INHIBITORS OF PLASMA KALLIKREIN CROSS-REFERENCES

TO RELATED APPLICATIONS [0001]This application claims the priority

to isignal Patent Application No. 60/919,031, filed M
20%%%%%&5#9Provisional Patent Application No. 60/834,377,Zj‘%?l%étl‘cﬁi(%ﬁ30/07/074761
31, 2006, which are hereby incorporated by reference in their entirety for

all purposes.  ATBMIONAET PIRIGHTS R INEITIGNS MADE
UNDER FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
[0002] NOT APPLICABLE REFERENCE TO A "SEQUENCE LISTING," A

TABLE, OR P TING A
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NvessZI a process known as hcmostasis, yet a thrombus can also be '

RS MRS B CliR 0 Bibish Yedar b meomeratssly evissegenn their

ethetpéalusiporpbsn artery by a thrombus, arterial thrombosis, most often
occurs at the site of a ruptured or eroded atherosclerotic plaque (Kou, V.
et al., (2006) Mt. Sinai J. Med. 73: 449-468). Specific occlusion of the

coronary.arter 1S, ich |
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[ododjexiingia pathways,pvhich converge onto a common pathway of

coagulation (Macfarlane, R.G. (1964) Nature 202: 498-9; Davie, E.W. etal.

(1964)Science 145: 13 10- 12; Joseph, K. et al. (2005) Advances

Im ology 86: 159-208). Experimental data have suggested both PK-
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{M%{“%&Rpﬁi%#ﬁéa Clin. Invest 34: 602-613; Colman, RW. (2001)

In

emostaslis an rombosis:Basic principles and clinical practice. R.
W. Colman et al eds. Lippincott Williams & Wilkins, Philadelphia, PA.
103-122; Rosen, E.D. et al. (1997) Nature 390: 290-294; Hathaway, W.E.,
et al. (1965) Blood 2BASHGROLANK O FATSI RN EQOB)ANN. Lab.
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._the 'ntrins'&c pathway, by binding to the surface, a small amount o
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connect to the common way. A
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controls the extent of activation of the intrinsic patiway and hence
gHR R SaRcestigiptreiitmaHAway, WE., et al. (1965) Blood 26: 521-32).
é(é%&%] ngrrent treatment for acute MI or ischemic stroke in a hospital
102 %in o YetRiiRes & Far iy thesdsnrdiens Bidasiotamelaeatitg disanebuaies,
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oing this is by treating the patie, vith tibripnglytic nts, such as tissue
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ibringlytic agents are the most frequently used treatnient for reperfusio

megitieits TRIBRWRYR FeAPImORiSiess aidieadissdhcastnen RatmgH, dbBres df (1955)
J. @Hhtambosis: 6ith GUb SR RS T BARGRMON R U bosis: Basic
depending on the study (Zijlstra, F. et al (1993) N. Engl. J. Med. 328:
680-4; Brodie, B.R. et al. (1994) Circul?tion 90: 156-62; Stone, &W. eta!
(1999) Circulation 99: 1548-54; Tamai, H. et al, MAJTC Investigators
(2004)Am. Heart J. 147: E9; Verheugt, F.W. et al(1996) J. Am. Coll.
Cardiol. 27: 766-73). [00071 Patients who have undergone acute MI show
clinical evidence of being in a hypercoagulable (clot-promoting) state. This
hypercoagulability is paradoxically additionally aggravated in those

receiving fibrinolytic therapy, Increased generation of thrombin, as
meaeaciriread by thrombin-antithrornbin 11 (TAT) levele 110 t0o 2-fold hinhear ic



[0010] Therefore, there is a need to develop small molecule inhibitors of
PK that will overcome these limitations. In particular, inhibitors that can

pughthpdralapee of fibrinolysis/thrombosis at the occluding throlm]?)fﬁzoowmum
toward dissolution, promote reperfusion and also attenuate the
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ORI C(O)R', -NHC(0)NHZ2, -NR
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fisinligyiesnis shehgs, taﬁﬁaetﬁl@%wgqgammy@@r@ﬁ)/@@rmproammgagents that
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lect m the group consisting of C and N; when Ar is a bond, inis I;
T o e b o s
thp Irranh&ce;wmbzl ysad ceptable Saltsthéneoh whireiddheIswesepbThisaR is also

t is an, integer of from O fo 4;
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halo % 2, -0Si(R2)3, -0C(0)0-R2, -
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2l (SRR (RR )20 INCISAD2RE, HUR2S(0)2R2, -C(O)NH2, -C(O)NI-1R2,
-C(0)N(R2)2, -C(0)R2, -C(0)11, -C(=S)R2, -1\11-IC(0)R2, -NR2C(0)R2,
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present invention provides a method of treating thronibosis in a subjec
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compound of formula | or Il or a PK specmc monoclonal antibody.



[0015] In a further aspect, the present invention provides a method of

treating a plasma kallilcrcin dependent disease or condition in a subject in

need thereof. The method includes administering to the subject a

coM PP rmula | or 1l or a PK-specific monoclonal antibodBCBRIRE7/074761
DESCRIPTION OF THE DRAWINGS 100161 FIG. 1 illustrates a
[BOREbaitur iy clngs thatibnitphesisdn puceddfinierst ptakibitityitadiorimekased rates of
rdsgot oW NIgACHRa b PRUIREIIA0L TEEIGH RMUBMI8S NS achieve complete

fdP(f),se-d(-::pendency of prolonged coagulation times of normal plasma with
S

tRePSBGHHoh B ASP24R8 ¥ R UBE L SRone vinterpxiBagchre thet al. (2003)
Lelattirgptime -0 P kadefietestb plaamas LIS E tierdillusHaiesothe.ageitionold

f lasmin at 100 or 20 the 5Q% pl - 6.25% ACt]
otk i Ey S T A AR O T
Hibrevdpfitationaiyekdinip| € olblboné coagulatid?Otinendecidasa sl 1 éhce, an
a%c?&é%xﬁi%a%&l%%&éﬁy &At‘%&@ﬁ%ﬁ%’f‘éa@éﬂ}?&ﬁ&!f{ﬁ E@@Eﬁiﬁ "% &3 hibits the

effectively inhibit the plasminmediated thrombogenie effect in pldsma an
iRy ohmr it ciomd Pt erdkpsRabeilert its thromogenie effect

in plasma. [0020] FIG, 5 illustrates that monoclonal antibody (MAB) 13011
(007 g's v besa denmddhat frre e a ogon i prismaiis antivevesaiblsingibitor of
Fa0YteActifelr: §0ORAPEICssbldluistiate sthatMAR 13D ddnRERIRH Hiition of FXII,

lation time by 32% when plasma is activated using 200 nM plasmin

A B R B T R rO A o uring
threuib ARl ke M BIDIROME (06878 AhleEs wttveryrisptidiatirdghiefelnwingus
ofi nith ification. laj in i . :

B e e e e S Bl v
afiunkiatipness s b slinier vansionigned shofarunpdcon afimmytrotdrmmtibodies
braslicalhamdeg the rrenbraof carbon atoms designated (i.e. C1-5 means

one to eight carbons). Examples of alkyl groups include methyl, ethyl,
mﬁmpyflrhaem?pw%m-ﬁwtly;lfadhu%m@pyfﬁyﬁmﬁs;&wlnmh@@&y bg@ﬁ%{dkwlm

n-heptyl, noctyl..and the.like. For. each of the definitions herein (e.qg., alkyl,
o e R R e P B s o BRi
firehatisthtbrimdicaie ththnaembeing thrambikaiwest dasohtomsyiromotabieperfusion

L I | 1l r fewer.main chain :

o e T B e R Bl rtoming
sy iRt Bars S divaRsriteaent dreativa duibia dis andatbsraiseds.

exemplified by -CH2CH2CH2C12-. Typically, an alkyl (or alkylene) group

will have from 1 to 24 carbon atoms, with those groups having 10 or fewer

carbon atoms beingHREfFICONIMERE SR I ERVENTIORWer alkyl" or

“lower alkylenc" is a shorter chain alkyl or alkylene group, generally

i D apLewareoadoan atoms. {9eahile Jem udloalvl (STers 12,
hydrocarbon rings having th?flndlcat d number o ?lng atoms-(e.g.,
C3.6cycloalkyl) and being fullysagyrated or haying no more than one
double bond between ring ESE\ Ices o C atoms may optionally be
replaced by a carbonyl. "C&QIO,QH(yI" ista

50 meyat to refer to bicyclic and
polycyclic hydrocarbon rings %uch.as, for example, bicyclo[2.2.1]heptane,
bicyclo[2.2.2]octane, etc. WhetT4

4 prefix (ot included to indicate the
number of ring carbon atoms in a

ycloalkyl, the radiéal or portion thereof
witdtehaxe 8 obdewer kingrearhRiaonms (QDREMTRE QNP oMY of benzene,

-alkylamino” and "alkﬁlghsig" (;or thioalkoxy) are used in their convgntional

e JIRrBUDS BIATHES 1 tHe imafittFofthe

P ysrénse, angyrrel?élrd%gefhose ahﬁ

indepkatsielslyisetastosfen Gognoancansisingroilyy,ctraiicgl Kuioallom halogen, -OH,

-.gaspegi Adeitionsily, fotiglieylam; , ortigns can

dbﬁe ’fh%ésk\gn%’grg g#%g‘én%kggygéo@b%@o% ‘mgln’ezﬁ'gg@ﬁkg é?gﬁ S,
membered ring with the nitrogen atom to which each is attached.
Accordingly, a group represented as -Nft.a.Rb is meant to include
piperidinyl, pyrrolidinyl, morpholinyl, azetidinyl and the like. 10027] The
terms "halo" or "halogen," by themselves or as part of another substituent,
mean, unless otherwise stated, a fluorine, chlorine, bromine, or iodine
atom. Additionally, terms such as "haloalkyl," are meant to include

monohaloalkyl and polyhaloalkyl. For example, the term "C,4 haloalkyl" is
mean to inchiide trifliioromethyl 2 2 2-trifliioroethyyl A- chlorabi ityvl



COOR (where nis an integer from 0 to 5, R." and R" are independently
hydrogen or alkyl, and R is hydrogen, alkyl, cycloalkyl, cycloalkylalkyl cut,
phenyl or phcnylalkyl aryl or arylalkyl) or -{CR'R")fi-CONRaRb (where n is
an‘l"ff{e@@?/?llé’fﬁ?o to 5, R' and R" are independently hydrogen oP&IRJIS8AY074761
Ra and Rb are, independently of ea}ch other, hydrogen, alky!, cycloalkyl,
-HBad kSR, -pReaFar SHEIEIRY -SEN B RratRIHES (MR sPERIFEaBR
-the e acybpaudeschvmisrint limitsa ta Ickighenyiddrenrty!,
. dgr- ?hw |, and the subst%utggj%ms,t eﬁrl(g%f %Hignb;lﬁarl t%@%rm
I%Ee ‘8&%1' rggr@ %B’ﬁ%oé%%%%ﬁ%%&@%ﬁ% thﬁ€@%toms or
-NBIEHENS(R funtisad GRS Hevgteplasry avingusa’banR iR Fetainimg,
Jaromatic praperties, £19., R inolinyl g linyl, thien he
e R O AR DR S S
Natted SN EoRE B Bitiondily-OXidi>ed - QHd B 'nRFo g évr&tom (3)=CesS, -Si(R)s,
-qRtQrally quatemizedid hetereansgirup, car beatiached to the i indepe?denﬂy

remainder of the molecule through a heteroatom. Non-limiting examples o
alX)i GripLniriER g BhRSHAAARRHPF SRerBiptsHYingviR DRSA-fifiierdl SO2
Qé,XQFDPiﬁl?@raﬁ%@_dfﬁ?ﬁyh@ﬁwﬂﬁlléﬁﬁﬂéeﬁtl@l}géf%éke@ﬁM?iﬁ)%m%@@ﬁ@ﬂélﬁng ofN, S,0
[ lazinylquinolin uinoxalin uinazolinyl, cinnolinyl,
e R e GBI BB SEPRT H, Cro

alsahaedrideol dtzisingkotingi€3heh 20 fan Yisiridgyértinetolizimite-membered
riRE RAOHHARIY hotHRNRRYENPY &f&ﬁf?&%é@&‘%‘éﬁﬂn%&z%@@ OIdingly of ¢ and N
imidazopyridines, penzothlaxo_lyl, benzofuranyl, benzothie y?, mdgolly‘% ’
WRETORS RBRfitidA, listhisaZsIin 2p ez, iidazoly npteiingf femuedolgnd
phaazatylteirBzaydpoxazalit dsasagolyl, thiadiazolyl, pyrrolyl, thiazolyl,
furyl, thienyl and the like. For brevity, the term aryl, when used in
combination with other radicals (e.g., aryloxy, arylalkyl) is meant to include
(09381 dmyingbensseact theteroanyigroups asodess et pbhovechaviif 28 formula:
Substituents for the aryl groups arenvaried and are generally selected
from: -halogen, -OR’, -0C(0)R/, -NRR*NER'=R\, -CNH-NO2, -CO2R,
-CONRR", -C(O)R", g QC(IINRIR*-NR"
-NR"C(O)zR'"-NR'-é(O)’NR' »”"NH-C(NH2)=NH, - NR'e(NE2)=NH,
-NH-C(NH2)=NR', -S(0)R’, -S(O)i%@Z«NF?R\', -NR'S(0)2R",
perfluoro(Ci-C4)alkoxy, and perflyoro alkyl, jn,a numbﬁr ranging from
zero to the total number of open valences on the aromatic ring system;
WHEG Y st SURSCHRT Bhif PO iBERRRT 8 Serel 8 iy SERentb i m I ydrotrgar ofi fom 0 to
4 ey kubSApeycloatkyte fe? & allanylo €20 @lkynytnpnssipstitided 2rYh AR oroup
heter.oa%, %J%Séj%ggtutedd z%yl)-cé}r%i Kkyl, and unsubstituted aryloxyC1-4
AN TBO36 T Tio Of AR B EHS rf AR S AR BR ¥R Sirofom the
gieteronsisting eyl eptionbily deyicptbeed, witH 2 SRASISERE Bf e (0)0-R?, -
la - 2 ein.Jyand U are independently =NH-, -0-,
O%r?}% o?gﬁﬁ%gggﬁd@%« i zgﬁﬁie%%f o$[f$)§% 0 %@?&Itéﬁ%}ﬁ\%w,
-Sifd:bf e, stliidhts oNEAR RNt ABTORRie-GiDEhet6lEANIRAAg
- REgNatiOhR?reptased | ubstitenief e 2 - -,
G%N%é{anﬁ%%ar i??e enctitesrzll{g CH%Q&Q&@{S?RSQF‘%E?K%
NE B0 LS, S Kt agBr GBI 0 SO e
-@m@&ﬁmﬁj, eNHIEOWRY FINR’SOfBMad, Atay, aptionally,baviertaceRiith a
. t 2t h tuent: ent at
e oo o Merepla e G & subsbah ot 2
OlheTimald, MR X PECED1-Nnbrebe-SidRtit a¥EiNgE e ATEAQ INtdysts NO, -
NotfraR 0t X200 iR rln eNRR? 19imdepRrerR( N, W Q12 +s tNEember
substituent R' in -NR'- and -S(0)2NR'- is selectéd from hydrogen or
unsubstituted C1-6 alkyl. [0031] As used herein, the term "heteroatom" is
meant to include oxygen (0), nitrogen (N), sulfur (5) and silicon (Si). [0032]
The term "pharmaceutically acceptabledsalts” is meant to include salts of
the active compounds which are prepared with relatively nontoxic acids or
bases, depending on the particular substituents found on the compounds
described herein. When compounds of the present invention contain

relatively acidic functionalities, base addition salts can be obtained by

contacting the neutral form of such compounds with a sufficient amount of
the decired hace eaithar neat or in a <iriitable inert enhirvent Evamnlac nf



[0037] In one aspect, the present invention provides compounds having

the formula: [0038] Ar is a bond or an aromatic ring selected from the

group consisting of benzene, pyridine and pyrimidine. When Ar is a bond,

m %9 200#R184} is an aromatic ring, m is an integer from 0-5. INE§&US2007/074761
embodiment, Ar is benzene or pyridine. In gnother embodiment, Ar is a

splsAigd fﬁb@@}%@@w@wﬁpwf R AR YE o bisiH onE 1 -Cs alkyl; when q is
lembodimenphamtlutlNA0)EaehbRadadmepandently selected from the

consisting of cycloalkyl, haloalkyl, halogen, -OH, -OR’, -OSKR53, .
R e AR RO G S SR S gpmposiion
TIS(0)21sitie 8 D2NHR 2- S0P MId RS, feSOYAN (R I]2in D BH{AIAR), wiNRa
pRARIEREHARINELR (ORI :C(ON(R1)2, -C(0)I(1, -C(OH, - C(ES)R,

INHC(O)L(T, "N QOIR -NEE[0)NH2, -NR'C(0)NH2. -NRIC(O)NHRI,

TIC( - 2 -CO2H, -CQ2R]. .

e oo RSN EE o S N AR SR i
throrois it NS NI Sy opefithrmao L Nibe Pesthodrayiude, adueigigneriuNeithe subject a
co{FNRIINFZmoH €D H orM REQBbeiRA B onN GmfBod)=C=S, -SKR1)3,
-NH-NFIRI, -NHC(0)NHNH2, NO, -N=C=NRI and -S-CN, wherein each RI
[imiﬁqizgﬁmm&%@igdctlm}b@@ﬁe@éﬂb@d ' dm%ﬁ'l hp%vﬁfia%mlo%'&fd@ﬁ@ﬂﬂasma
embodiment is unsubstituted aryl, such as phenyl or pyridyl, ora .
T e AR e R o8 e R nchuces
afpoaisieriranie EmbdyivienprepomRali®imdepénddnity alegtedfcamtbeional
ag{lfgggy(;onsisting of C1-C8alkyl, C,-Cg alkoxy, aryl, aryl(CI-Cs alkyl),

halogen, -NI112, -NH(Ci-C8 alkyl), -N(Ci-Cs alky1)2, -CN, -C(=0)(CI-C3

alkyl), -(C=0)NH2, -(C=0)NH(CI-Cg alkyl), -C(=0)N(C1-05 alky02,-COOH,

-COO(C1-C8alkyl), -000(Ci-C8alkyl), -0(C-0)0(CI-C8alkyl)-NO2, -SH,

-S(C:-C8 alkyl), -@R&%R@-@éﬁ%}‘gm&ﬂﬁ)@&%ﬁmﬁ),
[60{GFON GC1- M8 saezh) a voRptellkda® aliswdu NSRS b Hal} i8Rt 1asma with

-802{\I'II'I Ci- %a&%:%m&r%h%r embodiment, each Ra is independently

€g

ISR th up Consi& fHaOé‘f CI-C3 alkyl, CI-Cs anCOXY, phenyl,

yl {C)-Cs.alkyl), halogen, -CN, -NI-12, -NH(Ci-C8 alkyl), -N(CI-C8

2 R R B e s ST i B dies 5o
PEEEOYO(E e gadiiidn OB or H(ER-GB atkyd)icandoddbHiEGH0)(C kighe clotting
tieHK¥)-PR Yeharpthelfimbodiment, each Ra is indepedently selected from

the group consisting of CI-Cg alkyl, CI-C8 alkoxy, phenyl, phenyl (C1-C8
sUky)). nhenananm Do MHZ: sINHRY (G - .
[-C010H, -COO(C OE%K{%Q%%%(OC%%? éa}:lllély%l)fj E%%%%ga}élg,:f)g)é\?g{)%%%dhe 50%
Plgsrea:$ect-CL Ry pixeieadtadiey s, dnserdepayieToaiRying of the
tiarddhedikgatioy; xapipldRaishalogenisuehias §daBLse¢ frdA0AB kist74 1o

linking group selected from the group consisting of a bond, CH2 and SO2.
[0043] Qa, Qb, and QC are each members independently selected from

ro opsisting of. N, 5,.0 and C(R).wherein each Rq is independently
R s P e B S RS e o
mgdiptethogrhesdiny €ffecQb pananddviiasprirgnee ticds is mdivesdnomtianath to
cXigifaniach byohdauRle gpﬂg%a[oom] In a first group of embodiments, Q'
is N and Qb and QC are each selected from N, 0 and C(Rq). In certain

[(jﬂmnCEﬁG%iiﬁMﬁE‘@t@Prﬁ&%@&@i@nﬁ@ﬁ@yi Wn%t&yﬁﬁggég%gggaﬁulaﬁon

RQ). In certain other instances, Qa’is N and QC and Qb are eac

.N and
“%’éfg&é%é%?ﬂl@tfﬁiﬁaésn%Yfm%fieééQQm 6i8riifstances, Q'is N, QC is

mber.selected fro 0, and Qb is the other member selected

T NG 6 G0 Aeihis oL CPBABECHEHE: QR et ohen

plasdaQsaaiesct seteted fidmpldNmhand CIRg)AieE’ain instances, Qa is
0 and Qt and Qb are each independently selected from N and C(Rq)
[0046] In a third group of embodiments, Qa is C(R") and Qb and Q' arc
each selected from N, 0 and C(lt.c). In éertain instances. Q is C(R) and
Qb and QC are each independently selected from N and 0. In certain
other instances, Q'is C(R) and Qb and QC are each independently
selected from N and C(Rq) In yet certain other instances, Qa is C(R) and
Qb and QC are each independently selected from 0 and C(Rq). In one
occurrence, Qais C(12.1), Qb



is0and Qis (CR.). [0047] Y is a member selected from the group

consisting of C and N. In one embodiment, Y is C, (2'is S and Ar is

selected from phenyl or pyridyl. In another embodiment, Y is N, Qb and
QCPP WM fitdependently C(12), wherein F,5 is H or Ci.salkyl PRIGH@007/074761
instance, Y is N, Qa and (2' are C(g) and Qb is CH. In a preferred

embodiment, Y is N. [0048] In one embodiment, L is a bond, Y is N. In

another embodiplenA i iSPIOSCRYPE Y RESFANIS A RVRRCTEOHNG. in yet
another eénbodlment L is C14,) and Y is N. In still another embodiment,

I isa bPUHPY is C. In a further embodiment, L is SO2 and Y is N.

]1 ref rred em , Qb and Q are each independe
T S TR e ol LRt P T ol
hpx@féwmbmtgegxmme Awis benzene. In still another preferred
embodiment, le is -H and CI-Cs alkyl. [0050] In one embodiment, the

[#033kntlihy tamticialpydVidle § etimpeupas dfaoothed aubltiviog, aﬂmmullalsetotherwise
s 03300 b el MR R ASRBSR TSR AT T o o

----------- N.k"--0 A
dAW%Qﬂ)(P\ﬂ-I C1 -3 means one to eight carbons). Examples of alkyl groups mcludc methyl,

ethyl, n-propyl, isopropyl, n-butyl, t-butyl, isobutyl, sec-butyl, n-pentyl, n-hexyl, n-heptyl, n-
octyl, and the like. For each of the definitions herein (e.g., alkyl, alkoxy, alkylamino,
alkylthio, alkylene, haloalkyl), when a prefix is not included to indicate the number of main
chain carbon atoms in an alkyl portion, the radical or portion thereof will have 12 or fewer

main chain carbon atoms.

[0024] The term "alkylene" by itself or as part of another substituent means a divalent
radical derived from an alkane, as exemplified by -CH,CH,CH,CH,-. Typically, an alkyl (or
alkylene) group will have from 1 to 24 carbon atoms, with those groups having 10 or fewer
carbon atoms being preferred in the present invéntion. A "lower alkyl" or "lower alkylene" is

a shorter chain alkyl or alkylene group, generally having four or fewer carbon atoms.

[0025] The term "cycloalkyl" refers to hydrocarbon rings having the indicated number of
ring atoms (e.g., Cy.scycloalkyl) and being fully saturated or having no more than one double
bond between ring vertices. One or two C atoms may optionally be replaced by a carbonyl.
"Cycloalkyl" is also meant to refer to bicyclic and polycyclic hydrocarbon rings such as, for
example, bicyclo[2.2.1Theptane, bicyclo[2.2.2]octane, etc. When a prefix is not included to
indicate the number of ring carbon atoms in a cycloalkyl, the radical or portion thereof will

have 8 or fewer ring carbon atoms.

[0026] The terms "alkoxy," "alkylamino" and "alkylthio" (or thioalkoxy) are used in their
conventional sense, and refer to those alkyl groups attached to the remainder of the molecule
via an oxygen atom, an amino group, or a sulfur atom, respectively. Additionally, for
dialkylamino groups, the alkyl portions can be the same or different and can also be
combined to form a 3-7 membered ring with the nitrogen atom to which each is attached.
Accordingly, a group represented as -NR?R” is meant to include piperidinyl, pyrrolidinyl,
morpholinyl, azetidinyl and the like.
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[0027] The terms "halo" or "halogen," by themselves or as part of another substituent,
mean, unless otherwise stated, a fluorine, chlorine, bromine, or iodine atom. Additionally,
terms such as "haloalkyl," are meant to include monohaloalkyl and polyhaloalkyl. For
example, the term "C,.4 haloalkyl" is mean to include trifluoromethyl, 2,2,2-trifluoroethyl, 4-

chlorobutyl, 3-bromopropyl, and the like.

[0028] The term "aryl" means a monovalent monocyclic, bicyclic or polycyclic aromatic
hydrocarbon radical of 5 to 14 ring atoms which is unsubstituted or substituted independently
with one to four substituents, preferably one, two, or three substituents selected from alkyl,
cycloalkyl, cycloalkyl-alkyl, halo, cyano, hydroxy, alkoxy, amino, acylamino, mono-
alkylamino, di-alkylamino, haloalkyl, haloalkoxy, heteroalkyl, COR (where R is hydrogen,
alkyl, cycloalkyl, cycloalkyl-alkyl cut, pheny! or phenylalkyl, aryl or arylalkyl), -(CR’R”) -
COOR (where n is an integer from 0 to 5, R’ and R” are independently hydrogen or alkyl,
and R is hydrogen, alkyl, cycloalkyl, cycloalkylalky! cut, phenyl or phenylalkyl aryl or

arylalkyl) or —(CR’R”)H-CC)NRKRb (where n is an integer from 0 to 5, R’ and R” are

independently hydrogen or alkyl, and R® and R® are, independently of each other, hydrogen,
alkyl, cycloalkyl, cycloalkylalkyl, phenyl or phenylalkyl, aryl or arylalkyl). More
specifically the term aryl includes, but is not limited to, phenyl, biphenyl, 1-naphthyl, and 2-
naphthyl, and the substituted forms thereof. Similarly, the term “heteroaryl” refers to those
aryl groups wherein one to five heteroatoms or heteroatom functional groups have replaced a
ring carbon, while retaining aromatic properties, ¢.g., pyridyl, quinolinyl, quinazolinyl,
thienyl, and the like. The heteroatoms are selected from N, O, and S, wherein the nitrogen
and sulfur atoms are optionally oxidized, and the nitrogen atom(s) are optionally quaternized.
A heteroaryl group can be attached to the remainder of the molecule through a heteroatom.
Non-limiting examples of aryl groups include phenyl, naphthyl and biphenyl, while non-
limiting examples of heteroaryl groups include pyridyl, pyridazinyl, pyrazinyl, pyrimindinyl,
triazinyl, quinolinyl, quinoxalinyl, quinazolinyl, cinnolinyl, phthalaziniyl, benzotriazinyl,
purinyl, benzimidazolyl, benzopyrazolyl, benzotriazolyl, benzisoxazolyl, isobenzofuryl,
isoindolyl, indolizinyl, benzotriazinyl, thienopyridinyl, thienopyrimidinyl,
pyrazolopyrimidinyl, imidazopyridines, benzothiaxolyl, benzofuranyl, benzothienyl, indolyl,
quinolyl, isoquinolyl, isothiazolyl, pyrazolyl, indazolyl, pteridinyl, imidazolyl, triazolyl,
tetrazolyl, oxazolyl, isoxazolyl, thiadiazolyl, pyrrolyl, thiazolyl, furyl, thienyl and the like.
For brevity, the term aryl, when used in combination with other radicals (e.g., aryloxy,

arylalkyl) is meant to include both aryl groups and heteroaryl groups as described above.
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[0029]  Substituents for the aryl groups are varied and are generally selected from: -halogen,
-OR’, -OC(O)R’, -NR’R”, -SR’, -R’, -CN, -NO,, -CO,R’, -CONR’R”, -C(O)R’, -
OC(O)NR’R”, -NR”C(O)R’, -NR”C(O);R’, ,-NR’-C(O)NR”R™’, -NH-C(NH,)=NH, -
NR’C(NH;)=NH, -NH-C(NH2)=NR’, -S(O)R’, -S(O)%R’, -S(0),NR’R”, -NR’S(0),R”, -N;,
perfluoro(C;-Cyalkoxy, and perfluoro(C,-Cs)alkyl, in a number ranging from zero to the
total number of open valences on the aromatic ring system; and where R’, R” and R™ are
independently selected from hydrogen, Cy.s alkyl, Cs. cycloalkyl, Cygalkenyl, Ca.g alkynyl,
unsubstituted aryl and heteroaryl, (unsubstituted aryl)-C)-4 alkyl, and unsubstituted aryloxy-
Ci-galkyl.

[0030] Two of the substituents on adjacent atoms of the aryl or heteroaryl ring may
optionally be replaced with a substituent of the formula -T-C(0)~(CHy),-U-, wherein T and U
are independently -NH-, -O-, -CH;- or a single bond, and q is an integer of from 0 to 2.
Alternatively, two of the substituents on adjacent atoms of the aryl or heteroary! ring may
optionally be replaced with a substituent of the formula -A-(CH,),-B-, wherein A and B are
independently -CHy-, -O-, -NH-, -S-, -S(0)-, -S(O),-, -S(0),NR’- or a single bond, and r is an
integer of from 1 to 3. One of the single bonds of the new ring so formed may optionally be
replaced with a double bond. Alternatively, two of the substituents on adjacent atoms of the
aryl or heteroaryl ring may optionally be replaced with a substituent of the formula -(CHy)s-
X-(CHy)r-, where s and t are independently integers of from 0 to 3, and X is -O-, -NR’-, -S-, -
S(O)-, -S(O)z-, or -S(0);NR’-. The substituent R’ in -NR’- and -S(0),NR’- is selected from
hydrogen or unsubstituted C;-¢ alkyl.

[0031]  As used herein, the term "heteroatom" is meant to include oxygen (O), nitrogen (N),
sulfur (S) and silicon (S1).

[0032] The term "pharmaceutically acceptable salts" is meant to include salts of the active
compounds which are prepared with relatively nontoxic acids or bases, depending on the
particular substituents found on the compounds described herein. When compounds of the
present invention contain relatively acidic functionalities, base addition salts can be obtained
by contacting the neutral form of such compounds with a sufficient amount of the desired
base, either neat or in a suitable inert solvent. Examples of salts derived from
pharmaceutically-acceptable inorganic bases include aluminum, ammonium, calcium, copper,
ferric, ferrous, lithium, magnesium, manganic, manganous, potassium, sodium, zinc and the

like. Salts derived from pharmaceutically-acceptable organic bases include salts of primary,
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secondary and tertiary amines, including substituted amines, cyclic amines, naturally-
occuring amines and the like, such as arginine, betaine, caffeine, choline, N,N’-
dibenzylethylenediamine, diethylamine, 2-diethylaminoethanol, 2-dimethylaminoethanol,
cthanolamine, ethylenediamine, N-ethylmorpholine, N-ethylpiperidine, glucamine,
glucosamine, histidine, hydrabamine, isopropylamine, lysine, methylglucamine, morpholine,
piperazine, piperadine, polyamine resins, procaine, purines, theobromine, triethylamine,
trimethylamine, tripropylamine, tromethamine and the like. When compounds of the present
invention contain relatively basic functionalities, acid addition salts can be obtained by
contacting the neutral form of such compounds with a sufficient amount of the desired acid,
either neat or in a suitable inert solvent. Examples of pharmaceutically acceptable acid
addition salts include those derived from inorganic acids like hydrochloric, hydrobromic,
nitric, carbonic, monohydrogencarbonic, phosphoric, monohydrogenphosphoric,
dihydrogenphosphoric, sulfuric, monohydrogensulfuric, hydriodic, or phosphorous acids and
the like, as well as the salts derived from relatively nontoxic organic acids like acetic,
propionic, isobutyric, malonic, benzoic, succinic, suberic, fumaric, mandelic, phthalic,
benzenesulfonic, p-tolylsulfonic, citric, tartaric, methanesulfonic, and the like. Also included
are salts of amino acids such as arginate and the like, and salts of organic acids like
glucuronic or galactunoric acids and the like (see, for example, Berge, S.M., et al,
“Pharmaceutical Salts”, Journal of Pharmaceutical Science, 1977, 66, 1-19). Certain specific
compounds of the present invention contain both basic and acidic functionalities that allow
the compounds to be converted into either base or acid addition salts. The term
"pharmaceutically acceptable” is meant the carrier, diluent or excipient must be compatible

with the other ingredients of the formulation and not deleterious to the recipient thereof,

[0033] The term "composition" as used herein is intended to encompass a product
comprising the specified ingredients in the specified amounts, as well as any product which
results, directly or indirectly, from combination of the specified ingriedients in the specified

amounts,

[0034] The term "subject" as used herein is meant to include animals, such as mammals,
including, but are not limited to, primates (e. g. humans), cows, sheeps, goats, horses, dogs,

cats, rabbits, rats, mice and the like.

JIR General
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[0035] The present invention relates to compounds for inhibiting the activity of plasma
kallikrein (PK) and methods of using the compounds and pharmaceutical compositions for
the prevention and treatment of blood coagulation, such as thrombosis, and PK-dependent
diseases and conditions. For example, the compounds inhibit the formation of thrombin by
the intrinsic pathway and thus reduce the risk of new pathogenic thrombus formation
(reocclusion) and also improve fibrinolytic-induced reperfusion when given as adjunctive

therapy with a fibrinolytic regimen.

[0036] The present invention offers several advantages. First, high levels of inhibition of
PK activity will not have any untoward effects, based on the lack of any observed phenotypes
in PK-deficient individuals. Second, PX inhibition following acute myocardial infarction
(MI), ischemic stroke or deep vein thrombosis (DVT) offers a powerful additional advantage
over other anti-coagulants such as heparin (including LMWH) or direct thrombin and FXa
inhibitors being clinically developed in that it will not affect normal hemostasis, thus not
increasing the already elevated risk of bleeding in such patients. Third, by lowering the
amount of thrombin that is concurrently generated upon fibrinolytic therapy, PK inhibitors
improves the clinical course of reperfusion upon fibrinolytic treatment, resulting in more
effective outcome for such treatment, and allow the application of a lower dose of fibrinolytic
to obtain a therapeutic effect, while lowering the risk of ICH. Fourth, the compounds and
methods of the present invention have stable and long half-lives for acute studies, low
possibility of developing drug resistance from patients, and do not require other medical

intervention.
. Compounds

[0637] In one aspect, the present invention provides compounds having the formula:

0
2—-NH NH
b/ -~

o I,

\L(Ra)m
I

[0038] Arisabond or an aromatic ring selected from the group consisting of benzene,
pyridine and pyrimidine. When Aris a bond, m is 1. When Ar is an aromatic ring, m is an
integer from 0-5. In one embodiment, Ar is benzene or pyridine. In another embodiment, Ar

is a bond.
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[0039] The subscript m is an integer from 0 to 5. In one embodiment, m is 0.

