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compounds which are potent and specific inhibitors of
thrombin. In another aspect, the present invention
relates to novel peptide aldehydes, their pharmaceutically
acceptable salts, and rharmaceutically acceptable
compositions thereof which are useful as potent and
specific inhibitors of blood coagulation in vitro and in
vivo in mammals. In yet another aspect, the invention
relates® to methods of using these inhibitors as
therapeutic agents for disease states in mammals
characterized by abnormal thrombosis.

Backaround

Normal hemostasis is the result of a complex balance
between the processes of clot formation (blood
coagulation) and clot dissolution (fibrinolysis). The
complex interactions between blood cells, specific plasma
proteins and the vascular surface, maintain the fluidity
of blood unless injury and blood loss occur.

Blood coagulation is the culmination of a series of
amplified reactions in which several specific zymogens of
serine proteases in plasma are activated by limited
proteolysis. Nemerson, Y. and Nossel, H.L., Ann. Rev.
Med., 33: 479 (1982). This series of reactions results in
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2 the formation of an insoluble fibrin matrix which is required
for the stabilization of the primary henostatic plug. The interaction
and pr opW@M6/1864d0f t he activation reactions occurs thPEEFIIVHELI0 f
extrinsic and intrinsic 5 pathways of ceagul ation. These pat hways
are highly inter-dependent and converge in the formation of the serine
pr ot ease, Factor Xa. Factor Xa cat@lyzes the penultimate step in the
bl ood coagul ati on cascade which is the formation of the serine 10
protease thronbin. This step occurs followng the assenbl y of

t he prot hr dbsi nfsemabipheofivhash insgdoipieseflibrin ofmatador waght his

non- enzymf:'e‘(%uig%ﬁd; ?ﬁ%ﬂrtﬁ@ S0Eb i 1%t 1 orS UDST £184 CpPLRLHY Oﬂ%ﬁf@ééfgb' ed on

t he surface activated platelets or systtemcally circul ating
mermbr anous PERY i cFpatpieraction and prepagaiich i f atkevackdW@bionynogen
factor X tgdactions Cakalyki Cohtdugiet inte f Qbriha@stor aXa, c¢ABrO6siE by

ei t her the intri I}SiC or eétri nsi ¢ coagul ati on pat hways. The
intrinsPc ‘ﬁi\)ﬁ?’s’l r SPBFPLASI P as "intrinsic” 20 because everything
needed for cl ot tthepd s pathweydl cade higBdiyt 0, inter-dépemndentdc mosndt i c

Mechani sns" ] dars i Spr PP anld=29 & on, Inc.
(6D ™ cerdee N sHe sorddtTH 38 SendPppfiadPpr St & RhLEG
pat hway i s ¥eonpFiaséeroKat pataiyre chememlyisasgesster2tn thetblieod X and

X, and thedaiieRawhRicaecael #6ieh, iAMHY formalildn Jechdli tépihon of the
intrinsic pathway results_in the activation of factor Xl to Xla. Factor

Xl a catll yRrotease nthrombine i on IPiFacEEPP| XOFEUFSct HPL1oWiRhi cHre n
C(r)]nbi Ralt | Orassienblyheofcthe apestHxnbinfadencdampléxd Iwiithani S0comppsepr i at e
phosphol i pi

syrface, Jesu in the formation . of t tengse_.conpl ex.
Thi s conpl eo% a?%Sg‘é’ét a)fayze%‘i‘?henon b 4 22 |°0nc%ff?cf1té°rses7|eane ot%lé e,
factor Xa, substriete prothyowhim, assenbiedX oxhitble subfagecof| gdhesedis in
clot i 0na 3atelets B2 QKA L8185 GERSad o aS
"extrinsi C%@E& ab%ca} e the ?issu%% actor \b%?géwg?i%égl{’% an ?%%%%t ates
t he actPvamigroprrtasdgs-Vvi| comes from outside the bl ood.
' Proteolytic activation of zymogen factor X to its

catalytically active form, factor Xa, can occur by either
the intrinsic or extrinsic coagulation pathways.
The intrinsic pathway is referred to as "in'trinsic "
20 Dbecause gverything needed for clotting is in the blood.
Saito, H., "Normal Hemostatic Mechanisms", Disorders of
Hemostasis, pp. 27-29, Grune & Stratton, Inc. (0. D. .
Ratnoff, M.D. and C. D. Forbes, M.D. edit. 1984). This
pathway is comprised of the zymogen serine proteases,
25 factors IX and XI, and the non-enzymatic co-factor, factor
VIII. The initiation of the intrinsic pathway results in
the activation of factor XI to XIa. Factor XIa catalyzes
the activation of factor IX to factor IXa which in
combination with the activated form of factor VIII on an
30 appropriate phospholipid surface, results in the formation
of the tenase complex. This complex also catalyzes the
formation of the serine protease, factor Xa, from its
zymogen, factor X which subsequently results in clot
formation. ’ )
35 The extrinsic pathway is referred to as ‘"extrinsic®
because the tissue factor which binds to and facilitates
the activation of factor VII comes from outside the blood.
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3 Saito, Id. The major conponents of this pathway are the zynogen
serine W1068864M factor VII, and the nmenbrane bound PR 164Pssue
factor. The latter serves as the requi site non-enzymatic co-factor for
this enzyne. The 5 initiation of this pathway is thought to be
an autocatal ytic event resulting f3omthe activation of zynogen
facfor VI1 by trace levels of activated factor VI (factor Vila), both
of which are bound to newy exposed ti ssue factor on nenbrane surfaces
at sites ofavbsculdr 10hedmange. comfomentstof Vhia/ prsbweyf aceortheonpl ex

directly _ catalyz t he formation of the I ne_protease, factor Xa,
fromits zﬁ%ﬁgﬁ? f"?'a‘%ts'%lr’a X r%(%ao%?(ref%]c tBFoo‘Zf#'o [ Jur%lae mexﬁrsag)(?e
initiates bbond proteing bysshe €éattonsi c Thet hlmbter serves &be ther mation

of thronbi p_JS: I d :,I(@Lq r.xa o] W t nbl t he
catalytic g?%?h%ge i ir%geem .corrcgl gé géétrxé%/i Ig\tx/gd tgg'sl\/ahéni%g % G )%’t%f al .,
"Surfade- initiebiemenPiReddisonPadihwEye \is anithorabepertdent benzare

Conpl exes” aqut 8LQESyt i et ¢bRAAtingThESomCOPRY EXactiSrationCogEosed of
factor Xa, the non-enzynati.c CO_faCtOﬁ, Va_and_20 fhe sul:%strat eé})rothronbl n
al | assean¥ﬂ°8ﬁnaf1a%$)%?o\ﬁ% e trace, levsls| i AtFatet fantety ¥4Fi r enent

of a macrongpbhetotavila), cbhophexfl ahiehf iareeribowrdd aty s newles ubirpsed t he
protection_. f .f r Xa_from_natu t i coagul ant chani such as
epar i n anFAERPESRACPT] oo ReaRagtE, iniedtss GEPRLeE SR ARl

Rosenbdl g, dama@e, '"Thetfactemn ViIaFatssue Xactérogemplexedizsdtdati on by
the hepari gz apii 585 ool Ne G R of) L 0. . :

1383-1391( 1% 3&{2& rEI n ad' |ti'°(§n,the se%%%e%ﬁ%% éﬁﬁ%ﬁ g’ra’Xa in the
pr ot hr onbi FESR &BFpFERegen: fagrareder ExROSURE ffaklaeg itehiimdiurad by

exogenous g@sshepahitidtey Apodhicibrahiag bathé eextwiirddiy Qathirall.! to
oL 1S ! a0yl anle BLLCCh cnecnnse QU Dech oy BocelI LY
f or matifon fbllowingsdheb| asséniiky noff rume catalyaticngprdtiromirigase
2o FeCkbhPlen! WSO VB Sodl, YD 141 X Uoditace- (e
Dependent Reactions of the Vitamin K-Dependent Enzyme
Complexes®", Blood, 376: 1-16 (1990). This complex is
composed of factor Xa, the non-enzymatic co-factor Va and
20 the substrate prothrombin all assembled on an appropriate
phospholipid surface. The requirement of a macromolecular
complex for efficient catalysis results in the protection
of factor Xa from natural anticoagulant mechanisms such as
heparin-antithrombin III mediated inhibition. Teite, J. M.
25 and Rosenberg, R. D., "Protection of PFactor Xa from
neutralization by the heparin-antithrombin complex*, J.
Clin. Invest., J71: 1383-1391(1983). In addition,
sequestration of factor Xa in the prothrombinase complex
also renders it resistant to inhibition by exogenous
30 heparin therapy which also requires antithrombin III to
~elicit its anticocagulant effect. -
Thrombin is the primary mediator of thrombus
formation. Thrombin acts directly to cause formation of
insoluble £fibrin from <c¢irculating fibrinogen. In
35 addition, thrombin activates the zymogen factor XIII to
the active transglutaminase factor XIIIa which acts to
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4 covalently stabilize the growi ng thronbus by crosslinking t he
fibrin strands. Lorand, L. and Konishi, K., Arch. Bi ochem Bi ophys., _
105: 58 (w80éissselieyond its direct role in the formati oPCEIE95/16410
stabilization of fibrin rich clots, 5 the enzynme has been reported
to have pr of ound bi oregul atory effects on a nunber of cellul ar
conmponent s within the vasculature and blood. Shuman, MA , Ann. NY
Acad. Sci., 405: 349 (1986). It is believed that thronbin is the
nost potent 10 agonist of platelet activation, and it has been

demonst r at ed 4 Rend e SHAHTANY D RHRORILH 808 heofiBEE 219" crossQfinkin
pl at el et - dependent,_arterial thrombus fornation._ Ed J.F. et a?., J.

Edit, _. . F.
din. |nvestthe gkibran fyg@pds -THerandy- L- i 0BdSBlat dfet A¥CPvation
| eads to |i geiwknamluaEbphys.i,nLe6: pbat el e64 nggrmgainditer dieepal kyidue to
t he bival ent, ‘interactjons b tvvegg,fdhesj ve I%gands_ such as fibrinogen
and fi br onect® nthft FOFPatEPRt a8t EFRPHLF 2R shthriR richgrdebSr ot ein
l1b/1l1as wheh er3mene hasheibbeen actrieperted cotd or MavieOn beblfowhag

t hrombi n act.ivation._ .Bernd . 20 and Phirllip R . Platel in
Bi ol ogy and %?ﬁ?ﬁ‘glgay?o%p éff_e'%f%_ 'f%’, %I g‘é’\'/‘?%’?/ R%r?ﬁlfgﬁ?ﬁng‘@%ﬁ%.’%%m
Press (CGordomithin the. vasgculatess) and Thdoetdi. n-Shamanat ol 2l atAhmet sN¥an al so

support furt t mbi r.odygt i(@ggghrough the assenbly of new,
pr ot hr onbi na%%%n?%erfase factor( IXa?] factor VIlla 25 and factor X)

catal ytic conpl exts dis t helhewdst atdaturtlhcegmbin d6 the astostacpbrened
b onbi oo AT St ot Poat Fanioiee  AfLEVanRin, Ui o I U besm vy,
respect i vel ydemonstiated o ebegthe priRary; 7Patipphysiedppic-praiapesitive
Conctne o of! HASSISSIaS At riomnl ooneiie commietgs, pait
cupports {UrdTBT Throhbusd urohihy aest oddfbn Tianh, kHEeRbial °
Bl ood, 76: Imddf¥8d platelet | actGRiatdsh t Qealis ptot hidghed-enahteat s,
ol 195 ese Rep S e bl bences stlich aonedl 3 olleuRhise
interactions between adhesive ligands such as fibrinogen
and fibronectin with platelet integrin receptors such as
glycoprotein IIb/IIIa which assume their active
conformation following thrombin activation. Berndt, M.C.
20 and Phillips, D.R., Platelets in Biology and Pathology, pp
43-74, Elsevier/North Holland Biomedical Press (Gordon,
J.L. edit. 1981). Thrombin-activated platelets can also
support further thrombin production through the assembly
of new prothrombinase and tenase (factor IXa, factor VIIIa
25 and factor X) catalytic complexes on the membrane surface
of intact activated platelets and platelet-derived
microparticles, following thrombin-mediated activation of
the non-enzymatic cofactors V and VIII, respectively.
Tans, G. et al., Blood, 77: 2641 (1991). This positive
30 feedback process results in,the local generation of large
' concentrations of thrombin within the vicinity of the
thrombus which supports further thrombus growth and
extension. Mann, K.G. et al:, Blood, 76: 1 (1990).
In contrast to its prothrombotic effects, thrombin
35 has been shown to influence other aspects of hemostasis.
These include its effect as an important physioclogical
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5 anti coagul ant. The anticoagul ant effect of throghln..l
expr essW@ 88§48 ng bi nding of thrombin to the endothel i %ﬁs;ﬁt%m

mehbrane gl ycoprotein, thronmbonodulin: This is t hought to result
in an alteration of the substrate 5 specificity of thronbin thereby
allowing it to recognize and protéol ytically activate circul ating
protein Cto give activated protein C (aPC). Musci, G et al.,

Bi ochem stry, 27: 769 (1988). aPC is a serine protease which

sel ect i velantirgaquiands t hEhpomnsdzpraulantoefiersr oivathpmkind VFlla
resul ting efi&sAMPJ1aGWiaL BnaPhy LA GRidbin td YheRidnAReh¥1the

pr ot hr onbi nase and _tenase catal ytic, conpl exes, _respectively.  Esnon,
C.T., ScicfRll eybranes 911":(’?%8’7?%”%& Pt i5r pr ot Bt Cify

t hronbi n ithédyht toabsesaktofirn hrmpnbatedpations qorchel5substratlr onbin
has al so0 been s t o _be, .a tent, direct m togen for_a nunber of cell
t ypes, %i ncTRITHy e so‘{;fthrg“%n%‘seﬁ%ﬁ% %H%}'flr?%uzc% a2 vaSCHPAFesnoot h
nuscl e celasd prote@igrticalBy antiBatéararculhtvng ProceilaCl toAgade Sci .
USA, Zeriedd HdkeinTbe (dpbectubaber a6l i Lf. U iR LEED, 20
vascul ar snmpoth nuscle also results |1 n vasoconstriction. 'z, D.A et
al ., Proc.Z2Boc.78pl (1H®-. MRPC 1865 528 seripgogpyotepsdnbihigBts as a

direct sec A90gHe ) N | t r spurer loagLive

subst ances£% om l}vag%%g?vae%ept Egﬁi g*&%e%?ﬂzg&lagéﬁuﬁ f%tsc?usg g asm nogen
25 adli vaarfR . VidAan, reseltingg|in  fhr GpWn-reewiation 5o 1 thrombinioge). In
adg! ti oPl t@oﬁml X xﬁlit Bet t«tﬁhf teﬁrataﬂqx:mfﬁa&_ar ar}[d Ft?n'a%e Tcaeallﬁawe tﬁan
indirectly elaborate poten ogeni ctiyi on vascu noo

nuscl e cel F¥H AR T€ l?eé"ttéﬁ’?&yofrﬂfé’*? 'alcc‘é‘gt'e c’g%/’tﬁﬂ'h 'toiéa‘ge. g., .

platel et- glogreri veHegaRbiBat f6hObfapaotRBide Ty HIVnbilACiROr thef r om

pl at el et ﬁélgsranul es }8’? oW n tlfl:orrbi n-induced activati on. Ross, R, N.

Engl . J. Senen £+ T;g@g'g)i?‘ in 1S POO%mny significant disease states

are rdsated to Thrombitorines ahsoobéesi shown\Webh ber esppotent odikrket coronary

35 arteri u% ure, ‘g,@% or ' due he

rupt ure ofﬂé%giés’?a ﬁ%sﬁedna gg@%l %P%?F&%ﬁ%ﬁuﬁ%ﬁﬁlﬁg dél1s of

: mesenchymal origin such as wvascular smooth muscle cells.
Chen, L.B. and Buchanan, J.M., Proc. Natl. Acad. Sci. USA,

Z2: 131 ({1975). The direct interaction of thrombin with

20 vascular smooth muscle also results in vasoconstriction.
Walz, D.A.. et al., Proc. Soc. Expl. Biol. Med., 180: 518

{1985). Thrombin acts as a direct secretagogue inducing

the release of a number of biocactive substances from

vascular endothelial cells including tissue plasminogen

25 activator. Levin, E.G. et al., Thromb. Haemost., 56: 115

{1986). In addition to these direct effects on vascular

cells, the enzyme can indirectly elaborate potent

mitogenic activity on vascular smooth muscle cells by the

release of several potent growth factors {(e.g., platelet-

30 derived growth factor and epidermal growth factor) from

platelet a-granules following thrombin-induced activation.
Ross, R., N. Engl. J. Med., 314: 408 (1986).

Many significant disease states are related to

abnormal hemostasis. With respect to the coronary

35 arterial vasculature, abnormal thrombus formation due to

.

the rupture of an established atherosclerotic plaque is
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6 the nmajor cause of acute nyocardial infarction and

unst abl e wo®6ngess Moreover, treatnent of an occl usive PCTUSPSII6g10 . |
t hronbus by either thronbolytic therapy or per cut aneous transl um nal
coronary angi oplasty (PTCA) is 5 often acconpani ed by an acute thronbotic
recl osure of the af fected vessel whigch requires imedi ate resol ution. -~
Wth respect to the venous vascul ature, a high percentage of

pati.ents undergoing major surgery in the lower extremties or the

abdomi nal  ar gge SUbd $br f r oI Wb USa b d Bl UEd-ai80 t he sueBeUsSHVagpul ature
whi ch can result |n reduqed bl ood flowto the affgcted extremty and a

pr edi sposi t i'gRstePle  angiRBnar y MOXERBEFy sntreatmenty ofqfh g lusive
i nt ravascul agorona®Pacthuegiuy Wtﬁe&ccmonbbmyalbot hhéaagyl abrsyst ens

d t hock t I t] d

Char ot er | »ReToSEee it et e, Eot Ry SRBaERRERILY T (BRGRL 15
system c Scoagfltem [ wcmmedasim tan acutien tthyenfoortiet |r@|¢lofsuref eft kheat eni ng
thrombi 0CCULEFOOkeq vddUA ML ERELYPES UL £ d £ kM. deRRERA

or gan farlTure ogenic t SIs In the arteria
vascul at ur e ¥gspect gtapithe é’leF‘ﬁPéalvacﬁS-‘r‘\@érth‘riem tooeios mearentrge PE is the

: eagl ng causga @iez@@é'tﬁd%ﬁ&@l ﬁh]?ﬂf susgesy ie iloweRe extreﬁtﬁt&@lg
eadi ng causes 0 i,n the wester current arteria

t hronbosi s aP%oF i‘@ m&ﬁ@ oFrFﬁesZ‘S& a%ﬁ% t%ﬁ%@@%s g?m‘f“é?"l’%rén
fol |l ow n@ enlzq neéncus ovasculmm:i‘mrwlm:ai-h resanaksulbti én ekdaceduit@dodoronary

vessel s b9 b fé&eacﬂe u&? ' &Hﬁa@oﬂfféigﬁéé%é}?' to.

coronary anglop asty respec onbosi s in
Car di ovasculnmlmwsder ep1b032$m WB 30D$aamnet€& (Hmmr@waswland

Verstraete, Magdi a@l%?]&omonlﬂdcfufrs withind Bt ha@e8®lr shstems |d. at

p 389. In con rast to onbotic, events_in the yenous vaScul ature,

arteri al thr@%b%ﬁfsngt%ﬂesP@S’GitCGFt%’-‘EoPHﬁ%;( Fﬁf@?ﬁ%‘?’i’%nﬁn‘i CRBCREen
fibrin 1f50r n@hd onisr edHddagerized bye tHeoOdrabidoaguhshmpticmscagde and

col Ul ar COTRORG fes SP'AASLA bho ovelhiLE| Sl TRER DR RR0S,

clinical in the formation of life-threatening thrombi occurring
throughout the wvasculature leading to widespread organ
failure. '

20 Pathogenic thrombosis in the arterial vasculature is
a major tlinical concern in today's medicine. It is the
leading cause of acute myocardial infarction which is one
of the leading causes of death in the western world.
Recurrent arterial thrombosis also remains one of the

25 leading causes of failure £following enzymatic or
mechanical recanalization of occluded coronary vessels
using thrombolytic agents or percutaneous transluminal
coronary angioplasty (PTCA), respectively. Ross, A.M.,

. Thrombosis in Cardiovascular Disorder, p. 327, W.B.

30 Saunders Co. (Fuster, V. and Verstraete, M. edit. 1991);
Califf, R.M. and Willerson, J.T., Id. at p 389. In
contrast to thrombotic events in the venous vasculature,
arterial thrombosis is the result of a complex interaction
between fibrin formation xresulting £from the blood

35 coagulation cascade and cellular components, particularly
platelets, which make up a large percentage of arterial
thrombi. Heparin, 'the most widely wused clinical
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7 - - anticoagulant adm nistered i.v., has not been shown to be

uni ver salw@oekgsact i ve in the treatnent or prevention of  PCHU§INMI6HR erj al
t hronbosi s or rethronbosis. Prins, M H. and Hrsh, J., J. Am Coll.
Cardiol., 67: 3A (1991). 5 Besides the unpredictable, recurrent

t hronbotic reoccl usi on whi ch commonlsy occurs follow ng PTCA a

prof bund restenosis of the recanalized vessel occurs in 30 to 40% of
patients 1 to 6 nonths follow ng this procedure. Califf, RM et al.,

J. Am Col | .ai¢baulanty a@Bn(ib®eted i0v.Theas peti beka shgwhr eof bet her
treat nent vmth eith repeat . PT ar Ly arter a rgery
to relieve Y‘F‘Fésal’?‘{vﬁ € %??r%d est’e‘ﬁogﬁs tZ%eas en&sér § év%%tg ozr?” %gl |y
damaged vessatute aut:ealahr Ghyorbespe 0oas srefromposdsd | sPrinst h¥.Hesult of

a hyperprolifesatiy, r%_porbseﬁnn +B8115¢ca 584 5punc§i1,g IMabflyiyuscl e cell's

whi ch over tine results i'n a decreased | um nal di anmet er of the affected
vessel d&e to Beslxﬁmsedhﬁusuher#ésstabﬂe. Agecurrent er itdiraminogiisosi s,

there |5 CUrL&OLdHdu:f! arldn e UMHImGO! WGz’ *2TTBhing baeat hea

prevention of vasc rest enosi nicar recanalization.
The need fe¥ofound r%ﬁf@n@rlﬁe@tfl %e Fﬁ@?ﬁ%bh%?% vesseln(Occyx§urBntd has in

one als‘ptect fesused on ﬁl\}iblei:[éﬂﬂﬁfmfto 6 mbh&hﬁlefdoﬂgoﬂr@ Qﬂﬁ% tg¥cEdurel.n bl ogg

coagul ati on. st preferre ubsirates . fo iin are

reported to €8MEFn Bl uitth&lgedYanfo Qei@ ]?’3' 17: F@cg‘dﬁgﬁl)m

subsite.jg Fo éééfr&:la%lehh_s t e cRiTiRien 5uﬁavé@etreatﬁeﬁe e thheeAmearhaian of

fibrinogen, i's the primar géSlogyglcal substrate for .thronbin,
ét’:ﬂﬁea &

is reported %'GPeat E'B%af’ﬁ gogP ASEhEUTEELY t £8n BAHLEYS he 30
cl eavage siteh@nnéWtyBlEoghednseenbains aRestienesias ofhawmechanieadwy

P2 S veaped ip o Lol S ML
the result of a hyperproliferative response in the
15 surrounding smooth muscle cells which over time results in
a decreased luminal diameter of the affected vessel due to
increased muscle mass. Id. As for arterial thrombosis,
there is currently no effective pharmacologic treatment
for the prevention of vascular restenosis following
20 mechanical recanalization.

The need for safe and effective therapeutic
anticoagulants has in one aspect focused on the role of
the serine protease thrombin in blood coagulation.

Most preferred natural substrates for thrombin are

25 reported to contain an uncharged amino acid in the P3
recognition subsite. For example, the thrombin cleavage
site on the Aa chain of fibrinogen, which is the primary
physiological substrate £for thrombin, is reported to
contain a glycine residue in this position while the

30 cleavage site on the Bb chain contains a serine, as shown
below:

P4 P3 P2 Pl P1

Gly-Gly-Val-Arg/Gly Fibrinogen Aa Chain

Phe-Ser-Ala-Arg/Gly Fibrinogen Bb Chain
35
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8 Peptidyl derivatives having an uncharged residue in t he
P3 position are said to bind to the active site of t hrombi n and t her eby
i nhi bit ™RWedcrsi on of fibrinogen to fibrin and »cewsssuesigel | ul ar
activation. These 5 derivatives have either an al dehyde,

chl or onet hyl ket one or boronic acid functionality associated with the
P1 am no acid. For exanple, substgate-like peptidyl derivatives

such as D-phenyl al anyl - prol yl -argi ni nal (D Phe-Pro- Arg- al),

D- phenyl al anyl - prol yl -ar gi ni ne-chl oronet hyl ketone 10 ( P-PACK) and
acetyl - D- pheny| alpeptidyiolddrivatdaesi mzialveng an (ﬁ&bﬂ&g@he)ré%’:.‘a@r%r 9)
have been r t h ctI blndln

00en LB 0 BOed b e gaid NESTRMAY L ERE LAY "

active site
25: 277 ther:pgmp apg) @éi@reby erxhabltJthNEdon@hemqn&sf ﬁﬁﬁmd@ém) 15

and Baj usz, +3 eﬂlb'illn lda JimBaptd decdyRigln I%ét %60(1198%” %?%ner

Kettner, _C. and Shaw, E I\/Ethods Enzyno]l .
et al., EP %nglb’ﬁﬁbﬁaé’ﬁe&“ erD@ébn%Jé? rdeloseloremetivrl Jetone al .

J. Biol. Chem boron1265¢:1d8£ﬁ9ct£ﬂ&%!!)n.tﬁ esR ciakequivesh hewe ﬁpe&n{&ported
to. 20 bepot anloaulat5| reve |onof Iatele- .~ rich
arterial thro 03| sI7 ¥ I?gi 1e ubsg:[r% '\i %ﬁ tidyl I—ﬁ%ﬁb‘é‘%%t’s"es 65:
736 at absuchct aSZSD-p‘{lQQQJla)lanyHﬁmlyLazpapt.ndyl (b-EREYPlES-ARve  been
proposed or 4 epor n B8 xbionst al-
EP 363, 284 2 Bp&% |esr%§lc? lanyjl Bﬁi&%gg’fﬁ? %;égg;gggu Nethyl) , ketone !

EP 526, 897 ({1 hed FéﬁruaF?e‘ﬂ)]-‘Q‘@Eﬁnylalanyl-PrPérlrblqtomms whi ch
are said to (he-amLpne)spie-boroAfm' bhbQes Béed h éa(?yf%ehuttas\h {19, difder in

structure fr cont.ai unchar am no | n the
P3 30 recoé’?f‘f‘f’f’%’ﬁ sgﬁ’ Ureehly &éb‘%@%ﬁ)d“?d‘ he” active sife cefip

Ar gat r oban @ealzsmecal Baglu®, 4R A-Symigudia Biologica Hunganca, 25: 277
1[N—2(3 tlg)é %34te rah drngumoIlnesquon _

L- ar gi ni nal ] &)pe 87 HERar Box§Fi BlacPd) Meds Shem-pe t 4729 ”t%"% nd

di rectlystoahae Baghisgg sstqetpfai,h; ot N andpbagide pggggntlhggght ), be the

nost potent and sel ective conpound in the class of non-peptidyt
i nhi bitors &f7t Hil®783iyfettner, C. and Shaw, E., Methods Enzymol.,

80: 826 (1987), Kettner, C. et al., EP 293,881 (published
December 7, 1988), Kettner, C., et al., J. Biol. Chem.,
265: 18209 (1990). These molecules have been reported to

20 be poteht anticoagulants in the prevention of platelet-
rich arterial thrombosis. Kelly, A.B. et al., Thromb.
Haemostas., £5: 736 at abstract 257 (1991). Other‘
peptidyl aldehydes have been proposed or reported as
inhibitors of thrombin. Bey, P. et al., EP 363,284

25 {published April 11, 1990) and Balasubramanian, N. et al.,
EP 526,877 (published February 10, 1993).

Peptidyl compounds which are said to be active site
inhibitors of thrombin but which differ in structure from
those containing a uncharged amino acid in the P3

30 recognition subsite have been reported.

The compound, Argatroban (also called 2R,4R-4-methyl-
1-[N-2-(3-methyl-1,2,3,4-tetrahydro-8-quinolinesulfonyl)-
L-argininal]-2-piperdinecarboxylic acid), is also reported
to bind directly to the active site of thrombin and has

35 been thought to be the most potent and selective compound
in the class of non-peptidyl inhibitors of this enzyme.

SUBSTITUTE SHEET (RULE 26)



WD 96/ 18644 PCT/ US95/ 16410

9 kanmoto, S. et al., Biochem Biophys. Res. Commun., 101: 440
(1981). wogsisaban has been reported to be a potent aAPCIISOYNedde | C
agent in several experinental nodels of acute arterial thronbosis.
Jang, I.K et al., in both 5 Crculation, 81: 219 (1990) and Crec.
Res., 67: 1552 (1990) Reptidyl conpounds which are said to
be inhibitors of t hronbi n and whose node of action is thought to be by

binding to both the active site and another site on the 10 enzyne have
been repor tekamotdi reidi at andl. ceBiiachepepBiidphys. Reer i Cakinu@s , ofLohi.r udin
have been r'ff rkfg io I nhi bit Qoth conversion of fibrinogen to fibrin
and pl at el et4%ct 81 on ATIaERhaT has) RePRi TERATIAS HEe heeadt PPSSSItt e and

exo site, cdntithidmbetdx sagenonliyy, sévehadmiixperimdckvnargigers  oEhr omb.
15 Haenostas...  66. 1 . Hyrudinis reparted _to.be a, 65 am no
acid pol ype%%‘f%% %Fé?%%#l 32%2530 areq f ro'brﬁ‘rfgéecﬁ%‘ egalailvar v be&
extract$. 1€ireulatiibn,.o Bd:ondlDf (ER80psAnd Cipot enRes nhi Ex:0r 1568

t hrombi n kn 0) Marki, WE. and - Wallis, RB., Thronb. Haenostas.,
64: 344 (19% It has 20 been reported to inhibit thronmbin by binding to
both its ani Reptiduli mpmpoyndst whanl avei saiddtalbe iimbddtiiteessofe

which are distdhicin apfapsdisedidogedi Sf agbe f LAMGAC : I, T.J.
et al., Science, 2%'9: 277 (1990). Hirudin hasB l%abgréﬁ&%_o}:?ecf’%g%e a
potent ant iR¥YHL TR BYERt thR frfdversitgnapdaranother &itg  onphhenazi e,

43: 2020 (1988me Kedve/, been Peforddal . HiBLALH. akd’ cbrtalh9Pbbeiayhn
addition taq |tsv . antclmt m(}r@%ll ?ﬁeffg)cts, hi_r udi a has ,been,reported to
al so ef FFEATRRANPS it iy O RVFLSESR FEBPEEeRatPodnRARithooth
associ at ed castearmisirs dfolflibwinggerchant tatincam @ lared 80 acatibaeasal erotic
rabbi t fem};]al : i A (o} I : l,., Gocul ation, 84: ]
(1991). bﬂ%ﬁ%&@ngﬁgg} egétlfxe%%? t_%%t]t%e bsgitéaf 6@& iR ﬁégﬁ\'/eﬂr from
the ani oni c-haresxysieencndy. of wihrgmbin. Markyardt, Fepofhedmbo bind
only tast heypaduta Ndiges e Siate®19f. 3usthiaambiin andhdhelehy, ipdigit the
formation of_ fibrin but not the catalytic turnover of small synthetic
substrat es 65 amino acid polypeptide originally isolated from leech
' salivary gland extracts. It is said to be one of the most
potent inhibitors of thrombin known. Marki, W.E. and

Wallis, R.B., Thromb. Haemostas., 64: 344 (1990). It has

20 been reported to inhibit thrombin by binding to both its
anion-binding exo-site and to its catalytic active site
which are distinct and physically distant from each other.
Rydel, T.J. et al., Science, 249:277 {1990). Hirudin has
been reported to be a potent antithrombotic agent in vivo.

25 Markwardt, F. et al., Pharmazie, 43: 202 (1988); Kelly,
A.B. et al., Blood, 27: 1 (1991). In addition to its
antithrombotic effects, hirudin has been reported to also
effectively inhibit smooth muscle proliferation and the
associated restenosis following mechanical damage to a

30 atherosclerotic rabbit femoral artery. Sarembock, I.J. et
al., Circulation, 84: 232 (1991).

Hirugen has been reported to be a peptide derived
from the anionic carboxy-terminus of hirudin. It is
reported to bind only to the anion binding exo-site of

35 thrombin and thereby inhibit the formation of fibrin but
not the catalytic turnover of small synthetic substrates
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10 whi ch have access to the unbl ocked active site of the enzyne.
Mar aganore, J.M et al., J. Biol. Chem, 264: 8692 (1989); Naski, MC.
et al., 3wobéfdses Chem , 265: 13484 (1990). Based on XPCHUS95/16410
crystall ographic analysis, 5 it has been reported that the region of

hi rudi n represented by hirugen binds directly to the exo site of

t hronbi n.  Skrzypczak- Jankun, E. etig al ., Thr onb. Haenost as. ,
65: 830 at abstract 507 (1991). Moreover, the bi ndi ng of hirugen has

al so been reported to enhance the 10 catalytic turnover of certain snmall

synthetic S%é@t 88ve adBedd @DiRe | HLRKND LE8LvE ggggorggat Lpgal

change in he enZ)& active site may acconpany Qccupancy of the exo-
ar

site. Liu, Lelwy%ﬁ al Marzgappge, Endm e2-'66"“:‘16*97"7r ( Bdol)y. Chémyy r&é-éh al so

s reported genl qabsshr onfugkiTed A4 edei':5 alP] at gl etg;2a9r egald on.
Jakubowski, J.A. and Maraganore, M, Bl ood, 75: 399 (19907

A group of shiftet {2920 ner Basedl @EuP‘ega&'omsmlegraphla Rbadyehsl i ke
sequences| i niged nasa Bé¥ﬁ| Ngepbacss reaeen the ! Ordd¥orPePbE deh:.rudln

D- phenyl al anyl - pro I i,ne, whi Qh IS based on a preferred
substrate %%‘g%ﬁ#fcﬁ?a T (hirugsn mthrd&l?ﬁcﬁ Yhi® Jdedh 6% nBite o°he
hirulog. Mitlagmisire et Skrzy@lezakUrénkultat ent. No. et 5, 186, 404 thierBh 23,
1993). The hi,r.ugen Kk eguepge LS s i nked to thi eptide
through t he ‘%5 rﬁa%gl' (gr?d %136 %g %%%Fr%% aédj’!\/aﬁgggﬁd b‘°§§ ver Mgleg

Bi ochenmi st r yoiring/ 095 Hik9Aftn haEhealid egs repottn® tieeanhanes t et 0 be
an effe |ve gents.ln ntin bothfl i ch and
pl at el e r| ch %l ‘{lh %& . I\?a ECTGICR gmﬁ'/felsyalghe Thr 8 s{"nr—ﬁéﬁ‘ﬁstas
65: 651 at dnst Fhrembim( 198@}%3@19 thatO@rtmnfdMamndﬂneszahmee en

reported to dyieyzt dekemii g
4- am di nophenyl yrlmeca acid eA@%&%as een reported o %he a"thr onbi n

inhibitor SitftPitod-WiB5 3ty JanBiolavBhemt e288nbPHAT oKLY ¢s.
However , t higs Sep@pund s.s fseperépee}trea b%ono'ﬁl%%hcecﬁ:'h‘f%mﬁ;%ﬁ r#%abg’éa' ng

trypsin plasmn and kallikrein. ™ Markwardt_ et
1- 243- 535 ( RAsel ety aggregation. i ndakubowski, J.A. and Maraganore,

J.M., Blood, 75: 399 (1990).
A group of synthetic chimeric molecules comprised of
a hirugen-like sequence linked by a glycine-spacer region
to the peptide, D-phenylalanyl-prolyl-arginine, which is
20 based on a preferred substrate recognition site for
thrombin, has been termed to be hirulog. Maraganore et
al., U.s. Patent No. 5,196,404 (March 23, 1993). The
hirugen-like sequence is said to be linked to this peptide
through the C-terminal end of the peptide. Maraganone,
25 J.M. et al., Biochemistry, 29: 7095 (1990). The hirulogs
have been reported to be an effective antithrombotic
agents in preventing both fibrin-rich and platelet-rich
thrombosis. Maraganone, J.M. et al., Thromb. Haemostas.,
65: 651 at abstract 17 (1991).

30 Certain benzamidines have been reported to inhibit
thrombin though non-selectively. 4-amidinophenylpyruvic
acid (APPA) has been reported to be a thrombin inhibitor
with low toxicity and favorable pharmacokinetics.
However, this compound was reported to be non-selective,

35 inhibiting trypsin, plasmin and kallikrein. Markwardt et
al., Thromb. Res., 1:243-52 (1972). Other benzamidine-
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11 derived structures which have been reported to inhibit

t hr ombi NW26/1864# t he cyl i c am des of Na-substituted 4- PCT/US95/16410

am di nophenyl al anine and 2-am no-5-(4-am di nophenyl ) - 1- val eric acid.
The inhibitory constant displayed by these 5 conpounds was reported to be
In the mcronol ar range. Mar kwar dt 13t al., Thronb. Res. ,

17: 425- 31 (1980) . Mor eover, derivatives of 4-am di nophenyl al ani ne
whose a- amno group is linked to the aryl sul fonyl residue via an

w ani noal kyldeaivedy | seruatiuress @a@m hiazrec e beportiéd assessribior their
i nhi bitory

napht hyl sul %ﬁ%@ﬁcﬂﬁrﬂé&a% ngyﬁﬁgnﬁlﬁ’rdﬁﬁ nef Ne-substiguged adnAPAP)

has been re pmlﬂe.chophepyiebssim andaf {2 rarind-G- (WhaanbiAcpkeaPl X-10[ ERR]

L ke

bi s- benzani §ORPSURESe V{’ﬁ?‘enrﬁé%‘#?%d teo be imnhthet mntdnomﬂlam' randée

antithronbi maakivavaty <f Dis-  Thrbgpzamigds nes %Ot ed i§’8(‘g crease
with the length and bul ki ness of the central chai n é ese

conpounds 28orgevery e serivzativepe afentramidinaphienyilalahéngi othosel -
range wher e ahay | 3¢ hBAkBA! @Y th t hr, at h.
Haemorrh., 22 154%%%(?1973 Geratz et ea%fﬂsz“lef\gﬁm%eéesé?“z ﬁg%‘%
(1973): Ger ¥r2mgpoai! Saar 7lic  agign asi9spsgen (11@%) am sregen et al .

Acta B .
B::ofi - M_&,Qe 25& @85”‘&1&?42&? 976?235)&&&?llEj H%R% & n a?ﬁ dﬁ‘k E@arl ng
aromatic ri H@PEIFFM&FHFEE°%¥&#Y°Y ad-saidingprhravidlavindiave been report ed

to possess pipefbégdé %RNAﬁmnbhasanﬂeéﬂtlfé&&lﬂe@t toa%égééé's an/Ni's 30
cl ass of conpounds include the non-sel ective 6-am di no-2-

napht hyl - 4- QﬁéhPélFMoﬁ@ﬁzWMﬂm‘tﬂmﬁe%ﬂf%%atw ( Fartizs) et al.Fujd. et al .,
E:’;tg(r:rg!sras:as 1%81%( 19%‘%%%8% (%?éégr%ﬁn %%’F‘\ztoﬁrlga{ﬁefjl %g ’EH.'aVe been
reportétﬁtoTBSmnbnthst, 296342 (19B8ni.vatives of 4-guani di nophenyl a-
g Certain bis-benzamidines have been reported to
inhibit thrombin. The antithrombin activity of bis-
benzamidines was reported to increase with the length and
bulkiness of the central chain. However, these compounds
20 were reported to be generally toxic in the micromolar
range where they are also inhibitory. Geratz et al.,
Thromb. Diath. Haemorrh., 29:154-67 (1973); Geratz et al.,
J. Med. Chem., 16:970-5 (1973); Geratz et al., J. Med.
Chem., 19:634-9 (1976); Walsmann et al., Acta Biol. Med.
25 Germ., 35:K1-8 (1976); and Hauptmann et al., Acta Biol.
Med. Germ., 35:635-44 (1976).
Certain amidino-bearing aromatic ring structures such
- as beta-naphthamidines have been reported to possess
modest antithrombin and anticoagulant activity. This
30 class of compounds include the non-selective 6-amidino-2-
naphthyl-4-guanidinobenzoate dimethanesulfonate (FUT 175).
Fuji et al., Biochim. Biophys. Acta, 661:342-5 (1981); and
Hitomi et al., Haemostasis, 15:164-8 (1985).
Certain phenylguanidines have been reported to
35 inhibit thrombin. Derivatives of 4-guanidinophenyla-
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12 | anine with inhibitory constants in the m cronolar range have
been reported to inhibit thronbin. This class i ncl udes the -
N[ err] -t osYPa6a¥44nd dansyl at ed 4- guani di no phenyl al ani RETUSPHEA1% i des.
Claeson et al., Thronb. 5 Haenobstas.,-50:53 (1983). Another conpound,
[ et hyl p-(6- guani di nohexanoyl oxy) benzoatel nethane sul fonate (FOY) -
was reported to be a non-sel ective conpetigtive inhibitor of thronbin.
Chno et al., Thronmb. Res., 19-:579-588 (1980). 10 Summary of

the Invention The present invention is directed to novel peptide

al dehyde conpdanise haithg izhgbataryoconsgantaeini rhes mecromolRt anhge
pyridone, pyrg,donSeed’ ARGLdIr LYPS: A5 A ¢ t?&‘oxjnghnt he Aani

backbone. These conpounds are potent bitors of thrombin in
vivo and in vihecbudes the Nhiusosylatme aa@ctdarié;dqtreﬁsem guatarammn S
directed to c h ei X

. ngﬂ%fgﬁaﬂ{né }{;%:[%1 es Claeson %)5: 1. N( I31')ro O) 2.

is selected grou consi st ng =S(
-(C=0) -, -Soc(Hampmostap L3 (1983) . P(Ig;qtrhgr— compoundi,r dethyilnio- (6nher ei n

R is hydrogﬁanzémaﬁmn@:kol?agf BBRYba fof AAR-ALOMRa1 AlNd e O @RQY! 6 tO

about 14 carb atons or a out car bqon at'ons,
and R' is NR wagRrreprrteg, tSR’be vﬁtWI%‘h%eleCtlmeoﬂWetth&nVR' inhiygttomH OH,

H or SH andof thrombidP) Rdnhé sé&techied firapbibe Qﬁé&’.p CQ@-@?@—% gof: 30

(1) alkyl of 1 to about 12 carbon atons, kyl of 1 to
about 3 carbohl888hs substituted with cyclic al kyl of about 3 to about
8 carbon 19
The present invention is directed to novel peptide
aldehyde compounds having arginine or arginine mimics at
P1 and pyridone, pyrimidone, or uracil groups as part of
15 the peptide Dbackbone. These compounds are potent
inhibitors of thrombin in viveo and in vitro.
Thus, in one aspect, the present invention is
directed to compounds of the formula:
1 4
R
o 3
Het H -
s
20 H R, H O (1)

wherein
{a) X is selected from the group consisting of
-S(O)z-—, -N{(R'}-8(0) -, -{C=0)-~, -0OC(=0}-, -NH-C(=0)-,
-P(O){R")})- and a direct 1link, wherein R' is hydrogen,
25 alkyl of 1 to about 4 carbon atoms, aryl of about 6 to
about 14 carbon atoms or aralkyl of about 6 to about 16
carbon atoms, and R" is NR', OR', R', or SR', with the
proviso that R" is not NH, OH, H, or SH, and;
(b) R1 is selected from the group consisting of:
30 (1} alkyl of 1 to about 12 carbon atoms,
{2} alkyl of 1 ¢to about 3 carbon atoms
substituted with cyclic alkyl of about 3 to about 8 carbon
atoms, which optionally is substituted in the ring carbons
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13 wWo véit8egqdr oxyl , am no, guani di no, am di no, or al koORgFUSS6410 a| kyl|
eachr of 1 to about 3 carbons, . (3) cyclic alkyl of 3 to about
15 carbon atons, which optionally is substituted in the ring carbons 5
w t h hydroxyl, am no, guanidino, amdinpsy or alkoxyl or al kyl each of 1
to about 3 carbons, (4) heterocycl oal kyl of 4 to about 10
ring atonms with the ring atons sel ected from carbon and

het er oat ons ,vgﬂlﬁrﬂy@réﬁﬁl hearigg} o g&aﬁ&alﬁellﬁ%aalhbo ma:heaﬂ;gog;%r 0592 4
consi sting of oxy 0 an erein i is or 2, an
which is opta}]dﬁ’gll %37%116’&[ E‘t gf)eab&’ittﬁ cgrf’°1'r‘§'ng .carbons with hydroxyl,

al koxyl or alkyl each ¢f) 1 dyrlic abéyl 3ofarborntsy abauy, gBanicdirben or

am di no, ( yel o t 5 wth
the ring atom; T e&%’é’ ?;},5%8%%_8% £50 d&% t?eroa%aé)q'lﬁ t%i% E-Wﬁg %LQ-E?H%

het er oat 6ns V@rfé’l seyéeerdl f r sminPe gﬂ@apdmno' cemiddnpng cof algart Akt rogen,
and S(Oi, | edeH $01 to about 3 carbons, -NV

-NV 1or i nclu the grou wherein Jerr] is a.,5 to
7 nmenber heterocycl e o?‘i ﬁ@éﬁ%@ﬂ a?%rré fRerabPosr 3G sringp.
-0, - ( O)-atom§(@:2:—h OltheS- nﬁgd AbowH |§electea)t If(i-laaihl | yagBbat | hyged on
the ring car

ans, .1 hy XYL Iko or_al f.l to, bout3
car bons, }he roatol?‘]fa gﬁ%ﬁ%}n&hﬁnﬁ T’?\’B dedlls ttl‘(eg) EXom ERSI of 2
to abouﬂ.06 c@ndam\mbmgchfZEXYQ'snopumtwéry, sanidstS(Ol)Eedwharhznyml ic
al kyl of abo.ut t on at i ch tionally is
substitut ed THh c, P fe r1 ng ca'g)ﬁ ONS Wt h g%ﬂ?%ﬁ;\' Hooutthn?Ri FBe
am di no, rigy a:lanbo;ﬂs vithl kytirokyl,t slhbwvul &rcaikyhseach of 1 to (7)
aryl of abOLgb&1 Q?l%ny gﬁg_ﬁgn &g?d% VWY Glhilg§n@Pt i onal Iy mono-, di-

or trl-substltute (8) heteroaryl

of 5to 14 atons W|th He rhq?fmcyf"&t%r%f s8I && cBOPBMLOarHiNg apoms

het er oattens ,witieriie #1iy atoms selected from carbon and heteroatoms,
wherein the heterocatoms are selected from the group
consisting of oxygen, nitrogen, and $(0);j, wherein i is 0,
3 -
1 or 2, including the group -/ , wherein N~ is a b
to 7 member heterocycle of 3 to 6 ring carbon atoms, where
20 Vv is -CHz-, -0-, -8(=0)-, ~-S{0)32- or -S~-, and which is
optionally substituted on the ring carbons with hydroxyl,
alkoxyl or alkyl each of 1 to about 3 carbons, amino,
guanidino, or amidino,
{6) alkenyl of 2 to about 6 carbon atoms which
25 1is optionally substituted with cyclic alkyl of about 3 to
about 8 carbon atoms, which optionally is substituted in
the ring carbons with hydroxyl, amino, guanidino, amidino,
or alkoxyl or alkyl of 1 to about 3 carbons,
(7) aryl of about 6 to about 14 carbon atoms
30 which is optionally mono-, di- or tri-substituted with Y3,
Y2, and/or Y3,
(8) heterocaryl of 5 to 14 atoms with the ring
atoms selected from carbon and heterocatoms, wherein the
hetercatoms are selected from oxygen, nitrogen, and S(O}j,
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14 wherein i is 0, 1 or 2, and which is optionally
tri-subs™MAW B th Y1, Y2, and/or Y3, (9) msg?r"m? about 7

to about 15 carbon atoms which is optionally substituted on the al kyl
chain 5 with hydroxy or hal ogen and optionally nono-, di-, or tri-
substituted on the aryl ring with Y, ¥ and/or Y3, (10)

het eroaral kyl of 6 to 11 atonms with the ring atons sel ected from car bon

and het eroat gns, wherein t he_heteroatons are selected from oxa
nitrogen, artReReingdofs OwndreFn2i #rd wbich)is) opkignapiyhmPeoopt fdnal |y

substit ut ed can daie ;alderi tabadnwith thdezQ)(hnH/dialyggen and optionally
nono-, di- or trl-substltuted n_the_ring with Y1, Y2, and/or_Y3,
(11) aral kenyl of about®!s tad-'a&%éh}t 95 @han 75 5 oAb chASi sCapPPBnal | y

mono-, di-, ayonid iwiRildiStis ubsEhonallyn gﬁtsstalrtsdterd th Wehé! Alkyl2chapd/ or Y3,
eoPeCt Nel b g P R R ppfel 48 Rt e
het er oat ons Wk&mmﬂe@nf cbm axyyeringivitdyell,, &nd 364/8¢Qr3, wherein i is
e o and ght oh T e AP et "6 B £ hhbnSRA UERE O the
ring atoms selected from carbon and heterocatoms, wherein
the heterocatoms are selected from oxygen, nitrogen, and
10 S(0)j, wherein i is 0, 1 or 2, and which is optiocnally
substituted on the alkyl chain with hydroxy or halogen and
optionally mono-, di- or tri~substituted on the ring with
Yy, Y2, ané/or ¥3,
{11) aralkenyl of about 8 to about 15 carbon
15 atoms which is optionally mono-, di-, or tri-substituted
on the aryl ring with Y1, ¥2, and/or Y3, respectively,
(12) heteroaralkenyl of 7 to 12 atoms with the
ring atoms selected from carbon and heteroatoms, wherein
the hetercatoms are selected from oxygen, nitrogen, and
20 S(0)i, wherein i is 0, 1 or 2, and which is optionally

mono-, di-~ or tri-substituted on the ring with Y3, Y2,

and/or Y3,
HC, _cH,
. r/
25 (13) © ’
HsC CH,
(14) HO '

'&Bsmmssnemuszs;
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15 [err] 5 (17) difluoronethyl and perfl uoroal kyl
of 1 to wooslkesed4 12 carbon at ons, (18) per f PODUSLELHI0OT
about 6 to about 14 carbon atons, . (19) perfluoroaral kyl
of about 7 to about 15 10 carbon atons, and (20) hydrogen,
wherein Y1, Y2, and Y3 are 15 (i) independently selected
fromthe group 15 consisting of hydrogen, hal ogen, cyano, tetrazolyl,

am no, guani di xo, am di no, mnethyl am no, and net hyl guani di no, - CF3,
-CF2H, -CF2CF3, -CH(CF3)2, H § CF3) 2, - OCF3, - OCF2CF3, - OC( 0O NH2,
-OC(O) NHz1, -0OC(0O Nz1z2, -NHCYO z1, - NHC( O) NH2, - NHC( O) Nz1,

-NHC(O) Nz1z2, -C(O OH, -C(O , 20 -C(ONHz1, -C(O Qz1, -P(O) 3H,
-P(O) 3H2, -P(O) 3(21) 2, S(O3H , S(Onzl, -z1, -Qz1, -OH,
-NH2, -NHz1l, and (15X Nza729 wherein mis 0, 1 or 2, and Z1 and Z2 are
I ndependently selected fromthe group consisting of alkyl of 1 to.

about 12 carbon atons, arylHg eRput 6 to about 14 25 carbon atons,
het eroaryl of about.5 to abouyf 14 at ons

{16) OH ,

5 (17) difluoromethyl and perfluorocalkyl of 1 to
about 12 carbon atoms, ' '
(18) perfluorocaryl of about 6 to about 14
carbon atoms,

{19) perfluorocaralkyl of about 7 to about 15
10 carbon atoms, and

{20) hydrogen,

wherein Y1, Y2, and Y3 are
{1} independently selected from the group
15 consisting of hydrogen, halogen, cyano, tetrazolyl, amino,
guanidino, amidino, methylamino, and methylguanidino,
-CF3, <-CF2H, -CF2CF3, -CH(CF3)2, -C{(OH){CF3)}2, -OCF3,
-OCF2CF3, -OC(O)NH2, -OC(O)NHZ1, -OC(O)NZ31Z2, -NHC(0)Z1,
~-NHC(O)NH2, -NHC({O)NZj, -NHC(O)NZ1Z3, -C(O)OH, -C(O)NH2,
20 -C(O)NHZ1, -C(0)OZ,, ~P(O)3H, -P(O)3H2, -P(0)3(Z1)2,
-S(0)3H , -8(0)p2;, -Z7, =-0Z;, -OH, -NH;, -NHZ;, and
~NZ322, wherein m is 0, 1 or 2, and Z; and 32; are

independently selected from the group consisting of alkyl

. of 1 to about 12 carbon atoms, aryl of about 6 to about 14
25 carbon atoms, hetercaryl of about. 5 to about 14 atoms
having 1 to about 9 carbon atoms, aralkyl of about 7 to
about 15 carbon atoms, and heteroaralkyl of about 6 to
about 11 atoms having about 3 to about 9 carbon atoms, or

(ii) Y1 and ¥2 are selected together to be

30 ~-0C(23)(24)0-, wherein 23 and 24 are independently

SUBSTITUTE SHEET (RULE 26)



having 1 to about 9 carbon atons, aral kyl of about 7 to about 15 carbon

atons, and heteroaral kyl of about 6 to about 11 atons having about 3 to
about 9 wo tons, or (i) Y1 and Y2 mreusesheqabed -
together to be 30 -0C(Z3) (Z4)O, wherein Z3 and Z4 are

I ndependent | y WD 96/ 18644

PCT/ US95/ 16410 16 selected fromthe
group consi sting of hydrogen, alkyl of 16 to about 12 carbon atons, aryl
of about 6 to about 14 carbon atons, heteroaryl of about 5 to about 14

at ons havi t.0 u 0 t . |k out..,.{0 about
15 carbon atsgﬁg,c %’Sﬁd fﬁgﬁe%%gr%%% o?%sgbr%uﬁn@%%tfoy&dgéggﬁt %%Lk%é oon*"g Jhavi ng
about 3 to &lsowrbsutatPorazxbons atomsyj tarwheopr ebpud thatoi fabruts bt a

direct |inkcablen &loms, het8PbabyHr @Felubout 5 td Chpbéci S456heshed from
t he group consisting of 10 hydrogen, alkyl of 1 to_about 4 cartb%g at ons,

and al kenyl havigg dodtR 3PPRE aPofErRORaPlORSat GF8lkyl of 1253
sel ect edsf r epoilte TB ObArEONSaEbn8y @hd [MEtdroaralkylWMiel eabbus 1B tE®gen or

carbon: 15 pout( W1 LBlnd Sn3PSE' S8LEOR 108 AHOUR SOSLHdA Yallnl &7
with the proviso that if X is not a direct link, then Rj

is not hydrogen,
{(c) R2 is selected from the group consisting of
10 hydrogen, alkyl of 1 to about 4 carbon atoms, and alkenyl
of about 2 to about 4 carbon atoms, --
{d) R3 is selected from the group consisting of

HaN__NH HaN___NH HaN____NH
N T

HN

J 00

where W is nitrogen or carbon;
15 (e} Het is selected from the group consisting of

R
7
N I(“ o Ir“ | ‘
~ ~
wherein
(1) R4 is selected from the group consisting
20 of

(a) R1, ~-OR1., -NHR_],, -S{0)nR1., and
halogen, wherein n is 0, 1 or 2, and Rl is independently

selected and as defined above, with the proviso that R4 is

o
—-N VvV
not a camphor derivative or N\~ heterocyclo group,
25 {b) alkyl of 1 to about 12 carbon atoms

substituted with Zg wherein Zg is selected from the group
consisting of hydroxy, halogen, -C(O)OH, -C(O}ORg,
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(1) R4 is selected fromthe group consisting 20 of (a)
R1, - OR1, - NER1, -S(O nR1, and hal ogen, wherein nis 0, 1 or 2,
and R1 |womlﬁmndently sel ected and as defined above,PGRE$ISAPHEOpr ovi SO
that -R4 is not a canphor derivative.or [err] heterocyclo group, 25

(b) alkyl of 1 to about 12 carbon atons substituted with Z5 wherein
.Z5 is selected fromthe group consj sting of hydroxy, hal ogen,
-C(OrOH, -C(O) OR8, WD 96/ 18644

PCT/ US95/ 16410 17 -S(0O 30H, and

-S(O) pR8 whergig) 83,1 endl ky;l(o@%xg WRePOMWIRP is alkybof at egsaBo@tpsis 0, 1
or 2, and al kenyl of about 3 to about 6 carbon -
atoms; 5 carbon atofs) anﬂSPl 553@1 ettexd 3+ &A& he group consi sting of

(a) hydr ogen, () alkenAl o Bout B0 @PUAKID §aEReBoAt ONS,

(c) alkyl of 1 to about 3 carbon atons 10 substituted with cyclic al kyl of
about 3 to AAMS8 car bon at ons, (d) cyclic alkyl

of 3 to gbout 6 carbon{2) =rHd 0f8, selected from the gr&d@y) keheiseyfgoal kyl
of 4to about 6 ring 15 atons wWth the ring atons selected from
carbon and ©f heteroatons, wherein the heteroatons are selected fromthe
group consi sting of oxygen (ani t nogogend - S(O i - wherein i I S

i ndependently 0, 1 or 2, rocycl o of 4 to

about 6 ring 20 atons w tﬁb)t heét rlyr%g °§t &n&osg%g'é?e% 170 %rér% 1t ons and
het er oat oms, wherein the het@r ozldgl avf 3eltect sbodt o t¢mrbon gtomp

0.1 or 1 artp i ked \WAIRRCERE SHH o MR B heo abol bNARRBGACN! Y
atoms,
{d) cyclic alkyl of 3 to about 6 carbon
atoms,
{e) heterocycloalkyl of 4 to about 6 ring

15 atoms with the ring atoms selected from carbon and
heterocatoms, wherein the hetercatoms are selected from the
group consisting of oxygen, nitrogen and -S(0)i- wherein i
is independently 0, 1 or 2,

{(f) heterocyclo bf 4 to about 6 ring

20 atoms with the ring atoms selected from carbon atoms and
heteroatéms, wherein the heteroatoms are selected from the
group consisting of oxygen, nitrogen and -S({0);- wherein i
is independently 0, 1 or 2 and which is attached to Het by
a ring carbon atom,

25 {g) alkenyl of 2 to about 6 carbon atoms
which is optionally substituted with cyclic alkyl of 3 to
about 5 carbon atoms,

(h) aryl which is optionally mono-, di-
or tri- substituted with Y7, Y, and/or Y3 respectively,

30 (i} hetercaryl of 5 to 6 atoms with the
ring atoms selected from carbon atoms and heteroatoms,
wherein the heteroatoms are selected from the group
consisting of oxygen, nitrogen, and -S(0O)j- wherein i is
independently 0, 1 or 2 and which is optionally mono-, d4i-

35 or tri- substituted with Y;, Yz and/or Y3,
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a ring carbon atom 25 (g) alkenyl of 2 to about 6 carbon
at ons which is optionally substituted with cyclic alkyl of 3 to

about 5 weldgAgssdt ONB, (h) aryl which peTmsésmsad |y -
nono-, di- or tri- substituted with Y1, Y2 and/or Y3 respectively, 30
(i) heteroaryl of 5to 6 atons with the ring atons sel ected from
carbon atons and het eroat ons, Wner?bn the heteroatons are selected from
t he group consi sting of oxygen, nifrogen, and -S(Oi- whereini is

i ndependently O, 1 or 2 and which is optionally nono-, di- 35 or tri-

substituted with Y1, Y2 and49or YBalkvl of aM3u36/718644 1
PCT/ US95/ 16410 1 a.xyl o TS bout 10 carbon

(j) aral kyl 25pPmgpehicly 1% opidpnaidvcaepen. di- @Hrsrinaubstisussdi onal |y
nmono-, di - fhet&atydUbiid twiltefl ¥qn Yo ahhgzogryg,ri ng,with Y1, Y2 and/or Y3,
(k) heteroaral kyl of 6 to 9 atons with 5 the ring atons sel ected from
carbon atons and heteroat of! hetoFeaxralkylheofietéer bat Gnvatoms swisht ed from

the group theCHisdSitdiss MelREte@N £rBn! EQYBON Mbms IUrfd iet®h@aichsi, | S
independentl%o.l or 2%? whi%his ogtion%lty no-, di- or tri-
subst it ut ed"BRTEIR rFBY HTIFTPREOPS JANPor S§4eCHRf from  theq) gTQER) keny|

of 8 carboncehsistivycbfi sxygenpphitrabby mwdo--S )-; -OrwHereirsubstist ut ed on
the aryl ring with Y1, Y2 and/or Y3, . . . (m _,

het er oar al kéRgepeRdently & niloeE @i ARA whichels|oREiansidysapaeteddirom
carbon at onsrapgi hessborititad bh theerehs witle Y{ ety ealgoes vgre selected
from the group consi sting of_ oxygen, nitrogen, and -S(Qji- wherein i
is I%hdependently- 0, 1 &) 2, a5mbkeivkPf s8 oparbenl pyompnwhich isdi- or

tri-substitopedogalipandndig Witho¥lerY2 8084€it0t%ed on the aryl ring (n)
hal ogen, 20 ) difluoronethyl or perfluoroal kyl of 1

to 3 carbon"atBnkls Y2 and/or (Y%’ (p) perfluorophenyl,
.(q) perfluoroaral kyl of 7 (@) abRétefoaralkediyI0RBRIPEo ANdtoms with

the ring atoms selected from carbon atoms and hetercatoms,
15 wherein the hetercatoms are selected from the group
consisting of oxygen, nitrogen, and -S(0)3j~ wherein i is
independently 0, 1 or 2, and which is optionally mono-,
di~ or tri-substituted on the ring with ¥;, Y, and/or Y3,

(n) halogen, _
20 ¥ {o) difluoromethyl or perfluorocalkyl of 1
to 3 carbon atoms,
{(p) perfluorophenyl,
{(q) perfluorocaralkyl of 7 ¢to about 9
carbon atoms, and
25 ' (r) alkoxy of 1 to about 10 carbon atoms;
(3) Rg is selected from the group consisting
of ]
{a) R1, -OR1, -NHR1, -S(0O)nR1, and
halogen, wherein n is 0, 1 or 2, and R] is independently

30 selected and as defined above, with the proviso that Rg is

v
not a camphor derivative or "~/ heterocyclo group, and
{b) alkyl of 1 to about 12 carbon atoms
substituted with Zg, wherein Zg is selected from the group

consisting of hydroxy, halogen, -ORg, -NHRg, -C(O)OH,
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25 (r) alkoxy of 1 to about 10 carbon atons;

(3) R6 is sel ected fromthe group consisting of

(a) RL, WGM864 NHR1, -S(OnR, and hal ogen, wher SIGFESPL4I0 1 of
2, and Rl is independently 30 sel ected and as defi ned above, with the
proviso that R6 is not a canphor derivative or [err] heterocyclo
group, and (b) al kyll%f 1 to about 12 carbon atomns
substituted with Z6, vvherei n Z6 is selected fromthe group consi sting
of hydroxy, hal ogen, - - NHR9, O OH, . WD 96/ 18644

PCT/ US95/ 164r@(01 R9 -S@e)oéagand S(‘é)‘?&lalzland"h%(%}'ﬂol@s WHEr epRleoted

sel ected | . of Oq tyd2 , | of ute 6

to about 10 car i%%nggolgt%na y 121 cg%d&?nag&?ém afyY oséljbs cp\?‘:ut ed on

the ring wit NOYlab@%néIV’ oF—‘aYQonalaé\’-IOR‘?l Qﬁtlcsladliammmq-o abut or2 tmi-bon
atoms optionalbxeieleed Sh-tRé ringlwic® it'f%téﬁdp&tgft Pﬂlwi hogfl, Y2

and/ or Y3, heteroaryl of 1 to about 9 arbdn at ons ering

at ons sel ®Bct edpolutorh tar bbnuanmheaebeat atrems ebptienaIlymono- t hitl-grap
consi sting ol 9XygeQe Eh&é@geéha% ¥4p10y, Opty I - or
tI’I-SUbStItUtgd onthérlng wth ¢ Y1 2an/or1Y3 gﬁeteroar%ﬂkyl of

about 2 to abetierd@ryl cdarbohoakbestyi 2 hceboni rec-catsonBitle| edieedringpm

car bon and ct 0 Jollls) [

ni trogen andatgP%) Fel an %p?gﬁal&%ﬂ%ngﬂé]} or 1%9,&5 s;él%%bﬁ f%%ed on
the ring with ‘?19'1‘?2Parﬁ9m§r15?3ngaﬁé oxygen, nitroges) argy 'r%(q)qd'epmﬁlent |y
sel ect edléroggrtggn% Xamu";,oup ybﬂ‘%’ %’F@ééj‘?"ﬁgo‘¥l de tehaél R7 'Stﬂmt

hal ogen; ce Lflt y accepta het €0

Pepti dyl ar gi¥nir n§2aﬁ§éh9ﬁe¥3 heand hetenogralierd of abouex? sto a.bmsqultbl brium
structures in ol ut aj usz, . S. t.al., J em,
33: 1729 (19§6fb° h@ggms WIL#rE%?u Fire %Eo oﬁﬁlﬁ‘é’f%ﬁ,fﬁmlfﬁﬁb‘?ﬁeﬂé gi ni ne
al dehyde, heperghtiongdechgdted efr@p thel gvoupncoms stioing dHromygen and

D. The R grounewyld LR e5€(Y) [ Neah8MBpRI8ha?lyd i) @i- or tri-

15 substituted on the ring with Yj, Y3 and/or Y3; and

(4) R7 is independently selected from the R5
group of substituents, provided that Ry is not halogen:

and pharmaceutically acceptable salts thereof.
Peptidyl arginine aldehydes have been reported to
20 exist in equilibrium structures in aqueous solutions.
Bajusz, 8., et al., J. Med. Chem., 33: 1729 (1990). These
structures, as shown below, include the arginine aldehyde,
A, aldehyde hydrate, B, and two amino cyclol forms, € and
D. The R group would represent the remainder of a given
25 compound embodied in the present invention. The peptide
aldehydes of the present invention include within their
definition all the equilibrium forms.
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25 conpound enbodied in the present invention. The peptide al dehydes

of the present invention include within their definition all the

equi librium forms. WO 96/ 18644

PCT/ US95 M6 4éris644 20 [ BCT/YS95/16410

Anong ot her factors, the present invention is based on our finding that
t he novel conpounds of our invention are active as selective -
inhibitors of thronbin. In 5 partigglar, we have found that certain of
the preferred conmpounds of the present invention exhibit advantageous
selectivity in that they are very potent inhibitors of thrombin but are
I nactive or significan | ess active, (sever orders of nagnitude

less) in inhibiting pfasmf 1Q and artti gni fi | gss active in
inhibiting trypsin. Tth-l-G:QNbQ)é viy—f="or i phi bi NHHG(N’I-IQ)QF onbi n gives
t hese conpounds rapeutic adwyant ag ' ting "or

R #@6 ? ha ﬁgégi condi tion

preventing thronbosi's i manmmal suspected o
characterized by abnor nd? t hronbosis. 15 I n "anot her aspect, the
to phar maceut i cal conpositions

present invention is direc

conpri sing a therapQwically effective anmount of a conpound of the
R
H
+

R . N HO N

THO ) Ho

H C(NHo), C{NH;),

c D

Among other factors, the present invention is based
on our finding that the novel compounds of our invention
are active as selective inhibitors of thrombin. In

5 particular, we have found that certain of the preferred
compounds of the present invention exhibit advantageous
selectivity in that they are very potent inhibitors of
thrombin but are inactive or significantly less active,
(several orders of magnitude less) in inhibiting plasmin

10 and are significantly less active in inhibiting trypsin.
This selectivity for inhibition of thrombin gives these™
compounds a therapeutic advantage in treating or
preventing thrombosis in a mammal suspected of having a
condition characterized by abnormal thrombosis.

i5 In another aspect, the present invention is directed
to pharmaceutical compositions comprising a
therapeutically effective amount of a compound of the
present invention and a pharmaceutically acceptable
carrier.

20 In yet another aspect, the present invention is
directed to methods of using the compounds and
pharmaceutical compositions of the present invention for
the prevention of thrombosis in a mammal suspected of
having a condition characterized by abnormal thrombosis,

25 comprising administering to said mammal a therapeutically
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present invention and a pharmaceutically acceptable carrier. 20
In yet another aspect, the present invention 1is directed to
nmet hods wxb9é/1886447g the conpounds - and phar maceut i carCI/088506410i ons of
the present invention for t he prevent.ion of thronbosis in a mamal
suspect ed of having a condition characterized by abnormal thronbosis,
25 conprising adm nistering to said maggal a therapeutically WO
96/ 18644 PCT/ US95/ 16410
21 effective anount of a conpound of the present jnvention or
phar maceut i C@ffé@ﬂi)@sidduﬂm&@”ﬂ)rai gofifoarahof EREPSLE¥bnt inver®dlnNidd on 5
I n accordanc vmthct@éa resent \éentlon and _as use here| %e t he
fol | owi ng t b e et ned:ci §NRave POFPE‘R}FﬁE)mg S (ft Ss
explicitly stat ed ot herW| se: The term "al kenyl " ref ers to
unsat ur at ed %jfﬁni groups having at |east one double bond. 10
The term "al Ky refers to saturated aliphatic groups ~including
strai ght 5chai n, Braactexiaice withartthe gurddent invenduips. and as usebhe
terns "al kox o] r i N
wherein R i sﬂa é{ﬁqkyﬁigrgﬁiﬁh&ﬂge edthd gf&l&gf%ﬂaﬁﬁ%ﬁyc@%‘r‘{)oﬁfﬂﬁ :r%rs

- C( O OR wher®eanings, %1%ﬁsk>ﬁxPhCltly stahedt eeherwisd kenyl " refers to an

al kenyl group Tﬁé'b%Teh:EnUt%(ild@nEﬂl"arkéEéHs QEQUI%nsaturated e dnaiee

"aral kyl" refers tao an, aIk up 20 tltut an aryl group.
Sui t abl e ar aPRS¥PYRPRS at |1%‘@Is&d8PSeﬁfy ‘E‘Efﬁyl and the Ii ke all of

whi ch mayo be 'Dhélbeﬁhl Yaliggtst idtelfieed. to saturaté?ﬂleahf;ﬂ'fatﬁf Yroupefers to
aromatic gro h a st r n acnuaed |
O OUREIBIEY hGaione SbuhERS! eIl NAKLNO, Sgon ugalied P

el ectron sys es caf bocyc ary &€ aryl
and bi arg¥ogpdups, al I of V\:hl ch may be optionally substituted.

g{hfst; mar ';lrylggéﬁp Thé @it O AKBQUP LY MG1kSEy1" rEOEFUY & Grouffrerein
having the fomula, R-0~, wherein R is an alkyl group.
15 The term "alkoxycarbonyl" refers to -C{(0O)OR wherein R
is alkyl.
The term "aralkenyl” refers to an alkenyl group
substituted with an aryl group. |
The term “aralkyl" refers to an alkyl group
20 substituted with an aryl group. Suitable aralkyl groups
include ‘benzyl, picolyl, and the like, all of which may be
optionally substituted.
The term ‘aryl" refers to aromatic groups which have
at least one ring having a conjugated pi electron system
25 and includes carbocyclic aryl, heterocyclic aryl and
biaryl groups, all of which may be optionally substituted.
The term "aryloxy" refers to a group having the
formula, R-0-, wherein R is an aryl group.
The term "“aralkoxy" refers to a group having the
30 ' formula, R-O-, wherein R is an aralkyl group. ’
The term "amino acid* refers to natural amino acids,
unnatural amino acids, and amino acid analogs, all in
their D and L stereoisomers if their structure allow such
stereoisomeric forms. Natural amino acids include alanine
35 (Ala), arginine (Arg), asparagine (Asn), aspartic acid
(Asp), cysteine (Cys), glutamine (Gln), glutamic acid
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The term "aral koxy" refers to a group having the 30 formula, RO, wherein
R is an aral kyl group. The term "am no acid" refers to natural

am no ad¥Qal96/18644 unnatural ami no acids, and amino aci d aneGFHESISIE4P | n
their D and L stereoisonmers if their structure allow such

stereoi soneric fornms. Natural am no acids include alanine 35 (Al a),

arginine (Arg), asparagine (Asn), asgpartic acid (Asp), cysteine’
(Cys), glutamne (An), glutamc acid WO 96/ 18644
PCT/ US95/ 16410 22 (du), glycine

(Ay), histidlug, (&lgFinesdbbyr nbiétidine (His) eudisaeeucﬂ.heu)(lle)l ysi ne

(Lys), e t), heny, ni ne pr (Pro),..
serine i%@{}ké‘ (ﬁ(reggm ne {ﬁ ? tr(;[/'gfgphan“f% 2"i’tu?rosﬂr&?eet?Tyr) and
5 valine (mt)ylalmmfw allPagn no aadsinencl Uiaeo) but mnﬁot (Sexhimted to

azet i di necagRpsyhife acitthr)2- APL-HOCSHIAL ri')), s B 0@ RC agikd,
bet a- al ani ne, _ am n rop| on| c acid, 2- . m _noh u ﬁl’l c acid, 4{ am nobutyr| C
aci d, 6-am WOLERT ufa&mal‘?ﬂ-l?é’plaéﬁélsc igcilyder. RHENBFSOBAEYTi C

acid, 3- 1011mémn soblaiz)eltln.dlnecaﬁbdxyllc 2aaf@nop-aRlh6adipse dacid, 2, 4

di am noi sobylt e, di_am no

2, 3-di am no%r%&pﬂhgm%%igcm ﬁ%sn%-%tt%h ﬁlapiéﬁheag‘lﬁppg"pl%?ﬁfll Sgb ragl ne,

hydr oxyl| ysi aminokityrisy dasifys Anémmgbutyndnyca@@/pr ¢l-amdnocaproic

4-hydr oxypr gkige, z-h&@ﬂ@ﬁaaémc aahho 2Lamindqls %%tgflcnod}lf {gt hyLgl yci ne,

N- net hyl i sol euci ne, N- t hyl vali ne, norvall ne elci ne,
orni t hikfe amaolsobUWIEC i ca&éfid An? TRIiRIRIREIdIcOgs BSdRude t Rednat ur al

and unnaturaiammwuﬁi&l\w Heid,e inﬁcrsilﬂey b'z‘)('j(e-‘alam1nob§¥1€§.§bb| y or

i rreversi bl |f|ed onther 20 t. rmn n oup or_their

si de- chai n %?;b‘g‘ps 48 ~Apmino ’é?(%’rﬁﬁ’e ¥ oniMes 3%?(}1 Olé%ld‘@ n®F hi oni ne

sul f one, Sethylaim&mxgenet M@rm:yiyen.ne, alloShirdackpXysbhdy| ) 3eyst ei ne

sul f oxi de Wdﬁ?_ifﬁ ﬁ%}ﬁiigﬁ fon The m "am no
acid anal og” refers 41 0 an am no acl \?#ér ein fsade sm ‘he E‘ﬁ’er m nal

car boxyt5 grbepieugine, N N-mettylglygingni nolbm@pyamsglaecm n f¥ncti onal

group has metREBraliidl CakhbyvERghé| ed Aorpamtig, fuwh&enﬁhegroaﬁd For

exanpl e, artl .aC| d- ,( et a- net hyI est IS an no aci d anal og of
aspartic ac‘i? chy"l“@zl' ti &8O, RCE ,ﬂ)&alogs include the matural

and unnatural amino acids which are chemically blocked,

reversibly or dirreversibly, or modified on their N-
20 terminal amino group or their side-chain groups, as for
example,. methionine sulfoxide, methionine sulfone, S-
{carboxymethyl)-cysteine, S~ (carboxymethyl) -cysteine
sulfoxide and S-(carboxymethyl)-cysteine sulfone. -
The term "amino acid analog®" refers to an amino acid
25 wherein either the C-terminal carboxy group, the . N-
terminal amino group or side-chain functional group has
been chemically modified to another functional group. For _
example,  aspartic acid-({beta-methyl ester) is an amino
acid analog of aspartic acid; N-ethylglyvcine is an amino
30 acid analog of glycine; or alanine carboxamide is an amino
acid analog of alanine.

The term "amino acid residue® refers to radicals
having the structure: (1) -C(0)-R-NH-, wherein R typically
is -CH(R')-, wherein R' is H or a carbon containing
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30 acid analog of glycine;. or alanine carboxam de is an am no acid

anal og of al ani ne. The term"am no acid residue" refers to

radi cal sSWO/A8844 ng the structure: (1) -C(O-R NH, wherei FEFOPAAS |y

is -CH(R )-, wherein R is H or a carbon -contai ni ng WO 96/ 18644

PCT/ US95/ 16410 23 substi tuent;
or (2) [ferr] , Whereinpis 1, 2 or23 representing the

azetidi necarboxylic acid, proline or pi pecolic acid residues,
respectively. "Biaryl" refers to phenyl substituted by carbocyclic.
5 or heterocyclic aryl as definegdC¥dsein, ortho, neta or para to the
poi nt of attachment of the phen Né}n@ﬂ:O} "Brine" refers to an
aqueous saturated sol ution of odi um chl ori de. " Canphor
derivative, s@hefscdeénthexgr@yps: I 10 , wherein p isCarbecyel Bc aryl”

refers to aromati c _groups.wherein.. the ri atony of the aromatic ring
are carbon af%?ﬁ?s?gc”@gr c?&ﬁt&dépﬁf:arg?ﬁggc ??ﬁ'u&’&c_’ REcPEl i c

car bocycl i ¢ pirearddc gadhsesidoksasrphpaytivelpht hyl and ot her pol ycyclic
groups, all of whiBharsl" brefgns dymlphenyibstilistticsted bySwardployclic

car bocyclei ¢ r ™ d p a i N | . I tabl e
substi tut5 ed %ﬁr %%E?g??ggg%alagggugg ngé@%&lrl]%?- u-gg?ef“ﬁﬂe?]’gj&gl% prﬁ%%.l o2

substitut ed BFde® the Raigt of agbarhmgeht QL sthe nhenyd adwant ageousl y
| ower al kyl, NEELRY , rbOBEE RbKQAY, adndfis abKOXYLREP09Y] ut Idh OGN,

sodium chloride.
“Camphor derivative” refers to the groups:

10
HsC,__cH, HiC, _cH, HyC. CH, HoC, CH;
o) . HO . o, and OH .

"Carbocyclic aryl" refers to aromatic groups wherein
the ring atoms of the aromatic ring are carbon atoms.
15 Carbocyclic aryl groups include monocyclic carbocyclic
aryl groups, such as phenyl; naphthyl and other polycyclic
groups, all of which may be optionally substituted.
Suitable carbocyclic aryl groups include phenyl and
naphthyl. Suitable substituted carbocyclic aryl groups
20 include indene and phenyl substituted by one to two
substituents such being advantageously lower alkyl,
hydroxy, lower alkoxy, lower alkoxycarbonyl, halogen,
trifluoromethyl, nitro, and cyano. Substituted naphthyl
refers to 1- or 2-naphthyl substituted by lower alkyl,
25 1lower alkoxy, or halogen.
"Cycloalkenyl"” refers to a cyclic alkenyl group.
Suitable cycloalkenyl groups include, for example,
cyclopentenyl and cyclohexenyl. '
*Cycloalkyl® -refers to a cyclic alkyl group.
30 Suitable cycloalkyl groups include, for example,
cyclohexyl, cyclopropyl, cyclopentyl, and cycloheptyl.
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trifluoronmethyl, nitro, and cyano. Substituted naphthyl refers to 1-
or 2-napht hyl substltut ed by lower alkyl, 25 |ower al koxy, or hal ogen.

"Cycl oal MEQP$186deiers to a cyclic al kenyl gr oup. Sui t aBFEU CLUSEA6#a) keny!
groups incl ude, for exanple, cyclopentenyl and cycl ohexenyl .

"Cycl oal kyl " refers to a cyclic alkyl group. 30 Suitable

cycl oal kyl groups i ncl ude, for ezanple, - cycl ohexyl, cycl opropyl,
cycl opentyl, and cycl oheptyl. WO 96/ 18644

PCT/ US95/ 16410 24

"Cycl ohexyl met hyl "quabqﬂéﬁ:@rlma:hyg" cycafsrexy|to grouFyclohgsydcharony CH2.
The term "hahpggphed ®f&r@g 0 fluorine, chlorine, brom ne and iodine. 5
"Het eroaral kenyl" refers to an alkenyl group substitued with a
het er oaryl , andThencteres "hahegen" rekars odpcl Fiusyinens dddsyringed in

" Handbook Ofb@ﬁ-!’@létglyd jodidd Physics", 49th edition, 1968, R C. \Wast;
editor; The Chem cal ). CI eveI and, OH. See part icularly 10
Section X, Rul esHeF%’f°a’f\%ﬁﬁTB’1 O gBREETS Corfounds, ELkenyl FgFovent al

Het er ocycl i ca@yst toBed w1th a Hehetesgbakky| " rafder siheludes| Kydhogeoup

substituted I deg e heter cl.i stens
descri bed |nhef=5r%‘%))6 % e%&%t?eg&dob%ﬁy:?cskl ﬁg?%k g% Q-%]}’ %‘ 1968,
R C. Wast, audt Bhyﬁhesme#ﬁchl eRibben, Ca%68, R.C.eWelastd, e@-i.tor She
particul ar | YoRehi QD %ub@é'rescé Or c1ev'él§%h89 @gani cglp Tui

Fundanment al Het erocyclic "Het eroary refers ?o aryl
groups Révi n§efkbem1 €o QREQQScaF‘-BSn Napdng Qwganife CP@R&Pﬁéﬁr & the

gt ons. bagle_ Fulrigggeﬁ@fg q}s&e@aﬂm{m@j gg}g&sﬁbose het erocycl iC syft ens 1968,
escribed in "Hanghook o stry. an yS|c I.tion,

R C. Weast, edi torRﬂ'ﬁr %}Ey;ﬂ Iiﬁ\;qﬁﬁ’s 19\95°é‘?d ’%§t ituged
parti cul arl ywSehtacﬁneﬁércﬁmyés famd 3ﬁcltlémsngho£h gmneroc&aﬂﬁmmte:@
Fundarent al L‘EI:PEB&& c "Han IEB £ léb&@?kg *L‘;Iaerﬁfg&SUI + nclgde

oxygen, nltro erein | % abl é

het er oc;ﬂcﬁ i ce lt-‘saltlyl 1:,9 8rnéi tﬁ-‘deWeﬁ@ﬁ:anyﬂltorthﬂﬂhele &ubber Ser.nol yl
Cleveland, OH. See particularly Section C, Rules for
Naming Organic Compounds, B. Fundamental Heterocyclic
Systems.

"Heterocaryl" refers to aryl groups having from 1 to 9

20 carbon atoms and the remainder of the atoms are
hetercatoms, and includes those heterocyclic systems
described in "Handbook of Chemistry and Physics", 49th
edition, 1968, R.C. Weast, editor;The Chemical Rubber Co.,~
Cleveland, OH. See particularly Section C, Rules for

25 Naming Organic Compounds, B. Fundamental Heterocyclic
Systems. Suitable heterocatoms include oxygen, nitrogen,
S(0)i, wherein i is 0, 1 or 2, and suitable heterocyclic
aryls include furanyl, thienyl, pyridyl, pyrrolyl,
pyrimidyl, pyrazinyl, imidazolyl, and the like.

30 - "Heterocyclo" refers to a reduced heterocyclic ring
system comprised of carbon, nitrogen, oxygen and/or sulfur
atoms, and includes those heterocyclic systems described
in "Handbook of Chemistry and Physies", 49th edition,
1968, R.C. Weast, editor;The Chemical Rubber Co.,

35 Cleveland, OH. See particularly Section C, Rules for

SUBSTITUTE SHEET (RULE 26}



pyrimdyl, pyrazinyl, imdazolyl, and the Iike. 30 "Het er ocycl o"
refers to a reduced heterocycl ic ring system conpri se ,
ni t r ogerWOg&8pdh and/ or sul fur atons, and includes thggg;‘ﬁ%‘s?ggycl ic

systens descri bed i n "Handbook of Chem stry and Physics", 49th edition,
1968, R C. Wast, editor;The Chemcal Rubber Co., 35 develand, OH
See particularly Section C, Rules for 25 WO 96/ 18644

PCT/ US95/ 16410 25 Nam ng Organic

Conmpounds, B. Fundanental Heterocyclic %stems. ]
"Het er ocycl damipg’ OrgpBis Cempoupfls, gBcy| Fundamgptal Hegbsreevedicwith a
het er ocycl 0 sgis@ehrs . and I ncl udes those 5 heterocyclic systens described in
"Handbook of Che rgé_ fk ysic 49t h editi on, 268 R C. Wast,

edi tor; The P%BB@ ﬁfé@xféﬁ and® AR &lEViar tFERMHRr |y
Section C, su@sh:eisutiadr w1|‘dhmang1et@rgpmylcd.o @rqmundmd :‘B:cluded:uﬁld@é@nt al

et or 00YE! | G.oRUSLEIR 110 eystems THECLREBLA! QU BhRLiedd Schenel it

connect i on icals or |nes suc
and i ncl udi mgd5, Pl’pr%f"@r“abl%ﬁt&p eyl taa i n’eﬂﬁﬁdl r@-GL dMerst, edibor {Beous!y

one Or tWo ¢RRARaAt ORBLberSUER 0" GtfSydBthd, oRE StisRledhba af! %@:F]&Ehbranched

chain. 15 : Perfluoroal kyl" refers to an al kyl group
every hydrof&FtieR aled eS| fRY ndaming Orga‘Pé’rfIQRS‘?Rﬁﬂﬂs" réders to
an aryl gr Omn\&at&hthasrieterwmmwsxm@ .replaced with fluorine. *

" Perfl upgoaryl al tetrs! S13wedP 3 ?ee&){'ﬁdt gtgugerﬁggzgﬁev@égnect forl

hydr ogen on the ar nnlety I'S repla
" Phar maceut wiahl prgenapt abfiecals tor iowinmesissdefines such tunitltonpaunds of

t he present ah@veﬁéﬁaggl Kedéﬁréf'@r%%ﬁy cepbingfi ﬁﬂcfmﬁd h4coagp&)unds

and an organic or 1norganic 2 In practlce t use the"salt form
amounts to @éié'antagéf’“?ﬁ@ BRSeOFoFWP FTRELEBNBSGREs ofSudhe grraamentmavivent i on

are useful ipe kerBigheechass &P tbsdhdddRaiv.t h bot h fornms being
const defed 25 Del.ag Wl Beb15 PORREL0L LS o ok L
every hydrogen replaced with fluorine.

“Perfluorocaryl*® refers to an aryl group which has
every hydrogen replaced with fluorine.

"Perfluoroaryl alkyl" refers an aralkyl group in

20 which every hydrogen on the aryl moiety is replaced with
fluorine.

"Ph{armaceutically acceptable salt®* includes salts of
the compounds of the present invention derived from the
combination of such compounds and an organic or inorganic

25 acid. In practice the use of the salt form amounts to use
of the base form. The compounds of the present invention
are useful in both free base and salt form, with both
forms being considered as being within the scope of the
present invention. '

30 The term "Arg-al®" refers to the residue of L~
argininal which has the formula:
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argi ni nal which has the formul a: WO 96/ 18644

PCT/ US95/ 16410 26 [err]
"N al pha-t-butoxycarbonyl-Nerr]-nitro-L-arginine" refers to the -
conpound whbgfsskas the formula: 5 [err] | PCEHUSHSIE4A, t he
foll owi ng abbreviations stand for the follow ng: 10 "Boc" or "BOC
refers to t-butoxycarbonyl. " BOP" refers to -
benzotriazol - 1-yl -oxy-tris- (di met hgkam no) - phosphoni um
hexaf | uor ophosphat e. "Bzl SO2" refers to benzyl sul fonyl.
"DCC' refers to N, N-di cycl ohexyl carbodiimde. 15 " EDC' refers
to 1-ethyl - 3-(3-di met hyl am no- —@Ropykpgar bodi i m de hydrochloride
salt. "HBTU' refers to 2-(1H bemMebiriazol-1-yl)-1,1, 3, 3-
t et ramet hyl ur oni um hexaf | uor ophosphate. =

. NH

H,N NH

"N-alpha-t-butoxycarbonyl-N¥9-nitro-L-arginine* réfers
to the compound which has the formula:

5 . -
>(O\n/NH \/°°2H

o s

- NH
HNT SN-NO,

In addition, the following abbreviations stand for
the following:
10 "Boc" or “BOC” refers to t-butoxycarbonyl.

"BOP" refers to benzotriazol-l-yl-oxy-tris-
{dimethylamino)-phosphonium hexafluorophosphate.
"Bz1S02" refers to benzylsulfonyl.

"DCC" refers to N,N'-dicyclohexylcarbodiimide.
15 *EDC" refers to l-ethyl-3-(3-dimethylamino-
propyl)carbodiimide hydrochloride salt.
*HBTU" refers to 2-{lH-benzotriazol-1-y1)-1,1,3,3-
tetramethyluronium hexafluorophosphate.
*HCl1l* refers to hydrochloric acid.
20 "HOBt" refers to l-hydroxybenzotriazole monchydrate.
. "HPLC* refers to high pressure liquid chromatography.
"2-PrPen" refers to 2-propylpentanoyl.
"LiAlH4" refers to lithium aluminum hydride.
"LiAlH7 (OEt)2 refers to 1lithium aluminum dihydride
25 diethoxide. ' . .
"NaOH" refers to sodium hydroxide.
"NMM* refers to N-methylmorpholine.
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"HC " refers to hydrochloric acid. 20 "HOBt" refers to

1- hydr oxybenzotri azol e nonohydr at e. "HPLC" refers ¢ %%ﬂ pessure
| i qui d cPNOESHHr aphy . "2-PrPen" refers to 2-propy! ‘g'éfﬂ S&r

"Li AlH4" refers to lithium al um num hydri-de. "Li AlH2(CEt) 2 refers
to lithium alum num di hydride 25 di et hoxi de. "NaCH' refers to
sodi ym hydr oxi de. "NNM' refers 29 N net hyl nor phol i ne. WO

96/ 18644 PCT/ US95/ 16410

27 "TBTU' refers to 2-(1H-benzotriazol-1-yl)-1,1,3, 3-

t et ramet hyl ur oni UHFREI Y} afieférsbotat e2- (1H-benzotmigzok-giaild o 1.3, 3~
tetrahydrof uﬁéﬂramethyluronlﬂhctefzﬁéQIﬁoi‘QbéPé.Eb | ayer chromatography. 5

Brief Description of the Draw ngs gure 1 depicts a general
reaction scherre "FHE refﬁfrsefiﬁ’r &Fltﬁﬁhﬁflr%’r‘f%?n conpounds of the present

i nventi on. | nepae s FdfiEyse to thihr Qegbri vhrener sipfaplad as: i) N 10
hydr oxybenzotri azol e, 1- et hyl - 3- ( 3-di net hyl am nopr opyl) carbodi i m de
hydr ochl ori de sal t and N-net hyl m)rphol i ne; ii) hydrogen gas, palladium
on carbon, eBibe 4 £ Bndwinder; iii) 3 N HJ; and iv) sodium
acet at e, foII wed by ur|f| gation usin otrifl Qroacet).c 15
acid in acetonit rﬁ%uﬁ%d 1cts geﬁeﬁﬁ#egraa%i%lpﬂ’%t ssclﬁa ge%ar al

reacti on scpeepardtion of p:ee‘panat compofhnder ¢ fi the ayraents :ofvemeormr esent
i nvention. P hi gfdr%‘” &) '&h%gﬁ&‘x’glivw R Cfg,gd nggl. as 1)) agodi um

hydri de and eth rormacet ate; drogen_gas an pal | adi um_on
car bon; 10 )hx@tCPiFXih’W%alﬁPlS@Z Cll"ﬁﬁéh’é 052 Bf@l!ﬂ%tlaslad@mmpwér ei n;

i v) aqueous é%éﬁﬂﬂﬁﬁé)xhgﬁraaﬂlorlde ”Fgél?tnohnd Nomethylmorpholine;
Nerr]-nitro; rhglnlnal et hy 133 lH%/ﬂclrochlorld sal t,
N- hydroxyben&b)(r ggrgen %ﬁwlpg t £ oFi RATRA M RERRRODY | AESHSdi i mi de
hydr ochl ori decsal anandvatier ; N-1iei)hy3 md¥ pROL } nandvijvhydodden gastara,l adi um
on car bon, a Vig ko3 X o sl
sodi um acet af%lf‘g angdo%%eggﬁéL&ugﬁrklgfggg?%hgég n d')l(?. 1%%19 1uo@%‘$c‘€€1c)
15 acid in acetonltrlle and water.
Figure 2 deplcts a general reaction scheme for
preparation of certain compounds of the present invention.
In this figure, I) through viii) are defined as: i) sodium
hydride and ethyl bromoacetate; ii) hydrogen gas and
20 palladium on carbon; iii) collidine and R3-S02-Cl, where

R1 is &5 defined herein; iv) agueous sodium hydroxide and

methanol; v) N9-nitro-L-argininal ethyl cyclol,
hydrochloride salt, N-hydroxybenzotriazole, l-ethyl-3-(3-
dimethylamino-propyl)carbodiimide hydrochloride salt and
25 N-methylmorpholine; vi) hydrogen gas, palladium on carbon,
ethanol, acetic acid and water; wii) 3N HCl; and viii)
sodium acetate, and then HPLC purification using 0.1%
trifluorocacetic acid in acetonitrile and water.
Figure 3 depicts a general reaction scheme for
30 preparation of certain compounds of the present invention.
In this figure, I) through xiv) are defined as: i} R4~
C{=NH)-NH2, where R4 is as defined herein; ii) sodium
hydride, allyl bromide; iii) sodium hydroxide; iv)
triethylamine, diphenylphosphoryl azide and heat; v} t-
35 butyl alcohol and heat; vi) trifluorcacetic acid; vii)
collidine and R1-S02-Cl, where Ry is as defined herein;
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trifluoroacetic acid in acetonitrile and water. Figure 3 depicts a
general reaction schene for 30 preparation of certain conpounds of the

present |iWOSNSEH. In this figure, 1) through xiv) ar c PEEMUSPRS4N: ) .
R4- C(=NH) - NH2, where R4 is as defined herein; ii) sodium hydri de,
allyl bromde; 1iii) sodium hydroxide; iv) triethylam ne,

di phenyl phosphoryl azide and heat; v) t9g35 butyl alcohol and heat; vi) -
trifluoroacetic acid; vii) collidine and R1-SQ2-C, where Rl is as
defined herein; WD 96/ 18644

PCT/ US95/ 164¥80ii} N-methylmorpholine-N-oxide and o@&fium tetz\d:d:jd)e ix)

N- et hyl nor phol_i ne- N--oxj de and osm un%t et roxi_de;, iXx) I um peri odat e;
x) sodi um chFBAIEB: BEJLq§ahs: - )t rofium chioxitens) *1) et 'Tnl trardi-ol

hydr ochl ori dergiffhél Mthyl hygeasybenzoiydirazhlieride salt, N-
l-ethyl-3-(3 anj_nopropyl ) car bodi i mi de hydr hI rid s | t and
N- nmet hyPﬁn?%ﬁ%d#?% gy&’l‘a} c’rflpe’:lé)(l | adi um on car bon, ethan t% % tic acid

and wat er5 xfinetBRlaCinoprabwd \Carbodiidmide hn@e@@hbqn@ldsaltt h@ld N-HPLC
purifi cat ' Onmetﬂiiﬂgrphglfn/ _ xit:.r)' f 'd&lrl %Fn' ¢ #C1 GdrbaGet Qaﬂ:'ﬂarndle and

wat er . ure epi ¢t's géneral reaction Schene fo
pr epar at | on BFeEéthﬁcﬁ-dcoﬂ’a%umeﬁf' t’ﬁél’p)r eS&t Behw emidonxiv) ﬁcﬁhﬂiﬁ s

;Igugeh i) t?ﬁéﬁ&té)laf@m@efhﬂﬁﬂh?SHPFb 1, ﬁﬁilflfatlon using R7£ #% e
exane i silazang an orotrine sila eated in
di net hyl fornﬁﬁxgg UORART R+ F?Fﬁ‘ilé’saﬁgf’?ﬁé r& $e"\l’arFe%rnd X is a

hal ogen:10iii) tPigabatylandepicts a ienerade nealc'eidslyl élﬂ'mmc@o&t e; 1v)
hydr ogen gas . pal F vvhere
R 09°, %0 Rleraci PR LA NN SRl 68 EhE! P A, R Ge,

L argi ni nal Istppis Figuxnd, i) htbeeshl &0i ke %%#Jtned as:20) 1,1,1-
hydroxybenzogrgagohgxame yld:.sﬂ.a@tamél atid ekl ES AR silane; ii)

propyl ) car bodi | nj de raochl ori de salt

[\
met hyl rmrphosvﬁeheeFPﬁ) 1BaﬁF’&ﬁFhlﬁ’r%‘?F‘E%?’tﬂﬁ1 @%&i& R7 is agdafined 4 and
vwater; ize 3hebCin aaaax)xsoégunaacsa%een 1§i1)d t b iRl Rl 1%t | ONn

using 0.1%trjfluproacetjc aci In acetonityile and water.
Figure 5 depfiterife raé’QCtFBhY£ EBEEHar ¥} ohYATogeR F3Hm3EGhd of
t he present paltadiem. onl cakbbfn;fvyubRlidine and Ri-502-Cl, where R;3

is as defined herein; vi) sodium hyéroxide; vii) NY9-nitro-

L-argininal ethyl cyclol, hydrochloride salt, N-
20 hydroxylgenzotriazole . l-ethyl-3-(3-dimethylamino-

propyl)carbodiimide hydrochloride salt and N-

methylmorpholine; wviii) palladium on carbon, ethanol, _

acetic acid and water; ix) 3N HCl; and x) sodium acetate,

and then HPLC purification using 0.1% trifluorocacetic acid
25 in acetonitrile and water.

Figure 5 depicts the reaction scheme for preparation
of a compound of the present invention. 1In this figure,
*Boc" refers to the protecting group, t-butoxycarbonyl:;
*Cbz" refers to the protecting group, benzyloxycarbonyl;

30 and "t-Bu" refers to the protecting group, t-butyl. Also,
in this figure, i)} through x) are defined as: i) lithium
aluminum hydride; ii) ethanol and HCl; iii) hydrogen gas
and palladium on carbon, 1.0N HCl; iv) sodium hydride and
t-butyl bromoacetate; v} hydrogen gas and palladium on

35 carbon; vi) sodium bicarbonate and allyl chloroformate;
vii) trifluorocacetic acid; wviii) N-hydroxybenzotriazole,
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"Boc" refers to the protecting group, t-butoxycarbonyl; "“Chz" refers to
the protecting group, benzyloxycarbonyl; 30 and "t-Bu" refers to the
protecti Wpriseqd, t-butyl. Al so, in this figure, i) (ROTIIRINIGINO ar e
defined as: i) lithium al um num hydri.de; ii) ethanol and HO; iii)

hydr ogen gas and pal | adi um on carbon, 1.ON HC; iv) sodium hydride and
t-butyl bronpacetate; v) hydrogen gas g pal | adiumon 35 carbon; vi)

sodi um bi carbonate and al |l yl chl or of or nat €; vii) trifluoroacetic acid,
viii) N-hydroxybenzotriazol e, WD 96/ 18644

PCT/ U895/ 164_’l:-(éthy1 ~3-(3~ dimethylamlno-propyl)carbaalg_mlde

1-ethyl - no-p 1) c diigde hloride , salt
and N rret h); I"fror p Y’ ?% £Q:P aglﬁée)xaf Iriqu 55%8‘?8%8#‘?%1%%1 d: atd x)
sodi um acet éleélaefﬁﬁoﬂfﬁ@h°59h°FPE@M1 fan@txbnsqélmg Acdibtte idndiotmacet i c
acidin 5 mlconph&w@caagomat@émg 0.1% Figu 8, 8-A8PLELS tA8ia in

anticoagul ant effect 8 %n
((benzyl 3ul PERFPPIFEASE- 328x82%eB- di hydropyridyl] acetyl - L- ar gi nal
measur ed i n citr atighrleuntn desrs, ﬁh@s%iztlcoagﬁn.&ﬁkesei(f]éot usiengri-he

d Th trol
L VA e Pl UUBAN PR Gl AT Bstl ThSeegent T 0!
The conéemrganaén okashredcompouniitodtéedie Iumsmentplasmat | oflosed Whi ch
caused a dogg_lrb@_gsof(lt)he &Qﬂié olthgl Oéctﬂ:.%ttedm;%ééxfh en?ﬂn&%}%‘gr’)%fsm was 7.7

m'cronol ar. The data Is an |ons
Figure 19  &épect s‘Apa'T)re&éFPBn scﬁéﬁe cpptrol heClOttmsepatmen oF

conmpounds wWigheébatdxr)s @of I Baimahi Niplaskl wast Ni2® fihdaRasl.) thrgugh ix)
are defined as i%‘ h%gr'oﬁe%;gaﬁg& and | adi um on carbon; ii)

di - t - but yl dFERFEBRAPE qHd %0 “¥ti EHRPRE bBhat8e iRHeSeRSdi iAVRiie and
Rl i odi de; whjich cassgidura hakidinge; oﬁ/)tIE)O;:ohIEBbl 2nethingt yimaoriphol i ne;
Vi) hydroge I [ et acet | aC| d and
water; vili Bg% E g?%gﬂ?o‘??% g? 3&% ﬁrl) < s%acﬁaur?i Ct&ea t hen
HPLC pu¥$f| &¥Pi & ﬁdﬁﬁﬁée@tl‘%wmm&tﬁlom oacetic acid in acetoni t rile and

vat er . Figure & daahles Aa I AEdDLn SCOMENe [ Ofor! Nthe
preparation of certain cgnpounds of the present |nvent| this
Fi gure, |)erRFEE§ﬁ°nvP)Q' cgpgounds wheyekiXnis a direct link.  In

this figure, i) through ix) are defined as i) hydrogen gas
and palladium on carbon; ii) di-t-butyldicarbonate and
20 sodium bicarbonate; iii) sodium hydride and R; iodide; iv)
sodium hydroxide; v) EDC, HOBt, and N-methylmorpholine;
vi} hydrogen gas and palladium on carbon, ethanocl, acetic
acid and water; vii) 3N hydrochloric acid; and viii)
sodium acetate, and then HPLC purification using 0.1%

25 trifluorocacetic acid in acetonitrile and water.
Figure 8 depicts a reaction scheme for the
preparation of certain compounds of the present invention.
In this Figure, i) through wvi) are: i) potassium
carbonate, dimethylformamide and t-butyl bromoacetate; ii)
30 lithium hydroxide and tetrahydrofuran; iii) triethylamine,
diphenylphosphoryl azide, dioxane and heat (about _°C);

benzyl alecohol and A; iv) hydrogen gas and palladium on

carbon; v) R;80,Cl and collidine; and wvi) trifluoroacetic
acid. See also Examples 91-96. R1 is as defined in

35 connnection with formula (I) herein.
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carbonate, dinethylformam de and t-butyl bronoacetate; ii) 30 [lithium

hydr oxi de and tetrahydrofuran; iii) triethylam ne, di phenyl phosphoryl
azi de, di oxane and heat (about _ [err]O; benzyl al coh iv) -
hydr ogen W296A844pal | adi um on’ carbon; v) R1SO20 and g?p{ll%ﬁ}é\o and
vi) trifluoroacetic aci d. See al so Exanples 91-96. Rl is as defined
in 35 connnection with fornula (I) herein. WO 96/ 18644

PCT/ US95/ 16410 30 30 Figure 9
depicts a reaction schene for the preparation of certain conpounds
of the present invention, i ncludi ng conpound 18 in Figure 3. In this
Figure, i) t Fistigie vid aPePiffst etr a- Feackion anachemen f Ifoar | dehe 5

di met hoxyet haje, a&&@lbnbutybe.@éemaa&nﬁﬁé&aé Io)f lthEhbk‘g‘sent hygeoxigle, and

t et rahydr of ur an, i ) tr| gt hyl am phenyl phosphor yl azi de,

di oxane and APHHHFE A and in FAguFG) 3hydr6§eﬁ%§§s ERTea| | Bdi um on

carbon; v) RJtﬂiﬁ)Z‘ﬁgh v:.)andré- nﬁhylmﬁ&}dquﬁndambniﬁmf | fDLeRidd ) C

acid. Seg ;ﬁg@fé,% gﬁ%es anH)Z j‘%thle:l'bé1 oﬁA’et%.tfo aee)l C{.ltr:-h:aum

connect i on Wi here
reaction scﬁéﬁ@é‘oméle thed t@tze#archtqfowa@f. cenn-aDn cbupetivtanine he

) 15"« i ugtiehrpy pgsBE VAR SR vl o BeRafx abfopel “wid 01 ®
di hyl sul f d
butyl bf ooacial &) mﬂ’ﬁﬁﬁ?o%ﬁ "ond'% fai%%w PRAFERPERT v SFBE i v)

R1s2d and %J%\thjrg C aci See
al so Exanpl es %8- &%Qghgﬂ%e %&' v¥ s dee###eé ﬁq%oﬁar#e§lonéjevﬁth
fornul a ?E) [fdis® nExamples 10397 131de$ﬁ1@t Ra laé'&ctiién defibmed f gkn t he-
preparati on Qoneeidal, QQEHOE :p; (ﬂe qgr%qglnt I nvention. In this

Figure, i) through vVil) arer equi val ents lithium
di i sopr ophy! ani de Figpxe 50oR s ‘FR#‘F‘E,S achd: YeAFFion scheme for . the

preparation of certain compounds of the present invention,
including compound 26 in Figure 4. In this Pigure, i)
15 through +v) are: i) potassium carbonate, R,X and
dimethylsulfoxide; ii) sodium - hydride and t-
butylbromoacetate; iii) hydrogen gas and 10% palladium on
carbon; iv) R;S0,C1 and 4-methylmorpholine; and v)
trifluo;oacetic acid. See also Examples 108-111. R1 and

20 R7 are as defined in connection with formula (I) herein.
Figure 11 depicts a reaction scheme for the-
preparation of certain compounds of the present invention.
In this Figure, i) through wvii) are: i) 2 eguivalents,
lithium diisoprophylamide, RX, 50% sulfuric acid; iii)

25 triethylamine, diphenylphosphonyl azide, dioxane and A;

benzyl alcohol and A; iv) sodium hydride,
dimethylformamide and t-butyl bromoacetate; v) hydrogen
gas and palladium on carbon; vi) R;S0,Cl and collidine; and
vii) trifluorcacetic acid. See also Examples 97-101. Ri is
30 as defined in connection with formula (I) herein. Ry is
any R4 substituent minus one carbon, such as methyl if Ri

was ethyl and X is halogen.
Figure 12 depicts a reaction scheme for the
~ preparation of certain compounds of the present invention.
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25 triethylam ne, diphenyl phosphonyl azide, dioxane and A benzyl

al cohol and A, V) sodi um hydri de, di net hyl f or mam de and
t-butyl broywagalsad e, Vv) hydrogen gas and pal | adi um on cRCTAFRISAE40
R1SO2C and col l'idine; and vii) trifluoroacetic acid. See al so Exanpl es
97-101. Rl is 30 as defined in connection with fornula (1) herein. Rx is
any R4 substituent mnus one carbon, such-gs nethyl if Rl was et hyl and
X is hal ogen. Figure 12 depicts a reaction schene for the
preparation of certain conpounds of the present invention. WO

96/ 18644 In this Figure, i) through PGUS9akd6410Gi) 1lithium
31 In this hr oug lithium

ar e: , .
hexanet hyl di si PS%PH@tgyléﬁFbi%ﬂ"%ﬁet hyl'%}?]r%f')rfétrlmﬁtlhp’ljﬂsﬁn]r? lithium
hexaret hyl di si hazasiethgbdisibanidé detayde; benzaldehiyfeym ii) lithium

h hyl di d %
pal | i um on’ cAFFBRCCAYARGEEIegRes Aad vt Bondificdia ET) eEERig ]

Exanpl es 1F4- 1aghydride, 10| gaddadldunephncrerhoneabyiongenhgas; f andt Aw)

preparation of 4 E&Eéﬁ?h?@%ﬁ%gs Sletoesdr 1d10NLhaR. In this
Figure, i) throu are: t hi ourea and nmet hanol to give a 97%
yield of 72 (conpofdgyuse | gepictq 3nq. |r%a°é'-ﬁ|°6‘r| RERERE WER%Er £Hegi ve
?Q%h_yi el d of 7§reparé.€%3ﬁ0bllﬂdcl::)ert§§an coxﬁ%&lﬁﬂ@ of fth'b?@)r,esentl Ilhn)l;rentllon

i thium trjnet Si ani de tet rof uran ut
bronpacetate t g| | of" %of E?arrplr clg’ °i‘§ﬂay nji

hydr ogen dis améthahbé.dltmngnve:aabaﬁi%t (Ylgﬂ-deof 7238 (setpoehd of ‘mample
(conpound of l,e 3) ; Ni g i to
gi ve 65% vyi el 5{%5‘9 Qﬁ h%mdﬁ?ldgg arrp%¥D il)(g i?ogl trl??ﬁié‘?og&t?g
aci d and néphy‘PQH@dchl orPHe to%?wlef quaniBfati ve yiidid of Adtpgum

(conpound of Qlié%ylsﬂyn)aﬁhawmwﬁ@ha and -butyl
TR ARG et ST i e M e T
15 137); iv) hydrogen gas and palladium on carbon to give
$8.5% vyield of 76 (compound of Example 138); v} 4-
methylmorpholine, and acetonitrile to give 65% yield of
78 (compound of Example 139); wvi) trifluorocacetic acid
and methylene chloride to give a qguantitative yield of 79
20 {compound of Example 140). vii) N-hydroxybenzotriazole,
l-ethyl-3-(3-dimethylamino-propyl)carbodiimide
hydrochloride salt, 80 (N9-nitro~L-argininal ethyl
cyclol), 4-methylmorpholine at room temperature to give
55% yield of 81 (compound of Example 141). viii)
‘25 hydrogen gas (1 atm), palladium on carbon, ethanol, acetic
acid to give quantitative yield of 82 (compound of
Example 142); and ix) 6N HCl, room termperature, about one
hour to give 74% yield of 83 (compound of Example 143).
See also Examples 135 to 143.
30

Compounds of the present invention have the formula:
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cyclol), 4-methyl norpholine at roomtenperature to give 55% vyield of
81 (compRygdendtlis Exanple 141). viii) 25 hydrogen gas (BcyEU$g95/16410

pal | adi um on carbon, ethanol, acetic acid to give quantitative yield of
82 (conpound of Exanpl e 142) ; and ix) 6N HO, roomternperature, about
one hour to give 74%yield of 83 (cogg%gnd of Exanpl e 143). See

al so Exanples 135 to 143. 30 Detaile scription of the Invention

1. Preferred Conpounds Compounds of the present invention have
the fornul a: WO 96/ 18644 Rs

PCT/ US95/ 16410 O 3x[érr] wherein

(a) Xis selected from the group pHepnsiftin
)-S(02-, -(CO-, -0=0 - R~K+N(=0>" BN~-
link, wherein R is hydrogen, | kyl of 1’_‘1to out 4 carbon atons,
aryl of about gﬁ about 14 carbon ato or aral kyl of about 6 to about
16 car bon™ Sﬁé and R" is NR, OR, R, or SR, with the provi so
that R' is not NH, (@&, M os S!’rel%smjed 1GErom theb) gr&ipi scond issttiowy f edim t he
group consi st i_i - (1) a of 1L Qut 12nfa .atons,
(2) alkyl of 1 ?o(?ﬁbout liguéar b%#\og ons kdqd')s)ubstlt%c?e_ggwth cycl |(2@gl Kyl of
about 3 tos abept{03 (Rar)borand aatdmnecwmlld:hkoptwlmwé:lry IRS silbsthytdttogén,n t he
ring carbons 1 dr ox mno ni di koxyl or
al kyl each of ik?'gl tr}%/ égcé% tarbs acL;omS, |c§%1?‘% 80?‘{" %3 to
about 15 car bedbout MmmmewI@t ponalriaykivd afostbcmneﬁj to wbeuti g
car bons Wb RpRKd ks 3&[%16{‘03" gygnll\ﬁg.no,oﬁam dgno, Qr ﬁkox }_ lr&._%'(; -
oal kyl o

al kyl each of 1 to about 3_carbons, §4) het'er ocyc
to about 10 rpﬁ@Vlso that R* is not NH, OH, H, or and;

ofy -S(02-, -NR
(R")- and a direct

10 (b) R1 is selected from the group consisting of:

(1) alkyl of 1 to about 12 carbon atoms,

{(2) alkyl of 1 to about 3 carbon atoms
substituted with cyclic alkyl of about 3 to about 8 carbon
atoms, which optionally is substituted in the ring carbons

15 with hydroxyl, amino, guanidino, amidino, or alkoxyl or
alkyl each of 1 to about 3 carbons,

{(3) cyclic alkyl of 3 to about 15 carbon
atoms, which optionally is substituted in the ring carbons
with hydroxyl, amino, guanidino, amidino, or alkoxyl or

20 alkyl each of 1 to about 3 carbons,

(4} heterocycloalkyl of 4 to about 10 ring
atoms with the ring atoms selected from carbon and
heterocatoms, wherein the heterocatoms are selected from the
group consisting of oxygen, nitrogen, and S(0)i, wherein i

25 is 0, 1 or 2, and which is optionally substituted on the
ring carbons with hydroxyl, alkoxyl or alkyl each of 1 to
about 3 carbons, amino, guanidino, or amidino,

(5) heterocyclec of 4 to about 10 ring atoms
with the ring atoms selected from carbon and heterocatoms,

30 wherein the _-heterocatoms are selected from the group
consisting of oxygen, nitrogen, and S(0)ji, wherein i is 0,
N

—N vy . —N
1 or 2, including the group \—’ , wherein \/ is a 5
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atons with the ring atons selected from carbon and het er oat ons, wherein

the heteroatons are selected fromthe group consi sting of oxygen,
nitrogen, wshedgéddi , Wherein i 25 is 0, 1 or 2, and whi ch iBCIpS$ISaa4lol y
substituted on the ring carbons with hydroxyl, al koxyl or alkyl each of
lto about 3 carbons, am no, guanidino, or am dino, (5)

heterocyclo of 4 to about 10 ring atons 33 with the ring atons sel ected
from carbon and heteroatons, 30 wherein the heteroatons are selected from

t he group consi sting of oxygen, nitrogen, and S(Oi, wherein i is O,
EN V] c to N \zﬁembegé/h%tgﬁzcyasé USE g €165 GFioD cadiRdim htoméh)ekicte
err is a ,

PCT/ US95/ 1641 1 820 R s (=0) -, -S(0)2- oy -S-. @pd; whigh, is

hgze[);)cycl g( gop'iltdhaﬁl@' rs@m&rilaaaeat Ofi5 r_h\meﬁag clarthSbw@}Uﬁ ,hy(tj:ﬂ'oxylh
- pLi Qna ubst tute on_the
ring carbons \ﬁr%t ’ﬁ’}dro‘?&law ﬁFﬁhxﬁf JOr 81 188° u%c% aBBiH 3

carbons, aB nguanigiiam, dnom‘o;ama':diam di no, (6) aI kenyl of 2to
about 6 carbon atons whi icogal.ly tigt | kyl
of about 3 to about @car on éﬁ%foamﬁl%%cﬁiggti gnga% OWStag:u tltutcgld I n

the ring carbds aptienaldvospabstagined wikhi gve 10aﬁ=ﬂ-h¥ ocf1gboBE 3l kE&xyl

or alkyl each fouk t® SbEREn 3a€aiPONGhich oFtlonally ££) sﬁb)ék::.@ﬁté@oﬁtn 6 to
about 14 carbg at ons whi ch, 'ﬁ geél on y npno qQr tri- stituted

with Y1, e Fididbcaypons wit r°xYaJ(8)am’rﬁﬁ'ek%‘éF’;?1 dige. 5““6‘%} 2%t ons
with the aibng dr5 alddcond el atkegll &aom cfrboto aalsbutet® reaaiboms, wherein the_

het er oat ons are sel ect edg;p) r’g%yggg aﬂ&s{O'eQb aa%%u%g Cu c%rPo%Qﬂte In&I

O, 1 or 2, and which is I-su W|th
Y1, Y2, and/orwhigh is Optlcnally (ngymar adkylonftmbmnbsﬁmt&@omtmmar bon
20 atom; whi (’% (§J le |y substituted on the al kyl chain wth
hydroxy or hal'dfen and opti‘onally nono-, di-, or tri- substituted on
the aryl ring with Y1, YE8) ariétmroédyl of 5 to 14 atdrid)whthetber alilng  of

6 to 11 aggne 4’&311@ tgglected from carbon and hetercatoms, wherein the
heteroatoms are selected from oxygen, nitrogen, and S(O})i.
wherein i is 0, 1 or 2, and which is optionally mono-, di-
or tri-substituted with Y1, Y3, and/or Y3,

{9) aralkyl of about 7 to about 15 c¢arbon

20 atoms which is optionally substituted on the alkyl chain
with hydroxy or halogen and optionally mono-, di-, or tri-
substituted on the aryl ring with Y1, Y2, and/or Y3,

{(10) heterocaralkyl of 6 to 11 atoms with the

) ring atoms selected from carbon and heterocatoms, wherein

25 the heterocatoms are selected from oxygen, nitrogen, and
S{0)y{, wherein i is 0, 1 or 2, and which is optionally
substituted on the alkyl chain with hydroxy or halogen and
optionally mono-, di- or tri-substituted on the ring with
Y1, Y2, and/or Y3,

30 {11) aralkenyl of about 8 to about 16 carbon
atoms which is optionally mono-, di-, or tri-substituted
on the aryl ring with Y3, Y2, and/or Y3,

{12) heterocaralkenyl of 7 to 12 atoms with the
ring atoms selected from carbon and hetercatoms, wherein

35 the heteroatoms are selected from oxygen, nitrogen, and
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ring atons sel ected from carbon and heteroatons, wherein 25 the

het eroatons are sel ected from oxygen, nitrogen, and S(0)i, wherein i

is 0, 1 or WO%{f§44\hi ch is optionally substituted on thePSTUPSE4439 n

wi th hydroxy or hal ogen and optionally nono-, di- or tri-substituted on
the ring with Y1, Y2, and/or Y3, 30 (11) aral kenyl of about
8 to about 16 carbon atons which is op#ionally nono-, di-, or
tri-substituted on the aryl ring with Y1, Y2, and/or Y3,

(12) heteroaral kenyl of 7 to 12 atons with the ring atons selected from

carbon and het®f®ht on¥herpérein i35 0.t hk 98t &.0atnds whichsdlsecoptiénahly

oxygen, nitrogefne- and; - Y2 96086484 ¢ ea : .
PCT/ US95/ 16410 o = ed g the zdng with ¥, Y245 o,
1 or 2, and whaed/ex ¥ipi ixgapegtivelynono-, di- or tri-substituted on the

ring with Y1, Y2, and/ or Y3, respectively, 5 [err]
[err]
5
Hsc CHS
4
(13) © s
HsC, _cH,
{(14) HO ,
H;C,_,CH;,
\Y
10 (15) ° ,
HsC__CH,
) {16) OH ,

(17) difluoromethyl and perfluorocalkyl of 1 to
15 about 12 carbon atoms,
(18) perfluorocaryl of about 6 to about 14
carbon atoms,
(19) perfluorocaralkyl of about 7 to about 15
carbon atoms, and
20 {20) hydrogen,
wherein Y3, Y2, and Y3 are
{i) independently selected from the group
consisting of hydrogen, halogen, cyano, tetrazolyl, amino,
guanidino, amidino, methylamino, and methylguanidino,
25 -CF3, -CF2H, -CF2CF3, -CH(CF3)32, -C(OH){(CF3)2, -OCF3,
~OCF2CF3, -OC(O)NH2, -OC{O)NHZj, -OC(O}NZiZ2, -NHC{O)2Z1,

SUBSTITUTE SHEET (RULE 26)



10 (15) [err] (16) [err]

(17) difluoronethyl and perfluoroal kyl of 1 to 15 about 12 carbon atons,
(18) perflworssasssds of about 6 to about 14 carbon atons, PCT/US95/16410 (19)
per fl uoroaral kyl of about 7 to about 15 carbon atons, and 20

(20) hydrogen, wherein Y1, Y2, and Y3 are (1)

I ndependently selected fromthe group $£oHnsi sting of hydrogen, hal ogen,
cyano, ‘tetrazol yl, am no, guani di no, am di no, methyl am no, and

met hyl guani di no, 25 -CF3, -CF2H, -CF2CF3, -CH(CF3)2, -C(OH) (CF3)2,

- OCF3, - OCRECES) NHOC( Oniid? 0) N, O) NI ( 0 1 X %) NZ1Z20) oNHC(-Q) £h.NH5
WD 96/ 18644 PCT/ US95/ 16410

35 -NHC(@))‘WE‘FZZLNHCI(%)}M%LNHCEE?)I\E&ZQ, “HO41)20 0PI 3E .
-C(O) NHZ1, - 1, - P(9) 3H2p., - P z - 3H O _71,
ot G o e Bk R by Other gy WRb L ang a3 Wersisle

Z2 are independast loy selacted ald 14 oandihe, beep Hmperideng 197 sdladted 1
to about 12 carbon atoms, aryl of about 6 to about 14 carbon atons,
het er oar yI5 of fapsuthe groupotensistirgschaaliyl 10f ol dsowbout 1@ warimn

atons, aral kyhtghsabodiyT tgrabgubuld @arReN apovdt o,  angd-Het erpal kyl
of about 6 to_,  about 11 atgm; 10 an ng, about 3 to about ,9 carbon atons, or
heteroaryl of about to out 14 atoms having 1 to about
9 carbon atoms, aralkyl of about 7 to about 15 carbon
atoms, and heterocaralkyl of about 6 to about 11 atoms
10 having about 3 to about 9 carbon atoms, or
(ii) Y1 and Y2 are selected together to be
-0C(23) (Z4)0~, wherein 23 and Z4 are independently

selected from the group consisting of hydrogen, alkyl of 1

to about 12 carbon atoms, aryl of about 6 to about 14
15 carbon atoms, heterocaryl of about 5 to about 14 atoms

having 1 to about 9 carbon atoms, aralkyl of about 7 to

about 15 carbon atoms, and heterocaralkyl of about 6 to

about 11 atoms having about 3 to about 9 carbon atoms,

with the proviso that if X is not a direct 1link, then Rj
20 1is not hydrogen;

. {c} Rz is selected from the group consisting of
hydrogen, alkyl of 1 to about 4 carbon atoms, and alkenyl
of 2 to about 4 carbon atoms,

() R3 is selected from the group consisting of

HzNYNH HgNYNH HaN NH
W,

HN

J . 0w

where W is nitrogen or carbon;
(e) Het is selected from the group consisting of

25
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(i1) Y1 and Y2 are selected together to be

-0C(Z3) (Z4) O, wherein Z3

and Z4 are |nde ndent |y selected fromthe group consis

hydrogen Pg‘ﬁf to about 12 carbon atoms, aryl of gggﬁ?ssglsﬂg about
14 15 car bon atons, heteroaryl of about 5 to about 14 at ons having 1
to about 9 carbon atons, aral kyl of about 7 to about 15 carbon atons,

and heteroaral kyl of about 6 to abou3é11 atons havi ng about 3 to about
9 carbon atons, with the proviso that if Xis not a direct link, then

Rl 20 is not hydrogen;

(c) R2is selected fromthe group consisting

of hydr ogen, of 1 to about 4 carbon aton®z and al kenyl of 2
to about 4 camRdaon , Re NL RRS Is seRgcted from the group
consisting of [efjr] 25 y\/n sar@ltrog n B(carbon; (e)
Het is selecte {he §roup NS\I ng o 96/18644

PCT/ US95/ 16410 6 [err] wherein
(1) R4 is select@d fromthe grof consisting Oof 5

(a) Rl, -ORhereidRl, -S(OnR1l, and hal ogen, wherein n is 0, 1 or

2, and Rl is independently R4 is selected from the group consisting

10

i5

20

25

30

of
(al] Ri, -OR31, -NHR1, -S(0)nR1, and
halogen, wherein n is 0, 1 or 2, and Rj is independently
selected and as defined above, with the proviso that Ry is
—& Y
not a camphor derivative or \—/ heterocyclo group,

(b) alkyl of 1 to about 12 carbon atoms
substituted with Z5 wherein Z5 is selected from the group
consisting of hydroxy, halogen, -C(O)OH, -C(O)ORg,
~-S(0)30H, and -S(0)pRg wherein Rg is alkyl of 1 to about 6
carbon atoms and p is 0, 1 or 2, and

(c) alkenyl of about 3 to about 6 carbon
atoms;

(2) Rs is selected from the group consisting
of

(a) hydrogen,

(b} alkyl of 1 to about 10 carbon atoms,

(c) alkyl of 1 to about 3 carbon atoms
substituted with cyclic alkyl of about 3 to about 8 carbon
atoms,

(d) cyclic alkyl of 3 to about 6 carbon
atoms,

(e} heterocycloalkyl of 4 to about 6 ring
atoms with the ring atoms selected from carbon and
heterocatoms, wherein the hetercatoms are selected from the
group consisting of oxygen, nitrogen and -S{0)j- wherein i
is independently 0, 1 or 2,

{£) heterocyclo of 4 to about 6 ring
atoms with the ring atoms selected from carbon atoms and
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sel ected and as defined above, with the proviso that R4 is not a

canphor derivative or [err] heterocyclo group, 6&@)

al kyl of WO®6assdt 12 carbon atoms 10 substituted with zZ5 RREPSIH is
sel ected fromthe group consisting of- hydroxy, hal ogen, -C(O OH,
-C(O OR8, -S(O 30H, and -S(O pR8 wherein R8 is alkyl of 1 to about 6
carbon atons and pis 0, 1 or 2, and 37 (c) al kenyl of
about -3 to about 6 carbon 15 atons; (2) R5 is selected fromthe
group consi sting of (a) hydrogen,

(b) al kyl of heterabtemslOwberkdn thenBet@foatoms are selected)froal ke of 1
to about 3 car a r o i A SURST | | i | qf_ 3 1.0
0 LR ocsnB B! Lyl LU L0 MG AR,

about 8 carbo cC a

6 carbon dtsoimdependently 0, 1 or 2(and wieieh oty dtaldhdd afo 4elto mbout
6 ring at A\ ri atons sel ected from carbon and

het er oat ons, %nn%rl\gflg}]%t e% ethgrgglétorrs are selected fromthe group

consi stingdof oxygen, nitroget@lan®liSyl -ofaheres nabout 6 caribodemhmdent | y

0, 1 or 2, 30yhich is optionalll) subRkekOeral Fitll §ch@c RRYE o& KBI NY
atons with the_ring ato sel ected from carbon atons and WO 96/ 18644

PCT/ US95/ 1641@Pout” 5 carbon atoms, 37 het er oat ons,
wherein the heteroatons are s@llectatdy) renitheis ot iBiRIGGNSIEhbAY Ei-

SRS TS el By AR i,

al kenyl ofp2 to about 6 carbofijat tiecercardfli CHf i § @Bt iONH s SWRehi tiHeLd

wth cyclic alriﬁxlg O;tgméoselected from carbon atoms and heterocatoms,
wherein the heteroatoms are selected from the group
consisting of oxygen, nitrogen, and -S(0)j- wherein i is
independently 0, 1 or 2 and which is optionally mono-, di-

15 or tri- substituted with Y71, Y3 and/or Y3,

(i} aralkyl of about 7 to about 10 carbon
atoms which is optionally mono-, di- or tri-substituted on
the aryl ring with Y3, Y, and/or Y3;

(k) heterocaralkyl of 6 to 9 atoms with

20 the ring atoms selected from carbon atoms and heterocatoms,
wherein the heterocatoms are selected from the group
consisting of oxygen, nitrogen and -S(0O)j- wherein i is
independently 0, 1 or 2 and which is optionally mono-, di-
or tri- substituted on the ring with Y3, ¥; and/or Y3,

25 (1) aralkenyl of 8 carbon atoms which is
optionally mono-, di- or tri- substituted on the aryl ring
with ¥Y;, Y2 and/or Y3,

(m) heterocaralkenyl of 7 to 8 atoms with
the ring atoms selected from carbon atoms and heteroatoms,

30 wherein the heteroatoms are selected £from the group
consisting of oxygen, nitrogen, and -S{0);j- wherein i is
independently 0, 1 or 2, and which is optionally mono-,
di- or tri-substituted on the ring with ¥;, Yy and/or Y3,

{(n) halogen,
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about 5 carbon atons, (h) aryl which is optionally

nmono-, di- or tri- substituted with Y1, Y2 and/or Y3 respectively, 10
(i) heteroaryl of 5 to 6 atons with the ring atons sele

car bon atoméﬂ%t er oat ons, wherein the heteroatons ar ?‘sqgvgegé{lgz ofrom
the group consi sting of oxygen, nitrogen, and -S(Oi- whereini is

I ndependently O, 1 or 2 and which is optionally nono-, di- 15 or tri-
substituted with Y1, Y2 and/or Y3, 38 (j) aral kyl of

about 7 to about 10 carbon atons which is optionally nmono-, di- or
tri-substituted on the aryl ring with Y1, Y2 and/or Y3;

(k) heteroaral kyl of 6 to 9 atledhs RRfAuggomerbyli Ay mesfsustPatkel Pfom
carbon atons apgd HetgrvahOdBoms, Wherein the heteroatons are selected from
t he group consi sting of m\égen, ni rogen and.-S(Oi- whereini is

i ndependently 0, 1 or 2 and h P rb’é)i“f’ RBREYY Hono-, di - or tri-
substituted on the ring wth Y4) YReafidhoroaBalkpl of 7 to aboutl)$s
aral kenyl qf 8 n kch is optionally nono-, di- or tri-
substitute Oncgg%9§r§ﬁ5§§§gm with Y1, Y2 and/or Y3,

(m heteroaral kenyl of 7 to 8(atondlkexrl ©f 1lthe abeytal®nsaxkercatmsi om

carbon atons and het er oat(gys, R3O 1aVhgEeebred hQroﬁettﬁ-{é)aéP&%z O)%!b?:.si%@'iﬁﬁt ed

from the group consi sting of oxygen, nitrogen, and - i - wherein i
S i ndepend&ntly 0, 1 or 2, and which is optionally nono-, di - or
tri-substituted on the ring wigdah YRy ,Y2 apfRi9r Y3NHR;, -S(O)nRi, and(n)
hal ogen, WO 96/ 18644

PCT/ US95/ fg¥10halogen, wherein n is 0, 1 or 2, gl R1 is independently (o)

difl t hyl I .
(:o) ;g;?rﬁorgpﬁg%(;??é& HR&O&L kaéfﬂ{e& abo(vq%'opert?ﬂ%%ggrqlgl yio SPa!/.' Fé égout

9 5 carbon atons, and . _ (L)_@\ oxy of 1 to about 10 carbon
at oms; not a chRphbP B8rSEAELYE by r OMULIe QLOLPERNES Gidih, and

(b} alkyl of 1 to about 12 carbon atoms

substituted with Zg, wherein Zg is selected from the group

15 consisting of hydroxy, halogen, -ORg, -NHRg, -C(O)OH, -
C{O)ORg, ~S{0)20H and -S(O)pRg wherein Rg is selected from
alkyl of 1 to about 12 carbon atoms, aryl of about 6 to

about 10 carbon atoms optionally mono-, di~ or tri-
substituted on the ring with Yy, Y2 and/or Y3, aralkyl of
20 about 7 to about 12 carbon atoms optionally mono-, di- or
tri-substituted on the ring with Yj;, Y3 and/or Y3,

heterocaryl of 1 to about 9 carbon atoms with the ring
atoms selected from carbon and heteroatoms selected from
the group consisting of oxygen, nitrogen and ~S{0)p- and
25 optionally mono-, di- or tri-substituted on the ring with
Y;. Y2 and/or Y3; and heteroaralkyl of about 2 to about 10
carbon atoms with the ring atoms selected from carbon and
heteroatoms selected from the group consisting of oxygen,
nitrogen and -S(0)p- and optionally mono-, di- or tri-

30 sub—s_t:_—ituted on the ring with ¥;, Y5 and/or Y3; and
{4) R7 is independently selected from the Rs
group of substituents, brovided that R7 is not halogen;

and pharmaceutically acceptable salts thereof.
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of (a) R, -ORL, -NHR1, -S(OnR1, and 10 hal ogen,

wherein nis 0, 1 or 2, and Rl is independently sel ected and as defi ned
above, wit WOb€18s#0Vi SO that R6 is PCT/US9S/1441¢

not a canphor derivative or [err] het erocycl o group, and

(b) alkyl of 1 to about 12 carbon atons substituted with Z6, wherein Z6
Is selected fromthe group 15 consistingisef hydroxy, hal ogen, -OR9, -NHR9,
-C(OM™, - C(OOR9, -S(O20H and -S(O pRO wherein RO is selected from
al kyl of |1 to about 12 carbon atoms, aryl of about 6 to about 10 carbon

atons optionally noPpefedredoX tgroups isugistdet ur8daen t-NH-9(0) 2wi,t had, Y2
and/or Y3, ar aI Kk f about 7 to.about 12 rbo tional

nono-, di- or )(Rt? Si%b%ﬂtut&f (?ﬁlﬁﬁgyrlﬁﬁe Theva, Y?ré’r‘fg’ or 9‘?5%&5
heteroaryl of 1lsbg-about 9 carbon atons mnth the rlng at ons selected
from carbon and heteroatons _sel ected fro group con5|st|n

oxygen, nitrogen an8referygd §hdg§8uP§pFP6ﬁH1i?yam3) agplkyt. and 2 aryl
tri-substityit edygapthe HraGedred R a\gyl Yo GRS OfnYBua@ngubst eEoeeal byl of
about 2 to abodut 18 car bon ato wi'th The ring atons selected from
carbon and uhstubsbatohedsel @ieaylf r omnde gneppthphsi sting teferyged,

ni trogen and - 3 tis MOpQ: I - st on
the ring with %Qggéteeg?ﬂg ﬂﬂﬁlu'dé hyij mg{:h%%' 7“'?:L s&llbgdelﬁielgég%fl y
sel ected from thafkgoromeghylp 8rdsafSFRtut Mate andypreho t FubsRItRE1AB

hal ogen; d utically acceptable salts thereof. WO
96/ 18644 e pgg%@gﬁ PCT/ US95/ 16410
39 10 pref ePREGIRUGRELYs PRefeRed S, anques( Ofpcludrd aralkyl

-N(R)-S(O) 2-. -Eapeci al |y puiardiad ErQVEQHPEG ' nl@i Udpgroups SRaciude
Preferred R1 groups I ncl ude al kyl, aral , and aryl groups. Preferred

RL aryl groups skhekatutedbor pmsabsgituted benzyl ‘and naphthyl groups.
Cyclohexyl and cyclohexylmethyl are other especially
preferred R1 groups.

15 A particularly preferred R2 group is hydrogen.

Preferred R3 groups include

| | HNJ
Preferred R4 groups include:
.20 (i) hydrogen,
{(ii) alkyl of 1 to 6 carbon atoms or alkyl of 1
to 6 carbon atoms substituted with 25, wherein 25 is

and

selected from the group consisting of hydroxy, halogen,
-C{O)OH, -C{O)}ORS§, -S(0)30H and -S(O)pRg wherein Rg is
25 alkyl of 1 to about 6 carbon atoms, and p is 0, 1 or 2,
(iii) alkyl of 1 to 3 carbon atoms substituted
with cyclic alkyl of 3 to 5 carbon atoms,
(iv) alkenyl of about 3 to about 6 carbon

atonms,
30 {v) cycloalkyl of about 3 to about 5 carbon

atoms,
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unsubstituted phenyl and napht hyl . Preferred

substitutions include, nethyl, methoxy, fluoro, chloro,
trifluoromM¥R$H1844d OCF3. " Meta and ortho substitution PCLUSPYA eq.

10 Particularly preferred Rl groups include aralkyl groups.
Especially preferred Rl groups I ncl ude substituted or
unsubstituted benzyl and napht hyl groups. 40 Cycl ohexyl and

cycl ohexyl nethyl are other especially preferred RL groups. 15 A
particularly preferred R2 %roup S hydro%En Preferred R3 groups
i nclude [err] heterocaryl o atomgnpgand Preferred R4
groups incl ude: (v:.:.)héﬂéroatﬁé@ﬂ@&efbf 6 atoms. (i) alkyl of 1

wherein 25 i Z‘“’”B Z%weiiﬁ%ﬁ&ﬁn%u ot B R S”ﬁ?fiﬁ»@t”ted%&}f

bC(O%OIg CE) O)&Bt& to -abe) 830t e@ﬁaoﬁ(ﬁ&l{@ V@ﬁﬂdbl@nétﬁu(ﬁ5 )aaiﬂalm 1 t
abou carbon iii) a 0
3 carbon afons® ‘ésiugstr'?ut dcar%c% tﬁt8§}§ri c dMARCHR 31F, gnca?%#’aﬁ]&%

(iv) al kenyl ofrefromated Rs gxloapt. 6 car bon atons, 30

cycl oal kyl of aboutPS 0 abdolkt 5 carbon 1ud at ons, WO 96/ 18644

PCT/ US95/ 16410 relexrred X6 groups lnclude: 4 (vi)
heteroaryl of 5 atons, aftl hydrogen, (vii)heteroaral kyI of 6 atons.

Preforred o orows | cl e Nusippene Nl 49°Tpald s, ot 10RO, S

Hydr ogen 11l0s abkykspkcl did 2 carposf ertpma Rebgtbtpted with Zg, where:.n
2 is selected from the group consisting of hydroxy,
halogen, -ORg9, ~NHR¢-~-C(O)OH, -C(O)ORg, -S{(0)20H and -
S(0)pRg, wherein Rg is as defined above;

(iii) alkyl of 1 to about 3 carbon atoms

15 substituted with cyclic alkyl of about 6 to about 8 carbon
atoms;

{(iv). alkenyl of 2 to about 6 carbon atoms which
is optionally substituted with cyclic alkyl of about 3 to
about 8 carbon atoms or aryl of about 3 to about 10 carbon

20 atoms;

{v) aralkyl or substituted aralkyl, as defined
above;

(vi) heterocaralkyl or substituted aralkyl, as

. defined above;

25 {vii)} aralkenyl of about 8 to 15 carbon atoms
which is optionally mono-, di- or tri-substituted on the
ring with Y3}, Y2 and/or Y3, as defined above;

(viii) heterocaralkenyl or substituted
heteroaralkenyl, as defined above.

30 More preferred Rg groups, when R4 and Rs are hydrogen
or methyl, are selected from the group consisting of
aralkyl of about 8 to about 13 carbon dtoms, and -0O-
aralkyl, -NH-aralkyl, and -S(O)p-aralkyl of about 7 to
about 12 carbon atoms. Preferred aryl portions of the

35 aralkyl groups include unsubstituted and substituted
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Preferred R6 groups include: (i) hydrogen,
(i1) alkyl of 1 to about 12 carbon atons or 10 alkyl of 1 to 12 carbon

atons subswyolostisgdsa W th Z6, wherein Z6 is sel ected from tPEI/gRW(He410
consi sting of hydroxy, hal ogen, -OR9, -NHR9--C(O OH, -C(O OR9, -S(0)20H
and - S(O pRI, wherein RO is as defined above; (rii)

al kyl of 1 to about 3 carbon atons 15 supstituted with cyclic alkyl of
about "6 to about 8 carbon at ons; (iv) alkenyl of 2 to
about 6 carbon atons which is optionally substituted with cyclic alkyl

of about 3 tOphenyab@sl rdhghaian atﬁﬁsf@fr@aybuaécﬁb@aioéstenamlét éEQ/l
carbon 20 atons; % aral k or S.Lt I tuted a}i‘f
defi ned aB3wg include methyyi |me ‘b’&f’al ky*+H8F P ubst e?rr%ﬂ kyl ,

as defi ne(iralfamexo’n\'éthyl Phetivléghyr Al I@mﬁyxﬁrcﬂ:@dut &ydroﬁerc,ar bon
at ons V\/mchl }%; -, tit da ring
with Yl, Y2 anglco ; 18 g’efl ne abcg:g)clo?l xbﬁ.bréﬂQ? %%%I &ﬁé@ally

het er oar al kenprefermed RGsQHQPPFut ed het er oar al kenyl , as defi ned above.

30 Mor e pref R4 6]99 ar en

nmet hyl , are sel ect ?&%ﬁcﬁ%ﬁe%oug COoRSi st ng ‘10%5 ﬁyg%(g ﬂ ofmeatbhg{}t' 8 to
about 13 car baifaoremezhyl- Oand &arafkybromékhwl al kyllydragén- S(3 p- &ral kyl
of about 7 to ec@.tgﬁli%‘ %’% GaLpag §20§§ Preferred aryl portions of the

35 aral kyl ups unsu TRd and substituted WO

96/ 18644 Preferred Het groups includ@CT/ US95/ 16410

41 phenyl or | . Preferred substitutions on the aryl ring
i nclude nethyl, fluoro, chloro and trifluoronethyl.
Phenyl et hyl , ~phen Rahydr ogen, c Bt hyl  and

cycl ohexyl propyl especially 5 preferred | R6 roups.

Preferred R7 groups I~vde hydrogen metfy ~ difluoronethyl and
trifluoroirgthyl. Hydr @4 i's & 0

A particularly preferred Het, when Rs and Rg are

independently selected to be hydrogen or methyl, is
Rs '

whefein R4 is selected from the 'group consisting of
15 Thydrogen, methyl, ethyl, propenyl, allyl, propyl,
isopropyl, butyl, R-sec-butyl, S-sec-butyl, isobutyl, 1-
pentyl, R-2-pentyl, S-2-pentyl, 3-pentyl, S-1-(2-methyl)-
butyl, R-2-(3-methyl)-butyl, 1-(3-methyl)-butyl, R-1-(2-
methyl)-butyl, cyclopentyl, 2-pyrolyl, 3-pyrolyl, l-hexyl,
20 S-2-hexyl, R-2-hexyl, R-3-hexyl, and S-3-hexyl. A
particularly preferred Het according te this aspect has
hydrogen or methyl as R4.
According to a particularly preferred aspect,
provided are compounds of formula I wherein X is -S(0O)2-,

25 Rj; is substituted or unsubstituted aryl or aralkyl, R3 is

HgNYNH

HN

J
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especially preferred R7 group.
10 and A particularly preferred Het, when R5

and R6 are

wher ei n
met hyl ,

RO 96818648c| ected from the group consisting of REGI/CE3SH64gen,

Preferred Het groups include

i ndependent|ly selected to be hydrogen or nethyl, is

ethyl, propenyl, allyl, propyl., | sopropyl, butyl,

R-sec-butyl,

3-pentyl,

S-

S-sec-butyl, isobutyl, 1- pentyl, R-2-pentyl, S-2-pentyl,

1-(2-nmethyl) - butyl, R-243-nmethyl)-butyl,

1-(3-nmethyl)-butyl, R1-(2- met hyl ) -butyl, cycl opentyl, 2-pyrolyl
, 1-hexyl, 20 S-2-hexyl, R-2-hexyl, R-3-hexyl, and S 3-hexyl.
A particuh%g %egrggerred Het according to this aspect has hydr ogen

3-pyrolyl

or net hyl
aspect,

as

According to a garticularly preferred
provi ded are conpounds of formul *1 wherein Xis -S(0 2-,

Rl is substituted or unsubstituted aryl , RBis [Jerr]

96/ 18644
42

and

10

15

20

25

30

| CT/ US95/ 16410
Het is NG

O
A very preferred aspect is directed to such compounds

where Rl is substituted or unsubstituted benzyl or phenyl.
Preferred compounds include

3~-{{phenylsulfonyl)amino-2-oxo-1,2-dihydropyridylacetyl-L-

argininal {Example 90, Compound B),

3-[{2-naphthylsulfonyl)amino]-2-oxo-1,2 dihydropyridyl-

acetyl-L-argininal (Example 90),

3-[{1-naphthylsulfonyl)amino] -2-oxo-1, 2~

dihydropyridylacetyl-L-argininal (Example 90),

3~ {cyclohexylaminosulfonylamino-2-oxo-1, 2-dihydropyridyl) -

acetyl-L-argininal (Example 90),

3~ (phenylaminosulfonylamino-2-oxo-1,2-

dihydropyridylacetyl-L~argininal,

3-[ (phenoxycarbonyl)amino] -2-oxo-1, 2-dihydropyridylacetyl-

L-argininal,

3-[{cyclohexylsulfonyl)amino]-2-oxo-1,2-dihydropyridyl-

acétyl-L—argininal,

3-[ {cyclohexylmethylsulfonyl)amino]-2-oxo~1,2 dihydro-

pyridylacetyl-L-~argininal (Example 121H)},

3-[ (phenethylsulfonyl)amino]~2-oxo-1,2-dihydro-

pyridylacetyljL—argininal {Example 121G},

3-{ (2-methoxycarbonylphenylsulfonyl)amino]-2-oxo-1,2-

dihydropyridylacetyl-L-argininal,

3-[ {3-methoxycarbonylphenylsulfonyl)amino}-2-oxo-1,2-

d&ihydropyridylacetyl-L-argininal,

3-[ {4-methoxycarbonylphenylsulfonyl)amino]-2-oxo-1,2-

dihydropyridylacetyl-L-argininal,

3-[{2-trifluoromethylphenylsulfonyl)amino]-2-oxo-1,2~-

dihydropyridylacetyl-L-argininal (Example 90),

3-[(3-trifluoromethylphenylsulfonyl)amino]-2-oxo-1,2-

dihydropyridylacetyl-L-argininal (Example 390),

SUBSTITUTE SHEET (RULE 261
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[err] A very preferred aspect is directed to such conpounds
where R1 is substituted or unsubstituted benzyl or phenyl. 5

Pref erred 9@8sa864ds i ncl ude PCT/US95/16410
3-[ (phenyl sul f onyl ) am no- 2- oxo- 1, 2-di hydr opyri dyl acetyl - L- ar gi ni nal
(Exanmpl e 90, Conpound B), 3-[ (2-napht hyl sul f onyl ) am no] - 2- oxo-1, 2

di hydropyri dyl - acetyl -L-argi ninal (Exanple 90), 10

3-[ (1- napht hyl sul f onyl ) am no] - 2- oxo- 1, 2-
di hydropyri dyl acetyl -L-argi ni nal (Exanple 90),
3- (cycl ohexyl dmilndstiri§Apbapmathyipheny] sulif iyt bpyinalytd~-oxo-1, 2-

acetyl -L- arginy - I f | am no- 2- oxo-1, 2-
15 dlhydropyrlé'%?ld F§?§E gfgg%¥% ? -aBgiRIGEY @ﬁ&éHEﬁ% Y,

3- [(phenoxycar3bdr{9|-}n§#hﬁe§ycerbsaa¥}bgna¥%§’d$6@:4b@rma%ha-oxo- 42=ar gi ni nal ,
3- (cycl ohexylasuhiseeyyraayiakelydxo~argifdiAyyy Opyrl dyil -

tyl-L- 1) ai no] - 2-.0x0- 1, 2
di hydro- 39 Gt éyFE%&EzVEEr§PB§ﬂ§ﬁ§?g¥ ﬁéﬁ% e S
3-[ (phenet hyl siihfvdrppyaidydpcttploliagginimalk o-

i dyl tyl
§y¥Ezynifﬁoiycaﬁﬁé%?F*ﬁ%%y?gﬁﬁggkfFé3%§is Lfonyl) quipol2-oxo-1,2-
d|hydropyr|dy@é@@@ﬂcpwraﬁy'ﬁFﬁ&Nl L*arglnlnal

g L(g met hOXy@a-r[t(Q'lltErB.fﬁmbk:%ﬁbf:ﬁ?!béﬁﬂylﬂQﬂxlEoﬂ%m dm#no]-2-oxo-1,2-
I nydr opy

yl ar.
514 ot Ky PGB aR R ESREShy by aRPiBIaL ofBxamale 90)
dihydropyrldyB&Q&Byk:hfangtnmaahylﬁénzﬁléulfonyl)amlno] 2-oxo-1,2-
2-trifluoromgl
élhydLOp;rldy|aQ§%&%$% 13 %ng#iigLQ%%%ﬁl % %Ezam%lT 121L).
(3-trifluoromdriylidpi Wéﬁ¢ﬂ§erpﬁﬁyh¥ Rengylsubfonyl pamino] -2-oxo-1,2-

di hydr opyri dyl@egidHopyra Rceel1(Exarpigif0) WD 96/ 18644
PCT/ US95/ 16410 ok AaIACeRYLCExargLAiRal,

3-[ (4- tri }P uorlGmdi Renvd st oy dnpmian n8y°’2°o%ozld’zhydr°PYndYU
di hydropyri dylsaeeat)l-1l-aagdninadl (Exkanpheec10)),

[3-{(benzylsulfonyl)aminc]-6-methyl-2-oxo-1,2-
dihydropyridyllacetyl-L-argininal (Example 19 and Example
113, Compound C),

20 5-benzylsulfonylamino-6-oxo-1,6-dihydro-l-pyrimidinyl-
acetyl—L-argininél {(Example 29b},
2-methyl-5-benzylsulfonylamino-6~oxo-1, 6~dihydro-1-
pfrimidinylacetyl-L—argininal (Example 40 and 113,
Compouha D),

25 S-benzylsulfonylamino-uracilylacetyl-L-argininal,
5-benzylsulfonylamino-l-methyl-uracilylacetyl-L-argininal
(Example 54 and Example 113, Compound E),
3-[{2-trifluoromethylbenzylsulfonyl)amino]-2-oxo-1,2~
dihydropyridyl acetyl-L-argininal,

30 [3-](benzylsulfonyl)amino]-2-oxo-1,2~-dihydropyridyl]
acetyl-3-[3-piperidyl- (N-guanidino)]Jalaninal, and
[3-[ (benzylsulfonyl)amino] -2-oxo-1,2-dihydropyridyl]

" acetyl-D,L-3-amidinophenyl alaninal.
According to another aspect, the present invention is

35 directed to salts of the compounds of formula (I). *Salt"
includes within its definition, salts of the compounds of
the present invention derived from the combination of such
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3-[ (2- met hoxycar bonyl benzyl sul f onyl ) am no) - 2- oxo- 1, 2-

di hydropyridyl acetyl-L-argininal, 5 3-[(3-nethoxycarbonyl benzyl sul fonyl
am noj - 2- ORO-96/19644 di hydr opyri dyl acetyl - L-argi ni nal , PCTI/US95/16410
3-[ (4- et hoxycar bonyl benzyl sul f onyl ) am no) --2- oxo- 1, 2-

di hydr opyri dyl acetyl - L-argi ni nal ,
3-[(2-trifluoronethyl benzyl sul fonyl)am no}g 2-oxo-1,2- 10

di hydr opyri dyl acetyl - L-argi ni nal (Exanple 90),
3-[(3-trifluoronethyl benzyl sul fonyl )am no] - 2- oxo- 1, 2-

di hydropyri dylcampiopnds- andi mnnargabianplre ihdtgenic acid. In practice,

gl Lg/grg[)'y];: SSI g%gy;@ %%”Qé' SgL&Pn@T}gﬁmaﬁth%smég 1115% of the base form.

[ 3-[ (benzyl sufl‘h@ny—lomls @fo%@elmenjldﬁ-@wpnltdph] are useduyl -ip- dregitni nal
(Exanmpl e 10), free ﬂ:%‘sa[ alride atles Lﬁd(r'ﬂ'ﬂylﬁl%'ﬂ Jerd fB?:tn@’ l?&r@(%c}'xs%.deéoed

di hydropyri dyl ] acet I ni pal nple 19 and
0, 20 5- %enﬁ?l ?ﬁ’%ﬁn?’l"&%&ﬁot €oX °Re6°fi|m%r12r’iel$?}%|1rﬁ‘fﬂnﬁy-l°n ThESe

acetyl -L-argi siadals (imcdndee &29k) ,addition salts, for example, salts of
2-met hyl - 5- be Lag 64,

pyri m di nyl ac%%%hé}ragry"m nag‘(a %égférgﬁlgn§c1§3 acetlEOr?ﬁd'Snd hspzens

5- benzyl sul f ospldenic- acadi Iayﬁaeéhyr suitagpple mdid addition salts.

5- benzyl sul f onyl am no- 1- et hyl - uraci | yl acetyl - L-ar gi ni nal (Exanpl e 54

and Exanpl e 113, Corrpound E) (2 tri fI uororret hyl benzyl sul fonyl)
am noj - 2-Ho- 5:"2- 4T-75 Re) 3 3 >

[ 3-[ (benzyl suI fonylg) :@0]1 %—,%-1 g IRy, ]

acetyl - 3-[3-pi peri d#\;%i (k?%&a;m di né%%elgaﬁnal Ilt%i e cf§1° hSCheme for

(be?zlyl sbu:_tgn e %ﬁHbyr?a!yp?un sd el e tpresent .

ace enyl al an T rding ano spec
y %\v%%%k y Ngah:.tro L-a a’f.% P r]T-%&u %’glfo(;ir'ﬁul .

t he present invention 1§ 35 directed to s the co nds

(1). "salt" bhydroghlegdde,sgditn2 tis gepwpied oﬁ° shet feamippd cankeads of

the presers iwfenthen seri ﬁﬁ!ﬂféﬁﬁmt&@lﬁ&nhié@ﬁ&/}ﬁe sycheo give ¥O
96/ 18644 US95/ 16410

44 cofiFBeFdaldNd arPTRERETRS or FRBPLERSC adi®@gents pr %€ ce, N-
the use of thay@abixybehzotiieabset Ginisacetohierhdse wOEMN 1-ethyl-3-(3-

dimethylaminopropyl)carbodiimide hydrochloride salt. 3 is
hydrogenated with hydrogen gas and palladium on carbon to

20 remove the NY9-nitro group to give 4. 4 is then treated
with strong acid and purified by HPLC with trifluorocacetic
atid in the solvent to produce argininal 5.

The compounds of the present invention may be
prepared by the preferred reaction schemes depicted in

25 PFigures 2 through 5. Examples 5 through 10 provide the
details of the preferred reaction scheme of Figure 2,
Examples 20 through 29 provide the details for the
preferred reaction scheme of Figure 3, Examples 41 through
47 provide the details for the preferred reaction scheme

30 of Figure 4, and Examples 55 through 63 provide the

. details for the preferred scheme of Figure 5.

_— In these reaction schemes, intermediates, which
include 9, 18, 26, and 36 shown in Figures 2 through 5,
respectively, are coupled to argininal or argininal mimic

35 moieties to eventually give the compounds of the present
invention. Examples 1 through 4 provide the details for
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The conpounds of the present invention are useful in both free base
and salt form with both forns being considered 5 as bei the
Begtbletd

scope of WRIHSEdent invention. These salts include a fion
salts, for exanple, salts of hydr ochl ori ¢ acid, hydrobrom c acid,
acetic acid, benzene sul fonic acid and other suitable acid addition
salts. 10 2. PreDarati on of Preferésed Conpounds Figure 1
exenplifies a preferred reaction schene for the synthesis of
certain conmpounds of the present i nventi on.

N[ err] - ni t ro- ther FrePAgRtionghy|the RIRGWIsor to thedABEARSRRYeMRAREY2 s

coupled to th%ste@r nMpaFigareexyl thi:5ug§f 4t he exRhp 1% f99y|thﬁ:mgl‘p 57
het erocycle 1 cou I|n

g peci al | referr
reagent s aFE°V1ﬁ? 4 é%%f&#&x éﬁz ?l%ﬁ%#%?$ R ef HFP?IF§ ﬂal
1- et hyl - 3- ( 3- precursdrneskdl ahkenopydppbeoatbodi sandéthyelr geblhpsi deisalt. 3

s hydr hed Wshh QMQB oghy’) PP ﬁl&gntgﬁée' A9 IMQ a‘i%b"@oko £né?

renmove the Ng-Nitro group tG6 giv ntrea te strong
acid and pur|@F€@a§7tHPEC\ﬂﬁf]@?WR@%B*%acéﬁlcthe pPEeFent n ﬂﬁ§e§§ﬂ9ént to

produce argin Ise'és.m .2 3-[3-p gﬁrﬁ@%‘lq&d&xaﬁzalﬂﬁoPI@ﬁ&E‘in&I\Vfﬂt kA8 My
be repared b preferre eaction schenes depicted in

Fi gures 2 thréﬁgﬁ°§ lEQaanes 5 through 10 provide the details of
the preferred reactyinen sedrdtred hbat €of, chemicaPI1FMIAHIAS hrwgho@

provide the detailg for_ the . preferred reaction schene of, Fi gur

Exanpl es # § ﬁ%ﬁﬂﬁi 9 ta718 KA LIRS ta?li 8 %Ot ig sef Bt Séctlon
schene 30 dihndivgier €ofmatdpd Bfamplpeptibe hbhﬂomghuﬁangr@mmdenthbaal
details for t r nq:g;rfl r t henes
|nterm&*dlatesb:%'‘%%fzﬁn{:%\'r1%1‘9%§1 ncl Q{ éh%6ake §§§Shg§§§§%£g§ ﬁc

t hrough 5, Peptlﬂéﬁp&h%tfy'ar@cmﬁﬁr‘éa t(ﬁmlg‘}gfﬁﬁ"réﬂeréﬁgar dgiew nXPrFﬁ m c

35 ni eties tmgwt Udnlay we\ﬁér@heeeor@%eds ehelBenpresefhe chemical
i nventi on, w% 31 1 thro rovide the det s for WO 96/ 18644

PCT/ US95/ 1%41 ng may b "—‘1 o' by means 5°ne’5teH h&% pr¥RaF&EPon of
t he precursor domplili®mgar gni naé-sﬁeptgrouplmgs,eothé\ thia) Wonp lingh pauthets

Exanpl es 55 ta eouggug]?ed directly. Preferred coupling reagents for
one-step coupling of the include DCC with HOBt, EDC with
HOBt, HBTU or TBTU. In two-step coupling, an activated

20 ester or anhydride of the C-terminal carboxy group of one
coupling partner is formed prior to its coupling to the
other coupling partner.

' For example, as shown in Figure 2, the nitrogen of
the pyridine ring of 6 is alkylated to give 7. The nitro

25 group is then reduced to the amine, which is then reacted
with a sulfonyl chloride, depicted by Ri-S$(0)}2-Cl, to give
8. R1 is as defined herein. The ethyl ester of 8 is
removed by treatment with agueous sodium hydroxide in
methanol to give the carboxylic acid 8. The acid of 9 is

30 coupled to N9-nitro-L-argininal ethyl cyclol HCl salt by
carbodiimide coupling to give 10. 6-Alkylated pyridyl
compounds are made according to Examples 11 through 18.
10 is hydrogenated with hydrogen gas and palladium on
carbon to remove the NY-nitro group to give 1l. 11 is

35 hydrolyzed in aqueous acid to give 12.
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provide the details for the preparation of the argininal precursor used
when hydrogenati on sensitive groups exist. 5 Exanples 64 through 71 provide

the details for the preparation of conmpounds of the present

i nventi on woogpesaessi ng a 3-[ 3-pi peridyl - (N-guani di no) al anPRAMOSPH1G4HE

P1 position. The preferred means of chem cally coupling (as for 10
exanple, 9 to 10 of Figure 2 or 18 to 19 of Figure 3) I ncl ude formation
of a peptide bond by using conventional 4¢ coupling reagents known in the
art. See Bodanszky, N., Pepti de Chem stry, pp. 55-73, Springer-Verl ag,
New Yor k (1988) and references cited therein. The chem cal 15

coupl i ng nmay :Je ei ti’\ﬁc_&ubé’ Beaiﬁlﬁoﬁdémeas'[ﬁéﬁrﬁé@ staaatlond@wamd 'en?foi:n
one-step couplln the two_cou n artn re cou Lre
Preferred couﬁf%?’e‘é%eﬁ%’?“&i gogﬁ’ﬁ’@n po%oﬁgﬁ r%reoﬁoerf elfwgﬁ ﬁén
with HOBt, EDCExamgples BiOBt theelidhor IBTUdeskribeo- stheis coppkpagataon.
activated 20 £hi {néngxdr'sd%ﬂéyfat&dc vbﬁfﬁ“ 824y & et ad!, Othe’ LROR

coupling partne or e rior_ to 1Lts cou Ot her coupllng
partner. 5 the' FEFeéxbﬁp ¥aralyzedwiith FP@W@ éydfﬁélﬁ?t%eg@ﬁtbeno

the pyridine rt8ggetreb the anl-la\zlllq;tlecbyeﬁnﬁd&e? 15he hrusrq5|2]§thgi Odpehselihen
a_Sulto

reduced to the amne, .which is then reacte I hI ride,
Gopt cted by RivEFe Srafthyfepins " Shd GRfoRgnyipndlrrb Al (arlRE; 15" BokD

et hyl ester oftBeiacyl aridevedity tméargees t\hehcaqtmussreadrangbxyelnbm de
I n met hano e b@ﬁ/ ac of ceupl ed
to N[err]- mtr% %gagg%{nlﬁbfheﬁ] a 0 #—%ﬁssalt % B c%?%%%‘f?% eg
coupl i ng t3® gi W&QPYIUBJ-W’P@'I é}"'PP&V‘Pﬂt Wl@&nﬁﬂ}rﬁidsr%%d@%tcéﬁ‘?m ng

to Exanpl es 11g$:8ﬁ§“9h'1‘i113 am:.nele' £ hewndreaRralae dyiwH ha:bysimgﬁnsaasoﬁyﬂ

pal | adi um on on to,re eth [err]-piiro.grou 0 give 11. 11
is 35 hydrol y§§ﬁ°?ﬁéﬁq580§§"’§ gl velslzl’x‘élzed %‘?3 eIfePsS to

PCT/ US95/ 16410form 18, which undergoes ceifpling as Pprguieously
provi des a pr e&ggéggbéggction schene for

15 Figure 9 provides an alternate preferred reaction

scheme for preparing intermediate compound 18 of Figure

3. Synthesis of 18 by this alternate route is as
described in Examples 102 to 107.

Figure 4 provides a preferred reaction scheme for

20 preparing uracil compounds of the present invention.

Examples 41 through 54 describe this preparation. As

shown in Figure 4, 5-nitrouracil 22 is reacted with

1,1,1,3,3,3-hexamethyldisilazane and chlorotrimethylsilane

to give the 5-nitrouracil bis(trimethylsilyl) ether, which

25 is then reacted with bromomethylmethyl ether to give the

methoxymethyl uracil 23. This compound is then reacted

with ethyl bromoacetate to give the ethyl uracilylacetate

24. The nitro group is then reduced to the amine using

hydrogen gas and palladium on carbon. The amine is then

30 treated with 2,4,6-collidine and R1502Cl to give the amide

25. The ethyl ester is converted to acid 26 by treatment

with sodium hydroxide in methafidl.” The acid of 26 is

coupled to N9-nitro-L-argininal ethyl cyclol hydrochloride

salt (prepared according to Examples 1 through 4). The

35 adduct 27 is deprotected by treatment with hydrogen gas

and palladium on carbon in an ethanol, acetic acid, and

SUBSTITUTE SHEET (RULE 26)



preparing pyrimdyl conpounds of the present invention. Exanpl es 21

through 29 describe this preparation. Pyrimdine 14 is al kyl at ed
with allyl b™M#P@Bé4and then 5 the ester is hydrolyzed with soBl 95/16410
hydr oxi de i n net hanol to give the 1-allyl- pyrimdone 15. 15 is then
treated with triethylam ne and di phenyl phosphoryl azide to form t he
acyl azide which undergoes the Curtius reargangenent. Reaction with
t-butanol forms the BOC protected 5- 10 am nopyrim done 16. Treatnent with
acid renoves the BOC group. The amine is then reacted with an al kyl

sul f onyl chleater mixfure.17. 2817ips hydntildeed mwibh edNst kydrochloric
form 18, whichachidghdOefien FAUPEILG nOSHPRECWHUS!Y so1vdlfSCeilefinidy
Figure 9 provides an alternate preferred reaction schene for preparing

i ntermedi ate conpekhdtaBEboFRRiptec acig to giyenazodndnali8s.py this
Ieg!ternaz1 e rouéI e is F@fgure é@e%d\}_l@ésl nahrExam]?Laea;%QZ prefitred reacl:tion
igure 4 provydes referred reaction schene .for repay i ur.acj
conmpounds of % he® gﬁ@%n?"?n?&ﬁﬁa&'ﬁ."g 1nc§@%1€§e4lcqq?ﬁ%§§| gg (?é‘gcﬁ%‘ére
this preparation4d. AsSynthesti®mofn F6gube 4chis nialtermatiel 2auts reactzs

W th 1,1,1,3 = heal Qi n hl orotri met hyl si | ane to
give the 5-nit I’Oﬁ%g.%f.?%?gﬁrl rretlﬁlﬁ%i Q&F)t%e?%g'r', which 25 is then reacted
wi th brononet hyl net hyFigurer 5 oP¥pVidesiea prefenped neeagtiomasichenre fahis

conpound is thenprepatedy cobblin@thybsbr opmacetalent 9ofi Ve dstasaty a
uracilyl acetgte e nitro group is,then, reduced to the am ne usjng

{ 24. Th . !
hydrogen gas-andPBarPearantdh SERHLEVE THRISH nini Shendd BesitdqPed wWiHS

2,4,6-col lidine aaghbdSeRés 10 gam-t&l@qu%w%a;bonﬁi-pirbee@fzm& ShE £6r
converted to acid 26 by treat m=]lr)1t . W th sqdj um hydroxi de in nethanol .

The acid of 26 1Ehe LARRFARARRI RPAEEY: nit rHIAS aSemal BaFhyRR cyRbEeny 1
hydrochl ori de  caskhmaterspaties lachaogdinagion Exasptége lmbbeopgh Hxamplde

35 adduct 27 is gp@}f&&&ﬂ bgﬂrggggg eWitT:ﬂi y‘;é%é’&é‘r&afo%vggﬁ“é}%ﬂses

pal I adi um on carbon 1'n~an- ét hanol ; "acetic acid,
PCT/ US95/ 164480 hexafluorophosphoric acid to remdve the wBOEr pratecting

28 is hydrolizegy$iibl. SNrhY ST Q& ¥UT Grethod can be used to prepare other
hydrogenation sensitive compounds.

As described by Example 58, 3-hitro-—2-hydroxypyridine

33 is treated with sodium hydride and then t-butyl

20 Dbromoacetate to give 34. The nitro group of 34 is reduced

to the amine by treatment with hydrogen gas and palladium

on carbon. The amine is <condensed with allyl

chloroformate in the presence of sodium bicarbonate to

give 35. The t-butyl group of 35 is removed by

25 trifluoroacetic acid to give 36. Alpha-N-t-

benzyloxycarbonyl-omega, omega ‘' ~di~N-t~

butoxycarbonylarginine is dissolved in acetonitrile and

treated with hydroxybenzotriazole and 1-ethyl-3-(3-

dimethylaminopropyl)carbodiimide HCl salt to form alpha-N-

30 benzyloxycarbonyl-omega, omega '-di-N-t-butoxycarbonyl-L-

arginine lactam. The lactam 30 is opened by treatment

with LiAlH4 in tetrahydrofuran at ~70°C to provide alpha-

N-benzyloxycarbonyl-omega, omega'-di-N-t-butoxycarbonyl-L-

argininal 31. This aldehyde is protected as the diethyl

35 acetal by treatment with ethanol and HCIl. The N-

benzyloxycarbonyl protecting group is removed by treatment
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acid and then purified by HPLC with a sol vent cont ai ni ng 0.1%
trifluoroacetic acid to give argininal 29. Figure 10 provides an -
alternate preferred reaction 5 scheme for preparing inter et g@m@und
26 of Fi guV@9/18644  gynthesis of 26 by this alternate route is

described in Exanples 108 to 111. "Figure 5 provides a preferred
reaction schene for preparing conpounds of the invention

possessing a 10 hydrogenation sensitivet&miety in the P4 position. Thi s
met hod uses the di-Nt-but oxycar bonyl pr ot ecti ng group for t he

L-argininal noi et Thi s che al ken carbamate as the
hydr ogenat i on ‘%’éﬁ’s%ﬁq}f@gﬁﬁr é’F)? aﬁg‘;rﬂﬁﬁé@ ium Qn t‘FI%/fRth %3 G3¥Er PBESFhi s
preparation V\/ruméa_;arsm-ust baxaky carlophos{lhradorirdciad t dieehgile ElcetBOC
protecting r S r p r
hydr ogenati on I%Cg'n ﬁ:ve-g(;orrp%?fg 3{-0{@&1&&1 Eagrgf%%?gbi ;h&bé’é)‘éxééﬁl gh%g
3-nitro-2- hydrbmypyupl;leﬁe to a3gesiredemanbammlicsoarith hyhohse :bmdtﬁ‘l?en

t-butyl 20g brﬁ%%%e?tst \(I)Mb?h¥§e§€menﬂ_ hes ¢ T x@iﬂrﬂéﬁmz@@r‘;&zb@éu%ﬁé

to the amneb as and di y n rbo
The anine ist-Rdersdd- d&f“?ﬁhzg %‘ﬁﬂ%&t"@gen lﬂﬁg prség'ence of
sodi um bi car borad ediéthyl geeal 3and tiibe d:r‘I—Eka yproggoting ofroldps iaxe

renoved by Zgﬁﬁ%rrﬁéugroatcet 't(z:nentac'dth th %(?Ph%_thorlc él:i)éralﬁ-t-

benzyl oxycarb
but oxycar bonylarefioniitziile diatsoliVeéd in attetometaratllonands quenchiedd bwi t h

hydr oxybepgot r g apd eihydbiedr (3-5 o as cat
di met hyl| amén()par(gjé% car bodi |pr1-nr de HO salt to form al pha- N 30 o oooer

benzyl oxycar boPEaRaHRigGYe BREGa YRIng t ¢ bﬁ? SFEHBhy pRL-10- 40%01r FIeoms
lactam The | asdwediidtiile Opeoeildly itheatteifluorcaddtatd Aslti Nof the
t et rahydrof ura a.t - 0 provide a a-

N- benzyl oxycar YA ré’g’é?t]lgﬁgéﬁg La?%&?“%%?&?&%?‘ffb%ﬁs L- ar gi ni nal
31. This al dehyde |Bo:pr otperspedradd ophe difet hyéres:maced:tahpom;dswm

th et h Th b b t ect
1S Fempvod by TibaEH cion | Eegiitiyg o FeCIRIARIONoBEE) °C1E0 LD

PCT/ US95/ 1641(preferred to avoid the use of hydrogen gas %%W gas
and pal | adi um g CesP9dNn ! 0 Ji MeotHEW A, preferred method for preparing

compounds of the present invention containing
hydrogenation sensitive groups such as alkenyl or aryl

20 moieties substituted with halogen, cyano, nitro, or -S-23,

is to use boron tris(trifluorocacetate), B(OCOCF3)3, to

cleave the N9-nitro of the arginine group. The reagent is
prepared by the reaction of BBr3z and CF3CO0OH in
dichloromethane at 0°C. The reagent is also commercially
25 available. Generally, the NY9-nitro compound is treated
with boron tris(trifluorcacetate) in trifluorocacetic acid
at 0°C. See, e.g., Fieser, M. and Fieser, L. F., Reagents
for Organic Svnthesis, p. 46, John Wiley & Sons, New York
(1974); Pless, J., and Bauer, W. Angew, Chem., JInternat.
30 E4., 12, 147 (1973).

In addition, another preferred reagent for selective
nitro group cleavage is titanium trichloride. This
reagent is commercially available. The Ng nitro compound
is treated with titanium trichloride in aqueous methanol

35 containing an ammonium acetate buffer followed by exposure
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onega' -di - N-t - but oxycar bonyl - L-argi ni nal diethyl acetal, HC salt 32.
This protected L-argininal noiety can then be coupled to a desired

car boxyl i c V@P6l186dhown in the 5 figure as 36, by treatnent REHUSIS16410

N- hydroxybenzotri azol e and

1- et hyl - 3- (3-di net hyl am no- propyl)carbod||n1de HC salt. The di et hyl
acetal and the di-BOC protecting groups arg renoved by treatnment with
hexaf | Uor ophosphoric acid in acetonitrile at O[err]C. The
reaction is quenched by 10 adjusting to pH 4 with 2.5 M aqueous sodi um
acet at e. PpéEpaite | veatlPionusiing uel % CF3HEA Hoirn dﬂnélﬂ%:aqlsenlf&xide.

| f I |
acetonitrile pﬁggiéfﬁa]é?e ﬁrxk %Pé&%ﬁz?ﬁr? sl ! a‘}fd tw}é%e ratD| L &gr_m_

substituted L-arginin prepa
certain  conpGhens, QQV|ﬁ@0Q5(1$@@Xogenatlon senS|t|ve substi t uent

roups, It |s ferr void the use of en gas.wWth

gal I gdi um cargﬁg? 7 i 5%a%8?e1aelprr§ ex, Fh% acgéfmgﬁf:?ﬁg‘ﬁ Fgx
conpounds 5 of thet P& epamas s ont of fempounds whezet o nisga ditwel ogdnition
onsi L1 ve 91 OUgR 5UeloaSe oL KCaubeindl Yy Mol |95 B! Yaed W U1

halogen cyano, nitro, or -S-
tris(trifluoroacet afPg) Sh°BPOeBCIf3-P3‘ret 8 the G}Jé-'éiﬁé qmmgofn PYvidéne h

ar gi ni ne groupisThedueegepy tbeatmemt &@f&}?d—; rg%%crahanpaﬁlﬁaiémaeﬁ
CF3COOH i n Lchl or t hane at, 0[':1 The reagent. i s_al so
comercially 28%°80ail %gge aming, dS,| ?’S? FrROuegEeS ig' ddHH R PEOYP ekPed
with bororlQri §6trmi 8Buor CheeBateprbhettedl| aninacsyi &saehdn treatea[ @iehC.
See, e.g., Fle e or O
Synt hesi s, %éﬁlﬁmhﬁg'@?f‘gé B = k‘}éle %3%% SRJ( 1’9‘7‘5 dep P0rS 1R 4,
Bauer, W Angews Gréined| heelenat Sme Ethyl éﬂ;erl@s(&@ﬂ@érted to ac.w.an
addi ti on, anotpgr or ChhV t u

ke b‘}reéco% i Cﬁ%{orl }td J%Iflicf kb %.s thél'% égu%.‘géncﬁe?& ngay

cleavage i$ titani um
avai | abl e. TheSRgPARRdo Fonframele 4 @xm&p&d&mﬂt mqunhknmmmlqvesde

in aqueouswrethaﬂﬁgGSS cont agtRY1 aB- EIVRD PP 1 SH AU 18 e ah BloaaWad aBY
S)é-??ﬁggg, 16410h3\1/'9roc{1]1:or1ée salt, l-hydroxybenzotgyiazole monohydrate,

and N-methylmorpholine to give 41. The NY9-nitro group is
removed by catalytic hydrogenation with palladium on
carbon to give 42. The Boc protecting group is removed
20 and_ the argininal is wunmasked by treatment with HC1,
followed by sodium acetate. HPLC purification with 0.1%
trifluorocacetic acid gives the final product 43 in Figure
7. |
Figure B8 provides an alternate reaction scheme for
25 preparing the intermediate compound described in Example
16. Examples 91-96 describe this alternate synthetic
route.
Figure 11 provides a preferred reaction scheme for
the preparation of 6-substituted pyridones. Examples 97-
30 101 describe this synthetic route.
Figure 12 ©provides a ’preferred reaction scheme for
.the preparation of 4-(hydroxyl substituted)alkyl or
aralkyl pyridones. Examples 113-115 describe this
synthetic route.
35 Figure 13 provides a reaction scheme for a preferred
compound of the present invention, [3-({2-
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of the reaction mxture to air or dinethyl sulfoxide. Freidinger, RM,

H rschmann, R, and Veber, D.F., J. Og. Chem, 43, 4800 (1978).
Figure 7 illustrates a preferred reaction schene for 5 the i of
conpounds RIS 5 5 direct |ink. This figure is descr?ﬁ@gé)@f“ﬁn
Exanpl es 83 t hrough 88. As shown in Figure 7, the nitro group of
pyridone 7 I s reduced by treatnment with hydrogen gas and pal | adi um on
carbon. The anine is then protected by thé%oc group to 10 form 39. The
Boc protected amne 39 is then treated with sodi um hydri de and

al kyl ated with_R1 iadide, ere Rl is as defined herein. The ethyl
ester is conveﬂ‘é?ir?}be%@r}osm&%)W‘lé‘(?d'lzﬁr?lxﬁyar8)? 4BYSBRTd 40 is then

coupl ed to thepyridebracemel «f-doeanilmml4 Exahsivar g3soupl 103 t @esdripes 15
usi ng -ethyl - 3: (3:di | am_nopropyl.)carbodii m.d

hydr ochl ori de é’éﬂ'st’ , g@ﬁ?égﬁgygﬁ%géf ri é“inol %V%%%]ﬁyﬁ%g % of %‘g%an%lc’mpound

N- et hyl mor pha@Bnwasoohtadndd. The Nerr]-nitro group is renoved by
catal yti c hydrogenaj |t adiu n rhon to.qive 42, he. Boc
protecti ngr%gr oup is%‘ggrhoé\%dgﬁﬁgé%ngkt %gaPﬁieﬁie%%I T r’f%?k § bay me%AT nent
with HO , for | ahkHlapingdiaud-addrat-@-oxpPLC2 pdibydrepynidwl t Acetats

trifluoroacetioRGbindi ¥€Sridle dddiadi g Qdieimpdd siighi gure .
Figure 8 provides an alternate,reaction schene_for, 25 preparing the

i nt er medi at e conpouf®’ deSEPPLRYRE n nfPEPound j gvith Fg, glatifn ogt 2
describe this aihersale angrdmailleyl grignar@ under anhy8rgus ecdddptiongles a
preferredreaction_schene fog__. he preparatign.of, §-guhstijtuted .

pyri dones.10 Ex ?rpl 58@7- 30 glﬁit%%g%r%oe ?haﬁ‘sky(slyr}t’fﬁé?i'g ?gh#é:_:&gyndyl

Fi gure 12 provadesatepintermediatercti on schenme for the preparation of

4-(hydr oxyl SUbStitdﬁs edrghkybeing theﬂréﬁéa%%eﬂéééjo{}ﬁéh an ES2081 £8ng

113-115 describe this synthetic route. Figure 13 provides a
reaction schenB9eRE: 2@Bfef err ed conmpound of t he present
i nventi on, [ 3{€2- recover¥hy96/ 18644 4-alkyl-3-nitro-2-xo-1,2-

PCT/ US95/ :5_%410dihydropyridyl acetate product.

50
The disclosed method provides an efficient route to
the synthesis of an intermediate used int he synthesis of
compounds having a 6-membered heterocycle comprising an
alkyl at the four position and a ntiro at the three
20 position. Example 134 exemplifies several such compounds.
Zinc salts such as zinc chloride, zinc bromide, and
zinc iodide can be used in step (a). Zinc chloride and
zinc bromide are preferred, and zinc chloride is
especially preferred.
25 An alkyl grignard results from reacting a magnesium
metal with an alkyl or aryl bromide, chloride, or idodide.
The magnesium inserts betwen the halogen and the carbon
bond to form the grignard. According to this aspect of
the invention, the alkyl grignard in (a) is synthesized
30 from a starting compound in the group defined by [R1l]. A
preferred alkyl grignard is 3-phenylpropyl magnesium
bromide.
Step {(a) can be performed by combining the compund
and the zinc salt, follwed by addition of the alkyl
35 grignard, or by combining the zinc salt and the grignard,
followed by adition of the compound. Preferred is a
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f | uor obenzyl sul f onyl ) am no- 2- oxo- 1, 2-di hydr o-

pyridyllacetyl -L-argininal, Exanples 135 to 143 descri be this synthetic

route. An overall yield of 19% conpound 83 was obt ai ne

Anot her asP6/18#44t he present invention is a nethod f or d%?ﬁ??%?{‘f‘#é’ a

3-nitro-2-o0xo-1, 2-di hydropyridyl acetate - conpound at ring position 4

conpri si ng (a) conmbining the conmpound with a solution of a

zinc salt and an al kyl grignard under anh$drous conditions 10 to form a

3-nitro-2-o0xo-4-al kyl -1, 2, 3, 4-di hydropyri dyl acetate internediate,

(b) contacting the internmediate with an oxidizin agent, and

(c) recoveri fepthod 5 wherien \Khe 3 ¢ampeyil xangd 2-thes Zine drshl | e

acetate ErodUCécF]mbi_ned,f follilaved wdaaaatmeﬁgeé enﬁvaﬂxe,sl ﬁd&:ﬁx{d 'x;a.ent route

to t he synthesig o n_i rnedi.ate used int_he nthesis o .

conpounds having a %‘%ﬁgﬁ?eggﬁeféﬁlﬁl&&ft’ﬁ csotr?ﬁ’ri%?‘x?\ggén per%l%i‘”ﬁfr]i i1 %%he

four position @aidizing ragebts hénthndéngd0 oxygent, i cratalptdnpl red8tiation

exenplifies seyer h,.£0 : . Z] I '

chl ori de, g’i ncg r%érrjf ]zﬁe@%'drgl%rig&ﬂ% cygﬁfg‘élégﬁgbggué%fd [ nﬂg?ﬁ}ﬁ%es’ Zi nc

chlori de and andRp:kladingtisnretafie ipwaes (BHF . Adereferred hexidigring s

especial |y preigéiedis Palladijmaceltiare ghi gasmhdriesults fromreacting a

magnesi um nmetal _w th an fﬁﬁ%@r aryl brom de, chloride, or.idodide.
Senlthet#il BgE

The magnesi um i nser in,deefeibar BoPr ety AP m
the grignard. ofAccehflsngmieehbdi s faspeaiikgflatingt hea i nyenitoe-2ideo-al JoH
grignard i.n (a)s,l es|zed o] I ng,. co und _in.the_group
defi ned b%ra[ R1 %ﬂ’;%sy&ﬁpd&e#erarée%%{{yIr%%trlﬁ%%érd igté Sg%ﬁgnylpﬁ%& ﬁ nd' 4
magnesi um EemRPR HRing Step (a) can be perfornmed by conbining the

conpund and the(gj nCcgmbinid®! thed ddnpaddiat ikl zike 2hli¥kids and
grignard, or bé’ conb Jngq t he IBS salt and the grignard, foll owed by
adition of the %?ﬁ‘rp%‘%%’cf.‘ arp &¥igpazd under Yeyawsmeditions to
PCT/ US95/ | 6410form a 3-nitro-2-oxo-4-alkyl51,2,3,4-dihydropyridyl
15 acetate intermediate,
(b) contacting the intermediate with palladium
acetate in warm THF, and

{c) recovering a 4-alkyl-3-nitro-2-oxo~1,2-
dihydropyridyl acetate product.
20 The compound of Example 129 is an intermediate in the

synthesis of compounds such as those in Example 134.

: In this preferred aspect the 3-nitro-2-oxo-1,2-
dihydropyridyl acetate compound is t-butyl{3-nitro-2-oxo-
1,2-dihydropyridyllacetate and the 4-alkyl-3-nitro-2-oxo-

25 1,2-dihydropyridyl acetate product is t-butyl [3-nitro-2-
oxo-4- (3-phenylpropyl) -1, 2-dihydropyridyl]acetate.

A further aspect of the present invention is a method
for alkylating a 3-nitro-2-oxo-1,2-dihydropyridyl acetate
compound at ring position 4 comprising

30 (a) combining the compound with a soclution of a
zinc salt and an alkyl grignard under anhydrous conditions
to form a 3-nitro-2-oxo-4-alkyl-1l,2,3,4-dihydropyridyl
acetate intermediate,

{b} contacting the intermediate with a reducing

35 agent, and

{c) recovering a 4-alkyl-3-amino-2-oxo-piperidyl

acetate product.
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met hod wherien the conmpound and the zinc salt are conbi ned, foll owed by
addition of the al kyl grignard. The step (b) oxidation st e& n be.
per f or med WRPEB644  oxi di zi ng agents includi ng oxygen, catal ﬁr {1S95/10410

reoxi dation 5 of palladium dichlorodi cyanoqui none in refluxing xyl enes,

and pal | adi um acetate in warm THF. A preferred oxidi zing agent is

pal | adij m acetate in warm THF. Beanpl es 127-129 herein describe a
preferred aspect of this nethod for alkylating a
3-nitro-2-oxo0-1,2- 10 di h dropyrid acetate conpound at ring

position 4 cofihei §iiﬁg osed met ¥x(Jé) rRoviidesnan hef Ebedrentndrentd Zenc
chloride and tne Lheenhasids n&’faQnakaZérxgéagé@éduHQéeinaEH¥dE%H€h€Q§bt bens to
form a 3n|tr020xo al kyl - adlh dro i dyl 15 acetate

i nt er medi at e, opounds  hRYANG (- Fni gcf“ eTefle DEHRE? %lt MBI IpaPPadi um

acet at e in Waé.]IIkiF]:iF,atandhe four pésitisecand iadg amifto at the three

4- al kyl - |tro oxo-1, 2- di hydropyridyl acetate product. 20 The
corrpound 0 ﬁfjﬁé 429" is an internediate in the synt hesi s of
conpounds such as Ehvsesphtexaupheas3sinc chldryide hizingrbfemide, appgect

the 3-nitro-25Qx03la3ae cand'w%mrigygtéﬁet@e COﬂP&':mghlérlde and
t-butyl [3-nitro-2-o0xo0- 1 di hydropyri dyl'l acetate and t

4- al kyI 3-ni t FHRY- olFomide) Ang hym%f)ﬁ?%@/ a@Bfat é%“odtﬁ?&l?l’slqe but§l
[3-nitro-2- espéxfaliydppepsyyted opyl)-1, 2-di hydropyridyl]acetate.

A further, aspect of,the ent |nve |on [ net hod f.or alkylating a
3-nitro- ngxo , 2- %Pﬁyd?g%’ﬁ ?aionb%urﬁ??ﬁhﬁﬁ%fdgogﬁ’l oft 4
conpri sing 30start1ng(ag)ompmmﬂ nl:umg n:he corpepnddetired &l utiRdd .of aa
zinc salt and g rd nhydr o a
3-ni tro-2-oxo- ggf?tk%gh Q%ng %yﬂgﬁr%%yr:ig ¥ pﬁ%ﬂgi% |nter%§§%g{h§t

(b) contacti nbrt’ﬁé ‘Pntermedl ate with a redum ng 35 agent, and (c)
recovering a  4-gtkypl {(3)aeafobe PerfUmid B comb@ELhd! B edMpbund

\5/\12) 96/ 186 3 and the zinc salt, followed by atf c&gg%g) 64t Oe alkyl
grignard, or by combining the zinc salt and the grignard,
followed by addition of the compound. Preferred is a

method wherein the compound and the zinc salt are
combined, folled by addition of the alkyl grignard.

20 The step (b) reduction step can be performed with a
reducing agent such as hydrogen, which is preferred.

On aspect of ths method for alkylating a 3-nitro-2-
o;to-l..z-dihydropyridyl acetate copound at ring position 4
comprises

25 {a) combining the compound with zinc chloride and
then adding an alkyl grignard under anhydrous conditions
to form a 3-nitro-2-oxo-4-alkyl-1,2,3,4-dihydropyridyl
acetate intermediate,

{b) contacting the intermediate with hydrogen, and

30 (c) recovering a 4-alkyl-3-amino-2-oxo-piperidyl
acetate product.

3. Lect] £ preferzed:

The compounds of the present invention are screened
35 for their ability to inhibit some or all of thrombin,
factor Xa, plasmin, recombinant tissue plasminocgen
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The di scl osed nethod provides an efficient route to t he synthesis of an
I nternmedi ate used in the synthesis of copounds havi ng a 6-nenber ed
heterocycle conprisng an al kyl at the four position and an am no at the
three- 5 position. Zinc salts such as zinc chloride | Lom de,
and zi WO P¥YHe can be used in step (a). Zinc chloride gcﬁbgﬁyﬂgﬁﬂl
brom de are preferred, and zinc chloride is especially preferred.
10 " The alkyl grignard in (a) is synthesized fro a starting
conpound in the group defined by [R1]53 A preferred al kyl
grignard i s 3-phenyl propyl magnesi um brom de. Step (a) can be
performed by conbining the co ound 15 and the zinc salt, followed by

addition of theChE¥FEOT  JFFGRAVd, orAAREVESRS ni iFR¥RIZI nc CSsal t (8RA) t he
grignard, ERlhovesboin Adhd lwyp)sfni haas COSPOELIELh bEI®F er r@érténa of

thod wher ei h dt mbj
TELO0 uher el nehRpSeRRY a5 Sabbinss spoalBIOLORE, (Lot by,
performed withta inhikddudimpmigent wslithe asoftydswoprpntially | $npibisinegd.

On aspect of t fofqal kel ating & 3- gt ro- -PA,
oxo-1, 2- dlhydrggyrldG?pacetate copound éﬁ %;g po }??%#P' ¢ Pbonpr?ggs 25

(a) conbi ni ngShEoEEYRSimd e htFYREiRh| oMl FesPect threnthxrmbipr aAndl kyl
grignard under taahyskmais eaag}m&sor&;d ast Ouséar Medein, the term ‘"not

(b) cont act | ng ERECRRESH ) SEELRY STy QPR Eptl R 1050 (85 B4 Lol ng

a 4-alkyl-3- @[ﬂhﬂﬁlﬁ OKOPHL p&PCﬂybhymotﬁﬁﬁéﬂie ikﬁd)dt@}t'ps:l.n for 3a glven

Sel ection Pre np und he presept
i nventi on 04 F‘B@H@ §‘§ qroera er?eltf'haarbl Pth q1 ﬁ?blz'[ Frésﬁr o B
t hr onbi n, faspeetively) pt&snidromyier.onbi nant  tissue plasn1nogen

WO 96/ 18644 The compounds of the. present J.nglll'xglsogg/ &Pél 181ssolved

in buffer to give solutions containing concentrations such
that assay concentrations range from 0 to 100 micromolar.
15 In the assays for thrombin, factor Xa, plasmin, t-PA, aPC,
chymotrypsin, and trypsin, a chromogenic synthetic
substrate is added to a solution containing test compound
and the enzyme of interest, and the residual catalytic
- activity of that enzyme is determined
20 speétrophometrically. The ICgy of a compound of the

present invention is determined from the rate of substrate
turnover caused by the specific enzyme being measured.
ICgg is that concentration of test compound giving 50%

inhibition of the rate of substrate turnover. Likewise,

25 the Ki of a compound of the present invention is

determined from the rate of substrate turnover caused by

the specific enzyme being measured at wvarious enzyme

concentrations. Kji is that concentration of test compound

giving 50% inhibition of the rate of substrate turnover.

30 Examples A and B provide an exemplar of the il_z;___vitro

assays used to select the compounds of the present
invention.

Certain of the preferred compounds of the present

invention have a Ki of about 0.00l1 to about 200 nM in the

35 thrombin assay. Especially preferred compounds have a Ki
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53 activator (rt-PA, activated protein C (aPC)

chynotrypsin, and trypsin as set forth below. Certain of the preferred
conpounds 3¥@9¢186#4 ngui shed by their ability to inhibit PRE B4 | e
not substantially inhibiting 5 sonme or all of factor Xa, pl asm n,
t-PA, aPC, chynotrypsin, and trypsin. Wth respect to thronbin and

the other enzynes and as used herein, thesderm "not substantially

i nhibiting" nmeans that the 1C50 (or Ki) for pl asmn, t-PA aPC,

chynotrypsin, and trypsin for a given 10 conpound is greater than or equal
to its 1C50 (@f Kebout O-8§dectdvabputf ob0t mbnbi nThe more eFhectahpwunds
of the present p&@‘f%QEéanéﬁxﬁoﬁ’h§§0ﬂ:¥@Q a Ki! Bebubbat tOOOQ'l\’Q:oSOAIBEﬁt?nfo
cont ai ni ng concentrations such t hat assay concentrations range fromO
to 100 nmicronoP¥r. 15 |In the assays for thronbin, factor Xa, plasnin,

t-PA aPC, chynmeki¥ashN.of afle Prd¥ered %oﬂH&{HEGBEC theSYB£Qﬁéh€
substrate Ii added to a solution contalnlng t est conpound
t

enzyne of erBYENLIAR PABS BsiHBAI foxt faptor Xa. Riasmimy, t-RE, aPCynpat
enzyme i s chymeekﬂomﬂ?daaﬁ EPOBLIRPRANRYY i ¢8l lar  1.MRe | B0 Qimé?
0

conpound of s determned fromthe rate

t ventil on
substrate FﬁFﬁﬁﬁﬁrtgﬁﬂsé&sb§cﬁﬁe%§ﬁeE¥FPEbéﬂzynESBGFhﬁlhﬁaEHFéﬂrred
I C50 is that ceemgBhhabi Bavefah efds Wtﬁét&vxag EQJ&mm, f@htﬂ?' tip@a, of
the rate of substrate turnover. L| ewi se, 25 the of conmpound  of
the present FHYRREF¥RSiRg and (EF¥PHiRe Ml ife Erlmtél onOSubgt ralbpeut

turnover cpusedobyooo tifRssSppeates thé‘hnﬁ.ttéelﬂgsdmééf”%ﬁr%hb!ﬁ” OUgoFEZy Me
concentrations. Ki is_that concentration of test conpound gi ving 50%

i nhi bition of ERBeFARrLi¥fPEeferred éqmm’m?ér hase apxafp0 efon fact® pkavi de

an exenpl ar of phemihD Wirlpa, apcass e%lg&tt sggn%gggls oL the
pr esent I nvention n of the preferre onpounds of the
present |n9€ﬂPFoﬂ°Ha$8 ébRPtoﬁ 888&909 Badmes, oxeater2ddany 146 t Fesa5

L g_rr%gbg/ ?23% forEeReshBihY PIETEHd A MRUARIS BE¥Bond  of the WLOBALB644
invention has an IC5¢ with respect to factor Xa, plasmin,

rt-PA, aPC, chymotrypsin, or trypsin which is greater than
the highest concentration of compound tested, the ICs50 is
taken to be that highest concentration of compound.
Example B also provides a method for
20 identifying and selecting compounds of the present
igvention that inhibit factor Xa, plasmin, t-PA, aPC,
chymotrypsin and trypsin to a greater extent than they
inhibit thrombin and, thus, have utility as inhibitors of
those proteases.
25
4. Pharmaceutical Compositions

In another aspect, the present invention encompasses
pharmaceutical compositions prepared for storage or
administration which comprise a therapeutically effective

30 amount of a compound of the present invention in a
pharmaceutically acceptable carrier.

The therapeutically effective amount of a compound of
the present invention will depend on the route of
administration, the type of mammal being treated, and the

35 physical characteristics of the specific mammal under
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54 of about 0.001 to about 50 nM The nore especially

preferred conpounds have a Ki of about 0.001 to about 10 nM

Certain ofv§gg referred conpounds of the present 5 inventi o~y gﬂbCSO
for factor ; mn, t-PA, aPC chynotrypsin, and trypsin mhlc

at least 10 tines greater than its 1C50 for thrombin. Especially
preferred conpounds have an 1C50 for factor Xa, plasmn, rt-PA aPC,
chymotrypsin, and trypsin which is about 225to about 10 100, 000 ti nmes
greater than its 1C50 for thronbin. Mor e especially preferred

conpounds have an | C50 for fact r Xa, lasm n, rt:PA aPC, ,
chynot rypsi n, Sﬁ&sﬁ%ﬁi‘fiw%l chthese faﬁﬁSE? féb'{]tBh%bBuFei?ﬁbﬁ?ﬁbbpt ifes
greater than i 8etkfhmining fmhlsthMMumtlraﬁée wgkht khetma ecenpakidledd t he

Present 19 TNeRbLon s ans IR AL GoPogELL 0 AR Moudd AR che

rt-PA aPC, ch¥fotrypsrn i ST gr eat er e hi ghest
concentration mfetbgfipogﬁd aémeustmémmocms be tfaa@'kpltﬁﬁ b&a hachiieyteest

concentratigon Bbtﬁmougéflcacy but willEX@@Rk8d Bon 3ke@ HadLdes a2
met hod for 20" .identifying nd selectln conpounds _ of _ the present

i nvention that WEAEREit @h%?or %c’“kﬂ%@?ﬁ nmedisatiopc and eRReHt r§AREAFSand
trypsin to a giakar tmshenbkilnaadt beythe me@hwitai—m omm wbgriides, have

utility asinhibito;r% t hose ote Q__ rmaceutic
Corpos, t§ons insraneitizelid SRR CITR anedtn, off (T GBI
pthrraceut I cal o‘forqh@slpmezsrmtprlewarig.c&:orcast aralgm dproadl\;adiamrsim iupon ’
whi ch conpf se gl h%reéfi‘i»‘éh' C%Jf'f%c%fsf e%&i Ve cHL %%eﬂ'fbﬁe%% of

the present invention rmaceut I cal

y p
The t her apeutua‘xpwaéflirectdqs@mmllofba befreend grout 0t Pt pedkgntand
i nvention wll 1¢L@pg@dk@n BB, r@é&gm-@I preféfdbi sbheaiveen, abBat! YR®10fana

manmmal bei ng tr n he 3 hysi cal characteristics of the
specific ﬂ&gr g°hy Wew*ge/ 18644
PCT/ US95/ 16410 Pharmaceutically acceptable carriers for therapeutic

15 use are well known in the pharmaceutical art, and are
described, for example, in Remipgton‘'s Pharmaceutical
Sciences, Mack Publishing Co. (A.R. Gennaro edit. 1985).
For example, sterile saline and phosphate-buffered saline
at physiological pH may be used. Preservatives,

20 stabilizers, dyes and even flavoring agents may be
provided in the pharmaceutical composition. For example,
sodium benzoate, sorbic acid and esters of p-
hydroxybenzoic acid may be added as preservatives. Jd. at

) 1449. In addition, antioxidants and suspending agents may

25 be used. Id.

The pharmaceutical compositions of the present
invention may be formulated and used as tablets, capsules
or elixers for oral administration; suppositories for
rectal administration; sterile solutions and suspenéions

30 for injectable administration; and the like. The dose and
method of administration -can be tailored to achieve
optimal @&fficacy but will depend on such factors as
weight, diet, concurrent medication and other factors
which those skilled in the medical arts will recognize.

35 Wwhen administration is to be parenteral, such as

intravenous on a daily basis, injectable pharmaceutical
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55 consideration. These factors and their relationship to

determ ning this anmount are well known to skilled practitio ' e
medi cal arts. WOMi$64punt and t he met hod of adni ni strationpgg@s%%&{b.
tailored to achieve 5 optimal efficacy but will depend on such factors as
wei ght, diet, concurrent nedication and other factors whi ch t hose
skilled in the nedical arts will recognize. 56 The therapeutically
ef fective anmount of the conpound “of the present invention can range
broadl y dependi ng upon 10 the desired affects and the therapeutic

i ndi cati on. TYPFeaBL ;1088588 PR PTERAY b tife SPTRIREFIoD2d 1 ARy ghEher

100 ng/ kg body wewghtyicuies egcaltihs&d@ﬁ veensadeers bk, agshia féﬂné’rgé{igtaﬁl?é'y
wei ght . Phar ré?)ﬁeut i cal l acc table caryrj ers for, therapeutic

use are wel | knowtoFn SRE“FRG sign inpgwid Prigestei BE&QCFB‘P“'
exanple, in Rem ngb:oras &in.alsmfmt [ cshzitablSciaam@é.enl‘dhclaﬂmbl fahi egample,

(AR Gennaro g g.a ?85) sallne':ord%?éé?@% ?{afet{:lﬂ%lsal '1';%%@@ se}ecithin,

phosphat e- buffere i'ne yST ol 0Qi
Preservatives, 20adbamipizeediumyg u&maéeencsrsaewe ngYég@‘m%mrm%elbeor the

provided in the pliaﬂc@aceutlclai CQHRQ&iBhOH shor aéamné&, theSOthHbctable
benzoate, sorbic acid and _esters ?’ﬁy hydr oxybenzoi c aci d
a

be added as preseﬂ‘éﬂ“@&?"“f’ﬁl &Pmp°515:&2§s FROERSR, MRG0 GTRMRES aﬂﬁ
suspendi ng agent s nodyoxdc Baxiibfarydsubstances, 'Eiﬁ:l'phasr weteihyCcagents, pH
conposi tions t he Jresent I_nventy on may.pbe for ted and used_a

t abl et s, capsgées%uf%egﬁngl BEPESp of &%d?‘f’ﬁﬁsua e $HPPos 8?F§€"?’6r
rectal adm ni str atenbancingr prepsvationss{ang. smmmss 8ayf be uhibized! e

adm nistration; and the like. The dose and net hod of admi nistration can
be tailored to achieve opt| mal effibacy but will depend on such factors
as wei ght, di &t-, CoRSumdiXnRlgpUREARKEBN and other factors whi ch
those skilled in the i@kt S?f“" 'thd C62QRLAE iivention HHilh made and
adm ni stratlon is to be parentera i ntravenous on a

basi s, injectdbl e SFhEcHELAE 635H5°1°5ed am 96?&%@4435 potent inhibitors of
PCT/ US95/ 16410  thrombin in vitro and in vive. As such, these compounds

are useful as in vitro diagnostic reagents to prevent the
clotting of blood and as in vivo pharmaceutical agents to
prevent, inhibit and/or attenuate thrombosis in mammals
20 suspected of having a condition characterized by abnormal
thrombosis.
. The compounds of the present invention are useful as
in vitro diagnostic reagents for inhibiting c¢lotting in
blood drawing tubes. The use of stoppered test tubes
+ 25 having a vaccum therein as a means to draw blood obtained
by venipuncture into the tube is well known in the medical
arts. Kasten, B.L., "Specimen Collection", Laboratorv Test
Bandbook, 2nd Edition, Lexi-Comp Inc., Cleveland pp. 16-17
(Edits. Jacobs, D.S. et al. 19%0). Such vacuum tubes may
30 be free of clot-inhibiting additives, in which case, they
are useful for the isolation of mammalian serum from the
blood. They may alternatively contain clot-inhibiting
additives {(such as heparin salts, EDTA salts, citrate
salts or oxalate salts), in which case, they are useful
35 for the isolation of mammalian plasma from the blood. The
compounds of the present invention are potent inhibitors
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56 conpositions can be prepared in conventional forns, either as
| i quid solutions or suspensions, solid forns suitable for solution or
suspensi ORyé Be/kde@s!i d pPrior to injection, or as enul si onecTUsSsiddab| e
exci picents are, for exanple, 5 water, saline, dextrose, mannitol

| actose, lecithin, al bum n, sodi um gl utamate, cysteine hydrochl oride,
or the like. In addition, | f sired, t he I nj ectabl e

phar maceuti cal conpositions may contain mnor anounts of nont oxi c
auxilliary substances, such as wetting agents, pH 10 buffering agents, and

the 1ike. Ide%a%ﬁﬂmab%%pfa'sorguch NG ”Qm%%@ié\ié@”:?néé 81004
| i posones) may be ut|||ze Uility and

Conpounds of FR&LIBFELBRt FHRRSht iton %%‘ﬁe%dé’l&ﬁﬁlﬁg k| &deedmaEMalizrosed
are useful asppeban8rawhi bhtorsheth. thronbin in vitro and in vivo. As

such, these conpoug%FlnaogggﬁPgse ég i%ie Pﬁ¥égéotgk§ Eégglc rea ent%FS O

prevent the ood and ViV agg
prevent, imhibupnandh@rcambena&nentWLchb95h5r|nomanuaas e tbasp&esedtof

having a condijLi,QR¢GRAY a%erlrfetgoﬂﬁ%q{m:rth ot HEL MRS - 1nﬁ\1b1torsThe

conpounds of t resent invention are usef in vitro diagnostic

reagents for PﬁhFEPFFh@gclechﬁ bipod c?ﬂ%ﬁﬁ?%ﬁhﬁﬂﬁﬁstub8§e amgpat y§e of
st opper ed t esbet U@Sed@5 td1a%uBH acuisds Udst hehetn aso@;mmftl@l%aw gbood

obt ai ned by. v nl ncture into the.tube knomn |n t i cal
arts. Kasten, "é.hlfg, %&@c FeF oA € 1E§b8’ %}-%ﬁfgb o8k,
2nd Editilh, BerwnCdmtd nche E€Eubeel anm@paddﬁtian of (tEﬂa t sompgaoods , £O. S.
et al. 1990 h r f 1b

) - sqphD AW %&;ﬁ bgs %¥g§§1t%g?é ﬁfoﬁxe &%ﬁ%s 6,{241{ | 'Oltr:]zk&?n in

additives, in SWhi'ch case
mammal i an’ ser GREf A&t Haich a%ﬂkkmﬂntrq¢ﬁﬁﬁ¥ﬁﬂl%ﬁtérﬁéﬁﬂ@@l?OQEHFéFh°n

clot-inhibiti I&nereof@ddhtsl vas (sv1ga a%oh@%ataoﬁal therEHEA sai-t siiguigate
salts or oxalate sal.ts) ch, CaszyﬁPgbﬁ useful 35 r the

i sol ation of Fﬁ§ﬁ°ﬁlagﬁéc r oftPt h het® coﬁﬁﬁbads of TPfe
pr esent iment:bﬁ@oahaspoﬁﬁnu:henrp:knsaﬁs inventiMD @el88dded to blood

PCT/ US95/ 164 Q:ollection tubes in such amounts that, when combined with
2 to 10 mL of mammalian blood, the concentration of such
compounds will be sufficient to inhibit clot formation.
Typically, the required concentration will be about 1 to

20 10,000 nM, with 10 to 1000 nM being preferred.

‘"The compounds of the present invention are useful as
a pharmaceutical agent for preventing, inhibiting and/or
attenuating thrombosis in a mammal suspected of having a
condition characterized by abnormal thrombosis.

25 Conditions characterized by abnormal thrombosis are
well known in the medical arts and include those involving
the arterial and venous vasculature of mammals. wWith
respect to the coronary arterial vasculature, abnormal
thrombosis (thrombus formation) characterizes the rupture

30. of an established atherosclerotic plague which is the
major cause of acute myocardial infarction and unstable
angina, as well as also characterizing the occlusive
coronary thrombus formation resulting from either
thrombolytic therapy or percutaneous transluminal coronary

35 angioplasty (PTCA). With respect to the venous
vasculature, abnormal thrombosis characterizes the
condition observed in patients undergoing major surgery in
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57 of thrombin, and as such, can be incorporated into bl ood

col l ecti onggbgfeshd prevent clotting of the manmal i an bl qackrusssmes1ont o
t hem The conpounds of the present invention are used 5 alone, in
combi nation with other conpounds of the present i nvention, or in

conbi nation with other known inhibitors of clotting, in the bl ood

col l ection tubes. The anount to be addeg to such tubes is that

amount sufficient to inhibit the formation of a clot when mammal i an

blood is 10 drgywn hBhert h@xéx‘é?ﬁtlesThSradﬁié'Q%dgfth@ CORROURAS t9ften
such tubes may be acconpli shed °E% met hods wel | known in the art, such

as by introductFOHERH EXPT qEPEORBWPoEPEMEEIon %é%fve%%“% vgprplature
conposi tion thaf@intﬁfg | irf| Ut eBuced CPIPOS| £16W tvhthB afSectyapbktiéfityto
a solid. The 1%% ngogndsooftthe resen |nvent|o’5& .e added o bl o d
col I ection t ube®q n3uBh® AT S TRAL V\:th Bt ve M v
manmal i an bBoodshitdmbairecent rafumhen‘ suchcharacbaqauuasls Wi | ﬂzbeesuﬁatedent

to inhibit clot; q n ti I
be about 1 to 20 AOIONH art %o%ﬁéﬂebé’ﬁﬁ%ﬁf S | Rttt
The conpounds d?ottkhevgse%w Pm‘éﬁmﬁoéua#@gummass ock.a ARG cUlFedl
agent for preve{ﬁfé&mﬂmlﬁdl&@éﬂ/% cond2t{ SAURhEREith NERNEPOSLS +apad
manmal suspect ed of havin condi t:’eqon char a

Eterl zed b%ﬁgbnormal \
t hrombosi s. 25 consum (R cHETaEiAT LA byt 3BHEFral onbB¥FEeRI €
wel | known 1ion tdmagelhtciadn amlsicdnd dessllade timosehenvdbymagion ofie aifexi al

and venous vasc Wth ect t onary
arterial vascula urée% a%%or mal écmﬁ’lronbom slij%?onbu &#Jlrf%}qu{) the
characteri zes tmvecmpﬁmelaamr%fle@@w &8l wsifesprersr esgrar 5@%%“15? aque

which is the B Ble CRtkESer ﬁ%&r?cf&f@cﬁfcqxﬁeé MetheldisORo2NgrePehebhe
angi na, as well as al so char,acteri zi ngl the occlu % cor onar t hr onbus

formation resufttFABIIFLIGH 1Bi ehdrarmal ( susRecESA | of havdRg ﬁé?éﬁf’éﬂ%ous
transl um nals cotloameaigytedtizeahigi opyast wbrd2hz4) . thrwhdﬂszs.especbmptmsmbe

venous Vascvéxgix&'{&eﬁﬂ?c‘o{g% a' Ba0fR9S! S ¢f08L é‘&ﬁé’{ééffy eks\%cuve

condi ti on obser in patl ht €2 uR er90|ng maj or surg
06/ 18644 amount of a compound or a phamqyggg;aﬂe4qgnpos1tlon of

the present invention.

The compounds or pharmaceutical compositions of the
20 present invention are administered in vivo, ordinarily in
a mammal, preferably in a human. In employing them in
Viv"o, the compounds or pharmaceutical compositions can be
administered to a mammal in a variety of ways, including
orally, parenterally, intravenously, subcutaneously,
25 intramuscularly, colonically, rectally, nasally or
| intraperitoneally, employing a variety of dosage forms.
Administration is preferably parenterzl, such as
intravenous on a daily basis. Alternatively,
administration is preferably oral, such as by tablets

30 capsules or elixers taken on a daily basis.

In practicing the met:’hods of the present invention,
the compounds or pharmaceutical compositions of the
present invention.are administered alone or in combination
with one another, or in combination with other therapeutic

35 or in vivo diagnostic agents.

As is apparent to one skilled in the medical art, a

*therapeutically effective amount® of the compounds or
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58 the I ower extremties or the abdom nal area who often suffer
fromthronbus formation in the venous vascul ature resulting in reduced
bl ood fl ow @ dshigeqd§ fECted extremty and a predi spositi onpCT/USas/ 1680 Y
enmbol i sm Abnormal 5 thronbosis further characteri zes

di ssem nat ed I ntravascul ar coagul opat hy whi ch commonly occurs within
bot h vascul ar systens during septic shock, §erta|n vi ral I nfections and
cancer, a condition wherein there is rapid consunption of

coagul ati on factors and system ¢ 10 coagul ation which results in the
formati on of I|fe r eat O n rHAROLH

t he m cr ova%cufm%cuerl%aéslc:agd?#é&t%glva gsp;gga 33 Elt lgjirné’eriﬂC’(HJ he
present i nventivary ré¢perdineturs the Fevarmight and d“mlt%rﬁ??\c’eﬁs

mammel suspect egdr Ofc BViviE %&Q&@h&h@”céﬁpoﬁﬂ&é ae&ﬂw@d thY pafOIl TR
t hr onbosi s, conp r|5|\nﬁ%m mnistering to said

t her apeut i cal | y2e4® eefi ln"s&ﬁﬁﬁﬁf’nof"‘m& cthpofFFi5F ?)%‘f%‘?%ea‘f‘fica?he

conposi ti on sof theriﬁ@miesﬂndmamm | onBecause theéﬂae feenpoendndrtheir

phar maceut i cal co SIASII,(I)J-I_’IPS é)o é&e Ei’bt cgl_earvgeﬂ'd ‘%}e{gd
in vivo, ordinaff 7 pre erabply |n a hunan n-enpl oyl ng
themin vi vohet md@@moumtSSor tbhar@at—:%ummhmrrp&a therspeutrierlly

adm ni stered t 0o 2:JBITRL &9 @gé(aMs@éi/st £#8Y amohifg! Wlica8sary %al 5meve
parenterally, | nt ravenousf subcut aneously, 25 _intranyuscul ar
%i// rEFa

col onical ly, r%?alﬁ%ﬁlre%a§&FP}t of Pre‘ﬁﬂtr’é’ﬁer tPERERPEYS . enfit

variety of 1dpsaa£tlﬁm Ehe ambiAdrefMicsler akummegl $n tnéeéea:arlbéy Typiealkyal
asi Al t

h i
ngn ni s?fat i on ?é*“gﬁ\{i?"g’?%%’r%? or 8? sgﬁlﬁ W?ué’tﬂ ot s°30 BpPR rnat I Ve‘l‘yéal

el i xers taken ocompdsitiomasi --he present b.annaEaniﬁgcoﬂmemedhcgfs bcbwe:he
present | ”Ve”t'Bgsa %%180”%‘4. Sc?&éag@aié@é‘fé‘t fé%g%@?&%ats‘e‘ansuﬂhi he

pr esent i nvention a m ni Stefed al one or in conbinati on h oneg

another, or in Ebﬁbldl%?t’-FGﬁ whfiecs et PREVERELRgC 15 ¥iven thregh@signotti c
agents. 15 achSelédaRBAERNwoQONGebitid | d tHeddieutidialdly aeffedtive

"ther apeut i cal | y effecti ye ampuni p, of the COMPOURGS oF, 3 nyent i 90,18844
or as part of a pharmaceutlcal composition, such doses are
between about 0.01 mg/kg and 100 mg/kg body weight,
preferably between about 0.01 and 10 mg/kg, body weight.

20 To assist in understanding, the present invention
will now be further illustrated by the following examples.
These examples as they relate to this invention should
not, of course, be construed as specifically limiting the
invention and such variations of the invention, now known

‘25 or later developed, which would be within the purview of
one skilled in the art are considered to fall within the
scope of the invention as described herein and hereinafter

claimed.
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59 pharmaceutical conpositions of the present invention wll vary
dependi ng wouss/Assds age, wei ght and nammal i an speci es t r e RCIESIHME410
particul ar compounds enpl oyed, the particul ar node of adm nistration
and the desired affects and the 5 therapeutic indication. Because these
factors and their relationship to detgpm ning this anmount are well
known in the nmedical arts, the determ nation of therapeutically

ef fective dosage | evels, the anpbunt necessary to achi eve t he desired
result of prevegamp@leshronbosis, will be 10 wthin the anbit of one
skilled in these ar5 Typi cal ly, adm nistration of the conpounds
or pharnmaceutt e conposi tion of the present invention is comenced at
| ower dosage unt i | t he
desired effect 0T p VO NI onposST s 15 Teved whi ch woul d
define a theraagnnninhLl_gtémctlve amount . For the conpounds of the

present invention, alone or as part of a pharnmaceutical conposition,
such doses are bet ween about 0.01 ng/ kg and 100 ng/ kg body wei ght,
preferably between about 0.01 and 10 ngy/ kg, body weight. 20 To assi st

i n understanding, the present |nvené |l now be further
Il lustrated by the foll ow ng exaopi cgﬁ\. nples as they relate to
onyt

this invention should not, ofCHg rued as specifically

limting the i nvention and such varlaQ4od3 oN(the invention, now known
25 or later devel oped, which would be within the N82view of one
skilled in the art are considered to fall wthin the scope of the

i nvention as described herein and hereinafter cl ai ned. MD 96/ 18644
PCT/ US95/ 16410 N-alpha—t-butoxycarbonyl-Ng—rﬁ.Q:roarF.tnEﬁénp| g,

Srample 1 Puenadifonol Malived b vrsahbnilLe ol i

arai nine |l acta
10 heating the solution to 50°C. The solution was allowed to

cool to room temperature. N-methyl piperidine (0.84 mL,
6.9 mmole) was added, and the solution was cooled in an
ice bath. Isobutylchloroformate (0.83 mlL, 6.3 mmole} was
added, and the reaction mixture was stirred at 0°C for 6

15  hours. The reaction mixture was stirred for 18 hours
while the ice in the Dewar was allowed to melt overnight.
The solvent was removed under wvacuum. The crude product
was dissolved in 20% ethyl acetate/dichloromethane (10
mb), and was purified by flash chromatography through a

200 3x5 om column of silica gel |using 20% ethyl
acetate/dichloromethane as eluent. 125 ml. of eluent was
collected. The solvent was removed under vacuum to afford
1.39 g (74% crude vield) of the title compound as a white
foam. RF = 0.44 (silica gel, 5% isopropanol _in

25 dichloromethane). Isobutanol was present as an impurity.
This compound may be further purified by recrystallization
from dichloromethane/hexanes or ethancl/water.
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5 [err] N-al pha-t - but oxycarbonyl - N[ err]-nitroarginine

(2.00 g, 6.3 mmol e) was di ssolved in tetrahydrofuran (100 nL) by 10
heat i g t HWO96ii8&ddon to 50[err]C. The solution was all owed PET/USISHSEH to
roomtenperature. N-net hyl piperidine (0.84 ni, 6.9 muol e) was added,
and the solution was cooled in an ice bath. [Isobutylchloroformte
(0.83 nL, 6.3 mMmole) was added, and tke reaction m xture was stirred at
Oferr]Cfor 6 15 hours. The reaction mxture was stirred for 18 hours
while the ice in the Dewar was allowed to nelt overnight. The sol vent
was renoved urBkampigci@2im The crude product was di ssolved in 20% et hyl
acet at e/ di chl or omet hane (10 rrL) and was purified by flash
chr omat Ograph PREa33 ati o1 ad V= — DR PHNEAY BN N¥ + -‘v usi ng
20% et hyl : / di chI or orret hane as el uent. 125 L of el uent was
coll ected. Thé solvent was renoved under vacuumto afford 1.39 g (74%
crude yield) of the title conpound as a white f oam Rf = 0.44
(silica gel, 5% isopropanol in 2%y dighloronethane). |sobutanol was
present as an inpurity. Thi sgl odn may bedfurther purified by
recrystallization from di chl L) xanes or et hanol /water.
WD 96/ 18644 3 v US95/ 16410
61 Exanpl e 2 Preparation of N al phat-butoxycarbonyl-Ng-nitro-L-
NH

{a) Procedure 1
To a stirred solution of LiAlH4 in tetrahydrofuran

(3.8 mL of a 1.0M solution, 3.8 mmole), cooled in an ice
10 bath, was added dropwise ethyl acetate (0.43 mL, 3.8
mmole) in tet&:a.hydrofuran {5 mL}). The solution was
stirred for 30 minutes at 0°C to preform LiAlHZ2 (OEt)2.
The solution of this LiAlH2(0Et)2 was added dropwise
to a stirred solution of compound of Example 1 (0.92 g,
15 3.1 mmole) in tetrahydrofuran (5 mL). After 30 minutes,
the reaction is qguenched with 1.0N HCl/tetrahydrofuran (2
mL: of a 1:1 mixture). 1.0N HCl (20 mL) was added, and the
solution was extracted three times with ethyl acetate (20
mlL each). The combined organic layers were washed with
20 water (5mL), saturated sodium bicarbonate (5 mL) and twice
with brine{(5 mL each), dried over anhydrous magnesium
sulfate, filtered and the solvent was removed under vacuum
to give 0.94 g (100% yield)} of the title compound as an
off-white solid.
25
(b) Procedure 2

Alternatively, the title compound was made by the
procedures which follow.



5 (a) Procedure 1 To a stirred solution of LiAIH4 in

t et rahydr of uran (3.8 nL of a 1.OMsolution, 3.8 mmle), cooled in

ice 10 bat h,woWsd8&dded dropwi se ethyl acetate (0.43 ni, g’crmss?ﬁﬂﬁflg)
in tetrahydrofuran (5 ni). The solution- was stirred for 30
mnutes at O[err]C to preform Li Al H2( OEt) 2. The solution of this
Li Al H2( OEt) 2 was added dropw se to a stiéred solution of conmpound of
Example 1 (0.92 g, 15 3.1 mmole) in tetrahydrofuran (5 nm.). After 30

m nut es, the reaction is quenched with 1. ON HCl /tetrahydrofuran (2

m. of a 1:1 mixture). A. OR Hdlteg2(fond-neokegddesindnbiothem flasdl rqwipnes

extracted three t\bi‘&? tgv@ﬂ?%id aé:ﬂxa.:ti%g( Z%rﬁ_ ratlls G £ dla-;t@ S N&fher

organi c | ayers were ed Wi 20 water saturated sodi um

bi carbonate (5 m3 %?EP’%%%"@'eam af t”r?-bﬁrqgﬁé‘(S r’FLftéi’cmhe frasdy hafbroooled,
vacium o g i %, € 00R 419“5"‘%6?’“@% bR Ep SR Lo B ¢ SRR AT
of f-white sol Bd. (I mm° B) Rr rEHfed ent) was adﬁ?tieﬁﬁdﬁ‘-’v@yblﬁnketl tafe
conpound was madenPyrddh fol W Sy Qﬁe""ﬂ&&hti@ﬁ'@!\’ 6 liters W2 WA=
PCT/ US95/'16410 tetrahydrofuran {(Aldrich sure-sea ) via canula. The flask
was then fitted with a thermometer and the resulting

suspension was warmed to 50°C with a heat gun while
10 stirring. The reaction mixture was cooled to 5°C with an

ice bath and further cooled to -5°C with an ice/acetone
bath. _

During the time it took for this solution to reach

-5°C, 36.66 g of N-methyl-O-methylhydroxyamine

15  hydrochloride (376 mmole, 1.0 equivalent) was weighed out

in a 500 mlL flask and suspended in 300 mL of

dichloromethane. This suspension was sparged with

nitrogen for 5 minutes, cooled to 0° and 46 mL of N-
methylpiperidine (1.0 equivalent) was added via syringe
20 under nitrogen. The mixture was sonicated briefly to
ipsure complete dissolution/free base formation and
recooled to 0°C in an ice bath while still under nitrogen.

The reéulting solution cf free base was used later.
When the above arginine solution had reached -5°C, 45
25 mL of N-methylpiperidine was added via syringe followed 5
minutes later by the addition of 46 mi: of isobutyl
chloroformate (0.95 equivalent) via syringe. The
resulting solution was stirred for 15 minutes at -5°C.
After this time, the free base solution of N-methyl~O-
30 methyl hydroxylamine generated above was added via canula

over about 15 minutes. Stirring was continued at -5°C for
another 1.5 hours at which time thin layer chromatography
(silica gel, 1:10:80 acetic acid/methanol/dichloromethane)
indicated that the reaction was complete. The reaction
35 mixture was filtered while still cold, the salts washed
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A 12 liter four-necked round bottom fl ask equi pped wi th an over head

stirring apparatus was flane dried under a strong stream of nitrogen.
Af t er -t he Wossksétd cool ed, 120.0 g of PCT/US9S/1641

N al pha-t - but oxycarbonyl-Nerr]-nitro-L-arginine 5 (376 nole, 1

equi val ent) was added under a bl anket of nitrogen foll owed by the
addition of 6 liters of anhydrous t et gghydrof uran (Al drich sure-seal)
via canul a. The flask was then fitted with a thernonmeter and the .
resul ting suspensi on was warnmed to 50[err]C with a heat gun while 10

stirring. Thewiglactddin nixtef e cods coveteshydr&fwerar] Canidt htha filtxmtéath

d furth ] /
a0 furTher COBLeduhOeaBLErd it 1ot 66/ 2CEL008, evabidbor 5o vig oo
g of N- net ¥1§1 1@y n&eayi hydr oxyani ne 15 hydrochl oride (376 nmole, 1.0

equival ent) was weighed Qulde intdrmeiat® wibh thikksk w@gndn syspendedssin
300 nL of di chl orog t hane Thi s, suspensjon par ged vm t h
fo\l\€L8111

ni trogen for SShFhtPEIme €=eclmi‘%) MR P 420 Iy ca gel (7
net hyl pi peri di ne2§d. Nesiyyi Vak €50 )emps  arige deolums yWwangLizd: ¢halesd nvitlogen.

The m xture vasg ign g,%t ecgf b&i@fxi%n%n?eme”] %gigowggrggebat%dﬁzséﬂ Utfl free

base formatioh I eCoo e 95t |
under nitrogenmethanghein edithionpmatihaneon Ghikr wesbhisllowed ixedelation

phen the aboveygegi Nige raahlhbdn {120 4ieABeAnePhant] Gnthd 2a11M of" the

N- net hyl pi peri di ne was_a via syringe m nutes [ ater

the additilh opPreguat RS RArRR yFl“techFBPof‘ﬂmFe was). eiecked Fare ity
via syringe. activiB¢ and Eegdl bneglseéﬂt fﬁﬂcﬁ\ﬁ&§twéfé3cbcfmed:5edn &u&es at

-5[err]C is tipe, the free e sql ut Lon of N-e

oty byl oxy PR iV GBREFRT G YA ARSI ded PoPSECARR| SORERLBNAE BRL 15

mnutes. Sti rrpngdwas mm poededt ari] ecohGehbrated ammidrer vacBumoummsd at

which time thig S BRI Vo e8! 1282108 - (d8d0yA1aICUE v-
ororret ane t

aci d/ net hanol/ cat ed 1 haf e reac I on was
conpl ete. 15 Thalphaeu-butaﬁymndbmmd-w@-rfmdztoemedr\gﬁmhnesm+zhethybl,, t he-
salts washed 6 . .

PCT/ US95/ 16410met}fo:\@9ax%§éé§ éé lz:ght vellow foam63 This fwoatn} m %%k%x%
col d tetrahydrsPuisin 30 mheofi Bichioromethane, 300 mL of toluene, and

the volatiles were once again removed under vacuum to
remove any residual water or methanol.

20 120.1 g of N-alpha-t~-butoxycarbonyl-N9-nitro-L-
arginine- {(N-methyl, N-methoxyamide) (331.4 mmole) was
taken up in 2.8 1liters of dry (Aldrich sure-seal)
tetrahydrofuran and transferred to a dry 5 liter 4-necked
round bottom flask equipped with a mechanical stirrer and

25 a low temperature thermometer. The solution was cooled to

~70°C with a dry ice/acetone bath and 300 mL of 1M LiAlH4
in tetrahydrofuran was added by canula transfer directly
from 100 mL Aldrich sure-seal bottles. BAn additional 50
mL of 1M LiAlH4 in tetrahydrofuran was added via syringe
30 (total 331 mbL). During the additions, the reaction
temperature was kept below -60°C. The reaction was
stirred for 0.5 hours at -70°C, the cooling bath removed,
and the reaction was slowly allowed to warm to 0°C (about
2.5 hours). Between -30°C and -20°C a thick slurry

35 resulted. When the reaction mixture obtained 0°C, a small
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concentrated under vacuumon a rotary evaporator to yield a yell ow

f oam The crude internediate was taken up in 300

di chl or oneVR2HE%e 4 applied to a colum of silica gel (70 mPafm%’?,d“m

x 50 cm). The colum was first eluted with 2 liters of dichloronethane
followed by 2 liters of 2% met hanol in dichloronmethane. This was

fol l owed by el ution ‘Wi th 5% net hanol $4 di chl oronet hane until all of

the 10 product had been eluted (the eluant was checked for W/ activity
and five one-liter fractions were coll ected once | this UV activity was
apparent). Fr &iBIRE cofthi nFREOBSEe and prRRKicttiRnsd pobrEyesny ethyl
concentrated WwkfatsQu npetdssium pbipelifate over thghtoriganyicel TayddP. vad (88%

| d) of | -t -
et hoxyani de) TETAR o Fobl T bk TRPETAERTTARNY AU fhLE8 BRAT S of

di chl or onet hareset30®)nl. of tol uene, and the volatiles were once again
removed unger vacUudd the FEIPMRDARGY SRIdHER e'@tSé QbmPBLAaN0k: Zhs
120.1 g of N-al pha-t - but oxycar bonyl™Ng-nitro-L-

ar gi ni ne- (N- netdplled t neEtlfiXyeend &3 I334f 42Mrrpn|ta)ssnms bisulifaken wgs i n
2.8 liters of dyy [ =S t hyAr g;m?lt n
toadry 5 liter Afi egiegpoﬁﬂﬂr?%ug %%t%ﬁq eq%}li‘%{ €d W Th %grré%f'ugr’n cal
stirrer and 25tee | mad:eimraémperaha'émben.ew -'Bloecsol Urhencead ingoltht o

-70 C w
tecr anydirof ur AR eSS B cal ot Tt da et i Epa, 10 e

Al dri ch saoe- sasl 09Dt d¥res . tl&e addrséonsl 25Cours Nt O(f:hidm Ltdn&4 al white

t et rahydr of d t
oLy Sy of ur a5 ek, OSSP 508 38 (VB LaorOh Tl Rl |
reacti on was 500 guhrrefl feeld. @W@Oﬁ#@[ﬂerr] CThtehe fddditare batds

renoved, @&%éﬁ&a&@tﬁﬁaewa%a&hw Yorft! % gﬁ:&&@&fr fdrfe s(7@bout
2.5 hours). Bet ween - %err and -20[err]C a t urry
resul ted. WhePtheot cble i bREFARIRQE W‘al"f?éd &hg |remainingy

96/ 18644 15 white sludge was mostly aqueous PC'EZ‘HéS95fd&419roduct was
64 aliq ned _between

d hy .
acet at e/ 2M po?‘g%)gﬁrﬁ'l%l %ﬂnﬁas h%eﬁ?e ?gea Y 138 hRsand Washed with

0.2 M HC1 (2 x 200 mL). The HCl1l extracts were back-
extracted with 400 mL of ethyl acetate and the organics
were combined and extracted with saturated sodium
20 Dbicarbonate (2 x 200 mL). The bicarbonate extracts were
also back-extracted with 400 ml of ethyl acetate. The
organics were then combined and washed with brine (200 mL)
followed by drying over anhydrous sodium sulfate. The
solution was filtered, concentrated under vacuum on a
25 rotary evaporator and pumped on overnight to yield a white
solid (89.0 g} of crude title compound. This was
chromatographed on silica gel and eluted with a gradient
of 0 to 10% methanol in dichloromethane. The pure
fractions were combined and evaporated to yield the title
30 compound as a white solid (75 g, 74%).
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anal yzed by thin layer chromatography (silica gel, ethyl acetate). 5
When t he reaction was judged to be conplete, it was cooled to -70[err]C
and 503 niwofssdsé4pot assi um bi sul fate was added vi a dr opRrCEUSAS16EN0 at a
sl ow enough rate to keep the reaction tenperature below -30[err]C.

The cooling bath was renoved and the reaction mxture was allowed to
cone 10 to O[err] C over the course of 2 hggirs at which tinme a white
precipitate was filtered off. The solids were washed wth 500 nL of
cold tetrahydrofuran. The filtrate was concentrat ed under vacuum
on a rotary evexpouslledr3 unti | nost of the tetrahydrofuran was renoved
and the renaining 15 white sI udge was m)stly aqueous The crude product
was t aken Rpen axt a2 £ 0.2 M
HC (2 x 200 ts wer e back- extracted with 400 niL
of ethyl acet at ‘ were conbined and extracted wth
saturated sodium 20 bi car bonate (2 x 200 nL). The bicarbonate extracts
wer e al so back-extracted with 400 m of efhyl acetate. The

organi cs were then conbined and vvag.k!‘e dow t h e (200 nm) fol |l oned by
dryi ng over anhydrous sodi um gul, The NSOl Wi on was filtered,
concentrated under vacuum on 5‘7\? Hﬁ a hT( afid punped on over ni ght
to yield a white solid (89 itle conpound. Thi s
was chr omat ogr aphed on silica gel and e ed wN h.oa gradi ent of O
to 10% net Banol in di chl oronet hane. The Cryre tactions were

conbi ned and evaporated to yield the title 30 conpound as a Wmte solid (75
g, 749 . WO 8 SQ5/ 16410
65 Exanpl e 39161!Lel 8 ep%r%dat?fonmf)m h1Hhhdt. %%t%kaaFBg 9 - 3% o- L-

argi ni nal et hydlsgq;]t\(ﬁd [n@'x rfthanol (200 mL) and concentrated HCl {1 mL)
was added. After the reaction was complete by TLC (silica

10 gel, 10% methanol in dichloromethane), the solvent was
removed under vacuum. The crude product was purified by
flash chromatography through a column of silica gel (230-
400 mesh) using 0 to 10% ethyl acetate/dichloromethane as
eluent. The combined fractions yielded 36.88 g (81%) of

15 the title compound as pale yellow foam. Rf = 0.62 (silica

gel, 5% methanol in dichloromethane).

Example 4

20 hvdrochloride salt

HCI - H,N Y

To a solution of the compound of Example-3-{35 g) in

25 500 mlL of absolute ethanol at 0°C was added slowly 500 mlL
of absolute ethanol saturated with HCl{(g). This mixture

was allowed to warm to 25°C and checked by thin-layer
chromatography. The appearance of a very polar product
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The conpound of Exanple 2 (41.60 g, 0.137 nole) was di ssolved in

et hanol (200 nmL) and concentrated HO (1 ni) was added. After the
reaction was conplete by TLC (silica 10 gel, 10% nethanol in

di chl or omawbaemase4s t he sol vent was: renoved under vacuum PEHESPAGHE
product was purified by flash chromat ography through a colum of silica
gel (230- 400 nmesh) using O to 10% et hyl acetate/di chl oronet hane as

el uent. The conbined fractions yielded 3688 g (81% of 15 the title
conmpound as pale yellow foam Rf = 0.62 (silica gel, 5% net hanol in’

di chl or onet hane) . Exanpl e 4 Preparation of Ng-nitro-L-arginina

tGLhW cvcl Olj- %Exw lcli‘é‘éi)d‘édie:cm:ldund. Moser off the HCl was Toemowed with of
e conpound o anpl e | 5
O[err] C was adledst ?/535‘%%5 rﬁ(%2 téo@%’f aanggo t?t_ ggfg%lﬁg%g%;uég%gﬂb@n%l@érﬁt HCl

\ _ ] urated wt
(g). This nixtas eremovedsanden watuwn wafhe seEulsippc3ang ehetRRdthyle

thin-layer . gchooums oge aphye1 e AERRAIRNGE Olvad Yeed ROLR6uP fdtther

WO 96/ 18644 PCT/ US95/1 641 0
66 5 purification.
Example 5
3ihvd {dvl) rat
10

19
ON N\/“\OACH:,
0

Sodium hydride (4.08 g of a 60% dispersion in mineral

0il, 0.10 mole) was washed with hexanes three times (10 mL
each) and suspended in dimethylformamide (50 ml). The

15 . stirred suspension was cooled in an ice bath, then 3~
nitro-2-hydroxypyridine (13.0 g, 0.093 mole) was added in
small portions over a 45-minute period. After the
addition was complete, the reaction was stirred at 0°C for

16 minutes, then room temperature for 30 minutes. The
20 reaction mixture was recooled in an ice bath. Ethyl
bromoacetate (0.75 mL, 0.097 mole) was added. The
reaction was stirred at 0°C for 1 hour, then 1.5 hours at
room temperature. The reaction mixture was partitioned
between ethyl acetate (200 mL) and water (200 mL). The

25 aqueous layer was extracted with ethyl acetate (3x200 mL).

The combined organic extracts were washed with water

(4x100 mL), brine, and dried over anhydrous sodium

sulfate. The solvent was removed under reduced pressure.

------ — The residue was chromatographed through silica gel using 0
30 to 20% ethyl acetate/dichloromethane as eluent to afford

15.7 g (75% yield) of the title compound as yellow solid.

Rf = 0.30 (silica' gel, 20% ethyl acetate in

dichloromethane} .
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was the desired conpound. Most of the HC was renoved with

a stream of

dry nitrogRs ¢glhgksihe resulting organic sol vent was r enpvedTusencs10
vacuum The resulting 33 g of the title _ conpound as a yell owwhite
solid was used without further 5 purification. Exampl e 5
Preparation of ethyl (3-nitro-2-oxo-1.2- 67. di hydropyri dyl acetate 10
Sodi um hydride (4.08 g of a 60% di spersion’in mneral oil, 0.10 nole)
was washed with hexanes three tinmes (10 niL each) and suspended in
dinethylfornazﬁggmgggg_nL) The 15 stirred suspension was cooled in an
i ce bath, then ni tro-2-hydroxyp r|d|ne 0.093 nol e) was
added in wsdon efsethydr (331 (henpyheubfonel] am If QX s
addi ti on was ‘ :hy Lopn was stlrred at O[err]C for 10

m nutes, then™roomrtenperature 1or 30 m nutes. The 20 reaction m xture
was recooled in an ice bat Et hyl bronmpacetate (0.75 nL, 0.097
nol e) was added. The eacti on was irred at OC for 1 hour, then
1.5 hours at room t enpe The eac i ongri xture was partltloned

bet ween et hyl acetate (200
was extracted with ethyl acetate

aqueous | ayer

d ter 20 \)uﬁmhe%
X208 cChipi ned organic

extracts were washed with water (4&100 , brine, and dried over

anhydrous Sodium a ulfade solhﬁz%al ﬁfmth\é/aéohﬁ?gﬁigd f”ﬂ?%gﬁgﬂ”gﬁﬁﬁgso

to 20% et hyl &et®te divMDr diet AERRRS r aEBan“lt }o WaS dpyprogenated; gver 5o,

pressure. The resi due was, chromat o

yi el d) of the 10% | paponEQUA8 a&p yEbrOWESHdvks undeR ballddn3Opreésuteca
0
gel , 20% e, lite %:aeé ag edl nand tdl Cglegcr: gEth xl'.ure was V\Pi%tt/a:;.l'g 44

PCT/ US95/ 1641

10 through a pad of celite in a 600 mL fritted funnel (5 cm
depth), using ethyl acetate to wash. The solvent was
removed under wvacuum, diluted with ethyl acetate (200 mL)
and toluene (200 mL), and the solvent was removed under

vacuum to give crude ethyl {(3-amino~-2-oxo-1,2~

15 dihydropyridyl)acetate (40.0 g, 0.204
quantitative vield. '

mole) in

A stirred solution of ethyl (3-amino-2-oxo-1,2-

dihydropyridyl)acetate (40.0 g, 0.204 mole)

and 2,4,6-

collidine (54 mL, 0.408 mole) in tetrahydrofuran (200 mL)
20 was cooled in an ice bath. A solution of benzylsulfonyl
chloride (38.9 g, 0.204 mmole) in tetrahydrofuian {200 mL)
was added over a 50-minute period. After addition was
complete, the solution was stirred for 30 minutes at 0°C.
The reaction mixture was diluted with ethyl acetate (1.2
25 L), washed with 1.0N HCl1l (until aqueous layer is pH 1),
water (50 mL), saturated sodium bicarbonate (100 mL), and

brine (2x50 mL). The organic layer was

dried over

anhydrous magnesium sulfate, and the solvent was removed.

The residue was recrystallized from chloroform.

39 g of

30 the titlg_ggmpound was isolated. To the mother liguor was
added silica gel. The solution was swirled, then filtered
through a sintered glass funnel, washing with 50% ethyl
acetate in dichloromethane. The solvent was removed from
the filtrate, and the residue was recrystallized from

SUBSTITUTE SHEET (RULE 26)

30



Exanpl e 6 Preparati on of ethyl (3-[(benzylulfonyl)am no]-2-oxo-1, 2-

di hydropyrid acetate [err] A stirred solutl

conpound of¥% %gﬁ 5 (44.5 g, 0.197 nole) in ethanol (26 ﬁg”’é\ggo
hydr ogenat ed over 10% Pd/ C (2.25 g) for- 16 hours under ball oon
pressure. Celite was added, and the reaction mxture was filtered 10
through a pad of celite in a 600 nL fritte funnel (5 cm dept h), using
et hyl acetate to wash. The sol vent was renoved under vacuum dil uted
with ethyl acetate (200 ni) and toluene (200 nm), and the solvent was
removed under chloygéasfh & adgibGionalided oft IW—Ie tifdeaGomeoRngx Wag, 2-

15 dihydropyri;gyhhaeat 8beaffofdla Ocot£l of 0520d0 gmpbs% viBld) of the

titat tirred . sol ut et hyl,
(3 am no- 2" axbE1E3e ComPRRR By 9k al A M0 © G GFasrY 208

2,4, 6- col ktHineacedatd, if. d0Sh et shetiudst 7 aydr afgganc (200 i) 20

was cooled i'n an ice bath. A solution of benzyl sul fonyl chloride (38.9
g, 0.204 mdle) in tetrahydrofuran (200 nlL) was added over a 50-m nute
period. After Exdoiblecd was conplete, the solution was stirred for 30
m nutes at OC. . i acetate (1.2
25 L), washed=mtfr=r O agueots— =Y “wat er (50
heHA BT idl), and br| ne (2x50 m.) . The

m.), saturatedg

organic |ayer was drled over anhydr ous magnesi um sul fate, and the
sol vent was renoved. The residue was recrystalllzed from chl or of orm
39 g of 30 the title conpound @ |solq% the nother |iquor was
added silica gel. The solution sdﬁgb d, |the filtered t hrough a
sintered gl ass funnel, mashing 4 &Lt e in

di chl oronet hane. The sol vent was reaned the filtrate, and the
resi due wasOrecrystallized from WO 96/ﬂ8644

PCT/ US95/ 16410
To a cooled (0°C) suspension of the compound of

Example 6 (50.89 g, 0.145 mocle)} in methancol (500 mL) was
added 1.0N NaOH (327 mL) over a period of 10 minutes.
15 After the addition was complete, the solution was allowed
to warm to room temperature over a period of 1.5 hours.
The sclution became homogeneous upon addition of NaOH. &
precipitate formed during the reaction. The solvent was
reduced under vacuum, the residue diluted with water (400

20 mb), and washed with ethyl acetate (2x150 mL). The
aqueous layer was acidified with 2.0N HCl to pH 1, and
extracted with ethyl acetate {3x200 mL}. The combined

organic extracts were washed with water, then brine
(twice). The product crystallized. The 2 combined crops
25 yielded 44.54 g {95%) of the title compound as off-white
crystals. Rf = 0.17 {silica gel, 1% acetic acid, 10%

methanol in dichloromethane); m.p. 186-187°C.
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68 chloroform An additional 13 g of the title conpound wa
i sol ated t WQ9a864t a total of 52.00 g (75%yield) of the Pﬁrqués’é%’r%ound

as atan solid. Rf = 0.32 (silica gel, 20% - et hyl acetate in

di chl oronet hane); mp. 48-49[err]C. 5 Exanple 7 Preparati on of

[ 3-[ (benzvl sul f onyl ) am no] - 2- oxo- 1. 2- g hydropyridyllacetic acid [err]
To a cooled (O[err]C) suspension of the conmpound of Exanple 6 (50.89 g,
0.145 nole) in nmethanol (500 nL) was added 1. ON NaCH (327 nlL) over a

period of 10 nezaimede 85 After the addition was conplete, the solution was
al I owed to_war a erlod of, 1.5 | The

sol uti on becan® : Sr, —£-0K8e te f or med
during the rea o adL jir r}gqre\{:

residue dilute [ er an shed wth e y ace ate
(2x150 nmL). The aqueous | ayer was acidified with 2. ON HJ to pH 1, and
extracted with ethyl acetatg_  (3x200 nlL). The conbl ned organi c

extracts were washed w t hfhat ¢ Cy). The product
crystallized. The 2 conbi rop§25 yi g] 44 4 (9 %é of the title
11 I

conpound as off-white Crysta’s. N 1% acetic
acid, 10% nmet hanol in dichl oroma't' ha m H 186y 18 r] C WO
96/ 18644 PCT/ U8951\16410

To a stirred suspension of the compound of Example 7

(23.3 g, 77 mmole)}, the compound of Example 4 (NY9-nitro-L-
argininal ethyl cyclol, hydrochloride salt, 24.76 g, 92
10 mmole), and N-hydroxybenzotriazole (11.79 g, 77 mmole) in
acetonitrile (400 mL)} cooled to 0°C was added l-ethyl-3-
(3-dimethylamino-propyl)carbodiimide hydrochloride salt
(EDC, 17.76 g, 92 mmole). After 30 minutes, the solution
was almost homogeneous. N-methylmorpholine {(25.4 mL, 231
15 mmole) was added dropwise. After the addition was
complete, the reaction was stirred at room temperature for
3 hours. The solvent was reduced under vacuum, and the
resulting residue was dissolved in dichloromethane (600
mL), washed with 50 mL each of 2.0N HCl (to pH 1), water,
20 saturated sodium bicarbonate and brine. The extract was
dried over anhydrous magnesium sulfate, and the solvent
was removed under vacuum. The crude product was purified
in three batches using a 600 mL fritted funmnel as a column
through silica gel (7 cm depth) to yield (29.40 g, 74%) of
25 the title compound. Analytical HPLC gave tgr = 12.8

minutes (20-60% CH3CN, 25 mm Vydac C-18 column). Rf =
0.28 (silica gel, 5% ethanol in dichloromethane).
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Exampl e 8 Preparation of [3-[(benzylsulfonyl)am nol -2-oxo-1. 2-

di hvdropyridyl]acetyl-Nerr]-nitro-L-argininal ethyl cyclol 5

To a stirredosussaensi on of the conpound of Exanple 7 ( PETAISYS/164T0

mol e), the conpound of Exanple 4 (Nerr]-nitro-L- ar gi ni nal et hyl
cyclol, hydrochloride salt, 24.76 g, 92 10 mole), and

N-hydr oxybenzotriazole (11.79 g, 77 mole}qin acetonitrile (400 nL)
cooled to OC was added 1-ethyl -3- ( 3-di net hyl am no- propyl ) carbodi i m de
hydrochl ori de salt (EDC, 17.76 g, 92 mmle). After 30 m nutes, the
sol ution vegan e honogeneous. N-net hyl norpholine (25.4 nL, 231 15
nmol e) was added dropmﬁse After t he add|t|on was conpl ete,
the reacti on wWcSRARSL g RpesBdaEe ] Poes

was reduced qug%g%ﬁ
di chl or onet hane '
water, 20 satsadled sodluntblcarbonate and brine. The extract was

dried over ganhydrous magnesi um sul fate, and the sol vent was renoved
under vacuum The crude product was purified in three batches using a
600 nL fritted funnel - lca gel (7 cmdepth) to
yield (29.40 g, 74% nal ytical HPLC gave tR
= 12.8 m nutes ("X S PiS ; um) . Rf

0.28 (silica gel, 5% ethanol in ne) WO 96/18644

PCT/ US95/ 16410 0 70 NH * CH;CO,H

CH,

The compound of Example 8 (5.60 g, 11 mmole) in
ethanol/acetic acid/water (4:1$1, 60 mL) was hydrogenated

10 over 10% palladium on carbon (1.80 g) for 4 hours at 20
psi. Celite was added, and the solution was filtered
through a 0.2 micron filter, washing the solid with
ethanol/acetic acid/water (4:1:1, 60 mL). To the filtrate

was added 10% palladium on carbon (1.80 g}, and the

15 solution was hydrogenated at 20 to 25 psi for 40 hours.
Celi;e was added, and the solution was filtered through a

0.2 micron filter, washing the solid with water (200 mL).

The sclvent was reduced to a wvolume of 200 mL under
reduced pressure, then washed with ethyl acetate (50 mL).

20 The solvent from the aqueous layer was reduced to remove
) the volatiles, then the agueous layer was lyophilized to
yvield 4.88 g ({85% vyield) of the title compound.
Analytical HPLC gave tr = 9.5 minutes (20-60% CH3CN, 25 mm

Vydac C-18 column).
25
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Exampl e 9 Preparati on of [3-f(benzylsul fonyl)am nol -2-oxo-1. 2-

di hydropyridyl]acetyl-L-argininal ethyl cyclol acetate sal t

[err] - WO 96/18644 The conpound of Exanple 8 (5.60 g, grw&uo

et hanol /acetic acid/water (4:1:1, 60 nL) was hydrogenated 10 over 10%

pal | adi um on carbon (1.80 g) for 4 hours at 20 psi . Celite was added,
and the solution was filtered through7a 0.2 mcron filter, washing the
solid with et hanol /acetic acid/water (4:1:1, 60 nm.). To the filtrate
was added 10% pal | adi um on carbon (1.80 g), and the 15 sol ution was

hydrogenat ed aExampie 2& psi for 40 hours. Cel i te was added, and the
sol ution was f}| L el he solid
with water (200 -

under 1tnvareseui retwia y fiima ad Yol

solvent fromthe aqueous Iayer was reduced to rermve the vol at| I es

then the aqueous | ayer was |yophilized to yield 4.88 g (85% vyi eI d)
of the title conpound. Anal ytical HPLC gavel-t R = 9 5 mnutes (20-60%

CH3CN, 25 mm VWdac C-18 colum). 25

PCT/ US95/ | 6410 le 10

Preparation of [3- [(b@b/foa\n ol - 3 oX 9. NH CFsgBﬁ
N

The compound of Example 9 (4.88g, 9.2 mmole) was
suspended in 3.0 N HC1l (100 mL). After stirring for 3 h,
the reaction mixture was quenched with 2.5 M agueous

10 sodium acetate to pH 3.5 to 4, then filtered through a 2
micron filter. The filtrate was purified in two batches
by preparative HPLC (Waters PrepPak cartridge, Delta-Pak
Clg, 300 angstrom column, 0 to 40% acetonitrile/water
containing 0.1% trifluorocacetic acid). The clean

15 fractions were combined to give 2.05 g {40% yield) of the
title compound. Fast atom bombardment mass spectrometry
confirmed the theoretical molecular weight of 463.

20

To stirred a mixture of sodium methoxide (46.5 g, 860

25 mmole) in diethyl ether (950 mL), cooled in an ice bath,--
was added a mixture of acetone (46.5 g, 800 mmole} and
ethyl formate (59.6 g, 800 mmole) dJropwise over 1 hour.
When addition was complete, the cooling bath was removed
and the mixture was warmed to room temperature over a 1
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di hydronyridyl]acetyl-L-argininal, trifluoroacetate salt

The corrpoug?ogglﬁg;ml e 9 (4.88g, 9.2 mmole) was suspengdesisothatd N

HC (100 ni)~ stirring for 3 h, the reaction m xture was
guenched with 2.5 M aqueous 10 sodium acetate to pH 3.5 to 4, then
filtered through a 2 mcron filter. The filtrate was purified in two
bat ches by preparative HPLC (Waters PrépPak cartridge, Delta-Pak

C18, 300 angstrom colum, O to 40% acetonitril e/ water containing 0.1%

trifluoroaceti acid). . he cl.ean.,15 fractions \Aerecn%%to

give 2.05 g (4%’%"% ePEF188 "t he The %4 1&%8358?“9%%‘1'35? oﬁf‘bs nt

mass spectronetkeeping ddwef igiie dathe dathaos atooal tinar e€licar weogltheofsolGd

20 Preparatio : RraMBLhY | REEd 4 - 3z 'tr'Ze k8o ] :

To stirred a m'r}xet%rdgleof %od%irmerref%om%% 46.5 0, (5 0 gZS mbrolnen?o}%) dilélt hyl

ether (950 ni) was®yl dd00nméa RBE BaPATidineypcetairdHhimmake FreRsdstne

(46.5 g, 808 MmpY edadiih pipetidiné orbnleL £5Dufidn 820 gTPIL) dEORMeta cOVer

1 hour. When |, dltlﬁgﬁ&‘?s %onpl eée tge co Ilngnbath was rem)\ﬁed

and the m xturé& R ¥aEEbntPEfpeFAR UFRINGESD Was greater than pH
7). The flask was fitted with a reflux condenser, and the
mixture was heated for 2 hours under reflux. The mixture
was cooled to room temperature and acidified to pH 5 with

10 acetic acid. After standing overnight at room
temperature, the mixture was cooled in an ice bath for 45
minutes. The yellow solid product was filtered, washed
with ice water four times and dried under wvacuum at 80°C
overnight. Crystallization from 50% (v/v) ethanol
15 afforded the title compound as a yellow solid (52.6 g, 49%

vield). Rg=0.29 (silica gel, 95:5 chloroform:methanol).
Fast atom bombardment mass spectrometry confirmed the
theoretical molecular weight of 134.

20 Example 12

N CHg
‘ HO. NH
O o]
25 A suspension of the compound of example 11 (16.9' )

in 20% NaOH ({w/w, 63 mL) was heated at 140 to 145°C
overnight in a sealed bomb. The cooled reaction mixture
was acidified to about pH 8 with concentrated hydrochloric
acid and extracted with dichloromethane {(three times).
30 The agqueous phase was acidified, precipitating a yellow
solid which was filtered, washed with water, and dried
overnight in a vacuum oven at approximately 80°C. The
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72 . howo 9sasésad. The volatile materials were distille®CT/USIS/KEIH| ng
the oil bath at no nore than 60[err]C. To the solid resi due was added
cyanoacetam de (67 g, 800 mmle) in wat er (400 nl) and piperidine
acetate (140 mvol e, prepared 5 by adding pizperidine to a solution of 8.0
nm. of acetic acid in 20 nL water until the solution was greater than pH
7). The flask was fitted with a reflux condenser, and the m xture was
heated for 2 hodtriedindérleefdompodiie nLftE8e g, 8was gheldd trequiored no
tenperature andg ie tth ti Ci

st andi ng overnl"?ﬁgﬁrgézt 8&9&&& at%?%’e to S?Jonébwa@léclg)l eG2PR an
ice bath for 45spectnnmﬂnnz;conﬁm;Qﬁﬂluhﬁs&ﬁqqyepnGGQcmOﬁasulartvﬁeqhtma§hed
with ice water {f£ur tinmes and dried under vacuum at 80[err]C overni ght.
Crystallization from 50% (v/v) ethanol 15 afforded the title conpound
as a yellowssolid (52.6 g, 49% yield). Rf=0.29 (silica gel, 95:5

chl or of orm net ghdle 13 Fast at om bonbardnent nass spectronmetry confirned

t he t heoret i cal rml ecul ar ei ght of 134 20 ,Exanple 12

Preparation of B3 PARE) ' caicicrs F 5

A suspensi on of e corrpound of exarrpl e 11 (16 9 g) in 20% NaO—| (vv/w

63 nL) was heated at 140 to 145[err]C overnight in a seal ed bonmb. The
cool ed reaction m xture was acidified to about pH 8 with concentrated
hydr ochl ori c acid and extracted with dichlor tieme (three times). 30

The aqueous phase was acidified, precipitd?ing | ow solid which was
filtered, washed with water, and drie ovefni gl i N a vacuum oven at
approximately 80[err]C. The o) N

10

To the compound of Example 12 (11.8 g, 0.077 mole),
suspended in dioxane (260 mL), triethylamine (11.3 mL,
15 0.081 mole) is added dropwise rapidly with stirring
followed by diphenylphosphoryl azide (16.7 mL, 0.077
mole}). The suspension is heated under reflux for 4 hours
using a preheated 120°C o0il bath. Benzyl alcohol (24.1
mL, 0.23 mole) is then added and the mixture was stirred
20 under reflux overnight. The reaction mixture is cooled
and evaporated. The residue is suspended in water (600
mL) and filtered. The filter cake is washed with 10% HCl
twice, saturated sodium bicarbonate and brine. The crude
product is chromatographed wusing 20 to 30% ethyl

25 acetate/chloroform to give the title compound.
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WD 96/ 18644 PCT/ US95/ 16410

73 dried title conpound (15.68 g, 81%yield) required no further
purification. Fast atom bonbardnment nass spectrone ' d
the theor eW Q¥ 88# ecul ar wei ght of 153. 5 Exanpl e ?ﬁmuﬂe
Preparation of 3-benzvl oxycarbonyl am no- 6- net hyl pyri d- 2-

To the conpound of Exanple 12 (11.8 g, 0.077 nole), suspended in

di oxane (260 nlL), triethylamne (11.3 niL, 785 0.081 nole) is added dropw se
rapidly with stirring fol | owed by di phenyl phosphoryl azide (16.7 ni,
0.077 nol e). The suspension is heated under reflux for 4 hours

using a preheaéé%[—\#r] C oil bath. Benzyl al cohol (24 1 n, 0.23
nol e) is then gdded. and.t hee rdegl, AerS, A L X+ QY eLALght .
The reacti on mxture |s cool ed and evapor. ed.

suspended in vaxe Aaoll riivililatcerta The filter cake is washed
with 10% HC tvm ce, sat urat ed sodi um bi carbonate and brine. The crude
product is chromatographed using 20 to 30% ethyl 25
acetate/chloroformto give the title gonpo CHg

|
O/u\N N\)J\O/\CH
5 "o

The compound of Example 13 (1.80 g, 7.0 mmole) was

added to a stirred suspension of sodium hydride (0.33 g,

8.4 mmole) in dry dimethylformamide (50 mL). After 45

10 minutes, ethyl iocdoacetate (1.43 g, 6.7 mmole) was added,
and the mixture was stirred overnight, diluted with 10%
hydrochloric acid (300 mL) and extracted with ethyl
acetate (3x150 mL). The organic layer was washed with
brine (twice), dried and evaporated. The resulting

15 vyellow, waxy solid was chromatographed, eluting with 3%
ethyl acetate in dichloromethane, to give the title
compound (1.28 g, 53% yield). Rf = 0.52 (silica gel, 5:95

methanol:dichloromethane) . Fast atom bombardment mass
spectrometry confirmed the theoretical molecular weight of
20 344.

25

A stirred solution of compound of Example 14 (2.50 g)
in ethanol (25 mL) is hydrogenated over 10% Pd/C (0.25 g)
30 for 5 hours under balloon pressure. Celite is added, and
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74 Exanpl e 14 Preparati on of et hyl

(3- benzy| owyxssrisesay| ami no- 6- met hyl - 0x0- 1. 2- di hydr o- 1- PFFEH1640et at e
[err] The conpound of Exanple 13 (1.80 g, 7.0 nmol e) was
added .to a stirred suspension of sodium hydride (0.33 g, 8.4 mmole) in
dry di net hyl formam de (50 nl). After 45 10 mnutes, ethyl iodoacetate
(1.43 g, 6.7 mmol e) was added, and the m xture was stirred overnight,

di | ;Jt ted \(M3t 25(%&% rea@ﬂ&%ﬁd&?ﬁé%iﬁ%éﬂ—)%ﬂ&g@ﬂé %féd?goﬂ\" ténptdyl y.
acetat e X eor nIC a r . wWas S ri W Cce
dried and e\/ﬁl’d)ﬁ t%"a”yhl ¥’la'1sr‘i‘g 1§'¥\‘ay§f’?3w‘t\/\b§y’§’6‘?‘r?}§v@é§

chr omat ogr aphechcumahutdr@wd rwn.?._% ethydt hyletatet 428 mh) dand osweidha®) to

give the 11t &, SIMANGILaR 4o 3L Hhaek vaclum2d S4id& 2 Atde

5:95 met hano ororret ane
spect r onet By certiy} b amina-tHemrethydai2 -esoedu Rafihpfigppynidyh) agamate

Exanpl e 15 Prepar ati opeaf sswyioﬁ 3o£ (Bengy! S{QLE&EMB)- 80h80hy B-FEL YL -
2- 0x0-1. 2-di hydrorér.lyfxlégcet ate tirred solution of

conpound of Exanpt W%l)aceqal’feet(r?aﬁél 2% rﬁ.)‘m‘!"sleriycﬁ%e%a?eﬁ“ over
10% Pd/ C (0. 25c@)188iné 0(1 52 haut s suldetndlal)l don tpeEsHifdofuzeln t €10 sapyded,

and is cooled in an ice bath. A solution of benzylsulfonyl
10 chloride (0.50 g, 2.6 mmole) in tetrahydrofuran (10 mL) is
added over a 15 minute period. After addition is
complete, the solution is stirred for 30 minutes at 0°C.
The reaction mixture is diluted with ethyl acetate (100
mL), washed with 1.0N HCl (until aqueous layer is pH 1),
15 water (10 mL), saturated sodium bicarbonate (10 mL)}, and
brine (2x10 mL). The organic layer is dried over
anhydrous magnesium sulfate, and the solvent is removed.
The residue is chromatographed through silica gel using
0:100-20:80 ethyl acetate:dichloromethane as eluent to

20 afford the title compound.

525
Using similar procedures to that described above in
Example 7, the title compound is prepared from the
30 compound of Example 15. An alternative method of

preparing the title compound is described in Examples 91
to 96.
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75 the reaction mxture is filtered through a pad of celite,

usi ng et hywoes4séde to wash. The solvent is renoved under PCT/USO5(14410
diluted with ethyl acetate (20 nL) and tol uene (20 m.), and the sol vent
is renoved under vacuumto give crude 5 ethyl

(3-am no- 6- et hyl - 2- oxo- 1, 2-di hydr opyri dytg acet at e. A stirred

sol ution of ethyl (3-am no-6-nethyl-2-o0xo- 1, 2-di hydropyridyl)acetate
(0.55 g, 2.6 mol e) and 2, 4, 6- collidine (1.2 nmL, 5.2 nmole) in :
tetrahydrofurahgmmﬂsnﬂﬂ is cooled in an ice bath. A solution of
benzyl sul fonyl, 1 2.

is added
conpl ete, the ;Sel_Wy:
reaction mxtdre 1s “Washed with

1. ON HC1 (unt idved@leous Iayer i's pH 1) 15 water (10 nL), saturated sodi um

bi carbonate (10 nlL), and brine (2x10 nL). The organic layer is
dried oveb anhydr ous nagne5|un1sulfate and the solvent i s renoved.
The residue i s chronat oggépr id hrepu 0: 100- 20: 80
et hyl acetate: di chl oronet hang asl ugnt to 2 aff rd he t|tIe conpound
Exanpl e 16 Pr epar at i O%A- .§[ N znethyl - OXO-

1. 2-di hydropvridyl]acetic acid [er{ . |ng S|nllar
procedures to that described above in Exanple tIe conmpound is
prepared fromthe 30 conpound of Exanple 15. Iternative met hod
of preparing the title conpound is described in Eyghples 91

Using similar procedures to that described above in
Example 8, the title compound is ©prepared from the
10 compound of Example 16.

Qs Seen eV

o NH - CHsCOoH
CH3

Using similar procedures to that described above in
20 Example 9, the title compound is prepared from the
compound of Example 17.
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to 96. WO 96/ 18644

PCT/ US95/ 1 76 Exanple 17 tion
of [3-] (bgrg’;é\%flgﬁ“f onyl am nol - 6- net hyl - 2- oxo- PCTIOSFRRH

1. 2-di hvdropyridvl ] acetyl -Ng-nitro-L-argininal ethyl cyclol 5 [err]
Using simlar procedures to that described above in Exanple 8, the title
conpound is prepared fromthe 10 corrpound"?)f Exanpl e 16. Prepar ati on
of 3 [3-[(benzyl sul fonyl)am nol - 6- net hyl - 2- oxo-

1, 2-di hvdr opyré g%l !;gcigl -L-araininal ethyl cyclol. 15 acetate salt [err]
Using simlar to that described above in

£ [3- £ ol-6- -2-0x0-

5
H
Ny e
SUIOS T
~ N H
ﬁ N
o H o
Using similar procedures to that described above in
Example 10, the title compound is prepared from the
10 compound of Example 18, aAn alternative method of
preparing the title compound is described in Example 113
{Compound C).
15
N
. l_ww
CHy O N
O O

Diethyl ethoxymethylenemalonate (10.1 mL, 50 mmole)

20 and formamidine acetate (10.4 g, 100 mmole) were refluxed

in ethanol (10 mL) for 24 hours. The reaction mixture was

allowed to <cool to room temperature overnight, and

suspended in ethyl acetate (30 mbL} and 1.0N HCl1l (20 mL).

The suspension was filtered, and the filter cake was

25 washed with 1.0N HCl, followed by water, then ethyl

acetate, and air dried affording the title compound as an —--

tan solid (3.33 g, 40% yield). Rf = 0.21 (silica gel, 10%
methanol in dichloromethane); m.p. 187-188°C.

SUBSTITUTE SHEET (RULE 26)



20 Exanple 9, the title compound is prepared fromthe conmpound of

Exanpl e 17. WO 96/ 18644

PCT/ US95/ 1ai 9618644 77 Ex aREEAISIH16410
Preparation of [3-[(benzylsulfonyl)am no]-6-nethyl-2-o0xo-

1. 2-di hvdropyridyl |l acetyl -L-araininal, trifluoroacetate salt 5

[err] Using simlar procedures to that described above in
Exanple 10, the title conpound is prepared fromthe 10 conpound of
Exanpl e 18. An alternative nethod of preparing the title
conpound is dgxgmpbgd_in Exanple 113 (Cbnpound O . Exanpl e 20 15

Preparation o < 1
Di et hyl et hoxyfretT L = . )20 “ormam di ne
acetate (10. 4g§;béggl§§§|e) mere refluxed in ethanol (10 nmL) for 24
hours. The reaction m xture was

N
B
CHs (O NeX
O 0

The compound of Example 20 (4.3 g, 26 mmole) is added
to a stirred suspension of sodium hydride (1.13 g, 28
mmole) in dry dimethylformamide (50 mL).  After 45
10. minutes, allyl bromide (2.21 mL, 26 mmole) is added, and
the mixture is stirred overnight, diluted with 10%
hydrochloric acid (300 mL) and extracted with ethyl
acetate {3x150 mL). The organic layer is washed with rine
(twice), dried and evapoi'ated. The residue is
15 chromatographed through silica gel using 0-10%
isopropancol/dichloromethane as eluent. The title
compound is isolated.

Example 22
20 ‘ i = = imidin- —one-5-
acid
'-D N\/\
© o
25 To the compound of Example 21 (5.00 g, 0.024 mole},

suspended in methanol {25 mL) and cooled in an ice bath,
1.0N NaOH (29 mL, 0.029 mole) is added dropwise rapidly
with stirring. After 16 hours, the solvent is reduced
under vacuum, residue diluted with water (50 mL), and
30 washed with ethyl acetate (2x15 mL). The aqueous layer is
acidified with 2.0N HCl to pH 1, extracted with ethyl

SUBSTITUTE SHEET (RULE 26)



all owed to cool to room tenperature overnight, and suspended in ethyl

acetate (30 nL) and 1.ON HO (20 ni). The suspension was filtered, and
the fi'lterwedsAsgas 25 washed with 1.ON HO, followed byromatsssnalo hen
et hyl acetate, and air dried affording the title conpound as an tan
solid.3.33 g, 40%vyield). Rf = 0.21 (silica gel, 10% met hanol in

di chl oronet hane); mp. 187-18[err]C. V\D 96/ 18644

PCT/ US95/ 16410 9 78 Exanpl e 21

Preparation of ethyl 1-allyl-pyrimdin- 6(1FD one- 5- carboxylate J[err]

> Thea&&awmésﬁéo%mp' e 2hd 4&@@%@ napbéalése@@%@ts Lped

stirred suspension of sodi um hydri de (1.1 f_‘

di met hyl f or marafhed sl k) watexs & e%b{enem(ﬁa{l@@) -al | § ebr-‘rﬁ%chélt( 2is1
m., 26 mmol e) ddmpgsiedin anftuo thaffioddinte 2itlier cefipeuadani ght, dil uted
with 10% hydrochl oric acid (300 nL) and extracted with ethyl acetate
(3xI50 nm.). The organic layer is washed with rine (tw ce), dried and
evaporated5 Examplhe 23 esi due is 15 chronmat ographed t hr ough silica
gel usi ng ' _ The
title
1-allyl-

10

To the compound of Example 22 (10.0 g, 0.056 mole),
suspended in dioxane {260 mL), triethylamine (8.1 mL,
0.058 mole) is added dropwise rapidly with stirring
followed by diphenylphosphoryl azide (12.0 mL, 0.077
15 mole). The suspension is heated under reflux for 4 hours

using a preheated 120°C oil bath. t-Butanol (12.3 g, 0.17

mole) is then added and the mixture is stirred under

reflux overnight. The reaction mixture is cooled and

evaporated. The residue is suspended in water (600 mL)
20 and filtered. The filter cake is washed with 1.0N HCl
twice, saturated sodium bicarbonate and brine. The crude
product is <chromatographed using 0 to 50% ethyl

acetate/dichloromethane to give the title compound.

25

30

SUBSTITUTE SHEET (RULE 26}



[err] 25 To the conpound of Exanple 21 (5.00 g, 0.024 nole),

fﬂlfspended inI nmet hanol (25 nmlL) and cooled in an ice bath, 1. ON NaOH (29
, 0.029 nole) is added dropw se rapidl with stirring. gffu&

hours, the WOQ%a#¥4i s reduced under zacuum resi due di Igutle’ Wlﬁflm\%g![ er

(50 m.), and 30 washed with ethyl acetate (2x15 nlL). The aqueous |ayer is

acidified wwth 2.0N HO to pH 1, extracted with ethyl WO 96/ 18644

PCT/ US95/ 16410 80 79 acetate (3x50 nmiL).

The conbi ned organic extracts are washed with water, then brine

(tw ce). The solvent is removed in vacuo to afford.,the title

conmpound. 5 Examfihe zpmpoung f, Examglee3 (5.00 g) is treated with
ibal Lyl - 5-t-Tbut5>€l%0>t\tciaml&@&yshfaai:e-ﬁclzgao:;ﬁ-dichlwds:hmmn@(m e for 35

o the conpou 0 mpl e .22 : ..056 ol e
suspended in di%?r?'(z enﬁ"%%ﬁ“et"ﬁyﬁ?rﬁ%é "%(Cg)%srﬁ_,to ﬂ%t% err%lfees i s
added dropwi se (500 dily) i whikei swinding. foThewstebyrdrphenyiisphbshbrersd.
azide (12. Osmwa%hq}xé with diethyl ether. The powder is dried under

vacuum to yield the title compound.

The free base of the compound of Example 24 is

15 generated by dissolving the compound of Example 24 (5.00

g, 18.9 mmole) in 1M potassium carbonate. The free base

is then extracted into dichloromethane, which is dried and

evaporated to give l-allyl-S-amino-6-oxo-l-pyrimidi-6(1H)-
ohe. '

20 A stirred solution of 1-allyl-5-amino-6-oxo-1-

pyrimidi-6 (1H)-one and 2,4,6-collidine (8.3 mL, 38 mmole)

in tetrahydrofuran (25 mL) is cocled in an ice bath. A

solution of benzylsulfonyl chloride (3.59 g, 18.9 mmole)

in tetrahydrofuran (25 mL) is added over a 15-minute

25 period. After addition is complete, the solution is

. stirred for 1 hour at 0°C. The reaction mixture is

diluted with ethyl acetate (200 mL), washed with 1.0N HC1

(until aqueous layer is pH 1), water (25 mL}, saturated

sodium bicarbonate (25 mL), and brine (2x25 mlL). The

30 organic layer is dried over anhydrous magnesium sulfate

and the solvent is removed in vacuo to give the title

compound.
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15 nole). The suspension is heated under reflux for 4 hours using a

preheated 120[err]C oil bath. t-Butanol (12.3 g, 0.17 nole) is then
added -and the mixture is stirred under ref | ux overnight
reacti on m¥Q W44 cool ed and evaporated.  The residuePFgm%%%%gWHed

in water (600 nL) 20 and filtered. The filter cake is washed with |.ON
HC " twice, saturated sodium bicarbonate and brine. The crude

product is chromatographed using O t81 50% ethyl

acet ate/ di chl oronet hane to give the title conpound. 25 Exapme 24
Preparation of 1-allyl-5-am no-6-o0xo-1-pyrimdi-6(1H)-one.

trifl uoroacet B%aERIE 26 [err] 30 WO 96/ 18644

PCT/ US95/ 16410 : -_H Bpqund of
Exanpl e 23 (5.0 g) 1S ‘edwih ) tTdoroacefrc acrd

di chl or onet hareyvxini ddny Jfa : de nutes. The solution is added dropw se
to diethyl ether (500 m.), while swirling. The precipitate is

filtered, 5 washing with diethyl ether. The powder is dried under

vacuumto yield the title conpgung. | e 25 Pr eparati on of
1-al Iyl -5-benzvl sul f onyl am no-[6 --I%”}D Pyri i di O6(H) - one [err]
S. N A

N H
H

To a solution of the compound of Example 25 (5.00 g,

16.4 mmole) in tetrahydrofuran (50 mL) and water (7 mL) is

added N-methylmorpholine-N-oxide (3.20 g, 16.4 mmole) and

10 osmium tetroxide (1.0 mL of a 4% solution in water, 0.16

mmole} . After the reaction mixture is stirred for 18

hours, N-methylmorpholine-N-oxide (0.47 g, 2.8 mmole) is

added. After stirring the reaction mixture for 4 hours,

sodium thiosulfate, (2.5 mL of a saturated aqueous

15 solution) and diatomaceous earth (7 g} are added, and the

mixture is stirred for 30 minutes. The mixture is

filtered and evaporated under vacuum to give an oil. This

oil is dissolved in ethanol (60 mL) and a solution of

sédium periodate (7.00 g, 33 mmole) in water (10 mL) is

20 added. The residue is dissolved in ethyl acetate and the

solution is washed with water, dried, and evaporated to
afford the title compound.

Example 27
25 » - ¥ - - - ‘. -] -
£3 lil: !l l:
N
T
0 N o
NV
S N
(o)
30 To the compound of Example 26 (5.00 g, 15.6 mmole} in

t-butanol (40 mL) and 2-methyl-2-butene (33 mL) is added a
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The free base of the conmpound of Exanple 24 is 15 generated by dissol ving
t he conmpound of Exanple 24 (5.00 g, 18.9 mmole) in 1M potassium
car bonat e. wo dénBeds ee base is then extracted into di chl oPCRAISHSHS10
which is dried and evaporated to give .
1-al |l yl - 5-am no- 6- oxo- 1-pyrimdi-6(1H)- one. 20 A stirred
solution of 1-al lyl - 5-am no- 6- 0xo-1- g5 pyrimdi-6(1H) -one and
2,4,6-collidine (8.3 nL, 38 mmuol e) in tetrahydrofuran (25 nL) is cool ed
in an ice bath. A sol ution of benzylsul fonyl chloride (3.59 g, 18.9
ml e) - t! n é&i\i@ib&dlr@fursaati(ﬁ%cmlbr't&geadcigd @,Velf.éfl;tﬂn'éi@} nl&rﬁilzﬁodﬂ&ﬁj[ od.
er addition_js conplete e solutio s irred for ur, a
O[err]C. Thedpé*éc%’f‘? nPRPgPRate g mono HB‘FBFEd %Sta e?hy&oélcg?‘ﬁlﬁ (2B
m.), washed wwdtdr O4BICinL) . (Thei |resgpteionrs mayxeures ipH dfjirmederfof253 ),
sat ur at ed Lum Qkcarb » urfdd DL 2 J0ve. TH
organic layer 1?‘g&i]l:dérj‘i e?.ho%\?!etggﬁ%&g%gﬁgéana Jnesi umgggﬁfg‘tge% and 't heeggo‘?vent
i s renmpvedsi n ¥egidne oligi deluhedt Wirk ethyvdomanhate and extyaopzd geigh
PCT/ US95/ 164101 , oN sodium hydroxide. The aquédus laéigi(ai@'Sc?@ified to

Preparation of 5-henzyl sul_ fqnyl am no-6-o0x0-1, 6-di hvdr o- 1- )
pyripm' di nyl ace?%l &eh‘ﬁ%ﬁh [1e%g\ljy gérochlor:.c acid, then extracted with

dichloromethane twice. The organic extracts are dried and

evaporated to give the title compound.

10
N
Oy Ilo | ﬁ Q
S\N N N NHZ
H N T
o] O NNO,
15 CH,

' Using similar procedures to that described above in
Example 8, the title compound is prepared from the
compound of Example 27.

20
N
SUIe8
S\N N\/“\N N\IrNHz
o H o H 5 NH-CHyCOH
CHj
25
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5 To a solution of the conpound of Exanple 25 (5.00 g, 16. 4

mol e) i nwedermbyadr of uran (50 nlL) and water (7 nlL) is adIIs9s/16410

N- net Ryl nmor phol i ne- N-oxide (3.20 g, 16.4 mmole) and 10 osmumtetroxide
(1.0 mL of a 4% solution in water, 0.16 mol e) . After the reaction

m xture is stirred for 18 hours, N-neghyl norphol i ne- N-oxide (0.47 g, 2.8
nmol e) iIs added. After stirring the reaction mxture for 4 hours,

sodi um thiosulfate, (2.5 nmL of a saturated aqueous 15 sol utlon)

?nd dggtonaceous eaéiﬁg(Elgilafepﬁddeduréﬁdtthhgt iféﬂﬁﬁﬁédié%?ééiiﬁEd'
or m nut xtu ed and ev rat ed under
vacuumto gi v]gx?ﬂP]o?l hga rg t:.&He i §°H‘P§§8%veas| npﬁ??%’ﬁ%? % thed a
sol ution of conmmdjmﬁ)eﬁxamdateezm.oo g, 33 mole) in water (10 m_) is 20
added. The residue is dissolved in ethyl acetate and the solution is
washed with water, dried, and evaporated to afford the title conmpound.
Exanpl e 27 25ExamekerddR on of 5-benzvl sul f onyl ani no- 6- oxo- 1. 6- di hvdr o- 1-

' ' v C d. aj1pl e 26

pyri m di nyl acg
(5.00 g, 15.6 nmore)
is added a pyximis ] ¥ A 4 s
82 sol ution of SOdI um chI orlte (13 g, 14 ol e) and sodi um

H
N NH
N oo
NN |
S\N N\/IKN H
H o : H o

10 .
Using similar procedures to that described above in
Example 10, the title compound is prepared £from the
compound of Example 29a.
15

l N\ CH3
NH
CH3v0
0 (o)
20 Acetamidine hydrochloride (37.16 g, 0.39 mole) was
stirred in sodium ethoxide in ethancl (73 mL of a 21%
solution, 0.20 mole) for 5 minutes. Diethyl

ethoxymethylenemalonate (31.5 mL, 0.15 mole) was added,
and the reaction mixture was refluxed for 5 hours.---- The
25 reaction mixture was allowed to cool to room temperature
overnight, and diluted with dichloromethane (100 mL). The
solution was filtered, washing the solid cake with
dichloromethane. The filtrate was concentrated at reduced
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di hydr ogen phosphat e nonohydrate (15.1 g, 109 mmle) in water (40 nl).

The reaction mxture is stirred for 3 hours, then concentrated under
reduced preomsnessd The 5 residue is diluted with ethyl aceP@T@S3HitH410
extracted with 1. ON sodi um hydr oxi de. The aqueous layer is acidified to

pH 1 with 1. ON hydrochloric acid, then extracted with di chl or onet hane
twice. The organic extracts are dried andgg evaporated to give the title
conmpound. 10 Exanpl e 28 Preparati on of
5- benzyl sul f onyl am no- 6- oxo-1. 6-di hydro-1-
pyri m di nyl aceindssgreni t r Thle- ared iduwal wes hdli septiel ikerdichloromethane
Using simlar prgcedures_to klﬁ\* crihed ove LN Ex e 8. .the
title conpoun@lﬁfsmﬂ[)r Zé‘ﬁlgr e%' rgs t(ﬁlea c‘onpggjﬁd %I% Eg%ee aqueous,
Exanpl e 29a layempeasit len oThé- beganiculfayerd awdsowssbrd- Widhdivaten, 1-
pyrim di nyl acetpludatdd@i "L et MYl cesdlce aCLEA €x3abt , [ ¥rilea 25
VO 96/ 18644 v ‘ © v g rEdst vea over
5 anhydrous magnesium sulfate, and the solvent was removed
under reduced pressure. - The residue was dissolved in hot
dichloromethane (50 mL). Ethyl acetate was added (50 mL).
The product precipitated. The solution was boiled for 5
minutes, cooled to room temperature, and hexanes were
10 added (50 mL). The resulting q;ystals were filtered, then
washed with ethyl acetate (20 mL) followed by hexanes ({50
mL) to vield the title compound (7.22 g, 27%) as off-white
crystals. RfE = 0.27 (silica gel, 10% isopropanocl in
dichloromethane). The title compound also was prepared by
15 the route described in Example 102.

Example 31

S-carboxvlate
20 ,
N CHj
: Y
©C o

Using similar procedures to that described above in
Example 21, the title compound is prepared from the
25 compound of Example 30.
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83 using simlar procedures to that described above in Exanpl e
9, the titwessaqaggund is prepared fromthe conpound of EXROPUsILB41d 5
Exanpt e 29b Preparation of 5-benzyl sul fonyl am no- 6-oxo- 1. 6-di hydro-1 -
pyri m dinyl acetyl-L-araininal, trifluoroacetate salt [err]

Using simlar procedures to that descri begs above in Exanpl e 10, the
title conpound is prepared fromthe conpound of Exanpl e 29a. 15

Exanpl e 30 Et hyl 2-methvl -pvrim di n-6(1H)-one-5-carboxylate [err]

20 Acetagkgm@gg_ggrochloride (37.16 g, 0.39 nole) was stirred in
sodi um et hoxide in ethanol (73 nL of a 2196 solutlon 0. 20 nDIe)

for 5 m neeesas et Samaic 3yt Lt

nmol e) was addwﬁgﬁgreamlon M xture was refI uxed for 5 hours The
25 reaction mxture was allowed to cool to roomtenperature over ni ght,

and diluted with dichloronethane (100 nL). The solution was filtered,
washing the solid cake with N CH
’ Y 3
HO N\/\\\
5 0 o

Using similar procedures to that described above in

Example 22, _the title compound is prepared from the
compound of Exampie 31.

10,
CH; O
CH3>)\3 IR Y
CHg (0] ﬁ
15 (e}

. Using similar procedures to that described above in
Example 23 the title compound is prepared from the
compound of Example 32.

20
I N\ CHj
- N
SF3CO.H - HoN ~
O
25
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di chl oronet hane. The filtrate was concentrated at reduced WO

96/ 18644 PCT/ US95/ 16410

84 pMEEWIBE44 The resi due was dissol ved in di chl or onet eres9s/16410150
m.) and 2.ON HO (30 nL). The pH of the aqueous | ayer was 1. The
organi c | ayer was washed with water, saturated sodi um bi carbonate and
brine, dried over 5 anhydrous magnesium sg¢fate, and the sol vent was
renoved under reduced pressure. The residue was dissolved in hot

di chl oronet hane (50 nmL). Ethyl acetate was added (50 ni). The product

precipitated. The Gsdingt i mimideer hetdesidras Sto that NEEesriked! 88oire HEOM

t enperat ure, n we 1Q. ded (50 ).._The resulti crystals
were filtered, %ﬁgﬁ')éa giﬁ\/as%lg% 3& tﬁl%et FOFPRREE At 15 ( RF SRAF Lol Ir}g\%\j 5;‘3
hexanes (50 compound, ofi Exgmphe 33t1e conpound (7.22 g, 27% as off-white

crystals. Rf =0.27 (silica gel, 10%isopropanol in

di chl or onet ha . The_ title conpound al so was prepared by 15 the route

described tn %%ﬂﬂﬁé-fgz. Exanpl e 31 Preparati on of ethyl
gl B£64 1k 10 - .

1-al lyl-2-mettp
[err]

Exanpl e 21,
30.
- N CH,
A
@\O)\S/’O | Y
0 .
10 )
Using similar procedures to that described above in
Example 25, the title compound is prepared from the
compound of Example 34,
15
20

Using similar procedures to that described above in
Example 26, the title compound is prepared from the
compound of Example 35.
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WD 96/ 18644 PCT/ US95/ 16410

85 ExXpdpéf8634 Preparation of PCT/US95/16410
l-allyl-2-methyl -pyrimdin-6(1H)-one-5- _carboxylic acid [err] 5
Using simlar procedures to that described above in Exanpl e 22, the

title conpound is prepared fromthe cogpound of Exanple 31. 10
Exanpl e 33 Preparation of 1-allyl-2-nmethyl-5-t-butyl oxycarbonyl am no-
6- oxo- 1- pyri m di - 6(1H) - one 15 Using simlar procedures to
t hat descri be%&ﬁ%g‘% Exanple 23 the title conpound is prepared from
t he corrpou Ie 32 20 Exarrpl e 34 Preparat | on of

1-allyl- Beterfaxatiimm &fhBebénzyil suil £ am{iid 4+ -1 t6-+ihw of

sal t

Using similar procedures to that described above in

Example 27, the title compound is prepared from the

compound of Example 36. An alternative method of

10 preparing the title compound is described in Examples 102
to 107.

15
' N._C
Qe L1
2
. S\N N\/u\N N_ _NH,
©H N T
_ : o] O NNO,
I\Cl'-ls
20 Using similar procedures to that described above in

Example 8, the title compound is prepared from the
compound of Example 37.
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25 [err] WO 96/ 18644 PCT/ US95/ 16410
86 Using simlar procedures to that described above in

Exanpl e 24vowbesesit| e conpound is prepared fromthe conpReFESH1648a ] e
33. 5 Exanpl e 35 Preparation of .
1-al lyl - 2-met hyl - 5- benzvl sul f onyl am no- 6- 0x0- 1-pyri mdi-6(1H)-one
10 Using simlar procedures to thgg described above in Exanpl e
25, the title conpound is prepared fromthe conmpound of Exanple 34.
15 Exanpl e 36 Preparati on of 5-benzyl sul f onyl am no- 6-oxo- 1. 6-di hvdro- 1-
pyri m di nyl ac@xameled89 [err]

. _ e —6-0x0-1 . 6

acetate salt
5
CH3
Qv I3
erNHz

CH,

Using similar procedures to that described above in
Example 9, the title compound is prepared from the
10 compound of Example 38.

H
N~ —NH,

YCHS NH - CF4CO,+
/Llf :

Using similar procedures to that described above in
20 Example 10, the title con[pound is prepared from the
—compound of Example 39. An alternative method of preparing
the title compound is described in Example 113 (Compound

D).
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20 Using simlar procedures to that described above in Exanpl e

26, the title conpound is prepared fromthe conpound of Exanpl e 35.
WO 96/ 186/%O 96/18644 PCT/ US95/ 16410  PCT/USIS/I16410

87 Exanpl e 37 Preparation of :

5- benzyl sul f onyl am no- 6- oxo- 1. 6- di hvdr o- 1- pyrimdinylacetic acid [err]
Using sinilar procedures to that describesb above in Exanpl e 27, the
title conpound is prepared fromthe conmpound of Exanple 36. An
alternative nethod of 10 preparing the title conpound is described in

Exanpl es 102 Example0zl Exanpl e 38 Prepar ati on of
2- et hyl - 5- -,*, J 1 :
di hydr o- 1- pyr I'fi

I cyclol [err]

NYO
O.N I . _NH
O
5
S-nitrouracil (10.00 g, 64 mmole), 1,1,1-3,3,3-
hexamethyldisilazane = (40 ml, 1s0 mmole) and
chlorotrimethylsilane (4.0 mL, 32 mmole) are heated to
reflux for 24 hours. The .solution is concentrated under
10 reduced pressure to afford 5-nitrouracil
bis(tr imethylsilyl ) ether. B-nitrouracil
bis(trimethylsilyl) ether {10.0 g, 24 mmole) ,

dimethylformamide (50 mL) and bromomethylmethyl ether (5.9
mL, 73 mmole) are heated in an 80°C oil bath for 24 hours.

15 Ice water (500 mL) is added, and the mixture is stirred
for 30 minutes, then extracted with dichloromethane (3X).
The combined organic layers are dried over anhydrous
magnesium sulfate, filtered, and concentrated under
reduced pressure to give the title compound.

20
Example 42
uracilvlacetate
cHso\‘
N_ O
(T3 .
ON 0" CH,
25 o >

The compound of Example 41 (10.0 g, 50 mmole} is
dissolved in tetrabutylammonium flouride (120 mL of a 1.0M
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20 Using simlar procedures to that described above in Exanpl e 8,
the title conpound is prepared fromthe conpound of Exanple 37.

WD 96/ 19644 ' PCT/ US95/ 16410

88 Ex %iPoieasely Preparati on of PCT/USIS/16410

2- met hyl - 5- benzyl sul f onyl am no- 6- oxo- 1, 6-

di hvdro- 1- pyri m di nyl acetyl -L-argi ni nal ethyl cyclol. acetate salt 5

[err] Using simlar procedures to that described above in

Exanple 9, the ti tle conpound is prepar ed from the 10 conpound of

Exanmpl e 38. |l e .40 epa

2- et hyl - 5- benf?@gﬁi"? ny 1< nﬁeﬁrﬁ&ﬁé uran, 0.124 mole}. Ethyl

di hvdro- 1- pyri Brdimbgtacaty| {B- ar giLni e melé) ubs coaddedt e 1Bhsalieacitdon]
mixture is stirred at room temperature. The reaction
mixture is concentrated, then partitioned between

5 dichloromethane and water. The agqueous layer is extracted
with dichloromethane. The combined organic extracts are
washed with water, brine, and dried over anhydrous
magnesium sulfate. The solvent is removed under vacuum to

afford the title compound.

10
cnso\‘
N O
Qe LTS
\g OACHS

15 o

A stirred solution of the compound of Example 42

(10.0 g, 35 mmole) in ethanol (100 mL) is hydrogenated

over 10% Pd/C (1.00 g) for 8 hours under balloon pressure.

20 Celite is added, and the reaction mixture is filtered

through a pad of celite, using ethyl acetate to wash. The

solvent is removed in vacuo to give crude ethyl S5-amino-1-
methoxymethyl-uracilylacetate.

_ A stirred solution of ethyl S5-amino-l-methoxymethyl-

25 uracilylacetate (8.0 g, 31 mmole) and 2,4,6-collidine

{13.7 mL, 62 mmole) in tetrahydrofuran (50 mL} is cooled

in an ice bath. A solution of benzylsulfonyl chloride

(5.93 g, 31 mmole) in tetrahydrofuran (50 mL) is added

over a 30-minute period. After addition is complete, the

30 solution is stirred for 1 hour at 0°C, then 3 hours at

room temperature. The reaction mixture is diluted with

ethyl acetate, washed with 1.0N HCl1l (until agqueous layer

SUBSTITUTE SHEET (RULE 26)



Using simlar procedures to that described above in 20 Exanple 10, the

title corrpgbggn%@éprepar ed fromthe conpound of Exanpl e 39pcfiuses/16410
aI ternative of preparing the title conpound is described in

Exanpl e 113 (Conpound D). WO 96/ 18644
PCT/ US95/ 16410 89 Exanpl e 41
Prepaf ati on of 5-nitro-1-nethoxynethy|ura%}l [err] 5
5-nitrouracil (10.00 g, 64 mole) 1,1,1-3,3, 3-
hexanethyld|3|
chlorotrlnethyfsﬁﬁgng Qfg%rﬁfggﬁfrat so%é%ﬁ%é?%aﬁyéﬂgie,ragq T 24

hour s. The §bbutp§sanscCohe§qxra@ed @nded 1over ecaryfirous pmagnnsxum

to affordgyi fatre?- And ¥HeAEd1ventPiSs ({'éxh@@écﬁ'yl S‘IJh)él itle c&ﬁﬁlﬁin

5-nitrouracil . .bis(trimethylsilyl) et her . g, nmol e) ,

di met hylforrraﬁ'lsdésf’ﬂetﬁé)' and br ononet hyl net hyl et her (5 9 m_ 73 mol e)

are heated.in an 80[err]C oil bath for 24 hours. 15 |Ice water (500 m) is

added, and the_m xture s stirred for 30 mnutes, then extracted with
%ég'ﬁ@;f—ii The conbined organic |ayers are dried over

di chl or onet ha

anhydr ous
CHao\'
N O
o]
OQ. //0 I Y
S. N

ﬁ OH

10 O

To a cooled (0°C) suspension of the compound of

Example 43 (10.0 g, 24 mmole) in methanol (50 mL) is added

1.0N NaOH (49 mL) over a period of 10 minutes. After the

15 addition is complete, the solution is allowed to warm to

room temperature over a period of 1.5 hours. The solvent

is reduced under vacuum, residue diluted with water, and

washed with ethyl acetate twice. The aqueous layer is

acidified with 2.0N HCl to pH 1, extracted with ethyl

20 acetate three times. The combined organic extracts are

washed with water, then brine (twice}. The solvent is
removed to give the title compound.

SUBSTITUTE SHEET (RULE 26)



magnesi um sul f ate, filtered, and concentrated under reduced

pressure to give the title conmpound. 20 Exanpl e 42 Preparati on of
et hyl 5-ni wipedrnsg@t hoxynet hyl - 3- uracilyl acetate [ epCT/US9S/18810

The conpound of Exanple 41 (10.0 g, 50 nmole) is di ssolved in
tetrabutyl amonium flouride (120 nL of a 1.0M WO 96/ 18644

PCT/ US95/ 16410 solution in

t et rahydr of ur an, 0.124 nole). E?hyl bronpacetate (8.3 nL, 75
mol e) is added. The reaction m xture is stirred at room tenperature.
The reaction pxafibiXdWse is concentrated, then partitioned between 5
di chl oronet hane and water. The aqueous Iayer S extracted mnth

di chl or onet hanekERaz RS, Meig RBLES BHal¥as4-h wat er,
brine, and dried ow . ) .l..’ i's

renoved under
Preparation of ethyl 5- benzylsulfonylanlno 1-
met hoxynet hyl - 3-uraci |l yl acetate [err]

Exanpl e 43

To a stirred suspension of the compound of Example 44

(10.0 g, 26 mmole), NY-nitro-L-argininal ethyl cyclol,
hydrochloride salt (8.38 g, 31 nmmole}, and N-

10 hydroxybenzotriazole (4.0 g, 26 mmole) in acetonitrile
(200 mL) cooled to 0°C is added 1l-ethyl-3-(3-
dimethylamino-propyl})carbodiimide hydrochloride salt (6.0
g, 31 mmole). N-methylmorpholine (8.6mL, 78 mmole) is
added dropwise. After the addition is complete, the

15 reaction is stirred at room temperature for 3 hours. The
solvent is reduced under vacuum, and the resulting residue
is dissolved in dichloromethane, washed with 2.0N HCl (to
pH 1), water, saturated sodium bicarbonate and brine. The
extract is dried over anhydrous magnesium sulfate, and the

20 solvent is removed under vacuum. The crude product is
chromatographed through silica gel to yield the title
compound.
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A stirred solution of the conpound of Exanple 42 (10.0 g, 35 mmole) in
et hanol (%Wi s hydrogenat ed over 10% Pd/ C (1.00 g)pé&Rusdkneer s
under “bal | oon pressure. 20 Celite is added, and the reaction mxture is
filtered through a pad of celite, using ethyl acetate to wash. The
solvent is renoved in vacuo to give crude_ethyl 5-am no-1-

nmet hoxynet hyl -uraci | yl acet at e. PR3tirred solution of et hyl

5-am no- 1- net hoxynet hyl - 25 wuracilylacetate (8.0 g, 31 mmmole) and

2,4,6-collidi Qe J (é§.7 m., 62 mmle) in tetrahydrofuran (50 nL) is

cool ed in h. A sol uti on of benzyl sul fonyl chloride (5.93
g, 31 mmol e) iprapairadlivar off 2 501 8t ) £ or gl Beies- 3 aruetRe
period. After add|t|n |s , T hg ' [ [ 1 hour
at Jerr]C, 4 =S DO P oy e m xture
Is diluted with et hyI acet ate, washed W|th 1. O\I HCI (unt|I aqueous
| ayer WD 96/ 18644 PCT/ US95/ 16410
91 is pH 1), water, saturated sodi um bi carbonate, and bri ne. The
organic layer is dried over anhydts magnesi um sul fate, and the
solvent is removed. The title conpo Is isolated. 5
Preparation of 5-benzyl fonyl am n -N hoxy met [yl - 3- uracilyl acetic
aci d fl
NH,
H

O_ NH:CH,CO,F

p

CHs

The compound of Exampie 45 (1.00 g) in ethanol/acetic
acid/water (4:1:1, 10 mL) is hydrogenated over 10%
palladium on carbon (0.30 g) for 4 hours at 20 psi.

10 Celite is added, and the solution is filtered through a
0.2 micron filter, washing the solid with ethanol/acetic
acid/water (4:1:1, 10 mL). To the filtrate is added 10%
palladium on carbon (0.30 g), and the solution is
hydrogenated at 20 to 25 psi until there is no starting

15 nra:terial as observed by analytical HPLC. Celite is added,
and the solution was filtered through a 0.2 micron filter,
washing the so0lid with water. The solvent is reduced to a
volume of 80 mL under reduced pressure, then washed with
ethyl acetate. The solvent from the aqueous layer is

20 reduced to remove the volatiles, then the sample is
lyophilized to yield the title compound.



10 To a cooled (O[err]C) suspension of the conpound of Exanpl e

43 (10.0 g, 24 mnole) in nethanol (50 nL) is added | .ON NaOH (49 nlL)
over a period of 10 mnutes. After the 15 addition is conplete, the

sol uti on iWORBAssAEd to warmto roomtenperature over a pBFFEEO¥I64 5
hours. The sol vent I s reduced under vacuum residue diluted with water,
and washed with ethyl acetate twice. The aqueous |layer is

acidified with 220N HO to pH 1, extracteshywith ethyl 20 acetate three
tinmes. The conbi ned organic extracts are washed with water, then
brine (twce). The solvent is renoved to give the title conpound.

WO 96/ 18644 Example 47 PCT/ US95/ 16410

92 Example 45 . P tion of . ;

5- benzvl sul f ofry=e
uracil yl acet ybrb

H
N~1r—NH
2

. H
N© NH - CF3COzH
s< n_A H
N N
Ho L Ho &

The compound of Example 46 (1.00 ¢g) is dissolved in
3.0N hydrochloric acid (20 mL). After 3 hours, the
reaction mixture is gquenched with aqueous sodium acetate

10 {to pH 3.5), then filtered through a 2 micron f£ilter. The
filtrate is purified by preparative HPLC (5x25 om Vydac C-
18 column, 0 to 20% acetonitrile/water containing 0.1%
trifluoroacetic acid). The clean fractions, as analyzed
by analytical HPLC, are combined to give the title
15 compound.

Example 48

20 O

5-nitrouracil (10.00 g, 64 mmole), 1,1,1-3,3,3-

hexamethyldisilazane (40 L, 190 mmole) and
chlorotrimethylsilane (4.0 mL, 32 mmole) are heated to
25 reflux for 24 hours. The solution is concentrated under

reduced pressure to afford S-nitrouracil bis -
(trimethylsilyl) ether. 5-nitrouracil bis(trimethylsilyl)
ether (10.0 g, 24 mmole), dimethylformamide (50 mL) and

SUBSTITUTE SHEET (RULE 26)



To a stirred
nmmole), Nerr
(8.38 g, 3

mol e) |
1-et hyl - 3- ( 3-
g, 31l.mmole).

dropwi se. Af
room t enper at
t he resulting
HO (to
extract is dr
removed under
silica gel to
PCT/ US95/ 1641
Preparation o
uracilyl acety
The conpound
(4:1:1, 10 nm

15

25

suspensi on of the conpound of Exanple 44 (10.0 g, 26

]-nitro-L-argininal ethyl cyclol, hydr ochl ori de sal t
1 mole), and N- 10 hydroxybenzotriazole (4.0 g, 26
hsgqatrile (200 nlL) cooled to O[err]C pdmwussadead
di et hyl am no- propyl ) car bodi i m de hydrochloride salt (6.0
N- et hyl norpholine (8.6nL, 78 mmple) 1is added
ter the addition is conplete, the 15 reaction is stirred at
ure for 3 hours. The soOl"'vent is reduced under vacuum and
resi due I s dissolved in dichloronethane, washed with 2. ON

| eééme%{\ﬁéﬁé (§3<§ Ut eglo Sl va) bhfér HQQEEQ and By Igc 1581

over anhydrous magnesmm sul ate he 20, solvent is

byt ubipr 2 & ude S Fer is ad eéhréﬁﬁt%’@?a‘ﬁ%ﬁ“f%rbﬁgh
syietrédat he foirt | €30  catpotes, thenVWO %itheded  with

93 Ex | 46
ighjeronethane \(3X). o The. GopRingd, prgamic layers are
firiedr giveirnaiagoesyhmc yalldateac efiditeresd,t afdr cbncentrated 5

?ﬁfl@:‘a Bicea dé%%\:&)e 'Eb%?@@c"tﬂx%ce{itﬁe coﬁﬁb&&&"aterm

s hydrogenat'ed over

alternatlve method of preparlng the title compound is
described in Example 108.

Using similar procedures to that described above in
Example 42, the title compound is prepared from the
compound of Example 48.

o
N_ O
@\3\\3”0 , \N( X N\
‘E (o CHg
(o]

Using similar procedures to that described above in
Example 43, the title compound is prepaxed from the
compound of Example 49.
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pal I adi um on carbon (0.30 g) for 4 hours at 20 psi. 10 Celite is added,
and the solution is filtered through a 0.2 mcron filter, washing the
solid with ethanol/acetic acid/ water (4:1:1, 10 nL). To the filtrate
is added 19A&p9srnseqaal | adi um on carbon (0.30 g), and the sol ut PERUSSS/16410
hydrogenated at 20 to 25 psi until there is no starting 15 nmaterial as

observed by analytical HPLC. Celite is added, and the solution was
filtered through a 0.2 mcron filter, ggashing the solid with water. The
solvent is reduced to a vol une of 80 nmlL under reduced pressure, then
washed with ethyl acetate. The solvent fromthe aqueous |ayer is 20
reduced to renpyamplidigivol atiles, then the sample is | yophilized to
yield the title corrpound V\D 96/ 18644 ,

PCT/ US95/ 16410 LaY.isia TG RS e T

Preparation Ofsiéﬁﬁlp@ﬂ&ﬂifs?[éﬁn?m no- 3- ur aci | yI acetyl - argi ni nal .
trifluoroacetate salt err 5 The corrpound of Exanpl e 46
(1.00 g) is dissolved in 3. 0N hydrochloric acid (20 niL). After 3
hours, the reaction mxture is quenched w4 h aqueous sodi um acetate 10
(to pH 3.5), then filtered through a 2 mcron filter. The filtrate is
purified by preparative HPLC (BRR5 cm Vyda N G 18 colum, 0 to 20%
acetonitril e/ water containing o 0“,, [ fI]uo;chet c acid). The cl ean
fractions, as anal yzed by SxalyN ‘N ined to give the

title 15 conpound. H
5 o)

Using similar procedures to that described above in
Example 44, the title compound is prepared from the
compound of Example 50. An alternate method of preparing

10 the title compound is described in Example 111.

15
o
. N O
o [T ¢
@\jsl\N/ErN\/‘kN N NH;
H NT T
0 O_ NNO,
\
CH,

Using similar procedures to that described above in
Example 45, the title compound is prepared from the
20 compound of Example 51.
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Exanl pe 48 Preparation of 5-nitro-1-nethyl-uracil [err] 20
5-nitrouracil (10.00 g, 64 mole), 1,1,1-3,3, 3-

hexamnet hywq%l}#%ane (40 m., 190 nmol e) and peTUS9si16410
chlorotrinmethylsilane (4.0 m., 32 mmole) are heated to 25 reflux for 24
hour s. The solution is concentrated under reduced pressure to
afford 5-nitrouracil bi s - (trlnethyIS|IyI) et her. 5-nitrouraci

bi s(trinethylsilyl) ether (10.0 g, 24%Tmoie), dinethylfornmani de (50 nl)
and WD 96/ 18644 PCT/ US95/ 16410

95 iodoEgthaEe gé.o m., 49 mmole) are heated in an 80[err]C oi

bath for 24 water is added and the mxture is stirred for
30 m nut es prepa X Bbefid , e s B (3X). The
conbi ned organic , Ia ers are 5 drled over neS|un1squate flltered and
concent r at ed Wi amde@iese FEpFe - e = b An
alternative nethod of preparlng t he t|tIe conpound S descrlbed I n

Exanpl e 108. 10 Exanple 49 Pr%Parat|on of ethyl 5-nitro-I-nethyl-
-uracilylacetate [err] Hs

0 -0 o)
Q
@\/\Si | N\)k N\ﬂ,NHz
o

N N
H H
\l NH - CH3COgH
Using similar procedures to that described above in
Example 46, the title compound is prepared from the
compound of Example 52.
io0
CH ﬁ N
| oHy 5 R Hz
NH - CF3COoH
QP | "o
H
15 0 H O

Using similar procedures to that described above in

Example 47, the title compound is prepared from the

- compound of Example 53. An alternative method of
20 preparing the title compound is described in Example 113

{Compound E) .
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15 Using simlar procedures to that described above in Exanpl e 42,
the title conpound is prepared fromthe conmpound of Exanple 48.
Exanpl e 50 w§oegfsgpar ati on of Ethyl 5-benzyl sul fonyl am no- 1- gplhxébs/aio

uracil yl acetate [err] 25 Using simlar procedures to that
descri bed above in Exanple 43, the title compound is prepared fromthe
conpound of Exanpl e 49. WO 96/ 18644 .
PCT/ US95/ 16410 286 Exanpl e 51 Preparation
of 5-benzvl sul f onyl am no- 1- net hyl - 3- uracilylacetic acid

O.__CH
*cnz

5 CHg

Alpha;N-t-benzyloxycarbonyl-omega,omega'-di-N-t-
butoxycarbonylarginine (2.10 g. 4.1 mmole)) was dissolved
in acetonitrile (25 mL). Hydroxybenzotriazole (0.63 g,
10 4.1 mmole} and l-ethyl-3-(3-dimethylamino-
propyl)carbodiimide hydrochloride salt (0.79 g, 4.1 mmole)
were added in succession. After the reaction was stirred
for 1 hour, the solvent was reduced. The residue was
dissolved in ethyl acetate (50 mlL), washed with water,
15 saturated sodium bicarbonate, and brine. The solution was
dried over anhydrous magnesium sulfate, filtered, and the
solvenp_was;;emoved in vacuo to'give 1.90 g (94% yield) of
the - title compound. Rg = 0.37 (108 ethyl

acetate/dichloromethane) .

20

SUBSTITUTE SHEET (RuLE 25,



[err] 5 Using simlar procedures to that described above in
Exanple 44, the title conpound is prepared fromthe conpound of Exanpl e
50. An alternate nethod of preparing 10 the title conpound i ' in
Exanpl e 11WO096/1864¢xanp| e 52 Preparati on of PetiOssBAd

5- benzyl sul f onyl am no- 1- net hyl - 3- uraci Iyl acetyl - Ng- ni tro-L-argininal
et hyl cyclol 15 [err] Using simlar procedures to that
descri bed above in Exanple 45, the ti%l e conpound is prepared from
t he 20 conmpound of Exanple 51. WD 96/ 18644

PCT/ US95/ 16410 97 Exanpl e 53

Preparation ofEXameke2&ul f onyl ani no- 1- met hvl - 3 -
uracil yl acetyl L 4 :

H CHs
] o) CHs

A solution of the compound of Example 55 (33.69 g, 68
mmole) in tetrahydrofuran (350 mL) was cooled to -70°C.
Lithium aluminum hydride (69 mL o©f a 1.0M solution in

10 tetrahydrofuran) was added dropwise while maintaining the
temperature below -60°C. After the reaction mixture was
stirred at -60 to ~-65°C for 30 minutes, it was cooled to
-70°C. 2.5 M potassium bisulfate {92 mL) was added
dropwise to quench the excess lithium aluminum hydride.

15 The solution was allowed to warm to 0°C, and the mixture
was filtered through celite, washing with ethyl acetate.
The filtrate was washed with cold 1.0N HC1 (75 mL), ice
water (50 mL), cold saturated sodium bicarbonate (50 mL),

then cold brine (50 mlL). The extract was diluted with
20 dichloromethane (200 mL), then dried over anhydrous
magnesium sulfate. The solvent was removed in vacuo to

afford 28.23 g.(83%) of the title compound. Rf = 0.37

(5% isopropanol in dichloromethane).

SUBSTITUTE SHEET (RULE 26)



5 Using simlar procedures to that described above in Exanpl e

46, the title conmpound is prepared fromthe conpound of Exanple 52.
Exanpl e 54 Preparation of 5-benzvl sul fonyl am no-y- net hyl - 3-

uraci | yl acemsesBeddr ai ni nal , trifluoroacetate salt [err] PCT/US95/16410

Using simlar procedures to that described above in Exanpl e 47, the

title conpound is prepared fromthe conpound of Exanple 53. An
alternative nmethod of 20 preparing the 1agl e conpound is described in
Exanpl e 113 (Compound E). WD 96/ 18644

PCT/ US95/ 16410 98 Exanmpl e 55

Example 57

O. _O._ _CH
H §T/ \T:CQZ
N_ _NH CH,

T
o T
CEUES G
O CHy CH,

°

CH,

The compound of Example 56 (300 mg, 90.61 mmole) was
dissolved in ethanol (3.0 mlL) and concentrated HCl was
added (51 microliters). After stirring overnight at room

10 temperature, 10% Pd/C (30 mg) was added. The mixture was
hydrogenated for 4 hours. TLC indicated that the reaction
was complete. Celite was added, and the reaction mixture
was filtered. The solution was diluted with water to a
volume of 50 ml,. The title compound (190 mg, 73% yield)

15  was freeze dried to a yellow solid. Rf = 0.26 (10%

’ methanol/dichloromethane) .

Example 58

20 dihvdropyridyl)acetate

Sodium hydride (1.57 g of a 60% dispersion in mineral
25 o0il, 0.039 mole) was washed with hexanes three times (10

SUBSTITUTE SHEET (RULE 28)
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Preparati on of al pha-N benzvl oxvcarbonyl - onega, onega’ - di -

N-t - but oxycar bonyl -L-arai nine |actam [err]

Al pha- N-t -fweveMsaycar bonyl - onega onega' -di - N-t - but oxy qarimusesliadigi ni ne
(2.10 g. 4.1 mole)) was dissol ved in acetonitrile (25 nli).

Hydr oxybenzotriazole (0.63 g, 10 4.1 nmol e) and

1- et hyt - 3-(3-di net hyl am no- pr opyl )Cf(;{)odi I m de hydrochl oride salt
(0.79 g, 4.1 mol e) wer e added in succession. After the reaction was
stirred for 1 hour, the solvent was reduced. The residue was

di ssol ved in gf hylcigfehid eslidferddd ¥R SABRe MY N NRILIidel X 255 Al at eghsodi um

bi carbonate, and brine. The solution was dri ed ,over, anhydrous

magnesi um sul $8tE¥e4| FUSPERS1gRd ke cooled| v&ntdRhad SPertREl i FR¢RcLY to
give 1.90 g (Ritey+BiEydrdxypyridite t1(3.108 gcomp@3®d.mole) wad added 1h 37
(10% et hyl ce | chl thane) . . : 96/,18644 .

PCT/ US95/ 16 416ma1f é@}@{é{{sc A hang mlnageggperlog\pExa rr%?%e%G the
Prepar ati én oaddiphen e eonmbatsar ke keagtianowagastiired at 0°C for

N-t- but oxycar pgnylinhtakdi i room temperature for 30 minutes. The
reaction mixture was recocled in an ice bath. t-Butyl
bromoacetate (5.25 mL, 0.036 mole) was added. The

reaction was stirred at 0°C for 1 hour, then 1.5 hours at
10 room temperature. The reaction mixture was diluted with
ethyl acetate (80 mI..),. and ice (80 g) was added. The
aqueous layer was extracted with ethyl acetate (3x200 mL).
The combined _organic extracts were washed with water
(4x100 mL), brine (100 mL), and dried over anhydrous
15 sodium sulfate. The solvent was removed, and the
resulting residue was chromatographed through silica gel
using 10% ethyl acetate/dichloromethane as eluent. The
pure fractions were combined, and the solvent was removed
under vacuum to afford 6.77 g (75% yield) of the title
20 compound as yellow solid. Rf = 0.30 (silica gel, 20%

ethyI' acetate in dichloromethane).

5

Example 839

2‘5dihxdmnz:i.dxl.).§s.eﬁa&§

A stirred solution of the compound of Example --58

30 (2.00 g, 7.9 mmole) in ethanol ’(50 mL) was hydrogenated
over 10% Pd/C (0.23 g) for 3 hours under balloon pressure.
Celite was added, and the reaction mixture was filtered
through a pad of Celite, using methanol/ethyl acetate to

SUBSTITUTE SHEET (RULE 26)



[err] A sol ution of the conpound of Exanple 55 (33.69 g,
69 nmol e) in tetrahydrofuran (350 nL) was cooled to -70[err]

Li t hi um al (W@ pe/tBe#y/dri de (69 nlL of a 1.0Msolution in 10 tet PSFIWEP%?%F%n)
was added dropw se while maintaining the tenperature below -60[err]C
After the reaction m xture was stirred at -60 to -65[err]C for 30
mnutes, it was cooled to -70[err]C 1022.5 Mpotassiumbisulfate (92
m.) was added dropwi se to quench the excess lithium alum num hydri de.
15 The solution was allowed to warmto Jerr]C, and the m xture was
filtered througisltel iThey swishinty west lresidwed aoeleat ezacuum T:Imeafﬁﬂotrﬁattmewas
washed with c ./ C er . ( 2) coI sa_t fced
sodi um bi car bgénéli"tljeE ggé‘lig‘sx{d 5(:ngzohegj) 3 guba‘rﬂ?:h.gatgxgg %%ld The extract was
diluted with 2Cidiicdd @Qimet%@e(cmomyn ¢hehldromekiarnes) .anhydr ous

magnesi um sul f at e. The sol vent was renoved in vacuo to afford 28.23
g.(83% of the title conpound. Rf = 0.37 (5% i sopropanol in

di chl or omefhardaamele 60 \Wp 96/ 18644

PCT/ US95/ 16410 :

Preparation of orrega orrega -dr-N-T-bu cro - ararnm nalr diethyl
acetal. HO s x e
eSS
CH
N NI )
"o N 0~ “CH,
(0]
10

The compound of example 59 (1.7 g, 7.85 mmole} is
dissolved in 50% aqueous dioxane (30 mL) and cooled to
0°C. Sodium bicarbonate (2.0 g, 24 mmole) is added in one
portion. After stirring 5 minutes, allyl chloroformate

15 (1.67 g, 16 mmole) in dioxane (4 mL) is added dropwise
over a 5-minute period. After stirring for 30 minutes,
the solvent is reduced to a volume of 10 mL, and extracted
with dichloromethane (50 mL). The organic layer is washed
with brine, the dried over anhydrous magnesium sulfate.

20 The solvent is removed and the title compound isolated.

25

The compound of example 60 (1.00 g) is treated with
50% trifluorocacetic acid in dichloromethane (10 mL) for 1

SUBSTITUTE SHEET (RULE 26)



[err] 5 The conpound of Exanple 56 (300 ng, 0.61 nmole) was
di ssolved in ethanol (3.0 nL) and concentrated HO was added (51
mcrokliters). After stirring overnight at room 10 tenperature, 10% Pd/ C (30
ng) was adde96/T86d4 i Xt ure was hydrogenated for 4 hours. TRCI/PSW164k0ed
that the reaction was conplete. Celite was added, and the reaction

m xture was filtered. The solution was diluted with water to a

volume of 50 nL. The title conpound (190188, 73%yield) 15 was freeze
dried to a yellow solid. Rf =0.26 (10% met hanol / di chl or onet hane) .
Exanpl e 58 Preparation of t-butyl (3-nitro-2-oxo-1,2- 20 di hvdroyvri dyl
acetate [errlhour at 0°C, &adli Bn hpdrisdeatl. bdoy dfenpHftudiesper sTtha i n

mneral 25 01 laofh D P4 0 YEPedRRhER BhilleNEXARES il eid ! IRS (30vent

WD 96/ 18644

is removed in vacuo to afford the title compound.

5
0 (8] CH
T,
o \o( CH,
N O
O CHy CHq
10 CH,

' To a stirred suspension of the compound of Example 57

(500 mg, 1.98 mmole), the compound of example 61 (1.12 g,
2.37 mmole), and N-hydroxybenzotriazole ({300 mg, 1.98

15 mmole) cooled to 0°C, is added l-ethyl-3-(3-dimethylamino-
' propyl)carbodiimide hydrochloride salt (457 mg, 2.38
mmole). N-methylmorpholine (0.65 mL, 5.9 mmole) is added
dropwise. After the addition is complete, the reaction is
stirred at room temperature overnight. The solvent is

20 reduced under vacuum, and the resulting residue 1is
dissolved in ethyl acetate, washed with 1.0N HCl (to pH

1), water, saturated sodium bicarbonate and brine. The
extract is dried over anhydrous magnesium sulfate, and the
solvent is removed under vacuyum to vield the title

25 compound.
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101 mL each) and suspended in dinmethylformam de (25 nL). The
stirred suspension was cooled in an ice bath, then 3-

nitro-2-hy WBWl dine (5.00 g, 0.036 nole) was added in PcsanasP?n“m
portions over a 25-mnute period. After- the 5 addition was
conplete, the reaction was stirred at O[err]C for 10 mi nutes, then
roomtenperature for 30 mnutes. The 10deaction mi xture was recooled in
an ice bath. t - But yl bronpacetate (5.25 nmi, 0.036 nole) was
added. The reaction was stirred at O[err]C for 1 hour, then 1.5
hours at 10 Eééﬁ*&géﬁ%érature The reactlon mxture was diluted with

et hyl 20 ki of 8 Sz FIHEOG ) a s SHAED | ayer
was extracted W|t .

extracts wer &LRASHSR 2L AX-Tel=5% F L) Tl Bk o Jd Tet =
dried over anhydrous 15 SOdI um sulfate The sol vent was rermved
and the resulting residue was chromat ographed through silica gel

usi ng 10% et hyl acet at e/ di chl oronet hane as el uent. Hrhe pure fractions
wer e conbi ned, and the solvent was renoved unde™ umto afford 6.77

g (75%yield) of the title 20 conpound as yellow|soli Rf = 0.30
(silica gel, 20% ethyl agst at di chhoro hané’H F3COH preparati on
of t-butyl (3 am no- 2- oxo- 1. 2-ff 25 |d|h dropyri dgl )acetate [err]

A stirred solution of H2.00 g, 7.9 mole) in
et hanol (50 nmL) was hydroge over loo/HPd/ (0.23 g) for 3 hours
under bal Igon pressure. Celite was added, andQ he reaction m xture was
filtered through a pad of Celite, using nmethanol/ethyl acetate to

The compound of example 62 (1.0 g) is suspended in

50% aqgueous acetonitrile (20 ml) and cooled in an ice
bath. Hexafluorophosphoric acid (60% by weight, 10 mL) is

10 added slowly, and the cooling bath is removed. After 30
minutes, the reaction mixture is recooled in an ice bath,
and quenched with agueous sodium acetate (2.5M solution)
to pH 4, then filtered through a 2 micron filter. The
filtrate 1is purified using preparative HPLC. The

15 fractions are analyzed for purity by analytical HPLC (0.1%
trifluorocacetic acid/10-40% aqueous acetonitrile},
combined, and the acetonitrile is removed under reduced
pz:essure. The remaining water is lyophilized. The title
compound is recovered.

20
Example 64

|

N

- N P
O)LHN CO.CH,

To a solution of N- (t-butoxycarbonyl}-3-(3-
pyridyljalanine (5.0 g, 18.8 mmole) in methanol (100 mL)

7
N
25

SUBSTITUTE SHEET (RULE 26)



WO 96/ 18644 ' PCT/ US95/ 16410

102 wash. The sol vent was renoved under vacuumto afford the title
conmpound (1.90 g) in quantitative yield. R = 0.56 (silica gel, 10%

met hanol i rew@iogAidsas onet hane) . 5 Exanpl e 60 Pr epar at i on pfrredobinés1o

3-[ (al Iyl oxycar bonyl ) am nol - 2- oxo- 1. 2-di hydropyri dyl acetate [err]

10 ’ The conpound of exanple 59 (1.7 g, 7.85 mmole) is di ssol ved

i n 50% aqueous di oxane (30 nm.) and cool edléé) O[err]C. Sodi um bi carbonat e
(2.0 g, 24 mole) is added in one portTon. After stirring 5 mnutes,.

allyl chloroformate 15 (1.67 g, 16 mvle) in dioxane (4 nL) is added
dropwi se  Qyf¥ a aagkAute paTdRA  ALhehrShbI I ngzz& or gglﬂwaﬁes’ in
the solvent is_reduced tqQ a volune of 10 ni, and extracte W'th
di chl or omet harf UBPTANSEARE or fni hvayeh>d s Wgied  The h TRswktinge
dried over anhyainmismegaesistirdd abvera@ghtheasolay@ients tanpeskang, the
(1L, comeunolohdfnsn sras SR g SR O Bl oo
[err] 5 minimuhedemponnd ettholamsetad@ ((1.000 ng) iwast recialeetd wilhe
50% trifluor oatahiik iafy dwhiedi YRR L0 bl ebPhal sn a fritted
funnel. To a solution of the collected precipitate in a
mixture of tetrahydrofuran/water (40 mL each) was added
di-tert-butyl dicarbonate (4.8 g, 21.99 mmole) and sodium
10 carbconate (1.95 g, 18.4 mmole). After stirring for 12
hours at ambient temperature, the reaction mixture was
diluted with ethyl acetate (40 mL) and washed with a
solution of saturated sodium bicarbonate (25 mL). The
organic layer was dried over anhydrous sodium sulfate and
15 concentrated under vacuum to give crude product. This
product was subjected to flash column chromatography on
silica gel (230-400 mesh) using a 8x52 cm column and
eluting with a 10:90 mixture of ethyl acetate/hexane
followed by a 60:40 mixture of ethyl acetate/hexane. 4 g
20 {74%) of the title compound was obtained as an oil. Thin-
layer chromatography gave a Rf = 0.68 (silica gel; ethyl

acetate) .

25
NH * CH3;COH
S
0" HN CO,CH,
30 A solution of the compound of Example 64 (5 g, 17.8

mmole) in ethanol (24 mL), acetic acid (6 mlL) and water (6
nL) was hydrogenated over platinum oxide (500 mg} at 45
psi for three hours. The catalyst was filtered off and
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103 Jerr]C, and 3 hours at room tenper The
sol ution iv@?g%sg%‘ed with toluene (50 nL) and the sol vent gaég?sé%\lloed in

vacuo to afford the title conpound. 5 Exanpl e 62 Preparation of
3-[(al l yl oxycar bonyl ) am no] - 2- oxo- 1. 2-

di hvdr opyri dyl acet yl - omeaga, onega' - di - NL®6but oxycar bonyl - L- ar ai ni nal
di ethyl acetal [err] To a stirred suspension of

t he conpound of |l e 57 500 pgy, 1.98 nmole), the conpound  of
exanmpl e 61 (fgfzﬁgiggatezFS?c Fayed JhaeRE hYRAF SR beRz8R r Pa2¥| &e836beny,

1.98 15 mml(é)seo@)edwhmcﬁ[ avds| Gised dadethd - alelkyl - Sté- dimRinpleansno-

propyl ) car bog. i.{ | Qr.] sal.t. (457 2. 38 nmol e) .
N- et hyl nor p%%lk:lg’]ﬁgg( B%%%%% O:él.rg‘efr%o R BRS adggan'laya? oﬁW?@.a%gigngh?he
addi tion is wdsptledetwpheppescrporespondingt tortdoatiiasbereenpes awitk
overni ghts  rREN&SAleeNbel 0 AT shdueRds UndBtpedLbtly ANd1ddi®gey;

was ed‘vmtﬁ }C]\l HCl

resulting reSidue 1is di ssolved in ethyl acetate,
(to pH 4:1:1 n-butanocl/ acetic acid/water).
Example 66
10

To a solution of the compound of Example 65 (6.89 g,
15 18.9 mmole) in tetrahydrofuran (80 mL) was added S-

methylisothiourea bis-benzyloxycarbonyl (7.13 g, 19.9
mmole) followed by N-methylmorpholine (4.37 mL), and the
reaction mixture was stirred at ambient temperature for 18
hours. The reaction mixture then was concentrated under
20 vacuum and the resulting residue was dissolved in ethyl
acetate (100 mL) and washed with 1N sodium bisulfate and
saturated sodium chloride (50 mL each). &after drying over
anhydrous sodium sulfate, the solvents were removed under
vacuum; the crude title compound was subjected to flash
25 column chromatography on silica gel (230-400 mesh) using a
8x52 cm column and eluting with 1:9 ethyl acetate/hexanes
{two column volumes) followed by 71:1 ethyl
acetate/hexanes. 2.75 g the title compound was obtained
as a mixture of two diastereomers. Thin-layer
30 chromatography gave two spots with Rf values of 0.57 and
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1), water, saturated sodi um bi carbonate and bri ne. The extract is

dried over anhydrous magnesiumsulfate, and the sol vent is renoved
under vacu eld the title 25 conpound. WO 96/ 18

heT Usoay 1 WP dghaids 104 Exanpl e o g Trosssiicato
Preparation of 3-[(allyloxycarbonyl)am no]-2-oxo-1. 2-

di hydropyridyl acetyl-L-araininal. trifluoroacetate salt [err] 5
The conpound of exanple 62 (1.0 g) is susfdnded in 50% aqueous
acetonitrile (20 m) and cooled in an ice bat h. Hexaf | uorophosphoric
acid (60% by l.ght, 10 ,added_sl ow the lin ath is
renoved. Afpg 6% I%gﬁgkk%vzlyth é@?loﬁﬁ% F%%golg% % E&ﬁ I ce
bat h, and qgsnched wi t h aqueous sodlun1acetate (2.5N|so|ut|on) to pH
4, then filtered through a 2 mcron filter. The filtrate is purified
using preparative_ HPLC The 15 fractions are analyzed for purity
by anal yti cal %1% trlfluoroacetlc aci d/ 10- 40@6 aqueous
acetonitride) p, otelngs) L HSr 3 | _reduced
pressure. AT zed. & —conpotnd is
recover ed. goanlde s thenzy piveaihd 1lanj

t- butoxvcarbonyl) 3- (3 pyrldyl) L- alanlne nethyl est er

10 To a stirred solution of the compound of Example 66
(2.23 g, 3.7 mmole) in absolute ethanol (8 mL) and
anhydrous tetrahydrofuran (4 mL) was added calcium
chloride (844 mg, 7.6 mmole) and sodium borohydride (575
mg, 15.2 mmole). After stirring 12 hours at ambient

15 température, the reaction mixture was concentrated under
vacuum and the resulting residue was partitioned between
ethyl acetate and 1N sodium bisulfate (10 mL each). The
two layers were separated; organic layer was washed twice
more with 1N sodium bisulfate, dried over anhydrous sodium

20 sulfate and concentrated under wvacuum gave a residue.
Flash column chromatography of the residue on silica gel
(230-400 mesh) using a 5.5%x45 cm column and eluting with
ethyl acetate gave 1.3 g of the title compound as a white
foam. Thin layer chromatography yielded two spots

25 corresponding to two diastereomers with Rf values of 0.18

and 0.27, respectively (silica gel; 1:1 ethyl acetate/ S

hexanes) .
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[err] 25 To a solution of N- (t-but oxycarbonyl) - 3-(3-

pyridyl)alanine (5.0 g, 18.8 mmle) in nmethanol (100 n) WO

96/ 18644 wo 96/18644 PCT/ US95/ 16410  PCT/US95/16410
105 was added thionyl chl ori de (2M  solution in

di chl oronet hane, 66 nL, 132 nmole). The resulting sol ution was

stirred overnight at anbient tenperaturejgg  The nethanol was renoved
under reduced pressure to a 5 mninmumvolune and ethyl acetate (100 nlL)

was added. The resulting white precipitate was collected in a fritted
funnel. To a Wf the collected precipitate in a m xture of
t et rahydr of ur an/ wat er (40 n1_ each) vvas added dl -tert butyl dicarbonate

(4 8 g, 21 99 OnePEs e

¥$=4 ol e) . Af ter
stirring for ]

a m xt ure was
[ sol ution of
saturated sodi um bi carbonate (25 nL). The organic | ayer was dried

over anhydrous sodium sul fate and 15 ncentrated under vacuumto give
crude product. Thi s product wagq suljj ected t® flash col um
chr omat ogr aphy on silica gel (2

eluting with a 10: 90 m xture of et
60: 40 m xture of ethyl acetatel/hex
was obtained as an oil. ThHot HN
(silica gel; ethyl acetate).

400l e —((si ng a 8x52 cm col um and

I acet\af;ﬂ]exae foll owed by a

e. $Hg 0 474% he title conpound
chr rap gave a Rf = 0.68

The compound of Example 67 (290 mg, 0.57 mmole) was
treated with 2.5 N anhydrous hydrochloric acid in ethyl
acetate (2.0 mL) at ambient temperature for one hour. The

10 solvent was removed under vacuum to give a sticky-white
solid (260 mg). This solid was used in the next step

(Example 20) without further purification. g NMR
spectrum taken in CD30D showed no t-butoxycarbonyl protons
at 1.4 ppm.
15
20
O
N NH
= o) \( _(0
Oy g | N \)l\ ’5 o
OH
N HN A
(o) 0]

To a suspension of the compound of Example 68 (266
mg, 0.45 mmole) in acetonitrile (7 mL) is added
successively the compound of Example 7 [3-

25 { {(benzylsulfonyl)amino]-2-oxo-1, 2-dihydropyridyllacetic
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Exanol e 65 25 Preparation of N-(t-butoxvcarbonyl)-3-(3-piperidyl)-L-

al ani ne nethyl ester, acetate salt [err] 30 A solution of the
conmpound e 64 (5 g, 17.8 nmol e) in ethanol (24 bC
acid (6 nﬁogﬁ%t er (6 m.) was hydrogenat ed over plat i!‘rﬁ.})n’?so%iag;elb(wo
ng) at 45 psi for three hours. The catal yst was filtered off and

WO 96/ 18644 PCT/ US95/ 16410

106 the filtrate concentrated unde¥®%acuumto an oily residue

(6.89 g) which was used in the next step (Exanpl e 6) wi t hout further

Bor r espondi nTid t W4, aBF or dorh o W) 5 TRECBuRGSs (ST asReEREhAmERYs,
respectivel yp:(dpyl)ngmdllmzdﬂ hyidrodhltcanicld asaitc d86d/ wag.er)0.45
SfjggPLi?ngG( bi's- {eeﬁ)galrlgfy car] Pf tggggf%g%afﬁgagx%ﬁ I(7£3?§ Erégyﬁéﬂé) +0
and dusopropylethy amlne {2.44 mmole, 417 microliters).
5 fThe solution is stirred at ambient temperature for twelve
hours. The solvent is removed under reduced pressure and
the remaining residue is dissoclved in ethyl acetate (15
mL} and washed two times each with 10 mL portions of 1N
sodium Dbisulfate, saturated sodium Dbicarbonate and

10 saturated sodium chloride solution. The organic layer is

dried over sodium sulfate and concentrated to crude
product. The title compound is isolated.

15

v

' N _NH
SCAe S O

HN

20
The compound of Example 69 (123 mg, 0.16 mmole) is

subjected to catalytic hydrogenation in methanol (8 mL)},

and acetic acid (2 mL) and water (2 mL) in the presence of

palladium on carbon (20 mg) at 40 psi for 4 hours. The
25 ' title compound is obtained.
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To a solution of the conpound of Exanple 65 (6.89 g, 15 19.9 mmole) in

tetrahydrofuran (80 nL) was added S nmet hyl i sot hi our ea

bi s- benzyl oxycar bonyl (7.13 g, 19.9 nmol e) fol |l owed by

N- et hy| nﬁpﬁ% P¢4de (4.37 nL), and the reaction nixture RELUSIVISAYY at
anbi ent tenperature for 18 hours. The reaction m xture then was
concentrated under 20 vacuum and the resulting residue was dissolved in

et hyl acetate (100 M.) and washed wii® 1N sodi um bi sul fate and
saturated sodium chloride (50 nL each). After drying over anhydr ous
sodium sul fate, the solvents were renoved under vacuum the crude title
conpound mgﬂéﬂ%&@

to flash 25 colum chromat ography on silica gel
:9_et hyl

1:1 et hyl
as a mxture

of two di h| n- Iayer 30 chromat ography gave two spots
with Rf values o : an WD 96/ 18644

PCT/ US95516410 107 0. 62,
respectively (silica gel; 1:1 ethyl acetate/ hexanes) . Exanpl e 67
5 Preparation of N-(t-butoxycar bonyl )-3- 3-piperfdyl}y (N guani di no
( bi s- benzyl oxycar bonyl| L- aI anl noI N_ _NH,
O // ° Y
H NH
O

To a chilled solution of the compound of Example 70
(107 mg, 0.19 mmole) in dimethylsulfoxide and toluene ({2
10 mL each) is added dichloroacetic acid (78 microliter, 0.94

mmole) followed by l-ethyl-3-(3-dimethylamino-
propyl)carbodiimide hydrochloride salt (0.36 g, 1.9 mmole)
at one minute later. The reaction is stirred for 5

minutes at 0°C and 85 minutes at ambient temperature, and

15 quenched with 30 mL water. The water layer is extractéd
twice with diethyl ether (15 mlL portions), diluted to 60
mlL with water and is purified by high pressure 1liquid
chromatography using a reverse phase column containing a
C-18 resin comprised of 10 micron-size gel particles with

20 a 300 angstrom pore size. The column is eluted with a
water/acetonitrile (containing 0.1% trifluoroacetic acid)
gradient where the gradient is run from 10% to 30%
acetonitrile. Each diasteromer of the title compound is
isolated.

25
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10 To a stirred solution of the conpound of Exanple 66 (2.23 g,

3.7 mole) in absolute ethanol (8 nL) and anhydrous tetrahydrofuran
(4 m) dded cal cium chloride (844 ny, 7.6 mmol um
bor ohydri %383’%9? ng, 15.2 mole). After stirring 12 %ﬂﬁ‘?gﬁ‘g@'ﬁb. ent
15 tenperature, the reaction m xture was concentrated under vacuum and
the resulting residue was partitioned between ethyl acetate and 1N

sodi um bi sul fate (10 nL each). The iwd | ayers were separated; organic
| ayer was washed tw ce nmore with 1IN sodium bisulfate, dried over

anhydr ous sodi um 5 | fate and concentrated under vacuum gave a residue.
Fl ash col um %@Eﬁ?ﬂrg#aphy of the residue on silica gel (230-400 nesh)
usi ng a 5. 5X4pr-&Ha A i ed e 4368 -\ Ql 2hate gave 1.3 g of
the title corrpound as a Whl te f oam ayer chr omat ogr aphy

yi el ded two fxpblucnsacetatagadddi ng to two diastereoners with Rf val ues
of 0.18 and 0.27, respectively (silica gel; 1:1 ethyl acetate/
hexanes) . WO 96/ 18644

PCT/ US95/ 16410 108 Nxanpl e 68
Preparation of 3-[3-piperidvl-(N guani d| (b| Q

benzvl oxycar bonyl )] -L-al ani %23‘:02 droch‘l’ xnd-e’
: J
Step 1
A solution of carbonjrldiimidazole (16.2 g, 0.10 mole)
in 225 mL of dimethylformamide was prepared at room
10 temperature and allowed to stir under nitrogen. A
solution of t-butyl carbazate (13.2 g, 0.100 moles) in 225
mL éimethylformamide was then added dropwise over a 30
minute period. Next, diphenylmethylamine (18.3 g, 0.10
moles)} was added over a 30 minute period. The reaction
15 ‘'was allowed to stir at room temperature under nitrogen for
one hour. Water (10 mL) was added and this mixture was
coz}centrated to about 150 mL under wvacuum. This solution
was poured into 500 mlL water and extracted with 400 mL of
ethyl acetate. The ethyl acetate phase was extracted two
20 times each with 75 ml 1IN HCl, water, saturated sodium
bicarbonate and brine, and then was dried with anhydrous
magnesium sulfate. The mixture was filtered and the
solution was concentrated to give 29.5 g (85% yield) of 1-
t-butoxycarbonyl-semicarbazid-4-yl diphenylmethane as a

25 white foam. This material may be purified by
recrystallization from ethyl acetate/hexane, but was pure

enough to use directly in step 2: mp 142-143°C. 1H NMR
{CDCl3) delta 1.45 (s, 9H), 6.10 {(dd, 2H), 6.42 (s, 1H),

6.67 (bs, 1H), 7.21-7.31 {m, 10H). Analysis Calculated
30 for C19H23N303: C, 66.84; H, 6.79; N, 12.31. Found: C,

66.46; H, 6.75; N; 12.90.
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5 The conpound of Exanple 67 (290 ny, 0.57 nmole) was treated

with 2.5 N anhydrous hydrochloric acid in ethyl acetate (2.0 nL) at
anbi ent tenperature for one hour. The 10 solvent was renoved under vacuum
to give a SVWDORYS6AMI t e solid (260 my). This solid was 95/16419
next step (Exanmple 20) wthout further purification. 1H NWR
spectrum taken in CD30D showed no t-butoxycarbonyl protons at 1.4 ppm
15 Exanpl e 69 Preparation of [3-[{t®nzyl sul fonyl]am nol -2-o0xo-1. 2-
di hvdr opyri dyl ] acetyl - 3-[ 3- pi peri dyl - N guani di no(bi s-

benzyl oxycar bonyl ))]-al aninol 20 [err] To a suspensi on of
the conpound o$téxadple 68 (266 nmg, 0.45 mole) in acetonitrile (7
m.) is added ucce§5| veI t? £ ound :gé rTBI e (3
25 [(benzyl sul fony‘?) Lo v 00% 2.3 drSpyrF N ®

96/ 18644 butoxycarbonyl-~ semlcarbaz:.d 4~ yECTdiiﬂQéﬂiﬁBvﬂqﬁhane in 12.5
109 aci 145y gm@g 1- yl [ | 299

propyl ) car bod% d‘Zf dfi?%g%forl Jﬁnesalﬁé;' §ea(§edj 4‘%}/ of

1- hydr oxybénzotriﬁhmﬁoilgehm ea¢¥@ ey, (IP.GL? m‘miea) react:.on mlxture 'was
allowed to stir for 30 minutes at this temperature. The
reaction mixture was then added dropwise to 75 ml: of

diethyl ether to give a precipitate. The resulting
precipitate was filtered off and washed with diethyl ether
10 to give 2.7 g {80% yield) of the title compound; mp 1B2-

184°cC.

15

NH,
s
0
, ) g
CHy  COCH,CH,

To a stirred solution of alpha-bromo-meta-tolunitrile

20 (45.0 g, 0.24 mole), diethyl acetamidomalonate (48.0 g,
0.22 mole) and potassium iodide ({(3.0 g, 0.018 mole) in
dioxane (500 mL) was added 2.5M sodium ethoxide in ethanol
(100 mL) dropwise under an argon atmosphere. After the

' addition was complete, the solution was refluxed for 6
25  hours. The reaction mixture was allowed to stand
overnight at room temperature, then diluted with brine
(250 mL) and water (250 mL), &and extracted with ethyl
acetate four times (1.0 L total). The combined extracts
were washed with water (100 mL), 10% citric acid (100 mL},

30 water (100 mL} and brine (2x50 mL), then dried over
anhydrous magnesium sulfate and filtered; the solvent was
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and diisopropylethylamne (2.44 mmole, 417 mcroliters). 5 The solution is
stirred at anbient tenperature for twelve hours. The solvent is renoved
under .reduced pressure and the remaining residue is dissolved in ethyl
acetate ( ni) and washed two times each with 10 nlL porgg N
sodi um bléhﬂaqg saturated sodium bicarbonate and 10 %%?E%EP%4

sodi um chl ori de solution. The organic |ayer is dried over sodium

sul fate and concentrated to crude product. The title conpound is

i sol at ed. Exanpl e 70 15 Preparati @&3of [3-[ {benzyl sul f onyl

am nol - 2- oxo- 1. 2- dlhydropyrldyl]acetyl 3-[ 3-pi peridyl - N—guanldino)]
al aninol, acetate salt rr%ﬁ - 20 The co ouna of Exanp

69 (123 ny, OTXEBONRLI e)"‘i"ger PRt ed to TR al fﬁ“@ehy dr6gefuei onwF‘ﬁ

net hanol (8 necrystadlizadefromaetity) Zacedatandndidiethylnkrher thetwo

presence of g IL€ iﬁggﬁgicggbgfvéf é??§%at of0 éﬁg 3°%y%nQ%%5§yl The 25

title corrpoun&r
PCT/ US95/ 1641@cetylaminomalonic acid diethyl estpppas yellgygaﬁpygtals

Preparatiof of [3-[4hq %4)”\«.%5 framtiledm Nods 22 0¥8pid?y stirring solution
dlhydropyrldyl]acetyl [ 3- pi peri dyl - & guanldlno)] alaninal 5
of 3-cyanobenzyl-N-acetylaminomalonic acid diethyl ester

(44.3 g, 0.13 mmole) in pyridine (300 mL) and
triethylamine (100 mL) for 40 minutes. The reaction
mixture was stirred at room temperatﬁre for 16 hours, then
10 poured into 3.0 L of water. A yellow precipitate formed
immediately. The solution was allowed to stand at 4°C for
4 hours, then was filtered. The crude title compound was
recrystallized from 'ethyl acetate and hexanes to vield
48.1g (98%) of the title compound as yellow crystals.
15 m.p. 183-186°C. 1H NMR (CDCl3}: delta 1.31 ( t, J=7.1
Hz, 6H), 2.06 (s, 3H), 3.70 (s, 2H), 4.29 (g, J=7.1 Hz,
4H), 4.80-4.87 (m, 1H), 6.60 (s, 1H), 7.10-7.20 (m, 1H),
7.27-7.35 {(m, 2H), 7.60-7.70 {m, 2H). Analysis Calculated
for C17H22N205S: C, 55.72; H, 6.05; N, 7.64. Found: C,
20 55.55; H, 5.96; N, 7.76.

25

NH,

NH - 2HCI
NH, COH

The compound of Example 73 (48.1 g, 0.13 mmole} was
dissolved in acetone (800 mL). Iodomethane (18.3 mL, 0.19

30 mole, 1.5 eguivalents) was added, and the solution was
refluxed for 30 minutes. The solution was cooled to room
temperature, and the intermediate thioimidate was
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[err] To a chilled solution of the conmpound of Exanple 70
(107 ng, 0.19 mmole) in dinethylsul foxide and toluene (2 10 nlL each)
added di chwwaxrgsaeessi c acid (78 mcroliter, 0.94 mol e) gog vjef ) L
1- et hyl - 3- (3-di net hyl am no- propyl ) car bodi i m de hydrochl ori de salt
(0.36 g, 1.9 Mol e) at one mnute |ater. The reaction is stirred
5 mnutes at O[err]C and 85 m nutes p{,anbient tenperature, and 15
guenched with 30 nL water. The water |ayer is extracted twice wt
di ethyl ether (15 nL portions), diluted to 60 m. with water and is

S

h

by

for

purified by hfghtéféﬁsurc&iéd]wdihd dx@@bQ%HOQ?.QEBMeHﬁaﬂ«Qla (@U@rf&.Phase
n, conpr 0 cron-size

BBt fam 8555 hEs [Tk Bofs A S8 Dahe. ool AP G LMKk WEh a

wat er / acet oni added. ( chme afgaatg od otk uasoaeénuxeacf@h} 1 howr Adtleert

where the gragbgi‘éd'§o lrié&%ng rr%gﬂgr]]eg‘é)thg-eg’o(g%d Pogggﬁofégé'égher E%h-’gblf)lms 44

PCT/ US95/ f641'§he solut;on was allowed to stamd] at %nﬁpg 772 hours.
Preparati on semécar bgade- 4- pl-afli BI8EBLARY DaReacety1 ddiddmiorRacet at g aal t

col um cont ai
particles wt

di ast er omer

[err]

10

15

20

25

30

diethyl ester was filtered, washed with ether, air dried,
and then refluxed in concentrated HCl1 (250 mL) for 3
hours. The reaction mixture was concentrated under
vacuum, diluted with water (0.5 L), and concentrated under
vacuum again.. These steps were repeated. The crude title
compound was purified by cation-exchange (Sephadex SP-C25)
using a gradient of 0-1.0N HCl as eluent to yield 10.8g
(30%) of the title compound as an off-white solid. 1H NMR
(D20} : delta 3.14-3.29 (2H, m), 4.17 (44, J=7.4, 6.2 Hz,
1H), 7.42-7.69 {(4H, m). Analysis Calculated for
C10H13N302-2HCl-1.9H50: C, 38.20; H, 6.03; N, 13.36.
Found: C, 38.51; H, 5.64; N, 12.89.

Example 75

S L f@’r _{}

The compound of Example 74 (3-amidino-D, L-
phenylalanine) (4.00 g, 13 mmole) was dissolved in 50%

[

agqueous dioxane {20 mL). Sodium bicarbonate (3.38 g, 40
mmole) was added, followed by di-t-butyl dicarbonate (2.93
g, 13 mmole) in dioxane (4 mL). The reaction mixture was
stirred for 18 hours at room temperature. The solution
was cooled in an ice bath, and 4.0 N sodium hydroxide was

SUBSTITUTE SHEET (RULE 26)



5 Step 1 A solution of carbonyldiimdazole (16.2 g, 0.10 nol e)
in 225 nmL of dinethylfornmam de was prepared at room 10 tenperature and
allowed to stir under nitrogen. A solution of t-butyl carbazate
(13.2 g, 0.100 noles) in 225 mL di net hyl f ormam de was then_ added

dr opwi se O¥@6/38646) m nut e peri od. Next, di phenyl met hy| BqfHES(19403
0.10 ° nol es) was added over a 30 mnute period. The reaction 15 was
allowed to stir at roomtenperature under nitrogen for one hour.

Water (10 nL) was added and this m xtureiygs concentrated to about 150
mL under vacuum This sol ution was poured into 500 nL water and
extracted with 400 nlL of ethyl acetate. The ethyl acetate phase was
extract ed t wad@edt@nepwisehunkiih #BenkolicHeh, waat @y 1Zat udametthesii-um

bi carbonat e afds bsi@&méﬂﬂzltﬁlé’r&é%% Vfo‘?x@& ch'io%&ﬁ%dr(gulél g, MBNERbY & ied

sul fate. The m xture was | tered on~was conce

to give 29.5 ¥ (SHARERS di10f m}.} wag . BAAedy rIiAe seni €ef baLi §o2iym
di phenyl met hangapsx & Swadhbdi®ed d9afleeded tEhkaeprmherbal athey2. bethe

urified stallization fr eth acet at.e/ h . but ure
gnough to uselﬁ?rgﬁxf?(yw?‘ﬁ §F%‘BV55-@3%§2’1 3peRFrCt- inﬁl%@ ?%Dgéf del ta
1.45 (s, 9H),t6. b¥ifgd, titH) sobudPoristollhy 7 t6. 6. (bThelHolutXdn 7wads (m
10H) . Anal y§i L 30 : H2 : ; 6 '

1231, Found fuf@aciiBhciniaqd bl iablis S G8:8F djg ich Uas

PCT/ US95/ 1641®%ashed with ethyl acetate two times (20 nk; gach). The A

solution of agudsus ﬂayééowaQTfQEQalfléé td-pH 1.0 with 1.0 N HCl and
but oxycarbonyl - sem caébazl d-4 phen ane in 12.5

di chl or orfét hafiEthRSEeT 81 By ﬁH\;Hl ?cgt ""oi’t&'1ree times (100 anLtgLal)'

The combined organic layers were washed with water (20 mL)
and brine twice (10 mL each). The organic layer was dried
over anhydrous magnesium sulfate and the solvent was
removed under vacuum. The residue was dissolved in a

15 minimum amount of dichloromethane, then added dropwise to
ether (25 mL). Solid impurities were removed by filtering
and the solvent removed from the filtrate under vacuum to
give 4.90 g {68% crude yield) of the title compound as an
off-white foam. A 30 mg sample cof the title compound was

20 furtﬁer purified by preparative thin-layer chromatograph
developing with 1% acetic acid/5s isopropanocl/
dichloromethane to give 9 mg of the title compound in a
purer form. RE = 0.16 (1% acetic acid/5%
isopropancl/dichloromethane). 1H NMR (CD30OD): delta 1.32

25 (s, 9H), 2.14 (s, 3H), 2.63 (s, 3H), 2.71 (s, 3H), 2.93
(dd, J=13.7, 9.3 Hz, 1H), 3.22 (44, J=13.7, 4.3 Hz, 1H},
3.85 (s, 3H), 4.34-4.37 {m, 1H), 6.72 (s, 1H), 7.35-7.47
(2H, m), 7.69-7.75 {(m, 2H).

SllBSTITU%E SHEET (RULE 26)



5 trifluoroacetic acid at O[err]C. The reaction m xture was al | oned
to stir for 30 mnutes at this tenperature. The reaction m xture was
t hen addedwidogivisae to 75 nlL of diethyl ether to give RCTHSSI@IPat e.
The resulting precipitate was filtered off and washed with di et hyl
ether 10 to give 2.7 g (80%yield) of the title conpound; np 182-

184[err] C Exanple 73 Pr epar at i;qrg of

3-t hi oam dobenzvl - N-acet yl am nomal onic acid 15 diethyl ester [err]

To a stirred solution of al pha-brono-neta-tolunitrile 20 (45.0 g, 0.24

nol e), di et hylgxaggleni7donal onate (48.0 g, 0.22 nol e) and potassium
iodide ((3.0 ¢
et hoxi de in etR&RG OO0 R aroPVES A B3 sadsher e.
After the 34 ek hon HARAS eBAE € | LHlea w08 Ut h Of Ve drif1 J1wed e 6 25

hour s. The overnight at
room t enper at PRESRVERSTMSLHNEgGaY 3 (250 m.) and water (250 ni),
and extracged wth ethyl acetatefour times (1.0 L total). The
conbi ned extracts were washed with water (100 niL), 10%citric acid (100
m), 30 water (100 nlL) and brine (2xa™.), then dried over
anhydrous nmagnesium sul fate and filtered e Ng,vent was WO
96/ 18644 SO5/CA 10
&
Q N/
:;J\\ //n\ ~2?/ OCH,
(o] HN
° CH

To a stirred solution of compound of Example 75

{1.00 g, 1.92 mmole), 0, N-dimethyl hydroxylamine

10 hydrochloride (375 mg, 3.85 mmole), hydroxybenzotriazole
hydrate (294 mg, 1.92 mmole) and 4-methylmorpholine (1.06

mL, 9.62 mmole) in tetrahydrofuran (4 mL), cooled in an

ice bath, was added l-ethyl-3-(3~-dimethylamino-
propyl)carbodiimide hydrochloride salt (406 mg, 2.12

15 mmole). The ice bath was removed, and the reaction
mixture was stirred for 2 hours at room temperature. The
reaction mixture was diluted with ethyl acetate (75 ml),
washed with water, 10% citric acid, water, saturated

\ sodium bicarbonate, and brine. The organic layer was
20 dried over anhydrous magnesium sulfate and the solvent was
removed under vacuum. 750 mg (69%) of the title compound

was isolated. 1H NMR {CDC13): delta 1.33 (s, 9H), 2.14

(s, 3H), 2.66 (s, 3H), 2.75 (s, 3H), 2.80-2.88 (m, 1H),
3.06-3.20 (m, 4H), 3.70 (s, 3H), 3.84 (s, 3H), 4.98-5.06
25 (m, 1H), 5.21 (d, J=8.7 Hz, 1lH), 6.48 (bs, 1lH), 6.58 (s,
1H), 7.30-7.34 (m, 2H) 7.60-7.68 (m, 2H), 8.11 (bs, 1H).

Analysis Calculated for C27H3gN407S-0.5H30: C, 56.73; H,
6.88; N, 9.80. PFound: C, 56.97; H, 6.66; N, 9.43.

SUBSTITUTE SHEET (RULE 26)



113

recrystallized from et hyl
yield-43.51 g (60% of 'the 3-cyanobenzyl -
eVepe/is44ecl | ow crystals. 5

di et hyl

renoved under vacuum The crude resi due was

H2S (g) was bubbl RET/HS95/16410

acetate and diethyl ether in two crops to
acet yl am nomal onic acid

rapidly stirring solution of 3-cyanobenzyl - N-acetyl am nomal oni ¢ aci d
(44.3 g, 0.13 mmole) in pyridine (300 n) and
triethylamne (100 m.) for 40 mnutes.ii7 The reaction m xture was
roomtenperature for 16 hours, then 10 poured into 3.0 L of

di et hyi

ester

stirred at

wat er .

title conpoung

A yellow precipitate forned I medi ately. The sol uti on was
allowed to stMﬁLﬂ}rr]Cfor - 4 hours, then was filtered. The crude

hexanes to

yield 48. A 15 mp.
183-186[err] G = FerAed s fordal-pa 1.1 334mi di nopRéndlalanial 6H), 2. 06
(s, 3H), 3.70 (s 2H) 429(q =7.1 Hz, 4H) , 480487(m 1H), 6.60
(s, 1H), 7.10-7.20 (m 1H), 7.27-7.35 (m 2H), 7.60-7.70 (m 2H).

Anal ysi s Cal cul at ed for Cl7H22N205S,C, 55.72; H, 6.05; N, 7.64.
Found: C, 20 55.55; H 5.96; N, 7.76. rEiéarrpl e 74 Preparati on of
3-am di no- D. L- phenyl al ani ne. di hy éﬁl t 2

The conpound of Exanple 73 (48,1 g, . e) H?ssol ved in
acetone (800 nL). | odqQmef hane jf 18. 3 . INIOZ ol £ gw val ents) was
added, and the solution S re 3 m 3sol uti on was
cooled to room t enper at@r e, HMnd ot he i tecrH sie t hi oi ni date

was

10

15
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To a stirred solution of LiAlH4 (2.00 mL of a 1.0 M

" solution " in tetrahydrofuran, 1.24 mmole) in

tetrahydrofuran (8 mL), cooled in a dry ice/acetone bath,
the compound of Example 76 (0.75 g, 1.9 mmole in
tetrahydrofuran (5 mL)) was added dropwise. The cooling
bath was removed and the reaction mixture was allowed to
warm to 5°C. The reaction mixture was re-cooled in the
dry ice acetone bath and quenched with 3.0 mL of a 1:2.7
wt./wt. solution of potassium bisulfate in water. The
reaction mixture was allowed to warm to room temperature,
stirred for 3 hours, filtered and concentrated under
vacuum. The residue was dissolved in ethyl acetate (20
mL), and washed with 10% citric acid (2 mL), water (2 mL),
saturated sodium bicarbonate {2 mL) and brine (2 mL). The
organic layer was dried over anydrous magnesium sulfate
and the solvent was removed under vacuum to yield 580 mg

(86%) of the title compound. 1H NMR (CDCl3): delta 1.31

{s, 9H), 2.07 (s, 3H), 2.57 (s, 3H), 2.67 (s, 3H),2.90-
3.17 (2H, m), 3.77 (s, 3H), 4.33-4.40 (1H, m), 5.02-5.08
(1H, m), 6.48 (1H, s), 7.23-7.31 (2H, m), 7.50-7.62 (2H,
m), 7.94, (1H, bs), 8.05 (1H, bs), 9.55 (1H, s). Analysis

Calculated for C25H33N306S-0.5H50: c, 58.58; H, 6.69;
N,8.20. Found: €, 58.57; H, 6.72; N, 7.98.

SUBSTITUTE SHEET (RULE 26)
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114 filtered, dried and dissolved in nethanol (500 ni). Ammoni um
acetate (1l4vSofisshy 19 nole, 2 equival ents) was added. Thepcoosysi16410

m xture was refluxed for 1 hour, then cooled to roomtenperature, and
poured into ether (1.2 L). 5 The solution was allowed to stand at 4[err]C
for 72 hours. The crude 3-am di anqh zyI N-acet yl am nonmal oni c aci d
di ethyl ester was filtered, washed with air dried, and then .
refluxed in concentrated HO (250 nL) for 3 hour s. The reaction -
m xture was %ﬂted under 10 vacuum diluted with water (0.5 L),
and concentrated under vacuum agal n. These steps were repeated. The
crude title PRrepampsion @fsNpe =Ho¢ a4 Sapléadex SP- C25)

using a gradie

«( %) of the
title conpound 3

(2H, m, 4. ] odzébnvh-2-Nzdi nd : (4H n.

Anal ysi s gal culated for ClOH13N302 2HO 1.9H20 C, 38.20; H,
6.03; N, “13. 36. Found: C, 38.51; H, 5.64; N, 12.89. 20 Exanple 75
Preparation of N-al pha-Boc-N-onega- 4- netBoxy-2 3. 6-

tri met hyl benzenesul fonyl -3-am dino -D. L ylm ani ne err] 25

The conpound of Exanple 74 D, | CHs C}bl[aenyl al ani ne) (4.00

g, 13 mmle) was dissolvedjin 5¢% :
bi carbonate (3.38 g, 40 mollle) wg4 ,
di carbonate (2.93 30 g, HN N O oxane

was stirred for 18 hours at roomte?perature
HN NH

20 nl). Sodium
CHa-t-butyl

The reaction m xture
e solution

<0

The compound of Example 77 (0.58 g, 1.9 mmole), the

compound of Example 72 (410 mg, 1.15 mmole) and sodium

10 acetate trihydrate (188 mg, 1.38 mmole) were refluxed in
75% aqueous ethanol (10 mL) for 1 hour. After the
reaction mixture was cooled to room temperature, it was
diluted with ethyl acetate (50 mL), washed with 1.0N HCl

{5 mL), water (5 mlL), saturated sodium bicarbonate (5 mL)

15 and brine {2x5 mL), and dried over anhydrous magnesium
sulfate. The solvent was removed under wvacuum to yield

750 mg (89% yield) of the title compound as an off-white
foam. Analysis calculated for C3gH4eNgOgS-1.0H20: C,

62.88; H, 6.49; N, 11.28. Found: C, 63.14; H, 6.35 N,
20 11.10.
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was cooled in an ice bath, and 4.0 N sodi um hydr oxi de was WO
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115 - added dropwi se until the solution was pH 12. 4-net hof:%/l'

2,3, 6-tri net wo dsasesnesul fonyl chloride (8.01 g, 32 nmol e) §PIe4HE
(10 nL) was added dropw se. 4.0 N sodium hydr oxi de was added as
needed to keep the pH at 12. The 5 ice bath was renoved. After 1 hour,
1.0 N HO was added to bring the solutiigqe to pH 7 to 8. The solution
was diluted with an additional 50 nmL of water and then was washed
with ethyl acetate two tines (20 nlL each). The aqueous | ayer was
acidified to pHgksghollet 191.0 N HCl and 10 extracted with ethyl acetate
three times (100 ni total) The conbi ned orga |06Ia.ers ere vvashed

with water (20 AEERSLSSaRE
dried over H
under vacuum

29 ARS8 . Solid inmpurities
were renovedgby fllterl ng and the soI vent rem)ved fromthe filtrate

under vacuumto give 4.90 g (68%crude yield) of the title conpound as
an off-white foam A 30 ng sg#Phe of the title conmpound was 20 further

purified by preparative thin-I|ay hr diMat qgr aph devel oping wth 1%
acetic aci d/ 5% isopropanol g(chl Hee to give 9 ng of the
title conpound in a pur er y R 0.16 (1% acetic

aci d/ 5% i sopr opanol / di chl hane®. Rﬁ'\“ (.CER{Bd 4 del ta 1.32 25

H, 2.93 Tdd, J=13.7,

(s, 9H), 2.14 (s, 3H), 2.6§ ° 3.85 (s, 3H), 4.34-4.37 (m

1
9.3 Hz, 1H), 3.22 (dd, J=13"7, £N3Hz 1H),
1H), 6.72 (s, 1H)., 7.35-7.47 'SZH R

Y

o

The compound of Example 78 (750 mg, 1.9 nmole) was

treated with 50% trifluoroacetic acid/dichloromethane (3

10 mL) for 30 minutes at room temperature. The reaction
mixture was added dropwise to ether (50 mL). The solution

was allowed to stand at 4°C for 18 hours. The product was
filtered, and dried under wvacuum to yield 600 mg (79%
vield) of the title compound as an off-white solid.

15 Analysis calculated for C39H4eNgOgS-1.3CF3CO2H: C, 56.72;
' H, 5.11; N, 10.84. Found: C, 56.34; H, 5.47; N, 11.49.
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116 Exanpl e 76 Preparati on of N al pha-Boc- N onega- 4- nmet hoxy-2 3.

6- tri wetsssB&dnzenesul f onyl - 3- ami di no- D. L- phenyl al ani ne-RET/US95/16410

met hyl - O net hyl - carboxam de 5 To a stirred solution of
conpound of Exanple 75 (1.00 g, 1.92 nmol e) , O N-di net hyl

hydr oxyl am ne 10 hydrochloride (375 ng, 183985 mmol e), hydroxybenzotri azol e
hydrate (294 ng, 1.92 nmole) and 4-net hyl nor pholine (1.06 m., 9.62

mmol e) in tetrahydrofuran (4 nL), cooled in an i ce bat h, was

added 1- et ExbmB1é384di net hyl am no- propyl ) car bodi i m de hydrochl oride
salt (406 ng, 212 15 nol e ' , t he

reaction
reactlon m xt
wat er,
brlne ~,:-Z Rax] SR\et XY il ard SnEdd Gl IR € 221- =¥
and the sod veRkmiBsrbazoh&iDY 86 7_ :»__ AR o750 Ng (69% of the title
conmpound DO 3) delta 1.33 (s, 9H), 2.14
(s, 3H, 2.66 (s, 3H), 275(s 3H), 2.80-2.88 (m 1H), 3.06-3.20 (m
4H), 3.70 (s, 3H), 3.84 (s, 3H), 4.98-5.06 25 4 IH), 5.21 (d, J=8.7 Hz,
1H), 6.48 (bs, 1H), 6.58 (s, 1H), 7.30-7.8 -7.68 (m 2H),
8.11 (bs, 1H). Anal ysi s Cal cul ated for s C, 56.73;
H, 6.88; N, Faung TN§6. 99 H
(¥4 OCH3
~ N
N HN
o

1-Ethyl-3-(3-dimethylamino-propyl)carbodiimide

10 hydrochloride salt (94 mg, 0.94 mmole) is added in one
portion to a stirred solution of the compound of Example 7
{303 mg, 0.49 nmmole), hydroxybenzotriazole (75 mg, 0.49
mmole), and 4-methylmorpholine (0.24 mL, 2.2 mmole) in
dimethylformamide (5 mL) with cooling in an ice bath.

15 After 30 minutes, the compound of Example 79 (363 mg, 0.49
mmole) is added. After an additional 2 hours, the
reaction mixture is diluted with water (25 mL) and brine
(25 mL). The product is filtered and dissolved into ethyl
acetate (25 mL). The solution is washed with 10% citric

20 acid, water, saturated sodium bicarbonate and brine, and
is dried over anhydrous magnesium sulfate. The solvent is
removed under vacuum. The resulting residue is
chromatographed by flash chromatography on silica gel to
give the title compound.

25
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117 . Exanple 77 Preparati on of

N al pha- Bo - 4- met hoxy- 2. 3. 6-

trimethyl bgvﬁg sul f onyl - D. L- 3- am di nophenyl al ani nal [ePr S951%6410

To a stirred solution of LiAIH4 (2.00 nL of a 1.0 M sol ution I n

t et rahydr of ur an, 1.24 nmol e) I n tetrahydrofuran (8 nL), cooled
in adry ice/acetone bath, 10 the conpotd of Exanple 76 (0.75 g,
1.9 mole in tetrahydrofuran (5 nL)) was added dropwi se. The cooling
bat h was rermvgd agﬂ tﬁ reaction mxture was allowed to warm t o
5[err]C. The

xture was re- cooled in the dry | ce acetone

bat h and quencpges

tenperature, =SSR Ca-or-S " = s S >
vacuum The 5%5&&51355§§&550|Ved |n ethyI acetate (20 nL) and
washed with 10% citric acid (2 nL), water (2 nL), 20 saturated sodi um

bi carbonat® (2 nL) and brine (2 nL). The organi c | ayer was dried over
anydrous magnesi um sul fate and the solvent was renoved under vacuumto
yield 580 ng (86% of the title conpound. 1H MR CDC 3): delta 1.31

(s, 9H), 2.07 (s, 3H), 2.57 (s, 3H), 2.67 (s, 3H

3.77 (s, 3H), 4.33-4.40 (@ %;o 08 o ( £ )(6.48 (1H, s),
7.23-7.31 (21, m, 7.50-( 7 L my 7. Jo4, (1H, bshik 8.05 (IH bs),

9.55 (1H, s). Analysis

The compound of Example 80 (102 mg, 0.11 mmole) is

treated with hydrofluoric acid/anisole (9:1) for 30

10 minutes at -20°C and 0°C for 30 minutes. After removal of
the hydrofluoric acid, the resulting residue is dissolved

in 20% aqueous acetic acid and washed with diethyl ether.

The agueous layer is lyophilized to a powder, then is
purified by preparative HPLC (C-18, eluting with 10 to 40%

15 acetonitrile-water gradient containing 0.1%

trifluoroacetic acid) to give the title compound.

The compound of Example 81 {16.6 mg, 30 micromole) is
25 dissolved in methanol (1 mL) and 1% agqueous



Cal cul ated for C25H33N306S-0.5H20: C, 58.58; H, 6.69; N, 8. 20. Found:
C, 58.57; H 6.72; N, 7.98. 30 WO 96/ 18644

PCT/ US95/ 16¥Q 96/18644 118 Ex anpI@/H895/16410
Preparation of N al pha-Boc-N- onega- 4- net hoxy- 2, 3, 6-

tri met hyl benzenesul f onyl - D. L- 3- am di nophenyl al ani nal -

sem car bazonyl - 4- N- di phenyl net hane 5 [ernrjz2 The
conmpound of Exanple 77 (0.58 g, 1.9 nole), the conmpound of Exanple 72
(410 ngy, 1.15 mmole) and sodium 10 acetate trihydrate (188 ng, 1.38 mmol e)
wer e refl uxed txifluordatesduecaas det (tamol) , ( thenl )foxfnalinl hOu2Z3 mL)Afitser

th ti ] Xt t s | ted
W th ethyl - actied - sdfef I0RBEhErel? EROORIPESA 1K Fedderlf cnroi] 1)
sat ur at ed sodiaun? bimisriesnatblyer nmpiistadd Ui e Yaiger pf il mbi atitdver

anhydrous MBORRMIEHN and Sthbat 8.5 TPErSHl &g NbyWaSH& o0, dINGBE.cVagrLB t O
yield 750 .89% vyi el d) og the title compound as an off-white_,
foam AnaPysi g HEP f ot® c38PueREs S acqitride-water gradient

containing 0.1% trifluorcacetic acid). The fractions
containing the title compound are pooled and lyophilized
to give the title compound.

10 Example 83

0
CH,
A AN o~ cH,

15
A stirred solution of the compound of Example 5 (44.5

g, 0.197 mole} in ethanol (200 mL) was hydrogenated over
10% P3/C (2.25 g) for 16 hours under balloon pressure.
Celite was added, and the reaction mixture was filtered

20 tl';rough a pad of celite in a 600 mL fritted funnel (5 cm
depth}, using ethyl acetate to wash. The solvent was
removed under vacuum, diluted with ethyl acetate (200 mL)
and toluene (200 mL), and the solvent was removed under
vacuum to give crude ethyl (3-amino~2-oxo-1, 2~

25 dihydropyridyl)acetate (40.0g, 0.204 mol) in gquantitative
yield.

A stirred solution of ethyl (3-amino~-2-oxo0-1,2-
dinhydropyridyl)acetate (2.00 g, 10 mmol) and sodium
bicarbonate (1.69 g, 2.5 mmol) in 50% aqueous dioxane (20

30 ml) is cooled in an ice Dbath. A solution of di-t-
butyldicarbonate (2.08 g, 20 mmol) in dioxane (10 ml) is
added over a 5 minute period. After addition is complete,
the solution is stirred for 16 hours at room temperature.
The reaction mixture is diluted with ethyl acetate (100



62.88; H 6.49; N, 11.28. Found: C, 63.14; H, 6.35 N, 20 11.10.
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119 - Exanpl e 79 Preparation of

N- omreaa- 4- R P18%4 3. 6-tri met hyl benzene PCT/US95/16410
sul fonyl - D. L- 3- am di nophenyl al ani nal - sem car bazonyl - 4- N-

di phenyl net hane, trifluoroacetate salt 5 [err] The
conmpound of Exanple 78 (750 ngy, 1.9 nmol €)23as treated with 50%
trifluoroacetic acid/dichloronethane (3 10 nmlL) for 30 mnutes at room
t enper at ur e. The reaction m xture was added dropwi se to ether (50

nL). The sol uttldn washed withwbdON HGl afentil 4pguepest daves HeurkH The
product was ywatfdd ! ersR@uranéddr sedidndes; YA ds, Vield BQQnau (79%%e

yield) of the title conpound, as f- mhlte sol id. SIS cal cul at ed
Tor CB0HUENGOSEIR G 3L UEF é%“féi ' magnesiyg ibfg Cero @t ERe
56. 34; H, 5.4koﬂveﬂﬂ.¥ﬁ)removed The title compound is isclated.

10

The compound of Example 83 (3.00 g, 10 mmol) and
iodomethane (1.2 mL, 20 mmol) are dissolved in
tetrahydrofuran (30 mL), and the solution is cooled to 0°C

15 under a nitrogen atmosphere. Sodium hydride (0.44g of a
60% dispersion in mineral oil, 11 mmol) is added
cautiously with gentle stirring. After the addition is
complete, the reaction mixture is stirred at room
témperature for 16 hours. Ethyl acetate (50 mL) is added,

20 followed by water, to destroy the excess sodium hydride.
The organic layer is washed with water, 5% agqueous sodium
thiosulfate (to remove the iodine), water and brine, dried
over magnsium sulfate, and evaporated. The title_compound
is isolated.

25

30
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120 Exanpl e 80 Preparati on of
[ 3-[ (benzyl sul f onyl ) am nol . - 2- oxo- 1. 2-
di hydr opyr‘Vﬂ?f’}Q&é’it yl - D. L- N- omega- 4- net hoxv- 2. 3. 6- PCT/US95/16410

tri met hyl benzenesul f onyl - DL- 3- am di nophenyl al aninal- 5
sem car bazonyl - 4- N- di phenyl net hane J[err]
1- Et hyl - 3- (3-di net hyl am no- propyl ) car bodiz4ri de 10 hydrochloride salt (94

ng, 0.94 nmole) is added in one portion to a stirred solution of the
compound of Exanple 7 (303 ng, 0.49 mmol e), hydroxybenzotriazole (75
my, O.49 mol €9  andcdohed hy(lOﬁﬁiphsusmn@cMorﬂ_ tRe?2 eomg@ind n of

t he corrpound of
addi ti onal . H (tlﬁ"em ) °V§50Fl BrrAPRt @fe 10s R‘t}iﬂluﬁtaéd i eFattde (25

m) and l(Jri neaddltaﬁ% am.)coxﬂalew,omh dsélduldreria@l antowe$sebVadrmnttd et hyl
acetate 5 e washe %citric 20 wat er
sat ur at edgsocr}'Lc}oﬁ -llat_:leg‘greb Ei‘% SHa*bfi 88%‘1% S5 ﬁ%uxasr'i eﬁ’t?v«?l"(ié(ﬁﬁ;"}drlﬁus
magnesi um sulfefusedTiundsst veatuis, ther eesidde Urmledilwoediuwmith watekhe
resul ting - regiglyg, , lahd wasHBEORELRILERDEC Jg%tééésh THY YRELUAAN
silica gel to give the tit ecor‘ql)_x
was acidified w:.th Cl to PH 1, extracted with ethyl
acetate three times. The combined organic extracts are

10 washed with water, then brine (twice). The solvent is

di et hyl forw%nﬂgl(é efl'—)(zwzt géCQ@ &xﬂﬂ:lbg an 'nf‘e‘%hlgﬂ;o'i &5 5@‘3“? %%g&‘d‘“t es,

removed, and the title compound is isolated.

15 = -qdi i -Ng-pi =L-
cvelol
C;q,jl OEt NNOz
20 To a stirred suspension of the compound of Example 85

{2.2 g, 7.7 mmole), N¥-nitro-L-argininal ethyl cyclol,
hydrochloride salt (2.47 g, 9.2 mmol), and N-
hydroxybenzotriazole (1.17 g, 7.7 mmole) cooled to 0°C is
added EDC (1.77g. 9.2 mmole). N-methylmorpholine (2.5 ml,

25 23 mmole) is added dropwise. After the addition is
complete, the reaction is stirred at room temperature for
3 hours. The solvent is reduced under vacuum, and the
resulting residue is dissolved in dichloromethane, washed
with 2.0N HCl {to pHl), water, saturated sodium

30 Dbicarbonate and brine. The extract is dried over
magnesium sulfate, and the solvent is removed under
vacuum. The title compound is isolated.

SUBSTITUTE SHEET (RULE 26)
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121 Exanpl e 81 Preparation of [3-

[ (benzyl sul f onyl ) am nol - 2- oxo- 1. 2-

di hydr opyr WHW yl - D. L- 3- am di nophenyl al ani nal sem CaEpaRgodfssfo
[err] The conpound of Exanple 80 (102 ng, 0.11 mmol e)
S " treated with hydrofluoric acid/anisole (9:1) for 30 10 mi nutes at
-20[err]C and O[err]C for 30 m nutes. After renoval of t he hydrofluoric
acid, the resulting residue is di ssol ved125 jn 20% aqueous acetic acid and
mashed wi th diethyl ether. The aqueous layer is lyophilized to a
powder, then i f% ] B:%I’Ifl ed by preparative HPLC (C-18, eluting with 10 to
40% 15 aceto = er gradl ent cont ai ni ng 0.1%

trifluoroacet i

OEt NHCH;COH

ey ,LKQN\)L | G

The compound of Example 86 (5.5 g, 11 mmole) in

ethanol/acetic acid/water {4:1:1, 60 mL) is hydrogenated

10 over 10% palladium on carbon (1.80 g) for 4 hours at 20

psi. Celite is added, and the solution is filtered

through a 0.2 micron filter, washing the solid with

ethanol/acetic acid/water {4:1:1, 60 mL}). To the filtrate

is added 10% palladium on carbon (1.80 g), and the

15 solution is hydrogenated at 20-25 psi for 40 hours.

Celite is added, and the solution is filtered through a

0.2 micron filter, washing the solid with water (200 mL).

The scolvent is reduced to a volume of 200 mL under reduced

pressure, then washed with ethyl acetate (50 mlL). The

20 solvent from the agqueous layer is reduced to remove the

volatiles, then the sample is lyophilized to yield the
title compound.

GUBSTITUTE SHEET (RULE 261



The corrpound of Exanple 81 (16.6 ng, 30 mcronole) is 25 dissolved in

nmet hanol 1 nm) and 1% aqueous WO 96/ 18644

PCT/ US95/ 1840 85/18644 122 t r POTISPYIEQ i ¢
acid (5 nm), then formalin (0.23 nmL) is added. After 40 m nutes, the
solution is filtered through a2 mcron filter, diluted to a vol une of
15 mL with water, and then is purifiadsby preparative HPLC (C- 18, 5
eluting with 10 to 40% acetonitrile-water gradient cont ai ni ng
0.1% trifluoroacetic acid). The fractions containing the title
conpound are Exampdeafd | yophilized to give the title conpound. 10
Exanpl e 83 s-BLepatati . am nol- 2-
oxo-1. 2-di hyd 5PV ITT of

t he conpound o (200 rrL) was

hydr ogenat ed gverﬂ - 103Pg/ C ( ‘ 259) for 16 hours under bal | oon
pressure. ' d the reaction mxture was filtered

5
n NH
. T 2
I N NH-CF3COH
CH N\/ﬁ\ H
O O

The compound of Exampie 87 (4.7 g, 9.2 mmole) is

suspended in 3.0N HC1l (100 mL) is added. After stirring

10 for 3 hours, the reaction mixture is quenched with 2.5 M

agqueous sodium acetate to pH 3.5 to 4, then filtered

through a 2 micron filter. The filtrate is purified by

preparative HPLC (Waters PrepPak cartridge, Delta-Pak C18,

300 angstrom column, 0-40% acetonitrile/water containing

15 0.1% trifluoroacetic acid). The clean fractions are
combined to give the title compound.

20

To a stirred solution of ethyl (3-amino-2-oxo-1,2-
dihydropyridyl) acetate (5.89 g, 30 mmole) in dry

25 tetrahydrofuran (300 mL) is added the 2,4,6-collidine
(7.93 mL, 60 mmol) and the solution is cooled to 0°C under
nitrogen. The appropriate sulfonyl or sulfamoyl chloride
listed below (33 mmol) dissolved in tetrahydrofuran (25-75

mL) is added dropwise. After the addition is complete,

30 the reaction mixture is stirred for 30 minutes to 1 hour
at 0°C and then at ambient temperature for 0 to 72 hours.

. SUBSTITUTE SHEET (RULE 26)



20 through a pad of celite in a 600 nL fritted funnel
using ethyl acetate to wash. The sol vent was
diluted with ethyl acetate (200 ni)

(5 cm dept h),
renoved under vacuum
and toluene (200 nm.), and the

sol vent wa¥Q esis6d under vacuum  to gi ve crude PCT/USSS/16410

et hyl (3-am no- 2-oxo-1,2- 25 di hydropyridyl)acetate (40.0g, 0.204 nol) in
quantitative yi el d. A stirred solution of

et hyl ( 3-am no- 2- oxo- 1, 2- di hydropyri dyd? acetate (2.00 g, 10 mol)
and sodium bi carbonate (1.69 g, 9.5 mmol) in 50% aqueous di oxane (20
30 m) is cooled in an ice bath. A solution of di-t-

but yI di car bonalte (238 ipn »0-xewge) isnddlokedewiuld ethyl pcetatmidotRrRG a 5

m nute period. g ffd&ssGadiv | QR dES Clormi etyl, watd®,Solgiduihtes Stdddfgn f or
16 hours at roomterrperature he rea tion mxture,is dll%ted W t h

et hyl acetate:?ﬁﬁﬁF onate %Q99%¥i%%ﬂ4 ried over magnesium sulfate, and
PCT/ US95/ 16410che solvent is removed in 32%uo. nl)Theashesidié h ils ON

HCL (until _aqu ous Ia er 1) urat [
bi car bonaté phed?’ﬁm sl]blrc ané %s§$&| é r%lge igxge;@% nes?fum
sul fate, and di\@mlorcsnﬂnme |cn<ieamé§d méltﬁ@mlt I enc@wbamomsthsaeatw 5

Exanpl e 84
met hyl ) am nol

conpound of ExXESiRS ‘8?313 (“?%’6’

20 nmmol)

% fcpxaéatt'h%n gi‘o&&&gﬁ'l (?ﬁ\.{d@u‘dt a?lh':t:é(l W“ﬁkonﬂsiﬂca gel). The

oxo- 1.

solution is cooled to O[err]C

10

15

20

25

30

Y/

R=

yr| d acet
éhmﬁFfrtam mt?mt%d helow, i
ar ent shhedi aresk hd\fing thet Fokydlafl gieen (Bl )aranthddie

[err]

o0 | N o)
n’S‘N/Q“\/(o_/C”S
H O

phenyl
l-naphthyl
2—néphthyl

Y

2-carbomethoxyphenyl

2-trifluoromethylbenzyl

2-cyclohexylamino

2-trifluoromethylphenyl

3-trifluoromethylphenyl

Starting Material
benzenesulfonyl chloride

i-naphthylsulfonyl chloride
2-naphthylsulfonyl chloride

2-carbomethoxybenzenesul fonyl
chloride

2-trifluoromethylbenzylsulfonyl
chloride

cyclohexylsulfamoyl chloride

2-trifluoromethylbenzenesulfonyl

chloride R

3-trifluoromethylbenzenesulfonyl
chloride
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15 wunder a nitrogen atnosphere. Sodi um hydride (O 44g of a 60%

di spersion in mneral oil, 11 mml) is added cautiously with gentle
stirring. wobbddhsthe addition is conpl ete, the reaction pgpbshsAesd
stirred at room tenperature for 16 hours. Ethyl acetate (50 mL) is
added, 20 followed by water, to destroy the excess sodium hydri de. The
organic |layer is washed with water, 5% ag_éegous sodi um thiosulfate (to
renove the iodine), water and brine, dri over nmagnsium sul fate, and
evaporated. The ti tl e conpound is isolated. 25 Exanpl e 85 '
Preparation of (3-[(N-t-but on car bonyl - N- net hyl ) am nol -

2- 0x0- 1. 2- di hjditais upa‘yrn&éém gevdl [ éryrifluoroggthylbenzepeggliesyl

PCT/ US95/ 16410 chloride 124 To a cool ed
(O[err] C) suspension of the conpound of Exanple 84 (3.2 g, 10 nmole) in
met hanol (10 nlL) is added 1.ON NaOH (12 m) over a period of 10

m nutes. After-imethylphatdgilti on i s conpd-aiethytlerseindsulfonylakhdoveddeo
warmto 5groomtenperature over a period of 3 hours. The solvent is
reduced under vacuum the residue is diluted with water 325 m.), and
washed with ettrpethydeieaylThe aqueous 3@jethylbengenesuildiony dchilehideOn
HO to pH 1, extracted with ethyl acetate three tinmes. The conbi ned

organi c extracts are 10 washed with water, ~then brine_ (twce), The
solvent is 2 FEHVATS-£IYorrRbepyYle cHRIRE 1% flywrobepzenesul fonyl

chloride
10
2-methoxyphenyl 2-methoxybenzenesulfonyl
chloride
3-methoxyphenyl 3-methoxybenzenesulfonyl
15 chloride
2-methoxy-5-chlorophenyl 2-methoxy-5-chlorobenzene-
sulfonyl chloride
20 2-nitrophenyl 2-nitrobenzenesulfonyl chloride
2-trifluoromethoxyphenyl 2-trifluoromethoxybenzene-
sulfonyl chloride
25 2,5-dichlorophenyl 2,5-dichlorobenzenesulfonyl
chloride
2,5-dimethoxy 2,5-dimethoxybenzenesul fonyl
chloride
30
2~fluorophenyl 2-fluorobenzenesulfonyl chloride
3~-fluorophenyl 3-fluorobenzenesulfonyl chloride
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Exanpl e 86 Preparation of [3-(N-t-butyloxycarbonyl-N nethyl)am no-2-
15 oxo-1. 2 dihydropyridyl]acetyl Nlerr]-nitro-L-araininal ethyl cycIoI
[err]- To a stirred suspension of the conmpound of

(2.2 g, 7W°ﬁfh‘ﬁ5é‘) N[ err]-nitro-L-argininal ethyl cyclol, C‘E?égﬂp
hydrochl oride salt (2.47 g, 9.2 mol), and N

hydr oxybenzotriazole (1.17 g, 7.7 mvle) cooled to O[err]Cis added EDC
(1.77g, 9.2 nole). N-nethylnorpholine (21291, 25 23 nole) is added

dr opwi se. After the addition is conplete, the reaction is stirred
at roomtenperature for 3 hours. The solvent is reduced under vacuum
and the r E@mRileg20esi due is dlssolved in dichloronethane, washed

with 2. ON 2 : )

and brine.
solvent is reﬁumﬁﬁmmndmﬂﬁn:Lgnacuun1 The title conpound is i sol at ed.
WD 96/ 18644 S95L 164
195 Exanpl e §?llmm¥¥%tgfhffgﬁ SFeF3protocol g”ék&néé 1n1£§amples

(N-t but yl BxvJar bbay!| Nrret(hvﬂ)rawﬁesz- coupidngd,  hydrogenation and
2- di hydropyri dy3238ihls) ;- atsivi gl ot Rle CMEl DlmediatACCLAt Exadbie 589

are used to synthesize the following compounds of the

present invention (as their trifluorocacetic acid salts):

H
N NH
T
Oy L l N ?
8 AN AN A I
H o H 0

10
(3-phenylsulfonylamino-2-oxo-1,2-dihydro-pyridyl)acetyl-L-

argininal (Compound B},

n\rNH2

' NH
O 0“s""D ' \N\/?k H
\N N
Ho T Ho L

i5 [3-(l-naphthyl)sulfonylamino-2-oxo-1,2-dihydropyridyl]
acetyl-L~argininal,

[3- (2-naphthyl)sulfonylamino-2-oxo-1,2-dihydropyridyl}
20 acetyl-L-argininal,

SUBSTITUTE SHEET (RULE 20)



The conpound of Exanple 86 (5.5 g, 11 mmole) in et hanol / acetic
acid/water (4:1:1, 60 nL) is hydrogenated 10 over 10% pal | adi um on carbon

(1.80 g) for 4 hours at 20 psi . Celite is added, and the solution
is filterewoo9snssdr ough a 0.2 micron filter, washing the sol padrsidnesio

et hanol /acetic acid/water (4:1:1, 60 nL). To the filtrate is added 10%
pal | adi um on carbon (1.80 g), and the 15 solution is hydrogenated at
20-25 psi  for 40 hours. Celite is pdded, and the solution is
filtered through a 0.2 micron filter, washing the solid with water (200
m.) . The solvent is reduced to a volunme of 200 nL under reduced
pressure, then washed with ethyl acetate (50Hni). The 20 solvent from

t he aqueous | ayer is reduced to renove the —N MHj | es, then the sanple
is lyophilized to yield the title conpound. WD 96/ 18644

PCT/ US95/ 16410 CH,0,C 0. O x Exanpl e 88
Preparation of [3-( t-tghyl *le am no- 2-

0x0-1, 2-di hvdr opy acey trifluoroacetate salt 5
[err] The co le 87 (4.7 g, 9.2 mmole) 1is
suspended in 3. 0N (100m) After stirring 10 for 3 hours,

the reaction ”‘¥§U(Q—éérﬁgmggﬂgﬁyﬂﬁéﬂ§1%sgl¥knylamino-2-oxo—l,2—dihydro-
pyridyljacetyl-L-argininal,

H
. NTNHz
NH
o‘\s"o | \N\)OL A __H
N N
CF, (o] o

[3-(2-trifluoromethylbenzyl)sulfonylamino-2-oxo-1, 2-
dihydro-pyridyllacetyl-L-argininal,

met

N —NH,
Ol O A
N N’S\N N\/kN H
H H o H o

10 (3-cyclohexylaminosulfonylamino-2-oxo-1, 2-dihydro-
pyridyl)acetyl-L-argininal,

H
Nt
NH
0\\ /,0 l N O
s, N A A H
Hod Hod
CF;

[3-{2-trifluoromethylphenyl) sul fonylamino-2-oxo-1,2-
15 dihydro-pyridyl]acetyl-L-argininal,
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aqueous sodium acetate to pH 3.5 to 4, then filtered through a 2 mcron

filter.. The filtrate is purified by preparative HPLC (Waters PrepPak
cartri dge Del t a- Pak C18, 300 angstrom col um, 0-40% acet oni tr| I e/ vvat er
contai ning Woobhskds trifluoroacetic acid). The cl ean frac1.

conbined to give the title conpound. Exanpl e 89 20 Gef&™X so5ieats
Procedure for Reaction of Ethyl (3-am no-2-oxo-

1.2-di hydronyridyl)acetate with sulfonyl or sul fanoyl chl ori des

To a stirred solution of ethyl (3-am no-2-é%&-1,2- di hydr opyri dyl)
acetate (5.89 g, 30 mole) in dry 25 tetrahydrofuran (300 ni) is added
the 2,4,6-collidine (7.93 m, 60 mol) |gnd the solution is cooled to

O[ err] C under ni trogen. The appropriat suI f | or sul fanmoyl chloride
listed below (33 mol) dissolved in tetr hydr (25-75 m.) is added
dropwi se. After the ag)[dlt' S cgrrp , SONche reaction mxture is
stirred for 30 mnu r ag O[err]C and then at anbi ent
tenperature for $2 \)L b6/ 18644

PCT/ US95/ 16410 H 127 The reaction

m xture is dil ith ethy acet ate wlshed successively with 1. ON
HCl, water, saturjated sodi um bi carbonate and brine, dried over

rragnesi um sul f at &Fsand the solvent is renmoved in vacuo. The

residue is 5 ggrq; ica using a gradient system of

di chl or onet hane "an r?}%lﬁﬁot 3:1[11‘1"i k‘&i"éfﬂ?&l‘&ﬁﬁ{‘ﬁ #oine-2-oxaflf,@-d t he
product, j udgedifydr drpyFri@y(dialcetylgttrrgininksi ng this method and the
starting materials |isted bel ow, i nternedi ates having the formula given

bel ow are made: 10
NHZ
“” \)L
5 CFs

[3-{4-trif luoromethylphenyl) sul fonylamino-2-oxo-1, 2-
dihydro-pyridyl] acetyl-L-argininal,

H
N~ —NH,

o s”o l ~ o NH
o] H o
CHg
[3- (2-methylphenyl)sulf onylamino-2-oxo-1, 2 ~-dihydro-
pyridyllacetyl-L-argininal,

H
N\”,NH
0\\ /,0 I N (o} NH
H o} H O

15 CHa
SUBSTITUTE SHEET (RULE 26)



[err] R= Starting Materi al phenyl

benzenesul fonyl chloride 15 2-naphthy| 1- napht hyl sul f onyl
chloride woosagsdaapht hyl -napht hyl sul fonyl chéposstass1020
2- car bonet hoxyphenyl 2- carbonethoxybenzenesulfonyl

chl ori de 2-trifluoronethyl benzyl 2-trifluoronethyl benzyl sul f onyl
chloride 25 2- cycl ohexyl am no cycl ohexyl sul fanoyl chl ori de
2-trifluoromethyl phenyl 2- trlfluoronethy} nzenesul f onyl

chl oride 30 3-trifluoromethyl phenyl 3-trifluoromethyl benzenesul f onyl
chl ori de WD 96/ 18644

PCT/ US95/ 16410 [3-{(3-methylphenyl)sulfonylamino-2-o0%x081,2-dihydro-

4-trifluoronet -pﬂﬁﬂy acetdyiltifddarar@atihyl benzenesul f onyl
chl ori de g4 1phé%§ mo 2- met hyl benzenesul fonyl chloride 5

3- net hyl phenyl 3- et hyl benzenesul fonyl chl ori de

H
N~Tr—NH
NH
O\\’/O I \\/?L
F. S\N N N H
H 0. H O
CH
[3-({2-methyl~5~-fluorophenyl)sulfonylaminoc-2-oxo-1,2-
dihydro-pyridyllacetyl-L-argininal,

T

10 OCHa
[3—(2-methoxy1phenyl)sulfonylamino-z-oxo-l,2—dihydro-
pyridyl]acetyl-L-argininal,

H
N NH
T
Q\\ //0 l N o
S AN A A
H o H o

OCH4
15 [3- (3-methoxylphenyl)sulfonylamino-2-oxo-1,2-dihydro-
pyridyllacetyl-L-argininal, and
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2-met hyl - 5-f | uor ophenyl 2- met hyl - 5-f | uor obenzenesul f onyl

chloride 10 2- met hoxyphenyl 2- met hoxybenzenesul fonyl

chl ori de 3- met hoxyphenyl 3- met hoxybenzenesul faon

chlori de WO96/B8kt hoxy- 5- chl or ophenyl  2- net hoxy- 5- chl or ob& ”“10
sul fonyl chloride 20 2-nitrophenyl 2-ni tr obenzenesul f onyl
chl ori de 2-trifluoronmethoxyphenyl 2-trifluoronethoxybenzene-

sul fonyl chloride 25 2, 5-dichl orophenyh3s3s 2,5

- di chl or obenzenesul f onyl chl ori de

2, 5-di net hoxy 2,5-dinethoxybenzenesulfonyl

chloride 30 2-fl uorophenyl robenzenesulfonyl chl ori de
3-fl uor ophenyl 3-fl uorobenze chl ori de WO
96/ 18644 PCT®H§95/16410

129 Exanpl e 900 o/q\/u\

{3- (Z-mnlnophenyl) sulfonylamino-2-oxo-1, 2-dihydro-~

pyridyllacetyl-L-argininal.

10

To a stirred solution of 2-hydroxy-6-methylpyridine-
3-carboxylic acid (12.00 g, 78 mmole) in dimethylformamide
{180 ml} was added potassium carbonate (22.8 g, 165 mmole)

15 and t-butyl bromoacetate (24.2 mL, 165 mmole). After
stirring for 36 hours, the reaction mixture was diluted
with water (700 mL) and extracted with ethyl acetate
{2X2 00 mL) . The combined organic extracts were washed
with brine and dried over magnesium sulfate. The solvent

20 was removed in <vacuo. The residue was suction
chromatographed through flash silica gel wusing 10-50%
ethyl acetate/hexanes to yield 22.46 g (75%) of the title
compound as an oil. Rf = 0.10 ({silica gel, 33% ethyl
acetate/hexanes).

25

SUBSTITUTE SHEET (RULE 26)



General Procedure for the Preparation of Conpounds of the Pr esent

I nvention Foll ow ng the four-step protocol outlined in Exanples 5 7
to 10 (hydraolysis, coupl i ng, hydr ogenati on and hydr ol vsi

certain ofxgﬂgﬂgﬂ%érnediates of Exanple 89 are used to syn?ﬁé@ﬁé%n?ﬁk
foll owi ng conpounds of the present invention (as their trifluoroacetic
acid salts): H

(3- phenyl sul f onyl am no- 2- oxo-1 , 2-di hydro-334idyl) acetyl-L- ar gi ni nal

( Conpound B), [err] 15

13- (1- napht hyl ysul f anyl am no- 2- oxo- 1, 2- di hydr opyri dyl ]
acetyl -L-argini . ]

[ 3- (2- napht hyl 1A
acetyl -L-argininal,

~-CHs
| °  CH,
-lozc/’:‘;(\/(okc"'s
5 CH,

To a stirred solution of the compound of Example 91

(22.46 g, 59 mmole) in tetrahydrofuran (270 mL) was added

1.0M lithium hydroxide (90 mL, 90 mmole). After 2 hours,

10 the solution was concentrated. The solution was diluted

with water (150 mlL) and extracted with diethyl ether. The

agueous layer was acidified to pH 3 with 1M sodium

bisulfate, and extracted with ethyl acetate twice. The

combined extracts were washed with brine, dried over

15 magnesium sulfate and the solvent was removed in vacuo.

The title compound was isolated (18.02 g) in quantitative
vield.

20

25 To the compound of Example 92 (13.0 g, 48.7 mmole)
suspended in dioxane (150 ml), was added triethylamine
(7.7 mL, 55 mmole) dropwise rapidly with stirring followed
by diphenylphosphoryl azide (16 mL, 73 mmole). The
suspension was heated for 2 hours using a preheated 110°C

30 oil bath. Benzyl alcohol (7.6 g, 73 mmole) was then added

SUBSTITUTE SHEET (RULE 26)
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130 [err]

[ 3-(2-car bR'EB phenyl ) sul f onyl am no- 2- oxo- 1, 2- di hydr o-

pyri dyl ] acet ﬁ‘g&%rgi ni nal , F eﬁs 16410
[3-(2-trifluoronethyl benzyl)sul fonyl am no- 2- oxo-1, 2-

di hydro- pyri dyl ] acetyl -L-argininal, 10

(3-cycl ohexyl am nosul f onyl am no- 2- oxo- 1, B33 hydr o- pyridyl)

acetyl -L-argininal, [err]

and the mixture was stirred at 110°C for 20 hours. The
reaction mixture was cooled and concentrated. The residue
was suspended in ethyl acetate (400 mk) and was washed
with 3% HCl, then brine, dried over magnesium sulfate and
5 concentrated. The crude product was chromatographed on
flash silica gel using 20-67% ethyl acetate/hexanes to
afford the title compound (14.2g, 78% yield) as a white
solid. Rf = 0.53 (silica gel, 33% ethyl acetate/hexanes).

10 Example 94

o) CHs
15 :
Using similar procedures to that described in Example
106 _herein, the title compound (0.89 g) was prepared from
the compound of Example 93 (1.7 g) in 82% yield. Rf =
0:69 {(silica gel, 10% methancl/dichloromethane)}.
20
o CH, o
o]
N
©\/s\ A A on
N 0—&-CHj,
H CH
25 O 3

Collidine (0.59 mL, 4.5 mmole) was added in one

portion to a stirred solution of the compound of Example

94 (0.89 g, 3.7 mmole) and benzylsulfonyl chloride (0.86g,

30 4.5 mmole} in acetonitrile (20 ml) cooled in an ice bath.
The solution was stirred for 5 minutes at 0°C, followed by
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[3- (2-trifluoronethyl phenyl) sulfonyl am no-2-o0x0-1, 2- 15 di hydro-pyridyl]

acetyl -L-argininal, WO 96/ 18644

PCT/ US95/ 1WD196/18644 131 PCRPSIS{16410)
[3-(3-trifluoronethyl phenyl)sul f onyl am no- 2- oxo- 1, 2-

di hydr o- pyri dyl | acetyl -L-argi ni nal , [err]

[3-(4-trifluoronet hyl phenyl)sul fonyl am ng32- oxo- 1, 2-

di hydro-pyridyl |l acetyl - L-argini nal, [err]

45 minutes at room temperature. The reaction mixture was
quenched with water, then diluted with ethyl acetate ({100
mL), washed with 3% HCl (until aqueous layer was pH 1},
and brine, dried over magnesium sulfate, and the solvent

S was removed. The residue was dissolved in methanol,
concentrated to a volume of approximately 3 mL, and the
prdduct was precipitated with the addition of diethyl
ether. The precipitate was filtered to give 0.67 g of the
title compound. The filtrate was concentrated and

10 chromatographed on flash silica gel using 20 to 67% ethyl
acetate hexanes as eluent. An additional 0.20 g of the
title compound was recovered. A total of 0.87 g of the
title compound (59% yield) was recovered. RE 0.29
{silica gel, 33% ethyl acetate/hexanes).

15

20

To a cooled (0°C) solution of the compound of example

95 (0.87 g, 2.2 mmole) in dichloromethane (10 mL) was
added trifluorocacetic acid (10 mL). After stirring for 30

25 minutes, the ice bath was removed and the solution stirred

for 2.5 hours at room temperature. The reaction mixture

was concentrated. The resulting solid was triturated with

diethyl ether (15 mL) and dried in vacuo. The title

compound (0.73 g) was isolated in 98% yield. Rf = 0.13
30 (silica gel, 10% methanol/dichloromethane).
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10 [ 3- (2-nethyl phenyl) Sul fonyl ai no- 2- oxo- 1, 2- di hydr o- pyridyl)

acetyl -L-argininal, [err] WO 96/ 18644

PCT/ US95/ 16410 132

[ 3- ( 3- met hwigwsaned4) sul f onyl am no- 2- oxo- 1, 2- di hydr o- PCT/US95/16410
pyridyl)acetyl -L-argininal, [err] 5

[ 3- (2- net hyl - 5-f | uor ophenyl ) sul f onyl am no- 2- oxo- 1, 2-

di hydr o- pyri dyl ] acetyl -L-argininal, igsr]

10

15

20

25

NC

OH

To a suspension of 1-hydroxy-6-methylpyridine-3-
carbonitrile (12.24 g, 0.091 mole) in tetrahydrofuran (100
ml) cooled to -78°C under a nitrogen atmosphere was added
dropwise 1lithium diisopropylamide (100 mL of a 2.0M
solution in heptane/tetrahydrofuran/ethylbenzene, 0.20
mole}). After the addition was complete, the solution was
stirred in an ice bath for 2 hours. Iodomethane (6.25 mL,
0.10 mol) was added, and the reaction mixture was stirred
for an additional 2.5 hours at 0°C and 30 minutes at room
temperature. Water (300 mlL)}) and 1.0N NaOH 50 mL) were
added. The aqueous solution was washed with ethyl acetate
(150 mL), acidified with 1.0N sodium bisulfate to pH 4,
and extracted with 10% methanol/ethyl acetate twice (500

mlL, total). Sodium chloride was added to the agqueous
layer, and the solution was extracted with 10%
isopropanol/ethyl acetate twice (500 mL total). The

combined organic layers were washed with brine, dried over
magnesium sulfate and the solvent removed under reduced
pressure. The residue was recrystallized from

methanol/isopropanol to give the title compound (7.56 g)

as orange needles in 56% yield. Rf = 0.26 (silica gel,
10% isopropanol/chloroform}; ‘m.p. 235 to 240°C (decomp).
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[ 3- (2-net hoxyl phenyl) sul fonyl am no-2-oxo-1, 2-di hydro- pyridyl)
15

acetyl -L-argininal, Hlerr]

(3- (3- et hoxyl phenyl ) sul f onyl am no- 2- oxo- 1, 2- di hydr o-

pyri dyl | aogdysrdssar gi ni nal , and WD 96/ 18644 PCT/US95/16410
PCT/ US95/ 16410 133 [err]

[ 3- (2- am nophenyl ) sul f onyl am no- 2- oxo- 1, 2- di hydr o-

pyridyl]acetyl -L-argininal. 5 Exanphgg91 Preparation of t-butyl

[ (t-butyl 3-carboxyacetate)-6-
met hyl - 2- oxo- 1. 2-di hydro-1-pyridyl]acetate [err]

10

15

20

25

=N

40,C
OH

The compound of Example 97 (7.56 g, 51 mmole) was
refluxed in 50% sulfuric acid (50 mL) for 3 hours. The
reaction mixture was cooled, and poured into water (250
mL) . The solution was allowed to stand at 4°C for 16
hours. The solid was filtered, washed with water and air
dried to afford the title compound (6.03 g} in 71% yield
as a tan solid; m.p. 190.5 to 193°C.

Using similar procedures to that described above in

Example 93, the title compound (0.74 g) was prepared from
the compound of Example 98 (1.00 g} in 45% yield. REf =
0.18 (silica gel, 20% ethyl acetate/dichloromethane); m.p.
153.5 to 154°C.
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10 To a stirred solution of 2-hydroxy-6-nethyl pyridine-
3-carboxylic acid (12.00 g, 78 nmmole) in dinethylfornmam de (180 M) was
added* pot assi um carbonate (22.8 g, 165 mmle) 15 and t-but et ate
(24.2 ni, WOS§48¢#dp| e) . Af ter stirring for 36 hours, h%&’gé%
m xture was dil uted with water (700 nL) and extracted wi th ethyl
acetate (2X200 nL). The conbi ned organi c extracts were washed wth
brine and dried over magnesi um sul fate. 13fhe solvent 20 was renoved in
vacuo. The residue was suction chr omat ogr aphed t hrough fl ash
silica gel using 10-50% et hyl acetate/ hexanes to yield 22.46 g (75% of
the title Bamppiandod an 0|I Rf = 0.10 (silica gel, 33% ethyl

A / .

acet at e/ hexa ,;;

PCT/ US95/ 164

Preparati on qi-g¢x di hydro 1- pyridyl

acetate [err] To a stl rred soI utlon of the conpound of
Exanpl e 91 (22.46 g, 59 mmole) in tetrahydrofuran (270 nL) was added
1.0OMIlithium hydroxide (90 nL, 90 @mMgle). After 2 hours, 10 the solution
was concentr at ed. The sol uti S di | ut ed

O)I\ N \X /ﬁGCHa
©/\ " o s
5

To a solution of the compound of Example 99 (150 mg,
0.55 mmole) in tetrahydrofuran (2 mL) was added lithium
hexamethyldisilazide (0.61. mL of a 1.0 M solution in
10 tetrahydrofuran, 0.61 mmole). After 1.5 hours, t-butyl
bromoacetate (0.08%9 mL, 0.61 mmole} was added. The
reaction mixture was stirred for 16 hours, then diluted
with water (5 mL) and saturated ammonium chloride (5 mL).
and extracted with ethyl acetate (3X5 mlL). The combined
15 organic layers were washed with brine, dried over
magnesium sulfate and the solvent was reduced. Hexanes
(10 mL) were added, and the solvent was removed in vacuo
to‘afford 0.20 g of the title compound as a white solid in
94% yield. RE = 0.76 (silica gel, 20% ethyl

20 acetate/dichloromethane).

25 Following the three step protocol outlined in
Examples 94-96, the intermediate of Example 100 is used to
synthesize the following compound of the present

invention.
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with water (150 nL) and extracted with diethyl ether. The aqueous | ayer

was acidified to pH 3 with 1M sodi um bi sul fate, and extracted with

et hyl acetate twice. The conbi ned extracts were washed WI th brine,
dri ed overWO6/18644nesi um sul fate and the sol vent was renoved? 1410
The title conpound was isolated (18.02 g) in quantitative yi el d.
Exanple 93 20 Preparation of t-butyl (3-benzyloxycarbonyl am no-6-nethyl -
2- 0x0- 1. 2-di hydro- 1-pyridyl )acetate [errj4o 25 To the conpound
of Exanple 92 (13.0 g, 48.7 muol e) suspended in dioxane (150 m), was
added trlethylan1ne (7 7 L, 55 mrol e) dropwi se rapidly with stirring
fol | owed o CH3 zide (16 nL, 73 nole). The
suspensi on wag ed\ lor ho S u%(?zﬁ' a preheated 110[err]C 30 oil bath.
Benzyl alcohol en added WD 96/ 18644

PCT/ US95/ 16410 135 and the m xture was
stirred at 110[err]C for 20 Iﬂurs. The reaction m xture was cool ed and
concentrated. The residue was suspended in ethyl acetate (400 nL) and

was washed Ednpl06U8Q , then brine, dried over magnesium sulfate and 5
concentr at ed. flash silica
gel using 20- 6798e [Cetatertrex ' e=~tFrFe conpound
(14.2g9, 78%yield) as a vvhlte SO|Id Rf 0 53 (S|I|ca gel, 33% et hyl
acet at e/ hexanes) .

CHy O | NH

Acetamidine acetate (37.21 g, 0.31 mole) and diethyl
ethoxymethylenemalonate (63 mL, 0.31 mole) were refluxed

10 for 4h in ethanol (60 mL). The reaction mixture was
allowed to cool for 15 minutes, then acetamidine acetate
(37.21 g, 0.31 mole) was added. The reaction mixture was
refluxed for 22  hours, allowed to cool to room
temperature, and diluted with water (200 mL) and

15 dichloromethane (200 mL). The aqueous layer was extracted
wj.th 10% isopropancl/dichloromethane (2X200 mL). The
combined organic extracts were washed with water (50 mL),
brine (50 mL), dried over magnesium sulfate, filtered and

the solvent was removed. The residue was recrystallized

20 from chloroform/hexanes in two crops to afford the title
compound (24.92 g) in 46% yield as yellowish crystals. Rf

= 0.27 {(silica gel, 10% isopropanol in dichloromethane);
m.p. 187 to 188°C.
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10 Exanple 94 Preparation of t-butyl (3-am no-6-nethyl-2-oxo0-1. 2-

di hvdro-1-pyridyl)acetate [err] 15 Using sim |l ar procedures
to that described in Exanple 106 herein, the title conp g)
was prepared *6is the conpound of Exanple 93 (1.7 g) %é}g' ?3'0

Rf = . 0,69 (silica gel, 10% net hanol /di chl oronet hane). 20 Exarrpl e
95 Preparation of t-butyl (3-benzyl sufonylam no-6-nethyl -

0x0-1. 2-di hvdro- 1-pyri dyl) acetate drr] 25 Collidine (0.59
m., 4.5 mmol e) was added in one portion to a stirred solution of the

conmpound of I 4 (0.89 g, 3.7 mmle) and benzyl sul fonyl chloride
(0.86g, 30 4.%‘%@-&7-&% acetonltrlle (20 n1) cooled in an ice bath.
The sol uti on Wwaepsiiktsied : N8It es-Iit ¢l 6 f

96/ 18644
136 45 MArAetligs G AFaftresge=reacti on m xture was
quenched with water, then d| I ut ed vmth et hyI acetate (100
N CH;
[T /
CHj O N CHj
~ 0—&-CH,
5 0) CHj

Tetra-n-butylammonium fluoride{27.4 mL of a 1.0 M
solution in tetrahydrofuran, 27.4 mmole} was diluted with
hexanes (30 mL), the solvent was removed under reduced

10 pressure, and the white crystals were taken up in
dimethoxyethane (50 mL). t-Butyl brox_noacetate (3.0 mL,
20.1 mmole) was added while stirring, followed by the
compound of Example 102 (2.50 g, 13.7 mmole). The mixture
was stirred under a nitrogen atrmospherre for 1.5 hours at

15 room temperature. The reaction mixture was diluted with
water (100 mL), and extracted with ethyl acetate (3X50
mL)} .. The combined organic extracts were washed with
water, then brine (20 ml each), dried over magnesium
silfate, and the solvent was removed. The residue was

20 purified through flash silica gel using 50% ethyl acetate,
then ethyl acetate as eluent. The title compound was
isolated to yield 1.81 g (45%). Rf = 0.24 (silica gel,
20% ethyl acetate in dichloromethane).

25
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m.), washed with 3% HO (until aqueous |ayer was pH 1), and brine,
dried over magnesium sul fate, and the solvent S was renoved. The residue
was dissolved in nethanol, concentrated to a vol unme of approximtely
3 m, andgy@8srsedq Product was precipitated with the additi opcefuses sy
ether. The precipitate was filtered to give 0.67 g of the title
conpound. The filtrate was concentrated and 10 chromatographed on
flash silica gel using 20 to 67% et hyl acet at e hexanes as eluent. An
additional 0.20 g of the title corrpouﬁa was recovered. A total of
0.87 g of the title conpound (59%yield) was recovered. Rf = 0.29

(silica gel, %ﬁ_@/‘@%cet at e/ hexanes). 15 Preparati on of
(3- benzyl sul fony am no- b- et hyI 2- 0x0-1 2- di hydro 1- pvr| dyl )acetic
acid J[err] repagatlon - Ruholag 11 QvEamigint he

compound of e in d| chI ororret hane (10 nl)

was added f ). After stirring for 30 25
m nutes, the ice bath was rem)ved and the solution stirred for 2.5
hour s at roomterrperature !-F reactlon m Xt ure was concentrated. The

resulting solid was tri dlethyl ether (15 nL) and dried
i n vacuo. The title orrpo g) was isolated in 98%yield. Rf
= 0.13 30 (silicayggbs I or omet hane) . WO 96/ 18644
CH

PCT/ US95/ 16410 137

5 3

To the compound of Example 103 (10.16 g, 0.034 mele},
suspended in methanol (70 ml) and cooled in an ice bath,
1.0N lithium hydroxide (38 mbL, 0.038 mole) was added

10 dropwise rapidly with stn‘rlng The ice bath was removed.
After 2h, reaction mixture was neu_tralized to pH 7 with
1.0N hydrochloric acid. The solvent was reduced under
vacuum, the residue diluted with water (50 mL) and washed
with ethyl acetate (2X25 mi ) The aqueous layer was

15 acidified with 2.3N HCl to pH 1, extracted with ethyl
acetate (50 mL), followed by dichloromethane twice (30 mL
total). The combined organic extracts are washed with
brine (3X10 mL). The solvent was dried over magnsium
sua.fate, and removed in vacuo. The residue was

20 recrystallized from ethyl acetate/diethyl ether (first
crop) and ethyl acetate/diethyl ether/hexanes (second
crop) to afford 4.37 g (48%) of the title compound. Rf =
0.31 (silica gel, 1% acetic acid/10% isopropancl in
chloroform).

25 °
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Exanpl e 97 Preparati on of 2-hydroxy-6-ethyl pyridine-3-carbonitrile
[err] 5 To a suspension of 1-hydroxy-6-nethyl pyridine-3-
carbonitrile (12.24 g, 0.091 nole) in tetrahydrofuran (100 m.) cool ed
to -78[erkgogiigias a ni trogen atnosphere was added 10 dr opwpe®USHS/I6AI0IM

di i sopropylam de (100 nL of a 2.0M solution in

hept ane/ t et r ahydr of ur an/ et hyl benzene, 0. 20 nole). After the addition
was conplete, the solution was sti rreg‘éﬁn an ice bath for 2 hours.

| odomet hane (6.25 i, 0.10 nol) was ed, and the reaction mxture was
stirred 15 for an additional 2.5 hours at O[err]C and 30 m nutes at room
t enperat ure. M m.) and 1. ON NaOH 50 nlL) were added. The
aqueous sol ution was washed with et hyI acet at e (150 m_) aci di f ied with
1. ON sodi um biRus = ' 4

acetate tw ce 0 al )n i ' was added to the
aqueous g Y e soruott ) —extracted wth 10%

i sopr opanol / et hyI acetate twce (500 m_ total). The conbi ned
organic | ayers were washed wt h bri dried over magnesi um sul fate and
the sol vent renoved undeigred p@essure The residue was

recrystallized from !! nmet ano I SO ropaneH to g| ve the title conpound
orm

(7.56 g) .. cg% 0.26 (silica gel,
10% i sopr Opan oro Hm p 235 to Hy C (deconp). WO
96/ 18644 P@f?

US95/ 16410
138 Exarrpl e 98

To the compound of Example 104 (4.20 g, 0.0157 mole)
suspended in dioxane (50 ml), was added triethylamine (4.4

mL, 0.0313 mole) dropwise rapidly with stirring followed

10 by diphenylphosphoryl azide (3.7 mL, 0.0172 mole). The
suspension was heated for 2 hours using a preheated 100°C

oil bath. Benzyl alcohol (3.2 g, 0.0313 mole) was then
added and the mixture was stirred at 100°C overnight. The
reaction mixture was cooled and concentrated. The residue

15 was suspended in ethyl acetate (100 ml) and was washed
with saturated ammonium chloride, 1.0N NaOH , water
(twiée) and brine. The extract was dried over magnesium
sulfate and concentrated. The crude product was
chromatographed on flash silica gel using 10 to 25% ethyl

20 acetate/dichloromethane to give the title compound (3.07
’ g, 53% yield) as a light yellow solid. Rf = 0.24 (silica

gel, 20% ethyl acetate in dichloromethane).

Exanple 106
25 . _ _ et o1 £ _

SUBSTITUTE SHEET (RULE 261



Preparation of 2-hydroxy-6-ethyl pyridine-3-carboxylic acid [err] 5
The conpound of Exanple 97 (7.56 g, 51 mmople) was refluxed in 50%

sul furic acvwaoes®4ai) for 3 hours. The reaction m xt ur PCRESIEAEAIB],
and poured into water (250 10 nlL). The solution was allowed to stand at
4[err]C for 16 hours. The solid was filtered, washed with water and
air dried to afford the title conmpound4@g6.03 g) in 71%yield as a
tan solid; mp. 190.5 to 193[err]C. 15 Exanple 99 Preparati on of

3- benzyl oxycar bonyl am no- 6- et hyl - 2- oxo-1. 2- di hydr o- 1- pyri di ne

20 Usi ng siThd agompranedwksExamphat 108sdli bedgabav.e®d immol) kasnpl e

93, the titl ? 1?1%9‘8)&3ga@gd740%ﬁ ‘é&ﬁ%gf’éagﬁraﬂﬂgs%sﬁar%%% ¢

I'ca ge

acet at e/ di chl oesk@PRandPl mlp. apsbalboon pressuiegvegnight.

Exanpl e 98 I'n_45%

POPORoer P
Cebiog/ ¥8644

PCT/ US95/ 16410 added, and the solution was filded. The solvent was
5 reduced. Hexanes were added and the solvent was removed
in vacuo to afford 0.97 g (quantitative yield) of the

title compound as a white solid.

Rf = 0.24 (silica gel, 10% isopropanol in chloroform).

10

15

Benzylsulfonyl chloride (1.06 g, 5.6 mmole) was added
in one portion to a stirred solution of the compound of
example 106 (0'.89 g, 3.7 mmole) and 4-methylmorpholine
(1.47 mL, 11.2 mmole) in tetrahydrofuran (10 ml). The

20 solution was stirred for 2 hours. The reaction mixture
was concentrated, then diluted with ethyl acetate (100
mL), washed with 1.0N HCl {(until aqueous layer is pH 1),
water, saturated sodium bicarbonate and brine. The

organic layer was dried over magnesium sulfate, and the
25 solvent was removed. The residue was recrystallized from

ethyl acetate (first crop) and ethyl acetate/ether/hexanes

(second crop). The second crop was treated with 1.0 M
potassium carbonate {3 mL) and methanol(l0 mL) for 2

hours. The solution became homogeneous.
30 mixture was acidified to pH 7 with 1.0N HCl.

The reaction

The solvent

was reduced, and the aqueocus solution was extracted with

ethyl acetate three times. The combined organic extracts

were washed with brine, dried over magnesium sulfate and

the solvent was removed in vacuo. In a similar fashion

' UBSTITUTE SHEET (RULE 26)



Exanpl e 100 Preparation of t-butyl (3-benzvloxycarbonyl am no-6-ethyl -

2- 0X0- 1. 2-di hydro- 1- pyri dyl ) acetate [err] To a solution
of the conp Exanpl e 99 (150 ny, 0.55 nmmole) in tet f Lran
(2 nm) was %%6‘ t hi um hexanet hyl di sil azide (0.61 nL O?@gﬁ%%ﬁo
solution in 10 tetrahydrofuran, 0.61 nmole). After 1.5 hours, t-butyl
bronmpacetate (0.089 nL, 0.61 nmole) was added. The reaction

m xture was stirred for 16 hours, then dilli&3%d with water (5 nL) and
saturated amoni um chloride (5 ni), and extracted with ethyl acetate

(3X5 nL). The | ned 15 or ani ¢ ers, were washed wth Dbrine,
dried over q?f"a tijrﬁ’é‘ﬂ‘?f Inc) Eﬁﬁaf"%é WtPertt WaPItEfFiam <2

(10 m.) were acateil, matishnidie. SOAventalasof env@dgi rof/ath® titlko céﬁ‘nfpﬁﬁﬂzd) 20

?siorif:ge tgialtl,e %%?%#Zgag\ggégg?%é cﬁ?ororrel?ﬂf;/gne%oﬂg: lif_fxarrplcJ 2%16?

Preparati on of (Stliere\dedul R20%yleahiyhoabetthyl iR -dichlotbmethane) .

di hydro- 1- pgrl dyl acetic acid 25 Following the three step protocol
outlined Exanpl es 94-96, the internediate of Exanple 100 is used to
synt hesi ze thExgmRieoliGy conpound of the present i nvention.
WD 96/ 18644 ; S95/
140
=1~ a
00 . Nﬁ/ca3
V|
SN N_-COH
10 H O

To the compound of Example 107 (1.15 g, 2.9 mmole)

was treated with 50% trifluoroacetic acid/dichloromethane

(10 mL). After 1 hour, the reaction mixture was

15 concentrated, then diluted with diethyl ether (100 mL).

The solution was allowed to stand overnight, then the

solvent was removed under reduced pressure. The residue

was partitioned between saturated sodium bicarbonate (25

n{L) and ethyl acetate (10 mL). The aqueous layer was

20 washed with ethyl acetate, then acidified with 2.3M HCl1l to

PH 1. The preciptiate was filtered, washed with water and

dried under vacuum to give the title compound (0.75 g, 76%
vield) as a white solid. m.p. 244 to 246°C (decomp.).

25 Example 109
Gl

O,N
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[err] Exanpl e 102 Et hyl

2- et hyl - pyri m di n-6(1H) - one-5-carboxylate [err] 5

Acet ami di meosrmset e (37.21 g, 0.31 nole) and diethyl PCT/US95/16410

et hoxynet hyl enermal onate (63 i, 0.31 nole) were refluxed 10 for 4h in

et hanol (60 niL). The reaction m xture was allowed to cool for 15

m nut es, then acetam di ne acetate (379128 9, 0.31 nole) was added. The
reacti on m xture was refluxed for 22 hours, allowed to cool to
room t enper at ur e, and diluted with water (200 nL) and 15

di chl or onet hane (299nﬁt:)ourél’dsm1 aqUEdLO0 | ayer 6Mas mecledCt add pothbsidf%

extract s wer cCSERAREES, HE 2?%% i jaimetnyiEormphEHY, 160 RLITRLE 15
magnesi um sultime, Rispdiddfgnaed. t Hedoolekbanends . laemiveoﬁs mypk) rwskdue
was recrystal haded 28 ERe ehhok 0t néﬁsxéﬂeﬁmtmt PReCEBREA! @idkbakdat he

title corrpognd (24.92 iI,n 46% %lel as yel l.ow sh crystals Rf

0.27 (siliPca YEFST 1698 s‘%%‘ifdé’ﬁblmi‘ SR nPBFORITESS) 0T APp Mifb7 (3% 188C

WD 96/ 18644 NaOH (w/v) (200 mL) was added, fﬂ@%@&95&1%ﬂ:3r (100 mL).

141 Exan;ﬂ_‘g 19§ut1°§r$§§ r%&sﬁedo%l%hyelthyl( tace"gélte aﬁ%é’ lRﬂL)Z rret le
the agqueous layer was acidified to pH 3 with 1.0N HCl. 2
precipitate formed as the pH was lowered. After allowing

10 the heterogeneous solution to stand for 16 hours, the
product was filtered, washed with water, and air dried.

The title compound was isoclated in 77% yield as a yvellow
powder; m.p. 249 to 250°C.

15
o
N O
| \( O CHg
O.N 0 CHg
. 0
20 Sodium hydride (0.51 g of a 60% dispersion in mineral

oil, 13 mmol) was washed with pentane three times (4 mL
each). The compound of Example 109 (2.00 g, 12 mmole) was
added portionwise. After the addition was complete, the
reaction mixture was stirred for 30 minutes under a
25 nitrogen atmosphere. t-Butyl bromoacetate (1.73 g, 12
mmole) was added in one portion, and the solution was
stirred for 3 hours. The reaction mixture was diluted
with water (200 mL), and extracted with ethyl acetate
13X50 mL). The combined organic extracts were washed with
30 water (3X50 mL), then brine, dried over magnesium sulfate.
The solvent was concentrated, hexanes were added and the
solvent was removed in vacuo to afford the title compound

SUBSTITUTE SHEET (RULE 26)



pyri m di n-6(1H) - one- 5-car boxyl ate [err] 5
Tetra-n-butyl anmonium fluoride(27.4 nL of a 1.0 M solution in
tetrahydrofuran, 27.4 mmole) was diluted with hexanes (30 _nL t

sol vent waWa%i8édd under reduced 10 pressure, and the mﬁ%.‘$ﬁ%¥9§{a|s.
were taken wup in di et hoxyet hane (50 nmL). t-Butyl bronpacetate (3.0
m_, 20.1 mmol e) was added while stirring, followed by the conpound of
Exanple 102 (2.50 g, 13.7 mmole). The m xt4re was stirred under a
nitrogen atrnospherre for 1.5 hours at 15 roomtenperature. The reaction
m xture was diluted with water (100 nlL), and extracted with ethyl
acetate (3X50 (1.9Hg) imhd9%¥ovbeh@d oRfari @ 8%t riséfidcaegelnasitsl erbnl

wat er, then brine {20 iH Sadhordetbdnever nmgnesi um sulfate, and the

sol vent was renoved. The residue was 20 purified through flash silica
gel using 50% et hyl acetate, then ethyl acetate as el uent. The title
conmpound was Exarie afxd to yield 1.81 g (45%. Rf 0.24 (silica gel
20% et hyl acetate |n dlchloro et hane) . 25 MD 96/18644

PCT/ US95/ 16410ExeRaz zthyl fenvia ‘

Preparatlon(ﬁu£g4ililﬁé%fﬁgﬁgyl) 2- nethyl pyr|n1d|n- 6
(1H one-5-carboxylic aci

10 Using similar procedures to that described above in
Example 6, but employing 3 equivalents of 4-methyl
morpholine as base during the reaction with benzylsulfonyl
chloride, the title compound was prepared from the
compound of Example 110 in 48% yield; m.p. 165 to 166°C.

15
o
N O
ol | f
S\N N\v,cogq
H
20 o)
Using a similar procedure to that described above in
Example 108, the title comp;:und was prepared from the
compound of Example 111 in 88% yield; m.p. 200 to 201°C.
25
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[err] 5 To the conpound of Exanple 103 (10.16 g, 0.034 nole),

suspended in nethanol (70 mM) and cooled in an ice bath, 1.ON lithium
hydroxi de (38 niL, 0.038 nole) was added 10 dropwi se rapidly with stirring.
The ice baWwo %864enoved. After 2h, reaction mxture wasPREWSPHISKE] to
pH 7 with 1. ON hydrochloric acid. The sol vent was reduced under
vacuum the residue diluted with water (50 nL) and washed wi th ethyl
acetate (2X25 ) The aqueous |ayeriy@s 15 acidified with 2.3N HO to
pH 1, extracted with ethyl acetate (50 nL), followed by dichloronethane
twice (30 nL total). The conbi ned organic extracts are washed with

brine (3X10 rmz_a.mlimol vent was dried over nagnsium sul fate, and
renoved in v [ zed from et hyl
acetate/dieth Brt-e o

et her/ hexanes W) to afford 4. 37 g'(48% of the title

conpound. Rf = (silica gel, 1% acetic acid/10% i sopropanol in
chl or of ormj . 25 Foilow:wg 96F§?864£F ree-step protocol outlined in

PCT/USQS{lGﬂlOExamples 8 to 10 (coupling, hydrogéfAdtion, hyXSeDy&€idO5the
Preparation of , T&é’élgter.rset Qél gg&%ﬁ??gy|9Cg(,vcf‘5902¥1ldaqlgo_were used to

6- 0x0- 1. 6-di hv rimdin
synthesz.ze the following compounds of the present
invention:

H
NT NH2
0 0 O , NH-CF2COH
> A A K H
k H
o O

(3-benzylsulfonylamino-6-methyl-2-oxo-1,2-dihydro-1-
pyridyl)acetyl-L-argininal, trifluorocacetate salt (Compound C);

H
N NH>
N oo
3 |
A CCh
S\N N H
H o H o

15 (5-benzylsulfonylamino-2-methyl-6-oxo-1, 6-dihydro-1-
pyrimidinyl)acetyl-L-argininal, trifluorocacetate salt {(Compound
D); and

H
N—— NH
?Ha T 2
o NH-CF3CO2H
L | o
S< N\)L H i
N N
H H -
o) o)

(S-benzylsulfonylamino-l-methyl-uracilyl)acetyl-L-
argininal, trifluorcacetate salt {Compound E).

20
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To the conpound of Exanple 104 (4.20 g, 0.0157 nole) suspended in

di oxane (50 m), was added triethylamne (4.4 m., 0.0313 nole) dropw se
rapidly with stirring followed 10 by di phenyl phosphoryl azide (3.7 ni,

0. 0172 nol gye 96/1dsd4 suspensi on was heated for 2 hours usi ngcrHUsSsABaat ed
100[err] C oi |l bath. Benzyl alcohol (3.2 g, 0.0313 nole) was then

added and the m xture was stirred at 100[err] C overnight. The reaction
m xture was cool ed and concentrated. The hg i due 15 was suspended in ethyl
acetate (100 nL) and was washed with “saturated ammonium chloride,
1.ON NaCOH , water (twce) and brine. The extract was dried over

magnesi um gﬁ!!:flﬁi@ 184d concentrated. The crude product was
chr omat ogr aphed on ash silica gel using 10 to 25% et hyl 20

acet at e/ di chl oRaseanakionoo §idmi{dHarinethylsinoymhanetiy ] BiLERe2yi el d)
as a light yel _$0bi 4 i {,sllica gel, 20% et hyl acetate in
di chl or onet hané%&i“i%%%éﬂysﬁé Preparation of t-butyl

2- met hyl - 5- am no- 6- oxo- 1. 6- di hydr o- 1-pyrimdinylacetate [err]

WD 96/ 18644 i PCT/ US95/ 16410

144 conpound of Exanple 105 (1.50 g, 4.0 mml) was

hydr ogenat ed o 0% el | #hlaum on carbon (0.16 g) in et hanol (30 nlL)
at bal |l oon presstfe

filtered. The sol ven

o -5 =M

fer nSigiH;  Cel ite was added, and the sol ution was
was CHg educed. Hexanes were added and the sol vent

was renoved in vachg” 3 afford 0.97 g (quantitative yield) of the
title conpound as a whijle shid.
O,N
5 O

A suspension of 4-methyl-3-nitro-2-pyridone (3.08 g,

20 mmole) in tetrahydrofuran (50 mL) was cooled to 0°C.
Lithium hexamethyldisilazide (21 mL of a 1M solution in
tetrahydrofuran, 21 mmole) was added to the reaction over

10 15 minutes. After stirring for 45 minutes, trimethylsilyl
chloride (2.7 mL, 21 mmole) was added. After an hour,
another portion of lithium hexamethyldisilazide (21 mL of

a 1M solution in tetrahydrofuran, 21 mmole) was added to
the. solution. After 30 minutes, freshly distilled

15 Dbenzaldehyde (2.1 mL, 21 mmole) was added. The reaction
was allowed to warm to room temperature and after 18
hours, it was quenched with agueous ammonium chloride (20
ml), extracted with ethyl acetate (150 ml), washed with
brine (50 ml), and dried over magnesium sulfate. The

20 product was purified by chromatography with silica gel,
eluting with 2-10% methanol /dichloromethane.
Recrystallization from toluene yielded 0.79 g (8.5%) of

the title compound. Rf = 0.25 (silica gel, 50% ethyl

acetate/hexanes).

25
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Rf = 0.24 (silica gel, 10%isopropanol in chloroformy. 10 Exanple 107
Preparation of t-butyl 2-nethyl-5-benzyl carbonyl oxyam no-

6- 0xo0- 1. 6-di hvdro- 1-pvrim di nyl acetate [err] 15

Benzyl sul f woMdenssddori de (1.06 g, 5.6 mole) was added i PPEKESYIEFt10%n to

a stirred solution of the conmpound of exanple 106 (0.89 g, 3.7 nmol e)

and 4- et hyl nor phol i ne (1.47 mL, 11.2 mmole) in tetrahydrofuran (10

m). The 20 solution was stirred for 21iwspurs. The reaction m xture

was concentrated, then diluted with ethyl acetate (100 m.), washed

with 1.ON HO (until aqueous |ayer is pH 1), water, saturated sodium

bi carbonate aixthmpile #35 The organr c layer was dr| ed over nmagnesium
ed,

sul fate, and the 25
from et hy| =aeet = e e
(second crop) .pi e ) e8IV 4 de de M pot assi um
carbonate (3 nl) and rret hanol (10 rrL) for 2 hours The sol ution becane
honogeneous. The reaction 30 mxture was acidified to pH7 with 1. ON HC .
The sol vent QS reduced and the aqueous solution was extracted with
ethyl acetate i e tines e conbi ned organi c extracts wer e washed
with brine, dr ﬁqﬁ I um sul fate and the solvent was renoved in
\o

s.0l ve S| allized
L1 QY O L TRV L AT

vacuo. In a sim I ar [f as WO 96/ 18644
PCT/ US95/ 16410 145 the first crop was
treated with 1. 0M pota FI u car bonat e and nethanol. A total of 1.20 g
of the title conpound 82% Y1 el d) was recovered as a white solid. Rf
= 0. 26 OzN 0o
5 0 o,
To a solution of the compound of Example 114 (0.79 g,
2.4 mmole) in tetrahydrofuran at 0°C was added lithium
hexamethyldisilazide (2.5 mL of a 1M in tetrahydrofuran.

2.5 mmole) over 5 minutes. After 30 minutes, ethyl

10 Dbromoacetate (0.28 mL, 2.5 mmole) was added. The reaction
was allowed to warm to room temperature and after 8 hours,
it was quenched with aqueous ammenium chloride (5 L),
extracted with ethyl acetate (75 mL), washed with brine
(30 mL), and dried over magnesium sulfate. The product was
15 purified by chromotography with silica gel, eluting with
{33%) ethyl acetate/hexanes to yield 0.76 g of the title
compound (81% yield). Rf = 0.45 (silica gel, 50% ethyl

acetate/hexanes) .

20

25
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(silica gel, 20%ethyl acetate in dichloronethane). 5 Preparati on of
2- et hyl - 5- benzyl suI f onyl am no- 6- oxo- 1. 6- di hvdro- 1- pyri m di nyl acetic

acid [err] To the conmpound of Exanple 107 (1.15
mol e) W&"f‘ﬁé‘h‘t ed with 50%trifluoroacetic acid/dichlor oﬁﬁ%?ﬁi(l&w (10

m). - After 1 hour, the reaction mxture was 15 concentrated, then
diluted with diethyl ether (100 nl). The sol ution was all owed to-stand
overni ght, then the sol vent was renovediSunder reduced pressure. The

resi due was partitioned between saturated sodi um bi carbonate (25 m.)

and ethyl acetate (10 niL). The aqueous_Il ayer was 20 washed with ethyl
acetate, then aci di TRedooFPauDd 30f Herarle 135 {76Ghmapr PPt MHPECNaWas

fi|tereg,(gﬁ;gﬁﬂsﬁb%?e&ﬁiﬁre?%@.acéHd&EiMmﬁQﬂAVaQ@%&hbgzﬁhyarihé qotb%
conpoun : : S err
(deconp. ). 2'%19' Eia ‘%@8 gncg Jegﬁrg? ﬁab‘I‘mS"ﬁl Fpraﬁbfnne(t | ra?,’Fl'
[err] Vﬁi&édlSﬁﬂdl the reaction was stirred under RCThi8964&6410
146 ur 1 SR S : nat e
were sti rred in g#r’ré’?h f#or 16 0%997%0 % Eg)igi‘gﬂ p&éé %if fél?gw&

| odorret hane (StBrWShBSCﬁ%F? wasd Cmrmdt he fI'%IEEk M%S«‘s%enwaﬁtll
the solid diss@i¥gdived in tetrahydrofuran (7.0 mL) and 1.0M lithium

hydroxide was added (3.6 mL, 3.6 mmole). The reaction was
stirred for 22 hours at which time additional 1.0M lithium
10 hydroxide (2.0 mL, 2.0 mmole) and methanol (2.0 mL) were
added. The reaction was stirred for 48 hours at room
temperature, then was diluted with water (20 mL) and
washed with ethyl acetate (20 mL). The aqQueous layer was
acidified with concentrated HCl to pH~3, and the product
15 was extracted into ethyl acetate (50 mL), washed with
brine (40 mL), and dried over magnesium sulfate. Back
extraction of the aqueocus  layer with 30%
isopropanol/dichloromethane yielded a total of 440 mg

(96%) of the title compound. 1H NMR (CD30D): delta 2.15
20 (3H; s), 2.81-2.94 (2H, m), 4.70 (2H, s), 4.9 (1H, 44,

J=5.3’ 8.2 HZ), 6-3 (IH' d, J=7¢1 Hz)' 7.22"7.36 (SH; m)'
1.73 (1H, 4, J=7.1 Hz).

Example 117
25 General Procedure for Preparation of Compounds of the
Present Invention
Following the three-step protocol outlined in
Examples 8 to 10 {(coupling, hydrogenation, hydrolysis) the
intermediates of Examples 101 and 116 are used to
30 synthesize the following compounds of the present

invention:
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5 After the reaction mxture was stirred for 30 mn., 2% NaCOH (w v)
(200 nm.) was added, followed by water (100 ni). The sol ution was washed
with ethyl acetate (100 ni), and t he aqueous | ayer was acjidjfj o pH
3 with 1. &Q 18644y precipitate formed as the pH was |0W3Fgﬂl_s§$&f§qg¢

all owing 10 the heterogeneous solution to stand for 16 hours, the

product was filtered, washed with water, and air dried. The title
conmpound was isolated in 77% yield as a ¥BRl ow powder; mp. 249 to
250[ err] C 15 Exanpl e 110 Preparation of t-butyl

(5-nitro-I-methyl -uracilyl)acetate [err] 20 Sodi um hydri de
(0.51 g of a 60% di spersion in mneral rtu%? nmol ) was washed with
pentane three tines (4 nL eafhy. The[T 2of Exanple 109 (2.00 g,

il,
U
12 nmmol e) was added portjonwse. Aft t hge- gbéz';pn was conplete, the
reaction m'xtt,,Drr d ar\j%(m’ Utes under-a 25 nitrogen
U te
& sol st

-

at nosphere. DsonoAcet 1. K3 g 12 mol e) was added in one
portion, and th ti oN wa rreff for 3 hours. The reaction

m xture was dil uted i thonater (200 ), and extracted with ethyl

acet att(a (QXSBeﬁhizlgiﬂDEoﬁﬁldmhiml-d wq&w’pwoam.al—?&hydmsmed Wi t hI 30
wat er (3X50 ni).. . rine,. dried ov Si um.su te, sol vent
was concentranafgﬁgggﬁggyg\élr‘-eaﬁ%:ﬁ aan’dmtaxﬁ' uoros%:le\?g%F ﬁﬁ%tfe%goged in
vacuo to afford the title conpound - WD 96/ 18644

PCT/ US95/ 16410 147

CH

Y _
| X o NH-CF5COH
H
CHa N\)L E
o)

[3-acetamido-4-(2-hydroxyphenethyl)-2-oxo-1, 2-dihydro-1-
pyridyllacetyl-L-argininal, trifluoroacetate salt.

10
o | N o
N7
N NH
cl S{\ N A ™
H H
0 O NNO,
OCH, I/
CHgj
15 Following the two-step protocol outlined in Examples
7 to 8 (hydrolysis, coupling), the title compound is
prepared from an intermediate of Example 89, ethyl (2-
methoxy-5-chloro-benzenesulfonyl-3-amino-2-oxo-1,2~
dihydropyridyl)acetate.
20
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(1.97 g) in 59%yield. R = 0.38 (silica gel, 20% et hyl acetate in

di chl or onet hane. Exanple 11l 5 Preparation of Ethyl 5-

benzyl sul f onyl am no- 1- net hyl - uracilyl)acetate [err] 10

Usi ng sim | syogermseedures to that described above in ExanpPET/U§95/1641
enpl oyt ng 3 equivalents of 4-nethyl nor phol i ne as base during the
reaction with benzyl sul f onyl chloride, the title conpound was prepared
fromthe conpound of Exanple 110 in 48¢gyield;, mp. 165 to 166C. 15
Preparation of 5-(benzyl sul fonyl am no-1-nethyl - uracily] acetic acid
20 Using a simlar procedure to that described above in

Exanpl e 108, thgxiibie Ttowpound was prepared fromthe conpound of
Exanple 111 in g8@6yield .. 20 201[err] C. )

HTNHz
o N o NH - CF3CO.H
a ‘s\N N\)LN H
l Oc:a 0 Ho 3§

To a stirred solution of the compound of Example 118

(280 mg, 0.47 mmol) in éthyl alcohol (5 mL), a mixture of

10 freshly made 20% titanium(III) chloride solution in water
(3.7 mL, 4.7 mmol) and 4.0M ammonium acetate buffer, pH

O

5.0 {7.4 mL) was added. The reaction mixture was stirred
at room temperature. After the reaction was complete (30-
45 min.), the excess of titanium(III) chloride was
15 oxidized by bubbling the air through the reaction mixture
{30 min.). The solvent was removed in vacuo. The residual
was taken into water (50 mL) and then centrifuged at 3,000
rpm for 10 minutes. The supernatant was decanted, and the
solid was washed with water (30 mL) and centrifuged. The
20 combined supernatants were concentrated to 25 mL. The

solution was cooled down to 0°C with ice bath. 12N
hydrochloric acid (25 mL) was added, and the ice bath was
removed. The reaction mixture was stirred at zroom
temperature. After the reaction was complete (30-45
25 minutes), the reaction mixture was quenched with water
{150 mL) and sodium acetate (40 g), and then filtered. The
aqueous solution was purified by reverse phase HPLC with
C-18 column using a gradient system of 17 to 35%
acetonitrile in water with 0.1% of trifluorocacetic acid
30 over 30 min. to afford 160 mg of the title compound (160

mg, 0.31 mmol). MS: 513 (M+H%).
SURSTITUTE SHEET (RULE 26)



\1/\51)896/ 186éjarrpl o 113 con b | f 5 PCT/ US95/ 16410

eral Procedure for Preparation
the  Prwee#isskhvention Foll owi ng the tﬁree stepqggg%g?ﬁs °
outlined in 5 Exanples 8 to 10 (coupling, hydrogenation, hydrolysis) the
i nternedi ates of Exanples 96, 108 and 112 were used to synt hesi ze the
following conpounds of the present 154 nvention: [err] 10
(3-benzyl sul fonyl am no- 6- net hyl - 2- oxo- 1, 2-di hydro-1 -
pyridyl)acetyl-L-argininal, trifluoroacetate salt (Oorrpound O ;
H [err] E@Eﬂf&éﬂ&/lsulfonyl am no- 2 rret hyl - 6- 0X0- 6 d| hydro 1-

. cg 4

pyrim dinyl)acet D
ferr] & o-D); and

5 To a stirred solution of ethyl (3-amino-2-oxo-1,2-
dihydropyridyl) acetate (5.8 g, 30 mmole} in dry
tetrahydrofuran (300 mL) is added 2,4,6-collidine (7.93
mL, 60 mmol) and the solution is cooled to 0°C under
nitrogen. The appropriate sulfonyl or sulfamoyl chloride

10 1listed below (33 mmol) dissolved in tetrahydrofuran (25 to
75 mL) is added dropwise. After the addition is complete,
the reaction mixture is stirred for 30 minutes to 1 hour
at 0°C and then at ambient temperature for 0 to 72 hours.
The reaction mixture is diluted with ethyl acetate, washed

15 successively with 1.0N HCl, water, saturated sodium
bicarbonate and brine, dried over magnesium sulfate, and
the solvent removed in vacuo. The residue is
chromatographed on silica gel using a gradient system of
dichloromethane and 1 to 4% methanol in dichloromethane to

20 afford the product, judged pure by TLC {silica gel).
Us:.ng this method and the starting materials listed below,
intermediates having the formula given below are made:

W ) p
R’s\ N N o—" Chs
H o]

25

R= Starting material

2-fluorophenyl 2-fluorobenzenesulfonyl chloride

3-fluorophenyl o 3-fluorobenzenesulfonyl chloride
30

2-trifluoromethoxyphenyl 2-trifluoromethoxybenzene-
sulfonyl chloride

SUBSTITUTE SHEET (RULE 26)



20 (5-benzyl sul fonyl am no- 1- net hyl -uraci |l yl ) acetyl - L- argi ni nal ,

trifluoroacetate salt (Conpound E). WO 96/ 18644

PCT/ US95/ 16410 149 Exanple 114

Pr epar at i onw@X9648¢4a-t r i net hyl si | oxyphenet hyl )-3-nitro- 2- B&grUpos/16410
2-di hydro-1-pyridine [err] 5 A suspensi on of

4-met hyl -3-nitro-2-pyridone (3.08 g, 20 mmole) in tetrahydrofuran (50
m.) was cooled to O[err]C. Li t hi um hexagtet hyl di sil azide (21 nL of a 1M
solution in tetrahydrofuran, 21 mmle) was added to the reaction over
10 15 mnutes. After stirring for 45 mnutes, trinethylsilyl chl ori de
(2.7 mL, 21 mm3.&-diethydpientit er an hduf-dimethyridengenssalifomyds |t hi um
hexanet hyl di sil azi de (21 ni of a IMgolagign in tetrahydrofuran, 21
nol e) was added to the solution. After 30 mnutes, freshly

distilled 15 benzal dehyde (2.1 nlL, 21 nmole) was added. The reaction
was al | oned t o y@-AinRethesyphenpar at ur e 2y6-dihethdS/benzdmmasmd farylnas
guenched w th aqueous anmoni um chl ori de %%i%r. en1), extracted with ethyl
acetate (150 m ), washed with brine rﬁ?, and dried over magnesi um
sul fate. The 20 product was purified by chromatography with silica gel,
el uting Wi th 6—df%iug¥bphen§ﬁphan0|/d&Cédéigégéggﬁéﬁzenesulfonyl

e :

Recrystal lizati'on from tol uene"yi el ded 0.79 g
chlori

10 phenethyl 2-phenylethanesulfonyl chloride
cyclohexylmethyl cyclohexylmethanesulfonyl
' chloride
15 2,5-dichlorophenyl 2,5~dichlorobenzenesulfonyl
chloride
2-fluorobenzyl {2-fluorophenyl)methanesulfonyl
chloride
20 )
3-fluorobenzyl (3-fluorophenyl)methanesulfonyl
* chloride

. 3-trifluoromethylbenzyl {3-trifluoromethyl-
25 phenyl)methanesulfonyl chloride

2-carbomethoxybenzyl {2-carbomethoxyphenyl )methane-~
sulfonyl chloride

30 3-~-carbomethoxybenzyl (3-carbomethoxyphenyl )methane-
sulfonyl chloride
2,6-difluorobenzyl (2, 6~difluorophenyl)methane-
sulfonyl chloride
35
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the title conpound. Rf = 0.25 (silica gel, 50% ethyl

acet at e/ hexanes). 25 WO 96/ 18644

PCT/ US95/ 16410 : 150 Exanpl e 115
Preparati on OVOBS/IB$#4 [ 4- (2-tri met hyl si | oxyohenet hyl ) - 3- PCT/US9S/16410
nitro-2-oxo0-1.2-di hydro-1-pyridyl]acetate [err] 5 To a
sol ution of the conpound of Exanple 114 (0.79 g, 2.4 mole) in
tetrahydrofuran at O[err]C was added lithi unsé hexanethyldisilazide (2.5
mL of a 1IMin tetrahydrofuran. 2.5 mmole) over 5 mnutes. After 30

m nut es, et hyl

silica gel, elutpng-aifiuorobdrddf et hyl

the title
acetate/hexaﬁ%

10

15

20

10 bronpacetate (0.28 nL, 2.5 nmmole) was added. The
reaction was 2l Sodkfluerekenadvlo room t éAperdaifleorerhemilomeghamers,

it was quenched with aqueous ammoni um chl gsi fen{d Fhorige EXtracted with
ethyl acetate (75 nL), washed with brine (30" nmL), and dried over
magnesi um sul fate. The product was 15 purified by chromatography wth

S).

Following the four-step protocol outlined in Examples
7 to 10 (hydrolysis, coupling, hydrogenation and
hydrolysis), the intermediates of Example 120 are used to
synthesize the following compounds of the present
invention (as their trifluorocacetic acid salts):

H
N~1r—NH
2
F o | N o NH
H o H 5

3-(2-fluorophenyl)sulfonylamino-2-oxo-1,2-dihydro-
pyridyllacetyl~L~argininal (Compound 1213);

H
N NH,
o~ T
Y4
F S\N’l:;:l\V/J\N H
H o H o

3~ {3-fluorophenyl) sulfonylamino-2-oxc-1, 2-dihydro-~
pyridyllacetyl-L-argininal (Compound 121B);

42 £t ad of heyodisiseryfl elhhr{a-76 g of
conpound (81% yi el d). Rf ;quééyﬁséAig§Eé£”’ 50% et hyl



20 Exanple 116 Preparati on of

[ 3- acet am do- 4- ( 2- hydr oxyphenet hyl ) - 2- oxo- 1. 2-di hydro- 1-pyridyl]acetic
acid [err] 25 WO 96/ 18644

PCT/ US95/ M0 36/18644 151 PCI/HEISHE6M0uNd
of Exanple 115 (760 ng, 1.82 nmole) was di ssolved in ethyl acetate (10
m.). Acetic anhydride (0.69 m., 7.3 mmole) and 10% pal | adi um on car bon
(75 mg) were added and the reaction wasy stirred under a hydrogen 5
bal | oon for 18 hours. The reaction was then filtered through celite
and concentr at ed. The residue was di ssol ved in tetrahydrofuran
(7.0 mL) and 1. OM lithium hydr oxi de wds added (3.6 niL, 3.6 mmole). The
reacti on was stirred for 22 hours a i me additional 1.0MIithium
10 hydroxide (2.0 nL, 2.0 | e) and h (2.0 m) were added. The
reacti on was stirrgd bor ur spat tenperature, then was diluted

wth water (20 nL).ﬁgﬁ etpyl acetate (20 nL). The aqueous

| ayer was i T 1 en enNra HC to pH 3, and the product 15
was extracted al et hil tate (HO washed with brine (40 nlL),
and dried over “RaEgnNestH fate. Back extraction of t he

aqueous | ayer w th 30% i sopropanol / di chl oronet hane yi el ded a
total of 440 ﬁ&'(2'tﬁ%ﬁ%ﬁPﬁSFBFHQXVPPFEY&gﬁﬁbﬁﬁﬁyl?%¥¥?T3T%ﬁ@(kI%KI»: del ta
2.15 dihydro-pyridyl)acetyl-L-~argininal (Compound 121C);

H
NNt
o, ,,0 I x o NH
W\
HaC Sy N A H
Ho 1 Ho L
CHs

[3-(2,5-dimethylphenyl)sulfonylamino-2-oxo-1, 2-dihydro-
pyridyllacetyl-L~-argininal (Compound 121D);

H
Ny —NH,
NH
oHyo C"‘s”0 l\N\/loL H
3 N N
Hoo L H

10 [3-(2,5-dimethoxyphenyl)sulfonylamino—z-oxo-l,2-dihydro—
pyridyllacetyl-L-argininal (Compound 121E);

H
Ny Ny
F 0\,,0 I N o NH
\N
- S AN N A A |
H o H o
E

[3-(2,6-difluorophenyl)sulfonylamino-2-oxo-1,2-dihydro-
15 pyridyllacetyl-L-argininal (Compound 121F);
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20 (3H's), 2.81-2.94 (2H, m), 4.70 (2H, s), 4.9 (1H, dd, J 5 3, 8.2

Hz), 6.3 (Woddnseimg’- 1 Hz), 7.22-7.36 (5H, m, 1.73 (1H, =7.1 Hz).
Exanmpl e 117 25 General Procedure for Preparation of Conpound® CBP$FH€"°
Present |nvention Followng the three-step protocol outlined
I n Exanples 8 to 10 (coupling, hydrogenation, hydrolysis) the
i nt ermedi at es of Exanples 101 and 116 are 4f¥%ed to 30 synthesize the
foll owing conpounds of the present i nventi on: WO 96/ 18644
PCT/ US95/ 16410 152 [err]
(3-benzy|su|fony|anino-6-ethy|-2-oxo-1,2-dihyd{%
pyridyl)acetyl-L-argininal, trifluoroacetate[sa '\H’ana [err]
[ 3-acet am do- 4- ( 2- hydroxyp@Fne - 2- oxo 1, 2-di hygro- 1-
*0
H

[3-(phenethyl)sulfonylamino-Z-oxo-l,2-dihydro-
pyridyllacetyl-L-argininal (Compound 121G} ;

H
NTFNH
N NH
o O 0]
|
QS\NJ;?N\)LN_ ’
H H
o) O

(3-cyclohexylmethylsulfonylamino-Z-oxo-l,2-dihydro-
pyridyl)acetyl-L-argininal {Compound 121H);

NHz
\)L

- Cl
[3-(2,S-dichlorophenyl)sulfonylamino-z—oxo-l,2-dihydro-
pyridyl]acetyl-L-argininal (Compound 12171};

H
N NH
“ T
o O (o)
N
H o H 0

i5 3—(2—fluorobenzyl)sulfonylamino-z-oxo—l,2-dihydro-
pyridyllacetyl-L-argininal (Compound 121J);

10
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pyridyl]acetyl-L-argininal, trifluoroacetate salt. Exanple 118 10
(5-chl oro-2- et hoxv- phenyl sul f onyl - 3- am no- 2- oxo- 1. 2-
di hydr onyrwibsdeasetsy| - L- N[ err]-ni tro-argininal -ethyl cyclol PCT/US95/16410815

Fol l owi ng the two-step protocol outlined in Exanples 7 to 8 (hydrolysis,
coupling), the title conpound is prepared froman internedi ate of
Exanpl e 89, ethyl (2- 159

met hoxy- 5- chl or o- benzenesul f onyl - 3- am no- 2- oxo- 1, 2-

di hydropyridyl )acetate. 20 WD 96/ 18644

PCT/ US95/ 16410 153 Exanpl e 119

Preparati on of (5-ch|oro-2-nethoxv-pheny|suujonyl-3-anino-
2-oxo-1.2-dHnqupyridy)acetyI - L- Argi ni nal_y MHgquoroacetate salt 5
NH

[err]
N
l :] O\\//O l O
H o H

H
O
3-(3-fluorobenzyl)sulfonylamino-2-oxo-1,2-dihydro-
pyridyllacetyl-L-argininal (Compound 121K);

H
CFs N
NH
o | N o
Sy N A A
Hol Hod

3-(3-trifluoromethylbenzyl)sulfonylamino-2-oxo-1,2-
dihydro-pyridyllacetyl-L-argininal {(Compound 121L);

H
NTNHz
o NH
H
N
H
10 CO,CH; o o

3-({2-carbomethoxybenzyl)sulfonylamino-2-oxo-1,2-dihydro-

NH,

pyridyllacetyl-L-argininal (Compound 121M);

COLCHs NH,

Ne
[:E:L\v/ )
Y
0\;3 l Q
15 H o oo

3-(3-carbomethoxybenzyl) sul fonylamino-2-oxo-1,2-dihydro-
pyridyljacetyl-L-argininal (Compound 121N);
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To a stirred solution of the conpound of Exanple 118 (280 ng, O0.47
nmml) in ethyl alcohol (5 nmL), a mxture of 10 freshly nmade 20%

titani un(l lyh gghsgli de sol ution in water (3.7 nm, 4.7 moprands/fs4idV

ammoni um acetate buffer, pH 5.0 (7.4 nmL) was added. The reaction

m xture was stirred at roomtenperature. After ‘the reaction was

conpl ete (30- 45 mn.), the excess of .titaniun(lll) chloride was 15

oxi di zed by bubbling the air through the réfction mixture (30 mn.).
The sol vent was renoved in vacuo. The residual was taken into water (50
m.) and then centrifuged at 3, 000 rpmfor 10 m nutes. The supernat ant
was decanted, and the solid was washed with water (30 nlL) and

centrifuged. The 20 conbi ned supernatants were concentrated to 25 nL. The
solution was cooled down to Oferr]Cwth i,_g;e bath. 12N

hydrochloric acid (25 nL) was added, and thepNce lm.;zh was removed.

The reaction mxture was stirred at oom\[r t'enper at ure. After

t he reaction pl et e 45 25 mpdtes)NH the reaction m xture was
P15¢ ni)] andPsodfum acetate (40 g), and then
utJ
nt

guenched with

filtered. The 6 > N i £Hed by reverse phase HPLC with
C-18 colum using a gradia stem of 417 fio 35% acetonitrile in water
with 0.1% of trifluoroacetic @&id 30 overQ30 nmin. to afford 160 ng of the

title compound {(31(?9, S-di@uogbgén% k gul%@ng?ﬁl:%ﬂg%d; -?L%ﬂ[&e,rzr-]&ihydro— wo

96/ 18644

154 Exanpbyrigdyll acetydrbraPgboinat e(CompReadt12¥0of Et hyl
( 3-am no- 2- oxo- 1. 2-di hydropyridyl)acetate with sufonyl chlorides 5
To a stirred solution of ethyl (3-am no-2-oxo0-1, 2- di hydr opyri dyl)
acetate (5.89 g, 30 mole) in dry

H

NTNH2

NH
H

[3~(2,5-difluorobenzyl)sulfonylamino-2~oxo-1,2-dihydro-
10 pyridyllacetyl-L-argininal (Compound 121P); and

H
N i NTNH2
NH
T2 O
\
54\ N A A M
o

[3-(2,4-difluorobenzyl)sulfonylamino~2-oxo-1,2-dihydro-
pyridyllacetyl-L-argininal (Compound 121Q).

15 Correct molecular weight for the compounds is
confirmed by mass spectroscopy.
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tetrahydrofuran (300 nL) is added 2,4,6-collidine (7.93 m., 60 nmmol)

and t he, sol Wyio¥gnsé&scool ed to O[err] C under ni trogen. ThepepPsEL6adt e
sul fonyl or sulfanmoyl chloride 10 listed below (33 mml) dissolved in
tetrahydrofuran (25 to 75 nL) is added dropwi se. After the addition is
conpl et e, the reaction mxture is stlrr for 30 mnutes to 1 hour
at O[err]C and then at anbi ent tenperaturelfor 0 to 72 hours. The

reaction mxture is diluted with ethyl acetate, washed 15 successively
with 1.ON HC Exéﬁang¥u§aturated sodi um bi car bonat e and bri ne,

dried over magnesium sulfate, and t he solvent renoved in vacuo.
The residue i srepaxstiomodgtaBus sapipo-grethnlnere STeis AFSem
of dlchlorogg%&&gga§3%§£&5&§4%)nethanol in dlchloronethane to 20
afford the prod ) U by TLC (silica gel). Using this
met hod and the starting materials |isted bel ow, i ntermedi ates havi ng
the formula given beIOM/arSHnade 00 0
[err] 25 R= Startina nmateri al 2-fl uorophenyl
2-fl uorobenzenesul fo ori de 3-fl uorophenyl

3-fl uorobenzenesul f hl or je 30 2-trifluoronet hoxyphenyl

2-trifl uoromethoxyh CHy sul fonyl chloride
WD 96/ 18644 H2 0—<-CH3 PCT/ US95/ 16410

155 2, §- di met hylghenyl CHs5- di net hyl benzenesul f onyl

chl ori de 2, 5- di met hoxyphenyl 2, 5- di met hoxybenzenesul f onyl

Using similar procedures to that described in Example

106 herein, the title compound (5.79 g) was prepared from

the compound of Example 100 (8.12 g) in quantitative

10 yield; Rf = 0.05 (silica gel, 33% ethyl acetate/hexanes).

15

Following the four step protocol as outlined in

Examples 97 to 100, substituting 2-bromopropane (10.3 mL,

20 0.10 mol) for iodomethane, the title compound is prepared.
Rf=0.69, (silica gel, 50% ethyl acetate/hexanes).
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5 chl ori de 2, 6-di fl uor ophenyl

2, 6-di fl uor obenzenesul f onyl chl oride 10

phenet hyl WO 96/18644 2- phenyl et hanesul fonyl chl ori de PCT/US9S/16410
cycl ohexyl et hyl cycl ohexyl met hanesul f onyl

chl ori de 15 2, 5-di chl or ophenyl 2, 5-di chl or obenzenesul f onyl

chl ori de 2-fl uorobenzyl (2621 uor ophenyl ) net hanesul f onyl

chl oride 20 3-fl uorobenzyl (3-fl uorophenyl ) net hanesul f onyl
chl ori de 3-trifluoronethyl benzyl (3-trifluoronethyl- 25

phenyl ) met hane &xarpdel 14| ori de 2- car bonet hoxybenzyl

(2- car bonet hox / :

chl ori de 30

sul fonyl d 2 -oxp-BK. 2+ @ihvdadrelnooprid 3 2 ith sulf ‘
(2,6-dif|uoroph§5¥I?g%thane- sul fonyl
chloride 35 6/ 18644

PCT/ US95/ 16410 To a stirred solution of the compound of Example 94

(7.15 g, 30 mmole), the compound of Example 122 (7.60 g,
30 mmole), OR the compound of Exémple 123 (8.50 g, 30
mmole)}, in dry tetrahydrofuran (300 mbL) is added 2,4,6-
collidine (7.93 mL, 60 mmole) and the solution is cooled

10 to 0°C under nitrogen. The appropriate sulfonyl chloride,
listed below, (33 mmole) dissolved in tetrahydrofuran (25
to 75 mL}) is added dropwise. After the addition is
complete, the reaction mixture is stirred for 30 minutes
to 1 hour at 0°C and then at ambient temperature for 0 to

15 72 hours. The reaction mixture is diluted with ethyl
acetate, washed successively with 1.0N HCl, water,
saturated sodium bicarbonate and brine, dried over
magnesium sulfate, and the solvent is removed in vacuo.
The residue is chromatographed on silica gel using a

20 gradient system of dichloromethane and 1 to 4% methancl in
dichloromethane to afford the product, judged pure by TLC
{silica gel). Using this method and the starting
materials listed below, intermediates having the formula
given below are made:

Rz
o0 = 0
N l
S N CHs
Ry \ﬁ J;o;r\/(o_é_ CH,

CHs

25

SUBSTITUTE SHEET (RULE 26)



156 2, 5-di fl uorobenzyl (2, 5-di fl uorophenyl ) net hane-

sul fonyl chloride 2,4-di fl uor obenzyl .
(2, 4-di f| . woephssayl ) net hane- 5 sul f poytusediiéard de
Exanpl e 121 General Procedure for the Preparation of Conpounds of the
Present |nvention 10 Foll owi ng the four-step protocol outlined in
Exanpl es 7 to 10 (hydrol ysis, qeupl i ng, hydrogenation and
hydrol ysis), the internedi ates of Exanple 120 are used to synt hesi ze
the following conmpounds of the present i nvention (as their

trifl uoroacet pgodictt Sa ndl5 errlstartin ia

3-(3-fluorophenyl ) sul f onyl am no- 2- oxo- 1, 2- di hydr o-
pyri dyl Jacetyl - L-argi ni nal (Conpound 121B)

Ri=2-trifluoromethylbenzyl, Compound of Example 94,
R2=CH3 (2-trifluoromethyl-
5 phenyl)methanesulfonyl
chloride
R1=2-methyl-5-fluorophenyl, Compound of Example 94,
R2=CH3 2-methyl-5-fluorcbenzene-
0 sulfonyl chloride
R1=2,5-dimethoxyphenyl, , Compound of Example 94,
R2=CH3 ' 2,5~dimethoxybenzene-
sulfonyl chloride
i5
Rj=2-~-carbomethoxybenzyl, Compound of Example 94,
R2=CH3 2,6-difluorobenzenesulfonyl
chloride
20 Rji=benzyl, Compound of Example 122,
R2=CH2CH3 benzylsulfonyl chloride
Ri=2-methyl-S-fluorophenyl, Compound of Example 122,
R2=CH2CH3 2-methyl-5-fluocrobenzene-
25 sulfonyl chloride
Ri=benzyl, R2=CH2CH(CH3)32 Compound of Example 123,
benzylsulfonyl chloride
30

The intermediates of Example 124 (3.0 mmole) are
treated with 50% trifluorocacetic acid/dichloromethane (10
35 mL). After 1 hour, the reaction mixture is concentrated,
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WO 96/ 18644
157 [err]

PCT/ US95/ 16410

(3-(2-trifluoromethoxyphenyl)sul f onyl am no- 2- oxo-1, 2-

di hydr o- pywalgé)&sdet yl - L- ar gi ni nal ( Conpound 121C); [ er PICT/US95/16410
[ 3- (2, 5-di et hyl phenyl ) sul f onyl am no- 2- oxo- 1, 2- di hydr o-

pyridyl)acetyl
[err]
2- di hydr o-

10

15

20

-L-argininal (Conmpound 121D)

10 [3-(2 , 5-di met hoxyphenygd sul fonyl am no- 2- oxo-1,
pyridyl]acetyl -L-argininal (Conmpound 121E)

then diluted with toluene. The solution is again
concentrated, toluene is added, and the solvent is removed
in vacuo. Using this method and the starting materials
listed below, intermediates having the formula given below
are made:

N
¢ A AL
Ry” ‘g OH
o)

Ri=2-trifluoromethylbenzyl, R2=CH3;
Ri1=2-methyl-5-fluorophenyl, R2=CH3;
R1=2, 5-dimethoxyphenyl, R2=CH3;
Ri=2-carbomethoxybenzyl, R2=CH3;
Ri1=benzyl, R2=CH2CH3;

Ri=2-methyl-5-fluorophenyl, R2=CH2CH3; and
Ri=benzyl, R2=CH2CH(CH3)2.

Following the three-step protocol outlined in
Examples 8 to 10 {coupling, hydrogenation and hydrolysis),
the intermediates of Example 125 were used to synthesize

- the following compounds of the present invention (as their

25

trifluorcacetic acid salts):

o ) NH
(1°/Q

[3-(2—tr1fluoromethylbenzy1)sulfonylamino-6-methyl-2-oxo-

ZL

NH,

=

1,2-dihydro-pyridyllacetyl-L-argininal {(Compound 126A4);
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[err] [3-(2, 6-di fl uorophenyl)sul fonyl am no- 2- oxo- 1, 2-di hydro- 15

pyridyl]acetyl -L-argi ninal (Conpound 121F); WO 96/ 18644
PCT/ US95/ 16410 158 [err]
[ 3- (phenet hywig ssuigéqany! am no- 2- oxo- 1, 2- di hydr o- PCT/US95/16410

pyridyl]acetyl -L-argininal (Conpound 121G ; [err]
(3-cycl ohexyl net hyl sul f onyl am no- 2- oxo- 1, 2- di hydr o-
pyridyl)acetyl -L-argininal (Conpound 121Hh£5 [err]

CH NH
0\\ /,o I ) \jl\
F. S\N N N H
H o H o
CHj4
[3-(5-fluoro-2-methylphenyl)sulfonylamino-6-methyl-2-oxo-

1,2-dihydro-pyridyl]acetyl-L-argininal (Compound 126B);
H

NTNH2
o

o ~% NH
N 7
CH0 C N A A H
oL Ho

OcHs
5 3-((2,5-dimethoxyphenyl)sulfonylamino-6-methyl-2-oxo-1,2-
dihydro-pyridyl]acetyl-L-argininal (Compound 126C);
H
N~1rpNH2
NH

W,

CO,CHg
[3-(2-carbomethoxybenzyl) sulfonylamino-6-methyl-2-oxo-1,2-
dihydro~-pyridyl]acetyl-L-argininal {(Compound 126D);

H
CH, N NH,
NH
(::::L\:EFJP l ) \\/:ﬁ‘ H
S\N N N
o

(3-benzylsulfonylamino-6-ethyl-2-oxo-1, 2-dihydro-
pyridyl)acetyl-~L-argininal (Compound 126E);

10
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pyridyl) acetyl-L-argininal (Conpound 121H); [err] 10

[3-(2,5-di chI or ophenyl ) sul f onyl am no- 2- oxo- 1, 2-di hydro-
pyri dyl ] ac® SEﬁ‘rgl ni nal (Conpound 1211); 15  PET/USIS/16410
(2-f1 uorobenzyl ) sul f onyl am no- 2- oxo- 1, 2- di hydr o- pyri dyl ]
acetyl -L-argininal (Conpound 121J); WD 96/ 18644
PCT/ US95/ 16410 159 166 [err]
H
NTNH2
NH
/
F ¢ \/"\ H
[3-(5—fluoro-2-methylphenyl)sulfonylamino-6—ethy1-2—oxo-
1,2-dihydro-pyridyllacetyl-L-argininal (Compound 126F);
and
5

(3-benzylsulfonylamino-6-isobutyl-2-oxo-1,2-dihydro-
pyridyl)acetyl-L-argininal (Compound 126G).

10 Example 127

| = CH
O,N \/< J<3°"'3
o CHy
15
Using similar procedures to those described in
Example 5 herein, the title compound (6.77 g) was prepared
from 3-nitro-2-hydroxypyridine (5.00 g) in 74% yield. Rf
= 0.60 (silica gel, 20% ethyl acetate/dichloromethane).
20 T

SUBSTITUTE SHEET (RULE 26)



[err] 3-(3-fluorobenzyl ) sul fonyl am no- 2- oxo- 1, 2- di hydr o-

pyridylJacetyl-L-argininal (Compound 121K); 5 [err]
3-(3-triflvweyssiséqay! benzyl ) sul f onyl am no- 2- oxo-1 2- PCT/US9S/16410
di hydro- pyridyl)acetyl-L-argininal (Conpound 121L); [err]

3- (2-car bonet hoxybenzyl ) sul f onyl am no- 2- oxo- 1, 2- di hydr o-

pyridyl]acetyl -L-argininal (Conpound 121|\%;7 [err] 3
(3- car borret hoxybenzyl ) sul f onyl am no- 2- ox871, 2-di hydr o- pyridyl ]

acetyl -L-argininal (Conpound 121N);

10

15

20

25

30

To a suspension of magnesium turnings (3.00 g, 49.6
mmole) in tetrahydrofuran (30 mL) was added (3-
bromopropyl)benzene {9.87 g, 49.6 mmole) in
tetrahydrofuran (20 mL) under a nitrogen atmosphere.
After approximately 2 to 3 ml of the (3-
bromopropyl)benzene solution were added, a few milligrams
of iodine were added, and the reaction mixture was heated
gently for 3 minutes. The rest of the (3-
bromopropyl)benzene solution was added over 10 minutes.
The solution was stirred in a 50 to 60°C oil bath
overnight to give a solution of 3-phenylpropyl magesium
bromide.

A solution of the compound of Example 127 (6.00 g,
23.6 mmol) and zinc chloride (6.44g, 47.2 mmole) in
tetrahydrofuran (50 mL) under an argon atmosphere was
stirred for 10 minutes, then was cooled in an ice bath.
The solution of 3-phenylpropyl magesium bromide from this
Example was added over a 5 minute period. After stirring
5 minutes at 0°, the ice bath was removed, and the
solution was allowed to stir overnight. The reaction
mixture was poured into ethyl acetate (300 mL) and
saturated citric acid (50 mL). The organic layer' was
washed with saturated sodium bicarbonate, water, and then
brine (30 mL each). The solution was dried over sodium
sulfate, the solvent was removed, and the residue was
chromatographed through silica gel using 0 to 60% ethyl
acetate/hexanes to afford 6.0 g (68% yield) of the title
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WD 96/ 18644 PCT/ US95/ 16410

160 [err]
[ 3- (2, 6W@iIsN8@obenzyl ) sul f onyl ani no- 2- oxo- 1, 2- di hydr o- BCT/US95/16410
pyridylJacetyl-L-argininal (Conmpound 1210); [err] [3-(2
, 5-di flucrobenzyl) sul fonyl am no-2-oxo-1, 2-dihydro- 10 -
pyridyl I acetyl -L-argininal (Conpound 188P); and [err]
[3-(2, 4-di fl uorobenzyl)sul fonyl am no- 2- oxo- 1 2 di hydr o-
pyridylJacetyl-L-argininal (Oorrpound 1210Q) . Correct nol ecul ar
wei ght ~ f orcompieandsonpourRis i< Eénflfmqw nﬂ§é:spe§9$osc€¥ﬁ§y1

acetate/hexanes) .

Example 129

5 - - -2-0x0-4- (3~ 1) -

10 _ The compound of Example 128 (6.0 g, 16 mmole) was
d:.ssolved in tetrahydrofuran (50 mL) . under ‘a nitrogen
_ atmosphere Ces:Lum carbonate (6 3 g; ,-19 2” mmole, .1 2
' qu:.valents) was added ~and the solut:.on was st:.rred for
10 minutes. Pallad:l.um acetate (3 63 g, 16.2 r_nmole. 1l
15 equivalent) was added and the solution was stirred
overnight. Celite and s::.l:Lca gel were added, and the

reaction mixture was f:thered to remove the ces:.um and
'palladn.um salts, wash:.ng the solld with ethyl acetate (500
mL) . The solvent was removed from the filtrate, and the

20 '. res:.due was chromatographed on s:.lca gel using 0 to 50%
ethyl acetate/hexanes as eluent to afford 2.86 g of the
title compound 1n 48% y:.eld " Rf =O 52 (silica gel, 50%
-ethyl. ac.etate/ hexanes ).

25
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WD 96/ 18644 PCT/ US95/ 16410
161 Exanpl e 122 Preparation of t-Butyl
(3-anfno-6“@gﬁ9ﬂgé-oxo-1.2-dihydro- 1-pyridyl )acetate [SFF 5
Using simlar procedures to that described in Exanple 106 herein, the
title.conpound (5.79 g) was prepared from t he conpound of Exanple 100
(8.12 g) in quantitative 10 yield. Rf = 8685 (silica gel, 33% et hyl

$95/16410

acet at e/ hexanes) . Exanpl e 123 Preparation of t-Butyl
(3-am no- 6- et hyl - 2- oxo- 1. 2- di hvdr o- 1-pyridyl acetate 15 [err]
Foll owi ng the four step protocol as outlined in Exanpl es 97 to 100,

S!Jblst ituting (Zj-bror’m%r Qﬂﬂi&d dx@ﬁ?fon‘sxfsai&ﬁlg; lJ!.anDd_J).ofC%bind@hm&d&al _g, ihe
title conmpound i r red. =0. 69, (silic el, et
acetate/ﬂgxan§§F.agoipﬁé% mL) was hyé;oéenateéiéhéer baflooglpressure
over 10% palladium on carbon (0.15 g) for 2 hours. The
5 reaction mixture was filtered, the solvent was removed in
vacuo to give the title compound (0.92 ¢g) in gquantitative

yield. Rf = 0.42 (silica gel, 50% ethyl acetate/hexanes).

10

15 Following the three step protocol, substituting (2-
bromoethyl)benzene (6.77 mlL, 49.6 mmole) for (3-
bromopropyl)benzene, as outlined in Examples 128 to 130,
the title compound is prepared. Rf=0.63, (silica gel, 10%
isopropancl/dichloromethane).

20

25

To a stirred solution of the compound of Example 130

(10.2 g, 30 mmole) QR the compound of Example 131 (2.78 g,

30 mmole), in dry tetrahydrofuran (300 mL) is added the
2,4,6-collidine (7.93 mL, 60 mmole) and the solution is

30 cooled to 0°C under nitrogen. The appropriate sulfonyl or
sulfamoyl chloride 1listed below (33 to 150 mmole)
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WO 96/ 18644 PCT/ US95/ 16410

162 Exanpl e 124 General Procedure for Reaction of t-Butyl .

(3- am nawdoeriseds al Kyl - 2- oxo- 1. 2- di hydr o- 1- pyr.i dvl ) acet at gecerdsos/ssshd ony|
chlorides 5 To a stirred solution of the conpound of Exanple 94

(7.15 g, 30 nmole), the conpound of Exanple 122 (7.60 g, 30 nmmole),- R
t he conmpound of Exanple 123 (8.50 g, 3(} nmol e), in dry tetrahydrofuran
(300 nL) is added 2,4, 6- - collidin 87 93 nL, 60 mmle) and the sol ution
is cooled 10 to O[err]C under nitrogen. The appropriate sulfonyl

chloride, gjsddsf&d hel Ot £y gihfard| 1281 Ve 175 takfanydr okasan (25
to 75 nm.) is added dropw se. Aft er t dition s onplete, the

reaction m TIOR8 st AEFRR £Be ﬂ%tﬁﬁflesls °°‘¥R}%q1ouﬁ'h%1t r8REFIPT and
t hen at arrtmﬂatuzteeni)er stiffed OfcP BO Inutdshad SI hdlie weaw conafd@xture is

diluted w.t e ta hed. - successive th 1.

wat er, g&? ura da@%ﬁ?lﬁ?n H‘Q?Eéﬁ&f% (}' bri nte° é¥| eI&DWe‘r %ﬁagnem um
sul f at e,5 andead¢tiowl menture dsnodiktied vaitiy. ethylThecetagieduewashed

chr onmat Ograﬁtﬁ@é’eé’éh Ty} CRia8 S'oﬁg %c%o %ggke”t si!ﬁi:ﬁ{ré&f sod

~di chl oromet hane and 1°to 4% nethanol 1n . ch | or onret ane to- ‘fmc\)rd t he
product, | UBHERFPRRAEe)ANd (Prine( drieq, oyer )magnegiymgsuliate, n%%‘ﬁod and
t he Startiﬂﬂe som:&rlehl§ | peicvabeliow, viaeue! medi ehes pagiaget hgsfornul a
i ven bel ow_are nade: er WO 96/ 8644
I%CT/ US95/ 16% omatograp ed cln s:!l:.ca gel using a %%1ent system of
10 dlchlorqmethane and 1 to 4% methanol‘in,d;chloromethane to
afford the product, Jjudged pure ,by,QTLC_ (silica gel). (
Using this method and the starting materials listed below,

intermediates having the formula given below are made:

o
CH,
0—&-CHs
“CH,
15
- Intermediate . __Starting materials
" n=3, R=methyl - Compound of Example 130,
o methanesulfonyl chloride
n=2, R=methyl Compound of Example 131,
: methanesulfonyl chloride
=2, R=2,2,2f;rifiuorof -Cqmpound:of;Exémple 131.
25 ethyl 2,2,2-trifluorocethanesulfonyl
: chloride
n=2, Réphenyl . Compound of Example 131,
: | benzenesulfonyl chloride

30
' n=2, R=methylamino Compound of ‘Example 131,
' S methylsulfamoyl chloride
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Product Conpound Starting materials

Rl =2-trifl uoronethyl benzyl, Conmpound of Exanpl e 94, R2=CH3
(2-trifl uorwooklisgdss 5 PCT/US95/16410
phenyl ) met hanesul f onyl chl ori de

Rl =2- et hyl - 5-f | uor ophenyl , Compound of Exanpl e 94, R2=CH3

2- met hyl - 5-fl uor obenzene- 10 171 sul f onyl
chl ori de R1=2, 5- di net hoxyphenyl , , Compound of Exanpl e 94,
R2=CH3 2, 5- di net hoxybenzene-

sul fonyl chl origd@ambye 133R1=2- carbonethoxybenzyl Compound of Exanpl e
94, R2=CH3 2, 6- dlfluorobenzenesulfonl

chl ori de : , L C3ap e :
R2=CH2CH3

R1=2- net hyl -

2-nmet hyl -5 quorobenzene- sulfonyl

chioride . Ri=b g%r&gl%?%)f% ExampidP9Y PdP S g Il§2)12a3re

benzyl sul fohyl chl ori genera cedur
Reacti on of (Bxamart@dfswtkwﬁﬂz- dsw—fluorogcgtdchyendgghcuwx)mha@eaciJd) Wi th

tr'fluoroacet'gmc'd Afger 1 holBS Ieet@Rliabns ndkebX8TIL 0oddetSr gl ©)

are treated with 5096tr|fluoroacet|c acl |"or omet hane (10 35 ni).
After 1 hour, tHhery SHAMER Mitbytel P§nSonc€HPr§P dygtion is concentrated,

toluene is added, and the solvent is removed in wvacuo.
10 Using this method and the starting materials listed below,

intermediates having the formula given below are made:

(CHo)y
O 0L

_.o
§2°0

15 n=3, R=methyl;
n=2, R=methyl;
n=2, R=2,2,2~trifluoroethyl;
n=2, R=phenyl; and

n=2, R=methylamino.

20

Following the three-step protocol outlined in

25 Examples 8 to 10 (coupling, hydrogenation and hydrolysis).,

the intermediates of Example 133 were used to synthesize

the following compounds of tﬁe present invention (as their
trifluorocacetic acid salts):

ETTUTE SHEET FULE



WD 96/ 18644 : PCT/ US95/ 16410

164 then diluted wth toluene. The solution is again
concemnyioeAgseat Ol uene i s added, and the solvent is renopegysosichiv vacuo
Using this nmethod and the starting materials i sted bel ow,

i nternedi ates having the fornula given below 5 are made: [err] .
R1=2-tri fl uoronet hyl benzyl, R2=CH3; #2 R1=2- met hyl - 5- f | uor ophenyl , R2=CHS;
R1=2, 5- di net hoxyphenyl , R2=CH3 %2-carbonethoxybenzyl, R2=CH3;

Rl=benzyl , R2=CH2CH3: R1=2- net hyl - 5- f | uor ophenyl, R2=CH2CH3; "and 15
Rl=benzyl, R2=CH2CH(.CH3) 2. Exanpl g 126 GEneraI Procedure for the
Preparati on of Conpounds of the Pr neﬁL4m%¥entlon Fol | owi ng
the three-step protocol_ outlined anpl es 8 to 10 (coupling,
hydr ogenat i z e i nfN&t nedi at es of Exanple 125 were
used to s conpounds of the present invention (as
t heir B5 [err]
=0
- 8%%¥% 0O (o]
HC™ Y . .
[3—methylsulfony1am1no -4~ (3-phenylpropyl) -2-oxo-1,2~"
_dlhydro-pyr;dyl}acetyl-L—arg:n;nal {Compound -134A) ;
s'° 0
HC”

5 . _ : -
[3—methylsulfonylamino—4e(2éphenylethy1)-2-6xé—1,2-
dihydro-pyridyl]lacetyl-L-argininal (Compound 134B);

H
NH
H
I
=0
FsC_-SZ" O o

10 N “o
[3-(2,2,2—trif1uoroethyl)sulfonylamino-44(2¥phenylethy1)-
2—oxo-1.2-dihydro-pyrid?l]acetyléL-argininal (Compound
134C) ; S

i5
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[3-(2-trifluoromethyl benzyl)sul fonyl am no- 6- net hyl - 2- oxo-

1, 2-di hydro-pyridyl]acetyl -L-argininal (conpound 126A); WO 96/ 18644
PCT/ US95/ 1\§0D6/18644 165 [err] PET/US95/16410
3-(5-fluoro-2-net hyl phenyl ) sul f onyl am no- 6- net hyl - 2- oxo-

1, 2-di hydro-pyridyl 3acetyl -L-argi ninal (Conpound 126B); [err] 5
3-[(2, 5-dinethoxypheny)sul fonyl am no- 6-1t hyl - 2- oxo-1, 2-

di hydr o- pyri dyl Jacetyl -L-argininal (Conpound 126C); [err] [ 3-

(2- car bonet hoxybenzyl ) sul f onyl am no- 6- net hyl - 2- oxo-1, 2-
di hydro- pyri dyLk.acetyl - L-ar gi ni nal (Conﬂ&bundml_l%D);
2

NH

{3-phenylsulfonylamino-4- (2-phenylethyl)-2-oxo-1,2-
dihydro-pyridyl]acetyl-L-argininal (Compound 134D); and

S NH,
' S o NH
H'f,o N A . H
5 CHaNH’S\"o ° °

[3-methylaminosulfonylamino-4-(2-phenylethyl)-2-oxo-1, 2~
dihydro-pyridyllacetyl-L-argininal (Compound 134E).

10 Example 135

£ NH-HC!
87 TNH,
15 2-Fluorobenzyl chloride (125 g, 0.86 mole, Aldrich),

thiourea (66 g, 0.87 mole) and 200 mlL of methanol were
refluxed for 2 hours under nitrogen. The reaction was
cooled and the volume was reduced to ~40 mL. The slurry
was poured into 1 liter of diethyl ether. The resulting
20 white solid was filtered and dried under vacuum to give
184.5 g (97 %) of the title compoumd-ZT a"ahite solid.
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[err]

10 (3 -benzyl sul fonyl am no- 6- et hyl - 2- oxo-1, 2-di hydro-

pyridyl)acetyl -L-argininal (Conpound 126E); WO 96/ 18644

PCT/ USOW0195143644 . 166 [err] PCT/US95/16410
[ 3-(5-fluoro-2-net hyl phenyl ) sul f onyl am no- 6- et hyl - 2- oxo-

1, 2-di hydro-pyridyl)acetyl -L-argininal (Conpound 126F); and 5

[err]

(3-benzyl sul f onyl am no- 6x7&0but'yl - 2- oxo- 1, 2- di hydr o-

pyridyl)acetyl -L-argininal (Conpound 126G . 10 Exanple 127

10

15

20

25

SO,CH

The compound of Example 135 (184.5 g, 0.836 mole) was
dissolved in 1700 mL of distilled water. The reaction was
cooled to -5°C in an dry ice/acetone bath. Chlorine gas
was bubb]_.ed through the solution while stirring with a
mechanical stirrer; the reaction _ temperature was
maintained at -5°C to 5°C. _th’ro_uéhout the addition of
chlorine gas. A sodium bisulfite/water trap removed the
excess chlorine gas. The chlorine gas was- .added until the
point of saturation was reached, ‘there was no rise in

temperature -and -the reaction pale green color was

maintained. The resulting solids were filtered and the
solids were dissolved in 1 liter of ether. The ether layer
was washed with dilute sodium bisulfite (NaHSO3) four
times to remove the excess chlorine. The ether layer was
dried over magnesium sulfate, filtered and concentrated
under vacuum to yvield 156 g (89.4 %) of the title compound
as a white solid. ' '

Example 137
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A .

Preparation of t-butyl [3-nitro-2-oxo0-1.2- di hydropyridyl]acetate [err]
15 Using simlar procedures to those described in Exanple 5

herei n, thwovsasead conpound (6.77 g) was prepared from PCTNUSIS/16410
3-nitro-2-hydroxypyridine (5.00 g) in 74%yield. Rf = 0.60 (silica gel,
20% et hyl acet at e/ di chl oronet hane). 20 WD 96/ 18644

PCT/ US95/ 16410 75 167 Exanpl e 128
Preparation of t-Butyl [3-nitro-2-o0xo- 4-](3- phenyl propyl ) -
1.2.3.4-tetrahydropyridyl]acetate [err] 5 To a suspensi on
of magnesi um turnings (3. 00 g, 49 6 mmole) in tetrahydrofuran (30
m.) was added 3: yl zene (9 49. 6

nmol e) in 10 tét’?’gfg@a ‘F’E@) e yhtRr 91a gnP?gog‘Bﬁﬁl‘ﬂat hher e.
Af ter

m nut es.

appr oxi ggbehy, o% anh?dro@s Hétraﬁg‘drofdl*’an (v%re stirred at 0°C
br onopr opyl )benzene solution were added,” a few ml |1 granms of, i.adi ne

wer e added,

5

10

15

20

25

30

al§iPHe reactd on m xPEFRAREE2heat ed Stirgert |y forbithium

bisTheimetkglsilyl) amildee (81.0 M solution in
tetrahydrofuran, 683.5 mL) was slowly added over 30
minutes. The deep brown reaction mixture was stirred for
30 additional minutes and then t-butyl bromoacetate (109.6
g, 0.561 mole) was slowly added over 30 minutes. The

reaction mixture was warmed to 25°C overnight. The
organic solvents were removed under vacuum and the residue
was dissolved in 2 liters of ethyl acetate and S00 mL of
water. The organic phase was dried with magnesium
sulfate, filtered and evaporated under vacuum. The residue
was chromatographed on silica gel using a methylene
chloride:ethanol gradient, 100:0 to 98:2, to vield 102.1 g
(75 %) of the title compound as a yellow-orange solid.

(1|
NH, N\/IL O-+-Bu
0

The compound of Example 137 (54 g, 0.213 mole} and
880 ml of methanol and 5 g of 10% palladium on carbon
were stirred under 1 Atm of hydrogen for 24 hours. The
reaction mixture was filtered and the carbon was washed
with 200 mL of dichloromethane. The organic layer was
evaporated to yield 47.08 g (98.5 %) of the title compound
as a brown solid.
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15 bronDpfopyI)benzene sol ution was added over 10 m nutes. The

solution was stirred in a 50 to 60[err]C oil bath overnight to give a
sol ut i orW@P6/Beéheny| propyl nagesi um br oni de. PCTEROS640 of t he
conpound of Exanple 127 (6.00 g, 20 23.6 mmol) and zinc chloride
(6.44g, 47.2 mmole) in tetrahydrofuran (50 ni) under an argon .

at nosphere was stirred for 10 m nutms, then was cooled in an ice bath.
The sol ution of 3-phenyl propyl magesi um bronmide fromthis Exampl e was
added over a 5 minute period. After stirring 25 5 mnutes at O[err]C, the
ice bath meExamm&sﬁ&ﬂﬁ. and the solution was allowed to stir overnight.
The reactiog._. . _ I .nd

saturated c

sat ur at ed sagid+0n it dida Awal eace s then 30 brlne (30 mL each) The
solution was dried over sodlun1 sulfate " the $olvent was renpved, and
the residue was chr omat ogr aphed through silica gel using 0 to 60@6ethy|
acet at e/ hexanes to afford 6. % g (68% yi of the title WO 96/18644
PCT/ US95/ 16410 N . 1638 conmpound. Rf =
0.71 (silica gel, etate/he' nes). - Exampl e 129 5

Preparation of t- Buty

1. 2- dlhvdropvrldyl]acetate [err] Th§ %ﬁnpound of Exanpl e 128

(6.0 g, sl6 nmmol e) was di ssol ved in t@trahydrofuran (50 nmL) under a
ni trogen at nosphere. Cesiumcarbonate (6.3.g, 19.2 mmole, 1.2
A mixture of the compound of" Example 136 (22.27 g, ‘

_0.lO7 mole), the compound of Example 138 (23.94 g, 0.107

mole), and 150 mL of aceton:.tr:.le was cooled to 0°C and 4-
10 methylmorphol:l.ne (NMM) (58. 68 mL, _0 53 mole) was slowly
added over 15 mnutes 'I‘he reactlon m:.xture was warmed to

' 250¢ overn:.ght The solvent was evaporated under vacuum
and the residue was dissolved in 400 mI.. of ethyl acetate
and 100 mL of water. The organic 1ayer was separated and

15 washed 3 times with 100 mL of 1 N HCl, NaHCOj3

(saturated), and brine ' The organ:.c layer was dr:.ed over
magnesium sulfate, f:thered and - evaporated under ‘reduced
pressure. The dark brown residue showed 3 spots by TLC.
The residue was crystallized from dichloromethane. Two
20 crops of white solid were obtained, 13.70 and 8.39 g,
respectively. The mother liquors were evaporated and the
resulting dark brown solid was crystallized from
dichloromethane to yield 5.28 g of a white solid. The
three crops were combined and yielded 27.37 g (64.7%) of
25" the title compound. '
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equi val ents) was added, and the solution was stirred for 10 m nutes.
Pal | adi um acetate (3.63 g, 16.2 nmole, 1 15 equivalent) was added,

and ‘the solution was stirred overnight. Celite and silica gel were
added, aower%6l18644 reaction mixture was filtered to renov@CEASI¥4IUM and
pal | adium salts, washing the solid wwth ethyl acetate (500 m). The
sol vent was renoved fromthe filtrate, and the 20 residue was

chromat ographed on. silca gel using 0 t@a790% et hyl acet at e/ hexanes as
eluent to afford 2.86 g of the title conpound in 48%yield. R = 0.52
(silica gel, 50% et hyl acet at e/ hexanes). 25 Exanple 130

Preparati on ixdmgde 140 3-am no- 2- oxo- 4- 03- phenyl pronyl ) -
1. 2-di hydronygi dyl { 4 .
PCT/ US95/ 164 1p—==252% B 4 ¢ -
of Exanpl e 12@ihvdrdbvitids aitg acid met hanol (20 nL) was
hydr ogenat ed under bal | oon pressure over 10% pal | adi um on carbon (0. 15
g) for 2 hours. The 5 reaction m xture was filtered, the solvent was

renoved in vacuo to giyve the title cq und (0.92 g) in quantitative
yield. Rf = 0.42 (silicg 50% et hyl flacet§t e/ hexanes) . Exanpl e 131
10 Preparation of t-bu - armgno- 2- oflo- 4- (12- phgpyl et hyl ) -
1. 2-di hydropyri dyl ] acet @ S r%qk\HN o
H
o}

5

The compound of Example 139 (13.97 g, 0.35 mole) and

50 mL of dichloromethane were <cooled to 0°c.
Trifluoroacetic acid (TFA){(50 mL) was added and the
reaction was stirred for 2 hours. The reaction was judged

10 complete by TLC and the solvent was removed under wvacuum.
To remove all traces of TFA, 100 mL of toluene and 500 mL

of dichloromethane were added and the solvents were

removed under vacuum. The residue was dried under wvacuum
overnight to vield 11.9 g (99 %) of the title compound.

15

20

The compound of Example 140 (22.0 g, 0.65 mole), EDC
(14.87 g, 0.078 mole), HOBT (10.48 g, 0.078 mole) and 250

mL of acetonitrile were stirred for 15 minutes at 25°C.
25 This mixture was cooled to 0°C and the compound of Example

4, N9-nitro-L-argininal ethyl cyclol (17.31 g, 0.065 mol)
was added. To this suspension was added slowly NMM (35.5
mL, 0.323 mol}. After the addition of the NMM, the
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15 Following the three step protocol, substituting (2-

br onoet hyl ) benzene (6.77 m, 49.6 mole) for - (3- _

br onopr opyl ) benzene, as outlined in Exanples 128 to 130, the title
conpouW@ 9%64864s cpared. Rf=0.63, (silica gel, 10% PCT/US95/16410 -

| sopropanol / di chl oronet hane). 20 . Exanpl e 132 General Procedure.for
Reaction of t-butyl (3-am no-4- al kyl - 2- oxo- 1. 2-di hydropyri dyl acetate
wi th sul fonyl chlorides. 25 . 144 To a stirred solution of the
conpound of Exanple 130 (10.2 g, 30 mmle) OR the conmpound of Exanple
131 (9.78 g, 30 mmole), in dry tetrahydrofuran (300 nL) is added the

2, 4, 6- col redicthéoh7 rikture Gfecard eh Fuldehe BHbvali ON The 3G eae@qlogd to--
derr]C under nitrogen. . _The _appropriate sul fonyl or. sul fanoyl chl oride

|isted bel3%*PES t'HS581AAKPE) to warmytoe2B96440vernight..  The

PCT/ USO5/ 56d¥ént was removed under vacuum;17@he resdi8a0lvag in

t et rahydr g 25 10 5 ) ¢l Sy: added ~dropwi se, After the

addi tion iaé'g%g:'ﬂrgﬁét g",n t %a_r é'gﬂ(;t PEn aich romgrbape AnG r &49¢ gL 3@EniAutes to
1 hour> at Weterr ] CThadorganitdiayver aaisi erparated raidimasted 30 timed2 hours. —

The 5 reggthonod xiULe ilsmiﬁdit'e%' i~k D acetat: - he '
successively with 1.ON Hd o vvg\t“g‘rag qég%lr:%%g%ﬁ %%%i %\ﬁ? mﬂ Sifcar bonat e
- and bri nePr@PPed ovERe mepganigm ohiaset ewasnodried t forers olmagies iium- renoved

In vacuOosulfatl¢ fiEEeFbiE ar aaéﬁ p}% ) el el using a
gr adi-ent mszgps{tgggkg% éLP a i chl cgfc?r}rg?ﬁg%%gan gét?o oér%lebt_?éjr?g%af'% to
né-t

di chl oro 2

T fome:pFhguresidye sl ghramabpgriephedsi | i ca

gel).10 - obsi rgltilias rgdhodenneindie Glelti QUcHBéLohelard :HekBaRBh OW
i nt er medi %gﬁigﬁgl -q_got:lae Joorgry:l £ gl:ge@i%ildovi@:rses rrgade(:ssg%r r‘lf the = '

title compound..

15

20 -
The compound of Example 141 ( 13.3 g, 0.024 mole), 80 -
ml of ethanol:acetic acid (4:1), and 2.g of 10% palladium -
on carbon were stirred ovérn’ight under 1 Atm of hydrogen.
The carbon was filtered, washed -with 100 mL of
25 dichloromethane and the organié solvents -were removed
under vacuum. The resulting brown oil was ‘dissolved in
100 mL of dichloromethane and the solvent was removed
under vacuum.  The resulting glass was dried under vacuum -
overnight, to yield 13.6-g (>100 %, theoretical yield 12.3
30 g) of the title compound. The product contained acetic
acid trapped in the glass. L
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15 I nt er nedi at e Starting materials n=3, R=net hyl

Conmpound of Exanpl e 130, nmet hanesul f onyl
chl ori de ) 9611864a=2, R=net hyl Conmpound of Exanpl e piiusesiis410
met hanesul fonyl chloride n=2, R=2,2,2-trifluoro- Conpound of
Exanpt e 131, 25 ethyl 2,2,2-trifluoroethanesul fonyl
chl ori de n=2, R=phenyl gpound of Exanple 131,
benzenesul fonyl chloride 30 n=2, R=mefhyl am no Conmpound of
Exanpl e 131, met hyl sul f anoyl chl ori de

96/ 18644 PCT/ US95/ 16410

171 Exanpl e fgé Gbneral Procedure for Reactlon of

(3-am no- 6- aldaeRarag
trifluoroacetj.
mol e) are =

] Exarrpl e 132 ) (. 0
ti ¢ aci d/ di chl oronet hane (10

m.). After 1 hour, the reaction mxture is concentr ated, then diluted
with toluene. The soI ut i 06 S concent at ed, toluene is added, and the
solvent is renoved 0. hi s gt hod the starting
materials listed b

are made: SO,

s\mg;the fqrnul a gi ven bel ow
NY"H

The compound of Example 142 (13.6 g, 12.3 g

theoretical yield, 0.024 mole) was cooled to 0°C and 123

mL of 8 N HCl at 0°C was added. The reaction mixture was

10 stirred for 40 minutes and checked by HPLC for completion
of the reaction. After the reaction was judged complete
by HPLC, 133.9 g of sodium acetate in 150 mL of water was
added to give a pH of -~4. The solution was filtered
through a 0.2 micron nylon filter and chromatographed on a

15 4" Vvydac Cl18 column using the following solvent gradient
of CH3CN(B) - 99.9% H20/0.1%TFA(A) for elution: 0% to 17%
B over 10 minutes and 17% to 23% B over 30 minutes. Two
major fractions of the title compound were obtained: 3.86
g (33.2%) > 95% pure and 4.75 g (40.8%) ~90 to 95% pure.

20
Example A

25 The ability of a compound of a present invention, [3-
[ (benzylsulfonyl}amino]~2-oxo-1,2-dihydropyridyl]lacetyl-L-
argininal (Example 10), to act as an inhibitor of thrombin
catalytic activity was assessed by determining its
inhibition constant, Ki.

30 Enzyme activity was determined using the chromogenic

substrate Pefachrome t-PA (CH3SO02-D-hexahydrotyrosine-

glycyl-L-Arginine~p-nitroaniline), obtained from
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[err] n=2, R=nethyl; n=2, R=2, 2, 2-trifluoroethyl; n=2

, R=phenyl; and n=2, R=nethyl am no. 20 CGeneral Procedure for .the
Preparati on of Conmpounds of the Present | nvention - Fol l owi ng

t he t hr e wsneepr ot ocol outlined in 25 Exanples 8 to 10 PCTHSIVIedLO

hydr ogenati on and hydrol ysis) , the internedi ates of Exanple 133 were
used to synthesize the foll owi ng conpounds of the present invention (as
their trifluoroacetic acid salts)jgg WO 96/ 18644

PCT/ US95/ 16410 172 H

N NH2 [err]
[ 3- met hy| speheaphanhnos®d ( 3- piTeey | pnbpykhta Owas 1, z?econstituted in

deionized . water prior to use. Purified human alpha-
thrombin (3000U/mg specific'activity)'mas obtained.from
Enzyme Research Laboratories, Inc. The-buffer used for

5 all'assays was HBSA (10 mM HEPES, pH 7.5, 150 mM sodium
chloride, 0.1% bovine serum 'albumin) .

The assay for_ Ki determinations was conducted by
combining in approbriate wells of a Corning microtiter'
plate, 50 microliters of HBSA, 50 microliters of the test

10 compound at a specified concentration diluted in HBSA (or
HBSA alone for Vo(uninhibited veloc1ty) measurement), and .‘
50 microliters of the chromogenic substrate (250
micromolar, 5-times Km). At time zero, 50 microliters of
alpha-thrombin diluted in HBSA were ‘added ‘to the wells,
15 yielding a final concentration of 0.5 nM in a total volume
of 200 microliters. Velocities of chromogenic substrate
. hydrolysis which occurred over 40 minutes were measured by -

the change in absorbance at 405nm us:.ng a Thermo Max®
Kinetic Microplate Reader. " Ki values were determined for

20 test compounds using the relationships developed by
Williams and Morrison, Methods in Efzymology, 63:437
(1979) using steady ‘state velocities (VS) measured over 40
minutes. The extent of substrate hydrolys1s was less than
5% over the course 6f this assay.

25 Table 1 below gives the Ki values for [3-
[ (benzylsulfonyl)amino]-2-oxo-1, 2-dihydropyridy1] acetyl-L-
argininal. The data show the utility of this compound as
a potent in vitro inhibitor of human alpha-thrombin.
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di hydr o- pyridyl ] acetyl -L-argininal (Conpound 134A); 5
[ 3- net hyl sul f onyl am no- 4- ( 2- phenyl et hyl ) - 2- oxo- 1, 2-

di hydr o- ppo 218§4cet yl - L- ar gi ni nal ( Conpound 134B); FGAYy§95/16410 100
[3-(2,2,2-trifluoroethyl)sul fonyl am no-4-(2-phenyl et hyl ) -

2- 0x0-1, 2-di hydr o- pyri dyl ] acetyl -L-argi ni nal ( Conmpound 1340); 15
WO 96/ 18644 181 PCT/ US95/ 16410

173 [err]

Table 1. Inhibitor constant of [3-[(benzylsulfonyl)
amino]-2-oxo-1,2-dihydropyridyl]acetyl-L-
argininal against human alpha-thrombin
amidolytic activity

5
Compound Ki__(pM)
[3-{(benzylsulfonyl})amino]-2-oxo-1, 2~ 289%32

ldihydropyridyl}acetyl-L-argininal

. The ability of compounds of the present invention to
10 act as a selective inhibitor of thrombin catalytic
activity was assessed by determining the concentration of
compound which inhibited the activity of this enzyme by
50%, (ICsg), and comparing this value to that determined
for all or some of the following related serine proteases:

15 recombinant tissue plasminogen activator (rt-PA), plasmin,
activated protein C, chymotrypsin, factor Xa and trypsin.

The buffer used for all assays was HBSA (10 mM HEPES,
pH 7.5, 150 mM sodium chloride, 0.1% Dbovine serum
albumin) .

20 The assay for ICsgy determinations was conducted by
combining in appropriate wells of a Corning microtiter
plate, 50 microliters of HBSA, 50 microliters of the test
compound at a specified concentration (covering a broad
concentration range) diluted in HBSA (or HBSA alone for Vo

25 (uninhibited velocity) measurement), and 50 microliters of
the enzyme diluted in HBSA. Following a 30 minute
incubation at ambient temperature, 50 microliters of the
substrate at the concentrations specified below were added
to the wells, yielding a final total wvolume of 200

30 microliters. The initial wvelocity of chromogenic
substrate hydrolysis was measured by the change in
absorbance at 405nm using a Thermo Max® Kinetic
Microplate Reader over a 5 minute period in which 1less
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[ 3- phenyl sul f onyl am no- 4- (2- phenyl et hyl ) - 2- oxb 1, 2-

di hydr Q- | )acetyl -L-argi ninal (Conpound 134D) and ] 5
[ 3- et M&r}#%sul f onyl am no- 4- (2- phenyl et hyl ) - 2- oxo- 1, 2_PC1‘/US95/T&W

di hydro-pyridyl |l acetyl -L-argini nal (Conpound 134E). 10 Exanmpl e 135

Preparati on of 2-Fl uorobenzyl thiouroniumhydrochloride [err] =15
2- Fl uorobenzyl chloride (125 g, 0.86183le, Al drich), t hi our ea (66 g,
0.87 nole) and 200 niL of nethanol mere ref luxed for 2 hours under

nitrogen The eacti o and the vol ung yas reduced to -40

. The % &/a Q]B‘Bur%%d ‘%sltﬁrlaéle oFadi ethyti38%rer . ﬂi’@ resul ting
20 white s:tdncxémta‘atﬁpht eptd adﬂbdlrlzeﬂmhiuteu: vahian t@a\@se& a B 5 g (97
% of the 4dtlgseoqpound anig;uhi rgtéoc’fdhydrolys:.s was defined as

the ICs(g value.

Ihrombin (fIla) Asgav
Enzyme actlv:Lty was determined us:.ng the chromogem.c
substrate, Pefachrome t-PA (CH3SOz-D—hexahydrotyros:.ne—
g],ycyl-L—Arginine-_p—nit’roanil‘:.ne, obta_:.ned from Pentapharm
10 Ltd.). The substrate was reconstituted in deionized water
prior to use. Pur:.f:l.ed human a- thrombn.n was obta:.ned from ‘
Enzyme  Research Laborator;es, Inc " The buffer used for
all assays was HBSA (10 mM HEPES pH 7 5 150 mM sodium
chloride, 0.1% bovine serum albumzn) |
15 ICs0 determinations were conducted where I-IBSA (5_0
mL) , a-thromb:.n (50 ul) and 1nh:_|.b_1tor_ __(50 ul) (covering a
broad concentration range), were ccmbined_ in. apprcpriate
wells and incubated for 30 minutes at. _r:oom. t_em}erature
prior to the addition of substrate Pefachronie t-PA (50
20 ul). The initial’ veloc:.ty of Pefachrome t -PA hydrolys:.s
was measured by the change in absorbance at 405nm us:.ng a
Thermo Max® Kinetic Microplate Reader over a 5 minute
period in which less than 5% of the added substrate was
utilized. The concentrat:.on of added :|.nh:|.b:|.tor which
25 caused a 50% decrease in the :.n:.t:.al rate of hydrolys:.s
was defined as the ICsp value.

Factor Xa
' Factor Xa catalytic act:.v:.ty was determ:med us:.ng the
30 chromogenic substrate §-2765 (N—benzyloxycarbonyl -D-
arg1n1ne—L-glyc:.ne-L—arg:.n:Lne-p—m.troam.l1ne) ' '_ obta;.ned
from Kabi Phannac1a' 'Hepar, Inc. (Frankl:.n, OH) . All
substrates were reconstituted 'in de:.on:Lzed water prior to
use.  The final concentration of s- 2765 was 250 UM (about
35 G5-times Km). Purified human Factor X was obta:.ned from
Enzyme Research Laborator:l.es, Inc. (South Bend, IN) and
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174 . Exanpl e 136 Preparation of (2-fluorophenyl)nethanesul fonyl
chloride wo odimédd 5 The conpound of Exanpl e 135 KCudus9s/164100. 836
nol e) was di ssolved in 1700 nL of distilled water. The reaction was
cooled-to -5[err]Cin an dry ice/acetone bath. Chlorine gas was bubbl ed
through the solution while stirring with ;3510 nechanical stirrer; the
reaction tenperature was mai ntai ned at -5[err]Cto 5[err]C

t hroughout the addition of chlorine gas. A sodium bisulfite/ water

trap renoved thgetor x&ce&acaghlﬁag Nac@ivatébe £iH oprepaged \Eeovmadiedapnti |

th i nt of I ti ' h th
Lomperatre REFSLtREd  JBbERon POkl o QST Bobor GRS Sint aPRa

The resul ting Sohghls Rweraxdh.l tBa'.loe&temndBthphys 213 15088 (di988d0ved in 1

liter of ether. The ether |ayer was washed with dilute sodiumbisulfite
(NaHSG3) four t| mes to renove the excess chl or| ne The et her | ayer was
20 dried ower 2l § : Bic AS§A¥er vacuum

to yield 156 g (89. 4 %0k atnagka' eaﬁ&q%g%?dwas &%&T&gehe $8id)- the

Exampl e 137 25 Preparation o tro

di hydr opyri dyl Faestsaks, Pef%"%‘ﬁlSGng (CH3502-D-hexahydrotyrosxne—
PCT/ US95/ 16410g1ycy1 -L-arginine-p-nitroaniline, obtained from Pentapharm
Ltd.). The substrate was made up in deionized water
10 followed by dilution in HBSA prior to the assay in which

the final co_ricentration was 500 micromolar (about 3-times

Km). Human rt-PA (Activase®) was obtained from Genentech

Inc. The enzyme was reconstituted in deionized water and

diluted into HBSA prior to the assay in which the final
15 concentration was 1.0 nM.

Plasmin Assav
Plasmin catalytic activity was determined using the
chromogenic substrate, S-2251 [D-valyl-L-leucyl-L-lysine-
20 p- nirtocanilide dihydrochloride], which was obtained from
Kabi Diagnostica. The substrate was made up in deionized
water followed by dilution in HBSA prior to the assay in
which the final concentration was 300 micromolar (about
2.5-times Km). Purified human plasmin was obtained from
25 Enzyme Research Laboratories, Inc. The enzyme was diluted
into HBSA prior to assay in which the final concentration
was 1.0 nM.

Activated Protein C (aPC) Assay

30 aPC catalytic activity was determined wusing the
chromogenic substrate, Pefachrome PC (delta-carbobenzloxy-
D-lysine-L-prolyl-L-arginine-p-nitroaniline
dihydrochloride), obtained from Pentapharm Ltd.). The
substrate was made up in deionized water followed by

35 dilution in HBSA prior to the assay in which the final
concentration was 250 micromolar (about 3-times Kmj.
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175 2- Hydr oxy- 3-nitro-pyridine (75 g, 0.535 nole) and 1400
mL of s tetrahydrofuran were stirred at O[err] . a
nechan‘?@%qw ~stirrer. Lithium5 bis(trinet hy%(r'lll #éwge (1.0
M solution in tetrahydrofuran, 683.5 nL) was slowy added over
30 m nutes. The deep brown reaction m xture was stirred for 30

addi tional minutes and then t-butyl b¥%nvacetate (109.6 - g, 0.561 nole)
was sl ow y added over 30 mi nut es. The 10 reactlon m xture was war ned

to 25[err C. ov l.ght I’IIC S nt s vvere renmoved under
vacuum[ an Jg'é“an 9\%@ dlw§§ol Y, t?’rf'1 I| EPB of eé‘ﬁ’;ﬂq%géé’t ate and
500 nL of Technw&ogn.es. Ite. dfhmeEnzymghaas dilistedirirad HES2h primgnesi um
sul fate, fijl h@gsgnégfvﬁmw eﬂﬂa&d%nx@ﬁ{a#gh%%ﬁ] Yiyl> vas

chr omat ogr aphe I ca gel using a net ene €: et hanol

gr adi ent, 100 0 to 98:2, to yield 102.1 g (75 % of the title compound
oY sol AS Exanpl e 138 20 Preparation of

t-Butvl (3-am no- 2- 0x0- 1. 2- di hydropyri dyl yacetate

[err] 25 ChymotRyPERpEarAl B L Eanit et wass defermined msiiap and

880 m of tmet hanQbmagdnﬁcg gibs’hﬁ%uéql I gdggg‘son(ﬁafm-sucmﬁ_qp rred.

under 1Atm0f16%d£'\/\g 4hours i#tlo xture was filtered

and the ca&rfsR W%ﬁ%']ié’ﬁnr’rﬁrBPnﬂ t &€ organic

| ayer was cb@adwnegofabmdKaloi w.ﬂighdh‘t:.@:& g (L’BB EuBetﬂtté e st tntalde apnpound
as a ppowy SQYdidnized water followed by dilution in HBSA prior to
the assay in  which the final concentrat:.on was 100 ‘
micromolar (about  9-times Km)_ Purified .(3X- |
crystallized;CDI) bovine pancreatic alpha-chymotrypsin was
obtained from Worthington Biochemical Corp. The enzyme
15 was reconstituted in deionized water and diluted into HBSA
prior to aésay in which the final concentration was 1.0

nM.
Trvpsin Assav _

20 Trypsin catalytic activity was determined using the
chromogenic substrate, $-2222 (benzoyl-L-isoleucine-L-
glutamic acid-[gamma-methyl ester]-L-arginine-p-

nitroanilide), which was obtained from Kabi Diagnostica.
The substrate was made up in deionized water followed by

25 dilution. in HBSA prior to the "assa.jr 'in which the final
concentration was 250 micromolar (about 4-times Km).
Purified (3X-¢rystall-ized;'TRL3) bovine pancreatic trypsin
was obtained from Worthington Biochemical Corp. The
enzyme was reconstituted in deionized water and diluted

30 into HBSA prior to assay in which the final concentration
was 0.5 nM. , . ' :

Tables 2, 32 and 3B list the determined ICsg values
for certain of the enzymes listed above and demonstrate
the high degree of specificity for the' inhibition of

35 ' alpha-thrombin compared to these related serine proteases.
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176 . Exanple 139 Preparati on of

t-Butvl [3-(2-flu enzyl sul f onyl ) am no- 2- US98/16410
oxo-1. 2 dlhfﬁp 3&$§vll-acetate OC [err] PCT

5 A m xture of the conpound of Exanple 136 (22.27 g,

0. 107 nDIe) t he conmpound of Exanple 138 (23.94 g, 0.107 nol e), and

150 nL of acetonitrile was cooled to 0C ad#5- 10 nethyl nor phol i ne (NWM)
(58.68 nL, 0.53 nole) was slowy

m xture was warned to

and 100 nL of water. The or
times with 100 nL of 1%

added over
25[ err] C overni ght.

ni &&%

pidshyt

15 m nut es.

PCt / US95/ 16410

The reaction

The sol vent was evapor at ed
under vacuum Tallal 2 he remmueraﬂaresdi(smal fer thedhili tforetfy humaet at e
ated and. .15 washe

SRS oo o

The organic | ayer was dr|edtQnﬁalectedngguaaeuprsué&ses £dxr |dampetinadisd
showed 3

evapor at ed under reduced
spots by TLC.

Sapiile 10

The resi due was crystalllz
20 crops of5S white solid weeemeding fed, &@Wﬂarﬁj ,8a9§ xamplerkkhectivel y.

The nother liquors were eva&smgggﬁhga@d the

el

i,

or Oet hane.

Two

andegulitbDEmnslad K p braen \

solid was crystallized .chl.oronet hane to yield 5. 28 g of a
white solid. The three fdﬁﬁ? (ki E¥i ned and yi el ded 27.37 g (64.7%
of 25 the title conmpound. :
Enzyme A B C D X
{alpha-thrombinl _0.66 0.98 0.467 2.32 141
rt-PA NI’ NI* ND NI* NI*
Plasmin _NI* NI* NI” NI* N1*
apC NI* NI* ND NI* NI |
NI*- ICsg value >2500 nM.
10 ND - not determined
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Pct/us95/ 16410 : 177 Exanpl e 140,

Pr epaivoldsassa®df 3- 2- Fl uorobenzvl sul f onvl am no- 2- 0x0o- 1PCEUSS/16410 :
di hvdropvri dyl )acetic acid . [err]
N 5 _ 0 . The conmpound of Exanple 139
(13.97 g, 0.35 nole) and 50 6 of di chl oronet hane were cool ed
to Jerr]C Trifluoroacetic acid (TFA) (50 nL) was added and the

reaction was stirred for 2 hours. The reaction was judged 10 conplete by

TLC and the,sol yent renoyed un r vacu renpve traces of
TFA, 100Mnd 5%@5%’& ues, (&‘WhFBFoh’é{‘h’ah%l%r added and the
sol vents were renmoved UNH@hay a€1HHA ﬁﬂrambaaldﬂgd@@§tﬂéled under vacuum
overnight to yield 11.9 g (9

pf the title, co d Examl e 141
Preparation of [3-(2- Fluorobgﬁé%Yﬁfxf?ﬂWﬁaﬁﬁﬂ 8- ggggg &?3? of
~ di hydropvridyl1acetvl-Ng-nitrb=Pa, epxﬂsmmnalaaﬂhyPCcﬁoro¢cmpounds

5 _ _ made accordlng to Examples 89 and 90
with the stated R1 substltutzon

Table 33
Ry substitution |Thrombin |rt-PA = |Plasmin |apc

| (ICs0) (Icsp) | (1cs0) | (xCs0)
2-CFa-phenyl  |s6 . Iwr*  |nr* —  Iwr* (
2-Me-phenyl 1.4 Inr* InNz* NI*
3-Me-phenyl  |0.85 Nr* o lnz* N1*
2-Me,5-F-phenyl }1.97 Nr* o InTt NI*
2-OMe-phenyl 1.98 Nr* - - inr* NI*
3-OMe-phenyl 0.65 Nr*  Iwr*  Inr*
2-OMe, 5-C1- 1.16 NI* - |wr* NI*
phenyl
| 2-NH2-phenyl 3.7 NI* NI* NI*
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F [err] 20

NH The conpound of Exanple 140 (22.0 g, 0.65 nole), EDC

(14.87 g, 0.078 nole), HOBT (10.48 g, 0.078 nole) and 250 mL of
acetonitriywoogsseasstirred for 15 mnutes at 25[err]c. 25 TRCHUNISM64X0c was
cooled to [err]C and the conpound of Exanple - 4, _
Nlerr]-nitro-L-argininal ethyl cyclol (17.31 g 0. 065 nol ) was added.
To this suspension was added sl owy NWM %?35 m., 0.323 nol). After
the addition of the NMWM the 18644

PCT/ us95/ 16410 178 reaction m xture
becane a gol den_br oywn. The reaction m xture was allowed to warm to
25[err] C ove?ﬁpgﬁt-&g The sol vent was renoved under vacuum the

resi due - was di ssolved in 500 nL of dichloronethane and 100 nL of 5
wat er. The ofganic | gyer was ar at.ed {anq, ,washe: t I nes wi th 100] nL
of 1 N HO, H@PBPP??%SMWZ&%@'&’&HH 68 nL 01 P%'asmﬁpi A€FC The orpanic
phase was ; lever nmaarlesium sulfate dfiltered land evaporatkd

under reduce {Bygssure to 1giv7e 26 g of a bro zfsca%m The residue was

chr omat ogr ap L gel et ITY vt }
di chl or omet hfd@1Eet hanol o(58% ent  J0e@tiged:>25000 vilsinhctiivesg g
(55% of the t|tIe COprOLnPs Exanpl e 1425k Prgparation of |3-
) .2 =7 o 0
(2- Fl uor obi n% U| f uuyl anTTo—~ 2= OXU-[LT— 2~ 5 A
di hydronyri dyll2adean- 14 | 483 et hy|] >ABA00| ., JoSH0c | inactive
121K .882 inactive ]>2500 inactive
121M .623 - >2500 -

L121P 1.73 >2500 >2500 inactive
126B .8B82 inactive | >2500 inactive
126C .519 inactive | >2500 inactive
126F .71 inactive | ~2500 inactive
134B 7.95 >2500 >2500 inactive

5 The demonstrated anticoagulant effects of a compound

of the present invention, [3-[(bénzylsulfonyl)amino]-z-
oxo-1,2-dihydropyridyl]acetyl-L-argininal, in human
citrated plasma indicated that this compound may have
potent antithrombotic effects in an experimental model of
10 thrombosis. To investigate this, the antithrombotic
(prevention of thrombus formation:);' properties of this
compound were evaluated using the following established
experimental model of acute vascular thrombosis.

15 Rat model of FeCl3-induced platelet-dependent axtexrial
thrombosis
This is a well characterized model of platelet
, dependent, arterial thrombosis which has been used to
evaluate the potential of antithromhotic compounds such as
20 direct thrombin inhibitors. Kurz, K. D., Main, B. W., and
Sandusky, G. E., Thromb. Res., £0:269-280 (1990). In this

model a platelet-rich, occlusive thrombus is formed in a
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[err] HN 0 CE NH2 20
The corwound of Exanple 141 ( 13.3 g, 0.024 nole), 80

m  of _
et hanol W68 acid (4:1), and 2 g of 10% pal | adium ~ RETESIREAO er e
stirred overnight under 1 Atm of hydrogen. The carbon was filtered,
washed--with 100 nL of 25 dichloronethane and the organic solvents
--were renoved under vacuum Thesresulting brown oil was dissolved in
100 nL of dichl oronet hane and the sol vent was renoved under vacuum
The resulting gl ass was dried under vacuum overnight, to yield 13.6-g

(>100 % (3RS Off e Fak2 rRyidgansieryhdnsatied dereeddad withThe product

cont ai ned feH Csolut Bén okl HUAG | Apddepdd 288 a 1eceV\Qf9 ﬁ%&‘l
PCT/ uS95/ 16410 9 Exa e 143

Pr epar at | RRRSE <[ 3-The ReQigr dife Fhpughits ity | dififiuse Anneo-the- treated

di hydr opvr, c | , _ ]
The corrpoéuér%ér% ey a}t%ég %@2%? 153e 6‘:1e end%?e}lahzg%&c’l‘ of the

affected vessel surface. Th:.s results J.n the exposure -of
blood to subendothel:.al structures Wthh in turn causes
' platelet a.dherence,_ thromb:.n format:\.on and platelet'
aggregation resultlng in occlus:.ve thrombus formation.
The effect of a _test compound on the :|.nc1dence of
10 occlus:l.ve thrombus format:Lon follow:.ng the appl:.cat:.on of
the FeClj is mo_n:.tored by ul_trason:_._c flowtometry and is ‘
used as the prinia'ry' end p‘oint The u'se" of flowtometry to |
measure carot:.d artery blood flow, is a modlf:.cat:.on of
the original procedure in which thermal detection of clot
15' formation was employed Kurz, K. D., Ma:.n, B. W., and
- Sandusky, G. E., Thromb Res., 60: 269 280 (1990) .

Male Harlan Sprague Dawley ‘rats ' (420~450 g) were
acclimated at least 72 hours prior to use and fasted for
12 hours prior to surgery w1th free access to water. _The _

20 animals were prepared anesthet:.zed W.'Lth Nembutal followed
'by the 1nsert10n _ of catheters for blood pressure
monn.tor:.ng, drug and anesthes:.a delivery. @ The . left
carot:.d artery was isolated by. mak:v.ng a midline cerv:l.cal
J.nc1s:Lon followed by blunt d:.ssect:.on “and spread:.ng

25 techn:.ques to separate a 2 cm segment of the vessel from
the carot:.d sheath A silk suture . 1s inserted under the

' prox:.mal and d:.stal ends of the 1solated vessel to prov:.de
clearance for the placement of a ultrason:.c flow probe
(Transonic) around the proximal end.of the vess_el. The

30 probe is then secured with a :Stationary arm.

Follow:.ng surgery the animals were randomzed in
either a control (saline) or treatment group w:.th test
compound, [3-[ (benz'yls_ulfonyl)am:.no] ~2-oxo0-1, 2~dihydro-
pyridyl]lacetyl-L-argininal, with' at least 6 animals per

35 group per dose. The test compound was administered as a
s:Lngle intravenous bolus at the doses outl:.ned in Table 3
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theoretical yield, 0.024 nole) was cooled to O[err]C and 123 m. of 8 N
HCO at Jerr]C was added. The reaction mxture was 10 stirred for 40

m nut es and checked by HPLC for conpletion of the reaction. After the
reacti on wessdnséged conpl et e by HPLC, 133.9 g of sodi uRGFesHeHP 150
m. of. water was added to give a pH of -4. The solution was filtered
through a 0.2 mcron nylon filter and chromat ographed on a 15 4" Vydac C18
col umm using the follow ng sol vent gradijgmat of CH3CN(B) - 99.9%.

H20/ 0. 19%9FA(A) for elution: 0%to 17% B over 10 minutes and 17%to 23%
B over 30 m nutes. Two maj or fractions of the title conpound were

obt ai ned: 3. &fter mla3BneR) of AFHs (fllor Fnedbé Endy § 40iBes IPrioxr 96806 pure.

20 Exanpl ':%eéj. I, of J.3-..I : :
(benzyl sul fontje/i’f%Aaf:rrl'lnfl%nlIEE -oxlo%- %Q_a‘@ﬁhﬁ, di tvdtr"og'vr:-?1 dz\;l,xf"flacché y?t-:ffa arninal in
an in vitro t9f dibiter pPapeghi(Phatrpanadihysoaked withTR€ mBrrEpLyters gof
conpound of & pregeNdolutiH | €0, firdsh FeCli (made up in water) was

[ (benzyl sul fonyl ) ami no] - 2- oxo- 1, 2- di hydropyri dyl ] a_cetpyl - L- . argininal
(Exanpl e $0) ,2pmiiRd the fegmenthiebriselatednparotid artexy ydistaktfrQity
was assessed e dei&k BAOBY. | tBlood pt8Sedid,| OPLESNSERSL, Kear8Orate,
Enzynme activity_was deter.m ned usi ng,theﬁéhéfgrrms%em,c substrate

Pef achrome  t2%h TRBHFSEFID WEXGhPORLEQT e i 60 minutes.

gl ycyl - L- Ar gi ni ne-Thei inaialerdene)f, occluspohaidefined asf th@ attainmed®
96/ 18644 R 41 .

180 Pen?%p%%rromb]ﬁo& ﬂo’f’l)]ewaguﬁgfcr’%?%d a\‘/\“/"ast%gr g?%%é%? t Sg‘éldp °:|"xr11t‘

dei oni ze@Owat er prThe effipgacy of phei el (hemzyviiowlfonal) aminpf rgmbka-
(3000U g spegijdig hoghviria caki,aLpe SambBt i
Laboratories, Inc. ﬁﬁﬁﬁ? buf Fgr}%usgggfgr& %ﬁa%gi%%tE%A, (lgtfﬁ'ncf/l
HEPES, pH 7. 5299 iy SFEVERLING Shrombys, TPrmatien nit s&hdm ABulEry.
The assay f ormddelleles ndanbnortatead Spnthet eddliytion £ankhei Agctifence

appropriate V\gé lauéjgm@otg%r @c@ursnighoystgﬂown in Table 4 below.

15

SUBSTITUTE SHEET (RULE 26)



" values for

plate, 50 mcroliters of HBSA, 50 mcroliters of the test 10 compound at a

specified concentration diluted in HBSA (or HBSA al one for .
Verr] ( wpb9bided €d vel ocity) nmeasurenent), and W of the
chr onogeni ¢ Substrate (250 m cronol ar, 5-ti mas Ki ,&t 11 rre zero, .
50 microliters of al pha-thrombjn diluted in HBSA were added to the = -
wells, 15 vyielding a final concentration of 0.5 nMin a total volune

of 200 mcroliters. Velocities of chrlér?ogeni C substrate hydr ol ysi s

whi ch occurred over 40 m nutes were. neasured by the change in

absor bance at 405nm us a Thernmo Max[err] - Kinetic Mcropl ate Reader.

Ki val ues errﬁ?ﬁ}glqsopfzd3't[éb§n22bﬁ@btnnﬁ-)m¢g -2t-h@o-

rel ati onshl ps devel opesd i in
Enzynol ogy, 63:437 c d py}@ﬁ.h&i?gg sqété\%l# g%ritles % s) neasured
over 40 . nm.nutes. %ehe &f gﬁﬁg’ﬂ’% Y%is was | ess than

5% over the gourse of this assay 25 . -._TabI_e 1 below gives the Ki

S’Eﬂ‘ﬁo] 9§9B¥o- 1, 2- di hy

[ (benzyl sul ji ni nal .

The data shiow the utility of-this cor 0

I nhibitor

PCT/ US95/ 1 —

| nhi bi t or [amkmaylkaiEéhfniamﬁﬁafi) . 6 | 6/6 . _
am noj - - 1i ﬂ ydropyr| dylJacetyl §L- : _ argi ni nal pgai nst
human al ph am pol yt | c qeti vilty 5

zyl sul-f onyl ) an§ no]

ar gi ni nal Exanpl e‘
SN ot The -
40 act 3% a splective
was fassessed by def erm ni ng
d thje activity of fhis

t hijs value to thaf

Conpound jdihydropyriliyl] apétyl -L-
- 2-0x0- 1, 2-} - rainiead 32 d| hydr opyj i
B In v-ir-r-g-enfy-rrr'-ﬁaaaya e o o
ability of: cﬁﬁidhml&yd’suﬂ.lﬁe‘nplamnto]-n entli.on t
i nhi bitor - [0 catalytic activit
t he concentﬁtﬁ’{)&n o?b onpound whi ch i nhi bit

enzyne by lePQIFGFEHFFEFY}‘)L' and] conpari g
det erm ned Jargininal

[3- [ (benzylsulfonyl)amino]-| 3.0 6 1/6*
2-oxo-1,2- _

dihydropyrile]acetyl-L-
argininal
[3-[ (benzylsulfonyl)amino]- 5.0 6 0/6*
2-oxo-1,2- '

dihydropyridyl]acetyl-L-
argininal
5 *-ps0.05 from saline control by Fishers test

The effective dose which prevents 50% of thrombotic
occlusions in this model (ED50) can be determined from the
above data by'plotting the incidence of occlusion versus

10 the dose administered. This allows a direct comparison of
the antithrombotic efficacy of [3-[(benzylsulfonyl)amino]-
2-oxo-1,2-dihydropyridy1]acetyl-L-argininal[ with other
antithrombotic agents which have also been evaluated in
this model as described above. Table 5 lists the EDs5p

15 values for several well known anticoagulant agents in this
model compared 'to_ [3-[(benzylsulfonyl)amino] -2-oxo-1, 2~
dihydropyridyllacetyl-L-argininal. |
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for all or sonme of the followi ng related serine proteases: r econbi nant

ti ssue plasm nogen activator (rt-PA), plasmn, actlvated rotein C
chynot r yB&»96/1864dct or Xa and trypsin. The buffer §ogn6430 |
assays was HBSA (10 nmM HEPES, pH 7.5, 150 nmM sodi um chl oride, 0.1%

bovi me serum al bumn). 20 The assay for I C[err][err]

determ nati ons was conduct ed by conllizni ng in appropriate wells of a
Corning mcrotiter plate, 50 microliters of HBSA, 50 mcroliters of the
t est conpound at a specified concentration (covering a broad
concentration range) diluted in HBSA (or HBSA al one for V[err] 25

(uni nhi bited veIOC|ty) neasurenent) and 50 mcroliters of the enzyne

diluted in MBEe 5 FEFGFary of (30! (heRavisulionyammcdr 2aoxembi ent
tenperature, 50 micr 0|1tﬂcﬁ@dﬂo@rldyﬁHQééiﬂﬁ-ﬁgiﬂ%ﬁo'&ﬁﬂaﬁh' ons

o200 30 m orol 1t er & Sthep, antixREolBotTe, dachcn Tadkd (B gkl B0 YO T
substrat @ hydrol ysis v@m&rﬂhnthu$ brevestibanie the Feckﬂmmmd@inoé at 405nm
usi ng a Therno th[err; ég M cropl ate Reader over a 5 mnute
period in which | ess 96/18644

PCT/ US95/ 16410 182 tha 5% of
the added subs ' of added

i nhi bitor which 2 o it o e of

hydrol ysis was d ntam&hzﬁ;nepaﬁuhe IC[err][err] val ue. Thrpnbin (flla)
Assay H zyne act|V|ty was detern1ned u3|ng t poggni c
substrate, Pefac : ;

gl ycyl - L- Argi ni npAxgatitalwemi | i ne o td.). The
Substrate was re onst't Purified
human a-t hronbin e : - eqies, Inc.
The buffer used f ps- [(bemlﬂsm%hs—l\waﬁ;wﬁﬁe(&bmﬁ Som@fk& , 150 nM
sodi um chl or ] IC[er

det ermi nati ons wes '”" " = : : : oaid N (50

[err]l) and inhibitor (50 [err]l) (coverlng a broad concentratlon

range), wereagRiDi 1edid#} APEAPthA! Bose that prevents the incidence
10 of complete thrombotic occlusion in 50% of animals tested.

The data presented in Table 4 clearly demonstrate the
effectiveness of a compound of the present invention, (3-

[ {(benzylsulfonyl}amino] -2-oxo-1,2-dihydropyridyl]acetyl-L-

15 argininal, in preventing occlusive thrombus formation in
this experimental model. The relevance of these data to
preventing human thrombosis can be inferred £rom the
comparison to the other anticoagulant agents listed in
Table 5 which have been evaluated in an identical manner

20 in this experimental model and have demonstrated
antithrombotic efficacy in preventing thrombus formation
clinically as described in the following 1literature
citations: Heparin-Hirsh, J., N. Engl. J. Med., 324:1565-
1574 (1992) and Cairmns, J.A. et al., Chest, 102:4565-481S

25 {(1992); Argatroban-Gold, H.K. et al., J. Am. Coll.
Cardiol., 21:1039-1047 (1993); and Hirulog™-Sharma,
G.V.R.K. et al., Am. J. Cardiol., 72: 1357-1360 (1993) and
Lidén, R.M. et al., Circulation, 88:1495-1501 (1993). The
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wel I's and i ncubated for 30 m nutes at roomtenperature prior to the
additio strate Pefachronme-t-PA (50 20 [err]l). Eqﬁ LLial :
vel oci tswg;" achrone t-PA hydrolysis .was neasured t? gg&gﬁgﬁge i n

absor bance at 405nm using a Therno Max Kinetic Mcr opI at e Reader over a

-5 mnute period in which |l ess than 5% of the added substrate was
utilized. The concentrati on of added92nhi bitor which 25 caused a 50%
decrease in the initial rate of hydrol ysi s was defined as the .
ICerr][err value : Fact or Xa Qatalgtlc activity
was det er mit2d % c?’P%a’é’(fmthéeréénF&benm]rf&"éfl aming 5z -oxo-

(N-benzyl ox:yma-rdxhndr@yndyl]acgtxnlnp-arginmia‘le-vht&f Otie neifpnpealbani | ine),
obt ai ned effgé’&mé(abl @%g‘%&be. e géénqt I nc. Fr angl | nHepQ_Q.n, Al |

substrates were recons Viat er lisSe. The
final concedtgatioharnf @nd7e8rudog®0 far refhel. (atmert r@éenﬁ tmded ko .

Purifie h‘%la AHalX PRScmbb ed 5 R
Labor at grles lIF%Eé al(Sou ho en%liél th d mﬁ@ 3@%6/ 1%§‘gﬁlggrated

PCT/ US95/ 16mt)1coagulant effects of IE% [(benzylsull@gx 1) aming] =2 59X (FXa)

‘S’ai actol vat splzsedrrhT WirRpirddyil agetyl as-arginiasy i bed [ Bagdan P. %?’&72' gés
son R r i.0C

(1989)]. @°8 sexribed %”"e t‘F‘s%%%“‘BFﬁsﬁ ‘ﬁ%‘tﬂe‘ﬁ %&wﬁﬁﬁf% nA&‘g

rt-PA catalgttc tetiotngluds ddtady nithed imppunde  of substraresemf achrone

L-PA (Sl hvddde DdCyaRY 0 VERS diractived|atfbticnrofibBE L Naigint! Ligani | ine,

obt ai ned from Pent apharm d.). The substrate was nmade "up i n deionize
water 10 fRAPRREd by dllutlon in HBSA prior to the assay in which : thei
final concentration was 500 micronolar (about 3-tines Kn) Human
rt.-PA (Actjvaselerr]) was obtarned_froanEnentech ~Inc. The enzyne was
reconstitut? _ onlzed wat er .and d||uted into HBSA prlor to the

- assay in ' : ,

15 Dosing R .. _

- The compounds of Example lO and 143 were evaluated in
a multichamber A-V shunt model in rats. The A-V shunt
model is one of the most -comon and generally used systems
to evaluate antithrombotic compounds. Smith, J.R. and

20 White, A.M. Br. J. Pharmacol., 11: 29-38 (1982). 1In this
model a local:.zed clot made up of pr:unar:.ly f:l.br:l.n with
some platelet and macrophage 1nvolvement (Shand, R A. and
"Smith, J.R. and Wallis, R. B. Thromb Res ’ .36: 223-232
(19é4)),' is formed on an art:Lf:.c:Lal thrombogen:.c surface

25 (typ:.cally a segment of s11k or cotton thread) contained
in a s:.alst:.c chamber wh:Lch J.s part of an exteriorized
shunt between the carotid artery and jugular vein. The
'procedure descr:l.bed in th:.s Example is a mod:l.f:l.ed A-V
shunt model that allows for oral dos:Lng of test agents and

30 subsequent evaluat:.on of eff:.cacy over a two to three hour
window in time. '

Br:.efly, male Harlan Sprague Dawley rats (420 -450 g)
were acclimated at least .72 hours prior to use. The
animals were fasted for 12 hours prior to surgery with

35 free access to water. Unanesthetized animals were grouped
into three or four 'dosage groups (six or seven animals per
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15 concentration was 1.0 nM Pl asm n Assay Pl asm n
catalytic activity was determ ned using the chronogeni ¢ substrat e,

S- 2251 [ Qvpakisssh- | eucyl -L-1ysine- 20 p- nirtoanilide di hpdrmsésmsdiode] ,
whi ch was obtained from Kabi Di aghostica. The substrate was made up in
dei oni zed water followed by dilution in HBSA prior to the assay in

whi ch the final concentration was 300 %om)l ar (about 2.5-times Km.
Purified human plasm n was obtained from25 Enzyne Research Laboratories,
Inc. The enzyne was dil uted into HBSA prior to assay in which the

final cONCENLEgklon ana WaAiAiQcoMa rest ASLLNESCU:R10C1 L (AREpASSAY

30 aPC alytic act|V|ty was _ determ ned _usi

t he
chronogeni ¢ 388Steat 8t Paseshrohel Pl (delr a-tar #RbeR?| d‘)@g/kg for the

D- | ysi ne- L- peohpgbuhd abgi Exmppe noJoand! 3 ne, 10 éimdnysloombl/ngl d¢o), e ai ned
from Pent aphgr mLtd.)

d
fol | oned by bbb of ArkRLe f‘ﬁif G e%%va%%lg’? Sehbs PERT, Mg,
concentr & i oanimslg50weirer omeath(e&ﬁeaﬂ 3wiiities S(rémm penmmm@aM

PCT/ US95/ 16414 ta iven 1nt aperitoneall 84 d E’Urs'of' uman
aPC was obga I.ne )ro?n Top?c fech nacﬁ1 ose n hg%gnzgcrre was

di | uted i nt oPPBBAVBAEBE- andt@ 9t %%eﬂtbm naii cGﬁcéﬁ‘ﬁ%”éﬁ@n was

1.0 nM 5 Sbagotémperatwﬁéay The levelcgiﬁmééﬁie&lﬁaWSytmdhﬁ&rléd ty was
supstrate

det d

(rGreteL?x;-esug%%'% 30 mmé&@ .”ﬁge n?)‘?%?ﬁeﬁ_p"ﬂﬁgoﬁ/f’ pe nltﬁ’o]anlqll’}fé)

whi ch  W&as respibatiomdahdorokebitebpegatstreca. The dabsredit deptb rEfde up
10 in deioniged;ugier JhakhRUEdabY il Ul Andal JBSARY | oL :ﬁu.s ertbxl}f?t assay

in which the concentration
9-times Kn).subsequeptrdoges (BXxmg/kg) intravenously. left

femoral artery was catheterized using standard procedures

for blood pressure monitoring and blood sampling, with

15 polyethylene tubing (PES0). The left femoral vein was
catheterized with PE50 tubing for deliivery of anethestic.

The exteriorized shunts were assembled by connecting

two pieces of saline filled 12.5 cm PE90 tubing with a 6

cm piece of PE160 tubing containing a 6 cm piece of silk

20 suture size 3 and clamped with hemostats. A small 0.5 cm

portion of the silk thread protrudes from the junction of

the chamber with the shunt. The left jugular vein and

right carotid artery were catheterized with the ends of

the PES0 shunt. The shunt was unclamped and blood

25 allowed to flow from the carotid artery, through the

chamber, and exit the shunt via the jugular vein. After

15 minutes, both sides of the chamber were clamped and the

suture containing the clot removed following detachment of

- the arterial end of the chamber. The clot was immediately

30 weighed and recorded. This procedure takes place at

predetermined intervals (60, 90, 120, and 150 minutes

after oral dosing) to allow assessment of efficacy over a

large window in time. Four shunts were placed with flow

initiated at 45, 75, 105, and 135 minutes after oral

35 compound administration. Clot weight from the four shunts
was the primary endpoint of the protocol. Blood pressure,

heart rate core temperature and respiration were monitored
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crystallized; CDI) bovine pancreatic al pha-chynotrypsin was obt ai ned

from Wort hi ngt on Bi ochem cal Corp. The enzyne 15 was reconstituted in
dei oni z YO ¥ and diluted i nto HBSA prior to assay RGIUSNE41Q he fi nal
concentration was 1.0 nM Trypsi n Assay 20 Trypsin
catalytic activity was determ ned using the chronogeni ¢ substrate, -
S-2222 (benzoyl -L-isol euci ne-L- @but am c aci d- [ gamma- net hyl
ester]-L-arginine-p- nitroanilide), which was obtained from Kabi

Di agnosti ca. The substrate was nmade up in deionized water followed by

25 di | uti GIPASHIMBYALYr i oF of oWirg teyminatieni off the éipetiment the
concent r at ifimsAs WeReMeGERARL 26d (WM 140! MEPRgKEdse of ﬁé&@%&éaeﬁ
1N - Was - 0D

(3X—cryst.ald ized: TRL3 t’__-bovi ne_pancre tic trypsi ' arned from
Vor t hi ngt o’ SERSH-ESRT ¥aF pPerto Per apiPmd-vwas reconstituted in

dei oni zed wat er ERsd didlwesd wete icalleubiBEdpat 0601 09a5saR0, N aMd cisg he fi nal
concent gati res B3 Q- 2 ngl- . . Tables 2,7 3A and 3B |jist the

det er ni Red u}%%[“er ® FETF PAPdedosing pf, test, Somponngne EDSy s thal ed above
and dlemr)]nstdcﬁee that ﬁémdmglthde%uee efizép_ggi f508).t WdrOrerd ecdiftindtid | on of
35 al pha-tjy |1 Al e ) JLhe related serine proteases. ] WO
06/ | 8644 Jyml%%m% ihd 1430°%e )50 values. F‘eg‘PUSQSISI’G’A’;{’O in |
185 Teble 5, below(saaid ]demahuesaéel\/%héOéraileawﬁ%ﬂﬂt} %{mm’ﬂm

al pha thr or@ﬂc%rgydglfyghgogﬁéég&rws.corrpar'_e o selected
5 . o

serine proteases for conp of Exanple 10 (colum A),.
Exanpl €990, 5 _ _ - conpound B . (colum B), and Exanple 113,
conpounds ) and E (colums C, D, and \ I _ E, ‘
respectivelw-e---ﬁ " Enzyne Al C : D
Time after oral dose| = EDso value | -
60 min = :| (Example 10} | (Example 143)
' — 1 <l.omg/kg | 22 mg/k
S0min | 29mg/kg | 20 mg/kg
120min | 2.0omg/kg | 24 mg/kg
150 min 8.2 mg/kg 28 mg/kg |

15

2l
o
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Al pha-t hronbin 0. 66 141 rt-PA
n R e g e RN
NI * NI * NI * ND NI *
NI WO096/18644 N| *- | C50 val ue >2500 nl\/l 10 PRIYUS9SH 16410
det erm ned WD 96/ 18644
PCT/ US95/ 16410 186 Tabl es 3A and 3B
ICerr][err] values (nM for inhibitiopmf hunman
al pha thronmbin am dol ytic activity conpared to.
I nhibition of rt-PA, plasm n,and aPC for
conpounds 5 Claims made according to Exanples 89 and 90
with the stated err] ubstitutio Tabl e 3A Rl err] substitution
Thrombin rt-PA R£ ;? rﬁ§ o%ﬁicork fOnnutia‘ (1C50)
(I1]derr]ferr]) (IC[err][err]) (IC[err][err]) ' ZCF[err] phenyl 5.6
NI * NI * 3- CF3- phenyl 3 NI *
NI * 2- Me- phenyl 1.4 * * 3- Me- Dhenyl
0. 85 NI * NI * et2- MR, 5- - Phq_pyl 1 97 NI *
NI NI * 2- Ove- pheny-l-x—N’l 9 "N NI *
3- Ove- phenyl 0. 65 NI * o NI * 2- Owe, 5-d -
1.16 NI NI * Nlﬁ en 2- NH2- phenyl 3.7
NI * 5 N* NI *

wherein

(a) X is selected from the group consisting of
-S{0)y-, -N(R'}-S{0)3-, -{C=0)=-, -0C{=0)-, <-NH-C(=0)-,
-P(0) (R")- and a direct 1link, wherein R' is hydrogen,
10 alkyl of 1 to about 4 carbon atoms, aryl of about 6 to
about 14 carbon atoms or aralkyl of about 6 to about 16
carbon atoms, and R" is NR', OR', R', or SR', with the
proviso that R" is not NH, OH, H, or SH, and;
(b) R1 is selected from the group consisting
15 of:

{1) alkyl of 1 to about 12 carbon atoms,

{(2) alkyl of 1 to about 3 carbon atoms
substituted with cyclic alkyl of about 3 to about 8 carbon
atoms, which optionally is substituted in the ring carbons

20 with hydroxyl, amino, guanidino, amidino, or alkoxyl or
alkyl each of 1 to about 3 carbons,

(3) cyclic alkyl of 3 to about 15 carbon
atoms, which optionally is substituted in the ring carbons
with hydroxyl, amino, guanidino, amidino, or alkoxyl or

25 alkyl each of 1 to about 3 carbons,

(4) heterocycloalkyl of 4 to about 10
ring atoms with the ring atoms selected from carbon and
heteroatoms, wherein the hetercatoms are selected from the
group consisting of oxygen, nitrogen, and S{0O)ji, wherein i

3¢ is 0, 1 or 2, and which is optionally substituted on the
ring carbons with hydroxyl, alkoxyl or alkyl of 1 to about
3 carbons, amino, guanidino, or amidino,
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WD 96/ 18644

157 raoie s | I BLAE o oroi o rPA o Plasmin PG,

Exanpl e 121A _ >2500 121E

.597 WO%6(1864di e >2500 i nacti ve 121G POT/USIS/16410 -

~2500 121J and 143 . 763 >2500 >2500 i nactive 121K »

. 882 i nactive >2500 i nacti ve 121M ' . 623 -

>2500 121P 1.73 >250K) >2500 i nactive 126B

. 882 i nactive >2500 i nactive 126C . 519 i nact i
>2500 | nactive 126F .71 I nactive -2500 | nactive
134B 7.95 (3p50eteroB® ofi nhicttioveabouts 10 rifpe

denonstr at adoMst | GDAYUI Y  @fim@Ct arBhsa QTR fronP! LBRBOR" €SRA!

I nvention, gB-é%genzyl ul fqrrllyl }’; noj - 2- _ _

oxo- 1, 2- di RFEFEPTT PR ]"iteéﬁﬂ . the BPRPRQptoms arg jpeleckegndrom thetr at ed
pl asma i ndgratpdcomsdsttine cfomxyded, MAytheyén, andE @)y ,akhketBignpotic
effects in an experinmental nodel of 10 ronbosi s. T/Q\ i nvestigate

this, the antithronbotic . (prevestnonyof thronbusy fyprmation)
propert3 esisof. inex 2. anshripodndingre dval uawbdresnng Nae f bl awsng
establ i shedo 7 méxbeF iHEHMcy@debs0s A5UE &1 { 0s| 15 Rat
nodel of Fed #err] - nduced glylaé?'el et -dependen’fr?g:l(rafgexﬁoéﬁ I%Q’H‘Jg'.t h’?‘gﬁ%osi S
This is a Wel FSchafB&teri-Ped nmodérFObt. pl 8@k~ or deffeneptrionalixyri al

t hr onbosi ssuBkehthesa heenews e bR oRghent) '
antit hronbg“c%&cgrrgguggslsuch asd;)Zc(_:)‘-=lr di r_ect-q%hﬁr.o in |_r'1h|%' iith’(#g oﬁurz, K.

D., Min, B SERdEBRYt & cprbomfy oARinResguaBddino. 260 (1990).
In thix0 amidiebd,a platelet-rich, occlusive-thronbus-is fornmed in a (

_ (6) - alkenyl of 2 to about 6 carbon atoms
which is optionally substituted with cyclic alkyl of about
3 to about 8 carbon atoms, which optionally is substituted
in the ring carbons with hydroxyl, -amino, guanidirio,
15 amidino, or alkoxyl or alkyl each of 1 to about 3 carbons,
' (7) aryl of about 6: to about 14 carbon
atoms which is optionally mono-, di- or tri-substituted
with Y1, Y2, and/or Y3, N ‘
_ ~ (8) . heteroaryl of 5 to 14 atoms with the
20 _ring atoms selected from carb_ori and heteroatoms, wherein
‘the heterocatoms are selected from oxygen, nitrogen, and
S(0)i, wherein i is 0, 1 or 2, and which is optionally
.mono-, di- or tri-substituted with Y1, Y2, and/or Y3,
' (9) aralkyl of about 7 to -about 15 carbon
25 atoms which is optionally substituted on the alkyl chain
with hydroxy or haibgen and optionally mono-, di-, or tri-
 substituted on the aryl ring with ¥i, Y2, and/or Y3,
(10) hét'e’roa:a’lkjrl of 6 to 11 atoms with
the ring atoms selected from carbon and hetefoatoms,
30 wherein the heterocatoms are selected from oxygen,
nitrogen, and S(0)j, wherein i is 0':-,' 1 or 2, and which is
optionally substituted on the alkyl chain with hydroxy or
halogen and optionally mono-, di- or tri-substituted on
the ring with ¥1, Y2, and/or Y3,

SUBSTITUTE SHEET (RULE 26)



\1/\18)896_/ 1864gegment of Hm"‘wl”“mwnmurtery treat E(CZI:T{ :)Jggﬂys\l}ml?h a
fresh sol wiossrnser Cl 8 absorbed 0 & piece of filter PEFEISIS/TG4E0 FeCl 3

is thought to dlffuse into the treated segnent of artery and cause
de-endot helialization of the 5 affected vessel surface. This results in

t he exposure of bl ood to subendot hehpal structures which in turn causes
pl atel et adherence, thronmbin formation and platelet aggregati on
resulting in occlusive thronbus fornmation. The effect of a test
conpound on the incidencgl1df ai-alkenylluscbf/e sdougnbas tor nabown fid | owi ng
the appl i catiQuyal acohdi®JEAEhS 18 BUUILALE Pndldlaseaic fLowgnptry and
is used as primary e pol nt e2usd owt onet'ry

measure car otﬁu@S&#ﬂiéﬁ?dbpéoﬁhﬂWl iming midhf Ya.at ¥Yon afhd/or Y¥he origi nal
procedure in which ther mal ctl i g\@i £ ed.
Kurz, K. D., Min, ,%3 the‘?_@§8£585.g£n§g 1;EOTr m#] ) 'W{éﬁ/

60: 269- 289 ( ¥$%0) rmg atoms Nbﬁeéqq&ﬁrianfspmagmrw apdr abgte{qwmso %))

wer e acclwué&naaek attﬂe‘easlﬁeggrm&x% pripe t@elserand fRshtd dR¥gen, 12.

hours prior tq, sur cess t,0 wat er The

pr epar ed, ané’é‘ttﬁ'gg a%{éﬁbd’f FTE0 1Toviet © %Zhéar?‘#]rfgg{rcf%}o’r? of
cat heters f@pula,haqdy RoAsS I @i orm&uf—eﬁb@gltu@gdlgonm PES a2
delivery. The arotid artery was isol ated by makl ng a mdline
cervi cal Ylici, §| oﬁnd(BFI g?\éd by blunt dissection and spreading 25
t echni qu]e'i to separate a 2 cm segnent of the vessel from the carotid
sheat h. silk suture is inserted under the proxi mal and di stal ends
of the isolated vessel to provide cl earance for the placenent of a
ultrasonic fl ow probe (Tr ansorkt epund the proximal end of the
vessel . The 30 probe is then secugfed with a stationary arm

Fol | owi ng surgery the animls were ndom zed in either a control
(saline) or treatnent group with,, conpound,

[ 3-[ (benzyl sul fonyl ) ani no] - 2413%0-Q, 2 di hydr o-
pyridyl]acetyl-L-argininal, with at |east 6 animals per 35 group per dose.
The test conpound was administered g a single intravenous bolus at the

doses outlined in Table 3 CHs
(14) HO ,
15
H3C_CH;
3
(15) o ,
H,C,__CH;
(16) OH ,
20 (17) difluoromethyl and perfluorcalkyl of

1l to about 12 carbon atoms,
(18) perfluoroaryl of about 6 to about 14
carbon atoms,
(19) perfluoroaralkyl of about 7 to about
25 15 carbon atoms, and
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189 after pl a& Mmlu)"ywluwnw probe and 5 mnutes prior to t he
t hr ombogeni ¢ sti mul us. =, di aneter piece of filter paper
(VWhat maWVO:d1864¢aked with 10 microliters of a '35% sol roTasIwiesio esh
FeCl3 (made up in water) was 5 applied the segnent of isolated carotid *
artery distal to the fl ow probe. Bl ood pressure, blood flow, heart
rate, and respiration were nonitofgd for 60 m nutes. The

i nci dence of occlusion (defined as the attai nnent of zero blood flow -
was recorded as the primary end point. 10 The efficacy of the

[ 3-[ (benzyl sul f onyl ) am no)(22)ohydrogen], 2- di hydr opyri dyl ) acetyl - L-argi ni nal
as an anti t et iyg" Yz'agg&lt%:; gy eventing thronbus formation in this in
Vi vo model was -denonstrated by the.reduction- in the incidence of
t hronbotic occlusion as shown i(d) Tabhdepehdénvly ZBlected £¥GMIGHEB3644
PCT/ US95/ 1 isti : ' 19 Tabl e Resul ts
of [3-] be%%%?uff"?ﬁ;f Fannof - BYSxggen. halogen, Svano, tdifafoly1, !
1, 2- di hydr @b‘%}lﬂ%yl ] ac¥t3niding.gi ni n@midinehe  methylamino, FeC Rmbdel of
Thr onbosi s methpdgaanidino, TFERBIENt-CFGHQUP -CF‘zCF‘aé I o ®RrF3),, N

c

I ncni dence _ of: - : ng/ kg) usi on " Saline
6 6/ OH) ‘CFPézf(b'eﬂ(i%sm?‘Eﬁgﬁ%m MOF{0)NHp, 3 -OC(®NHZ1, - 6/6
OC(O)NZ1Z3, -NHC(O)Zl, -NHC(O)NH2,  -NHC(O)NZj, -

NHC(O)NZ1z2, -C(O)OH, -C(O)NH2, -C(O)NHZ1, -C(0)0z4,

10 P(O)3H, -P(O)3H2, -P(0)3(21)2, -S(O)3H , -S(O)mZJ_’ =24, -
0Z,, -OH, -NHz, -NHZ;, and -NZ;Z;, wherein m is 0, 1 or 2,
and Z,; and Z; are independentl_y selected from the group

consisting of alkyl of 1 to about 12 c_arboh atoms, aryl of

about 6 to about. 14 carbon atomé, heteroaryl of about 5 to

15 about 14 atoms having 1 to about 9 carbon atoms, aralkyl

of about 7 to about 15 carbon atoms, and heteroaralkyl of

about 6 to about 11 atoms having -about 3 to about 9 carbon
atoms, or _

(ii) Y1 and Y3 are selected together

20 to be -0C(23)(Z4)0-, wherein Z; and Z4 are independently

selected from the group consisting of hydrogen, alkyl of 1
to about 12 carbon ato:hs, aryl of about 6 to about 14
carbon atoms heterocaryl of about 5 to about 14 atoms
having 1 to about 9 carbon a't'om's,' aralkyl of about 7 to
25 about 15 carbon atoms, and hetei'oaralkyl of about 6 to
about 11 atoms having about 3 to about 9 carbon atoms,
with the proviso that if X is not a direct link, then R
is not hydrogen, L
(c) R2 is selected fi'dm the group consisting
30 of hydrogen, alkyl of 1 to about 4 carbon atoms, and
alkenyl of a.‘bout 2 to about 4 carbon atoms,
(d) R3 is selected from the group consisting
of
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2- 0xo0-1, 2- di hydr, [ - L- argininal

[ 3-[ (benzyl sul f onyl )amﬁmlﬂnnﬂﬁmn l! 3/6 2- 0x0-1, 2-

di hydropyridyl] acetyl-4L-"¢ 1 r nal [ 3-[ (benzyl sul f onyl ) am no] -
3.0 6WO0 96/186441/ 6* 2- ox0- 1, 2- di hydr opyri dyl | RER/$9S[16410

ar gi nt nal [ 3-[ (benzyl sul f onyl ) am no] - 5.0 6 0/ 6*

2- oxo-1, 2- di hydropyridyl]acetyl -L- argininal 5

*-plerr]0.05 fromsaline control by Fishgigs test The effective
dose which prevents 50% of thronbotic occlusions in this nodel
(EDyerr][err]) can be determined fromthe above data by plotting the

i nci dence of occlusion versus 1@, wthe Ntbse ggNii ni gker ed. I:I;W S RHl ows a

di rect conparison of t he antft otic ef acy of
[ 3-[ (benzyl sul f onyl ) am no] -
it
del

2- 0x0-1, 2-di hydropyri dyl ] acetyl - L- I ni nal , h ot her
antithronbotic agents whi ch have al soNoeen ev ed in nodel as
descri bed above. Table 5 lists the Eerr][lerr] |15 val ueg sever al

wel I known anticoagul ant agents in th conpar eg

[ 3-[ (benzyl sul fonyl ) am no] - 2- oxo- 1, 2 ' and
di hydr opyri dyi&cetw | id matdodeBdbr carbonO 96/ 18644
PCT/ US95/ 16410 . 191 Tabl e 5
Effi cacy of [3-[(benzyl &%) f Jiftt )i Aglestegofrom the group consisting
1, 2-di hydr opys£ dyl ] acetyl - L-argi ni nal conpared to ot her
antithronbotic agents based on ED[err][err] 5 for thronbus
preventios in the Fed 3 nodel of arterial
I N H L\b‘r ,and l T .
~ ~ ~
o o o)
wherein

{1) R4 1is selected from the group
consisting of ‘

10 {a) R1, ~OR1, -NHR1, -S(O)nRi1. and
halogen, wherein n is 0, 1 or 2, and Ri is independently
selected, with the proviso that R4 is not a camphor

-y
derivative or \—/ heterocyclo group,
(b) alkyl of 1 to about 12 carbon

15 atoms substituted with Z5 wherein Zg is selected from the
group consisting of hydroxy, halogemn, -C(O)OH, -C(O)ORg,
-S(0)30H, and -S{O)pRg wherein Rg is alkyl of 1 to about 6
carbon atoms and p is 0, 1 or 2, and

(c) alkenyl of about 3 to about 6
20 carbon atoms;
(2) Rs is selected from the group
consisting of
(a} hydrogen,
(b) alkyl of 1 to about 10 carbon
25 atoms,
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e T s

Argatr r]
3.0nmg/ kg . 18644 [ 3-[(benzyl sul - fonyl)am no] 2 oxo0- 1, 2- ?ﬂ&ﬁgﬁﬁhﬂ’r
di hydroyri dyl | acetyl - L-ar gi ni nal aED[err][err] is defined as the dose |
that prevents the incidence 10 of conplete thronmbotic occlusion in 50% of |
ani mal s tested. The data pr% @nted in Table 4 clearl y denonstrate
the ef fectiveness of a conpound of the present invention, [3-

[ (benzyl sul f onyl ) am no] - 2- oxo- d I dyl ] acetyl -L-_ 15 I ni nal ,

I n preventing occlusive thronb s fo%%f‘ %1’ (‘j" J ﬁit% Exp%rlcﬁtfﬁl" nodel .
The rel evap&emsf sphatituted wikh cyqidey aitivig dﬁjmuﬂ:hﬁortbosaﬂc@ucars be
inferred fra@bbAcatomsgonpari son to the other anticoagul ant agents |isted
in Tabl'e 5 whi ch have been gyal uat ed in_an_identical manner 20 in

this experinmental nodel = af®! hS¥eligefddkdtlr aPEd3 toarmRautr ofboti c

ef fi cacy i ecapgbenecatomg, t hr onbus formati on clinicall y as descrl bed in

the foll ow ng Iiterature ti Hi.rs Engl J.
Med., 324: 1565- 1574 (1992)se Rﬁé?’r'?n%}p%% %
102: 456S- 43i8g2@tomeoedth wﬁgmmmm dseléd:ttéd éromalca;cbod andm Col | .

Cardiol ., h%%eis@é@bﬂ@“wheﬁéﬁ??éhe &@QCTS‘S%%'QS%%éﬂe%% ’Hﬁnro]m GV.RK

et al., Am J. Cardiol. 72. 1357- 1360 M et
al., G rculgﬁPPBn“EBli'&Q@ 195 PRYEsys) nitypgen and +tRyirsaderein i

PCT/ USp§/ 1@%}}@F§er?ﬁdent

conpari son enzy su?fonyols arti no] - 2- oxo-
1, 2-di hydropyri dyl ] acet ylI - L- ar §Ehi nBptaFeevele of ihitcalabput 6 afngctive

antit hr onbeitiofis wigBntthe ribhaadome sellepeedNfrom cArB8h’ %l&%&s afad )

coupl od v DRECERBt g, WP (X HaraToatns. sre 14 Rated from th o0 o
[ 3- [(benzylgz'ohbonph}faatnmg -@f ogygen, ni;i}odehydn@pys(cﬂy,!-] ateirglinl d4ar gi ni nal
in

192 in vivo

huT?n 1 1ng2pendently 0, 1 or 2 and whlch is attached to Het by
a r1ng carbon atam, _ -

: (g) alkenyl of 2 to about 6 carbon
atoms which is optionally substituted with cytlic alkyl of
3 to about 5 carbon atoms,

20 | "(h) aryl wh:.ch is optzonally ‘mono-,
di- or tri- subst;tuted with Yl, Yo and/or Y3
respectively, ' '

(1) heteroaryl of 5 to 6 atoms with
the ring atoms selected from carbon atoms and hetercatoms,

25 wherein the hetercatoms are selected from the group
consisting of oxygen, nitrogen, énd'¥S(0)i 'wherein iis
independently 0, 1 or 2 and which is optlonally mono-, di-
or tri- substltuted with ¥, Y3 and/or Y3,

() aralkyl of about 7 to about 10

30 carbon atoms which is optlonally mono-, di- or tri-

‘substituted on the aryl ring with Yl, Y2 and/or Y3;

(k) hetercaralkyl of 6 to 9 atoms
with the ring atoms selected from carbon atoms and
heteroatoms, wherein the heteroatoms are selected from the

35 group consisting of oxygen, nitrogen and -S(0)j- wherein i
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descri bed above in Exarrp ne skilled in the art to
conclude that the m ”m present 10 invention will be an
ef fective mmmot | c rrans. Exanpl PCE/USIS/IIG t i pl e

Extracorporeal Shunt Mdel in Rats Ut| lizing Oral 15 Dosing The
conpounds of Exanple 10 and 143 were evaluated in a nmul tichanber A-V
shunt nodel in rats. The A-V shunt 2fpdel is one of the nobst conmon
and general ly used systens to evaluate antithronbotic conpounds.
Smth, J.R and 20 Wite, AM Br. J. Pharmacol., 77: 29-38 (1982). In
this nodelisa independedtty o, nhder up afdpwhishiiy 6g'>bid>mam3t hmono- some

Dai s, R B, Shor oo g st Ll WL =Rpgi vy TP 13 T

artifici aI thr onbogeni ¢ surface 2%1)(t ypatrbhyla 5egrrent cﬁr}:&jﬂ K oDt t ON

thread) contai chanper V\:hl h. is_part. of
exteriorized wtﬂ&q‘ uﬁ't ogé:?oga h’é‘g%%rbga a?fe Van ?th:'ut? ead:ecfrh the The
procedur e ﬂes@rwﬂeﬁmg whth ¥xarf eand/ox ¥di fied A-V shunt nodel that

allows for oral dosing of test agq%s ghggﬁﬁﬁ)afﬁ ?wgfené gv%l uagtlon of
Ty,

efficacy over a two to three hour
mal e Harl an Spridgdue tBewl e;’zngatatcénwo s@&c@;)ed frmr eca:bbmnmmnsat dnaast 72

hours prior t %g"i%?oato&ge wheré{h Bi& Jad® Lgr feg@&l(l SRl Yd O

surgery with ree access to water. nanes frzed s were grouped
into three or FOWP FoIgdEtdpguUps pBYIeRr %\'f@@g%mq nnd pef0)i- whenggn

96/ 18644 . / 1641

193 1group) anénda%eﬁldes e:P’edofest a ent’s %‘gl y???%laq%ava%tmmnﬁ’e dl e,
at doses of 1M®no3,0 4410 gKd mwﬁgvhsgxfcyﬁ:e@h@n the omicgndwith EXampl ¥ 10,
and 3.0, 10 a %d% rng/kg for the Conmpound of Exanple 143. |mmediately
after oral d03| ng, dni mal's were anesthetized with sodi um pent obar bi t al

(Nenbutal ) given i nt raperitoneal | yn3dt &adegenof 50 ny/ kg
{o) difluoromethyl or perfluorocalkyl
15 of 1 to 3 carbon atoms,
{p) perfluorophenyl,
(q) perfluorocaralkyl of 7 to about 9
carbon atoms, and
(r) alkoxy of 1 to about 10 carbon
20 atoms; _
{3) Rg 1is selected from the group
consisting of
(a) R1, -ORj, -NHRi, -S{(0O)nR1, or
halogen, wherein n is 0, 1 or 2, and R} is independently
25 selected, with the proviso that Rg is not a camphor
-N Vv
derivative or -’ heterocyclo group, and
{(b) alkyl of 1 to about 12 carbon
atoms substituted with Zg, wherein Zg is selected from the

group consisting of hydroky, halegen, -ORg, -NHRg, -
30 C(O)OH, -C(O)ORg, -S{O)20H and -8{0)pRg wherein Rg is

selected from alkyl of 1 to about 12 carbon atoms, aryl of
about 6 to about 10 carbon atoms optionally mono-, di or
tri-substituted on the ring with Y3, Y3 and/or Y3, aralkyl

of about 7 to about 12 carbon atoms optionally mono-, di-
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body wei ght, and pI ' pad to maintain body _
tenperature. The | E lﬂﬂ"iﬂﬂ%ﬂ! mlzawas noni t or ed ver m nut es by
neur o- r%QA68dd ( o 3 ¢ , ' espiration and core"l’gﬂ%’éfl ﬁre The

desired depth of sur gi cal anest hesia was nmuaintained by

adm ni stering subsequent doses (5 ng/kg) intravenously. The ‘left
fenoral artery was catheterized usi n@o andard procedures for bl ood
pressure nonitoring and bl ood sanpling, with 15 pol yethyl ene tubing
(PESO). The left fenoral vein was - catheterized w th PE50 tubing for
del i very ofraf&irsybsgituted on the &ingriwitly el shifizt samfexr a¥senbl ed by
connectlng I eces of . s f|| P g h a6
cm pi ece oPeF’ﬁé%%ﬁbgggaco% algiﬁll)ﬁg ‘a Géc%laolrl?egtezgo s%i%'%ﬁl ut%llé;u :‘%’ size 3
and cl anpedtomshsképgteat §rom §mbpnoa5dcmeteroab¢m$ osedected £rpRr t hread
protrudes i:ﬁ@nbEB@pJ eea&ieelaé of okhgeNafReLoybh Nahie-8YNL- afige |eft
jugul ar vein and ‘right carotid artery were catheterized Rﬁth t he ends
of § heopE®Onahimt monoThedbhuert tweks-substizwmped oandhel eddg2wishl owed to
flow from ¢he garohsdo2ré f&nd“?f%égg : da 8%kt e shunt
via the Juggfargv%}nﬂoAf 32 f mﬁsﬁtggléylb%%h Sl eéz?) %hanber wer e
cl anped andatben atomsltuxthctineau'mglgattdms cdedte atedin \fercmf @lah:bmngndet achnent

Of hedt gﬁ ?égé%géﬁgnge%&g%r ocedur e %E‘gs as\g%%é'%\mql %B‘?g Fer m ned
i nt ervaI s péprogen apd “HP)150 #ﬁ@lu99§l°na13e}ft@f°n9ral 6&05@@) trd-al | ow

assess Y 0V, g ur shunts were
pl ace EB%FEEHIE&&I%IIQ'[% q’d‘“ﬁ Jigh % ? &a}nbd{ ig rfa:r:%ut es after oral
35 corrpound admi ni strationd)C Ry pei ghdeﬁémeﬁﬂ‘lgr fsdllectl@dntfrom theas the
pri mary endpoi nt of % rof.ocol. Bl ood hearilF ate core

g Sssgre, .
t enper at ur 85afH°PRsH %WW%PFPUF’ gd that Ripig .
PCT/ US95/ 1@440pharmaceutically acceptable salts theréd continuously.
Fol I owi ng term nation of the experinent the ani mal s were eut hani zed
with a 120 ng/ kg dose of Nenbutal . One experinment was perforrred_ per
ani nal 15 2. EDperadnpeuntl \agmicoedingr ¢oc ailadmatlad whet@in 9B, is20, and
150 5 m t r n ED[er ]I S that
dose that PRESR REE ﬁhs?ééd"%y%ﬁ%l%%?c% tng N0

and- -N(R')-8(0) -.

3. A compound according to claim 2, wherein X is

4, A compound according to claim 1, wherein R1 is

selected from the group conszst;ng of alkyl cycloalkyl,
aralkyl, and aryl. '

25 - _
5. A compound according to claim 4, wherein R] is
selected from the group consisting of substituted or
: unsubstituted phenyl, benzyl, and naphthyl.
30 - 6. A compound according to claim 5, wherein R1 has

one or two substituents selected from the group consisting
of methyl, methoxy, fluoro, chloro, trifluqromethyl, and -
'OCF3.
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6 botow eZnéodZRSnii‘?ate*‘lﬁlﬂlﬂmﬂﬂﬁﬂﬂllﬂlﬁl Ty ang - efficacy of the

corrpounds 10 Table 6 dfter oral dose E erg4 err]
val ue WO 96/18644 G0 i n (Exarrpl e 10) (Exaﬁa"é’s &)‘"’
<1.0 ny/ kg 22 mgl/ kg 90 mn 2.9 noy/ kg

20 nmg/ kg 120 mn 2.9 ny/ kg 24 mgl kg

150 min 8.2 nyl/ kg 283 g/ kg 15 WD 96/ 18644
C L PCT/ US95/ 16410

195 Cl ai s 1. A compound of formul a: 5 [err]
wher ei n 7. (&) cxmpousd| ecteddingntbhelginug,comsirstinn@Riofis
-S(0)2-, -N(R C= NH C(=O) -, -P(0) (R')- and
a direct Ilnkcbcw%g%xyn ?% é%+ﬁﬂféi%§é9§ﬁ} al kyl of 1 to about 4 carbon
atons, aryl of about 6 to about 14 carbon atons or aral kyl of about 6
to about 16 8. A compound according to claim 1, wherein R is

5 hydrogen.

9. A compound according to claim 1 wherein R3 is

HoN NH

HN

10. A compoum:l according to claim 9, wherein Ryg is
10 selected from the group consisting of:

(a) Thydrogen,

(b) alkyl of 1 to 6 carbon atoms or alkyl of 1
to 6 carbon atoms substituted with 25, wherein 2Zs5 is
selected from the group consisting of hydroxy, halogen,

15 -C(O)OH, -C{O)ORg, =-S(O)20H and -S{O)pRs,

(c) alkyl of 1 to 3 carbon atoms substituted
with cyclic alkyl of 3 to 5 carbon atoms,

{d) alkenyl of about 3 to about 6 carbon

atoms,
20 {e) cycloalkyl of about 3 to about 5 carbon
| atoms,
{£) heterocaryl of 5 atoms, and
(g} hetexoaralkyl of 6 atoms.
25 11. A compound according to claim 9, wherein Rs is

selected from the group consisting of hydrogen, alkyl of 1
to about 5 carbon atoms, trifluoromethyl, and alkoxy of 1
to 4 carbon atoms.

30 12. A compbund according to c¢laim 11, wherein Rs is

hydrogen.
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or SR, wth the provi so that R

carbon atonms, and R" is NR, OR., R,

is not NH, OH, HHIB“lM“ﬂHm l” ll ' (b) Rlerr] is selected framthe
gr oup wod/hsesk ng! MGRET GR1 RREH AR 112 (1) alkyl pérmisgsAeqpgout 12
carbon atons, ~(2) alkyl of 1 to about 3 carbon atons
substituted with cyclic al kyl of about 3 to about 8 carbon atoms, Which
optionally is substituted in the ri r%%ciarbons 20 with hydroxyl, am no,
guani di no, am di no, or al koxyl or | kyl each of 1 to about 3 car bons,
(3) cyclic alkyl of 3 to about 15 carbon atons, which optionally is
substituted in the ring carbons wi th hydroxyl, am no, guani dino,

am di no, or alkoxyl or 25 alkyl each of 1 to about 3 car bons,

(4) het erocychdal k§I compound  acceEfing b clainifg wherseini Rb fBe ring
atons sel gggggtgaog&@rg}g‘n Fhp conQ?E@i? GtOFE, Wherein the heteroatons are
selected fromthe rou consi sting of~ oxygen, nitrogen, and S(Oi,
‘whereini 30 is 0, (E)or YAre@RRwhi ch is optionally substituted on the

ring carbons wth hyﬁyoxakkyal loExyl @b adbidtt 021 da@bdBoUWtoms 3rcar bons,
gg—/nasggfggkggno Prtoa rg.fh fbon atoms substlz.t?tf'éed f@é:h zs, wherein

(5) heteraggyci® eleléctedabfetm 1@hei Ngroup %ba%&sw.i oRyQ B

sel ected L gm car bon and heteroatom; wheréin t e heteroatom; are

sel ect ed PRORIERe -OR9qr GiERIONSTGIQ)RE of - %@8)@@@ MmO ardi (O,
wherein i g(0)pR -N. V. -NV 5 is 0,
1 or 2, and |ﬁc?ud|ng , wherein “Jerr] |s;a 5 to 7 menber
heterbtycl e of 3 tof(6)riadgkedrbeh alonte wabput -3 Vcarbon- Cagoms - 0-,

-S(=0) -, subkE)ute@witls- cy‘H]IJJcO'&chB(Y. of aB&bS!s tdd bt Bheaiblg car bon

with hydrox§ al koxyl or each of 1 to about 3 carbons, am no,
guani di no F‘sio am di no, (6) al kenyl of 2 to about 6
carbon atons whi(dh | alkphybdnaf |gbauth < it tabbut t6h car®lonC atlolagl of about

3 to aboul;§ 825 BO0;e] Q1 MUk eIRLE Q8 k ¥n | Sy SHRSUUTICds anout

15 3 to about 8 carbon atoms, or aryl of about 6 to about 10
carbon atoms, ' o '
(e) aralkyl or substituted aralkyl,
(f) Theteroaralkyl of about 5 to 10 ring atoms
or substituted heteroaralkyl of about 5 to 10 ring atoms,
20 {g) aralkenyl of about '8 to .15 carbon atoms
which is optionally mono-, dl-' or tri- subst:.tuted on the
ring with Y1, Y2 and/or Y3, and .
(h) heteroaralkenyl of about 5 to 10 ring
atoms or substituted heteroaralkenyl of about 5 to 10 ring
25 atoms. '

14. A compound according to claim 13, wherein R4
and Rs are hydrogen or methyl and R is selected from the

group consisting of aralkyl of about 8 to about 13 carbon
30 atoms, and -O-aralkyl, -NH—a.ralkyl, or -S(O)p..a.ralkyl all
of about 7 to about 12 carbén atoms. '

15. A compound according to claim 14, wherein the

- aryl portion of the _aralkyl group of R, is selected from
35 unsubstituted or substituted phenyl or naphthyl.
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guani dino, 15 am dino, or

in the rin arb no,

al koxyl or aI kyI each c““l! l"u i/ll I"Er bons, (7)
aryl of about 6 to abod toms which is opti op&’bgmmg

or tri-sulNoPeinséy with Y err], Y2 and/ or Y3, (8)
heterearyl of 5 to 14 atons with the 20 ring atons sel ected from carbon
and heteroatons, wherein the heteroatons are sel ected from oxygen,
nitrogen, and S(Oi, whereini is O3 or 2, and which is optionally
nono-, di- or tri-substituted with Y[err], Y2, and/or Y3,

(9) aralkyl of about 7 to about 15 carbon 25 atons which is optionally
substituted on the al kyl chain w th hydroxy or hal ogen and optionally

nono-, di-, or triqg, AS%Qﬁzbb{xHach@BrabﬁgaEw cﬂ.hﬁlﬁ wist, h whegetih, s‘éﬂd

and/ or Y3, et eroaral k to 11 ato
the ring at 5HPSt§EP§EF%d°ffYIB%1 ‘)@éfb’é’rf‘ 9 S toe%d“r%s §%‘ %er
the heteroat egphsidténgselogct esethivlom mestgexy, flmtcmgenhland S(a@)ﬁ

wherein i is which is optionally substituted on the
al kyl chal% %Fﬁ%% Fé‘(‘? * halogen and optionally mono-, di- or
tri-substituted on the ring wwth Y[err], Y2, and/or Y3, WO
96/ 18644 PCT/ US95/ 16410

197 (11) aral kenyl f about 8 1o abou carbon

atoms which is optildnal Py cRERgundgaccoxging jto claim i ¢ e&f 8 RénéSar |
ring with Y[ eidehec¥ed aidodf Yhe group cons:.stn.ng( 1%¢ heél@é:ﬁﬂ@dﬂ&ﬂﬂ}" of
7 to 12 atoms with_ 5 the rlng at g ?}glangﬁ fxom carb and
het er oat ok, PhRenyiprapyl. { fEc %?’E’F%b@ gyclehery ter 1?"? 'm oxygen,
nitrogen, and S(O)i, whereini is 0, 1 or 2, and which is optionally

?Lrgno- [ e(rjir]- or tri-gupstiy Uto?n%o%gdt Q%co&:ﬁgny £8 ciaidl 9" kine¥ein2Rd Us Y3

selected from the group consisting of hydrogen, methyl,
difluoromethyl and trifluoromethyl.

15
19. A compound according to claim 18, wherein R7 is
hydrogen.
20. A compound according to claim 9, wherein Het is
Rs
NG NQ
20 o or O .
21. A compound according to claim 20, wherein Het
is
Rs
Rg Ry
NQ
25 o

wherein R4 is selected from the ‘group consisting of
hydrogen, methyl, ethyl, propenyl, allyl, propyl,
isopropyl, butyl, R-sec-butyl, S-sec -butyl, isobutyl, 1-
pentyl, R-2-pentyl, S-2-pentyl, 3-pentyl, S-1- {2-methyl) -
30 butyl, R-2-{(3-methyl)-butyl, 1-(3 -methyl)-butyl, R-1-(2-
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Ei% di f| uor onet hyI”w“Lmu IﬂﬂmH!ﬁ) 1to aboﬁ'? 12 carbon atoms;
0 out 14

(18) povobértssenr v| t@ a car bon at QOTNUS95/16410
(19) perfluoroaral kyl of about 7 to about 25 15 carbon atons, and

W96/ 18644 . PCT/ US95/ 16410 ‘

198 (20) hydroger, wherein Y[err], Y2, and Y3 are
(i) independently selected fromthe = group consisting of hydrogen,

hal ogen, cyano, tetrazolyl, 5 am no, guani di no, am di no,

met hyl ani neethyl) -butyl, cyanbpéﬂU?nJct*ﬁyroly@F33-pyr§E?ﬁ,_1=ﬁ£¥§fﬁ,
"CHCF3) 2 5-3-nexyl, R-2-hexyl, R-3-hexyl, and S-3-hexyl; and RS and
R6 are independently selected frozq hydfog_en and methyl.

5  22. A compound according to claim 21, wherein R4 is

hydrogen or methyl.

23. A compound according to claim 9, wherein X is
-S(0)2~, R1 1is substltuted or unsubst:.tuted ara.lkyl or
10 subst:l.tuted or unsubst:.tuted phenyl and Het is

24. A compound according to claim 23, wherein R1 is
‘substituted or uns_ubstituted benzyl or phenyl.

15 25. A cdnpound according to claim 9 wherein X is
-S(0) 2-. '

26. A compound according to claim 25 wherein R1 is
alkyll, aryl or aralkyl.

20 _

27. A compound according to claim 26 wherein R1 is
aryl or aralkyl optionally substituted with ¥Y; and/or Y
and Y1 and Y2 are independently selected from -C(O)OH, -
C(0)0Z1, -OH, -S(o)mzl,' ‘and -CF3.

25 '

28. A compound according to claim 27 wherein R; is
unsubstituted naphthyl, = substituted naphthyl,
unsubstituted phenyl, substituted phenyl, unsubstituted
benzyl or substituted benzyl.

30 .
- 29. A compound according to claim 28 wherein Rj is

benzyl. '
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N NSS)( (O)(?;?Zarz}] OCF?NHé(.CFO) mﬂmlmwg!;@) Srcﬁ]o) L NHé(.C(O)O)NZN[ZérZij 72,
E

-C(O OH, -B((Q NHZ[cer [err], - 10 P(0) RECT/USSAHIPD
-P(0)3(Z[err]) 2, -S(0)3H -S(Oferr]Zerr] -Z[err] - 0Z1, -OH,
-NH2, -°NHZ1, and -NzZ1Z2, mherein mis O, 1 or 2, and Zferr], and Z2
are independently selected fromthe groupg7 consisting of alkyl of 1 to
about 12 carbon atons, aryl of about 6 to about 14.carbon atons,

het eroaryl of about 5 to 15 about 14 atonms having 1 to about 9 carbon
atons, aral kyl of about 7 to about 15 carbon atons and het eroar al kyl

of about 6 to agput , l%&ﬂ&g@xﬁg%cggd$ﬁgukf %%td%é§gﬂ*”5}t%%ether

atons, or 02 “3r 58160

20 to be -OC (Z&)1ohékyir pyOcycivbrexyiméethydnd Z4 are I ndependent |y

selected fromthe group consisting of hydrogen, alkyl of 1 to about 12
carbon atoms, aryl of about 6 to _about 14 carbon atons heteroaryl of

about 5 toSabout 143at orfs Componadi AgCerdng HertcIRian 28 whereds, Hakalky| of
about 7 to 25 about 15 carbon atons, and heteroaral kyl of about 6 to

about 11 atons having about 3 to about 9 ca&bon at ons, wi th the proviso
that if Xis not a direct link, then R err] I s not hydrogen,

(c) R2is selected fromthe group con&est of hydrogen, alkyl of 1
to about 4 carbon atons, and al kenyl pf bout 2 to about 4 carbon

at ons, (d) R3 is selecte Mt he group consisting of
WO 96/ 18644 o PCT/ US95/ 16410

199 .

32. A compound according to claim 9 selected from
10 the group consisting of:

3-[ (phenylsulfonyl)amino-2-oxo-1,2-
dihydropyridylacetyl-L-argininal,
3-[(2-naphthylsulfonyl)amino] -2~oxo-1, 2
dihydropyridyl-acetyl-L-argininal,
15 3-{{l-naphthylsulfonyl}amino]-2-oxo-1, 2~
dihydropyridylacetyl-L-argininal,
3- (cyclohexylaminosul fonylamino-2-oxo-1, 2~
dihydropyridyl) -acetyl-L-argininal,
3- {phenylaminosulfonylamino-2-oxo-1,2~
20 dihydropyridylacetyl-L-argininal,
3-[ (phenoxycarbonyl)amino] -2-oxo-1,2-
dihydropyridylacetyl-L-argininal,
3-[ {cyclohexylsulfonyl)amino]-2-oxo-1, 2~
dihydropyridyl-acetyl-L-argininal,
25 3-[ (cyclohexylmethylsulfonyl)amino}-2-oxo-1,2
dihydro-pyridylacetyl-L-argininal,
3-[ {phenethylsulfonyl)amino]~2~oxo-1,2-dihydro-
pyridylacetyl-L-argininal,
3-[ {2-methoxycarbonylphenylsulfonyl)amino] -2-oxo-1,2~
30 dihydropyridylacetyl-L-argininal,
3-[ (3-methoxycarbonylphenylsulfonyl)amino]-2-oxo-1,2-
dihydropyridylacetyl-L~argininal,
3-[ (4-methoxycarbonylphenylsulfonyl)amino]-2-oxo-1,2-~
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[err]

and - where Wis
n rogen o carbonlIIIIIIHHIIIIIIIHFQ)I|||I§le> et is sel ected fromthe group
consi - ser F PCT/USIS/IGH1Y; |
mherern (1) R4 is selected from the group
consi sting of 10 _ - (a) HRerr], -ORerr], -NHRerr],
-S(OnRerr], and hal ogen, wher2pé n is 0, 1 or 2, and Rerr] is
i ndependent |y selected, with the proviso that R4 is not a canphor
derivative or het erocycl o group, (b) alkyl of 1
to about gi2,@2bE0PidV1addOPE-1Rffiiniibed Wi th Z5 mherern Z[err] Is selected
fromthe %r% % congrstrn Qf h%Fﬂl halo C&C»CR[err],
-S(0) 30H, and>~$(éypREetrPromerye YL§“&¢R?V b?mHPQlT - 16 2- car bon
at ons andipytdtofyridpladetylxt.-argininal, (c) aIkenyI of about -

3 to about

err|

sel ect ed

6 0 arbon, at ons
from the 6(9 Erlg%ﬁg{%méﬁﬂy%ﬁhenylsulfonyl)am£n3] £{°x° laf hydrogen
(b) a$kyHlb&drOpmra@nb@ceﬁylxﬁiangxﬂinaatons '

10

15

20

25

30

3-[(4-trifluoromethylphenylsulfonyl)amino] -2-oxo-1,2~
dihydropyridylacetyl-L-argininal, :

3-[(2-methoxycarbonylbenzylsulfonyl)amino]-2-oxo—l,2-
dihydropyridylacetyl-L-argininal,

3-[(3-methoxycarbonylbenzylsulfonyl)amino]-2—oxo-1,2—
dihydropyridylacetyl-L—argininal,

3- [(4-methoxycarbonylbenzylsulfonyl)amipo]-2-oxo-1,2-
d;hydropyrldylacetyl L-argininal, _ :

3-[ (2~ trlfluoromethylbenzylsulfonyl)am;no] 2 oxo-1,2-
dihydropyridylacetyl-L-argininal,

3-[(3- trzfluoromethylbenzylsulfonyl)amlno] 2-oxo-1 2-
dihydropyridylacetyl-L-argininal,

3-[(4- tr1fluoromethylbenzylsulfonyl)am;no]-2-oxo—1 2-
dlhydropyrldylacetyl-L—arglnlnal,

[3- [(benzylsulfonyl)amlno] 2-oxo-1 2~ d1hydropyr1dy1]
acetyl-L-argininal ,

[3- [(benzylsulfonyl)am;no] 6~-methyl- 2-oxo-1 2-
dlhydropyrldyllacetyl-L-arg:Ln:Lnal ' o

-benzylsulfonylam;no—6-oxo—1 6—d1hydro-1-
pyrzm;dlnyl—acetyl-L-arg1n1na1,

2-~-methyl- 5-benzy1sulfcnylam1no-6-oxo-1 6- dlhydro-l-
pyrlmldlnylacetyl L-argininal,

5—benzylsulfonylam;no-uraciiylacetyl-Lsargininal

S-benzylsulfonylamlno- -methyl-uracilylacetyl-L-
arglnlnal and,

3-[(2- tr1fluoromethylbenzylsulfonyl)am;no] ~2-0%0-1,2-
dihydropyridyl acetyl—L-argznlnal

33. A compound according to claim 1 wherein Rj3 is
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200 o AR DRI <0 o 6% o Sbout 5 carbor

atoms subst igHlersethth cycl ic al Kyl "of *abdut 3 to about 8

car bon atong?as (d) cyclic a|E§T“%?y§“¥B
about 6 5 carbon atons, (e)

het erocycl oal kyl of 4 to about 6 ring atons with the ring
atons sel ected from carbon and 20%et er oat ons, wherein the

het eroatons are selected fromthe group consisting of oxygen,
nitrogen and -S(O)i- whereify,,l 10 i S, ndependently 0, 1 or 2,
(f) heterocyclo of 4 to atﬂéﬂ qﬂing HoN NH atons with the ring
atonms sel ected from carbon at‘(}?and het er oat ons, wherein the
het eroatons are sel ected from tlhe group consisting of oxygen,
nitrogen and -S(O)i- wherein LW 15 i ndependently 0, 1 or 2 and
which is attached to Het by 3 carbon atom

(g) alkenyl of 2 to about 6} carbpn atons which is optionally
substituted with cyclic al or 3 to, about 5 carbon atons,
20 (h) aryl which is optionally nono-,

di- or tri- substitute Wi th 1 Y2.. and/or . Y3 . .
respectively, 34! °4 llabund according to qlaim,3d. whereigiR3 19 6
atons with the ring atons sel ected from carbon atons and

het er oat ons, 25 mherg?g t ﬁ heteroatons are selected from
the group consi Sl oxygen, nitrogen, and -S(Oi -
wherein i is i ndepenflently 0, 1 or 2 and which is optionally
nono-, di- or tri- sybstituted with Y1, Y[err] and/or Y3,

(j) aral kyl of about 7 to about 1 30 carbon atons which is
optionally nono-, di- or tri- substituted on the aryl ring
with Y1, Y2 and/or Y3, (k) heteroaral kyl
of 6 to 9 atmns he and R0isahPPBogeeected from carbon
atons and het er oat ons, wherein the heteroatons are sel ected
I/V[]g;ne} Eei V\%Saé?;_gézgg%g{xgal Qgcgi'dioég ggaon - a!.:zmr Q e'n vﬁ{]edrei%( O4I is

PCT/ US95/ 16410 selected from the group consisting of:
{a) hydrogen,

10 {(b) alkyl of 1 to 6 carbon atoms or alkyl of 1
to 6 carbon atoms substituted with 25, wherein 25 is
selected from the group consisting of hydroxy, halogen,
-C(O)OH, -C(O)ORg, =-S(O)20H and ~-S(O)pRg,

(c) alkyl of 1 to 3 carbon atoms substituted

15 with cyclic alkyl of 3 to 5 carbon atoms,

(d) alkenyl of about® 3 to about 6 carbon
atonms,

{e) cycloalkyl of about 3 to about 5 carbon
atoms,

20 (f) heterocaryl of 5 atoms, and

(g) heterocaralkyl of 6 atoms.

35. A compound according to claim 33, wherein Rs is

selected from the group consisting of hydrogen, alkyl of 1
25 to about 5 carbon atoms, trifluoromethyl, and alkoxy of 1
to 4 carbon atoms.
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201 I s i ndependent | ﬁ or 2 and which is optionally nono-, di -

or tri- substituted on rr], Y2 and/or Y3,

(1) wwoddasessl of iﬂ “kuumr which is opt i ®CTIUSYS/IGAI0- |, di- or

tri- substituted on the 5 aryl rlng W|th Y1, Y2 and/or Y3,

(m heteroaral kenyl of 7 to 8 atons with the ring atons sel ected from

carbon atons and het eroatons, whggein the heteroatons are selected from

t he group consi sting of oxygen, mtrogen and -S(Oi-.wherein 10 i is

i ndependently 0, 1 or 2, and which is optionally nmono-, di- or

tri-substituteag.ona hembbﬁﬂd%&ébfﬂ-lng\(a:o claand/3%, \ﬁfbereln Rg is

(n) hal O%ty (o) difluoronethyl or perfluoroalkyl
of 10¥8r99€Brbon atoms, (p) perfluorophenyl,

(q) perfluoroaral kyl of 7 to about 9 carbon atoms, and

(r) al koxy of t o about 10.carbon..20 .ato (3) R6
is selected 31il7rom A FrEeogRd pecording, G id “bf33 wherein Rg is

(a) Rperigelectictrdm théiRsoud consiekaRbesE}, or hal ogen, wherein-n.is-
0, 1 or 2, and R[er(r] "T‘t drgsggndentl_y 25 selected, with the proviso that
'R6 is not a carrpho Y ! -N v derlvatlve or '
het erocycl o group, (@d alkyl of 1 to about 12 (d@rbam kytomd brto about 12
carbon ' 513340%% §U98t1i%§ﬂo¢¥ﬂt§£o§@ Y&%%E: Crvﬁﬂe mt he
group COI’?SI]{?EI ng of hyd roxy, hal ogen, - Q{:&TZ‘@ me&e Ije%% C( O OH,
-C(O OR & ] is -HIg®d afitom StOpRiTevd wensdistirgerof Hysroxy,sel ect ed
fro | k f to out carb s, t_6.to0 about 10
car B%ﬁ atﬂor%t%ggp |or§ﬁ% 'y m)no9 dt?fk()))fdt-?, fé)yéRt?o’stl%h?) onart’%e ring w tin
Y[err], ‘YXcampRgqr Y3, aralkyl of about 7 to about 12 carbon at.ons
optlonally fono-, d(I) alkyl of 1 to about 3 carbon atoms

substituted with cyclic alkyl of about 5 to about 8 carbon

atoms, .
15 (a) _alkenyl of about 2 to about 6 carbon atoms
- which is optionally substituted with cyclic alkyl of about
3 to about 8 carbon atoms, or aryl of about 6 to about 10
carbon atoms,
(e) aralkyl or substituted aralkyl,
20 (f) ‘heterocaralkyl of about 5 to 10 ring atoms
or substituted heteroaralkyl of about 5 to 10 ring atoms,
(N ar_alkényl of about 8 to 15 carbon atoms
which is optionaliy mono-, di- or tri-substituted on the
ring with Y1, Y2 and/or Y3, and _ _ |
25 _ (h). heterocaralkenyl of about 5 to 10 ring
atoms or substituted heteroaralkenyl of about 5 to 10 ring
atoms.

38. A compound according to claim 37, wherein R4
30 and Rs are hydrogen or methyl and R¢ is selected from the
group consisting of aralkyi of about 8 to about 13 carbon
atoms, and -O-aralkyl, -NH-aralkyl, or -S5{(0O)p-aralkyl all

. of about 7 to about 12 carbon atoms. '
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\2/\60296/-1864gr tri-substi tmllm "ﬂlﬂ“ﬁm Im with Y1, 'Y2 and/or Y3,

het er oar ylwobesisss® about o Ear bon" atoms with the ri ng apetosesnlssnt ed
from carbon and heteroatons sel ected from t he group consisting of

oxygen, nitrogen and -S(Op- and 5 optionally nono-, di- or
tri-substituted on the ring with Y1, Y and/ or Y3; and heteroaral kyl of
about 2 to about 10 carbon atons V\nt% he ring atons selected from

car bon and het eroat ons sel ected fromthe group consisting of oxygen,

nitrogen and -S(O) ps.ang eahbeﬂaal )éc'&'%?faing Ho Sailrfiss 10wh§&lh§£' ttlﬂeed on

th th Y1, Y2 d/
i ngeglezgem | y3E¥} RPB G n‘f’? S%rft hbe araﬂ?f‘g}rFrQPBuﬁfofRssaﬁsﬁezlﬁg&rﬁg fﬁPB\/l ded

that R7 is notnsmebsgttyted ommbhsitdtumeduphentl yoraegtitahtle salts thereof.

15 2. A compound according to claim1, wherein X is sel ected

fromthe oup consisting of -S02-, -NH-S(O)Z- and -N(R )-S(0O 2-

3. A con%)und accéPdi nf cemeeundn accohding ntX c3alp 395CWherein said 4.

A conpound acsgbét itudrs! ¥ re Weffhﬂﬁré]sé]]%cted ﬂftt%% };g%%t he
ary

‘group consisting of alkyl, cyclo ar al and

5. A conpoun@®RetdFiRhg b cl"‘ﬁltﬁﬂ: s qa‘YR[erﬂu‘?rs"' chieeet e@nfr om

t he group constriflucrahettfistituted or unsubstituted phenyl, benzyl,
and napht hyl . 30 6. A conpound according to claim5, wherein
Rl err] has one or two substituents selected fromthe group consisting

of net hyl10 met hoxy41f| udreomeonnst ;cagrdiingo tonetliaim 34nd whereinORE3 is
selected frqm the group consisting of phenylethyl,
phenylpropyl, cyclohexylethyl and cyclohexylpropyl.

42. A compound according to claim 33, wherein R7 is
15 selected from the group consisting of hydrogen, methyl,

difluoromethyl and trifluoromethyl.

43. A compound according to claim 42, wherein R7 is

hydrogen.
20
44. A compound according to claim 33, wherein Het
is
Rs
Re R, Re< N R
[ (Y
N\ LrN\
(o] : or O .
25 45. A compound according to claim 44, wherein Het
is
Rs
Rs I N R‘l
NG
o ;

wherein R4 1is selected from the group consisting of

hydrogen, methyl, ethyl, propenyl, allyl, propyl,

SUBSTITUTE SHEET (RULE 26)
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E—cRey S CH A G,

claim1l1, wherein R2 is 5 hydrogen. . A conpound according to
claiml wherein R3 is NH - HN) .
10. A conpound according to claim9, 2a2zerein R4 is 10 selected fromthe
group consisting of: (a) hydrogen, : -(b) al kyl
of 1 to 6 carbon atonms or al kyl of 1 to 6 carbon atoms substit]tcjted W th
Zerr Whes &hFo 1err]],u¢ - fr up i sting,o '
h£/dr01<y hal? o c‘?l ¥ §§é-e&i gn&é@% cr;1%“t:3§]l(’C))i)l?[ err],
(c) al kyl Bf® ef'o %‘%eﬁwlato?rszmt-utk@entylw ts-rlcyel-metlaykw of 3 to

5 carbon abwrgl, R-2-(3-methyl)<{isityal, kemyl(;;o,ﬁea%pp,\ b A ,abgU§. g s carbon
atons, 20 R (e Q of a to a out 5 carbon

at ons, methyl) -butyl, )cyﬁi%é Bgﬁft PP “g¥golyl, l-hexyl, (g)
het er 0dr al $<y:f “hx ratRorfshexyls R-3-hexyl, ﬂn@oﬁpthwkmdliR& andcl ai m 9,

wher ei n R[Rg rdre &ndepeﬁﬂleﬁﬁt?dséléﬁté@efﬁnpw L_h gﬂ“ﬁé dr ogen al kyl -
of 1 to about 5 carbon at ons, trlfluororrethy ,

carbon at ons.
46. A compound accord:.ng to cla:.m 45 where:.n Rg is

hydrogen or methyl.
10 _ _ . _

_ 47. a compou’.n'd' accordihg to claim 33, wherein X is ‘
-5(0)2-, R1 is substltuted or unsubst:.tuted aralkyl or
substituted or unsubst:.tuted aryl, R3 is

H,N NI-I

v

O

15 wherein W is nitrogen, and Het is

48. A compound according to claim 47, wherein Ry is

substituted or unsubstituted benzyl or phenyl.

20 49. A compound according to claim 33 wherein X is
-5(0) 2-. ' '

50. A compound according to claim 49 wherein R3] is
alkyl, aryl or aralkyl. |
25 _
51. A compound according to claim 50 wherein Ri is

aryl or aralkyl optionally substituted with Y; and Y, and

~ SUBSTITUTE SHEET (RULE 26)
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30 12. A conpound ' lgt m 11, wherein Rerr] is
hydr ogen. WO 96/ 14%@‘”@“1“'“%' 95/ 16410

204 wo96/186d43. A compoundiaceoreing to claim9, wher epgrEgosnedioi s
sel ected fromthe group consisting of: (a) hydrogen, 5

(b) alkyl of 1 to about 12 carbon atons or al kyl of 1 to 12 carbon
atons substituted with Z6, wherein 3is sel ected fromthe group

consi sting of hydroxy, hal ogen, -OR[err], -NHR[err], -C(O OH,
-C(OOR[err], -S(O2M™H and - S(OpRerr]. 10 (c) alkyl of

L Lo aboul v3 gAshof, SLEES inaeSHALLY S diedhelyclienal ki ghbusbout ©

to about 8 carbon at ons, kenyl of about 2 to about
6 carbon at onsC(0)O0%hi ctPH.,s FO)emFal: | grdub€F3tuted with cyclic al kyl of
about 15 3 to about 8 carbon atons, or aryl of about 6 to about 10

carbon atons, (e) aral kyl or substituted aral kyl,

(f) heteroaral kyl 53f abogembound l8ccording dms claimrShuwsereim el 1is
het er oar alkyl o 10 ri at.ons, 20 . (9) ..a kenyl of
nbout 8 ¢ 1sterRerrhrted ® 1 AR op o ceses. | (o) peppERY]
tri-substitutedswpstituted phegyl t leulshitjuted? phenyt. Yinsuhstituted

(h) heteroargggﬁ?ylorogu@gatguteﬁ vegzyi0 ring atons or substituted
het er oar al kenyl of about 5 to 10 ring 55 at ons. 14. A conpound
according to claim 13, wherein R4 and Rlerr] are hydrogen or nethyl and
Rlerr] is selectedstonat Bempoundl &FoXdited Sid NgLLIm a5 Al ker&inakputis8 to
about 13 carbon 30 _atons, and -O aral kyl, -NHaral kyl, or -S(O) p-aralkyl
al | H° abBERZ¥1t 0 about 12 carbon atons.

54. A compound according to claim 50 wherein Rj is

cyclohexyl or cyclohexylmethyl.

15 55. A compound according to claim 52 wherein Het is
Rg
Rg ' N Ry
NG
(o) ' X )
56. 2 compound according to claim 34 wherein X is
-8(0})2-.
20

57. A compound according to claim 56 wherein R1 is
alléyl, cycloalkyl, aryl, or aralkyl.

58. A compound according to claim 57 wherein R is

25 aryl or aralkyl optionally substituted with Y41 and Y7 and

wherein Y] and Y2 are independently selected from -C{O)OH,
-C{0)021, -OH, -S(0)mZ1, and -CF3.

59. A compound according to claim 58 wherein Ry is

30 unsubstituted naphthyl, substituted naphthyl,
unsubstituted phenyl, substituted phenyl, unsubstituted
benzyl, or substituted benzyl.
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15. A conpound accerdlnﬁ |n1“a erein the aryl portion of the

aral kyl group of R[ér “I H“Hﬁlﬂwﬂgg n135 unsubstituted or substituted

phenyl wo sezasbdsahy| PCT/US95/16410

PCT/ US95/ 16410 : 205 16. A conpound
according to claim 15, wherein said substituents of the aryl ring are
sel ected fromthe group consistingqg0f methyl, methoxy, fluoro,
chloro and 5 trifluoromethyl. 17. A compound according to
claim 13, wherein Rerr] is selected from the group consisting of

Egenxlethyl, éo phenylpr?pylI cyclohexylethyl7and cycIthxprroFyl .
compoun or 0.C i s sel ec fomthe
group con5|st|n3§§T ﬂ%d&% 'uné;ﬁ?ﬁﬁr&M%g 4iiﬁqnﬁﬂ %9

trifluoromebéryiyl 15 19. A conpound according to cIa|n118 wher ei n
R7 is hydr ogen. . 20. A conpound accordlng to claim9, wherein -
Het is [err] .. 20 .~ 21. - /A conpound according to

claim2® wherei®l HetA comeund accordlng to c1a1m 57 wherein R1 is
cyclohexyl or cyclohexylmethyl

62. A compound accofding' to 'claim' 1 having the
formula:

10
63. The compound [3-[(benzylsulfonyl) amino]-2-oxo-
1,2-dihydropyridyl] acetyl-3-[3-piperidyl-(N-guanidino)]
alaninal. '
15

64. The compoundﬁ [3-[(benzylsulfonyl)amino] -2-oxo-
1,2-dihydropyridyl] acetyl-D,L-3-amidinophenyl alaninal.

65. A method of alkylating a 3-nitro-2-oxo-1,2-
20 dihydropyridyl acetate compound at ring position 4
comprising - _
(a) combining the compdund with a solution of
a zinc salt and an alkyl grignard under anhydrous
conditions to form a 3-nitro-2-oxo-4-alkyl-1,2,3,4-
25 dihydropyridyl acetate 1ntermed1ate,
(b) contacting  the intermediate with an
oxidizing agent, and ' o '
{(c¢) recovering a 4-alkyl-3-nitro-2-oxo-1,2-
dihydropyridyl acetate product. '
30 :
66. The method of claim 65, wherein the zinc salt

is zinc chloride or zinc bromide.
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5 2 oo UM 50,7 55

allyl, propyl, i sopropyl ,©c butyk, R-sec-butyl, S-sec-b i sobut yl

1- perwpI9osnssaa- pentyl , S 2-pentyl, 3-pentyl, S 1-(2-netR éi”)“s’%’ff‘lﬂjtyl
R-2- (3-nethyl)-butyl, 1-(3-rret hyl )-butyl , R -(2- WO 96/ 18644

PCT/ US95/ 16410 206 met hyl ) - but yI ,

cycl opentyl, 2-pyrolyl, 3-pyrolyl, |-hexyis S- 2-hexyl, R-2-hexyl,

R- 3- hexyl, and S-3-hexyl; and R5 and R6 are independently selected from
hydr ogen and net hyl . 5 22. A conpound according to claim 21,
wherein R4 is hydrogen or methyl . 23. A conpound accordi ng

to claim9, whereig.X igne metﬁ(:'@) B dﬁn‘l] 655 sMBSkihuted Q:szd:.z:l. ing

unsubstituted aral Kyl or_10 titute unsubstituted phenyl,
is [err] agent 1s Péhladmaﬁﬁiﬁ’ﬁ? dBcHPIPNEE¥ o cl ai m 23, V\,herel n
Rerr] is substituted or unsubst | tut ed benzyl or phenyl 15 25.

A Corrpounds accor di %%.tnglea{nngo&h c alm ES wheren) in step (a) the

compound and zinc salt are first combined and then the
alkyl grignard is added.

69. The method of c¢laim 65, wherein the alkyl
10 grignard is synthesized from a starting compound in the
group defined by R of formula (I).

70. The method of claim 69, wherein the alkyl

grignard is 3-phenylpropyl magnesium bromide.
15 .

71. A method for alkylating a 3-nitro-2-oxo-1,2-
dihydropyridyl acetate compound at ring position 4
comprising

(a) combining the compound with zinc chloride
20 and then adding an alkyl grignard under anhydrous
conditions to form a 3-nitro-2-oxo-4-alkyl-1,2,3, 4~
dihydropyridyl acetate intermediate,
(b} contacting the intermediate with palladium
acetate in warm THF, and
25 {(c) recovering a 4-alkyl-3-nitro-2-oxo-1,2-
dihydropyridyl acetate product.

72. The method of claim 71, wherein the 3-nitro-2-
oxo-1,2-dihydropyridyl acetate compound is t-butyl[3-
30 nitro-2-oxo-1,2-dihydropyridyl)acetate and the 4-alkyl-3-
nitro-2-oxo-1,2-dihydropyridyl acetate product is t-butyl
[3-nitro~2-oxo-4-{3-phenylpropyl}-1,2-
dihydropyridyl]acetate.
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26. A conpound accor V\,herei n Rerr] is al kyl, aryl or
aral kyl . 20 M‘@! cordi ng to ctaim?26 wherein R ert] is
aryl owmoerssqs opt i uted with Y[ err] and/ gcrisesnedio and

Y[err] and Y2 are |ndependently sel ected from-C(O OH, - O aferr],
-OH, -S(On¢err], and -CF3. 28. A conpound according to claim
27 wherein Rerr] is - unsubst itu g napht hyl , substituted

napht hyl , unsubstituted phenyl, substituted phenyl , unsubstituted

benzyl or substituted benzyl. 30 29. A conpound according to
cl aim28 wherei7s R & nethod fd¥enatkylating WO 96h188442-0x0-1,2-
PCT/ US95/ 1‘%3’8%? . : 207 ... 30
conmpound & Ry TGV 258 ’he FOMROBPG 1 PLi s TINT RASirdeR ot
cycl ohexylamgnilsing 5 - 31.  A-conpound according to cl-aim28 wherein.

et is - Lerrl  ta)  combinify the"URPHMA AU N LIl B sel ected

from 10 the group consisting o
a zinc salt and  an alkyl gr:.gnard under anhydrous
conditions to form a 3-n1tro 2Zox0-4- alkyl -1,2,3,4-
d:.hydropyr:.dyl acetate 1ntermed:.ate,
(b) contact:.ng the 1ntermed1ate with a

reducing agent, and

A

10 {(c) recovering = a 4-alkyl-3-amino-2-oxo-
piperidyl acetate product. S ‘

74. The method of claim 73, wherein the zinc salt
is zinc chloride or zinc bromide.
15 ' '
75. Te method of claim 73, wherein the reducing
agent is hydrogen. R

76. The method of claim 73, wherein in step (a) the
20 compound and zinc salt .are first combined and then th
ealkyl grignard is added.

77. The method of claim 73, wherein the alkyl

grignard is synthesized from a starting cémpound in the
25 group defined by R; in formula (I). B
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[ (phenyl sul f onyl ) am no- 2- oxo- 1, 2- di hydr opyri dyl acetyl - L-ar gi ni nal ,
[ (2-napht hyl sul f onyl ) am no) - 2- oxo- 1, 2
i hydr opyr wiydergeat y! - L- ar gi ni nal, 15 PCT/US95/16410
[ (1- napht hyl sul f onyl ) am no] - 2- oxo- 1, 2- /3

h

i ydropyrldylacetyl L- ar gi ni nal

cycl ohexyl am nosul f onyl am no- 2- 0XO0- -
ydropyridyl)-acetyl -L-argi ni nal, #iG 1
phenyl am nosul f onyl am no- 2- oxo-1, 2- 20
ydropyri dyl acetyl - L-ar gi ni nal ,

(phenoxycar bonyl ) am no] - 2- oxo-1 , 2-

ydro- pyri dyl acetyl - L-argini nal,
(phenet hyl sul fonyl ) ani §o] - 2- oxo- 1, 2- di hydr o- NNO,

yridyl acetyl - L-argi ninal, 2

(2- nethoxycarbonylphenylsulfonyl)a 1 no) - 2- oxo-1, 2- 30

ydropyri dyl acetyl - L-ar gi ni nal , i) CH3

( 3- net hoxycar bonyl phenyl sul f onyl ) arfi no] - 2- oxo- 1, 2-

ydropyri dyl acetyl - L-ar gi ni nal ,

(4- met hoxycar bonyl phenyl sul f onyl ) afi no] - 2- oxo- 1, 2- WO 96/ 18644

PCT/ US95/ 16410 208

i hydropyridyl acetyl - L-argininal,
[(2-trifluoromethyl phenyl sul fonyl)am nogy 2- ox

i hydropyridyl acetyl - i ni nal
[(3-trifluoronethyl phﬁ&@ﬂﬂmﬂeﬂwﬂ"b N NH,

i hydropyridyl acetyl - L-argininal,

-[(4-trifluoromethyl phenyl sul fonyl)am no] - 2- oxo- 12 2-

i hydr opyri dyl acetyl - L-argi ni nal, ]D NNO,
[

ih
[

ih

di

di

di
di
di
di
di
di
[

(
h
(
h
[
hydr opyri dyl acet yl - L- ar gi ni nal ,
-[ (cycl ohexyl sul f onyl ) am nol - 2- oxo- 1, 2-
hydr opyri dyl -acetyl -L-argi ninal, 25 NH
[ (cyel ohexy RS ONHe+ Hety+ CHIOODH- #x0- 1, HCI . H,N \“/ 2
[
r
[
h
[
h
[

di

(2- met hoxycar bonyl benzyl sul f onyl )al% noj - 2- oxo- 1, 2-
ydropyri dyl acetyl -L-argininal, 10 CH,4
( 3- net hoxycar bonyl benzyl sul f onyl ) ami no] - 2- oxo- 1, 2-
ydr opyri dyl acetyl - L-argi ni nal ,

-[ (4- met hoxycar bonyl benzyl sul f onyl ) arfi #ipl - 2- oxo- 1, 2-

di hydr opyri dyl acetyl - L-ar gi ni nal ,

Ry 802NH—H3‘\JL C

Cl-l3

3-
3-
3-
3-
3
3
3
3-
3-
p
3-
3
3
d
3-
di
3-
di
3
d
3
d
3
d
3

NH.CH:,COOH

iii)
iv)

R \n/ NH,
. NH.CF;COOH
R,sbznn-uen\JLNH H
o
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3-[(2-trifluoronethyl benzyl sul fonyl )am no] - 2-oxo-1, 2- 15

di hydropyri dyl acetyl - L-ar gi ni nal ,

3-[(3-tri fWOA6¥44 hyl benzyl sul f onyl ) ani n@y32- oxo- 1, 2- PCT/US95/16410
di hydr opyridyl acetyl -L-argi ni nal,
3-[(4-trifluoronethyl benzyl sul fonyI )am noj - 2- oxo- 1, 2-
di hydropyri dyl acetyl - L-argi ni nal , >,] )%

[ 3-[ (benzyl sul f onyl ) am no] - 2- oxo- 1 2 di h by Tidyl ] acetyl - L-argininal
[ 3-[ (benzyl sul f onyl ) am no] - 6- net hyl - 2- oxo- 1, 2- .

di hydr opyri dyl | acetyl - L-ar gi ni nal

5-benzyl sul f onyl am no
pyrim dinyl -acetyl -L-#rginitnal, 1
2- met hyl - 5- benzyl s '
pyri m di nyl acety ar gifni nal , Oz
5- benzyl sul f onyl am no-ugggi | yl acetyl - L-ar gi ni nal , o)
5- benzyl sul f onyl am no- 1-nmet Yl -uracil yl acetyl -L- 30~ arg¥ni nal and,
3-[(2-trifluoronethyl benzyl sul f onyl ) am nol - 2- oxo- 1, 2- di hydr opyri dyl
acetyl -L-argininal. 33. A conpound according to claim1 wherein
R3 is WO 9%/ 18644

PCT/ US95/ 16410 f

«_-CO2CH,CHs

209 [err] 34.

A conpound accomrn;%;rmal rﬁféOzw?f 4 5-COCH,CH3
O 8
X
iv)
-  R,SO,NH N-CO:H
o 9
v) | X @)
" RsonH NNy N N
o H o_ NNo,
10 3
CHg
R,SOZNHQ\)LNQTNH
o H o_ NH
11
CHg
H
vil) NTNHz_

T | l S NH.CF3COOH
H
R;SO,NH N\/‘LN
o) H o
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5 [err] and Wis nitrogren. 35. A conmpound

accordi ng ‘;189(6:) aim 33, wherein R4 is sel ected fromthe group consisting
of : (a) hydr ogen, 10 (b) al kyl of PQIPESE64Mr bon
atons .or al kyl of 1 to 6 carbon atons substituted with Z[err], wherein
Z[err] is selected fromthe group consgi,sting of hydroxy, hal ogen,
-C(OH, -C(OOR[err], -S(O2H and-S(O)éﬁ?’err], (c) alkyl
of 1 to 3 carbon atons substituted 15 wth cyclic alkyl of 3 to 5 carbon
at ons, (d) al kenyl of about 3 to about 6 carbon at ons,
(e) cycloal kyl of about 3 to about 5 F' n atons, 20 (f)
heteroaryl of 5 atons, and g) ~ heteroaral kyl of 6 atons.
35. A conpound according to claim 33, wherein Rerr] is sel ected from
t he group consisting of hydrogen, alkyl of 1 25 to about 5 carbon atons,
trifluoronmethyl, and al koxy of 1 to 4 carbon atons. WD 96/ 18644

PCT/ US95/ 16410 OCH,C 21Qy Ry 36. A
conmpound accordi ng to (€l al M 5'3 whgrein Rlerr] is Yhydrog,en.

37. A compound according to claim33r wherein rr NH S 5—setected from
the group coB8pGHI0MG OMNCO,CH,CH, Gl CHyA , i) (b)

al kyl of 1 to about 12 carbon atons or al kyl ofol t@ 12 carbon atons
substituted with Z6, wrein Z[err] is selected fromthe group
consi sting of hydroxy,
N R
| S W) CH‘"’J\ Y vi)
ory S
HO,C NeX v cHy” 07 N NN W
o) 15 O 18

Y viii) i)
R,SO,NH NN RySO,NH N -COH
x)

C 47
N R,
| U N NH, —
R{SO,NH ﬁ T 2 R, SOzNH T
o o_ NNO,
19 CHy 20 CH3
H
N~ —NH,
Xlll) | NYR4O NHCFaCOzH
Xiv) R SOzNH/E'rN\)LN H
0. H o
21 ‘
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10 hal ogen, -OR[err], -NHR[err], -C(OOCH -C(OORerr], -S(0O20H and -

S(OpRerr]. (c) alkyl of 1 to about 3 carbon atons

substi t ut sMowenssacycl i c al kyl of about ilgd about 8 carbon atons, 15
(d) al kenyl of about 2 to about 6 car batBat ons whi ch i BCHPSast0 v
substituted with cyclic al kyl of about 3 to about 8 carbon atons, or
aryl of about 6 tophbout 10 car bon at ons, (e) aral kyl or
substituted aral kyiN_ 200 () heteroﬁral kyl of about 5 to 10

subEti tuted hdteroaral kyl 5 to 1Q.ring atons,
ab H8to I5 carbon ato 'Y V\/mchls 0Q|onally nono-,
on the i) ring wit [erNlH Y2 and/o 3, and 25

ring atons
(g) aral kenyl
di- or tri-

(h) heteroaral ken I of about 5 to @BNTin atons or substitut ed
het er oar al kenyl of Cabd8t 5 to 10 ring atogs. 23 38. A
conpound according to claim37, wherein R4 30and R err] are hydrogen or
methyl and R6 is | ected fromthe group consisting of aral kyl of about
8 to about 13 car atoms, and -O-aral kyl, -NHarglLkyl, or

-S(O) p-aral kyl al IN opf about 7 to,about 12 carbon atons. WO

96/ 18644 5/ 16410 v 1 39.

A conpound acco d| n to ckg@ ¢ wnererm t he ar porfti on of the

aral kyl gr eml) unsubsti t ut or nsubs enyI
or napht hquy"IN A conpound accoReSReNK “cl 'ml\gygne@%g
substituents of tQa arﬂ4r| ng are selected fromthe grQup consi sting of
nmet hyl , net hoxy, fl uoro, chloro and trifluor t hy2 8
Ry
N__.O
“_ Y
RySO,NH N-COH
O 28
. '?7
; N O
V
i Y o
RySO,NH N\)LN NTNHz
o H  o_ NNo,
27 3
CH;
viii)

R;SO,NH N\/"\N NTNHz
OW NH - CH3CO,H
CHj,
H

ix) NH - CF3002H
X) R{SO,NH N\/IL
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10 41. A conpound according to claim37, wherein R6 is sel ected
from t'he g&gsisting of phenyl et hyl, phenyl propyl, cycl ohexyl et hyl
and cycl ohexyl propyl . 42. A conpound accordi ng t oPCTasss/ 3310
whereisn R7 is 15 selected fromthe group consisting of hydrogen, nethyl,
di fl uoronet hyl and trifl uoronethyl. 5/13 43. A conpound according to
claim42, wherein R7 is hydr ogen. 20 44. A conpound according to
clai m 33, wherein Het is [err 45. A conpound accordi ng
to claim44, wherein Het is [erriE . Buherein R4 is selected
fromthe group consisting of hydr ogen, nethyl, ethyl, propenyl,
allyl, propyl, WO 96/ 18644

PCT/ US95/ 16410 212 i sopropyl, butyl,
R-sec-butyl, S-sec-butyl, isobutyl, 1- pentyl, R-2-pentyl, S-2-pentyl,
3-pentyl, S-1-(2-nethyl)- butyl, R-2-(3-ikbkthyl)-butyl, H

3-pyrolyl,

1- hexyl ;

CozNH NHBoc_! NBoc i, i NBoc

1- (3- met hyl ) - but yI , R—l‘-é net hyl ) - but yiN opent yl | Z-W{r(NHQQC
N
)i

O NBoc CbzNH
30 O 31

l \N 'L ' \ vl Vt
O,N 0N N N COt-Bu—
OH

o
33 34
Q [ vii o P
SAOANANNCOtBY  — oA NN COH
H O H o
35 36
viii H
— N
1rNHBoc
H o i N O NBoc
NTNHaoc SN NA A OB
H H
NBoc © OEt
37
HCI - H,N Oft
OEt
N. NH
ix, x T
o N o NH - CF,CO,H
H o H o 38
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5 S-2-hexyl, R-2-hexyl, R 3-hexyl, and S-3-hexyl and R err] and R6 are
i ndependent |y sel ected from hydrogen and net hyl . 46. A conpound
accor di ng WO %/18#4n 45 wherein R4 is hydrogen or methylg 95/16410

47. A conpound according to claim 33, wherein X is -S(0O 2-, ﬁ‘[err] IS
substituted or unsubstituted aralkyl or - substituted or unsubstituted
aryl, RBis [err] 15 wherein WisbABtrogen, and Het is

48. A conpound according to claim47, wherein Rerr] is substituted or
unsubstituted benzyl or phenyl. 20 49. A conpound according to
claim 33 wherein Xis -S( 0O 2-. 50. A compound according to
claim49 wherein Rerr] is al kyl, aryl or aral kyl. 25 51. A
conmpound according to claimb50 wherein Rerr] is aryl or aral kyl
optionally substituted with Y[err] and Y[err] and WO 96/ 18644

PCT/ US95/ 16410 FlG 6 213

120
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Y[err] and Y2 are independently selected from-C(O OH, -C(OoQzerr],

- OH, -'S(O)Waﬁhﬁi‘“ and - CF3. 52. A conpound according to claim
51 wherein Rerr] is 5 wunsubstituted napht hyl , SubPCIrUsesI6410
napht hyl , unsubsti tuted phenyl, substituted phenyl, unsubstituted
benzyl or substituted benzyl. 5}5 A corrpound according to claim
52 wherein Rerr] is 10 benzyl. 54. A conpound according to
claim50 wherein Rlerr] is cycl ohexyl or cycl ohexyl met hyl . 15

55. A compound according to claim 52 ei n Het is J[err]

56. A conpound according to claim 34 i's -S(O2-. 20

57. A conpound according to claimb56 V\/nerel n F\’[err] IS al kyl ,

cycl oal kyl, aryl, or aralkyl. 58. A conpound according to claim
57 wherein R[err] is 25 aryl or aral kyl optionally substituted with Y[err]
and Y2 and wherein Y[err] and Y2 are independently selected from
-C(O OH, -C(OQzerr], -OH -S(On¢[err], and -CF3. 59. A
conmpound according to claimb58 wherein Rlerr] is 30 wunsubstituted

napht hyl , S ituted napht hyl , unsubsti tuted phenyl,
substituted ph hyl , | unsubsti t utied benzyl, substi t ut %ld.wbenzyl .

OuN N._CO,Et

BocNH N _CO,Et

7 o) 39

CO,H
ocN /Q“ NH, BocN/q: \/U\ Hz

HCIFH,N

o

40

vi vil, vili
BocN /Q \)L H2 ———————

OEt NHCHacozH
42

H
B

l N o) NH‘CFsCOzH
R
i~ N N \)L N H

H o H o

43
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WD 96/ 18644 PCT/ US95/ 16410

214 ° 60. A conmpound according to claimb59 wherein Rerr] is
benzyl A conpound according to claimb57 wherein Rlerr] is
cycl ohexyIWBPG’&Véfohexyl net hyl . 62. A conpound a 300
claim 1 having the f or mul a: [err] 63. The conpound
[ 3-[ (benzyl sul fonyl) am no] - 2- oxo- 1, 2-di hydropyridyl] acetyl-3-
[ 3- pi peridyl- (N-guanidino)] al ani nal 87135 64. The conpound
[ 3-[ (benzy@Qul f onyl ) am no] - 2- oxo- 1, 2-di hydropyri dyl ]
acetyl - DL- 3,am di nophenyl al ani nal . 65. A nethod of alkylating a
3-nitro-2 0-1,2- 20 dihydropyridyl acetate conpound at ring
position conpri si ng (a) conmbining the conpound with a
sol ution di. a zinc salt an&Jlan alkyl grignard under anhydrous
condi tions to form a 3-nitro-2-oxo-4-alkyl-1,2,3,4- 25
di hydropyridyl acetate internediate, (b) contacting t he
intermediate wth an oxi di zi agent , and (c)
recovering a 4-alkyl-3-nitro- ZJQ:m 2-
1 0
o L3 ]
T O L

=0 & 2 x

X

(J <

/

O —
o
X
OX
Z

N
o
45
iv)
v)  R{SOoNH
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liil) EtgN, DPPA, dioxane, A; BnOH, A;

i) KoCO4, DMF, BrCH,CO,t-Bu; i) LIOH, THF
Iv) Hp, Pd/C; v) R{SO,CI, collidine; vi) TFA



di hydropyridyl acetate product. 30 66. The nethod of cl ai m 65,

wherei’'n the zinc salt is zinc chloride or zinc brom de. WO

96/ 18644 wo9en PCT/ US95/ 16410

215 . 8%4? The nethod of claim66, wherein the oxi BFFUS/I16416 agent

is palladiumacetate in warm THF. 5 68. The nethod of claim 65,

wherein in step (a) the conpound and zy3c salt are first conbi ned and

t hen t he al kyl grignard is added. 69. The nmethod of claim

65, wherein tzhe alkyl 10 grignard is synthesized froma starting conpound

in the @Moup defined by RL of formula (1). 70. The net hod of

claim69, whgrein the alkyl gridnard is 3-phenyl propyl magnesi um

brom de. 1 71. A nmethod f¢r al kylating a 3-nitro-2-oxo-1, 2-

di hydr opyr iyl acet ate conpound atsi position 4 conpri sing

(a) conbi niu.g the conpound with ziné chloride 20 and then adding an

al kyl grignard under anhydrous wconditions to form a

3-nitro-2-oxo-4-al kyl -1, 2, 3, 4- haedr opyri dyl acetate internediate,

(b) contacting thefinternedi ate w \f( | adi um acetate in warm THF, and
N kyl

25 (¢ jr&overing a 4 -3-nitro-2-oxo-1, 2- g
di hydropyridyl acefgate product.

4
T
@) O
T @
a?)_E 0?5 8‘“ 3
/ —Z g
Z_ 5' pd Oﬁ nisr>_Z> §
o ZT _ i3 <
) o 5
Z
[ ]

5 &
i
T <
2 o _ =E
}—2 2 “"‘T o o g’s‘
£EL 505 =2
o o990 =
2+ g 3 =
QR 35 o. O 3
R o. ° od
38 8 = < 22
= 7 oS
O /4 4 O §ﬂ - an
Ao = £
j? —— CJEE
T . -
£ ) 2 55
O 2 3 =5

o
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72. The nethod of claim 71, wherein the
0x0-1,"2-di hydr opyri dyl acetate conpound
nitro-2- %% |
ni tro-2- oxo- #’é‘& hydr opyri dyl
[ 3-nitro-2-0x0-4-(3-phenyl propyl)-1, 2-
WO 96/ 18644

3-nitro-2-
is t-butyl[3- 30

hydropyridyl | acetate and the 4-alkyl -
acet at e product

is t-butyl PCrUs9Isi6sr0
di hydropyri dyl ] acet ate.
PCT/ US95/ 16410
|né)0/&33 nitro-2-oxo-1, 2-

216 Eﬁi A nmet hod for al kyl at

di hydr opyri dyl etate compound at ring position 4 conpri si ng
(a) conmbining t®& conpound with a solution of 5 a zinc salt and an
al kyl grlgnard suynder anhydr ous conditions to form a
3-nitro-2-oxo- kyI 1,2,3,4- di hydropyri dyl acetate internedi ats,
(b) contactin he intermediate with a reduci ng agent, ang10
(c) recovering:j 4- al kyl - 3- am no- 2- oxo- pi peridyl acetat&

pr oduct . The nethod of claim 73, wherein the zinc salt
is zinc chloride or 2|nc brom de. 180 o 75. Te method of clai @73,
wherein the reducing agent is ﬂbgen 76. The nethqﬁ of

claim73, wherein in step (a) th
conbi ned and then th eal kyl @bl
met hod of claim 73, wherein the al ky
starting conpound in the 25 group def

o

o
-
|l
-2

ar

0)

:
)
Q :
£
=] g_‘§<°
O

o OO

3
- )3

©hed by RL in formula (1).

C%onpound and zinc salt are fir¢?

d i s added. 77. Thee
grignard is synthesized fron1a

o &l

) NaH, BrCH,COot-Bu: iii) Hyp, 10% Pd/C; iv)

(@)
60

od

N_ O
R (Y
R{SO,NH N CO-H

i) KoCO3, RyX, DMSO; i
v) trifluoroacetic acid
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