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NOVEL INHIBITORS OF THROMBIN
.
TECHNICAL FIELD OF INVENTION
This invention relates to novel biologically
5 active molecules which bind to and inhibit thrombin.
Specifically, these molecules are characterized by a
thrombin anion-binding exosite associating moiety
(ABEAM) ; a linker portion of at least 184 in length;
and a thrombin catalytic site-directed moiety (CSDM).
10 This invention also relates to compositions,
combinations and methods which employ these molecules
for therapeutic, prophylactic and diagnostic purposes.

BACKGROUND ART

Acute vascular diseases, such as myocardial
15 infarction, stroke, pulmonary embolism, deep vein
thrombosis, peripheral arterial occlusion, and other
blood system thromboses constitute major health risks.
Such diseases are caused by either partial or total
occlusion of a blood vessel by a blood clot, which
20 contains fibrin and platelets.

Current methods for the treatment and
prophylaxis of thrombotic diseases involve therapeutics
which act in one of two different ways. The first type
of therapeutic inhibits thrombin activity or thrombin

25 formation, thus preventing clot formation. These drugs
also inhibit platelet activation and aggregation. The
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Heparin, a corrpour?d of BPheZ?'o“rgnérlggﬁ&S, has been widely used to
treat conditions, such as venoudieparin, tdrapmpoundodf the lfnrmmatslsnonbsn
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coagul ati ng by bi ndi ngspécgiftiic/ and less toxic anticoagulant.
Hirudin is a naturally occurring polypeptide

i5 which is produced by the blood sucking leech Hirudo
medicinalis. This compound, which is synthesized in
the salivary gland of the leech, is the most potent
natural inhibitor of coagulation known. Hirudin
prevents blood from coagulating by binding tightly to

20 thrombin (K, = 2 x 10"'M) in a 1:1 stoichiometric
complex [S. R. Stone and J. Hofsteenge, "Kinetics of
the Inhibition of Thrombin by Hirudin", Biochemistry,
25, pp. 4622-28 (1986)]. This, in turn, inhibits
thrombin from catalyzing the conversion of fibrinogen

25 to fibrin (clot), as well as inhibiting all other
thrombin-mediated processes [J. W. Fenton, II,
"Regulation of Thrombin Generation and Functions",
Semin. Thromb. Hemost., 14, pp. 234-40 (1988)].

The actual binding between hirudin and

30 thrombin is a two-step process. Initially, hirudin
binds to a "low" affinity site on the thrombin mole-
cule (K, = 1 x 10™M) which is separate from the
catalytic site. This binding involves interaction of
structure from the C-terminus of hirudin with an

35 "anion-binding exosite" (ABE) in thrombin [J. W.
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and the Confornmati onal ghgg . eraction with Throrrb! n", Arch.
Bi ochem Bi ophys., 10 t ‘%%3%1%&%6“( %glggﬂn%}n' This latter site

corr esponds to the active I8Pt és%*attil%nﬁpﬁifi?ation and chemiche
i sol ation, purificati onompekithien ofl hirudin agepRsown dh ehehaftidi n are known
in the art [P. Walsmann and F. Markwardt, "Biochemical and

15 Pharmacological Aspects of the Thrombin Inhibitor
Hirudin", Pharmazie, 36, pp. 653-60 (1981)]. More
recently, the complete amino acid sequence of the
polypeptide has been elucidated [J. Dodt et al., "The
Complete Covalent Structure of Hirudin: Localization

20 of the Disulfide Bonds", Biol. Chem. Hoppe-Seyvler, 366,
Pp. 379-85 (1985); S. J. T. Mao et al., "Rapid
Purification and Revised Amino Terminal Sequence of
Hirudin: A Specific Thrombin Inhibitor of the Blood-
Sucking Leech", Anal. Biochem, 161, pp. 514-18 (1987);

25 and R. P. Harvey et al., "Cloning and Expression of a
CDNA Coding for the Anti-Coagulant Hirudin from the
Bloodsucking Leech, Hirudo medicinalis", Proc. Nat]l.
Acad. Sci. USA, 83, pp. 1084-88 (1986)].

At least ten different isomorphic forms of

30 hirudin have been sequenced and have been shown to
differ slightly in amino acid sequence [D. Tripier,
"Hirudin: A Family of Iso-Proteins. Isolation and
Sequence Determination of New Hirudins", Folia
Haematol., 115, pp. 30-35 (1988)]. All forms of

35 hirudin comprise a single polypeptide chain protein
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thrombosis, vascular shunt occlusion and thrombin-

15 induced disseminated intravascular coagulation. In
addition, hirudin exhibits low toxicity, little
antigenicity and a very short clearance time from
circulation {F. Markwardt et al., "Pharmacological
Studies on the Antithrombotic Action of Hirudin in

. 20 Experimental Animals", Thromb. Haemost., 47, pp. 226-29
(1982) 1.

In an effort to create a greater supply of
hirudin, attempts have been made to produce the
polypeptide through recombinant DNA techniques. The

25 presence of an O-sulfated tyrosine residue on native
hirudin and the inability of microorganisms to perform
a similar protein modification made the prospect of
recombinant production of biologically active hirudin
highly speculative. The observation that desulfato-

30 hirudins were almost as active as their sulfated
counterparts [United States patent 4,654,302], however,
led the way to the cloning and expression of hirudin in
E.coli [European patent applications 158,564, 168,342
and 171,024] and yeast [European patent application

35 200,655]. Despite these advances, hirudin is still
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segnent of hirudin is characterized by the 10 presence of a tyrosine
resi:due at am no acid posi- tion 63 which is sulfated.
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Unsulfated N-acetyl-hirudin,,.", FEBS Lett, 211,

15 PpP. 10-16 (1987)]. Such peptide fragments, however,
may not be fully satisfactory to dissolve blood clots
in on-going therapy regimens because of low activity.
For example, N-acetyl-hirudin,., has a specific activity
four orders of magnitude lower than native hirudin.

20 In addition to catalyzing the formation of a
fibrin clot, thrombin has several other bioregulatory
roles [J. W. Fenton, II, "Thrombin Bioregulatory
Functions", Adv. Clin. Enzymol., 6, pp. 186-93 (1988)].
For example, thrombin directly activates platelet

25 aggregation and release reactions. This means that
thrombin plays a central role in acute platelet-
dependent thrombosis [S. R. Hanson and L. A. Harker,
"Interruption of Acute Platelet-Dependent Thrombosis by
the Synthetic Antithrombin D-Phenylalanyl-L-Prolyl-IL-

30 Arginylchloromethylketone", Proc. Natl. Acad. Sci. USA,
85, pp. 3184-88 (1988)]. Thrombin can also directly
activate an inflammatory response by stimulating the

" synthesis of platelet activating factor (PAF) in
endothelial cells [S. Prescott et al., "Human

35 Endothelial Cells in Culture Produce Platelet-
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"Effect of Thrombin Inhibitors on Thrombin-Induced
Release and Aggregation", Thrombosis Res., 49, pp. 23-
36 (1988)].

20 Thrombin has also been implicated in
promoting cancer, based on the ability of its native
digestion product, fibrin, to serve as a substrate for
tumor growth [A. Falanga et al., "Isolation and
Characterization of Cancer Procoagulant: A Cysteine

25 Proteinase from Malignant Tissue", Biochemistry, 24,
pp. 5558-67 (1985); S. G. Gordon et al., "Cysteine
Proteinase Procoagulant From Amnion-Chorion", Blood,
66, pp. 1261-65 (1985); and A. Falanga et al., "A New
Procoagulant In Acute Leukemia", Blood, 71, pp. 870-75

30 (1988)]. And thrombin has been implicated in
neurodegenerative diseases based on its ability to
cause neurite retraction [D. Gurwitz et al., "Thrombin
Modulates and Reverses Neuroblastoma Neurite

Outgrowth", Proc. Natl. Acad. Sci. USA, 85, pp. 3440-
35 44 (1988)]. Therefore, the ability to regulate the in
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regulate the in patients in dosages which are comparatively lower than

those required in hirudin-based therapy regimens. The
molecules of this invention may be utilized in
compositions and methods for inhibiting any thrombin-

20 mediated or thrombin-associated function or process.
Pharmaceutical compositions containing these molecules,
as well as methods of treatment or prophylaxis of
vascular diseases, inflammatory responses, carcinomas,
and neurodegenerative diseases using them are also part

25 of the present invention. These molecules may also be
employed in compositions and methods for ex vivo
imaging, for storing and treating extracorporeal blood
and for coating invasive devices. And the molecules of
this invention may be administered to a patient in

30 combination with a fibrinolytic agent to increase the
efficacy of a given dose of that agent or to lower the
dose of that agent required for a given effect, such as
dissolving a blood clot.



-7; vivo activity of thronmbin has many inportant clinical

i hplications. Despite the devel opnents to date, the need
sti-ll -exists for a nolecule that effectively inhibits 5 t hr onbi n
function in clot formation, platelet activation and various ot her

t hr ombi n- medi at ed processes and whi ch can8b& produced i nexpensively
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angioplasty. The molecules of the present invention
may also be utilized in a variety of other applications
15 in place of natural or recombinant hirudin.

As will be appreciated from the disclosure to
follow, the molecules, compositions and methods of this
invention are useful in the treatment and prevention of
various diseases attributed to the undesirable effects

20 of thrombin, as well as for diagnostic purposes.

BRIEF SCRIPTION OF THE DRAWINGS

Figure 1 depicts an autoradiograph of an
SDS-polyacrylamide gel demonstrating the binding of
DNFB-[*S]-Sulfo-Tyr,hirudin, , to human a-thrombin in

25 the presence or absence of Sulfo-Tyr,~N-acetyl-
hirudin,,,.

Figure 2 depicts a three-dimensional model of
human a-thrombin.

Figure 3, panel A, depicts the effects of

30 Hirulog-8 and Sulfo-Tyr,hirudin,,, on the cleavage of
Spectrozyme TH by human a-thrombin.

Figure 3, panel B, depicts a Lineweaver-Burke

plot of the cleavage of Spectrozyme TH by human a-
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_fibrinolytic agent to increase the efficacy of a given dose of that
agent or to |lower the dose of that agent required for a given effect,
-such-as:----- dissolving a blood clot.
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they may be prepared by chem cal synthesis techniques, t he nol ecul es
of the present invention nay be prepared i nexpensi vely, in
comerci al |y feasible anpuntshrombin invthe resepee 0K ahsigCapPE itderoHirptog-
pr esent I nvention are §|&nlsﬁlllganﬂ%h§rmahﬁ;,_“t han hi rudi n, they

are less likely to stimulate an undes#r bll_ee 4 rdnrgﬂgts the Fl’f?%esrebsf ag?%nﬁ

patients treated with them Accordin

inhibitors is not linted tocqwentr?héc’ﬁ &t %ﬁﬂlw‘%cﬁtlé’“éFEeés"e SulfpsTer,~

mol ecul es may al se be nHddetzedhirudirg/ampn the astbritedt papehaenbol ic

di seases, such atheroscl er osi-ARdsh £st £0QSime be! }xﬁ%ﬂghuman s@ﬂ% Joplasty.
ma I ze

The nol ecul es of the present Fnvent on i,n a

variety of other applications 15 ﬁl‘{)‘f%ﬁ:é'of’gﬂﬁ} Lﬂ'alde&"c?%cﬁ}?oltl’rgﬁt course

hi rudi n. As fod |c1bavagprca€:|wwdn§rmnctelmmdtsmhms:fr #irvlog-8 by

follow, the nolecules, corrpqgmgnoastﬁpgmm hods of this i nvention are

useful in the treatnent_and preventio di, s but

to the undesirable efféBts 20 of tﬁ?’%‘?ﬁﬁ ! 8§n€\£ é) 3’59118 er[‘fg é?#bms

pur poses. betrieER BESCRITE CRNCANtEL ioRAMNAIGEhe duration of

Figure 1 depicts an autoradixHidakieh & spectrozyme TH hydrolysis by human a-
thrombin.

Figure 6 depicts the effect of linker length

15 of the thrombin inhibitors of this invention on the
inhibition of thrombin~catalyzed hydrolysis of
Spectrozyme TH.

Figure 7 depicts the inhibitory effects of
varying concentrations of Hirulog-8 or Sulfo-Tyr,,-

. 20 N~-acetyl-hirudin,,, on the modification of thrombin by
“C~DFP. )

Figure 8 depicts the in vivo effect of
varying doses of Hirulog-8 on APTT in baboons.

Figure 9 depicts the comparative inhibitory

25 effects of Hirulog-8 or heparin on the hydrolysis of
fibrinogen by soluble or clot-bound thrombin.

Figure 10 depicts the in vivo effects of
varying doses of Hirulog-8 on platelet deposition on an
endarterectomized segment of baboon aorta.

30 Figure 11 depicts the in vivo effects of
varying doses of Hirulog-8 on platelet deposition on a
segment of collagen-coated tubing inserted into a
baboon. '

Figure 12 depicts the comparative jin vivo

35 effects of heparin, hirudin and Hirulog-8 on platelet



SDS- pol yacryl am de gel denonstrating the binding of
DNFB-[{err] S| -Sul fo-Tyr[err]hirudin[err] to human a-thronbin in 25 t he
présence or absence of Sulfo- Tyr[err]-Nacetyl - hirudin[err].
Figure 2 depicts a three-dimensional nodel of _ , ?—l- human a-t hr onbi n.
i ru

Figure 3, panel A, depicts the effects of 30 | og-8 and

Sul fo-Tyr[err]hirudin[err] on the cleavage of Spectrozynme TH by
human a-t hr onbi n. deposition onFagsegméht pfnebl Bagatemicatedatubing

Li neweaver - Bur ke lggg{.tég ike & BAVSIE 2 sRRREL rozynme TH by hunman

[err]- nin the pre ence oy ahsence of either
Hi r ul og- 8 or Sul fo- Tyr [e HJ%FFHF?U %‘ﬂ% he in vivo eifects @fre. 4
depicts the ef fect of varyimg doses ofoiibmyitagaBi onstibriki depogi®iorhianudi n,

or Sulfo-Tyr[err]s 5 seghbm@ifylolligehidcitel eibiky idseirvadethipla i al

t hrombopl astin tine of I serum Fi gure 5, panel
A, depi (F:)ts the tinme coﬁ?ﬂég@ A‘plﬂﬁgt cl eavage of varying concentrations of
Hi rul og-8 by human [err] - FAPBR®| }# Geplcts the changeripARTT oveznel B,
depicts the rel ationshtjme follogdhygekmnt:dveriong- Bohus darjlecalion ofhbobas
duration of |nh|pi£ﬁ%ﬁ10§pgctrozyrre TH hydrol ysi s by human a-

t hr onmbi n. Figure.6 depicts the effect of |inker Iength 15

of the thrombin i%hibitors of tﬁr"g“?ﬁv’e%tqe(?r’rcﬁﬁ the change ip ARET joyRTof
t hr onbi n- cat al yzed hydtbbg sialloWing subSpmanecosyimjedtion of baboons with

Hirulog-8.

Figure 16 depicts the comparative in vivo
effects of tissue plasminogen activator together with

15 either saline, heparin, hirudin or Hirulog-8 on
reperfusion time in a rat model.

Figure 17 depicts the comparative in vivo
effects of tissue plasminogen activator together with
either saline, heparin, hirudin or Hirulog-8 on

20 reocclusion time in a rat model.

Figure 18 depicts the comparative in vivo
effects of tissue plasminogen activator together with
either saline, heparin, hirudin or Hirulog-8 on APTT in
a rat model.

25 Figure 19 depicts the comparative in vivo
effects of tissue plasminogen activator together with
either saline, heparin, hirudin or Hirulog-8 on vessel
patency in a rat model.

Figure 20 depicts the effect of varying doses

30 of Hirulog-8 on bleeding times in a baboon model.

DETAILED DESCRIPTION OF THE INVENTION

The following common abbreviations of the
amino acids are used throughout the specification and
in the claims:



Figure 7 depicts the
Hi rul og-8 or Sul fo-Ty

inhibitory effects of varyi ng concentrations of
rlerr]- 20 N-acetyl-hirudin[err] on the

nodi-fi-cati on of thronbin by [ err] C DFP. Figure 8

depicts the in vivo e
baboons.

effects of Hirul og-8
sol ubl e or cl ot-bound
vivo effects of

an - endarterecto
11 depicts the in viv
pl atel et deposition o

into a baboon.
vivo 35 ef fect ® of
- 10 - deposi

inserted into a baboo
vivo effects of

5 segnent of colla
shunt .

foll owi ng intravamgous
Fi gure 15 depicts the
i nj ection of baboons

15

20

25

30

35

ffect of varyi ng doses of Hirulog-8 on APTT in
Figure 9 depicts the-cbhparative inhibitory 25

or heparin on the hydrolysis of fi brinogen by
hrombin..,. . Fi e jcts the in

éﬁ?yTrﬁfn 58&8%0f Hirul og-8 o pra§gygfﬁ%eposition on

mhked- se@mdAe of baboon aort /a3y valine Fi gure

oreh fecliegacihe varyi ng dasks -ofisbiléuting 8 on

Npfo - pro1ff@MeNL Of collagenapoal ghehyhinhinaser ted

Figure 12 depicts e conparative in
FeRat ifFYPRPPR®® n and Hi rul od’eF GnmpFRIRERe
t Ben orsexrimegnent of col | agerflonat sbreominey

N Shifakeine _ hauULe tBosiid Cts the in
var ylgﬁ% doses_of Hirul og-8 O‘%HJI i_br &thgﬁgy tion on a
gBR? codt®F*PAbMAg i nserted intd a 9 thoon Av
Asp guraspertiepretd t he chandely 1 gPTRBiERcid time
bps us dyajigeti on of baboons arg - wrgbnihe ul 0g-8 10

ﬁ?%ngeiﬁisr&iéf;g over tiyg Lol Leyd.ng subcut aneous

m%yp - hydroxyproline Pgl - phenylglycine

Ac - acetyl Suc - succinyl

BOC - tertButoxycarbonyl Tos - paraToluenesulfonyl

Cbz - Carbobenzyloxy D~Ala - D-alanine

3,4,-dehydroPro - 3,4,~ Sar - sarcosine
dehydroproline {(N-methylglycine)

Tyr (OSO,H) - tyrosine Tyr (SO,H) - tyrosine
sulfate sulfonate

3-, S5-~diiodoTyr -~ 3~,5-diiodotyrosine

The term "any amino acid" as used herein
includes the L-isomers of the naturally occurring amino
acids, as well as other "non-protein" a-amine acids
commonly utilized by those in the peptide chemistry
arts when preparing synthetic analogs of naturally
occurring amino peptides. The naturally occurring
amino acids are glycine, alanine, valine, leucine,
isoleucine, serine, methionine, threonine,
phenylalanine, tyrosine, tryptophan, cysteine, proline,
histidine, aspartic acid, asparagine, glutamic acid,
glutamine, y~carboxyglutamic acid, arginine, ornithine
and lysine. Examples of "non-protein" a-amino acids
include norleucine, norvaline, alloisoleucine,
homoarginine, thiaproline, dehydroproline,
hydroxyproline (Hyp), homoserine, cyclohexylglycine



Hi ruI 0g- 8. Figure 16 depicts the conparative in vivo

ef fect's of tissue plasmi nogen activator together with 15 ei ther sali ne,
h&gafin, hirudin or Hirul og-8 on reperfusion time in a rat nodel.
Figure 17 depicts the conparative in vivo effects of tissue

pl asm nogen activator together with ei ther2 saline, heparin, hirudin
or Hirul og-8 on 20 reocclusion tinme in a rat nodel.

bl 95r nogen- act 1 vator {GHBLndr ApR nburie, aetd (e, Shelerisnpnins .
or Hirulog-8 on APTT i fcha), aminpphemplluityrls aCJ-d_(Pba), phényjlalaniges
depicts the conparati veubst Miut@d at thefldr@tbs étd) %&UEaQA?éEiﬂ%nof the

activator together w tg:elﬁ"l mociie;:gle)&i?shaloinr;ebrh@‘pgritn,thel Eg n_.or Hi r#og 8

on vessel pat enc 'cts
the effect of varyging 8ds83kgb, a (&G4 ratkRyys aﬁlawecﬂrngu!:rﬁe%rqqp%or
baboon nodel . substitutBBTRi tir DESERLEHedb - gTblip } MANTREN 3-

The fol | owi ng common a@’“&?n%tl' Q0inBe | B2 ana HUAG-AG1APaRT R, U920-, 3-

t hroughout the specificat On

- orni thine and 4gyRyridyiglanine, B-(bepzpthignylr2e and 3-

Val - valine Leuyl)dlandnee B-(1- and ;-naphtnytlealansméelm-laakylated Pro
- proline 10 derivdt8 vesPBEVd AN BRreonine or tyrosine, S-

alkylated cysteine, S-alkylated homocysteine, O-
sulfate, O-phosphate and O-carboxylate esters of
tyrosine, 3- and 5-sulfonyl tyrosine, 3- and S5-carbonyl
tyrosine, 3- and 5-phosphonyl tyrosine, 4-

15 methylsulfonyl tyrosine, 4-methylphosphonyl tyrosine,
4-phenylacetic acid, 3,5-diiodotyrosine, 3- and 5-
nitrotyrosine, e-alkyl lysine, delta-alkyl ornithine,
and the D-isomers of the naturally occurring amino
acids.

20 The compounds referred to herein as tyrosine
sulfate, Tyr(0SO,H) and O-sulfate ester of tyrosine are
identical and have the structural formula:

COCH

|

25 cn-cn,-@-o-so,‘n’
|
NH,

The compounds referred to herein as tyrosine
sulfonate, Tyr(SO,H), 3-sulfonyl tyrosine and 5~-sulfonyl
30 tyrosine are identical and have the structural formula:

COOH

(:.‘.H-CH,—Q-OH

35 NH, SO.H’



5 Trp - tryptophan Met - met hi oni ne Ser - serine

Thr - threonine Cys - cysteine Tyr - tyrosine

Asnh. - asparagi ne @n - glutam ne Asp - aspartic acid
Gdu - glutamc acid 10 Lys - lysine Arg - arginine
H's - histidine Nl e - norleucing ¥3 = Hyp - hydroxyproline
Pgl - phenyl gl ycine Ac - acetyl Suc - succi nyl
BOC - tertButoxycarbonyl auly U z -

Car bobenzyl oxy D-Al a - Daltei}.xtil 194&%% Lgoﬁyé glr glFl’rlgb 3,4, -
Sar - sarcosine apBéP\%ﬁ"cﬁﬂ FetRES to any manhal, ? SFERRYY PYRATR:)
Tyr (OSOH) - tyrosine TyIheSOetdh "aniandisi apino acid" gsl| isé¢d herein

sul fonate 20 3-, Sﬂhhgdgwéta, Para- df'd}‘i%yrﬂéhd;le o di- substltuted The
term"any amno a L-i soner

C d" a es
natUral 13 occurri b anPREMYIsLaRiE, (eveloneiaizBife o tiRgRIRF crattpining
a-ami no acids comarlyonmli.l iphogphgryh®¥e shhfonyl majetie ahcrmlst ag 25

arts when preparing systhgkyTatdiflc9gte Ohe NAH-ANRYENtea homo@?ﬁﬂéi:hél,gl am no
pepti des. The naturally occurri . am no a ar e ani ne,
Val i ne, I euci ne, - Smaetdtanis i3 narALEH A3einly corftar 1ol

phenyl al ani ne, tyrosi nernitymeplgintanistagtig, apdo&smtn&oacldhl SExaghples

aspartic acid, aSﬂﬁragbﬁeang$ﬁﬁé”§d§nacééhds are pré&ﬁHﬂH?%onlne
7- car boxyglutam c acid | A& 0 ysSi ne. Exarrpl es of

"non- prot ei n" a-am no &8P ﬁgh me'ng*‘ﬁiﬁh%lrﬁﬂlef'h ’nd’rxfaf’f'nﬁ
al | oi sol euci ne, sukberypasine, 8rmelndl me,spumwlenmnsénen@nd FHmethyl
hydroxyproline (Hyp), Barpssyitigosiyel ohexyl glycine

The terms "catalytic site", "active site™ and

15 "active site pocket" as used herein, each refer to any
or all of the following sites in thrombin: the
substrate binding or "S," site; the hydrophobic binding
or "oily" site; and the site where cleavage of a
substrate is actually carried out ("charge relay

20 site").

The term "N*"" as used herein, refers to the
side chain nitrogen of ornithine. The term "N°" refers
to any of the side chain nitrogens of arginine. The
term "N refers to the a-amino group of an amino acid.

25 And the term "psi" as used in the specification and
claims, refers to the replacement of an amide bond with
the atoms designated in brackets, according to the
nomenclature described in J. Rudinger, In Drug Design,
Vol. II, E. J. Ariens, ed., Academic Press, New York,

30 pP. 319 (1971).

