=0.10, silica gel, dichloromethane/methanol = 9/1 v/v %.

To a cold (0°C) solution of N-(t-Butylbxycarbonylmethyl)-N-Boc-D-Cha-Pro—Glu-(2-thiazolyl)
(170 mg) in dichloromethane (5 ml) were successively added dicyclohexyl carbodiimide (123
mg), N-(t-Boc)-guanidine. HCI (75 mg) and triethylamine (53 pl). The mixture was stirred at
0°C for 1 hour and then kept at room temperature for another hour. The mixture was cooled to
-20°C and dicyclohexylurea was removed by filtration. filtrate was evaporated to dryness.
The residue was chromatographed on silica gel in dichlo  -thane/methanol = 95/5 (viv %) as
eluent. The fractions containing N-{t-Butyloxycarbonytii.cthyl)-N-Boc-D-Cha-Pro-Glu((N-t-
Boc)-guanidine)-(2-thiazolyl) were pooled and evaporated. Yield: 173 mg.

TLC : Re= 0.50, silica gel, dichloromethane/methanol = 9/1 v/v %.

30
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on sodium'sul fate. The filtrate was evaporated and yiel ded 54 g of N-(t-
but yl oxycar bonyl net hyl ) - N- Boc- D- Cha- CH. TLC: Rl err]=0. GOLEe_’rmrnl
silica gel, di GMPEY¥OB hane/ met hanol =9/ 1 v/v % 5 ( epCTE 25
N-(t-Butyl oxycarbonyl met hyl) - N- Boc- D- Cha- Prq- OBzl To a cold
(dJerr]C solution of N-(t-Butyloxycarbonylethyl)-N Boc-D Cha-OH (13.5 @)
i n NN di ret hyl formami de (150 m) were successively added

1- hydroxy benzotriazole (7.09 g), di cycl ohexyl carbodiimde (7.61
g), H Pro- OBz(p).HDOCICHEID hadtrd-Glu(gesrtidihed (R tidazobilyl ) . The m xture

was stirred OLerr]C for 1 hour..and n_ke oam t el ture

over ni ght . Tﬁé'( PRY “i‘??“y‘“‘ehwﬁé"%&&‘%gﬁ%“’-‘QE‘{@‘F‘?@M‘%@@@M&?P uldy
was renmoved byeatdd WitRt9004) trifidtRodcktid belllAvaR (10 mi) for 2.5eN.ARMOfodhE teniperatirg NEHS -
The residue was dissolved in ethyl acetate and washed successively wth

5% sodi um hy diession mBixturowas eoncapfrated ingvacue and ghearepiduey digsalyed ja waterj and dicestly
sodi um gul f at r | BpVAC Iy

chr omat ggr aph"g' iegcg)g ogfol ?gf'fp agrgﬁp{??ﬂ‘gp?gﬁg? 'gt ycl:ﬂ" g%g g?%’ ik eﬁmgn@&%‘? iy f(z \9%’ V)
as el uent. Th&/80YeR ta 2096 AM4fith BIIS4 G over 40 min at a flow rate of S0 ml/min (A: 0.5M phosphate
N (t-butyl oxycat bony. hyl)-NBac-D- Cha- 1 . Pro- OB l.ed .and
evapor at ed. Wugea Pﬂléﬁgé- A acet?ﬂ&'?“ﬂfeé?éf): Yd?'@‘oéfgﬁglqzﬁei&gél?gﬁzgﬁ'& miro-
hept ane/ et hy| Glaggiamtdne)-(2 thiazdlyl). %0 (f). :

N- (t - Butyl oxycar bonyl net hyl ;-ON- Bac- D- Cha- Pro- OH o, 10% pal I adi um on
char coal ~ ( 750RWHS): da04 M 420%. B 8Q%; CilOpie AR0%. B 20%w CA0%in 40 spn.

car bonypnet hyl ) - N- Boc- D- Cha- Pro- OBzl (15 g) in nethanol (150 ml). The

m xture was _ hydrogenated at atnospheric pressure at room
tenperature fBXAMPALER  The pall adi um cat al yst was renoved by
filtration and the sol vent was renoved by evaporation at reduced pressure
yielding 11.2 g of N (t-butyl oxycarbonyl nethyl)-N- Boc- D Cha- Pro- OH.

TLC: R er r] =(46R.8aR)-pexdrydpuisaquiriohine-1(M chopylr Bt Gla(sumeidige) a(2-thiazg
213/ 20/ 6/ 11 viv % 25

15 (a). 2-Cbz-(4aR 8aR)-perhydroisoquinoline-1(R.S)-carboxylic acid.
2-Cbz-(4aR 8aR)-perhydroisoquinoline-1(R,S)-carboxylic acid has been synthesised as
described in EP 0643073, example 1.
TLC: Rf = 0.85, ethylacetate/pyridine/acetic acid/water 63/20/6/11 on silica.

20

To a cold solution (0 °C) of 2-Cbz-(4aR,8aR)-perhydroisoquinoline- 1(R,S)-carboxylic acid
(500 mg) in dimethylformamide (5 ml) were successively added DCCI (1,3-
dicyclohexylcarbodiimide; 342 mg), HOBT (1-hydroxybenzotriazole hydrate; 319 mg), H-Pro-
OtBu. {270 mg) and triethylamine (0.55 mi). The reaction mixture was stirred at 0 °C for 1 h.
25 and then kept at room temperature overnight. The reaction mixture was cooled to -20 °C and
the DCU (1,3-dicyclohexylurea) was removed bj filtration. The filtrate was concentrated in
vacuo and the residue was dissolved in ethylacetate. This solution was washed successively
with 5% aqueous sodium hydrogencarbonate solution, 3% aqueous citric acid solution, water
and brine, dried over sodium sulphate and concentrated in vacuo. The residue was purified by
30 chromatography on silica (eluent:. heptane/ethylacetate 4/1 viv %) to yield 2-Cbz-(4aR_8aR)-
perhydroisoquinoline-1(R,S)-carbonyl-Pro-O-tBu)(634 mg).



(g). Boc-QG u( O Bu) - NMeOVe To a solution of Boc-d u(QBu)-CH (15 g)
i h dichloronethane (150 m) was added N, & di net hyl - hydr oxyl am ne
hydrochl otide *(5.3 g) and [2-(1H benzotriazol-1-yl)-1,1,3, 3-

t et ranet hyl uroni um t et r af | uor obor at €] (15.87 g) and the pH was adjusted to
pH 8-8.5 by ®®9730073 adding triethylam ne. The reaction m xPCHEPITA2S | (1 ed

for 16 h at roonrtenperature. The m xture was washed successively
with cold 0.3M hydrochloric acid sol uti of2 water, 5% WO
97/ 30073

PCT/ EP97/ 00625 18
aqueous sodhUMRPLLS 56 SihyRBLBRATfing Rt haTWARFCYBOAN oFficar oani ¢ | ayer vas
dri ed over um sul'fat e, tere evaporat ed. The residue
was purified by chr orrat ogr aphy on silica _ (el uent:

di chi or onet hapelrelhanal) = 812 ot 1R ficeld B Gi( O Bu) - NVeQVe (17,5

g) . € ethane/ met hanol = 9/1
viv % 5 -Cbz-(4ak(dak)-paa9drasu{;ﬁioﬁua-1(lesy-burml-wo}o-t-butyl esterT(ﬁ(m ang)d was
(-78[err]C,, stirred soluytjon of n- butyllllhlum r}%?gmy(

et her3(90. -,stqﬁu} in g,pmixture of dichloromethane Hp@pwflggroagf rgapx&t(m) @pisole ) for
2-bronot hi azp! ¢ ;4oh t&&)atdrg 'ﬁieenregl%xbn ‘?ﬁd&ﬁfe \(/;sﬁzom.e\:trat@a Ih?{/achbﬁt low temperature

sol ution had been stirred 78[errC mn, the solution was added
dropwi se t and therasidue rwaefdxsmlved in Water a nI(lcquh; _Tiecmveoysi phags wap washed with

tetranyar Of&‘%ﬁ%ﬁ&%@?&ﬁer ol Sodkolid 16 WBSadidifidd B1pA2 5 by 2M hydrodfibrid Afa 1

t hen the T as poor e I ce- aqueo SCitrie aci
SOl ution. solution. The'liqeecms idyer was/extracted oxvh @thylacetate and therargania pimpewax wasbedind
t he Igyers wer

L
et hyl'%cet a‘t”éh it aﬁﬁﬁY‘ﬁéBJ’BP‘ngmhﬁtelaé‘Qé:Pg“&g#gd b lra"ﬂvt\gm%{ z-(?&%f‘”ﬂﬁt er,
saturat ed aﬁ(}b!?@kb‘isoﬁ@ﬂbmﬁlﬂk,ﬂfchﬂﬁfmrwm@%ﬂfgb ed over sodium sul fate,
n

filtered a evapor at ed purjfied by
chromat ogr apHy: REGHO. 5$|°F"IY1?§€‘3'(°€HYU@H?/“°“C acid/water 69’34" oPHEeehane/ et hyl acet at e

9/1 viv %9 to yield Boc-Gu(OBu)-(2-thiazolyl) (6.83 g). TLC

Rr = 0.92, silica gel, dichloronethane/ethylacetate = 7/3 viv %
(d). (4aR,8aR)-perhydroisoquinoline-1(R,S)-carbonyl-Pro-Glu-(2-thiazolyl),

15 The mixed anhydride coupling between 2-Cbz-(4aR,8aR)-perhydroisoquinoline-1(R,S)-
carbonyl-Pro-OH and H-Glu-(2-thiazolyl). TFA, the guanidation, the deprotection and the
purification were done according to the procedures described in example 2. Yield: 64.7 mg.

Rt (LC): 28.93 min, 20% A,80% B to 20% A, 20% B and 60% C in 40 min.

20 EXAMPLE 4,

EtSO,-D-Cha-Pro-Glu{guanidine)-(2-thiazolyl

(a). Bog-D-Cha-Pro-OPAc¢

25 Boc-D-Cha-Pro-OPAc was prepared according a similar manner as described in example 1
using Boc-D-Cha-OH and H-Pro-OPAc.
TLC: Rf = 0.5, dichloromethane/methanol 95/5 on silica

(b). EthylSO,-D-Cha-Pro-OPAc
30 Boc-D-Cha-Pro-OPAc (3.8 g) was dissolved in 50% TFA/dichloromethane (25 ml) and stirred

for 30 minutes at room temperature. The reaction mixture was evaporated in vacuo. The crude



(i). Hd u-(2-thiazolyl).TFA 20 Boc- 3 u(Q Bu) - (2-thiazolyl) (450 ng)
was dissolved in 3 m trifluoroacetic acid (TFA), 1 nl

di chl or omet hane and 150 [err]] anisole and stirred for 1 h at room
tenperature. The crude am ne was isolated as a yellow oil in
quantitative yMAtIPM™er renoval of the solvent by evapor ati fCT/EPI7N0625
and used imedi ately to prepare

N- Boc- N- (tert-butyl oxycar bonyl net hyI )-D ch&3Pro-d u- (2-

thiazolyl). 25 TLC. Rlerr] 0 10, silica gel, ethyl

acetate/ pyridine/acetic acid/mater 63/ 20/ 6/ 11 v/vI ViV % (1).

N-(t-Butyl oxydrgihd May ldissived ir mcﬂgﬁh@tl@@gff ﬁﬂqua- étﬁaﬁek'uuﬁm I¥hidride (0.8 ml) was
(590 was_di ssol ved

N- Boc- N- (tert-butyl oxycar bonyl met h
' dry addes eTH. wmémwa(smdm 3 Kepd the Pt R durio o reaction. The mikire

dllsopropylet { N30
under nit roge‘ﬁ safﬂgn%god'l F 8‘%%&' ﬁg)gwl S 8‘dea € %’Eé@"foé‘rglrﬁiyﬁ gﬁ%
subsequent |y Mﬁdteaadrdohetempxﬁaﬂﬁe tw&aﬁidnﬁﬂmré WasSédnteritrated i vaidud. The residue

-15[err]C. HQ u-(2- WD 97/ 30073 .
PCr T/ EP97/ 00aWas dissolved in diethylether and washed with IN hydrochloric acid solution, water, 5% sagium

thiazolyl). Tﬁ@d&o@@&amhat%auﬂbﬁ 94.&/6:%' ar.af ¥veF| Is&ﬁ&rméhlpmé "Bt éiarld1&aPdrited f

added dr opw sé he col d m xed hydri de sol ution. maintaining

the pH at 8. 5vagyo. ammanom otifthfd ptudapmww emhymethanol yielded Jthy|8O2-Prha-Reac@PAh
m xture was S(Séf%)ﬁg%éoﬁﬁrﬁ%”h&lgr‘ome&éﬁe‘? Etl&xo ﬂ??oﬁ?ﬁ a{ lon m xture was

evapor ated t ue was sso ved hyl acetate and
successi vely washed with 5 water, 5% aqueous sodi um hydr ogen

car bon be SO'(# |’$l ﬁ%E e#! j}g dried over sodium sul phate and
concentPat ed Fh ue was purified by chromatography on silica
(el uent: dichfgg mtdhadr@tﬁsesd)@mthﬁ@&j}&d«/m gYon te@ahyi@fishan (250 ml) was added 1M
N- Boc- N- (tert-butyl gxycar bony

met hyl ) - D- Chefolmtign of wrebnrlmna@aww ‘)uooﬂv in tegghydrofuran (84 mhy Fhe yepetjon) mixiyre;was

silica gel, digllh %r%ﬂﬁﬁ?ﬁ%m&ﬂgeMu% dnd"gotredintbOvater (1 1). The(d§leous solution
N-(tert- but yl oxycar bonyl)-S-neth ot hi our ea

was extracted with ethylacetate The combined organic layers were successively washed with
15 IN hydrochloric acid solution and water, dried over sodium suiphate and concentrated in

vacuo. The residue was purified by crystallisation from ethylacetate/diisopropylether to yield

EthylSO,-D-Cha-Pro-OH (6.0 g).

TLC: Rf = 0.2, ethylacetate/pyridine/acetic acid/water 163/20/6/11 on silica.

20 (d). EthvlSO,-D-Cha-Pro-Glu(guanidine)-(2-thiazolyl)
The mixed anhydride coupling between EthylSO,-D-Cha-Pro-OH and H-Glu-(2-
thiazolyl). TFA, the guanidation, the deprotection and the purification were done according to
the procedures described in example 2. Yield: 83 mg.
Rt (LC): 28.33 min, 20% A,60% B and 20% C to 20% A and 80% C in 30 min.

25
EXAMPLE 5,
N-Ac-D-Phe-2-Nal-Glu(guanidine)-(2-thiazolyl}
30 N-Ac-D-Phe-2-Nal-OMe was prepared according a similar manner as described in example 2

using N-Ac-D-Phe-OH and H-2-Nal-OMe.



S-Met hyl i sot hi ourea sermisulfate (10 g) was suspended in di chl oronet hane
(100 mM). To the suspensi on, 4N NaOHsolution (10 m) was added
wWith stirting.” The reaction m xture was pl aced on an ice bath,
di-tert-butyl dicarbonate (15.7 g) in dichloronethane (100 m) was added 15
dr opwi se al owg ami30¢73 2N sodi um hydr oxi de sol ution to keep t hBC 088%d 11.
After the - addition was conplete,_the reaction m xture was stirred
overni ght at roomtenperature. The '24 i chl or onet hane | ayer was
separated, and the aqueous |ayer was extracted twice with

di chl or onet hane The conbi ned organic | ayers were washed with water and

dri ed over !¥D_ph&2_Na| .oyl fate, filtered and evapor at ed | n vacuo. The
resi due was purl e chromat ogr gb on silica 20 (e
hept ane/ et hi\ SQ#UWaneNﬂ%DiPh#ZrNﬁﬁ)O (il & in 20 rgl of d'o"aﬂefwatefﬂ/@ VAR Wpsr | =
0.75, silic t hodos- at

ﬁeaq with 131 W&S{)b\?ﬁfﬁ%d& g{) nyﬁ\ﬁg tﬁg@mtah 2 for 1. at room

N- (benzyl oxycCar onyI tert yl"oxycar yl'iI sot hi our ea

N- (t ert - but yehmpesanme. bdxfget neiificxtiony thesmlxture) wae pogiad gl)tovma;ercﬁmlsw#wewabhd with
di chl o onet

N
S0 ut e 5O floragEhale s The areanic layer patasoen i iler aof ek et Th LGS
placed on af éﬁﬁa%&%ev&%n(— E0&nd yiIdedCIiaT B UYdeOXYAc-BUBHe- 23 Nal-OH( 2. 62 g) in

di chl or onet hane (20 ? was added dropw se along with 2N sodi ur/’n ydr oxi de
sol uti on t oTkE€eR0.50, silica gel, gthylagetatefyriding/acetismgp %ﬁ%‘uﬁft‘? Y -
conplete, the reaction m xture was stirred overni ght at room

terrperature The di chI ororret hane Iayer was separated, and the aqueous |ayer
was 30 NaAeD- Nalvirhifgua sighe. The conbined organi c | ayers

X L€ JON
\gec[r/e Epgs hedggn mmeWaanﬁydn%e coupling between N-Ac-D-Phe- V\QNgaY/O‘%P digH-Glu-(Lth:azolyl)Z'BFA,

7/ 00
dried over gethudfidaionf afeede fdtedtion afd edpueifiafionavee dowe aceording tdithe preedimes
was purified by romet ography on silica (eluent : heptane/ethyl
acetate = 3#900?%5‘*%"%"&?'?? eYiglda21Bang, TLC. Rr=0.78, silica gel,

ethyl ac et at R4 (10 2997 mid, 20%VA V6% B and 20% C to 20% A and 80% C in 30 min.

15 EXAMPLE 6

Boc-(N-Me)-D-Cha-Pro-OH was prepared according a similar manner as described in example

20 2 using Boc-(N-Me)-D-Cha-OH and H-Pro-OBzl.

The mixed anhydride coupling between Boc-(N-Me)-D-Cha-Pro-OH and H-Glu-(2-

thiazolyl). TFA, the guanidation, the deprotection and the purification were done according to
25 the procedures described in example 2. Yield: 85 mg.

Rt (LC): 32.27 min, 20% A and 80% B to 20% A, 20%B and 60% C in 40 min.

EXAMPLE 7.

30 N-Ac-D-Phe-Phe-Glu{guanidine)-(2-thiazolyl



5 (m. N-(Chz)-N -(t-Boc)-guanidine
N- (benzyl oxycarbonyl)-N -(tert-butyl oxycarbonyl)-S-nmethylisothiourea (3.15

g) was di ssol ved in nmethanolic ammonia (2.4M 50 m ). The reaction
m xture was stirred at roomtenperature overni ght. The mxture was
evapor at ed i n WagU¥End the resulting residue was purified bFCIEPITA062S
chromat ography on silica (eluent: dichloronethane/ nethanol = 95/5 viv %
to yield 1.83 g. 10 TLC. R err] = 0280, silica gel,

di chl or onet hane/ met hanol = 9/1 v/iv % - (n).

N- (t-Boc) - guani di ne. hydrochl ori de To a sol ution of

N-(Cbz)-N - (Theaﬁﬁ)co%aﬂl\dj\lv@préﬂn;ﬁl ifan 'aﬁhlélgih? E{H&Eddré@s ddsdribda $n SR 5L0Meld :

pal | adi um on char coal drogen chl oride sol ution.

The mixture WasmgRt (LC): 42}?9(!1?1&9"@%643@%15 m?ﬂ%ﬁh@% pdcad&p E€dn 40 mitt r oom

tenperature for I h. The pall adi um catal yst was renoved by
filtration and the solvent renpbved by evaporation at reduced pressure
yi el di ng EXAMPIE§.t - Boc) - guani di ne. hydrochl ori de quantitatively.

TLC: R[Serr] = 0.10, silica gel, dichloronethane/ methanol = 9/1 viv % 20
(0).

N (t-Butyl 0Xumumwé-m—m&fku%ﬁmﬂ;%%ﬂp- Q@ u((N-t - Boc) - guani di ne) - (2- th
i azol yl) 0 a Cco err sol ution of

N-(t-Butyl oxycarbonyl met hyl)- N-Boc- D- Cha- Pro-Q u- (2-thi azol yl')

(170 ng) in ﬁ%&%%&-’ﬁbﬁé‘?ﬁ; é@iemu)a "iﬁ%ﬁﬁi“ﬁ&%ﬁﬁ %' ¥nf3@?‘d?r%ﬁér §'d‘8€h%¥d in

carbodiimd guani

tri et hyl am nexafmple 2 wmg]Boc-(NiMe)-BrQhasOH MH-BIDHDMed at oC for 1
oo oo "Bok B0 iy RO G e AR S e i
filtration. examblelstushigeBoua(N-myeDoN&tmd-OMe dryness The residue was

chromat ographed on_silica i iC = 95/5 (viv % as
Gl ent - The’ RrQ): Zbmin A% A4Sl B 16 30% A, 30908 ndBOA TR 40'min

N-(t-Butyl oxycarbonynet hyl)-N-Boc- D Cha Pro-G u((N-t-

Boc) - guani di ne) - (2-t hi azolyl ) were pooI ed and evaporated. Yield: 173 ny.
TLC : R er r]H=(-Me)-DekherRBro-Glufeuaniding)i(2-thisgeellane/ net hanol = 9/1 v/iv % 30

\IQKC)T/QE{:! (7)?38 6’5%&5 mixed anhydride coupling between Boc-(N-Me)-D-Phe-Pro-OH and H-Glu-(2-

thiazolyl). TFA, the guanidation, the deprotection and the purification were done according to
the procedures described in example 2. Yield: 79.3 mg.
Rt (LC): 28.28 min, 20% A, 80% B to 20% A, 20%B and 60% C in 40 min.

20 EXAMPLE 9.

BzISO;-norLeu(cyclo)-Gly-Glu(guanidine)-(2-thiazolyl)

norLeu(cyclo)-Gly means a structural fragment of the formula

f (CH2)4\

-NH-CH N-CH,-C(O)-

25 O

(a). Boc-norLeu(cyclo)-OH.



21 (p). HOOC-CH err]-D Cha-Pro-d u(guani di ne)-(2-thiazolyl)

N- (t-Butyl oxycar bonyl net hyl ) - N- Boc- D- Cha- Pro-Q u((N-t-Boc) -guani dine)-(2-th
iazolyl) was treated with 90%trifluoroacetic acid/ water (10 m)
for 2.5 h. at roomtenperature. The reaction m xture was
concent r at edwiop7e730 and the resi due dissolved in water arRCRER#NSEY 5
charged onto a preparative HPLC DeltaPak RP-Clerr] using a gradient elution
system of 20%err] A 80% B to 28% A/ 45% B/ 35% C over 40 nin at a
flowrate of 50 mM/mn (A: 0.5M phosphat e buffer pH 2.1, B: water,
C. acetonitril/water=6/4). Yield: 22 ng of HOOC- CH2- D- Cha- Pr o-

0% Lo A 2000 %“%@sgEa‘éb‘g?i'ﬁ'%'"w'“"':ﬁéf%“&s) it Ao dneBldler BnANP B nitfills

(4aR. 8aR) - gdddaviN @odimaunyambdda aolutiOiR(T} nitpfollowsd by Bi-Bbufyindattgnate (.8 ). The
-(2-thiazsol |l h 15 3'29 : .

2- Chz- ( 4aRMHE WS Has £rsifduhEnonhemperatues a'@aﬁ%ﬁ?\}’ﬁ?"é i, ¥acyo. The residue was

2- Cbz- (4aRg3esRedif reh%&&ht%qqal waSHed Rt WaARerind GRAE Qkkd | locer sasluﬁl. suipﬂ&e,bmﬁaaed

synt hesi sed as described in EP 0643073, exanpl e TLC

Rf= 0585, @enhgvaportes i/ yapuoe.dThecrrude materillcway titirated b3/ hemans/ & Ilter%aed driedyin

_?_8 . COI(3) Sgﬁg@?ﬁﬁ‘@(ﬁ(ﬁ.ﬁ u(gﬁ(ﬁy&[‘?iﬁs&qw noline- (R S)-carbonyl-Pro-Q Bu.

2- Chz- ( 4aRTRORRS pax 85y ethgliaseraterhepanenidl by §8ia- car boxyl i ¢ aci d (500
ng) in dinethylformam de (5 m) were successively added DCCl (1, 3-
di cycl ohexyl carbodiim de; 342 ng), HOBT (1-hydroxybenzotriazol e hydrate;
319 mg), Boc-norLeu(c;gclo&%Ql_\k 70 ng) and triethylamne (0.55 nm). The
reaction mxture was stirred at 0 Cfor I h, 25 and then kept at room
t enpd® at ur @qgmrlmugqyslo)-%(wea)cws)wsw\ss@ u\‘ dichigeompeghane § 1§Gm)o At 2, 7¢ 2 IM
the DCU (1, I
sgfuﬁ&{: XﬁLl? Rﬂ“ hgfsfg)@ammﬁ { he %(éné (l/ i {//S/? glg&'uw mag iddu 95@1

concentrat € e Was veéd
et hyl acet ataed thehiixtge Mas istimed/\fos 3ﬁamhelsl!eﬁwbbremsaqe@|te/(4 ml) was S"b!mvwﬂﬁ%ided

e and e R PRERR R A8 ot e BRI Cfie Bt o

vacuo. The THIGtydlohemas (Ui vedt ddded b force the GEuctiomto gompletiono The inlixtoe was

el uent hept ane/ et hyl acetate 4/1 v %9 to yield 2- -(4aR , 8aR) -
( 15 (Pluted by dlcﬁ/loromethane and was‘xed \ﬂth O.IIEflhydrocElmgl:cl:3 Zacl so'ﬁxtion, v)ater, 5%

aqueous sodium bicarbonate solution and brine, dried over sodium sulphate, filtered and

evaporated in vacuo. The residue was purified by chromatography on silica {eluent:
heptane/ethylacetate 6/4 v/v%. to yield Boc-norLeu(cyclo)-Gly-OMe (12 g)
TLC: Rf = 0.55, ethylacetate/heptane 6/4 on silica.
20
(c). BzISO;- norLeu(cyclo)-Gly-OMe.
Boc-norLeu(cyclo)-Gly-OMe (3 g) was dissolved in 50% TFA/dichloromethane (30 ml) and
stirred for 1 h. at room temperature. The reaction mixture was evaporated in vacuo. The crude
amine was dissolved in dichloromethane (25 ml) and a solution of benzylsulphonylchloride
25 {2.25 g) in dichloromethane (10 ml) was added slowly at 0 °C. 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 v}as dissolved in ethylacetate
and washed with 5% sodium hydrogencarbonate solution, water and brine, dried over sodium
sulphate, filtered and evaporated in vacuo. The residue was purified by chromatog_raphy on
30 silica (eluent: dichloromethane/ethylacetate 95/5 viv%. to yield Bz1SOz-norLeu(cyclo)-Gly-
OMe (3.9g) '



per hi/droi soquinoline- I (R S)-carbonyl-Pro-0OtBu) (634 ny).
WO 9730073

PCT/ EP97/ 00625 ' 22
TLC. Rf = 0.90, ethylacetate/pyridine/acetic acid/ water 63/20/6/ 11 on
silica. WO 9IRN3 2- Cbz- (4aR  8aR- per hydr oi soqui nol i ne- |FCTEPI7/00625

(R S)-carbonvl - Pro- CH. .

2- Cbz-'(4aR, 8aR) - per hydr oi soqui nol i ne-I (R, S'T’?car bonyl - Pro-O-t-butyl ester
(600 ng) was 5 stirred in a mxture of dichloronethane (I m),
trifluoroacetic acid (3 m), anisole (0.15 nm) for | h. at room
t enper at ur e. TIRE RFeATA0, AchiBrorhéthane/bBiylac@ne ONtdradfilRd. i N vacuo at | ow
tenperature and the residue was dissolved in water at pH of 9.5.
The aqueous phase was washed wi th di et hyl et her, whereafter the

aqueous | ayer(dml%ing*:'ﬂéu@cﬂo@-@%@ﬁ5 by 2M hydrochloric acid

solution. The a xtracted with ethylacetate and the organic

phase was washeolutiéh of BzISOwinotlLebcycle)-GlyrOMd (3:9cg) is ddOumk efldipkene dwater 9/1 was
concentpated  in vacuo ta vie 2-Chz: (4aR8aR) -

per hydr%i soqdfeﬁﬁ? i et f'(%c'é‘}t ilgr 8‘#;71 hwg%t%ﬁg ﬁ'be) PH at 13 .for. 21‘\?&?5 4 room
0654’ et hyl aqahgérﬂhgyrmrn@imgim thei flixnaé avasGpdudédL idto Owater land cextracted with
(0 (R R epnethotiey SR AEat RGPS s WehULURh wateh and ded on sdiim Soiphae The

2- (bz- (4aR, 3@&&9%&&&9&&@%8 Didlded 861 &f e title compound. car bonyl - Pro- CH and
H d u-(2-thiazolyl). TFA, the guani dation, the de&r{ot ection and the

puri ficati on T RfGdhe0. sthulbaeeitnpyridine/snstiprcidiweter €420/¢/d & opsiien.i n exanpl e 2.
Yi el d: ,§4.7 ny. R (LC): 28.93 min, 20%A 80%B to 2;0% A, 20% B
and 6095C in 40 nin. 20 EXAVPLE 4.

(e). BzISO;-norl eu(cyclo)-Gly-Glu{ guanidine)-(2-thiazolyl

The mixed anhydride coupling between BzISO:-norLeu(cyclo)-Gly-OH and H-Glu-(2-
thiazolyl). TFA, the guanidation, the deprotection and the purification were done according to
the procedures described in example 2. Yield: 34.6 mg.

15 Rt (LC): 21.42 min, 20% A, 60% B and 20% C to 20% A and 80% C in 30 min.

EXAMPLE 10.

Preparation of acylguanidines on Kaiser oxime resin,
20

To a suspension of 4.0 grams of Kaiser oxime resin (NovaBiochem, 1.10 mmol/gram) in 80 ml
of dichloromethane/dimethyl formamide (3:2 v/v) were added Boc-f-Ala-OH (3.3 g, 17.6
mmol), N-hydroxybenzotriazole (3.0 g, 22.0 mmol), and N,N-diisopropylcarbodiimide (3.4 mi,
22.0 mmol). The suspension was shaken for 16 hours at room temperature. The resin was
25 filtered off and washed with dichloro-methane/dimethyl formamide (3:2 v/v), dimethyl
formamide, 2-propanol and dichloromethane (three times each). Unreacted oxime groups were
capped by treating the resin with 80 ml of acetic anhydride/diisopropylethylamine/N-
methylpyrrolidone (3:1:12 v/v/v) for 30 minutes at room temperature. The reaction mixture was
removed by filtration and the resin was washed with N-methylpyrrolidone, 2-propanol/-
30 dichloromethane (1:3 v/v) and dichioromethane (three times each). The resulting derivatized

resin (4.96 g) was dried im vacno.



Et SO D- Cha- Pro- @ u( guani di ne) - (2-thi azol yl) (a).

Boc- D- Cha- Pro- OPAc 25 Boc- D- Cha- Pro- OPAc was prepared according a
simlar manner as described in exanple | usi ng Boc-D- Cha- OH and
H Pr o- OPAC. TLC: Rf= 0.5, dichloronethane/ nmethanol 95/5 on silica
(b). Ethyl SOweygrlsedds Cha- Pro- OPAc 30 Boc- D- Cha- Pr o- OPARCT/BPIBN09A2S \a s~
di ssol ved in 50% TFA/ di chl oronet hane (25 ml) and stirred for 30
m nutes at roomtenperature. The reactiorf8m xture was evaporated in vacuo.
The crude WD 97/ 30073

PCT/ EP97/ 00625 23

am ne was dj | de
(0. 8 ) wal B 6 So' s G i R Vg Bl b B RO} DERATIAR IS rbol
t he pH at 8Tbh1re|smgvastmallezaby mashingl ewith dlt:hlommethane/dnmethmh&mggquc &3t 21vhy) @dh
at O[err]C, V\me reaf.t er water (25 m) was added. After an additi onal
stirring fofichioromethane gyo es at roomtenperature, the reaction mxture
was concentrated in vacuo. The residue 5 was di ssolved in

di et hyl et her and washed with IN hydrochloric acid solution, water, 5%

sodi um i) Depraterdion Qb WeeBososTatR sol ution and brine, dri ed over sodi um

sul phate, f d % triflubrdattlic abid 'idlﬂﬁhioﬂﬂné?ﬁ & Nid
crude nater?‘g% ‘?éaﬁfnﬁ%ﬁano ;ﬁ‘@l (lje l %fﬁf/stc%é'rr] Dcc?ha Pr o- OP. o

(3.0 g). TLbsdquently réacteti widenoasasionahnitrogen bvhblinig vaitly %%ﬁ%.mﬂwoaceuc acid for
30 minutes. The resin was washed with dichloromethane, 2-propanol, and dichloromethane

(two times each).
10
ii) Coupling of first building block (4)
The resin was swollen by washing it with dichloromethane/dimethyl formamide (3:2 v/v). To
. the resin were added 1 ml of a 0.2 M solution of building block A (Boc-Pro-OH, Boc-(N-
methyl)-Gly-OH, Boc-Gly-OH, or Boc-Phe-OH) in dichloromethane/ (3:2 v/v), 0.5 ml 0.44 M
15 TBTU in dimethyl formamide, and 0.5 m] 0.44 M diisopropylethylamine in dichloromethane.
The resin was incubated at room temperature for 60 minutes with occasional nitrogen bubbling.
After removal of solvent, the resin was washed with dichloromethane/-dimethyl formamide (3:2

viv), dimethyl formamide, 2-propanol, and dichloromethane (two times each).

20 iii) Deprotection of the Boc-group

The Boc-group of building block A was removed using the procedure described ini).

iv) Coupling of second building block (B)

The second building block B was coupled using the same procedure as described in iii), using
25 02 M solutions of building block B (Boc-D-Cha-OH, or Boc-D-Phe-OH) in

dichloromethane/dimethyl formamide (3:2 viv).

v) Deprotection of the Boc-group
The Boc-group of building block B was removed using the procedure described in i), except for

30 the pre-treatment step with trifluoroacetic acid.



10 (c). Ethyl sg err]-D Cha-Pro-CH To a sol ution of

Ethyl SJ err]-D Cha-Pro-OPAc (10 g) in tetrahydrofuiran (250 m) was added
1M " solution of tetrabutylamonium fluoride in tetrahydrofuran (84
m ). The reaction m xture was stirred for 30 mi nutes at room
tenperature anWQHAH into water (1 1). The aqueous sol ut i onPCTERT00625 5~
extracted with ethylacetate. The conbi ned grganl c layers were successively
washed with 15 I N hydrochloric acid sol dti on and wat er, dried over

sodi um sul phate and concentrated in . vacuo. The residue was
purified by crystallisation from ethyl acetatefdiisopropylether to yield

Et hyl ST er r | Rifbeuphng ofle hirdhllding block (C) TLC. Rf = 0.2,
et hyl acet.at e/ﬁ'qu di ne/ acetic acid/water 163/20/6/11 on silica.

(d). Et hyl SO Eherresimwan avashed - with dighlaremethsag/dioethyh fosmemige (3:2 v/v) and, smumtlyed
an_hydrl de Coég\ish&ﬂ gﬁ&é’\eg{}hai‘y}nﬁq&”] (PIlChﬁ‘[ chgutgﬂ Sﬁ &l“is%l% §l lamine in
, the guani 3 P

thiazolyl). T ation, the deprotection and the pu Y ron wer e
done accor di ndjchiaromethane/dimethyle formamide:r €2 d!a/s);r Flbedhc nre@marvpdre 2dde\i| dimd: 083

U oS, pcdihidrbbhaderRa i pmanide (3 3OVRS G5 M3 0.4 M Whublof B kBN

N- Ac- D- Phe- 2-dhidridesd U@Uqﬁhdﬂylaﬂbh&!?l-t BhiaAgd, v 4~chlor3§henylsulphonyl chloride, or 7-
N- Ac- D- Phe- 2- Nal - prepared according a simlar nanner as described

in exanple 2 methoxynaphf)&%#ﬂ’i‘gﬂ)f@h&?ﬂdﬂpn@@#@nﬁhw@mﬁhﬂ dppmamide (3:2 v/v), and 0.5

WO 97/ 30073 i of a 0.44 M solution of diisopropylethytamine in dichloromethane. The resin was reacted for
PCT/ EP97/ 00625 24

60 minutes at room temperature with occasional nitrogen bubbling. After removal of the

10 reaction mixture, the resin was washed with dichloromethane/-dimethyl formamide (3:2 viv),

dimethyl formamide, 2-propanol, and dichloromethane (two times each).

vii) Cleavage of the product ffom the resin

The resin was washed twice with dimethy! formamide before the addition of 1.8 ml of a 02 M
15 solution of guanidine. HCl in dimethyl formamide, and 0.2 m! of diisopropylethylamine. The

resin was incubated at room temperature for 64 hours with occasional nitrogen bubbling. The

resin was filtered off and the filtrate was collected in a glass tube. The resin was washed twice

with dimethylformamide. The collected filtrates were evaporated to dryness.

20 Characlerization
All compounds were characterized by reversed phase liquid chromatography on a Supelcosil
LC-18-DB (4.6 mm x 25 cm) column using following conditions: Flow: 1.0 mi/min; Buffers A:
water, B: acetonitrile/water {9:1 v/v), C: 0.5SM phosphate buffer pH=2.1; Gradient 1: 0->30 min
55%A-25%B-20%C -> 15%A-65%B-20%C. UV-detection at 210nm. Retention times are
25 given in minutes in Table 1.
Further, all compounds were analyzed by electrospray ionization mass spectrometry. Table I
shows the M+H values detected in the positive mode. For all compounds the found mass is in

agreement with the expected value.



(a). N-Ac-D- Phe-2-Nal - CH A solution of N-Ac-D Phe-2-Nal-Owe (1.55
gl in 20 m of dioxane/water=9/1 (v/v) was treated with sufficient
6N sodi um'hydroxi de to keep the pH at 12 for | hours at room

tenperature. After acidification, the mxture was poured into water and was
extracted w two05730073 di chl or omet hane. The organi c | ayer was poxgdpem0osast h -
wat er and was dried on sodi um sul fate. The filtrate was evapor at ed
and yielded 1.7 g crude N Ac-D- Phe-2- Nal -XH. TLC. R err]=0 50,

silica gel, ethyl acetate/pyridine/acetic acid/ water=63/20/6/1 1 v/v/iviv %
(b). N-Ac-D- Phe-2-Nal -d u(guani di ne)-(2-thiazolyl) 10 The m xed
anhydride cpuplingBsh Db = Phe-2- - - d -1 hixaz ol L TFA,
t he guani datJlrbgn,‘r t ﬁg'sfé%?o?)’e}%f 8@'@%@"6’52@)6&%“?@%%%%&“@%@ gc%égr}cf?;ng
t o the pr ocdensrospray mass spectdmmatny)) hfatylgnamidimeppreplred Y Kaiser dxiie ragin. Rt
(LO: 29.97 min, 20%A, 60%B and 20% C to 20% A and 80% C in 30 m n. 15
EXAVPLE 6. N- Me- D- Cha- Pro- @ u( gui ni di ne) - (2-thiazol yl)
Boc- (N- M) FD- Cha- B(:0- OH Was™ DT pHenytSCRC COA-hBfophedyl) | 2] 7 iietRe¥ynaphtyl-
descri bed | n exanpl e 20 %usi)ﬁg oc (I\I—I\/E)p?.Ds(':ha- H and I—I—P?@E%le .
H (N- Me) - O Cha- Pro- @ u(guani dijne) - (2-thi -yl ) S@me ni xed
anhydri de [coupli ng between Bog¢- (N-Me)-D-{Cha- Pro-OH and H d u- (2-
thiazol yl )} TEA _t anidation, the deprotection and the purification were
done accor [dK+«IyCha-Bto-B-Ala t he proeddi9rmin 20.bedn i N expnpt 22.2miti el d:f 85
. 1 0 0 0, 0, 0

0o | poibighe) T 22,27 MR ROBA AR 40 20% (1,08 4nd 7% C

X-D-Phe-Pro-p-Ala- rt=134min | r.t=17.0 min r.t=19.3 min

guanidine MtH=3515.4 | M+tH=1549.2 M+H = 5954

X-D-Cha-(N-methyl)-Gly- | r.t=15.8 min | r.t = 18.9 min r.t =20.9 min

B-Ala- M+H=4954 | M+tH=5294 M+H =575.4

guanidine _

| X-D-Phe-(N-methyl)-Gly- | r.t=11.7min | r.t = 15.5 min rt=17.7min -

B-Ala- M+H=489.2 | M+tH=1523.2 M+H = 569.4

guanidine

X-D-Cha-Gly-$-Ala- rt=140min { rt=172 min r.t=19.4 min

guanidine M+H=4812 | M+tH=515.2 M+H=5614

X-D-Phe-Gly-B-Ala- rt=10.1 min | r.t=14.1 min r.t=16.4 min

guanidine M+H=4752 | M+tH=1509.2 M+H =555.4

X-D-Cha-Phe-B-Ala- rt=21.7min | r.t =24.2 min r.t=26.0 min

guanidine M+H=571.4 | M+H =605.2 M+H =6514

X-D-Phe-Phe-f-Ala- rt=17.6 min { r.t=20.8 min r.t =22.6 min

guanidine M+H = 565.4 | M+H=599.4 M+H =645.4




30 N- Ac- D- Phe- Phe- G u( guani di ne) - 2-t hi azol yl) WO

97/ 30073 PCT/ EP97/ 00625 .

25 ‘ The title conpound was prepared in an anal ogous procedure as
described in exanple 5. Yield 112 ng, R (LC): 42.97 mn, 20%A, 80%
B to 20%A, 206v¥@9zse7360% C in 40 nin. EXAVPLES PCT/EP97/0062S

N- Me- D- Phe- Pr o- @ u( guani di ne) - ( 2-t hi azol ylc?)

Boc- (N- Me) - D- Phe- Pro- OVB was prepared acc i ng a simlar nmanner as
described in exanpl e 2 using Boc- (N Me)-D Cha-CH and H Pro-QOwe. 10
Boc- (N- Me) - D- Phe- Pro- OH was prepared according to a simlar manner as
described i nExample 11, exanmpl e 5 using Boc- (N Me) - D- Phe- Pro- OVe. Rt

(LG : . 28.0 mn, 20%A 80% B to 20% A, 2098 and 60% C in 40 mn.

H (N- Me) - D- PResther.othey falloviagi compeynds xcanhbes pspgred bysusing thenmestpdse @f the BYRST de
coupl’i ng b_eﬂtg Boc- (N-Me) - D Phe-Pro-OH and H du-(2-

t hi azol yl) tPu'e guani dation, the deprotection and the purification were
done accordi nBOOE CHz-D-Cha-(lhampoaycleHenyk:arbdws)d} Aleghandinexanpl e 2. Yiel d:

78%3Cm%h 20 h{HPOC-&'lez a_Pm_%BA]%_guamgme 20% A, 80% B to 20% A, 2098 and
- HOOC-CH;-N-Me-D-Cha-Pro-f3-Ala-guanidine;
- HOOC-CH>-N-allyl-D-Cha-Pro-B-Ala-guanidine;
- HOOC-CH,-N-propargyl-D-Cha-Pro-B-Ala-guanidine;
- HOOC-CH,-N-benzyl-D-Cha-Pro-B-Ala-guanidine;
10 - HOOC-CH;-N-cyclopropyl-D-Cha-Pro-B-Ala-guanidine;
- HOOC-CH,-N-cyclobutyl-D-Cha-Pro-B-Ala-guanidine;
- HOOC-CH,-N-cyclopentyl-D-Cha-Pro--Ala-guanidine;
- HOOC-CH;-N-cyclohexyl-D-Cha-Pro-f3- Ala-guanidine;
- 2-propyl-pentanoyl- Asp(OMe)-Pro-B-Ala-guanidine;
15 - 2-propyl-pentanoyl-Asp-Pro-f-Ala-guanidine;
- EthylSO,-D-Cha-Pro-f3-Ala-guanidine;
- EthylSO2-D-Phe-Pro-f3-Ala-guanidine;
- [2-(B21SO,-NH)-pyridinyl-1-CH,-CO}-p-Ala-guanidine;
- [3-(BzISO,-NH)-pyridin-2-one-1-CH,-CO}--Ala-guanidine;
20 - BzISO;-norLeu(cyclo)-Gly-B-Ala-guanidine;
- N-Me-D-Phe-Pro-Glu(guanidine)-COOH,
- N-Me-D-Phe-Pro-Glu(guanidine)-(2-oxazolyl);
- N-Me-D-Cha-Pro-Glu(guanidine)-COOH,
- N-Me-D-Cha-Pro-Glu{guanidine)-(2-thiazolyl);
25 - N-Me-D-Cha-Pro-Glu(guanidine)-(2-oxazolyl);
- HOOC-CH>-D-Phe-Pro-Glu(guanidine)-COOH;
- HOOC-CH;-D-Phe-Pro-Glu(guanidine)-(2-thiazolyl);
- HOOC-CH,;-D-Phe-Pro-Glu(guanidine)-(2-oxazoiyl),
- HOOC-CH,-D-Cha-Pro-Glu(guanidine)-COOH,
30 - HOOC-CH,-D-Cha-Pro-Glu(guanidine)-(2-oxazolyl);



20  EXAMPLE 9. Bzl SO err]-norLen(cycl0)-dy-d u(

guani di ne), - (2-thiazol yl) norLeu(cyclo)-A@y neans a structural
fragnent of the fornula [err] (a). Boc-norLeu(cyclo)-COH.

WD 97/ 30073 )

PCT/ EP97/ 006 3%0 97/30073 PCT/EP97/006286 -
To a stirred solution of L-a-Am no-c-caprolactam (10g) in di oxane/ water
(2/1 viv) (30 M) was added I N s¥di um hydroxi de solution (7.8 m)
foll owed by di-t-butyl carbonate (18-8 g). The m xture was stirred

for 16 h. at roomtenperature and concentrated in vacuo. The residue was

di ssol ved |ﬂ%@gmﬁ?f_ﬁ,g},§°_§m&mﬁd&§ﬁgﬂe ) water and brine, dried over

sodium sul p ere porated in vacuo. The crude
mat er i al wasEthyISOH+DaPhel Pl Ghupranidine)-(2-theizel)and dried in vacuo to

yield Boc- 3 étlﬁsiﬁbc- C—i’gg-i’ngfu%guagi)dine)-(z-oxazolyl);
- Ethy!SO;-D-Cha-Pro-Glu(guanidine)-COOH;
5 - EthylSO,-D-Cha-Pro-Glu(guanidine)-(2-oxazolyl);
- 1-Pig-Pro-Glu(guanidine)-COOH;
- 1-Pig-Pro-Glu(guanidine)-(2-oxazolyl),
- HOOC-CH;-D-Cha-(N-cyclopentyl)-Gly-Glu(guanidine)-(2-thiazolyl);
- N-Me-D-Phe-(N-cyclopentyl)-Gly-Glu(guanidine)-(2-thiazolyl);
10 - 2-propyl-pentanoyl- Asp(OMe)-Pro-Glu(guanidine)-(2-thiazolyl),
- 2-hydroxy-3-cyclohexyl-propionyl-Pro-Glu(guanidine)-(2-thiazolyl),
- 1-Pig-(N-cyclopentyl)-Gly-Glu(guanidine)-(2-thiazolyl);
- Diphenylpropionyl-Pro-Glu(guanidine)-(2-thiazolyl);
- the compounds wherein the residue:
,(CH:).,\
BzISO,-NH-CH N-CH,-C(O)-

15 o
is coupled to -Glu(guanidine)-COOH, -Glu(guanidine)-(2-thiazolyl) or
-Glu{guanidine)-(2-oxazolyl);
- 9-hydroxy-fluorene-9-carboxyl-Pro-f-Ala-guanidine;
- 9-hydroxy-fluorene-9-carboxyl-(N-cyclopentyl)-Gly-p-Ala-guanidine;

20 - 9-hydroxy-fluorene-9-carboxyl-azetidine-2-carboxyl-p-Ala-guanidine.
i i
25 Thrombin (Factor I1a) 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



TLC. Rf= 0.85, ethyl acetate/heptane 1/1 on silica. (b).

Boc- nor Leu(cyclo)-dy-Ove. 10 Boc- nor Leu(cycl 0)-OH (10 g) was

di ssol ved ‘i n di chl oronethane (100 m). At -20 [err]C a 1M sol ution
of bis (trimethylsilyl)amde in THF/ cycl ohexane (1/1 V/v) (I equi v.4)006was
added slowy Wwo09m30013and the lixture was stirred for 30 mi n. PREERRj0062S -
bronpacetate (4 nml) was subsequently added and the m xture was
stirred for 2 h. at roomtenperature. Addi¥ional bis (trinethylsilyl)ande
in THF/ cycl ohexane (1/1 v/v) was added to force the reaction to
conpletion. The m xture was 15 di l uted by dichl oronet hane and washed

with 0.1N hy . ' Wt er. 5O '
Bi car honat o SBTPTOFE a6y for M irbian obfin s bilfer system wasTRUF Y B8 e [T,
evapor at ed i naluaofwtesttompowsl. due was purified by chronmatography on silica

(el uent: hept anel et hyl acetate 6/4 v/iv% to yield

Boc- nor Leu( cycl o) - - LC =

et hyl acet at eﬁcﬁ%‘p%%&'ﬁhloﬁ Oﬁééﬁ%eélg.acwly ethy?;“e gly 0(l:) 69@;5%& PTﬂbr Reference
nor Leu( cycl oporhoundVEI2581 (Kabi) BohidledTINP Ubaffke] Golubiilisatidvic a8 b3 assisted with
di ssol ved i n 50% TFA/ di.chl orprmet hane (30 m)) . and tirred for.l h.
at room t enp8uethy séi.%/h‘?’ﬁée’ r@%{gﬂ'ﬁ) rFatﬂﬁ"Qﬁ L?F%“’Wﬁge 87 2856045 d'lcloﬁ"lvg@ﬁg .arel'P‘l"é“‘I“’ut
crude adverdd otV coréchBr@lions Bp it6)2 8% i hie MARleRAioR nlidbre ) and a
-solution of benzyl sul phonyl chl oride 25 (2.25 g) in dichloronethane (10

m) was added slowy at O [err]C. Triethylam ne was added to keep
the pH at 8 cﬂéﬂﬂ%the reaction. The m xture was stirred for 1 h. at room
t enper at ur e, whereafter the m xture was concentrated in vacuo. The
resi due was ®iesgentsted. TronxtimpiseeNe@lt €I'N) buffer. Compabitionsdiethe viufliar: 5Ptopwthamine

Dy 09500 D085 30 154 g ShEls s bR R Yo, TR T sty
chr omat ogr aplagjusted &07.4 at 37 °Cowith HE! (10! macli). oi TNP buffereRdiverislent hglyesietsaoe is
\9/\3/ 877{9,\68/07 3t (c)lis)s/clnl\?elddin I%%‘II l% e? rtor ]gi_vggrclt_)r?&glgzt?olnoo)f _3%-9('_' 3. §-2238 solut%\{lez (gn?é'v?al %)-2238
PCT/ EP97/ 006%‘55 mg; Kabi Diagnostica, Sweden) is dissolved in 20 ml TN buffer to give a concent4tion of
1.25 mg-m!™ (2 mmol-I). 4. Thrombin solution: Human thrombin (16 000 nKat-vial''; Centraal
15 Laboratorium voor Bloedtransfusie, Amsterdam, The Netherlands) is dissolved in TNP buffer
to give a stock solution of 835 nKat'ml"'. Immediately before use this solution is diluted with
TNP buffer to give a concentration of 3.34 nKat-mi™.
- *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 107 mol1”!. Each concentration is stepwise diluted with the vehicle to give concentrations of '
10%, 10 and 10°® molI™". The dilutions, including the stock solution, are used in the assay (final
25 concentrations in the reaction mixture: 3-10%: 107 3-10%; 107; 3-10%; 10%; 3-10° and 10°

molI”, respectively).

Procedure

At room temperature 0.075 ml and 0.025 ml test compound or reference compound solutions
30 or vehicle are alternately pipetted into the wells of a microtiter plate and these solutions are

diluted with 0.115 ml and 0.0165 ml TNP buffer, respectively. An aliquot of 0.030 ml S-2238



TLC. Rf 0.40, dichloronethanel ethylacetate 9/1 on silica. (d).
Bzl S err]-norLeu(cyclo)-dy-CH A sol ution of _

Bzl S err]-nor'Leu(cyclo)-Ay-Ove (3.9 g) in 100 nl of dioxane (water 9/1
was 5 treated with sufficient IN sodium hydroxide to keep the pH at
13 for 2 hourwoatseomm tenperature. After acidific@onmpomdes -
m xture was poured into water and extracted with di chl or onet hane.
The organic | ayer was washed with water a¥ dried on sodi um sul phate The
filtrate was evaporated and yielded 3.6 g of the title conpound.

TLC. Rf= 0.60, ethylacetate/pyridine/acetic acid/ water 63/20/6/11 on
silica. 10 _— Do s . . . _

B2l SO er 11 - 1Rt a0l each el ang gt vt BEP-heated Ak psripgupated with shaking,ia an
m xed anhy dincetatar@apiershgmpk 16 aiin. B STPEI FdlloMtglieinicabatibn Ge/hydldlysiuf S-2238
H G u-(2- t he, guani dation, the deprqtection and

] tgi,azol Ell b TFA, ] ) ]
the purifi ciSstasted kg edditiem af ¢03Q,ml thrgmpig solution to each pyell ,The platg i incuhated: (witk
in exanpl e ghakifp B0 s34t $7 O Seaki Rt min'BricuBetioft 2ho 9 Yok And
20% C L6 2005 A End SO%C | n S0 g afer T m Fhicutelioh 4nf heprietch of tacktifift
Pr epardat i ond@¥ nmdsmepsuned ¢very 2 nuin. fiona periodafi Yemineusing a kibetic microtiter plate reader
suspensi on . i . Qxi me resin (NovaBi ochem 1.10 mmol /gram
in 80 m HM#regdeg%ﬁ]g’F%ﬁ\L&rlégér{gﬁhgﬂé/di met hyl formam de (3:2 v/v) were
added Boc- [ AlirdataAbre- cofle¢té&d 3n gn IBK (personal computerbipg DOTYSIMBASIORE OF 61 8athl e

(3.0 g, 22.0 mol )}, and NN-diisopropyl carbediimde (3.4 n 22.0
mmol ). The %‘ﬂ'é&?é’ﬂéi??ﬂc%g§"%'héﬁ’@ﬁg$‘i¢) n gmeld reactipn r'BéﬂH’? oAb ot (the blankthe
resin was 2gbsorbandeiid ploft@ivepduk i rdaciof Bif ininfnh di chl or o- net hane/ di net hyl
formam de (3:2 v/v), dinethyl f or mam de, 2-propanol and

di chl !} onet hane (three tinmes each). Unreacted oxime groups were

capped by t £ amldiBe of RRpERS: RoVbdch FRA L faxi -

anhydri de/ ||sop'ropy et hy ampne/ N-ﬂﬁ %Céatmﬁ&n‘gt%&aﬁw FnoTﬁwgﬁlge(%a:sf?lﬂlated
v/iviv) for f3omrtheiassey pt. FheolGsi-eatwe (final cancenfration, ceaxptessed imipatolil’s cassing 50%
removed by filtrati and the resin was he iLth N-net hyl pyr.rol i done,

2- pr opanol /™ n%@xon °PQh%Ii'B?ﬁ"BY'8n§ Sﬂﬂ’ﬂgce( f\.fygt /6?’%%’“%%G&gn\g‘f‘%n@e({;ﬁﬁtee
ti mes each)tranbiematsnlarialysig ac@idivgte Hafher et al. (ArzneiR SFdtschdDRGE Res. MBS7, AWy i n

vacuo. -
15 1871-3).

In the following table, ICs¢-values of compounds of the invention are listed:

Example : ICso-value (uM)
1 ' 0.24

2 0.034
4 2.59
6 0.32
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Portions of 50 ng of this resin were transferred into 24 reactors of an
organi ¢ synthesis robot. The resin was swollen by washing it with

di chl or onet hanwa7meemy| formamide (3:2 v/v) and di chPEERIEMfEhe
(two tines). 5 i) Deprotection of the Boc-group The resin
was pre-treated with 1 ml of 25%trifluorodetic acid in dichloronethane

and subsequent |y reacted under occasi onal nltrogeﬁ—bubbl—f-ﬁg—wﬁ—hﬁ—

each) .. 10 ii) Coupling offirs: buildi ng bl ock (A)
resin was swollen by washing it wi th dichl oronethane/ di nmet h
(3:2viv). T he r re added 1 m of a 0.2 Msolution of

bui | di ng bl ock %c‘i‘ﬁﬁ’é’“ﬁﬁ'%""@%ﬁe@&‘“ﬁ met hyl )-Q y- OH, Boc- G y- OH,
or Boc-Phe-OH) in dichloromethane/ N2 viv), 0.5 m 0.44 M 15 TBTU in
di met hyl formani de, and 0.5 m 0.44 ML Hzopyl et hyl amine in

di chl or onet hane. The resin I ncubated at room tenperature for
60 m nutes with occasional nitrogen bbl i ng. After renoval of
solvent, the resin was washed with dic met hane/ - di net hyl formam de (3:2
-v/v), dinethyl formam de, 2-propanol, and di chl oronet hane (two tines each).
20 1ii) Deprotection of the Boc-gr( p The Boc-group of

bui I ding bl ock A was renoved using th gl’ocedure described ini).

iv) Coupling of second buil ¢ ELYNEICHED M

5 wherein
A is H, optionally substituted D,L o-hydroxyacetyl, R!, R'-0-C(0)-, R'-C(0)-, R'-SO»-,
R?00C-(CHR?),-S0;-, R2O0C-(CHR?),.-, H;NCO-(CHR?),-, or an N-protecting group,
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,

10 (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)cycloaltkyl, (1-6C)alkoxy, OH, COOH, CF; or halogen; each group R? is

m 25%trifluoroacetic acid for 30 m nutes. The refhlsns laced
wi th dichl orc&“mge 2- propanol, and di chl or onet hane ﬁﬁ[li\mﬁﬁgﬁ

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-
Tiq, 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)alkyl substituted;
or A and B together are the residue R*R*N-CHR®-C(O)-, wherein R* and R* independently
20 are R', R'-0-C(0), R!-C(O)-, R‘-sbz-, R’00C-(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

; _ TRIS SHEET HAS BEEN
) 0 REPLACED




The second bui |l di ng bT‘ocR‘“B'\/\')aé'_EEt]'p'i'éd usi ng the same procedure as
described in iii), usikpy l%é:HasBeenRTlazed M solutions of building block B

(Boc- D- Cha- O+, or Boc- di chl or onet hane/ di net hyl
formam de (3:2 v/v). ‘
The Boc- gr oupo 9730013 | di

prot ection of the Boc-group
was renoved using the pr®cEERPHOO@Sscribed

in i), except for 30 the pre- treatrrent step with trifluoroacetic acid..
WD 97/ 30073
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vi) Coupling of the third building block (C The resin was washed

wi th dichlor i fQr ' 3?‘?1 t
washed_tw cesgém@l?lﬁgd;%r%ﬂ (o‘ bzéﬁ&’.l'lq'@%%f Iﬁ)gr}]z%lg}“é} |°g{’1)’pr 0%343 ¢§?an@ i%

di chl or onet hhefragiemet hyl formanide (3:2 v/v). To the resin were added 1n
of 5 di chl or onet hane/ di met hyl formam de (3:2,v/v), 0.5 m of a 0.44

M sol ution of sul phog&# ) chlorides C I'sul phonyl chl ori de,
4- chlorophenylsulph 2 hIorlde or 7- mef hoxynapht yl sul phonyl

chloride) in di N}{@}prret hepm.@ yl formam
m of a 0.44 M sol u‘nﬂ'?/cﬁ dii gg?opyl et hyl ar ﬁ‘ﬁ*&g@fhane The
resin was reacted for 60 m nutes at room rrperature wth

occasi onal nitrogen bu%bl i ng. After reval of the reaction m xture,
the resin wWagNAsHRD \gll&h;(ih&w ane/ - di et hyl forrram de (3:2 v/v),

di et hyl formam d{g 2-propanol iQand d’bchl oronet hane (two times each).
vii)Sd eavaddisd qrhS((D}YOduhetelri NoinH, hEHFa,siaF,, -CO-NH-(1-ah)alkylesd-CslivasCOORAed

o e T ST T 5 OEONRPE, BHR P00t Dt A5 0

di i sopropyl ﬂj}alkﬁrast RE and REtogether being (366K0)Hkyieise, bNYUbathe@roticlé sastrddemgmat ur e

for 64 hours vma (i:CaSI onal, nitrogen bubblin The
thiazole, 2- |azolme 2-benzothiazole, 2-oxazole, 2-oxazoline and 2-benzoxazole, which

[_3:2

heterocycles may opt:onally be substituted with (1-6C)alkyl, (1-6C)alkoxy or oxo;
10 Zis H or (1-6C)alkyl;
risOor1ifQis-C(O)Yorris0,1,2,30or4ifQisH;

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,
15 serine, threonine or -NR%CH,-C(0)-; and Z is H or methyl.

3. The compound of claim 1, wherein A is as previously defined;

B is a bond, an amino-acid of the formula -NH-CH[(CH2),C(O)OH]-C(O)- or an ester

derivative thereof and p being 0, 1, 2 or 3, '-N((l-6C)alkyl)-CH2-C0-,
20 -N((2-6C)alkenyl)-CH,-CO-, -N(benzyl)-CH;-CO-, 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, which amino acid may

- optionally be N-(1-6C)alkyl substituted; _

or A and B together are the residue R'R'N-  ¥-C(0)-;

and X is a cyclic amino acid optionally contaning an additional heteroatom selected from N,
25 O or S, and optionally substituted with (1-6C)alkyl, (1-6C)alkoxy, benzyloxy or oxo, or X is

' -NR2.-CH,-C(O)- or the fragment

S

THIS SHEET HAS
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resin was filtered off and the filt@ate was collected in a glass tube. The
resin was washed tw ce W th dimethyl formam de. The col | ected
filtrates were evaporated to dryness. 20 Characteri zation

Al'l conpounds were characterized by reversed phase |iquid chromatography on
a Supelcosil WwWo09730073L.C-18-DB (4.6 mm x 25 cm) col um usi ng FCI/ERSHDO6ES
conditions: Flow 1.0 mmn; Buffers A wat er, B:
acetonitril e/ water (91v/v) C. OSMphosShate buffer pH=2. |; ai l 4
0->30 nin 55%A- 259B- 20%C - > 15%A- 659%B- 20%C. UV- det el a"'e
Retention tines are 25 given in mnutes in Table 1. |

all conpounds were anal yzed by el ectrospray ioni Xti on nass s

Table . . sh e MtH val ues detectedfTn positive node. For
al | conpounds the ffound mess is_in a 'eerren wi th the expected
val ue. -NH-CH -GH906s -NH N-CHyC(0)-_

PCT/ EP97/ 00625 ' 30

Table-1: Characterizaton (retentiondeinme on revegysed phase HPLC and M+H
peak in el ectrospray nass spectronetry) of acyl guanidi hes prepared
on Kai ser oxi ménd2isH or methyl. X: phenyl -Sq err] -
4- chl or ophenyl - 7- met hoxynapht yl -

Sqerr]- Sqerr]- X-D-Cha-Pro-[err]-Ala r.t = 16.9

mn r.t = 2(4 Thercompound tof Tlait? 3 1 whieréin A is H, 2-hgdreRy-dichelohexyl-propionyl-, 9-hytitdsly=
S0 A SR cqpont R g, 5 WEORIEHCELSOL | KOO
H;NCO-(CHR?),,-, or an N-protecting group, wherein R' is selected from ( 1-12C)alkyl, (2-
12C)alkenyl, (6-14C)ary], (7-15C)aralkyl and (8-16)aralkenyl, each group R?® s
independently H or has the same meaning as R';
B is a bond, D-1-Tig, D-3-Tig, D';Atc, Aic, D-1-Pig, D-3-Piq or a D-amino acid havihg a
10 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(O)-;
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, 2-0xazoline and 2-benzoxazole.

15 5. The compound of claim 4, wherein A is R'-S0,-, RROOC-(CHR?),.-;
B is a bond, D-1-Tiq, 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
R’00C-(CHR?),.- or R'-SO;- and the other independently is (1-12C)alkyl, (2-12C)alkenyl,

20 (2-12C)alkynyl, (3-8C)cycloalkyl, (7-15C)aralky}, R'-SO,- or R20OC-(CHR?),.-, and R®is a
hydrophobic side chain; .
Y is -CO-NH-(1-6C)alkylene-CsHj, -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 5, wherein A is RROOC-(CHR?),.-;

B is a D-amino acid having a hydrophobic side chain;

'_________’___—————f—"_._—_

N W 0 [ SHEE s s

REPLACED




guan'i di ne T MFH = 515 4 M+H = 549.2 MtH = 595. 4

X- D- Cha- (N-met hyl ) - G ynisShett HasB®nBenlaced ¢ = 18.9 nin r.t = 20.9 nin
[err]-Ala: - “ MtH = 529. 4 MiH = 575. 4
guani di ne X-D- Ph y- r.t =11.7 mn r.t = 15.5 mn
r.t = 17.7 nwooemnseers [elT |- Al a- M-H = 489. 2 PENEPSI/08623 2 -
M+rH= 569. 4 © guani di ne X-D-Cha-Ay-[err]-Ala- r.t =14.0
mn r.t =17.2 min r.t = 19.4 mn 38 guani di ne MtH =
481.2 MtH = 515.2 MrH = 561.4 X-D-Phe-dy-[err]-Al a- r.t
=101 min r.t =14.1 mn r.t =16.4 mn guani di ne

MtH = 475. 2 3 3

M = o - Sftklaid Bpcher are the rebliit RRRECAR?-C(0)-, whbrk Q\%asgﬂﬁee HH R &
MrH = 571.4 RIQOC-(EHBR- and the othb#l-hldspeﬁd‘zhtlﬂns(l 12C)alké¢d, msmmaeyemwenﬂ-]sos\l ar-
r.t =17.6 m 08mn r.t =22.6 mn guani di ne

MtH = 565. 4 ﬁ%/lﬂéc—t(gag MtH = 645.4 5 WO

97/ 30073 and X is 2-azetidine carboxylic acid, proline, pipecolic acid, 4-thiazolidine carboxylic acid,
PCT/ ERP97/ 00625 31

Exanple 11. 3.4-dehydro-prglipp Zroctalydroindplesaibaglicafidounds can be pr epar ed by
using the nethods of the present I nventi on:

HOOC- CH err ] D- Cha- (| - am nocycl ohexyl car boxy) -[ err] - Al a- guani di ne; 5
- ( HOOC- CH[ érThe eomppuml cficlaimrbowherein]A WHOQGIHdi ne;

B is D-Phe, D-Cha, D-Coa, D-Dpa, p-Cl-D-Phe, p-OMethyl-D-Phe, p-OEthyl-D-Phe, D-
Nle, m-CI-D-Phe, 3,4-di-OMe-D-Phe, D-Chg;

10 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 raethy], (1-4C)alkyl-SO,- or HOOC-CH;- and
R’ is (3-8C)cycloalkyl, (3-8C)cycloalkyl(1-4C)alkyl, phenyl, benzyl, optionally substituted
with chlorine or (1-4C)alkoxy.

15 8. 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
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,-;

20 X is 2-azetidine carboxylic acid, proline, pipecolic acid, 4-thiazolidine carboxylic acid, 3,4-
dehydro-proline, 2-octahydroindole carboxylic acid, or the fragment

w
(CH;), . N
N

/

-NH-CH N-CH,-C(0)- -NH ‘ N-CH,-C(0)-

0 or o

9. The compound of claim 8, wherein A is Ethyl-SO,- or Benzyl-SO;-;
25 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-CI-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-SO2- or Benzyl-SO;- and the other independently is (1-12C)alkyl or R'-SO,- and R’ is

* c L n S *




- HOOC- CH2- N- Me- D- Cha- Pro., - Al a- guani di ne; -
HOOC-CH er]-N-al | yl - D- Cha- Pro-[ err] - Al a- guani di ne; -
HOOC- CH[ err] - N- propar gyl - D- Cha- Pro-[ err] - Al a- guani di ne; -
HOOC- CH err] - N-benzyl - D- Cha- Pro-[err] - Al a-guani di ne; 10 -
HOOC- CH2- N- cycW&B878 - D- Cha- Pro-[err] - Al a- guani di ne; PCT/EF97/00625
HOOC- CH err] - N-cycl obut yl - D- Cha- Pro-, [ err ;A a- guani di ne; -
HOOC- CH[ err] N- cycl opent yl - D- Cha- Pr o- [err] a- guani di ne; -
HOOC- CH err] - N-cycl ohexyl - D- Cha- Pro-[err] - Al a- guani di ne; -
2- propyl - pent anoyl - Asp(OWwe) - Pro-, - Al a-guani di ne; 15
2- propyl - pent dﬁe&ﬂ)ey@kﬂl@t Off{-ﬂﬁ)c}'ewdlleyl(g m)andylnq:henyl benzyl, dxphenylmethmyl which
Et hyl S err] - D- Cha- Pro- J ﬁd % ht‘l‘
Et hyl SO err] - ﬁ’%“ﬁ@‘ *]“ Rty é ith chipFige or (1-4C)alkoxy,
[2-(Bzl SO err]-NH) -pyri d| nyl-1-CH err]-CQ - [err] - Al a- guani di ne;
[ 3- (BzISCIerr(}_ NH) - pyri di n- 2- one- | - CH2- CJ - *err] Al a- guani di ne; 20
Bz1S([ er r | not4-Ehg tompiosnd of any one of glaims §-te Qawbenein @ is H and ris 0, 1.or 2.
N- Me- DsPhe- Pro- G u( guani di ne) - COOH, _
N- Me- D- Phe- Pr o- G u( guani di ne) - ( 2- oxazol yl ) ;
N- Me- D- Cha- PtbAhasmpgeuticali compoSi@H-comprising the compound of any one of claims 1 to 10 and
N- Me- D- Cha- Pro,Qd u an#ld me%] %Zthlazolyl) 25 -
N- Me- D- Cha- Pr & -"ﬁ'ih"’é‘%ﬂ UaY'e puBiisS ol yi ) -
HOOC- CH err] - D- Phe- Pro- Glu(guanldl ne) - COOH, -
HOOC- CH err] % he- Pro- 3 u(guani di.ne)-(2-thiazol yl) -
HOOC- CH err] ! mpoyndp eaﬁf’%ﬁ'ﬂ@ﬂ%@ 195 387 lyltl)erapy

10

13.Use of the compound of any one of claims 1 to 10 for the manufacture of a medicament for

treating or preventing thrombin-related diseases.
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- HOOC- CH{ er r] - D- Cha- Pro- @ u( guani di ne) - COOH: 30 i

HGOOC- CH err] - D- Cha- Pro- d u( guani di ne) - (2- oxazol yl ) ; WO
97{/ 30073 :

PCT/ EP97/ 00625

- Ethyl SO err] - D- Phe- Pro- @ u(guani di ne) - ; ' This SheetHaSBee“Re ced
-Ethyl SO err] - Phe- Pro-d u(guani di ne) - (2-thirfazol yl ); ”II,II”III" ml Imll
Et hyl SO err] - D- Phe- Pro- d u(guani di ne) - ( 2- oxazol yl );

Et hyl SO err] - D- Cha- Pr o- d u( guani di ne) - COOH;

IEt Ely:qsgr gré—é@&ﬁﬁ&wﬂl di ne) - (2 .oxazol yl); | -

| - Pi g- Pro- @ u(guani di ne) - (2- oxazol yl);

HOOC- CH2- D- Cha- (N-cycl opentyl ) - G y- G u(guani di ne) (2-thiazolyl); -

N- Me- D- Phel.( Arcompoupd having theiforn@ilail guani di ne) - (2-t hi azol yl); 10 -

2- propyl - pent anoyl - Asp( Owe) - Pr o- GIH uani di ne) - (2-t hi azol yl'); -

2- hydr oxy- 3- cycl ohexyl - pr opi onyl - d un@ ni di ne) - (2-t hi azol yl);

- | -Pig-(N-cyclopentyl)-dy-du(guan FZthlazolyl) - '

Di phenyl propi onyl - Pro- G u( guani d| nzN( -thiazolyl); “——the-—econpounds—

wherein the residue: [err]
| 0 U
. O r
A-B-X-NZ-CH-Q

5 wherein o

A is H, optionally substituted D,L a-hydroxyacetyl, R', R'-0-C(0)-, R'-C(O)-, R'-SO>-,
R?*00C-(CHR?,-SO2-, R200C-(CHR?),,-, HNCO-(CHR?),-, or an N-protecting group,
wherein R' is selec_ted from (1-12C)alkyl, (2-12C)alkenyl, (2-12C)alkynyl and
(3-8C)cycloalkyl, which groupé may optionaﬂy ‘be substituted with (3-8C)cycloalkyl,

10 (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 R2 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(0)- or an ester

15 derivative thereof and p being 0, 1, 2 or 3, -N((1-12C)alkyl)-CH-CO-,
-N((2412C)alkenyl)-CHz-COf, -N((2-12C)alkynyl)-CH,-CO-, -N(benzyl)-CH,-CO-, D-1-
Tiq, D-3-Tigq, 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(O)-, wherein R’ and R* independently -

20 are R', R'-0-C(0)-, R'-C(0)-, R'-80z, R’00C-(CHR?),-SOz-,” R2OOC~-(CHR?)s-,
HzNC_O-(Cl-Rz)...-, 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 hydrophbbic side chain, being a (1-12C)alkyl, optionally
substituted .with one or more (3-8C)cycloalkyl groups or (6-14C)aryl groups; which

o - AMENDED SHEET | THIS SHEET HAS BEEN
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is_coupled to =@ u(guanidine)-CO0H, -d u(guanidine)-(2-thiazolyl) or
-d u(guani di ne) - (2-oxazol yl);
9- hydr oxy-f | uor ene- 9- car boxyl - Pro- [err]-AI a- guani di /1¢, ThlSSheetHasBeenRel
9- hydr oxy-f | uor ene- 9-car boxyl - (N-cycl apentyl ) - QA'y-[erf]- AI

- 9-hydroxy-fluorene-9-carboxyl -azéti di negé cartoxyli[err] g!f’& wll
EXAMPLE 12 Anti-thronmbin assay 25 Thronmbi n (

factor in the coagul ati on cascade. - - The anti-thronbin activity of
conmpounds of the present invention was assessed by measuring

spec g ro 22 ?; ?pawlﬁaicl Yidé RRaih ahsy abndsm;/qiey §db'§t1&ftecf OAhCAILSIRERS! such W3ShdlGdes,
PCT/ EP97/ OO&ﬁﬂuoromethyl lower alkyl, lower alkoxy, phenyloxy, benzyloxy, and the like, or X is s@ine,

thronmbin. This assa anti-thronbin activifty in uf fer system was_ ysed
to assess thtgrqoa%s,r %’]cyéi{c AMino aci ra%galgf cent :pggn)g/ 5’bmqgl heteroatom selected from

Compound: 1255 O e SpHon Y iBhoteR el 1LEEET bSOy Berhton B ShE6F
assisted w tXis -NR’-CH;—GiOMﬂ*ﬂiéﬁﬁéﬂbﬂXl de, methanol, ethanol, acet _onl trile
or tert.-butyl alcohol which are w thout adverse effects I n

concentrations up to(%l_? oin the final reaction mx
A . ;

4

-NH-CH N-CH-C(0)- ~ -NH

N-CH,-C(O)-
0 _ : . | T . |

wherein n is 2, 3, or 4, and W is CH or N; | |

Q is H or -C(0)Y, wherein Y is H, -CHF, -CF;, -CO-NH-(1-6C)alkylene-C4Hs, -COOR*

and R® being H or (1-6C)alkyl, -CONR'R® and R’ and R® being independently H or (1-
10 6C)alkyl or R’ and R® together being (3-6C)alky1ene, or Y is a heterocycle selected from 2-

thiazole, 2-thiazbline, 2-benzothiazole, 2-oxazole, 2-oxazoline and 2-benzoxazole, which

heterocycles may optionally be substituted with (1-6C)alkyl, (1-6C)alkoxy or oxo;

Z is H or (1-6C)alkyl; ' - '

- risOor1ifQis-C(O)Yorris0,1,2,30r4ifQis H;

15 - 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(0)-; and Z is H or methyl.

20 3. The compound of claim 1, wherein A is as previously defined;
"B is a bond, an amino-acid of the formula -NH-CH[(CH,),C(O)OH]J-C(O)- or an ester
_derivative thereof and p being 0, 1, 2 or 3, -N((1-6C)alkyl)-CH,-CO-,
l-N((2-6C)alkenyl)-CH;-C0-, -N(benzyl)-CH>-CO-, D-1-Tiq, D-3-Tiq, D-Atc, Aic, D-I-Piq,
D-3-Piq or a D-amino acid having a hydrophobic side chain, which amino acid may
25 optionally be N-(1-6C)alkyl substituted; |
or A and B together are the residue R’R*N-CHR’-C(0)-;

. ' | | ' S BEEN-
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Techni que Reagents*: 1. Tronet hani ne- Nad TLI)_buJ‘_iJar_r_Qen%ea—H on.

of “the buffer: Trometham ne 10 (Tris) .6.057 g (50 nmmol ), 844
(100 mol ), water to | |. The pH of the solution is fhlSSheet

7.4 at 37[err]va|th HCl (10 nmmolre[err]). 2. TNP buff

gl ycol 6000 is - dissolved in TN byhkfer to give of 3
g*l 3. S-2238 solution: One vial S-2238 (25 ng Kabl Di agnost I ca,

Sweden) is dissolved in 20 M TN buffer to give a concentratlon of

1.25 ng-m ™ (2 mmol -1"). 4. Thronbin solution: Human thrombin (16 000 nKat
viarferr]; ik BBHGHaRY cbPaiitey arBhaumet 1 scl60TRd Bl

The Net herI z?r:f;‘ S) |s°%°|ﬁ§§'c§'|'?/°e% |n9"li'Naﬂgc?% arfd ‘{agﬁglg:@g%a ge tock N
sol ution of @%b Snkad epldidnaﬂy bubstitntediwith€l \6Q)alkyl; €1-6€%alkdrnys bardyloixiy @n oxe, or X is

dlluted W th uffer to give a concentration of 3.34 nKat
-[err] -NR® 'CHZ'C(Q}‘IO"lt gffagmeMt s used are of analytical grade
- For aqueous soluytions ultrapure water (MI1i -quual ity) is used. 20

The test and

Preparation of te C;.%rd ref erence conpound so ! ook
er 0 give stoc

reference conpou dissolved in MI1i-Q

concentrati 0] I | 1[ err ch co. rajlon i s stepw se
diluted with t Wﬁgﬁtﬁ’; F\Q concentrhﬁo _ Eﬁt él{é O[err] '
10[err] and 10[err] nol-I[err]. The dilutions, ilhcluding the.stock '
sol ution, are used Oh the assay (fioml 25 Qoncentratlons in the
reaction mxture 3 o[ ery]l 10[err]; 3.10[err]; 10[err]; 3-10[err]; 10;

3. 107 err] arf@d Zoisd} pymeth mol 1[err], respectivel y). At
roomtenperature 0.075 m and 0.025 m test conpound or reference conpound
sol utions 30 or vehicle are alternately pipetted into the wells of a

m crotit er4, Thetconipoind lof shim G|, whepsis AniscH, 2-h droxy-3 eyd%iegglo Wflbnﬁ 19-5ydi’oxy—

and 0.0165 mi TNP buffer,. respect | qeld/ An q uot og . 2238

WO 97/ 30073 fluorene-9-carboxyl, , R’00C-(CHR?),-SO~, R?00C-(CHR®),-,

PCT/ EP97I OO%QCO-(CHR )m=, OT an N-protecting group, wherein R'is selected from (1-12C)alkyl, (2-
10 12C)alkenyl, (6-14C)aryl, (7-15C)aralkyl and (8-16)aralkenyl; each  group R? is

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-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)-; ‘
15 Y is -CO-NH-(1-6C)alkylene-CsHs, -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 R'-S0,-, ROOC~(CHR?)~;
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 - hydrophdbic side chain; :
or A and B together are the residue R°R*N-CHR®-C(O)-, wherein at least one of R® and R4 is
R?00C~(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'-SO,- or R’00C-(CHR)ur-, and R’ isa
hydrophobic side chain; '
25 Y is -CO-NH-(1-6C)alkylene-CsH, ~COOR* and R° being H or (1-3C)alkyl, -CONR'R’, R’
and Rs-being independently H or (1-3C)alky! or R” and R® together being (3-5C)alkylene, or

Y is a heterocycle selected from 2-th|azole 2-benzothiazole, 2-oxazole or 2-benzoxazole.
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34: solution is added to each well and the pl atetis—pre—-heated——

and. pre-< ncubated with shaking in an - incubator (Aer sha or Relg d
mn. at 37 [err]C. Follow ng pre-incubatton the hydre] ysi st '

Is started by addition of 0.030 m thrUn’bln solutian to eac l
plate is incubated (with shaki ng3 or 30 s)'.at 37 |

after 1 mn of incubation, the absorbance 8 each sanpl e at 405 m1
is measured every 2 min. for a period of 90 min. using a ki netlc mcrotiter
pl at e reader (Twi nreader plus, Flow Laboratories). Al

data are cpll.ect ed . ng LOTUS— EASURE. For
each 8. &5’?&?(93%%@8%’?&@%%@% mg‘%ﬂﬁ& >1" .I[err] reaction
m xt ure) anCB'iﬁDtJ}ﬁin@aaﬂmamgahydrophob:c%hﬁ%mnce |s pI otted versus the
reaction tine in mn. Eval uati on of responses: For each fi naI

concentr at i cor A lard Betngeﬂlen ard shﬁlbadueRv&?J-&R?bﬂJ@)e,dﬂherem at leastfonerofiRiand Rdy
P i g 500oR OO (CRRH oot et Meippsndintris A BCTIBL CLAORyHAURE) RS0 gt

cal cygl at ed d‘g\c r:?"g transformation anal ysis according to
Haf ner et al’. z(nel Forsch. Drug Res. 1977; 27(11): 15 1871-3).

: n t hg foll QWdrM i akﬂzendxhebabmkylicadcid;q:ronneg @iﬁ&dﬁﬂﬁc1d>f4-t}hszdhdmer&arlsm;yﬁt acid,
i ste

|  err] - val (Rs4-dehydrpiproline, 2-octahydromrgc))le carboxylic acid.
0.24 2

0 ' 034 g :.';:-ﬂ-_-.,;é\.,.-_;.'-';.- e
2.59 7. The compound of claim 6, Whereéin A is HOOC-CHa-;
0. 32 [err] 35

REPLEENVENT %EED-Phe, D-Cha, D-Coa, D-Dpa, p-Cl-D-Phe, psOMethyl-D-Phe p-OEthyl-D-Phe, D-
4 AUG 18 CL% %YP%A& u c}i-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 methyl, (1-4C)alkyl-SO,- or HOOC-CH>- and
R¥is (3-8C)cycloalkj'l, (3-8C)cycloalkyl(1-4C)alkyl, phenyl, benzyl, optionally substit'utéd
15 with chlorine or (1-4C)alkoxy. |

8. 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
hydrophobic side chain; | |
20 or A and B together are the residue R3R‘N-CI.-Ill’-C(0)-, 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 acld 4-thiazolidine carboxylxc acid, 3,4-
dehydro-proline, 2-octahydroindole carboxyhc acxd or the fragment

CH | N
,( Z)n\ | _

-NH-CH N-CH;,-C(O)- N-CH,-C(0)-

O or |
25 | | | | R ORY A P
9. The compound of claim 8, wherein A is Ethyl-SO»- or Benzyl-SO;-;
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;

THIS SHEET HAS BEEN
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1: A conmpound having the formula |~ [err]
A-B X-NZ-CH Q (n wherei n Ais H, optlonally substltuted DL
[err]-hydroxyacetyl, Rerr], Rerr]-OC(O-, R-err]~C(O -, Thisaset HasPelirReplaced’
Rlerr]OOC-(CHR[err])[err]-SOerr] - R[:érr]OOC(CH[err])m

H2NCO- (CHRe[ err]) m, or an N-prot ectl ng gé "'wherein R“Immlll “ ll ||
selected from (1-12C) al kyl, (2-12C) al ke § (2 12C) al kyny

(3-8C) cycl oal kyl, which groups nay optionally be substituted with

(3-8C) cycl oal kyl , (1-6C) al koxy, oxo, OH COOH, CF3 or hal ogen, and from
iy opt | onai Ty B BBRAN ire B perido RIS GO - ngelfa lenB R 1€ and R
(1-6C) al kOXYEthﬁSOP@EenQﬁ% {_\yahé'tl@é)&her ﬁﬁGﬁanéxﬁBﬂs SI-QQC}dll?yl or R“-@U}eBﬁ'@RP lig/
H or has the sane neani ng mis 1, ond,

am no-aci d dB-8)eydloatkyl) 43 Nicydl@dllqﬂﬂ)-{@)aﬂqyl:( ﬂléﬂﬂ Gefdyl, drplmnylmet}myl which
derivative thereof andalg g gd hfbjl gﬂ‘

CN( (1 - 12C) alSEgyBs areopignally substjpyted wit %“Reﬁgl'ﬂc k&% 1-cO, -N((2- 1

2C) ay kynyl )-CH err] - CO-, -N(benzyl)-CH2-CO, D- 1- Tig, D-3-Tiqg, DAtc,
Aic, D1-Piq, D3-Pig or a L- or D-am no aC|d havi ng a hydr ophobi c, basi c
or neut r al 1GThieconipuund offany bneof daimsSi td Iyeshersi Qip# dnd rig ONI of 26C) al kyl

substi t ut ed, or A and B together are the residue _
R[err]R[err]N—CHR[err] C(O-, wherein Rerr] and R err] independently are

E[[ :; H 000 ﬁéﬁ%%ﬁﬂﬁ%@@ﬂ’s‘%‘h%%??%&%dﬁﬁuﬂ’ of any one of claims 1 to 10 and

H2NCO- ( CHR] %ﬁﬂxﬂd&utldall?'ﬁu&#wmxﬁﬁhbﬁg group, or one of Rlerr] and Rlerr] is. .

connected with err forma 5- or 6-nenbered ring together with "N-C'
to hich they are bound V\/nlch rlng may befused W|th an aliphatic or
aromatic nbered ri n and drq basi ¢ or neutral
si de chai ﬁlnﬁ’%m'@% d or gny ‘§£ﬁ 1ttﬂ lgtjﬁijl Ry side chain, being a
(1-12C)al kyl, optionally substituted with one or nore (3-8C) cycl oal kyl
groups or (6- 14C)aryl groups, which

13.Use of the compound of any one of claims 1 to 10 for the manufacture of a medicament for

treating or preventing thrombin-related diseases.
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REPL MENT SHEET 36 qgoe5te —q
04,#/UG. 1998 hydr ophobi ¢ si de chain may opt ionally be substituted with
substltuents such as halogen, - trifluorggethyl, |ower{grRyh-cl ' XY,
phenyl oxy, *benzyl oxy, and the like, or X |g§ serine, ﬂ : ENE'S \k i

am no acid optionally containing an additional heteroa ofi sel ected from
N, O or S and optionally substituted with (1-6C)al kyI 1 MG 1998,

benzyl OX%LQ{H\PS(V\EQEWCLAKM% NRlerr]-CHerr]-C(O) - h¢ fragnent

w [erT einnis 2, 3, or 4, and Wis CHor N, == 15
-C(OY, wherein Y is H, CHF[err] -CF[err],

-CO- NH (1-6C) al kyl e I—L er] and R[err] erng H or

(1- 6C) al kyA compeynd &aé"t“g] %hﬂlrﬁfaelrr] and Rl err] being independently H or
(1- 6C)al kyl or Rerr] and R[eHI.H t oget her being (3-6C)al kylene, or Y is
a heterocycle selected from 2- MH-2-t hi azol i ne, 2-benzot hi azol e,

2-oxazol e, 2-oxazpline and 2-benzox | e, ich- heterocycl es may
optionally be-substituted with (sz)al kyl, (1-6C)al koxy or oxo; Zis H
or (1-6QC) al kyl ; ris Oor I if QiNg_— O)YorrisO, 1, 2,3 o0rd4if Qis
H; or a prodrug thereof or a pharphcedtically acceptable salt thereof.

2. The conpound of claim1l, whereiR X is an L-am no acid with a hydrophobic
si de chai n, serine, threonine or A fiZ-CHZ-C(O)-; and Z is H or nethyl-.

A-B-X-NZ-CH-Q 00
wherein ' '
A is H, optionally substituted D,L. o-hydroxyacetyl, R, R'-0-C(0)-, R!-C(0)-, R'-SO»-,
~ R*00C-(CHR?),-S0O;-, R°00C-(CHR?),-, HiNCO-(CHR?),,-, or an N-protecting group,
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[(CHz)pC(O)OH]-C(O)- or an ester
derivative thereof and p being 0, 1, 2 or 3, -N((1-12C)alkyl)-CHxCO-,
-N((2-12C)alkenyl)-CH,-CO-, -N((2-12C)alkynyl)-CH,-CO-, -N(benzy]):CHz-CO- D-1-
Tiq, D-3-Tiq, D-Atc, Aic, D-1- -Pig, D- 3-P|q or a L- or D-amino acid having a hydrophobic,
basxc or neutral 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(O)-, wherein R® and R* independently
are R', R-0-C(0)-, R'-C(0)-, R'-SOr, R’0OC-(CHR)x-SO;-, R’00C-(CHR’)n-,
H,NCO-(CHR?).-, or an N—ﬁrotecting 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 théy 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;
X is an L-amino acid with a hydrophobic side chain, being a (1-12C)alkyl, optionally
suBstituted with one or more (3-8C)cycloalkyl groups or (6-14C)aryl groups, which |

U A A




3. The conpound of claim1, wherein Ais as previously HeiBPhAGEMENTBSHEER |
bond,. an am no-acid of the formula -NH CH (CH2) [ er r] C( Q OQff—€EO—o0r—0at
ester- derivative thereof and p being 0, 1, 2 or 3,
N((I-6C)al kyl )-CH err]-CO-,  -N((2-6C)36kenyl)-cH2-cc,| 04 AUG 1998
-N(benzyl)-CH2-CO, D-1-Tiq, D-3-Tigq, D Atc, Aic, D1-Pq D-3:-Pig or 3
D-am no acid having a hydrophobi c side chain, which am ho acid may
optionally be N-(1 -6C)al kyl substituted; or A and B tegether—are—the—
resi due R[ bydrpphiahic jsideGHiRire fiiay - aptignally be substituted with substituents such as halogen,
REPLACENMENT.

0 4 A tritigsomethyl lovsr Al lower BkaEy PhSYPEr REREy oo the freogy X is serine,

- addi ti onal dfdptiohal £hife af add I fr
Substitut eﬁﬁrﬁﬁé%}%%ﬁgﬁlﬁﬁd (({pﬁ- 6C)yacon(§xy, gber?zymgggmf)drt&ggdgwger ectecli S om

-NR[ err] - CN, & ot sc(m?; optionali esulbstmmvd rwith (1-6C)allgi,r (1-6C)alkoxy, benzylosy omexby br

4. The conpound of rein Ais H
2- hydr oxyn%‘c‘,y @i&]&“ﬂi’&&t% gMeH._lydroxy-  fl uorene-9- car boxyl ,
Rlerr], -Rerr]-SJerr]- R[err]OOC—(CHR[err])mSQ;err];

R[err]OOC(CHR[err] GH?HH[err]NCO(CI-l[err]) or 11}i1rlot<ect:ng group,
al keny
h

wherein R err] is elec ad from (1-12C) al kyl,, (2
(6-14Q aryl, (.fq—;ﬂ.@@ ar al kpd_c (@ -16) ar al ken‘!\iﬂ ]g ‘ngm@qjo()nR[ err]
am no acid having a

S I ndependent |y as the same neaning

DI-Tiq, D3-Tiq, WAIC D-1-Piq, D3 Piq or a
whereinnis 2, 3, or4, and Wis CHor N;
Q is H or -C(0)Y, wherein Y is H, -CHF;, -CF;, -CO-NH-(1-6C)alkylene-C¢Hs, -COOR®
and R® being H or (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-benzothiazole, 2-oxazole, 2-oxazoline and 2-benzoxazole, which

heterocycles may optionally be substituted with (1-6C)alkyl, ( l-6C)alkoxy Or 0X0;
Z is H or (1-6C)alkyl; '
risOor1ifQis-C(O)YorrisO0,1,2,30r4ifQisH;

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)-; and Z is H or methyl.

3. The compound of claim 1, wherein A is as previously defined, _
B is'a bond, an amino-acid of the formula -NH-CH[(CHZ),,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)atkenyl)-CH>-CO-, -N(benzyl)-CH,-CO-, D-1-Tiq, D-3-Tiq, D-Atc, Aic, D-1-Pig,
D-3-Piq or a D-amino acid 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)-;

s
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hydr ophobi ¢ side chain, which am no acid may optional ||y RepLACEMENG B REETY |
subst it ut ed; or Aand B toget her are the residue 1
R[err]R[err]N-CHR[err] (O - Y is -CO NH (1-6C)al ky e-qﬁbé]awrr
-COOR[err], CO\IR[err]R[err] or Y is a3feterocycle sqg dct 84 r '
2-thiazole, 2-thiazoline, 2- benzot hi azol e, - 2- oxazol e, -loxazoline and
2- benzoxazol e. 5. The conpound of claim4, wherein ﬁ S R[err]-SCI err]
R[err]OOC(CHR[err])m Bis a bond, D-I-Tigq, DSTq.,-.-.D-At A=

DI-Piq, BadXPisq orcliaabinendcithoptionallygontaiging an adﬁdmphb@er@ammeelmted from Nor

east ono Bor By e prtamaipinted i i ofbifn L SCReE] bevlny of a0 "r
S d dent | 1-12C) al kyl,

(2126 a?'g@%‘ﬁc‘*z@@?%’ B P e e eyl oal Kyl (7150 aral ky!'

Rlerr]-SJerr]- R[err]OOC(CI-lR[err])[err]-,WﬁR[err] s a

@D,
)
e

hydr ophobi ¢ si C&béd\g; Y is -CONH(|-6@al kyRene-Cerr]Herr]
-COOR[err] and/R[er] Yein or (1-30) al kyl CONRerr]Rerr], Rerr] and
Rirer] bei-hNg-Giiepen N‘rCH% (@) (1-3C) aiNgHior. RIRLCH, 2R err] toget her
bei ng (3-5C)al ky e, or Y is a heterocycle | ect eé from 2-thi,azol e,

2- benzot hi azol e, oxazol e or 2-bgnzoxazole. @
REPLACEMENT SHEET

3E AUG 199§dz,§ﬂa'h§,egg,[rpound of claim5, wherein Ais

Rlerr]OOC-(CHR[ err]) m; Bis a Damno acid having a hydrophoblc si de
chai n; or A'and B together are the residue Rlerr]Rerr]NCHR err]-C(O -

wh | east d R | - | - and
the. ot nér ThAGopRHERaF st 5 ety 4 At 2udisely Sy SrlatgrirSpiobyty S b -
or R[ethS}QGengﬂ@,Eﬁ])[Rﬂr] R‘-scgpd X R2O0L- ﬂkP)dLS@ car BEooECARSL-,
proline, pipecolic aC| 4-t’hi azol 1 di ne car boxyl ic acid.

3, 4- dehy d FENQOHCHB )2 arciraNyprotectiog geoupamiberejti RL isoselatted from (TH2Qyaliph (B

of claim 62C\)A£l?én§ll (6-14C§ar;/_1og: gc_?aralkyl and (8-16)aralkenyl; each group R* s
independently H or has the same meaning as R'; _
B is a bond, D-1-Tiq, D-3-Tigq, D-A'tc Aic, D-1-Piq, D-3-Piq or a D-amino acid having a
hydrophoblc side chain, which amino acid may optionally be N-(1-6C)alkyl substltuted
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.

> .38

5. The compound of claim 4, wherein A is R'-S0,-, R*OOC-(CHR?),-;

B is a bond, D-1-Tig, D-3-Tiq, D-Atc, Aic, D-I-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 least one of R and R* is
R’00C-(CHR?)n- or R'-SO;- and the other independently is (1-12C)alkyl, (2-12C)alkenyl,
(2-12C)alkynyl, (3-8C)cycloalkyl, (7-15C)aralkyl, R'-S0,- or RROOC-(CHR?),i-, and R®is a
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 ind-ependenﬂy 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.
I
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B 4is D-Phe, D-Cha, D Coa, D Dpa, p-0d-D Phe, p-Owethyl-D Phe,
p- CEt hyl - D- Phe, D Nl e, mCl-D-Phe, 3,4-di-OMWe-D Phe - 7 B
t'ogf%t her are the residue Rlerr]RAN-CHRl err]-C(O) -, whe %ngMENP Sﬂgﬁfmk;f

Rlerr] and Rerr] i S HOOC CH2- and the her-indepenje tIy i s met hyl},
(1-4C)al kyl -SQ err]- or HOOCG-CH2- and ‘Rierr] is (3-80 ,yaubmusyms

(3-80C) cycl oal kl (1-4C) al kyl, phenyl, benzyl, optionallyfsubstituted i tlh
chlorine or (1 4C al koxy. 8. The conpound of claimb5} wherern ATS

Rlerr]-. % ef}{J[x):_omrﬁouﬁd io?’c 'rﬁ% QIheR’ A A-Ii- Rzo&%@-li@z)gD At emlie DL oD

D-3-Piq or a no aC| avin dro I’de chain; or A-and B

Coget her arm ig f-4modieid i d WcropldWEHI i, C(0) -, wherein at | east one
of Rlerr] and R4 is Rlerr]-SJerr dth ot her |ndependently|s

(1- 12C) al kydr AandkBetogptherare;the residue R ﬁéoz-ammn atdeast pue oﬁR%) pchB is

pi pecolic agi zol i, di ne .carbox c aci

2- oct ahydr (aﬁﬁg%?e(céﬁ* c{ &lfea '"‘%Pgtf ﬂ¥ fsa@ nlgg.‘t)alkyl (51 gF% foaﬂg? l# ﬁ‘goz' or
conpound ofg qc@mz;\herel n Ais Ethyl-SQ2- or Benzyl-S(err]- Bis a
bond, D-Phe D-Cha D- a, D-Dpa, p-d-D Phe, p-QOwthyl-D Phe, p CEt hyl -
Phe, D- N e,anthXlis D-#2ktiding carbwixylivacid). protine, Eplmtughc acide |4|=t}uazohdme carboxylic acnd

chE Z LQSEGNESE! § |jElllzydro-prohne, 2-octahydromdole carboxylic acid. 39

7. The compound of claim 6, wherein A 1s HOOC-CH,-;
B is 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(0)-, wherein at least one of R* and R* is
HOOC-CH;- and the other independently is methyl, (1-4C)alkyl-SO,- or HOOC-CHy- and
R’ is (3-8C)cyclioalkyl, (3-8C)cycloalkyl(1-4C)alkyl, phenyl, benzyl, obtio_nally substituted
with chlor%ne or ( 1-4C)alkoxy.

8. 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-Pig, D-3-Piq or a D-amino acid having a
hydrophobic side chain;
or A and B together are the residue R3R4N CHRS-C(O)- wherem at least one of R*and R* is
R .-SOZ- and the other independently is (1-12C)alkyl or R'-SO,-; '
X is 2-azetidine carboxylic acid, proline, pipecolic aéid, 4-thiazolidine carboxylic acid, 3,4-
dehydro-ﬁroline, 2-octahydroindole carboxylic acid, o;' the fragment
,(CHZ)n\ | A
-NH-CH N-CH,-C(0)- NH N-CH,-C(O)-
o) or 0 |

9. The compound of claim 8, wherein A is Ethyl-SOz- or Benzyl-SOy-;
B lS 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, _/__/

. ' A



or A and B together are t'he. resi due Rlerr]R err] N-CHR[ e r RERCACEMENTMSHEET

at | east one of Rlerr] R[err] Ethyl-SO err]- or BenZ/I SOerTi=amd 1t he
other independently is (1-12C)al kyl or err]-Sqerr]- @[ h

(3-8C) cycl oal kyl, (3-8C) cycloal kyl (I - 4C$épkyl phenyl , Je z ‘FAU]G 1'938

di phenyl net hi nyl , whi ch groups are optlonally substitJt Lin

or (1-4C) al koxy. 10. The conpound of any one of clainms|5 to 9, wherein

H d L] I CUTI | 1T t4-|:
conpound ofor hCH Skt arp e cesafe RORAREHR SN beiin b ey QG oF o RO 15
auxi liari SEthyl. -SG,- W@WQnﬁfth@B%epﬁ\@eﬁgnd%t@' ifl hqmqg of R SG ahJ‘ R’ is

t her apy. Use of the conpound of any one for
manuf act ur 6(3{8C)ayumdlqd,a r{@+8C)tycloalkyl( leaC)aﬂgll ophenykv banzyh g dtﬁhenylinethmyd:l athich

di seases.

groups are optionally substituted with chlorine or (1-4C)alkoxy.
10.The compound of any one of claims 5 to 9, wherein Qis Hand ris 0, 1 or 2.

11L.A phaﬁhaceutical composition comprising the compound of any one of claims 1 to 10 and

pharmaceutically suitable auxiliaries.
12.The compound of any one of claims 1 to 10 for use in therapy.

13.Use of the compound of ahy one of claims 1 to 10 for the manufacture of a medicament for

_ treating or preventing thrombin-related diseases.
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