[0040] Each R"is independently selected from the group consisting of cycloalkyl,
haloalkyl, halogen, -OH, -OR', -0Si(R");, -OC(0)0O-R!, -OC(O)R}, -OC(O)NHR',
-OC(O)N(RY),, -SH, -SR', -S(O)R', -S(0),R}, -SO,NH,, -S(0),NHR', -S(0),N(R"),,
-NHS(O);R', -NR'S(0%R, -C(O)NH,, -C(O)NHR!, -C(OIN(R),, -C(O)R}, -C(O)H, -
C(=S)R', NHC(O)R, -NR'C(O)R!, -NHC(O)NH,, -NR'C(O)NH,, -NR'C(O)NHR',
-NHC(O)NHR', -NR'C(O)N(R"),, -NHC(O)N(RY,, -CO,H, -CO,R!, -NHCO,R!,
-NR'CO,R', -R', -CN, -NO;, -NH,, -NHR!, -N(R'),, -NR'S(0)NH,, -NR'S(O),NHR, -
NH,C(=NR "YNH,, -N=C(NH,)NH,, -C(=NR"NH,, -NH-OH, -NR'-OH, -NR'-OR, -
N=C=0, -N=C=S, -Si(R");, -NH-NHR', -NHC(O)NHNH,, NO, -N=C=NR! and -S-CN,
wherein each R' is independently alkyl. In one embodiment, R’ is C;-Cg alkyl. In another
embodiment, R' is unsubstituted aryl, such as phenyl or pyridyl, or a substituted aryl, such as

a substitituted phenyl or a substituted pyridyl.

[0041] In one embodiment, each R is independently selected from the group consisting of
Cy-Cgalkyl, C,-Cgalkoxy, aryl, aryl(C;-Cs alkyl), halogen, -NH,, -NH(C;-Cg alkyl), -N(C;-Csg
alkyl),, -CN, -C(=0)(C,-Cjs alkyl), -(C=0)NH;, -(C=0)NH(C;-Cg alkyl), -C(=0)N(C,-C;
alkyl),, -OH, -COOH, -COO(C-Cg alkyl), -OCO(C,-Cs alkyl), -O(C=0)O(C;-Cg alkyl)-NOs,
-SH, -8(C,-Cy alkyl), -NH(C=0)(C,-Cg alkyl), -NH(C=0)O(C;-Cg alkyl), -O(C=0)NH(C,;-Cg
alkyl), -8O,(C1-Cg alkyl), -NHSO,(C,-Cy alkyl) and -SO,NH(C;-Cy alkyl). In another
embodiment, each R” is independently selected from the group consisting of C,-Cg alkyl, C;-
Cs alkoxy, phenyl, phenyl (C-Cg alkyl), halogen, -CN, -NH,, -NH(C,;-Cy alkyl), -N(C;-Cs
alkyl),, -(C=0)CHjs, -(C=O)NH,, -OH, -COOH, -COO(C,-Cgalkyl), -OCO(C,-Cg alkyl), -
O(C=0)0O(C;-Cg alkyl), -NO,, -SH, -S(C;-Cs alkyl), and -NH(C=0)(C,-Cg alkyl). In yet
another embodiment, each R" is indepedently selected from the group consisting of C;-Cg
alkyl, C,-Cg alkoxy, phenyl, phenyl (C,-Cg alkyl), phenoxy, aryloxy, halogen, -CN, -NH, -
NH-aryl, -(C=0)CHs, -(C=0)NH,, -OH, -COOH, -COO(C;-Cs alkyl), -OCO(C;-Cg alkyl), -
COO-aryl, -OC(O)-aryl, -O(C=0)0(C,-Cg alkyl}-NO,, -SH, -S(C-C; alkyl), -NH(C=0)(C;-
Cgalkyl) and the like. For example, R*is halogen, such as Cl, Bror L

[0042] L is a linking group selected from the group consisting of a bond, CH, and SO,.

[6043] Q% Q° and Q° are each members independently selected from the group consisting

of N, §, O and C(R") wherein each R" is independently selected from the group consisting of
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H, Ci.salkyl, halogen and phenyl, and the ring having Q% Q°, Q°and Y as ring vertices is a

five-membered ring having two double bonds.

[0044] In a first group of embodiments, Q is N and Q° and Q° are each selected from N, O
and C(RY). In certain instances, Q is N and Q° and Q" are each independently selected from
N and C(R"). In certain other instances, Q” is N and Q° and Q® are each selected from C(R%)
and O. In yet certain other instances, Q" is N, Q° is a member selected from N and O, and Q°

is the other member selected from N and O.

[0045] In a second group of embodiments, Q% is O and Q° and Q° are each selected from N,
O and C(RY). In certain instances, Q* is O and Q° and Q" are each independently selected
from N and C(R?).

[0046] In a third group of embodiments, Q° is C(R%) and Q° and Q° are each selected from
N, O and C(R%). In certain instances, Q" is C(R?) and Q® and Q° are each independenly
selected from N and O. In certain other instances, Q* is C(R%) and Q® and Q° are each
independently selected from N and C(RY). In yet certain other instances, Q° is C(R% and Q°
and Q° are each independently selected from O and C(R%). In one occurrence, Q%is C(RY), Q°
is O and Q° is (CRY).

[0047] Y is a member selected from the group consisting of C and N. In one embodiment,
Yis C, Q%is S and Ar is selected from phenyl or pyridyl. In another embodiment, Y is N, Q
Qb and Q° are each independently C(R?), wherein R%is H or Ci.salkyl. In one instance, Y is
N, Q* and Q° are C(R?) and Q" is CH. In a preferred embodiment, Y is N.

[0048] In one embodiment, L is a bond, Y is N. In another embodiment, L is a bond, Y is
N and Ar is a benzene ring. In yet another embodiment, L is CH, and Y is N. In still another
embodiment, L isa bond and Y is C. In a further embodiment, L is SO, and Y is N.

[0049] In apreferred embodiment, Q, Q° and Q° are each independently CRY, In another
preferred embodiment, L is a bond or CH,. In still another preferred embodiment, Ar is

benzene. In still another preferred embodiment, R* is -H and C;-Cy alkyl.

[0050] In one embodiment, the present invention provides compounds of formula I having

a formula set forth in Table 1 below:
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NHNH NH2 Lr'Raln Rq and L are as defined above. In one instance, Rq is
independently -1l or Ci.8alkyl and L is a bond or -CH2-. In another

instance, Ra is halo-(C1-C3 alkyl). For example, le is -CF3, CH2CF3.
[Odgﬁ]zpﬂs&tes@ﬂbodlment the compounds of formula | have a $§BfERAITA 74761
Ib: Ib wherein Ar is an aromatic ring. In one instance, each Rq is
independently H, 01-C8 alkyl or halggfli% ¢ In another instance, L is a bond

r instance, Aris bhenzene_lIn QTI” another instance, in

is 0. e occy enie, each Rq is is ben s
fi anot @ac \;;T:v r |§*Ber M ﬂ
03005 ] Imanother aspect S present vention provides compounds

having thestorgla: [0054] The subsgrgt mds an integer of from O to 5.
The subscript nis an integt=r of from O to 4. The subscript/q is an iA&RE66

of ”U”NU to-1—n unme:tnut_unucm, the auuauupt (LA tsHu -another NA

oo S poium i e 1A e s SO

subscript ¢ is 1. [0055] L is a Ilnklng gro 5 selected from the group °
consistinyS8F4bond, CH2 and SO2. If‘She’ébodiment, L is CH2 or 502.
[0056] Each of Rh and Reis independently selected from the grou SP‘523

consisting,of cyclgalkyl, haloalkyl, halogen, -OH, -OR2, -05i(R2)3

9epy0" pg‘ilz?ﬁrpc @E@z CONGD)Z, “Sh, m o
Eg%?; - OZN, _S(0)PNMR2, -5(0 ?ll Y _NHS(0)

-NR2S(0)2R25¢C(0)NH2, -C(0)N1-1R2, C%))N(RZ)Z _C(D)R2, -C(O)H, -
C(=S)R2, -NHC(0)R2, -NRRC(0)R2, -NHE@IRH2, NR2G(0)NH2, , op_sns

-NR2C(0)NHR?2, NHC(0)NHR?2, Nch(otN(thz NHC 0)N(R2)2,

-CO2H:002R2, -NIIfCO2R C' ,N
@—-N/ H NHa @( Hy U 2

(o]
ASP-576
ASP-577 ASP-578
Q‘i‘ NH NH NH
ci AN A 2 @ N FiC N
o 5 )
ASP-579 ASP-580
ASP-581
ci NT NH N NH
=z N_L v [P NH N;qr*‘f V@* NH
N [ 2 = N i 2
0 oA e S
o) 0
ASP-582 ASP-583

13



NR2CO2R2, -R2, -CN, -NO2, -NH2, -NHR2, -N(R2)2, -NR2S(0)NH2,
-NR2S(0)2NHR2, - NI-I2C(=NR2)NH2, -N=C(NF12)N1-12, -C(=NR2)NH2,
-NH-OH, -NR2-0H, -NR2-0R2, - NC=0,-Si(R2)3, -NH-NHR2,
-NME@RAET2, NO, -N-C=NR2 and -S-CN, wherein each R2 RCT/US2007/074761
independently alkyl. In one embodiment, R2 is CI-Cs alkyl. In another

(W3 Hodimartthrocakpdinpatithecenppurd il derphinlhaiesymbirorls [a:
substituted aryl, such as a su%titituted phenyl or a substituted pyridyl.
[0057] In one embodiment, ea iRh and Re jgindependently selected

3 5 alkoxy, aryl, aryl(Ci-Cs

-Cs alkyl), -(C=0)NH2, -(Cr0)NH(CI-C8 alkyl), - C(=0)N(CI-C8 alky02,
-OH, -COOH, -COO(Ci-Csalkyl):=080(CI-C8 alkyl), 1£(C=0)0(C1-C8
alkyl)-NO2,-S(CI-Cs alkyl), -NH(C=0)(C1-05 alkyl), -NH(C=0)0(C1- C8

Rébeyd)L -G QPR hHQrEss al Ky IpneSA246eE; B8 Rlkydbp RS0 biCs, al! and L is

nd- S H(C1-C§ alkyl). In appther.emhodiment, each le is a
aﬁwodlgpoerr%ekﬁﬂy fsr:le ected }Pr{o%n%ﬁ%ﬁgr%gﬁl%%?ﬁsgﬁﬁg( SiDC OB AL E-Es
CHlxeky, phenyl, phenyl (C1-Cs alkyl), halogen, -CN, - NH2, -NH(Ci-Cs

alkyl), -N(C!-Cs alky02, -(C=0)CH3, -(C---0)N1H2, -OH, -COOH,
[0¢5@10 (B o@seaiRgmOT0(E coBraikydy, cOfomoye(Cre2 slkidymidp; -SH,

-S(Ci-Cs alkyl), and - NH(C=0)(CI-C8 alkyl). In yet another embodiment,

each Ra is indepedently selected from the growonsisting of CI-C8 alkyl,

CI-Cs alkoxy, phenyl, pheryl (GZ1-05a @- hénoxy, aryloxy, halogen,

-CN, -NH2, -NH-aryl, -(C-0)GH3)~(&=0)N H, -COOH, -COO(C1- Cs

alkyl), -000(Ci-C8 alkyl), -COOMaryl,-QC(0)-aryl, -0(C=0)0(Ci-05

alkyl)-NO2, -SH, - S(CI-Cs alkyh; =03(&i -Cs alkyl) and the like.

[00581 When q is 0, Z is a member-sélected from th® group consisting of

0, S .and NR’j wherein Rd is H or C1-C8 alkyl. When qis 1, Zis N. In one
WEFRHB WS AD BRsisSihbt | R ataneiscaehdttétindsipppdengroitipC1-Cs alkyl or
hﬂog&kstmmtﬁerséﬁ_mﬂéd‘dﬁ Simfwmdrbﬁtaﬂg.e gﬂ"%ﬁé&hﬁﬁéﬂf&hﬁdgc@; ArQg Qeﬂlﬁene. In

e occurrence, Z is 0.or S. In another em e e script g is 1.

S R T TP A58 F A Ghe e e e rEeahend m
isifvéntiontirovides eompacnBSinHidrisudddithVings ddoreneikmé et footh in

Table 2 below: Table 2 nO\NH a-S--N411NH 411,-- 1-1: ASP-383
[0GhHr/i-IoNhp it a3p0cA SR-B8bdIHnYNifidnpERides compounds having the formula:

o)
“ )‘NH NH
(R ©j> D (
= b NH5
<L\®/(Rb)m>
% q 11

[0054] The subscript m is an integer of from 0 to 5. The subscript n is an integer of from 0 to

4. The subscript q is an integer of from 0 to 1. In one embodiment, the subscript m is 0. In
another embodiment, the subscript n is an integer from 0 to 2. In yet another embodiment,
the subscript q is 0. In still another embodiment, the subscript q is 1.

[0055] L is alinking group selected from the group consisting of a bond, CH, and SO,. In

one embodiment, L is CH; or SO,,
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NH \ IILI,INN2 CJi--.Thic'N----\'t.-, " ASP-485 - 1H Sn---NN-- 0 ASP-486
NH NH2 H N 0i ASP-491 NH NH 2 Q HN

WO 2008/016883 PCT/US2007/074761

[0056] Each of R and Ris independently selected from the group consisting of cycloalkyl,
haloalkyl, halogen, -OH, -OR?, -OSi(R?);, -0C(0)0-R?, -OC(O)R?, -OC(O)NHRZ,
-OC(O)N(R?),, -SH, -SR?, -S(0)R?, -S(O);R?, -SO,NHy, -S(0);NHR?, -S(0),N(R?),,
-NHS(O),R?, -NR?S(0),R?, -C(O)NH;, -C(O)NHR?, -C(O)N(R%),, -C(O)R, -C(O)H, -
C(=S)R?, -NHC(O)R?, -NR’C(O)R?, -NHC(O)NH,, -NR’C(O)NH,, -NR*C(O)NHR?,
-NHC(O)NHR?, -NR*C(O)N(R?),, -NHC(O)N(R2),, -CO,H, -CO,R?, -NHCO,R?,
-NR’CO,R?, -R?, -CN, -NOy, -NH,, -NHR?, -N(R?),, -NR?S(0)NHj, -NRS(0),NHR?, -
NH;C(=NR*NH,, -N=C(NH;)NH,, -C(=NR*)NH,, -NH-OH, -NR2-OH, -NR?-OR?, -
N=C=0, -N=C=8, -Si(R?)3, -NH-NHR?, -NHC(O)NHNH,, NO, -N=C=NR? and -S-CN,
wherein each R? is independently alkyl. In one embodiment, R* is C;-Cy alkyl. In another
embodiment, R is unsubstituted aryl, such as phenyl or pyridyl, or a substituted aryl, such as

a substitituted phenyl or a substituted pyridyl.

[0057] In one embodiment, each of R® and R® s independently selected from the group
consisting of C-Cg alkyl, Ci-Cg alkoxy, aryl, aryl(C;-Cy alkyl), halogen, -NH,, -NH(C,-C;
alkyl), -N(Cy-Cq alkyl),, -CN, -C(=0)(C;-Cs alkyl), -(C=0)NH,, -(C=O)NH(C;-Cg alkyl), -
C(=0)N(Cy-Cq alkyl),, -OH, -COOH, -COO(C-Cy alkyl), -OCO(C;-Cs alkyl), -
O(C=0)O(C,-Cs alkyl)-NOy, -SH, -S(C;-Cg alkyl), -NH(C=0)(C;-Cs alkyl), -NH(C=0)0O(C;-
Cgalkyl), -O(C=0)NH(C,-Cs alkyl), -SO2(C-Cy alkyl), -NHSO,(C)-Cs alkyl) and -
SO,NH(C,-Cs alkyl). In another embodiment, each R? is independently selected from the
group consisting of C,-Cgalkyl, C-Cg alkoxy, phenyl, phenyl (C,-Cs alkyl), halogen, -CN, -
NHp, -NH(C:-Cg alkyl), -N(C;-Cs alkyl), (C=0)CHs, -(C=0)NH,, -OH, -COOQH, -COO(C;-
Cgalkyl), -OCO(C;-Cg alkyl), -O(C=0)O(C,-Cg alkyl), -NO,, -SH, -5(C-Cs alkyl), and -
NH(C=0)(C)-Cg alkyl). In yet another embodiment, each R* is indepedently selected from
the group consisting of C;-Cg alkyl, C;-Cg alkoxy, phenyl, phenyl (C,-Cs alkyl), phenoxy,
aryloxy, halogen, -CN, -NH;, -NH-aryl, -(C=0)CH3, -(C=0)NH,, -OH, -COOH, -COO(C-
Cgalkyl), -OCO(C,-Cgalkyl), -COO-aryl, -OC(0)-aryl, -O(C=0)O(C;-Cs alkyl)-NO,, -SH, -
S(Cy-Cs alkyl), -NH(C=0)(C;-Cg alkyl) and the like.

[0058] When q is 0, Z is a member selected from the group consisting of O, S and NR¢
wherein R% is H or Ci-Cgalkyl. When qis 1, Z is N. In one embodiment, the subscript g is 0
and Z is selected from the group consisting of O, S and NH. In one instance, the subscript n
is 0, 1 or 2. in one occurrence, Z is O or S. In another embodiment, the subscript qis 1. In

one instance, L is CH; or SO..
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a ASP-493 NH NH2 | 0 ASP-484 NH 1 NH2 [00601 In one

embodiment, the compounds of formula | have a subformula Ha: | la
Substituents Rh and Rc and subscripts m are as defined above. In one
instAGEY 1E83H2. In another instance, L is 502. In yet another §R3YA§27/074761
[(W)Slglo' %rrll grsle”e?nnb%tg?nrelnrg,S‘E}?engxge’sgnltsir%cntion provides compounds of formula I having

a formula set forth in Table 2 below:

Table 2
NH
O\\,,O NH NH
o] 0 (0]
ASP-383 ASP-381 ASP-485
NH
I H \/©/l NH, NH NH
ASP-486 0 0
ASP-491 ASP-493
NH
Q@TN
0]
ASP-484

[0060] In one embodiment, the compounds of formula I have a subformula Ila:

0
)—NH NH
(RC) I X \> \_< >__<Z
n D N NH2

L\G\/(Rb)m
% Tla

Substituents R® and R® and subscripts m are as defined above. In one instance, L is CH,. In

another instance, L is SO;. In yet another instance, m is 0. In still another instance, n is 0.
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100611 In another embodiment, compounds of formula | have a

subfommla ha-1: ha-1 100621 Table 3 provides compounds of PK

inhibitors and their inhibition activities. The compound numbers
coté3pURG WG umbers in Tables 1 and 2. Table 3. ASP- NameXEAESF074761
Exper. Mass (m+1) PK Kum, (1.1M) 465 2,5-Dimethy1-1-pyridin-4-

(R tnyn frpBrnbostisaiokgreraed vt mankirhkiogia subformula Ila-1:

NH NH
AN
| A\ < > ’<
RO NH,
L\G/(Rb)m
' % Ila-1

[0062] Table 3 provides compounds of PK inhibitors and their inhibition activities. The

compound numbers correspond to numbers in Tables 1 and 2.

Table 3.
Exper. )
ASP- Name Cale MW Mass P? ]I\(/I’;PP
(m+1) H
2,5-Dimethyl-1-pyridin-4-
465 ylmethyl-1H-pyrrole-3-carboxylic 3615 362.20 0.08

acid 4-carbamimidoyl-
benzylamide

1-Benzenesulfonyl-1H-indole-3-
383 carboxylic acid 4-carbamimidoyl- 4325 433.10 0.17
benzylamide

1-Benzyl-1H-indole-3-carboxylic
381 acid 4-carbamimidoyi- 382.5 383.20 0.24
benzylamide

1-Benzyl-1H-pyrazole-4-
440 carboxylic acid 4-carbamimidoyl- 3334 334.20 031
benzylamide

17



benzylarnide 361.5 362.20 OA 383 1-Benzenesulfony1-1H-indole-3-
carboxylic acid 4-carbamimidoyl- benzylarnide 4325 433.10 0.17 381
1-Benzyl-1H-inciole-3-carboc acid 4-carbarnirnidoyl- benzylarnide 382.5

38¥ 93U b
Table 3. (cont'd.)

PCT/US2007/074761

485

Benzofuran-2-carboxylic acid 4-
carbamimidoyl-benzylamide

293.3

0.87

466

2-Methyl-5-phenyl-furan-3-
carboxylic acid 4-carbamimidoyl-
benzylamide

333.4

334.10

1.29

445

1-Phenyl-1H-pyrazole-4-
carboxylic acid 4-carbamimidoyl-
benzylamide

319.4

320.10

1.43

486

Benzo[b]thiophene-2-carboxylic
acid 4-carbamimidoyl-
benzylamide

309.4

1.57

491

Benzo[b]thiophene-3-carboxylic
acid 4-carbamimidoyl-
benzylamide

309.4

211

493

1H-Indole-3-carboxylic acid 4~
carbamimidoyl-benzylamide

2923

2.45

484

1H-Indole-2-carboxylic acid 4-
carbamimidoyl-benzylamide

292.3

2.52
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1-Benzyl-1H-pyrazole-4- carboxylic add 4-carbarnimidoyl- benzylamicie

333.4 334.20 031 WO 2008/016883PCIYUS2007/074761 Table 3.

(contd.) 485 Benzofuran-2-carboxylicd 4- carbanyimidoyl-benzylade 293.3
0.872A8HY%ME Ry 1-5-phenyl-furan-3- carboxylic add 4-carbantiffdfyjfiz007/074761

betazylamide
Table 3. (cont'd.)

1-(4-Bromo-benzyl}-5-methyl-1H-
558 1,2,3-triazole-4-carboxylic acid 4- 427.3 428,10 2.62
carbamimidoyl-benzylamide

5-Phenyl-thiophene-2-carboxylic
523 acid 4-carbamimidoyl- 3354 336.10 7.66
benzylamide

1-(4-Fluoro-benzyl)-1H-1,2,3-
559 triazole-4-carboxylic acid 4- 352.4 8.09
carbamimidoyl-benzylamide

4-Methyl-2-phenyl-thiazole-5-
373 carboxylic acid 4-carbamimidoyl- 350.4 351.10 8.87
benzylamide

5-Pyridin-2-yl-thiophene-2-
525 carboxylic acid 4-carbamimidoyl- 336.4 20.57
benzylamide

2,5-Dimethyl-1-phenyl-1H-
576 pyrrole-3-carboxylic acid 4- 346.4 347.1 0.04
carbamimidoyl-benzylamide

1-Benzyl-3,5-dimethyl-1H-
577 pyrazole-4-carboxylic acid 4- 361.5 362.1 113
carbamimidoyl-benzylamide

1-(2-Chloro-benzyl)-3,5-dimethyl-
578 1H-pyrazole-4-carboxylic acid 4- 395.9 39%6.1 1.64
carbamimidoyl-benzylamide
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333.4 334,10 1.29 1-Pheny1-11-1-pyrazole-4- carboxylic acid

4-carbamimidoyl- benzylamide 319.4 320.10 1,43 486

Benzo

1.579

gfithiophene-Z-carboxyIic acid 4-carbamimidoyl- benzylamide 309.4

Table 3. (cont'd.)

ioﬁ%lﬁ%[b]thiophene-3-carboxylic

PCT/US2007/074761

579

5-Chloro-1-(2,6-dichloro-benzyl)-
3-methyl-1H-pyrazole-4-
carboxylic acid 4-carbamimidoyl-
benzylamide

450.8

450.0

1.19

580

1-Benzyl-2,5-dimethyl-1H-
pyrrole-3-carboxylic acid 4-
carbamimidoyl-benzylamide

360.5

361.1

0.03

581

2,5-Dimethyl-1-(2,2,2-trifluoro-
ethyl)-1H-pyrrole-3-carboxylic
acid 4-carbamimidoyl-
benzylamide

3524

353.1

0.41

582

1-(2-Chloro-benzyl)-1H-pyrazole-
4-carboxylic acid 4-
carbamimidoy!-benzylamide

367.8

368.0

0.47

583

5-Chloro-1-(4-fluoro-benzyl)-3-
methyl-1H-pyrazole-4-carboxylic
acid 4-carbamimidoyl-
benzylamide

399.9

400.0

2.38

Preparation of Compounds

[0063]

As shown in the examples below, there are various synthetic routes by which a

skilled artisan can prepare compounds and intermediates of the present invention. The

scheme below provides a synthetic route that can be followed to access certain compounds of

the present invention. Other routes or modification of the route shown would be readily

apparent to a skilled artisan and within the scope of the present invention.
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acid 4-carbamirnidoyl- benzyl aini de 309.4 2.11 493
1H-Indole-3-carboxylic acid 4- carbamimidoyl-benzydamide 2923 245 ;

484 111-Indole-2-carboxylic acid 4- carbamimidoyl-benzylamide 292.3 1
o5 %0 2008/016883 PCT/US2007/074761

[0064] Scheme 1 shows one synthetic approach to the PK-~inhibitors of the present

invention.

Scheme 1

NH, N
‘o
)OK V@NHz PS-carbodiimide . ﬁ\/©/U\NH2
+ +
NHs HOBY, DIPEA hd

2cr 0

In Scheme 1, carboxylic acids having various R groups are reacted with amidinobenzylamine
in the presence of carbodiimide, HOBt and DIPEA to form carboxylic acid 4-carbamimidoyl-
benzylamide derivatives. Amidinobenzylamine was purchased from Astatech, Bristol,

Pennsylvania. The choice of a particular reaction condition is within the abilities of those of

skill in the art,

v, Pharmaceutical Compositions

[0065] In addition to having compounds of formula I and II provided above, the
composition for prevention and treatment of thrombosis in humans and animals typically

contain a pharmaceutical carrier, excipient and diluent.

[0066] The pharmaceutical compositions for the administration of the compounds of this
invention may conveniently be presented in unit dosage form and may be prepared by any of
the methods well known in the art of pharmacy and drug delivery. All methods include the
step of bringing the active ingredient into association with the carrier, which constitutes one
or more accessory ingredients. In general, the pharmaceutical compositions are prepared by
uniformly and intimately bringing the active ingredient into association with a liquid carrier
or a finely divided solid carrier or both, and then, if necessary, shaping the product into the
desired formulation. In the pharmaceutical composition, the active object compound is
included in an amount sufficient to produce the desired effect upon the process or condition

of diseases.

[0067] The pharmaceutical compositions containing the active ingredient may be in a form
suitable for oral use, for example, as tablets, troches, lozenges, aqueous or oily suspensions,
dispersible powders or granules, emulsions and self emulsifications as described in U.S.

Patent Application 2002-0012680, hard or soft capsules, syrups, elixirs, solutions, buccal
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1 WO 2008/016883PCT/US2007/0 7476 1 Table 3. (contd.) 558
1-(4-Bromo-benzyl)-5-methyl1-1H- 1,2,3-triazole-4-carboxylic add 4-
cathamirnidoyl-benzylamide 427.3 428.10 2.62 523
5-F5ﬁ8r?§9f)-§f’fi’g§§?ene-2-carboxylic acid 4-carbamimidoyl- benzylaPfiBi&s2007/074761

335.4 336.10 7.66 559
patch, oral gel, chewing gum, chewable tablets, effervescent powder and effervescent tablets.

Compositions intended for oral use may be prepared according to any method known to the
art for the manufacture of pharmaceutical compositions and such compositions may contain
one or more agents selected from the group consisting of sweetening agents, flavoring agents,
coloring agents, antioxidants and preserving agents in order to provide pharmaceutically
elegant and palatable preparations. Tablets contain the active ingredient in admixture with
non-toxic pharmaceutically acceptable excipients, which are suitable for the manufacture of
tablets . These excipients may be for example, inert diluents, such as cellulose, silicon
dioxide, aluminum oxide, calcium carbonate, sodium carbonate, glucose, mannitol, sorbitol,
lactose, calcium phosphate or sodium phosphate; granulating and disintegrating agents, for
example, corn starch, or alginic acid; binding agents, for example PVP, cellulose, PEG,
starch, gelatin or acacia, and lubricating agents, for example magnesium stearate, stearic acid
or tale. The tablets may be uncoated or they may be coated, enterically or otherwise, by
known techniques to delay disintegration and absorption in the gastrointestinal tract and
thereby provide a sustained action over a longer period. For example, a time delay material
such as glyceryl monostearate or glyceryl distearate may be employed. They may also be
coated by the techniques described in the U.S. Pat. Nos. 4,256,108; 4,166,452; and

4,265,874 to form osmotic therapeutic tablets for control release.

[0068] Formulations for oral use may also be presented as hard gelatin capsules wherein
the active ingredient is mixed with an inert solid diluent, for example, calcium carbonate,
calcium phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient is
mixed with water or an oil medium, for example peanut oil, liquid paraffin, or olive oil.
Additionally, emulsions can be prepared with a non-water miscible ingredient such as oils

and stabilized with surfactants such as mono-diglycerides, PEG esters and the like.

[0069] Aqueous suspensions contain the active materials in admixture with excipients
suitable for the manufacture of aqueous suspensions. Such excipients are suspending agents,
for example sodium carboxymethylcellulose, methylcellulose, hydroxy-
propylmethylcellulose, sodium alginate, polyvinyl-pyrrolidone, gum tragacanth and gum
acacia; dispersing or wetting agents may be a naturally-occurring phosphatide, for example
lecithin, or condensation products of an alkylene oxide with fatty acids, for example polyoxy-
ethylene stearate, or condensation products of ethylene oxide with long chain aliphatic
alcohols, for example heptadecaethyleneoxycetanol, or condensation products of ethylene

oxide with partia] esters derived from fatty acids and a hexitol such as polyoxyethylene
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1-(4-Fluoro-benzyl)-1H-1,2,3. triazole-4-carboxylic acid 4-
carbamimidoyl-benzylamide 352.4 8.09 373

4-Methy1-2-phenyl-thiazole-5- carboxylic acid 4-carbamimidoyl-
beRXAH§HE80.4 351.10 8.87 525, 5-Pyridin-2-31-thiophene-2CT/US2007/074761

carboxylic add 4-carbamimidoyl- benzylamide 336.4 .
sorbitol monooleate, or condensation products of ethylene oxide with partial esters derived

from fatty acids and hexitol anhydrides, for example polyethylene sorbitan monooleate, The
aqueous suspensions may also contain one or more preservatives, for example ethyl, or n-
propyl, p-hydroxybenzoate, one or more coloring agents, one or more flavoring agents, and

one or more sweetening agents, such as sucrose or saccharin.

[0070]  Oily suspensions may be formulated by suspending the active ingredient in a
vegetable oil, for example, arachis oil, olive oil, sesame oil or coconut oil, or in a mineral oil
such as liquid paraffin. The oily suspensions may contain a thickening agent, for example
beeswax, hard paraffin or cetyl alcohol. Sweetening agents such as those set forth above, and
flavoring agents may be added to provide a palatable oral preparation. These compositions

may be preserved by the addition of an anti-oxidant such as ascorbic acid.

[0071] Dispersible powders and granules suitable for preparation of an aqueous suspension
by the addition of water provide the active ingredient in admixture with a dispersing or
wetting agent, suspending agent and one or more preservatives. Suitable dispersing or
wetting agents and suspending agents are exemplified by those already mentioned above.
Additional excipients, for example sweetening, flavoring and coloring agents, may also be

present.

[0072] The pharmaceutical compositions of the invention may also be in the form of oil-in-
water emulsions. The oily phase may be a vegetable oil, for example olive oil or arachis oil,
or a mineral oil, for example liquid paraffin or mixtures of these. Suitable‘emulsifying agents
may be naturally-occurring gums, for example gum acacia or gum tragacanth, naturally-
occurring phosphatides, for example soy bean, lecithin, and esters or partial esters derived
from fatty acids and hexitol anhydrides, for example sorbitan monooleate, and condensation
products of the said partial esters with ethylene oxide, for example polyoxyethylene sorbitan

monooleate. The emulsions may also contain sweetening and flavoring agents.

[0073] Syrups and elixirs may be formulated with sweetening agents, for example glycerol,
propylene glycol, sorbitol or sucrose. Such formulations may also contain a demulcent, a
preservative and flavoring and coloring agents. Oral solutions can be prepared in

combination with, for example, cyclodextrin, PEG and surfactants.

[0074]  The pharmaceutical compositions may be in the form of a sterile injectable aqueous
or oleagenous suspension. This suspension may be formulated according to the known art

using those suitable dispersing or wetting agents and suspending agents which have been
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20.57 576 2,5-Dimethy1-1-phenyl1-11-I- pyrrole-3-carboxylic add 4-
carbamimidayl-benzylamide 346.4 347.1 0.04 577

1-Benzyl-3,5-dimethyl-1H- pyrazole-4-carboxylic add 4-
carYAMidasA8henzylamide 361.5 362.1 1.13 578 PCT/US2007/074761
1-(2-Chloro-benzyl)-3,5-dimethyl- 1H-pyrazole-4-carboxylic acid 4- '
n&%{%@}ﬁﬁﬁ%ﬂ_g mg,lﬁii@éectable preparation may also be a sterile injectable solution

or suspension in a non-toxic parenterally-acceptable diluent or solvent, for example as a
solution in 1,3-butane diol. Among the acceptable vehicles and solvents that may be
employed are water, Ringer's solution and isotonic sodium chloride solution. In addition,
sterile, fixed oils are conventionally employed as a solvent or suspending medium. For this
purpose any bland fixed oil may be employed including synthetic mono- or diglycerides. In

addition, fatty acids such as oleic acid find use in the preparation of injectables.

[0075] The compounds of the present invention may also be administered in the form of
suppositories for rectal administration of the drug. These compositions can be prepared by
mixing the drug with a suitable non-irritating excipient which is solid at ordinary
temperatures but liquid at the rectal temperature and will therefore melt in the rectum to
release the drug. Such materials include cocoa butter and polyethylene glycols.
Additionally, the compounds can be administered via ocular delivery by means of solutions
or ointments. Still further, transdermal delivery of the subject compounds can be
accomplished by means of iontophoretic patches and the like. For topical use, creams,
ointments, jellies, solutions or suspensions, etc., containing the compounds of the present
invention are employed. As used herein, topical application is also meant to include the use

of mouth washes and gargles.

[0076] The compounds of the invention may be formulated for depositing into a medical
device, which may include any of variety of conventional grafts, stents, including stent grafts,
catheters, balloons, baskets or other device that can be deployed or permanently implanted
within a body lumen. As a particular example, it would be desirable to have devices and
methods which can deliver compounds of the invention to the region of a body which has

been treated by interventional technique.

[0077] In exemplary embodiment, the inhibitory agent of this invention may be deposited
within a medical device, such as a stent, and delivered to the treatment site for treatment of a

portion of the body.

[0078] Stents have been used as delivery vehicles for therapeutic agents (i.e., drugs).
Intravascular stents are generally permanently implanted in coronary or peripheral vessels.
Stent designs include those of U.S. Pat. Nos. 4,733,655 (Palmaz), 4,800,882 (Gianturco), or
4,886,062 (Wiktor). Such designs include both metal and polymeric stents, as well as self-

expanding and balloon-expandable stents. Stents may also used to deliver a drug at the site
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395.9 396.1 1.64 WO 2008/016883PCI1US2007/074761 Table 3.
(cont'd.) 579 5-Chloro-1-(2,6-dichloro-benzyl)- 450.8 450.0 1.19

. -1H- - i id 4-carbarnimidoyl- benzylamide
ggnézeotq (I)S}(I)—Jﬁg%razole 4 carboxylic acid 4-carba y %CT/USZOO7/O74761

of contact with the vasculature, as disclosed in U.S. Pat. No. 5,102,417 (Palmaz) and in
International Patent Application Nos. WO 91/12779 (Medtronic, Inc.) and WO 90/13332
(Cedars-Sanai Medical Center), U.S. Pat. Nos. 5,419,760 (Narciso, Jr.) and U.S. Pat. No.
5,429,634 (Narciso, Jr.), for example. Stents have also been used to deliver viruses to the
wall of a lumen for gene delivery, as disclosed in U.S. patent application Ser. No.
08/746,404, filed Nov. 8, 1996 (Donovan et al.).

[0079] The term “deposited” means that the inhibitory agent is coated, adsorbed, placed, or
otherwise incorporated into the device by methods known in the art. For example, the
inhibitory agent may be embedded and released from within (“matrix type”) or surrounded by
and released through (“reservoir type™) polymer materials that coat or span the medical
device. In the later example, the inhibitory agent may be entrapped within the polymer
materials or coupled to the polymer materials using one or more the techniques for generating
such materials known in the art. In other formulations, the inhibitory agent may be linked to
the surface of the medical device without the need for a coating by means of detachable
bonds and release with time, can be removed by active mechanical or chemical processes, or
are in a permanently immobilized form that presents the inhibitory agent at the implantation

site.

[0080] In one embodiment, the inhibitory agent may be incorporated with polymer
compositions during the formation of biocompatible coatings for medical devices, such as
stents. The coatings produced from these components are typically homogeneous and are

useful for coating a number of devices designed for implantation.

[0081] The polymer may be either a biostable or a bioabsorbable polymer depending on the
desired rate of release or the desired degree of polymer stability, but a bioabsorbable polymer
is preferred for this embodiment since, unlike a biostable polymer, it will not be present long
after implantation to cause any adverse, chronic local response. Bioabsorbable polymers that
could be used include, but are not limited to, poly(L-lactic acid), polycaprolactone,
polyglycolide (PGA), poly(lactide-co-glycolide) (PLLA/PGA), poly(hydroxybutyrate),
poly(hydroxybutyrate-co-valerate), polydioxanone, polyorthoester, polyanhydride,
poly(glycolic acid), poly(D-lactic acid), poly(L-lactic acid), poly(D,L-lactic acid), poly(D,L-
lactide) (PLA) , poly (L-lactide) (PLLA), poly(glycolic acid-co-trimethylene carbonate)
(PGA/PTMC), polyethylene oxide (PEO), polydioxanone (PDS), polyphosphoester,

polyphosphoester urethane, poly(amino acids), cyanoacrylates, poly(trimethylene carbonate),
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1-Benzyl-2,5-diinethy1-111- pyrrole-3-carboxylic acid 4-
cathamimidoyl-benzylamide 360.5 361.1 0.03 581
Z5-Dimethy1-1-(2,2,2-trifluoro- ethyl)-111-pyrrole-3-carboxylic acid

4-cHDHAHERSTi- benzylamide 352.4 353.1 0,41 582 PCT/US2007/074761
1- (2 Chloro benz 1)-1 yrazole 4-carboxylic acid 4-
PeLimin }éﬁges;egs) (e.g., PEO/PLA), polyalkylene oxalates,

polyphosphazenes and biomolecules such as fibrin, fibrinogen, cellulose, starch, collagen and
hyaluronic acid, polyepsilon caprolactone, polyhydroxy butyric acid, polyorthoesters,
polyacetals, polydihydropyrans, polycyanoacrylates, cross linked or amphipathic block
copolymers of hydrogels, and other suitable bioabsorbable poplymers known in the art. Also,
biostable polymers with a relatively low chronic tissue response such as polyurethanes,
silicones, and polyesters could be used and other polymers could also be used if they can be
dissolved and cured or polymerized on the medical device such as polyolefins,
polyisobutylene and ethylene-alphaolefin copolymers; acrylic polymers and copolymers,
vinyl halide polymers and copolymers, such as polyvinyl chloride; polyvinylpyrrolidone;
polyvinyl ethers, such as polyvinyl methy! ether; polyvinylidene halides, such as
polyvinylidene fluoride and polyvinylidene chloride; polyacrylonitrile, polyvinyl ketones;
polyvinyl aromatics, such as polystyrene, polyvinyl esters, such as polyvinyl acetate;
copolymers of vinyl monomers with each other and olefins, such as ethylene-methyl
methacrylate copolymers, acrylonitrile-styrene copolymers, ABS resins, and ethylene-vinyl
acetate copolymers; pyran copolymer; polyhydroxy-propyl-methacrylamide-phenol;
polyhydroxyethyl-aspartamide-phenol; polyethyleneoxide-polylysine substituted with
palmitoyl residues; polyamides, such as Nylon 66 and polycaprolactam; alkyd resins,
polycarbonates; polyoxymethylenes; polyimides; polyethers; epoxy resins, polyurethanes;
rayon; rayon-triacetate; cellulose, cellulose acetate, cellulose butyrate; cellulose acetate
butyrate; cellophane; cellulose nitrate; cellulose propionate; cellulose ethers; and

carboxymethyl cellulose.

[0082] Polymers and semipermeable polymer matrices may be formed into shaped articles,

such as valves, stents, tubing, prostheses and the like.

[0083] In one embodiment of the invention, the inhibitory agent of the invention is coupled to

a polymer or semipermeable polymer matrix that is formed as a stent or stent-graft device.

[0084] Typically, polymers are applied to the surface of an implantable device by spin
coating, dipping or spraying. Additional methods known in the art can also be utilized for
this purpose. Methods of spraying include traditional methods as well as microdeposition
techniques with an inkjet type of dispenser. Additionally, a polymer can be deposited on an

implantable device using photo-patterning to place the polymer on only specific portions of
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368,0 0.47 583 5-Chicro-1-(4-fluoro-benzy1)-3- -
methyl-1H-pyrazole-4-carboxylic acid 4-carbamimidoyi- benzylamide

399.9 400.0 2,38 Preparation of Compounds [0063] As shown in the
exaAAYSBERRY, there are various synthetic routes by which a SGFE2007/074761

artisan can prepare compounds and intermediates of the present

R P8RS, TP WHSAE B RS 5 BTRY S secyirmaderst asaed Beripwce which

aflokeerlitopaoeestiteiain Compands efthenpsasisventionifgther
routes or modification of the route shown would be readily apparent to a

[608B¢ thantisarmerthheidhire tikeos copm afithe presaRTHRME iRt iﬁlfgﬁhﬂlxiated for
| -inhibitors,of the . .
re%ecatgg ?x]gn% tgaﬁg\{in?gnr%@{&g%{g %%%%%?&%%gp 1% E)V|}<11c|:h the medlcalt device is placed.
present invention. Scheme’|

Preferably, the inhibitory agent is released in a controlled manner over an extended time
frame (e.g., months) using at least one of several well-known techniques involving polymer
carriers or layers to control elution. Some of these techniques were previously described in
U.S. Patent Application 20040243225A1, the entire disclosure of which is incorporated in its

entirety.

[0086] Moreover, as described for example in U.S. Patent No. 6,770,729, which is
incorporated herein in its entirety, the reagents and reaction conditions of the polymer
compositions can be manipulated so that the release of the inhibitory agent from the polymer
coating can be controlled. For example, the diffusion coefficient of the one or more polymer
coatings can be modulated to control the release of the inhibitory agent from the polymer

- coating. In a variation on this theme, the diffusion coefficient of the one or more polymer
coatings can be controlled to modulate the ability of an analyte that is present in the
environment in which the medical device is placed (e.g. an analyte that facilitates the
breakdown or hydrolysis of some portion of the polymer) to access one or more components
within the polymer composition (and for example, thereby modulate the release of the
inhibitory agent from the polymer coating). Yet another embodiment of the invention
includes a device having a plurality of polymer coatings, each having a plurality of diffusion
coefficients. In such embodiments of the invention, the release of the inhibitory agent from

the polymer coating can be modulated by the plurality of polymer coatings.

[0087] In yet another embodiment of the invention, the release of the inhibitory agent from
the polymer coating is controlled by modulating one or more of the properties of the polymer
composition, such as the presence of one or more endogenous or exogenous compounds, or
alternatively, the pH of the polymer composition. For example, certain polymer
compositions can be designed to release a inhibitory agent in response to a decrease in the pH
of the polymer composition. Alternatively, certain polymer compositions can be designed to

release the inhibitory agent in response to the presence of hydrogen peroxide.
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In Scheme 1, carboxylic acids having various R groups are reacted with
amidinobenzylamine in the presence of carbodiimide, HOBt and DIPEA to
form carboxylic acid 4-carbamimidoylbenzylamide derivatives.
Arft@R8BEHAAmine was purchased from Astatech, Bristol, PeRG3YHFAMEZ074761
The choice of a particular reaction condition is within the abilities of those

Vof skill Mo dsof Wippting Tbsombost snbBLitkanepdeas Ponditéinneand Diseases
having compounds of formula land Il provided above, the composition for

(X8R4 n ety thentinsat JrReIHE dRIS THIRRTRId A Ad s HiASS tgpiingly
t1GeR{BIRI QiR B 3B aeaHiGaH eREFIRE. axCiRientadient IQORR] thBRides inhibiting

harmaceutical compositions. for the administration of the compounds of
e o DA Ao DS e S R T G ASAa Tar s gt
eb@qﬁmmeﬁhmahgddhdh@memmmgmmmﬁjm eacbmfpp{mtmﬁfayrands or
urAekyanc.almaihods el e Sien bRIAING HSAENC ke mothod

_ingredient into association with the carrier; which constitutes one or more
“%fég\é%"sss%#*ylmE}?@&&Fﬂ@%‘@%ﬁé@?@?@%@%@@m&ﬁ sompbsitismspgrads of
fenepatad Py, URithn s intimaiehaRinging dhe aclivednaredishint post-

assoc'a#on@with a kiﬁiild carrier or a,fine%divided solid carrier or both, and
TR H BRI A B TS ORI T e b B RSB e
npiiarnackedtcalmorispositiort Khetdolivefdbjech g orypoumowa irfituiden tio agents.

amount sufficient to produce the desired effect upon the process or
[MEdiitiSinot BiSeaseisy [O06K] FEHdopléivhat it attomipasitidnsiaaktainipigtely
alhigal HEPRIBAHRLIAYR L8R SYIRR R I LRSI SATRLe

as tablets, troches, lozenges, gqueous or oily suspensions, ‘glgpera e

bR b hrenToRssInd Rl die meeary isemEnn AssHiohilsinssef 8Kstabetn ibe used to
irﬂalli_ﬁ_t %@t&rﬁﬁvﬁpeﬁgﬁiorﬂl %Q%%eﬁ%%?&fﬁ?éh%k:%%ﬁwl@ﬁﬁwﬁ§n§1|yﬁwg?dty (MAB),
elxirs, sojutl ucca atcn, oral gel, chewing gum, cnewable tablets,
S%#e%é@éénﬂ%?fdvdéwaﬁ%t% U8 FPIRBRNHER HiGHIS B RilNEEd Foseneral,
swriahmeseodsaybpriseapareeh accordingripaarfKnmethaduchawmn Yot Wigeart §afmount of
facture. I tical ositions and such compositions
T D e L Ao
eRgYEStEhadYcatesrBI e deamlitots ity agentsitabltdeidzntsngnd the ligand
toppgsemgx@gﬁyt'@eiB@g@&ri;&%péﬂg%m%rmﬁaﬁqgﬁa{%%%%%M cell

palatable preparations. Tablets contain the active ingredient in admixture

PRERT RSt presrHEsdeRficalyed celiptable excipicnts, which are suitable
e ufacture of tablets . These excipients may be for example, inert
“’fo@fs&tgntg; %Eiﬂﬁﬁéstﬁ%ﬂm&a% P OIS B SR SR RREeA A be
suifdberiateinsbdili sctibonate;piucasessmrad) it aipitoL sagtoseraalaiumy
ﬂQ&%ﬁpJ{g(Eef%S&ggi%@agEges hate; granulating and disintegrating agents,
f

or example, corn starch; orszsﬁéinic acid; binding agents, for example PVP,

[o%'il}"°§ﬁ1@?&0&@8%&%'ﬂé%?e%@x&ﬁ%i%n%‘@ 'yo%ﬁ'%ig%a%

ents, for..
god ) treaBng a PK-
example magnesium Stearate, stearie acia or talc. ets may be

d¢Rragant disetney yraditendp ataeh endarmeafiyhsresthefdgrstbyddnelvdes
adBehRieHes tordlelay;disintearation and.aksanpsion in the gastrointestinal
tract and thereby provide a sustained action over a longer period. For

[0@9ample: adife delcnatesiabsuchasaly seividnongsieaale b ghca¥nbosis
alsq be coated by the techniques

indisstu arzé\tte ma d%’%em@l?ﬁed' 'I;g%m@/
bLCHBR A AT E0 Pat "RIBS R D BE 1. AR BvSIE R edn (g SBiceAplasma

kdOrkreossmediCdmevapdutial talblets foMeaitrblrreteasde [POGS]IBGulations
for oral use may also be presented as hard gelatin capsules wherein the
active ingredient is mixed with an inert solid diluent, for example, calcium
carbonate, calcium phosphate or kaolin, or as soft gelatin capsules
wherein the active ingredient is mixed with water or an oil medium, for
example peanut oil, liquid paraffin, or olive oil. Additionally, emulsions can
be prepared with a non-water miscibledhgredient such as oils and
stabilized with surfactants such as mono-digl7,,Tcerides, PEG esters and
the like. [0069] Aqueous suspensions contain the active materials in
admixture with excipients suitable for the manufacture of aqueous
suspensions. Such excipients are suspending agents, for example sodium

earboxymethyleellulose, methylcellulose, hydroxypropylmethylcellulose,
cndinim alainate nohwwinvienvrrolidnone arim tranacanth and Aarim acacia



100751 The compounds of the present invention may also be

administered in the form of suppositories for rectal administration of the

drug. These compositions can be prepared by mixing the drug with a
sutabfe%dnHHtating exeipient which is solid at ordinary tempeR{GBE2pRF074761
érgflgd at the recta})l temperature and will therefore melt in the rectum to

KBSl er dg P BRI HRIREE cocoa butter and polyethylene

[eyspls TAClgitamailyy dheoaraprIpds kb ReRdminisiere do¥iRRGH ¥ thrombin by
deli¥ ts. Still further, transdermal

qdelivery. bg means og sholuti ns o(g\oin%?e [ ,
defVer o PHhE Qe c%rﬁ%%%t S BEH YRR ASIRSRERE g phssospation
(Il@m@phonéuccbdwhe&md ﬂpﬁﬂMGtiEmm@@aﬁmmaﬁhSm Qinémed8junctive
eliD el WIRNR L SHSRERRIRNS; Eltce SANRIMNAINSCOMPAUNGS BLING, o
present invention are employed. As useoﬁwereln, {opical application is args
ohiBantessIh Bl e Ridedef ot dihissind i sphgias sfOB7 B diveinflammation,
pERIMROINESREUNRlINveRtien May S faro lﬁf@_&@%ﬁi@?ﬁ%ﬂr&gaj&%&?s from post

edical device, which may include any of variety of conventional grafts,

.

B U B AR PR RS S B TR INRRH GRE BB Kt Bty hedie.

atigatedamd)acgein] aythdlithy, bRrstacsritlyi i plasiasmittn-aees | HNeRnAB A bowel

aR Eicqi% mple, it would be desirable to have devices and methods
W%Iglceﬁ éa%ggégﬁlnrear%o%% l&ﬁa Sof ?ﬁéri%%\ll%o i‘l(?ﬁy to the region of a body

[mb' h tﬁggg fgeg,;[ {%}{L’\RQV ntional technigque. [0077] In exempl

[ em!ﬁod iment, %%e inh i%lgtto ryt ag e{%tggﬁ%?g ?ﬁl\?ecrﬂ?o&# lr%ne%ys & %I g%lggﬁ%tbg \ﬂ% n

inhifikuidaiabhicecatiantides dllatiats adrmiciveséents whib Hadtntent Bititons, A. et
all GRS MEDf AR RS A dhesbosl A0 BRL SIS Nave BEEAMTERAS 6. 2007
deli %ée?lcl_es}]‘oréherapeutlc a%ents I.e., drugs). Intravascular stents
[epa a?é S HRASR it Shted R B 8P efprerdirugsdsts! 077-
1 Gl desigpkiiicBoectpse aithb&ifdcdNostdid BBHERALRAMARting HAE (see,
, (Giaptur, r 4,886,062 (Wiktor), i include hoth, . .
B ad Pt Rl i SR SRR abherte Badyiin
thseafeesninbipihing b Bistepnt! Bhébitdradikaisorusédttodeliver a drug at the
site of contact with the vasculature, as disclosed in U.S. Pat. No,
(093802, 427 Qrammiazpaaanlaneansasting frarefibisbficationhtos (MQissue
pIQERIER BMBRAKANIGREKIARS WEhAO3334: ﬁ@gt%rﬁ)'\%ﬂrlﬂ'g%%g@%lndergoing
ﬁ(lr?nlglr%, %.S.ﬁa& Ngs. 5,419,760 (Ngrc:lso, Jr.) and U.S. Pat. No.

BN B3 S TRAICIEH, O elilpld BterhtS fidiearsoteendsebd 1o 764-72)
Plletivemvitiisted dotiheiwadfofeilnine fatgenendeliverkhastisdeseiBlasma and
: ication Scr. No. 08/746,404, filed Nqv. 8, 1996 (Donovan

B R e S Al R R e oy g e
NGRS PAEYSHseaPpRinE(ser. diveldyiSetindonp Ora%sH dhtcuthiod \ICZBERG).

methods known in the art. For example, the inhibitory agent may be

edded and released from within (-matrix type") or surrounded by and

e St o B R DB ST AAtEHAR v Qe spen o
aatiedidat Kewit errtnribie (atey Texmgies:the Nnhibitary B9eNtmayhe. 98: 2527-33.

entrapped within the polymer materials or coupled to the polymer
[0ffete ri Q1K tRsimerlope] draimoréethe tefhnigoles foirganaratingsUaT MatarialSnimal

K i ar r formulations, the inhibitory agent be |in
e el M VM GUU e RETToF R chi By -85
ChnbHh scdrerstaefoasis sondsnavderaledde fle e (sanbeSiermoy bt Gyet al.

(200ty@MoChanisRlgn CEsICRd racessas, R &8l T8RS TBNEING, 52 305-
Ad rg%%)lllzed form that presents the inhibitory agent at the implantation site.
O[g)]o TRCS R ARIBEATERY TR MR ST g it IEgchEohatsisrtsHWitrg and
nepotyrhercompisitans dudronthedintnation afhincoapatiblaicaatings.for
medical devices, such as stents. The coatings produced from these
components are typically homogeneous and are useful for coating a
number of devices designed for implarfation. [0081] The polymer may be
either a biostable or a bioabsorbable polymer depending on the desired
rate of release or the desired degree of polymer stability, but a
bioabsorbable polymer is preferred for this embodiment since, unlike a
biostable polymer, it will not be present long after implantation to cause

any adverse, chronic local response. Bioabsorbable polymers that could
he 1iced inchiide hiit are not limited to nolv/(l lactic acid)



entirety. [0086] Moreover, as described for example in U.S. Patent No.

6,770,729, which is incorporated herein in its entirety, the reagents and

rea\g:/tiozrb(%oﬂnlcgfi;gons of the polymer compositions can be manipulated so

that tha Val&REE of the inhibitory agent from the polymer coatingt&IHUs007/074761
Zcontrolled. For examﬁple, the diffusion coefficient of the one or more

BOTARER Cotitigs Can4anbtindtid IrebritPoPveElcayacattng Misbof3006)
Bagiamtdsohd 6B e2p0IgBaeDagaling, ID. atariaidos) B thigAhemes the giffgsions 47),

coefficient of the one or more polymer coatings can be controlled to
[009%ful afe ghelabilityoif lass dnadytestiiaiisipresentbipdhe e RN that the

' 2dical ice.is e.g..an lyte that facilitates

s R R 0 Wk g ond
a¢HBRE ebaipbhentasirfisthépot/aRst tomipositipho(aheHfod exampien plasma
viheRRYQdutalentherelea: (ﬂféﬁ@}!@ﬁ'?ﬂ&r}’ﬁgﬁ%ﬁgﬁ‘dthﬁ LS 7 et al.

coating). Yet another embodiment of the invention includes a device
(%?Q\}Prrég”é Bdra o f B ITaF Codtifgneith Aty MR aIiRyer amagiohat DX-
8goetficiants: volsteh ehbeadinenis ol thenkivabhiof. (hevweleaseohthe
inhibitory agent from the polymer coating can be modulated by the
[qﬂwaliywﬁfiﬁbiyiv?er, OGS P[r%g@]zmhﬁee alfa@uhﬁh E50ROEiRANEOf I swelling in
[ n release of the itory agent.fr er coatinglis. ..
R oL Iy 0T A PL SHAE i
Ye6Hipasifietisdetioas tha2#8sehdesoflenbeor fooré badofenousiar in animal

M@QWQW@%%@&%@%Y@%&JQ%Q% %Eﬁ%t%?ygﬁﬁ see, Blais, C. Jr. et

com$osition. For example, certain polymer compositions can be designed

sl S RIS HIRBERr Jeht 7 -'dShdnse to a decrease in the pH of the

lymer composition. Alternatively, certain polymer compositions can be
“’3@%nébﬁgét%%\%?&éé"ﬁ?@ﬁﬁﬁ%wé@@hvm P%% BhasbesrHeusreaisdacst
inffipdrogenpiraxishete WO ARG 68830 CTTBIS 28RHAIFAZ 64: W Methods: 325.

. ing.Thr ' PK:-depende itions.and Niseas
kel A Rt e e TN
(1§3&kifg W Bodis 15 s et sicvditheieatt tatohdisngbodiment cthrenic
nfBathortinakelaninbilingdbe REMLCT RO CORBRINALS FREATE iR, 1

a compound of formulas | or Il. In another embodiment, the metho _
haR OfTRS Whiicter RGP R HE aesliste 30 BRSO i i epalesalsn wrighthiginogen
omh'ﬁnmarnll bedshiiamerea mawnh ahﬂ[g_y@&m@gbeﬁ &m@a?;&m@f?g SPEBD (see,

t nclu istering to the syl rapeutically effective
S oo B oY PRI O Cor e BErhes a0, Dig Dis
Scadthintétetng ddimdibcled to @ patientdnipost-Reyobardial ihfRFCHRT(M))

or post-ischemic stroke clinical setting. In one instance, the method
IOiHHbdeH%er%berﬁr@-@MK,imﬁm&ﬁm Ik grreBXHemtdmithfitirighgtitinhibitor
(A980Es) HA0321 Binked ﬂédﬁ@é'\f’géfc{ﬁarreﬂéﬁﬁ%gbm{ﬁqlﬁi%&)@gxl AGMAH Ly ce

individuals completely deficient of PK exhibit impaired coagulation in vitro
legiepiingic PatAfEZ R BEiTssUR B ATdIdBnth SLid 80 thé grssEi 2350-
23hvePsiascar&irhiklit@soof Pk thatean be: usesl tainhibittheasthityof BKwas

| ther embodiment, an antj-P oclonal antjbo yﬁ&M B), such as
o B P oS o e i pn &g
Diganesal Ledchnmetiaddd cBihpisethliestep. oft ebna@thyg an Blwithed 30: 1722-8;
iRty el allecis AnauY o onadr 101 PSRN, LI SREGINS, are
MAB as provided herein, in the presence of PK enzyme in aqueou
foupd okrina lisher dssrtb R shitesidaribridigiotsii figandl987)
TheRK. Abe-Ri. m@yrbe preseatialgispansion (es)in ayisolsted s1; 1019-1027).
membrane or cell preparation), or in a cultured or isolated cell. [00901
Preferably, the amount of PK inhibitor contacted with the enzyme should
be sufficient to inhibit PK activity in vitro as measured, for example, using
colorimetric or fluoroinctric substrate cRavage assay. [0091] In still
another aspect, the present invention provides a method of treating a
PKdependent disease or condition in a subject in need thereof The
method includes administering to the subject a compound of formula | or
II. [00921In a further aspect, the present invention provides a method of

treating thrombosis in a subject in need thereof The method includes
adminictarina to the cirithiect a nlacma kall krain enecific mononclonal



Zausinger, S. et al.(2003)Acta Neurochir. Suppl. 86: 205-207; Lumenta,

D.B. et al. (2006) Brain Res, 1069: 227-234; Ding-Zhou, L. etal. (2003) Br.

J. Pharr(pa%ol 139: 1539-1547). [0098] Regarding blood loss dureiqnf

car‘gigﬁu?ﬁ/\olﬁga{?y bypass, it has been found that the contact sysf) 2007/074761
ivated during CABG (see, Wachifogel, Y.T. (1989) Blood 73: 468) and
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swelling in rat models of arthritis (see, De La Cadena, R.A. et al.
2EhsEn FePhAeds srerslnvatst iy dighsbey amd arressetiair Bwithingmpsadilgod
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cC anied by activation of the contact system (see, Blais, C. Jt. e al.
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R.B. etal. (1996 nterol 110: 1467-1481). It has_been found
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innogen or reduction in leyels of kininogen reduced clinicopathology in
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contact activation (see, Martinez-Brotons, F. et al. (1987) Thromb.
[H38moStenmeroyeoss preridstderasinsiae ings)arahfredmimiratiog to a patient
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liiabelies anstirbaiassesiaiedwiib, ipgrepssrhRiond pressure. PrePK levels

independently correlate with the albumin excretion rate and are elevated
[0modiabetiganaith mastRalyBuis:-SHagesting BESRIS I aYR8i & MRS Pitent
al%rzei%}essive %%Ehropathy%i , Jaffa; A.A. et al. (2003) Diabetes 52:
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erfdaiagenn theatsnpeatd wifhhstheptorotacipidfamisiondmiriseired. t2OPM)ent (e.g.,

Eur. J Pharmacol. 514: 69-78). B1 receptor antagonists can also prevent

streptozotocin-treated mice from developing hyperglycemia and renal

dysfunction (see, Zuccollo, A. et al. (1996) Can. J. Physiol. Pharmacol, 74:

586-589). [0103] The present invention also represents a new paradigm

for ischemic stroke treatment. Current treatments are severely limited.

Traditionally, acute ischemic stroke is treated using a tissue plasminogen

activator (IPA). This drug can prevent some of the adverse impacts

associated with stroke but only if it is administered intravenously within the
firet three hnoirire of the evvent and onhy if there iec nn bleeadina in the hrain



[0108] The compounds of formula | or Il can also be administered in

combination with the additional therapeutic agents or diagnostic agents.

VI.Examples [0109] The following abbreviations are used in the Examples

and thr8lH6the description of the invention. HOBL: PCT/US2007/074761

N-hydroxybenzotriazole DMSO: Dimethylsulfoxide AmBZ:
2 AHTAMABRENG y Fh FE SR ATEIH BRoRe AR Rb RAHcient to modulate the PK
rédisoprepylethyltionineahxampleiti&ynthesis 0bRispaeifie KIBHARS presented
oPHOLEVMSs oine compaunds.of s, invention were cayried aut by

e formation of a'single amide ond Between commer0|a¥ly AVAaBIE
consbusatiicnadiths cobtadmed feoits edtfrer NSIdRlirecif dreEnamined ine. pkidwg) high
hainekiend dumiineReprialing (4-AmBa-ohianed hamealasen
n

Inc., Bristol, Pennsylvania), usi S-Carbodiimide (obtained from
depRidige omehe E‘ﬁ%ﬁ?%ﬁés}%ﬁ%?“%ﬁr%‘ﬁw?&)%ﬂé‘”élﬁﬁ?ﬁ%@i’sf?)R?tgéétl%dsﬁﬁﬁﬁﬁéﬂmm of
n’%}ét%@bﬁé@%%@%e@ﬁ%@@%&ﬁ%ﬁ&&)@f@f @ﬁﬁﬁf&ﬁ%?%?i%%g%%@&%l)@f In general,
-Carbodiimidg. IS, mixed, with a separate carpboxylic ac pmol),,
AR S ST (75 BRO KRRy DRSS SER: 92 U sl
paifsupdofdyieth pamnites(Di & BAwFEuthel Jthinsgenifioll4@9tedinethydeuifenidegimen

f&P%;SQQéﬁ%%%ﬁﬁé%‘i%?ﬂ%%@ex?d(%%@vH}é@grbtf?Qﬁ%Q H’%T\E%%}g rtl?e a%ftévi_t)%%f the

polypropylene reaction vessel, and mixed on a Adams Nu for 4
SPRaIRORABE AR STRRIPEC T iee Pase bedisvsithingsa iy fieedlio AeollisvEmbyt
abeinevaliithedrCMhbim RvanRamtiene GrealRkithaa 3 % £AuRlNG ofdh6ther drugs
bcarbof%l‘ic, acid. to 'glge 4-Amﬁ-|z takes place under these conditions, as .
GRS By T He HE IV IHE T D S8Y oD & PATIESI IS ASA HIE Z 4att S
theyaguamtitations dfeijs dpeeaminbefurctinbalitynaditahiniytititmel N general, the use
of the nt invention are th urified usi ers WCX
p i e e R e S N
gt E M reri g lordbrradanith Slpalivertsofswmae o divehoyseen)inard eritesta
sPM O cnlionaishe ThacaBrdlgecisdhen washed with 20 ml of 5%
MeOH - 95% water, followed by 5 ml of MeOH. The column is then eluted
[0Y86] LOTR ebafeid QO pPa%MaRkE dharompruRd s QPIa Rty as
>95% purity following evaporation_of the sglvent in a Savant SpeedVac.
g AR %ﬂoaf e N 55 X ARRHbal TEIRFRMIE datasrinibip vary
defemiisg of thedgoraphicidisiag ad\ghphactiBitsydEtems MB&] SQ %V SdrARatment
e llowing separation.on a.Shimadzu VP HPLC .
o B e bl e el Bl profored,
Vb dasrecareiimstediiarrabisly brahtneskidnbiing nattibiioty stedios bf i
copbiads ulf bt hhumanplasmaisalilensin 0PI RS RRIBEddHAMstered at the

: Hrg mtech Technologies (Essex Junction, Vermont). The enzymatic

WSS RFPI e 0V daekeng ahaudhLme e saie: shiskiisdose range of about
0 i DaPic: RhebAuggNA(RBachatuune ], Syitzeslabs) with theigleavaget 0fme/kg to
the strate by the me resulting in an increase in A40 asure
B R P R 0 T B St bl P38 Bowever,
mahiibhitsited (soendoicantivithofRiipmentesé theinedeby tddingi90fitaf RKdition

bé%%'@f@!&e@; oM iﬂe@%ﬁ%‘%@rﬁﬁ% a%%llg}é@ (%%(Iy%gﬂgQ,&Jsgggstgaﬁ%@éﬂguwaﬂy

1-I-D-Pro-Phe-Arg- SO) in individual microtiter plate
detrsmaingg cansinsRRIBtaRP Y hsRE G dinrerdiagacseshisra aaaim aypsient. The
deletedmingetRdes &%%gié:&@iﬁ@ee bar@@ﬁlaéle{hﬁ@hmmm%@&m@é@tﬁéeagufﬁciem to

invention were mixed in separate.wells with the synthetic substrate to )
oL P S SRS ST B BAR G BIET LT AR (H0S FRAP20t e elso vl
beeatstionnethintbs axdtthecreastiorrinitiatent by dinesddditiosi dxf 48Q pltift theompany
wk-molilon; dimipisad el dseypoR I IR AIEAANCS: LA SOMROMI.,

denotes inhibition of PK activity, and the apparentinhibition constant o

the interaction can be determined by using the following equation - Ki,app

= LIV(PICcontrol/PKI - 1.) where [I] = cbhcentration of inhibitory

compound, PICcom,t, rate of substrate cleavage by uninhibited PK, PK; =

rate of substrate cleavage by PK in the presence of inhibitory compound.



The corrected K, of the Interaction can be obtained as follows from the
calculated K1 app - K, = K,,app 7(ISJ/Km + 1) Where [SI = concentration
of synthetic substrate, and Km = Michaelis constant of synthetic substrate
for‘gkzqﬁgf?ﬁgg%se determined experimentally to be 0.15 mM uRH&f\iPrIge 074761

conditions. [0113] Table 4 lists the inhibition constants for certain .
SRR hEIIGYAHG TamnRRUEH Pafignt will depend upon & variety of
fROAS ML EABIRES BAISRPOT K/ ¢e6itid abiepduln Ribition.aomstasdsbd & kiht,

o b Nt
gletﬁgrgliiiea'l\! ,t Isex', 86“!, time of administration, route of administration, and rate of excretion,
drug combination (i.e., other drugs being administered to the patient), the severity of the
particular disease undergoing therapy, and other factors, including the judgment of the
prescribing medical practitioner. Determination of the proper dosage for a particular
situation is within the skill of the practitioner. Generally, treatment is initiated with smaller
dosages which are less than the optimum dose of the compound. Thereafter, the dosage is
increased by small increments until the optimum effect under circumstances is reached. For
convenience, the total daily dosage may be divided and administered in portions during the
day, if desired. Doses can be given daily, or on alternate days, as determined by the treating
physician. Doses can also be given on a regular or continuous basis over longer periods of
time (weeks, months or years), such as through the use of a subdermal capsule, sachet or

depot, or via a patch.

[0107] The pharmaceutical compositions can be administered to the patient in a variety of
ways, including topically, parenterally, intravenously, intradermally, intramuscularly,
colonically, rectally or intraperitoneally. Preferably, the pharmaceutical compositions are

administered parenterally, topically, intravenously, intramuscularly or orally.

[0108] The compounds of formula I or Il can also be administered in combination with the

additional therapeutic agents or diagnostic agents.

VL Examples

[0109] The following abbreviations are used in the Examples and throughout the

description of the invention.
HOBt: N-hydroxybenzotriazole
DMSO: Dimethylsulfoxide
AmBZ: Amidinobenzylamine
DCM: Dichloromethane

DIPEA: Diisopropylethylamine
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Ki, TIM 0.08 0.03 0.15 1 = point of attachment to 4-amidinobenzylamide
moiety Inhibitory effect of ASP-440 and ASP-465 101141 The inhibitory

eff&% ?f éﬁ 688%40 and ASP-465 towards purified human PK as WeII 11as 074761

other enzymes in both the intrinsic and extrinsic pathways of coagul 53R
is shown in Table 5. The numbers gre exirissed as K.; values (uM),
obtained after determining the ext ition, if any, of a given
m idolyti ity for a suitable synthetic substrate (5-2302 or
ér%)éfq’rl]oz m )exlnﬁ%e %ﬁ%ﬁence of increasing amounts of either ASP- 440

T lOI’] O .either com was,l
e G S A S E Y I IR o
SIASPan"eéeémééﬁéﬁ@@ﬁmmm@@ﬁw@wmmwmlwﬁgmb@m feom either
ARPIEN;EENRR KaRiA40ndn REGiTIOR,ARPaA4Q- 5&@(\1‘@0%9}/{9@@@@0&41@2 obtained

agalnst all of the other enzymes tested, and ASP-440 shows >300-fold

QR &3foiEy i JRin iU RREnSt e B NS SsSeib o mid s oB s digm Biotage,
I rafitertd iRk indibiigiait; Mk Kykedodeofoddla tupBrembinilasiftee Drawings,

F%%E 1§43:%r63§ 'g/ly;t}lc(a)smeO wgg{l of PS- Car%gdgl\rﬂiiel ?s um|\1/>|<e>d]\3vq :!él\slelparate
carboxylic acid (75 umol), 4-AmBz.2HCI (75 umol), N-hydroxybenzotriazole (HOBt; 75
umol) and diisopropylethylamine (DIPEA; 75 umol), in 4 ml of 40% dimethylsulfoxide
(DMSO0)/60% dichloromethane (DCM), in a fritted, stoppered polypropylene reaction vessel,
and mixed on a Adams Nutator for 48 - 72 h at room temperature. The product is obtained by
filtration, followed by removal of the DCM by evaporation. Greater than 95% coupling of
the carboxylic acid to the 4-AmBz takes place under these conditions, as determined by
measuring the residual amount of uncoupled 4-AmBZ left by quantitation of its free amine
functionality with ninhydrin. The compounds of the present invention are then purified using
a Waters WCX cartridge. Approx 50 pmols of compound are applied to a 250 mg Waters
WCX cartridge (pre-washed with 5 ml each of MeOH then water) in 4 ml of 50% DMSO —
50% water. The cartridge is then washed with 20 ml of 5% MeOH ~ 95% water, followed by
5 ml of MeOH. The column is then eluted with 10 ml of 5% HCOOH - 95% MeOH. The
compound is obtained in >95% purity following evaporation of the solvent in a Savant
SpeedVac. Product integrity is determined by an analytical LC-MS/MS determination of
mass of the product using a Applied Biosystems/MDS SCIEX Q-STAR mass spectrometer,
following separation on a Shimadzu VP HPLC system.

[0111] Certain compounds prepared and purified using this procedure are listed in Tables 1
and 2.

Example 2
Inhibition studies of PK inhibitors.

[0112] Human plasma kallikrein (PK) was obtained from Haemtech Technologies (Essex
Junction, Vermont). The enzymatic activity of PK was assayed using the synthetic peptide

substrate H-D-Pro-Phe-Arg-pNA (Bachem, Inc., Switzerland) with the cleavage of the
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>10nM!>10p.1V1i>101.1141>10 WVI> 10 H.M WO
2008/016883PCT/11S2007/074761 Example 3 Determination of
anticoagulation activity of PK inhibitors. [01151 In order to determine the
rolglgfzg%/f)d?%ombin generation, fibrin cleavage, and consequ&i#biA7/074761
clot formatjon upon activation of the intrinsic pathway, commerciall

SRR RY AT B FS R HPLO R R UBSEHAR ) (vas trseerisdininges Mplgsslar Devices
Vagtivatian ofirepnts Reisdpativeyninumed Rasnod (Al waskmixedawdtined by

Actin (50 upplemented with IS mM CacCl2 in individual wells of a

A L B TSR oBlbt: M MRS Cofbl iy ShteRcis) o 1010

ofibFR-tleabage anphtlofativiatianvweas tetettmined BycrRaRItIing v iOtnased

; i ime. In a kinetic microplate rea olecular.Devi Vma).

S D e O S T

paraliglicoperovadiieldtvisueaifn tintsationdvefemcteé iperimett WEHe winhalto synthetic

SMQ@Q&&%@P&%@I@%&GES%&J&%B M2 ﬁ?fv'f‘?& L (%5 @” f%t%tion
ati 4 40118

points are plotted as mean SD of triplicate determinations (n=
mijiersr M secasrdion i liprd detibrertdiiasrnbl MK efdhs Riosobftivorndadiminished

ré@@@imgvfcgééﬁn%%éﬁ&%ﬁﬂmﬁ% Kysrland patk, }éf"pﬁaaf%)ch\jn , and the
i

coagulated folio-wing Actin FS addition with a clotting time >3-fold higher
R ARGRASHSHAINGI SRS tpRsam berrtctranerohs yaadheellowing
eqnatxdmum amount of inhibition of contact activated coagulation in human

plasma that can be achieved with PK inhibition. The ability of the
KeopmpOiels of thelresent invention to inhibit contact activated

coagulation can then be measured by adding the compound to the plasma
whexetif] FSanixtirgiat véidusivoncentr@tienSK Q.. 1 0.4\Y andrate cleavage by
usiSHeHUAIRE 1P, congiatap ime and g

ths,compounds:by
extent of inhibition of contact activated coagu ation achieved at 10 UM For

CURBPHPfe, addition of either ASP-440 or ASP-465 to normal plasma at 1.1,
3.3 or 10 HIM, dose-dependently prolonged time to coagulation by 16-
Thecemetiith xS PUreS BrRABARY I Brbinca g delnrs foretla erdotated Kiapy —
concentration than ASP-440 (FIG. 2). Example 4 Thrombogenic Effect of
KT (EMenERd via the Intrinsic Pathway and Requires Plasma
\X}(allil -ein (PK). [0117] In the clotting paradigm utilized in Example 3,
DSl s SRIREECEA00 th e B e oy o Milikre Meoes crpsagisbogutheti
sulwitr)tAGNPES iis tie anedentimi am expirphastinaieridati caneardeg while
Corgdz}i[%ggr_ling the amount of plasma constant at 50% of the incubation
mixture. Since the clotting time in normal plasma is dependent on the
u i t in.the incubation mixture, these condjtio .
by e R S o) vne
fomalatrinsic pathway in this paradigm. Lowering the amount of contact
activator leads to a decrease in the amount of PK activated, thus reducing
the amount of thrombin generatefl and slowing the time to coagulation
(data not shown). Therefore, inror rmine whether addition of
exogenous plasmin (mimicking a fibrin tting) can shorten time to
coagulation, the amount of Actin FS reagent added to the plasma (kept
constant at 50% of the final incubation mixture) was lowered so as to
attain 6.25% (final v/v). This level significantly increases the control time to
coagulation, and thus provides an experimental window for measuring a
shorter coagulation time. [0118] Addition of exogenous plasmin at 100 or
200 nM to the 50% plasma- 6,25% Actin FS incubation mixture resulted in
a dose-dependent shortening of the time to coagulation (relative
coagulation time decreases from 1,00 to 0.74 to 0.65, see, FIG. 3).
Plasmin at 200 nM added to plasma in the absence of any Actin FS
demonstrated a very slow relative time to coagulation of 4.0 (data not
shown), indicating that the presence ofthe contact activator was
necessary for plasmin to have any significant thrombogenic effect. This
provides direct evidence that plasmin can have a tiu-ombogenic effect
when added to plasma in the presence of a small amount of contact
activator. [0119] Addition of 200 rilvl plasmin to PK-deficient plasma under

otherwise identical experimental conditions resulted in a time to
coaniilatinn QN04 Araatar than that cean with normal nlaecma (ElC A



Example 5 A Specific MAb to PK Inhibits Contact-activated Coagulation
and Plasmin-activated Thrombogenesis, 101201 The previous examples
have demonstrated that PK is critical for contact-activated coagulation via
the MRS W& Fiway, as well as for plasmin-activated thrombogBR&&§2007/074761
The role for PK was established by evaluating deficiencies in PK, as well
Tablg e A SPHSERE inhibitors of the enzymes. In order to determine
whether blocking PK via a spgcific mq noclongl antibgdy (MAD) would also

DT M R M .
be-effegtive-in-inhibiting-coagulation-n-eitherof- the-two-paradigms-

described hénejand thus pfoyide addjtionaf vlidatioh for the-iivention,

MADH 13011, which hag been pt&xiously chakacterized as bﬁﬂlg specific for

PK (PieJoso et ai;/{198[7) Blood,~?0) 1053-1062), was teste each of the

coagulation paradigms described in Examples 2 and| 3. MAb 13011

btained froro.@eneTex, SamoAntonio, Texagswas added at a final

concentration of 0.036{mg/m1 in the 0% plasma - 50% activator mjx in

“eaphi el PG b IS A IAIRS B Al AREE GXWEaLely Z-Told molar excess

over the amount of PK that would be present in the plasma - activator

mixture, based on the literature reference of Veloso et al, (1987), Blood

17Rib1068-F06R o CoHRR-deamplaSRvéss treated with 0.036 mg/ml of an

isotype-matched control Igel (also obtained from GeneTex). When plasma

[Ndd]athvatbiditsingfBOoe M4 (RIGLB);46t0 804 hupiddngethtiPi 40 well as
%Ji’n'ﬁ’é% 4500 of in ohtained with . :

Ogﬁggﬂcient%%s@rg%% E’il%r%(ljﬁ)S v%h%?%%%éng{a&aé\?gs(% ﬁvog{[(géc? %Ss{?rtlﬁ)%gos %‘M"“ in Table 5.

Thraapmbersguepmypretnd P (FRbIes ) HM ohgénedipfistd toagnlntide oy 82961
iR thenpaximal effect,antaingswith Sadalicient lasmad Jsie i mate

highly specific MADb to PK is equally effective in blocking coagulation
(rethad ARSI PHARAS TG L rBEr B B8 RtEerHE R &1ibfr (4 SP-440 or
AEB%BH])Iﬁadigﬁ&tf&é@lg&lﬁlaﬁ&%@ﬂaﬁm@ﬁ/@érﬁﬂ@uiﬁiQ&.@]ﬁiﬁlbl%imlﬁm B sults
i specific PK inhibitor ASP-440 at 10 uM, [0121] All patents, patent
SR SR HEHEATIHS At IYE Sl HOAS PG 8 15 B e of PK. with
AiRBetpdieted bjotdfarenpetinttiiei ASHrat). AnydbndictAsrtvweeshamy >100-fold
deference cited herei hing of thi cification i ) o
o Ui - fold elctvity
agHos A gt P et Romet 8si8rd or phrase and a definition of the word
or phrase as provided in this specification is to be resolved in favor of the
latter. MCS| LP. WQ 20081016883PCT/US20071074761 WHAT IS
Téz,gﬂti ViRRS ?‘iYKr8gﬂ%ﬁéoﬁﬁ%Iﬁ%ﬁﬁ<§%ﬁéffﬁ}WﬁﬁPa. 0 9b'..; Oa( NH H2 (Raj,
2J 3 whereipKAr is a bpxd or anrpmatic mmgiselected iRmitne proyRin
consisting |of benzene, pyridinejand
ASP-440 | 0.09uM | >10pM |>10uM [>10puM | >10puM | >10puM

ASP-465 | 0.03puM |[>10pM |>10uM |[>10uM [>10uM | > 10 uM
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5pyrimidine; 6the subscript m is an integer of from 0 to 5; 7each R is
independently selected from the group consisting of cycloalkyl,
(C1-C8)haloalkyl, 8halogen, -OH, -OR', -0Si(R1)3, -0C(0)0-RI, -0C(0)RI,

-0 RHUFNIFHE(0)N(RL)2, 9-SH, -SRI, -S(0)RI, -S(0)2R1, -SOMIEAR2007/074761
-S(0)2NHRI, -S(0)21\1(R1)2, -NHS(0)2R1, 0-NR S(0)2R | -C(0)NH2,

-C(0)NHRI, -C(0)N(R1)2, -C(O)RI, -E@}hblé¢ NHC(O)RI, -NR' C(O)R1,
-NHC(0)NH2, -NRIC(0)NH2, -NRIC(0)NHRI, 2-NHC(0)NHRI,

Difiraiontior P anfigesdinim petivipof PIHEDRes. 3-NRI CO2RI,-CN,

-NO2, -NH2, -NHRI, -N(RI)2, -NRIS(0)NI12, -NRI S(0)2NHRI, -

BAMD EyeN RTINS INEC N HEEBK. DCUNRBNHE N DHbNRI@Hge, and

¥ I 1C I 1a
A e AL G Sl

S rORT this At Pk Sismg or e ol e Emtiakcrentspt sqgaat@s of the
lammﬁfpameﬁmmﬁmwﬁamd@pwmm@l@g@ﬂéﬁamgfag glégpp emented

ti a erein each 12.9 is mdepen
Y St B s e S ORI i S g, e tme
i sdrag chesting @ Ep D | Q@Cagadny dstrfngmﬁimsslﬁeaeﬂaﬂmw@r&hﬁfﬁﬂmg Agps as
d mgc%%}{iggtﬁﬁg 199%@’(&%?@ ﬁXfﬁé% 0 eerS.lfleﬁteevqcferso mgxr}e oyg)rmation
consisting of C and N; 3when Ar Is a
resulted in furbidity reglstel ing as an apparent 1ncrease in Agos. This was verified visually at
the end of each experiment. The time to coagulation was defined as the time to reach %

maximal AAggs. All data points are plotted as mean + SD of triplicate determinations (n=3).

[0116] Under these conditions, PK-deficient plasma (PK levels < 1% of normal, obtained
from George King Biomedical, Overland Park, Kansas) coagulated following Actin FS
addition with a clotting time >3-fold higher than that seen with normal plasma (FIG. 1). This
therefore marks the maximum amount of inhibition of contact activated coagulation in human
plasma that can be achieved with PK inhibition. The ability of the compounds of the present
invention to inhibit contact activated coagulation can then be measured by adding the
compound to the plasma — Actin FS mixture at various concentrations (0.1 -10 uM) and
determining the coagulation time, and ranking the compounds by the extent of inhibition of
contact activated coagulation achieved at 10 pM. For example, addition of either ASP-440 or
ASP-465 to normal plasma at 1.1, 3.3 or 10 uM, dose-dependently prolonged time to
coagulation by 16 — 134%, with ASP-465 prolonging time to coagulation more at each
concentration than ASP-440 (FIG. 2).

Example 4

Thrombogenic Effect of Plasmin is Mediated via the Intrinsic Pathway and Requires
Plasma Kallikrein (PK).

[0117] Inthe clotting paradigm utilized in Example 3, plasma is mixed 1:1 with
commercially formulated Actin FS. Thus, 50% (v/v) Actin FS is the maximum amount of
activator that can be added while maintaining the amount of plasma constant at 50% of the

incubation mixture. Since the clotting time in normal plasma is dependent on the amount of
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4when Ar is an aromatic ring, m is an integer of from 0-5; and
5pharmaceutically acceptable salts thereof WO 2008/016883PCT/U
S2007/0741761 12.A compound of claim 1, wherein Ar is an aromatic ring
seBQSHHBIPS the group consisting of benzene, pyridine and RfriFHd#I&7/074761
13.A compound of claim 1, wherein Ar is a bond and m is 1. 2la 15.A

ASSMPB IRFBY éndiia ipcybREREIMIX Y e heprIcanditions Nowld hydsipEamépet to the

sIGbRiE8: 2B (RHE b AS b Reaghidd @yNh@Mrﬁa@i@ﬁt%%@%ﬁQﬁiﬂﬁkga&}rﬁ Lowering
compound of claim 6, wherein Qa, é?b and Q are each indggen, ently

TSGR KBt UL bIErR B Wi S RNPTRA o RTBYRY B
rglavin@thwherein ¥ iguCria giSand Ardsiselegted 2irenn phenyhospididyhot
JAC d.of cla wherein Q is C. 11...A C ound of Iaing. ki
R e G R R e
a@brinolytic setting) can shorten time to coagulation, the amount of Actin FS reagent added
to the plasma (kept constant at 50% of the final incubation mixture) was lowered so as to
attain 6.25% (final v/v). This level significantly increases the control time to coagulation, and

thus provides an experimental window for measuring a shorter coagulation time.

[0118] Addition of exogenous plasmin at 100 or 200 nM to the 50% plasma- 6.25% Actin
FS incubation mixture resulted in a dose-dependent shortening of the time to coagulation
(relative coagulation time decreases from 1.00 to 0.74 to 0.65, see, FIG. 3). Plasmin at 200
nM added to plasma in the absence of any Actin FS demonstrated a very slow relative time to
coagulation of 4.0 (data not shown), indicating that the presence of the contact activator was
necessary for plasmin to have any significant thrombogenic effect. This provides direct
evidence that plasmin can have a thrombogenic effect when added to plasma in the presence

of a small amount of contact activator.

[0119] Addition of 200 nM plasmin to PK-deficient plasma under otherwise identical
experimental conditions resulted in a time to coagulation 80% greater than that seen with
normal plasma (FIG. 4), demonstrating that the presence of PK is required for plasmin to
exert its thrombogenic effect in plasma. Addition of ASP-440 (10 uM) or ASP-465 (3.3 or
10 uM) to normal plasma in the presence of 200 nM plasmin (FIG. 4) prolongs time to
coagulation by 36% (ASP-440) or by 36 — 75% (ASP-465). Thus, PK-specific inhibitors can
effectively inhibit the plasmin-mediated thrombogenic effect in plasma, with ASP-465
showing the same degree of prolongation at 3.3 uM as does ASP-440 at 10 uM. As
demonstrated in Table 2, the in vitro K; of ASP-465 towards PK is exactly 3-fold lower than
that of ASP-440 — in agreement with its observed 3-fold greater potency towards inhibiting
plasmin-activated coagulation. Importantly, ASP-465 at 10 uM (FIG. 4) almost completely
blocks the plasmin-induced shortening of time to coagulation that is attributable to PK —
demonstrating the utility of a small molecule PK inhibitor in this clinically important

paradigm.
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13.A compound of claim 12, wherein Qb and Qt are each independently
selected from the group consisting of N and C(Rq). 14.A compound of

claim 12, wherein Ar is benzene or pyridine. 1 15. A compound of claim 2,

whERHB&%3%ond and Y is C. 1 16. A compound of claim 15, RfEHSEIGH 74761
is 0 and Qa and (2 are each 2 C(0). MCSLLP wo
20081U16883PCIAS2007/074761 Example S

A Specific MADb to PK Inhibits Contact-activated Coagulation and Plasmin-activated
Thrombogenesis.

[0120] The previous examples have demonstrated that PK is critical for contact-activated
coagulation via the intrinsic pathway, as well as for plasmin-activated thrombogenesis. The
role for PK was established by evaluating deficiencies in PK, as well as by using two specific
inhibitors of the enzymes. In order to determine whether blocking PK via a specific
monoclonal antibody (MAb) would also be effective in inhibiting coagulation in either of the
two paradigms described here, and thus provide additional validation for the invention, MAb
13G11, which has been previously characterized as being specific for PK (Veloso et al,
(1987) Blood, 70, 1053-1062), was tested in each of the coagulation paradigms described in
Examples 2 and 3. MAb 13G11 (obtained from GeneTex, San Antonio, Texas) was added at
a final concentration of 0.036 mg/ml in the 50% plasma — 50% activator mix in each
paradigm. This calculates to an approximately 2-fold molar excess over the amount of PK
that would be present in the plasma — activator mixture, based on the literature reference of
Veloso et al, (1987), Blood, 70, 1053-1062. Control samples were treated with 0.036 mg/ml
of an isotype-matched control IgG1 (also obtained from GeneTex). When plasma was
activated using 50% Actin FS (FIG. 5), MAb 13G11 prolonged time to coagulation by 100%
(45% of the maximal effect obtained with PK-deficient plasma), and, when plasma was
activated using 200 nM plasmin + 6.25% Actin FS (FIG. 6), prolonged time to coagulation by
32% (40% of the maximal effect obtained with PK-deficient plasma). Therefore, a highly
specific MAD to PK is equally effective in blocking coagulation mediated by the intrinsic
pathway triggered by contact activation (+ plasmin), and at 2-fold molar excess over PK, is as

efficacious as is the highly specific PK inhibitor ASP-440 at 10 uM.

[0121] All patents, patent applications, publications and presentations referred to herein are
incorporated by reference in their entirety. Any conflict between any reference cited herein
and the teaching of this specification is to be resolved in favor of the latter. Similarly, any
conflict between an art-recognized definition of a word or phrase and a definition of the word

or phrase as provided in this specification is to be resolved in favor of the latter.
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117.A compound of claim 2, wherein L is SO2 and Y is N. 118.A
compound of claim 2, wherein each r is independently selected 2from theicsLLp

gro 9ns ting of CI-C8 alkyl, Cl-Csalkoxy, aryl, aryl(C1-C8 alk
halg‘gQ’e‘gr] iﬂl‘—‘f‘% -NH(CI-C8 alkyl), -N(CI-C8 alky1)2, -CN, -C(-0 E"@é"‘”"”“”“

alkyl), -(C=0)NH2, - 4(C=0)N1I(CI-C8 alkyl), -C(=0)N(C1-C8 alky1)2, -OH,
-COOH, -COO(C1-C8 alkyl), - 50C 0(C i-C8 alkyl), -0(C=0)0(Ci -C8

5 = =C8 alkyl), -NI1(C=0)(C1-C8 6alkyl), -NH(C=0)0(ClI
MI -C8alkyl), -S02(CI-C8 alkyl), -NHS02(C1- 7C8
alkyl) and SOZNII(Cl -Cs alké/g 119.A compound of claim 18, wherein
each Re is independeftfrRuiet iy 248 foreglsup consisting of C1-C8
alkyl, CI-C3alkoxy, phenyl, p %I Cl -C8.alkyl), 3halogen, -CN, -N112,

-NH(C1-C8 alkyl), -N(C 1-C8 alky} (€=0)CHB, -(C=0)NH2, -OH, -
4COOK -COO(CI-Cs alkyl), 000(CI-C8 alkyl),\-Q(C=0)0(Ci -C8 aIkyI)
-NO2, -SH, -S(C1- 5C8 aIky‘B and -NH(C=0)(CI-C8 alkyl). 20.A compound
of claim 19, wherein r is haloge; % gmpound of claim 2, selected
froth the group consisting of: 2 I

wherein

Ar is a bond or an aromatic ring selected from the group consisting of benzene, pyridine and
pyrimidine;

the subscript m is an integer of from 0 to §;

each R” is independently selected from the group consisting of cycloalkyl, (C;-Cg)haloalkyl,
halogen, -OH, -OR', -0Si(R")3, -OC(0)O-R', -OC(O)R}, -OC(O)NHR', -OC(O)N(R"),,
-SH, -SR', -S(O)R, -S(0);R/, -SO,NH,, -S(O);NHR', -S(0);N(R ), -NHS(O),R",
“NR'S(0),R', -C(O)NH,, -C(O)NHR', -C(O)N(R'),, -C(O)R’, -C(O)H, -C(=S)R,
-NHC(O)R', -NR'C(O)R', -NHC(O)NH,, -NR'C(O)NH,, -NR'C(O)NHR',
“NHC(O)NHR', -NR'C(O)N(R"),, -NHC(O)N(R"),, -COH, -CO,R}, -NHCO,R',
-NR'CO;R', -R', -CN, -NO2, -NHy, -NHR!, -N(R"),, -NR'S(O)NH,, -NR'S(0),NHR, -
NH,C(=NR"NH,, -N=C(NH,)NH,, -C(=NR"NH,, -NH-OH, -NR'-OH, -NR'-OR, -
N=C=0, -N=C=§, -Si(R"), -NH-NHR', -NHC(O)NHNH,, NO, -N=C=NR' and -S-CN,
wherein each R is independently alkyl;

L is a linking group selected from the group consisting of a bond, CH, and SO,

Q% Q°, and Q° are each members independently selected from the group consisting of N, S, O
and C(R®) wherein each R* is independently selected from the group consisting of H,
Ci-salkyl, halo and phenyl, and the ring having Q% Q% Q®and Y as ring vertices isa .
five-membered ring having two double bonds;

Y is a member selected from the group consisting of C and N;

when Arisabond, mis I;

when Ar is an aromatic ring, m is an integer of from 0-5; and

pharmaceutically acceptable salts thereof.
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MCSLLP WO 2008/016883PCT/U S2007/074761 4 5 wherein 6the
subscript m is an integer of from 0 to 5; 7the subscript n is an integer of MCSLLP

from O to 4; 8the subscript q is an integer of from 0 to 1; 9L is a linking
grouf &1 ME%AD M the group consisting of a bond, CH2 and 50FBE4RA407/074761
of Rb and Rc is independently selected from the group consisting of

cycloalleyl, (C,- | 1C8)haloalkyl, halogen, -OH, :0R2, -0Si(R2)3, .

-gC(O)o-)F/ez, -6c(0) ?95886){41$%9[5?0@%ﬁ‘ﬁ‘(h%2? ag proneabis ring ggjsefed from
“BEQRRR coSOGRNHI, bS@B)RNHREne S(0) 2N{RRYBe. 3-NHS(0)2R 2,

-NR2S(0)2R2, -C(0)NH2, -C(0)NHR2, -C(0)N(1 2)2, -C(0)R2; -C(0)H, - .4
C(=S)R2, -NIE(0)R2, DR @BR laiiH CHAMNIn1 Ry riNRRGAAMNN 145 1.
-NR2C(0)NHR2, 5 -NHC(0)NHR2, -NR2C(0)N(R2)2, -NHC(0)N(R2)2,

-00211, -002R2, 'Nﬁg:o%%%d of claim 1, having a formula Ia:

Q
NH : NH
lr: R NHa,
RA" N |

L~ Ra Ia

5. A compound of claim 2, wherein L is a bond and Y is N,

6. A compound of claim 2, wherein L is abond, Yis N and Aris a
benzene ring.

7. A compound of claim 6, wherein Q% Q° and Q° are each independently
C(R%.

8. A compound of claim 6, wherein Q° is N.

9. A compound of claim 2, wherein Y is C; Q%is S and Ar is selected
from phenyl or pyridyl.

10. A compound of claim 9, wherein Q°is C.
11. A compound of claim 2, wherein L is CH; and Y is N.
12. A compound of claim 11, wherein Q®is C.

13. A compound of claim 12, wherein Q° and Q° are each independently

selected from the group consisting of N and C(RY),
14. A compound of claim 12, wherein Ar is benzene or pyridine.
15. A compound of claim 2, wherein L is a bond and Y is C.

16. A compound of claim 15, wherein Q” is O; and Q* and Q° are each
C(RY).

41



N Y O Y ™ B

L BW N =

6-NR2CO2R2, -R2, -CN, -NO2, -NH2, -NHR2, -N(R2)2, -NR2S(0)NH2,
-NR2S(0)21C1-fR2, - 7 NH2C(=NR2)NH2, -N=C(NH2)N142, MCSLLP
-C(=NR2)NH2, -NH-OH, -NR2-0H, -NR2-0R2, - N=C=0,-Si(R2)3, )

-NH NQI??QS/W%(O)NHNHZ NO, -N=C=NR2 and -S-CN, 9wher&RT&g3q07/074761
R2 is independently alkyl; !Owhen q is 0, Z is a member selected from the

group consis rf&q of 0, S and NRi wherein Rd is H or C1-C8 alkyl; :2when q

is1,ZisN;a 3pt4§ﬁ?f38%‘fﬁﬂ:8 (1B &P PAISTS B et 4Bt W

2008/016883PCT/TIS2007/074701 23.A compound of claim 22, wherein
the subscript &8s 0 a(“nQOZl@@@iélﬁe}@mo%Wher@kaﬁ@iéltﬁiﬁ#@@fd@n@/aﬂﬁcted

I\ﬁldrrﬁ%%oé 4 W%ﬁ@@&%ﬁ i{ln‘? g&mfﬁgf’?@ r? @;!"aiﬁﬁ% %EB&en -
AR et o s Sl e RO el N
c{l@m@%wlm@mk&ns -SEHEONE T @) Aive | BI00PI 2CONSELNgOTh (G HE=854, -
G818 AGBMBOURE f Eam 2y Rere Iy e PSR I ISRy =0y -Cs

alkyl), -NH(C=0)0(C;-Cs alkyl), -O(C=O)NH(C;-Cs alkyl), -SO(C;-Cs alkyl), NHSO(C,-
Cs alkyl) and -SO;NH(C;-Cs alkyl).

19. A compound of claim 18, wherein each R" is independently selected
from the group consisting of C;-Cg alkyl, C,-Cg alkoxy, phenyl, pheny! (C;-Cg alkyl),
halogen, -CN, -NH,, -NH(C,-C; alkyl), -N(C,-Cs alkyl),, -(C=0)CHjs, -(C=0)NH,, -OH, -
COOH, -COO(C,-Cyalkyl), -OCO(C,-Cy alkyl), -O(C=0)O(C,-Cg alkyl), -NO,, -SH, -S(C,-
Cg alkyl), and -NH(C=0)(C,-Cg alkyl).

20. A compound of claim 19, wherein R® is halogen.

21. A compound of claim 2, selected from the group consisting of:

NH N NH o i
= S
@/‘N = }r«*&\/@/u\wz ©/N\;\U/H\/©)k”“2 MH\@) Nz
N o)
0 , o) , ’
NH NH
Ne Ne
N H = NH N /} H NHg
= N S | 2 /@/' SWN
o , Br o
Nay it N NH e NH
AR A O OO
0 , 3 o
3
- NH N NH o Ne W
C N H NH
TR o & o
0
(0] s 0 s ’
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129.A compound of claim 22, wherein Rb and Rare each independently
2selected from the group consisting of Ci-C8alkyl, CrC8alkoxy, phenyl, X
phenyl (C1-C8 alkyl), 3halogen, -CN, -NH2, -NH(CI-C8 alkyl), -N(CI-C8 MCSLLP
alkyT2 2BLEH3, -(C---0)NH2, -OH, - 4COOH, -000(CI-C8 alkyfT/Us2007/074761
-000(C -8Cs alkyl), -0(C=0)0(Ci -Cs alkyl)-NO2, -SH, -S(C, -C8 5alkyl), and .
-NH(G=0)(CI-Csalkyl). #80.A compounprd of claim 22, selected fro[rrthe

greup %\‘(t;;rtg vog?lwz @fgféﬁﬁgbﬁﬂ‘compﬁ—si 6 NVQA e
comprisirg a compound of cla , incomibination with a pharmaceutically
acceptable excipient. ’ 32. Use of a compound of claim 1 in the

preparation of a medicament for treating thrombosis in a subject having
thrombosig, wherein thefimedicament is for gadministering!{e said subject.

334 conp relaim 1 inthep éparatipn @ .'.,g:amglnt for
dition in a subject

treating a plagma katlikrein deggf
s&lected from theogroup consisting of stroke,

O
having a disease or condition Y
inflammation, pain, acute myocardial infarction, deep vein thrombosis
(DVT), post

22. A compound having the formula II:
0
)‘NH NH
(R%y @;) NH,
Qvas
7 q I

the subscript m is an integer of from 0 to §;

wherein

the subscript n is an integer of from 0 to 4,

the subscript q is an integer of from 0 to 1;

L is a linking group selected from the group consisting of a bond, CH; and SO;;

each of R® and R°is independently selected from the group consisting of cycloalkyl, (C;-

Cg)haloalkyl, halogen, -OH, -OR?, -0Si(R?)s, -OC(0)O-R?, -OC(O)R?, -OC(0)NHR?,

-OC(O)N(R?),, -SH, -SR?, -S(O)R?, -S(0),R?, -SO,;NH,, -S(0),NHR?, -S(0),N(R?),,

-NHS(0)2R?, -NR*S(0),R?, -C(O)NH,, -C(O)NHR?, -C(O)N(R?),, -C(O)R?, -C(O)H, -

C(=S)R?, -NHC(0)R?, -NR*C(O)R?, -NHC(O)NH,, -NR’C(O)NH,, -NR*C(O)NHR?,

-NHC(O)NHR?, -NR*C(O)N(R?),, -NHC(O)N(R?),, -CO,H, -CO,R?, -NHCO,R?,

-NR*CO,R?, -R?, -CN, -NO,, -NH,, -NHR?, -N(R?),, -NR>S(O)NH,, -NR?*S(0),NHR?, -

NH,C(=NR*NH;, -N=C(NH;)NH,, -C(=NR*NH,, -NH-OH, -NR>-OH, -NR%-0R?, -
=C=0, -N=C=8, -Si(R?)3, -NH-NHR?, -NHC(O)NHNH,, NO, -N=C=NR? and -S-CN,

wherein each R? is independently alkyl;

when q is 0, Z is a member selected from the group consisting of O, S and NRY wherein R% is

H or C;-Cs alkyl;
when q is 1, Z is N; and

pharmaceutically acceptable salts thereof.

43

>



10 fibrinolytic treatment conditions, angina, angioedema, sepsis, arthritis,
blood loss during cardiopulmonary bypass, inflammatory bowel disease,  ycsLLp

and diabetes, wherein the medicament is for administering to said subject.
WO 2008/016883 PCT/US2007/074761

23. A compound of claim 22, wherein the subscript q is 0 and Z is selected

from the group consisting of O, S and NH.

24, A compound of claim 23, wherein the subscript n is an integer of from
Oto 2.

25, A compound of claim 24, wherein Z is O or S.
26. A compound of claim 22, wherein the subscript q is 1.

27. A compound of claim 26, wherein L is selected from the group

consisting of -CH;- and -SO;-.
28. A compound of claim 27, wherein the subscript m is 0.

29. A compound of claim 22, wherein R® and R are each independently
selected from the group consisting of Ci-Cgalkyl, C;-Cg alkoxy, phenyl, phenyl (C,-Cs alkyl),
halogen, -CN, -NH,, -NH(C-Cg alkyl), -N(C;-Cs alkyl),, (C=0)CH;, -(C=0)NH,, -OH, -
COOH, -COO(C,-Cgalkyl), -OCO(C)-Cy alkyl), -O(C=0)O(C;-Cg alkyl)-NO,, -SH, -S(C;-Cq
alkyl), and -NH(C=0)(C,-Cg alkyl).

30. A compound of claim 22, selected from the group consisting of:

NH
o.f NH NH V@A
o | H NH,
oy e e
e} . 6] s 0 »
NH
s S ﬁ\/@Arng HN H\/QANHz
N
0 :
o , O :
NH
L
Qs
and o] .
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31. A pharmaceutical composition comprising a compound of claim
1, in combination with a pharmaceutically acceptable excipient.

32.  Use of a compound of claim 1 in the preparation of a medicament
for treating thrombosis in a subject having thrombosis, wherein the medicament is for
administering to said subject.

33. Use of a compound of claim 1 in the preparation of a
medicament for treating a plasma kallikrein dependent disease or condition in a subject
having a disease or condition selected from the group consisting of stroke,
inflammation, pain, acute myocardial infarction, deep vein thrombosis (DVT), post
fibrinolytic treatment conditions, angina, angioedema, sepsis, arthritis, blood loss during
cardiopulmonary bypass, inflammatory bowel disease, and diabetes, wherein the

medicament is for administering to said subject.
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