The term "backbone chain" as used herein,
refers to the portion of a chemical structure that
defines the smallest number of consecutive bonds that
can be traced from one end of that chemical structure

35 to the other. The atomic components that make up a



- 12 - (Chg), [err]-am no-n-butyric acid (Aba), cyclohexylal ani ne
(Cha),” ami nophenyl butyric acid (Pba), phenyl al ani nes substituted at
the ortho, nmeta, or para position of the phenyl noiety with one or
two of the following: a (Cerr]- 5 C[err]).ghﬁyL, a (Jerr]-Cerr])

al koxy, hal ogen or nitro groups or substitiuted with a nethyl enedi oxy
group; B-2- and 3- t hi enyl al - al ani ne, B-2- and 3-furanyl al ani ne,

Bl- j2-|, 3- o (;imd 4ap>2/lsédwcfdea&§18£n sy la.eﬁpeliiélen%yl a&zlamenﬁzai: _aret ;:apablef
yl)al anine, B-(1- an - . 0- erjvatives o
serine, threonine or ty?%%%é- %M Q'g'ltlr(’yfgtié%a% gg'gi %‘é{'eg-?ézl"l?ﬁrat ed
honmocyst ei ne, o- sul fate, ofPRoPFTRLE afFlh Qfathex§eblawing: chemisal
tyrosi ne, 3- and 5-sul fstyuctiyessigecharactedibed dyba@anphckbone Ichadfi oE,7 3-
and 5- phosphonyl L ¥r 0S| NgomeH-(the atéﬁ%ﬂ@ﬂi@ﬂlé&ﬁp@iskygﬂggﬂ%?ﬁﬁqne chain are

4- et hyl phosphonyl tyrosine , 4 enyl acetic aci odot yrosi ne,
3- and 5- ni t rotyr’cfé‘*l’ﬁ‘]@,teg- AP IRRLId52CehE  del ta-al kyl ornit hi ne,

and the D-isonmers of the naturally occurring am no acids. 20
The compounds referred to herein as tyrosine , ful fate, Tyr(OSOH) and
o-sulfate ester of tyrosine are idedtigam andlhave the structural -
forml a: COOH [err] NS T conpounds referred
to herein as tyrosine sul fonate, Tyr( erriy Hp, -squonyI tyrosi ne
and 5-sul fonyl 30 tyrosine are identical gnd ve tghe structural fornula:
COOH
H H H H
IHIHI,I.||
[}
”/ﬁ\ﬁf’ﬁ\ﬁflz\ﬁflﬁ\“
4 H H
H
W
H H
1 4 H Hé\
F"E\‘c”c\t"c;‘clfﬁ H
|H/| 1
H H o}
H
Loy
| Ho !
W/E\?" f/J*\%/s\m
H a H -

The term "calculated length" as used in this
application, refers to a predicted measurement derived
by summing up the bond lengths between the atoms which

10 comprise the backbone chain. Bond lengths between any
two given atoms are well known in the art [éee, for
example, andbook o emis S 6



[err] | - 13 - The

term"patient" as used in this application refers to any mamml,
espegcial | y humans. The term "anionic anmno acid" as used
herein nmeans a meta, para or ortho, nono- or di-substituted 5
phenyl al ani ne, cycl ohexyl al ani ne or tyrosine cqgntaining a carboxyl,
phosphoryl or sulfonyl noiety, as well as S-al kyl ated cyst ei ne,

S- al kyl at ed honocyst ei ne, [err]-carboxyglutam c acid, [err]-alkyl

| ysi ne, delta-al kyl Editisnpi RhiGe Wegistiv ard ¢, @A Praad, abpar,t Bocackakon,
Exanpl es 10 of ani @i,C ppLi pe1eE7s (abe4 phosphot hreoni ne,

phosphoseri ne, phosphotyrosi ne, | f ot r05| t hyl
phosphonyl tyrosi ne and 3- et hy I'I‘P?,e pr%sen?f “?v?r%tlro(’)’slrﬁ ates Seuted™ The

terns "catalytic si te"“’h’-‘c&cPF% tQ and &ﬁH%& thma‘éﬂnve Blase podrewless
used herein, eachsrefaret chang{ctenzedObyatllzréé domaihst | CaMd%&aaﬁt-Eé dite-

thrombin: t he SUIReLRLE ROIULQuBEni)  o5iSikek oWl OBREOLE gl "0

anio
or "oily" site; and the I.te ere “cleava E g
actual ly carried out ﬁéf‘% exefite 265°°1%"r’t't,9 poiety ("ABEAM").  The term
"N' as used herein, refers to tAmsording $o dehelipaiesenttirogmitioh, otie tdiirae.

The term"N' r eT' ers domalﬁzp @él%f{ OIbﬁgag EJFT]Q%:O& Q:%'talf"tié %Q:%S oﬁ];t}gzé ingg'
XES t he te£ renr 'r'npS|NL e;;] ﬁ’scgg S’% h°o D58&Li ?6 Scf% 3%8 £ha “hépér'ﬁs“ref ers to
the repl acement of an r&#ﬁa@swm amltihlytlc Olt lesterentytiosiagtavity i of
brackets, accordi ng ta@hkbfibin. Preferably, CSDMs of the present invention
are selected from one of three general groups: those
which bind reversibly to thrombin and are slowly
15 cleaved; those which bind reversibly to thrombin and
cannot be cleaved; and those which bind irreversibly to
thrombin. Reversible inhibitors bind to the active
site of thrombin through non-covalent interactions,
such as ionic bonds, hydrophobic interactions or
20 hydrogen bonding. Irreversible CSDMs form covalent
bonds with thrombin.

According to a preferred embodiment, the CSDM
which binds reversibly to thrombin and is slowly
cleaved has the formula:

25 X-A,-A,-A,~Y,
wherein X is hydrogen or is characterized by a backbone
chain consisting of from 1 to 35 atoms; A, is Arg, Lys
or Orn; A, is a non-amide bond; A, is characterized by a
backbone chain consisting of from 1 toc 9 atoms; and Y

30 is a bond.

The non-amide bond component according to

~this embodiment may be formed by chemically modifying
an amide bond. This may be achieved by methods well
known in the art [M. Szelke et al., "Potent New

35 Inhibitors of Human Renin", Nature , 299, PP. 555-57



nonencl ature described in J. Rudinger, In Drug Design. Vol. I, E J.
Ariens, ed., Acadenm c Press, New York, 30 p. 319 (1971).

The..term "backbone chain" as used herein, refers to the portion of a
chem cal structure that defines the small est nunber of consecutive
bonds t hat can be traced fromone end of that chenmical structure 35

to the other. The atom c conponents that make up a
rise any ato t hat, are capabl e

of 1?orrri ng bondga\?\nk:)ﬁngﬁg?gggtbn‘?&bcﬁgﬁe?t dtlorrs "Facile Solid Phasgg, exanpl e,
each .of the foll owi ng ®reparation of ProteinsContainiigrthet CHi-Nd Pbptide
backbone chain of 7 5Bponat pe@stdriae adli OB 1HHatH oh OEPIEree siyienbagkgne chain
are H Hlndlcated Insgggg£§¥§9fn (SR&?{r ctapeptide Analogues", Peptides
_ 5 1986, D. Theodoropoulos, Ed., Walter DeGruyter & Co.,
Berlin, pp; 143-46 (1987)]. When a non-amide bond is
formed in this manner, it is preferable that the
chemical modification be performed prior to the
addition of the dipeptide containing this bond to the
10 other components of CSDM or to the rest of the thrombin
inhibitor molecule. In this manner, the dipeptide A -
A,~A, is added en bloc, in a single synthesis step, to
the rest of the molecule.

According to a more preferred embodiment, A,

15 is Arg and A, is Pro, D-Pro or Sar. In this embodiment
A, is a naturally occurring imide bond, which is slowly
cleaved by thrombin. This avoids having the necessity
of pre-forming the non-amide bond and allows A, and A,
to be added to the rest of the molecule sequentially

20 rather than en bloc.

As set forth above, CSDMs according to this
invention may bind irreversibly to thrombin. Examples
of irreversible CSDMs include, but are not limited to,
general serine proteinase inhibitors, such as

25 phenylmethylsulfonylfluoride (PMSF), diisopropylfluoro-
phosphate (DFP), tosylprolylchloromethylketone (TPCK)
and tosyllysylchloromethylketone (TLCK); heterocyclic
protease inhibitors, such as isocoumarins; thrombin-
specific inhibitors, such as D-Phe-~Pro-Arg-CHCl,

30 (PPACK) ; and transition state analogues, such as
difluoroketomethylene.

According to another preferred embodiment of
the present invention, non-cleavable, reversible CSDMs
consist of the formula:

35 X-C,-C,~A,~Y,



The term "cal cul ated | ength” as used in this application, refers to a
predi ct ed neasurenent derived by summ ng up the bond | engt hs bet ween
t-hegt oms which 10 conpri se the backbone chain. Bond | engths between any
two given atons are well known in the art (see, for exanpl e, CRC
Handbook of Chem stry and Physics, 65th - 17 -

- 15 - Edition, R C. Wist, ed., CRC Press, Inc., Boca Raton

FL, pp. F-166-70 (1984)]. . , , .The present _invention relates to
o] ecui es ahi oh BIFE o Cardd PriPBHE YRR RS TSR Ul o 5
are characterized by tdhragmcterized by a cetiated icardoxplate moiety or a

carboxylate moiety that is displaced from the a-carbon
by a chemical structure characterized by a backbone

5 chain of from 1 to 10 atoms; C, is a non-cleavable bond;
and X, Y and A; are as defined previously. Examples of
C, components are Bf-homoarginine; arginine containing a
reduced carboxylate moiety, such as Arg[psiCH.NH];
B-homolysine and B8-homocornithine.

10 Other non-cleavable, reversible CSDMs that
may be employed in the thrombin inhibitors of this
invention are benzamidine, DAPA, NAPAP and argatroban
(argipidine).

For those thrombin inhibitors of this

15 invention which have CSDM regions characterized by an A,
or C, bond, the term "P,-P,'" sequence as used herein,
refers to the two chemical structures joined by said
bond.

The X component of CSDM, which does not

20 participate in actually binding to the catalytic site,
can be of unlimited length and variable make-up.
However, for practical purposes and reduced cost of
synthesis, X is preferably characterized by a backbone
chain consisting of from 1 to 35 atoms and does not

25 exceed a calculated length of 36k. 1t is preferred
that X be a peptide, most preferably, D-Phe-Pro. This
most preferable embodiment allows the X component to
fit into a groove in thrombin that is adjacent to the
active site [S. Bajusz et al., "Inhibition of Thrombin

30 and Trypsin by Tripeptide Aldehydes", Int. J. Peptide
Protein Res., 12, pp. 217-21 (1978); C. Kettner et al.,
"D-Phe-Pro-Arg-CH,Cl1 - A Selective Affinity Label for
Thrombin", Thromb. Res., 14, pp. 969-73 (1979)]. This
allows the CSDM component and therefore the molecules

35 of the present invention, to bind to thrombin with an



directed noiety ("CSDM'), a linker region, and an anion bi ndi ng
exesit'e associating noiety ("ABEAM). According to the
présent invention, the first domain, CSDM binds to the catalytic
site of thronmbin 10 | ocated at or near about, _Ser-195 and inhibits or
retards the amidolytic or estereolytic activit fsof' t hr onbi n.
Preferably, CSDMs of the present invention are selected fromone of
three general groups: émageou%l%migh Bbgeed Qs&eraikbhyw%ﬂdﬂro%‘ghmand are
in

slowy 15 cl eaved,; thosg.\éh\’.‘#f reversibly to thronbin an

cannot be cl eaved; andR¥d" th bind irreversibly to t hr onbi n.
Reversible inhibitors bind to the active site of thronbin through
non-coval ent interactions, Ac&HIingS thothe greadat Diyedriltoh)i €he

i nteractions or 20 g ondi r Mol m(‘:ﬁg\@c or, | ent
bonds wi th thronbin. %y&rng.ggm{.g éﬁ%&%‘r’%i%ﬁ{%}lg gre erre‘% g?bgg%/%en,t,.
t he CSDM whfch biNHEatigpeisidh I WinksT Feptftn BRE3PSES fhsurple of this
cl eaved has the fornulportion of the molecule is XoApeoridé\®rhrjidgeebetweldn

wherein X is hydrogen @fe icgphah@Clry agaMbYi#@ RACKRODEngth of tHE! Dinker,
consisting of from1t

0.35 atons; , A IS Arg, Ly r Qn;, Aerr] is a
non- am de bond; A[err]raftg‘e&'hgpﬁ’t‘,t’etﬁ f&ﬁuﬁ§gﬁe' that 55c?€<ﬁfé“t?néf“£l°rt4nce‘
consi sting of from1 tThe) callondatethdevig8d of the dagkhdne chain which The
non- a de Plond cga}ponamazaeeewtéw R 1ti)nkertﬂTus,9c pabadi I@’ch!i%)&u’eenbécﬁ ned

y chenically nodifyi ._,.an am.de bopd. | g, achi.e .
met hods wel | kn(r)qul\_/ne i?ﬁsFﬁﬁc%??et(rj’ﬁF“sg’g? k?aameatayg?fv', £ L ¥RE, Pliom
| nhi bi tors of Human REHingingngxesite ofgghrembimnss. gnd less than about
- 16 - 32 A.

The backbone chain of the linker may comprise
15 any atoms which are capable of bonding to at least two
other atoms. Preferably, the backbone chain consists
of any chemically feasible combination of atoms
selected from oxygen, carbon, nitrogen and sulfur.
Those of skill in the art are aware of what combination
20 of the above backbone chain atoms falls within the
required length based on known distances between
various bonds [see, for example, R. T. Morrison and
R. N. Boyd, Organic Chemistr 3rd Edition, Allyn and
Bacon, Inc., Boston, Massachusetts (1977)]. According
25 to a preferred embodiment, the linker is a peptide
which comprises the amino acid sequence
Gly-Gly-Gly-Asn—-Gly-Asp-Phe. Preferably, the amino
acid bound to the ABEAM component is Phe.
The third domain of the thrombin inhibitors
30 of this invention is the ABEAM which binds to the anion
binding exosite of thrombin. Preferably the ABEAM has
the formula: )
W-B,-B,~-B,-B,~-B,-B,~B,~B,~Z;



(1982); D. H Coy et al., "Facile Solid Phase Preparati on of
Proteins Containing the CH err]-NH Peptide Bond | sostere and
Application to the Synthesis of Somat ostatin (SRIF) Cctapeptide

Anal ogues”, Peptides 5 1986, D. Theodoropgtrﬂogos Ed., Walter DeGuyter &
Co. Berlin, pp. 143-46 (1987)]. Wen a n- am de bond is

forrred in this manner, it is preferable that the chem cal

modi fication be perforieskdi ar ikOa ththa; B, is2Qdi ahPthR:f a&niiﬁodwf‘dﬁ igde g

containing this bond to the .10 er.c on o the y est
of the thrombin ann‘L atgutn(?raﬁfﬁ?'e&il’es%'t ﬁ?g n’g‘?ﬁr Eizet Brite A -
Alerr]-A, is added en ¥¥c EyPn &'%T#@YérQ?nPhe@llsizgtlepln@-o‘l-carboxrhete.est
of the nol ecul e. Sar, any N-néHar @migot &cid 18y B-RIiLS .’ £ HMaedLAESt
A 15 is Arg agd Algfio a§1€[ IoBrh g}P%rp g{mg L. %mirpo talh':.% eg‘oodl ment

Alerr] is a naturally occurrin OV\A’ cl eaved
by thronbin. This avoidPIRLA "l“]’l’e“%é&égs??’;ﬁc‘:ed frgp BP% GrOMRi ng the .
non-amni de bond and al |sansi&tingdofA\ Tyr, Trp{ oPlas, deddgdNle, tﬂ@ reat, ofnd,he

nol ecul e sequential 'y gy~ orf at@ eﬁﬂ%@ €8nfl fGng of one As set
forth above, CSDMs acclar gg I nyentl on o rrever5| bl y
to thronbin. Exanples ~'PP 6%%?’?‘&1%?5&8?@’&%&9@' Pﬂ&?‘&oeecmﬂupt diSe anBend
limted to, 10gen@rad perPtide mrantainise frdw loneote, fivec reaid@ss of

phenyl met hyl sul f onyl f lamyr aaénd FAER; aflii Qoﬂé @)HafrleQ?Otermlnal pbosphat e
(DFP), tosylprolylchl %“EEQX' %?éa%%% (TReK alkc:.]x.l'y(5 amgno, S di-(c,-

tosyl | ysyl chl or orret hyI 'he ter‘oc
i nhi bitors, such as i %h&ﬁ?ﬁ’rﬁ Aybst Hkutas ﬁmlm or hepzylapinénhi bitors, such

as D-Phe-Pro-Arg-CHCl [err] 30 PeptidA€KyhicH chrie’ ABfibldgHuss itat ehanad
such as di {4 uor gleeh@nR r%@m%n of hirudin have bégr?%r %bﬂgt%%ﬁ{éokoer

preferred enbodi nent resent ] nvention,

reversi bl e CSDVs %Eoﬁg?'?;’[‘ "b‘fn‘ﬁlﬁ‘g EPTLIS °“3§hr°mbm [°°Pendmg United
X-Clerr]-C[err]-A errjStutes patent application 314,756 and J. M. Maraganore

et al., "Anticoagulant 'Activity of Synthetic Hirudin
Peptides", J. Biol. Chem., 264, pp. 8692-98 (1989);
. 20 both of which are herein incorporated by reference].

According to a preferred embodiment of this
invention, ABEAM is homologous to amino acids 56-64 of
hirudin, i.e., B, is Glu; B, is Glu; B, is Ile; B, is
Pro; B, is Glu; B, is Glu; B, is Tyr-Leu, Tyr(SO,H)~Leu

25 or Tyr(OSOH)-Leu, or (3-,5-diiodoTyr)-Leu; B, is a
bond; and Z is OH. It should be noted that native
hirudin contains Tyr(0SO,H) at position 63. However,
carboxy terminal hirudin peptides which contain
Tyr(SO,H) have identical anticoagulant activity as those

30 which contain the native Tyr(0SOH) [see copending
United States patent application 314,756].

Other ABEAM components within the scope of
this invention may comprise those portions of any
molecule known to bind to the anion binding site of

35 thrombin. These include amino acids 1675-1686 of



- 17 - wherein C, is a derivative of Arg, Lys or On _
characterized by a reduced carboxyl ate noiety or a carboxyl ate noi ety
t Kat*i's di spl aced fromthe a-carbon by a chem cal structure
characterized by a backbone 5 chain of from1l to 10 atons; C, is a

non- cl eavabl e bond; and X, Y and A, are" &P defined previously.

Exanpl es of C, conmponents are B-honoargi nine; arginine containing a

reduced carboxyl ate ”Dﬂ'ef‘é%r UChn o %@%&%non ]N'%%Ftelet ﬁyagg?w%

and B-honoor ni t hi ne.

t hat may be errpI{R/'edmﬁlﬁ% ﬂ‘élqshr“&%ﬁﬁsl%lg}%@meﬁu%%ﬂvs amino acids
I nvention are benzam d24fe25DAPA, piNADARmlid BErggmeribanand amincalagifs dite)o

For those thronbin i nhiDid0e3pinddtirs akdchaih nvqr;,t 'aﬁalmﬁ;h tHY &pkaiM

regi ons characterpzed by an Alerr th
" P([:]err] Plerr]"" éequenaé"émg?ng ﬁ;ﬁ?aer?e&ec{eg fr%f‘??s ?oul%é"'mﬂlﬁhem cal
structures joined by sReRfide analpgues described by J.L. Thesténamsppnettalof,
CSDM whi ch does not ZQ)evelagﬁthflPldEle—ﬂsa@.‘idlau }émhhﬂ!%i&l@ﬁh@tﬂf:%@mlc
site, can be of t nd. var wever
for practi cal purposes an g ﬁ{]%qjs%tugggm malf’heg e )TCeeShpreferabl y
characterized by a bac‘f&ﬁ%"é“' Hlm%irn%é?&?-s—tﬂéﬁ‘@-éﬁ;orﬁ?& 0 - 33081t 34
and does not 25 10 exc@®9oa.cal cul ated length of 36A. It is preferred

that X be a peptide, nost pref %ﬁé"ﬁbef@f?@& B{z%mbm' Inhibitord 3k ﬁﬁei erabl e

enbodi nent al |l ows the X conponent to groove in 't Bibin -
that is adjacent to tH&ventionaxre \Fl?rg‘ﬁf’e“{%‘lqgé'n'u§2de?radldescrflhﬁ"|’b’r’% ithe of

Thrombi n 30 and Trygwbseqbentréxpapliede Alhiemodespreferred HiPepbgsiaare
Protein Res., 12, pp. ®a%G134- é,l%.&)ul E» 1KetiiRn T-1§£ 'Hirulog-18b and

Tr?r EEE PngsArg q-'L’CI Hd‘?@ﬁ% fﬁ nléy 28 ang, T%?/\saﬂ%é'e&gﬁ/{%cﬁmonent

and therefore the m)| ddyreasbin 1nh1b1tors that are slowly cleaved. Hirulog-
18a and -18b are reversible inhibitors which are not
cleaved.
The thrombin inhibitors of the present
20 invention may be synthesized by various techniques

which are well known in the art. These include
enzymatic cleavage of natural or recombinant hirudin,
recombinant DNA techniques, solid-phase peptide
synthesis, solution-phase peptide synthesis, organic

25 chemical synthesis techniques, or a combination of
these techniques. The choice of synthesis technique
will, of course, depend upon the composition of the
particular inhibitor. In a preferred embodiment of
this invention, the thrombin inhibitor is entirely

30 peptidic and is synthesized by solid-phase peptide
synthesis techniques, solution-phase peptide synthesis
techniques or a combination thereof which constitute
the most cost-efficient procedures for producing
commercial gquantities of these molecules.



35 of the present invention, to bind to thronbin with an

advant ageously hi gh degree of affinity and opti nal specificity.
According to the present invention, the second conponent of the
thrombin inhibitors of this 5 invention is a linker region. Because
the role of this portion of the nol ecukezis-to provide a bridge
bet ween the CSDM and the ABEAM it is the Iength of the |inker,

rather than its structure, that is of prine inportance. The
cal cul ated I ength of the backbdfenc haprrrgatednt oaning peidst a¥¢ Aantajped

| i nker nust be at | eash 8heUthrthbAn- inhibitort heldtwléanahehechayadie teither
catalytic site and th o) | gl |t f nd | ess
GadBs%irect1y Bb r%%r%ggég &&mhﬁ.@?ﬂ? é‘ef? £ide

t han about 42 A one C 1% hker may
conpri se 15 any at SHBtHETih o BreapEsd PYorhsBhAhPods firatinls of; fBe
ot her at.onms. Prefser abkygmplétee oitheatzehpieptidasi d¢mending onftlenynature

chem cal ly feasible cggbtnatddsyi ek aﬁ&'f@proteln"sﬂlﬁg %@1EFOTH'xQ3<§éQ%I%
carbon, nitrogen and s he art+€re avvar

Shat corbi nat fon 50 SKEHTIR SheosheBEERh BYEtiRTR HebREe KFHE FeRh RE( ne
required | engt h basedwbacknbvan-groteint anjmonachds may beapdded dimegtlysee,

for exanple, R T. MuahisoicNust be fyntiesBayd, bpcg@&ueaﬁgemoﬁlr ingrd
Edition, Allyn aJIo a the gaiﬁ:pol t ! ng :Lc?é) cth%tq'\;'\ewff%?irrgs é‘éu%é‘ sygﬁesls.

According 25 preferre rment
whi ch conprlses t he am no aC|dT§§qﬁgﬁ%Qg515 of those thrombin lnhlbxtors of

this invention which contain both non-amino acid and
peptidic portions is preferably achieved by a mixed
heterclogous/sclid phase technique. This technique
15 involves the solid-phase synthesis of all or most of
the peptide portion of the molecule, followed by the
addition of the non-amino acid components which are
synthesized by sclution phase techniques. The non-
amino acid may be coupled to the peptidic portion via
20 solid-phase or solution-phase methods. Similarly, any
remaining peptidic portions may- also be added via
solid-phase or solution phase methods.
The molecules of the present invention
display potent anticoagulant activity. This activity
25 may be assayed in vitro using any conventional
technique. Preferably, an assay for anticoagulant
activity involves direct determination of the thrombin-
inhibitory activity of the molecule. Such techniques
measure the inhibition of thrombin-catalyzed cleavage
30 of colorimetric substrates or, more preferably, the
increase in thrombin times or increase in activated
partial thromboplastin times of human plasma. The
latter assay measures factors in the "“intrinsic"
pathway of coagulation. Alternatively, the assay
35 employed may use purified thrombin and fibrinogen to



Gy-@y-dy-Asn-d y-Asp-Phe. Preferably, the am no acid bound to the
ABEAM conponent is Phe. The third domain of the thronbin
i.rhibitors 30 of this invention is the ABEAM whi ch binds to the anion

bi ndi ng exosite of thronbin. Preferably the ABEAM has t he fornul a:
WB[err]-Blerr]-Blerr]-Blerr]-Blerr]-Blerr]-B[&rT-Blerr]-z

- 19 - wherein Wis a bond; B, is an anionic amno acid; B[err] is

any ami no acid; B[err]méa§u£LethékinhlbgﬂloR“6?(yélggge & ff%rlnope $gﬁé§ ahvp,
3, 4-dehydroPro, thiazolidipe-4- Sar, any yl am no

ar.box
acid or D-Ala; Blerr] 9% Ba Y off XgaSSé%rﬂr FLigfy: B[err] |s an ani oni c
amino acid; B[err] is a Thqo@pﬁllpi@t%\knm@c&Gthxeqiied:ﬁlsdmblemlhhie°f

gr oup 4 consi sti Rghigf 1;[Vént1:|a’rpma?hﬁls$€ﬁb mla8uréd Gby \ﬁg loﬁ:héi ,number
ro, or a dipeptide consistin es i ce\am ng
acids and any am %o ac:%zlc"g['err o3 glgéei rkl(i"’ssayor al:'zﬁ)ee“'pet(grlg gybo l?eala'ﬁe’lsr‘?
fromone to five resi ¢iidd Beasure a chapgenimdhec dagres Pz 399ragetiwn of

terninal residue platelets ast far ehnfle (i aihel rolessd o laopYatewdtno,
Tono- or i -(QAer1]. eecretol) UdbnBhkYin MSHLULED: UP U BhobENZ b O
Pepti des which are horol ogous t he car m nal poriion o

hi rudi n have been sho/PTRET HP:Y lieo measured h’é" 2% BHIEPIRNST§Texosht Lakter
t hronbi n [ copendithg Umalyetie measuz@aussn@aah'ntorappt‘a‘katea)m:.&;hé$751ﬁeq3:fd,cJ

M Mar aganor e etror! the " ¥Hr<tRA0H ﬁﬂ;né}{g_i vity of Syntheti c Hi rudin

Peptides”, J. Biol. Chem,b 264, 8 9); 20 both. of which are
herein incorporated by ref erenc'%fepm°§ecules éfl%%e bri%%’bt d]nﬁan{:bm-é are
preferred enbodi ment &sefhlsin compositiams orconhBREARLORS [andoRegbeds tferani no

aci ds 56-64 of the treatment and prophylaxis of various diseases

15 attributed to thrombin-mediated and thrombin-associated
functions and processes. These include myocardial
infarction, stroke, pulmonary embolism, deep vein
thrombosis, peripheral arterial occlusion, restenosis
following arterial injury or invasive cardiological

20 procedures, acute or chronic atherosclerosis, edema and
inflammation, various cell requlatory processes (e.g.
secretion, shape changes, proliferation), cancer and
metastasis, and neurodegenerative diseases.

The thrombin inhibitors of the present

25 invention may be formulated using conventional methods
to prepare pharmaceutically useful compositions, such
as the addition of a pharmaceutically acceptable
carrier. These compositions and the methods employing
them may be used for treating or preventing thrombotic

30 diseases in a patient.

According to an alternate embodiment of the
present invention, the thrombin inhibitors may be
employed in combinations, compositions, and methods for
treating thrombotic disease, and for decreasing the

35 dosage of a thrombolytic agent required to establish



hirudin, i.e., Blerr] is Qu; Blerr] is Au; B[err] is lle; B, is
Pro; Blerr] is Qu; Blerr] is Qu; Blerr] is Tyr-Leu, Tyr(SO H)-Leu 25

or=#fyr (OS8O, H) - Leu, or (3-,5-diiodoTyr)-Leu; Blerr] is a bond; and Z
is OH It should be noted that native hi rudi n contains Tyr(OSO, H) at
position 63. However, car boxy term nal hi%udi n pepti des which contain

Tyr (SO H) have identical anticoagulant activity as those 30 whi ch

contain the native Tyr{dXahhshsReor PReVehB0reocciusiBht 86 Sipitaeneat ent
application 314, 756].

- her . ABEAM conmponent.s .w thin the
scope of this i A ER2 MY cttf’ﬁpFg§8m%%s@%?gggﬁ§°€f&éﬁymventmn
mol ecul e known to bi nomay behusedi bn dsmbdnagieng c compgsitionshr gndi methReese
izgcl ude am no acids 16fdr He@8eléing r7epe§f151$ion time lor incl:reasing -

- Factgr V, g[q' 2| | ds, - . r.oten
I b, am no acids 415-428 0 t%ﬁggﬁbd%lﬁ'ged% %,pg'zrﬁ%lotatggfgé?&] Jﬁ?P545_ 259 of
prot hronbi n Fragment ZBRARPRAYREC RIenE-30These combinatyensg jafd nogen Al err]
chain. In addition, thsonibdisAbliohs compaiisensnphammackeatieaEnt adfecobvany of
the hirudin pept] Nalko D%&g I : Lhnsk d
"Devel opnent of MDL- 28%118%61? %ksﬂauﬁfr ta&l %ﬁ%ﬁbﬁgkb#%% Biggﬂ?éné%scgd
On A Functional Dormai P 2 RBaFRRgptically pphfegtiveLppopptyof fhronh.

Haenostas., 63, pp. 20&rbhbodytic (ko). The preferred
thronbin inhibitors of this In tHRLRNELAB 18 drd ARE tbpdsQ@3onad) iy €
described in the subseqguent..exanpl es.,.The .nos referred,H rul ogs are
i rul 00-8, 1ol og- 12, SRR S, SRRSTRIP RS endiRriRRho Yl S idohn Witk O o

Hirul og-8, -12 and - 3Fampdemeptrey flashion toidissedve Plepdialets .t hat are
slowy cleaved. Hirul afesulting in decreased reperfusion times and increased

15 reocclusion times in patients treated with them.
Specifically, the thrombolytic agent dissolves the
clot, while the thrombin inhibitor prevents newly
exposed, clot-entrapped or clot-bound thrombin from
regenerating the clot. The use of the thrombin

20 inhibitor in the combinations and compositions of this
invention advantageously allows the administration of a
thrombolytic reagent in dosages previously considered
too low to result in thrombolytic effects if given
alone. This avoids some of the undesirable side

25 effects associated with the use of thrombolytic agents,
such as bleeding complications.

Thrombolytic agents which may be employed in
the combinations and compositions of the present
invention are those known in the art. Such agents

30 include, but are not limited to, tissue plasminogen
activator purified from natural sources, recombinant
tissue plasminogen activator, streptokinase, urokinase,
prourockinase, anisolated streptokinase plasminogen
activator complex (ASPAC), animal salivary gland



18a and -18b are reversible inhibitors which are not cl eaved.

The thronbin inhibitors of the present 20 I nvention may be synthesi zed
by -vari ous techniques which are well known in the art. These include
enzymati c cl eavage of natural or reconbinant hirudin, reconbi nant DNA
t echni ques, solid-phase peptide synt hesi 84 sol uti on-phase peptide
synthesis, organic 25 chem cal synthesis techniques, or a conbination of

t hese techni ques. The oi ce of synthesis tech of .G urse,

depend upon the conpo§SFF8ﬁ ?ﬁeQEﬁgtlva§°rﬁxﬂq: gﬂgg? |rﬁ?HSQECL£1¥ fort

preferred enbodi nent @erivativeshiof mnyesd ithe abhw¥et hr onbin |nh|b|tor is

entirely 30 peptidic and is mmeﬁz%mﬁehbﬂu R uepeRetélin,

synthesi s techni ques, ,5ghibion: RIaSSPSRLISIe YR DER Sining ar | AEILY BHES O
cons

a conbi nati on thereof frcient
procedures for pr§ujucFﬁ§°mb1n indhdhiErEi of Fﬁi&nﬂPY?%§$Qﬂ anfedt IRAStcORes.

- 21 - throdbelytiroagpndt ea muladphe dasade foemg orHexieiadthe -
in the thronbin inhi bk;h%mﬂmeﬁﬂlgats{l%meben@bmr tic ageRddgd directly

to the growi ng chain durin synthesis o ared y chem ca
modi fi cation of the S‘dmngﬂpﬁﬁpeéit é??ﬁ??@é"'z?Htp‘éﬁ‘E‘f%&&égenﬁﬁ fy on the

nat ur e of the desiltiplé mpsageoferm wharienn tle diwo 'Ebmpenerits are _skl |
in the chem cal gynt hsahinﬁééeﬁdes\ésafa@aw ebqt sequeneeleuﬁb nap- prot ei n'

am no acids nmay be added direct nd_wh nth |zed by
chem cal ly nodifying fsquen§+é;(§§gﬁpé§%;§¥1q halnqég éb
synt hesi s. be givemdtosfhehpatient dﬁ’h‘é§§ the erﬁnpﬁmcblr[a@ss%f

from about 5 hours prior to about 5 hours after
administration of the thrombolytic agent. Preferably,
15 the thrombin inhibitor is administered to the patient
during the period ranging from 2 hours prior to 2 hours
following administration of the thrombolytic agent.

Alternatively, the thrombin inhibitor and the
thrombolytic agent may be in the form of a single,

- 20 conjugated molecule. Conjugation of the two components
may be achieved by standard cross-linking techniques
well known in the art. The single molecule may also
take the form of a recombinant fusion protein, if both
the thrombin inhibitor and the thrombolytic agent are

25 peptidic.

Various dosage forms may be employed to
administer the compositions and combinations of this
invention. These include, but are not limited to,
parenteral administration, oral administration and

30 topical application. The compositions and combinations
of this invention may be administered to the patient in
any pharmaceutically acceptable dosage form, including
those which may be administered to a patient
intravenously as bolus or by continued infusion,

35 intramuscularly -~ including paravertebrally and



thhis-invention which contain both non-anino acid and peptidic

portions is preferably achi eved by a m xed het er ol ogous/ sol i d phase
teghni que. This techni que 15 i nvol ves the solid-phase synthesis of al

or  nost of the peptide portion of the nolecule, followed by the
addition of the non-am no acid conponents whichsare synt hesi zed by
sol ution phase techni ques. The non- am no acid may be coupled to the
peptidic portion via 20 = solid-phase or solution-phase nethods.
Sinmilarly, any PeFARREHapyi dr cSPHRRULAERSURY ., alntFasutameusia

sol i d-phase or sol uti amtphasetimilaedy, intrasynovially, itheamnkesllygs of the
present invention intgh§gééz’e’m&fit1§”t 8Pl &2agy/ BPt%%CJ:Ja‘i'tXasJﬂ' %or
activity 25 may be assayed 1n vitroé Bs) ng any .conventional . i

t echni que. Preferabl y FoRACALSERNYSS afibfFR FRfiRCRAtions and, cophipgtianfoPyes
direct determ nats on girefbeably aidapted for tapilcabi tnasalgcoraltandf the

nol ecul e. Such techni Qa@8nteral JBARYEErdOfor,NBLR] thOEk Yreferably, are
t hronbi n-catal yzed cl €éava cal or |qr51pt ri ¢ supstrates or, nore

30 of
preferably, the fi°ﬁ'5‘823§%d i5PT RABABFHF 24 ASIBISTIAN R e in activat ed
partial thronmboplastin tinmes ofPdnemgrrpl acomposifdons are mgsteprefaraply

measures factors in tRaauihDé€éss Gntravenoltlyea¥hef GOAIBoAEEOforn or as
Alternatively, tip asgay,iBeane SIRLOYSH. "B Y38 BHELLLSS LRGRERLY AN

fibrinogen to . .
measur e the inhibitioRedPIresehss an pPbipIRKSASti aespound, conggant py )
radi ol munoassay or Elin$Asion is preferred. Tifetast tiaitdlnetinAthitod Msof t he

mol ecules of . INRihgVElld O3 SRRt BRI ARET U ShbueRiodd & NuMber

5 of conventional platélet assays. ,Pre e_rab,\s/, t he assay

intravenous bolus injection is preferred.” For

15 parenteral administration, fluid unit dose forms are
prepared which contain a thrombin inhibitor of the
present invention and a sterile vehicle. The thrombin
inhibitor may be either suspended or dissolved,
depending on the nature of the vehicle and the nature

20 of the particular thrombin inhibitor. Parenteral
compositions are normally prepared by dissolving the
thrombin inhibitor in a wvehicle, optionally together
with other components, and filter sterilizing before
f£filling into a suitable vial or ampule and sealing.

25 Preferably, adjuvants such as a local anesthetic,
preservatives and buffering agents are also dissolved
in the vehicle. The composition may then be frozen and
lyophilized to enhance stability.

Parenteral suspensions are prepared in sub-

30 stantially the same manner, except that the active
component is suspended rather than dissolved in the
vehicle. Sterilization of the compositions is
preferably achieved by exposure to ethylene oxide
before suspension in the sterile vehicle.

35 Advantageously, a surfactant or wetting agent is



wi |l nmeasure a change in the degree of aggregation of pl atelets or a
change in the rel ease of a platelet secretory conponent in the

presence of thronbin. The

former may be measured in an aggregoneter.

The | atter 10 may be neasured using RIA or ELISA techniques specific

for the secreted conponent.

i nvention are usef ul

The nol ecyles of the present

I n conposi tions, conbinations and net hods for

the treatnment and prophyl axis of various di seases 15 attributed to
t hronbi n-medi at ed and t hr onbijcaasediai @e compoditiichi east@uid itatecanitorn

These include nyocardi al

vei n ~ thronbosi s, perlphera

Pié’&ﬁdn"% §E£°&ﬁn diehgpnary embolism deep

arterla occl USIOﬂ resten03|s

following arterial injury or invasive 7@t %@‘?c‘%ﬁp%es fof sradupduinigtratior

or chronic atherosclerosis,
regul atory processes (e.4.

cancer and net ast asi s,
The thrombin inhibitors of tH

usi ng conventional nethods

adgnecrtriin convenhidrmineixcdpiemsr,i sushcas$ |binding
agentéecffﬂﬂéQQ éhfﬁ&hd%haegﬁfetiﬁdoEbEﬁé@I'Iﬁﬂrl-

d t di s
cants N S0saeher L | Ve VR REES acente | The, gablet
may be cqatedarecending tounpthéds, weddi khown in the

conposi tions, such as tpe.adskitadle0k i 21 HFMIECAURAE Hd ¥nplosed atlciude
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used for treating or prevent|n
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According to an alternat® enﬁ&élFﬁ%%ﬁ Gisingegrants includey b‘ﬁ'\/é‘ﬁﬁ BAt limited to

thronbin inhibitors may be
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35 dosage of a thronbolytlc agent require
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to ‘esta
clude, for example, magnesium stearate. Suitable

wetting agents include sodium lauryl sulfate.

Oral liquid preparations may be in the form
of agueous or oily suspensions, solutions, emulsions,
syrups or elixirs, or may be presented as a dry product
for reconstitution with water or another suitable
vehicle before use. Such liquid preparations may
contain conventional additives. These include
suspending agents; such as sorbitol, syrup, methyl
cellulose, gelatin, hydroxyethylcellulose, carboxy-
methylcellulose, aluminum stearate gel or hydrogenated
edible fats; emulsifying agents which include leci-
thin, sorbitan monocoleate, polyethylene glycols, or
acacia; non-aqueous vehicles, such as almond oil,
fractionated coconut o0il, and oily esters; and
preservatives, such as methyl or propyl p-
hydroxybenzoate or sorbic acid.

Compositions formulated for topical
administration may, for example, be in aqueous jelly,
oily suspension or emulsified ointment form.

The dosage and dose rate of the thrombin
inhibitor will depend on a variety of factors, such as
the size of the patient, the specific pharmaceutical



reperfusion or prevent reocclusion in a patient. Addi tionally, the
.thronmbin inhibitors of this invention may be used in conbinati-ons,
conposi tions, and nethods for decreasing reperfusion time or ~
increasing 5 reocclusion tinme in a patiemd treated wth a
t hronbol yti c agent. These conbi nati ons and conposi tions conprise a
pharmaceutically effective anount of a thronbin inhibitor of the
present invention includeddia pharsrirasitéan| {o dacdditrake addermof a 10
thronbol ytic agent.distribution of itd redmpeaentonbi nations and conpositions,
the O Lt oF LoT 188l dDeaudd Aol X 16: 20801 Bl LRy
conpl enentary fashion to di ssolve bl ood resulting in d%creased
reperfusion times afRY i GRI8ABeBON BNt 190ad c BXEAR I LS nBYCh RSpREPERES t r eat ed
with them 5 Sp@gmfuscalfhy;tethp ditnemhel ytaltlexgent aghrssgl vasrihe
cl ot V\,hilethethr i v S ex ed
d@%&kh&%{% se %‘AE wm&é agents, %@ ﬁe CE ot .

cl ot-entrapped or regenerating t The
use of the thronbi nm%O be cPakeHi ?‘Eﬁmidn‘-“ﬁhé"c%‘?ﬁﬂor?ét Feht KP¥NcdhpbRT ti ons of

this i nvent i cartadv @ntiagebe st i1 drdsows it enayd enes Yatedoinofude
thrombol ytic reage”&eifhﬂﬁgéagﬂ§n5463ﬁ OH§E¥0§9r§Hdd%Eﬂgr sxmllaEO Lgwg to
result in thrombolytic eff eCts.if ggrfsrgtg gw hi's avqi csjsome of
the undesirabP8 sidetitble difinte cﬁBFE‘ﬁd% & Wéed?é" &fmllﬁ?%rﬁﬁyl ytic
agents, such stsarsihpegphgvtoyipyvmatlidnse and starch derivatThesnbol ytic

agents whi ch may bes@plaayedakfin starcht la@yeeméﬂat QDsa N 168PResHEd ONs of

t he present |nv ntion_are nown Such ts 30
i ncl ude, but are not"$i%re 8°foex?’?pzlﬁlemﬁﬁﬁg?ﬁ%ﬁgﬁarate llggg?
purified from nat uredttsiogr egents ebmriideanpdiun lawvésﬂelqglta_sm nogen
activator, stpeptokinase, urgkinasfyuid prep@fa(ﬁirdi’tlﬁ i Qae ani eakatSeh

;T;ﬁgtOklnase plasn1{K§a ueous or gu§l\§§§%2n51gy, solu 1on ' emu&51ongﬁjlvary

syrups or elixirs, or may be presented as a dry product
for reconstitution with water or another suitable
vehicle before use. Such liquid preparations may

20 contain conventional additives. These include
suspending agents; such as sorbitol, syrup, methyl
cellulose, gelatin, hydroxyethylcellulose, carboxy-
methylcellulose, aluminum stearate gel or hydrogenated
edible fats; emulsifying agents which include leci-

25 thin, sorbitan monooleate, polyethylene glycols, or
acacia; non-agueous vehicles, such as almond oil,
fractionated coconut o0il, and oily esters; and
preservatives, such as methyl or propyl p-
hydroxybenzoate or sorbic acid.

30 Compositions formulated for topical
administration may, for example, be in aqueous jelly,
oily suspension or emulsified ointment form.

The dosage and dose rate of the thrombin
inhibitor will depend on a variety of factors, such as

35 the size of the patient, the specific pharmaceutical




-.24 - pl asm nogen activators and known, biologically active

derlvatlves of any of the above. The term "conbi nation" as
used herein, includes a single dosage formcontaining at |east one 5
t hronbi n inhibitor of this invention and at |east one t hronbol ytic
agent; a multiple dosage form wherein the = 27t-hronbin inhibitor and the
t hronbol yti c agent are adm ni stered separately, but coggurrently' or
a . multiple dosa r d NS aLe

: SohBeteldR Ghba. |Vt WR)RBEPERINE cRERrRGRe, 1.,

admi ni st ered separ at el
admi ni stration, the th¥’6 |%PSPP’6Y1W the nafaurg @gntbe thrombatient

during the time peri oddim@eng,o be tréatmd,ahadt tihe Nudghepti 6f tHe abebtify
hours after adm tinon of the throrrbol ytic agent. Preferably, 15

t he thronbin inhi bltor |s a m nistered to the patient during the
period ranging frém 2 hours pri 8FCPEANG, &G the presqnyy ipypnkiafinini strati on
of the thrombol yti c agereferred pharmaceuticallyeeffddtiseydalilye ddseobbi the

i nhi bitor and tge | thﬁdmrimhuibft@@w tHRY ﬁ?véd(}lbhghéeﬁ%ﬂ@en aBbig! €,
20 - t ec a

achi evggnwggt gndglr)d c#cf&f’ﬁqo% gw °§ug£e pg&e’\%engf’ RAEatsd: fe b%/ﬂ’f
The singl e nol ecul e meleighty) and al?%l-kfeSt re/kgrpadyf weightontimant fusion
protein, if bothio cdrileirialti 6ABi contdiiningoa ebnbed yt be oty hC agent
are 25 pepti di c. %laon aceualca]ﬁ%yaerflf%u‘ﬁlgg ‘?%?I.; QEQE gPyt e enpl oyed to

adm ni ster the conposi nat’i ons of Vent i on. ” These
i ncl ude, but are not |THPQlYbic is betyseanakeus %ﬁﬁﬁisﬁfﬁbtqfoﬁheoral

adm ni stration and 30 convemgional xiydageatange. Tike Cobpoenticnal d8Sage
conbi Eations t Iof FdHgen arga;gg&;:mgo?%c cI ] f SketRd &ﬂlwﬁogagée%g n
Ty be-admi ni st ofBd t S SPRE PSRt 45 enplhyed G BduoBugnapior by
continued i nf usion, SHMMMWM@MYMbBmeﬂ‘BM
R. Barnhart, publisher]. That conventional dosage
range will, of course, vary depending on the
thrombolytic agent employed. Examples of conventional
20 dosage ranges are as follows: urokinase - 500,000 to
6,250,000 units/patient; streptokinase - 140,000 to
2,500,000 units/patient; tPA - 0.5 to 5.0 mg/kg body
weight; ASPAC - 0.1 to 10 units/kg body weight.
Most preferably, the therapeutic and
25 prophylactic compositions of the present invention
comprise a dosage of between about 10 ug/kg body weight
and about 500 ug/kg body weight of the thrombin
inhibitor. Most preferred combinations comprise the
same amount of the thrombin inhibitor and between about
30 10% and about 70% of the conventional dosage range of a
thrombolytic agent. It should also be understood that
a daily pharmaceutically effective dose of either the
thrombin inhibitors of this invention or the
thrombolytic agent present in combinations of the



- '25 - periarticularly -- subcutaneously, intracutaneously,

intra-articularly, intrasynovially, intrathecally, intra-lesionally,
peri-ostally or by oral, nasal, or topi cal routes. Such conpositions
and conbinations are 5 preferably adapted for topical, nasal, oral and
parenteral adm nistration, but, nost preferabty28 are formul ated for
parenteral adm nistration. Parenteral conpositions are nost
preferably adm ni stered intravenously either in a bolus forn1or as 10

a constant infusion. FRVEHS My Bﬁ%l‘?lellrﬁﬁsbitPBP ¢ greaterp,tham theéed as an
anti pl atel et conmpound, spessttiantranges citefdusbowei s preferred. If the

thrombin inhibitor is bel agces%&%eaenenﬁ%@g%emmas eyt aggous
or i ntravenous bpl us %I on is preferre For parentera

administration, fluid Off t°c or g g enance ‘%‘?Seep rfea W%Hf‘aﬁ’ﬁ a
t hronbi n i nhi bit o8 of ¢¢rpositionpefsidris iimventiom isnddaisistexed,vélii cl e.

The thronbin I nhhéddsHariyay b@béﬁéd&%&l§usﬁﬁﬁukﬂiagé Qfséﬁé\fQ@quency
dependi ng on the naturﬁfq#ﬁqs)égg%f&f acl}dbggﬁ %éy m_:eé)f t h e

particular thronmbin in 03| fony &re®nor mal | y
prepared by dissol vi ngf#fFion of the cr"ﬁiB‘lPr"FWﬁhl*E)‘Pt%)rlel"ﬁlaa‘aémlahethe
optionally together imprameidh coh@ttiarprigorets snedind whieht e Hy@ipitbnz | igve

before filkpng '£@éh5%fiﬁb§§£¢é3ﬁ6 %heoﬁeéngH.Qe%Qg SEAldtidnt28hould

Preferably, adjuvants such as_a, local anes reservatives and
bufferi ng agents are af¥ i SEBF%'E‘S may, f"ﬂw?‘fférwé‘ﬁFIEFﬁg MEeradiEest ¢ i on
may then be frozen andtreatmentyupdm |amedetoreeimenceE diabase tsymptoms.

Parenteral suspensions are prepRéeskdihgS¥B-an alternate embodiment of this

invention, thrombin inhibitors may be used in

15 compositions and methods for coating the surfaces of
invasive devices, resulting in a lower risk of clot
formation or platelet activation in patients receiving
such devices. Surfaces that may be coated with the
compositions of this invention include, for example,

20 prostheses, artificial valves, vascular grafts, stents
and catheters. Methods and compositions for coating
these devices are known to those of skill in the art.
These include chemical cross-linking or physical
adsorption of the thrombin inhibitor-containing

25 compositions to the surfaces of the devices.

According to a further embodiment of the
present invention, thrombin inhibitors may be used for
ex vivo thrombus imaging in a patient. 1In this
embodiment, the thrombin inhibitor is labelled with a

30 radioisotope. The choice of radioisotope is based upon
a number of well-known factors, for example, toxicity,
biological half-life and detectability. Preferred
radioisotopes include, but are not limited to, '*I, "I
and '""In. Techniques for labelling the thrombin

35 inhibitor are well known in the art. Most preferably,



30 stantially the sanme manner, except that the active conponent is
suspended rat her than dissolved in the vehicle. Sterilization of the
conpositions is preferably achi eved by exposure to ethyl ene oxide
before suspension in the sterile vehicle. 35 _ 2gAq_vantageoust, a

surfactant or wetting agent is s _ -
26 - I ncluded in the conposition to facilitate uniform

distribution of its CO’EHQ’leﬁl%lsoto e is "I and thabigisrand SE@%&H%% aor
oral adm nistratior i n_conventional exci [)l ent

binding 5 agents, ’f‘?’r’?%rsI %ﬂ%f?é‘nf“ént?%lﬁe@f]f*mj a %,abfeg?ﬁ‘? thrombin
cants, disintegrants, amhibidtori ig administerhd tald gatient ambyaliewedated

according to methods welia I%O\mel ﬁh£$}&1n contamed Sw haéi@r.fl Ih@r %l&‘&"f&‘

may be enpl oyed igclud 0s manni t ol act 0se .0t he

sinilar agents. 8 %’ ?é‘éﬂserae‘%%ﬁ ‘%r"&r’ff‘én?n‘ﬁ Lrg&nogn %ﬁ’eé: 158 P‘F?ﬁ‘?’ed
to starch, pol yvF#sh @f foFpruEeYR qapdbieapt [aet@ctingi yadioactivityuch as
sodi um st arch gI ycol ateouffleéd &bl & totputeantifiaging sylsmehuderhifd)lteehﬁ{@h@,

magnesi um st earat e. Suam;)éae as 1n1d 1030pR0E0 & IilGhH O gL haur Y!

sul fate. 15 | qU| reparations may
of aqueous or oily susPRIRItHFE™PLRY ut i ons, emul si ons, syr yps pr .
elixirs, or nmay Be presented asThlﬂrmmduntalso relhbes et @umpobiitiams Wi t h

wat er or anot her SU|ta$5ﬁ%a1n1ng Eﬁ%“ﬁﬂf%mggﬁoiﬁhiﬁﬁior§usg Lt Qiidvention

preparations may 20 n.co ventlonal ddi tives These | ncl ude
suspendi ng agents; suc?‘url %gfgftg t p°s"t1°n%e‘ﬂ §se

gel atin, hydroxyet hyl cerqeatmgss, °€a‘?‘§m¥ymetastases- The efficacy of the
' thrombin inhibitors of this invention for the treatment

15 of tumor metastases is manifested by the inhibition of
metastatic growth. This is based upon the presence of
a procoagulant enzyme in certain cancer cells. This
enzyme activates the conversion of Factor X to Factor
Xa in the coagulation cascade, resulting in fibrin

- 20 deposition which, in turn, serves as a substrate for
tumor growth. By inhibiting fibrin deposition through
the inhibition of thrombin, the molecules of the
present invention serve as effective anti-metastatic
tumor agents. Examples of metastatic tumors which may

25 be treated by the thrombin inhibitors of this invention
include, but are not limited to, carcinoma of the
brain, carcinoma of the liver, carcinoma of the lung,
osteccarcinoma and neoplastic plasma cell carcinoma.

The invention also relates to methods and

30 compositions employing the above-described thrombin
inhibitors to inhibit thrombin-induced endothelial cell
activation. This inhibition includes the repression of
platelet activation factor (PAF) synthesis by
endothelial cells. These compositions and methods have

35 important applications in the treatment of diseases



met hyl cel | ul ose, al um num stearate gel or hydrogenated edi ble fats;

‘emul si fyi ng agents which include |eci- 25 thin, sorbitan nonool eat e,
polzvet hyl ene gl ycol s, or acaci a; non-aqueous vehicles, such as al nond
oil, fracti onated coconut oil, and oily esters; and

preservatives, such as nethyl or propyl p- = 30 hydroxybenzoate or sorbic
acid. 30 Conposi t ions formul ated for topical

adm ni strati on may, for X e pensi on
or enul sified oi nt ment hfaora% 1ze&)%y' @hggl%\%%hdd%%u mf ggéé %";1 e of
the thronbin i nifdemaer viigh ifeSBAUIRE %P Per F‘E@*}a‘éﬁd fb&ch?s Sufh as
35 the size of the pHiseases ifElusiegCbiit cCaphaiotaténitexhito, adult

- 26 - incl udgdd g@:&@&f‘&ﬂ%‘%%laééo%ﬁé}ofm@' %fzé@{é‘ %’cicorgl tice
distribution of its corrp nent ets an caps es or

oral administrati®dn 2nd TRBSTEHHEH A2BBFKenti onal excipients, such as
binding 5 agents, fillers, Eidlyestages aifl sephjgcashonks, 1nlc|1|bd¢-

cants, disintegrants, ﬁ@érweétImtweatﬁamﬂt%r&aahgtcoa 1opaau18e coat ed
accord| ng to methods wel |l known Iﬁo‘uﬁ‘ watq’c? t&h L V\/q:

may be enpl oyed i ncl ud€SPONSES | Sgepr%ﬁﬂil& R FRAT0 ’P?eer ion
simlar agents. 10 oSubaheers d\fléﬁ'hn!ieéﬁ‘éhﬂls dosel eﬁell‘tﬂjtﬁ_aﬁe_hdeadsmttoed
to, st ar chyo pol wah.-mshpaéénlne;io 18 Aatkrdphithcoent v dlosaSpressure amah

as sodium starch glycglg %ngczsi‘ét a@hgn%gprir?%to%d pressrd cly thex’;aﬁf auracl”p' €

magnesi um st earate.  Sil agent s I ncl ude _sodi um
sulfate. 15 are gpg) 1’F|Rﬁ5‘tdtﬁr'é’ib%lr9ﬁqeﬁﬁ§lﬁ’éf%é G4 seRBinajed

of aqueous or oily susimravassylaolcohgobhespathyll(PIOhSand have been shown to
parallel consumption of fibrinogen [F. B. Taylor
15 et al., "Protein C Prevents the Coagulopathic and
Lethal Effects of Escherichia coli infusion in the
Baboon", J.Clin.Invest., 79, pp. 918-25 (1987)}.
Neutropenia is due to the severe inflammatory response
caused by septic shock which results in marked
20 increases in tumor necrosis factor levels. The
thrombin inhibitors of this invention may be utilized
in compositions and methods for treating or preventing
DIC in septicemia and other diseases.
This invention also relates to the use of the
25 above~described thrombin inhibitors, or compositions
comprising them, as anticoagulants for extracorporeal
blood. As used herein, the term "extracorporeal blood"
includes blood removed in line from a patient,
subjected to extracorporeal treatment, and then
30 returned to the patient in such processes as dialysis
procedures, blood filtration, or blood bypass during
surgery. The term also includes blocod products which
are stored extracorporeally for eventual administration
to a patient and blood collected from a patient to be
35 used for various assays. Such products include whole



syrups or elixirs, or may be presented as a dry product for

reconstitution with water or another suitable vehi cl e before use.
Such-liquid preparations may 20 contain conventional additives. These

i ncl ude suspendi ng agents; such as sorbitol, syrup, nethyl

cel lul ose, gel atin, hydroxyethylcellul ose, carBdxy- met hyl cel | ul ose,
al um num stearate gel or hydrogenat ed edible fats; enul sifying agents
whi ch include leci- 2 t hi sorbitan | eat e et hylene gl ycol s,
or acaci a; non- 23888 %l 8, 2%, g Hy 1% HE

fractionated coconut onhlbah@prbuqucesmlstmands desuﬁ}ﬁf eservatives, such as
met hyl or propyl p- hydrcmébeﬂa@a&beon:oaeébtﬁaﬁardof%hrombm

Composit1ons For mul at qitgf ¢4 OB thoge typdBeNLELLALI AR, LAl AP

be in aqueous jelly, n_or enu
The dosage and dose r&be B‘Pl‘f’?ﬁs ofhPoRef nto be treatediaror DRFe| PERASEASLEN a
variety of factors, sutk tbré&ibin cbheentze rrlefehabbyt ianef fébei v amioting

phar maceuti cal thro 1n 1nh1b1tor of thls 1nventlog7 or
conposi tion used, the ob ect he treat nent, er apy

prophyl axi s, the nat uPE® ?mf’rfkg ﬂ?FSHB%H%n in extﬁ?‘émeﬁé BE"?‘?@& §H°mand
t he judgnEnt of the tmbautny #g/60 mphytieitaacorporeal blood to swudrding to

the present inveryions ag/60 ml RrebREFSsbiforeaRCEIbdLAl |y effective daily

dose of the thronbi n i nhi it of IhIS i, nven e .about
1 [err]g/kg body weight of theql?’at Bhrfnbin iand BIE ‘téd %Eiég 1nvent (o8 ki)

and about 5 ng/ kg bod?lﬁﬂlEﬁuuseﬂnt?OlnhlkﬂiﬂﬁﬂﬁﬁrPQ#ﬁQ(ﬁ@ﬁ?& fpnghdch is
t hronbol yti c agent, abelieved to contribute to clot accretion. This is

particularly important because commonly used

15 anti-thrombin agents, such as heparin and low molecular
weight heparin, are ineffective against clot-bound
thrombin. |

Finally, the thrombin inhibitors of this
invention may be employed in compositions and methods

20 for treating neurodegenerative diseases. Thrombin is
known to cause neurite retraction, a process suggestive
of the rounding in shape changes of brain cells and
implicated in neurodegenerative diseases, such as
Alzheimer's disease and Parkinson's disease.

25 In order that the invention described herein
may be more fully understood, the following examples
are set forth. It should be understood that these
examples are for illustrative purposes only and are not
to be construed as limiting this invention in any

30 manner.



pharmaceutical ly effective daily dose of the t hrombol ytic i s between

about 10% and 80% of the conventional dosage range. The
"gonyentional dosage range"” of a thronbolytic agent is the daily
dosage used 15 when that agent is enployed in a nonot herapy.

[ Physician's Desk Reference 1989, 43rd Editi on,3Edward R Barnhart,
publ i sher]. That conventional dosage range wll, of course, vary
dependi ng on the t hronbol yti c agent enpl.oved. . Exanpl es of
conventional 20 dosage ranges are as fol ML‘E&OM nase - 500,000 to
6,250, 000 uni ts/patient; streptokifiasRsis14p, 800 d-vr, hirudimp00, 000
units/patient; tPA- 0.5to0 5.0 nﬁ‘gk(g S(%Sy wer ght ;. ASPAC' - 0. 1to 10
uni ts/ kg body wei ght. Sulfo-TyMdtirpdehgor abay  thehamiheragelit i ¢ and

dosage of between _about 10 0 I g . . t 500
[eri]g/ kg body wePght BYF¢ %’r?ﬁ’%n wd prepated; this narddidg, by o794
conbi nati ons conpri se phrse peptidansyntihmsis ehpldwindhrmanbppliethiBiobpstemsl

bet ween about 30 1088 @ngd RYlie 7H%atHediB8C ?(ﬂjteidog% fosae Fabger of a
t hronbol ytic agent. It shouﬁjal sg %%ﬁ ur?dersfog t hat ® a daily
0

hyi ; . : ; ;
25 prophyl actic CO@%f’ggfﬁ'e}{m%'?“%\‘?‘E%E?M%td“ggﬁa‘;%%'beuﬁ‘wpr' se a

phar maceutical |y effecﬂ% ¢ of either the thronmbin inhibitors of
this invention or the t hr §reeifadad lagene yrasfad: 0. RSE oM @4t BOASOof
t he 10 Leu resin (1% DVB resin) seqfentially with I'Venbies, ofray

be | ess than or great D8 3N Em Sheci £ Cj ve.
Once i nprovenent in tﬁ%répatléaht sgl%%nacﬁlﬁgdn %ﬁ&?th%g%_'gc%{ﬁf%%%%a .
mai nt enance dose of a THHBIGFAEr offe giePrptected fha iRapyAds apdiunconpaadi bh i s

adm ni stered, if from the DVB resin by treatment with anhydrous HF:
p-cresol: ethyl methyl sulfate (10:1:1, v/v/v). The
15 peptide was further purified on a Vydac C,, HPLC reverse
phase column (22 mm x 25 cm) which had previously been
equilibrated in 0.1% TFA in water. Prior to applying
the peptide to the column, we dissolved it in 2.0 ml of
0.1% TFA in water. If necessary, an additional 1 ml of
20 6 M guanidinium chloride was added to the sample to
increase solubility. After we applied the sample, the
ceolumn was develcped with a linear gradient of
increasing acetonitrile (0 - 80%) in 0.1% TFA over 45
minutes at a flow rate of 4.0 ml/min. The effluent
25 stream was monitored at 229 nm and fractions were
collected manually.
We sulfated the resulting purified peptide at
the single tyrosine residue using standard methodology
[T. Nakahara et al., "Preparation of Tyrosine-0-[*S]
30 Sulfated Cholecystokinin Octapeptide From A Non-
Sulfated Precursor Peptide", Anal. Biochem., 154,
PpP. 194-99 (1986)]. Sulfo-Tyr,hirudin,,, was then
purified away from other peptides and reaction
components by reverse-phase HPLC employing a Vydac C,
35 column (4.6 x 25 cm) and an Applied Biosystems liquid



necessary. Subsequently, the dosage or the frequency of

~adm-ni stration, or both, may be reduced, as a function of the
synptons, to a level at which the i nproved condition is retained.
When the synptons have 10 been alleviated to the desired |evel,
treatment shoul d cease. Patients may, _hgyever, require intermttent
treatnent upon any recurrence of disease synptons.

According to an alternate enbodi nent of this i nvention, thronbin

i nhibitors nmay be usetromatidqgraphdionppstdn.onThancolmimneds égquiXikatated Lhe

surfaces of i nyagi ve Aavieaesr L&HHH Bbal eveldRr witska Afineht

formation or platelet agtivation in gallents recelyln% such devi ces.
Surfaces that may beJEBAIERF BT ANFRBASIng aceERPLEr 1i% KOGt FA O $ERRI on
i ncl ude, for exanpl ep 26 35% mvest Aeseinutest ati 8i flow xiatesof Ve mldmiygraft s,

stents = and cat RetRr$.0.\A5ROEEA 2EhtGAMRAG! s6 BRtf. O FEOEtidHE were
t hese devices are kngwn_to.thgose naﬁpe art. These incl ude

of ékill | R
chem cal cross-1inki ﬁas?ﬁve% % @Rporbance aks pt%’n of the thrombin
i nhi bitor-containing 25 conpositions to the surfaces of the devices.
According to a further embodi nent of the EXBMPLE.Zsent jnvention, thronbin

E
I nhi bitors may be used for v t | ' L. patient. In
this” " crbodmont, tne iR R SORAT, SHRAAE R 2o
radi oi sotope. The choice of radiolsotope s based upon a nunber of

wel | -known factuars, for exanpwe, ptepamred \sulfo-Tyr.pidindgrefludralbenkzyie and
detectability. Prefepipgain, , (dA%QriPl HEB-hAchafe, PUly delcBPhg! i mted
to, [err]l, [err]l _nd“ erréln. echni ques for ] abelli t he
(el Lol et berihln, | Feehdice L] slell e il o,
- 29 . with a stoichiometric quantity of difluorodinitro-
benzene (Pierce Chemical Co., Rockford, IL) in
15 dimethylformamide (DMF) for 18 hours at room
temperature. We then subjected the sample to
analytical HPLC separation employing an Applied
Biosystems 150 A Liquid Chromatographic System and a
Brownlee RP-300 C, column (0.46 X 10 cm) to determine
20 the extent of derivatization. The column was
equilibrated in 0.1% TFA in water (solvent A) and
developed with a 0 ~ 50% linear gradient of 0.085%
TFA/70% acetonitrile (solvent B) over 45 min and then a
50-100% linear gradient of solvent B over 15 min. We
25 used a constant flow rate of 1.0 ml/minute.

The effluent stream was monitored at 214 nm
and 310 nm for absorbance. Peptide derivatized with
the diflucrodinitrobenzene reagent absorbs at 310 nm.
We found that the above-described reaction produced

30 Sulfo~-Tyr,,~-DNFB-hirudin,, at 15-30% yield. Following
synthesis, Sulfo-Tyr,,~DNFB-hirudin, , was stored in the
same dimethylformamide solvent at -20°C for up to 1
month.



the radi oi sotope is [err]l and the labelling is achieved usi ng
[err]i-Bolton-Hunter Reagent. The | abelled thrombin inhibitor is
adfitrnistered to a patient and allowed to bind to the thronbin
contained in a clot. The clot is 5 t hen observed by utilizing

wel | - known detecting neans, such as a cantt & capabl e of detecting
radi oactivity coupled to a conputer inaging system This technique

al so yi el ds i mages of pl at el et - fQuch LI H-AGith motar BREEAL 0GR Po- 10

This invention also relates to conpositions ntai ni ng the rombin
inhibitors of this i nvEfs GWFB-hirudipu. etitdgbupan %sqrﬁ?gmgﬁﬁh(%ﬁpé‘gﬂt?%s
in the t r eat ment 1®fha winrooet tatpEsasurd hin of fphosphaté-buffered

thronbin inhibitors ofgdflire.i nwenaémﬂl%dt Eﬁetéﬁ?etn@% dross-19hkiH

net ast ases i s rranlsf ested

nhi bi t.i,on at i This
i s based upon the pres%’?ﬂ:]gy 24P ti’e r%F“Er‘SBoﬂbﬁ‘éﬁﬁ °€n29n§°§'r?°§é{gfﬁ¥ﬁa%’aﬁ’f‘cer
cells. This enzyFred . acSPSaPAGE tshowedna cdedrarsel ifiatherelatéveact or

Xa in the coagul ati on seasicats, ofeﬂb&td%rbﬁbixil Hdrid 2@f1ectBROBEL AAN Whi gh
inturn, serves as a s e. r Ling fibrin
deposi tion through a%tel n&Q‘E) S 2 Hgg?%%%\gﬁgpﬂ@%q]ggg%ggs fPne
present invention serv'@“e{"s sBifEcis \Rongristenttwithoress-1linkingrof thwonbin
Exanpl es of metagbati ovithmsud fokTyh,DNFB2hiruaiieg, | ratakedihyld hatehr ombi n
inhibitors of this invention e cdrﬁﬁ%@? thé’E Dr5a8Pbn | d#Mat ‘EQvL?e

carci noma of the ‘_rﬂl%}r?a carci n%érr‘ﬁ |1 ver, carcinonmg ?%

| ung, ost eocar Ci e¥nBetves FE"BY’érsrPé'FPeFFr\E%‘b‘l—‘ncﬁP& human

The invention al so relthregbis hetsrriifisdbBOusing iipdssuimgyenpdNBENg t he

above-described throniifudin,,,,.] ntﬁ’ :ﬁﬂ&ot-@ f.pibﬁf#at-ntlbﬁ@m,w warsilﬁ-eﬂared
endot heli al cell a%tnt\:’.% L I.tion in Lﬁi?gﬁ he, r epressi on
of ol at el et®act iAToR t%ﬁ' ﬁﬁ}‘ %‘é/nat]??é’f 55599 SIGniRgtRad gF
cel |'s. These conposit ¥ ARdthetNakabapaveubiation pporedune dppelmmons in
the treatnent of di seasgp@nding United States patent applications Serial

Nos. 164,178, 251,150, 280,618, and 314,756, and J. M.
Maraganore et al., "Anticoagulant Activity of Synthetic

.20 Hirudin Peptides", J. Biol. Chem., 264, pp. 8692-98
(1989) all of which are herein incorporated by
reference].

We reacted [*S]-Sulfo-Tyr,,-DNFB-hirudin,,,

with human a-thrombin, either in the presence or

25 absence of a 5- or 20~-fold molar excess (over the
concentration of thrombin) of Sulfo-Tyr,~N-acetyl-
hirudin,,, (prepared as in Example 1 with the addition
of N-acetyl asparagine as a final step in peptide
synthesis). Following incubation at room temperature

30 for 18 hrs, we subjected the mixture to SDS-PAGE and
autoradiography. The results (Figure 1) showed that
[¥S]-labeled peptide was incorporated into the band
which represents thrombin and that the presence of
cold, unlabeled hirudin peptide attenuated the

35 magnitude of covalent complex formation to < 10%.



- 30 - characterized by thronbin-induced inflammuation and

edema, which is thought to be nediated be PAF. Such di seases i ncl ude,
hut. .are not limted to, adult respiratory distress syndronme, septic
shock, septicenia 5 and reperfusi on danage. Early
stages of septic shock include di screte, sgcute inflammtory and
coagul opat hi c responses. It has previously been shown that injection
of baboons with a lethal dose of live E. coli leads to 10 mar ked

declines in neutrophi ITREunteast iy ofr 893 E@ eT¥m DNFB-hirdidac Mith Changes
in bl ood pressure and d]ﬂ:rmﬂbQﬁri:'ésults inatRe dufl istofdhiohétdilte bgaaLhqtaoNn of

a di ssem nated ' ul ppat L Q) F]mi een shown
to par al | el consunp Qﬁg%l,lt,aé (rl;’a%oggngl %ec&? g v rnfsi\ﬁtg t al.
"Protein C Prevents the Ooagul oﬁét‘?i-'d@raﬁﬂ 1dent1f|¥ef‘ﬁ§l si%e Qi $hppmbin
Escherichia coli $nfusih@rei sulbe-Tyr,,-DNBRknioniding_ Chiinds nvetstombing subfo-

?égbgﬁs(el%?)] caused ‘1%‘;'}'—&9?%&&1% l('BNﬁ ﬂﬁ?gifn\sle:'ﬁohﬂié@miaboﬁﬁ) was
i ncreases in tunor d’r‘%’&ﬁ?g {é‘&t% €°1 Jf‘rq?ﬁd‘rrﬁl ncin%h‘l’rb‘r"thors

of this invention may Was sguilzmted and| ﬁe*ce:irqmgu withis?7 dharest haesmM or
treating or preventi n&ns, pEDF G nreept bﬁﬁ‘éﬂa?co@&@pﬁ&hﬂmdiﬁe%eaﬁﬁs

This invention also re tes t u of above ribed . .
t hr onbi n i nhi bi t!(L)(r?s or co teg }fuqef(’ Sty mhbae hl%udm!g“f hetn sa °°ngalnlng

ant i coagul ants for extW@BPbBl\‘é‘h’rfmTYru‘Bﬁ%'d&ruﬂénu@eHaﬁe*%lﬁlte@hént%‘F?n _
"extracorporeal bloodvoid volumelftrdetibheppdcieay addi reduded byotha@ pati ent,

subj ected to ext racorg(ardq@ko;‘rg@tlryagtl, ofNgfdien %gethaﬂ urned to the
patient in such processes as dia ge ures, blood filtration,
or bl ood bypass during sﬁ‘?g%‘r‘?’m?hﬁe‘?‘é‘g thomy, sEe| SqarreXyYBeER¥Lahstuct s
whi ch are 3%or echextcpapbeporssalgl jodozxcetientgall asipmevibpalyon
to a patient and bl ooQezelkiBed e d.r M RaPAYdiiftle €@ BL., "A New Class of
Phospholipases A, with Lysine in Place of Aspartate-
49", J. Biol. Chem, 259, pp. 13839-43 (1984)]. The
reduced, S-alkylated protein was then dialyzed
20 extensively against 3% acetic acid at room temperature.
Following dialysis, we digested the complex with pepsin
(2% w/v) for 4 hr at 37°C. Peptic fragments of
reduced, S-carboxymethylated thrombin/Sulfo-Tyr,,~DNB-
hirudin,, were purified by reverse-phase HPLC using an
25 Agquapore RP-300 C, column (0.46 X 10 cm). The column
was equilibrated in 0.1% TFA in water and developed
with a gradient of increasing 0.085% TFA/70%
acetonitrile (0 ~ 60%) over 80 minutes at a flow rate
of 1.0 ml/min. The effluent stream was monitored for
30 absorbance at both 214 and 310 nm. Fractions of 1.0 ml
were collected automatically. HPLC separation of pep-
tic fragments allowed resolution of a single major peak
of both 214 and 310 nm-absorbing material. Because of
its far UV absorbance, this fragment contained the
35 bound Sulfo-Tyr,,-DNFB-hirudin,,,,.



35 used for various assays. Such products include whol e

- 31 - bl ood, plasma, or any blood fraction in which

i nhi-biti on of coagul ation is desired. The anmount or
concentration of thromnbin inhibitor in these types of conpositions is
based on 5 the volunme of blood to be treatetf or, nore preferably,

its thronmbin content. Preferably, an effective anpunt of a thrombin

i nhibitor of this invention forg, th%n F%u%g{g%gguf%gqnlﬂg#p rlutomated

extracorporeal blood is from racor por eal
bl ood to about 10 SE¢EﬂﬂN§eﬁFaB?t%9nrﬂ%&érﬁbr%ﬁﬂ 4@@0§6°5Y$tems 470A gas-
The t hronbin inhipitorﬁhagetquaenayfnﬁqumppﬁaywlth a 9abaoddiea yetten0 | nhibit
¢l ot~ bound thrombi n, W&l lehiohydantiiln Q68 L anRIGELBY Gedd SbatYzeq o

accretion. This is artlcu 3% npor t ant ause connDn
anti-thronbin agefts, %iﬂéi%i&"ﬁeﬁ%r% Hed PLOPYRfeMSuLZPA PTH a Vﬁﬁf and
heparin, are ineffectiaePBEyd.nsblwmot(2aduld220 mm) .t hEbowm rkelow is a table -

Finally, the thronbin 6f”¥égieft(ii:§v9fyiélld'§s from thd)“2QhbABe PHa1RR 185! Ooyed in
conposi tions and net hods for treating neurodegenerative diseases.

Thronbin is known to caus rite retr process tive
of the rounding in shape changegzgﬁybraln celééééﬁéégla I mpl @g@%%g

neur odegener ati ve di seases, such as Al zheigyy ' s di sease aada.s
Par ki nson' s di seage. 25 2 In order tham the i nventi oé28excri bed
herein may be nore fully undlerstood, the f¥hﬂ ow ng exanplggz g are
rp
set forth. It should be understoo@ t hat these The 2890
6 Ala 474.4
15 7 Asn 369.0
8 val 490.7
9 Gly 296.1
10 (x) (<)
11 Gly 267.2
20 12 Gln 208.8
13 Pro 103.5
14 Ser 21.6
15 val 23.3

The peptide sequence was found to correspond to

25 residues 144-154 of human a~thrombin [J. W. Fenton,
II., "Thrombin Active Site Regions" Semin. Thromb.
Hemostasis, 12, pp. 200-08 (1986)). Peptic cleavages
occurred at a Leu-Lys and Val-Leu bond, consistent with
the specificity of this enzyme.

30 ' In the course of sequence analysis, the amino
acid corresponding to Lys-149 (cycle 10) could not be
identified or quantitated. This probably resulted from
derivatization of the €-NH, group of this amino acid
with the dinitrofluorobenzyl moiety of Sulfo-Tyr,,-DNFB-

35 hirudin,.,. Thus, Lys-149 is the major site where
Sulfo-Tyr,,~DNFB-hirudin,, . reacts with a-thrombin.



exanpl es are for illustrative purposes only and are not to be
construed as limting this invention in any 30 manner .

- 32: EXAMPLE 1

Synthesis O Sulfo-Tyr[err]hirudin[err]

Sul fo-Tyr[err]hirudin[err] has the amno acid 37 - formula:

H d y-Asp-Phe-Qu-Qu-lle-Pro-Qu-Qu- 5 Tyr(OS err])-Leu-OH W
prepared this peptide by solid- phase peptide synthesis enploying an
Appl i ed Bi osystens 430 A Peptide Synt ' Appl i ed Bi osyst ens,
Foster Cty, CA.

: Specifically. eact 0. 259 neq
of BOG-O 10 Leu resin (1% B@gﬁ%ﬁf mggghéif%f@jﬁi?é? &%%{ﬁ%gfes of
protected am no acids. Foll ow ngid&i £8hel Anion BitWMih& CBxonitWwe
deprotected the peptide and uncoupled It romthe DVB resin by

treatnent with anlydrous HF: Carboxy regwiinadt hifudipt pept ided @ffectvdlv,
v/iv/v). The 15 ) pept %ﬂecwvacglffo%me&z%mryztae,dispihrﬁag\éyadﬁwgﬁlfgﬂsﬁHBI:@ not.
reverse phase colum .M. X ich had preyiqus een
equilibrated in 0.1% Tﬁr?%é‘ﬁé‘tlgr ful?ﬁr‘froarctq Bﬁﬁﬁ&ﬁ’ﬁg 3. ¥, O‘??Fea-ygﬁé‘ﬁfﬁde to
the col um, we dissol ve¥ 23k., g-2Bdoki Glitem., 2649 P4 PEA2TH8 Wek3B9) JLf In
necessary, an additi onaddiitidn,ohi2@din lp‘zpwiguaru@liﬂawﬁbﬁ?i:miz& t%&mﬁfkd-Ed
to the sanple to | e 14t ' t anpl e,
ns AOFLEAR a0 br BLEGIR GBI VEE (112 B¢

t he colum was dev €3 radi ent of I 'nCr easi ng
acetonitrile (0 - 80%FeRB 1HITFRE Rerr fHirudin Iphibitioniby Tyrgpbinfe of
4.0 Mm/mn. The efflu io. Archiv., Biol., 18, p. 27 (1989)].

Hirudin peptides, such as Sulfo-Tyr,~-N-
acetyl-hirudin,,,, exhibit potent inhibitory effects
15 toward thrombin-induced platelet activation in vitro

[J. A. Jakubowsky and J. M. Maraganore, "Inhibition of
Thrombin-Induced Platelet Activities By A Synthetic 12
Amino Acid Residue Sulfated Peptide (Hirugen)", Blood,
P. 1213 (1989)]. Nevertheless, a thrombin inhibitor

20 capable of blocking the active site may be required for

inhibition of platelet thrombosis in vivo, if
activation of Factors V and VIII are rate-limiting
steps. This conclusion is warranted from results
obtained with the irreversible thrombin inhibitor

25 (D-Phe) -Pro~-Arg-CH,C1 [S. R. Hanson and L. A. Harker,
"Interruption of Acute Platelet-Dependent Thrombosis by
the Synthetic Antithrombin D-Phenylalanyl-L-Prolyl-L-
Arginyl Chloromethyl Ketone", Proc. Natl. Acad. Sci.
USA, 85, pp. 3184-88 (1988)] and other reversible

30 thrombin inhibitors [J. F. Eidt et al., "Thrombin is an
Important Mediator of Platelet Aggregation in Stenosed
Canine Coronary Arteries with Endothelial Injury", J.
Clin. Invest., 84, pp. 18-27 (1989)].

Using the above knowledge that the
35 NH,~terminus of hirudin peptides is proximal to Lys-149,



25

manual | y.

t#esingl e tyrosi ne residue using standard net hodol ogy
et al., "Preparation of Tyrosine-o-[[err]S] 30

COct apepti de From A Non-

154,
purified away from ot

reverse-phase HPLC enp

" streamwas nonitored at 229 nm and fractions were col |l ected

We sulfated the resulting purified peptide at
[ T. Nakahara

pp. 194-99 (1986)]. Sulfo-Tyr[err]hirudin[err] was then

an Applied Biosystens {
chr omat og«m&hsc::synlm cobhguratiom raasoeqxa mhmbedxxm, and

0. 1% TFA/ wat er sol vent.;-ﬁ%ﬂxbgﬂvﬁéé)é?fg:ﬁ%t BeAudt 183 nomo%%%}gmheg% s

-33-

I ncreasi ng acet OI’II trile concentrati

at a flowrate of®0.8
Fractions were
EXAMPLE 2

Sul fo-Tyr[err]- Dlnltl‘Ofé
prepared Sul fo- Tyr[err

B. Furle, et al., "Computer-Generated

rom over

SRTARenPreteasegy”y h—a—%%%—% cHttaiPRi- ng® 4T’ %ent .
asl9sped ftordesigor banagentt whidhpm 1) binds to the
anion b$he@ 'éﬁé%@GecEf*ﬂHF@&bIh‘OEﬁH'15W'EQ capable

%3 Fi%%?& Pé%g ég[égté pocget of thrombin and

hi rudi n[err] (Sul fo- Tyr{nﬁib}ttanﬁhﬁ ﬁ@aph@emrqg qGFaiﬁﬁkﬁlnﬁfldues contained

Sul fo-Tyr[err] hi Lodi n[terlkin2. 0 Ng; prepared as in Exanple 1)
stoi chionetric quantity of dlflwgn&gyeghiﬁgh that thREREENHE( E§E§52é1¥¥gh9al

Co.

Rockf or d,

I'L)

15

20

25

30

in

the €~NH, of Lys-149 to the BR~-hydroxylate of Ser-195 is
18-20 A. Based on a 3 A/amino acid residue length, we
calculated that at least about 4 - 7 amino acids would
be required to link a hirudin peptide, such as Sulfo~
Tyr,, hirudin,,,,, to a domain comprising an active-site
inhibitor structure. The composition of the linker was
designed to be glycine. Glycine was chosen in order to
engineer the greatest flexibility of a linker for these
preliminary investigations. It should be understood,
however, that other, more rigid biopolymer linkers may
also be employed.

We chose the segquence (D-Phe)~-Pro-Arg-Pro as
the active site inhibitor because thrombin exhibits
specificity for Arg as the P, amino acid in the cleavage
of substrates. A Pro following the Arg yields a bond
that is cleaved very slowly by thrombin. We designed
alternate peptides by replacing Pro (following the P,
Arg) with a sarcosyl- or N-methyl-alanine amino acid or
by chemical reduction of an Arg-Gly scissile bond.

Sul f at ed Chol ecyst oki nin
Sul fated Precursd@®8 Peptide", Anal. Biochem,

ﬁ&ggg qa&'re§f+éé§}onal mfsgfg??%@&gmgéncn) and

with a

a



15 ~di et hyl formam de (DMF) for 18 hours at room tenperature. W
then subjected the sanple to anal yti cal HPLC separation enpl oying an
Appl i.ed Bi osystens 150 A Liquid Chronmat ographic System and a

Br-owil ee RP-300 (Jerr] colum (0.46 X 10 cm) to determine 20 t he extent
of derivatization. The colum was equilifyated in 0. 1% TFA in water
(solvent A) and devel oped with a 0 - 50% |1 near gradient of 0.085%
TFA/ 70% acetonitrile (solvent B) over 45 mn and then a 50- 100%

| i near gradient of solvent B over 15 min. WEXBMPLE 4ised a constant flow
rate of 1.0 ml/ m nute. The effl uent stream was nonitored at
214 nm and 310 nm for absor banc&¥nRResisOLBiryleq-84q with t he

di fl uor odi ni t r obenzene reagent 8{ 9?— at 31 . W found that the
above-descri bed reaction pr oducggzs 8 gﬁ?fg@éllgo[rg%f! Dxﬁla‘j%:ﬁgﬁbl %’["’er r] at
15-30% yi.el d.  Fol | owi 3¢ ~Pro-(GiyhrheaTGly-3p-Bh ey I unGlp-DAFERrA1GIdrGLurr |

was stored in thes Tysdem-0Het Wy |fyortesi ged Hilrvesy-atby 20heent fodar up

to 1 mont h. solid-phase peptide synthesis employing an Appfiéd
Ve reacted a 10-fol d np ar &xcess of gul Fg ploying pofie

Tyr [ err] - DNFB- hi r udi n[RA99YSkeRA #iftdh PEPEARS nENFDEE3 28T ny)This, peptide wpg |y
at room tenperature irs¥ntheséphdtesing BeCel-Leucine~-gallivizny endeherresiad
the extent of cross-|ixdditdoBd1 t-Boc-amiabyZéidk t(B@niRscid QRVBLEESE fodN AN

D5 POLYACIYL AT 0B | e 6T R AR oS Bl IRer

nol ecul ar wei ght of 10696-c36e, dade<irgliibPahic acid (yiberzydhiekter), @BNCSLst ent

Wi th cross-linking of el npodd}-isotehBind!! fclY.LhREAY T4 NRBAB] Fashp-er T ]

at a single site. aspartic acid (B-benzyl ester), BOC-glycine, BOC-]-

asparagine, BOC-D-phenylalanine, and BOC-L-arginine.

15 In order to achiewve higher yields in synthesis, the
(Gly). linker segment was attached in two cycles of
manual addition of BOC-glycylglycine (Beckman
Biosciences, Inc., Philadelphia, PA). After completion
of synthesis, the peptide was fully deprotected and

20 uncoupled from the divinylbenzene resin by treatment
with anhydrous HF: p-cresol: ethylmethyl sulfate
(10:1:1, v/v/v). Following removal from the resin, the
peptide was lyophilized to dryness.

Crude Hirulog-8 was purified by reverse-~phase

25 HPLC employing an Applied Biosystems 151A liquid chro-
matographic system and a Vydac C, column (2.2 x 25 cm).
The column was equilibrated in 0.1% TFA/water and
developed with a linear gradient of increasing
acetonitrile concentration from 0 to 80% over 45

30 minutes in the 0.1% TFA at a flow-rate of 4.0 ml/min.
The effluent stream was monitored for absorbance at 229
nm and fractions were collected manually. We purified
25-30 mg of crude Hirulog-8 by HPLC and recovered
15-20 mg of pure peptide.



W confirmed that formation of a coval ent conpl ex between

Sul fo-Tyr[err]-DNFB-hirudin[err] and human thrombin is specific by
using - [[err] S]-Sul fo-Tyr[err] - DNFB- hirudin[err].
[[err]S]-Sul fo-Tyr[err]-DNFB-hirudin[err] was prepared 15 essentially

as described above using Herr][[err]S|Jerr]-i4&tead of
Herr]SOerr] in the Nakahara sulfation procedure [see also,
copending United States patent pLications, Serial Nos.. 164,
251, 150, 280, 618, and 314, 756, g’%dcﬁ?ﬁ’l\ﬁm@ k8 SWRiERoPE %‘Er‘eﬁli.e,
"Anti coagul ant Acti vi t §iplcgngt hEt aring acidHand déegurngei dpalyses. BAoino
Chem, 264, pp. 8692-98cid hydrol$95€gs aldreObrupardn dye theaeiny ivheOpbpt fded

by reference]. . . reagted. -
[[err]S]-Sul fo-Tyr[er r‘]’ﬁﬂ\ﬂ%-“hf‘?ﬁdiﬁ é’ré# at Pp?wct%%&r‘%ar’n‘rgrth'?%r%‘leﬁ‘,
either in the preSencea®plyzsd thg Y§atgs sby glorrexehangesihronascess
(over the concetdgrphynand sibsEnieny nintGedrfior dpriedtizathioaget yl -

hi rudinferr] (prepar edadfedtlofXauPhe al Bticklah N6 Gt dikbBlted analydbr* 3E1Y!
asparagine as a final step in peg(tnllde s%nt ésis) . Foll ovvlyng

i ncubation at room ten%%?fgﬂ‘a'ﬁs §pIuenqe, ANRAYRIY USIDNds AHFORALRST EFEARI xt ur e
t o SDS- PAGE and _degragia&d po e HTy ApPhéed eBidsysteRsg4TeA Lasspbause t hat
[[err]S]-1abel edipept i shueceNeQi el @dthns Mddia B30H data sys¥BiCh

ts thronbi that, th . .d,_ unl abeled bi rudi
et 1o at tenuat ad t ne A enkERyRInR Telly, anife BRRP cye T ARBLFORS (B

178,

10% line using an Applied Biosystmms 120A PTH~-apgdyzer cand i on
of Sul fo-Tyr[err] - DNFB hiTR+@|,nE6Tunn (@i.thx 220 mef)hronbin results in the 1:1
stoi chionetric binding of the hirudin peptide at a specific binding
site. In order to identifygkRgpstts on thronbin

15 Synthesis Of Hirulog-9

Hirulog-9 has the formula: H-(D-Phe)-Pro-
Arg-D-Pro-(Gly),-Asn-Gly-Asp-Phe-Glu~-Glu-Ile-Pro-Glu-
Glu-Tyr-Leu-OH. We synthesized this peptide in the
same manner as that described in Example 4 using BOC-D-

20 proline (Peninsula Laboratories) at cycle 15 in lieu of
BOC-L-proline. Purification and characterization were
performed as described in Example 4.

EXAMPLE 6

Synthesis Of Hirulog-10

25 Hirulog-10 has the formula: H-(D-Phe)-Pro-
Arg-Sar-(Gly),-Asn-Gly-Asp~-Phe-Glu-Glu-Ile-Pro-Glu-Glu-
Tyr~Leu~OH. The peptide was synthesized as in
Example 4 using BOC-sarcosine (Sigma Chemical Co.,

St. Louis, Mo.) at cycle 16. Purification and

30 characterization were performed as described in

Example 4.



5 where Sul fo-Tyr[err]-DNFB-hirudin[err] binds, thrombin/Sulfo-

Tyr[err] di ni trobenzyl (DNB) - hi rudi n[err] conpl ex (1 0 ng) was applied
t o-a- Sephadex G 50 colum (1.5 x 45 cn) which was equilibrated and
devel oped with 7 Murea, 20 mM Tris, pH 7.5. This chronmat ography
removed any 10 unreacted Sul fo-Tyr[err]-DNFBthiTudin[err]. A peak
cont ai ni ng thrombin/ Sul fo-Tyr[err]-DNB-hirudin[err] was isolated in

t he void volune fractions, pooled and éﬁ%&i%% by the addi tion

of 10 [err]l of [err]-mercaptoethanol. Fol | owi ng reducti on,
we S-carboxynethyl ated 15 t he conpggxtlg@;irggoifoﬂgﬁggé_qgaci d as

previ ously described [J. M Maraganore et al., w C ass of
Phosphol i pases Alerr] w th Lysi Hérubodl Hic hasf the ptormitla: H-(D-PHe)-Pdo-

Bi ol . Chem 259, pp. 1§§ A (G199 4hkn-abf—Asp-PheL§gHQ@¥h ~13eabkYl @ EE1u-
protein was then al y?g ﬁ% 4 ?X 25 Hé gg nst A)acetlc a%ld at room
t emperat ure. FoI oF THF XORIYE] SR gERER PRI IR o R BPTRSA 2L RT

(2% wWv) for 4 hr at SIPeEan@lePéptlﬁtnq rBRFTéndsdbiodo-L-tyresiineedSigma) at
S- car boxynet hyl at ed t hepethd . Sulphiei fycd eion] aw&haractermhaﬂﬁrn[i%r r] were

purified by reverse-ph i uapore RP-300 C, colum
(0.46 X 10 cm. The %1%&&%2% 43 %sé&eqbuél J'Bra (fBi nﬁo 1% TFA in water and

devel oped with a gradient of increasing_0.085% TFA/ 70%
acetonitrile (0 - 60% over 80 m nutes at a%e of 1.O m/mn.

The effluent strggam was nonitored fors%g!hesigbggrgmﬁggtnboth 214 and 310
nm Fractions of 1.0 m were collTected automatrcally. HPLC

separati on of pep- tic fragrelds 12 havethe eamulaonH-o{D-Phe) FgLE~ NBj Or
peak of both 21439#151,1%1 ch ag§grgi G RERELA L3y se pé_ its
far UV absorbance, thi s rrgntgzzont ai ne }P %Fl §% " ‘5 gliﬁ Pro-Glu-Glu=
SquO-Tyr[err]-DNFB-hl u—OH. Thls peptide is synthe51zed by

- 36 - reactlng 1 O mg of Hirulog-8 in dimethylformamide (80

15 pl) with dicyclohexylcarbodiimide solution (1.25 g/ml,
0.007 ml) and concentrated sulfuric acid (0.5 pl) at 0°C
for 10 minutes. The reaction is stopped by addition of
water (1.0 ml).

The reaction mixture may be subjected to

20 reverse-phase HPLC employing an Applied Biosystems 150A
Liquid Chromatographic System and an Aquapore RP-300 C,
column (0.46 x 10 cm). The column is equilibrated in
solvent A (0.1% TFA/water) and developed with an
increasing concentration of solvent B (0.085% TFA/70%

25 acetonitrile) from 0 to 50% over 45 minutes at a flow-
rate of 1.0 ml/min. The effluent stream is monitored
for absorbance at 214 nm.

Purified Hirulog~12 is then neutralized to pH
7 by adding 0.1 N NaOH. It is then lyophilized and re-
30 constituted in phosphate-buffered saline.



We then subjected the fragnent to autonmated Edman degradation with an

Appl i ed Bi osystens 470A gas- phase sequencer equipped with a 900A
dat-a-system Phenyl t hi ohydant oi n (PTH) ami no acids were anal yzed on-
5 line using an Applied Biosystens 120A PTH anal yzer and a

PTH- ([ferr] colum (2.1 X 220 mm). Shown bel ow 43 -a table of
repetitive yields fromthe sequence anal ysis: QI/_CI e

Am no Acid pnol es 1 ys
858.5 10 2 G EXAMFLE 9 629 2

3 Thr Inh1b1t§§g gf Thrombin-Catalyzed H¥%§olysis

Trp 276.3 of A p-Nitroanilide Synthetic Substrat irulog-8
289.0 a

7 Asn We n@@9.dhalyzed the effects of 8{1rulog-8 on
Val 5490. ¢he ﬁyman a-thrombln—cagalyzed hydrolysisiof

]2_26' 1 dy Spec]trozyme TH Z%t'PS'ZIZ l -Pro-Arg-p-nltz.j_czanl(.lee,

dn 208.X8merican Diagnostica, N8w York, NY). Spdeifically, we
103.5 medishred the initial $8te velocities in thelp Qesenc%wﬁs
15 Val sequence
found to correspond t FEience of Hir uue1§°g1§4°Y§ﬁ %frWﬁaﬁP[%‘%ﬁ zF%Fonbl n[J.
W Fent on, 1P| ., ocompestsrhioRs ifromsRre Fed@dndt: SEhe rkhrpmbdnh.

Henostasis, 12, pp. 20&my(z1=88£a¢e waRpmbaitbeay dgea cary 1gccurred at a
Leu-Lys and Val - Leu t“&BLcﬂ%%Eﬁbﬁ&ﬁgEefMaEh405 nm Jﬂaerﬁngﬁéd(Ho%¥18£o&£H§;

enzynme. 30- e course uence ana
acid corresponding to 3%& f&@ctml%f fG}“eco ’cf“’rfo‘tcstere PerfioyBAd| 3% PaB
quantitated. This prolkesperagsuet 6256 fr 3C) in a dBOSVMt Trid, @i GLS5ihe.1 M

[err]-NH err] gresp ofyddl puafero acid with the dinitrofl uorobenﬁyl
noi ety of Sulfo-Tyr[err]-DNFB- 35 hi rudi n[ e S, s-1 is the
maj or site where Sul fo-T g‘f o3 FYBAER? h%?i?&*%f&??fl?‘b’aéré’ %?t

a-t hr onbi n. buffer was added to both the sample and reference

cuvettes. Thrombin (3.2 x 10™M, final concentration)
and Hirulog-8 (0 - 4 x 10™ M) were added to the sample

20 cuvette prior to addition of Spectrozyme TH (2.2 - 22
#M) . Immediately following addition of substrate, the
contents of the sample cuvette were mixed by use of a
plastic pipette. The reaction was monitored
spectrophotometrically for 5 ~ 15 minutes.

25 Initial rate velocities at each substrate
concentration were expressed as moles Spectrozyme TH
hydrolyzed/sec/mole thrombin. This was determined
during the initial linear phase of the reaction (< 15%
total hydrolysis of substrate) by measuring the slope

30 of the hydrolytic reaction. Lineweaver-Burke plots
were constructed accordingly, by plotting the inverse
of the initial velocity against the inverse of the
substrate concentration. The results showed that human
a-thrombin-catalyzed hydrolysis of Spectrozyme TH had a

35 Va: = 17 moles hydrolyzed/sec/mole thrombin and a K, at



- 37 - EXAMPLE 3 Desi gn Of

A Thronbi n | nhibitor Capable O Bl ocking The Catal ytic
S=£eAnd Bi nding To The Anion Binding Exosite 5
Carboxy term nal hirudin peptides effectively bl ock

t hrombi n-cat al yzed fi bri nogen hydrol ysis, but” Adt~ chr onogeni ¢
substrate hydrolysis [J. M Maraganore et al. . Biol. Chem, 264,

pp. 8692-98 (1989)]. lhNyg x 1oaQP'tk~‘9§?r£":¥UgJa?er§pﬂ d%%do gﬁ&ﬁﬂ%%‘lze

t hronbi n- 10 catal yzéd acti vat, on

Fenton, 11, et al., "HRiPPYdFRCTSARISC: FBRACERETARIGRS: AT leulw"ﬂm}ﬁ% tonr chi v.
Biol., 18, p. 27 (1989mhn1f1cant dose~-dependentdiincpesmtesidn, thack,,awith
Sul.fo-Tyr[err]-N s1ighel Yﬁcﬂa@é@' Rhethd v, eXé‘be'sbeEQI-%é Ml bitory
effects 15 t owar d %hroggln |nd Iatel hbg‘gr.lon N, vitro

[J. A Jakubowsky® and PYSTRIYRAR: ag SFE °”'?'n of the thrombin-
Thr onbi n- 1 nduced Pl at sasalpged \netac-'ésosybm I&nmlnet-ﬁ cwa® carriedppgtdyAci d .

Resi due Sul fated Pept mige@HesmistiitivefhéWébompetitipe dokpdnehtSHith
Nevert hel ess, a thro e@ph@@ ,pé tﬁ?"@?z’é“r‘\&g‘?’ﬁ%ﬁfei %i%)ckl,rﬂ kh% active

site may be reqU|red nr Abost STi n vi vo,
i f activation oleF&&P%T% 8pra o threnbigy é'aﬁaﬁet$mrﬁdngsmg thest eps.
This conclusion i wakgaatéenfromresults obtained with the
irreversible thronmbin inhibitor 25 (p-Phe)-Pro-Arg-CHerr]d [S R
Hanson and L. A Harker, (Y= ) "Intecrupfdon of Acpfer iruleg-fhpendent

Thr onbosi s by t he SyrtRetdc Anti KRN p- Phenyl alkanyl - L- Prol yl -
15 (an )
where is the slope of the thrombin-catalyzed
inhidlted
reaction in the presence of Hirulog-8; [Hirulog-8] is
Veax
20 the molar concentration of peptide; ( ) is the
uninhidites

the thrombin-catalyzed reaction in the absence of
inhibitor; and K, is the molar inhibitory constant for

25 Hirulog-8 with human e~thrombin. The K, for Hirulog-8
was calculated to be 1.95 + 0.11 x 10 M.

EXAMPLE 10

Specificity Of Hirulog~8 For The Hirudin-Peptide
Binding Site And Active Site Of Human o-Thrombin

30 Hirulog-8 was designed as an analogue that
binds human a-thrombin via its hirudin peptide binding
'site while blocking thrombin's catalytic site. We
tested the ability of Hirulog-8 to perform these
functions by various studies described below.

35 The kinetics of Hirulog-8 inhibition of human
q~-thrombin were studied essentially as described above

in Example 9 for human a-thrombin. The q-thrombin-
catalyzed reaction toward Spectrozyme TH demonstrated a
Va: = 7.14 moles hydrolyzed/sec/mole thrombin and X, =



Ar'gi nyl Chl oromethyl Ketone", Proc. Natl. Acad. Sci. ~ USA 85, pp.
3184-88 (1988)] and other reversible 30 thronmbin inhibitors (J. F. Eidt

et_al., "Thronbin is an | nportant Medi ator of Platelet Aggregation in
St efidsed Cani ne Coronary Arteries with Endothelial Injury”, J.

Cin. Invest., 84, pp. 18-27 (1989)]. - 44 - Usi ng the above

know edge that the 35 NH err]-term nus of hirudin peptides is proxinal
to Lys- 149, - 38 - we

enpl oyed a three-di nengidnal101ddel Thése memﬂita confirm Ehgtre-thromBinFudi e,

et al., "Conputer-Gene d t

Factor | Xa, rrgnd %ﬁégﬁ%l tl‘:asf?a(g{H L} orﬁhgghrgﬁﬁ%ltg hg&f\/ﬁﬁ%?%él %@e 5
Serine Proteases", J. BRbRl def'erﬁmpﬁﬁqncﬁyp alfhouglpthis f°rf‘1§§?5’]tltaélb]e5| gn
an agent which: 1) bi ndlack® ¢lntting actaiwidy lsnddb nguesnisseteabf, tMoatabiytic

and, 2) is capable . confledlaCKenfubdip d1°UhAE ShiBaBORKEIn gl T OMDI N and

|nh|b|t|ng the function of catalytic residues conta her ei n.
We determ ned that theRrfFhvakdiongpt Bierinagsm and Fagher KEEE]-NH err] of

Lys-149 to the [err]- hiﬂgﬂ@MQfZSﬁrpp’L95593-7603 (158770, Arr@ged on a 3
Alam no acid residue |g oy af | east abou

anino acids woul d 15 H%{g]#té"\g& PEq" tt(%1 rl°| %%%&qﬁg p‘ﬁsdgxa%ﬂﬁé a%ver
Sul f o- Tyr[err] @i ¥Em§m[°€r peptide a;O@GRatnamqsr |f:pm92ah xadprveesite

i nhi bitor structuoe. Tbes C:ormwaltlw sli‘ovhhsehwkahfﬁ@%gt-?‘ exmdﬁt%batnéﬁ to be
glycine. @ycine was ¢ r t neer e gat es
flexibility of a li nke?’q or IZ!leg&aq%(r) grd?ré im na?m?\?'ﬂ/eeg't |1§§%Y%n‘s° I t
shoul d be under st ood, -thrcldm“eve’ﬂ,us haighothowamr'e-thrgmunmmduyneo

l'i nkers may the absence of an intact anion binding exosite (ABE) in

7~thrombin [J. W. Fenton, II, et al., "Anion-Binding

15 Exosite of Human a-Thrombin and Fibrin(ogen)
Recognition", Biochemistry, 27, pp. 7106-12 (1988)].
7-thrombin is formed by proteolysis of the B-chain of
a-thrombin at Lys-149 and Arg-78.

The inhibition of human a-thrombin by

20 Hirulog-8 was significantly reduced in the presence of
Sulfo-Tyr,,-N-acetyl-hirudin,,, at concentrations of 2.6
X 10°M to 1.29 x 10”M. This is because Sulfo-Tyr,,-N-
acetyl-hirudin,,, competes with Hirulog-8 for binding to
the ABE of thrombin.

25 This was also demonstrated by the addition of
phenylmethylsulfonyl-e-thrombin ("PMS~a-thrombin"; 18
nM, final) to reactions of Hirulog-8 with human a-
thrombin. The addition of this modified thrombin
resulted in a substantial decrease in the ability of

30 Hirulog-8 to inhibit a-thrombin. PMS-a-thrombin has an
intact ABE, but is covalently derivatized at its active
site. This modified thrombin sequesters the Hirulog-8
in the reaction mix and therefore reduces the amount of



al so be enpl oyed. W chose the sequence (D Phe)-Pro-Arg-Pro

as the active site inhibitor because thronmbin exhibits 25

spegjficity for Arg as the P, amno acid in the cl eavage of
substrates. A Pro following the Arg yields a bond that is cleaved
very slowy by thronbin. W designed alt-e451a-te pepti des by repl acing
Pro (follow ng the P, Arg) with a sarcosyl - -N-met hyl - al ani ne am no
acid or 30 by chem cal reduction of an Arg-Qdvy, SCI ssil e bond.

- 39 - peptide available t{o Appikif intact, catalytically-
Synthesis O Hirul og- 8active human a~throntiinul 0g-8 has the fornul a:

H (D- Phe) - Pr o- Arg-Pro-  ywe a1 formed studi £ the eff £
(Ay)[err]-Asn-d y-Asp- eGIuGIeua so per oame C_i,u:l.eso _I_he_e ec&_'o

synt hesi zed Hirul og-8 f) fcdiﬂ?é’ﬁf‘it’é?ﬁépns on t§8I¥d°5h%%’§‘1p?€p |§8rs§}'fﬁ9?é’§i“s
enpl oyi ng-an Appl Bed as desBiribpdt abovel3h ExReple db Syiet heaswwed thki X, in

Rggr 't de wi?tst . Syntﬂi‘é';ﬁ@ieﬂéhn& E’é&éfugeaflm&d@-w l@ﬂ@%@%@ m%sw
itiona - am no i nsul a oratories

used i ncl uded BOC-[errY uééegsdl 8ﬁ?5f”6’rf% % b: 59 g M bﬁ?é“L Q‘Fuf’é??%"t
acid ([err]-benzyl esté‘P)theB@eblle below, ;;PBP‘PF\%IOIBGG— Pe#h}'om duci ne,
BCC- L- phenyl aI ani ne, BE{:{lg-B- increaseit @l LoveRnGialt( Bohearttativnel.) , This
BOC—egCIne %E fesuf%sggﬁﬁgfﬁﬁéléﬂgg kﬁ&rlnég¥§%£ ghagfrghe %ﬁghly t he

BOC- L- arglnlne order ;to_achieve nhi s I n synt
(Ay), linker segnent WeRHC Bipudin rPﬁ%dEyEPb%tYon leﬂ?&rﬂjéﬂl Rathe on..
of BOC-gl ycyl gl yci ne (Bsxitrisnely-charged site surrounding Lys-149 of thrombin

is essential for Hirulog=-8 inhibition of thrombin-
catalyzed hydrolysis of Spectrozyme TH.

15 Enzyme Conditions Hirulog-8,K,,nM
Human a- 0.05M Tris, pH 7.5 1.95
thrombin 0.1 M NaCl (Buffer)

Human ~4- Buffer 1,080
thrombin

20 Human a- Buffer + 2.6 uM - 25.5

thrombin Sulfo-Tyr,,~N-acetyl~-
hirudin,,.,,
Human a- Buffer + 12.9 uM >2,000
thrombin Sulfo~Tyr,,~N~acetyl-

25 hirudin,,,,

Human a- Buffer + PMS~ 9.90
thrombin a~-thrombin

Human a- 0.05 M Tris, pH 7.5 2.09
thrombin 0.25 M NacCl

30 Human a- 0.05 M Tris, pH 7.5, 3.72

thrombin 0.5 M NacCl.



Bi osci ences, Inc., Philadel phia, PA). After conpletion of synthesis,
the peptide was fully deprotected and 20 uncoupl ed fromthe

di-vknyl benzene resin by treatnent wi th anhydrous HF: [err]-cresol:

et hyl net hyl sul fate (10:1:1, v/v/v). Follow ng renoval fromthe
resin, the pepti de was |yophilized to dryness. _ ~Crude
Hi rul og-8 was purified by reverse-phase 25 HPLC enpl oyi ng an Applied

Bi osystens 151A liquid chro- mat ograpgig Sﬁstem and a VWdac Cerr]

colum (2.2 x 25 cn). The col um was ed in 0.1% TFA/ wat er

and devel oped with aAﬁﬁﬂEE%Eugﬁﬁg'ﬁﬂgl¢§Ey'Bfrﬁfﬁﬂ &4QBhtrile
concentration fromO to 80%mVveird®isAnd sihREL |- I%g §;_1h/§§ﬁ%kn ,E
flowrate of 4.0 m/mn. The effluent stream was nonitore

absor bance at 229 nm and fWeastiudied \idee aotiteadechntaactivity \A&

purified 25-5830 mpigh16g4el@stingUbosrdl, Dotk L Ritthn BSANEL eﬂ:eorge 10
Ve confB of PUre pept ? Bromsier e Pveriand Park o BPdaf CRRITAHaLR|

We confirmed the struc
sequence anal yses. Am KS mstrum&eutd(ﬁ%ﬁlzﬂly%@ssomc@,ppegan@m Technieat i ng

t he peptide Wi t hoklahdi@El Ciity, vaKLO, AitivlO) ewdd @oh@to2dd Rising\enk hen
S beoinalyzed the hydr gbysodis BhrkoRt CHHIAREEI 0 Ml %ime (aprdOUARGY, 200

subsequent ni nhydrin der|vat|za I'on usin

aut omat ed anal yzéi® weCaC€l: and eﬁ’l'f‘iﬁﬂl?é?&lgéﬁu%‘?k’é'-lé’ﬁél gRtained fgomuthamat ed
Edman degr adat i omanmfagtuliepl i edliBilogys, enbruddh) gassphexseryt(-N- _
seduencer equi pped wi t BeéedbdaiuOR), I0h8 H BHied o eI Ohydant of n

| ed Bi osystens
(PTH) am no aci ds meredaPQhQ&na 109 wells at angl ncen@?gklons of 10 to
120A PTH anal yzer and

32,300 ng/ml in a total volume of 25 ul prior to

15 addition of 100 ul of plasma.
The control APTT (absence of inhibitor) was
29.6 sec (mean, n = 8, SEM < 0.5%). Figure 4 shows the
results of these dose-dependency studies. Hirulog-8

was 2 to 3 times more potent than hirudin and 100 to

20 150 times more potent than Sulfo-Tyr.,~N~acetyl-
hirudin,,,. Both Hirulog-8 and hirudin increased the
APTT of plasma to values which were too high to be
measured. This is in contrast to Sulfo-Tyr,,-N-acetyl-
hirudin,,,, which exhibited a saturable dose-response in

25 the APTT to 200 - 250% of control valves [J. M.
Maraganore et al., J. Biol. Chem., 264, pp. 8692-98,
(1989)]. This result showed that Hirulog-8 can block
the active site of thrombin in plasma, as well as jin
vitro in chromogenic assays, in a manner similar to

30 hirudin.



a PTFEC[err] colum (2.1 X 220 mm). EXAVPLE

5 15 Synthesis O Hirul og-9 Hi rul og-9
has“ the formula: H ([err]-Phe)-Pro- Arg-[err]-Pro-
(Ay),-Asn-Ady-Asp-Phe-3 u-3 u-Ile-Pro-G u- G u-Tyr-Leu-OH W

synt hesi zed this peptide in the same mamn&Y as that described in
Exanple 4 using BOC-[err]- 20 proline (Peninsul a Lagorﬁtorl es) attpycl e
15 in lieu of BOC-[err]-proline. Purifi j nd characterization
wer e perfornmed as described in Exanpl ; L£h7

EXAMPLE 6 Hibhiesos ¢ Trronbog- dfiucda

Hi rul og-10 has the formul a: H(@ﬁgﬂé_&%ﬁi_ﬁl&&tu_qtm_m ™

€] AsnGyAspPheGuGuIIePro u-a u- r-Leu- e
|(oep¥i) de was synthesized as in Th r°mEk‘én’deé1°$duE?-%§e]B&:-a§5F8%%’r% stoddnn
Chem cal Co., 5 St aréopesforived) atit 37°¢gcheind .a Bdbd&tsemummm&Q :

characterizati on were Rggt&fdREe2S d?ﬁ&%éfgfirLEh plasmaP(2RP) €ié obtainea
éyﬁ%héSIS O Hirul og- 1From normal, healthy, vo&unZeers who have not taken any
medication altering platelet function for at least one
week prior to study. PRP is prepared as described by
10 J. A. Jakubowski et al., "Modification of Human
Platelet by a Diet Enriched in Saturated or
Polyunsaturated Fat", Atherosclerosis, 31, pp. 335-44
(1978) . Varying concentrations of Hirulog-8 (0 - 500
ng/ml in 50 ul water) are added to 0.4 ml of pre-warmed
15 (37°C) PRP. One minute later, we add human a-thrombin
to the platelet suspension to a final concentration of
0.2, 0.25 or 0.5 units/ml total assay volume.
Aggregation is monitored as an increase in light
transmission for 5 minutes following the addition of
20 thrombin. We then calculate $Inhibition as
(*aggregation,,,.) / (3 aggregation.,,.) X 100. This study
shows that Hirulog-8 blocks thrombin-induced platelet
activation in vitro.

EXAMPLE 13
25 Use Of Hirulog-8 In Thrombus Imaging

Hirulog-8 is modified by covalent attachment
of an "I-containing chemical group. Specifically,
Hirulog-8 (as prepared in Example 4) is reacted with
"“I~-Bolton Hunter Reagent (New England Nuclear, Boston,

30 Massachusetts) in 0.1 M sodium borate, pH 9.0. The
**I-labelled molecule (with a specific activity of >5
uCi/ug) is then desalted on a Biogel P2 column which is
equilibrated in a phosphate-buffered saline.



..Hirul_'og 11 has the formula: H ([err]-Phe)-Pro-
Arg-Pro-(dy)[err]-Asn-3@y-Asp-Phe-Qu-Qu-lle-Pro-GQu-Qu- 5

(3 5=di i odoTyr)-Leu-OH  This peptide is synthesized as in Exanple 4
usi ng BOC-3,5-diiodo-[err]-tyrosine (Signa) at cycle 2. Purification
and characterization is performed as desdsi bed i n Exanple 4.

EXAMPLE 8 10 Synthesis O Hirul og-12

Hirul og 12 has the fornula: H (Lert.-Phe)- - - Pr.o- . s
(G y) S nse By hap P o @ u B oye 1EpaERd or e’fpen“"rgﬂyﬁfésa%??f 5o
This peptide i s synt heRgrfegmpg essentiaddy agpfesaripgdoby 1§+ M-oFadaprica

di met hyl f or mam de (80 &it5 al.[,erThidgmiist Inmdgiyg | hax prinibe Mdaeldeisnl uti on

(1.25 g/m, 0. 00y ¢¥hhy SONG LS ' ' 5 )£l
Oferr]C for_10 %Annu,t eg.%%l'he r egghﬂg%f%ﬁ;ﬂ%l&ggl gﬁé%cf&%tei S%Sf)éir} of
water (1.0 m). 35  Activated Plateletsdy; Brocy tetfto 20

rever se- phase HPLC enppmyil0g6as0 Asaoed BSpeysticmdl¥50imaging iki perfbrmed

Chromat ogr aphi ¢ Syst en 2R 8B SAARRY anRExB0h{ @ikbfiex shun@! BEBwéch 4eX
10 cm. The colum is fee%ukl brat ed 0. 1% TFA/ er) and

I'n sol vent Aﬁﬁg
devel oped with an OFRreBETHY AOHCERPPERY IfiGr SBF VERETBREB ¥B5%
TFA/ 70% 25 acet oni t¥hirompuss ben PrmedsdY, plagenebtnpfiud cgeamens ofow
rate of 1.0 m/mo. Thaefibkuedtpadropagrast imither eHunt. '“faram¥iaeabance

at 214 nm ofhre bE)Hr%.{.]}lﬁ%éjg ELOEn'Zjéeﬁaée% EHG&%%O%U é&?u%é}} l%? .
7 by adding 0.1 N Na .IF.IS en_1yophrl1zed and re- 30 constrtuted in
phosphat e- buf f er ed sa|thfe Ticoflex shunt. Serial anterior images are then 4o _
obtained for 0.5 to 1 hour using an Ohio Nuclear Series
100 Gamma Camera with a PDP-11/34 computer. The
15 kinetics of '"I-thrombin inhibitor uptake by the graft
and the blood pool are derived from the radionuclide
images thus obtained.
The same technigue may be used to obtain ex
vivo images of a deep venous thrombus caused by stasis
20 in the femoral vein of baboons. Because '""I-Hirulog-8
binds to thrombin with high specificity, the use of
this molecule allows precise ex vivo images of thrombi.
Also, the small size of Hirulog-8, in contrast to
native hirudin or antibodies to thrombin, provides the
25 potential that the radioclabelled thrombin inhibitor
will yield images of platelet-bound thrombin and
meizothrombin, as well as thrombin contained in the
fibrin clot.

EXAMPLE 14
30 Anti-Metastatic Activity of Thrombin Inhibitors

The anti-metastatic activity of the thrombin
inhibitors of this invention, preferably Hirulog-8, is
assayed using sarcoma T241 cells [L. A. Liotta et al.,
Nature, 284, pp. 67-68 (1980)] and syngeneic C57BL/6




EXAMPLE 9 | nhi bition OF Thronbin-Catal yzed Hydrol ysis

Of A p-Ntroanilide Synthetic Substrate By Hirul og-8 We
next anal yzed the effects of Hrulog-8 on 5 t he human
[err]-thronbin-catal yzed hydrol ysis of Spectrozyne TH
(tosyl-Ay-Pro-Arg-p-nitroanilide; Arerl gan Di agnostica, New YorKk,
NY). Specifically, we nmeasured the initial rate velocities in the
presence or absence of Hirulog-8 over a range of substrate 10

concentrations from 2.®ic¢e (Facksen |Ddboralery hrBarhilarbor, ME)cat ahgzeiice at e
was monitored in a Caryrddnjected SPRHSORALFHMEIRIs19! of OuBtitandohSEpr ded

conti nuously as a functi of .tine. Kinetics were perforned_ at room
temperature (25 1[err|QP i%n agg(.) (ﬁ”ﬁ ?’Ei glr nf?g7%5 pgega%{gs in\E¥gmple
buffer. 4, Hollgveg by dinjesziar wikhciliobm 107 X241 tamor

?gffz er \ivg[s adidcl\a/ld ]§_o blo&éu@ae Apoet emradya?faﬁ@(rjaiﬁ;nall is ﬁ&ﬁotftieid Jxk% Onbi]n
.2 X err i na a . 4. r g- - X err
M were added to the s%r&%%ﬁ%g éé%ﬁ%}&s t grﬁr‘?‘garn ltgagagft%lopegﬁ%%#éczyne
TH (2.2 - 22 [ erdgiyVitynfe diigrdiog -2 ol § RRATYraddas i Rercentsgedeetian
the ~contents of iméumarptelanivat cempared ok @labyboltreaited control
plastic pipette. The ngadd i ofjPefedMNigb@bilerates aﬁE?%ét?ﬂ%%tt‘iEeéé%f@iléyy

for 5 - 15 mnutes. 25 . Initial rate velocities at eac
substrate igncen‘ﬂ 1 8n2983% expressed as nol es Spectrozyme TH
hydr ol yzed/ sec/ nol e thronbin. This was determ ned during the initial
| i near phase of the reaction ([err] 15%  EXAMPREZLShydrol ysis of

substrate) by neasurln:gnﬁl%eitsilogpgfslg‘)nd enh jihest 1dsr | yti Le gtion . ™
Li neweaver - Bur ke pl ot ; e

i nverse of the initial vemqCiabd128qi &SttHRhkBYS{S G MMivibErs of
substrate concentrati 1np The. re

[err]-thronbin-cat al yZed°h 18}’%??{51‘%’55%8? g%ﬁ\l\g%ft% %@gﬁpm%’cfdﬁynthﬁj@r Ff=
17 nol es hydr ol y¥&d/ s@daksiet i agtdivsitingnfagt o dPAF) ais assayed using
cultured human umbilical vein endothelial cells
(HUVECs). HUVECS are extracted from human umbilical
cords by collagenase digestion according to established
procedures [M. A. Gimborne, Jr., "Culture of Vascular
20 Endothelium", Prog. Hemost. Thromb., 3, pp. 1-28
(1976)]. HUVECs are grown to confluence in a 96-well
microtiter plate in the presence of [’H]-acetate. Cells
cultured in this manner produce [’H]-acetyl-PAF, which
may be quantitated by extraction of HUVEC membrane
25 phospholipids.

Hirulog-8 (0 - 1 pg/ml) is added to the [’H]-
acetate loaded HUVECs 1 minute prior to the addition of
thrombin (final concentration of 1 U/ml). Cells are
incubated for 5 minutes and the supernatant is then

30 removed. Medium containing 0.1% gelatin, 50 mM acetic
acid in methanol (2:1 v/v) is then added to the HUVECSs.
PAF is then extracted and quantified using conventional
techniques [T. M. McIntyre et al., "Cultured
Endothelial Cells Synthesize Both Platelet-Activating



- 43 - 1.19 X 10[err] M Figure 3, panels A and B, denonstrates
that increasing concentrations of Hirulog-8 led to significant,

dose- dependent increases in the Kerr], with slight increases in the
Vlerr] for Spectrozyme TH 5 hydrol ysis. Therefore, the inhibition of

t he thronbin- catal yzed reaction by H rulog-8 was carried out by

m xed conpetitive/ non-conpetitive conponentL%ith respect to
Spectrozyne TH hydrol ysis. The K of Hirul og-8 for [err]-thronbin was

det erm ned using_the 10 uation: .. . err] 15 __where ([err])
is the slope of Fﬁéiﬂﬁwﬁﬂﬂ?%kﬂﬁgﬂﬁﬁﬁifn in Re?@é&ﬁ?dﬁ°i%l?ﬁimb?%Sence of
Hi rul og-8; [HiruBraddkisin 2thd AdédrosimarTripttesphatebn of @kphide; [err]
is the t he I n-gat z t} iy, th SeRC

i nhi bitor; and K%Q-{g]%r—l?é’ tfi’ ﬁﬁ/’aféjﬂ]‘:\—hl i{%ég%hsg% f%’f’e‘ﬁgiueiﬁ ?5?09-8
wi th human [ err] themeslculated K[ diqu¥eg-&iinhieis the symthesisudfited.

to be 1.95 $ 0. 1paf 3 YfUdEdd in this assay. _EXAWPLE 10
Specificity OF H rul og-8 Faor The H|rud|n-R%R§|de Bi pdipg_Site And
Active Site OF Human [err]-Th® Gfifisrt KF Hirulog-8 on thremhin-iRAuged; gned
as an anal ogue t palymorphonuclear leukocyte (PMN) adhesion to HUVECs

may be demonstrated as follows. HUVECs are grown to
confluence in MEM containing 1% fetal calf serum in 24-

10 well cluster plates. The medium is then removed, the
cells are washed two times with fresh, serum-free
medium and incubated in the same medium for 10 - 30
minutes at 37°C to remove serum products. PMNs (2.5 x
10* in 1 ml), which are pre-equilibrated at 37°C, are

15 then added to each well. The PMNs are allowed to
settle onto the HUVEC monolayer for 2 minutes.
Hirulog-8 (5 ug/ml) or saline is added to each well,
immediately followed by the addition of a-thrombin (0.1
or 1 U/ml). The cells are incubated for 5 minutes at

20 37°C, washed twice and then examined by phase-contrast
microscopy. Adherent PMNs are counted directly.
Samples incubated with Hirulog-8 have significantly
fewer adherent PMNs than those treated with saline.

EXAMPLE 16
25 Synthesis Of Hirulog-13

Hirulog-13 has the formula: H-(D-Phe)-Pro-
Arg-Pro-(Gly),-Asn-Gly-Asp-Phe-Glu-Glu-Ile-Pro-Glu-Glu-
Tyr-Leu~OH. We synthesized, purified and characterized
this peptide essentially as described in Example 4,

30 except that only one cycle of BOC-glycylglycine was
employed to produce the diglycine segment.



,binds human a-thronmbin via its hirudin peptide binding ' site while

bl ocking thronbin's catalytic site. W tested the ability of
Hirulog-8 to performthese functions by various studies described
bel ow. 35 The kinetics of Hirulog-8 inhibition of human
[err]-thronmbin were studied essentially as described above I n Exanpl e
9 for human a-thronbin. The [err]-thronbiﬁ-51 = catalyzed reaction toward
Spectrozyne TH denonstrated a Vl[err] = 7.14 nol es hydrol yzed/ sec/ nol e
thronbin and Klerr] = - 44 -

1.1 x 10[err]M These results confirn1tﬁgggg5#%ﬁéhbin, a
proteolytic formof thronbin, ex X esardfy}ﬁ 4 catal ytic
conpet ence, alt hough thls form e clotting activity

(S. D. Lewis et al. Catahx}h§°?514 hgggPﬁ%egggmgﬁaHun%a Eg??%p{§y$ﬁ

[err]-Thrombins in the vation rinogen and

Bi ocheni stry, 26ArgpPr ‘?59?IYBMS(TTMjASme‘Glu‘GHHTH%TB?Pﬁ1“"‘3111"

[err]-thromdin byy f"-i.éhﬂén8 \AﬁsrazaaLmadwage& nthes;.%e'aa
concentrations fron12 x.10 err As shomn bel ow,

Hi rul og-8 exhi b.felaaraﬁteme |H€]ri-BﬁsE&tRP9Pr Fe&cré Fdé!"s mRdSnidrude
relative to exeephrtnhtnonIhcycmegbeBGCFbl&&W&Edahﬂuthohhmambln i s due

Lerr1-thrombi n [Segreaneaniofihac Phd el GyBTeZ By B ATvey yycine o

Human a- Thr onbi naddauttcnrtn(pged)xce the Reotgoilvcdne, ssgwmtm stry, 27, pp.

7106-12 (1988)]. [err]-thronmbin is fornmed by proteolysis of the
B-chai n ofyg a-thronbin at Lys-149 anskaMetrSg The

i nhi bition of human a-thronbin by 20 Hrul0og-8 was significantly reduced
in the presence of Synthesis Of Hirulog-15

Hirulog-15 has the formula: H-(D-Phe)-Pro-
Arg-Pro-(Gly),~Asn-Gly-Asp-Phe-Glu-Glu-Ile-Pro-Glu-Glu-
Tyr-Leu-OH. Hirulog-1l5 was synthesized, purified and

15 characterized using methods described in Example 4,
except that three cycles of BOC-glycylglycine addition
were employed to prepare the hexaglycine segment.

EXAMPLE 19

Synthesis Of Hirulog-16

20 Hirulog-16 has the formula: H-(D-~Phe)-Pro-
Arg-Pro-(Gly),-Asn-Gly-Asp-Phe-Glu~-Glu-Ile-Pro-Glu-Glu-
Tyr-Leu-OH. Hirulog-16 was prepared, purified and
characterized as described in Example 4, except that
four cycles of BOC-glycylglycine addition were used to

25 prepare the octaglycine segment.

EXAMPLE 20

Synthesis Of Hirulog-17
Hirulog-17 has the formula: H-(D-Phe)-Pro-
Arg-Pro-Gly-Gly-Glu-Gly-His-Gly-Asn~-Gly-Asp-Phe-Glu-
30 Glu-Ile-Pro-Glu-Glu-Tyr-Leu-OH. Hirulog-17 was
synthesized essentially as described in Example 4,



Sul fo-Tyr[err]-[err]-acetyl-hirudin[err] at concentrations of 2.6 X
10[err]Mto 1.29 x 10[err]M This is because Sulfo-Tyr[err]-N
acetyl-hirudin[err] conpetes with Hrulog-8 for binding to t he ABE of
t hronbin. 25 This was al so denonstrated by the addition of
phenyl nmet hyl sul fonyl -a-thrombin ("PV5-[err] -§2hr_onbi n"; 18 nM final)
to reactions of Hrulog-8 with human a- thronmbin. The addition of
this nodified thrombin resulted in a substantial decrease in the

ability of 30  Hiddtogafhd & idhyRd iy i@ s-EF Aep 14 O8R! thdagr ¢
i ntact ABE, but is cé#val ently de% vat% zed at 1ts_active B site. T:h s
nodi fi ed t hronbi FeS@maNsRasate i HAGHYL@W-8. THiS ($RAVLDER | @S nrddedd
deref ore reducesr &m_éll@brdifing _per?t.:bi_.de chain by the consecutive -
- peptide . avall a to 1nhibit | snfatalytic - .
active human a-t ﬁldgrﬁ;ilr?.ns 5Y Bde glycine, ﬁé&&%*#ﬁd%&%ﬁ&cﬁet he
effect of 5 Bolc-Icgindamiad iawid anad [BOCdElydyIfly¢ineg cat Scyoles hr onbi n
5 as descri bed.ahkove d Eﬁﬁ[%! 9. pul§ [ s . the
presence or abse%c?eq‘g]f eﬁfﬁ % I"0g- j%1'1. g5 X gi err i&faéﬁ éﬂﬂ:éc']:%éu{';fzear”é]"m
containing 0.1, @er® perfarmed Ms\Nfgscridethon Example M ¢ he tabl e bel ow,
I nhi bition of a-thronbin by Hi rul og-8 increased at | ower salt
concentrations. This 10 result confi gyagrdriFatayt he interaction of the
hi ghly anionic hirudin peptide noiety of Hrulog-8 with the
posi tively-charged site nchesi 900t VR AdYo@f188L 0RDBD And -188 essenti al
for Hrulog-8 inhibition of thronbin- catal yzed hydrol ysis of
Spectrozyn®0TH. 15 EnzHirulog-18a Mamdille dfosrmula: H-(D-Phe)-Pro-
H rul og-8, K, nM (B-homoarginine) ~(Gly)~Asn~-Gly-Asp-Phe-Glu-Glu-Ile-
) Pro-Glu-Glu-Tyr-Leu~-OH. Hirulog-18b has the formula:
H- (D~-Phe) -Pro- (B~homoarginine) -Pro-(Gly) ,~Asn-Gly-Asp-
Phe-Glu-Glu-Ile-Pro-Glu-Glu~-Tyr-Leu-OH. Hirulog-18c
15 has the formula: H-(D-Phe)-Pro-(B8-homoarginine)-val-
(Gly) ~Asn-Gly-Asp-Phe-Glu-Glu-Ile-Pro-Glu-Glu-Tyr-Leu-
OH. We synthesized Hirulog-18a using a mixed

homogeneous/solid-phase procedure. Residues 5-20 were
prepared by solid-phase synthesis, as described in

20 Examples 4 and 17. The resulting resin-linked
intermediate was reacted with a BOC-B-homoarginine-Gly



Human [err]-  0.05M Tris, pH 7.5 1.95 t hr onbi n

0.1 M NaC (Buffer) Human [err] - Buf f er
1, 080" thronbin 20 Human [err] - Buffer + 2.6 [err] M
25.5 t hronbi n Sul fo-Tyr[err]-Nacetyl -
hi rudi n[ err] Human [err]- Buffer &« 2.9 [err|M >2, 000
t hronbi n Sul fo-Tyr[err]-[err]-acetyl- 25
hi rudi n[ err] Human [err] - Buf fer + PMs- 9.90
t hronbi n [ erpotéciedi intermedidbepnwhiéch] was Syfifhkkiezed, ipHtReb
2.09 thronQ!ﬁ! _ @ﬁ§1 5 pH
75 st@p %&5?%4 sélQeme E‘gg@@%ﬁb%low Qng dMs-lc-E Ped
- 46 - immediately thereafter EXAMPLE 11 Ant i coagul ant
Activity O Hrul og-8: Conparison To Hirudin And
Sul fo-Tyr[err]-N Agghv! - rudi n[eruQN Ts HzN \ms st udiHaM t,pﬂ?s
anti coagul ant acti w_h‘y'N) H-N H-N H—N
CO,CH
HN" COH COCHN; H =78 1 cozu
BOC BOC BOC
NT%yNﬂz NTs NH,
H-N H-N
Nh o
H. N"~cozBz M N"CO.H
BOC H

N°-BOC-N’-Tos-ArginineDiazomethylketone

5 We stirred 10 g (13.4 mmoles) of N°-BOC-N’-
Tos-arginine (Bachem, Torrance, CA) and 2.1 ml (19.1
mmole) of N-methylmorpholine (Aldrich, Milwaukee, Wis.)

in 100 ml anhydrous tetrahydrofuran (THF) under argon
for 5 minutes at room temperature. The solution was
10 then cooled to -15°C and 2.8 ml (21.6 mmol) of
isobutylchloroformate (Aldrich) was added. We
continued to stir the reaction mixture at -15°C for 5
minutes, and then filtered it through a pad of
Celite/MgSO,. We next added the filtrate to an ice-
15 cold ethereal solution of diazomethane (150 mM,
generated from 32.4 g Diazald; Aldrich). The solution
was stirred and allowed to gradually reach ambient
temperature overnight. The solvent was then removed jin
vacuo and the residue dissolved in 200 ml chloroform.
20 We then washed the organic solution successively with
200 ml of saturated NaHCO,, followed by 200 ml of
saturated NaCl, dried it over anhydrous MgsSO,, and



5 - Hi rul og-8 usi ng pool ed, normal human plasma ( George Ki ng

Bi onedi cal, Overland Park, KA) and a Coag- A- Mate XC i nstrunent
(CGeneral Diagnostics, Oganon Techni ca, Okl ahoma City, OK). Activity
was nonitored using the activated partial thromboplastin time (APTT)
assay with 10 CaCl [err] and phospholipid solutions obtained fromthe

manuf acturer. H rul og-8, hirudin, or Sul fogdXyL[err]-[err]-
acetyl-hirudin[err] was then added to the Z TT determi nation wells at
a final concentrations of 10 to 32,300 ng/mM in a total volunme of 25
[err]1 prior tocdhcentedéeli 28 85alBO0tbeanl bidly RledSe. The residue

The control APTT (absence of _inhibitaor) was 29.6_sec (nean, n = 8,
SEM < 0.5% . FiYdPetheBnpigifped by flagh,chrogatogdaphyool @efeiddicy
studi es. Hirul ogm8column wEssiliga3gklnasingr @ Blephigraddenti vgdin and 100

hrudinerr] .  EORRCPRPuiBoCEIaRarRFRLARY, AEPEELE, e I Wiokororm, ) o
to val ues ®hi chfedlewedobiti gh%t acbtone in Fedsghderofierm)i.s Fracdionsst to
SU'fO'Tyr[err]'Lfrﬁk'ﬁ§e§¥£$5collfﬁ9539diﬂhgﬁﬁbtéwg lRatrhiskialtd o

sat ur abl e dose-response I n he APTT to 200 - 250% of control val ves
[J. M vevegendfeagedaby, thinglayercrbrenatograghy dd86)9s, |
(1989)]. This repattishsvwesntAdhihr theddessigedbpeduct werehpoddldave site

of thrombin in plasna, as .l as.in vitro i chronbgeni ¢ assays, in
a manner siniIa$n30e56p°ra£gﬁuﬁPn@ryness’ the' product,” d

- 47 - 10 diazomethylketone, was ph¥A¥ReH 22 a pale yellow foam

I nhibition O Tpgpgyig)lnduced

N’-BOC-N*~Tos-B8-Homocarginine Methylester

We dissolved the diazomethylketone prepared

above in 100 ml of anhydrous methanol and refluxed that

15 solution under argon while a solution of silver
benzoate catalyst (165 mg in 400 ul triethylamine) was
added dropwise. After 30 minutes, the refluxing
solution was cooled to room temperature, slurried with
Norit, and filtered through Celite. The solvent was

20 then removed in vacuo and the oily residue purified by
flash chromatography over silica gel. Elution was
achieved with 4 1 of 10% acetone in chloroform. The
desired product, B-homoarginine methylester, was thus
purified as a light tan foam (6.43 g).

25 N*~-BOC-~-N’~-Tos~8-Homoarginine
We dissolved all of the above methyl ester in

100 ml of methanol and then reacted it with a solution
of LiOH (1.48 g in 50 ml water) overnight at room
temperature under argon with constant stirring. We

30 removed the methanol in vacuo, dissolved the residue in
water and washed it with ethyl acetate. We next added
saturated citric acid until the solution reached a pH
of 4. We then extracted the resulting carboxylic acid




Pl ate[ et Activation By Hirul og-8 Thr onbi n-i nduced

pl atel et activation studies 5 are perfornmed at 37[err]C using a Biodata
PAP[ err] Pl atel et Aggregoneter. Platelet-rich plasma (PRP) is

obt ai ned fromnormal, healthy, volunteers who have not taken any

medi cation altering platelet function for at_Jeast one week prior to
study. PRP is prepared as described by 10~ 53 = A Jakubowski et al Y

"Modi fication of Human Pl at el et by a Diet Enriched in Saturated or

Pol yunsat ur at ed Fa ", Atherosclerosis, 5-44 1973) ., Varying
concentrations of t&’é’% tatgy THé e’ﬁgva}ﬁ Jr‘?f’S‘fFTe’F?‘Téa%‘ge?S are
added to 0.4 mM pH pr,eamr m!ﬂe Yombinell/ [crgdrdc Ritfasesoneere et bed adesr we

add human a-thr oggich, and c&ﬁc%@@r&k%&ekﬁt vggﬁger nSjI'BQ &'gsﬁﬂ:ﬁ.ﬂgl crude

concentration of assa
Aggregation is mBsifovas Tecavened @@ Mhllﬂegrﬁoam (4. Qrgahem'ﬂsecacid)r 5

m nutes fol bow nQaEhQu%QﬁUetr‘ rqffl%.Qi on t&”r\fyﬂa \Qfé\}él%'éié-l 8%1&' Thi s

% nhibition as ionferr])/ (% a gre atlon[err
st udy shomE"lJ'HB‘g‘ d%g"‘%'llﬁet?cléé‘ t
activation in vi éfﬂluent stream was monitored at ZIEWLE'&ﬂoﬂﬁ\

I dified.
by coval ent at abRRERLLLERE aR'SE Hhe desizad SrAchi vt s 1

Specifically, N-BQ¢rN-BgssB-homoazgindsie,n wBsamEavirdds asactwirite t h

[err]l-Bol {gn HughetpReAGERL1GMeW Engl and Nucl ear, Boston, 30
Massachusetts) in O_FL, M sod |ur}1 orate, pH 9.0. The [err]l-labelled

mol ecule (with a specific AcERFPLE GF ;b;xe N'-BOCeN-Tgs-{Amhampanainine

desalted on a Bigasl h?&r@%ﬂé@a Whi &iF iahd used #!id iStaAHEAAd Sk amino
phosphat e- bUfferggiaaanaiysn.s. The retention time of B8-homoarginine
was identical to that of arginine, but the intensity of

15 the peak was considerably lower, as expected.

N’-BOC-N°-Tos-B-Homoargininylglycine Benzylester

We next combined 4.06 g (9.2 mmoles) of the
above carboxylic acid with 2.04 ml of
N-methylmorpholine in 25 ml of anhydrous THF. The

20 mixture was stirred under argon at -5°C. A chilled
solution of isobutylchloroformate (2.4 ml in 25 ml THF)
was then added dropwise to the solution over 10
minutes. Following this addition, the reaction mixture
was stirred for 12 minutes at -5°C. For Hirulog-18a we

25 then added a solution of glycine benzyl ester (4.9 g in
40 ml THF; 27.6 mmoles), and allowed the reaction
mixture to come to room temperature. The solvent was
then removed in vacuo and the resulting residue

dissolved in 100 ml ethylacetate. The solution was
30 extracted successively with 100 ml each of saturated

NaHCO, and saturated NaCl, dried over MgSO,, and

concentrated in vacuo. The resulting crude dipeptide

ester was purified on a 4 x 20 cm silica gel column
with a methanol step gradient in chloroform containing



- 48 - Ex vivo imaging of experinmental thrombi is

performed essentially as described by T. M Palabrica et al.,
"Thronmbus Imaging in a Primte Mddel with Ant i bodi es Specific for an
External Menbrane Protein of 5 Activated Platelets", Proc. Natl. Acad.
Sci. USA, 86, pp. 1036-40 (1989). Sp_ecg’ogei__cal ly, imaging is perforned
I n baboons using an external Ticoflex shunt tween the f enor al
artery and fenoral vein. An experi ment al thron?us S f%ornad t)y

| acement of a sq@Teyiy C t ChOR£J un
I[oerr] | -1 abel | ed tﬁhgo P&ﬁ %IBE)OI‘EQ ?ﬁ L Bf r]_% he ?lﬁé \E/ie%ous portion
of t he Ti cGhlerafiarm.. f&é‘rll‘?i{edarh}érﬁ olr ¢ s;n%ltl@amhbnm obt ai nﬁd
for 0.5 to 1 houg YQhi e Bls we f@&r_@cE it
a PDP-11/34 conp M%@PE&Z%& Ki nei'??{cs of [er | -t h%l n i nhi bi tor

upt ake by the gr ¥t TRC an Q8% ek iWR%e fRepd edeand the

radi onucl i d& solmmgxa&'enﬂm&d)titralvfxiﬂm. The rdesultlng @l%tdi?éh @nbt echni qgg
may be used to ok SN VAR Te! &S a_deep .veno ronbus caus
by stasis 20 i nal%ﬁ%el?ﬁ TSEat &é’:ﬁ’r?agfg]%‘a‘ﬁg ’ébeg lﬁeﬁ'ﬁ SE 4] og- 8
bi nds to thronbi As@laked ghwiids ffican y(3-t91@)u.se of this nol ecul e
al ows precise ex vivo i mages @fi Ak iah a d -ASO¢ l{) %é&@% r% r%;
Hirulog-8, in contrast to nat i irudin or antibodies r 6hoi N,
provides the 25 wasp&fi&‘i'ttllé’lalt RxCapte f%dl*dl%tf&]l]éwlmﬁ @t if igatiignsy
will vyiel dionagegogf Hﬁ&&ﬂadggtlﬁmuwé ly1g/8ine Qﬂéliaztyl eI UdY YEPThcéls
wel | as thronbi n,containe n clo

EXAVPLE 14 30 PY Projjine b@P&Xﬁaﬁséeﬁcﬁ’\ﬁ @%Feﬁﬁfdrﬂﬂ FashFEl (Ut @
The anti-netastal.8 amble spadke.t hForhHirulog-18c, it RjIyrinebdriuy
invention, prefepgpby HhacUk@@i18cesSwith valine benzyl ester and the

reaction was run on a 3.0 mmole scale.

15 N°-BOC-N-Tos-B-Homoargininvlglycine

The above benzyl ester was dissolved in 50 ml
methanol and hydrogenated at atmospheric pressure over
1.0 g of 10% palladium/carbon for 17 h. The resulting
solution was filtered through Celite and the solvent
20 removed in vacuo. The reaction yielded 2.9 g of crude
N*~BOC-N’~Tos-8-homoargininylglycine, which was purified
on a Vydac C,, HPLC column as described above.

The above N’-BOC-N’-Tos-B-homoargininylglycine
(1.02 g) was dissolved in 1 ml anhydrous DMF and cooled
25 in an ice bath. We then added to this solution
successively, 5.5 ml of 0.5 M hydroxybenztriazole in
DMF (Applied Biosystems Inc, Foster City, CA) and
5.5 ml of 0.5 M dicyclohexylcarbodiimide in CH,C1,
(Applied Biosystems). After 1 hour, the cold
30 suspension of symmetrical anhydride of the dipeptide
unit was then rapidly filtered through a plug of glass
wool to remove the dicyclohexyl urea.
Meanwhile, a suspension of N-BOC-(Gly),~Asn-
Gly-Asp-Phe-Glu-Glu-Ile-Pro-Glu-Glu-Tyr-Leu-O~PAM (0.2



assayed usi ng sarcoma T241 cells [L“ A Liotta et al., Nat ure, 284,
‘ pp 67-68 (1980)] and syngeneic C57BL/6

49 m ce (Jackson Laboratory, Bar Harbor, ME). The mce
“are Il’lj ected either intravenously or subcutaneously with 0 - 250 g/ kg
of Hirulog-8, prepared as in Exanple 4, foIIowed by injection wth
10[err] - 10[err] T241 tunor 5 cells. After 15 Zlays the animal is
sacrificed and | ung tunor colonies are quantitated. Anti-netastatic

activity of Hrulog-8 is neasu ercent ducti,o I n,tunor,
col oni es conpared to pl JE&B ‘H’e&[‘%ﬁ 80“?'7‘01" Efvageﬂ,i g%. stppdppg. Beptide
denonstrates anti-net astsynthesisvmeéyhés. AnKabsSeratesay. on the resulting

EXAVPLE 15 N DIt ggu Sl FRdpLieka®h EFLLStRYuinId gHYLR LB Lo

The ability of the thro nven
t hr onbi n-i nduced synthesis of 15 Thelaﬁuwta@tthpmngrgaoyéglymn)e dspeptlde

assayed using 5 CUl g @ e arTBEow PG | €8] tNE! f‘egﬂﬂobbﬁhaaheﬁﬁhhéapeptlde.
(HUVEGCs). HUVECS are extracted from human_unbi

al
col | agenase di gestion actef df ?‘@“%B“é%t%ﬁF?@ﬁ%ﬂpePt"depY’BEeEIBPQSCPN\élﬁd
G nborne, Jr., "Culture ssicoéssively 20withENedBObePronindPNeBoCckH¢pPPhe) using

oy 3 P 128 araddl0) Lot B RLER N (AEORELUTHARS' Befrise,
cultured in this manner Hproelee-18a/ ryaé-perifie@ rendwbhahacterized as
10 described in Example 4.
A similar protocol was carried out for the
synthesis of Hirulog-18b and Hirulog-18c.

EXAMPLE

Synthesis Of Hirulog-19

15 Hirulog-19 has the formula: H-(D-Phe)-Pro-
Arg-[psiCH,NH]-(Gly),-Asn-Gly~Asp-Phe-~Glu-Glu-Ile-Pro-
Glu-Glu-Tyr-Leu-OH. Residues 4-~20 of this peptide wer:
assembled by solid-phase peptide synthetic procedures
as described in Example 4. The next residue added, N~

20 BOC~-N'-~tosyl~argininal, was prepared as depicted and
described below.

HaN Ts HaN Ts
=n =N
HN HN

—_—
H H .
N CO2H N CHO
BOC BOC

N'-BOC~N’-Tos-Argininal
N°-BOC-N*~-Tos-arginine (Bachem Inc.; 10 g) was
added to 80 ml of anhydrous THF and the suspension
25 cooled to 0-5°C. We then added 1, 1'-



may be quantitated by extraction of HUVEC nenbrane 25 phosphol i pi ds.
Hrulog-8 (0 - 1 [err]g/m) is added to the [[err]H]- acet ate | oaded
HUVECs 1 minute prior to the addition of thronmbin (final
concentration of 1 Um). Cells are i ncubated for 5 mnutes and the
supernatant is then 30 renmoved. Medium containing 0.1%gelatin, 50 nV
acetic acid in nethanol (2:1 v/v) i§ PfeT added to the HUVECs.

PAF is then extracted and quantified using conventi onal t echni ques

[T. M Mlntyre EEr%onyl dRs4a5d1e (a1d8105NY Al Fld™ %&”t e Z&Foth

Pl atel et-Activati
Factor and Pr ostaoytnmedn skégpdmnge fiox Iﬂlosmnut@s. The Braammnmm ml‘ehr

Adenosi ne Tri pho @eé
The 1 Cferr] val uégﬂgﬁ:gon Jlas%agr*l:lga lgul at e Igh r uﬁﬁog% 2*n e(
synthesis of 5 batbafonpajnbads ntemperatawe of -20° to -30° dﬂmr@fect

of Hirulog-8 on théoabbgwuaéuaaalmon o&olaym@yé@@ierﬁ%{f liaWaa © (PMN)
adhesi on to HUECs g},fed as follows. HUVECs are grown to

confl uence in Nﬁﬂ%ﬁ?&?%&&rigﬁ golhg deBu@ iR B8 mﬂOTHF)Wé?“Iercl%t er
pl ates. The nmedminutest réthr eonsedntt Beirring.celthe aeactddedraswo tines

Wih fresh, serupifegq an aigwaumn%o' BiRake oon Lle S gl pulor 10

- 30 m nut es nmove Sérum product
10[err] in 1 m )quemcbﬁdabﬁ he- dgopwisearddition7jodr SBCmlacd W HCX fadn

added to epgh welipec, Th@?%@@e@'iﬁ@‘%ﬁ(éﬂtln sG f%?noeﬁli)oﬁ&ﬁ §UVEC

nonol ayer for 2 m nutes Hrulo err I ne”1's added
to eac% wel |, med:l‘LJum scinter glass Ctlunnel Lnd concentrated the

resulting filtrate in vacuo.
The resulting crude aldehyde, recovered as a
white foam (11.5 g), was suspended in 100 ml of
15 chloroform, washed with water (2 x 50 ml) and the
organic layer then dried over sodium sulfate and
concentrated in vacuo. The crude aldehyde (7.7 g) was
dissolved in 100 ml chloroform and purified by flash
chromatography over a 5 x 20 cm flash column containing
20 350 ml silica gel (Merck Grade 60, 230-400 mesh, 60 &).
Elution was achieved using a step gradient of 0.5%
methanol in 500 ml chloroform, 1% methanol in 1 1
chloroform, and 1.5% methancl in 1 1 chloroform. This
procedure yielded 8.9 g of N-BOC-N'-Tos-argininal.

25 The N°-~-BOC~-N’~Tos-argininal (258 mg) was then
added to the resin-bound (Gly),~Asn~Gly-Asp-Phe-Glu-
Glu-Ile-Pro-Glu-Glu-Tyr-Leu-0-PAM under solid-phase
reductive alkylation conditions (40 mg sodium
cyanoborchydride for 24 hours) using the method of D.

30 H. Coy et al., "Solid-Phase Synthesis of Peptides" In
Peptides, Vol. 8, pp. 119-121 (1978). Following
reaction of the resin-linked peptide with the protected

argininal, the peptide synthesis was completed with a
cycle of BOC-proline incorporation and a cycle of BOC-
35 (D-phenylalanine) incorporation. After completion of



i medi ately foll owed by the addition of a-thronmbin (0.1 or 1 Umn).
The cells are incubated for 5 mnutes at 20 37[err] C, washed tw ce and

t hen exam ned by phase-contrast m croscopy. Adherent PVMNs are counted
directly. Sanpl es incubated with Hirul og-8 have significantly

fewer adherent PMNs than those treated with _saline.

EXAMPLE 16 25 Synt hess38f ~Hi r ul og- 13

Hirul og-13 has the fornula: H ([err]-Phe)-Pro- Arg-Pro-((Jy)

2- Asn- d y- Asp- Phe- d u- -1, e-Pr.o- u-OH W
e hest Yo P ERf cHVAEHeBA Sy AERISE 1S was ARpTosEctds ABd RECHRLPS
descri bed i n Exappbm #he3fPesincaseflestirdbednliy Exampjel 4 .of

BOC gl yeyl gl ycine vas 45 ¢iphgyed {RPEAINES b Sy I Al Uekne HRUPHpr

Synthesis Of Hirempyoying an Applied BiospistemsglSdAhddquidd for mul a:
H ([err]-Phe)- Pr@%romatogé&ﬂhgﬁosyggeiﬁ) bRar LnAﬁﬁugp)SréS@' RS S - G u- |

| e- Pro-d u-Qd u- é Leéu-OH, -~ Hirul og-14 was synt hesized, purified and
characterized usfh§ ¥e? oﬂ?’desEPFbﬁﬂlpﬁnEYQﬁpPS“Allbratede%EeﬂtPPH&t one

cycle of BOC- gl yzo®easdtlbhiepilag3os wategpbenedihdhgoo. 8gst heat wo cycles
of BOC-alycylolyehigeer By 894" 4! BArkS RLRQUCEHES1RENLAT Y FFRS Segment.
(Buffer A). The column was developed with a linear
10 gradient of increasing Buffer B concentration (20-50%)
over 120 minutes at a flow rate of 4.0 ml/minute. The
effluent stream was monitored for absorbance at 214 nm
and fractions were collected manually. Further
purification was carried out under isocratic conditions
15 using 20% Buffer B/80% Buffer A.

EXAMPLLE 23

Synthesis Of Hirulog-21

Hirulog-21 has the formula: H-(D-Phe)-Pro-
Arg-Pro-(Gly),-Asn-Gly-Asp-Phe-Glu~-Glu-Ile-Pro-Glu-Glu-
20 Tyr-Leu-(Gly),-Lys-OH. Hirulog-21 was synthesized using
methods described in Example 4, using the appropriate
BOC-amino acids. Purification and characterization of
Hirulog-21 were achieved by the methods described in
Example 4.

25 EXAMPLE 24

Synthesis Of Hirulog-25

Hirulog—-25 has the formula H-(D-Phe)-Pro-(4-
Argininyl-2,2-difluoro)malonylglycyl-(Gly).~Asn-Gly-
Asp-Phe-Glu-Glu-Ile-Pro~-Glu-Glu-Tyr-Leu-OH. The

30 hexadecapeptide, (Gly).-Asn-Gly-Asp-Phe-Glu-Glu-~Ile-
Pro-Glu-Glu-Tyr-Leu, was synthesized as previously
described and left bound to the resin. The next
residue, (3-Argininyl-2,2-difluoro)malonylglycine is



10 - EXAVPLE 18 Synt hesi s

O Hirul og-15 Hi rul og- 15 has the fornul a:

H ([ err]-Phe)-Pro- Ar g- Pro-
(dy)[err]-Asn-dy-Asp-Phe-Ju-Gu-11le-Pro-d u-d u- Tyr - Leu- CH.

Hi rul og- 15 was synthesized, purified and 15 ¢gq L£haracterized using nethods
descri bed in Exanpl e 4, except that three cycles of BOCglycyl glycine
addi tion were enpl oyed to prepare the hexagl yci ne segnent.

EXAVPLE 19 hesdr $¥ndhé Wegideed 2%nd

Hi rul og- 16 has tﬁgnftoresﬁzed in (tliliePh%(g)H Pr o-r§ s Ar g- Pr o-

(A y)[err] - Asn- GAgtaddedh& QXlGIuIIe Pro- d u-d u- Tyr - Leu- OH.

Hi rul og- 16 was prepared, purlfgl_pand aracteri as described in
Exanpl e 4, except that cycl escoqf OC- gl yC")Ho}g-@I ne addition were

used to 25 prepare the 8 tagl ycCi
EXAMPLE 20 —_— n

Hi rul og-17 has the fornu:f: D- Ph
Arg-Pro-Ay-Gy-Ju-dy- e < CO.Et
G u-1le-Pro-du-4du- Tyr-LeQP"O—l leuNFg 17 was Boc synt%esized
essentially as described in Exanple 4,

52 - 'rm.rNHa "“_rrm,
NH ' RH My |
- | b el
"sll-(_ S °s|'-(_
" 44 | gp " i
* CO,Et Y CO,EL CO,Et
soc \ soc
Ts N“. T N"I
e
oM
FF " e
" COsR N COR
: 8oc
soc R = Et D
R=H
2'-carboethoxy=-1',1'~-difluorc)et
N°-BOC~-N""-benzyl-N""-CbzOrnithino
5 A solution of 3.1 g (7.1 mmoles) N°-BOC-N""-

Benzyl-N""-CbzOrnithinal [F. Salituro et al.,
nInhibition of Aspartic Proteinases By Peptides
Containing Lysine and Onithine Side Chain Analogues of
Statine", J. Med. Chem., 30, pp. 286-95 (1987)], and
10 1.56 ml (9.23 mmoles) ethylbromodifluoroacetate in
anhydrous 15 ml THF was added over 90 minutes to a
refluxing suspension of 786 mg Zn powder (Fluka) in 15
ml THF under argon. After 4 hours of reflux and 2
hours at room temperature, the mixture was cooled and
15 partitioned between 200 ml each of ethyl acetate and
saturated NaCl/KHSO,. The organic phase was isolated,
dried over MgsO, and concentrated in vacuo. The
resulting oily residue was purified on silica gel,



except that a Ay-Gy-Qu-Ady-Hs-Ay replaced the Gy, segnent

present in Hrulog-8 This sequence was added on to the grow ng

pepti de chain by the consecutive addi ti ons of BOC-gl yci ne,

BOC- L- hi sti dine, BOC-glycine, 5 BOC- L-gl utam ¢ acid and

BOC- gl ycyl gl yci ne at cycl es 13-17 of synthesis. Purification and
characterization were perfornmed as de Ibed i n Exanpl e 4.

EXAMPLE 21 Synthesis O Hirul og-18a,-18b And -18c 10

Hi rul og- 18a has the f or gyl a: e B- honoar nlne) -
(A y)[err]-Asn- G4*A, d“ﬁt%;g{} |rl k9° 1b) P&P& &PQ- é&ﬁ’l’?ﬂ Eé‘

Hi rul og- 18b has hmmdhrrnna H ([err]-Phe) -Pro- (B—honnarglnlne)
-Pro- (Ay)[err]-Asn-dy-Asp- PM%]wGuJI&Wo(MJGuTw-muOﬂ

Hyuog 190 15 1 ias e halbl eyt (LRl RIBGFLG PyPoRBRLo' i) vel -
(ay)Lerr] - Asn CoFiTRTrdT ddf ety IFidihye; il , o ve
synt hesi zed Hirul0og-1I8a using a m | sol i d- phase

dure. Besidues 5-20 f 0
proce B Wars result¥rRPUGHbIILSE! 1 ﬂ-ﬁﬁl n{ﬁ%}?&f

described in 20 Exanpl es 4 and 17. he resultlng res
i nt er medi at e was I edcrEF HAMF %@Nﬁoﬁﬂﬁ?g iRenZy N "~Cbzornithinol,

- 53 - pﬁstmﬂeedneamfemd:meswmamwr&m_@d in the
PEL:;;?EEP.reaCtbﬁ@yﬁ%@%@%ﬁ¥¥¥f¥§ch(ﬁorlég] éﬁ¥alequ1va1entsnanlately
imidazole in anhydrous DMF at 35°C, following the
10 procedure of E. J. Corey et al., "Protection of
Hydroxyl Groups as tertButyldimethylsilyl Derivatives",
J. Amer. Chem. Soc., 94, pp. 6190-91, (1972). The
orthogonally protected amine is then dissolved in
methanol and hydrogenated over Pd(OH), at 30 psi for 18
15 hours. The catalyst is then removed by filtration and

the filtrate concentrated in vacuo to produce
1-[ (2'-carboethoxy-1'~1'~difluoro)ethyl ]N*~BOC-
Ornithinoltert-butyldimethylsilyl ether.

1-[(2'~-Carboethoxy=-1',1'-difluoro)ethyl ]N*~BOC-
20 N'-Tos-Argininol-tertButyldimethylsilyl Ether

The above-prepared compound is then reacted

with 6.8 equivalents each of l1-guanyl-3,5-
dimethylpyrazole and triethylamine in water at 105°C for
24 hours. The mixture is then lyophilized and the

25 residue subjected to preparative HPLC as described in
Example 4. Fractions containing the desired
guanidinium compound (assayed by TLC) are pooled and
dried in vacuo. The residue is dissolved in H,0:acetone
(1:4), cooled in an ice bath and adjusted to pH 12 with

30 50% w/v NaOH. To this solution we add a sclution of 3
equivalents of paratoluene sulfonylchloride in acetone
over 60 minutes, while maintaining the pH at 11-12 with
NaOH. The solution is allowed to warm to room
temperature and is stirred overnight. The acetone is



[err]. N err]-BOC-N err]-Tos-Argi ni neDi azonet hyl ket one
5 We stirred 10 g (13.4 moles) of Nerr]-BOC-Nerr]-
Tos-argi nine (Bachem Torrance, CA) and 2.1 m (19.1 mmol e) of

N- et hyl nor phol i ne (Al drich, MIwaukee, Ws.) in 100 mM anhydrous
tetrahydrofuran (THF) under argon for, S, m_nutes at roomtenperature.
The solution was 10 then cooled to -15[errf[C and 2.8 mM (21.6 mmol) of

i sobutyl chl oroformate (Al drich) vvas added. W continued to stir the

reaction m xture mﬂﬁ dered it
through a pad o tﬁEn }E@V ﬁ S andv\gi next adlgﬁg.‘# é‘ﬂrate to an
ice- 15 cold eﬁﬁéﬂ@&lonsélsuﬁ mane Thesether layerydifer at ed

from32.4 g Di angﬁovéhdahahbacih%x%%&ﬂéw with é’&'ﬁu’iﬂé& gapi]. al fpeed to
gradual |y reach anbi ent erat ure overni 9 The soI vent_‘was then

removed in Q%ESuénghﬁﬁ@Sr gg'edlﬁ’@nﬁﬁ"é’?& acishd iad 8a RhrbMitbo -
We then washed tbeNOHGANI c Thel wieiswltimeC asdidvalolutiiidn is thiH) edtmeicted.

sat urat ed NaHCqNggéI & hg_‘_l | %‘ﬁ%ﬂ @Eh%qo a@et%tte, drlse% 4 a& %n’&Qtra({ref d.'u{ t

over anhydrous
vacuo to yield the desired product.

Argininol

10 The resulting compound, 1-{(2'-carboethoxy-
1'-1'-difluoro)ethyl ]JN*~BOC-N’~Tos-Argininoltert-
butyldimethylsilyl ether, is desilylated by treatment
with 3 equivalents of tetra-n-butylammonium fluoride in

THF at room temperature, as described in E. J. Corey

15 et al., supra. The compound produced by this process
is then saponified by treatment with 2.5 equivalents of
LiOH in methanol/water at room temperature overnight
under argon. The reaction mixture is then washed with
ethyl acetate and acidified with citric acid to pH 4.

20 We extract the resulting acid into ethyl acetate, dry
the organic phase and concentrate it in vacuo. The

crude acid is then purified on a Vydac C,, reverse-phase
HPLC column under the conditions described in
Example 4.

25 1-[(2'-Carboxy~1',1'-difluoroc)ethyl IN*~-BOC-N*-Tos~
Argininone

The alcohol function of the above compound is
converted to the ketone by the addition of one
equivalent of pyridinium dichromate in CH,Cl, containing

30 0.5% glacial acetic acid in the presence of molecular
sieves [N. Peet et al., "Synthesis of Peptidyl and
Fluoromethyl Ketones and Peptidyl a~Keto Esters as
Inhibitors of Porcine Pancreatic Elastase, Human
Neutrophil Elastase, and Rat and Human Neutrophil

35 Cathepsin G", J. Med. Chem., 33, pp. 394-407 (1990)].



-~ 54 - concentrated it again to an oily residue. The residue

was then purified by flash chromatography on a 4 x 17 cm col umm of
silica gel using a step gradi ent of acetone in chloroform (10%
acetone in 2 1 chloroform 5 foll owed by 20% acetone in 3 1
chloroform. Fractions of 25 mM were collected. Aliquots of each
fraction wer e assayed by thin-1ayer <3omat ography (TLC).

Fractions containing t he desired product were pool ed and evapor at ed
to dryness. The %r uct zonet h Iketone was purified as a, pale
yel | ow f oam f?:@r5§td.)rr1ng undey &ngarg ]'i\l[lesr rl]°“% EN®neach vhe
Met hyl est er mixture is fl\Mtei:IeeBdndE(tHéﬁésdlmf&Iémd\}@ﬂ 0,5, 3 w ed

inder argon whi | a18 SESHRIR A - e bod) il sd e ora SeblvRy |

400 [err]l triet BPCaN’+E9swisgininonadiledrecopered. asf anr o3dynrestidse t he

ref | uxi ng u I ,
Norit, and fil terﬁg tt rougﬁ%ée(\fque% E{ngig\?tgg%@ % tl.%t ngec;nﬁﬁ%n%%/ﬁe% in
vacuo and the 0|F?eFé§| fl ash chromat ography over

silica gel. Elution was The meewa&wﬁymfb hadfa h%%&ﬁaﬁ%d rto the

chl orof orm The desi r.ed onvoar i ne .net hy] est was t hus
purified as a |i GKEEER1Fa4 ap@ %§1§f n§Ereac€%d1w1 Tedin-bor ourid
N[ err] - BOC- N[ er r heXadeBapeptidg misnédescribed in Examplé 2l ssa@heectwd | of

the above 8t hy| Neégguhgl re51d11%% @f ?lflr';ﬁ i&ar}QSI %-trl}.%.' an %Cé&.d ([; with

a solution
Phe), are added under standard peptide synthesis

conditions and the resulting peptide is then cleaved

with HF.
EXAMPLE 25
15 Synthesis Of Hirulog-26

Hirulog-26 has the formula: H-(D~Phe)-Pro-
Argoxopropionylglycyl~(Gly),~Asn~-Gly~Asp-Phe~-Glu-Glu-
Ile-Pro-Glu-Glu-Tyr-Leu-OH. The hexadecapeptide,
(Gly).,~Asn-Gly-Asp-Phe~Glu-Glu-Ile~Pro-Glu-Glu-Tyr-Leu,

20 was synthesized as previously described and left bound
to the resin. The next residue, N*-BOC-
argoxopropionylglycine, is synthesized by the reaction
scheme depicted and described below.



of LiOH (1.48 g in 50 m water) overnight at room t enper at ure under
argon with constant stirring. W 30 renoved t he nethanol in vacuo,

di ssolved the residue in wat er and washed it with ethyl acetate. W
next added saturated citric acid until the solution reached a pH

of 4. W then extracted the resulting carbox¢#ie acid

- 55 - into ethyl acetate. The extraction was repeated at pH
3, and the conbi ned organi c phases were dried over MySO err] and
concentrated in vacuo. The resulting crude acid was recovered as a
white foam (4.9 g) .HNe aggd 5  HyMs fygther purified O‘h",e_vy’dac C ,
rever se- phase HPLC ~ Y=Ncol um, as d¥=Mribed in Exanple ﬁ’" cept that the
ef fl uent stream was nitored at 21MNnm Fol | owi ng ypphi li zati on of
the desired fractions/ the product,
N err]-BOC-N err]-Tos
anor phous solid.

N err]-BOC-Nerr]-Jos.

argl nIH’]e

a standard for amn adrd an retention t
B- honoar gi ni ne Cbgasoi denti cal €82t igat oCQutBuni ne,
of 15 the peak was considerably | ower, as expected.

N err]-BOC-N err]-Tos-B- Honoar gi ni nyl gl yci ne Benzy
Ve next combined 4.06 g, N9. 2 ggmol es) of the
with 2.04 ml of I\I—nbi:hylrmrphollneln
m xture was stirred unddMN argon at -5[err]

. Achilled ution of
i sobut yl chl f t 2.4 mM in 25 mM THF IE i
i sobutyl chl orof ormate ( in ) R, = Cbz, R,=

o G ]
H N"~CO2R; Ri=H.  R=H
Ri o R1 - BOC. Rz- H

above carboxylic acid
m of anhydrous THF. The 20

ditertButylMalonate
We prepared a batch of N°-Cbz-N°-Tos-

ArginineDiazomethyl ketone in the same manner as the

5 preparation of N*-BOC-N’-Tos-ArginineDiazomethyl ketone
described in Example 21, except for the substitution of
N°-Cbz-N'~-Tos~Arginine for N°-BOC-N’-Tos-Arginine. We
dissolved 4.5 mg of N°-Cbz-N’-Tos-ArginineDiazomethyl
ketone in 200 ml of CH,Cl, in a flask and cooled the

10 solution to -70°C in a dry ice/acetone bath with
stirring. Anhydrous HBr gas was then bubbled through
the solution at a moderate flow rate for 15 minutes.
The solution was stirred for an additional 15 minutes
at -70°C and then concentrated in vacuo. The resulting

15 product, N’-Cbz-N*-Tos-Arg-COCH,Br, was recovered as

' 5.0 g of yellow crystals.

Meanwhile, a suspension of sodium hydride

(36 mg; 80% dispersion in o0il) in 1 ml DMF and 1.2 ml
hexamethylphosphoramide ("HMPA") was added to a



was then added dropwi se to the solution over 10 m nutes. Fol | ow ng
this addition, the reaction m xture was stirred for 12 mnutes at
-5[err]C. For Hirul og-18a we 25 t hen added a sol ution of glycine benzyl
ester (4.9 g in 40 M THF; 27.6 mmol es), and all owed the reaction

m xture to conme to roomtenperature. The §O% ent was then renoved in
vacuo and the resulting residue di ssofved in 100 mM ethylacetate. The
sol ution was 30 extracted successively with 100 m each of saturated

NaHCO err] and sa tedcaﬁgésa %é g géﬁ_bug§§&ﬁ§ihnaead1n 4 mlcgﬂ%entrated

I n vacuo. The ré% er was purifiédon a 4 x
20 cn1siI|cagyﬂThnﬂmnmture waaAshlaraéthannbomttpmgﬁadtune fnrcHDoroform

contai ni ng 9Br- 20 t
dr ops NHOH per fﬁﬁmﬁ$e?2a&d yai Fhen, added, droPWlse' ﬁ Fo or#ﬁn oeFomed by

% et hano
3 1 of 2% net harfe® anpsolutioncaf ol oRBRAE. NJf—‘r%‘l’bn?%ZGrﬁTYoGE@?rcom ected,

assayed 5 by Jicbﬁﬁﬂotbgsﬁlcmml.m@aepfedaeiowewaspasmadeanéot he 5
sol vent renoved in vac e resul ti

0
N[ err] - BOC- N er rBEGERE ﬁ%ﬁnﬁrﬁ?ﬂ?ﬁyl@??@?n@ b@%z§F@§t§Pe fglution was
I sol ated a whit epdured (Bn®og50 ml water and extr&otedi withgz2lfbs5aenal- 18c,

t he above reactl C p. Nels)
nodi fications: YlF%r rufogﬂﬁgbg£?§§28 é%%%é %gﬁzggb ?EB mggngplaced
by proline benzyu“bswngQMGIQhedrbhczisn_mhg annoahYare51due1 8Theol e

scal e. Fory g r ul,Qgsildce %5@ Qul‘:f§é<§‘§e9€ﬂ§>’bur1f1edeéheé ¥ag ePkaced1vehh
val i ne benzyl ester and t ction_was run a 3.0 mmole scale.

15 N[ er r ] - BOSS e‘F?}U%SW}BlFBnB%ﬁg??ﬁ?ﬁ?#g??EFﬁémv‘aly with 400 ml of

5% acetone in chloroform, 400 ml of 10% acetone in
chloroform and 200 ml of 20% acetone in chloroform.
Fractions (25 ml) were collected and assayed by TLC.

15 Fractions conatining the desired product were pooled
and concentrated to produce 3-(CbzAmino)-2-oxo-3-{3-
[ (N*~Tos)guanidinyl ]propyl}-di-tertButyl malonate.

5—(N*-CbzAmino) ~4-oxo-5-{3-[ (N*-Tos)guanidinyl]
propylipentanoyvlglycine Benzyl Ester

20 The above di-t butyl ester is stirred in 1.2
equivalents of 1 N HC1l for 2 hours at room temperature.
It is then decarboxylated in excess pyridine at 100°C
for 15 minutes. The solvent is then removed in vacuo,

and the residue purified by silica gel chromatography,

25 as described above. The resulting carboxylic acid is
acylated with glycine benzyl ester according to the
method described in Example 21.

5-(Amino)~4-oxo-5-{3-[ (N°~Tos)
quanidinyllpropyllpentanoylglycine

30 The resulting ester is dissolved in 500 ml
methanol and hydrogenated overnight at 1 atmosphere of
hydrogen gas over 600 mg of 10% palladium-carbon
catalyst. The reaction mixture is then filtered
through Celite and concentrated in vacuo to a solid




The above benzyl ester was dissolved in 50 ni met hanol and

hydr ogenat ed at at nospheric pressure over 1.0 g of 10%

pal | adi um carbon for 17 h. The resulting solution was filtered

t hrough Celite and the solvent 20 renoved in vacuo. The reaction
yielded 2.9 g of crude N err]-BOC-N err]-Tos-B-honoar gi ni nyl gl yci ne,
whi ch was purified on a Wdac Clerr]-H.Ccol um as descri bed above.
The above N err]-BOC- N err]-Tos-B-honpargi ni nyI gl ycine (1.02 g) was
dissolved in 1 mM anhydrous DM and cool ed in an ice_ hath. W then

added to this sofif§istHe (155 s’Ef%’cessT%l?esBrSlW griposagid is then
hydroxybenztri azgurified by HMEC(Appingdtive osyadetiohscdebopibedCihy, CA)

and 5.5 m 0. di cycl ohexyl carbodiimde in CHerr]C[err]
(Applied Bi osysteEf%%m fﬁ% 1 hour, the cold 30 suspensi on of
symmetri cal anhydri de of the dlpeptlde unit was then rapidly filtered

t hrough a pl ug ofigﬂlﬁ_sﬂmm—mg\m&t_gzg_éﬂﬁﬁmmtycl ohexyl urea.
Meanwhi | e, & susEBH : pentanoe ne

G y- Asp- Phe-d u- 43 u- IIe Pro Glu G u- Tyr-Leu OPAM(O 2

- 57 - mol in CH Fh¢ @3he¥e |dmipe aeidvis cgonyesteddbPdibept i de

synt hesi s net hod%oz&-é@p&ﬁnﬁ@sao@ruéﬁavaemtwgdlssolvﬂﬁqdyﬁt i ndi cated a

free term nal ou eac | vat ed
Lerr] - homoar gi ny YRR/ AR (34 97/V) 209 | Rt L9 pFR 0TS, Wik
resi n- bound hexachﬂnapamg.de The pH ideadpssted ngo oro awitthpepli NeNaeH &han

coupl ed, SUSRESS \ﬁ fbrNE§ P&Pp%_&wdtgb%(éfé# {?gt):e giﬂg

st andar d coupllng proce e resul a, was
purified and chaldécﬂi@nez)edi!é% added. 'I‘he reaction is stirred at oc to

20°C for 4 hours and then is evaporated in vacuo. The

residue is then partitioned between ethyl acetate/1%
citric acid (2:1). The organic phase is isolated,

15 extracted once with 1% citric acid, and then 3 times
with saturated NaCl. The organic phase is dried over
Mgso,, filtered and concentrated in vacuo to obtain the
BOC~-protected product.

The resulting protected psuedopeptide free
20 carboxylate is then coupled to the resin-bound
hexadecapeptide using standard peptide synthesis
techniques. This is followed by the sequential
addition of BOC-D-Phe and BOC-Pro to the resin-bound
peptide. The completed Hirulog-26 is then cleaved from
25 the resin, deprotected and purified as described in
Example 4.



.10
out for the
EXAMPLE 22

described in Exanple 4.

A simlar protocol
synthesis of Hirul og-18b and Hirul og- 18c.
Synthesis OF Hirulog-19 15

was carried

Hi rul og- 19 has the fornul a:

H ([err]-Phe)-Pro-

Arg- (psiCHerr]NH -

(dy)[err]-Asn-dy-Asp-Phe-Qu-GQu-lle-Pre- 67 -

G u-3 u-Tyr-Leu- OH.

Resi dues 4-20 of this peptide were
synt heti c procedures

added, Nerr]- 20 BOC- N[ err]-tosyl

as described in Exanple 4. The next
- aBYAMBLE 26vas prepared as depicted

assenbl ed by solid-phase peptide
resi due

and descri bed bel ow.
N err]-BOC-N err]-Tos-Argininal
N err]-BOC-N err]-Tos-arginine (

Synthesgis O
(Bachem I nc.

[err]

irulog-27

10 g) wa added to 80 ni

of anhydrous THF and the s@éﬁé‘r’rﬁ%ﬂ?"ﬂ‘%&% formnXa é’hqltpw 1B¥%9r added

1, 1'-

Arg-(CO-CH,) -Pro-{Gly) ,~Asn-Gly-Asp-Phe~Glu~-Glu-Ile-
5 ‘Pro-Glu-Glu-Tyr-Leu-OH.

The (Gly).,~Asn-Gly-Asp-Phe-

Glu-Glu~-Ile-~-Pro-Glu-Glu~-Tyr-Leu hexadecapeptide was
synthesized as previously described and left bound to

the resin.
synthesized by the

10 described below.

HgN

X

Cb! O

The remaining portion of the molecule was

reaction scheme depicted and

HaN  Ts
N

H-N
o YN

Chz O 1§5?

TS
(::j Ra=H
=BOC, Ry =

COﬂh



- 58 - car bonyl dii m dazole (Al drich; 3.61 g) all at once and

continued stirring for 20 m nutes. The resulting clear sol ution was
partially inmrersed in a dry ice/acetone bath to maintain a
tenperature of -20 to -30[err]C during 5 the dropwi se addition of a
suspensi on of lithium al um num hydride_(Aldrich; 1.8 g in 80 m THF)
over 45 m nutes with constant stirring’°The reaction was

stirred an additional 30 mnutes at -20[err]C and was then guenched

by the dropw se résCEe e

i dich 000000835 Rg.ngNCSQ{ rofdn B'elnoi
iltered the res ass funnel

and concentrated the Wesdissayved| 728t wgi pfvpradine benzyl ester The

resulting crude a y4l egQv . ; ' : 1 )
Guspended i n 100 o ofoELES CERIBS PR SEuP. | Tnig"bLAtaORTuap) thel coin

- (] ] . [] m and
t he or gani ¢t ay£8°G Héh ady AGEtORe/ iR Rathwidnetirring un&er .
concentrateds in vafgen. Thee Ctheés asdedylethiud @ii¥%epropylamdtesebyedmin
100 m chl oroforn%ﬁnd (ﬁuz fﬂggﬁl bg flash . ?hrogatﬁ/ggraggy over a 5 x 20
em t1ash col umn e &1 % Bohexdns Sepensien) (and REIEKSS: S8E 89, 230- 400
mesh, 60 A). addd tiomal Wwasmimhitesed Toi thia weepddeddieos gf NO-CV2-
nmet hanol in 500 - Q %FE&% [ : I or.
1. 5% et hanol i nrﬁl' ?B%h%%?‘gbﬁ% |?€qﬂ8)1 ﬁ%rééagxéed&ne 1y0| e dglgﬁg. ge 0 d
N err]-BOC N err |asisiessypibedain Bxample 25, dropyhge over 20 minutes.

N[ err] - BOCaM err |rHo Sred @t Dbmabas 2681 FBed WBSrt 88NadaitiocAdied honhbes
resin-bound (Ay

grg;r - Asn- Cilﬁ}r/,- Asp- Phe- G u-
G u-11e-Pro- G u- @ hhe 3ol e RRicbhen| allpradeto warm, Eg EPPRe
al kyl ation condi tiemsexaifure whth UstirringcyanebgaehyHeddehéoreddthonr by

usi ng the nethod o H, t_al.,.."SolidsPhas nt hesis_o
Peptides” In ac{qg'.eqﬁ iBJgDesn,‘l Vot %%F€5$€e11§?@1 ?}Lg?g?g E%PI Bﬁ?ﬁﬁs to
reaction of the rsepardtelant piselated) thetbeganbcephade. Thiarphaseal
t he peptidgssynt ' rargtel] ' a g3 I f - '

I ncor poration an?lpaag %/%?g of Bé@%%%é%‘refﬁlygﬁlagﬁdgrﬁ‘ﬁgﬂgd ia

i ncorporation. ARBS¥O<conpletion of

N’~BOC-N’-Tos-Arginine (COCH,)proline

The above benzyl ester (1.3 g) was
hydrogenated using the palladium-carbon procedure
20 described in Example 25. The resulting pseudodipeptide
was BOC-protected by the procedure described in Example
25 to produce the desired product.
The purified, protected pseudodipeptide was
then coupled with the resin-linked hexadecapeptide by
25 standard peptide synthesis techniques. Hirulog-27 was
deprotected, cleaved from the resin and purified by the
techniques described in Example 4.

EXAMPLE 27

Synthesis Of Hirulog-28

30 Hirulog-28 has the formula: H-(D-Phe)-Pro-
Arg (CH,N) -Pro-(Gly) ,~Asn-Gly-Asp-Phe~Glu-Glu-Ile-Pro-
Glu-Glu-Tyr-Leu-OH. The (Gly),-Asn-Gly-Asp-Phe-Glu-
Glu-Ile-~-Pro-Glu-Glu-Tyr-Leu-O-PAM hexadecapeptide was



- 59 - the synthesis, Hrulog-19 was deprotected and uncoupl ed
fromthe resin as described in Exanple 4. Hi rul og- 19 was
purified by reverse phase HPLC enpl oyi ng an Applied Biosystens 151A
liquid. 5 chr omat ogr aphi ¢ system and an Aguapore C, columm (10 x
22 cm). The colum was equilibrated in 1 par$fg = 70% acetonitril e/ 30%
wat er contai ning 0.85% TFA (Buffer B) and 4 parts water containing 1%

TFA (Buffer A),.The cqlum was.devel oped wi,th a linear 1 radi ent
of i nor easi ng Bt PEREROSOABAnBRARF BY P98 MO B o Lbeds an $98 E Rl 8 o
flow rate of 4.0 thénresia. Tihe remaiafihbuesirtiohcaf the moliccwled wad

absorbance at 214 gg’ﬂlgaigﬁ?ngxgésg}t %gggtﬁghes ngh?f%i%gi%ggﬁalaln& Furt her

purification was g ocratirc con usi ng 20%
Buf f er B/ 80% Buf f despribed below. EXAMPLE 23
Synthesis O Hirul og-21 Hi rul og-21 has the fornul a:
H ([ err]-Phe)-Pro- ALQ- Pro-
(dy),-Asn-d y-Asp- pia! rrgl u-lle-Pro-du-d u*_"z%&N.TS
Tyr-Leu- (A y)[err]-LyaNH Hirul og-21 was synt [téNi zed usi ng met hods
described in Exanple 4, )using the appropriate BOC- am no aci ds.
Purification and charac{erization of H rul 8g-21 were achi eved by the
met hods described in Exa 4. 25 EXAMPLE
24 H Syn esi O""I'—'ITTU?O“-Z} N

‘W cHO N N

BOC H CO{D BOC CO,R \D
R=

R=H

5 N°-BOC-N'-Tos-Arginine[psiCH.N]Proline Benzyl Este
One gram of crushed 3% molecular sieves

(Aldrich) was added to a stirred solution of 5.25 g
proline benzyl ester free base (Schweizerhall, Inc.) in
10 ml anhydrous THF and 2 ml anhydrous ethanol under

10 argon at room temperature. We added 1.45 ml of 5 N
methanolic HC1l and 1.5 g of N°-BOC-N’-Tos-Argininal
(prepared as described in Example 22) to this mixture
and stirred for 1 hour. An 85 mg portion of sodium
cyanoborohydride was added to the mixture and then, an

1s hour later, a second 85 mg portion of sodium
cyancborohydride was added. The reaction was then
stirred for 20 hours and filtered. We added 1 ml water
and 0.9 m1 1 N HCl to the filtrate with stirring and
then concentrated the solution in vacuo to yield 6.2 g
20 of ‘N*~-BOC-N’~Arg[psiCH,N]~Pro-benzyl ester, as a clear
oil. |
The oil is further purified by flash
chromatogréphy over a 5 cm flash column containing
350 ml silica gel (Merck Grade 60, 230-400 mesh, 60 4).



,Hirufog-25 has the fornula H ([err]-Phe)-Pro-(4-
Argininyl -2, 2-di fl uoro)mal onyl gl ycyl-(Gy)[err]-Asn-dy-
Asp-Phe-GQ u-J u-1lle-Pro-d u-d u-Tyr-Leu-COH The 30 hexadecapept i de,

(dy)[err]-Asn-d y-Asp-Phe-Gu-Au-11e- Pro-3 u-3d u-Tyr-Leu, was
synt hesi zed as previously described_a?g left bound to the resin. The
next residue, (3-Argininyl-2,2-difluof0)nmnmalonylglycine is

- 60 - synt hesi zed in the reaction schene depicted and

bel ow.

10

15

20

25

The produL@r&As obtained by succesive elution with
0.25%, 0.75% and 1.5% methanol in chloroform.

N*-BOC~N*~Tos-Arginine[psiCH.N]Proline

The resulting benzyl ester is hydrogenated
over palladium-carbon and purified, as described in
Example 25. This process yielded 160 mg of N*-BOC-N’-
Arg{psiCH,N]-Proline free acid, which was further
purified using the HPLC chromatography system described
in Example 4, except elution was achieved with an
isocratic 26% Buffer B/74% Buffer A system, previously
described in Example 22. The final yield of dipeptide
was 86 mg.

The dipeptide is then coupled to the resin-
bound hexadecapeptide, followed by a cycle of BOC-Pro
incorporation and a cycle of BOC-(D-Phe) incorporation.
Deprotection, cleavage and purification of the fully
synthesized Hirulog-28 is achieved by the method
described in Example 4. '

EXAMPLE 28

Synthesis Of Hirulog-29

Hirulog-29 has the formula: 4-chloro-
isocoumarino-3-carboxyethoxy-(Gly),~Asn-Gly-Asp-Phe-
Glu~-Glu-Ile-~-Pro-Glu-~-Glu-Tyr-Leu-OH. The (Gly),~Asn-
Gly-Asp-Phe-Glu-Glu-Ile-Pro-Glu-Glu-Tyr-Leu
heptadecapeptide was synthesized as previously
described and left bound to the resin. The 4-chloro-
isocoumarino-3-carboxyalkoxy moiety was synthesized by
the reaction scheme and methods described below.

detail ed



1- [(2r - car boet hoxy- 1' -difluoro)ethethyl] 5 A sol ution of
3.1 g (7.1 mol es) Merