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(54) Tide: LOW MOLECULAR WEIGHT BICYCLIC THROMBIN INHIBITORS

(57) Abstract

This invention relates to the discovery of heterocyclic competitive . Y
.inhibitors of the enzyme thrombin having formula (), their preparation, and x’
pharmaceutical compositions thereof. . As well, this invention relates to the

use of such compounds and compositions in vitro as anticoagulants and in .RJJ\'(N\‘E (I)
3

vivo as agents for the treatment and prophylaxis of thrombotic disorders such R

as venous thrombosis, pulmonary embolism and arterial thrombosis resulting

in acute ischemic events such as myocardial infarction or cerebral infarction. A
Moreover, these compounds and compositions have therapeutic utility for the

prevention and treatment of coagulopathies associated with coronary bypass
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WO 96/ 19483~ PCT/ CA95/ 00708 t hem
to aggregate and rel ease substances (eg. ADP TXA NE) that further

pr opagat B ‘aéonbotic cycle. Platelets in a fibrin h conprise the
princi pafw#’ &Fée rk of a white t hrombus. Thronbi n al sor%%éf“fgg’]@i"?aect -
effects on 5 endothelial cells causing rel ease of vasoconstrictor
substances and transl ocati on of adhesi on nol ecul es t hat becone sites

for attachnent of imune cel I | tL causes :

m t ogenesi s of snooth nuscle£§§Ié?éggﬁﬁiﬁnﬁﬁ%ﬁq?eé%#?%ﬁfgf fibrobl asts.
Fromthis analysis, it is 10 appAEROMBINIINBEIBITOR®N of thronbin activity
constitutes a viabl e therapeutic approach towards the attenuation of
proliferative events associated with thronbosis. The princi pa
endogenous neutralizing factor for thronmbin 15 activity in mamals is

antithromy n phero b pae Inveneidagul ating pl asma nacrogl obul i n having | ow
affinity for the enzyne. Heparin exerts cliaical ELEi%acngn venous

t hronbosi s by TBARaAEVIeE AR 17917 081 O bF PRIPPYCEHr BEE OFatafysi s.
HO\Nevler, _ hepatk&a%h&@itcaﬁlmﬁﬁﬂ@idi@qar@éfeo ?ﬁahgbrargheaieﬁlh%yh_e
coagul ation cascade and its i cacy. i at el et - dependent . t hr 0Si S
is largely t°raﬁm§ifhﬁt%ﬁﬁ %ﬁi{ﬁkgkbg?ﬁicegsgﬁﬁiFngmeEPﬁPW%BES-
bound enzynme. Adverse side effects such as t hr onbocyt openi a,
osteoporOﬁ;f and triglyceridem a have 25 been observed fol |l ow ng prol onged
treatnment W th heparin. H rudin, derived fromthe gl andul ar
secretions of BAMKGROUNIEech hirido nedicinalis is one of the high nol ecul ar
we{ght natural anticoagulant protein inhibitors of 30 thronbin activity
(Mar kwar dt F. Cardi ovascul ar Drug Pevi ews, 10, 211, 1992). It is a
bi ophar maceut fsgrdimate thrgmbyentespabier ehfpbiaed VRsegpelrdestal and
clinical PHe At ate A RAlES taFadbvubagkatodiBeasesehtlsl tdiat ave
a therapeuytic agent is_ Ilikel agt%&eg$clty and Iacklﬁf gn 35 .effective
method of IheutFl EhE brfeiaseet FH9ER 9] eaPBPnicaliy, deyRieRer, i ght
bi ndi ng char agioesiiediiers. t ®basina proteins such as fibrinogen, proteases

' and cellular receptors participating in hemostasis have

emerged as'important factors that play a role in acute and
chronic coronary disease as well as cerebral artery
20 disease by contributing to the formation of thrombus or
blood clots that effectively diminish normal blood flow
and supply. Vascular aberrations stemmihg from primary
pathologic states such as hypertension, rupture of
W, atheroscle;otic plaques or denuded endothelium, activate
25 biochemical cascades that serve to respond and repair the
injury site. Thrombin is a key regulatory enzyme in the
coagulation cascade; it serves a pluralistic role as both
a'positive and negatiﬁe feedback regulator. However, in
pathologic conditions the former is amplified through
30 catalytic activation of cofactors required for thrombin
generatibn as well as activation of factor XIII necessary
for fibrin cross-linking and stabilization.

In addition to its direct effect on hemostasis, thrombin
'35 exerts direct effects on diverse cell types that support

and amplify pathogenesis of arterial thrombus disease.

The enzyme is the strongest activator of platelets causing

1



t hrombi n. The exceedingly high affinity for thrombin is

2 WD 96/ 19483 PCT/ CA95/ 60708~
unique and is attributed to a sinultaneous interaction with the

cat al yWQI9HE a5 wel | as a distal "anion binding = exdSNGAIS®ATO8he
enzyne. 5 Thronbin activity can al so be abrogated by Hirudin-Iike

nol ecul es such as hirulog (Maraganore, J.M et al., Bi ochem stry, 29,

7095, 1990) _or hirutoniqnq#)e tidg_s. _ %D l\/biqo J. et al., J. Med. Chem,
35, 3331, I&eH) to ager GhAne ke or § E4RSLPBRESSe (FRhi BREFX8y NEw
mol ecul ar thatvEdtheao hogeuisatdathe otheonbotib Eyklienog@laftdilets in
thrombin's c?‘_t‘&l tiC_ Si

te, thereby jnhibitin r Qt eol ysi of .t hat
protein or % W RETH SMRETET e%ﬁ%u%ﬁlﬁglgﬁg 22 %(Pﬁfbﬂ# taeé'é"dtqcﬁ A
common st r &hewpihoy. deBirprilnin enkyoeetértsndibetor pf€enpsuts rel i es on
m m cki SRS A € | N o el ar
struct u‘?g t(?Pl%tohe llallgnézé/ln]és" sc%‘g%ﬁégl_ {‘gﬁgg%ga?g %’%ﬁ&%?ﬁ%ﬁ?}%&ﬁ?et yaI :
first gedisFRar e tandnrans keratrier ehatdhasispdardgcyies tthat
partial segueiefe ofidde fdbrireachnéntBbY[ eiflinehakn 160MP NS iadHi4G or t S
proteolytically susceptible regi onﬁABI onbagk, et gl ., J. din. Lab.
| nvest ., 2XhesEnzygify)causes RLPIFRGFLS oLt PRPPRBgENSHLS FoLLF iafd udes
tAI he resi gU@&gquﬂéiFmG | igh Vi £ hfihbrolpha@ygalgaﬁfamz thigSanalysis, it is

a- Asps Ser - - d u- - Asp- Phe- Leu- ALa: d u- G. s .

Nay ol Vapbarsns e S DEE Lo SR SRELE appiviity; constiting
Systenati car e;ﬁ]aaﬂmrmhgmpa!ntim gpprisacht howardss thegatnedMathiam |l to
Opt'”‘Zat'%&6¥iéé¥%é{¢é“%$éﬁ@é'éQQbPiéQé&,with thrombosis.

The principal endogerious neutralizing factor for thrombin
15 activity in mammals i$ antithrombin III (ATIII), a
circulating plasma maqroglobulin'having.low affinity for
the enzyme. Heparin.exerts clinical.eﬁﬁicacy in venous
thrombosis by enhanciﬁg ATIII/thrombiﬁgbinding through
catalysis. However, héparin also catalyzes inhibition of
20 other proteases in the coagulation cascade and its
efficacy in platelet-dependent thrombosi$ is largely
reduced or abrogated due to inaccessibility of thrombus-
bound. enzyme. Adverse side effects such as
thrombocytopenia, osteoporosis and triglyceridemia have
25 been observed following prolonged tréatment with heparin.

Hirudin, derived from the glandular secretions of the
leech hirido medicinalis is one of the high molecular
weight natural anticoagulant protein inhlbitors of

30 thrombin activity (Markwardt F. Cardiovascular Drug
Peviews, 10, 211, 1992). It is a biopharmaceutical that
has demonstrated efficacy in experimental and clinical
thrombosis. A potential drawback to the use of Hirudin as
a therapeutic'agent'is=likely antigenicity and lack of an

35 effective method of neutralization, especially in view of
its extremely tight binding characteristicg}toward
thrombin. The exceedingly high affinity er!thrombin is

2



sequence exenplified by the peptide (D)-Phe Pr.o- Arg whi-ch corresponds
to interactions wthin the P -P-P .l ocal b}ndlng sites on. t hronbi n

(Baj USZ wip offoa@d - i N Peptides:: Chemistry 35 Strughure anci,@,@)&mws
Proceedi ngs of the Fourth AITEI‘I can

WD 96/ 19483 PCT/ CA95/ 007038
Peptide Synmposium Val ter R, Meienhofer J. Eds. Ann Arbor Sci ence
Publ i shers | {igiquénandr Der abkribdted BB ﬁo%hmultane { Usvetacdiomave al so
reported rel at ed conmpoun syuch as e- Pro Ar H (GYKI -,14166) and
(D WePho- Pr 0131y Che CRBRy v L ERA L e 30 e l%gr%\ SO BIREIRG and
Function: Precseiitagsonf thbeeheympgt.h Aneri can Pept I de Synposium Rich, -
DH & Goss, E. eds., Pierce Chem cal Conpany , 1981, pp. 417). These
tripeptidyl al dehydes are 10 effective thronmbin inhibitors both in vitro
and in vbvo.Thrombbint Aetiwstyotaborl sGykie abregadecd GYKIHibARD) ~ 1 tiee

al defyde of b LS, PLESUAEA h8 R0LILBUBaskiaalat | & ur, dUPI L OTY

activity in V|ewo 'tS chem ca toward thronbin's catalytic
Ser residue B:gecrmmmgm 28, héﬁﬁécetl@I%l)ntOéfr Addiuosnin peptiesited work in

the area of Wwabs N Fnhipi Bory act el Y chem.Nagsexplxaist ed g basi c
recognition 1?]ir:1d| ng notif engender ed b;/e:q[ hegrrl peptide (%;e)Phe Pro-Arg

whil e 20 incorporating various functional or reactive groups in the
| ocus CQOVGSEQHQWBﬂntﬂctﬂelﬁytahhval%©l&%|rﬁﬂﬂbﬂidﬂ By low molecular

Plerr]-Plerr tent 318 4 aw reports chloronethyl -
25 ket ones (‘%?JA@?(S ‘FW&PO‘&Pg r&g \78’"?8\55’ aié'%%erfli’ﬁ gsép £6r These t o
r'esi dues comghiraebpars obtabyaibi B:.&ecattaalesrteb@ inhibiting proteolysis

of that protein or other protein substrates such as the

3

thrombin receptor. A common strategy for designing enzyme
15 inhibitory compounds relies on mimicking the specificity
inherent in the primary and secondary structure of the
enzyme's natural substrate. Thus, Blomback et al. first
designed a thrombin inhibitor that wés modeled upon the
. partial sequence of the fibrinogen Ao chain comprising
20 its proteolytically susceptible region (Blomback, et al.,
J. Clin. Lab. Invest., gg, 59, 1969). This region of
fibrinogen minimally includes the residues commencing with

phenylalanine:

25 ~la-Asp-Ser-Gly-Glu-Gly-Asp-Phe-Leu-Ala~Glu-Gly
-Gly~Gly-Val-Arg-Gly-Pro-Arg

T scissile bond

Systematic replacement of amino acids within this region
30 has led to optimization of the tripeptidyl inhibitory
sequence exemplified by the peptide (D)-Phe-Pro-Arg which
corresponds to interactions within the P.-P.-P  local .
binding sites on _ _
thrombin (Bajusz S. et al. in Peptides: Chemistry
35 Structure and Biology: Proceedings of the Fourth American



triad (Bode, W et al., EMBO Journal 8, 3467, 1989). O her exanpl es
of thrombin inhibitors bearing the (D) Phe- 30 Pro-Arg general notif dre -

t hose i nworop@y@si ng COOH term nal boroargi nine vari anpgT,@ugg)g@'gs ’
boroni c acids or boronates (Kettner, C. et al., J. Biol. Chem, 268,
4734, 1993) . 35 Still other congeners of this notif are those
beari ng phosphonates (Wang, C-L J., Tetrahedron Letters, 33, 7667,

4 WO $ept94e3 Symposium, Walter R., Meienhofer J. EBET/ GADS /MBS

1992) and [ egL].-.KeLo £st@r AW 2, 5 ., BLoer gani and
Medi ci nal Ch%r%]"'gg%e Iﬁﬁlgr%ééﬁ%%’?, 9}%}38} ﬁi’ E%?-g.és,ppB%Oé‘t) ‘al . have
described a trichloronethyl ketone 5 thronbin inhibitor (ML-73756) and
Attenburger, gdiMs-€r a1 alp J@Vﬁg@vze%ggtgdrg ah £dgd] | kylamde
ket one (Tetjraﬁe roﬁa Le_ttae_rs, 32, 7255, 1991). d bgbgreggg%o%éce asl.
(Europearﬁ_ 0, $33 Phse Prap?eg 050! (9?@?11@41@?&96?@0@%??8?0 &0gP&eri es of
ot hes o Lo UL LTERLgpt e, By Ehsall rrant gt sad
ypothesize that . this preferred structure fi .Wi thin the groove
adj acent to %H’é“:&é‘f’?’ve slbirtd%etﬁ;’trfﬁ%n%‘% néh?/a#?‘é??%ﬁsx'%ﬁ?lcant REB&LC/NI bit or s
are essenti abyypbisiaar, ®ialy.clD & peptéxiess |5Ebueds . uppherbe DhEldcBio
noi ety. Al er j.eS o) ts |.catihan ave
descri bed at 8%‘%% td g’?:/ée ’o;?(ge'f f%icfllnve ﬁ%%%g%eég%i%gt a1de Eﬂ?&n&f& s
by usi nglGl peéflectime désamidpehilel toxietyoeh in vitro and in vivo.

In the case of both GYKI-14166 and GYKI-14766, the

aldehyde group is presumed to contribute strdngly to

inhibitory activity in view of its chemical reactivity

toward th;ombin's catalytic Ser,. residue, generating a

15 hemiacetal intermediate.

Related work in the area of thtombin inhibitory activity
has exploited the basic recognition b_indin§ motif
engendered by the tripeptide (D) Phe-Pro-Arg while

20 incorporating various functional or reactive groups in the
locus corresponding to the putétive scissile bond (i.e.
P1-P1’). | | |

In U.5. Patent 4,318,904, Shaw repofts chloromethyl-

25 ketones (PéACK) that are reactive towards Ser.. and His. .
These two residues comprise .part:____of t_f.hrombin's catalytic
triad (Bode, W. et al., EMBO Journal 8, 3467, 1989).

Other examples of thrombin inhibitors bearing the (D)Phe-
30 Pro-Arg general motif are those incorporating COOH-
terminal boroarginine variants such as boronic acids or
boronates (Kettner, _C.. et al., J. Biol. Chem., 268, 4734,
1993). | | |

35 sStill other ¢ongeners of this motif are those bearing
phosphonates (Wang, C-L J., Tetrahedron Letters, 33, 7667,



20 anal,0ogs GEP 0333356; WD 93/ 15756 WD 93/22344' WO 94/08941 WO
94/17817) . . Still others have focused their attention on peptides,

pepti de g@p by pdagy¥es, peptidic.alcohols, or cyclic pept i des PErICAS5/00708
anti-thronbotic agents (WO 93/22344, EP 0276014; EP:"" - 0341607; EP

0291982). O hers have exam ned am di ne sulfonlc acid noieties to
achieve this sane end (U.S. 4,781, 866), while yet others have exam ned
para or meta jggzy Sshal birkes E@Q@rxéauwaiﬁ;ﬁ%z Vadiyeset I 92698408an¥@ 30

92/ 6549) . A series_of Mtsubishi patents and egi gf i cat1 ons
have di scl oseaR@pafefingleChemisiEYalfitheta de 6H§gt for use as

antithronbotic agents. The chenlcal structures 35 described in these
ggﬁggﬁggs(gegasisgggvggg%@ 215 Yavd Gescrivdd WA LLISSRLOLPL "RELES.
WD 96/ 19483 thrombin inhibitor (MDL 73756) and Kﬁﬂéﬁw®5¢6ﬁ708.m. et
4,097, 591; CA 1.62 0

4,097, 472: CAAD: %ﬁvfsi)evgaﬁe‘f %%r?t)% app %u%ﬁdg g%?&fl and

2,055,850 5 ('uesrhhedroyxche@tlemawoiﬂar |'Kﬂé5:vels95th)at exhibit inhibitory

effects on cellul ar aggregation. Many of the exanples cited above are
convergent by mai ntaining at |east a linear acyclic trigegtldyl not i f
10 consistingMaraanargiﬁﬁ i t(BFeReInd SH P ehdfd §3/9275Peqli-Fed for

i nteract iyen V“]s ?98 %@bomls%tl%sw @J@éﬁ@&df thréibikeiRaseiebrshenBt
speC|f|C|ty C in thronbin. IAa.cent q¥9rophobﬁ grougﬁ %rOV|de
addi ti.onal b,ﬁﬁpﬁgporate the D- Phe-Pro- oiety a hypothesize a
— this preferred structure fltS well within the groove
adjacent to the active site of thrombin. Variations on
these inhibitors are essentially linear or cycllc peptides

15 built upon the D-Phe-Pro moiety.

Another series of patents and patent applications have
described attempts to develop effective inhibitors against
 thrombosis by using alpha-ketoamides and peptide aldehyde
20 analogs (EP 0333356;WO 93/15756; WO 93/22344; WO 94/08941;
WO 94/17817).

Still others have focused their attention on peptides,
peptide derivatives, peptidic alcohols, or cyclic peptides

25 as anti-thrombotic agents (WO 93/22344, EP 0276014; EP
C341607; EP 0291982). Others have examined amidine
sulfonic acid moieties to achieve this same end (U.S.
4,781,866), while yet others have examined para or meta
substituted phenlyalanine derivatives (WO 92/08709; WO

30 92/6549).

A series of Mitsubishi patents and patent applications
have disclosed apparently effective argininamide compounds
for use as antithrombotic agents. The chemical structures
35 described in these documents represent variations of side
groups on the argininamide compound (U.S. 4,173,630; U.S.



t hrough favourabl e Van der Waals interactions within a 15 contiguous
hydr ophobi ¢ cleft on the enzyne surface designated the P-P site.

One obpasbe/idlygd he present invention is to provide thronbil;h. Agg(‘ﬁp"bi tors
that display inhibitory activity towards the 20 target enzyr[r%, - nbi n.
A further object of the present invention is to provide t hronbi n

I nhibitors that display inhibitory-activity towards the target enzyne

thronbin and g s9DyicRd1fo81i 8225 U.shhar @eCLeG.CcyY I/ %%)é,gé}}% state.
efo

Still a furiher ob t the pr nt _invention is to provi r the
use of het &'&ycﬁ'iiﬁf’rﬁ‘ﬁ%ﬁ ighﬁgt éPs) - and formul ations thereof as
anti coagul ant and thronmbin 30 inhibitory agents. Yet a further object
of the pre t_ {.nvent] S . rovi de r e use of

het er ocycl i%%r}’t%drlo%rﬂ)i%nét?ér%l b‘?ég%%catgogﬁd 1’8%%13?2% GRS P08 T%r

t her apedt i ditscdatseemyoli@siminei desivhtawist thatpleatiidgd t inhibitory
PCT/ CA95/ 00708

6 VR AUAUEY, cellular £
A further object of tH%epr%senta?%Eg%?iéﬁnrs a process for t he
synt hesis of these | ow nol ecul ar wei ght thronbin i nhibitors. The enzyne

i nhi bi t or s Mainyt ke PIIRS ebkarPVe8t £ DBed abB¥e BREOERATESH N Wie structure of
gener al Foygﬁﬁigining at least a linear acyclic tripeptidyl motif
10  consisting of an arginyl unit whose basic side chain is
required for interaction with a carboxylate group located
at the base of the P. specificity cléft in thrombin. Two _
adjacent hydrophobic groups provide“additionél.binding
through favourable Van der Waals.intéractiéns within a
15 contiguous hydrophobic cleft on the_enzyme_surfaée

designated the P -P_ site.

One object of the present invention:ig to p}oﬁide'thrombin
inhibitors that display inhibitory activity towards the
20 target enzyme, thrombin. |
A further objéct of the present invention is to provide
thrombin inhibitors that display-inhibi;ory_activity
towards the target enzyme throﬁbin’énd are.provided for in
25 = pharmacoiogically acceptable state. | o’

Still a further object of the-presént inventipn is to
provide for the use of heterocyclic thrombin inhibitors
and formulations thereof as anticoagulant and thrombin

30 inhibitory agents.

Yet a further object of the present invention is to
provide for the use of heterocyclic.thrombin inhibitors
and formulations thereof for'therapeu;ic treatment of

35 wvarious thrombotic maladies.
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SUWMMARY OF THE | NVENTI ON . The pr esent i nventl on provides for novel
corrpoundswblga,t,9433 di spl ay . thronbl n inhibitory actl v1 ‘ty as pef/casd/isdios n 5
formula I: [err] wher ei n: Ais

selected from (CHRerr]) , S, SO SO O and NR whergin 10 R[err] is
hydrogen, (Jerr] alkyl optionally interupted with X-or
het er oat ons; @ [firdherr yd»bjééer@i tlyelpaélsghtonnhehenonyalsl @ processrlftg: or

S OPROB! & a3 (35 EREER “Sob BN B T8l QeiahE, o R 2

hydr ogen and QGrérilitadksy! ’:ph@veuexdxnehanhmhenoAS| ofSth8Opresent :.S@erﬂ;:.cm

NR[err], then e%el Sen%%n%?is?d E?%) %ﬁ:ﬁg]&:{ﬁ %@%Leﬁnﬁfarl] )F(?%g.{l o Rerr]

i s hydrogen, err e bond to B
when B is -N= or -CH: 20 E is selected from CH and CH substituted
with the -C(OR, provided that only one of D and E is substituted
W th with -CCORerr]; Xis selected fromO, NRerr], or
CHRerr]; Yis selected fromQ, S, SO SO NRerr] and CHRerr],
provi ded 25 that when X is NRerr] then Yis CHRerr] or O and when
Xis O then Yis CHRerr]; Zis selected fromO S and Herr];
Rlerr] is a polar am no acid residuearginyl noiety or an anal og or
derivative thereof optionally substituted with an 30 amno acid, a
pepti de or a heterocycle.;

[

.
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PCT/ CA95/ 00708 Rlerr] is selected fromH and C[err] al kyl opt'ionally
substi tuted with Clerr] aryl, a 6 nenber heterocycle or a CJerr]"
cycl 0al¥KQP6/19483  (ing: - R3 is selected fromH NR] er rBCY/EA9500308d Cl err]
alkyl; and 5 Rerr] and Rerr] are independently selected fromH,
NR[err]Rerr]; C, aryl or CJerr] cycloal kyl optionally substituted

with CJerr] _al kyl: err] alkyl optionally interrupted by one or
nor e SW&F&PEWEF : ONyr oup and optional Iy substituted

with OH SH, NR Rlerr] or a CJerr] aryl, heterocycle or C[err] 10

cycl oal kyl Qu L.an ti | t al g , hydy oxyl ,
derr] alkjﬁﬁeaﬁrgg%hg g%%%¢§#§§wé%§€¥a%%uﬁé¥]n°6§11?ﬂmﬁ%ﬁﬁgﬁigﬁﬁéoup

As will be dpppieiatbaofmbdm timdidhiideims @arito fivldaowefbecti®d iml ecul es,
conposi t5 ons,and; gethods of this invention are useful as

anti-coagul ants, or in the treatnent and prevention of various di seases
attributed to the undesirable effegt$2 of thronbin, as well as for

di agnostic pur poses. 20 DA CRI PTI ON OF THE | NVENTI ON
The present invention relates to goljecul eés\utlich inhibit 25 the enzyne,
thronbin. These nol ecules are chafEE{ﬁ;N&% D by a heterobicyclic noiety
3

as illustrated in Fornula I: R, [err]
z

(I)
wherein: ' ‘J
A is selected from (CH-R,)..,, S, SO, SO, O and NR. wherein
10 l R, is hydrogén, C... alkyl optionally interupted with 1 or
2 heteroatoms; C,:_” aryl, C,. cycloalkyl or heterocyclic
ring or a hydrophobic group; '
B is selected from S, Sb_, 0, -N=, NH, -CH= and CR.R.

wherein R, and R, are independently selected from

15 hydrogen and C, alkyl provided that when A is S, SO,
SO, O, or NR,, -then B is CRR-;
D is selected from (CH-R.) _ wherein R. is hydrogen, C..

alkyl or -C(O)R.; and CH with a double bond to B when B
is -N= or -CH=; _ '
20 E is selected from CH. and CH substituted with the -C(O)F , N
provided that only one of D and E is substituted with
with -C(O)R,;
X is selected from O, N-R., or CH-R.;
Y is selected from O, S, SO, SO, N-R, and CH-R, provided
25 that when X is N-R, then Y is CH-R, or O, and when X is O
then ¥ is CH-R;; '
Z is selected from O, S and H.;
R, is a polar amino acid residueérginyl moiety or an analog
or derivative thereof obtionally substituted with an
30 amino acid, a peptide or a heterocycle;



30 mheraln X, Y, Z A B D E and R[err] to R[err] are as previousty

defined. . 9 WD 96/ 19483

PCT/ CA95/ The term™" hydrophoblc group" (HG as
herernaftg&agéugﬂ?efers to any group which | acks af fi-hity foréﬂemsﬁwgg aces
wat er.. Hydr ophobi ¢ groups include but are not Ilnrted to5 (err] alkyl, C
[err] al kenyl (e.g. vinyl, allyl) or C alkynyl . (e.g. propargyl)
optionally int rrygtggl ¥e8aCREBANY ang <9 0%y ie & g g

group); C[err?‘ ryl err? cycﬁgé KyT, err ﬁa"rLa éﬂ}Q E?BS% ¥uted

cycl oal kyl subst.%@lédcqaé'fxﬂ] a 6 Fnembe rv%%%rfacrﬁéeaprpﬁa&c @ loabkyk
optionally 10 intgsgupted by a carbonyl group (e.g. formng an acyl

group) and the ring portion_is optionally substituted with Cerr] alkyl
such as nethylReth?lS%}eFPBQt§F°moﬂ'a“ﬁ¥%Héﬁﬁbﬁqc alkydii a8daci d si de

chain. Prefgrregd srxdrﬂ,pra&ba Clrﬂ:létyéﬁdently n@éy@l@téacfﬁsﬂxn Nhem,ybg . aryl

benzoyl h | et hyl h h
The tgrm Parag?/ng&‘r% e’tfycrl?lé%’ t%p%\’n°rg%ﬁﬁlﬁ‘éb§¥rfﬁgtggywé5 d res‘?ldfﬁélor

an anal ogue or derjvaalkglt bp_teohanlyountermpmad e:y amarmi Qbie Or
ot by oo chai - eRs 08k oh Bk R B P dRE0 R AR R NIOP (s SIS
chai n); repIanenbn@HofSHheNguanpwlaocgroaﬂym1ﬂhexdnnhyqﬁﬂl¢mnqh
donati ng Oﬂ)accepé§ggogiﬂgg &koﬁp %gkqgnaﬂq&dEW%éyituted with halogen,
hydroxyl, C.. alkyl; an amino acid side chain; and a
~ hydrophobic group.

As will be appreciated from the disclosure to follow, the
15 molecules, compositions and methods of this invention are
-useful as anti-coagulants, or in the treatment and
prevention of various diseases attrlbuted to the
undesirable effects of thrombin, as well as for dlagnostlc

purposes.
20
DETAILED DESCRIPTION OF THE INVENTION
W The present invention relates to molecules which inhibit

25 the enzyme, thrombin. These molecules are characterized
by a heterobicyclic moiety as illustrated in Formula I:

R,

Y
R "
47L\”,N\E D
R, I R,
4
AT)
30 '
wherein X, Y, Z, A, B, D, E and R, to R, are as previously

defined.



met hoxy); repl acenent of the nethylene chain with a 25 constrained group
(i.e. an aryl, cycloalkyl or heterocyclic ring); elimnation of the
tern1 xyl .e. des-carboxy) or hydroxyl hyde); or
conﬁr ﬁp:f. on ther eof 30 The term"al kyl" repr ese&Téégg 0 i ght or -
branched, saturated or unsaturated chain having a specified total
nunber of carbon atons. . The term"aromatic" "or "aryl" represents an
unsaturated 35 carbocyclic ring(s) of 6 to 16 carbon atonms which is
optional | m)no- or_di-substifuted with OH,  SH, am no (i.e. NRRerr])
hal ogen orfhe HS&H . “HVQFRE@%b+?n%§°PHCIu§@3 as used hereinafter,

10 MY &y group which lacks afflnlty for, or KSR 00708
benzene, napththgi Eﬁg enant hr ene and a acene Preferred aromatic
rings are yﬁ’ﬁd thafepRps inclu PErﬁ‘F cPOtodiimited & esent s a

sat uraﬁ)edccaramkyd:l,r C.5 alkemyDbf (é o Vlngtﬂ.boalamms owhicch, askgai/lonal |y

nono- d NR err. rr hal ogen
or Iekﬂ %%%%f g#%%%é% 5‘853‘5%8 tgd %gp RL Lﬁ%%‘ R pent 3I ,
hexyl and Ohreptpy| . (eﬁ.c_:pr ef rmued cym | anIkygrgnpt)Jp i €., arw-cl ¢hexyl . 10

The term ';:a,rca_lc}%)ﬁ_ eRF eseér,péllayfubét [ ti:'?@ﬁ.oﬁ@ff%rl' éhﬁgl q.rt\%e ed a:ryl noi ety

attached via an a kyI chain (e, rein-the sum
total of @&MM%?aﬂhﬁﬁ?%ﬁwtﬁ%eallphéFyF RBFE??nané PE@lémﬁﬁﬂatharn is as

speci {0 ed i ntha-rAipted Doy & @é)ﬁbanpprér@ﬁpofnet be %%a &nal 'y nono-
or di- substitute chrth SH, am. no é R&( err han en or
Jerr] gqg | and the ring portion is o tlonall it ted wit

C. alkyl such as methyl ethyl or t-butyl; or a hydrophobic
amino acid side chain. Preferred hydrophobic groups
include cyclohexyl, benzyl, benzoyl, phenylmethyl

15 phenethyl and para—t butyl-phenylmethyl

The term “arginyl moiety” represents. an arginine amino
acid residue or an analogue or derivative thereof. For
example, an analogue or derivative of the natural residue

20 may incorporate a longer or shorter methylene chain from
the alpha carbon (i.e. ethylene or butylene chain) ;
replacement of the guanidino group with a hydrogen bond
donating or accepting group (i.e. amino, amidino or
methoxy) ; replacement of the methylene chain with a

25 constrained group (i.e. an aryl, cycloalkyl or A
heterocyclic ring); elimination of the’ terminal carboxyl
(i.e. des-carboxy) or hydroxyl (i.e.'an.aldehyde); or a
combination thereof.

30 The term “alkyl” represents a straight or branched,
saturated or unsaturated chain having a specified total
number of carbon atoms.

The term “aromatic” or “aryl” represents an unsaturated
35 carbocyclic ring(s) of 6 to 16 carbon atoms which is

optionally mono- or di-substituted with OH, SH, amino

(i.e. NR.R.) halogen or C_  alkyl. Aromatic rings include

10




The termi" het er oatont as used hereLn'fébfesenté oxygen, 20 nitfogen or
sulfur (O, Nor S) as well as sulfoxyl or sul fonyl. (SO or SO unl ess

ot herw se %dﬂlﬁ?lg{l,@?'er It is under st ood that al kyl" chai ns i’ﬁ&‘&.{é#@&ﬁg by

one or noré oatons means that a carbon atom.of the chaim
repl aced with a heteroatom having the appropriate valtency. 25 Preferrably,
an alkyl chain is interrupted-by 0 to 4 - neteroatons and that two

adj acent car bop, AUt alfad\ichaleRo! ohehbathtlene shg IEnkeEL
het er ocycl e’ represents

saturated or 30 unsaturated nono- oreﬁolycyclic
(i.e. bicyclicprsfigyred aygierpor o¥1Rgs 1268 hepeepe. andinaphibadess-ons
sel-ected fromN O and S. It is understood that a heterocycle is
optionally nono- or di-sybstitu ed. with OH SH amno éi.e. ' ,

NR[ err] Rl err]) Thfalt6Fh, @ br EFRFPFeBFRyR. SERUKPrES GRXERCYSHiiCab! e
monocyclic Het eriery df£S3 i el Vdeatiibn astomst which isnopedohalpy’ mdinds, or

piperiidine, bYLAL NGO BELAE DEen o, BT Bh$hBO( s LLRRU S nRIHR S

96/ 19483 C alkyl. Cycloalkyl groups incIRCE GASSI®Oopyl, butyl,
t hi ophene. Exanpl of L.t-ab ' { c het i e ar.e
not limted togl%ﬁﬁ%le’, %éu%%gléfﬁ%%ggaf}éoqﬁi ﬁ%giﬁ%g%gguF?‘ﬁé?gg‘#%qc%glfolles.
5 The term "hydnspledigxylbni no aci d" represents an amno acid resi due
t hat bearsjgn alkyl or aryl group attached to the [err]-carbon atom
Thus gl ycine, which has no such group attached to the [err]-carbon
atomis not a /B diR¥ohi RERdRGL" reREPEENTRcaaFRDELALUSRF COPBEE SERY B

subSti tut ed, prgyjideh ldry thetaéheasubat khUgDkyRr cBHBA! i(BUBNT Hed@ N0t
detract from t he overall h%drogﬁoblc charaﬁter of the am no %§|d.
Exanpl es of hy @SRRI hWRer &R dshe nEPBaERat uPAl CakPRY atoms for the

aryl moiety and the alkyl chain is as specified. The aryl

15 or chain portion of the group is optionally mono- or di-
substituted with OH, SH, amino (i.e. NR.R.) halogen or C.
“alkyl |

The term “hetercatom” as used heréin represents oxygen,

20 nitrogen or sulfur (O, N or S) as well as sulfoxyl or
sulfonyl (SO or SO ) unless otherwise indicated. It is
understood that alkyl'chains interrupted by one or more
heteroatoms means that a carbon atom of the chain is

W replaced with a hetercatom having the appropriate valency .

25 Preferrabl&, an alkyl chain is interrupted by 0 to 4
heteroatoms and that two adjacent carbon atoms are not
both replaced.

The term “heterocycle” represents a saturated or

30 unsaturated mono- or polycyclic (i.e. bicyclic) ring
incorporating 1 or more (i.e. 1-4) heteroatoms selected
from N, O and S. It is understood that a heterocycle is
optionally mono- or di-substituted with OH, SH, amino
(i.e. NRR.), halogen, CF, oxo or C. alkyl. Examples of

'35 suitable monocyclic heterocycles include but are not
limited to pyridine, piperidine, pyrazine, piperazine,
pyrimidine, imidazolé, thiazole, oxazole, furan, pyran and

11



acid residues such as al ani ne; isol eucine; |eucine; phenyl al ani ne; and
non-naturally ocurring am no acids such 15 as those described in "The

Pept i d@gy o983 2. 1983, Academ c Press, Chapter 6 b){,CIP,cfg”mQrts» and
F. Ve (acci 0. Suitable non-naturally ocurring am no acids I'ncl ude

cycl ohexyl al ani ne and 1-am nocycl ohexane- carboxylic. 20 By "am no
acid side chain" is nmeant the substituent attached to the carbon which-

is a to theABgKens OUpxafPles ofc¥aiRhBlel BE cicda o haivercydieam no acid
alanine is a neghg)lggroug aEd whi l.e benzyl .is the side chain for 25
phenyl al anii¢lude bup are agFylRPeFPR £8 AGPlE e RQlAS, More
preferably iRdguiholine repliyine; ehllykagbdzedet. preferably Ris H 30
Preferably, Rerr] is Hor (Jerr] alkyl. Mre preferably, Ris H,

met hyl or ethyl, and nost preferably Ris H ' Preferably, one of
Rlerr] 9r RAhe rderms ‘thyducenipbbbecagivopasadi- representsatan aneichoracid

unsat urate RS, r rS.-3 pt.i. | t,0 her
car bocycl i %eg%?loup \Aﬁﬁé‘%ﬁ%g aﬁofgﬁe gi éngzEF'eHr%%ng I?%tatl)%}eel%ontacf ?{}%
subst i t ut edx-martiorR @romh. oThus glycine, which has no such group 12

WO 96/ 19483 . : PCT/ CA95/ 00708
carboxy. TREURGheDHHEDI EreoPeEPrha) BEOM AReBOF 2 Rvsysphiobic amigip as a
Cerr] al ky..chai ' | ' r deWiht Bal ooyt I ' . 4o 4)
het er o om)sg,cj'g&a'r br%}}lé;f)éjb]rwgu(woﬁg%@(g%{elrﬁt i)gh Be s}l(k))t%g.turl\%% rreo:i’elr%lebcf1 ,
one of 1R erfjatarther] B1PFt1 BUBRENGF , SBPSEYEHERESY Ao Nedoldetrad terfigom

qui noline, the d@fmmfaﬁ@mbnﬂbi BRarB2RBrhylf ehebemaed @xalane |inked

via el alll, optionallyc Lptet upLed wih,a hetenoalom 91 8, o 521 Do

acid residues such as alanine; isoleucine; leucine;-
phenylaianine; and nQn—naturally ocurring aminc acids ‘such
15 as those described in "The Peptides", wvol. 5, 1983,
Academic Press, Chapter 6 by D.C. Roberts and F.
Vellaccio. Suitable non-naturally ocurring amino acids
include cyclohexylalanine and 1-aminocyclohexane—
carboxylic. '
20
By “amino acid side chain” is meant the substituent
attached to the carbon which is o to the amino group. For
example, the side chain of the amino acid alanine is a ‘
methyl group and while benzyl is the side chain for w '
25 phenylalanine.

Preferably R, is H or C.. alkyl. More preferably R is H,
methyl or ethyl and most preferably R is H.

30 ©Preferably, R, is H or C, élkyl. More preferably, R is H,
methyl or ethyl,.and most preferably R is H.

Preferably, one of R; or R, is a hydrophobic group such as
a saturated or unsaturated carbocycle of 5 or 6 members

35 optionally fused to another carbocyClic group while the
other is H, C,.. alkyl optionally substituted by NRR. or

12



car boxyet hyl .; 10 Preferably, Ais absent or CH Preferably, Bis S
or CHerr]. - Preferably, Dis CH Preferably Eis CH substituted

with -C(Owowhipugin Rierr] is 15 as previously deflned pdiveiaoatdsy, X
is CHR or NRerr]. Preferably, Yis CHR or'S. Preferably, Zis

0. 20 tn a preferred enbodi nent, R[err] S represent ed by one of

formula Vla to VId: o Jerr] e wher ei n:

Rlerr] is hydxaagemncxor '[IxerhydabphbbmSniéu&tyantmmwa)rluﬂted via a Gpacer

Cerr]. al koxy; !\ﬁH[er s ; %1\4@ N{—;l

C(NH) -NH, - “ﬁc\ﬁ& erg]rlfq’l(j‘:"@g‘lEJ gﬁl %[‘ﬂahlry o te&"t”bt? tuted

with cyano, -N¥ m@@en}e NHfér)rpetecpm)omH[ @raa]bonyr\lHor sulfonyl (S0,)

13 3983 More preferably, one of R, and R, is phenyl,

PCT/ CA95/ ogmg& ol Y is pheny
cyclohexyl, indole, thienyl, quinoline, '

tetrahydroisoquinoline, naphthyl or benzodioxolane linked

via C,., alkyl optionally interupted with a heterocatom or a

carbonyl while the other is H, carboxymethyl or

carboxyethyl.
10
Preferably, A is absent or CH.
“ - Preferably, B is S oxr CH.
Preferably, D is CH.
Preferably, E is CH substituted Wlth -C(O)R. whereln R. is

15 as previously defined. _
Préferably, X is CH-R, or N-R..
Preferably, ¥ is CH-R, or S.
Preferably, Z is O.

20 In a preferred embodiment, R, is represented by one of
formula VIa to VId: '

. T . .
RHND/P\(J): . R"N>
. Via Vib
- i K )o-7 9 o8
~ K
G \G
. ) °N P T
‘N, P T ~in

v -3 U

wherein:
. R,, is hydrogen or C.. alkyl;
25 K is a bond or -NH-;
G is C., alkoxy; cyano; -NH ; -CH.-NH.; -C(NH)-NH; -NH-
C(NH)~-NH ; -CH-NH-C(NH)-NH; a C cycloalkyl or aryl
substituted with.cyano,' ~-NH , -CH~—-NH;, -C(NH)-NH , -NH-

13



C(NH) -NH err] or -CHerr]-NHC(NH)-NH err]; or a 5 or 6 nenber,
saturated or unsaturated heterocycle optionally substituted sith:

cyano, -CH err]-NH err], -C(NH-NHerr], -NH NH) - NH or
-CH[err?IyE}[ll—f‘{ﬁ% -NH err]; 5 Uis cyano, -NHerr], -(XWFAM%W] or

- NH- C( NH) -NH[err] P Is a bond, -C(O- or a bivalent group:

CH [err] J |s C[err] al kyl ene optionally

substituted and optionall terrupted by a

het eroatom 1 ( )%eg%}ed% rlﬂlHoc@Ha? ngl S 0% Fyeftbe&nd Tis H,

OH, anmino, aspepratedchzi mnsgtamatesd Rydte:ﬁ[camlje abidokgnally [err]

aral kyl, or 0 su itu 15 Preferably Rerr] is H
or net hyI an%gﬁng{é'?;éegge ttF‘ %g In% %ﬂefergﬁf ym?( |sce{i\@néﬁ?' ' ﬁér ef erably
Gis - NH C( NHNHH r]orét't%hé’éﬁ'\ﬂ(m -#Lhylene - chain of 3-7 carbons or

pheny! ssubgt i £ ubggnw, t hneCl N (Al -z, & aGhe At hyl ene chain of 0
to 3 carbons, r?enzo pr éf er abl y)G NI—I-C(NI—DQT\I taC‘hed via a nethylene

chain Bfis atbrRd. -Cl(Blef Oram >b1p7'4]5entc(qgoup ~ Preferably J is
selected from -CHerr] -S-CH-CH-; -CH -Od8H - CHerr]-; -CHerr]
-NH-CH err] -CH err]-Ngpd®a bontkpgen n.i - More 25 preferably, Jis a
bond while n is 0. I n particul-ar enbodi nents of g£he_snvention, R err]
is selected fromthe follow ng am no aci<¥. deri wat i%{prepar ed
according to the procedures described in Bioorg. Med. 30f Chem, 1995,
3:1145

J is C.. alkylene optionally substituted xln_l;}.th OH, NH and
C  alkyl and optionally' interrupted by a heteroatom
10 selected from O, S and N; _ L g
n is 0 or 1l; and | _
T is H, OH, amino, a peptide chain, C,, alkyl, C,. alkoxy,
C . aralkyl, or heterocycle optionally substituted.

15 Preferably R, is H or methyl and most préferably H.
Preferably K is a bond. _
Preferably G is -NH-C(NH)-NH. attached via a methylene
chain of 3-7 carbons or phenyl substituted with -C(NH)-—NH_
attached via a methylene .chain of 0 to 3 carbons. More

20 preferably G -NH-C(NH)-NH. attached via a methylene chain

of 3 atoms.

Preferably-'P is -C(0O)-. -’
Preferably J is selected from: -CH -S-CH -CH -; -CH -O-CH -
CH ~-; -CH-NH-CH -CH -; and a bond when n is 0. More

25 preferably, J is a bond while n is 0.

In particular embodiments of the invention, R. is selected

from the following amino acid derivatives prepared

according to the procedures described in Bioorg. Med. i
30 Chem., 1995, 3:1145 :

14
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[err] _ wherein n=1-6, nl=1-2, n2=0-7 and T is as
previously' . defi ned. In a preferred enbodinent, T is a peptide of
1 to 4 amino 10 acid residues in length and preferably fiﬁ'é}@gg@;@ A or B
chai n owd 96zay#8nt or derivative thereof. In another preferre

enbodi nent, T is a heterocycle selected fromthe group consisting of:
[err] Xs< wher ei n

o
%O
Na
\ )
5 HN
0 0 2
H
H H ' .N\/u\

o .-N T .'N\.)kv -~ - T

NH2

17



Xerr], Xerr], Xerr] and X[err] are each independently selected fromthe

group consisting of N, or CGXerr] where X, is hydrogen, (err] , al kyl,
or C aryl: 18 WD 96/ 19483 '
PCT/ CA&éHf(J‘?(ﬁ? X[err] and X err] are each i ndepenagfqﬁ?s@gogct ed
fromthe group consisting of C, O, N, S, N-Xerr], or CHXerr]; R
I's hydrogen, (Jerr] alkyl optionally carboxyl substituted, car boxyl ,
-Clerr] alkyl-CO[err]-Clerr] alkyl, C(err] aralkyl, Cerr] 5 cycloal kyl,
aryl or an aromatic heterocycle. Preferably T is selected fromthe

group consisting of: § [efr]
.on\)J\ ,.H\)l\ ’
- ! T - Y T

o

N
H

NH': . NH NH2

NH NH

wherein n=1-6, nl=1-2, n2=0-7 and T is as previously
defined. ’

In a preferred embodiment, T is a peptide bf 1l to 4 amino

10 acid residues in length énd preferably fibrinogen’s A or B
chain or fragment or derivative thereof. 1In another
preferred embodiment, T is a heterocycle selected from the
group consisting of: '

- X0 X X
-z .. 13 . 10
]/ R. ) T / \x11
X X \ R ‘7%‘“
e XX, XX,

X,, and X, are each independently selected from the

15

wherein
X X
group consisting of N, or C-X. where X, is hydrogen, C .
alkyl, or C_. aryl;

s’ 10/

18



wherein R is as defined above. 10 Mor e preferably Tis selected from

the group consisting of : [err]

19 WO 96/ 19483 BeTictanonig 708
wher ei n WOPEIMUE qof i ned above. More preferably T is selected from
the group consisting of : [err] 5 wherein R is

as defined above.

ConSlStlng of C, O, N, S, N-X,, or CH X”
R’ is hydrogen, C,. alkyl optiorally carboxyl substituted,
carboxyl, -C.. alkyl-CO-C, . alkyl, C_. aralkyl, C..

5 cycloalkyl, aryl or an aromatic heteroéycle.

Preferably T is selected from the group consisting of:

/
- eSO RGINE

wherein R’ is as defined above.
10

More preferably T is selected from the group consisting

19

of:



Most preferably T is [err] 10 wherein R is Hor
Cerr] alkyl such as nethyl, ethyl, propyl - or butyl and nost préferably

wher ei wwdoerigaghydrogen, . In anot her enbodi nent, T is gereLosidoheszol €
optionally substituted with R and\or is attached to J at the 2, 3,

or 5 position of the ring. 15 In particular enbodi nents, conpounds of
the invention are represented by fornulas Il, 11, IV and V, wherein X
Y, B, Rigrdin RR £srisaddfhedr hbake .as previously defined.

(rn) [err] WD 96/ 19483

PCT/ CA95/ 00708 In a particularly preferred enbodi ment, conpounds
of the Mare e Derabply r 8piesseniedtyd dwenofthfeorgmdugs ddrisissing | X

and X of - [err] ’

.. N v - N Ao N R
AR aulag
5 e

wherein R’ is as defined above.

Most preferably T is

10 wherein R’ is H or C., alkyl such as methyl, ethyl['propyl
or butyl and most preferably wherein R’ is hydrogen,. 1In
another embodiment, T is a 1,2 thiazole optionally
substituted with R’ and\or is attached to J at the 2, 3, 4
or 5 position of the ring. -

15
In particular embodiments, compounds of the invention are
represented by formulas II, III, IV and V, wherein X, Y,
B, R. to R, andR, are as previously defined.
R, Re RZRE v
4 4
(II) N (III) N
O o 1 O 0 M
B ‘ s
(T R W AN
R, R ' NH, a
o o 1 0 o .
20

20



5 wherein , Bis 0, S -CHerr]-, or -NH; Yis selected fromO, S,
SO SJerr], NNRerr] and CHRerr]; Rlerr] is an arginyl noiety or an
anal og ory, i ve thereof optionally substltute

acid, a peg%}ég‘&gr a heterocycl e; Rlerr].is H or%erg‘?bﬁénk
R[err] I s selected fromH NR[err]Rlerr] and C[err] "al kyl; and R[err]
and R err] are independently selected fromH; NR[err-]R[err]; Cerr] aryl

or C 'cycloal kyl optionally substituted with (Jerr] alkyl; 15 Cerr]

al kyl optionally interrupted one_or re het er oat om or car bonyl
group and opti¥ha@t IRRXS xg.;?ﬁ{%dpreferre °@’1 egf NQ“B‘H"%% {
Clerr] aryl, hekwimelsn cape £bptebented by opel od Eprngilesp vy, ety IX

substituted WI t h, hal ogen hydroxyl, Cerr] alkyl; an amno acid
si de chain; g hydr ophobi ¢ group; Rlerr] is hydrogen, Cerr]
al kyl opti onal ly i nterupt e@g Wt .2 hetefoaR@\rrs' CR2 aryl,
Cerr] cycloal kyl(vgi)het er ot ' ri ng hydro obi and
nis 1 or 2. r ef d cnpo nds accor |ng to ncl ude:
21 WO 96/ 19483 - 95/ 00708
0005 6S- benzyl hexahydr o- 5- oXo- rlerr] t hi &%kol
pyri di ne- 3R- car boxam do” ( pr&py! ket oar gi ni ne) . 0
6S- benzyl hexahydr o- 5- oxo- 5H - thiazolo[3,2-a] pyridine-3R o
car boxam do (butyl | d(set oa\r{ghznl ne) R,
. - (IX) R (X)
- 4 N (CHy)n
R 0 ;_Fh

o)

5 wherein
B is O, S, -CH.-, or -NH-;
Y is selected from O, S, SO, SO.,, N-R and CH-R,;
R, is an arginyl moiety or an analog or derivative thereof
optionally substituted with an amino acid, a peptide or

10 a heterocycle;
R, is H or C,, alkyl;
R, is selected from H, N'Rl.R7 and C,, alkyl; and
| R, and R, are independently selected from H; NRR.; C , aryl
— or C. . cycloalkyl optionally substituted with C,. alkyl;
15 C.., alkyl optionally interrupted by one or more
heteroatom or carbonyl group and optionally subst:.tuted
with OH, SH, NR.R, or a C _, aryl, heterocycle or C, .
cycloalkyl group optionally substituted with halogen,
hydroxyl, C,. alkyl; an amino acid side chain; and a
20 hydrophobic group; | '
R, is hydrogen, C,. alkyl optionally interupted with 1 or 2.

heteroatoms; C_.. aryl, C,. cycloalkyl or heterocyclic
ring or a hydrophobic group; and
nis 1 or 2.

25

Preferred compounds according to formula VII include:
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0015 6S- benzyl hexahydr o- 5- oxo- 5H

car boxam do( pr opyl car bnet hoxy ket oargin

6S- cycl wioeveytosest hy |

t hi azol o[ 3, 2-a] pyri di ne- 3R-
0025 6S-cycl ohexyl nethyl
t hi azol o[ 3, 2-a] pyri di ne -3R-
cycl odi t hi oket al ar gi ni ne)

hexahydr o- 5- - t :aﬁgt Y4 di ne- 3R-
car boxam do(z é; SSH-GS enzylh@ | peco% %L(g % I d)

hexahydr o- 5- oxo- 5H

22 WO 96/19493azolo[3 2-a] pyridine-3R-
0035 68—benzy|hexacgygggéﬁﬁag)@Hf

, 2-a] pyridi ne- 3R

o
carb oxan1&%(carboxan1d

cycl odi t hi oket al aFSFﬁ?H@}nlne)

0010

0015

0020

0025

0030

6S~-benzylhexahydro-5-oxo-5H- '
thiazolo[3,2~a] pyridine-3R-~-

carboxamido (butyl
ketoarginine)

6S~-benzylhexahydro-5-oxo-5H-
thiazolo[3,2-a] pyridine-3R-

carboxamldo(propylcarbmethoxy

ketoarginine)

6S~cyclohexylmethyl
hexahydro-5-oxo~5H-
thiazolo(3,2-alpyridine-3R-
carboxamido (benzylketo
arginine) ' |

6S-cyclohexyl methyl
hexahydro-5-oxo-5H~-
thiazolo[3,2-alpyridine -3R-
carboxamido (carbmethoxy
propyl
cyclodi:higketalarginine)
6S-cyclohexylmethyl
hexahydro-s—oxo—SH-
thiazolo([3,2-alpyridine-3R-
carboxamido( (S)-Arg-(R) -
pipecolilic acid)

ne)

[err]

opr opyl

22
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car boxam do( benzyl ket o
hexahydr o- 5- oxo- 5H

car boxam do( car bnmet hoxy pr opyl

0030 6S-cycl ohexyl net hyl

T

thiézolo[3,2-a] pyri di ne- 3R-

0020 (
PCTICA95/0%7#)I8i ni I’l e)

S

Ph, |
\WE;]:XFKHV 95/ 00708
00 3

I?
HN NH,

s
Ph\\\\‘ N\{_E
%0



0040 6S-cycl ahexyl nmet
al pyridi ne-3R-*

6S- cycl oh | hexahydr o-
a] pyri di oS bRy | hexayEr o, do((S)Arg

6S- benzyl hexahydr o- 5-
car boxam do( car boxam

hyl hexahydr o-
car boxam do((S)-Arg

5- oxo-5H-t hi azol o[ 3, 2-
ni pecot am de)

0045

5- oxo- 5H§th|azolo[3 2-

0X0- 5H
dopent yl

I soni; pecot arﬁqé(fA95m°7°80050

t hi azol o[ 3, 2- a] py¥{ di ne- 3R-
cycl odi t hi oketal -

ar gi ni ne) 0055

6S- benzyl hexahygp@s5-930béhzylhexa hiBirazelelkd-2ial pyr

l.odi t hi ok |ﬁfﬁje_ 3 qi pi
i t hi_oket'a har gi pne
LR 2EQLRy bS 02 -2 1DYY1a3nerdRayy 1 hi a7l o[c;%}-% pe)

car boxam do( car bnet h
0060 6S-cycl ohexyl et

a] pyri di ne- 3R- car boxagasfiogtamido ( carbexhmidopriopyabut yl
WD 96/ 19483

ket oar gi ni ne)
PCT/ CA95/ 00708

0040
A
0045
0050
w
0055
0060

- cyclodithioketal aré%nlne)

6S-cyclohexylmethylhexahydro-
5-oxo-5H-thiazolo[3,2-
alpyridine~3R-

carboxamido( (S)-Arg
nipecotamide)

6S-cyclohexylmethylhexahydro-~
5-oxo-5H~thiazolo([3, 2~
alpyridine-~3R-~
carboxamido ( (S)Arg
isonipecotamide)

6S-benzylhexahydro-5~oxo-5H-
thiazolo[3,2-a]pyridine-3R-
carboxamido (carboxamidopentyl
cyclodithioketal arginine)

GS-benzylhexahydro-5-oxo—5H—

thiazolo[3,2-a]pyridine—3R-
carboxamido (carbmethoxy
propyl cyclodithioketal
arginine) '

6S~-cyclohexylmethylhexahydro-
5-oxo-5H-thiazolo[3,2~-
a)pyridine-3R~carboxamido(1-
carboxy-3-thiobutyl
ketoarginine)

NH,
o]

NH

HN' “NH,
O\\'wqj{‘” Q 11
9 4 ﬂ\i/u\u NH,
s

HN NH,

[¢ e

OH



0065 6S-cycl ohexyl nmet hyl hexahydr o- [err] 5- oxo0- 5Ht hi azol o[ 3, 2-

a] pyri di ne- 3R- car boxam do( 1- car boxy- 3-t hi obut yl ket oar gi ni ne)
0070 WHE@exyl met hyl hexahydr o- 5- oxo-5Ht hi azol of 3, 2- ' '

a] pyri di ne- 3R“car boxami do( 1- car boxy- 2- net hyl - 3-t hP $/00708

ket oar gi ni ne) 0075 6S-cycl ohexyl met hyl hexahydr o-

5- oxo- 5Ht hi azol o( 3, 2- -a] pyri di ne- 3R- car boxam do( ( 3- t hi obut yl

sul foni ¢ acighss 6s- dyamané&ylﬁéﬁhylhex&#?@&éS‘CYC'Phsxy/nE,Qy'hexahydro‘

5- oxo0- 5H-t hi azol o[_3, yridi ne-
car boxam do(i so- q% Nilsian rﬁ}hrﬁh’-;“l‘?ﬁkgﬁ ket oar gi ni ney " \’6'6§_5&‘
6S- cycl ohexyl net hgl) berdlaidies-3R-carbéxandadtt L hi azol of 3, 2- 0

a] pyri di ne- 3R- carb yl car bnet hoxy ket()a-r)g\ﬁ ne)
0090 6S-cycl ohexyﬁﬁgt P@(I %%g}fff% P 5- oxo0-5Ht hi azol o|\3, 2

a] pyridine-3R-  ketoaaghimiane)do( (propyl ket 0) Arg- - HRlage Ar g-
24 _ . NH, OH
0070 6S-cyclohexylmethylhexahydro- N NS
5-oxo-5H~thiazolo[3,2- -' k/\\(N H
alpyridine-3R-carboxamido (1~ 9N 0
carboxy-2-methyl-3-thiobutyl _ | (\)\(s
ketoarginine) - HN NH o§8\
ﬁm, OH
0075 6S-cyclohexylmethylhexahydro- . /\ -8 Y
5-ox0-5H-thiazolo[3, 2- \/\\’N
alpyridine-3R-carboxamido( (3-. °o ©
thiobutyl sulfonic acid) | | L 3
ketoarginine) _ HN# 8
NH, S=g

' . Oon
0080 6S-cyclohexylmethylhexahydro- O\ s
5-oxo-5H-thiazolo [3 2- Q:‘g,“ 1 ,},(ﬁ

’ o o) N [
alpyridine~ 3R— : : : ¢

carboxamido (iso-quinolinium NH
methyl ketoarginirie) : HNNH,

0085 6S-cyclohexylmethylhexahydro-  ~~~ .~_§ o/
5-oxo-5H-thiazolo[3,2- \/\‘\/N\i :
alpyridine-3R- . R °o0 E\yo
carboxamido (propylcarbmethoxy . _ (\ \>.\
ketoarginine) _ HN#NH o7 ]

NH

0090 6S-cyclohexylmethylhexahydro- NS
5-oxo-5H~thiazolo[3,2- | \/\'_-"f\o’No N o -
alpyridine-3R-" o B TN o N?f"‘
carboxamido ( (propylketo)Arg- "Nﬁ/N:" ° @::in
Phe-Arg-NH ) . ' NH O

24
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WD 96/ 19483 , _ PCT/ CA95/ 00708 0095
6S- benzyl.hexahydr o- 5- oxo- 5H [err]

t hi azol of i di ne- 3R- carboxan1do((propan0|c ac

ket oar gi nﬁégo‘ﬂﬁé’:{ 0100 6S-benzyl hexahydr o- 5- 0x0- 5H pHicassos

t hi azol o[- 3, 2- a] pyri di ne- 3R- car boxam do( propyl . car bnet hoxy

ket oar gi ni ne)

benzot hi azol o keto ar
68—cyclohexylpropylh

a) pyri di ne- 3R-

0100
(7
0105
0110
‘\—/.

: 0105 68—cyc|ohexy|nethylhexahydroi
5- ox0- 5H t hi azqj 99§ 3, G?S—benglh@ii’ﬂ{raflbng §Bof2§f~1b0x

I Nl ne

(3.2 alpgrb@énSFﬁBhlazolo\rA\Z

céﬁ&é&&@f&é‘@(ﬁf@@&h@i‘&b%‘imxy k8t 0aryi yo ne)
ketoarginine)
HN OH

6S~benzylhexahydro-5~oxo-5H- f¢m -3
thiazolo[3,2-alpyridine-3R-~- SN
carboxamido (propyl © o N0 :
carbmethoxy ketoarginine) . (ﬁN)‘<‘>‘

| HN::(NH- o7 O%H,

NH,

6S-cyclohexylmethylhexahydro- N NS
5-oxo-5H-thiazolo [3,2- \/'\‘\f“i
alpyridine-3R-carboxamido (o- ° o os
benzothiazolo keto arginine); \ h_;(::?
and , : HN:%

. : NH,
65-cyclohexylpropylhexahydro-~ N S
5-oxo-5H~thiazolo [3,2- \“&\/A\”\rN‘iN ,
alpvridine-3R- ' : ° o0 °
carboxamido (propylcarbmethoxy - £T~)gi
ketoarginine) HN o7 9%

25
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25 WD 96/ 19483

PCT/ CA95/ 00708 0205 6-Benzyl - 5- oxo- hexahydr o-
t hi az a]pyrldlne 3- carboxylic acid [1-
( benz%ﬁ’[gg%‘fgé car bonyl ) - 4- guani di no-

0210 6-Benzyl - 5- oxo- hexahydr o-

t hi azol o[ 3, 2-a] pyridi ne- 3-

carboxylic aci d [1- (benzot hi azol e- 2-

car bonyl) - 4- g e h@ecflzoyl -5 °xguf‘¥{§l‘h§5¥0[3 - 0215 4

6- Benzyl - 5- oxo exa

carboxylic acid [Jth1azolo[3 @ajporhanel-a-2-

car bonyl ) - 4- guani di no- butyl ]-
6- Benzyl - 8a- net hylcaxkpeylic acid [I-

(benzothiazole-2-

. HN =""~NH,
carbonyl) ~-4-guanidino-
butyl]-amide
0210 6-Benzyl-5-oxo-hexahydro-

_ Y _ .y _!/\!,S o
thiazolo[3,2-alpyridine-3- e I\/N\CH\/U\(,N
carboxylic acid [1- o 7 S
(benzothiazole-2-

HN NH,

carbonyl)-4-guanidino-

but;.yl]—amide

0215 6-Benzyl-5-oxo-hexahydro-

. . H
' ~Ls
thiazolof3,2-alpyridine-3- Q/'\/N H\)(L(N

carboxylic acid [1-

Lerr]-

PETICAIFIOGHB de

am de &z‘m“%eﬁl g

(benzothiazole-2-

o HN NH,
carbonyl)-4-guanidino-
butyl]-amide

0220 6-Benzyl-8a-methyl-5-oxo- Mes
hexahydro-thiazolo[3, 2- Q,'\/ " Q y
N H\)J\(,N 4

alpyridine-3-carboxylic o X NH S
acid [1-(benzothiazole-2- ' NH™ “NH,

carbonyl)-4-guanidino-

butyll-amide

26
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hexahydr e-t hi azol o[ 3, 2- a]pyrldlne 3 -carboxylic acid [1-

(benzot hi azol e-2- car bonyl) - 4- guani di no-. - butyl ]-am de

26 483

PCT/ CA95/ 0 6’@%“]‘? 0225 8a- Met hyl - 5- 0x0- 6- PCT/CAIS/00708

phenet hyl - hexahydr o- t hi azol o[ 3, 2- a] pyri di ne~3:"" car boxylic

acid [1- (benzot hi azol e- 2- car bonyl ) -4- guani di no-

butyl]-amde 022923%x- n&@ﬁgbllwloﬁoogg 6- phenet hexahydro-

t hi azol o[ 3, 2-a] pyridin boxylic acid [1-

(benzot hi azol e- 2- phen Eﬁ%&ﬁ&?féﬁygﬁanldlno- H
thiazolo[3, 2-alpyridine-3-

carboxylic acid [1-
(benzothiazole-2-
carbonyl)-4-guanidino-

butyl]-amide

0230 8a-Methyl-5-oxo-6- Me
h hyl h hyvad ,/\LS 1
thyl- - ? co
| phenethy exahydro ‘\\(N\c“ \/u\(,N
w thiazolo|3, 2-ajpyridine-3- o ¥ NH S:C
: o]
carboxylic acid [1- NHJLNHZ

(benzothiazole-2-
carbonyl)-4-guanidino-

butyl}-amide

0240 8a-Methyl-5-ox0-6~(2- ' s

trifluoro methyl-quinolin- (/q‘ ) N
0

6~ylmethyl) ~hexahydro- (J NH S
t:hiazo{Lo[3 ,2-a) pyridine-3- ' NH NH
carboxylic acid [1-

(benzothiazole-2-

carbonyl)-4-guanidino-

butyl]-amide

0245 6-Benzyl-5-oxo-hexahydro-~ H
' thi 1lo{3,2-a] idi 3 S 9
iazolo[3,2-alpyridine-3- ©\
_ N ﬁ\/ﬂ\*ﬂj
carboxylic acid [4- ' e} ' EJ S
guanidino-1-(thiazole-2~ O~
' HNA‘\NH

carbonyl)butyl]-amide

27
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butyl ]-am de 0240 8a- Met hyl - 5- oxo0- 6- ( 2- trifluoro
nmet hyl - qui nol i n- 6- yl net hyl ) - hexahydr o- t hi azol of 3, 2-a]
pyri diRe-«3; carboxylic acid [1- (benzot hi le-2-
car bon‘?ﬁ)@ﬂ?gtﬁani di no- butyl]-am de 0245 Pétickosiooros
6- Benzyl - 5- oxo- hexahydr o- t hi azol o[ 3, 2-a] pyri di ne- 3-
carboxylic acid [4- guani di no- 1- (t hi azol e- 2- ' :
car bonyl ) bupykb- agiBenzv1-5-0xo-hexahydro- 24 WO 96/ 19483
PCT/ CA95/ 00708 . 0250 6-Benzyl - 5- oxo- hexahydro- /\%,0 [err]
t hi azol of 3, 2- a] pyththzelal3, 2-alpyriddnendy i ¢ aci& 4- N 1 N
guani di no-I - (t hi azol e- 2-1. 'dCFJ bonyl )butyl]-am de T NJQ&J& ]
6- Benzyl - 5- oxo- he =1C acic (2= ° 1 Cw
guanidino-1l-(thiazole-2- o |
] - HN NH,
carbonyl)butyl]-amide
0255 6-Benzyl-5-oxo-hexahydro- H
thiazolo[3,2-alpyridine-3- ©\ I/\Z’S 9
carboxylic acid [4- ' : o) él) C— N
guanidino-1-{(l-methyl-1H : NIH Me
- HN NH
imidazole-2- 2 Y
carbonyl)butyl]-amide
0260 6-Benzyl-8a-methyl-5-oxo- MeS .
hexahydro-thiazolo[3, 2- L Q
Y [ . Q\rN H ’N]
ajpyridine-3-carboxylic ' 0 ]
O ~nH
acid [4—ggan1d1no-1- N | NH,
(thiazole-2-carbonyl) -
butyl]-amide
0265 5-0x0-6-(3-cyclohexyl- H
propyl) -hexahydro- (\?’ S o
QAN AR Ly
thiazolo[3, 2-a]pyridine-3- o 3
13 -d 4 o NH v ]
carboxylic acid [4- N | NH,
guanidino-1-(thiazole-2-
carbonyl) butyl]-amj.de
0275 B8a-Methyl-5-oxo~6-(3- "’es
phenyl-propyl) -hexahydro- - @/\\(N H\/ﬁ\(ﬂ]
thiazolo[3, 2-alpyridine-3- o S
) (o] NH
carboxylic acid [4- N N,

guanidino-1-(thiazole-2-

carbonyl)-butyll-amide

28 ' '
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t hi azol o[ 3, 2-a] pyri di ne- 3- . car boxy-l'i.c éci.d, [ 4-

guani di no=l - (I <nmethyl -1 H i m dazol e-2- | . carbonyl) butyl]-am de
0260 6-Benzyl - 8a- net hyl - 5- oxo- hexahydro-thi azol o[ 3 , 2-

a] pyri di né¥8964%483xy| i c - acid [4-guanidino-1- PCT/CA95/00708

(t hi azol e- 2-car bonyl ) - butyl ] - ami de 0265 ' :

5- Ox0- 6- ( 3- cycl ohexyl - ~propyl) - hexahydr o-

t hi azol o 3, 2-'a] pyr.i.di ge- 3- . _carboxylic acid:[4-,.
guani di no- I - (thi 58 e_@@_—ﬁethyl—sé-mo- /1)° butyl | -am de” /ﬁ?s75
8a- Met hyl - 5- 0x0- 6- ( 3- pheny1-progyil) —freo@tiyddexahy dr oy A &\gn\)cL(N
¥ ] ]
o Gw 7

t hi azol o[ 3, 2- al pyri di ne- 3- arhoxylic, acid [4-

guani di no- 1 - (t hi azol ng}amlc’Bl%a?ﬁ?é'rﬁz‘ré%%‘&m | - ani de

28 WO 96/ 19483 13 ' 4o

PCT/ CA95/ 00708 °8§§8xyé§FM§ﬁﬂﬁ!5-oxo-6-(31 : HN i,

guanidino-l1l-(thiazole-2-
carbonyl) -butyl]-amide

0285 8a-Methyl-5-oxo-6-(2- CF.

9

Me
N, $
trifluoromethyl-quinolin- \&';q_““/\,z’ N 1 N
c NH O
O

6-ylmethyl) -hexahydro-

thiazolo[3, 2—a]pyridine—3- NHJLNHz
carboxylic acid [4-

guanidino-1-( thiazole¥2-

carbonyl)-butyl]-amide

0295 6-(1,3~Dioxo-1,3~-dihydro-

o) /\I,S o
isoindol-2-yl)-5-oxo- (}QN?\/N\CH\/L.(,N]
. o Y T s
hexahydro-thiazolo|3, 2~ - © s (" B
. qe ) NH™ ~NH,
alpyridine-3-carboxylic

acid [4-guanidino-1-

(thiazole-2-carbonyl) -
— _ butyl]-amide

0305 5-0x0-6-(3-phenyl- A8 .

propionyl amino)-hexahydro N{’\_/N\(/H }\]

thiazolo[3, 2-alpyridine-3- © i
. . NH™ ~NH
carboxylic acid [4- ;
guanidino-1-~{(thiazole-2-

carbonyl) ~-butyl]l-amide

: 29
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phenyl - pr opyI ) - hexahydr o- [err]

t hi azol o[ 3, 2- a] pyri di ne- 3- carboxylic acid [4- 5'
guani diz-noes i azol e- 2- carbonyl) -butyl]-am de 028

8a- Met W"‘%‘” % 6- ( 2- trifl uoronet hyl - qui nol i n- PCT/CA95/00708

6- yl met hyl ) - hexahydr o- t hi azol o[ 3, 2-a] pyri di ne- 3-

carboxylic acid [4- guani di no- | - (t hi azol e- 2- car bonyl) -

-butyl ] -am d@ls 5-835%6 - 03 {gneéndh 0X0- 1, 3- di hydro-
I soi ndol - 2-yl ) - 5- oxo- exah dr o-t hi azol ol 3, 2- alpyridine-3
- car boxyl i c propiqny} 4%?\? aﬁﬂ{sam(dro t hi a% Nc\a}jb\o(rqjl ) -
butyl | -am de mS‘Z&&%OQQﬁ(]ﬁngESM o N

am no) - hexahydr o al pyridin vTIE‘t)xyI ic
acid [4- Haabaityinid -4 Dd afzel e- 2- car bonyl ) - buH NH,am de
29

guanidino-1-(thiazole-2-

carbonyl)-butyl]-amide

More preferred compounds according to formula (VII)

include: .

0085 6S-cyclohexylmethylhexahydro-5-oxo-5H-thiazolo [3,2-

5 alpyridine-3R-carboxamido (propylcarbo .
methoxyketoarginine) ; ‘/

0090 6S-cyclohexylmethylhexahydro-5-oxo- 5H—thiazolo[3 2-
alpyridine-3R- carboxamldo( (propylketo)Arg—Phe-Arg-
NH)) ;

10 0095 6S-benzylhexahydro-5-oxo-5H-thiazolo[3,2-alpyridine-
3R-carboxamido ( (propanoic acid) ketoarginine);

0105 GS-cyclohexylmethylhexahydro—5-oxo'-5H-thiazblo [3,2-
alpyridine-3R-carboxamido (o-benzothiozolo keto
arginine) ;.

15 0210 6-Benzyl-—5-oxo-hexahydfo-—thiazolo’[B , 2_—a]pyridine—3 -
carboxylic acid [1-(benzothiazole-2-carbonyl)-4-
guanidino-butyl]-amide; <

0220 6-Benzyl-8a-methyl-5-oxo-hexahydro-thiazolo|3,2-
alJpyridine-3-carboxylic acid |1-(benzothiazole-2-

20 carbonyl)-4-guanidino-butyl]-amide; 0240 8a-Methyl-5-
oxo-6-(2-trifluoromethyl-quinolin-6-ylmethyl) -
hexahydro-thiazo_lo[3}2-—a]pyridine—3-carbo$cylic acid [1-
(benzothiazole-2-carbonyl)-4-guanidino-butyl]-amide;

0245 6-Benzyl-5-oxo-hexahydro-thiazolo[3,2-alpyridine-3-

25 carboxylic acid [4-guanidino-1-(thiazole-2-
carbonyl) butyl]-amide ;

Sheet Has Been Re laced

. T

SUBSTITUTE S-HEET



- 30 - . ., 0315 5- Oxo- 6- ( 3- phenyl - | [err]

pr opi onyl« am o) - hexahydro : t hi azol of 3, 2 a] pyri di ne- 3-

carbéxylic acid [4- guani di no-1 - (thi azole-2-

car bony! ) WOWAME. ani de More preferred corrpounds accoF’Gﬂﬁj"%‘WBr nul a
(M1) i nclude: 0085

6S- cycl ohexyl met hyl hexahydr o- 5- oxo- 5Ht hi azol o[ 3, 2-
di 3R-¢ d I
0050 65 Cycl oHAS T RFPRERERBIFBEEY %5 -gm—&aea%‘éw%?za% L e

a ri di ne- 3R-car bo P, - -
0%)8% IGSI benzyl hexah%?pxdg%%@yéﬁ%g 3Q§l§‘i%§/r%uda nldlno-NﬂL ?Eﬁlizoig

3R- car boxami do( ( pr opagarboagl i)} bhead+anbdee) ; 0105
6S- cycl ohexyl met hyl hexahydr o- 5- oxo- 5H-t hi azol o (3
a] pyri di ne- 3R-0%@$ b@x@ﬁ?dé dpefzwflgéﬁmlhpsmyd)mahydro thigzplelde)2- 15

0210 6- Ben -5-0xo0 dro azol o
carboxylic aC| d [1- ?Etg/ z% lzzb%)ggg{)ﬁy?%:gé_izfl—guan:.dlno—l—(thlazole..

guani di no- butyl ] -am,de; 1, 1922@v11- a
6- Benzyl - 8a- net hyl ”% g?’c:) g}(’aﬁydr%’ gh?zgzz'o?o 3, 2-

a] pyri di ne- 3- ce285x§a+¥etbid- Piomeﬁzdﬂhltm(ﬂlelozom@myl quinekinngt )
- 4- guani di no- but yl |

s Nothy| - e ovo. b (SLRPERY 07 BRERRYRESrERIARRYS13  2-alpyridine-3-
ylmet hyl ) - “exahydmc&?bé@h%%%l@] Py idhAgadno-1- (thia2bhexylich it ) -

[ 1- (benzot hi azol e- 2- car bonyl)
~ 10 butyl]- am:.de ; and

0315 5-0xo0-6-(3-phenyl-propionylamino)~-hexahydro
thiazolo|[3,2-alpyridine-3-carboxylic acid {4-guanidino-

1-(thiazole-2-carbonyl)-butyl]-amide.

15 Most preferred compounds according to formula VII include:
0085 6S-cyclohexylmethylhexahydro-5-~oxo-5H-thiazolo(3,2-
a]pyridine-3R-carboxamido (propylcarbo methoxy
ketoarginine); and '
0105 6S-cyclohexylmethylhexahydro-5-oxo-5H~thiazolo [3,2-
20 alpyridine-3R-carboxamido (0-benzothiozolo keto

. : arginine).
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guani di no- butyl ] -am de; - 30a - 25 0245

6- Benzyl - 5- oxo- hexahydr o-t hi azol o 3, 2- a] pyri di ne- 3- car hoxyl i c:
acid [4-guani di no-1-(thiazol e- 2- carbonyl) butyl]-amnm de; )
WD 96/ 19298/19483 PCT/ CA9BCDGASH00708

0260 6-Benzyl - 8a- net hyl - 5- oxo- hexahydr o-t hi azol o[ 3, 2-
a) pyri di ne- 3-carboxylic acid [4- guanldlno 1- (t hi azol e-

2, carbonyl) < DULILLAM d5ppunas AL B oyl ol propib).

[ 4- guani di no 1 (t hi azol e- 2-carbonyl ) butyl]-am de; 0285

8a- Met hyl - ],95? LA N=6=_ yl met hyl)

- hexahydr o- th| azoI o[ ﬁ&r&r}c \ pyr A%emlpf o O}QO arb i c acid

[ 4- guani di no-1- ('t bicaztyeir>-garhonysl,2-10 butyI ; and

0315 5- Oxo- 6- ( 3- phenyl - pr.opi onyl am no) - hexahydro -

t hi azol of 3, 2- a] pyr BdPKELIGLBErBoLRFPOXYLLF BFigani di no- _@

(thi azol e-2-car bon _ referred" éonpou sTa rdi ng
to formula VII1 incl dégg}&gl-‘hgggg‘ie 2 jc%x%%ﬁqu

6S- cycl ohexyl met hylhexanid id1d-1xey PHahiiigezol of 3, 2-
a] pyri di ne- 3R- car boxam do( propyl car bo net hoxy ket oar'{,ﬁ n| r’\e) and
0105 6S-cycl ohexyl net hyl hexahydr o- 5- oxo- 5Ht hi azol o [ 3, 2- 20

a] pyri di ne- 3Ry£a5 baxamidRnid @iyl - Hesesi i ozol o keto

phenylacetyl-octahydro- ). Nv\(%
_ o !
o hw © 8

Ho
pyrrololl, 2-alpyrazine-6- N N .
D
carboxyl:.c acid [1- d
. HN
(benzothiazole-2-~ carbonyl) -4- - ) %m..

HN
guanidino-butyl]-amide

0335 2-Benzoyl-4-oxo-octahydro-

. °|| H
pyrrolo[l,2 -a]pyraz.ine—S'- C’QN\)&N]
. H2

0
carboxylic acid [4-guanidino- jt s
1- (thiazole-2-carbonyl) - NH™=N

butyl]-amide

. L
0340 4-0x0-2-(3-phenyl-propionyl)- @\j\ H
N
octahydro-pyrrolo[l, 2- , \/j‘Q/N\jk«N]
alpyrazine-6-carboxylic acid _ °© 9 NH S
N

[4-guanidino-1-(thiazole-2-
carbonyl) -butyl]-amide

32
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0325 3- A Q’%?P&EW? 2-
a] pyri di ne-6-carboxylic acid
am de
phenyl acetyl oCipAdr 2= oxo-2- (3-phenyl-propionyl)- i @/\)",\ H

4- guani di no-butyl ] -

0350

0355

0365

0370

31
WD 96/ 19483
Preferred conpounds accordl ng to formula V11 _include:
benzoyl - 4- oxo- oct ahydr-o- pyrrol OT(FI‘IC 25100208 |
[ 1- (benzot hi azol e+2- car bonyl ) -
0330 3- Am nonet hyl - 4- oxo- 2-

octahydro-pyrrolo[l, 2-
alpyrazine-é6-carboxylic acid o
[4-guanidino~1-(5-methyl-
thiazole-2-carbonyl) ebutyl]-;

amide

2-(3-Cyclohexyl-propionyl)-4- o H
oxo- octahydro-pyrrolofl,2- C(\)\

alpyrazine-6-carboxylic acid S
[{4~guanidino-~1-(2-thiazole-

carbonyl) ~butyl]-amide

octahydro-2-thia-4a, 7-diaza-~
- : e &P ¥
naphthalene-4-carboxylic acid o 'S]
. 42 . ' o]
[4-guanidino-1-(thiazole-2-

5-0x0-7-(3-phenyl-propionyl) - @(\j\ ‘N
N
1

carbonyl)-butyl]-amide

4-0x0-2- (4~phenyl-~-butyryl) - o
octahydro-pyrrolo[l, 2- N
alpyrazine-6-carboxylic acid
[4-guanidino-1-(thiazole-2- NH 2
carbonyl) -butyl]-amide hH
4-0xo-2-phenylacetyl-
octahydro-pyrrolo[l, 2~
ajpyrazine-6-carboxylic acid
[4-guanidino-1-{(thiazole-2- NH S
carbonyl)-butyl]-amide

33
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pyrrolo[l, 2-a]pyrazine-6- carboxylic acid [1-

(benzot hi azol e- 2-car bonyl) -4- guani di no- butyl ] -am de 0335 -
2- Benz - 4- 0x0- oct ahydr o- pyrrol o[ |, 2-a] pyrazi ne-6- o :
carbox§%+%#5%éh [ 4- guani di no- 1- (t hi azol e- 2- car boRHTJCA9S/00708

butyl ]-am de 0340 4- Oxo- 2- ( 3- phenyl - propi onyl ) -

oct ahydro-pyrrolo[l, 2- al pyrazi ne-6-carboxylic acid

[ 4- guani di ngsky5(t L az0hRifdo-3-pheny1Garbonyl) -butyl]-amde

32 WO 96/ 19483, N / CA95/ 00708
0345 4- Ox0- 2- ( 3- pREAPROBYdpI-nprp-octahydro-  1erfy ] &, o

(o]

N

pyrrolo[l,2-a] pyrazine-6- )

HN -
o} N
H o

carboxylic acid [4-gua_.nidin_o— .
1-(thiazole-2-carbonyl) -~ ' N

butyl]-amide _

0380 2-[2-Amino-3-(4-hydroxy- e .
phenyl) -propionyl]-4-oxo- _ | HOM%Q
octahydro-pyrrplo[l,z-a] ' OWN
pyrazine-6-carboxylic acid [4- _ ":N~((NH ©

guanidino-1-(thiazole-2- . _ W
carbonyl)-butyl]-amide

0385 2—[2.—Amino—3-(4-fluox_'o— : N;Jh,
phenyl) -propionyl]-4-oxo- ‘MH‘]’Q
octahydro-pyrrolo[l, 2-a] - @ /o:}‘\e:N
pyrazine-G-carboxylic acid [4- g ©
guanidino-1-(thiazole-2-
carbonyl)-butyl]-amide

0390 4-Oxo-2-(3-phenyl-propyl)- @/\/\N/I.
octahydro-pyrrolo[l,2-a] - k[rQ
pyrazine-6-carboxylic acid [4-
guanidino-1l-(thiazole-2-"

carbonyl) -butyl]-amide
0395 2-[2-Aamino-3-(1H-indol-3-yl)-. : Q .
propionyl]-4-oxo-octahydro- _ ;m']_ INH: Ln’@ |
pyrrolo[l,2-alpyrazine-6- o o “:?
carboxylic acid [4-guanidino- _ M

l1-({thiazole-2-carbonyl) -
butyl]-amide
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oct ahydro- pyr.rol o[ 1, 2- a] pyrazi ne-6-carboxylic acid

[ 4- guani di no-1 1 (5- et hyl - . t hi azol e- 2- carbonyl.) -butyl | -

am de 0350 2-(3-Cycl ohexyl - propionyl) - 4- - oxo-

oct ahydr oWy p6/t9483 1, 2- : a] pyrazi ne- 6- car boxyl i ¢ acimRCT/CA95/00708
[ 4- guani di no- 1- ( 2-t hi azol e- carbonyl ) -butyl]=amn de 0355
5- Oxo- 7- ( 3- phenyl - pr opi onyl ) - oct ahydr o- 2-t hi-a-4a, 7- di aza-

napht hal ene- 4- carboxylic acid X £4- uani di no- 1-(t hi azoLe- 2-
carbonyl) -but yP#08ni4rPx0-20885thieRBER-¢avPnenyl -butyryl) -

oct ahydro-pyrrol of 1, gropionyl)-o8tauydgbre- 6- car boxyl '@%ﬁ%” ‘
[ 4- guani di no- 1- (t hi azol e- 2- carbonyl) -butyl]-am de

Ng370
4- Oxo- 2- phenyl acet y| -pyrrolo[l.gtalhpurazgpers-o[ |, 2- '\g%
o]

o
a] pyrazi ne- 6-carboxylic .acid,. . - rJ4-quani di no- 1- (t hi azol e- 2-
carbonyl) -butyll - am-cb%rboxyllc acid [4 gtgann.é.:.no . HzN-\(NH
1-(thiazole-2~carbonyl)~ NH
butyl]-amide

0405 4-Oxo0-2-(3-thiophen-2-yl- Q

A,
propionyl)~octahydro- : C\SNLNH;/Q
o]

pyrrolofl,2-a] pyrazine-6-

: N HN
o]
carboxylic acid [4-guanidino-~ ] m/f{-

V l-{thiazole-2~carbonyl) - _ e

butyl]-amide

0410 2-(3-1 H-Imidazol-4-yl- R,
propionyl) -4-oxo-octahydro- ¢ QA)L'L”:Q
pyrrolo[l,2-a] pyrazine-6-~ ‘ o 4
carboxylic acid [4~-guanidino- N, o
1-(thiazole-2-carbonyl)- NH
butyl]-amide

0415 0

A1,

- - i - - i ™ Taad - 7 1 .

2~ (2-Amino-3-thiophen-3-yl M%Q
Q H

propionyl)-4-oxo-octahydro- N 5:\5
L pyr;olo[l,z—a] pyrazine-6- ” NHU \ "

carboxylic acid [4-guanidino- : NH

1-(thiazole~2~-carbonyl) -

butyl]-amide

0420 4-Oxo-2-{(1,2,3,4-tetrahydro- o

isoquinoline-3~carbonyl)- wﬁg

octahydro-pyrrolo_[l,2-a]' | . 5:?

pyrazine-6-carboxylic acid [4- H:N-«NH 2

guanidino-1-(thiazole-2- NH

carbonyl) -butyl]-amide

35
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PCT/ CA95/ 00708 0375 2-(2- Am no- 3- phenyl - * [err]
pr opi on{\;l) 4- oxo- oct ahydr o- pyrrol o[ 1, 2-a] pyrazi ne-6- ,
car boXyPPE 183 d [ 4- guani di no- 1- (t hi azol e- 2-car bo?ﬁ}T/FA95/00708
butyl ]-am de 0380 2-[2- Am no- 3- (4- hydr oxy- phenyl )

- propi onyl | - 4- oxo- oct ahydro-pyrrol o[ 1, 2-4a]

pyr azi ne- 6- oxyl L i no-1-(t iazol e- 2-
car bonyl ) gi‘?% i(é’alm%I&?be é&ggy} Ffe%#?'ﬁo% (4- fI phenyl )
- pr opi onyl ] - 4- 0xGexo-octahyéebapygrolpjtip+al 1, 2-a N

pyrazi ne- 6- carboxylic acid _[4- guani di no-1 - (thi QZOIL?Q
carbonyl) -butyl |R¥Fa#Ene-60338boFydis- acdd. bhenyl - propyl ) D

oct ahydr o- pyrrol -1- Zbne- 6-carboxylic aci dWN
guani di no-1 - (thi az o f:lxo (thlaegg%y ) -butyl]-amn denn.‘(NH °

carbonyl)—butyl] amide _ _ NH
0430 2-(2-Hydroxy-3-phenyl- o
propionyl) -4-oxo-octahydro- M'{;Q
pyrrolo(l,2-a] pyrazine-6- _ . I si\?
carboxylic acid [4-guanidino- __ H:NKNH/\)N(
l1-(thiazole-2-carbonyl)- _ NH
butyl]-amide u
0435 4-0xo-2-phenoxyacetyl- : @
oct.ahydro—pyrrolo[l,z-a] . ©0J§Q
pyrazine-6-carboxylic acid [4- . o J7HN s:\?
guanidino-1-(thiazole-2-- : H:N.«“”/J‘g-
carbonyl)-butyl]-amide NH

- 36 -
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0395 2-[ 2- Ami no- 3- (1Hi ndol - 3-yl ) -

pyrrolo[l, 2-a]pyrazine-6-
1-

(thlaZO|SQ6§éﬁ§8§nyl) butyl]-am de

PCT/CA95/OO708
propi onyl) - oct ahydro- .
Coulexyld Hasisl [#=

[err]

butyl | -am de

pyrrolo[l,
(thi azol e-2-car bonyl ) -
propi onyl ) - 4- oxo-oct a

0405 4- Oxo- 2- ( 3-t'hi ophen-
2-a] pyramquaﬁihydro-pyrnalbbxﬁﬂ(:aﬂnd [4 gua |d|no-

m de 0410 2-(3-1 HImdaz
@ngaza.ne Yo C]ﬁs?i}%yc}[ ic Ackd dfrazi ne- 6-

0400 4- Oxo- 2- (3-t hi ophen- 3-yl -

pyrrolo[l 2 a] pyra2|ne 6-
DgroPlonyl)l (tm

propi onyl | - 4- oxo- oct ahydr o-
car boxylic acid [4-guanidino-

PCTICA95/00708

| e- 2-gar bonyl) -

v eeiah dro-

carboxylic acid [4-guapifiiino-1- (thiatbhbazgol e- 2- carbonyl)

butyl] -

am de

0445

0450

0455

0460

0465

carbonyl) ~butyl]-amide
4-0x0-2-(2-phenyl-
ethanesulfonyl)-~-octahydro-
pyrrolofl, 2~-a]l pyrazine-6-
carboxylic acid [4-guanidino-1-
(thiazle-2-carbonyl)-butyl]-
amide

-~ (Naphthalene-2-sulfonyl) -4-
oxo4oc€ahydro-pyrrolo[l,2—a]
pyrazine-6-carboxylic acid [4-
guanidino-1-(thiazole-2-
carbonyl)-butyl]-amide
4-(6-[4-Guanidino-1-(thiazole~2-
carbonyl) -butylcarbamoyl]-4~oxo-
hexahydro~pyrrolofl, 2-a]
pyrazin-2yl)-4-oxo-3-(2 propyl
-pentanoylamino)~butyric acid
methyl ester
4—Ox042—(3-phenyl-propionyl)—
octahydro-pyrrololl, 2~a]
pyrazine-6~-carboxylic acid [4-

guanidino-1l)-butyl]j-amide

4~-0x0-2~- (3~-phenyl-propionyl) -
octahydro-pyrrolofl, 2-a] -
pyrazine-6-carboxylic acid [3-

guanidino-propyl) -amide

N

S
e

N

NH [o)



0415 2- (2- Am no- 3-t hi ophen- 3-yl - pr opi onyl ) - 4- oxo- oct ahydro-

pyrrolo[l,2-a] pyrazine-6- carboxylic acid [4-guani di no-
1- (t hi azol e- 2-car bonyl) - butyl]-am de 0420

4- OxoWD-96/194833 | 4-t et r ahydr o- i sogui nol i ne- 3- car bBﬁyfc)Aasmoms
oct ahydro-pyrrolo[l, 2-al pyr azi ne- 6-carboxylic acid [4-
guanidino | - (thiazol e-2- carbonyl) -butyl]-am de

6/ 19483
PCT/ CA95/ og% 4- (6 YAy SuArdGidQrd HHetRFekReR Y1 ) - 4w Y\)L .

0Xx0- oct ahydr o- pyrrol
pyrazi ne- 6-car boxy il chri)élg %]thylcarbanogéiln dl?l% 1-(thi azol e- 2\1’? )
carbonyl) -butyl ]néﬁawﬁdro-ﬁfl:?QoZo(ﬁ 'ﬁyﬂrb%%zarphenyl P).(‘N

propi onyl ) - 4- oxo- oct ahydr o- rro 2-a] pyrazi ne-6-m
carboxylic acid [%lghbﬁmﬁ@‘bUtleC QCQ-@hl azol e- 2- car bony!"J

butyl ] -am de 0435 4- Oxo- 2- ﬁhenoxyacetyl
0475 4-0xo0-2-(3-phenyl-propionyl)- o

P/
octahydro-pyrrolo[l, 2- @\AN Q /C
57N

alpyrazine-é6-carboxylic acid |1-

(5-ethyl-thiazole-2-carbonyl) - | HN
4-guanidino-butyl]-amide ™

0480 4—Oxo-2-(3—phényl—propionyl)? a 0
octahydro-pyrrolofl, 2- @\)LN”'Q % o’
alpyrazine-6-carboxylic acid [4- OGN s:N
guanidino-1-(5-methyl- th:.azole- N ™ v

2-carbonyl) —butyl]-—am:Lde

0485 4-0Oxo- 2-(3—phenyl prop:.onyl)4 o0
’ : . ”~ty
octahydro-pyrrolo[l, 2- @A)LNHTN
. . | T 3
aljpyrazine-6-carboxylic acid [4- o =n
NH [¢]

guanidino-1-(4-methyl-thiazole- ' HN
2-carbonyl) -butyl]-amide

0490 4-0x0-2-(3-phenyl-propionyl)- . | H
oc ta_hydro-pyrrolo[l , 2= w'qQ
alpyrazine-6-carboxylic acid(l- o7

(4-ethyl-thiazole-2-carbonyl) - HN~

2

4-guanidino-butyl]-amide

0495 4-0Oxo0-2-(3-phenyl-propionyl)-
o - o,
octahydro-pyrrolo[l, 2- @\)L%Q
alpyrazine-6-carboxylic acid (4- . oM

carbamimidoyl-pheny) -amide
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oct ahydr o- pyrrol o[ 1, 2- a] : pyr azi he- 6- carboxylic acid [4-

guani di no- 1-(t hi azol e- 2- ~carbonyl) -but yI"] - am de
36 WO 96/ 19483 ' .

WO 96/19483

0500

0505

0510

0515

O 0520

0525

PCT/ CA95/ 00708
PCT/CA95/00708

4-0x0-2-( '3.—phenyl—'propionyl ) - o : o
octahydro-pyrrolofl, 2~ : wt;g
alpyrazine-6-carboxylic acid [4- _ ° }Ww
guanidino-1- ( 5-phenyl-thiazole~, rg:««"“ °
2-carbonyl)-butyl]-amide

4-0x%0-2- (3-phenyl-propionyl) - B o
octahydro-pyrrolo[l, 2- @A)k"(‘;}:i
ajJpyrazine-6~carboxylic acid [1- ° g
(5 Qbenzyl-thiazole-z-carbonyl )y~ u_.N.«NH ©
4-guanidino-butyl]-amide
4-0xo0-2- (3-phenyl-propionyl) -
octahydro-pyrrolofl, 2-
alpyrazine~6-carboxylic acid [1-
(4-carbarnimidoyl-benzyl)-2- '

oxo-2-thiazol-2 —yl-elthyl]—amide'

4-0x0-2~ (3-phenyl-propionyl) -
octahydro-pyrrolofl, 2~

alpyraz ine—6-carbdxyl ic acid l.l-
(3-carbamimidoyl-benzyl) -2-oxo-
2-thiazol-2-yl-ethyl]-amide
4-0xo0~2-~(3-phenyl-propionyl) -
octahydro-pyrrolo[l, 2.—
alpyrazine-6-carboxylic acid (1-
(1-carbamimidoyl-piperidin-4-
ylmethyl)-~2-oxo-~2~thiazol-2-yl-
ethyl]-amideﬂ

4-0x0-2-(3-phenyl 4propi6nyl )~
oc tahydrb-pyrrolo[l ,2-
alJpyrazine-6-~carboxylic acid [i-

(1-carbamimidoyl-piperidin-3-

ylmethyl) -2-0x0-2-thiazol-2-yl-
ethyl]-amide
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0440 4- Oxo- 2- ( 3- phenoxy- propi onyl ) - ' [err]

ocat ahydro-pyrrol o[ 1, 2- a) pyrazi ne- 6-carboxylic acid [4-

guani d'wo- 1- (thiazol e-2- - carbonyl) -butyl]-am de 0445 . )

4- Oxo- My - et hanesul f onyl ) - oct ahydr o- PCT/ON9S/G0bed 1, 2- a]
pyrazi ne- 6-- carboxylic acid [4-guanidino-1-

(thiazl e-2-carbonyl)-butyl]- am de 0450

2- (Naphthale S I I 0X0- octa dro-pyrrol of 1, 02" aj

pyr azi ne- 6- cgr%(%xyl | c?g%%ll% ‘[A34 phenyl- p@?ﬁ “1-(thiazgle:2

carbonyl) -butyl ] - atdydro-QhhfroXo[1(, & 4- Guanl di no- 1- *ﬁl\a)ZL

carbonyl) -butyl carbanoyl] - 4- oxo- hexahydr o- pyrrofo[ 1 s/§

met hyl ester 04@9—§%r%1%1@0ﬂ]%¥ e,_p;éé’%,o yl)-

oct ahydr o-pyrrol of | rboxylic acid [4- ',),.
guani di no- 1) -but yVimerhyd ) -2-gue5s2 - thiae 2-Z3ybhenyl - pr opi onyl *

oct ahydr o- pyrrol of ét?x gi—amlde pyrazi ne-6-carboxylic acid [3-
guani di no- pr opyl) ant :

0535 [6-[4-Guanidino-1-(thiazole-2- i
. . N”‘
carbonyl) -butylcarbamoyl]-4-oxo- %N
2-{3-phenyl-propionyl) HO ©

. D
- _ - N
octahydro-pyrrolofl, 2- _ _ ;L(\

alpyrazine-3-yl]-acetic acid

pyrazi n- 2yl ) - 4- oxoa¥pypapingyb- carboxylgentamiay/ [ari no) - butyric é’c g

N“:

0540 3-[6-[4-Guanidino-1-(thiazole-2- v,
carbonyl) -butylcarbamoyl]-4-oxo- ‘/\)‘\N '
2-(3-phenyl-propionyl) - ' b,\?

- ocC tahydr_c.:».'-pyrrolo[l ,2-alpyrazin- ))jk
3-yl]-propionic acid

0545 [6-[1-(1-Carbamimidoyl-piperin- i
4-ylmethyl) %2—oxo-2-thiazol-2 - ©/\)LN”'
yl-ethyléarbamoyl]-4éoxo-2-' (3- \/\'7
phenyl -p_ropionyl ) ~octahydro- | ' g
pyrrolofl, 2-aJpyrazin-3-yl)- "

acetic acid
- 0550  3-[6-[1-(1-Carbamimidoyl- - .

piperidin-4-ylmethyl)-2-oxo0-2-

thiazol-2-yl4ethylcarbamoyl]—4-

oxo-2-(3-phenyl-propionyl) -’

oc tahyd_ro-py:'rrolo[l , 2 '-a]pyraz_ in-

3-yl)-acetic acid .
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0470 4- (6 [ 4- Guani di no- 1- (t hi azol e- 2- Terr] car bonyl)
- butyl car bano - 4- OX0- hexahydro-pyrrol o[ 1, 2- a] pyrazin
2-yl)-4- oxo"\’)é? 19483 aci d 0475 4- Oxo- 2- ( 3- phenyl »pr.opi onyRGI/CA95/00708
oct ahydro-pyrrol o[ 1, 2- ~a] pyr azi ne- 6- car boxyl:i ¢ aci d [1-

(5-ethyl -thiazol e-2-carbonyl)- . 4 -guani di no-butyl]-am de 0480
4- Oxo- 2- ( 3- phenyl - pi ny - oct ahydr o- pyrr olo[1l, 2-

a] pyr azi ne- 6- car b8§§ i Hi‘fk“

“carbonyl) -butyl]- amﬁqoendmsﬁ. m&¥Ry2) (3-BRe0yYL- pr opi S
octahydro pyrrolo[l, 2- al pyrazi ne- 6-carboxylic acid [4
guani di no- 1- (4 nethyl-trﬁhﬁﬁﬁQi 2-yl-ethylearbapowkiy4=butyl ] - am
0490 4- Oxo-2-( 3-phenyl S - hydr o- pyrrol o[ 1, 2-
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oct ahydr o- pyrrol o[1, 2- aﬂ%‘iﬁ% ‘E't ia~4a,7- @léégﬁonyl] 3-W{ hi azﬁt
carbonyl)-1, 2, 3, 4-t et r ahysbiothalene-4~-carbsrgliookcnd- 7- car boxam di

0705 N-| 1- 14- OX0- 2- (3- phenyl - propi onyl ) - oct ahydr o-
pyrrolo[1l, 2-alpyrazi ne-l[§-guanidino-1- (thij . q-_%—_ (t hi azol e- 2_*9" ““/\)\:(
car bonyl ).- pyrrolidi n- 3- ycgrbonyl) -butylﬂ-%ég ne ‘ H

0810  3-[4-[4-Guanidino-1-~{thiazolie-2- ' M
o - . (r ~ LN"'-(\S

carbonyl-butylcarbamoyl]-5-oxo-

N
_ . ST,
7-(3-phenyl-propionyl) - o o7 W

HNNH 0
octahydro-2-thia-4a, 7-diaza- Nt
s7SN
W naphthalen-6-yl]-propionic acid \_1

0815 '5-0x0-~7-(3-phenyl-propionyl)- - o

. - ~t,
octahydro-2-thia-4a, 7-diaza- _ ©/\)(Nkn'rf
H

naphthalene-4-carboxylic acid o

[3-guanidino-propyl}-amide

HN N
0820 5-Oxo-7- (3-phenyl-propionyl) - o |
octahydro-2-thia-4a, 7-diaza- wg? Q ’NB
naphthalene-4-carboxylic acid O A
[1- (1—carbémimidoyl—piperidin—3- ]
ylmethyl)-2-oxo-2-thiazol-2~yl- _ T

 ethyl]-amide

0825 4-0Oxo0-2-(3-phenyl-propionyl)- - M P
_ "
. octahydro-pyrrolo|l, Z-ajpyrazine- @\AHQ
. NN
6-carboxylic -acid [4-guanidino- o7 ™ o

1- (hydroxy-thiazol-2-yl-methyl) - ' On
butyl]-amide
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0710 4- Oxo-2-(3-phenyl - propi onyl ) -

oct ahydr o- pyrrol o[ 1, 2- a] pyr azi ne- 6- car boxylic acid [1-(+4-am'no-
cyclo 30X0- 2-t hi azol - 2- yl -ethyl]-amd 08'715 .

4- Q(Orxg %5 ‘ﬁenyl - propi onyl) oct ahydr o- pyrr ol gﬁ?é”&? %azi ne-.
6- carboxylic acid [ 1-(4-am no- cycl ohexyl net hyl ') - 2- oxo- 2-

t hi azol - 2-yl -et hyl ] - am de 0720 4- Oxo- 2- (3- phenyl - propi onyl)

oct ahydro- pygg o[ 1, @—@J:B%a%.wﬁhenyl—proplo @ gar boxylic acid. [1-(4-am no-
benzyl) - 2- oxo- 2-t hi azol - 2-yl - ﬁl j} am de A
47 WO 96/ 19488tahydro-pyrrololl, 2-a]pyraz:.ne-F!CT / 5/ 00?,9% ,5
0725 4- xo0-2-(3-p | ) _ 0 tahydro pyrrolo[ |
2- a] pyrazi ne- Q&P%Lxgiggr ggé% i'C ggaauﬁ; (5' 5)“)\[ err]
am nonet hyl - benzyl )tmiaaol22-ylmethyl-buttbrllaz-@m:.ﬁq1I -ethyl]- arqmg( .
0835 4-0Ox0-2-(3-phenyl-propionyl)- y
octahydro-pyrrolo[l, 2 —a]pyraz'ine— 6- ‘?
carboxylic acid [4-guanidino-1-

thiazol-2-yl-butyl)-amide

N

0840  4-Oxo-2- (3-phenyl-propionyl)- B O
octahydro-pyrrololl, 2-a]pyrazinef @A)L N
6-carboxylic acid [4—methoxy-_;l.7 _ (((‘\

{ thiazolé—Z-c’:afbohyl) -butyl}-
amidé ' .

| 0845 [6-[4-Methoxy-1-(thiazole-2- i »
carbonyl) -butylcarbamoyl]-4-oxo- 1
2- (3-phenyl-propionyl) - : oo O N W
oc tahydro'—pyrrolo[l ,2-alpyrazin- | ))ﬁe\
3-yll-acetic aéid

0850 [2'.'(5-Methoxy-2-(I4-oxo-2_—(_3-_ /,' V'

phenyl-propionyl)-octahydro- (j 2
pyrrolo[l, 2-alpyrazine-6- _
carbonyl}-amino) -pentanoyl) - )){\

thiazol-5-yl]-acetic acid

0855 = 4-0x0-2-(3 -phenyl-propionyl) -

/l,
octahydro-pyrrololl, 2-alpyrazine- @NL

NN
6-carboxylic acid [4-amino-1- \\\eQ
(thiazole-2-carbonyl)-butyl]- ¢
amide ’ "
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0730 4- Oxo- 2- ( 3- phenyl - propi onyl-)- ~ oct ahydr o- pyrr.c:)l o[1,

2-a] pyr azi ne- : 6-carboxylic acid [1-(3- o _

am nonet hweo peroags ) - 2- oxo-2- - t hi azol -2-yl - ethyl | - apg19€a95/00708
0735  4- Oxo- 2- ( 3- phenyl - propi onyl ) - -

oct ahydr o- pyrrol o[ 1, 2- a] pyr azi ne- 6- car boxyli.c acid (2-oxo-1-

pi peri di n-4-yl met hyl - 2-thi azol - 2-yl -ethyl)-am de 0740

4- Oxo- 2- ( 3- phenyl - propionyl) oct ahydr o- pyrrol o[ 1, 2-a]pyrazine-

6- car boxylic aC|d 62- - pi peri di n-3-yl -2-thi azol - 2 yI
ethyl) -amde 04’21 XO‘Z d)?dpfﬁflg’lﬁﬁ’é?%ﬂmﬁ’ryddl'myl )
.‘{Y"[ {1})

oct ahydr o- rroIo |, e - [
0XO0- 2¥t hi a%l -2- yl[ et hy%?é{ﬁ%age pyrrololl, 2 a&f@iﬁ%

W 96/ 19483 | 6-carboxylic acid [5P&hiR89%/00708 \“e—
(thiazole-2-carbonyl) -peni:yl]f | {_
amide ' NH,
0865 4-0x0-2-(3-phenyl-propionyl)- A
octahydro-pyrrolo[l, 2-a]pyrazine- ©/\)L "
6-carboxylic acid |5-guanidino-~ ‘L“)-
“ 1-(thiazole-2-carbonyl)-pentyl]- %._NH
amide NH, M
0870 2~ (3-Naphthalen-2-yl-propionyl) - o
4-oxo-octahydro-pyrrololl, 2~ '(’;T\Z 2
alpyrazine-6-carboxylic acid [4- ) (:)*\g-
guanidino-1l-(thiazole-2- mq”“

carbonyl)-butyl]-amide

0875 4-0x0-2-(3-phenyl-propionyl) - 6 B
N (4
octahydro-pyrrolo[l, 2-alpyrazine- ©/\)L Q
) ‘ﬁl‘)’ ! HN Nr\?
W 6-carboxylic acid [4-guanidino- (‘)12- "
1-(l-methyl-1H-imidazole-2- ,,,:(m

carbonyl)-butyl]l-amide

0880 4-0x0-2~(3-phenyl-propionyl) - h
octahydro-pyrrololl, 2-alpyrazine- @/\)L

6-carboxylic acid [4-guanidino-~
1-(thiazole-2-carbonyl)-butyl}- N,

amide
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0750  4- Oxo- 2- (3- phenyl - propi onyl) - octahydro-pyrrol o[ 1,

2- a] pyrazi ne- 6- carboxylic acid [1-(4- [err] “
guani %Qgﬁ)@/‘%ohexyl met hyl ) - 2- 0xo0- 2-t hi azol - @dﬂ,cﬁjmlydg am de
0755 ( 3- phenyl - pr opi onyl ) - oct ahydro-pyrrol o[ 1,

2- a] pyrazi ne- 6-carboxylic acid [1-(2- :
guanidino cyclohexylnethyl) 2- oxo- 2-t hi azol - 2-yl - ethyl] am de
0760  4- #3 Rh e ke Oy Doy - dxo-2- (3 -phenyl-

octahydro pyrro o[ 1,2-a] 6- carboxnf:F“H%WH

[ 1- (5- benzyl - Pr°Pl$1¥N§§o‘P‘ét§h¥gF80nyl) é 0
guani di no- butyl ] - arB 0[1056%@1,43%9@25@3 phenyl pr opi onyl )°

oct ahydr o- pyrrol o[ I5, a pyrazi ne- 6- carboxylic acid

[ 4- guani di no- carboﬁylﬁephemﬁ]E4+Uuamdé&ﬂb -1- _ carho I)
-butyl]-am de 0770 _ 4- Oxo- 2- (3 ygjopi'onyl')- it

oct ahydr o-pyrido[|, (th$§9¥§z?n§arb°ny carboxylic acid

[ 4- guani di no- i 1- (thi azol e- 2- carbonyl) butyl] - am de -
0775 5- Oxo- 7- ( 3- pheny proplonyl) - oct ahydr o- 2-t hi a-4a, 7-di aza-

napht hal ene- 4-carboxylic acid [ 4- guani di no-1 - (thiazol e- 2-
carbonyl) -butyl]-am de _

54

SUBSTITUTE SHEET



49 WO 96/ 19483 ' ' PCT/ CA95/ 00708

0780 5- Qxo- 7-( 3- phenyl - propi onyl ) - [err]

oct ahydr o-Wo0t96i19483a, 7- di aza- . napht hal ene- 4- car boxyl pcrmpsjvooms

[ 1- (4- car bam m doyl - benzyl)-2- ox0- 2-t hi azal “2-yl - et hyl ] - ani de
0785 * 5- Oxo-7- ( 3- phenyl - propi onyl ) - oct ahydro- 2-t hi a- 4a, 7- di aza-
napht hal ene- 4-carboxylic acid [1-(3-carbam m doyI benzyl) - 2-

oxo- 2- t hi azol - 2P=9¢f%¥ﬁ9¢] cgmpgends accgrging oOfermyiz p(ﬁéwn pxruphe@qr)

hyd 2-th hal
?gt ?I E/ccra?bamtml oéll? pi per gmetgyl ~2- belil&%@t s tq‘%‘] Abc%aatgf@( a’i%fo[} fi‘-

et hyl ] - ani de Oaﬁéfrlcﬁxr@-osjciﬁb@ﬁfnﬂb 2c0ai H.nydﬁenzothlazole 2-
oct ahydr o- 2-t hi a-4a, 7-di aza-. napht hal ene- 4- car boxylic acid

[ 1- (1 - car bami mi doyl - papeensilh-4-guanidino-jputetliyamideoxo- 2- t hi azol - 2-yl -
et hyl ] -am d§ 0800 14-[ 4- Guani di no- 1- (thiazol é-2-

car bonyl) ut yl car banoyl ] - 5- oxo-' 7- (3- phenyl - propi onyl ) -

oct ahydr o- 2-t hi@331@, ¥~-Amnanamethyl-4-oxo-2-phenylacetyl-octahydro-

pyrrolo[l,2-alpyrazine-6-carboxylic acid [1-

(benzothiazole~2-carbonyl) -4~-guanidino-butyl]-amide

10 0515 4-Oxo-2-(3-phenyl-propionyl) -octahydro-pyrrolo[l, 2-
N aJpyrazine-6-carboxylic acid [1-(3-carbamimidoyl-
benzyl) —2—oxo-2—thiazol-2-yl_—ethy.l]—ami,de

‘0530 4-0xo0-2-(3 -phenyi -propionyl)-octahydro-pyrrolofl, 2-
15 alpyrazine-6-carboxylic acid [1-{l-carbamimidoyl-

piperidin-2-ylmethyl)-2-oxo-2-thiazol-2-yl-ethyl]-

amide

0545 [6~[1-(1l-Carbamimidoyl-piperin-4-ylmethyl)~2-0ox0-2~
20 thiazol-2-yl-ethylcarbamoyl]-4-oxo-2~{3~-phenyl-
| propionyl)-octahydro-pyrrololl, 2-ajpyrazin-3-yl)-

acetic acid

0550 3-[6~[1~(1-Carbamimidoyl-piperidin-4-ylmethyl)-2 ;-oxo—
25 ~ 2-thiazol-2-yl-ethylcarbamoyl]~4-oxo-2-(3-phenyl-
propionyl)-octahydro-pyrrolol[l, 2-alpyrazin-3-yl) -

acetic acid

0555 [6-[1~ (1-Carbamimidoyl-piperidin-3-ylmethyl)-2-oxo-2-
30 thiazol-2-yl-ethylcarbamoyl]-4-oxo-2- (3-phenyl-~
propionyl)-oc t:éhydro—pyrrolo[l ,2-alpyrazin-3-yl) -

acetic acid
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napht hal en-6-yl ] -acetic acid 50

- 52 -~ 0830 4-Oxo-2-(3-phenyl -propionyl)- .

oct ahyoosmydes 0! o[ 1, 2- a] pyrazi ne- 6- carboxylic acipﬁ_.‘(é %%éil no- 1-

t hi azol - 2-yl net hyl - butyl ) - am de 0835 4- Oxo- 2- ( 3- phenyl-propionyl) -

oct ahydro-pyrrol o[ |, 2-a] pyrazi ne- 6- carboxylic acid [4-guanidino-1-
t hi azol - 2-yl -butyl ] -am de 0840 4- Oxo- 2-( 3-phenyl - propi onyl ) - ‘
oct ahydr o- pyrrolo[l 2- alpyra2|ne- ' [err] 6- car boxylic acid
14- et hoxy- 1- e-2-carb but am de 0845

[ 6- [ 4- Met ho%$89- [Qﬂﬁ tglm‘PmPf EPE ARy )Bﬂt'ﬂ’@arzlfa(r%yﬂl}ewjdm-

2- (3-pheny! - propgeaiskzmyn oct%wéyodrpq,ﬁvgfahoizlaﬁﬁlgﬂﬁ%ﬂyl;-

3-yl]-acetic aci
acetic acid

5
- 0565 3-[6-(3-Guanidino-propylcarbamoyl)-4-oxo-2-(3 —p_hen}_}l—
propionyl) -octahydro~pyrrolo[l, 2-alpyrazin-3-yl) -

propionic acid:

10 0575 4-Oxo-2-(3-—phenyl-propionyl)-octahydro-pyrrolo[l,2—

alpyrazine-6-carboxylic acid |1- (1-carbamimidoyl-

(@

piperidin-4-ylmethyl)-2-oxo-2~-thiazol- 2-y1—ethyl]-

methyl-amide

15 0580 [6-([1-Carbamimidoyl-piperidin-4-ylmethyl)-2-oxo-2-
thiazol-2 -_-yl—ethyl] —methyl-carbamoyl ) ~4-0x0-2-(3- |
phenyl-propionyl)-octahydro-pyrrololl, 2-alpyrazin-3-

yl]-acetic-acid

20 0585 4-0x0-2-(3-phenyl-propionyl) —Qctahydré—pyrfololl 2=
alpyrazine-6-carboxylic acid [1- (1__—c_ar_bémimidoyl-—
pipefid;i.n-B -ylmethyl)-2-oxo-2-thiazol-2-yl-ethyl]- W
methyl-amide

25 0590 4-0Oxo-2-(3-phenyl-propionyl) f-oct_ahyd_._ro_-pyrrololl ,2-
ajpyrazine-6-carboxylic 'a_c_ id (3 -gt_;anidino -propyl) -

methyl-amide

0595 2-(Naphthalene-2- carbonyl) -4- -oxo- octahydro-
30 - pyrrolol[l, 2-alpyrazine-6- carboxyl:l.c acid [4- guanldlno-
| 1l-(thiazole~2-carbonyl) ‘_‘butyl]—a_.m:.de '




0850 12:(5- Methoxy-2-(14-oxo0-2-(3- phenyl - proopi onyl ) - oct ahydr o-
pyrrol o[ 1,,2-al pyrazi ne- 6- carbonyl ] -am no) -pentanoyl) -

t hi azol - 5- W@ 96{t9#83 c aci d 0855 4-0Oxo-2-(3-phenyl - propi ony |BCT/CA95/00708
oct ahydro-pyrrol o[ 1, 2-a]pyrazi ng- 6- car boxyli‘g:-aci d 14-am no- 1-
(thiazol e-2-carbony!l)-butyll- am de WO 96/ 19483

PCT/ CA95/ 00708 0830 - 4- Oxo- 2- (3-phenyl - propi onyl ) -

oct ahydr o- pyrr ol @423 Beﬂ%y(r%ﬂmﬂ-béfmy}zdene) ~but -3 -epaybbd+oxoaci d

(4-guani di no- 1- t hi azol | fret but yI') - ami de
4- Oxo- 2- ( 3- pheny! - profb‘FBﬁ’gW?rO'Pyrr°1°lf gftr -&nAarpelic acid [1—

2-a] pyrazi ne- 6- (1- carbamﬁﬁi@@iﬂLgipé&?'l@lﬂﬂ‘ﬂ-%%{éﬂﬂiﬂ J2-0xq-2~-

t hi azol - 2-yl -butyl ) -am de 3- phenyl - prop| onyl ) -

oct ahydro-pyrrol o[ 1, 2thiayeiz2ngl-ethyl]-amide 6-carboxylic acid

[ 4- met hoxy- 1g (thiazol e-2-carbonyl)-butyl] - am de

0630 2-[2~(2-Methyl-benzylidene)-but-3~enoyl}-4-oxo-
octahydro-pyrrololl, 2-alpyraz i1:1e—6-carboxyl ic acid [1-
( l;-carbamimidoyl-piper idin-4-ylmethyl)-2-oxo-2-
thiazol-2-yl-ethyl]-amide
10 _
U ' 0635 2-(2-Benzylidene-pent-3-enoyl) -'4-oxo—oc tahydro-
pyrrolojl, 2-alpyrazine-6-carboxylic acid (3-guanidino-~

propyl)-amide

15 0625 2-]2- (2-Methyl-benzylidene)-but-3-enoyl}-4-oxo-
octahydro-pyrrololl, 2~ajpyrazine~-6-carboxylic acid |1-
{l-carbamimidoyl-piperidin-3 -ylmethyl ) ~2-0ox0-2-
thiazol-2-yl-ethyl]-amide

20 0630 2-[2-(2~-Methyl-benzylidene)~but-3-enoyl}-4-oxo~
octahydro-pyrrolo|[l, 2-alpyrazine-6-carboxylic acid |1-
U (1-carbamimidoyl-piperidin-4~ylmethyl)-2-oxo-2-
thiazol-2-yl-ethyll-amide

25 0635 2-(2 -Benzylidene—peht,—d -enoyl) -4-oxo-octahydro-
pyrrololl,2-alpyrazine-6-carboxylic acid (3-guanidinc-

propyl)-amide

0645 4-0x0-2-(3 -phényl—propionyl ) -octahydro-pyrrolo|l, 2~
30 alpyrazine-6-carboxylic acid [4-imidazol-1-yl-1-

(thiazole-2-carbonyl)-butyl}~amide
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0845 [ 6-[ 4- Met hoxy- 1- (t hi azol e- 2-

car bonyl ) - but yl car banoyl ] - 4- oxo- 2- (3- phenyl - propi onyl®) -
oct ahwly /13 ol o[ 1, 2- a] pyr azi n- 3-yl]- acq,tdﬁc

0850 [ 2-(5- Met hoxy- 2- (| 4- ox0- 2- ( 3- Ashitzos
phenyl - pr opi onyl ) - oct ahydr o- pyrrolo[l, 2-a]pyrazine-6-
carbonyl ] -am no) -pentanoyl) - t hi azol -5-yl]-acetic acid

' (2)85]5 4- Oge 79 (ol (ﬂﬂ@é&ﬁﬂ-ﬁ’rox’nonyl)-octah98&'6h%95:90@6r[ioﬁo[ 1,

a] pyr azi ne-
(thi azol e-2-car lajpyk}azhnteylé]—carboxyhc ac:.&r[Bele(z amifo-6-ch1\y2$H6/ 19483
PCT/ CA95/ 00708

[err]

6- car boxylic acid

2- (3- phenyl - propi onyl ) -
mrdw&@-p%rr%] oh ftlzlafﬁ%a%rﬁér onyl) -propyldaabdgsl i c

acid [5-am no- 1- (t hi azol e-2-carbonyl ) -pentyl ] - _ am de

5
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0675

0680

0685

0690

0695

0700

0705

4 -Oxo—2- (3-phenyl-propionyl)-oc tahjrdro-pyrrolo[l 2-
a]pyraz ine-6-carboxylic acid 13 - (6-amino-pyridin-2-

yl)- 1—(th:|.azole 2- carbonyl)-propyl] am:.de

4-0x0-2-(3-phenyl -propionyl)-oc tahydro-pyrrolofl, 2-

alpyrazine-6-carboxylic acid [3-(2-amino-pyridin-4-

(j§

yl)-1-(thiazole-2-carbonyl)-propyll-amide

4-0x0-2- (3-phenyl-propionyl) -oc tahydro-pyrrolofl, 2-
alpyrazine-6 -carboxylic acid [2-(2 -~amino~pyridin-4-

yl)-1-(thiazole-2-carbonyl) -ethyl_]-—amide_.

4-0x0-2- (3-phenyl-propionyl) -octahydro-pyrrolb[l , 2=
a]pyré.zine-G-carboxylic acid [2- (6-amino-pyridin-2-

vl)-1-(thiazole-2-carbonyl)-ethyl]-amide

2-|4-0x0-~2- (3~-phenyl-propionyl) -octahydro-pyrrolo|l, 2-
ajpyrazine-6-carbonyl]-3-(thiazole-2-carbonyl) - .
1,2,3,4-tetrahydro-isoquinoline-6-carboxamidine

2-[4-0xo0-2- (3-phenyl-propionyl)-oc tahydro—pyrrolb[ 1,2-
alpyrazine-6-carbonyl]-3~-(thiazole-2-~carbonyl) -

1,2,3,4-tetrahydro-isoquinoline-7 -carboxamidine

N-{1-[4-0O%0-2- (3-phenyl-propionyl)-octahydro-
pyrrolo[l, 2-a]pyrazine-6-carbonyl]-5-(thiazole-2-

carbonyl)-pyrrolidin-3-yl]-guanidine
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0865  4- Ox0-.2- ( 3- pheny! - propi onyl ) - " oct ahydr o- pyrrol o[ 1,

2- a] pyrazi ne- . 6-carboxylic acid [err]5-guanidino-

1- (t hi azol goPsepddaony! ) - pent yl ] - am de . 0870 peryicassioigs

2- ( 3- Napht hal en- 2-yl - propi onyl ) - 4- oxo- oct ahydr o- pyrrolé[f

a] pyrazi ne-6-carboxylic acid [4- guani di no-+1- (t hi azol e- 2-
carbonyl) -butyl]-am de 0875 4- Ox0- 2- ( 3- phenyl - propi onyl ) -

oct ahydro-pyrrohgfd, 4 @]KBBLQa-Z(Bn%‘henyl -propi fﬁrb@éﬁwd@&ﬂyﬁo%ﬁflﬁino-
1- (1-net hyl - 1H- 1 m dazol e- 2- car bonyl butyll-amd

4- Ox0- 2- ( 3- phenyl - pr ajpyrytine~6-carboxgdtizhpdriat py+ ( 4+ apind-alploheyd-) -
6-carboxylic acid [4-guanidino- 1- (thi azaol e- 2-carbonyl ) -butyl]-
am de 2-oxo-2-thiazol-2+gl~ethyl]-amide

5 0730 4-0Ox0o-2-(3~-phenyl-propionyl)-octahydro~-pyrrolo[l,2-
alpyrazine-6-~carboxylic acid {l1-(3-aminomethyl-

benzyl)-2-ox0o-2-~thiazol-2~-yl-ethyl]l-amide

0745 4-0xo-2-{(3-phenyl-propionyl)-octahydro-pyrrolofl, 2-
10 ajpyrazine-6-carboxylic acid [1-(3-guanidino-

cyclohexylmethyl) -2-oxo-2-thiazol-2-yl-ethyl]-amide

0755 4-0xo0-2-(3-phenyl-propionyl)-octahydro-pyrrolofl, 2-
alpyrazine-6- carboxyl:.c acid {[1-(2-guanidino-

15 cyclohexylmethyl)-2-oxo-2~thiazol-2-yl-ethyl]- amlde

0795 5-0x0-7-(3-phenyl-propionyl)-octahydro-2-thia-4a,7-
diaza-naphthalene-4-carboxylic acid [1-(1-
carbamimidoyl-piperidin-4-ylmethyl)-2-oxo-2-thiazol-

20 2-yl-ethyl]-amide

0800 [4-{4-Guanidino-1-(thiazole~2-carbonyl)-
butylcarbamoyl]l-5-oxo-7-(3-phenyl-propionyl) -

octahydro-2-thia-4a, 7’7 —diaza—naphthalen—G—yl l-acetic
25 acid

0810 3-[4-[4-Guanidino-1-(thiazole-2-carbonyl-
butylcarbamoyl]-5-oxo-7-(3 -phenyl-propionyl) -

octahydro-2 —th_ia¥-4a , 7-diaza-naphthalen-~6-yl]-propionic
30 acid
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WD 96/ 19483

PCT/ CA95/ 00708

0885 8, 8-Di net hyl - 4- 0X0- 2- (3-phenyl - propi onyl ) - oct ahydr o-
[err] wo 9619483 pyrrolo[l, 2-a]pyrazine-6- c lic acid
[ 4- guani di no- 1- - (thiazol e-2-carbonyl ) - but nyT g%’m&/.

am de .

10

15

20

25

30

0815 5-Oxo-7—-(3-_phenyl-propionyl) -octahydro-2-thia-4a,7-
diaza-naphthalene-4-carboxylic ‘acid [3-guanidino-

propyl]-amide

0820 5-0xo-7-(3-phenyl-propionyl) —QctaﬁydrOAZ—thia-4a, 7-
diaza-_naphthalene-4-carboxylic acid [1-(1-
carbamimidoyl-piperidin-3-ylmethyl)-2-oxo-2-thiazol-

2-yl-ethyl]-amide

0830 4-0xo0-2-(3-phenyl-propionyl)-octahydro-pyrrolo|[l,2-
a]p_yrazine-G—carboxyiic acid (4-guanidino-l-thiazol-2- (J
yvimethyl-butyl)-amide '

0835 4-0xo0-2-(3 —phenyl'-propionyl) -octahydro-pyrfolo[l , 2=
alpyrazine-6-carboxylic acid [4-guanidino-1-thiazol-2-

yvl-butyl)-amide

More preferred compounds according to formula VIII

include:

0335 2 —Benzoyl-4—oxo—octahydro—pyrrblo[l ,2-alpyrazine-6-
carboxylic acid [4-guanidino-1- (thiaéole—z—carbonyl) - o

butyl]l-amide

0650 4-0xo-2-(3-phenyl-propionyl)-octahydro-pyrrolo|[l, 2-
alpyrazine-6-carboxylic acid [4-(2-amino-imidazol-1-

v1l)-1- (thiazole-2-carbonyl) -butyl]-amide

0655 4-0Oxo-2-(3-phenyl-propionyl) —oct_ahydro-pyrrolol 1,2-
alJpyrazine-6-carboxylic acid [3-(2-amino-6-methyl-

pyrimidin-4-yl)-1-(thiazole-2-carbonyl)-propyl]-amide

SUBSTITUTE SHEET



54 . VWD 96/ 19483 . o PCT/ CA95/ 00708

Pr eferred conpounds according to forrmula (VIII) include: 0325

3- Ami norrethbslig‘;bsnzoyl 4- oxo-‘oct ahydr o- pyrrol o[ 1, 2= PCT/CA95/00708
a] pyri di ne-6-carboxylic acid [1-(benzot hi azol e- 2- carbonyl)
-4-guani di no-butyl]-amde 5 - 0330

3- Ami nonet hyl - 4- oxo- 2- phenyl acet yl - oct ahydr o-

pyrrol o[ 1, 2- a] pyrazigesi-Car [3yhés yﬁcpﬁlobion l)-octahydro-gg/rrolo[l ,2-
(benzot hi azol e- 2- carbonyl ) -4-guani di no-butyl]-am de

4- Oxo- 2- ( 3- pheny! - prajpyeagipesd-aapbaryphas dafd  [2- (4~amino-
a) pyr azi ne- 6- car boxyl i c aC| d LFH? (13- car bam nido ¥1 zyl)
- 2- 0X0- 2- t hi azol - 2- \\A¥<h thyl) -2-oxgsdgthiazol~2-yl- ethyl] -amide

4- Oxo- 2- ( 3- pheny! - pr opi onyl) oct ahydro-pyrrolo[1, 2- 15

a] pyrazi ne- 6-carboxylic acid g (1- car bam m doyl - :

pi peri di n- 2yl P&2014-xayxd= 0 mhalzbl-prsaplem}l) ]-octahydro-pygmodeall 2-
alJpyrazine-6-carboxylic acid [l_— (4-amino-benzyl) -2~

oxo—2-thiazol—zéyl-ethyl]-amide

0725 4-0xo-2- (3—phehyl—propionyl) -octahydro-pyrrolofl, 2~
10 alpyrazine-6-carboxylic acid |[1-(4-aminomethyl-
benzyl)-2-0x0-2-thiazol-2-yl-ethyl]-amide

0735 4-0xo-2-{3-phenyl-propionyl)-octahydro-pyrrolofl,2-
alpyrazine-6-carboxylic acid (2-oxo-l-piperidin-4-
15 vlimethyl-2~-thiazol-2-yl-ethyl)-amide

0740 4-0xo0-2-(3-phenyl-propionyl) -octahydro-pyrrolo[l, 2-
alpyrazine-6-carboxylic acid (2-oxo-l-piperidin-3-yl-
2-thiazol-2-yl-ethyl)-amide

20 _

0750 4-0Oxo-2- (3-phenyl-pr6pionyl) -octahydro-pyrrolo|l, 2~

ajpyrazine-6~carboxylic acid [1-(4-guanidino-

cyclohexylmethyl)~2-oxo-2-thiazol-2-yl-ethyl]-amide

25 0760 4-0Oxo-2-(3-phenyl-propionyl)-octahydro-pyrrolo|l,2-
a]pyrazine-é—carboxylic acid [1-(5~benzyl-thiazole-2-

carbonyl)-4-guanidino-butyl}-amide

- 0765 4-0x0-2-(3~-phenyl-propionyl)-octahydro-pyrro lojl,2-
30 alpyrazine-6~carboxylic acid [4-guanidino-1-(5~phenyl-~
thiazole-2-~carbonyl)-butyll-amide '
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0545 [6-[|-(1-Carbam m doyl - pi perin-4-ylnmethyl) -2-oxo-2- 20

t hi azol - 2-yl - et hyl car banoyl ] - 4- oxo-2- ( 3- phenyl - pr opi onyl)

- oct aky@bgidags rol o[ 1, 2- a] pyrazi n-3-yl) - acet |lpc 0550
3-[6-[1-(1-Carbam m doyl - pi peridin-4-yl nmethyl) -2-oxo- 'ﬁéAﬁmMﬁs '
2-thi azol - 2-yl - et hyl car banoyl ] - 4- oxo- 2- ( 3- phenyl - propi onyl )
-octahydro-pyrrolo[l, 2-a]pyrazin-3 -yl) - acetic acid

0555 [ 6- [ 1o6%oCar-3s - -doyd rmmiﬁrépﬁownmbal-.sh%a%Op%nd%Ql

t hi azol - 2-yl - et hyl car barmylﬁ 4-0x0-2- (3-phe pr opi onyI )

- oct ahydr o- pyrral]pyraza.a}epﬁmanrbo&-yw;)c acid [4-—guanadeJn|oc ladithiazole-

55 - 57 - 0625

2-[ 2- (2- Met hyl - BeFARRIRNS) Bty B-&mddg - 4- oxo-
oct ahydr o- pyrrol o[ 1, 2- a] pyr azi ne- 6- carboxylic acid [1-

1- car bam m_dayl - pi perli di_n- 3-yl net hyl 2- 0X0- 2- !
§h| azol§2 778t y %X%a-rﬁ gnybg@goz)gl?qyl)—octahydro 2-thia-4a,7-

(2- Met hyl - benzylg 1‘[% t'ﬁga 1} -4 - ) L
~ octahydro-pyrrol o %%2 %r S ca?gs%)(]l'% a"é“’éd[ &4- guanidino-1

(1- car bami m- doy|(tpiipesd 14243ty -)betjaxp-ﬁzude
t hi azol - 2-yl -et hyl ] -am de

0780 5-0x0-7- (3-phenyl—proplonyl)-octahydro-z -thia-4a,7-

10 diaza- naphthalene—4 carboxylic acid |1-(4-
carbam:.mldoyl benzyl) 2 -0x0-2- th:Lazol 2-yl ethyl]- CJ
amide '

0785 5-0xo0-7-(3-phenyl-propionyl) -octahydro-2-thia-4a, 7-

15 _ diaza—naphthalené-4—carboxylic acid.[1-(3-
carbamimiddyl-behzjrl) -2-0x0-2-thiazol-2-yl-ethyl]-
amide

0790 5-Oxo-7-(3-phenyl-propionyl)-octahydro-2-thia-4a,7-

20 diaza-naphthalene-4-carboxylic acid [1-(1-
carbamimidoyl-piperidin-3-ylmethyl)-2-oxo-2-thiazol-
.Z-yl—ethyl]'—amide : '

0805 5-0Oxo-T7- (3-phenyl-propionyl) -oé.tahydro-2—thia-4a, 7- '
25 diaza-naphthalene-4-carboxylic acid [4-guanidino-1- |

(thiazole-2-carbonyl) -butyl]-amide , 1

0825 4-0x0-2-(3-phenyl-propionyl) -octah_ydro-pyrrolol 1,2-
alpyrazine-6-carboxylic acid {4-guanidino-1- (hydroxy-

30 thiazol-2-yl-methyl)-butyl}-amide

62
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10 0635 2- (2- Benzyl i dene- pent - 3- enoyl ) - 4- oxo- oct ahydr o- .

pyrroIoII 2- a] pyrazi ne-6-carboxylic acid (3- guani di no-

propyl) - ewndnng.qss 0645 4- Ox0-2- (3- phenyl - prop| onyl) oct ahyﬁc-p,cmg,mﬁbp[l
a] pyrazi ne-6-carboxylic acid” [4 I m dazol - 1-yl -

(thi azol e-2-carbonyl) -butyll'<anide S
REPLACEMENT SHEET WD 96/ 19483

PCT/ CA95/ 00708840 4- ox9625<2 - bRehgr1 Mptridy i opg1A Y dcttan:

a]pyraz:.ne-s carboxylic acid [4-methoxy-l-_(thiazole—2-

carbonyl) -butyl]-amide

5 0845 [6-[4-Methoxy-1-(thiazole-2-carbonyl)-butylcarbamoyl]-
4-0x0-2-(3-phenyl —propionyl ) ~octahydro-pyrrolo[l, 2~

alJpyrazin-3-yl]-acetic acid

0850 [2~(5-Methoxy-2-([4-0x0-2~(3~phenyl-propionyl)-

. 10 octahydro-pyrrolo[l, 2-alpyrazine-6-~carbonyl]-amino) -
™ pentanoyl)-thiazol-5-yl]~acetic acid
0855 4-0xo-2-(3-phenyl-propionyl)-octahydro-pyrrolo[l, 2-
a]pyrazj.ne—G-carboxylic acid f4-amino-1- (thiazole-2-~
15 carbonyl)-butyl]-amide
0860 4-0xo-2-(3-phenyl-propionyl)-octahydro-pyrrolo[l,2-
alpyrazine-6-carboxylic acid [5-amino-1-(thiazole-2-
_ carbonyl)-pentyl]-amide '
20 _
O 0865 4-0x0-2-(3 -phenyl-propionyl) -octahydro~pyrrolo|l, 2~

ajpyrazine-6-carboxylic acid |5-guanidino-1-(thiazole-

2-carbonyl) -pentyl]-amide

25 Most preferred compounds according to formula VIII
include:

0345 4-Oxo-2-(3-phenyl-propionyl)-octahydro-pyrrolofl, 2-
alpyrazine-6-carboxylic ac id [4-guanidino-1-(5-methyl-
30 thiazole-2-carbonyl) -butyl]-amide; and0340 4-0xo0-2-
(3-phenyl-propionyl)-octahydro-pyrrololl, 2-alpyrazine-

—
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oct ahydro-pyrrol o[|l, 2-a]pyrazine-6-carboxylic acid [1-

(1-carbam m doyl - plperldln 3-yl nmet hyl ) - 2- oxo- 2-

thlazo t hyl ] - anlde 5 0630 2-[2- (2-Methyl-b

- but - 3* 8??8&?‘]8%4 0XO0- oct ahydr o-pyrrol o[ |, T’E‘i"\é‘wg’mg

2-a] pyrazi ne-6-carboxylic acid [1-

" (1-carbam m doyl - pi peri di n-4-yl net hyl ) - 2- oxo- 2- '

t hi azol -2-yl -eth a .10 _ . 635 . . _

2-(2- Benzyl|denegpéﬁfgéxgﬁéﬁlfgﬂﬁbig-égFgﬁd&P8-l (thiazole-2 |

pyrrolof |, 2- a] pyeazbBgyd) caiRguyLafideld (3-guanidino.

propyl) - anlde 0%2 2-[2- (2-Methyl -benzyl i dene) -but-3-enoyL]-4-oxo-
oct ahydr o- pyrrolo[l 2-a] pyrazi ne-6-carboxylic acid [1-

(1-carbam ”%98¥% ?fﬁeEbﬂbBuﬁcﬁQ 'Q’ctéaﬂ:lan’?g%@ fcrmula IX include:

t hi azol - 2-y y am de

2-[2- (25thhyl benzyl i dene) - but - 3 enoyl] 4-0x0- -
oct ahydr o- pyggad o[3Lagridl V4 Sk e Spl@npdxyl i ¢ acid
(1- car bam m doyl - pi peri di n- 4- ylnethyl) 2 0X0- 2-

t hi azol - 2- yl - et hy Mexahxgro- pymrobglzs 1-

. N . .
2-(2-Benzyl i dene- na 4- Q o
pyrrolo[1, 2-a] pyr%jﬁ] ﬂé—' lgeylf)gaaclmgguam dinc- © " 'NJ©

(o}
propyl ) -am de ac &)q&fi (benzothn.azole -2- s
4- Oxo- 2- ( 3- phenyl propi onyl)-octahydro-pyrrolo[1,2- 30 - o
aj pyr azi ne- 6- car b(vaﬁbcmyab) 4 fduanidanotbutyl]4- _ HA
(thi azol e- 2- carbon :2 -butyl | -am de WO 96/ 19483 A O
PCT/ CA95/ 00708 :

0895 3-Amino-2-benzyl-4-oxo--
hexahydro-pyrrolo[2, 1- '
bll1, 3]thiazine-6_-carb6xylic

acid [1- (benzothiazole-2-
carbonyl) —-4-guan:'_.dino-_butyl]- -

amide

0900 3-Amino-2-cyclohexyl-4-oxo-

hexahydro-pyrrolo[2, 1-
- N
bl]i1,3]thiazine~6-carboxylic HN A
' ' © 10
acid [1- (benzothiazole-2- - A
. . NH
carbonyl)-4-guanidino-butyl]- . : . L

amide
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0670 4-:0xo- 2- ( 3- phenyl - propi onyl ) - oct ahydr o- pyrrol'o[l, 2-
a] pyrazi ne- 6-carboxylic acid [3-(2-am no-6-chl oro-

pyri m di'nwéraibagsl- (thi azol e- 2- carbonyl) -propyl]- am de peTicXd4R0708
4- Oxo- 2- (3-phenyl - propi onyl) " -oct ahydro-pyrrol o[ 1,

a] pyr azi ne- 6-carboxylic acid [3- (6-am no-pyridin- 2- yl) -1-
(thi azol e-2-carbonyl) -propyl]-am de 0680

4- Ox0- 2- ( 3- phemy feprmex mmhpemdahg{dcorqiyngoto[ fp2muldOX include:

a] pyrazi ne- 6-carboxylic aC| d [3-(2-am no-pyridin-4- yl) -1-
(thi azol e- 2-carbonyl) opyl | -am de 0685 4- Oxo- 2-

(3- phenyl - pr opP8Rpl ) 7= Bénahﬂtdﬁooﬁiprp@lt@?lyd@-

6- car boxy 2 4- Yyry -1-
(R 520l o< 25 car onyl YERRIA 1 b ORI R 17 & @\/\/ J,

(3- phenyl - pr opi ony! )ca?ﬁbf&{}ﬁ!&oaﬁlar piof 1, 2- y
al pyrazi ne-6-carboxylic acid [2- (6-am no-pyridin-2- W')'l)\l $
(thi azol e- 2- car bonyl yberehyhiazailge 22garbonyigost - f S
2- 14- Oxo- 2- ( 3- phenyl | t pyrrolo[1, 2- . oy
a] pyr azi ne- 6- car bony?‘]%gga??‘éi %%gg’ﬁz&ggé(?%onyl ) - ' _ e
1,2, 3, 4-tetrahydro-isoqui noline-6-carboxam di ne 25 0700 _
2-[ 4- Oxo- 2- ( 3- pheny! 7P 9PLERYLButeat RFLHD] 1, \R- "
al pyrazi ne- 6-carbonyl ] - 3-(t hi azol e- 2-car bonyl ) - PNV
1, 2, 3, 4-t et r ahydr o- | eefjahudreneyFidelBokan di ne l@. D,
N [1-[4- Oco- 2-(5-phegyl, g opt oyt - getaludigs sc Sy
NH \i
acid |1- (benzothiazole-2- L/ Sn
' carbonyl)-4-guanidino-butyl]- . e
amide
0915 g-0Oxo-octahydro-pyridof2,1- - .
: 0
c]{1, 4]lthiazine-4-carboxylic \/N\dﬂ\/u\(N]
. o J
acid [4-guanidino-1-(thiazole- (o} ("‘ NH S
. ' NH——NH
2-carbonyl) -butyl}-amide :
0925 7-Benzyl-6-oxo-octahydro- ) H
U, pyridof2, l-c][:L, 4]thiazine-4- Q"‘VN\&H\/ICL(N
carboxylic acid |4-guanidino- o] 5 NH o ]
1-(thiazole-2-carbonyl)butyl]- NHJLNH:,
amide
0935 7-Benzyl-6-oxo-octahydro- H
. . /\P‘s
pyrido(2,1-c][1,4]thiazine-4- Q(\/N\a H\;)\(N
carboxylic acid [4-guanidino- . -0 0/ NH ls]
1-(thiazole-2-carbonyl)butyl]- S NH“lLNHz
amide '
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30
car bonyl)

WO 96/ 334 86719483

pyrrolo[l,
-pyrrolldln 3-yl]-

0710 4- Oxo- 2-(3-phenyl -

2- 0x0- 2-t hi azol

-2-yl

-ethyll-am de

guanidine

2- a] pyr azi ne- 6-car bonyl | -

(th

i azol e- 2-

PCT/ CWI@RJ‘%W)S

pr opi onyl ) - oct ahydr o- pyrrol o[ 1, 2-
a] pyrazi ne-6-carboxylic acid [1-(4-am no-cycl ohexyl) -

5 0730

4- Ox0- 2- ( 3- pheay| -qermmmyﬂ:hemthpydbotahyaebg[l, 2-

a] pyr azi ne- 6- carboxyllc aC|d

-2-0Xx0-2-thi azol -

PYALR

4- Ox0- 2- ( 3- phenyl -
a) pyrazi ne- 6- carboxy

- 2-0x0-2-thi azol -
4- Ox0- 2- ( 3- phenyl

a) pyrazi ne-6-carb

-2-0x0-2-thi azol -
5- Ox0-7-( 3-

di aza- napht hal ene-, %
pi per i

- car bam m doyl -

21Mthﬂd@¢1ea®+darbonyl) -0755
EF g§+)-octahydro-pyrrolo[l,Za
5%% 1; (2 guani di no-

2-yl - 0795
91 -7 %%%H% %c@aﬁ?ﬂ?ﬁOZ thi a-4a, 7-

%ﬁ{ 1213>@Cj:b id @
I N-4-yl met hyl") - 2- %&% 2~ t hi azol -
clll,4]thiazine-4- -carboxylic

acid [4-guanidino-1-(thiazole-

2-carbonyl) -butyl]-amide

Ry <4

ﬂ&%%%. P

#‘&ﬁ am nqnet hyl -
thiazineyfsg
dyidalel 1. 2-

no-

15

H

~enzyl ),

58

@%“V"f“\)’\;”j |
i cyc q@‘iﬂ\n@thyl)

cycl ohexyl net hyl)

NH

More preferred compounds according to formula X include:

925 7-Benzyl-6-oxo-octahydro-pyrido|2,1-c]|l, 4|thiazine-4-

carboxylic acid |4-guanidino-1l-(thiazole-2-

5 carbonyl)butyl]l-amide; and940'6+Oxo-7-phenethyl~

octahydro-pyridol2,1—cH1,4lthiazine-4—carboxylic acid

[4-guanidino-1-(thiazole-2-carbonyl)-butyl]-amide.

Preferred compounds according to formula III include:

10
0960

0965

4- -0x0- 1-(3-phenyl-propionyl) -
octahydropyrrolo[l 2]pyr1m1d1n
e-6~-carboxylic acid(4-

guanidino-1-(thiazole-2-

carbonyl)-butyl] -amide

4-oxo~ 1- (phenethylsulfonyl) -

octahydropyrrolo[l,2]pyrimidin

e-6-carboxylic acid[4-

guanidino-1l-(thiazole-2-

carbonyl) -butyl]-amide

__\__‘_____<<:::::;
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20 .2-yl -ethyl]-am de 0800

[ 4-[ 4- Guani di no- 1- (t hi azol e- 2-carbonyl ) - : o :
butylcarbaw@Mk}gﬁ3oxo 7- (3-phenyl - propi onyl) - '  PCTICA95/00708
oct ahydr o-2-t hi a-4a, 7-di aza-naphthal en-6-yl]- acetlc 25 _acﬁ9
0810 3-[4-[4-Guanidi no-1- (thiazol e-2-carbonyl - Y

but yl car banoyl | - 5- oxo-7- (3-phenyl - propi onyl) -

oct ahydr o- 2-t hi a-4a, 7-diaza-naphthal en-6-yl]- proplonlc 30 aci d
9 VO 94419403 RAH 49509708

0815 5-Oxo-7- (P IRESPARRERPBASE) LB SRTRPINSS, RE, EpFmpla
diaza-naphthalemetMedar@unybecempﬂdyparda@nnmumg-upon the paytriopyldre ami de

5 0820 5-Oxo-7s( é?rt?ﬁ?g aE{aQEh?Eyé}qu%%:a*ﬂﬁ’é%éﬁtaesﬂf%n(rolved The

di aza- naphthalene 4-ca

car bani m do%! - pfcpbw\mi:ngssyhmehys) opeoperrichilaromethod of
2-yl-ethyl]-am de 10 0830

4- Oxo- 2- ( 3- phenyl - propi onyl ) - oct ahydr o- pyrrol o[ 1, 2-

SUBSTITUTE SHEET



a] pyrazi ne-6-carboxylic acid (4-guanidino-1-thiazol-2-
yl met hyl - but yl ) - am de 0835 _ "
4- XQz2-(3-pAenyl - propi onyl ) - oct ahydr o- pyrrol o[ 1,2- 15 ’
a] py(r)‘gﬁggé?@l-acar boxyl i ¢ acid [4-guani dino-1-thiazol - 2- PCT/CAISO0708

yl -butyl)-am de More preferred conmpounds according to fornula VIII
20 i ncl ude: 0335 2-Benzoyl - 4- oxo- oct ahydro-pyrrol o[ |, 2-a] pyrazi ne-6- '
carboxylic acid [4-guanidi no- 1-df4ajsaz0l e- 2- car bonyl ) -
butyl]-am de 25 0650 : ' '

4- Oxo- 2- (3- phenyl - propi onyl ') - oct ahydro-pyrrol o[ 1, 2- 4
al pyrazi ne- 6-car bgxyl i@ acid [4-(2-am no-im dazol -1
(thi azol e-2- cegbokyl M- butyl ] saeide 30 0655 B
(3- phenyl - propi pnyl} - @t ahydro-pyrrololl, 2- R
a] pyrazi ne- 6- caRpoxyL acid [ 3-(2-am no- 6- net hyts '
pyrimdin-4-yl) -1- (t ol e-2-carbonyl) -prop || ] -am de
PCT/ CA95/ 00708 5
4- Oxo- 2- (3- pheny! _propjonyl ) - oct ahydro-pyrrol o[ 1, 2- b
a] pyrazi ne-6-carboxylicacid [1- (4-am no- cycl ohexyl net hyl)
- 2- 0x0- 2-t hi azol - 2-yl - et hyl ]-am de '

o 1y -1-
ﬁJ( yl)
o

WD 96/ 19483

Qi az

STEP-2

Q .
R -
: OH - STEP-3' (/
g Ri R, _
. < R:
~
O o~
o)
X NH,
\
Y STEP-4'
o\ STEP-3
o
v

0
STEP-4 ' R

| B N
D d _
o\
o
A
| N o
_ e
Rao c BR” NH { . o
| 0
k i

A
az'

D—%_R

@) 20
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5 0720 '4- Oxe- 2- ( 3- phenyl - pr opi onyl ) - oct ahydr o- pyrrol o[ 1, 2-

a] pyrazi ne-6-carboxylic acid [1-(4-am no-benzyl)-2- _

0X0- 2- t hi WAOR6/19483 - et hyl | - ami de 0725 PCT/CA95/00708
4- Ox0- 2- ( 3- phenyl - propi onyl ) -oct ahydro-pyrrolo[1,2- 10

a] pyr azi ne- 6- carboxylic acid [1-(4-am nonethyl - S

benzyl) - 2- oxo- 2-t hi azol - 2-yl -ethyl ] -am de 0735

4- Ox0- 2- ( 3- pheB§EPpraopi onyl ) - oct ahydr o- pyrrol o[ 1, 2- .-

a] pyrazi ne- 6- cahBOxY ki a3Gidh (0% Ca(q_sl'dtbri@rdzﬁ&ﬁ‘ é‘ppa}g‘prlate bases
yl met hyl - 2-t hi azol - 2- yI-eth |)-am de

4- Ox0- 2- ( 3- pheftGFOp pr%ﬂ)t ?Mﬁ%ﬂﬁﬁﬁ%??@T@?ﬁ%ﬁﬁbeq in Evans et al (J.
a] pyr azi ne- 6- cambogplint @icd ,( 2-9840- 108 peziZi N-Boyd; 1982, 104, 1737;

4 002 (3 hATZHFBARBI FGeari s A 152 9ive b

a) pyrazi ne- 6-carboxylic acid [1-(4-guanidi no- cycl ohexyl net hyl)
- 2- 0X0-2-thi az L E I-ethyl] am de 25 0760

4- Oxo- 2- ( 3- phenyF piépi onyl ) - oct ahydro- pyrrol o[ 1, 2-

al pyr azi ne- 6- c@etpryndc bacivpdrl -HySiterona tidn candl eogidation followibgnyl )

- 4- guani di no- bHE?‘Ali%.tiaL'%ge ava:.lablcé7 %ﬁ%&ef&@%oxygﬁﬁ{:ﬂgéggyl 3.980

-octahydroﬁgyrro <:}‘)yrazme
[ 4- guani dilb- 11525- Eﬁéﬁﬂts 1n the aldehydg ote- 2- carbonyl) -butyl]-am de
\_/ . Step 3:

The formation of adduct & from aldehyde ¢ with 4 is done
by stirring the reactant in aromatic solvents e.g. benzene

'15 or toluene in presence of catalytic amount of suitable
acid e.g, p-toluenesulfonic acid.

Step 3’:
The 1nter conversion of aldehyde ¢ to aldehyde g is

20 readily achieved by appropriate protection deprotection
protocals found in T. Greene, Protective Groups In Organic
Synthesis, (John Wiley & Sons, 1981).

: Step 4:
~ 25 The cylizétion of adduct ¢ to £ may readily be achieved
' | by appropriate Lewis acids e.g, trimethyl aluminum in
suitablé solvents e.g. dichloromethane, the methodology
found in T. Greene, supra.

30 step 4': .
Alternatively, the compound £ can be derived from the
treatment of aldehyde g with d in presence of suitable
aromatic solvents e.g, benzene.

35 stéep 5:

The ester function (-C(0)O-R.) of the bicyclic
intermediate of formula £ is then subjected to
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61 : - 63 - 0840

4- Oxo- 2- (3- phenyl - pr opi onyl) oct ahydro-pyrrololl,2-

al pyr awongndysgar boxylic acid [4-nethoxy-I- (thi azoI e- 2-

carbonyl) -butyl]-anide 5 0845 [6-14- Met hoxy-I-(thi asz’C“Es’%"J%onym
- butyl car banoyl ] - 4- 0x0- 2- (3-phenyl - propi onyl)

-oct ahydro-pyrrolo[l, 2- a] pyrazin-3-yl]-acetic acid 0850
[ 2- (ﬁ 'c\i/Et hdmd:&l(y[sbm(m Za$ﬁa@hanyhpprogrﬁa}tie) ag_eh@,) such as HC1l in an
oct ahydr o- carb - no) - .

pent anoyl) ?ql[]%t ?Ag‘)c(ée‘?g Q§E < e egﬂyg ggg‘er to yield to the

4- Oxo- 2- (3~fp:tm>qaqh®wbqua)cudt a¥her vepyuiltdahg| totpound is then

a] pyr azi ne uﬁfé@%ogngga%@h[ & %@&%de (c.tcmpa].zlﬂge _ag}en& such asC%l’QgOl’i%' )

-butyl]-
4- mo-zﬁ(saﬂw@mranom@nysqlmmahwm psrPMFoLb, 2ield to a bicyclic

a] pyrazi necngAlds adiloded b £ 5t@ﬂuﬁ‘ﬁ?a WEBE§Z0kG3¢able conditiGHLOMY!)
-pentyl | -amide 20 , . Q855_4- _

(3-phenyl - Igpgpm%}qn)d%&%@m\:qswo?rezwell known in th art of
a] pyr azi neplptaide0 aHenti sttel. 1o UaRadbne- éee(EE_ﬁé@big_of_pig;_;gg
Synthesis, Bodanszky M. Spr:.nger-—Verlag, Berlin, |,
10 Heidelberg, New York, Tokyo 1984; and T wgg;,_
Anal xggg, Svnthesis, Bioloagy., Vol. l.edited by Gross E.
and Meienhofer J., Academic Press , New York, San ,
Francisco, London, 1979. ('J

15 For preparation of the compounds of formula (VIIT) various
methods_ can be employed depending upon the particulaf '
starting materials and/or intermediates involved. The
following scheme is one particular method of preparation.
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2-carbonyl) -pentyl]-am de 25 Most pref erfed conpounds accor'di ng to

formula VIII - i ncl ude: . 0345

4- Oxo- 2- (‘gbggﬁg - propi onyl ) -act ahydro-pyrrol o[ 1, 2- PCT/CA95/00708
a] pyrazi ne-6-carboxylic acid [4-guanidino-I-(5-nethyl- 30 _

t hi-azol e- 2-car bonyl ) - butyl | -am de; and 0340 ,

4- Ox0- 2- ( 3- phenyl - propi onyl ) - oct ahydro-pyrrolo[ 1, 2- a] pyr azi ne-
W06/ 19483 e SCHEME 2 PET/ CA95/ 00708

0840 4-Oxo-2- (3- phenyl - psppi onyl ) - oct ahydr o- pyrrol ol , 2-

a] pyr azi ne- 6- car boxy! " aci d [ 4- met BBRY- | - (t hi azol e-2 car bonyl)
-butyl]-am de & 084S _ORy; g N : .
[ 6-[ 4- Met hoxy-| -t hiazol}- 2- car bonyl ) - but yl car banoyl ]t 4- oxo0- 2-

( 3- phenyl - propi onyl ) -oc®ahydro-pyrrolo[1, 2- Pg —ORy;

a] pyrazin-3-yl]-acetic acid ' 0850 0
[ 2- (5- Met hoxy- 2- ([ 4- oxo- 2-d 3- phenyl -propionyl)- 10 ®
oct ahydr o- pyrrol o[ 1, 2-a] pyrazi ne-6-carbonyl]-am no) -.
pent anoyl) -thiazol-5-yl]-acetic acid 0855 4- Oxo} 2-
(3- phenyl - propi onyl ) -octahydro-pyrrolo[l, 2- STEP 2

a) pyrazi ne-6-carboxylic acid [4-am no-1- (thiazole-2-

O

o/ ' '\{ ozonolysis
P

ORy;

STEP 5

R
/{\n/N STEP6
RS
R oRy, .
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15 carbonyl) -butyl]-am de 0860 4- Oxo-2- (3-phenyl -propionyl)
-oct ahydro-pyrrolo[l, 2- a)] pyrazi ne-6-carboxylic acid = - £

[ 5-am {dqpd azol e-2- carbonyl) -pentyl]-am ' 0865
4- Oxo- g?%ﬁgﬁgjnyl - propi onyl ) - oct ahydro- pyrrol o[ 1, 2- 1‘1’5‘/&995_/00708 :

aj pyrazi ne-6-carboxylic acid 15-guani di no-I-(thiazol e-

2-carbonyl) -pentyl]-am de 25 Most preferred conpounds according to
formula VIII i ncl ude: 0345 S _

4-Cxo-2-(3-§ en¥L-propionyl)-octahydro-pyrrolo[I,2- _

a] pyrazi ne- Sror] 58Xy|ic acid [4-guanidino-I-(5-nethyl- 30

t hi azol e- 2- pgr hengl hi-theigen] pard toeer £ gl @ddup ; 4- Oxo- 2-

(3- phenyl - propj onyl L -.oct rao- pyrrol o[ 1, 2-a] pyrazine- : 96/ 19483
PCT/ CAOB/ 009881 OF 20f an%g}igm oﬁﬂ‘?)%l’%ﬁ%n‘fajﬂ g%aﬁq‘-dia&di‘zll-? (%Fygi«ol%a-
carbonyl§ -Rut)R] aad ®.are as Prefréouedycdefdmeds according to formula I X

Ihgilaﬁsgr o; ﬁ???o?%?%gf-% AR %%h%n@(cf %.'é)%qpi’léfly deécribéd Lgr Eflallows :

STEP 1:

The amino and carboxylic functions of the unsaturated

10 compound of formula (a) are protected with appropriate
protecting groups. A variety of protecting groups known
for reactive functional groups and suitable p:otection and
deprotection protocols may be found in T. Greene,

Pr ive _ ni is, (John Wiley &

15 Sons, 1981). The appropriate protecting group to use in a-
particular synthetic scheme.will depend on many factors,
including the presence of other reac;ive functional groups
and the reaction conditions desired for removal. The
unsaturated compound'of formula is easily obtained by

20 methods and protocols known to chemist skill on the art.
The protected unsaturated compound of formula (a) is
subjected to appropriate conditions to allow cyclisation
using an approp:iate reagent such as mercuric acetate in

W/ an inert solvent such as tetréhydrofnran (THF) to yield to'

25 a protected amino alcohol of formula (b). | o/

STEP 2
The protected amino alcohol of formula (b) is oxidized
using an appropriate oxidizing agent such as sulfur
30 trioxide pyridine complex in an appropriate solvent such |
as diclhoromethane or dimethylformamide to yield to a ?
protected amino aldehyde of formula (c). Alternative;y, :
intermediate (C) can be made by the ozonolysis of a
compound of fofmula (a’) prepared according to Collado et %
35 al, J. Org. Chem.,1995, 60:5011.
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b][1, 3}thiazine-6-carboxylic ' | _ acid'[1-f(benzothiazolé-2-

car bonyl ).- 4- guani di no- butyl] . s am de - . 0895

3- Armi no- 2Wik95/194831- 0XO- - ., hexahydro-pyrrol 0[2 1- PC‘I‘ICA95/0b'}({81
3] t hi azi ne- 6- car boxylic *TT acid [1- (benzothi:azol e- 2-

car bonyl ) - 4- guani di no-butyl]- - am de 0900

3- Am no- 2- cycl ohexyl - 4- oxo- hexahydr o- pyrrol o[ 2, 1-

b] [ 1, 3] t hi azi ne- 6- carboxyllc acid [1- (benzothi azol e-2-

car bonyl )-4-gu o-butyl]- am de o '

- 66 -

6- O(O 7- henet{yl -0 tahgdgo- i o
pyrido[2,1-c][IP@]ﬁm9£ﬁ9ﬁ? aminG a yde of fopmuja (c) 1s coupleghyyic
gcn dI [ 4-guani diWi¢h an amino aac:(cn ha izl eegteﬁrbﬁnfbi—mula (d) by first

uty ]-an1q? formlng(%ﬂ;Eﬁﬁg e g%f&owe by contactmng the obtained
imine with an approprlate reagent such as sodium
triacetoxy borohydride NaBH(OAc), to yield to a cyclic

intermediate of formula (e).

10 STEP 4
' The cyclic intermediate of formula (e} is functionalized
L, at the amino position to yield to the amino substituted

cyclic intermediate of formula (f). Conditions appropriate ~
for such reactions are well known in the art and will

15 depend on the nature of the R, substituent.

STEP 5 .
The amino protecting group of the cyclic intermediate of
formula (£) is removed under appropriate conditions and
20 the resulting compound is then sﬁbjected to appropriate
condition for internal ring closure such as low heat in an
inert solvent or as a raw compound to yield to a bicyclic
intermediate of formula (g). The bicyclic intermediate of
formula (g) can also be obtained by hydrolysing the ester
25 function ﬁ—C(O)O—R“) of the cyclic intermediate of formula <o
(g) to the free carboxylic acid followed by standard
peptide coupling using an appropriate coupling reagent
such as benzotriazole-l-yloxy-tris- |
" (dimethylamino)phosphonium hexafluorophosphate (BOP) in an
30 inert solvent such as dimethyl formamide (DMF).

STEP 6 . _
The ester function (-C(O)O-R,) of the bicyclic
intermediate of formula (g) is then subjected to

35 hydrolysation using an appropriate agent such as HCl in an
appropriate solvent such as ethyl ether to yield to the
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oct ahydro-21>6 pyrido[2, 1- | c][ 1, 4] t hi azi ne- 4- carboxyl i c

aci d [ 4-guani dino-1- (thiazole- 2-carbonyl) -butyll-am dé

More pwefsgfosad conpounds according to fornmula X include: ’

7- Benzyl - 6- oxo- oct ahydr o- pyri do[ 2, 1-c] [ 1, 4] t hi azi ne- 4- PCTlCA%gBWg? boxylic
~acid [4-guani di no-1-(thiazol e-2- 5 car bonyl ) butyl ]-am de; and

940 6- Oxo- 7- phenet hyl - oct ahydr o- pyri do[ 2, 1-
(c] L 1,4]|thi aﬂﬁé_‘@-élaf.lladsbpx;'{b: acidagirﬁe r[eé‘c.xq.lt&inigdinglpburid isa then g
t hi azol e- 2- carpony]| ) - ] -am de. _, Preferred conpoun according to
formula 1119 %%e‘.:‘l lgilﬁ X"'J%b‘% PoR RS 19?%9§ﬁ%ﬁy?gﬁ¥l pFBﬁg’l ps BOP in
oct ahydr opyr cadmpAcRt pytentdilwent such as ®MFardeoxyildiad a  bicyclic
guani di no- 1- (t 4 azol e- 2~ : Lo ~Qut \ .- anide . 0965
2 oxo 1. sttt Sfipboupd of corhBIITTIRE KiBRIE congi fiede o
e- 6- carBoxyiax peptide bond formggiondiaxe welilhikmosire-iv th art of
car bonyl )-g&%a/éjld@f%ﬂén' ery. FOr964khB483 see Princi Pept i
PCT/ CAD5/ 06708 208~ o0830 8- OX0- 7- pherathy | ottarsdmsesof Peptide .
pyri do[ 2, 1-ythesis; BpAangzky M., Springer-Verldg, Berlin, -
Heidelberg, New York, Tokyo 1984; and The Peptides.,
‘Analysis. Svnthesis, Biology, Vol. 1.edited by Gross E.,
10 and Meienhofer J., Academic Press , New York, San
Francisco, London, 1979.

For preparation of ‘the compounds of formula (IX) wvarious \"
- methods can be. employed depending upon the particular
15 starting materials and/or intermediates involved. The
following scheme is one particular method of preparation.
o/
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car boxyl i ¢ acid [4-guani di no- | 1- (t hi azol e- 2-car bonyl ) -

base such as n-methylmorpholine in an appropriate solvent
such as dimethylformamide (DMF) or dichloromethane (DCM)
to yield to an amido compound of formula (c). Suitable
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butyl ] -am de - . 0950 7-Benzyl-2,2,6-trioxo- oct ahydr o- 21>6
pyri do[ 2,y 9619483 c][1, 4] thi azi ne-4-carboxylic -
[ 4- guani di no- ﬂ (thiazole- - 2-carbonyl) - butyI | -am%é*lEAgslm%sr
preferred corrpounds accor di ng- to formula X include:.+ 925 :
7- Benzyl - 6- oxo- oct ahydr o- pyrido[ 2, 1-c][1, 4t hi azi ne- 4- : car boxylic
aci d [ 4-guani di no-1I - (thi azoI ex 2- 5  scHeme@rbonyl )butyl]-anide; and940
6- Oxo- 7- phenet hyl - E MeO
oct ahydr o- pyri do[2 1-c][1, 4]th| hne- 4-car boxylic acid R Y R
[ 4- guani di no- | t bivazol e- 2- car@ |) -butyl]-amnde. . & gferredveO
conpounds accgerél g to formul aMel%Bde: 1@TEPT 0960 4 cH
4- oxo- | - ( 3- phefyd pr opjpny! )+ oct ahydropyrroro[ 1, 2 yr' &l (CHyN
e- 6- car boxyl i cRACI - |d$h«\pn1 (thiazol e-2- OR20
car bonyl) - butyl] anpde 0965 oxo: 1- (phenet hyl sul fonyl ) -
oct ahydropyrrolo[l, 2] pyrimdin %Rm car boxylic acid(4- o
guani di no-1| - (thi azole- 2- ' capbonyl ) -butyl ]-am de c
66 b
¥Y=S-Pg
NH-Pg
STEP 2
p.'
v
Ry Y 8 STEP 3 Ry Y Re
< R,
Ry (CHNn ‘\ (CH,N
R RiH 3
3 \»R, 1 o \3,'0'?20
o o]
e d
wherein: _
Pg is a sulfur or amino protecting group;
o 5 L is a leaving group; |
~ each of R,,; and R,, is independentiy a C,. alkyl; and R,, R,.
R, and R, are as previously defined.
The process depicted in scheme 3 is briefly described as
follows:
10
STEP 1: _
The carboxylic acid compound (a) is coupled to the cyclic
amine compound (b) with a peptide coupling agent such as
benzotriazol-1l-yloxy-tris-~(dimethylamino) phosphonium'
15 hexafluorophosphate (BOP reagent) in the presence of a



WD 96/ 19483 PCT/ CA95/ 00708
For preparation of the conpounds of fornmula (VIIl) various - nmet hods can

be e endi ng upon the particul ar startin i al nd/ or
A sghgdep o7 n9 woon the P 9 Bl

i ntermedi atés 1nvolved. The 5 follow ng schene is one met hod
of WD 96/ 19483 PCT/ CA95/ 00708

SCHEME 1 [err] WD 96/ 19483

PCT/ CA95/ 00Z083itions fSkePebtide boHi MMl P e Fel$ ﬁﬁaﬁn"“ihhth
appropri ate bases ,according to the procedures descrjbed I n Evans et al
(J. ANRT Enefn PeBEide) §REMIEFTY 2 FOF AP le otge , , |

Al dri ﬁhijm' g&ﬁﬁj&&%&hﬁdﬁa,?&abia@zlsfﬁm M., Spring%'i’?%ﬁlag, B?Q%Fﬁwnd ﬁ
upon hydr obgr ati an | ion oW . _.eqpditions,available in the
| Corat ur o Reyaeheerd: NomoTord. FRINY dihdis ¥ A= chehnsdete.
5 &analvsis., Svnthesis, Biologv. Vol. l.edited by Gross E.,
and Meienhofer J., Academic Press , New York, San
Francisco, London, 1979.

10 The compound of formula (c) is subjected to appropriate
conditions to allow internal cyclisation to yield to a
s | bicyclic intermediate of formula (d). For example, acid
mediated cyclisation using p-toluenesulfonic acid or TFA
in an appropriate solvent such as dichloroethane.

15
STEP 3 -
The ester function (-C(0)O-R.) of the bicyclic
intérmediate of formula (d) is subjected to hydrolysis
using an appropriate agent such as lithium hydroxide

20 (LiOH) in an appropriate solvent such as tetrahydrofuran

(THF) to yvield to the free carboxylic acid. The resulting
compound is then coupled to RH with a peptide coupling
agent such as BOP in an appropriate1301vent such as DMF to
give compound (e). Suitable conditibns for peptide bond

25 formation are well known in the arthf'peptide chemistry.
For example see Principles of Peptide Svnthesis., Bodanszky
M., Springer-Verlag, Berlin, Heidelberg, New York, Tokyo
1984; and The Peptides., Analvsis, Svnthesis, Biology, Vol.
l.edited by Gross E., and Meienhofer J., Academic Press ,

30 New York, San Francisco, London, 1979. '

For prepafation'of the compounds of formula (X) wvarious

methods can be employed depending upon the particular

starting materials and/or intermediétes involved. The
35 following scheme 4 is one particular method of

preparation.
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Step 3.

by stirring the reactant

Epbiad

al dehyde ¢ to al dehyde g is 20

in prese
p-tol uen

deprotection
Organic -

The formation of adduct e from al dehyde ¢ with d-is done

aci d.

prot ocal s found in T. Geene,
(John-W ey & QeEwE 41981) .,

Synt hesi s,

Step 3

in aromatic solvents:e.g. benzene 15
talytic am)unt of sui tabl e

-acid e.g,

or toluene
PCT/CA95/00708

The i ntetconversi on of

readlly achi eved by:appropriate protection
Protectlve Groups In

Step 4. 25 The

cylization of adduct e to f nay readily be achleved

Lew s acids e.qg,
di chl or onmet hane,

by appropriate

4':

treatnment of aldehyde g wit

solvents e.g,

(-AOORerr]) o
subj ected to
SUBSTI TUTE SHEET
PCT/ CA95/ 00708

in an

Qydr R at i on using an appropria
appropriate sol vant such as ethyl

ether to yielp

trimethyl alum numin sui tabl e solvents e.g.
t he met hodol®gy found in T. G eene, supra. 30 Step
Alternatively, the npound fsTean be derived fromt
gp pLesense-etqu|table ongci ¢

benzene. 3 St The ester functi '

f theRrpj ic intermediate of fermulg f is then

Rg 69 R,
96/ 19483

such as Hd
to the

o

H\n/\’/u\ogm STEP 2
NH,

c -

|u
RS
STEP3
':: N HN
3 1 OR,, 3 OR,,
e
R{H
STEP 4
W,
R, N
R; |
o R,
O
x .
wherein:

RJ'

R

4!

each of R,, and R,, is independently a C._.

and R, are as previously defined.

al){yl; and B, Rll
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free carboxylic acid. The resulting conmpound is then ~coupled to Rerr]H
with a peptide coupling agent such as BOP in 5 an appropriate sol vent

such agoldyfjedss Vield to a bicyclic coupl ed conpound of fornula (VII1).
Sui tabl e conditi ons for peptide bond formation are WBFFCRAYMIOR n th art
of pepti de chem stry. For exanple see Princinles of Peptide

Synthesi s, Bodanszky M, Springer-Verlag, Berlin, 10 Hei del berg, New York,
Tokyo 1984mn¢ b fendégeseed inABah¥mks 4 i‘%%%&%!ﬂy %e@&%%éfo%;
h ade , w Yor k, San

l.edited by G.o0ss E., and Mei enhofer J., Ac m c “Press
Francisco,ﬁﬂ%ﬂﬂﬁﬁ:1979. 15 For preparation of the conmpounds of fornula
(VI'11) various nmet hods can be enpl oyed dependi ng upon the particul ar
starting | al s and/ or intermediates involved. The fol | owi ng schene
I S one par met hod of preparation.

70 The halogenat&UBSihgoiRd SbiEEformula (a): is converted to a

halomethyl ketone of formula (b) using an appropriate
reagent, such as diazomethane in an inéit solvent such as
diethyl ether at a temperature of about -25°C to about 0°C.
The resulting mixture is then treated under acidic

10 conditions to yield to the halomethyl ketone of formula

(b).
" .

STEP 2 .
The halomethyl ketone of formula (b) is coupled with an

15 amino acid alkyl ester of formula (c) with an apﬁrbpriate
base such as sodium cYanbborohydride_in an organic solvent
such as methanol (MeOH) to yield'to alcyclic intermediate
of formula (d). -

20 STEP 3
The cyclic intermediate of formula (d).is treated under
acidic conditions using an appropriate acid such as
camphorsulfonic acid in an appropriaté.solvent such as

o/ toluene to yield to a bicyclic intermediate of formula

25 ie). '

STEP 4

The ester function (-C(0)0O-R,,) of the bicyclic
intermediate of formula (e) is subjected to hydrolysation

30 using an appropriate reagent such as LiOH to yield to the
free carboxylic acid. The resulting compound is then
coupled to RH with a peptide coupling agent such as BOP
in an appropriate solvent such as dimethylformamide to
vield to a coupled bicyclic compound of formula (X).

35 sSuitable conditions for peptide bond formation are well
known in th art of peptide chemistry.'For example see
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WO 96/ 19483 - : | o PCT/ CA95/ 00708

SCHEME 2 . - 4!J;err] HN _ STEP © - WD 96/ 19483
PCT/ CA95/ 98§19 wher ei n; Pg is a nitrogen protectPGRCAIHIFO8
each of Rlerr]; and Rerr] is- independently a Cerr]- aIkyI; and X, Rerr],
5 Rerr], R[err] and Rlerr]- sdre as preV|oust def-i-ned. The process in
schenme 2 is briefly d f I am no and

carboxyl i ¢ funEEiainrdRkes e Ao '-npgﬁﬁﬁnﬁFkVthul%pF&PQﬁﬁa
pr ot ect ed mnthvanmagnlﬁﬁnﬂln, mmndebbeng,gNewpgorh v&okyby1084preﬁﬁbuﬂgg

groups known _.7 ) gE%F%tgp and

deprotection pro =C »
Organi ¢ Synt heﬂrs:sq John aWdi égfe&nﬁof&n@, , 198é§1em1¢hErap}sr opNeat &ork,

protecting groun ¢ (#éhéi Lon®8h! 1 gg4gr synthetic scheme will depend on
many factors, including the presence of other reéactive functional

gr oups and the reaction conditions desired for renoval. The

unsat urat ed comReihirids foF tha ﬂ>§e§é§t| ¥n0bheibRdabY 28rtHRithods and
protocol s known _to chen st rote ed unsat ur at ed

conpound of foﬂhﬂ%ﬁ?%ﬁr¥%ﬁgkbysEB?%Et%HlithpEPongégétCS | CRSRIYIF Sl | ow
cyclisation ad#Sividyare B pghoftbh ¢ wRAGRNLsSdehoAs tratedr ie &gl asfsayn

an inert sghvent, suaf a5 ' elEaydiby 88 LR L8kt idvtltion may be
prepared for assay by dissolving them in buffer to give
W, solutions ranging in concentrations from 1 to 100uM. In
an assay to determine the inhibitory dissociation
constant, K., for a given compound, a chromogenic or
"15 fluorogenic substrate of thrombin would be added to a
solution containing a test compound and thrombin; the
resulting catalytic activity .of the enzyme would be
spectrophotometrically determined. This type of assay is
well known to those skilled in the art.
20 '
The compounds of the present invention may be used as
anti-coagulants in vitro or ex vivo as in the case of
contact activation with foreign thrombogenic surfaces such
as is found in tubing used in extracorporeal shunts. The
compounds of the invention may also be used to coat the
surface of such thrombogenic conduits. To this end, the
compounds of the invention are obtained as lyophilized
powdefs, redissolved in isotonic saline and added in an
aﬁount sufficient to maintain blood in an anticoagulated
30 state. |

The therapeutic agents of the present invention may be
administered alone or in combination with pharmaceutically
_ acéeptable carriers. The proportion of each carrier is
35 determined by the solubility and chemical nature of the
compound, the route of administration, and standard
pharmaceutical practice. For example, the compounds may
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25 a protected am no al cohol of forrmula (b). STEP 2 The
protected,am no al cohol of formula (b) is oxidized using an appropriate
oxi di ZWeP6as483t such as sul fur 30 trioxide pyridine conpCECAIN0E08 ’
appropriate sol vent such as dicl horonmet hane or di nethyl formam de to
yield to a protected am no al dehyde of formula (c). Alternatively,
i nternmedi ate (C), can be nmade by the ozonol ysis of a conpound of formula
(a ) prepak®dl HERFERIPRECREEFRHSY 6t tBES glemg wan@@ﬁl% 60: 5011.
1ntravenously515§“§ﬂb5&t§ﬂ55ﬁsly FOP 9RIEMAR3 a1
PCT/CA95/OO708 Eg g gFted no aldeh de of fornula
(c) is coupgnistrafiena, %ﬁ1ﬁ8mB8PB Es B H AT FMRIIZOTM)Ohy first
5 forn1ngsﬁurmmarunluﬁiamedcbgtamnﬁagtbh@e&h&o&hb@suﬂfor exdnpXle, W th an
approprg at S [ 0 r drlde
NaBH( m%)[%‘#{ﬁ%rgnéu%"ffﬁe 8! cFhcose tb ?‘e%?{%e?i%ﬁ% Yl a (e).
STEP 4 istteona] i a‘hmt@mquade payf berraﬁm@e)sﬂexe‘dmmﬂdualmeme

at the an1@% fﬁfl 1é?§leé%%égléee gglaeaﬁﬁﬁég'%@ﬂﬁélqlng(%ﬁﬁlreact;ons

|nterned|ate formu i tions appropriate
are wel | kl%ﬁmm@f%tlffe emhaaﬂ $Farchy 1§§$§ﬁ6rowhtlr¢@ g a5td tthe Rl err ]

substitueniiike. ThSWdindounds M9 ANLBOLR’ AEREIRE el R L ilfuLVE) | ©

i nter iate o
nﬁg in the form of troches or lozenges 1n which each active

10

ingredient is mixed with sugar or. oorn syrups, flavouring
agents and dyes, and then dehydraﬁed,Sufficiently to make
the mixture suitable for pressing'into solid form. The
compounds may be administered orally in the form of

15 solutlons which may contain colourlng and/or flawouring
agents. :

Phy51c1ans will determlne the dosage of the present
therapeutic agents which will be most . suitable. Dosages
20 may vary with the mode of administration and the
particular compound chosen. In addition, the dosage may
vary with the particular patient under treatment.
When the composétion is-administenéd orally, a larger
o/ 25 quantity of thélactive agent will t¥pically be required teo s
produce the same ‘effect as caused whth a smaller quantity
given parenterally
A %%_ _
To further asslst in understandlng,the present invention,
30 the follow1ng ngn-llmltlng examplrg of such thrombin

examples, ‘coursge, éonstrued as
specifically 3. ' vention, variations
presently kno a
35 the purview'o
fall within th

described hereln



formula (f) is renoved under appropriate condi tions and 20 the resul ting
conmpound ks then subjected to.appropriate condi t| on for internal ring
cl osure suMO %AI%8v heat in an inert solvent or” as a r aRCTAIAISMH0mesSt O
yield to a bicyclic i nternedi ate of formula (g)*"The bicyclic

i nternedi ate of fornmula (g) can al so-be.obtained by hydrol ysing t he
ester 25 function (-C(QORerr]) of the’ cycllc i nt-ernedi at e of :fornul a
(g) to the f r eePEGEBDRY FPYeRGi®N @Yo BEm e 2e/ ding copgprE#enadupl i ng
using an apprOpfakébﬁr‘é‘E‘inlé @Q:erﬁl%ﬂi recovetfméhods known to those
benzotri azol e- | é oxy-tris- (di et hyl am no) phosphoni um

hexaf | uor ophospf ﬁ-élFédbf‘ ithea prfp of RFrgansis \R#FE Rierordant Gef¥yLhesis,

formam de (DVF)while proS‘iain@ a newl £ Wsidgie fwrmiﬁtioﬁ(ﬂ@ Bherbir)araﬁl
forrrula (9).is-.then_ subjected t

t he bicycli t er,medi f
hydr ol ysat i %1 u§¥ﬁ§g§ﬁ1§p6’ 21 EARPL cHFERF$Ie ﬁlns%iﬁthetlca’p'ﬁ}‘ﬁﬁﬁ ate
sol vent such asfethy_htetrhmdnlatqe glmrdlorédhein the synthes:Ls as well as the
73 S 6/,194
PCT/ CA95/ 00708 resulthPeeagcl‘{gLr ES‘XE%"%}EE ompeunde | ‘? i %g ‘?r%%ﬁﬂ‘d is then
coupl ed to RH witfreatpept ifdd lesupl i ng agent such as BOP in an
appropriate solvent such as DM to yield to a bicyclic coupl ed conpound
of formula (VIIl1). Suitable conditions 5 for peptide bond formation are
well known in th art of peptide chem stry. For exanple see Principles
of Pentide Synt hesi s, Bodanszky M, Springer-Verlag, Berlin,
Heﬁl berg, New York, Tokyo 1984; and The Pepti des, Anal ysi s,

esis, Bioloay, Vol. |.edited by Goss E., 10 and Mei enhofer J.,
Academ c Press , New York, San Franci sco, London, 1979.

| -8l -
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" reduced pressure yvielded the crude product. Flash

For preparation of the conpounds of formula (1X) various . nmet hods can be
enpl oyed dependi ng upon the particular 15 starting nmaterials and/or

I nt er wexk6av483 i nvol ved. The foll owi ng schene i s onecifiaos@etoar nethod
of preparation. :

74 WD 96/ 19483 PCT/ CA95/ 00708
SCHEwéééﬂzhg—i S

0
‘H . : H
oc - . | |
Boc” N N~ Hs 1. Zn/Cu couple; ultrasound Boc” N
. CHs 2. [0-CH;3C¢H,)3P),PdCl,
| : 4-iodohenzonitrile
NC

A solution of tert-butyloxycarbonyl-iodo-alanine-N,O-
dimethylamide (2.68 g, 7.5 mmol) (J. Org. Chem. 1992, 57,

“’  3397-3404) in dry benzene (30 mL), and dry N,N- _ ‘V
dimethylacetamide (2.0 mL) was added to a dry nitrogen-purged
round bottom flask charged with zinc-copper couple (0.90 g).
The resulting mixture was sonicated under nitrogen until no

| starting material remained (as judged by TLC). Bis(tri-o-
tolylphosphine)palladium dichloride (0.35 g, 0.40 mmol) was
added followed by 4-iodobenzonitrile (1.72 g, 7.5 mmol). The
resulting mixture was stirred under a nitrogen atmosphere with
heating, allowed to cool, ethyl acetate (100 mL) was added,
and the mixture filtered into a separatory funnel. Sequential
washing with agueous HC1l (50 mL; 0.1N), distilled HO (3 x 50
mL), drying over Na,SO,, filtration, and concentration under

chromatography over silica gel (light petroleum-ethyl acetate
gradient) afforded the purified compound.

. o _
Boc” i 7o 1. Zn/Cu couple; ultrasound Boc

OCH,

-

\ZI
.....$=
— z\

Q=

Hy 2. [0-CH,;C4H,)2PLLPdCl,
3-iodobenzonitrile

CH,
\l
CN

A solution of tert-butyloxycarbonyl-iodo-alanine-N,O-
| 82

SUBSTITUTE SHEET




[err] : ~ Pg is a sulfur or am no protecting
group; 5- L is aleaving group; - each of Rerr]; and Rerr] is ' :
i ndependeWiOI196/19483[ err] al kyl; and R err], R err] R[ er r PCHEAYSPTO8 | are
as previously defined. The process depicted in scheme 3 is briefly

compound. (Re ekt o8 T3 PRevcy S muot) (., O THAE WA 0P,

peptide caip?7nydédeninsdcy henzene (30 mL), and dry N,N-

oar | Uor SoRee P e e Hp e s (2 MM MRl 20 o &Y nitiogen puzasd

n-nethylnn?@ﬂ@gih@ttﬂmaﬁlaﬁbr§bﬁF§ﬁé ¥dithe inc-coppath GRIRAeet®yI@ ¥ hani de

]g(f))'r\/r?“ gr(gﬁ@gﬁﬁﬁﬁgﬁ@emQMe was bonticRltdd %ﬁé@mm&&%%ﬂ@ipfno

SUBSTI TUTES &g material remained (as judged by TLC). Bis(tri-o-
tolylphosphine)palladium dichloride (0.35 g, 0.40 mmol) was
added followed by'3-iodobenzonitrile (1.72 g, 7.5 mmol). The
resulting mixture was stirred under a nitrogen atmosphere with
heating, allowed to cool, ethyl acetate (100 mL) was added,
and the mixture filtered into a separatory funnel. Sequential
washing with aqueous HCl (50 mL; 0.1N}, distilled H;)(B.x 50

— . mL), drying over Na.SO,, filtration, and concentration under

reduced pressure yielded the crude product. Flash
chromatography over silica gel (light petroleum-ethyl acetate

gradient) afforded the purified compound.

o} 0
N OCH o n\\¢/1L\ B
Boc” Vb 1. Zn/Cu couple; uitrasound Boc” . N/OC 3
A

§ -

Quz

Ha ' 2. l()-CH3C6H4)3P ]gpdCI-_p

CH,
| . 2-iodobenzonitrile

CN

-

A solution of tert-butyloxycarbonyl-iodo-alanine-N, O-
dimethylamide (2.68 g, 7.5 mmol) (J. Org. Chem. 1992, 57,
3397-3404) in dry benzene (30 mL), and dry N,N-
dimethylacetamide (2.0 mL) was added to a dry nitrogen-purged
round bottom flask charged with zinc-copper couple (0.90 g).
The resulting mixture was'sonicated under nitrogen until no
starting material remained (as judged by TLC). Bis(tri-o-
tolylphosphine)palladium dichloride (0.35 g, 0.40 mmol) was
added followed by 2-iodobenzonitrile (1.72 g, 7.5 mmol). The
resulting mixture was stirred under a nitrogen atmosphere with
heatiﬁg, allowed td cool, ethyl acetate (100 mL) was added,
and the mixture filtered into a separatory funnel. Sequential

83
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conditions for peptide bond formation are well known in th art of
pepti dgyshigivysi ry. For exanple see Principles of Pentpicefc agpbigsi S,
Bodanszky , Springer-Verlag, Berlin, Hei del berg, New York, Tokyo

1984; and The Peptides, 5 Analysis, Synthesis. Biology, Vol. |.edited by
G oss Evashingawithepaugeotsr HF1 (ROaddni O FAlbss disein Yert 1d.Osd3 x 50 _

Franci §60, LOpd9Ry 4989 Na.so,, FEER-AMN Thihd gt #4conMhaetC) is
subj ected to appropriate .~ _ conditions o al Icﬁlvgtl nt erﬂgéiécycl i sation to

yiel d teeduced BYEFEPFE YALHIFEWID%® FIDMAANY) . ForSRxanpl e, acid

medi at egquﬁgfclsgt;ggnyuaiﬁ&g- &gtldjrﬁae'rmm floight aeettroledirrethyli aﬁenate
appropri ate, sol vent. _.su a i chl.argett STEP 3 The ester -
functi&F?‘Sﬁf’E}é Pt%gf’f‘ do%?ﬁehgutﬁlcé}cﬁ$%%%\p&lg% ernediate of formula (d) is
subj ected to hydrolysis usi ng an appropriate agent such as lithium

hydr oxi de 20 (Li OH) Bn an appropri ate solvent such as tetrahydrgfuran
(THF) to yield to thegfree carboxylic acid. The resulting =~ cgnpound is

then coupled to iR errH wi jdeng peptide couplin agent Huch A
an appropri a@”%0 nCh as DIVE'-IFB!O“-DI%F-‘QE’.conPumbc(e)._ =i
condirtions for pepts de bbnd 25 T%ﬁ%&/ﬁ)&t@ﬁ:ﬁdﬂ@” nown in t

pepti de che Fefts exanpl € sée Principl es of PeptizdeSynt heShss,
Bodanszky Springer-Verlag, Berlin, Heidelberg, ork, Tokyo

1984; and pt i des. Anal ysis, Synthesis, Biglpay, N 1 edited by
G oss Eyne i enhofer J., Academic Press 30 RNel WrfOr RySan Franci sco,
kgndon, 1979. For preparation of the conpoundff of fornmula (X) variougy
nmet hods can be enpl oyed dependi ng upon the particul 8#  starting

materials and/or intermedi ates involved. The 35 follow ng schene 4 is one
particul ar nmethod of .  preparation. _ '

To a solution of tert-butyloxycarbonyl-para-cyano- |
phenyialanine—N,O-dimethylamide (1.33 g, 4.0 mmol) in dry
ethanol (20 mL) was added hydroxlyamine.hydfochloride (0.416
g, 6.0 mmol), and diisopropylethylamine (1,02 mL, 6.0 mmol).

' The mixture was refluxed and then cooled. The precipitate was
filtered, washed-wiﬁh cold ethahol; diisopropylether, dried
with MgSO,, concentrated under .reduced pressure, and used
directly in the next step. The semi-solid was suspended in a
mixture of acetic acid (20 mL), and dry ethanol (40 mL) with
warming. Subsequently, Pd/C catalyst (0.30 g, 10% Pd) was

v/ added, and hydrogen was bubbled through the mixture with o

warming. The hydrogenation was continnea'until no starting

material could be detected as judged by TLC. The catalyst was
removéd:by filtration, the solution was_cqncentrated under
reduced pressure (50 mL), HC1 (50 mL, 1 N)ZWas.added,'and the
mixture was concent:atéd once again to 50 mL. The solution
was chilled overnight yielding'thé titlé'gompound.
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PCT/ CA95/ 00708 -  SCHEME 4
[err] WO 96/19483 S . PCT/CA95/00708
N . _OCH, - “ K
Boc” N~ ° 1. NH,OH,DIEA/EOH Boc” N Ny CHe
L | e i |
&, % HyPUCEOHHOAC S
NC
HN" SNH

To a solution of tert—butyloxycarbonyl-meta—Cyano-
phenylalanine-N, O~dimethylamide (1.33 g, 4.0 mmol) in dry
ethanol (20 mL) was added hydfcxlyamine hydrochloride (0.416 o
g, 6.0 mmol), and diisopropyvlethylamine (1.02 mL, 6.0 mmol).
The mixture was refluxed and then cooled. The precipitate was
filtered, wa$hed with cold ethanol, diisopropylether, dried
with MgSO,, concentrated under reduced pressure, and used
directly in the next step. The semi-solid was suépended in a
mixture of acetic acid (20 mL), and dry ethanol (40 mL) with
warming. Subsequently, Pd/C catalyst (0.30 g, 10% Pd) was
added, and hydrogen was bubbled through the mixture with
warming. The hydrogenation was continued until no starting
material could be detected as judged by TLC. The catalyst was

. " removed by.filtration, the solution was concentrated under

“ reduced pressure (50 mL), HCl (50 mL, 1 N) was added, and the

mixture was concentrated once again to 50 mL. The solution

/

was chilled overnight yielding the title compound.

2T

o \/lk /°°"= 1. NH,OH.DIEAEOH go.” s
-

2. Hy, PU/C/EtOH:HOAc |
CH,

@ | . . . . NH2
cN :

" NH
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wher ei n: 5 each of Rerr] and Rerr] is independéntly a Cerr] alkyl;

and B, Rerr], Rlerr], Rerr], and Rerr] are as previously,’

def i naglp 96719483 VO 96/ 19483 PCT/CA95/00708 '
PCT/ CA95/ 00708 The process depicted in scheme 4 is briefly described
as fol |l ows: STEP 1. 5 The hal ogenated conpound of fornula (a):

i s conferiedoiBtion ofpfegirsbMAY JORRGARFRANY lor PRIFACTBYBRT ng an appr opr i at e
r eagernphéngia asnihazayet-ddne thy lamideer (1 558 \@Nt4 sOGim@s) in dirgt hyl et her

at a tenpera of _about to abo t O[.e e tin
n1xtur%q$§£? eKSP @ﬁﬁeﬁgﬁnééaég;QY : £?¥éé°?319?%$é 5@ ?ﬂ '
hal omeg hyé . &emmné)ofahdrduhaopropﬁlﬁthylamlneEMI}D2 mL, 6TOeminallonet hyl

Kot onepl APLINLE (BL LS AoUle Lol Whell by ddl "Opfc Lgnrg&ékgg%ﬁygﬂ de’in

f or mul an appropri ase suc cyano
an orgénlceggdvewashed w1th cold ethanol, diisopropylether, dried

with MgSO,, concentrated under reduced pressure, and used
directly'in'the next step. The semi-scolid was suspended in a
mixture of acetlc acid (20 mL), and dry ethanol (40 mL) w1th
warming. Subsequently, Pd/C catalyst (0.30 g, 10% Pd) was
added, and hydrogen was bubbled through the mixture with
warming. The hydrogenation was continued until no starting

/ Mmaterial could be detgcted as judged by TLC. The catalyst was "kﬁ
removed by filtration, the solutlon was concentrated under
. reduced pressure (50 mL), HC1 (50 mL "1 N) was added and the.
mlxture was concentrated ‘once agaln to 50 mL. The solutlon
was chllled overnlght yleldlng the title’ compound

ZI

LOCH;.
N

Boc Lithium thiazole/THF

CH;

o/ NH

To a solution of thiazole (1.28 g, 15.0 mmol).in anhydroﬁs THF
(30 mL) was added n-BuLi (1.6 M/hexane, 8.9 mL, 13.9 mmol)
dropwise at -78 C, and the solution stirred. tert-
Butyloxycarbonyl-para-amidino-phenylalanine-N, O-dimethylamide
(1.15 g, 3.3 mmol) in THF (15 mL) was.then added dropwise, and
the resulting mixtzure stirred. The rea¢tion Was.quenchéd with
saturated aqueous ammonium chloride. The mixture was diluted
with ethyl acetate (150 mL), and the organic layer washed with
saturated aqueous ammonium chloride (2 x 50 mL), brine (50
mL), dried with Mgsog, filtered, and concentrated under reduced

pressure. The crude material was purified on silica gel
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such as net
(d). - 20

under WO %7184830ndi t i ons ugi‘ng an appropriate aci:t

canphor sul f
to a bicycl
function (-

hanol (MeOH) to yield to a cycllc lnternedlate of fornmula
*STEP' 3 The cyclic intermediate of fornula (d) is treated
“such aBCT/CA95/00708

: toluene to yield

onic acid in an appropriate solvent such:
or.mul_a e ester

(S0 e er e EnsrRslr opRe Sorhsransmhd e Feduraneaton

subj ect ed tmrdgsmoneéysati on 30 “using an appropriate’ reagent such as LiOH to
yield to the free carboxylic acid. The resulting conpound is then

coupled to

appropriate sol vent suc
bicyclic conpoundlDf f offmul a
formation are\MaA

see

PCT/'CA95/ 00708

Spri nger -

Pepti des, Ang

Mei enhof er

Conmpounds of t

ability to

dennnstratﬁg Y
I nvention 9 be

Rlerr]Hw th a peptide coupling agent such as BOP In an

as dinmethylformamde to - yield to a coum ed

Qﬁ?. 35 Suitable conditions for epti g bond
3

3th artLiﬁ‘f.yg!p%tz‘iﬂg,egthem st r exeig ‘e\s>
, /
N

Prlqgrples of Peptide Synthesis, Bodanszky,
, BerI|n Hei del ber g, New York, Tokyo AU
Synthesrs Bi ol oay, Vol. I. edlted by
Aggddem ¢ Press , New York, 5 San Francis
present invention are further characte
inhipit the catalytic activity of thronbin,
: : assay'lo as follows. Conpounds of
prepared for assay by dissolving th

J!

ent
¥fer to

give\) solutions ranging in concentrations froml to IOJerr]M In

To a solution of thiazole (1.28 g, 15.0 mmol) in anhydrous THF
(30 mL) was added n-BuLi (1.6 M/hexane, 8.9 mL, 13.9 mmol)
dropwise at -78 C, and the solution stirred. tert-
Butyloxycarbonyl-meta-amidino-phenylalanine-N, O-dimethylamide
{(1.15 g, 3.3 mmol) in THF (15 mL) was then added dropwise and
the resulting mixture stirred. The reaction was quenched with
saturated aqueous ammonium chloride. The mixture was diluted
with ethyl acetate (150 mL), and the organic layer washed with
saturated aqueous ammonium chloride (2 x 50 mL), brine (50
mL), dried with MgSO4, filtered, and concentrated under reduced
pressure. The crude material was purified on silica gel -
(ethyl acetate/hexane), and concentrated under reduced

pressure.

| 0 | | o | o -

H ' ' H

N OCH N

Boc” ) T/ : Lithium thiazole/THF - Boc”” \)k(s
. _ - i
CH, 4 Nt
NH, ' NH,

HN ' : NH

To a solution of thiazole (1.28 g, 15.0 mmol) in anhydrous THF
(30 mL) was added n-BulLi (1.6 M/hexane, 8.9 mL, 13.9 mmol)
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an assay to determne the inhibitory dissociation constant, K, for a

gi ven conpound, a chronmpgenic or 15 fluorogenic substrate of throﬁbln !
woul dwireoea@dsxd to a sol ution containing a test conpeistar@oiod’ onb

t he resulting catalytic activity of the enzyne woul d be
spect r ophot onetri cal Iy determned. This type of assay i's wel | known to
t hose HARYRRE i3t thE8aS. W the BRIvehpRuRELTBrA: hetfFésent invention may

be useshtaf oxyca%ﬂ&dmﬁ])aefkﬁbt-Smh.ﬂ:.hbt—b@xe@x&rl%&a‘ﬁl]‘#é-@ﬁ omiﬂ@cm&ni)aef i
cont act C |vat ore onbqgeni ¢ surfac as is_foun

in tubl:"r'rga;1 gl:o?‘ﬁo#'ggl (gh H&‘S @‘? ?&%&irﬁ"%’ﬁ?\e #ndent i on
may altsma b&msbtdmg) mmaturhestlrredrfaa\heofreaaﬁidrhwmqg&mm@dmduths. To

this aibuldlfeq aqfoiROUaRCALuLNERIBLIRE ON Al AUAINC, S8 dyAROLYT Zed

pomders Ih pamesiu ERLordeid han
suf fi otidh ethyhiacetatel 6580 nLanansk ithea @rIgamdd 3'\@17331 arashed witHhe

t her apgUt| L B8 d Gudbut NEmRHRS AR chI¥eAEeON 2T8Y E mr,) , WU AL Sissed al.one

or in corrbl nation w th pharmaceutically accept ab e carriers. The .

pr opo®ilon HiiedcHl BRrgEP: sf-'8]5'5"-"6%@er?ﬁ@e@%?e{*ﬁ?éa%ﬁuﬁpﬁﬁfy rgdyceseni cal

nat ur xcefssmee ThéOﬁiaﬁaédmatéelaQUhasobu&Qfﬁl@étdrﬁtslﬂrhca?\"&laﬁt andar d

har maceut i c ract | ce. exa t he como
P %Q£ 5 gpconcentraeg% uné;r diuced

79 ~lethyl Grre sl %§ane
PCT/ CASY L4608, be injected parenterally; this being intranuscularly,
I ntravenously, or subcutaneously. For parenteral adm ni stration, the
conpound may be used in the form of sterile solutions containing other
SPl utes, for. exanple@ 5 sufficient saline or glucose to neke t sol uti o
I sotonic. The rrpou ds rrgy: be adm nistered orally in the n f mofm_I
tablets, capget IJ Pas. COntHyi RUNIYBtOHINHabI e o Boc”” N

R CH3 . . OCHS

NC

tert-Butyloxycarbonyl—para-cyano—phenylalanine-N,O—
dimethylamide (1.33 g, 4.0 mmol) was dissolved in ethanol
saturated with ammonia (30 mL), and sponge Raney Ni (100 mg)
added. The solution was shaken ﬁnder H. at rooﬁ temperature
(40 psi). The solution was filtered throﬁgh celite, and
W concentrated under reduced pressure to yieid a clear residue.
The residue was dissolved in ethyl acetate (250 mL), and
washed with 1 N NaOH (2 x 50 mL), and brine (2 x 50 mL). The
solution was dried with MgsSO,, filtered, and concentrated under

reduced pressure.
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exci pi ents such as starch, |actose, mhite'sugar and the i ke. The
conpounds may al so be admi nistered sublingually 10 in the formof troches

or | ozenge¥O9W1M8Ech each active ingredient is m xed w tPCHA498/00368 COr n
syrups, flavouring agents .and dyes, and then dehydrated sufficiently to
make - the mxture suitable for pressing into solidform The

conpounds may be adm nistered orally in the formof.15 solutions which may
contain colouring and/@r flavouring agents. -. Physicians wil®
determ ne the dogpage of} the present t her apeuti c’ agents whi¢gh w It be
nmost suitabl e. w@c ry Y o), fAREeEawf adm ni st r N et peCHs
particul ar cﬁﬁbound'chose 1n ad °Wary th the

particul ar patient
adm ni st er eg ~
typically be

smal | er qua!

der eat nent . When the conposition is§
a largér 25 quantity of the active pgERY M

jred to produce the sane effect ‘as cf W th a
gi ven parenterally. To further '

under st andi ngNfThe present invention, 30 the follow ng no ting
exanpl es of sugh thrombin i nhi bitory conpounds are provilded. The
fol |l ow ng N@éxanpl es, of course, should not be construed

specifically limting the present invention, variationsHN" presently known
or |ater devel oped which would be within 35 the purview of one skilled in
t and considered to fall within the scope of the present

i nvention mrt-Bmmmx&)edrhenyﬂnmethecwaepeph@@yd@iqmim%—m&ﬂf t he

Sokeg" V@%@ééﬁﬂ% ]1.' 4.0 mmol) was dissolved Pg/%&)P?OS
pregent invention are s eS|zed usi ng conventi onal preparative steps ,
and recoverSAtHakRd ‘Khéhma’MOFFlésé?’O mLgd ki RREd sPendife Raneyo MNior Gt anghd =
bi 0- or gani Gy hestiie solubhibhewREO¥hekaa AndRY &1 UAt AH6oRORBIBRLEeLEOT
the Overall(40 psi). The solution was filtered through celite, and
coﬁcentrated under reduced pressure to vield a clear residue.
The residue was dissolved in ethyl acetate (250 mL), and
washed with 1 N NaOH (2 x 50 mL), and brine (2 x 50 mL). The
solution was dried with MgSO,, filtered, and concentrated under

reduced pressure.

0
N OCH
o™ N~ 1. H,, RaNVEtOH:NH, / /
i | -

— 2 CHy ocu,

NH,
CN

tert-Butyloxycarbonyl-ortho-cyano-phenylalanine-N, O~
dimethylamide (1.33 g, 4.0 mmol) was dissolved in ethanol
saturated with ammonia (30 mL), and sponge Raney Ni (100 mg)
added. The solution was shaken under H at room temperature
(40 psi). The solution was filtered through celite, and
concentrated under reduced pressure to yield a clear residue.
The residue was dissolved in ethyl acetate (250 mL), and
washed with 1 N NaOH (2 x 50 mL), and brine (2 x 50 mL). The
solution was dried with MgSO,, filtered, and concentrated under

89
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5 synthesis of each conpound. Preferred synt hetic routes for

I nternmedi ates involved in the synthesis as well as the resul tirg
anti - t W98 conpounds of the present i nventi on fedth©AYs/00708 ’
81 SUBSTI TUTE SHEET
reduced pressure.
- . . r4 _ o
N L CH | o
Boc” T/ s HsCS” NHZ _ Boc” N N
OCHg HgCl/THF " gl,c,.,s |
H,N\/©/ ZHNTR
' NZ

_ tert—Butyloxycarbonyl-para—amihomethYl-phenylalaninesN,O-

\ - dimethylamide (1.00 g, 3.1 mmol) was dissolved in dry THF (10 ‘;ﬁ.
mL) under nitrogen with stirring. The solution was cooled,
N,N'-bis-(benzyloxycarbonyl)-S-methyl-isothiourea (1.14 g, 3.2
mmol), and HgCl (0.95 g, 3.5 mmol) added. The solution was
concentrated under'reduced:pressure, thé'remaining residue was
suspended in ethyl acetate (200 mL), and filtered through
celite. The filtrate was concentrated under reduced pressure.

Flash chromatography over silica.gel'(hexane/ethyl acetate
gradient) afforded the purified compound.

o NZ _ | o _
H . ’ .
- /N\)j\ ~CHs J\ . “\)l\ CH
"/ Boc I T : HyCS NHZ > Boe” N N <
A OCH; HgCL/THF A ACHs
“NH, . | HN

ZHN/KNZ

tert-Butyloxycarbonyl-meta-aminomethyl-phenylalanine-N, O~

dimethylamide (1.00 g, 3.1 mmol) was dissolved in dry THF (10

mL) under nitrdgen.with stirring. The solution was cooled,

N,N'-bis- (benzyloxycarbonyl)-S-methyl-isothiourea (1.14 g, 3.2
' S0 -
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WD 96/ 19483. . PCT/ CA95/ 00708 - EXAVPLE

[err] . ) A sol ution of tert-butyl oxycarbonyl -i odo-al ani ne-N, &
di met hyl apglesfods8 g, 7.5 rrm)l) (J. Org. Chem 1992, 57, 33efrcxdedd7ogN dry
benzene (30 n), and dry N, N-: di met hyl acet am de’ (2 0 n) was added to a

dry nrtrogen f ound bottomflask charged Wi'th zinc- copper couple
(0.90 g). Theaﬁésﬁggrlng‘%%ﬁe a3 BWALLasedednde™ s SPAYEFAMMAS no

tSt?rrtl Rg Wﬁéﬁééﬁkﬂéegal aaae&ﬁ?ada@w pBesHude, Birsd tféma)znz.ng resmuca was
ol yl phosphi ne adi ori -

fol | owed b%uﬁéggﬁgeﬁ?oﬁ'ﬁgﬁ’ﬁ'l gc(ei:af:? d; 230% g‘“rﬁmla)ng%teredr%gﬁ‘?‘t‘gh

m xt ure wasezsitét edTHad€d 1araitier agen cmnmrﬂnrtﬂadmﬁrmer rématécmgarakkﬁﬁed

t |, t 1 th t fil
nto a sepdtbrshy SraRfaroRaRmn e ST4cn e (henSt) SO0 ereb8EeNL
0.1 N), di sgradieelnHD éﬁfwraed thenpﬁrlrﬁﬂgadrg:mum SO, f| I t rat i on, and

concentration under -reduced pressure yielded the crude product. Fl ash
chromat ography over silica gel (light petroleumethyl acetate gradi ent)
afforded the purified corrpound . z [err] o
\)j\ CHy /‘]\ ' t CH
/ 7 H;CS NHZ - Boc” N

OCHa HgClL/THF OCH,3
. H
N NH, C(/N NHZ
: ' ZN

tert-Butyloxycarbonyl-ortho~aminomethyl-phenylalanine-N, O-
dimethylamide (1.00 g, 3.1 mmol) was dissolved in dry THF (10
mL) under nitrogen with stirring. The solution was cooled,
N,N'-bis-(benzyloxycarbonyl)-S-methyl-isothiourea (1.14 g, 3.2
mmol), and HgCl. (0.95 g, 3.5 mmol) added. Thé solution was
concentrated under reduced pressure, the remaining residue was
suspended in ethyl acetate (200 mL), and filtered through
celite. The filtrate was concentrated under reduced pressure.'

U Flash chromatography over silica gel (hexane/ethyl acetate
gradient) afforded the purified compound. —/

[o]
Boc”” rlr/ ? 1. Lithium thiazole/THF

OCH,

HN NHZ

T

N2

To a solution of thiazole (1.28 g, 15.0 mmol) in anhydrous THF
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A solution of tert-butyl oxycar bonyl -i odo- al ani ne-N, O

82 WD 96/ 19483 PCT/ CA95/ 00708 -
di met hywewsdsss2. 68 g, 7.5 mml) (J. Org. Chem 1992, 57, pAPRh 3%4@@ in dry
benzene (30 nmi), and dry N, N- di met hyl acet ani de (2.0 nL) was a 0 a dry
ni t rogen- purged round bottom flask charged with zinc-copper couple (0.90

g) . The(ﬁéhﬁﬂﬂnﬂfﬂnédiﬁ@-MaﬁuhanéaﬁeH/hﬂuénenlBr@gmh UABGI.I9 mmcslt)ar t i ng
mat er i alaoprmigedd asr ¢ u@ge@n@/ tHeC)soﬁ&(ctr{ 's@l#egéy | phRS 8@%8@%&6“" um

di chloride (0. 35 h%SO was added 3-1odobenzonitrile
(1572 e (kb e o 17 (ALKt SReTHES (361 RESdvasdshen mddesben.
at”DSphakepNﬂéé|Nﬁﬁdrthe6&é§MBﬂlﬁ@ RoRturet Byl raedt at enel 0Q Juy)i GpssAsdded,
and the_m xt fllétere into aratory funnel S%Eentlal washing with
aqueous THEFRES WAt SAFUTATETi # ﬁoﬁf #‘T@"%mecg oxffe - gr ey over
Na[ er r | fidkeurle wad td:alutned whth cethpbt aattateundso’ fnﬂducad;domﬁssure

| ded I I I
Lt S echPRrie SRt el 280 LARUPh ERECHRGENE! nlnondfgd Sl e
[err] (2 x 50 mL), brine (50 mL), dried witbOMgSO,, filtered) uahdn of

b o 24 h 2 |
E?rtcr;E éhen?&%gggy 5fﬂg§397 34%§ 3?%*%9*332n?ég”b?§8gnﬁg%eg%§ AQEDNI

di met hyPREafaedeon B0 ia3 apk Heelvltace atg/hpxangen- podged round bott om
flask chahgestddded yHadPPeiusadPbeetfudl. 9) -

~ o]
N CHy
Boc”” alx/ : 1. Lithium thiszole/THF
' OCH, |
NH
N SNHZ
Td_a solution of thiazole (1.28 g, 15.0 mmol) in anhydrous THF
(30 mL) was added n-BuLi' (1.6 M/hexane, 8.9 mL, 13.9 mmol)

dropwise at -78 C, and the solution stirred. The protected
amino acid (1.36 g, 3.3 mmol) in THF (15 mL) was then added
dropwise, and the resulting mixture stirred. The reaction was
quenched with saturated aqueous ammonium chloride. The

mixture was diluted with ethYl acetate (150 mL), and the -
organié layer washed with saturated agueous ammonium chloride
(2 x 50 mL), brine (50 mL), dried with MgSO,, filtered, and
concentrated under reduced pressure. The crude material was
purified on silica gel'(ethyl acetate/hexane), and
concentrated under reduced pressure.
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The resulting m xture was sonicated under nitrogen until no starting
material remai hed (as judged by TLC). Bis(tri-o-. tolyl phosphine)palladium
di chl ori dew6@63948g, 0. 40 nmol ) was added fol |l owed by 2-i odobgeEenbdsoros
(1.72 g, 7.5 mmol ). The resulting mxture was stirred under a ni trogen

at nosphere with heating, allowed to cool, ethyl acetat'¢ (100 nL) was added,
and the mxture filtered into a separatory funnel . Sequenti.al

83 © . SUBSTI TUTE SHEET WO 96/ /19483

PCT/CA95/00708 wash g wi th aqueous HCL (50 nmli; 0.IN), distilled H®rr]O
ng
re eIde

(3 x 50 nm), SC{err] filtration, and concentratﬂon ul
reduced pres&e the crudel ﬂn@uwhlnmﬂmgh Lomat ogeapny Ssrér
silica gel (light petro SHn}ethyI acetate gradi ent) afforded the guri
conpound. Jerr]

a solution|p =rt-b yIoxycarbonyl-para-cyano-
phenyl al aniQ Q ditet hyINdzi de (1.33 g, 4.0 nmmol) in dry & (ZH m.) NHZ
was added hya ony m nejfhydrochl ori de (0.416 g, 6.0 nmol), & jgf’
di i sopropyl ethylamne (#.02 niL, 6.0 nmol). The m xture was refluxed an

then cool ed. -The preC|pitate was filtered, washed with cold ethanol,

di i sopropyl ether, dried with MgS( err], concentrated under reduced
pressure, and used directly in the next step The sem -solid was suspended
in a mxtufe & sadettiiomdfl flroanele éhdzarg'eﬂﬁaﬁommelo An) apghyiirous THF

(30 mL) was added n-BuLi (1.6 M/hexane, 8.9 mL, 13.9 mmol)

\_ . dropwise at -78 C, and the solution stirred. The protected
amino acid (1.36 g, 3.3 mmol) in THF (15 mL) was then added -
dropwise, and the resulting mixture stirred. The reaction was

7
H

quenched with saturated agqueous ammonium chloride. - The
mixture was diluted with ethyl acetate (150 mL), and the
organic layver washed with saturated agueous ammonium chloride
(2 x 50 mL), brine (50 mL), dried with magnesium sulfate,
filtered, and concentrated under reduced pressure. The crude
material was purified on silica gel (ethyl acetate/hexane),
and concentrated under reduced pressure.

. o . ) ’
(O y .
7~ N . ~OCHs 1. Zn/Cu couple: uitrasound c/ OCH3 ~/
Boc T * ples P Bo bll
L SH 2, [0-CH,CsH)3P),PACI, CH,
i 2-amino-S-hromopyridine l
. ' .

HoN N

.A solution of tert-butyloxycarbonyl-iodo-alanine-N,O-
dimethylamide (2.68 g, 7.5 mmol) (J. Org. Chem. 1992, 57,
3397-3404) in dry benzene (30 mL), and dry N,N-
dimethylacetamide (2.0 mL) was added to a dry nitrogen-purged
round bottom flésk charged with zinc-copper couple (0.90 g).
The resulting mixture was sonicated under nitrogen until no
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war m ng. Subsequently, Pd/C catalyst (0.30 g, 10% Pd) was added, and

hydr ogen was bubbl ed through the mxture with warm ng. The hydrogehati on
was COowig depaggsuntil no starting material could be detect ggras, geidghagd bY
TLC. The catal yst was renoved by filtration, the solution was concentrated -
under reduced pressure (50 nL), HA (50 nL, | N) was added, and the m xture
was comntrm%dnm@barwﬂﬂbngd fes juAgedobyt M6& was Bils (4md-@ver ni ght

yi el di g4t dddigi £OPOUNEd i um dichloride (0.35 . 84
SUBST TUTgl HEE1‘L B edin dichloride ( g, 0.40 mmol) was

PCT/ CAgSIdsgy ipllowed by 2-ipgdppenzonitrile (1.72 g, 7.5 mmol). The g

To a Seldshiladi of &f&ﬁuﬁ@tWé@xyﬁﬂbeEYhnHEEaaChﬁ%&bgen atmosphere with
in_dry et anol (20 L)

s 20 BEF By d YL 59 dreeh: (FERRLIBCRERLE, (600 il rasypade

di i soprewy i yhianiuse (iDRenkd fnBonavkeparatory ‘funnel. ~ Sequential
washing with aqueous HCl (50 mL; 0.1N), distilled HO (3 x 50
mL), drying over Na.SO,, filtration, and concentration under
reduced pressure yielded the crude product. Flash
chromatography over silica gel (light petroleum/ethyl acetate
gradient) afforded the purified compound.: ..

"~ e

He OCH; - )
Boc” N~ °  1Lithium thiszol/THF
' C - : S

o
N
N

HoN

To a solution of thiazole (1.28 g, 15.0 mimo1) in anhydrous THF
(30 mL) was added n-BuLi (1.6 M/hexane, 8.9 mL, 13.9 mmol)
dropwise at -78 C, and the solution stifred. The amino acid-
N,O-dimethylamide (1.07 g, 3.3 mmol) in anhydrous THF (15 mL)
was then added dropwise and the resulting mixture stirred.

' The reaction was quenched with saturated agqueous ammonium o/
chloride. The mixture was diluted with ethyl acetate (150
mL), and the organic layer washed with saturated aqueous
ammonium chloride (2 x 50 mL), brine (50 mL), dried with MgSo,,
filtéred,'and concentrated under reduced pressure. The crude
material was purified on silica gel (ethyl acetate/hexane),
and concentrated under reduced pressure.
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The mixture was refluxed and then cool ed.. The precipitate was filtered,
washed wi:th col d ethanol, diisopropylet her, dried W th Ngsq err],
concent r anamigadEs reduced pressure, and used di rectly in trrermssmmep
The seni-solid was suspended in a mxture of acetic acid (20 nL), and dry
ethanol (40 nL) with warm ng. “Subsequently, Pd/C catal:yst (0.30 g, 10% Pd)
was added, and hydrogen was bubbl ed through the m xture with warm ng. The
hydrogenatlon was comtinued until no starting material could be det@cted as
judged by TLC. ghe cital yst was renoved by filtration, the solutionfjwas

concentr at ed r ucefChy essunezL0 colibik; ultikebun@50 N,

and the mi Bofre S conctent r at ed =eRee=—=argtri=imrinuO=—ii- The sol uti !
chilled overnight .‘Qel ]9 the titl p-CHROHNUPREPICI, CH,3
WO 96/ 19483 2-cyano-5-bromopyriditfe 1/ CA95/ To a

sol ution of tert-butyl oxycarbonyl -ortho-cyano-
phenyl al ani ne- N, O di net hyl am de (1.33 g, 4.0 mml) m,ﬂ N/et hanol (20
nm) was added hydroxlyam ne hydrochloride (0.416 6.0 mol ), and -

di i'sopropyl ethyl am ne (1.02 nL, 6.0 nmol). The mxture was refl uxed and

Len o0 ot spait Y L& Loy éa&i&agﬂqwsbsﬂamhe -fobd et hanol ,

di i sopr opy oncentrated under reduced
pressure, dnmem&m‘lamldejﬂr%(ﬁ& vain/ thewpexl §8epCrgheChem. - 48PRd Vs

suspended g s4o) N Gepindiflhe 25020 hh aapdudiey othanol (40 M)

W th g% Pd/C cataly éo 30 . 10% Pd) was
added, anddhmrt‘gg'é-@ aptamsiid| 641 @ HRbLgies hédﬁf—‘ tEPeaV\PFH nitregep-pyraethe

hyslcogenat BB HAH B mﬁ&'swr&hér@@dswthl Bgnaa&eppai— eaubdebe odetegtied as _,
judged by TLC. The catal yst was tfg trat t he oI utlon

was concenfRgt &@siideng ’F%‘Hﬁ%e‘ﬂairﬁg‘éb‘?a uﬂé?r B Hﬁnm‘:‘ £ INPha
added, andstheting Matey fallasemaimedt  asedudged bgairhcho SBJ.B:L( triFhe -

[sglr ;Ji[ion to l%phoé;lﬂ;%je)oge{faglt y&%‘éﬁi_’égi&@e(Bi.ElsegGOBP%“ﬂimol) was
added followed by 2-iodobenzonitrile (1.72 g, 7.5 mmol). The
. resulting mixture was stirred under a nitrogen atmosphere with .
heating, allowed to cool, ethyl acetate (100 mL) was added,
ana the mixture filtered into a separatory funnel. Sequential
washing with agueous HCl (50 mL; 0.1N), distilled HO (3 x 50
mL), drying over Na.SO,, filtration, and concentration under

reduced pressure yielded the crude product. Flash
chromatography over silica gel (light petroleum/ethyl acetate
U gradient) afforded the purified compound.

. 0
3 3
Bm:/ / 1. NH,OH. DIEA/EtOH Boc” i T/
cus o

o
2. Hy. PA/C/EtOH:HOAC

/(D/ _ | - HoN
N : '

| To a solution of tert—butylocharbonyl—_(4-cyano)3-
pyridylalanine-N, O-dimethylamide (1.34 g, 4.0 mmol) in dry

CH,
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To a solution of thiazole (1.28 g, 15.0 mml) in anhydrous THF (30 nmL

was added n-BuLi (1.6 Mhexane, 8.9 nL, 13.9 nmol) dropwi se at,’ ;
- 78[ er ldo¢/@igs t he sol ution stirred. tert- PCT/CA95/00708 -
But yl oxycar bonyl - par a- am di no- phenyl al ani ne- N, O di net hyl am de (1.15 g,
3.3 mol) in THF (15 L) was then added dropw se, and the resulting

nmi xt ur eehanelkd(2GheL) eWasi 8AdREs Ny Ptk diviamine hydxechber dd8eous
amoni ufp c41 g deg . ThamBL Xt UatdVas iGidgHcsy e thylidnlkied hyl . @ ehBt e6 (850 ni),
and the organic_l.ayer washed with - saturat ‘agueous. a ni um chl ori de
(2 x SOUMRYT- brThE PEBLUZE WRF IEEHXSH GRS HI0Iee |t ohRe. and
concentgréeibivdee wadutelditeredpr easired wilth caldt edtision) was purified on

Sﬁ'c'ﬁg?\ e’ifﬁ%’%oljy](%?ﬂﬁ  aBEE§ P PRER M S:°ﬂan8°88§g§ﬁt’=‘}=§f‘e%%é%94 ; d

pressurgressure, and used| dirpctly in the next steép. The semi-solid
was suspended in a mixture of acetic acid (20 mL), and dry
ethanol (40 mL) with warming. Subsequently, Pd/C catalyst
(0.30 g, 10% Pd) was added, and hydrogen Was bubbled through
the mixture with warming. The hydrogenation was continued
until no starting material could be detected as judged by TLC.
The catalyst was removed by filtration, and.the_solution was

e concentrated under reduced pressure (50 mL), HCl (50 mL, 1 N)

was added, and the mixture was concentrated once again to 50
mL. The solution was chilled overnight yielding the title .
compound. ' ’
0
N OCH R
Boc” ,i,/ 3 1. Lithium thiazole/THF
' CH;
=N
H,N - HN
- N
N NH

To a solution of thiazole (1.28 g, 15.0 mmol) in anhydrous THF
{30 mL);ﬁas added n-Buli (1.6 M/hexane, 8.9 mL, 13.9 mmol)
dropwise at -78° C, and the solution stirred. The amino acid-
N, O-dimethylamide (1.16 g, 3.3 mmol) in anhydrous THF (15 mL)
was then added dropwise, and the resulting mixture stirred.
The reaction was quenched with saturated agueous ammonium
chloride. The mixture was diluted with ethyl acetate (150
mL), and the organic layer washed with saturated aqueous
_ammonium chloride (2 x 50 mL), brine (50 mL), dried with MgSO,,
filtered, énd concentrated under reduced pressure. The crude
material was purified on silica gel ethjl aceta;e/hexane), and
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To a solution of thiazole (1.28 g, 15.0 ol ) in anhydrous THF (30 nL) was
added n-BuLi (1.6 M hexane, 8.9 nlL;+~13.9 nmol)..dropwi se at -78" C, and the
sol uti onwebivsness tert[err] PCT/CA95/00708
But yl oxycar bonyl - met a- am di no- phenyl al ani ne- N, O di nret hyl am de (1.15 g, 3.3
mmol) in THF (15 nL) was then added_dropwi se and the resulting m xture
stirred. FRECPBAEFALEY WRSFUSARS QiRFESTHEP at ed agueous anmoni um
chloride. The m xture was ditiged with ethyl acetate:;(150 nmL), and the
organi ¢ | ayer washed wi th saturated aqueous amoni umchloride (2 x 50 nL),
brine (50 nL), dried with MgSQ err], filtered, and concentrated under
reduced pressure. The crude material was purified on silica gel (etRQyl

acet at e/ hexane)y andjconcentrated under reduced pressure.

[err] Boc” Ny ~CHs 1. By Proyaeon ~~~0 _CH,
sol ution of®fhiazdle (}.28 ¢, 15Qeamml)_in anhydrgus THF i3 was'l‘
added n-BuLi_(1. 68M heweng, 8.9 ni, 13.9 mmol)

87 483 | /00708
dropw se -784 C, and the solution stirred. tert-
But yl oxycd¥ -ort ho- am di no- phenyl al ani ne- N, O di met hyHNgj dg#(1. 15 g, 3.3

mmol) in THF (15 nmL) was then added dropwi se, and the resulting m xture
stirred. The reaction was quenched w th saturated agqueous amoni um
chloride. The mixture was diluted with ethyl acetate &150 m.) and the

- organi ¢ | &p&t-RadHd@XMAFF R ot v RFeHIEL hddatRarVhPofimethy lamiglen ) |

brine (50(gLko &, ad W tendD)SGE£S rdisdbivedcin apdreensentyr 306d wAJer and
oiced PERRRUl £ 1S Chileal™ bR AL b el LR 8 (S
gas uptake ceased. The solution was filtered through celite, '
and concenﬁrated under reduced pressure yielding té;t—
butyloxycarbonyl-3-(4—piperidyl)a1anine-N,O—dimethylamide.
The residue was dissolved in ethyl acetate (250 mL), washed
with 1 N NaOH (2 x 50 mL), brine (2 x 50 mL), dried with MgSO,,
filtered, and concentrated under reduced pressure to yield the
title compound. |

0 ' 0
H\Jj\ CH ' H\/lk CH
U Boc” [ T/ | 1. Hy, PtOy/AcOH Boc” N

- A l N
OCH

N | o OCH,
| P | Cj/
N N
| H

tert-Butyloxycarbonyl-3-(3-pyridyl)alanine-N, O-dimethylamide
(4.50 g, 14.4 mmol) was dissolved in acetic acid (100 mL), and
PtO (100 mg) added. The solution was shaken under H until
gas uptake ceased. The solution was filtered through celite,
and concentrated under reduced pressure yielding tert-
butylokycarbonyl43—(3-piperidyl)alanine—N,O4dimethylamide.

The residue was dissolved in ethyl acetate (250 mL), washed

7
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pressure. [err]

tert-Butyl oxycarbonyl - para- cyano- phenyl al ani ne-N, G- di net hyl am de 1.33 g,
4.0 mmylg oéfimas¥i ssol ved in ethanol saturated with amoni »chrthosledresand =
sponge Raney Ni (100 ng) added. The solution was shaken under Herr] at
roomtenperature (40 psi). The soluti,on was filtered through celite, and
concentwiitledl Lhﬁd@?oﬁe&@cédsﬂr@é@un?%eyl@l & 2% 1 he v HnMIZRi due
vwas di sspl v@fed £h8YtoAeehdkratedbUnder, radhaus tarksdute ltd (ot (ena 50
m.), and, brine (2 x 30 nL). The solution was dried with MgSO err],
flltere"d’- il 28Hfr at ed under reduced pressure.

88 - SUBSTI TUTE SHEET WD 96/ 19483
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H o : |
AN ~CHs 1.H, PIOJACOH
_Boc til -

=N _ . . : _ . NH

tert-Butyloxycarbonyl-3-(2-pyridyl)alénine—N{O-dimethylgmide
(4.50 g, 14.4 mmol) was dissolved .in acetic acid (100 mL), and
PtO. (100 mg) added. The solution was shaken under H until
gas-uptake ceaéed. The solution was filtered through celite,
and concentrated under reduced pressure yielding tert-
'butyloxycarbonyl~3-(2-piperidy1)alanine-N,O-dimethylamide.
The residue was dissolved in ethyl acetate (250 mL), washed
with 1 N NaOH (2 x 50 mL), brine (2 x 50 mL), dried with MgSoO,,
' filtered, and concentrated under reduced pressure to yield the

title compound.

N CHs HaC: NHZ

OCH, HgCl/THF

ZHN

NZ

tert-Butyloxycarbonyl-3-(4-piperidyl) alanine-N, O-_dimethylamide
"(1.00 g, 3.2 mmol) was dissolved in dry THF (10 mL) under
nitrogen with stirring. The solution was cooled, N,N'-bis-
(benzyloxycarbonyl)-S—methyl-isothiourea (1.14 g, 3.2 mmol),

SUBSTITUTE SHEET



[err] ‘ tert-Butyl oxycar bonyl - net a- cyano--phenyl al ani ne-N, O

di met hyl ami de (1.33 g, 4.0 nmol) was dissolved in ethanol saturated with

amoni a ( Wove)fe4gdnd sponge Raney Ni (100 ng) ~added. The sopugticabs/eerss

shaken under Herr] at roomtenperature (40 psi).. The solution was

filtered through celite, and—:concentrated under_ reduced pressure to yield
a clear redngldIClhd 0r-&Si Gue dnas TUoI1addLd n TG | SREBEAPR ¥250 nl), and

\éva_shgd W Lféohsd\é%éﬁ?#n&@r giﬁi‘édugad bféﬂeu&%,é t&%"lﬁé)nai'ﬂg.&g YH S ds WeS
ried wt errl,.filter apd,co trated_u ... edu ressure.
[err] ;giggQéﬁ%-fﬁt?F%§ ca?88ﬁ§?-Qgﬁphﬁiéyaﬁﬁggﬁé&ﬁ%ﬁﬁﬁﬁﬁhéﬁei§

di met hyl amcdd i(tle 33 The 4£Dltmat¢ was dbasehtedtied eaideErolredimted aimmsbswtd.
anmoni a (30 Y D ( . 0Q) d e ti

shaken unde %ﬂEg%k§§%§§ﬁ%§§?§r8$%f4%98§g§.g?%qugﬁiﬂéﬁéﬂﬂ¥?f%ﬁ%%ﬁ%ﬁ

t hrough celgrnasiient) zbicraAedathe Gatide ceompoumdpressure to yield a clear
residue. The residue was dissolved in ethyl acetate (250 nmL), and washed
with 1 NNaCOH (2 x 50 nL), and brine (2 x 50 nL). The solution was dried

with MgSg err], filtered, and concentrated under .
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'ﬁ\)j\ CH /ﬁ\ h‘\/lk cH
3
Boc” | N~ HyCS NHZ Boc” N

OCHa . HgCIzll‘ HF ' OCHj,

tert-Butyloxycarbonyl-B-(3-piperidyl)alanihe-N,O-dimethylamide
(1.00 g, 3.2 mmol) was dissolved in dry THF (10 mL) under

nitrogen with stirring. The solution was cooled, N,N'-bis-
(benzyloxycarbonyl)-S-methyl-isothiourea (1.14 g, 3.2 mmol),

and HgCl (0.95 g, 3.5 mmol) added. The solution was

concentrated under reduced pressure, the remaining residue was
suspended in ethyl acetate (200 mL), and filtered through

k/' celite. The filtrate was concentrated under reduced pressure. U/

Flash chromatography over silica gel (hexane/ethyl acetate
gradient) afforded the title compound.

SUBSTITUTE SHEET



WD 96/ 19483 - PCT/ CA95/ 00708 reduced
pressure. [err] ' - )
tert- ar bonyl - par a- ani nonet hyl - phenyl al ani ne- N, @erit AR am de
(1. Ooag%M*ﬁ%#ﬁnnl) was dissolved in dry THF (10 i) under nltroggk wi th
stirring. The solution was cool ed,

N, N - bi s- (benzyl oxycar bonyl ) - S—nethyl-isothiourea (1.14 g, 3.2 nmmol ), and
Hgd (0.95 g, 3.5 nmol) added. The solution was concentrated under reduced
pressure, the refhining residue was sySpended in ethyl acetate (00 ni),
and flltere% t hr ghﬂéﬁjlte The filthlate was concentrated gnder ||r educed

Pr essur g+ 8gr aphy owgesSi 'tnHz gel (hexane/ h»yT“ ’?/c“s
gradi ent) affogded 1he puri f imedcoTpoTTTt: > Ferr] |
OCH,4 HyCl/THF | ~ OCH;4
L
N

tert-Butyloxycarbonyl-B-(2-piperidyl)alanine-N,O-dimethylamide
(1.00 g, 3.2 mmol) was dissolved in dry THF (10 mL) under
b nitrogen with stirring. The solution was cooled, N,N'-bis-

Cm

(benzyloxycarbonyl)-S-methyl-isothiourea (1.14 g, 3.2 mmol),
and HgCl (0.95 g, ‘3.5 mmol) added. The solution was
concentrated under reduced préssure, the remaining residue was
suspended in ethyl acetate (200 mL), and filtered through
celite. The filtrate was concentrated under reduced pressure.
Flash chromatography over silica gel (hexane/ethyl_acetate
gradient) afforded.the title compound.

Ve N(°"3 1. Lithium thiazole/THF

To a solution of thiazole in anhydrous THF (1.23 g, 14.4 mmol)
was added n-BulLi (1.6 M/hexane, 8.4 mL, 13.4 mmol) dropwise at
-78 C and the solution stirred. The guanidylated 4-
piperidylalanine derivative (2.00 g, 3.2 mmol) in anhydrous
THF (15 mL) was addéd dropwise, and the resulting mixture
stirred. The reaction was quenched with saturated aqueous
ammonium chloride. The mixture was diluted with ethyl acetate
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tert-Butyl oxycarbonyl - met a- am nonet hyl - phenyl al ani ne-N, O di net hyl am de
(1.00 g, 3.1 mol) was dissolved in dry THF (10 m.) under nitrogen with

stirring. TW® %9483 on was cooled, - PCT/CA95/00708
N, N - bi s- (benzyl oxycar bonyl ) - S- rret hyl -i sot hi our ea (1 _1_4 g, 3.2
90 WO 96/19483 <~ . PCT/ CA95/ 00708

mol ), and HgQO Te) 952pd &hg ﬁﬁﬁf"?lﬁd&é‘yer TRshes wtitdh SAHUAHRE AR
under reducegmsrebatr chloébedeenBi gi BQ fmE9i, d e ivas (ssmmnd,ediﬁ:rbdatﬁw&h MgSo,,

ggﬁf:gtntergtzg %a&d & tgégggt?g %%EI é‘?ﬁe@‘hl’r&ds‘tfél RS WaSS| lica gel

(hexane/ ethyl acetate gradient) afforded the purified conpound. .

[err] tert - Butyl oxycarbonyl - ort ho- am nonet hyl - phenyl al ani ne-N, O
di rethylam de (1.00 g, 3.1 nmol ) was dissolved in dry THF (10 mL) under
nitrogen with stirring., The solution was cool ed,

N, N - bi s- (benzyl oxycar nyl)-S-nmethyl -isothiourea (1. 14 g, 3.2 mml)
HgCl [err] (0.95 3. |jeradded.  The sol ution was concentrat ungler

reduced pressifog] rentll ni ng r esj dukithipnath E‘M ded,in et hyocAcenel e

m), and filtered th ouggilc“a (j) \

b - ZN NHZ

J

To a solution of thiazole in anhydrous THF (1.23 g,_14{4 mmol)
was added n-BuLi (1.6 M/hexane, 8.4 mL, 13.4 mmol) dropwise at
-78° C with stirring. The mixture was stirred at ~78° C for 1
h. The guanidylated 3-piperidylalanine derivative (2.00 g,
3.2 mmol) in THF (15 mL) was added dropwise, and the resulting
mixture stirred. The reaction was quenched with saturated
aqueous ammonium chloride. The mixture was diluted with ethyl
acetate (150 mL), and the organic layer washed with saturated
agqueous ammonium chloride (2 x 50 mL), brine (50 mL), dried
with MgsSO,, filtered, and concentrated under reduced pressure.

1. Lithium thiazole/THF

ZN

To a solution of thiazole in anhydrous THF (1.23 g, 14.4 mmol)
was added n-BulLi (1.6 M/hexane, 8.4 mL, 13.4 mmol) dropwise at-
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o/ 50 mL), and brine (3 x 50 mL). The solut:.on was dried with

celite. The filtrate was concentrated under reduced pressure. Flash
chromat ography over silica gel (hexane/ethyl acetate gradient) .afforded the

puri fwechsaoggzound. [err] To a sg ' t hi azoI’e
(1.28 g, 15.0 mmol) in anhydrous THF CHicaSBodios ' 1y
SUBSTI TUTE SHEET WO 96/19483

PCT/ CAYS 06708 th( s ifryingas Jhpedixpe vas esmmdnet 878° @, £d48.D nmmol )

dropwirse athe Rlaiid ead tbhsipakuki e Y AAC] Dtes m no acid
(1.36.5, 3.5 e B o e se. Gl e

oul B2 “Fr‘??(]t)urJéz e [ bl (b CrbanaaneA Ak orHS e ey e HaTHLE D
aqueow > ANTEEI St @I | dBhe Theadt XbHr Ravagudnkiiead widhh Litiataset ate (150

m.), and the o ani c | aye hed th sagurat ed 2 u ouUsS ammpni um chI ori de
(2 x SHMRSES FRRP T WEIoTHPeq SPEnTRESEEE: PP Wiy ethyl
conceatqea:taeré ulriched nﬂeuucaddpthesqrganihelayedewmmd alitlesatuddtedl on

' Caitlous dikhoriEh A 5PXE0°Y 2 AR SNBERHRT (4G Aty Pressure.

with Mgso,, filtered, and concentrated under reduced pressure.

H
N CH N
" Boc” T/. 3 1. H;. PtOyAcOH Boc” \)L ~CH

/g OCH; J.O/ OCI'I3
ON | |  HN g

tert-Butyloxycarbonyl-para-ni tro—phenylalenine -N, O-
dimethylamide (13.88 g, 39.3 mmol) was dissolved in acetic
acid (100 mL), and PtO (100 mg) added. The solution was
shaken under H. until gas uptake ceased. The solution was

filtered through celite, concentrated und_er redueed pressure,
taken up in HO (150 mL), and lyophilized. The semi -solid was
dissolved in ethyl acetate (350 mL), washed with 1N NaOH (3 x

MgSO,, filtered, and concentrated under reduced pressure ("
vielding the title compound.

) .
/"\/lk /°”=' 1. Hy, PtO/AcOH

OCHa

o,N
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To a solution of thiazole (1.28 g, 15. 0 rrrml) i n anhydrous THF (30 m_) was
added n-BuLi (1.6 Mhexane, 8.9 nL, 13.9 mmvl) dropwise at -78 C, and the

sol ution siyes@fhessThe protected anino acid (1.36 g, 3.3 mmol )Pdvﬁbﬁﬁo-(oaS
m.) was then added dropwi se, and the resulting mxture stirred: i1he

reacti on was quenched with saturated aqueous ammoni um.chloride. The m xture
was di | ut edterthBetin}bxycerionylraee tani tre-phenyt ayban tnealf eP-washed wit h

sat ur at ed agyﬂﬁgeﬁyammeuml@hls@ igle 42, X b1} Jwabraibsé Medlin debedcyi th

MmgSq err], tered, and concentrate under reduced pressure. The crude -

materi al - wadChpSr i APBAMEN (siEmt e (£APhTE) 2808Ce/ hdkenSPlukien was

conce?t r at eghdREAr uhaeuced YALSEUGAs uptake ceased. The solution was 92

ENe)r ?]6 19483f11tered through celite, concentrateca_/ CAc?eS{' qugguced pressure,
taken up in H.O (150 mL), and lyophilized.’' The semi-solid was
dissolved in ethyl acetate (350 mL), washed with 1 N NaOH (3 x
50 mL), and brine (3 x 50 mL). The solution was dried with
MgsO,, filtered, and concentrated under reduced pressure

vielding the title compound.

P H CH : H\/u\ CH
3
BDC/ ] N/ 1. Hz. PtOZ/A COH P bt

OCH; ocH3

N°2 . HZ

tert-Butyloxycarbonyl-ortho-nitro-phenylalanine-~N, O~
dimethylamide (13.88 g, 39.3 mmol) was dissolved in acetic
acid (100 mL), and PtO. (100 mg) added. The solution was
shaken under H. until gas uptake ceased. The solution was
filtered through celite, concentrated under reduced pressure,
taken up in H.O (150 mL), and lyophilized. The semi-solid wac
dissolved in ethyl acetate (350 mL), washed with 1 N NaOH (3 =
50 mL), and brine (3 x 50 mL). The solution was dried with
MgSoO,, filtered, and concentrated under reduced pressure
vielding the title compound.

CH. N S
s 1. Z-Cl, NaHCOyTHF:H,0 Boc”

> /4
OCH, 2. Lithium thiszole/THF N

NHZ
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To a solution of thiazole (1.28 g, 15.0 mmol) in anhydrous THF (30 nlL) was
added n-BuLi (1.6 Mhexane, 8.9 nL, 13.9 mmol) dropwise at -78 C, and the

sol ut i wo 9stib4gsed. The protected amno acid (1.36 g, 3.3 E]fm‘lé | HF (15
m.) was then added dropw se, and the.resulting m xture sF. rr 5/55}7#%_ x
reaction was quenched with saturated aqueous anmoni um chl oride. The

m xt ur el wast@F FoBelyhPrHcarbpnydcetdial {/15tme4~ and the organic |ayer

washed dhido&pé UbRERP1 REUEAYH AR, r 20 X )y Brine.(50 ni),
dried with %g%e |u%19$u | f at e, ef | tered, ar%gl'é&nglﬁdc%n ra?gogtn%le? ied

pr essurds H%dn'b’("e?ia&}‘rﬂ&§dp@@ﬁ% GrPdiun deiqribonaty) and THF
acet at efgmexame) (1 aby] Cﬁﬂﬁﬁnbtaﬁrﬁdn@nde'THee@&Qﬁtﬁr?%g ecooJﬁed % ( 2[ err]
am de

o ool sl odert B o RtgRaLs g gt .S AT GG

and dr y( 1N I\th)dlm hafidedt dobpwie2..0 n!!lx)cem s’atddﬂi éddfmﬁiryléaf]g@,gg@epur ged
ound B4 ARALASRRATAR G L] DeRORLORREL CURIEd 4l flze Ml oL 9

m xture was soni c under rogen un
93 remaining aqueous PRIFLTWRE SHEEEd :Lnto em;,%/aﬂcsaqw:e (250

PCT/ CA%/)00783 mixed thoroughly. The aqueous phase was discarded
and the remaining solutlon was washed w1th saturated aqueous
sodium bicarbonate (2 x 50 mL), 4 N agueous sodium bisulfate.

- (2 x 50 mL), and brine (2 x 50 mL). The solution was dried

~  with MgSO,, filtered, and concentrated under reduced pressure.

Cm

The semi-solid was chromatographed on 5111ca gel (ethyl
acetate/ hexane). '

2. To a solution of thiazole (1.16 g, 13.7 mmol) in anhydrous
THF was added n-BuLi (1.6 M/hexane, 8.0 mL, 12.8 mmol)
dropwise at -78 C and the solution stirred. The above
protected amino acid amide (1.41 g, 3.0 mmol) in THF (15 mL)
was added dropwise, and the resulting mixture stirred. The
reaction was gquenched With'saturated aqueous ammonium
chloride. The mixture was diluted with ethyl acetate (150
mL), and the organic layer washed with saturated aqueous

-, ammonium chloride (2 x 50 mL), brine (50 ‘mL), drled with MgSo.,
filtered, and concentrated under reduced pressure. The crude
material was purified on silica gel (ethyl-acetate/hexane),
and concentrated under reduced pressure.
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starting material renmined (as Judged by TLC) Bi s(tri-o-
tonIphosphlne)palIadlun1d|chlor|de 0.35g; 0.40 mol ) was added fol | owed
by 2-i odo¥A26/9483i e (1.72 g,/ 7.5 mmol). The resul ting nm xt REHCASY0IS r r ed
under a nitrogen atnosphere with heating, allowed to cool, ethyl acetate
(100 m.) was added, and the mxture filtered into a separatory funnel .
Sequential washing with agueous HCO (50 nmL; O 1N), distilled Herr]O (3 x
50 nL), drying over Na[err]SQerr], filtration, and. ¢oncentration ungpr
reduced pressurqiylelnedebgf crude product. Flash chronatograph ove
silica gel (li pDSPTINQ| aet hyl &ﬂﬁﬁ] t) afforded t
conpound. o™ ]%Ef‘ﬁép H0 »T10 @ ssbqﬁl ony of
thiazole (1.28 g, $5.0 &p%) i n anhydueitsbeEaE30 nl) was added n-guli
M hexane, &9 n 13.9 mmol) dropwise at -78 C, and the sol S [
The ami no 4 , O-di rethylam de (1.07 g, 3.3 mol) in an s THF (15
m.) was themagded dropwi se and the resulting m xture stir he reaction
was quenched @i th saturated aqueous amoni um chl ori de. The m¥ture was
diluted wthyRthyl acetate (150 nL), and the organic layer yashed with

sat urat ed aqueous amoni um chloride (2 x 50 m.), brine (50 , dried with
MgSO err], filtered, and concentrated under reduced pressure. The crude

mat eri al S pur|f| d on silica gel t hyl. gcet at e,hexane), and
concentra?gd urffHt T FHr %EE% 1{5L0¢hs7e2aake50

94 aminocyclohexyl)alanine-N, O-dimethylamide (1.00 g, 3.0 mmol)

i was dissolved in saturated agueous sodium bicarbonate, and THF
o [60 mL, (1:1)] with stirring. The solution was cooled and a
solution of benzyl chloroformate (0.43 mL, 3.0 mmol) in THF
" (10 mL) was added dropwise. Excess solid'sodium bicarbonate
was added, the THF was removed under reduced pressure, and the
remaining agqueous phase was poured into ethyl acetate (250
mL), and mixed thoroughly. The agueous phase was discarded
and the remaining solution was washed with saturated aqueous
sodium bicarbonate (2 x 50 mL), 4 N agueous sodium bisulfate
(2 x 50 mL), and brine (2 x 50 mL). The solution was dried
with MgSO,, filtered, and concentrated under reduced pressure.
The semi~solid was chromatographed on silica gel (ethyl
acetate/ hexane).

2. To a solution of thiazole (1.16 g, 13.7 mmol) in anhydrous
THF was added n-BulLi (1.6 M/hexane, 8.0 mL, 12.8 mmol)
dropwise at -78° C and the solution stirred. - The above
protected émino acid amide (1.41 g, 3.0 mmol) in THF (15 mL)
was added dropwise, and the resulting mixture stirred. The
reactibn was quenched with saturated aqueous ammonium -
chloride. The mixture was diluted with ethyl acetate (150
mL),.and the organic laver washed with saturated agqueous’
ammonium chloride (2 x 50 mL), brine (50 mL), dried with MgSO,,
filtered, and concéntrated-under reduced pressure. The crude
material was purified on silica gel (ethyl acetate/hexane),
and concentrated under reduced pressure.
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WD 96/ 19483 PCT/ CA95/ 00708

[err] A solution of tert-butyl oxycarbonyl -i odo-al ani ne-N, O~ '

di met hWWQ9/th#8Y 2. 68 g, 7.5 nmol) (J. Org. Chem 1992, 57,pcE38 ssha) i n dry
benzene (30 nL), and dry N, N dinmethylacetam de (2.0 nL) was added to"a dry
ni t rogen- purged round bottom flask charged with zinc-copper couple (0.90
g). The resulting m xture was soni cated under nitrogen until no starting
material remained (as judged by TLC). Bis(tri-o- tolylphosphine)palladi um
di chl oride (0. 35 0.40 nmmol ) was added fol |l owed by 2-iodobenzonitrile
(1.72 g, 7.5 The resulting m xture was stirred under a nit@ogen

at nosphere I n Hsallomed to cool, ethyl acetate (1004

red into hzs%rﬂalﬂﬁpm’l'lil‘"ﬂthnel Seque&tc
aqueous HC (5 ni; 1N) ,- dIS%LhL J«Jégk , dryrng ov1r -
Na[ er r] Sere fllt‘?%lon et n under redugeq pr¥ssur e

yi el ded rude product. Flash chronat ography over si (lI'ight
petrol ek V| acetate gradient) afforded the purified :
[err] NH, | NHZ

1. tert-Butyloxycarbonyl-3-(cis/trans-2- _
aminocyclohexyl)alanine-N,O-dimethylamide (1.00 g, 3.0 mmol)
was dissolved in saturated_aqueous,sodium hicarbonate, and’ THF
[60 mL, (1:1)] with stirring. The solution was cooled and a
solution of benzyl chloroformate (0.43fm;,f3.0 mmol) in THF

Cm

(10 mL) was added dropwise. Excess'solid sodium bicarbonate
was added, the THF was removed under reduced pressure, and the
remaining agqueous phase was poured 1nto ethyl acetate (250

mL) , and mixed thoroughly. The aqueous phase was dlscarded

and the remaining solutlon was washed w1th saturated aqueous
_sodlum bicarbonate (2 x 50 mL), 4 N'aqueous sodium bisulfate

(2 x 50 mL), and brine (2 x 50 mL) The solutlon was dried
with MgSoO,, flltered and concentrated under reduced pressure

The semi-solid was chromatographed on 51llca gel (ethyl
acetate/ hexane).

2. To a solution of thiazole (1.16 g, 13.7 mmol) in anhydrous LJ
THF was added n-BuLi (1.6 M/hexane, 8 0 mL 12.8 mmol)
dropwise at -78 C and the solutlon stlrred The above
protected amino acid amide (1.41 g, 3 0 mmol) in THF (15 mL)
was.added dropwise, and the resultlng mlxture stirred. _The
reaction was qguenched with saturated aqueous ammonlum
chloride. The mixture was. dlluted w1th ethyl acetate (150
mL), and the organic layer washed w1th saturated aqueous
ammonium chloride (2 x 50 mL), brine (50 mL), dried with MgSO,,
filtered, and concentrated under reduced pressure -The crude
material was purified on silica gel (ethyl acetate/hexane),
and concentrated under reduced pressure..'
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To a solution of tert-butyl oxycarbonyl - (4-cyano) 3-

pyridyl al ani ne- N, O di met hyl am de (1.34 g, 4.0 mol) in dry.

95 WO 96/19483 SUBSTI TUTE SHEET WO 96/19483 pCTICA95/00708
PCT/ CA95/ 00703 ethanol (20 nl) was added N, G hydroxl yanm ne hydrochl ori de
(0.416 g, 6.0 mmol), and diisopropylethylamine (1.02¢m, 6.0 nmol). The

m xture was refluxed and then cooled. The precipitate was filtered, washed
with cold ethanol, diisopropylether, dried with MgSQerr], concentr at ed
under reduced pressure, and used directly in the next step. The semi-solid
was suspended in a m xtuge of acetic acid ( m.), and dry ethanol (40 niL)
w th warm ng. Subseguentfly, Pd/C catal ystﬁ% g, 10% Pd) was agded

hydr ogen was bu heg '

\x,bJELthf‘ﬁﬂe mxr,urﬁ TYygiar i ng. The hy.g
was continued until ng starjti ng mat

TLC. The catalys t enmowets by filtraltlk9¥¥and t he sol ut|

concentrated un@ educed pressure § iBhiih niazokd@HF( 50
and the m xture concentrated once again to 50 nmi. he
chilled ove#Rtgh lelding the title conpound. THN 0

[err]

1. tert-Butyloxycarbonyl-3-(cis/trans-4-
amlnocyclohexyl)alanlne—N O-dimethylamide (2. 0 g, 6.1 mmol)

, was dissolved in dry THF (20 mL) under nitrogen with stirring.

N\ The solution was cooled to 0 C, N,N'-bis4(benzyloxycarbonylf—
S-methyl-isothiourea'(2.18 g, 6.1 mmol), and HgCl (1.81 g, 6.7
mmol) added. The solution was concentrated under reduced
pressure, the remaining residue was suspended in ethyl acetate
(300 mL), and filtered through celite. The filtrate was
concentrated under reduced pressure. Flash chromatography
over silica gel (hexane/ethyl acetate gradient) afforded the'
pﬁrified product.

2. To a solution of thiazole (2.32 g, 27.3 mmol) in anhydrous
THF was added n-BuLi (1.6 M/hexane, 15.9 mL, 25.4 mmol) |
dropwise at -78 C and the solution stirred. The above

\_ guanidylated amino acid_(3.88 g, 6.1 mmol) in THF (15 mL) was
added dropwise, and the resulting mixture stirred. The
reaction was quenched with saturated aqueous ammonium
chloride. The mixture was diluted with ethyl acetate (150
mL), and the organic layer washed with saturated agqueous
ammonium chloride (2 x 50 mL), brine (50 mL), dried with MgSO,,
filtered, and concentrated under reducéd-pressure. The crude
material was purified on silica gel (ethyl acetate/hexane),
and concentrated under reduced pressure.
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To a solution of thiazole (1.28 g, 15.0 mol) in anhydrous THF (30 nlL) was
added n-BuLi (1.6 Mhexane, 8.9 n., 13.9 mmol) dropwise at.-78[err] C, and
t he solotgeamassti rred. The am no acid- N, O di met hyl am de péri@osinezés 3 nmol )

i n anhydrous THF (15 nL) was then added dropwi se, and the resulting nixture
stirred. The reaction was quenched wi th saturated aqueous ammoni um
chloride. The m xture was diluted with ethyl acetate (150 nlL), and the
organi c | ayer washed with saturated aqueous anmoni um chloride (2 x 50 ),
brine (50 nL), driped with MgSO err], fyztered, and concentrated under

reduced presgure. || The crude materi al s purified on silica gel gthyl
acet at e/ hexgNg) ,_aqd _CH . 96 H 96/ 19483
PCT/ CA95B : dFentrated ﬂnd%ﬁsreduﬂﬁﬁ presggure. Boc”” \

[err] ' HgClL/TH

tert- Bu ar bony? My (4-pyriy Lh&.al ani %y O di net hyl .50 ¢~ 4

nmol ) wi $¢sol ved in acetic aci and PtO ( ) added. The
solutio shaken under H until gas uptake ceased. Thig tion was
filtered through celite, and concentrated under.reduced p¥essure yielding

tert- bup~:oxycarbonyl-3-(4-piperidyl)alanine-N,C>dinethy'anidﬁﬁ The

resi due was dissolved in ethyl acetate (250 nL), washed NaCH (2 x -
50 nmL), brine (2 x 50 nmL), dried with MgS err], filtered, d concentrated
under reduced pressure to yield the title conmpound. ZHN

"/

1. tert-Butyloxycarbonyl-3-(cis/trans-3- ‘:5

- aminocyclohexyl)alanine-N, O-dimethylamide (2.0 g, 6.1 mmol)
was dissolved in dry THF (20 mL) under nitrogen with stirring.
The solution was cooled to 0° C, N,N'-bis-(benzyloxycarbonyl)-
S-methyl-isothiourea (2.18 g, 6.1 mmol), and HgCl, (1.81 g, 6.7
mmol) added. The solution was ¢oncentrated under reduced
pressure, the remaining residue was suspended in.ethyl acetate
(300 mL), and filtered through celite. The filtraﬁe was
concentrated under reduced pressufe. Flash chromatography
over silica gel (hexane/ethyl acetate gradient) afforded the
purified product.

2. To a solution of thiazole (2.32 g, 27.3 mmol) in anhydrous |
THF was added n-BuLi (1.6 M/hexane, 15.9 mL, 25.4 mmol) -
dropwise at -78° C and the solution stirred. The above
guanidylated amino acid (3.88 g, 6.1 mmol) in THF (15 mL) was
added dropwise, and the resulting mixture stirred. The

reaction was quenched with saturated agqueous ammonium

chloride. The mixture was diluted with ethyl acetate (150

mL), and the organic layer washed with saturated aqueous

ammonium chloride (2 x 50 mL), brine (50 mL), dried with MgSo,,
filtered, and concentrated under reduced pressure. The crude
‘material was purified on silica gel (ethyl acetate/hexane),

and concentrated under reduced pressure.
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[err] '

tert- Butyloxycarbonyl 3-(3-pyridyl)al ani ne-N, O-di met hyl am de (4.50 g, 14.4
mol ) was W@9GKk3483 in acetic acid (100 nL), and PtO (100 nmpcrmddesioresThe
sol ution was shaken under H until| gas uptake ceased. -The sol ution was
filtered through celite, and concentrated under reduced pressure yiel ding
tert- butyl oxycarbonyl - 3-(3-piperidyl)al ani ne-N, O-di net hyl am de. The

resi due was di ssolved in ethyl acetate (250 ni), mashed

97 WD 96/ 19483 - PCT/ CA95/ 00708

with 1 N NaOH (2 x 50 @1), br|ne (2 x 50 ¥, dried with MpSOerr], ¢
filtered, and con¢entr ted nder reduced pflessure to yield the tigle

conpound. »’ NPG 1. HyCS NHZ B,f’" S

i Lcua - HgCl,/THF - ° N‘J

2. Lithium thiazole/THF

Hz . . H

ZN” NHZ

1. tert-Butyloxycarbonyl-3-(cis/trans-2-

(j aminocyclohexyl)alanine-N, O- dlmethylamlde {2.0 g, 6,1 mmol)
was dissolved in dry THF (20 mL) under nltrogen with stirring.
The solution was cooled to 0 C, N,N'-bis-(benzyloxycarbonyl)-
S-methyl-isothiourea (2.18 g, 6.1 mmol)}, and HgCl (1.81 g, 6.7
mmol) added. The solutiQn was concentrated under reduced
pressure, the remaining residue was Suspended in ethyl acetate
(300 mL), and filtered through celite. The filtrate was
concentrated under reduced pressure. Flash chromatography
over silica gel (hexane/ethyl acetate gradient) afforded the
purified product.

2. To a solution of thiazole (2.32 g, 27.3 mmol) in anhydrous
THF was added n-BuLi (1.6 M/hexane, 15.9 mL, 25.4 mmol)
dropwise at -78 C and the solution stirred. The above
guanidylated amino acid (3;88 g, 6.1 mmol) in THF (15 mL) was
added dropwise, and the resulting mixture stirred. The
reaction was quenched with saturated agueous ammonium
chloride. The mixture was diluted with ethyl acetate (150
mL), and the organic layer washed with saturated agqueous
ammonium chloride (2 x 50 mL), brine (50 mL), dried with MgSO,,
filtered, and concentrated under reduced pressure. The crude
material was purified on silica gel (ethyl acetate/hexane),
and concentrated under reduced pressure.
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tert-Butyl oxycarbonyl -3-(2-pyridyl)al ani ne-N, O di net hyl am de (4.50 g, 14.4
mmol ) was di ssolved in acetic acid (100 nL), and Pt err] (100 ng) “added.
The spbukheygz\Wwas shaken under H until gas uptake ceasegrc.r,'crggsmbéjtion was
filtered through celite, and concentrated under reduced pressure yiel*ding
tert- butyl oxycarbonyl - 3-(2-pi peridyl)al ani ne-N, O di net hyl am de. The _
resi due was dissolved in ethyl acetate (250 nL), washed with 1 N NaCH (2 x
50 nL), brixembhlex250 nL), dried with MgSH4, filtered, and concentrated

under redugced pressur o.vield.the title compound. [err]
tert-ButyI%&?Eg?ﬁbﬁyP§3&PE¥EPE%?F§ﬁ§)aIanine-N,C>dinethylanide (1.00 g,
3.2 mol ) was digsolved in dry THF (10 ni) under nitrogenomﬁth stirring.
The sol ution wasfjcool ed, N, N -bis- O_ :
(benzyloxycar%ngL%éS-nethy[-hygﬁmgurea (1.14 g,

98 - WD 96¥'194 —p N
and Hgd [err]\kO.Qﬂ g, 3.5 _mvol) adged. The
under redu ‘pressdﬂ%, t he I eaiis esi dus Wagsuspended, i ¢7
acetate (200 nl), and filteré¢ celiteffe filtrat®was Ph

concentrat ed under reduced pressure. . Flash chromat ography over silica gel
(hexane/ ethyl acetate THF/-78C _ 2 '

Y GAO5*g0708:
ol utf on was congentr at ed

v
3

(48, 5R) -3~ (1-oxo-3-phenylpropyl) -4- (phenyl) -5- (methyl) -2-
L) 5 oxazolidone (2). A solution of 10.0 g (1.0 equiv., 56.4
mmol) of (4S, 5R)-4-phenyl-5-methyl-2-oxazolidone (1) in | :5
250 mL of dry THF, stirred at -78°C ﬁnder argon, was
treated dropwise with n-butyllithium (1.6 M in Hexane, 1.1
eqg., 38.8 mL). After'stiiring-for 30 min., 8.4 mL (1.0
10 equiv., 56.4 mmol) of hydrocinnamoyl chloride was
introducéd dropwise over a 10 minute period. The
resulting_mixture was warmed to 0°C, stirred for an
additional hour, and quenched with saturated ammonium
chloride. The solvent was removed in vacuo and the %
15 resulting white solid dissolved in ethyl acetate and
ddH,0. The aqueous phase was removed and extracted with

two additional portions of ethyl acetate. The extracts
were combined, washed with saturated sodium chloride, <
dried over sodium sulfate, and the solvent was removed irn
20 vacuo to afford a white crystalline solid (2) (in 91% '
vield).

m.p.95-96.5; [@lp-35.8 (c=1, CHpCly); [0lp-26.6 (c=1.01E.
CH,C1s) .
25
. li;Mr (CDCl3) & 0.89(d, 3H, CH3 , J=6.6 Hz), 3:00-3.05

(m, 2H), 3.26-3.34 (m, 2H), 4.73-4.78 (m, 1H), 5.64, d,
1H, J=7.4 Hz), 7.22-7.46 (m, 10H). ’

- om0
SUBSTITUTE SHEET




gradi ent) afforded the title conpound. = - lerr]

tert-Butyl oxycarbonyl - 3-(3-pi peridyl)al ani ne-N, O di net hyl am de (1.00 g,
3.2 mol ) weedsspsol ved in dry THF (10 nl) under nitrogen wéhcabddorodo-
The solution was cooled, N N -bis- L '
(benzyl oxycar bonyl ) -S-net hyl -i‘'sot hiourea (1.14 g, 3:2-mmol), and Hgd
(0.95 g, 3.5 Mol ) added. The solution was concentrated under reduced
pressure, the renmaining regi due was suspended in ethyl acetate (200 ol);
and filtered through '
pressure. Flasf cX
gradient) affory
SUBSTI TUTE SHE

2

A solution of 5.0 g (1.00 equiv., 16.2 mmol) of (2) in 100
mL of dry THF, was cooled to -78°C. Enolization was

5 achieved with 17.8 mL (1.1 equiv., 17.8 mmol) of lithium

| bis-trimethylsilylamide, which was added dropwise via
syringe. The solution was stirred for 30 min. before 4.45
mL (3.0 equiv., 48.5 mmol) of allyl iodide was introduced
and the reaction warmed to -15°C. After 1 h the reaction

10 was quenched with saturated ammonium chloride and
extracted (3X) with ethyl acetate.. The organic phase was
washed with sodium metabisulfite, dried over sodium ,
sulfate and the solvent removed in vacuo to afford an off-
colour oil. Purification was achieved by flash

15 chromatogréphy on silica gel using a stepwise gradient
(15:1, 12:1, 10:1) to yield (3), a colourless 0il (95%) .

[a]lp 47.5 (c=3.12, CHpCljy).

20 lENMR (CDCl3) § 0.82 (d, 3H, CH3, J=6.6), 2.31-2.40 (m,
1H, RCH=CHCHp), 2.49-2.57 (m, 1H, RCH=CHCHp), 2.84-3.00
(m, 2H, Ph-CHp), 4.32-4.37 (m, 1H, CH-(N)CO), 4.53-4.58
(m, 1H, CH3-CH-), 5.03-5.13 (m, 2H, ABX, CH=CHp), 5.21 (d,
1H, Ph-CH, J=7.1 Hz), 5.81-5.89 (m, 1H, CH=CHp), 7.20-7.42
25 (m, 10H, ArH);

13c (cpclz) & 14.4, 36.2, 38.2, 43.9, 54.7, 78.4, 117.1,

125.4, 126.3, 128.2, 128.5, 129.0, 133.1, 134.8, 138.9,
152.4, 174.9.
30



WD 96/ 19483 ~ PCT/ CA95/ 00708 _
[err] : ) )
~tert - Bybweayasgar bonyl - 3- (2- pi peri dyl ) al ani ne- N, O di net hypeiyicdgsodrds 00 9,
3.2 mmol ) was dissolved in dry THF (10 nL) under nitrogen with stirrfng.
The solution was cooled, N, N -bis- '
(benzyl oxycarbonyl )-S-net hyl -i sothiourea (1.14 g, 3.2 mol), and HgC
(0.95 g, 3.5 mmol) addgd The solution was concentrated undeo reduced
~pressure, the remaining regi due was sepygmended in et hyl acet at i (/H~e
duced

and filtered tr ous Hel idle, The filtTate was cgnceftRs
pressure. chr pmat ggr aphy over Mepﬁg/@acgekzv(he ag >
gradi ent) aflf opded ' ermd’ 7 ph

t ound.
To a sol uti on~of tfi az8fe in a%ﬁ?drous THF (1.23 g, 14.4 nnDI) was added
n-BuLi (1.6 M hexathe, 8.4 nlL, 13.4 mmol) dropwi se ‘at -78 Sgpd the
solution stirred. Thegguanidylated 4- 4

A sample of the allyl compound, (3), (4.75 g, 13.6 mmol)
in THF (100 mL) was treated with 13.6 mL (1.0 equiv., 13.6
5 mmol) of a 1.0 M solutioh of borane-tetrahydrofuran
complex at 0°C and etirred for 2h. The solvent was
evaporated and chloroform (100 mL) added via syringe.

Cm

Oxidation of the organoborane was achleved by the addltlon
of 4.7 g (2.0 equiv., 27.2 mmol) of 3-chloroperoxybenzoic

10 acid at 0°c, w1th warming to ambient temperature and
stirring for an additional hour. The organic phase was
washed with 5% Na2CO3' ddH30, and dried over sodium

sulfate. 'Due to the instability of the alcohol, .a quick
column was performed to remove the e#treme-polar and
15 nonpolar material which originated from the 3-

chloroperoxybenzoic acid. The alcohol (4) was obtained in
a yvield of 65%. '

(alp 39.3 ‘(c=1.038, CHaCly). |
20 | . o/
lmMR (CDCl3) 8 1.07 (d, 3H, CH3-CH, J=6.5 Hz), 1.81-1.93
(m, 3H, CH-CH-H), 2.10-2.19 (m, 1H, CHy-CH-H), 3.10-3.17
(m, 2H, Ph-CHp). 3.873.90 (m, 2H, CHpOH), 4.43-4.49 (m,
1H, CH-CO), 4.70-4.75 (m, 1H, CH3-CH), 5.36 (d, 1H, Ph-CH,
25 J=7.1 Hz), 7.41-7.63 (m, 10H, ArH); '
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pi peridyl al ani ne derivative (2.00 g, 3.2 mml ) in anhydrous THF (15 nl)
was added dropw se, and the resulting mxture . sti rred The reaction was

quenched wiptdg/1eqa3ur at ed aqueous anmmoni um chl ori de: The m xpgf,@Agggoml ut ed
with ethyl acetate 100

SUBSTI TUTE SHEET WD 96/ 19483
PCT/ CA95/ 00708 (150 nlL), and the organic |ayer vvashed ‘Wi th saturated
aqueous ammoni um chl orideo(2 s 50 nL), brine (50 m):: dried with 8SCperr],

filtered, and concentrategd unfJer reduced Eressure '
m’l‘noof t htaF6FErin SHIRFar o

[err] JIEE: S g

nmol ) was added HuLi §1. 6|Mhbxane 84 nL, I3.4 ol opw ge au |
-78[err] C with gt 0. Me'The M ehurd EeCk/Rfred at -T&C fopr 1m&. The”en
guani dyl at ed 3-pi perildyl al ani ne derivative (2.00 g, 3.2 mml )i in THF (15
nL) was added dropwi s&wg@nd the resulting mxture stirred. gHi&geacti on was
quenched wi th saturat ed aqutous ammoni um chl ori de. The mi xture wasSdil uted
with ethyl acetate (150 nL), and the-organic |ayer washed with saturated
aqueous ammoni um chloride (2 x 50 nL), brine (50 niL), drled with MgSg err],
filtered, and ’Egnaeabﬂ-atte@nulﬁerth%cﬁmcﬂr ebblur €l . 2.7 mmol),

. dissolved in dichloromethane (27 mL), 876 mg (1.5 equiv.,

5 4.1 mmol) of pyridinium chlorochromate and 1.0 g of 4
angstrom molecular sieves were introduced and the mixture
changed from bright orange to a black colour. The

. reaction was monitored by-TLC and after 30 min., if
starting material remained, additional molecular sieves
10 were added. The solution was filtered thfough-celite and
the solvent waé evaporated; The residue was dissolved in
ethyl acetate and washed with saturated sodium chloride.
- If the orénge colour persisted in the organic phase,
additional filterings through celite pads were pexrformed.
15 The aldehyde was obtained in a quantitative yield as a

transparent, colourless oil (5).

lgNMR (CDCl3) 8 0.84 (4, 3H, CH3-CH, J=6.6Hz), 1.87-1.94

(m, 1H, CH,-CH(H)-CHO), 2.04-2.13 (m, 1H, CHp-CH(H)-CHO),
— 20 2.45-2.50 (m, 2H, Ph-CH3), 2.79-2.85 (dd, 1H, CHp-CHO,
| J=13.3 & J=6.6), 2.92-2.99 (dd, 1H, CHp-CHO, J=13.2 &

J=8.8), 4.19-4.22 (m, 1H, CH-CO), 4.46-4.51 (m, 1lH, CH3-

CH), 5.13-5.25 (m, 1H, Ph-CH), 7.20-7.39 (m, 10H, ArH),
9.69 (s, 1H, CHO);
25

13¢ (cpclz) 8 14.2, 23.8, 39.0, 41.2, 43.8, 54.9, 78.6,

125.3, 126.4, 128.2, 128.4, 128.5, 128.9, 132.8, 138.4,
152.4, 174.9, 201.1.
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Jerr] To a solution of thiazole in anhydrous THF (1.23 g, 14.4
mml ) was added n-BuLi (1.6 M hexane, 8.4 nL, 13.4 mmol) dropwi se at’ "
101 WO 96/19483 SUBSTI TUTE SHEET WD 96/ 19 ; _
PCT/ CA95/ 00708 -78[err] Cwth stirring. The m xture vvadlg'grsl?‘iwrsgogémat d
-78[err] Cfor 1 h. The guani dyl ated 2-pi peridyl al ani ne derivative (2.00 g,
3.2 mol) in THF (15 nL) was added dropw se, and the resulting m xture
stirred. The reaction Qas @uenched with saturated aqueous ammpmi ume

chloride. The i xture Jyas dil ut ed WSpH-€fhyi-eeeat at e and JIt he
organi ¢ | aysg : wi T s38 ur at ¥ ladid®ds anmoni ungy i Y (2K m),
brine (50 [ Wi ty err], filfefed, and cg d-n.de-ﬂ,,,,
reduced pressure : Me Ph [err i Me Ph
nAo 5/\rlwn
‘-—'\'/Ov
3 i
. o
The aldehyde, (5), (2.6 g, 7.10 mmol) was dissolved in
benzene (70 mlL) and a catalytic amount of p- '
W 5 toluenesulfonic acid was added, ﬁqllowed'by 1.58 g (1.2
equiv., 8.52 mmol) of L-cysteine ethyl ester and 4 A {
molecular sieves. The reaction was allowed'to stir o/
_overnight at ambient temperature fol]_.owed be removal of
solvent in vacuo. The r_esidué was dissolved in
10 chloroform, washed with saturated sodium chloride, ddH30,
and dried over sodium sulfate. The solvent was removed
in vacuo to afford a gummy solid (6).
N o MeSAI/DC_M,
. \__/ roomtemp.
v \\

*
)
[

Me Ph

15 6 . _ 7

2.0M trimethylaluminum in_ h_exane (2.4mL, 4.8mmol, 3
equivalents) was added slowiy to start:'ing materia_l (6)
(800mg, 1.61lmmol) stirring in anhydrous dichloromethane
20 under argon, using ovendried equipment. After stirring
overnight, HPLC indicated that the reaction had gone to

completion.
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tert-Butyl oxycarbonyl - para-ni tro-phenyl al ani ne-N, O di net hyl am de (13.88 g,
39.3 mml) was dissolved in acetic acid (100 nL), and PtO (100 ng) added.
The sol ut momesrgmsshaken under Herr] until gas uptake ceasedcT/divsesmisut i on
was filtered through celite, concentrated under reduced pressure, taken up
in Herr]O (150 nmL), and lyophilized. The seni-solid was dissolved in
ethyl acetate (350 mL), washed with 1 N NaOH (3 x 50 m.), and brine (3 x 50
m.). The solution was dried-with MJSO, filtered, and:concentrated under
reduced pressugﬁ YigkthRe LR GUdie HIRPNY excess methanb®! ! then

102 WO 6?19483 o _PCT/ CA95/ 00708
tert - But yl oxyc&iBESFRI ey ahish-HrvhiAca Ffhent o g washingntheopgs. 88 g,
39.3 mml ) wasydissekeeds N Adthadd {dWcwklacerse &t O e¢aB8rgE)oadded.

The sol uti was shaken under Herr] unti) upt ake ceased. . The,sol ytion
was filter tﬁPUﬁgﬁlééeF‘}gt (?,fr P eeﬁ‘%ﬁgé?a e‘ﬂ%%eﬁu’ﬁ?'gégﬂr'é?lf‘&k A 1up

in Herr] O (158eRbhe :@tdacy aphid iz cal ek ero hwah | af fasdithgspb5emg i n et hyl
e 00 5on b AR P 6 P S Lok R
reduced pressubenzylhexahydro-5-oxo-5H-thiazolo[3,2-alpyridine-3R-ethyl
ester as a white/yellow solid.
10
‘H NMR (CDC13) 4 1.28-1.31 (m, 3H), 1.72-1.81 (m, 3H),
. 2.10-2.13 (m, 1H), 2.66 (dd, 1H, J= 11.5 and 6.0 Hz),
— 3.29-3.34 (m, 2H), 4.19-4.29 (m, 2H), 4.88 (dd, 1H, J= 9.0
and 5.0 Hz), 5.22 (dd, 1H, J= 8.0 and 6.0 Hz), 7.18-7.23
15 (m, 3H), 7.28-7.31 (m, 2H). |

LiOH/ THF/ H,0

20 LiOH.H20 (48mg, 1.12mmol) in 10mL of water was added to
_ starting material (7) (240mg, 0.76mmol) dissolved in 10mL of-/
. dioxane. After 1 hour, TLC in 1:1 Hexane:EtOAc showed no

starting material. The reaction was quenched with 10% citric
acid, then extracted twice with dichloromethane. Drying and

25 evaporating the combined organic layers gave 354mg of crude
product. This was redissolved in dichloromethane, then
precipitated by adding excess hexane. The product was
filtered to give 200mg (0.68mmol being a 90% yield)) of an
off-white solid, (8), aiso known as GS-benzylhexahyaro—Saoxo-

30 5H-thiazolo[3,2—a]pyridine—BR-carboxylié acid.

'H NMR (CD30OD) d 1.71-1.82 (m, 3H), 2.12-2.17 (m, 1H), 2.67
(a4, 1H, J= 14 and 11 Hz), 2.77-2.81 (m, 1H), 3.30-3.40
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yielding the title conpound. [err] _
tert-Butyl oxycarbonyl -ortho-nitro-phenyl al ani ne-N, & di net hyl ani de "(13. 88
g, 39.Wowvpnbigawas di ssolved in acetic acid (100 ni), ang &g}oﬁg (100 ny)
added. The solution was shaken under Herr] until gas uptake ceased ‘The
solution was filtered through celite, concentrated under reduced pressure,
taken up in Herr]O (150 nL), and |yophilized. The sem -solid was

di ssol ved |tmet311yib adeBat d B50QHTL)T= vlashathdvi4 Jo THN Na$H 63 (£ 5018l.) g=and
brine (3 x n%;)' The sqlgthg1meﬁidr|ed with MSJerr], filtered, and

concentrated un reduced pressdre y|eId|ng the title conpound

[err] 103. WD 96/ 19483
PCT/ CA95/ 00708 1. tert But yl oxycar bonyl - 3- (C|s/<§rans 4-
(cocn,
/\/ \/\ OH __________’ /\/\/‘\ CI
5 -9 10

Oxalyl chloride (9) (25 g, 0.197 mol) was cooled to 0°C

and cyclohexane propionic acid (20 ml, 0.14 mol) was
. added. This was left to stir overnight. The resultant ‘
10 mixture was distilled to give an 84% yield of the LJ
colorless liquid (10), cyclohexyl propionic acid chloride.

l.n-Buli/THF/ 780 = 9 9
HN __Jo —t- _ - N,/\O
R 2 - 0 \/ ol l"', '
CH, Ph . Co CH, Ph
/\/\/\Cl
\/
11 10 | 12

15 . _
| The chiral auxiliary (11) (13.6g, 76.7 mmol, 1 eq) was
dissoived in dry THF and cooled to -78°C. Then n-BuLi
(52.8 mL, 84.4 mmol, 1.2 equiv.) was added and left for 30
mins (dark orange solution). The acid chloride (10) (13.4
20 g, 76.6 mmol, 1 eqg) was then added and left to stir
overnight. Work-up was done by quenching with saturated
NH,C1 extraeting with ethYl aCetate}jwéshing-the extracts
with water and brine, drying'ovef sodium sulphate and.
concentration. A fast coldmn,'with dfy loading, (6:1

25 hexane ethyl.acetate) was run to purify the product. This

afforded in a white solid (12) which was recrystallized

SUBSTITUTE SHEET



am nocycl ohexyl ) al ani ne-N, O-di net hyl am de (1.00 g, 3.0 mmol) was di ssol ved
in saturated aqueous sodi um bi carbonate, and THF [60 m., (1:1)] with

poraavsnemet e
(0.43 nmL, 3.0 nmmol) in THF (10 nL) was added dropw se. Excess solid sodium

stirring. wbos/isassut i on was cooled and a sol ution of ‘benzyl

bi car bonat e was added, the THF was renoved under reduced pressure,
remai ni ng aqueous phase was poured into ethyl acetate (250 nl),

and the
and m xed

t hor oughly. Théremuetberphndehgxandi scarciare die tttnetlean@mmcngnéoint 78R was

washed with satygaged aqueous sodi um bi carbonate (2 X 50 nl),

4 N aqueous

sodi um bi sulfate (2 x 50 nL), and brine (2 x 50 nl). The sol ution was
dried with MgSH4, filtered, and concentrated under reduced pressure.

sem -sol id vvasgéﬁjgr@bo (gg? %é.r%@[)s,l gﬁg/%Pgehp(_ d1yé fred at e/ hexane).

To a solution hi azo 1 o

The

2.
n anhydr ous THF was added

n-BuLi (1.6 M hexane, 8.0 m_ 12.8 mml ) dropwi se at '-78[err] C and the

sol ution stirreg. Nﬁﬁeéégegg)paobefstseq A NGn,acigh am deglil. #d fm, 348 mmol)

Evm se, and the resultlng m xture stirred!

Hr ared xdueiusBmmii urf cH0of i 4. (Fhell) xture

in THF (15 nL) was ad
reaction was ghengnéd?i ths

The

was diluted wghest il aset gte 7(B5@z7.,) 7 @81 e ofgarsk) | ayer washed with

saturat ed aqueous ammonium chloride (2 x 50 nm.), brine (50 m),
MySO err], filtered, and concentrated under reduced pressure.

material was purifi ed on g lian gel g/ acet 3& e/ hexane) ,
concentrated under reduced pressur&'- iMDS 7 THF 72760
104 N

ard

Q

- l\/ ‘"\.___./", 2. N _Br \—/

CH, Ph
10
12

13

The starting material (12) (9.13g, 292 mmol, leq) was
dissolved in dry THF and cooled to -78C, after which

15 LiHMDS (31.9 mL, 31.9 mmol, 1.1 eq) was added dropwise

over 40 mins. Then, 30 minutes later, allyl bromide (7.5

mL, 86.9 mmol, 3 eq) was added slowly over 10 mins.

mixture was left to warm overnight. Work-up included

quenching with sat. ammonium chloride, extraction with

20 ethyl acetate, washing with 10% sodium thiosulphate,

The

N decolourising with charcoal, drying over sodium sulphate

and concentration in vacuo. The product was obtained as a

vellow oil (13) in 96% yield.

25 [0)D=+9.5(c=1.0,EtOH)

‘H NMR (CDC13) 4 0.92-1.10 (m, SH), 1.10-1.39
1.63-1.75 (m, 6H), 2.27-2.42 (m, 2H), 4.01-4.14 (m,

4.76-4.85 (m, 1H), 5.00-5.07 (m, 2HO, 5.65
30 Hz), 5.64-5.88 (m, 1HO, 7.27-7.46 (m, 5H).

117

(m, 5H),

1H),
(d, 1H, J= 7

dried with
The crude
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WD 96/ 19483 . PCT/ CA95/ 00708

[err] 1. tert-Butyloxycarbonyl-3-(cis/ trans-3-

am nooyelogheasy! ) al ani ne- N, O-di net hyl am de (1.00 g, 3.0 npolicassie0708 ssol ved
i n saturated aqueous sodi um bi carbonate, and THF (60 ni, (1:1)] with
stirring. The solution was cool ed and a solution of benzyl chloroformate
(0.43 m., 3.0 mol) in THF (10 nL) was added dropw se. Excess solid sodium
bi carbonate was added, the THF1.\B{CHEIHPYGHAHWIHR, reduced pressure, and the
remai ni ng aqueous phas®@ vva? poured intgq ethyl acetate (250 <?H_) yand m xed
thoroughly. The agueous phgse was Wircmaiezh and t i nik 3 uti on was
washed w t h-Satwat agheou sodium bicar bonat e/ (2 X 507L) ,N4 NOaqueous
sodium bisulfate (2 k 50 ¥l)/ arecodypom (@aux(H) o) . i The Jsol utliog was dried
with MySq erm i lfer ec#“ and ﬁoncentrat ed under uced preggur e’ghe

sem -solid was chrpmat og '%@pheﬁ on silica gel (ethyf aggtate/ h&xane). 2.
To a solution of thiazole (1.16 g, 13.7 muol) in anh@drous THF was added
n-BuLi (1.6 Mhexane, 8.0 nL, 12.8 mmvl) dropwi se at -78 C and the solution
stirred. The above pi8tected amino acid amide (1.41 g, 3% mml) in THF
(15 nm.) was added dropw se, and the resulting mxture stirred. The reaction
was quenched with saturated aqueousddaegt)d{ﬂ umchl ori éibe. The m xture was
diluted w tHBeRYYL1aeaPHENELEF A LI LHY ! PIEVRY washed with
saturat 6d agieetEyasulphidec oaplda (a2 » 130CnL) Ther reactiomtdas dried with

MgSO err], filtered, .an ncentr t-@% r : u - CE yde
material waRRHRFREREH 8% g‘lgll%cg el e{ Hyi 'facg:zg%gf: %&gﬁ%)éﬁgngﬂ& it
cedcent r at edasndermedduoe® @r eafber. which it was stirred for 2 hours.

The disiamyl borane was then added to a mixture of the o

starting material 13 in THF using a double-ended needle at
10 0C. The mixture was then stirred for 2 hours after which
the solvents were removed and the residue dissolved in
dichloromethane. It was carefully added to a suspension
' of pyridinium chlorochromate in dichloromethane contained
in a flask equipped with a reflux condenser. Aftgr the
15 initial exothefmic reaction had subsided, the mixture was
" refluxed at 50C for 1 hour. The dark brown liquid'was
dissolved in ethyl acetate énd_filtered through Florisil.
Thé black residue of | PCC was extracted with ethyl acetate
and also filtered through the same Florisil pad.
- 20 Concentration of the filtrates resulted in a 78% yield of <
a yellow gummy product (14).

[]D=-17.8 (c=1.245,EtOR)
75 g NMR (CDC13) 4 0.89-1.18 (m, 5H), 1.20-1.47 (m, 8H),
1.60-1.74 (m, 6H), 1.83-2.00 (m, 1H), 2.48-2.53 (m, 2H),

3.90-4.10 (m, 1HO, 4.12-4.16 (m, lH), 4-76?4.80 (m, 1HO, .
5.67 (d, 1H, J= 7Hz), 7.27-7.46 (m, 5H), 9.77 (s,.lH).

i
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PCT/ CA95/ 00708 ' [err] e 1. SRR
tert-Butyl woyssirvesmy 1- 3- (CI s/trans- 2- - PCT/CA95/00708

am nocycl ohexyl ) al ani ne- N, O di net hyl am de (1. 00 g, 3. 0 mml ) was di ssol ved
in saturated aqueous sodi um bi car bonate, and THF [60 L, (1:1)}] with
.stirring. The solution was cool ed and a solutlon of benzyl chl or of ormat e
(0.43 m., 3.0 mol) in THFO(10‘,H1_) wa g(} Wlse Excess sg@) i d ®odi um
bi car bonat e was added, the THF %as re#l?\}"e r?d reduced pressur &, anHI t he

remai ni ng aqueous phase ur eg i nto et iﬂve%cet ate

t hor oughly. The aqueous phasuvas di scar.ded %"gz t he riemai hi nggsol uti on/was
washed with saturar€d ueous~ S0di um bi bon (2-x 8Q nl), N ac us
sodi um bisul fate (2 x 50 rrL) Hand Bbri ne ( 50 mL). The sofuti oncn@ “Pn
dried with MgSerr] #filtered, and concentrate@b der red ressure.
The sem -solid was r omat ographed on silica gel fethyl hexane) .

2. To a solution of thiazole (1.16 g, 13.7 nmol) in anhydr THF was

added n-BuLi (1.6 Mhexane, 8.0 nL, 12.8 mmol) dropwi se at -78% 6g1nd t he
solution stirred. The above protected amno acid am de (1.41 g, mol )
in THF (15 nm) was added q_hopvu se, and the resulting m xture fgl rred The

_ The resulting aldehyde (14) (7.7g crude, 20.8 mmol 1
, 5 equiv.) was dissolved in 75 mL of toluene. To the
~ solution was added a catalytic amount of p- ~
toluenesu;phonic acid (50 mg), 10 g of 4A molecular '
sieves, and L-cysteine ethyl ester (3.87 g, 20:8 mmol, 1
equiv.). The mixture was stirred overnight, filtered and
10 concentrated. The residue was then purified by silica gel
chromatography (6:1 hexane:ethyl acetate) afforded 6.36 ¢
of the product (15) in 61% vield.

[0]D=-48.3 (c=1.095, ELOH)
15 |
~ 'H NMR (CDC13) d 0.84-0.98 (m, 4H), 1.11-1.38 (m, 7H),
1.50-1.90 (m, 10H), 2.80-2.99 (m, 1H), 3.24-3.34 (m, 1H),
N\ 3.77-4.29 (m, 4H), 4.46-4.81 (m, 2H), 5.66 (d, 1H, J=
. 7Hz), 7.27-7.46 {(m, S5H).
20

0°Cc =RT

| o § o |
. p .
~ - }—“47 | \\//\\RJ\E/N\WE

O - . : o CO,Et
S_/\NH _ . 2
\ (
“CO,E

15 16

o (G
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reaction was quenched with saturated aqueous anmoni um chloride. The
mxture was diluted with ethyl acetate (150 nL), and the organic |ayer
washewodelbagsat ur at ed aqueous anmmoni um.chloride (2 x 50pcEicassmézes (50 nl),
dried with MgSq err], filtered, and concentrated under reduced pressure.
The crude material was purlfled on silica gel (ethyl acetate/hexane), and

concentrated under reduced pressure. . 106
WO 96/ 19483 PCT/ CA95/ 00708

[err] r Ly Laxyaanbqnylgs C'§/9 trﬁrﬁ’&f i

am nocycl o ex &fgﬁﬁﬁeﬁﬁggg whyl)a% de ( f( 1 mrg:f)e?/\u/as dl) ssol ved

in dry'ﬂ%waaodh§§oéﬁéérlﬁl?Po@é1QﬁIQ¥KNQ%9h¥Rf°m?Eh%R#Lﬁ?@ncﬂaéeéooled to
0 C NN -bisg en%m&gﬁ@ inuﬁ et by sethisowmea , (3 Enbv 6,1 mol ),

and HgCl [err] dded. The sol ut was, concent rat ed
under Pedué®¥ %‘&@?gufig°pi"’l’r§e @ﬁ‘ﬁ) rﬁ%ﬁg %?Jgﬁ)e'?\‘a?a’ar?'ﬂ Fet hyl
acet at ;a (t?@@ed ﬁﬁidghanddhﬁltéer e@nt;iremegtremiuim érmee\fidemaeé YRSHPLC, |
concentrat ed under reduc ressure. ica ge
(hexane/ etyFaRe a‘f’@sgf-"‘é% :i‘f]‘foraJ e?i]‘s"t% (uﬁrﬁ pro ?Brﬁéé To a
sol ution abléhlazometbanwwg,s Ztﬁdkdrm )dmsstal‘srg/othIssCﬂer\Aasdauugd n- BuLi
(1.6 hﬂhexage %gl ﬁé&h{gymg?ajﬁ mﬂgﬂ@%é]aﬁaaFgehhe sol ution
a%ove guam ate

stirred am no aci g, 6.1 mmo In THF (15
m.) wa$é filtered. The re51due after concentratlon in vacuo was

run through a quick column (6:1 hexane:ethyl acetate), to
remove auxilary and as many of the polar decomposition

. : £
~ products as possible, affording in a 50% yield of a yellow
. 0il (16).
15 _ .
‘W NMR (CDC13) 4 0.83-0.98 (m, 2H), 1.09-1.38 (m, 10H),
1.57-2.00 (m, 11H), 2.12-2.18 (m, 1H), 2.49-2.54 ( m, 1H),
3.10 (dd, 1H, J= 11 and 6 Hz), 3.27 (dd, 1H, J= 11.5 and
8.0 Hz), 4.11-4.25 (m, 2H), 4.88 (dd, 1H, J= 11.0 and 5.0
20 Hz), 5.14 (dd, 1H, J= 10 and 6 Hz).
/\ LiOH / H20-Diox N (\\/S
~ TN \/N 10°C RT NN \
£ .0 COLEt o ¢

16 17

25 The starting material (16) (0.95 g, 2.9 mmol, 1 equiv.)
was dissolved in 10 mL of dioxane. The solution was
cooled to 10 C, and to it was added LiOH'H.0(0.123 g, 2.9
mmol, 1 eq.) dissolved in 10 mL of'water. The bath was
removed and the mixture was stirred at room temperature

30 for 1 hour. TLC showed complete reactioh and the solvent
was evaporated under vacuum. The remaining aqueous layer
was washed with ether (2X), acidified with 10% citric
acid; and extracted with dichloromethane (3X). The

Illlllllllllllllllllm  SUBSTITUTE SHEET



added dropwi se, and the resul ti ng mxture sti rred The reaction was -
quenched with saturated aqueous ammoni um chl oride. The mixture was- dil uted
wi th et hyl wacssiagss (150 nL), and the organic | ayer washed w poraabsoediogd
aqueous ammoni um chloride (2-x 50 nL), brine (50 mz), dried with MgSO err],
filtered, and concentrated under reduced pressure. The crude material was

purified on silica gel (ethyl..acetate/ hexane), and concentrated under
reduced pressurgembined extracts were dried over sodlumuﬁulphate and

SUBSTI TUTE SHEEdoncentrd¥:86£4948%e a white solid which was
PCT/ CA95/ 00708

1. E
tert-Butyl oxycé’rwt%l%t‘:?g‘it kaﬁgl] §ther Concentration of the filtrate
ani nocyci ohexy|3red apanes N Qe donebly kdlide @210 o lubrl dhifnatoashy Se2 ved

[0 dry TR 620 i, knder cpl A Q2R MO N QLAY i WSS LA VP 0L &6
a m.p. of 198.2-199C.

‘H NMR (DMSO-d6) d 0.78-0,93 (m, 2H), 1.11-1.27 (m, S5H),
1.34-1.36 (m, 1H), 1.51-1.56 (m, 1H), 1.60-1.75 (m, 1H),
10 1.82-1.87 (m, 1H), 2.15-2.18 (m, 1H), 2.37-2.41 (m, 1H),
3.03 (dd, 1H, J= 11.5 and 5.5 Hz), 3.35-3.38 (m, 2H), 4.83
(dd, 1H, J= 9 and 4 Hz), 4.95 (dd, 1H, J= 8 and 5.5 Hz).

o
° o
N /OVN\/\OH _>/ ~N7 \/\CHN o HA I{
o S R TN el
° A / E:
—_— - > S
Cbz ~ Cbz / {
N N Cb_zN/'
N NH HNZ > NH P
: HN NH
Cbz . Cbz ;
Cbz
15 . 18 : 19 20
BOC-DiCbz Arg (18) (7.6 g, 14.0 mmol) was dissolved in
, anhyvdrous THF (40 mL) and cooled to 0C. Triethylamine (2.2
(7

mL) was added followed by 14.5 mmol of a 1M toluene
20 solution of isopropyl chloroformate via a syringe. The
reaction was allowed to stir at 0C for 30 minutes then
quickly filtered. The white solid was discarded. To the
filtrate was bubbled freshly prepared diazomethane until
the color of the solution turned yellow. The reaction
25 mixture was 'allowed to stand overnight in a well
ventilated fumehood which facilitated the discharge of
excess diazomethane. Dry ether was added to precipitate
the diazoketone. The product was filtered and dried under
vacuum to give light yellow fluffy solid (4.6 g, 58%).
30 '

121
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S—nethyl-isbthiourea (2.18 g, 6.1 mol ), and HgA [err] (1.81 g, 6.7 mmol)
added. The solution was concentrated under reduced pressure, the renaining

resi dwe sgzad4ssuspended in ethyl acetate (300 ni), and fbh%ﬁﬂﬁﬂm&@FOUQh
celite. The filtrate was concentrated under reduced pressure. ash’

chromat ography over silica gel (hexane/ethyl acetate gradient) afforded
the purified product. 2. To a solution of thiazole (2.32 g, 27.3 mmol)

i n anhydr opSazéketeae add9d (kgBuli. (7. findl hexasedidSo Hvell, i R5ThFMBI)
dropwi se a

t. <7 re and t he solution stirced above, guani dyl at ed
o no aci el Bpd b Rl 4ol eidal 20add M AOE ERCHFRet 120 M the
resul ting atx0(@e Bheérreactibn wasaefllowedasoquetrichert wintdietsd ur at ed
L { - . ' di i t t.hyl tat
(150 o) CRgUPRcea e ok gty il St il oF hiBecons  ammoni um
chlori e (Rrecipigpre Masnd qumedd Furfhern n¥edingisarion] vasf akhéewed and
concentratgg HAdehg' edwne’d BiOISAHtSion A1 Crfeng érééiiﬁaégEBEgkhed on.

silica gel (ethyl acetate/hexan%?, and concentrated under reduce
pressure. the product (20) (1.02 g , 100%) 108 WO 96/ 19483

PCT/ CA95/ 00708 " [err]
'H NMR (DMSO-d6) d 1.65-1.77 (m, 3H), 2.06-2.50 (m, 1H),
10 3.86-3.90 (m, 2H), 4.29 (m, 1H), 4.76 (d, ‘1H, J= 18Hz),

4.95 (d, 1H, J= 18 Hz), 7.35 (s, 2H), 7.36 (s, 2H), 7.35-

o 7.41 (m, 10H), 8.71 (br s, 3H), 10.1 (br s, 2H). qLJ
_ ‘C NMR (DMSO-d6) 4 23.7, 26.4, 47.2, 47.9, 56.2, 68.0,
15 69.3, 128.6, 128.7, 128.8, 128.9, 135.2, 135.9, 153.4,
157.4, 198.9.
o
P P T HNL - cl o
C. \__/\/ N NS
\/\.‘\\/N + / ' . '
o ; \/\.~‘\\/N
° o ~NCbz . o R NHCb2
. [o) R =
HNZ > Nebz 0;) My NCBz
/\.‘
. .. Ci
17 .20 - 21
20 o - | - o &/

To mimetic (17) (0.422 g, 1.42 mmol) din THF (50 mL) at 0C
and’ in presence of N-methyl morpholine (0.19 mL), was
slowly added 1M toluene solution of isopropylchloroformate
(1.71 mL) . The reaction was allowed to stir aﬁ-O(: for 30
25 minutes then treated with aminochloromethylketone (20) in
small portions. Once the addition was complete the reaction
was further stirred for 15 minutes followed by addition of
N-methyl morpholine (0:19 mL). The reaction was stirred at
ambient température for 3 hours, then Extracted with ethyl
30 acetate followed by washing with brine'ahd 10% agueous
citric acid. Removal of organic solvent gave a white foam

SUBSTITITE SHEET



1. tert-Butyl oxycarbonyl-3-(cis/trans-2-

am nocycl ohexyl) al ani ne- N, O di met hyl am de (2 0 g, 6.1 mol) was dissolved
in dry THWO@&a@%488) under nitrogeh with stirring. The sol utpemcassoocen! ed
to 0 C, N, N -bis-(benzyl oxycarbonyl)- S-nethyl-isot hi.our ea (2.18 g, 6.1
mmol), and HgC[err] (1.81 g, 6.7 mmol) added. The sol ution was
concentrated under reduced pressure, the remaining residue was suspended
in ethyl acet&® (B003ng), 28%d. whiichr sast msegy fweditiar wiltiwydt | trate was
concentrat ed Lndeg; Egdusrd pr essure. Flash chromatography over silica gel
(hexane/ et hyl” acetate gradient) afforded the purified product. 2. To a
solution of thiazole (2.32 g, 27.3 mmol) in anhydrous THF was added n-BulLi

(1.6 l\/gheianénbiﬁw (rdnc1233) 43 ngrpd ) - odwpvghseng.; , -181§-and1t he, sqmtTi gn(15
stirrea. e ani dy 0 I . n

m.) was a%deﬁ' ﬁvﬁge h‘%ﬁe ?e%@ rc‘]‘(fdn‘lg'% ’st‘?l T4E3 ?TD‘L% l tion
was quenched mm—zasuramequueau@mmrm | Um, AH)gride87-Theo4n mUrH-I)Nas
diluted with I a e ani e

sat urat ed aqu@ %‘;Y arfwm)ﬁ}“(lm§ I’or| ("12%;(é %"n@)}g 'brfn—}e@(gosgvaftp g%%d with
MyjSJ err], f3102r8d24am. c4Hientr. étoed -$%dem,r ddibed rHsside. 1HheJzr 8de
mat eri al was I&)wl fgegd ?Brs'sl i q_ﬁ)gelg 6%t ey %ceth;;)e/ hexane), and

concentrat ed ‘under”reduced pressure. 109
WO 96/ 19483 PCT/ CA95/ 00708
Exampl e 2 Synt hesi s of I|nternediates [err]
o ,. | ),
N\ N
T ielili

12
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(4S,5R)-3- (1-o0xo-3-phenyl propyl)-4-(phenyl)-5-(nethyl)-2- 5 oxazolidone

(2). A solution of 10.0 g (1.0 equiv., 56.4 nol ) of (4S,

5R) - 4-wbeBNd485- et hyl - 2- oxazol i done (1) in 250 nL opcTicK9siidTes stirred
at -78[err]C under argon, was treated dropwise with n-butyllithidm
(1.6 Min hexane, 1.1 eq., 38.8 nL). ‘After stirring for 30 mn., 8.4
m. (1.0 10 equiv., 56.4 mmol) of hydroci nnanoyl chl oride was

i ntroduced EXAMRLESS over a 10 minute period. The resulting m xture was
warnmed to Of[err]C, stirred for an addi ti onal hour, and quenched with
sat urated anmoni um chloride. The solvent was renoved in vacuo and the
15 resulting white solid dissolved in ethyl acetate and ddH err] 0.

The agueous phase was renoved and extracted w

portions of ethyl acetate. The extracts
sat urat ed M;W 1. radroved ovem G
was removed in & cuo'to afford a wpite crysfall v Soll d in 91%

yield). A p.95-96.5; [fkmbd D358 (c=[, eHerrJd[err]);
[[err]][err]-26.6 (c=I.018. ' CHerr]dJ[err]). 25 = [err] HNWR
(cDO [err]) [drr] 0.89(d, 3H, errd, J=6.6 Hz), _3.(3‘(1{3.05- (m 2H),

3.26-3.34 (m . 4.73-4.78 ( N5, 64, d, 1HNWJ=7. 4 Hz),
o A
HN NH,

two additional -
i ned, washed with
| f,ate,e and t he sol vent

7.22-7.46 (m 10H).

HN NHTos

P \\\\\

r
(N—t—BOC—N—tbsyl)butyryiketoarginine (240mg, 0.515 mmol), 7
was deprotected using 30% TFA 'in dichloromethane. The
deprotected arginine derivative, was coupled with the
10 mimetic (8) (100 mg, 0.343 mmol) in DMF under basic
conditions (Et\N, pH = 8-9), using BOP reagent (228 mg,
0.52 mmol) as the dehydrating agent. The reaction was
typically complete within 2-4 hours. Extraction with ethyl
acetate followed by successive washing with brine and 10%
15 aqueous citric acid yielded the crude product. The crude
prodﬁct was purified by column chromatography affording 180
mg (76%) of pure product. This product was then treated
w with HF to remove the tosyl group. Purification of the |
isolated deprotected product by HPLC afforded BCH-2737. -
20

EXAMPLE 4

N\ NS /\. /\/s

NN 1. HS-CH2-CO2H L _L_ &~

6 \ih NHCbz > TR H .
o) v HN
oig'\

= NMM/THF/RT - © HN ="

O A
NCbz o~""""
i 2. BBR3/DCM - g

Cl : :
| HO\(\S
. | o
21
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- 112 - - ! [err] A sampl e of the allyl
conpound, (3), (4.75 g, 13.6 mol) in THF (100 m.) was treated with
13.6 nL (1w09§qa483 13.6 5 nmmol) of a 1.0 M solution of PCT/CA95/00708
bor ane- tetrahydrofuran conplex at O[err]C and stirred for 2h. The
sol vent was evapor ated and chloroform (100 nL) added via syringe.

Oxi dation of the organoborane was achi eved by the addition of 4.7 ¢
(2.0 equiv., 27.2 nmmol) of 3-chl oroperoxybenzoic 10 acid at O[err]C, with

warmng to anbl d | 4, f hour. The
or gani ¢ phase %ggiOESHE %ikéﬁoﬁ@ é21) ?Erﬁfgg%%rﬁﬁ ddH er%%C) and dried

over sodium dissel¥ed. ipyTHFo (fRemldstasiatiad with | b8 mLhui ck

colum was perfos1eSwéQ b?”ﬁé?chb@oe&:"e@ﬂ% R i @”lcbzlmorm@w hRbEY | al

e OB L SR AP Cw“'%arl@%%zésgﬁﬁig&

CH[err]CI[err])Exﬁfbctlon[efrhHHNRe@GB@bhedetdﬁawW1tH.éﬁhjriaé%tate

CH - 1, 81-] .

GG oeRy Bl o byl Beobtng IR Hind 4 29 (it
CH err] OH), 4. 48idri® amid andlEyaper@diond o‘ﬂ)wg‘ﬁﬁu(qnsmefﬂt‘l[@‘@ W |
5.36 (d, 1Hfle§EheZBrgaac% Wihch7w%£;ﬁd§iﬁfgd:Bvic$¥dﬂﬁ chromatography

10 to give foamy solid as the product (0.125 g, 62%).

This protected precursor (0.125 g, 0.154 mmol) was
dissolved in DCM (5 mL) and cooled to -78C. A 1M DCM
solution of BBr (1.54 mL, 1.54 mmol) was slowly added. The

15 reaction was stirred at ambient temperature for -5 hours,
then cooled to ~78C again and treated with anhydroﬁs
methanol (2mL). The reaction was brought to room
temperatufe and stirred for 2 additional hours. The
solvents were removed under reduced pressure and the

20 residue was partitioned between ether and water. The water
layer was collected, lyophilized and the final product (23)
obtained as a powder after HPLC purification and
lyophilization.

N\ 25 The products of the reactions described above can be
isolated in the free form or in the form of salts. In
addltlon, the products can be obtained as pharmaceutically
acceptable acid addition salts by reacting one of the free
bases with an acid. In a similar manner, the product can

30 be obtained as pharmaéeutically-acceptable salts by
reacting one of the free carboxylic acids with a base.
Likewisé, treatment of the salts with a base or acid
results in a regeneration of the free amide.

SUBSTITUTE SHEET



WD 96/ 19483 PCT/ CA95/ 00708, .
[err] ' A sanmple of the allyl conmpound, (3), (4.75 g, 13.6
mml h,o 6/194ki‘ THF (100 m.) was treated with 13.6 nL (1.FCTOA9S0070813.6 5
? 1.0 Msolution of borane-tetrahydrofuran conplex at O[err]C
and stlrred for 2h. The sol vent was evaporated and chloroform (100 niL)
added vi a syringe. Oxi dati on of the organoborane was achi eved by the
addi tion r@gﬁ@ﬂ? g (2.0 equiv., 27.2 mmol) of 3-chl oroperoxybenzoic 10
acid at Of[err t rggﬂﬁg tigrbpg for
an additi dha¥ %%ﬁ%i Wﬁ§g85lanlcgwhasésaggkf mégﬁgdﬁaf%?f?ﬁ%é
Na[err] COer1},, ddH[err]O and drled over sodium . -sulfate. Due to the
instability of the al cohol, a quick colum was performed to renove the
extreme polar and 15 nonpolar material which originated fromthe 3-
chl or oper oxybenzoic acid. The al cohol (4) was obtained in a yield of
65% [[erg,]][err] 39.3 (c=1.038, CHegr]d[err]). 20 . [err] HNMR
(ChC[err]) .07 (d, 3H, CHerr]-CH 6.5 Hz), 1.81-1.93 (m
3H," CH err] ) ‘oMem 1H, CH[ er Ds. 3.10-3. 17 (m 2H,
Ph-CH err] 873090 (m 2H, C:I-l[@'rlgC]“G-l) 4.43-4149 |(m 1H, CH CO,

4.70-4.75 ( 1H CHerr H&-gd—tH Ph- &K =7.1 Hz),
7.41-7.63 (m 10Hy A(‘H)‘/]C oGib’ ::C::hH:; NH -E00Rie _
rs

"/ o
KHMDS / THF
Tosyl Ng
O COOMe
NH, COCH,CH,COMe
LIOH ! \mglnp,
Con P OB
1. same procedure
asfor20

O CO-NH_ _COCHCHCOMe O  CO-NH__COCH.CH.CO M

2. deprotection as

>

NH inexampled o

CBzNH NH,CBz . NH NH,

10
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WD 96/ 19483

PCT/ CA95/ 00708 .

[err] To a solution of the alcohol (4) (1.0 g, 2.7 mmol),

5pcticaosnwiop of
pyri di ni um chl orochromate and 1.0 g of 4 angstrom nol ecul ar si eves

were introduced and the m xture changed from bright orange to a bl ack
col our. The reaction was nonitored by TLC and after 30 mn., if
starting mat er i BXAMBREI @ed, additional nol ecul ar sieves 10 were added.
The sol ution wagyhthégigdokhrough celite and t he sol vent was
evaporated. The Tesidue was dissolved in et hyl acetate and washed with

di ssol ved W0 ivis83or onet hane (27 L), 876 ng (1.5 equiv.,

saturated sodi um chl ori de. | f
or gani ¢ phase, additional fil
performed. 15 The al dehyde was obt

2 ned i

Tk orange col our persisted in the
lngs through celite pads were
ip.a quantitative yield as a

transparent, colourless oil (5). rlHNVMR (CDCl[err]) [err] 0.84
(d, 3H, CH3-CH, J=6.6Hz), 1.87-1.94° eH err] - CH(H) - CHO) ,
2.04-2.13 (m 1H, CHerr]-CH(H -CHO, > 3\ Ph-CH err]),
2.79-2.85 (dd, 1H, CHerr]-CHO =13. ) L 2. .99 (dd, 1H
CH err]-CHO, J=13.2 & 0 J=8.8), 4.19-4.22 (m/1H, " Ch , 4.46-4.51 (m
1H, CHerr]- CH), 5.13-5.25 (m 1H, Ph-CH),\7.20-7.39 (m 10H, ArH),
9.69 (s, 1H, CHO; 25 13[err] (CDCl{err]) [wmr] 14.2, 23.8, 39.0,
41.2, 43.8, 54.9, 78.6, 125. 3, 126.4, 128.2, }128.4, 128.5, 128.9,
132.8, 138.4, 152. 4, 174.9, 201.1. o
. (16)
L N2
S5 STEP 1
Synthesis of 2-Benzyloxycarbonylamino-4-hydroxybutyric
acid tert-butyl ester '
_ 0" a
NHZ >_ NHZ
(Cyclohexyl),NH.HOOC : NMM.THF
- CO,t-Bu 2) NaBH,. MeOH HO CO.t-Bu
10
(1) (2)
L _ To a solution of the'protected_aspartic acid (1) (Bachem, o
2.50 g, 4.95 mmols) in_SO mL of dry tetrahydrofuran ~
15 (THF), at -10°C, under Nz, was added N-methylmorpholine
(109 uL, 0.2 eq) and isopropyl chlorofofmate (1.0
M/toluene : 384 UL, 1.1 eq). The soluion was stirred at
-10°C for 60 min. In another flask, NaBH, (375 mg, 2 eq)
was suspended in a dry 5:1 mixture.of_THF/MeOH (50 mL),
20 at -78°C, under N,. This suspension was stirred at -78°C

fof 30 min. The mixted anhydride solution was then added

to the NaBH, suspension dropwise via canula, and the

final solution was stirred at -78°C for 3 hr.

- sUBSTITUTE SHEET

Acetic
acid (2.8 mL, 10 eg) was then added and the solution was



113 - - 115 - The m xture was

quenched with excess nethanol, then filtered on a short silica ‘gel

col umw¢g vapasng t hrough - wi th excess 10% et hanol in pfay/A st €
Evaporation 5 gave 784 ng of crude material that was purified using 271
hexane: Et OAc on a silica gel columm affording 258ng (0.81mmol being a

50% vyi el d) of pure conpound (7),a 6S-
benzyl hexahywrméd oko- BHEt hil32omap3,.2- hey sicdivent3R-wely |levapoeated, as a

white/yell | Jo e 2 N 1 -1 3 ._3H),
1720181 ?V%E%QSl&Q%. ESi‘ghilsE ( %Wf&b%zgz‘rg %')ﬁq‘%%ﬁ’aéh 1%?“5%%% 0 H),
3.29-3.34 (NaBfy; RBxh-angdoxipepH) The gegapdc lpyer-was)drieghdyven) Hz),

5.22 (dd, 1 = 8. : 7 E 7.28-7.31 2H) .
[err] ( mgéc“ZO &{[%—%%I_%%ﬁﬁgf%?t%ﬁénaméﬁdl (ﬁﬂ}eo%?)lgfe%t er vvas( g]ddeg-l)

to Sst arevaporatedi ab giye( 2468yg (4765naimoldi ssjosed of el  of

di oxane. Af tzﬂcéhé‘?%?.) TLC 5nc§£'eérl—lg>§_§ne: Et CAc showed no starting

material. The Teac n'was quenched with 10%citric

'H NMR (CDC1l,, 400 MHz) : 0 7.40-7.31 (m, 5H, ArH), 5.63
(d, 1H, J=7.3, NH), 5.13 (AB system, 2H, J=12.2, CH,Ph),

10 4.43 {(m, 1H, H-2), 3.69 (m, 2H, H-4), 2.17 (m, 1H, H-3),
1.63 (m, 1H, H-3), 1.48 (s, 9H, t-Bu).

~ ¢’
STEP 2 _ : _
2-Benzyloxycarbonylamino-4-iodobutyric acid tert-butyl
15 ester
HO CO,t-Bu Imidazok. -10°C I CO,t-Bu
_ ' ' CH,CN/E,,O
(2) o (3)
20 To a solution of the alcohol (2) (1.53'g, 4.95 mmols) in
a 1:1 mixture of CH;CN/Et,0 (50 mL), at -10°C, under N.,
were _added_ s__ucce_ssively imidazole (607 mg, 1.8 eqg) and »,

Ph,P (2.21 g, 1.7 eq). Iodine (2.14 g, 1.7 eq) was then

added in small portions over a peribd of.15'min. After
25 the addition was completed, a white precipitate formed

and the solution was brown. It was stirred at -10°C. for

45 min. It was then poured in Et,0 and the orgaric phase

was washed with sat.aqg. Na,S0,, sat.ag. CusO,, H.O and
~dried over Mgsdé. "The solids we_ré filtered and the

30 solvent evaporated fo' give a yellow oil that was purified
by flash chromatography (silica gel, 5% to 20% EtOAc/
Hex). The iodide (3) was obtained in 83% yield (1.71 g)

as a clear oil.
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acid, then extracted twice with dichloronethane. Drying and 25
evaporating the conbi ned organic | ayers gave 354ng of crude pr oduct .
This was rwoissdsdssed i n di chl or onet hane, then - pr.eci pi t aperrclays/enios ng
excess hexane. The product was filtered to give 200ny (0.68mml being
a 90%yield)) of an - off-white solid, (8), also known as

6S- benzyl hexahydr o- 5-oxo- 30  5H-thi azol o[ 3, 2- a] pyri di ne- 3P-car boxylic
acid. H NVR (CD30D) d-1.71-1.82 (m 3H), 212217(m 1H), 2.67

e caosi 00708 B 10 hpcd (B0 MY, o Rl R Aol AT oA e SR tREOl  Thten

filtered on a shapd,silH ca=gel3 camm §washisg EHrocayPh), 4130 excess, 18%

met hanol in ethyl acetate. Evaporation e 784 of crude material that

was purified usiAd 23t 223 Hekaltfer E%IbAchg)a grfl?cémgeF-Hcoﬁuﬁﬁ'a?f 80di (Fy
258ny (& 81lmmwd, Bei3ng a W6 yselsy, of-pufe conpound (7),a 6S

benzyl hexahydr o- 5- oxo- 5H-t hi azol o[ 3, 2-a] pyri di ne- 3R- et hyl ester as a

white/yellow solid. 10 [err]H NVMR (CDCI 3) d 1.28-1.31 (m 3H),
1.72-1.81 (m 3H), 2.10-2.13 (m IH, 2.66 (dd, IH J= 11.5 and 6.0

Hz) , 3.29-3 ( 2H), 4.19-4.29 (m 2H), 4.88 (dd, 1H, J= 9.0 and
.0 Hz), 5.22 (Ot 9 J= 8.0 and 6.0 Hz), 7.18-7.23 15 (m 3H), 7.28-7.31

(m 2H). Synthesis of 2-BenzyloxycarBenylamino-49QexenoOpl. &8204(48ny,

1.12mol) iyp 10%rg1‘_b%3,qr SR added to

NHZ NHZ

. A Mghr cul
. . & . > w
I/\)\CO,‘J'BU . . | . COzt‘Bu

THF. -78°C
(3) ' . (4)
15 | |
To a suspension of Cul (2.27 g, 5 eq) in dry THF (20 mL),
at -78°C, under N,, was added slowly a 1.0M solution in

THF of vinyl magnesium bromide (23.4 mL, 9.8 eq). The
solution was then warmed up to -10°C for 30 min (it

20 turned then black) and cooled back to -78°C. A solution
of the iodide (3) (1.00g, 2.39 mmols) in dry THF (3.5 mL)
was then added slowly to the cuprate solution. The

— reactioni mixture was stirred at -78°C for 2.5 hr.

Sat.ag. NH,Cl (50 mL) was added and the mixture was

25 brought back to room temp. with vigorous stirring. It
was then poured in Et,0 and stirred for 5 min. The dark

suspension was filtered through a cintered funnel and the
phases were separated. The aqueous phase was extracted
with Et.O (2x) and the combined organic extracts were

30 dried over MgSO,. The solids were filtered, the solvents
evaporated and the crude oil-purified by flash
chromatography (silica gel; 5% AcOEt/Hex) to give 0.51 g
(67%) of the pure alkene (4).
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starting material (7) (240ng, O.76mmol) dissolved in | Ol of di oxane.
After 1 hour, TLC in 1:1 Hexane: Et OAc showed no starting material .
The rwaxed/a8vas quéenched with 10%citric aci d, tpefR/Cadsiogfgzed tw ce
wi t h di chl oronet hane. Drying and 25 evaporating the conbi ned organic -
| ayers gave 354ng of crude product. This was redissolved in

di chl or onet hane, then precipitated by adding excess hexane. The
product was !H NMR f(ldUCElr ed 4o gmzﬂ 203y .Go.-B8BW! (hhei 5w, aadRYo ysebd)) of
an of f - mhlte SO|I §8%e3 al so_known _as 6S-hbenz Ihexahydro 5- oxo- 30
5H-t hi azol o] @ 2-HipyHT 3 ne? 383 c4Rpodl i 9=Aci8d. NH), 5.2 NWR (I30D) d
1.71-1.82 (rquiﬁﬁ)),, % 16252(d7 11 .:i-HN 2, 6#-6), s5(dd. (&1 135 1;4=16Wi1 11 Hz),
2.77-2.81 (n1 1H), 3.30-3.4

- 117 - H-6) £ rbms @t h@r bﬁd fisXafle Ho2dive U208 e(m::orﬂii)urﬁi-‘ﬂh, 78%
yield. 5  1[der(h] De20ul8¢711 B @H)im, NEhBPHn3=;90 1-44. foC 915 £~-pdfl \MR
(CDCl[err]) d 0.86-1.10 (n1 SFD 1.18-1.30 (m 4H), 1.'54- 75 (m 7H),
2.86-2.97 (m 2H), 4.70-4.76 (m 1H),- 5.65 (d, 1H, J= 7.2 Ft)
7.28-7.42 (rgTEH)4 : [err]

Synthesis of l-Benzyloxycarbonyl—S—hydrOXymethyl—Z—
pyrrolidinecarboxylic acid tert-butyl ester.

10
o/ HO (
NEZ - 1) Hg(OAc),. THF o/
| \/\)\ - 2) NaHCO,.KBr
N8 . : e > " ZN <
COt-Bu 3)NaBH,.0,
Ot-Bu
(4) ' (5)

15 To a solution of the alkene (4) (50 mg, 0.157 mmol) in dry
THF (3.1 mL), at r.t., under N,, was added mercuric '
acetate (75 mg, 1.5 eq). The solution was stlrred at
r.t. for 18 hr after which it was cooled down to 0°C.
Sat.aq. NaHCO; (2 mL) was then added and the mixture was

>~
and the mixture was stirred at r.t. for 2 hr. It was
then poured in H,0/Et,0 and the phases were separated.
The aqueous phase was extracted with Et,0 (2x) and the
combined organic extracts were dried over MgSO,. The

25 solids were filtered and the solvents evaporated. Oxygen
(0,) was bubbled into a suspension of NaBH, (3.3 mg, 0.55
eqg) in dry DMF (0.4 mL) for 1 hr, and to this was added
dropwise (syringe pump, 3 mL/hr) a solution of the
organomercurial bromide in DMF (3. 1 mL) w1th continuous

30 introduction of O,. The bubbling was continued for 1 hr

and Et.0 (5 mL) was added. Th rey suspension was

130 -
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The starting materi al (12)(9. 13g, 29 mml, |leq) was di ssolved in dry
THF and cooled to -78 C, after which 15 LiHWVDS (31.9 nm., 31.9 mol, 1.1

eq) was adeiexosiosgani se over-40 nins. Then, 30 ninutes | apericadsbyios
bromde (7.5 m., 86.9 mml, 3 eq) was added sl owl'y*“over 10 mins. The
m xture was left to warm overni ght. Wrk-up included guenching with

sat. ammoni um chl oride, extraction with 20 ethyl acetate, washing with 10%
sodi um t hi osul phédiid,tered deeodwaini Sehjtei ehdchhecfaltrdte wasoesarsosited .
sul phat e and .ﬁ,fgléfé'g Ne o) t aigngd as
yellow oil (13) |n90%3/:{f é%éc gtr:? %?éhga ?EE}\S@?%% 672 H NWVR
(CDCl[err]) d 0. 3Ex/BEtPORG) ﬂ5q>4)91*161 e. Bzrm?.lép-mol (5)1.(89- mo75 5(7%) &9 2

2.27-2.42 (m 2H)p1&bPls#4 14 (m 1H), 4.76-4.85 (m 1H), 5.00-5.07 (m
2H) , 565((]1\3 1H, J=7 30 Hz), 5.64-5.88 (m 1HO 727746(m5H)
- 118 - [err]

iH NMR (CDCl,, 400 MHz) : 3 7.37-7.28 (m, 5H, ArH), 5.22-
5.09 (m, 2H, CH,Ph), 4.30 (44, 1H, J=1.4, 8.3, H-2), 4.24
(m, 1H, H-5), 3.70-3.57 (m, 3H, CH,-OH), 2.25 (m, 1H), 2.13
(m, 1H), 1.92 (m, 1H), 1.70 (m, 1H), 1.34 (s, 9H, t-Bu).

10
_ STEP 5
o Synthesis of l-Benzyloxycarbonyl-5-carboxy-2-
pyrrolidinecarboxylic acid tert-butyl ester
OH O
SO,-Pyr. Et,N H
-»>
ZN DMSO/CH,CL,. 0°C ZN
Ot-Bu ' Ot-Bu
15 (5) _ (6)

To a solution of the alcohol (5) (50 mg, 0.149 mmol) and
Et,N (62uL, 3 eq) in dry CH,Cl, (0.8 mL) is added slowly,
_ under N., at 0°C, a solution of SO,~Pyridine complex (71

20 mg, 3 eg) in dry DMSO. The solution was stirred at 0°C
for 30 min and 10% citric acid (2 mL) is added. The pH
is brought to 4 with 1M NaOH and the agueous phase is
extracted with Et,0 (3x). The combined organic extracts

were dried over MgSO,. The solids were filtered and the

25 solvents evaporated to give a crude oil which was
purified by flash chromatography (silica gel, 7:3
Hex/EtOAc). The pure aldehyde (6) was obtained as a
clear oil (45 mg, 90%).
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2- et hyl - 2- but ene was added dropwi se to borane 5 dinethyl sul phide conpl ex

at -12[err]C. The reaction was mai ntai ned at this tenperature for 15
m nutwe anedsshen it was warnmed to O[err] C, after whCritabtwoores sStirred
for 2 hours. The di sianyl borane was then added to a m xture of the

starting material 13 in THF using a doubl e-ended needle at 10 O[err] C

The m xture _was th irr ter t he solvents were
removed and’” %Me&aﬁismg@%%a? °8'3. g%cﬁl Wg ?ﬁénen{l't CRRd rcar ef ul | y
added to a suspensio®N (m, 5, AFH] ng,m.cgllpiomr opRt echilpylj chf ogpoet hane

cont ai ned ina flask e U|p ed with a reflux condense After the 15
initial exodhdPmile.r @&bt | Bubs? Q11 %2 Amxt d4He Had. H-4def Lu%dd at
S50[err]C fog 1. Ig@ur(ZSTth.ﬂar&cgu)ovm l'iquid was di ssol ved in et hyl
acet at% and filfered thr ough Florisil. The bl ack residue of PCC was
extracted with ethyl acetate and also filtered through the sane.
Florisil pegep20 Concentration of the filtrates resulted in a 78%yield of
yel |l ow gummy product (14). [[err]] D=-17.8(c=1. 245, Et OH) 25 H NWR
(CDCl[err]) d 0.89-1.18 (m 5H), 1.20-1.47 (m 8H), 1.60-1.74 (m 6H),
1.83-2.00 (m 1H), 2.48-2.53 (m 2H),(7y 3.90-4.10 (m 1H), 4.12-4.16 (m
1H), 4.76-4.80 (m 1HO, 5.67 (d, 1H, J= 7Hz), 7.27-7.46 (m 5H), 9.77
(s, 1H). NH - 119 - 0
0 BOCHN Jerr]
1) . CO-Me
MgSO4, CHyCl,
~ - ' —= OBut ‘ /
2). NaBH(OAC)4 u o/
AcOH, THF
(6) | (8)
10 _
The pyrrolidine-aldehyde (6) is coupled with the protected
diamino-propionic acid (7) by first forming the imine (8)
(MgSO,, CH.C1l). Isolation of the imine (8) is done by
filtration qf the MgSO, and evaporation of the solvent.
15 The crude imine is then treated with NaBH(OAc) and actic
acid (AcOH) in THF for 15 hours to obtain the amine (8)
after extrative work-up.
STEP 7
20 ' : : , _ _
1) Hy PA/C /MeOH HN/\-.\/.\,.
OB . - > . "'.‘ H-N ~
o= e /——OBut
_NH ©
' BOC
(8) ' (9}
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The resulting al dehyde (14) (7.7g crude, 20.8 mmol 1 5 equiv.) was
dissolved in 75 nL of toluene. To the sol ution was added a catalytic
anount of Wp96/f948.‘i ol uenesul phonic acid (50 ng), 10 g of 4A rROECAS54H0708
sieves, and L-cysteine ethyl ester (3.87 g, 20.8 mmol, 1 equiv.). The
m xture was stirred overnight, filtered and 10 concentrated. The residue
was then purified by silica gel chromat ography (6:1 hexane: et hyl
acetate) affordhe BB §7) pretechéngregaup ofsfhien agingild)dis removed

[[err]]D-48.3(gx rggémféé?f&tzlén wikBr hblHHRuﬁ\CBﬁlli:@Hr]c)oad Q-4 W (M
4H), 1.11-1.38 (m 4-3,34

(m 1H) 3. mtzalzsgs'z ﬁnmthanai A2 "@H@ mH)TEﬁ) aé@s(td(lsl#l@ﬁereg ARS

7.27-7.46 (m He ﬁEbH evaporated to[ ik the crude diamine (9) that can

- 120- The startin rraterlalﬁrg é .1.97 g, 3.9 nol, 1 equiv.)
was di ssolvBd iQF 3° th?gtd?gﬁl BrS 5&°%id cool ed to O[err] C
Tri met hyl al um num (5.9 rrL, 11.8 mmol, 3 equiv.), 5 was added dropw se and
the m xture wa togstirring overnight. After conplete reaction as
evi denced by HPET nmet hanol was added until a yellow solid nass was
f or med.
HN/\(_Tgr Heat
| X\COLMe OBut OBut
k/' _NH °
BOC
(9)
10

The cyclisation is done by heating the crude oil (9) from

step 7, neat slightly above the boiling point of methanol.

The bicyclic lactam (10) is purified by flash '

18 chromatography. '

133
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Di chl oronet hane was added to dissolve the solid and the  whole m xture
was stirred for 15-30 minutes and then 10 filtered. The residue after °
concenwode/i9g83 N vacuo was run through a quick col umcg.ﬁjés}amne: et hyl
acetate), to renove auxilary and as many of the polar decomnpositioh
products as possible, affording in a 50%vyield of a yell ow oil (16). 15
[err]H NVMR (CDCl[err]) d 0.83-0.98 (m 2H), 1.09-1.38 (m 10H),

1.57-2.00 (SBLER1B), 2.12-2.18 (m 1H), 2.49-2.54 ( m 1H), - 3.10 (dd, 1H
J= 11 and 6 Hz), 3.27 (dd, 1H, J= 11.5 and 8.0 Hz), 4.11-4.25 (m 2H)
4.88 (dd, IH J=11.0 and 5.0 20 Hz), 5.14 (dd, 1H J= 10 and 6 Hz).

[err] 25 e starting mategial (16) (0.95 g, 02.9 nyol, 1_equiv.'
of di oxane € 89l uti on was C ook o 10 C, and
al

was di ssol ved i _
to it was adde [ [err] OO. g—2-9 1 €g.) jdigsolved in
10 mL of water. B S syri@aoved and the ki xPur e wWys sty
roomtenperatung 30 feor 1 hour. TLC showed conpl et r eact ioon

sol vent ¥ES evaporat ed under vacuum The remai ni nggagueous | ayer

was washed with etw®r (2X), acidified with 10%citric ¢id, and
extracted with dichl oronethane (3X). The WO 96/:1948
PCT/ CA95/ 00708 The starting material (15 (1.97 g, 3.9 mmol, 1
equiv.) 5 Tmssdcaﬁahygdahﬁngodﬁ_ tqfe Bdeyd oY oy s apgg pngls cool ed to

err]C.  Tri | um num_(5 11. I IV
q | pPro Xeg as an a.('n d9e using b8enrg<r30yl c3hlc91y:|.de)1n pyridine.

é:f'iI

Evaporation of the pyridine and extractive work-up give

the bicyclic lactam-amide (11). &
10 STEP 10
o) o)
Y \ HC1/Ety0
V)~ —>
- o
s a
(11) (12)
The BOC and t-butyl ester protecting groups of bicyclic
15 lactam amide (11) are removed under acidic conditions (HC1
in ethyl ether (Et.0)). The amine salt (12) precipitates o/

out of solution and is collected by filtration.

LRy ey y P o
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5 was ‘added dropwi se and the m xture was left stirring - over ni ght.
After conplete reaction as evidenced by HPLC, nmet hanol was added unti |l
a yel | ow 30 paiode®:s was f or ned. Di chl or omet hane. was add®ETHCASS0GLS| ve
the solid and the whol e 'm xture was stirred for 15-30 m nutes and then
10 filtered. The residue after concentration in vacuo was run through
a quick colum (6:1 hexane:ethyl acetate), to renove auxilary and as
many of the po E nposi ti-on products as possible, affording in a
50% vyield of a yellow oi | (16) 15 [err]H NVR (CDCl 3) d 0.83-0.98
(m 2H), 1.09-1.38 (m 10H) 1.57-2.00 (m 11H), 212218(m1H)
249254(m1H) N{%d 1HJ-11and6Hz)
11.5 and (m 2Hg 4.88 gdd 1H,
HZ), 5. 14 (dd 6H5CH20COC

177 25 The sta (%13 (035, Genyend fimol \ 1 &
di ssolved in 10 nL of The soldﬁlon was cool ed to EO Coand to
it was added L|CH[er ]Herr] (0.123 g, 2.9 . mol , 1 e&“ﬂ di ssolved in
10 mL of water. The bath was removed and the mixture was stirred at
roomtenperature 30 @®®&r 1 hour. TLC showed conplete reactiidh and the

sol vent was evapor ated under vacuum The remai ning aqueous | ayer

was washed th ether, (2X), acidified with 1096C|t[|c i.d, .and
extract ed véMt h Téec Prd sTet tﬂi‘h’é‘?@é compeund  (13xp 9%/@§2§§Cted with a cez
PCT/ CA95/ 00708 g group bycedaadtﬁhgﬁmf a@ishméﬁzﬁlleﬂlerefomatérmaul phate and

congent 2t o0 { et dalld S AT WIS, as 4 ST ILIESL TN SHE

up gives fully protected carboxylic acid (13) which can be

use for step 12 without further purification..

10
STEP 12
(14}
-O ° i N ,H o]
Q H H N /N
~N ° o s-@
N
OH >

an  ©° BOP. ENIPry, DMVF HN _
c : ' )\:\mz
— (13) HN

(151

15 The carboxylic acid (13) is coupled wii:h benzothiazole
ketoarginine (14) in DMF using BOP as the coupling agent
in the presence of diisopropylethylamine (EtNiPr.).
Extraction w:.th ethyl acetate (EtOAC) gives compound (15)
as a solid whlch is purified by chromatography.

20
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and purification by silica gel colum chromatography (2:1 5 hexane: ethyl
acetate) resulted in nore product (17) with a mp. of 198.2-199[err]C
H NVRwobhbqd$) d 0.78-0,93 (m 2H), 1.11-1.27 (m 5H), PCT/CAY¥WIE 36. (m
1H), 1.51-1.56 (m 1H), 1.60-1.75 (m 1H), 10 1.82-1.87 (m 1H), 2.15-2.18

(m 1H), 2.37-2.41 (m 1H), 3.03 (dd, 1H, J= 11.5 and 5.5 Hz),

3.35-3.38 (m 2H), 4.83 (dd, 1H J=9 and 4 Hz), 4.95 (dd, 1H J= 8 and
5.5 Hz). STEP 13 [err] 15 18. 19
20 BOC-Di Cbz Arg (18) (7.6 g, 14.0 mmol) was dissolved in

anhydrous THF (40 nL) and cooled to O[err]C. Triethylamne (2.2 m.) was
added follo y 14.5 mmol of a 1M toluene 20 | ution of isopropyl

chl or of or mat a a syringe. The reaction al | owed to stir at
O[err]C for 30 \m t hen quickly filtered T (te solid was

edydi azomet hane
unti | the c n turned yell ow.
was al | owed to tand ower vell,. .. ventijated {

facilitated the dlscharg xcess_dLazanathane Dry ey

di scarded. To. ﬁ il ppate was bubbl ed fresh¥y*pr

to precipitate t he di zoketone. TH&*pr oduct was filterée
under vacuumto give l;ﬂ~t yellow fluffy solid (4.6 g, 58%. 30
121 WHS )\I'P

HN
(15

| L <
5 The two CBZ(Z) protecting groups of compound (135) are W
removed by catalytic hydrogenation with Pd/C 10% as a n
catalyst.- The catalyst is filtered and the solvent is
evaporated to give the amino-guanidine (16).
o~



- 123 - * (21) (1.03 g, 9699 which was used further wthout
purlflcatlon . [err]H NVMR (CDCl[err]) d 0.07-0.97 (m 1H), 1.15-1.41
(m 7H), 5SvobeA®ss3. 91 (m 1QH), 2.10-2.16 (m 1H), 2.43-2. 48pé1rcadsdiioros
2.74-2.80 (m 1H), 3.01-3.07 (m 1H), 3.87-3.94 (m 1H), 4.11-4:19 (m
2H), 4.60-4.66 (m 1H), 4.74-4.86 (m 2H), 5.09-5.24 (m 4H), 7.30-7.39
(m 1C0H), 7.95 (d, 1H J= 8 Hz), 9.4 (br s, 1H), 9.56 (br s, 1H. 10
WD 96/ 19483 EXAMPLE 7 . : - PCT/ CA95/ 00708

(21) (1.03 g, 96% which was used further wthout purification. -
[err] H NVR (CDC13 g d 0.07-0.97 (m 1H), 1.15-1.41 (m 7H), 5 1.62-1.91
(m 10H), 2 10- SYNGHEFIS1 AF, COMPOUNDIZ kG 1H) 2.74-2.80 (m 1H),.
3.01-3.07 (m 1H), 3.87-3.94 (m 1H), 4.11-4.19 (m 2H), 4.60-4.66 (m
1H), 4.74-4.86 (m 2H), 5.09-5.24 (m 4H), 7.30-7.39 (m 10H), 7.95 (d,
1H, J= 8 Hz), 9.4 (br s, 1 56 (br s, 1H). 10

S

H,N o

\;/ (10) ' EnH
STEP 1
OH
HN | - OH

+ o 1YBOP/OMF
| \ NMM N

S (3)

OH : : (4)

(2)
10

4-methylmorpholine (NMM) was added to a solution of the
carboxylic acid (2) (1.7g, 4.9mmol, 1.0eq), 4-
hydroxyproline (3) (5.39mmol, l.leg), and BOP reagent
15 (2.17g, 4.%9mmol, 1.0eq) in anhydrous DMF (10mL) at room
temperature. The reaction mixture was stirred at room
tenberature over night, quenched with brine (50mL) and
ethyl acetate (100mL{. The organic layer washed with

137
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Thi s Sheet Has Been Re | aced

11111111 ;111111 11111 '| 111i _' 123
WO 96/ WIDIS319483 PCT/ CA95/peft7€Xds/00708
EXAMPLE 3 [err] : -

agqueous citric acid (10%, 2x50mL), sodium bicarbonate
(10%, 2x50mL) and brine (50mL). The resulting organic
layer was dried over anhydrous magnesium sulfate, filtered
and the solvent evaporated. The crude residue wés purified
S5 by flash'chromatography (5:4:1, ethyl acetate-hexane-
methanol). 1.1g of pure product (4) was recovered 48%

vield.
STEP 2
10
OH
S S
1) fiethyiamine _ =
HN N AMQ HN N
I —> i _
3 0] Z O
O \ C°C o)

(4) | (5)

To a solution of 4;hydroxyproline derivative (4 ) (115mg,

15 240umol, 1.0eq) in dichloromethane (10 mL, anhydrous) at
0°C is added triethylamine (72mg, 720umol, 3.0eqg) and
methanesulfonyl chloride (28mg, 240umol, 1.0eqg) and the
reaction mixture is stirred at room temperature. The
mixture is then quenched with an aqueous solution of

20 ammonium chloride and extracted with ethyl acetate. The
organic layer is washed with 10% citric acid and brine,
dried, filtered and the solvent is evaporated to dryness

vielding compound (5).

25 SIEP 3
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5 .
0.515 mml ),

depr ot ect ewjoaslgmas ne derivative, was coupled with the

ng, 0.343 mol)

8 (N-t-BOC- N-tosyl ) butyryl ket oar gi ni ne (240nyg,
was deprotected using 30% TFA in dichloronethane. The
10 mPEWCA9S®yos 100
basi c 8-9), using

i n DMF under conditions (EtN, pH =

BOP reagent (228 ny,

0.52 mml ) as the dehydrating agent.

The reaction

was

Extraction wth ethyl

typically conplete within 2-4 hours.

successi ve- washing with brine and 10%

15 aqueous

acetate follome'

s sphy
product was then trea ed

t he crude product.

~The crude ' product was purified

af fording 180 ng (769% of pure product. This

with HF to renove the tosyl group.
Purification of the solat d deprot ected product by HPLC aff ge
BCH 2737. 20 EXAI\/P E 4 1YHg(OAC), [err
124 WD 96/ 19483 COCH/OC Pq:m
Chl or onet hyl ket one (E¥) 188 : 0.245_nngii_mas___,
O
o \ ahMBHA,

6
(5) (e

_ The enamine (5) (1.0eqg) is treated with mercuric acetate

5 (1.1 eq) in THF. The solvent is evaporated to dryness and
the residue dissolved in methanol. The resulting organo-
mercurial. is reductivly cleaved with sodium borohydride
(1.3eq) .
by flash chromatography on silica gel affording compound

10 (6).

The resulting crude lactam thiocether is purified
STEP 4

HN NCS DCM : H N
2 0

O
—

(6)

(7)

15
To a solution of the lactam thiocether (6) (1.0eq) in dry
dichloromethane N-chlorosuccinimide (1.0eq) is added at
0°C. The reactidn mixture is warmed to room temperature.
When the reaction shows no more starting material the

20 solid is filtered and the solvent evaporated to drvness.
The crude m;terial

purification for step 5.

(7) is use without any further



di ssolved in THF (10 nL) treated with NVM (0.036 nL) fol |l owed by )
mercapto acetic acid (0.02 nL, 0.299 mol). 5 The reaction was stirred at
anbi erWO96983 at ur e over ni ght. Extraction of the reakCT/0A9500208ir e W t h
et hyl acetate foll owed by successive washing with brine and 10 %
aqueous citric acid and evaporation of organic solvent gave the
crude product which was purified by colum chronatography 10 to give foany
solid as thelBReduct (0.125 g, 62%. This protected precursor (0.125
g, 0.154 mmol) was di ssolved in DCM (5 nL) and cgQled to -78 C. A 1M
DCM solution of BBr (1.54 nL, 1.54 mol) was sl added. The 15
reacti on was %%irrgd at anbi ent tenperature for 5 g then cooled to
-78[ err] C agai ted with anhydrous met ha . e reaction
was brought to rpom enperature and stirred for 2 add{tio ours. The
sol vents wer g b~wfider redubgOuypir essure and t'he ZgN~-Tegt
partitioned bgtweeh et har . . | ayet wasi col l\ect ed,
| yophilized add tHe fi @&l @roduct THE3) obtai ned as @a pofder ft@t HPLC
purification and I'yophiVi zati on. 25 The products of the r%acti ns
descri bed above can be ‘isolated in the free formor in the form of
salts. In agdition, thé products can be obtained as‘pparnaceutically'
accept abl e aci %addition salts by reacting one of the free bases with
an acid. In a simlar manner, the product can 30 be obtained as '
pharmaceutical ly accept abl s%lts b reacting one of _the free
carboxyl i ¢ TRi¥sSMEhignpgsethe alﬁﬁaaﬁhﬁgrqqh&&%ﬁhﬁrcﬁ7krﬁﬁsgﬁgt #Mth a
tgag/segoggacim*f (atitgatbasi naasb&@@iﬁ&ﬁtdﬂ)lphﬁné%f@%% ag:%3 OFeq) Ww 4«
194 . . PCT/- 5 708, A S
general net HREFRITEInPRESFARY é&m&ﬁﬁﬁfﬁﬁtqﬁﬁwﬁﬁ%fqéuﬁﬁ) 1s agded at

low temperature. When the reaction mixture shows no

starting chlorothiocether, brine and ethyl acetate is
added. The organic layer is dried, filtered and evaporated
10 to dryness to afford the desired product (8).

| STEP 6
s
| LiOH
H?- o) Q " " “
7R HoOf HF on

(8)
(9)

15 The isolated bicyclic lactam (8) is hydrolysed with one
.equivalent of lithium hydroxyde in a 1:1 mixture of THF
and water. The mixture is stirred at room temberatUre for
1 hour. The crude mixture is extracted with ether and the
resulting solution is poured into 10% citric acic aqueous

20 solution and extracted with dichloromethane to yield the
corresponding carboxylic acid (9).
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5

Br [err] WO 96/ 19483

PCT/ CA95/ 00708 EXAMPLE -6 Synthesis of ...

[err]

WO096/19483 5 STEP 1 °° Synthesis of

PCT/CA95/00708

2- Benzyl oxycar bonyl ami no- 4- hydr oxybut yric acid tért- butyl ester

[err]

10

15

20

STEP 6

. P < B
1) HEN 'N
S:C
NH '
En

H
NHCBZ

: HN
HN 2) BBry / CHyCl, O N:@
¥ © OH : o A

o

v

(9) | | - 0o T

The crude carboxylic acid (9) is coupled with
benzythiazole keto arginine in DMF using BOP as the
coupling reagent in the presence of diisopropylethylamine.
Extraction with EtOAc gives a solid that is purified on
silica gel to give the protected amide. The CBZ protecting
group is removed with BBr, in dichloromethane at room
temperature finally gives the bicyclic benzothiazole keto
arginine inhibitors (10);

The following compounds are produced accordingly with the
execption that the appropriate substitution of products

were made in order to obtain the final compounds.

COMPOUND #11




To a solution of the protected aspartic acid (1) (Bachem 2.50,9, 4.95
nmmols) in 50 nL of dry tetrahydrofuran 15 (THF), at -10[err]C, under

N er r ] Wogsti9483ded N- et hyl nor phol i ne (109 [err] L, PEILASHPOIARg

i sopropyl chloroformate (1.0 Mtoluene : 384 [err]L, 1.1 eq). The
soluion was stirred at -10[err]C for 60 mn. In another flask, NaBH4
(375 ng, 2 e%% was suspended in a dry 5:1 m xture of THF/ MeCH (50
m.), 20 GRMPOENR #1€ under N[err]. This suspension was stirred at
-78[err]C for 30 mn. The m xted anhydri de sol-ution was then added
to the NaBH4 suspension dropw se via canula, and the final solution
was stirred at -78[err]C fo r. Acetic acid (2.8 n_, 10 eq) was

t hen added and the solutio WO 96/ 19483 '
PCT/ CA95/ 00708 war mn). The solvents were

evapor at ed, ‘the re5|du ’Et OAC and washed with sat. aq.
NaHCO err] (2x) and brine.
MySd err], the solids were f| Fer Hsol yient, 5 evaporated to give
1.53 g (4.95 mols, 100% of the O cohoY (2 clear oil

[err]H NVR CCDCl [err], 400 MHiz) : [err] 7.4077. 318 5H, ArH), 5.63

(d, 1H, J=7.3, NH), 5.13 (AB system 2H, J=12(2, CHPh), 10 4.43 (m 1H,
H2), 3.69 (m 2H, H4), 2.17 (m 1H H23), iN 1.63 (m 1H H3), 1.48

(s, 9H, t-Bu). STEP 2 2- Benzylgmycarbonylanlno 4- |odobutyr|c
acid tert-butyl 15 - ester [err]
5 _ .
EXAMPLE 8
STEP 1
o o
N . . ‘ || a .
|/\ Cl 1. CH2=N=N, THF Ether.-15°C /l\/
./ 2. HOEher R
O/\OCHa O/\OCH:;.
1 . 2 . .
10 - | ~

Commercially available glutaric acid monomethyl ester
chloride (1) (20 ml,0.144 mol) Was disolved in 40 ml of
dry tetrahydrofuran (THF) and cooled to -15°C. Excess
diazomethane freshly prepared in 300 ml of Ether was

15 introdﬁced via cannula at -15°C to the solution. The
mixture was left to warm up to room temperature overnight.
Excess diazomethane was evacuated from the flask with a
current of argon._To bring the reaction to completion, 75
ml of 1 N HC1l in Ether was added at 0°C and left to warm

20 up to room temperature for 5 hours. The volume of the
solvent was reduced and then washed with 2x 5% NaHCO3



20 To'a solution of the alcohol (2) (1.53 g, 4.95 nmmols) in al:1
m xture of CHerr]CNEt[err]O (50 nL), at -10[err]C, . .under Nerr],

were addeWo¥¢48%i vel y i ni dazole (607 ny, 1.8 eq) and PCRINOSP07081 g,
1.7 eq). lodine (2.14 g, 1.7 eq) was then added in small portions
over a period of 15 min. After 25 the addition was conpleted, a white
precipitate forned and the solution was hrown. It was stirred at
-10[err] C for dried pyex Naz¢9aantheK2BoLREEY KOEGRYEr FEUE®I t he or ganic
phase wa | g¢oNaherg] S R] w0s SRt . err
Herr]O and * ri ed%%%?é%%?%égyiggTﬁe'gg?%&sv\%e%?le“%%l tugﬁa%glg{ﬁhﬁe 30
sol vent evapor atSEE 1P VEL BhoeE | BwrBhert REE 1kasasdorsi ed by flash
chromat ography (silica gel, 5%to 20% Et OAc/ Hex). The iodide (3)
was obtained in 83%yield (1.71 g) as a clear oil.

128 VD o6/H QNGB (CDCL3, 400 MHz) d 1.16-1.2°(t,1H),PQT/83Ad5/900708

[err]H NMR ( CDCL r], .40 s |e 7,41-17. m,.5H, ArH), 5.35

(bd, 1H, J:7.3,“‘£4%1?’]'5.213£'(¥|'2%h ‘%ré%),%. Sé'?é\((tlﬁ,lﬁlﬂ- 2),
3.22-3.12 (m 28B.6+&,3R) 42 44 1H(sH2R),. 2.20 (m 5 1H, H3), 1.48
(s, 9H, t-Bu). STEP 3 Synt hesi s of

2- Benzyl oxycar bonyl ami no- 4- hexenoic acid 10 tert-butyl ester
[err]

10
e
\'/ /I\/Cl . . N~
/i HQ. H-Oys-CET / CH ;COONG/ NaCNBH PN

i - MeOH.RT o S
OCH,

®
2

Crude chloromethylketone (2)}(10.04 g, 56.15 mmol) was
disolved in 300 ml of dry MeOH. Sodium acetate (2 eq,
15 9.21 g, 112.3 mmol) was added followed by L-Cysteine
k} ethyl ester hydrochloride salt (1.3 eg, 13.55g, 72.98
mmol) and sodium cyanoborohydride (1.4 eqg, 4.9 g, 78.59
mmbl). The heterogeneous mixture was left to stir at
room temperature for 2h30 min. 200 ml of methanol ({MeOH)
20 was then added to disolve all the solid and the pH was
brought to 2 with 1N HCl .The mixture was then basified
with saturated NaHCO3 until pH= 8. MeOH was evaporated

and the rémaining agqueous solvent was washed with ethyl
acetate and dichloromethane. Solvents were combined,
25 dried over NajSO4 and evaporated. The crude residue was

purified by silica gel flash column chromatography using
a gradient.of eluents ethyl acetate / hexane in the

. 143
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(3) . (4) 15 To a suspension of Cul (2.27 g,

5eg) indry THF (20 nm), at -78[err]C, under Nerr], was added

sl'ow y w0 %6/@B3 0l uti on in THF of vinyl magnesi um br € ‘ég"

9.8 eq). The sol ution was then warned upto-lO[errﬁlgl or mn(lt
20 turned then black) and cool ed back to -78[err]C. A solution

the iodide (3) (1.00g, 2.39 mmls) in dry THF (3.5 nl) was t hen added

slowy to the fmipgratingatatios: The7, 5:5,re6aqli gn3n givieghas,Stigred at

-78[err]C for r%’”é - Sat.ag. NH err]CI (50 M) was added and the
m xture was %Ir%%gﬁ back to roomtenp. with vigorous stirring. It

was then poured in Et[err]O and stirred for 5 mn. The dark

suspensi on wag er roug tered funnel  and the phases were
separ at ed. Thegaa\t@o @%41};35 \/\gg&éré?i]a‘a%eﬁ°mp°undw(% Ef] dr-RloY- Zx7) ‘amd t he
conbi ned Srganiyc edrad s peye  80s1- grggd(ﬂveéHl)\/gSOi TI1e7§oI i ds
filtered, the_s nt_s evaporated and th ude”’ 0|I purlf "ed ’flash

chr omat ographf ?‘§'I -2 g, @%Ac(%tﬂ—lé%)@o‘@rvélio 5=40.2), @67@- of the

gg;igiggene (2).76 (dd, 1H, J=10.7 Hz), 2.8-2. 86 (&95/20703,5.\_‘}054
[err]H NVR (COC1[ & - Ifo Iz [ef1§3 7(%7- 3y (ﬂr 134 - Ar i, 2HJO
(m 1H, H5), 5.33 (d, 1H J=7.8, NH), 5.12 (s 2H CH2Ph), 5.05 (d,

IH, J=1 0 1H,  J=10. 4, 1H, J=7. 4,
H 2), 39% 2H3§)C HI?"'RZ 143) 400 MHz) 513 n?7§H i—ﬁ3§881(728(a1261H H3),
1.48 9H, B STE

o s194B3, 32, Ar ALy 277 §(yn&§§5| S?I d394Car 88X§'I4|9C acid

| - Benzyl oxycar bon\él “5-h drox ‘met hyl - 2- g/fro i he «
tert-butyl esf8rl 5,713, . 170.182, ',
15 STEP 4
OVOCHchs
% H
HNTTN Toluene / H* g
/\/S Refux \\/NY
A o/\OCH CH,
[
O_’//\OCH3
3 4 b

CYclic compound (3) (913mg, 3.32 mmol) was disolved in 50
ml of dry Toluene. (1S)=-(+)-10-Camphorsulfonic acid ( 92
20 mg, 0.39 mmol) was added and the mixture was left to
reflux for 4 days. When all starting material was shown
to be consumed (by TLC), the mixture was worked up by
evaporation of solvent, dissolving residue ih.ethyl
acetate and washing with 2 x 5 % NaHCO3. The Ethyl -

25 acetate layer was dried over NajS0y4 and evaporated. The

crude residue was purified by silica gel flash column
chromatography using 60 % ETOAC / 40 %Hexane followed by

o 144 | |
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HO ) ' [err] (4)

(5) 15 To a solution of the alkene (4)(50 ng, 0.157 mmol) in dry

THF (3. 1wo96n19a83r.t., under N err], was added mercuric PCT/QASSI00Y08 ( 75
my, 1.5 eq). The solutlon mas.Stirred at r.t.-for 18 hr after which
It was cooled down to O[err]C. Sat.aq. NaHCO err] (2 nL) was then
added and the m xture was 20 stirred at O[err]C for 30 min. KBr (0.11g,
6 eq) was added70 % ETQAG t/héOrri%(thnﬁasgistinqedS&_t;S%.ch fBicgchic It was
then poured in H e % PSEEHM r]O and the phases were separated. The
aqueous phase was racte ‘wWith Et[err]O (2x) and the conbi ned
organi c extracts were dried over MgSO err]. The 25 solids were filtered

and the sol vent er was.bubbled Lnto_a
suspensi on of § (e%gﬂé néﬁ%gﬁgg of COAQéﬂ él ﬁ¥y ?mi ?%‘g hg)?FOr
hrl ?nd tOfStP'hS3H’aSJaddﬁ§), 1. s-circmvmﬁe m)érl ng@@“ﬂl()873(1ﬂw1[/.’@ﬁ)tﬁ 2.02-
solution o e ano ria om de in W
continuous 30 2-tniPedd |ong§§%q: 4ﬁ mﬂ?%ﬁbubb£m§% iﬁég S%tlﬁﬁéd for 1

hr and Etiz;ass]—@ 63 nidd was ackder. , The ey sMUSPLASLDB (a5 1H),
130 , 483
P CAGS/ 00708 3 - 7823785, 1P &8 hr b TR T t R andfi e nET £ 7 1 P BF A wAs P
evapor at ed. 5.9Zlé&, r 8, dvedwas HAromat ogr aphed (silica gel, 6:4
Hex/EtOAchOto give the pyrrolidinol (5). (30 ng, 57% as a clear oil.
5 [erf]H NVR (CDCl[err], 400 MHz) : [err] 7.37-7.28 (m 5H, ArH),
5.22- 5. BTEP 52H, CH2Ph), 4.30 (dd, |H, J=1.4, 8.3, H2), 4.24

U H H '

//\\L/“\ : ; ,/\\L/“\S

LIOH.Hp0, THF /H,0

Y " 1
O C T : 6
OH

o OCH,CH, O
4 _ _ ]

- Bicyclic (4) (366mg,1.5 mmol) was dissolved in 25 ml of
THF and 5 ml H0 Lihium hydroxide. monohydrate (1.1 eq,

15 7.05 mg, 1.68 mmol) was added in 2.3 ml of Hp0, at 0°C

and the mixture was left to stirr at 0°C for 1 hr and at
room temperature for 3 hrs. THF was then evaporated and
W the remaining agueous mixture was acidified by addition
| of Citric acid until pH=2. Extraction of agueous mixture
20 with 2 x CH5CL and 2 x ETOAC, drying of combined

organlc layers W1th NaSO4 and evaporation gave a crude

residue wich was purified by silica gel flash column

chromatography using 70 % ETOAC / 30 %Hexane followed by

4.7 % HOAC / Ethyl acetate giving the pure acid (5) in 52
25 $ vield . 16 % of starting material (4) was recovered.

1y NMR (MeOD, 400 MHz) of compound (5) d 1.57-1.69 (m,
1H), 1.70-1.80 (m, 1H), 1.81-1.89 (m, 1H), 2.05-2.12
(m, 1H), 2.35-2.5 (m, 2H), 2.51-2.66 (m, 2H), 2.86-
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(m IH-H5), 3.70-3.57 (m 3H, CHerr]-OH, 2.25 (m 1H), 2.13 s

1H), 1.92 (m 1H), 1.70 (m 1H), 1.34 (s, 9H, t-Bu). 10 STEP 5
Synt hewioméabq4ss- Benzyl oxycar bonyl - 5- car boxy- 2- pyr r obpceicavs/as#oexyl | c.
acid tert-butyl ester oH ' '

[err] - 15 : (5) (6)
To a solution of the al cohol i ny, 149 mmol) and EtN
(62[err]L, 32PliddrylH &F ?Cﬁ[erﬂ] (‘16)8 mB): 1i2s 3added &l My, 3.3-

under Nerr], O[ghr] a s9l vglongafl (RO[ ekl | I (71 20
ng, 3 eq) |n3dra§/2 Dl\/gﬁ ﬁ:II' e sgl Utél gn vvasf St rr)edpg ﬁ[-g,rsrﬁgém ) for 30
1

mn and 10% cA1¥i33 #%FY- (2 nL) is added. The pH is brought to 4 with
1M NaCH and the aqueous phase is extracted with Et[err]O (3x). The
conbi ned_or %nl c extracts e dried over SJ err]. The solids were
filtered ang Q@WS(MGOQOI%t@'%R/apéra@@doﬁglgl ¢ -87cr udd -&38 whi ch was

purified byafyl agp chraedewy aphy. §56! i cesgeks, 7: 270,088, HaxiEt@c). The

pure al dehyde (6) was obt ai ned as a " clear oil (45 ng, 90% .
131 WD 96/ 19483 - _ PCT/ CA95/.00708
' STEP 6 '

H
/\\/\ /V\
T 7 3 1uHMDs,-7eeC -
: N i > |
\\?/ | Y

S
i
‘.
o’
2BrBr-78°C™" RT - Aon
o” OH ' .0
5 6
10 _
To a solution of lithium bis (trimethylsilyl) amide (5ml
of 1M THF solution, 5mmol) in THF (10 ml) is added at -78°C
a solution of the carboxylic acid (5) (500mg, 2.32 mmol).
the resulting solution is stirred at -78°C for 1 hour.
15 Benzyl bromide (0.26 ml, 2.22 mmol) is then added and the
mixture is allowed to reach room temperature and stirred
for 15 hours. The mixture is then poured into 10% HC1l (50
ml) and extracted wiht diclhoromethane (4x 60ml). The w)

combined organic phases are dried over MgSO, and the
20 solvent remove by evaporation to yield to the crude
alkylated amide (6).

146

N
o
(v
(#2 ]
-
i |
[
tr..':l
Eil
€N
E
Y |
i1l
rof



[err]H NMR (CDCl[err], 400 MHz) : [err] 9.68 + 9.56 (ds, 1H CHO,

7.36-7.29 (m 5H, ArH) 5.23-5.11 (m 2H, CH2Ph), 4.57- 4.39 (m 2H,
H 2, H5) wW098m948397 (m 4H,. H3, H4), 1.47 + 1. 36 ( ZBRCT/CADS/A07€R) .

5 STEP 6 (7) -

NH [err] (6) :

(8) 10 The pyrrolidine- aldehyde (6) is coupled with the protected

di am no-propionic acid (7) by.first formng the imne (8) (MgSg err]
CH d). IsoIathgggﬁ the imne (8) is done by filtration of the

treated with NaBH(OAc) and actic in THF for 15 hours.to
obtain the am ne (8) afer extrative STEP 7 20
(8)

[err]
o [:::l\v/i\v/ ; INH
e;zx/ ENH
éS NHCBZ
OH >

O

MySJ err] and evaporati on of the solven;Qvéiq The crude imne is then

2) BBr3 / CH2C12

FNH

5 The crude aklylated amide (6) is coupled with
benzythiazole keto arginine in DMF using BOP as the
coupling reagent in the presence of diisopropyiethylamine.
Extraction with EtOAc gives a solid that is purified on
silica gel to give the protected amide. The CBZ protecting

10 group is removed with BBr, in dichloromethane at room
temperature finally gives the bicyclic benzothiazole keto
arginine inhibitors (7).

The following compound is produced accordingly with the
15 exeption that the appropriate substitution of products
W, were made. in order to obtain the final compounds .
COMPOUND #8
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132 WD 96/ 19483 PCT/ CA95/ 00708

The CB7 (7) protecting group of the amne (8) is renoved by

hydr ogvasé/measyi t h pal | adi um on charcoal 10% as a C P Ads/opsTEL hanol
(MeOH). The catalyst is filtered and the MeOH evaporated to give the
crude diamne (9) that can 5 be used without any purification. STEP
8 [err] The cyclisation is done by
heating the crude oil (9) from step 7, neat slightly above the boiling

poi nt of nebggﬂgks 9 The bicyclic lactam (10) is purified by flash 15
chr omat ogr aphy. _ ' '

Determination of K, Values for Heterocyclics
5 .
The affinity cf inhibitors for thrombin was meésured
according to the procedures described in (DiMaio et al; J.
Bio. Chem., 1990, 265:21698) Inhibition of amidolytic
activity of human thrombin was measured fluorometrically
10 using Tos-Gly-Pro-Arg-AMC as a fluorogenic substrate in 50
‘mM Tris-HC1l buffer (PH 7.52 at 37°C) containing 0.1 M NaCl
and 0.1% poly(ethylene glyéol) 8000 at room tempefature, and -
(Szewczuk et al., Biochemistry, 1992 31:9132). o

15 The hydrolysis of the substrate by thrombin waé monitored
on a Varian-Cary 2000'rM spectrophotometer in the
-~ fluorescence mode (AeX = 383 nm, Xem = 455 nm) or on a
Hitachi F2000™ fluorescence spectrophotometer {kﬁ = 383 nm,

A, = 455 mm), and the fluorescent intensity was calibrated
20 using AMC. The reaction reached a Steady-state within 3
minutes after mixing thrombin with the substrate and an
inhibitor. The steady-state velocity was then measured for
a few minutes. The compounds of this invention were also
pre-incubated with thrombin for 20 minutes at room v
25 temperature before adding the substrate. The steady-state
was achieved within 3 min and measured for a few min. The
kinetic data (the steady-state velocity at various
concentrations of the substrate and the inhibitors) of the
competitive inhibition was analyzed using the methods
30 described by Segel (1975). A non-linear regression—program,
RNLIN in the IMSL library (IMSL, 1987), LMDER in MINPACK
library (More et al., 1980) or Microsoft™ Excell™ , was

used to estimate the kinetic parameters (K, V.. and K.).

35 dTT assay

148
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STEP 9 H e c . 0. . H [err]

(10) woihmagcondary ani ne of the bi cycl i I act am (10) PCT/CA9IS/OOTOR ect ed
as an am de using benzoyl chloride in pyridine. . BEvaporation of the
pyridine and extractive work- up gi ve the bicyclic |l actamam de (11).

10 STEP 10 L

The fibrin clotggng assay was performéd-in 50 mM Tris HCl
buffer (pH 7.52 at 37 °C) containing 0.1 M NaCl and 0.1%
poly{ethylene glycol) 8000 with 9.0 x 10~10 M (0.1 NIH
unit/mL) and 0.03 % (w/v) of the final concentrations of

5 human thrombin and bovine fibrinogen, respectively, as
reported elsewhere (Szewczuk et al.,supra). The clotting
time was plotted against the inhibitor concentrations and
the IC, was estimated as the inhibitor concentration
required to double the clotting time relative to the

10 control. Results are summarized in Tables 1 and 2 below.

The fibrin clot assay was performed essentially as

15 described by Krtenansky et al, FEBS, 1987, 211:10. A
serial dilution of the inhibitor was prepared in 50 mM
tris HCl buffer (pH7.8 at 23 °C) containing 0.1M NaCl and
0.1% (w/v) polyethylene glycol 8000. Human plasma (60uL,
collected in 3.8% sodium citrate, blood/anticoagulant 9:1)

20 was added to microtiter wells (microtiter plate, Falcon)
containing 100uL of various inhibitor dilutions. The
solution was mixed after which 50uL of human thrombin (1lnM
final conc.) was added and mixed for 15 seconds. The

U _turbidity of the clot was immediately monito;ed by

25 nmicroplate autoreader (Dynateck MR 5000) at 405nm and
recorded every 3 min. The maximal turbidity in the
absence of inhibitors was reached within a 60 min. IC,
values were calculated at 30 minutes as the inhibitor
concentration that gave half the optical density of the

30 control.

Platelet A egation c io
Rat blood was collected into ACD (6/1 v/v) by cardiac

35 puncture. Suspensions of washed platelets were prepared
as described by Ardlie et al, (Br. J. Haematol. 1970, 19:7
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[err] (11) (12) The BCC
and t-butyl ester protecting groups of bicyclic 15 |actamamde (11) are

r enovewoigsipusaci di c condjti ons (HC in ethyl ether (dgi€idsloddios: The
amne salt (12) precipitates out of solution and is collected by
filtration. WO 96/ 19483 '

PCT/ CA95/ 00708 STEP 11 [err] (12)

" (13) 5 &hé [Priowar S rExpf BbopouMed(12)97%, pidteanad )wi t iThe CBZ

group by re I_Rg I for t nltrlle
(CH err]CN) %\%&ﬁa}q lé["l rﬁ’%rgirgfrj %Jé&lg étgeg ‘Eg{i?%?g‘ée%%@% LS @ ves
ful ly protedNe§lc d3Fotyl ikChct ¢OnM 3) HRRES h20mM, b¥aH.PO,ufe 4R0M, s NeBICIR
Wi thout furtbghy, PWacdt CafMONMgct0 2mm, SIEPy 141ucose, 0.35% albumin,

5 apyrase 1luL/mL pH 7.4). Platelet eounts were adjusted to
5000,000/uL. '

To permit measurement of the extent of release of the
contents of the dense granules, the platelets were
10 labelled in the first washing solution with “c—serotonin
(5-HT) (1pCi/10mL of washing fluid) and release of *C-
serotonin was determined as described in Holmsen et al,
(Enzymology, 1989, 169:206). Inipramine (5puM final conc.)
was added.to present'the reuptake'of'released serotonin.
Platelet aggregation was recorded at 37°C in'an
aggregometer (BioData PAP-4) at a stlrrlng speed . of 1, 100
rpm by measuring the variations of llght transmission.
Percentage of'aggregation was determined 3_min; after the
20 addition of the stimulating agent (human thrombin 0.1IU/mL
final conc.). ' Inhibitors were preincubated 1 minute at
37 C before addition of stimulating-aQent._ IC, values
represent the concentration that was necessary to inhibit
platelet aggregation_or.secretion to 50% of the control.
25 _ ' '
irterial T osis

The FeCl., induced injury to the carotid artery in rats was
30 induced according to the method described by_Kurz,'K.Dt,
Main, R.W., Sandusky, G.E., Thrombosis Research 60; 269-
280, 1990 and Schumacher, W.A. et al. J. Pharmacology and
Experimental Therapeutics 267; 1237-1242, 1993.

35 'Male, Sprague-Dawley rats ( 375-410 g) were anesthetized

with urethane ( 1500 mg\kg ip). Animals were laid on a
150
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(14) ' ' [errI~ L 15 The carboxylic acid
(13) is coupled with benzothiazole - - ketoarglnlne (14) in DWF using BOP
as the coopooep4azent in the presence of d||sopropylethyhm01ﬁmmﬂm
(EtNi Pr). Extraction with ethyl acetate (Et OAC) gives conpound (15)
as a solid which is purified by chromatography. 20 WO 96/ 19483
PCT/ CA95/ 00708 STEP 13 = [err] el 5 The two CBZ(2)
protecting gr0|3|5’§Coheaanpgl' el 15)Theer e:arotideﬁrmexybo]asaexpw.;éd through a
0
ngr fﬁgnggi \?gnw it J.an/ Céelxov/n".caasl J.nc:.sz.&qt al ¥§ref;|1-t.l].e ‘i 1ss|ectf1|o|nt %,raed
used to isolate the vessel from the carotld.sheath. Using
forceps, the artery was lifted to provide sufficient
5 clearance to insert two small pieces Jf polyethylene
tubing (PE-205") underneath it. A temperature probe
(Physitemp MT23/3) was placed between one of the pieces of
tubing and the artery. Injury was induced by topical
application on the carotid artery above the temperature
10 probe of a small disc (3 mm dia.) of Whatman No.l filter

paper previously dipped in a 35% solution of FeCl3. The
- incision area was covered with aluminum foil in order to
protect the FeCl, from degradation by light. The vessel
temperature was monitored for 60 minutes after application
15 of FeCl3 as an indication of blood flow. Vessel

temperature changes were recorded on a thermister (Cole-
Palmer Model 08533-41).

The time between the FeCL:application.and the time at

20 which the vessel temperature decreased abruptly (>2.4°C)
was recorded as the time to occlusion of the vessel.
Inhibitor compounds were given as an iv bolus (mg/kg)
followed immediately by an iv infusion (ng/kg/min. via

W, femoral vein). The dose of inhibitor needed to double the

25 time to occlusion in comparison to control animals in
which injury was induced in the absence of inhibitor waé
determined.
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evaporated to give the am no-guanidi ne (16).

136 WO 96/ 19483 PCT/ CA95/ 00708
EXAMPlyzo 86119483 SYNTHESI S OF COMPCUND ( 10) PCT/CA95/00708
. Table 1
Antiplatelet activity pM

SHT  'dITIC, Plasma fiorin
cmpd  KiuM® Aggregation  Secretion’ WM clot assay IC,

- . T uM
% 4 D ND B '_ a7 — >450
0010 46 21 9 95 a0
015 16 >100 S0 162 5450 »)
w20 22 18 142 B n >450
0025 53 - »100  >100 3625 . >450.
0030 86 >100 >100 67 320
035 34 >100 5100 319 - 450
0040 19 >100 >1oo. 75 4%
0045 74 -N_'D - ND.. . ..41.5 | >450 | )
0050 62 ND N a0
0065 327 475 52 42 a0
0070 44 22 2.1 25 78
0080  0.048 0.4 0.38 0.375 ND
0090 0031 ND ND 0.33 ND
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[err] ) ‘ g 4- et hyl nor phol ine (NMV)

was added to a solution of the carboxyllc acid (2) (1.7g9, 4.9mol,
1. 0eq), 4- WO%ndz;zjroxyprol ine (3) (5.39mml, 1.1leq), and BCE(IIWNMaslS
(2.17g, 4.9mol, 1.Ceq) in anhydrous DM (10rrL) at rcom t enper at ur e.
The reaction mxture was stirred at room t enper at ure over night,
quenched with brine (50nm) and ethyl acetate (100nL). The organic
| ayer washed with 0095 26 ND ND 137

0100 19 ND ND 165 . ND

*suspension of washed platelets from rats

° Inhibitory dissociation constant for human o~thrombin
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aqueous citric acid (10% 2x50nm), sodi um bi carbonate (10% 2)(50rrLf
and bwiovgnodsdnl). The resulting organic | ayer was ggg, @%@E@,{m anhydrous
magnesi um sul fate, filtered: and the sol vent evapor at e.crude -
residue was purified 5 by flash chromatography (5:4:1, ethyl
acet at e- hexane- nmet hanol). |.1g of pure product (4) was recovered 48%
yi el d. STEP 2- 10 o [pwle 2 To a
Sol ut | on r\f A _asde o \:nv- nl H ' rLTrlrn vv : Aol (4. ) f 1 1l-_\wr1 r)AOurml . @q) | n
di chloro ﬁ%’ﬁ@é‘f'l% . klanhydr r-E) t Routeyr odr 1 MO Fadedl tri et hyI ani ne
(72mg, 72Qunol , 3. qu)(nm)d (nMyet Hanepgkinpny| th{"gr,.y.ggn( 8ny, 240unol
| . qu) an fhn J'D_ﬂf‘J‘l n mvtllr Lo . ctirrepd rnnmipmerat ur e. The
mxture i $ the#%uerchd® wilth an agleous sol utifon of 20 afmoni um chlori de
and extra¢Uetp3gg N gl THgEy aqet at e TNE ™ g 75 58T 04Nt oRgreT if washed with 10%
citric acid and brine, dried, f||tere3 and the solven{ is evaporated
to dryness yi el|di A8 cdmpound (9). 25 SIEP 3
0245 5 ' 0.5-30 27+/-3
8 0.75-50 22.6+-2.6
- 0250 40 350 0.25-20 23+/-8
0.75-50 22+/-3
0295a 1500 : 0.75-50 20+/-1 .
6285b 5600 | o/
520 0.75-50 19+/-2.7
0240 18 0.75-50 17+/-2.6
0210 8 0.75-50 -} 20.13+/-3.4
0255 500 _
0260 16 0.75-50 14.83+/-0.2
0305a - 220
0305b 12000 .
- 0265a 4 0.75-50 - 21.5+/-10
0265b 18 0.75-50 - 14.83+/-2.3
0285 10 0.75-50 11.33+/-1.34
S 150 | | , v,
0315a+b 445 _
0315b. 10 0.75-50 30.33+/-8.4
10335 25 138 0.75-50 45.8+/-14.2
0.5-30 41.5+/-7.27
0.25-20 | 27.5+/-11.3
0340 0.6 0.25-20 36+/-9,6
o 0.75-50 42.25+/-11,9
0345 2 _ 0.75-50 50+/-5.86
0915 1600 0.75-50 - 15+/-1,3
0935 120
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138 " WD 96/ 19483
[err] ' )
treated w WORGIBB3i c acetate

to dryness and

5 (1.1 eq)
the residue dissolved in nethanol

PCT/ CA95/ 00708

~ The enam ne (5) (I.Ceq)
in THF. The sol ventPGRCASM8HI8t ed

S

. The resulting

or gano- mercurial is reductivly cleaved w th sodism borohydride
(1.3eq). The resulting crude |lactamthi oether is purified by fl ash
chr omat ogr aphy on silica gel aff:ordi TRPtenpol@entynuegd) . STEP 4
[err] . Compound Ki aTT Route M.O.T
(nM) (nM) ivb+inf (min)+/-sem
0925a+b 10 0.75-50 19.6+/-0.2
0925b 30 ’
0925a 7 0.75-50 20.3+/-3.5
0940a 16 0.75-50 15.2+/-0.82
0940b 160 -
- 09502 150
0950b 1000 _
. a = early eluting on RP HPLC single isomer
~ b = late eluting on RP HPLC single isomer -
a + b = mixture
o
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(:6) (7) 15 To

a solution of the lactamthioether (6) (1.0Ceq) in dry - di chl or oret hane
N- chl Jeggsni M de (1.Ceq) is added at Oferr]C. T m xture
I's war S to roomtenperature,. When the reaction SE%CQ%MW@E

starting material the 20 solid is filtered and the sol vent evaporated to
dryness. The crude material (7) :

purificatiysm ¢GREATE ep 5. ' _ 9 WO
06/ 19483 PCT/ CAD5/ oomuum ’ Hm _
[err] " To a solution of the al pha-chl or ot ki " ' 0eq)

in 5 THFl(anhydcmpaaundsolfulfburmuﬂfa nh:enyl cuprate (I.0eq) (prepared
according to litterature procedure), ﬁldded at :  lowtenperature. Wen
the reaction m xture shows no . st\a Rg chI oroth| oet her, brine and

ethyl acetate is .

5 (I)
wherein: , __
A is selected from (CH-R,),,. S, SO S0O,, O and NR,

wherein R, is hydrogen, C, a;'kirl optionally &
interupted with 1 or 2 heteroatoms; C,_,, aryl, C,.

10 "cycloalkyl_ or heterocyclic ring or a hydrophobic
group; | '

B is selected from S, SO,, O, -N=, NH, -CH= and CRR, |
wherein R, and R, are :independ;e_ntly selected from _
hydrogen and C,, alkyl provide_,d' that when A is S, |l

15 SO, SO,, O, or NR,, then B is CRR,;

D is selected from (CH-R,) . wheréin R, is hydrogen, C,.

. alkyl or -C(O)R,; and CH with a double bond to B
when B is -N= or -CH=; '

E is selected from CH,and CH substituted w:.th the -

20 C(O)R., provided that only one of D and E is .
substituted with with -C(O)R,; | , ' o
X is selected from O, N-R,, or CH-R; |

¥ is selected from O, S, SO, SO., N-R, and CH-R,
provided that when X'is N-R, then Y is CH-R, or O,
25 and when X is O then Y is CH-R,;
Z is selected from O, S and H.;
R, is an arginyl moiety or an anélog or derivative
thereof optionally substituted with an amino acid,
a peptide or a heterocycle;
30 R, is selected from H and C alkyl optionally
substituted with C, aryl, a 6 member heterocycle or
a C,. cycloalkyl ring;
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added. The ofganic layer is dried, filtered and evaporated 10 to dryness to

(9) 15 Thwo satsred’ bi cyc | éﬂllllllﬂllll TR Ml o1 ycc vi . cocmsensshons

equi val ent of lithium hydroxyde fn & 1" 1 %mi Xture of THF and water. The
mxture is stirred at roomtenperature for 1 hour. The crude m xture is
extracted with ether and the .. resulting solution is poured into 10%

citric acic aqueous RO isolsetliesytesh Eront Ehc tNRjRwi amind ot chladikyiet lame to yiel d
b cnoss ooro " 6 SRELRYVALS Mblobibently serl®edl B H wrp,; c..
' aryl or C,., cycloalkyl optionally substituted with
C... alky;; C,... alkyl optionally interrupted by one
5 or more heteroatom or carbonyl: group and optionally
substituted with OH, SH, NRR, or a C,, aryl,
heterocycle or Cy,cycloalky; group optionally
substituted with halogen, hydroxyl, C,, alkyl; an
amino acid side chain} and a hydrophobic group.
10 '
2. A compound according to claim 1, wherein R, is one of
{) formula VIa to VIA:

1 : .

T [N

. R11‘ij\(‘1)€ R."N
Via )]
)o.7 Vib > J0-8

K

wherein:
15 R,, is hydrogen or C,, alkyl;
“ K is 'a bond or -NH-; .

G is C,, alkoxy; cyano; -NH,; -CH-NH.; -C(NH)-NH.; -NH-
C(NH)-NH.; -CH.-NH-C(NH)-NH.; a C_cycloalkyl or.
aryl substituted with cyano, -NH., -CH.-NH., -C (NH)-

20 NH., -NH-C(NH)-NH, or ~CH.-NH-C(NH)-NH,; or a 5 or 6
member, saturated or unsaturated heterocycle
optionally substituted with cyano, -NH., -CH-NH, -

' C(NH)-NH., -NH-C(NH)-NH or -CH.-NH-C(NH)-NH,;

U is cyano, -NH., -C(NH)-NH. or -NH-C(NH)-NH.;

25 P is a bond, -C(O)- or a bivalent group:

157 |
SUBSTITUTE SHEET



5 The crude carboxylic acid (9) is coupled with benzyt hi azol e ket o,
arginine in DMF using BOP as the coupling reagent in the presence of
di i soprvepyé/esaey| am ne. Extraction with Et OAc. gives op@RCAékidehed 1.S
purified on silica gel to give the protected am de. The CBZ protecting
10 group is renmoved with BBr[err] in dichloronethane at room

tenperature finally gives the bicyclic benzothiazole keto ar gi ni ne

i nhi bitors (10). The, fol I ow ng conpoufs are produced accordingly
with the 15 execptlon"Thﬂﬁ t he aﬁbﬁgﬁ?late‘s*bétltutlo of {products

were made in order to obqaln the final conpou d s OUND #11
[err] - WD 96/19483 ' . v OF

PCT/ CA95/ 00708 COVPOUND #12 ' [err]

J is C,. alkylene optlonally substituted w1th OH NH.
and C,c alkyl and optlonally interrupted by a
heteroatom selected from O, S and N;
5 n is 0 or 1; and : - o
T is H, OH, amino, a peptide chéin,.ch“ alkyl, C ..
alkoxy, C.._. aralkyl, or hetefpcyclé optionally
substituted. ' |

10 3. A compound according to claim 2, wherein.T is a
heterocycle selected from the group consisting of:

- Ca

wherein

15 X,, X,, X, and X,, are each independently selected from
the group consisting of N, or C-X. where X, is W)
hydrogen, C ., alkyl, or C,. aryl;
X, and X,, are each independently selected from the
group consisting of c, O, N, S, N-X,, or CH-X.; and

20 R’ is hydrogen, C, . alkyl optionally carboxyl
substituted, carboxyl, -C..., alkyl-C0.-C, .. alkyl, C
afalkyl,'cy.cycloalkyl, aryl or an aromatic :
heterocycle.

25 4. A compound according to claim 3, wherein T is
. selected from the group consisting of:

R O L . 155 \\“ \\\\ \m
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10 ‘Comeércially avallable‘ﬂﬁutarlc aci d nDnoneth | ester chl ori de

2t s 5 DR 2 (7o,

300 mM of Ether was |ntroduced via " cdnndl a- at -15[err]C to the
solution. The n1murevmsleﬂ to warmup to.roomtenperature

overni ght. Excess diazonethane was evacuated fromthe flask with a
current of argon. To bring_the : A N ni of 1r'N
HC in Ether was added arfﬁ[e
tenperature for 5 hours. |The v
t hen washed with 2x 5% NAFCCB

N 'l ' N
peieBelel
/

wherein R’ is hydrogen, C,,, alkyl optionally carboxyl
substituted, carboxyl, -C,, alkyl-CO0.-C _ . alkyl, C
aralkyi, C.. cycloalkyl, aryl or an aromatic

5 heterocycle.

5. A coﬁpound according to claim 4, wherein T is
selected from:

10 " wherein R’ is hydrogen, C,, alkyl optionally carboxy.
substituted, carboxyl, -C,,. alkyl-CO.-C,. alkyl, C.
aralkyl, C.. cycloalkyl, aryl or an aromatic
heterocycle. '

15 6. A compound according to claim 1, wherein one of R, and
R, is a hydrophobic group selected from C...alkyl, C..
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WD 96/ 19483 PCT/ CA95/ 00708

dried over Na[err]CJerr] and evaporated to give crude

chl or oWEX9¢(104#83t one (20.46 g , 79% wich was used in the pcricaAdSsbro8t R
d

wi t hout further purification. 5 [err]H NWR (CDCL[err}, 400 MHz)
1.16-1.2 (t,IH, 1.83-1.9" (m2H), 2.27-2.35:(m2H), 26264(t,1H),
3.6 (s,3H),  4.04 (s,2H. STEP 2 10 [err]

Crude chl or onet hplkerare q2)q. 1.0 adkygy 15@pts anedl Iy vxasterruptéldsleyvgd in 300

m of d Me CH. 2 , 2 dded
Loved SREBERAC R | @q 2yl %1’00 or#aldﬁ(ijat 1. BWZIZ,a °

foll owed by L-Cystei ne et hyl““estet
13.55g, 72.98 aral I)CeancFlé‘bﬁ?%MFﬂyaﬁ tbhyueddﬁ,(lalﬂqel], whérgin

78.59 mmlthe e tﬁr@%ﬁ%@n 1% XS £ '
room telg)er ature Zhﬂaﬁm n 200 of m£| a?lﬂam%/bg-ﬁ)tgg§ébt datc'yth en

added t o disol ve 3#’ aﬁfbdt‘ﬁté p’f-i"%sportlonb?-éugﬁfilpﬁaﬂ-l\bdth 1N
HC . The mxtureswbstu]tertdmhsn:fulect: ‘alkyli;t BntauhicRb RISk S _{,1,‘1'2' pH= 8.
MeOH was evaporaggcj_d sid %%ﬁpe remai ni ng. aqueous sol vent was ed with
et hyl acetate and‘ ai oromet hane. Sol vents were conbi ned, 25

dried over Na2SO4 and evaporated. The crude residue was purified by

Si1ica gel §1 ashacalbygibuill WRIAMANS % 1Min 6, wndrdiA%hoYs 4. o vents
et hyl albet ate / hexané in .

8. A compound according to claim 1, wherein Z is O.
9. A compound according to claim 1, wherein R. is H. : b

15 10. A compound of the formula (VII):

wherein | _

R, is an arginyl moiety or an analog or derlvat:.ve
20 thereof optionally substituted with an am:.no acid,
a peptide or a heterocycle; _
is H or Cl-6 alkyl; _
is selected from H, NR.R. and C. aikyl; and

n P

and R, are independently selected from H; NRR.: o

25 aryl or C.. cycloalkyl optionally substituted with
C.. alkyl; C, ., alkyl optionaliy interrupted by one
or more heteroatom or carbonyl lgroup and optionally
substituted with OH, SH, NRR. or a C_ aryl,
heterocycle' or C.. cycloalkyl group optionally

30 - substituted with halogen, hydroxyl, C, alkyl; an

amino acid side chain; and a hydrophobic group 

/___'_ '
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143 ' WO 96/ 1

PCT/ CA95/ 00708, foI | ON"’"”"I " 5.5.6:4, 7:3) giving
cyclic WO%Ilempound (3). (CDCI [err] PCHOAMSE)70®f
conmpound (3) d 1.21-1.27 (t, 7. 06 Hz).,.__-1.41-1.48 (m 2H) ,

1.65-1.73 (m 2H), 228239(m 4H) 2.57-2.63 (t, 1H, ~J=10.9),
2. 72- 2.76 (dd, 1H, J=10.7 Hz),  2.8-2.86 (m -1H), 3.6-3.64 (d,
4H, .J=2.55 Hz}1.3. @3 cempoymd QFq@:il@g(ﬁ? oipim 19p whezgpépnr R, NWR one of
(CDOl [err], 400 MHz)orkd1Q78ra 1% 8BRi: 28. 326, - 31.133, 32.741,
35.277, 50.462, 56.394, 59.149, 60.188,_ 69.713, 170.182, 172.52
15 STEP 4 [errﬂ] \‘
11 (J)n : R"N
Via ) 0.7 Vb >)0-8
G \G
s P

wherein:
5 R, is hydrogen or C,. alkyl;
" K is a bond or -NH-; _
G is C,, alkoxy; cyano; -NH; -CH,-NH,; -C(NH)-NH.; -NH-
C(NH) -NH. ; —CH:-NH-C(NH)-—NH:'; a C cycloalkyl or
aryl substituted with cyano, '-NH:, -CH,-NH,, -C(NH)-
10 NH., ~-NH-C(NH)-NH. or -CH.-NH-C(NH)-NH,; or a 5 or 6
member, saturated or unsaturated heterocycle
optionally substituted with cyano, -NH,, -CH-NH,, -
C(NH)-NH,, -NH-C(NH)-NH, or -CH -NH-C (NH)-NH,;
U is cyano, -NH,, ~C(NH)-NH. or -NH-C(NH)-NH.;
15 P is a bond, -C(0O)- or a bivalent group:
W, - ~_OH : ~ OH
?( cH. \\+// r_——]

- s S
' CH, . or ﬁ/
J is C,, alkylene optionally substituted with OH, NH
and C.. alkyl and optionally interrupted by a
heteroatom selected from O, S and N;
20 ~ =n is 0 or _l.; and
T is H, OH, amino, a peptide chain, C,, alkyl, C,,
alkoxy, C... aralkyl, or heterocycle optionally
substituted.

161

SU E‘STETUT‘: SHEET



Cyclic conmpound (3) (913nmg, 3.32 mmol ) was disolved. in 50 m of dry
(1S) (+)-10- Canmphorsul fonic acid ( 92 20 ng, -0.39 mmol ) was

Tol uene.
added

starting n&terlal was shown to be consuned (by TLC

mxture was left to reflux .for 4 day? )@hlegmﬁ

wor ked up by evaporation of solvent, dissolving residue in ethyl

acetate and washing with 2 x 5 % NaHCGCS. The Et hyl 25 acetate layer was
dried over Na2SQ4 aaﬁlpeuaaoaate&dlﬁge to claincriide wissielie Massparified by

0, 0,
fSIO: : g\?\ege{)yf | aShheCt(:)tlagggycle seﬁ.ec%mét WS %P% us' ! GOCO{%SEJT%%6? 9fg§xane
PCT/ CA95/ 00708 'w; .% Hexan i Vi 62. 5% of Bicyclic
conmpound (4). DT err] )’ 0 ( Ngonmpound (4) d
1.27-1.31 (t, - 3H - fa(ml 1H), || 1. R87 (m 2H),
2.02- 2.1 n1 1H) G ey RO m 2H),
2.83-2.88 (dd, 1H,J= 14 : 3 14 3 18 (d 1FD .3.78-3.85 (m 1),

4.2-4.27 (g, 2H J= 39 - %192 ( 1H, J—X4Hz) 10
STEP 5 - [err]

10

15

wherein

X,, X,, X, and X, are each independently selected from
the group consisting of N, or C-X, _'Whe"re"x,'is
hydrogen,. C. , alkyi, or C,. aryl;

X, and X, are each independently selected from the
group cons:Lst:Lng of C, 0o, N, 'S, N—X-, or CH-X,;

R’ is hydrogen, Cl alkyl optlonally carboxyl
substituted, carboxyl -C,.. a]_.kyl CO.-C, ,. alkyl, C,...
'aralkyl, C:__, cycloalkyl, aryl or an aromatic |
heterocycle. S o

13. A compound according to claim 12, wherein T is
selected from the group consisting of:

* C L M s * ' ///

- This Sh Re‘aced
1A
/

m Xt ure was



Bicycli’c (4) (366ny was di ssol ved in 25 m of THF and 5 ni
H err]0 Li hium hydrOX| de m)no ll!"wﬂ IMIHH"' 15 7.05 ng, 1.68 mmol)
was addedWope/P483 M of Herr]O, and t he PATKCAQSHOMSBs | ef t

to stirr at O[err]C for 1 hr and at roomterrperature for 3 hrs. THF
was t hen evaporated and the remai ni ng aqueous m xture was acidified
by addition of Citric acid yntil pH=2. Extractlon of aqueous m xture

20 with 2 x CH2CL2 and _R_: dryin Nof CQubR
| ayers with Na2SO4 and rﬁpo gave* &Cr g
purified by silica gel tlash '

/ 30 %dexane foll owed by % '
acid (5) in 54 25 %yield. 16 % of starting terlal(4) was recovered.
[err]H NVMR (MeCD, 400 M—Iz) of corrpgund (5) d 1.57-1. 69 (m 1H),
1.70-1.80 (m 1H), P89 . 2. 2. - (m 1H), 2.B5-2.5
(m 2H), 2.51-2.
145 '

PCT/ CA95/ 00708 3.12-5: ,
3.3- 3.32- (m lH) 378384(m IH) 5.76-5.78(t, IH
J=3.53 Hz). - 5 13C N 17 052, n27.07, 28.928,
31.382, 32.096, 51. , 171‘. 2 / STEP 6
A / _
s
i @ )@ @ @
- . N { V (
= \ / }
and R’ is hydrogen, C,,. alkyl optionally carboxyl
substituted, carboxyl, -C.. alkyl-CO.-C , alkyl, C.
aralkyl, C,- cycloalkyl, aryl or an aromatic
5 heterocycle. '
o

14. A compound according to claim 13, wherein T is
selected from: |

10 and R’ is hydrogen, C,. alkyl optionally carboxyl
' substituted, carboxyl, -C,. alkyl-CO.-C, . alkyl, C _
aralkyl, C. .- cyclbalkyl, aryl or an aromatic
' heterocycle. '

15 15. A compound according to claim 10, wherein R. and R,

are H.
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H [err] 10 To a sol ution of

lithiumbis (trinmethylsilyl) am de (5m of 1M THF sol ution, 5mmol) in
THF (1 added at -78[err]C a solution of the gegih )ﬁﬁlﬁ aci d
(5) (58’6%)“93& nmol ) . . the resulting solution is stirred at -78[err]C
for 1 hour. 15 Benzyl bronide (0.26 m, 2.22 mmol) is then added and the

. mxture is allowed to reach roomtenperature and stirred for 15 hours.
The m xture is then poured into 10% HO (50 m) and extracted w ht

di cl hor onet e (4x_ 6 conbi ned .or gani ¢c.phases .are_drjed over
MySO err] ard® thé %%%QQn?C?Bﬁg‘&EgWOe\? S&F“a% wtl'geﬂﬂlé’f dftai St Rever ude
al kyl ated am de (ﬁ)kyl optionally interupted with a heteroatom or a 146
WO 96/19483 carbonyl, and optionally substltul?:gg %%’{ %07@8

5 ‘aromatic, C,. cycloalkyl or heterocycle ring wherein

the ring is optibnally substituted with CF, or oxo.
17. A compound according to claim 10, wherein R, is H.

10 18. A compound according to claim 12, wherein:
R, is H; : S
R, is C,, alkyl optionally interupted with a -
heteroatom or a carbonyl, ahd optionally
substituted with a Ch; aromatic, C.. cycloalkyl or

15 heterocycle ring wherein the ring is optionally
substituted with CF, or oxo; and
R, is H.

19. A compound according to claim 10, selected from:
20 0085 6S-cyclohexylmethylhexahydro-5-oxo-5H~
thiazolo[3,2-a]pyridine—3REcarboxamido
(propylcarbo methoxy ketoérginine); and-
0105 GS-cyclohexylmethyihexahyd:o-Seqxo-SH-thiazolo
[3,2-alpyridine-3R-carboxamido (0-benzothiozolo

25 ' keto arginine).

20. A cbmpound according to claim 1, of formula (VIII):

30

" wherein

LR AW W0
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[err] ° ) The crude akl ated am de (6) is coupled with
benzyt hi azol e ket o argini ne I n m‘“mmﬂmﬁmﬁﬁ coupling reagent
in the pregekssus9f diisopropyl et tract i on WétickbsMBod ves

a solid that 1s purified on §ilfcd gel fo gi ve' 't he protected am de.
The CBZ protecting 10 group is renoved with BBr[err] in dichioronethane at
room tenperature finally gives the bicyclic benzothiazole keto
arginine inhibitorsg(7)s an argiApe mekbeyi og %ﬁ”ﬁ@hﬂ.@g D RGRLE i ve
accordingly with the® 15 exe tlon thag theuggY bstitutjon of
product s were madel$HERF dePtigRBhEYi FUPRE L dw#bﬁfﬂ?‘“lm' acid,
COVPOUND #8 a peptide or al hét]arocycleV\D 96/ 19483
PCT/ CA95/ 00708 R, J_éEXAI\/PLECg 6 alkyl;

5 R, is selected from H, NRR, and C, alkyl; and

R, and R, are independently selected from H; NRR,; C.

aryl or C.. cycloalkyl opticnally substit_:uted with
C,., alkyl; C,, alkyl optionally interrupted by one
or more heteroatom or carbonyl group and optionally

10 substituted with OH, SH, NRR, or a C,, aryl,
_ heterocycle or C.. cycloalkyl group optionally
— substituted with halogen, hydroxyl, C._. alkyl; an

amino acid side chain; and a hydrophobic group.

15 21. A compound according to claim 20, wherein 'R._ is one of
formula VIa to VId:

T .
RN :r*’\( P R,,N>
Vi Vib (
“ do-7 o8
K K
~
G Ne
.. ; T
T T Sn
p
L : U\ ) 4 U
wherein:
R,, is hydrogen or C,. alkyl;
20 K is a bond or -NH-;
'@ is C,, alkoxy; cyano; -NH.; -CH-NH.; -C(NH)-NH ; -NH-
C(NH)-NH.; ~-CH-NH-C(NH)-NH; a C. cycloalkyl or

‘aryl substituted with cyano, -NH, -CH.-NH, -C(NH)-
. NH, -NH-C(NH)-NH, or -CH.-NH-C(NH)-NH,; or a 5 or 6
25 member, saturated or unsaturated heterocycle
optionally substituted with cyano, -NH,, -CH.-NH, -
C(NH)-NH., -NH-C(NH)-NH. or -CH.-NH-C(NH)-NH;
U is cyano, -NH., -C(NH)-NH or -NH-C(NH)-NH.;
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Determ nation of Klerr] Values for Heterocyclics 5 The affinity of .

I nhibitors for thronbin was neasured accordlng to the procedures
descriygdemdygs D Maio et al, J. Bi 0. Chem, 1990, 265p, @%@253/0&9@' bi.tion
of am dolytic activity of human thronbin was neasured fluoronetrically
10 using Tos-dy-Pro-Arg-AMC as a fluorogenic substrate in 50 nmv
Tris-HO buffer (pH 7.52 at 37[err]C) containing 0.1 M Nad -and 0. 1%

pol y(ethyl ene gl cok) 8eRRAt SO L efpes abiv£1eRPdgroupt Szewczuk et al .
Bi ochem stry, 1992 31:9132). 15 The hydrolysjs of the substrat e by

t hronbi n was noni tored _oHON a \ari an- Car Olerr] g rophot oneter in
t he f1 uorescence ngHe ([err]exdi= 383 r [err]emE 45% nn) or on a
Hi tachi F2000[err] fl uoreéscence,spectrophoto er ([&gr rq 83 nm

[err] = 455 nn), and the fluorescent intensity’was calibrated 20 using
AMC. The reaction reached a steady-state within 3 ° m nutes after m xing
thronmbin with thg S.lsbstlraAEkgménenopt:LomanﬂyblsttﬂIst:.‘lﬁm:ede\aﬂ;hsmmtGNH

vel ocity was then neasured t of this
vent i on vere al sna G bRrhcand, Sty dhseR B B oC &' T oom
25 temierature beheteraddiony selectgdtfron. OThe andaly- st ate was

achi eved wthin % Tsln Oar}g: aséﬁ{(fd for a few mn. The ki netic data

(the steady state vélocity at vari ous concentrations of the substrate
and the inhibitoms)isofit @8, amimempetpepvedenthdini of. wasléyadl.yLed using

the met hods 30 descg%gg%byCSeggga@_ 3),3_5) ozAHE?:'ExIddEF@lre I‘d?!g\{%+ program

RNLIN in the I MSL |1 (I'vBL LMDER 1 n M"NPACK rary(l\/bre
et al., 1980) or M ewbsbituEree| | [err] ,  Was. used to estimate the =
ki neti gqgparaneters (Klerr] V[errr] and K[ err]). 35 dTT assay 4

148 V\D 96/ 19483 PCT/ CA95/ 00708
. A -compound accordlng to claim 21 wherein T is a

heterocycle s_elected from the group consisting of:

X
' . xw\
{ 2. 0
R R'
X3 X2

Xg—X,

15 wherein
X,, X,
the group consisting of N, or C-X. where X, is
hydrogen, C, . alkyl, or C., aryl; . _

X, and X,, are each J.ndependently selected from the

20 | group consisting of C, O, N, S, N-X,, or CH-X;

| ' R’ is hydrogen, C,,. alkyl optionally carboxyl
substituted, carboxyl, -C_.. alkyl-CO.-C . . alkyl, C
aralkyl, C.. cycloalkyl, aryl or an aromatic

X, and X,, are each ii'idependently selected from

heterocycle.
25 '

23. A compound according to claim 22, wherein T is

selected from the group con51st:|.1lg‘£i’/-/_,/

mwmmy e (i \ﬁm
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The fibrin ¢lotting assay was perforned in 5 "M Tris HCL buffer (pH

7.52 at 37 [err]C) containin ,li’ m . 1% pol y(et hyl ene gl ycol)
8000 wi t hwe.96r194830- 10 M (0. 1 "””'" ”l’, and 0.03 % (Wpeicabsidres fi nal
concentrations of 5 hunman thronbintafd Bovi*ne fibrinogen, respectively, as

reported el sewhere (Szewczuk et al.,supra). The clotting = time was

pl otted agai nst the inhibitor concentratl ons and the 1 err] was
estimated as the inhibitornconcentfation N Fequi red to double the g
clotting time relative” t he ot r Ok, , e su {abl es
1 and 2 bel ow. , Fijbrin AEsay |br|nE | ot S
performed essentially a$ eFoed b J et aln

211:10. A . seri al dllutlon of the inhibitor\#as pre{ﬂaredi

tris HO buffer (pH7.8 at |23[err] 9 containing 0.1M NaC and 0.1%
(w v) pol yet hyl ene ‘gl-y.col-8Q0Q ~Hyman pl asrrg (60 er ] L, col | ect eg in
3.8% sodiumcitrate, blfpod/ a gagul ant ¥9: 1)~ e S adde P Qi t er
wells (mcrotiter plate co_}ta|n| Q) err]

i nhibitor dilutions. The - ot’'uti on was m xed g ter whi Qj of
human t hronmbin (1nM final conc.) was added and m xed for etonds.
The turbidity aof t cl ot vva NIm'TEdI atgly monitored by 25 mcroplate
aut or eader (Dynateck 500 \H recq every 3 min. The
maxi mal turbidity in the i nh ItOﬁS% eached within a 60
mn. 1(err] val rec ated m nut t he inhibitor
concentration that gave half the optical density of the 30 control.

Plat’el et Aggregati on and.Ngecretion y Rat , bI ood was oI | ected into ACD

(6/1 v/ v) by cardi ac P nctu uspe pI atelets were
pr epar ed as de ed Br mat 1970, 19:7
149 ' .
N N "
- N\ ‘{> N4 --(/N
4 N\ R
N-—N N S
/ /

and R’ is hydrogen, C,, alkyl optionaily carboxyl
substituted, carboxyl, -C,_, alkyl-CO-C, . alkyl, C,_

~aralkyl, C,- cycloalkyl, aryl or an arocmatic
5 heterocycle. '

24. A compound according to claim 23, wherein T is
selected from: '

10 . and R’ is hydrogen, C . alkyl opt:.onally carboxyl
substituted, carboxyl, -C,. alkyl-CO.-C,.. alkyl, C,
aralkyl, C,. cycloalkyl, aryl or an aromatic
heterocycle. |

15 25. A compound according to claim 20, wherein R. and R,
are both H.
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WD 96/ 19483 : PCT/ CA95/ 00708 .
and Proc. Soc. Exp. Biol. Med., 1971, 136:1021). The final suspendi ng
medi umwe9s/2o48®di fi ed Tyrode sol ution (NaCl 138nV Kegir/@asuiebosEPES
20mM NaH err]PJerr] 0.42mM NaHCQG, 12mM Cad 1nM MC[err] 2mv
0.1% gl ucose, 0.35%albumin, 5 apyrase |I[err]L/nL pH 7:4). Platelet
counts were adjusted to 5000, 000/ [err] L. ‘To permt measurenent
of the extent of reI ease of the contents of the dense granul es, the

pl atel ets Iy ol h i

[err] C serot n| n !:88 ghﬁ% ?I F}%‘#‘é/ﬁﬁ d@m%aoz'hl%é 1 %0 §%ease
of [err]C s@rptairﬁw veubsfei tubedcdith @008ri bed in HoI msen et al,
(Enzynol ogy, 1989, 169:206). Inipramne (5pMfinal conc.) was added to
present the reuptake of rel eased serotom n.. 15 Pl at e] et_aggr egati on.

was recoPdec®ht 3% EPTPEURA gFcor mggg}?%d&?ét“é@%&%%lnpﬁh4 safng R,

stirring speed ofatelf0and R,'{sn Oy, N@BRYLI agtibﬁanyl ahlt@&&u@:ftéd 35
transm ssi on. Per cent age,of a %eF atlon d}ﬁ{erm ned 3 after
ety kRO

the 20 addition BRetRE BPFRUPRS o‘-F?B?‘FPOaﬁ“TIU/rrL
final conc.). Inhobtionaligr eufnsdirtutert ed.tih rOHUtSH atNR,R, oB87a(Chgfore

addi tion of stinulat nghgqeég.t P’Cltg e e va{:ygioanﬁy o%f;e ?té,gpﬁq

concentration thaf cessa nhi*Bi et a

secreti df to 50% stbshe tused MJ-tIQEhalogerAr tlafrdmxzﬂhr@n‘day alitydel

Fed Induced Carotid Arterial Injury Mdel The Fed [err] induced
injury to the carotid artery in rats was 30 induced according to the
met hod descr2®ed Bycrappund pcecordingit claim 2d,mherging, E Thr onbosi b
Research 60; 269-g, R, agg, RlQQQeangi %@{wrracher W A et al '

Phar macol ogy and _~ peri : apeuti,cs 267; 1237- 1242- 1993. 35
Mal e, Sprague- DawReyi§ acfls: (ag]?% 4‘iﬁtb?n%g$¥ SRESERUPERGH Y oneyiqh A% hane

( 1500 N\ kg ip). AdtedSavemeotatdrbongl group and optionally
substituted with OH, SH, NR\R, or a C,_, aryl,
het_erocycle or C,, cycloalkyl group opt:.onally
substituted with halogen, hydroxyl or C,, alkyl..

20 29. A compound according to claim 20, selected from:
0345 4-0xo-2-(3-phenyl-propionyl) -octahydro-
pyrrolo[l, 2-a]pyrazine-6-carboxylic acid [4-
guanidino-1-(5-methyl-thiazole~2-carbonyl) -
. butyl]-amide; and0340 4-0x0~2- (3-phenyl-
25 | propionyl)-octahydro-pyrrolo[l, 2-alpyrazine-6-
carboxYlic acid [4-guanidiho-l-—'(thiazole-z-

. carbonyl)-butyl]-amide.

30
30. A compound according tb claim 1, of formula (IX):
AR 0 DY
This Sheet Has Been R hos o

Il

lIIII! llll
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150 WD 96/ 1 PCT/ CA95/ 00708
37[err] C heating pad The cmnw llﬁ“lﬁ l’lﬂj\fm exposed through a

m dl i ne cewwoissab4ganci si on. section was PCYRAIS/b6T08

i solate the vessel fromthe carotid sheath. "Usi ng - forceps, the artery
was lifted to provide sufficient 5 cl earance to |nsert two snal | pi eces df
pol yet hyl ene t ubi ng (PE-205) underneath it. A terrperat ure probe
(Physitenp Mr23/3) was pl aced between tes of . t ubi ng and

the artery. Injury was induced by topica '|cat|on on the carotid
artery above the tenperature 10 probeR |1 §§ (3 mmdia.) of
5

VWhatman No. 1 filter paper previously e ﬁa"’ % sol ution of .
Wi t umnum foil in order to
ght he vessel

FeCl[err]. The i nci sion area was cofigre
protect the Fed [err]. from degradation by |

tenperature was nonitored for 60 mnutes after Qppl ication 15 of FeCl[err]
as an-indication of %ﬁggeihow Vessel t enper at ure changes vvere
recorded on a therm ster : | rer Model 08533-41).

time between the Fed Ye?—?] SS%&F*@Q |55|9“hr?d tthe S meSQe  NoRwand @fﬁ'eRsvessel

tenperature deCfeaSEd&aqréJFHﬂ Yakg @ ﬁi%éi&y or aiﬂ/aﬁnéﬁeer ded gasitBae ikigT®

to occl usion.of the vess I bi iven as an iV
bol us (ng/ kgy foll 5&&??%&9%’:%% ﬁv FHFG@B 8[ 8P RRARG) RCFd

via fenoral vein). anpﬁph‘mwrl@m;étéﬁbcpemded to doubl e the 25 tinme -
to occlusion in conp son 0._CO s in whi ch injury was
s e el T -

i nduced in the absenc det er m ned.
~ R, is selected from H, NRR, and C,, alkyl; and

R, and R, are independently selected from H; NRR,; C

6ot

10 aryl or C.. cycloalkyl optionally substituted with
C,.. alkyl; C, . alkyl optionally interrtipted by one
or more heteroa_tom or carbonyl group and optionally
substituted with OH, SH, NRR. or a C., aryl,
heterocycle or C,, cycloalkyl group optionally

15 substituted with halogen, hydroxyl, C, alkyl; an

o amino acid side chain; and a hydrophobic group;

R, is hydrogen, C, alkyl optionally interupted with 1
or 2 heteroatoms; C,, aryl, C _, cycloalkyl or
heterocyclic ring or a hydrophobic group; and

o 20 nis 1 or 2;

31. A compound according to claim 30, wherein R, is one of
formula VIa to VId: '

) Y

T .
R“ij\(‘]): R"N>
Via Vib )
. .)0_7 . 0-8
K\ K
G \G
. NP AT
- T \(J):
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151 - WO 96/ 19483 ———— Table 1
PCT/ CA95/ 00708 abl e
Ant i pl woedeetoqgact i vity [err] l\/”mm m,” 'm”m, " Im PCT/CA9S00708 > - HT
dTT I err] Plasma fibrin |[err]|\/[err] Aggregatlon
Secretion [err] M cl ot assay 4| Cler Fl
[err]M 0005 - 4 ND- _ IIIDQ 8375
>450 GHerein: 4. 6. 21 - 89.
>450 %15. h ég en or 2100 .. 1. >100 162
>450 potS YOTI9SR OF Ly g@liyl 14. 2 22
>450 ' X2bs a bébfld or -NH>100 >100 >g$5
>100 >100
320 of3es Crgplkory: off: M -cEgi -COBlEML; -NE-450
5 C(NH)-NH.; -CH,-NH- C(NH)-NH:.; a‘C, cycloalkyl or

aryl substituted with cyano, -NH,, ~CH;-NH., -C(NH)-
NH , -NH-C{NH)-NH, or -CH,-NH-C(NH)-NH,; or a 5 or 6
member, saturated or unsaturated heterocycle
optionally ‘substituted with cyano, -NH,, -CH,-NH., -
10 C(NH) -NH,, :~NH-C (NH) -NH, or ~GH.-NH-C(NH)-NH,;
U is cyano, -NH,, -C(NH)-NH. or -NH-C(NH)~-NH,;
P is a bond, -C(0)- or a bivalent group: . V

I Com
e \cn_ , - [ l
g iy . CH,

S _S
or . {-

J is C,, alkylene opt:Lonally substltuted with OH, NH.
15 - -and.C,, alkyl and optlonally lnterrupted by a
heteroatom selected from 0 S and N, '
n:.sOorl,and _ N ]
T is H, OH, . am:.no, a pept::.de cha:Ln, é,_u alkyl, C, ..
alkoxy, C,. aralkyl, or_hete:._*_ocycle optionally
20 substltuted o '

A compound according to claim 31 wheréin T is a o/

L
(8]

o

25 wherein
| X, X, X, and X,, are each J.ndependently selected from
the group cons_lstl_ng of N, or C-X. where X, is
. hydrogen, C.. alkyl, or C,. aryl;

| ThlS Sheet Has. Been Re laced
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0040 - 19° >100 >10Qf.'*7-267.5 450

0045 74 ND - ND~ 415 . >450

882g %96/19483 T? c ' gg L, >gggacr/cmsmoms

0070 4.4 . 22 2.1 25 78 ' 0080

0. 048 0.4 0. 38 0. 375 ND 0090

85831 . W£N86/19483 and\R,, are é&éﬁ31ndependeﬁ£ly selected from the

PCT/ CA95/ 00700 groupgensissing of Cup0, N, S, Ng&,, or CH-Xgigg

19 ND - RD is hydbbgen, C, , NBlkyl optlonally carboxiguspensi on

?erﬁﬁggﬁ FL?ﬁflfoo;%+n]rfégted carboxyl, In LElt && %FQEJEtH.” coQ§tant
5 aralkyl, C,. cycloalkyl, aryl or’an aromatic

heterocycle. :

33. A compound according to claim 32, wherein T is
selected from the group consisting of:

S = R a g
=) SV G
j2Rake N
AR IS

: o ,,
OSRGOS

10
and Rf is hydrOgen, C.... alkyl optionally carboxyl
substituted, carboxyl, ~C,,. alkyl-CO.-C, . alkyl, C__
aralkyl, C.. cycloalkyl, aryl or;an aromatic
heterocycle.

15 | '

34. A compound according to claim 33, wherein T is

selected frdm:
o

| ALY A
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PCT/ CA95/ 00708
Tabl e %0 9619483

10

15

20

25

30

35.

36.

37.

38.

39.

A

SUBSTI TUTE SHEET WD 96/ 19483 ..

PCTICA95/00708

o '. T /

- X))
and R’ i_s hydrogen, Ciie alkyl'opt:j.dnally carboxyl
substituted, carboxyl, -C, . alkyl-CO.-C, , alkyl, C,,

aralkyl, C. . cycloalkyl aryl or an aromatic
heterocycle

A compound according to claim 30, wherein R, and R,
are both H.

A compound according to claim 3’_0, wherein R, is H, _ V
NR.R. or C,. alkyl substituted COOH.

A compound according to claim 30, wherein R, is C,_,
aryl, C, . aralkyl, or C,, alkyl substituted with C,,
cycloalkyl.

A compound according to claim 32, t;rherein

n is 1;

R, R. and R are H; and - _
R, is C ,, aryl, C ., aralkyl or C._. alkyl substituted
with C. . cycloalkyl.

A compound according to claim 30, sélected from:

0890 3-Amino-4-oxo-2-phenyl-hexahydro-pyrrolo[2, 1-
b][l,3]thiaziné-6-c;_a_.rbq:¢ylic_: acid [1-
(ben_zothiazole-z_-ca_.r_bbnyl) -4-guanidino~butyl]-
amide; _

0895 3-Amino-2-benzyl-4-oxo--hexahydro-pyrrolo[2,1-
b][l,3]€hiazine-6-carboxy1'ic acid [1-
(b.enzbthiazole-2—carbo.nyl ) -4-guanidino-butyl]-

amide; and

ue..ma‘ﬁ.., SHEET



Conmpound
Rout e
(nM
(mn)+/-sem
0225

0. 75-50

235

0.5-30

8 .
22.6+/-2.6
350

0. 75-50

1500

20+/ -1 S
5000

520

0240

0. 75-50

8
20.13+/-3. 4
0. 75-50

220

0265

0. 75-50

18
14.83+/-2.3
0315a+b 10
10
30.33+/-8.4
138

0.5-30

0. 25-20

0.6

36+/-9,6

0. 75-50 15
2

50+/-5. 86

0. 75-50

120

154 WD 96/ 1948
P CA95/0%608 |

(conti nued

- 25

WO 96/19483

41.

MO T »
(nM i vb+i nf PCT/CA95/00708
0220 18
550
234/ -7
0900 3Qﬁﬁf;% %-gyclohexyl -4- oxo—h%xahydro—pyrrolciz 1-
b][1, 3]thiazine-6-farbokPlic ac1d.[1—
0250
o{benzothiazole-2-carbonyl)-4- gggnud;no—butyl]—
22+/ -3 0295a
amide. 0. 75- 50
0295b
0. 75-50 19+/-2.7
18
A compoundlddtoZdfing to claim 1, of form{lal((X):
0. 75-50 '
- 0260 16
14.83+/ - 0. 24 R, 0305a
0305b 5 812000
4 R,
21'5+/-10'R 0265b
3 0.7%-5
o 81 . 150
45 0 031 5b
: : 0. 75-50
wherein 0335 : o5
B i8.@¢5-50 -CH,-, or -NH-; 45, 8+1-14.2

R, is %»5#91:1\12]? 3;no:.et:y or an analog or ng'owat:we

thereof optlonally subgtptuped with an amino acid,

a pe tlde or a heterocycle;
% 5547 -11, 0 Y 0345

R, is H or Cl-6 alkyl; (. 75-50

R, is seleclt5981§r%m H, NR,R, and C, allﬁﬁgl 35

R, and R, are J.ndependently selected from H NR,R.; C
3 aryl or C,. cycloalkyl optionally substituted with

C,i alkyl; C,,. alkyl optionally interrupted g$bg§ 2

or more heterocatom or carbonyl group and optlpnally
substituted with OH, SH, NR.R. or a C_.., aryl,
heterocycle or C,, cycloalkyl group optionally

. alkyl; an

substituted with halogen, hydroxyl, C,.

amino acid side chain; and a hydrophobic group.
A compound according to claim 40, wherein R. is one of
formula VIa to VId: '

O )V
173 )
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Conmpound Ki dTT Rout e

MO T (nM (nM

i Vh+i I‘W096119483 (mn)+/-sem 0925a+b ; .

0. 75- 50 19. 6+/- 0. 2 0925b PCTICASS00T0Y)

0925a 7 - 0.75-50

20.3+/-3.5 0940a 16

0. 75-50 15. 2+/ -0. 82 ~ 0940b 160

0950a - 150 . RN~ rly eluting on RP.HPLC
single isomer ' (Jb' = late eI ut ﬂ‘@ n RP HPLC single isoner
a+b =nixture Viaywo 96/ 4;33 Vib m?he

PCT/ CA95/ 00708 VE Al 1. A compound of fornula (1):
[err] wher P n: Ais sel\ea;tedfrom
(CHRerr])[err], S, SO SCIerr_], 0 and NR9 ! wherein Rerr] is
hydrogen, ([err] al kyl optionally interupted with 1 or 2

het eroatons; Clerr] aryl, C[err] 10 of heterocyclic.

ring or a hydr Ophobi_CVIc Jup, 9®| ected from S,
SHerr], 0, -N=, NH, - er )f'R[err wherein Rerr] and
Rlerr] are |ndependently gel eusafrom U ‘hydrogen and CJerr]

al kyl provided that when Ais S, 15 O[err], O, or NR[err],
then Bis CRlerr]Rerr]; Dis selected from(CHRerr])[err]

wherein Rlerr] wdlet;@:ncr@)gen Cerr]

R, is hydrogen or C,. alkyl; o
K is a bond or -NH-; V
5 G is C,, alkoxy; cyano; -NH; -CH.-NH.; -C(NH)-NH,; NH-

C(NH)-NH ; -CH-NH-C(NH)-NH,; a C, cycloalkyl or
aryl substituted with cyano, -NH., -CH,-NH,, -C(NH)-
NH,, -NH-C(NH)-NH. or -CH.-NH-C(NH)-NH,; or a 5 or 6
member, saturated or unsaturat_ed hetetocycle
10 optionally substituted with .cly.ano,_ -NH_,, -CH,-NH,, -

C(NH)-NH, -NH-C(NH)-NH, or -CH,-NH-C (NH)-NH.;

U is cyano, -NH, -C(NH)-NH. or -NH-C(NH)-NH,;

R is a bond, -C(O)- or a bivalent gioup:

, OH )
. _OH
: : S S
) , , cH . or == W/
15 J is C,. alkylene op_tibna'lly substituted with OH, NH

and C.. alkyl and optionally interrupted by a
hetf.e_roat_om selected from O, S and N;
nis 0 or.J.; and_' :
T is H, OH, amino, a peptide chain, C.. alkyl, C. .
20 alkoxy, C __. aralkyl, or heterocycle optionally
substituted. -

42. A compound according to claim 41, wherein T is a

heterocycle selected from the group consisting of: .

A AR
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al kyl of -C(ORerr]; and CH vith a doubl e bond to B when B is
-N= or - CHs; Eis selected from CH err] and CH substituted with
substituted with with -C(ORerr]; X is selected fromO,
NRerr], or CHRerr]; Yis selected fromO, S, SO S(err],
is CHRerr] or 0, 25 s gk ggn X is.0 theg Y is CHRerr];
Zis selected fromO, S andﬁ/ , . err' i yargi nyl noi ety
or an anal og or derivative er eof |pptio
G Rerr] is

sel ected fromH and derr] aI optlonally substituted with
Jis (Jerr] alkylene optlonEiN;)//sdbstltut aq—w-xh C]—I NH xh.a_ ” and
Cerr] alkyl and optionally interrupted by a et eroat om
am no, a peptide Ch@hﬁ efherr] al kyI Cerr] al koxy, (err]
aral kyl, or heterocyc e optionally substi t ut ed.

5 the group consisting of N, or C-X. where X, is
o hydrogen, C,, alkyl, or C,, aryl;

the - 20 W096ll9483 C(gerr])Rerr], provided that only one pfr/Eao8b768 | S

NR err] and CH R err] provided that WnenX|s N-R err] thenY
soBstituted with

an am no acid,

Clerr] aryl, a 6 nenber het le of 1a a d P(n,]\ cycl oal kyl

ring; —)—‘ﬁ— 7 11

- 158 - R' —7¢—R' [err]

selected fromO0O, S and N, 5 . nis O0or 1; and Tis H OH,

sr Xy, X, and xn are each independently selected from
X, and X,, are each independently selected from the

group consisting of C, O, N, S, N-X., or CH-X;
‘R’ is hydrogen, C, . alkyl optionally carboxyl

10 substituted, carboxyl, -C,, alkyl-CO.-C, . alkyl, C..,
aralkyl, C,., cycloalkyl, aryl or an aromatic

hetexrocycle.

43. A compound according to claim 42, wherein T is
15 selected from the group consisting of:

[T e T

Ly
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10 3. A conpound according to claim2, wherein Tis a = >
het erocycl e sel ected fromthe group consisting of: '
[err] wo 9619483 . Wherein 15 Xerr], X errlpofie€kgsloorasnd-

X[ err] are each independently selected from the group consisting
of N, or CGX where X, is hydrogen, Cerr] alkyl, or (Jerr] aryl;
X[err] and X[ err] are each independently selected fromthe group
consisting of C, O, N, § #1, or Ci X[err] gand 20 Rris

hydrogen, Cerr] alk opt car Y+ ar boxyl ,

-Cerr] alkyl-COerr]- C[er |, Clerr]

cycl oal kyl, aryl or & 1 o e. conpound
accordlngto claim 3, vvherelnTls ected/fromthe gt oup

consi sting of: Vio 96/ 194%3

PCT/ CA95/ 00708 .. N G—l R

[err] Jis dle Ikylé op subs 10 | CH,

NH[ err] ; IkyI d0p||o aIIylntFrrupt a

~het eroat om sel ect ed from 0,

) »@ 0
A, (7 Q e

and R'_ 'is hydrogen, C,,. alkyl optionally carboxyl
substituted, carboxyl, -C,, alkyl-C0.-C, , alkyl, C,...
aralkyl, C,. cycloalkyl, aryl .or an aromatic
5 heterocycle. ' '
44. A compound according to claim 43, wherein T is
selected from: '

_ and R’ is hydrogen, C,.. alkyl optionally carboxyl
10 substituted, carboxyl, -C,. alkyl-CO.-C, .. alkyl, C_.
aralkyl, C,. cycloalkyl, aryl or an aromatic
heterocycle.

45. A compound according to claim 40, wherein R. and R,

15 are both H. o -

Lty
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n is‘0 or 1; and Tis H, OH, am no, a peptide chain,

Clerr] alkyl, Cerr] al koxy, Cerr] aralkyl, or heterocycle
opti onal Iw°95/194s3 substi t ut ed. 10 3. A conmpound BEFRAdsos O
claim2, wherein Tis a het er ocycl e sel ected fromthe group
consi st i ng of: [err] ' wherein 15

Xerr], Xerr], Xerr] and Xferr] are each independently selected from
the group consisting ebmpounl: Ec¥oedingMiey & 4k 140, Svherein R, ﬁy@f ogen,

L cmbdent |5 oo ocRUvy Sfbppdeucea wicl 8oL S8 XSt 060

N-X[err], or CH X esubstandt2@ with C,R alkyiydrogen, Cerr] alkyl.

opt i onal I y car boxyl substituted, carboxyl, -err]
al kyl-CJ err] - C[err] al kyl, C aral kyl , C[err] cycl oal kyl, aryl or
an aromati & 47. A cpmpenndyeceording to. cla&mcﬂﬁ)omhﬁmmu dg o claim
3, wherein T is _ sel ected fromthe group consisting of: WO
96/ 19483 PCT/ CA95/ 00708 _, . ) [err]
48. A compound according to claim 42, wherein
B is S; _
R,, R, and R, are H; and ,
.. 10 R, is C,.. alkyl substituted with C,_,, aryl optionally
s _ substituted with C,_, alkyl.

49, A compound according to claim 40, selected from:
925 7-Benzyl-6-oxo-octahydro-pyrido[2, 1-

15 cl[i, 4lthiazine-4-carboxylic acid [4-g;1anidino-lf
(thiazole~2-carbonyl)butyl]-amide; and%940 6-Oxo-
7-phenethyl-octahydro-pyrido[2, 1-c]{l, 4]thiazine-
4-carboxylic acid [4~guanidino-1l-(thiazole-2-
carbonyl) -butyl]-amide.

20 :

50. A method for the tteatment or prophylaxis of
— "thrombotic disorders in a mammal, comprising

administering to said mammal an effective amount of a
compound according to claim 1.
25
S1. A method according to claim 50, wherein said
thrombotic disorder is venous thrombosis.

52. A method according to claim 50, wherein said
30 thrombotic disorder is a pulmonary embolism.

53. A method according to claim 50, wherein said
thrombotic disorder is arterial thrombosis.

AR R R R
LULLL LD - I lIIIlIIIIIII!iII
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wherein R is hydrogen, C[err] alkyl optionally carboxyl

substituted, carboxyl, -(Jerr] alkyl-Cerr]-Cerr] alkyl, (err]

ar al kwyo okhéqss] cycloal kyl, aryl or an aromatic 5 PCT/cabseazes/Cl e.

5. A compound according to claim4, wherein T is | sel ected
from [err] - 10 wherein R is
hydrogen, C[err] al kyl optionally carboxyl _ substi tuted,
carboxyl, -&herrh aklknbdCacordidertd clddm 50 ewlhérein said aral kyl, C
cycl oal kyl, ar.yl [ A

OBy, . 5
conpound” accor di ngg’?g‘%& eri'l%m is%ﬁ%ei'reilrﬁ i) Oéc:eé%%ﬂ/fﬁg%EICt}gn'

I s a hydrophobic group selected from(err] alkyl; C.

159 55. A method according to claim 50, wherein said

5 thrombotic disorder is cerebral imfarction.

%

R err]

56. A process for producing a compound according to claim

1.

10 57. A process for producing a compound according to any

one of claims 10, 20, 30 or 40.

R

178
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VO 96/ 19483 | PCT/ SATEMOB7 080 s

alkenyl or C al kynyl optionally interrupted by a car bonyl
group, Clerr] aryl, (err] cycloalkyl, ([err] aral kyl, Cerr]
cycloal kyl substituted Cferr] alkyl, wherein t he aliphatic
portion is optlonally I nterrupted by a b5 carbonyl group and the
ring portion is optionally subs¥ tuted with err] alkyl: and a
hydr ephobi ¢ am no acid side chain. 7. A conpound
according to claim6, wherein R{g I S H 10 : A conpound
according to clai®s1> whehtepnbz $sPhenyl- . A conpound acebsdlng to
claim11l, wherein R[enﬂpﬁéptbnyllémlﬁe) héxa d of e formy ﬁVIP) N
[err] wherein Rl err |s an a ;Rﬁe ]
anal og or derivative 20thiazolo[3. 2tdpyafiddmeimal | y subs |out d Jik
am no acid, piide_or eterocycl e; R[err

or d-6 alkyl: Ca%@’ﬂ# 13 %é@el:“{]ed fromH NRerr]Rerr] an Nhj
Cerr] alkyl; and guanl&{ﬁaxi apdi REenel-z2are i ndependently sel ected
fromH; NR[err]R[err] aryl or Cferr] cycloal kyl optionally
substituted with carbonyklfbmyyllﬂamddeCIerr] al kyl optionally

I nterrupted by one or nore heteroatom or carbonyl group and
optionally substituted with OH SH, NR[err]Rerr] or a (err]
ary Moraepeebfeycied @Dmﬁpun450w©¢@aﬂkgg grodproptlisontWly) 30
quQLftuted W t h, Q@% 988N, hydroxyl, (Jerr] al kyl; an am no
acid side chain; a hydr ophobi ¢ group.

- 0085 6S-cyclohexylmethylhexahydro-5-oxo-5H-thiazolo[3,2-
5 a]lpyridine-3R~-carboxamido (propylcarbo
methoxyketoarginine) ;
0090 6S-cyclohexylmethylhexahydro-5-oxo-5H~thiazolo(3,2-
alpyridine-3R- carboxamldo((propylketo)Alg -Phe-Arg-

NH ) ; :
10 0095 GS-benzylhexahydro-S—éxo-SH-thiazOlo[3,2—a]pYridine—
3R-carboxamido ( (propancic acid) ketoarginine);
0105 §S-cyclohexylmethylhexahydro-s—oxo-SH—thiazolo [3.2-

_a]byridine-3Rf;arboxamido (a-benzothiozolo keto
arginine) ;

- 15 0210 6-Benzyl-5-oxo-hexahydro-thiazolo[3,2-alpyridine~3-
carboxylic acid [1-(benzothiazole-2-carbonyl)-4-
guanidino-butyl]-amide;

2220 6-Benzyl—Sa—methyl-S-oxo-hexahydro~thiazolo[3,2—
alpyridine-3-carboxylic acid |[l1-(benzothiazole-2-
20 carbonyl) -4-guanidino-butylj-amide;
. 0240 Ba-Methyl-S-oxo—G-(2-trifluoromethyl—quinolin-ﬁ—
ylmethyl)-hexahydro-thiazolo[3,2-a]jpyridine-3-
{ carboxylic acid [1-(benzothiazole~2-carbonyl)-4-

guanidino-butyl ]j-amide;
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- 162 - | 12. A conpound according to claim 11, wherein Tis a

het ef ocycl e sel ected fromthe group consisting of:

[err]- 5 wherein Xerr], Xerr], Xerr], and X err] are
each independently selected from the group consisting of N, or
C-Xerr] where Xerr] is hydrogeg Cerr] alkyl, or CJerr] aryl;
X[err]-and ‘X[ err] are each independently s P@ct‘ed fromthe 10 group
consisting of C, O, N, S, N-Xerr], or CHXerr]; R is hydrogen,
Clerr] alkyl i omibyscaehoyyls- - te oxyl, -derr]
alkyl-cOerr]-Cerr] alkyl, c?' Py ox° hexaﬂg‘%‘fk@? %fg?ffé Rlymidine-3-
aryl or an aromatic carboxhéner aeyd ¢4-dRanidihd-1A QAR agcording

to claim12, wherein T is sel ected fromthe group consisting of:
WD 96/ 19483 carbonyl)butyl]-amide; PCT/ CA95/ 00708
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12. . A conpound according to claim 11, V\,herel nTis a h

sel ected fromthe group consisting of: - ferr]

57 wher ei n Xerr], Xerr], Xerr] and X e@{@sga@m 1aced

i ndependently selected from t he group consi Stl

C-Xerr] where Xerr] is hydrogf?g,. Cerr] alkyl \ﬂ \u‘ \\y

X[err] and X[err] are each independently | 'ect ed fromthe

consicsting of C, O N, S. N-X[err], or CHXerr]; R is hydrogen

Cerr] alkyl optionally carboxyl subst i t ut ed, car boxyl, -(ferr]

al kyl - CJ er 1983 er r4-QF%ky2 - (&rBRepYL-propionvdia kyl, d 9,| oal kyl ,

‘aryl or an aromatic a13. d

according to cl ai mﬁcztar\}%%lf% #)%ESELBFJY‘% a]plg}:i:azz[neect ed fromt h(lrr

consi sting of: carboxylic acid (4-guanidino-1- (\)f
thiazol-2 —ylmethyl—butyl } ~amide mqm-

0835 4-0x0-2- (3-phenyl-propionyl) - P
octahydro-pyrrolo[l,2-ajpyrazine~6- ©/\)L '

W, carboxylic acid {4-guanidino-1- - | CoE "_D
thiazol-Z-yl-butyl)-amide m#,.--.

0840  4-0xo0-2-(3~-phenyl-propionyl)- | ) e
octahydro-pyrrolo|l, 2-a]pyrazine- @ Hf? A
6~carboxylic acid [4-methoxy-~-1- (
(thiazole-2-carbonyl) -1:.>utyl.]—. )):(\
amide _

0845  |6-[4~Methoxy-1- (thiazole-Z- i »
carbdnyl) -‘butylcarbamoyl]—tl—oxo- @\)E\“,Q -
2--(3-phenyl-propiony1)_ o R, O TN Y

\/ octahydro-pyrrolo[l, 2-ajpyrazin-~
3-yl]-acetic acid G~

085¢C |2~ (5-Methoxy-2-([4-0x0-2- (3~ | s

phenyl-propionyl)-octahydro- ( j '\n,n fb

pyrrololl, 2-a]pyrazine-6- Cou
carbonyl]-amino) -pentanoyl) -

thiazol-5-yl]l-acetic acid

0855 4-0x0-2-(3-phenyl-propionyl) - _H
j . W
be tahydro-pyrrolofl, 2-.a]pyrlaz ine- @A/LL HfN
6-carboxylic acid [4-amino-1-

(thiazole-2-carbonyl)-butyl]-

amide




162 * ¢ [err] and R is hydrogen,

Cerr] alkyl optionally carboxyl substituted, carboxyl, -(err]
al kyl-Cerr]-Cerr] alkyl, Cerr] aral kyl, Cerr] cycloal kyl,
aryl” or an aromatic 5 het er ocycl e. 14. A compound accordi ng
to claim13, wherein T is sel cPdd ~f r om 7N
N

0625 2-{2-(2-Methyl-benzylidene)-but-3-enoyl]-4-oxo-
octahydro-pyrrolo|l, Z~alpyrazine-6-carboxylic acid [1-
( l—carba;nimidoyl—piperidin-3 -yvlmethyl)-2 -0x0~-2~
thiazol-2-yl-ethyl]-amide

S
0630 2-[2-(2-Methyl-benzylidene)-but-3-enoyl}-4-oxo-
octahydro-pyrrolo[l, 2-ajpyrazine-6-carboxylic acid [1-
b ( 1—carbamimidoyl-piperidin—4_-—ylme thyl)-2-~oxo-2-
thiazol-2-yl-ethyl]l-amide
10

0635 2-(2-Benzylidene-pent-3-enoyl)-4-oxo-octahydro-
pyrrololl,2-alpyrazine~-6-carboxylic acid (3-guanidino-

propyl)-amide

0645 4-0x0-2- (3-phenyl—propiony1)'—oc tahydro-pyrrolo|l, 2~
alpyrazine-6-carboxylic acid [4-imidazol-1-yl-1-

(thiazole-2-carbonyl)-butyl|-amide

!
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10 . -and R is hydrogen, (ferr] alkyl optionally carboxyl
substituted, carboxyl, -CJerr] alkyl-CO-Cerr] alkyl, Cerr]

aral kyl, Cerr] cycloal kyl, aryl or an aromatic het er ocycl e.
15 -15. A conpound according to claim 10, wherein Rerr] and R err]
are H. - 6863 WD 96/ 19483

PCT/ CA95/ 00708 16. A conpound according to claim10, wherein

Rlerr] is err§840 4-0Oxo-2-4BkphepplionapPipnyar eogiadydxatpyr triadiodt-om
or a car bo

| d.opti | | bstituted wi.th ] 5
aromatic, C[err] cyc?%wﬁ%?"oﬁe‘%%%?%%ngr?s%Jlgé g’ V%Poxya'lq Ftrﬂa??ﬁee'r?‘ng

is optionally substituigdnyh§ bpGEL €] LdmQie OXO. 17. A conpound
according to claim 10, wherein Rerr] is H 10 18. A conpound
according to claim 12, wherein: Rlerr] is H Rl err]

is (err] abkyl OE?!PEE i [%Q—ﬁ%l—ﬁe‘:ﬁbggigat-?(\!hg‘a%gtl% zt_é:grvk\l,iotnﬁ/la{ -éﬂug:tlﬂcoaa l?a%c?;?]éq

‘car bonyl,  and option itd . . aromna
Clerr] cycloal kyl 0r4—é§o-2—(3—pheh§leﬁ)9§iz$§bﬁy[ll)nBc‘ﬁ’ﬁﬁW‘r@;—&:ﬁ&ﬂdl@lt§—
an

optionally substituted wth CF[err] or oxo;

Rlerr] is H alpyrezemBourid-acetidi agito cl ai m 10, sel ected from

20 0085 6S- cycl ohexyl net hyl hexahydr o- 5- oxo- 5H

t hi azol o[ 3, 2- a] pyri di ne- 3R- car boxam do (propyl carbo met hoxy

ket par gi nine); @880 [2-(5-Methd¥hPRP -~ ([4-0x0-2- (3-phenyl-propionyl)-
GS-éybIohex | met hyl hexahydr o- 5- oxo-5H-thi azolo
[ 3, 2- a] pyr ildi ne- 3R- ce¢ bafedr dupYFEe i PllbehAlplirezane-6-carbonyl]-amino) -

pentanoyl)-thiazol-5-yl]-acetic acid

0855 4-0Oxo-2-~{(3-phenyl-propionyl)~octahydro~pyrrolo|l,2-
alpyrazine-6-carboxylic acid [4-amino-1-(thiazole-2-

15 carbonyl) —butyl]—ahide-

0860 4-0Oxo0-2-(3-phenyl-propionyl)-octahydro-pyrrolofl, 2-
ajpyrazine-6-carboxylic acid [S-amino-1-(thiazole-2-

carbonyl) -pentyl]-amide

o
e}
(33
on

4-0Ox0-2-(3~phenyl-propionyl)-octahydro-pyrrolo|l, Z-
alpyrazine-6-carboxylic acid |5-guanidino-1-(thiazole-

Z-carbonyl) —péﬂtyl |]-amide

25 Most preferred compounds according to formula VIII

include:

0345 4-0x0-2-(3-phenyl-propionyl)-octahydro-pyrrolo[l,2-
aJpyrazine-6-carboxylic acid [4-guanidino-1-(5-methyl-
30 | thiazole-2-carbonyl)-butyl]-amide; and

0340 4-0xo0-2-~(3-phenyl-propionyl)-octahydro-pyrrolo[1l,2-
alpyrazine-
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20. A conpound according to claim

25 - . ket o argi ni ne).

1, of formula (VII1): [err]

wher ei n 164

- 166 - Pis a bond; -C(O- or a bival ent group:

OH [err] ~J6fs-Clerr] al kyl ene optionally

substituted with OH NH

in
n
al

op

terrupted by a 5

and C[err] alkyl and optionally
het eroatom sel ected from QO S and N;

Jerr]

is 0 or 1; and Tis H OH amno, a peptide chain, C
kyl, Cerr] al koxy, Clerr] aralkyl, or heterocycle
tionally 0940 6-05bHBiphet&thyl-octahydro- o
pyrido|2,1-c}{l, 4]thiazine-4-~ ‘/\i/\s o)
. . . @\.* \-_/ /H\)]\(IN
carboxylic acid [4-guanidino- 0 | NH sB
: O
l1-(thiazole-2-carbonyl) - <;; NH,
butyl]-amide
0950 7-Benzyl-2,2,6-trioxo- H
. ' SO,
W octahydro-21>6_pyrido|[2, 1~ ©\ : 0
' "&\/N\$ifn\/ﬂ\*N
c]ji1, 4)Jthiazine~4~-carboxylic o] ;]
0 NH
acid [4-guanidino-1-(thiazole- NH=~NH,
2-carbonyl) -butyl]-amide
More preferred compounds according to formula ¥ include:
925 7-Benzyl-6-oxo-octahydro-pyrido|2,1-¢]|1,4|thiazine-4-
carboxylic acid {4-guanidino-1l-(thiazole-2-
S carbonyl)butyl]~amide; and
940 6-6#0-7—phenethyl-octahydro-pyrido{2,1—
W cl{1l,4]thiazine-4-carboxylic acid [4-guanidino-1-
(thiazole-2-carbonyl)-butyl]-amide.
Preferred compounds according to formula III include:
10 o
0960 4-oxo-1-(3-phenyl-propionyl)- i
octahydropyrrolo(l,2]lpyrimidin Ef?)k”
e~-6~carboxylic acid[4- ijzgi .
guanidino-1-{thiazole-2- - EfKQE
carbonyl)-butyl]-amide -
0965, 4-oxo-1-(phenethylsulfonyl)- §&

octahydropyrrolo[l, 2]pyrimidin
e-6-carboxylic acid(4-
guanidino-1l-(thiazole-2Z-

Nt

carbonyl)-butyl]-amide e
| REPLACEMENT SHEET |
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10 - 22: A conpound according to claim21l, wherein Tis a
het erocycl e selected fromthe group consisting of:

[err] 15 wherein Xerr], Xerr], Xerr] and X err]
are each independently selected from t he group consisting of N,
or CXerr] where Xerr] is ' hy dr en, Clerr] alkyl, or (Jerr]
aryl; . X[err] and X[ err] are eacﬁ ndependently selected fromthe
20 group consisting of C, O N S, N-Xerr], or CHXerr];

R is hydrogen, ([err] alkyl optionally carboxyl substi tut ed,
carboxyl, -(err] alkyl-CJerr]-Cferr] alkyl, C aral kyl, Cerr]
cycl oal kyl, aryl or an aroqytlc het erocycl e. 25 23. A ©

d fripmt
N o}

conmpound accordlng to cl ai
group consisting ;
PCT/ CA95/ 00708
[err]

NH[ err]

) 22, wher ei h. BHL £THF/0°C select
P86 19483

i g a bOhd!«PEkG}E%pRTa bi gnt ok oupl—roJ,

J err]«glkyl ene optionally substituted Mﬁtkl(}¥Ph

and Cferr] aIk}ﬁ and optionally |nterrupt39 by a

OH
3 4

A sample of the allyl compound, (3), {(4.75 g, 13.6 mmol)
in THF (100 mL) was treated with 13.6 mL (1.0 equiv., 13.6

S mmol) of a 1.0 M solution of borane-tetrahydrofuran
complex at 0°C and stirred for 2h. The solvent was
evaporated and chloroform (100 mL) added via syringe.
Oxidation of the organoborane was achieved by the addition
of 4.7 g (2.0 equiv., 27.2 mmol) of 3-chloroperoxybenzoic

10  acid at 0°C, with warming to ambient temperature and

' stirring for an additional hour. The organic phase was

washed with 5% NayCO3,, ddH0, and dried over sodium
sulfate. Due to the instability of the alcohol, a quick
column wés performed to remove the extreme polar and

15 nonpolar material which originated from the 3-
chloroperoxybenioic acid. The alcohol (4) was obtained in
a yield of 65%.

[oip 29.3 (c=1.038, CHaCly).
20 o

iHNMR (CDCl3) & 1.07 (d, 3H, CH3-CH, J=6.5 Hz), 1.81-1 %:

{m, 3H, CHp-CH-H), 2.10-2.19 (m, 1H, CHy-CH-H), 3.10-Z

(m, 2H, Ph-CHg). 3.87-3,9¢ {m, 2H, CHOH), 4.43-4.49 (m,

1H, CH-CO), 4.70-4.75 (m, 1H, CH3-CH), 5.36 (d, 1H, Ph-CH.

25 J=7.1 Hz), 7.41-7.63 (m, 10H, ArH);
{ .
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5 . het er oat om sel ect ed fronrtz S and N; nis O0or 1; and
Tis H OH amno, a peptide chain, (Jerr] alkyl, Cerr]
al-koxy, C[err] aral kyl, or heterocycle optionally

substituted. 10 22. A conpound according to claim2l, whereinT is a
het er ocycl e sel ected fromthe group consisting of:

[err] 15 wherein - 115 -Xerr] Xerr], Xerr] and

X[ err] are each independently selected from the group consisting
of N, or CGXerr] where Xerr] is hydrogen, Clerr] al kyl, or
derr] aryI - Xlerr] and X[err] are each independently sel ected
fromthe consi stin S, err] CH X err];
R is hydrogen T%feTgT f?yva%d?$%ﬁ§h7)/%ﬁﬁq)exqess metheflol) sﬁ%&Pltuted,

carboxyl, -(erflltetédl|eoCCh eshdriCs¥¥icaldell codumn (washingathirkypbh C. .

CyC|Oa|ky| aryl. of, &c é"&%%chethanol in éﬁﬁyyaygﬂaﬂ% %@aporatlgﬁ A
.conpound accordrng to clarm 22, wherein T i sel ected fromthe
group COhSIéiln@aﬁ¢ 784 mg of crude materlal that was pur1f1e§6851ng 2:1

hexane:EtOAc on a silica gel column affording 258mg
(0.81lmmol being a 50% yield) of pure compound (7),a 6S-
benzylhexahydro-5-oxo-5H-thiazolo[3,2-a)pyridine-3R-ethyl
ester as a white/yellow solid.

N\
10 . :
‘H NMR (CDCl;) d 1.28-1.31 (m, 3H), 1.72-1.81 (m, 3H),
2.10-2.13 (m, 1H), 2.66 (44, 1H, J= 11.5 and 6.0 Hz),
3.29-3.34 (m, 2H), 4.19-4.29 (m, 2H), 4.88 (dd, 1H, J= 9.0
and 5.0 Hz), 5.22 (dd, 1H, J= 8.0 and 6.0 Hz), 7.18-7.23
15  (m, 3H), 7.28-7.31 (m, 2H),
LIOH/ THF/ HyO
————
“ 7

20 LiOH.H20 (48mg, 1.12mmol) in 10mL of water was added to
starting material (7) (240mg, 0.76mmol) dissolved in 10mi <2
dioxane. After 1 hour, TLC in 1:1 Hexane:EtOAc showed nc
starting material. The reaction was qguenched with 10% citric
acid, then extracted twice with dichloromethane. Drying and

25 evaporating the combined organic layers gave 354mg of crude
product. This was redissolved in dichloromethane, then
precipitated by adding excess hexane. The product was
filtered to give 200mg (0.68mmol being a 20% yield)) of an
off-white solid, (8), also known as &S-benzylhexahydro-5-oxc-

30 SHJthiazolo[3,2—a]pyrldlne-QR—carboxyllc acid.

M NMR (CD30D) d 1.71-1.82 (m, 3H), 2.12-2.17 (m, 1H), 2.67
(ad, 1H, J= 14 and 11 Hz), 2.77-2.81 (m, 1H), 3.30-3.40

4
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26. A conpound according to claim 20, wherein Rerr] is H or :

Cerr] alkyl substituted with COOCH. 5 27. A conpound according to
claim?20, wherein Rerr], Rerr] and R err] are Hand Rerr] is
Cerr] alkyl optionally interrupted by one or nore heteroatom or
car bonyl group and optional | y- slbBt+tuted with OH SH,
NRlerr]Rerr] or a (err] aryl, heterocycle or (Jerr] cycl oal kyl
group optionally 10 substituted with hal ogen, hydroxyl or Cerr]

al kyl . 28. A conpound according to claim 22, wherein:

Rlerr], Rerr] a r ; : ertl,Ls rr] -al ky
optionally i nter%ﬂ?@f%ﬁgd&leﬁ{%ﬁg fg gve CBL %(%}%?05% o%’}“_ichrrlbjé%sfll
group and opti ondysid. substituted with OH SH, NR[err]Rerr] or
a Cerr] aryl, het erocycle or Cerr] cycloal kyl group
optionally substituted wi th hal ogen, hydroxyl or Clerr] alkyl.
20 29. A conpound SH&Rd :Ad &3 - Bt&EM 2YP /BBl e®PEA0F Pofi - 50C 0345

4- Ox0- 2- ( 3- phgnyl - pr opi onyl ) - oct ahydr o-
pyrrol ol |, 2-a] pyrazihe- boxyl i.c .acid.14- _ :
guani di no- | - ( 5- n&%% ﬁ(i-cgjz%f(;)%g- - gafgoln‘yﬁg’- (m, 5H), 1.18 L3t V\“] -4 de;

and 0340 4-1043- 20 37Bhenyl- 8pr8pPanym) - 98) ahyd7®-4.76 (m, 1H),
pyrrol o[ 1, 2-a] pysazisngs- aaf,bexyhi eaa,q] 47.28-7.42 (m, sH).
guan{ gi no- 1- (t hi azol e-2-car bonyl ) -butyl] - am de. 30.
A compound according to claim1, of formula (IX): WD 96/ 19483
PCT/ CA95/ 00708 o © o. ° o ©
- 1. LIHMDS / THF / -78%¢: _
/\/\/\N/\O 1. N/\o
cH, > Z ' CH, Ph
10

12 13

The starting material (12)(9.13g, 29 mmol, leq) was
- dissolved in dry THF and cooled to -78 C, after which

15 LiHMDS (31.9 mL, 31.9 mmol, 1.1 eq) was added dropwise
over 40 mins. Then, 30 minutes later, allyl bromide (7.5
mL, 86.9 mmol, 3 eqg) was added slowly over 10 mins. The
mixture was left to warm overnight. Work-up included
quenching with sat. ammonium chloride, extraction with

20 ethyl acetate, washing with 10% sodium thiosulphate,
decclourising with charcoal, drying over sodium sulphate
and concentration in vacuo. The product was obtained as &
vellow o0il (13) in 96% yield.

25 [0)D=+9.5(c=1.0,EtOH)

'H NMR (CDCl;) 4 0.92-1.10 (m, SH), 1.10-1.39 (m, S5H),

1.63-1.75 (m, 6H), 2.27-2.42 (m, 2HJ, 4.01-4.14 (m, 1H),

4.76-4.85 (m, 1H), 5.00-5.07 (m, 2H), 5.65 (d, 1H, J= 7
30 Hz), 5.64-5.88 (m, 1HO, 7.27-7.46 (m, 5H).
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26. A conpound according to claim 20, wherein Rerr] is H or

Cl{err] alkyl substituted with COOH. 5 27. A conpound according to
claim 20, wherein Rerr], Rerr] and R err] , are Hand Rerr] is
Cerr] alkyl optionally interrupted by one or nore heteroatom or
car bonyl group and optionally substituted with OH SH,
NRlerr]Rlerr] or a Cferr] _ arylllthet erocycle or (Jerr] cycloal kyl
group optionally 10 substituted with hal ogen, hydroxyl or Cerr]

al kyl . 28. A conpound according to claim 22, wherein:

Rlerr], Rerr] and Rerr] are H and Rlerr] is (Jerr] alkyl
optionally interrupted by one or nor.8H(CHICH;)CH(CHy))het er oat om or car bonyl
group and optional ly © © substitufed with"OH SH NRPerrPRlerr]

or a (Jerr] aryl, _Apeteroapefe orarferr] clLaal kyl group
optionally /\__/\ﬁb\sﬂi tuPed W th hal ogen, hydr oxyl errp
al kyl . 20 29.\;\(corrp und hccforﬁichﬂmMYMm(m,@ecte \n_J
0345 4- Oxo- 2- ( 3- phettyl - pt opi Q’rﬁgl ) “Bft ahydr o- CH. * ’Ph
pyrrol o[ 1, 2- a] pyrazi ne- 6-carboXylic acid [4- ~ :
guani di no- 1- ( 5- net hyl -t hi azol e- 2- car bonyl ) - o butyl ] -am de;
and(340 4- Ox0- 2- ( 3- phenyl - 25 ' pr opi onyl) 14

-oct ahydro-pyrrol o[ 1, 2- a] pyT azi ne- 6- carboXylic acid
14- g\u/ani di no-I - (thi azol e- 2- carbonyl) -butyl]-am de.

30 30. AcREBRYNd2 A660Ek Nad ddedl Mrbpwalsel @bMibaahbX) !

5 dimethylsulphide complex at -12'C. The reaction was

maintained at this temperature for 15 minutes and then it
was warmed to 0°C, after which it was stirred for 2 hours.
The disiamyl borane was then added to a mixture of the
starting material 13 in THF using a double-ended needle at

10 0C. The mixture was thenlstir:ed for 2 hours after which
the solvents were removed and the residue dissolved in
dichloromethane. It was carefully added to a suspension
of pyridinium chlorochromate in dichloromethane contained
in a flqsk equipped with a reflux condenser. After the

15 initial exothermic reaction had subsided, the mixture was
refluxed at 50C for 1 hour. The dark brown liquid was
dissolved in ethyl acetate and filtered through Florisil.
The black residue of PCC was extrapted with ethyl acetate
and also filtered through the same Florisil pad.

20 Concentration of the filtrates resulted in a 78% yield of

a vellow gummy product (14).
[0)D==-17.8(c=1.245,Et0OH)

25 'H NMR {CDCl;) d 0.89-1.18 (m, 5H], 1.20-1.47 (m, 8H),
.60-1.74 (m, 6H), 1.83-2.00 (m, 1H), 2.48-2.53 (m, 2H),
.90-4.10 (m, 1H), 4.12-4.16 (m, 1H), 4.76-4.80 (m, 1HO,
@7 (q, 1H, J= 7Hz), 7.27-7.46 (m, S5H), 9.77 (s, 1H).

W W e
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- 170 - - wher ei n: Rlerr] is hydrogen or Cerr]

al kyl ; Kis a bond or -NH; Gis (Jerr] al koxy; cyano;
-NH[err] -CH err]-NH err]; -C(NH-NH err]; -NH 5 C(NH)-NH err];
-CHferr]-NHC(NH)-NH err]; a (err] cycloal kyl or aryl
substituted with cyano, -NHerr], -CHergjoNderr], -C(NH)- NH,
-NH-C(NH) -NH err] or -CHerr]-NH-C(NH-NHerr]; or a 5 or 6

menber, saturated or unsaturated heterocycle optionally
substituted with cyano, -NH err], -CHerr]-NHerr], - 10

C(NH -NH err]; -NHC(NH)-NH err] or -CHerr]-NHC(NH)-NH err]; U
is cyano, -NH, -C(NH)-NH org- NHOC( NH)-NH err]; P is a_bong,
-C(OQ - or a bivalent group: v Toluene / p-TSA / o I CH.
[err] . Y agkyl enobgievesnal |y subsy : LH\CH NH
15 and err] alkyl and dptionally interrupted by a

het er oat om sel ected fro S.and, N; HS NHa is O-or 4; d \_/ T
is H OH amno, a peptlde cOHj n, FG[err] \aJ—k-)ﬂ derr] CHaI kqgﬁy
Clerr] aralkyl, or hetgrocycle optionally 20 2CC@B subsiAN ut ed.

A compound according@o claim31, wherein T is a S he Er ocycl e
sel ected fromthe group consisting of:

25 wherein Xerr], Xerr], Xerr] and X[err] ,e geach
i ndependently sel ected from t he group consi sting of F fee] or

C—Xf‘e’rr] where Xerr] is 14

The resulting aldehyde (14) (7.7g crude, 20.8 mmol 1
equiv.) was dissolved in 75 mL of toluene. To the

(@;]

solution was added a catalytic amount of p-
toluenesulphonic acid (50 mg), 10 g of 4A molecular
sieves, and L-cysteine ethyl ester (3.87 g, 20.8 mmol, 1
equiv.). The mixture was stirred overnight, filtered and

10  concentrated. The residue was then purified by silica gel
chrométography (6:1 hexane:ethyl acetate) afforded 6.36 g
of the product (15) in 61% yield.

o [0]1D=-48.3(c=1.095, EtOH)
15 o
'H NMR (CDCl;) 4 0.84-0.98 (m, 4H), 1.11-1.38 (m, 7H),
1.50-1.90 (m, 10H!, 2.80-2.99 (m, 1H), 3.24-3.34 (m, 1H),
3.77-4.29 (m, 4H), 4.46-4.81 (m, 2H), 5.66 (4, 1H, J=
THz), 7.27-7.46 (m, 5H).

20
o ¢
Ny //~.\[_/\ N/‘\ o MegAl / DCM o~ S_\
. _\\/.- / \_'—-." OOC RT \\\//\\ ) \\z__\\_/' N
. CH Ph
s 3 © CO,Et
i 7 'NH : :
“CO,H
15 16

REPLACEMENT SHEET

|
|
|
| Date




hydrogen, (err]
PCT/ CA95/ 00708
Clerr] al kyl ;

al kyl, or CJerr] aryl; WO 96/ 19483 :
wher ei n: _ Rlerr] is hydrogen or
Kis a bond or -NH; Gis (err]

al koxy; cyano; -NHerr]; -CHerr]-NHerr]; -C(NH-NHerr]; -NH 5

C(NH) -NHerr];

-CH err]-NHC (NH) -NHerr]; a (err] cycloal kyl or

aryl substituted with cyano, -NHerr] ,--f3§err]-NHerr], -C(NH)-
NH, “NH- C(NH)-NH err] or -CH err]-NHC(NH) -NH err]; or a 5 or 6
menber, saturated or unsaturated heterocycle optionally
substituted with cyano, -NHerr], -CHerr]-NHerr], - 10 C
(NH)-NH err], -NHC (NH)-NH err] or -CHerr]-NHC (NH) -NHerr];

Uis cyano, -NH

err], -C(NH)-NH err]. or. - N -NHL.err]; . Pis
a bond, -C(O- ofhg 5F§g§éﬂ? B %ﬁﬁ;l {15)le?g#ﬂb, g.g mﬁLl, 1l equiv.)

oH

optional ly subst
optionally inter
N Sn
chain, Cerr] al

heterocycle opti el Y o0uss, aaten S48 14 Yethow sorsa Hs uaamaBYALa

according to cl aMf®

was disspeved in 20 mL of dry Hiichlgremejthahkybhvdecooled

LLuped withy Oy NEhertihuml®s. o mr, 11280mfderrd &ddewt. and
Fupt ed by ‘a . het er oat om sel ected from O, S and
wasQaddeq; drgpyise and the mixtung wgg l&rﬁtné,tlﬁrbﬁﬁt i de

k¥ern©€h8El] After completeélkemotidd eis levddehleyld, ber HPLC,

from

the group consi sDiehlokpmethane was added to dissolyetije solid and the
o

10

15

20

25

.30

whole mixture was stirred for 15-30 minutes and then
filtered. The residue after concentration in vacuo was
run through a quick column (6:1 hexane:ethyl acetate}, to
remove auxilary and as many of the polar decomposition
products as possible, affording in a 50% yield of a yellow
oil (16).

H NMR (CDCl,) & 0.83-0.98 (m, 2H), 1.09-1.38 (m, 10H),
1.57-2.00 (m, 11H), 2.12-2.18 (m, 1H), 2.49-2.54 ( m, 1H),
3.10 (ad, 1H, J= 11 and 6 Hz), 3.27 (dd, 1H, J= 11.5 and
8 0 Hz), 4.11-4.25 (m, 2H), 4.88 (dd, 1H, J= 11.0 and 5.0
Hz), 5.14 (ad, 1H, J= 10 and 6 Hz).

P \rs  UOH/H0Diox 7\ TS

. N - N S NG
O CO,Et . o CO,H

16 17-

The starting material (16) (0.95 g, 2.9 mmol, 1 equiv.:

‘was dissolved in 10 mL of dioxane. The solution was

cooled to 10 C, and to it was added LiOHHO(0.123 g, 2.9
mmol, 1 eqg.) dissolved in 10 mL of water. The bath was
removed and the mixture was stirred at room temperature
fér 1 hour. TLC showed complete reaction and the solvent
was evaporated under wvacuum. The remaining agueous layer -
was washed with ether (2¥), acidified with 10% c.tric

acid, and extracted with dichloromethane (3Zi. The
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25 .' wherein X[err], Xerr], Xerr] and X[err] are each

i n"dependent|ly sel ected from the group consisting of N, or
€ Xerr] where Xerr] is hydrogen, Clerr] alkyl, or (ferr] aryl;
WO 96/ 19483 PCT/ CA95/ 00708
Xerr] and X/ err] are each independently selected fromthe
group consisting of C, 0, N,..S, NXerr§23or CH X ;. R is
hydrogen, Clerr] al kyl optionally carboxyl substi t ut ed,
carboxyl, -Cerr] alkyl-CJerr]-Clerr] alkyl, C[err] 5 ar al kyl ,
Cerr] cycloal kyl, aryl or an aromatic het er ocxg}l e 33.
A conpound accogsh (i 00T @i MeR), wikerteiwasT ysed further Wit@QP& ied from
t he group conmg&;ggigg‘ltion. . [err]

‘H NMR (CDCl;) @ 0.07-0.97 (m, 1H), 1.15-1.41 (m, 78},

5 1.62-1.91 (m, 10H), 2.10-2.16 (m, 1H), 2.43-2.48 (m, L

5 74-2.80 (m, 1H), 3.01-3.07 (m, 1H). 3.87-3.94 (m, 1H),

4.11-4.19 (m, 2H), 4.60-4.66 (m, 1H), 4.74-4.86 (m, 28},

5 09-5.24 (m, 4H), 7.30-7.39 (m, 10H), 7.95 (d, 1H, J=8

\/' Hz), 9.4 (br s, 1H), 9.56 (br s, 1H).
10
K/:
i
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and_R is hydrogen, (Jerr] alkyl optionally caf boxyl
substituted, carboxyl, -Clerr] alkyl-CJerr]-Clerr] alkyl, C

ardal kyl, Cerr] cycloalkyl, aryl or an aromatic het er ocycl e.

15 . 34. A conpound according to claim33, wherein T is

selected from WD 96/ 19483

PCT/ CA95/ 00708 = 158 [¢rr] and R is
hydr ogen,” C[err] al kyl optionally carboxyl substi t ut ed,

carboxyl, -(err] alkyl-COerr]-Clerr] alkyl, Cerr]" ar al kyl ,
Jerr] cycl oal kyl, aryl or .an aromatlc 5 OHet er ocycl e. 35. A
conpound according to clai m\&g;, Mher eiv clerr] R err] | | are

NR[err]Rlerr] or Cerr] alkyl substi‘tuted COCH * conmpound
according to claim30, wherein Rlerr] is Cerr] Jerr]

ar al kyI or Jerr] al ByLsSébStdﬂ}é&tl%gzeWoblﬂlgﬁﬂ.ﬂz dubstituted@ Wi Qaldyy! nu

38. corrpound accordi ng to clarm 32, wherein
nd C.. alkyl and optionally interrupted by a

both H. 10 36. A conpound| according to clai mj30, V\herefgfl}l‘err] is H,
aryl

heteroatom selected from O, S and N;
5 n is 0 or 1; and

. T is H, OH, amino, a peptide chain, C_, alkyl, C,.

> alkoxy, C.._ aralkyl, or heterocycle optionally
substituted.
10 3. A compound according to claim 2, wherein T is a

heterocycle selected from the group consisting of:

\_/ wherein
15 X, X

10/

X,, and X,, are each indépendently selected from
ths grouﬁ consisting of N, or C-X. where X, is
hydrogen, C __ alkyl, or Cg s aryl:

X, and X, are each independently selected from the
group consisting of C, O, N, S, N-X., or CH-X.; and

20 R’ is hydrogen, C_. alkyl optionally carboxyl
substituted, carboxyl, -C . alkyl-CO.-C.. alkyl, C
aralkyl, C . cycloalkyl, aryl or an aromatic
heterocycle.

25 4. A compound according to claim 3, wherein T is
selected from the group consisting of:

R e
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nis 1, Rlerr], Rerr] and.Rerr] are H and 20 Rlerr] is

Clerr] aryl, Clerr] aralkyl, or C[err] alkyl substituted wth
Cl®err] .cycl oal kyl . 39. A compound according to claim 30, selected
fram 25 0890 3- Ami no- 4- oxo- 2- phenyl - hexahydr o- pyrrol o[ 2, 1-

b][1, 3]t hiazine-6-carboxylic acid [1- _ -

(benzot hi azol e- 2- car bonyl ) - 4- guani di no- buty%] ) am de;

0895 '3- Anmi no- 2- benzyl - 4- oxo- --hexahydr o- pyrrol o[ 2, 1- 30
b][ 1, 3]t hi azi ne- 6- carboxyllc acid [1-

%egé?agllgém e-2-car bonylz. co %%rr]llddclaggorb&n\él 1:0 claim lISCFY%?/nogag%dg and
0900 3- Ani no- 2- cycl ohexylhdtwméxaﬁ%ﬁq;ﬁ&/ﬁr@mot[@ group consisting of:

b][1, 3]thiazine-6-carboxylic acid . X,
rr @ | am de. 5
0 .

(benzot hi azol e- 2- car bonyl ) - 4- gua
40. A conpound according to clal
[err]

-5 wherein
uo X,, X, X, and X,, are each independently selected from

the group consisting of N, or C-X. where X, is
hydrogen, C . alkyl, or C4j6 aryl;
X, and X,, are each independently selected from the

10 group consisting of C, O, N, 8§, N-X., or CH-X.;
R’ is hydrogen, C,,. alkyl optionally carboxyl
substituted, carboxyl, -C. alkyl-CO-C.. alkyl, C,
aralkyl, C . cycloalkyl, aryl or an aromatic
hetefocycle.

15

13. A compound according to claim 12, wherein T is
selected from the group consisting of:

(IS
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wher.ei n Bis O S -CHerr]-, or. -NH; Rlerr] is an

arginyl foiety or an anal og or derivative - .- : t hereof optionally
substituted with an am no acid, 15 ' a peptide or a heterocycle;
Rletr]-is Hor d-6 alkyl; R3 is selected fromH NRerr] Rerr]
and Cferr] al kyl; and Rlerr]-amB R err] are independently
selected fromH NRerr]Rerr]; C aryl or ([err] cycl oal kyl
optionally substituted with 20 . Cerr] alkyl; C(err] alkyl
optionally interrupted by one or nore heteroatom or carbonyl
group and optionally substituted with OH SH, NRerr]Rerr]
or a (Jerr] aryl, het erocycle or CJerr] cycloal kyl group
optionally substituted with hal ogen, hydroxyl, Clerr] alkyl;
an 25 a2l noaacoiipsuae shadrdimnda diEdno@igbiwthededwpR, is H or
41. A conpound accordipng %ﬁk&h@%%&é%&tWQ%&ehﬂtﬁ'cbénone of

fornula Vla to Vid: o ’ 173

err
| | 5 27. A compound according to claim 20, wherein R., R, and R,
are H and R, is C,, alkyl optionally interrupted by
one or more heteroatom or carbonyl group and
optionally substituted with OH, SH, NR.R. or a C,_,
aryl, heterocycle or C,. cycloalkyl group optionally
. 10 substituted with halogen, hydroxyl or C.. alkyl.

28. A compound according to claim 22, wherein:
R., R, and R, are H; and
R, is C,. alkyl optionally interrupted by one or more
15 heteroatom or carbonyl group and optionally
substituted with OH, SH, NRR, or a C , aryl,
heterocycle or C.. cycloalkyl group optionally
substituted with halogen, hydroxyl or C.. alkyl.

20 29. A compound according to claim 20, selected from:
0345 4-0xo0-2- (3-phenyl-propionyl)-octahydro-
pyrrololl, 2-ajpyrazine-6-carboxylic acid [4-
o guanidino—i—(5-methy1-thiazole-2—carbonyl)—
butyl]-amide; and
0340 4-0x042a(3—phenyl-propionyl)-octahydro—
pyrrolo[1l,2-a]jpyrazine-6~carboxylicacid [4~
guanidino-1-(thiazole-2-carbonyl)-butyl]-
amide.

30. A compound according to claim 1, of formula (IX):
:

[
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wherei n Xerr], Xerr], X[err] and X[ err] are each independently

sel ect ed from5 the group consi stlng .of N, or CGXerr] where Xerr]
i's B hydrogen, Cferr] alkyl, or (err] aryl; X err] and
X[ err]*are each independently selected fromthe group consi sting
of C O N S, NXerr], or CHXerr]; R is hydrogen, ([err]

al kyl. optionally carboxyl 10 sub‘st]16tﬁJt'ed carboxyl, -err]

al kyl-Cerr]-Cerr] alkyl, Cerr] ar al kyl., C[err] cycloal kyl,
aryl or an aromatic het er ocycl e. 43. A conpound according
to claim42, wherein T is 15 selected fromthe group consisting of:
WD 96/ 19483 : - - : P 95/ 00708

[err] F Wher el bond" clo) orXFeP%Yal%%r%é [err] and X[ err]

are each independently sel teql;;,from 5 group 's-gnﬁ sting of N,
or CXerr] where X err] I;KI \ﬁydrogerl\f’ﬁeerr] alsk or (Jerr]
aryl; _ . CH,

J is C,, alkylene optionally substituted with OH, NH,
and C,. alkyl and optionally interrupted by a
5 heteroatom selected from O, S and N;
n is 0 or 1; and
T is H, OH, amino, a peptide chain, C,. alkyl, C, .

\ alkoxy, C.. aralkyl, or heterocycle optionally
substituted.
10
22. A compound according to claim 21, wherein T is a
heterocycle selected from the group consisting of:
[ .
T 1/ . {
Xe—X
— 15 wherein

X,, X,, X, and X, are each independently selected fr:on

11
the group consisting of N, or C-X. where X, is
hydrogen, C.. alkyl, or Cg  aryl;

X, and X,, are each independently selected from the

20 group consisting of C, O, N, S, N-X., or CH-X;

R’ is hydrogen, C., alkyl optionally carboxyl
substituted, carboxyl, -C . alkyl-CO-C.. alkyl, C
aralkyl, C.. cycloalkyl, aryl or an aromatic
{ heterocycle.
25 S
23. A compound acéording to claim 22, wherein T is
selected from the group consisting of:
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Xer¥] and X err] are each mdependently sel ect ed fromthe gr oup

conslstlng of G O N S NXerr], or CHXerr]; R is
hydrogen, Cerr] alkyl optionally carboxyl 10 substi t ut ed,

carBoxyl, -Clerr] alkyl-CJerr]-Cerr] alkyl, C[err] ar al kyl ,
Cerr] cycloal kyl, aryl or an aromatic het er ocycl e. 43. A
conpound according to claim42, wherein ‘I;l I'S sel ected fromthe

group consi sting of: -
46. A compound according to clai m40 wherein R err] -i

al kyl substituted with C, aryl optionally M wI\M ’I
Cerr] alkyl. 5 47. A_.conpound according to clai m4’0 ¢ r]

is H - 48. A coMB&EFdPdccording to claim 42, wherein Bis
S, Rerr], elils] hgdstoRear bi are dikyand 10 Rlerr] is
Cerr] alkyl substitut ga' W T th[,@ ﬁ% _optionally substituted
with (err] alkyl. accordl ng to claim40, selected
from 925 7(-Ber$zy.‘l_¢ &bmxmct@ta}fw,o—pw: dof2,-NHE.; —Clﬁ\TH)—NH:; -NH-

c][1, 4] t hi azi ng- 4- car boxyl i) @ d[éﬂ#%% NH. c Loalkvl
(thiazol e-2- ca?bonyl )but¥| f"ﬁamﬁ% ()l 648 cycloalkyl or

6- Oxo- 7- phenet hyl - oct ahy @F¥? pﬁPPﬁE{-EuEed with cyano, -NH., -CH.-NH., -C(NH)-
NH , -NH-C(NH)-NH. or -CH.-NH-C(NH)-NH,; or a 5 or 6

member, saturated or unsaturated heterocycle
optionally substituted with cyano, -NH, -CH.,-NH., -
W, 10 C(NH)-NH., -NH-C(NH)-NH. or -CH.-NH~C(NH)-NH.;
U is cyano, -NH., -C(NH)-NH or -NH-C(NH)-NH.;

P is a bond, -C(0)- or a bivalent group:
OH

_OH
\_ca \cnf’ \{/ l |

_ CH, . or —ﬁ/

J is C,. alkylene optionally substituted with OH, NH
15 and C,. alkyl and optionally interrupted by a

heteroaﬁom_selected from O, S and N;

n is 0 or 1; and

T is H, OH, amino, a peptide chain, C,. alkyl, C, .
-alkoxy, C,_ aralkyl, or heterocycle optionally

L 20 ~ substituted.
3Z2. A compound according to c¢laim 31, wherein T is a
hetérocyclé'seleCted'from the group consisting of:

X
- 1% .. Xs3 . /X‘e\
R : X
X X \ R +R'
" XX X5 X2

<

25 wherein
X,, X,. X, and X,, are each independently selected from

the group consisting of N, or C-X. where X, is

hydrogen, C . alkyl, or Cgy,aryl;
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c][d, 4] t hi azi ne-4-carboxylic acid[ 4-guani d| no-

1-)thi azol e-2-carbonyl )-butyl]-amde = - '50. A nethod for the treatnent
or “prophyl axi s of t hronbotic disorders in a nanmal W

adma nistering to said mammal an effective anount of a und
according to claim1. 25 51. A nethagdgsaccording to clai r‘Hﬂ HMHE

sai d _ thronbotic disorder is venous thronbosis. t”,!””"!
according to claimb50, wherein said 30 t hronbotic disorder ista ™

pul monary enbolism 53. A nethod according to claim50, wherein said
t hronmbotic disorder is arterial thronbosis.

REPLACEMENT SHEET WO 96/ 19483

PCT/ CA95/ 00708 46. A'c olng soy ding to i wherein R err]
is CJerr] al kyl substl t ut el cRerr], E;yl all'y
substituted with Cferr] aIkyI z A conpougd ( j to claim40;
wherein R err] is H A corrpund accor di ng to m 42, wherein

Bis S, Rlerr], rr d Rerr] ar 13H and 10 X R[err] is
Cerr] alkyl substituted vvlth rrH a}‘ry'l 0 |o 72 bstltuted
wi-th CJerr] alkyl. Ve

XX,

wherein _
X,, X, X, and X,, are each independently selected from -
5 the group consisting of N, or C-X. where X, is
hydrogen, C . alkyl, or Cy, aryl;
X, and X,, are each independently selected from the
group consisting of C, 0, N, 8§, N-X., or CH-X ;
R’ is hydrogen, C,,. alkyl optionally carboxyl
10 substituted, carboxyl, -C,,, élkyl—cog4;4£alkyl, C,...
aralkyl, C. . cycloalkyl, aryl or an aromatic
heterocycle. ' ‘

43. A compound according to claim 42, wherein T is
15 selected from the group consisting of:
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49. A conpound according to claim40, selected from 925
7 Benzyl - 6- oxo- oct ahydro-pyrido[2, 1- 15 .. —_
€]1[ 1+4] t hi azi ne- 4- carboxylic aC|d [ 4- guani di n

-1-
(Lhizol o 0"car bonyi) but 1] “anide; andiD &0 Hll!lllmlﬂlllnﬂmmm

4-carboxylic acid [4-guanidino-I-(thiazole-2- dt bdnyl)
-butyl]-am de. 20 50. A nethod for the treatnent or prophyIaX|s of
t hronbotic disorders in a mammal, conpri sing adm nistering to

sai d mammel an efé ecti VEoRbmM &fc&dmg to claG@iTAOUN¢naceqndrNGid @ ¢l aim
1. 25 51. A net hod gccordln to Ial 50 wher.ei n.sai d

thronbotic di sorder 5P v ATy Rtﬁgpﬁ&&yaccordlng to
cl ai m 50, wherein saighi@3xituted Wﬂuhnﬁxﬁlaihylsorder is a pul nonary

enbol i sm 53. A method according to claim50, wherein said
thronbotic disorder is arterial thronbosis. W96/ 19483

PCT/ CA95/ 00788 47. A BRDQUNRERIPTEEAS FionG led e KA nvberedReReiif ki d
thronbotic disorder is nyocardial infarction. 55. A nethod according
to claimb50, wherein said 5 t ti |sor er cerebral

i nfarction. 4. 56 COR‘ppcf%%s%cq‘o :H % ciAGE é%’rp‘é’h% ®&C€cording to
claim B is S;

R., R, and R, are H; and
10 R, is C,. alkyl substituted with C . aryl optionally
substituted with C, ., alkyl.

—_—

49. A compound according to claim 40, selected from:
925 7-Benzyl-6~oxo-octahydro-pyrido[2, 1-
15 c][1,4]thiazine-4-carboxylic acid [4-guanidino-1-
(thiazole-Z-carbonYlfbutyl]-amide; and

940 6-Oxo—7-phenethyl-octahydro-pyrido[2,l-
c][1,4]thiazine-4—carboxylicacid[4-guanidino—

l-)thiazoleQz—carbonyl)-butyl]-amide

50. A method for the treatment or prophylaxis of
thrombotic disorders in a mammal, comprising
administering to said mammal an effective amount of a

compound according to claim 1.

25
S1. A method according to claim 50, wherein said
thrombotic disorder is wvenous thrombosis.
52. A method according to claim 50, wherein said
30 thrombotic disorder is a pulmonary embolism.

53. A-method according to claim 50, wherein said
thrombotic disorder is arterial thrombosis.
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10 57. A process for producing a corrpound accordehn stt?lea:%&acement shesetone -

of clai,ns 10, 20,

0830

0835

0840

0845

0855

30 or 40.

~ 32 - Date: f/m/_@(g/

4-0x0-2-{3<phenyl-propionyl) -
octahydro -pyrrolofl, 2-alpyrazine- 6— @ K"«?

carboxylic acid (4-guanidino-1l- (\)\):5
thiazol-2~ylmethyl-butyl)~amide "
4-0x0-2~-(3~phenyl-propionyil) - ’P/h
octahydro-pyrrololl,2-alpyrazine~6- E:r\/lLW[z
carboxylic acid [4-guanidinofl— - ) < f'j
thiazol-2-yl-butyll -amide _“ng
4-0xo~-2-(3-phenyl-propionyl) - ’ » :
octahydro-pyrrolo|l, 2-ajpyrazine- G/\Ak‘rg TN
6-carboxylic acid {4-methoxy-1- '
(thiazole—Z—carbonyl)~5utyl}- éfﬁk
amide : N .
[6-[4-Methoxy-1-(thiazole-2- i,
carbonyl)—butylcarbamoyl]-4—oxo¥ E:j/\iz?%fxgg Y
2-(3~-phenyl-propionyl) - wo e 0 oM
octahydro-pyrrolo|l, 2-alpyrazin- - ;}We_

3-yl}-acetic acid
|2~ (5-Methoxy-2~{|4-0ox0-2-(3- 1 P
phenyl-propionyl)-octahydro- E:j/\/ltm;( 'd\
pyrrolo[l,2-alpyrazine-6- _ MR
carbonyl|-amino) -pentanoyl) - é}je—
thiazol-5~yl]-acetic acid

4-0x0-2~ (3-phenyl-propionyl) -~ H
octahydro—pyfrolo“n2—ahumazine— E:T/\)Lf;;
6-carboxylic acid [4-amino-1- ¢ ”LTRL

(thiazole-2-carbonyl)-butylj- é

amide _ tim



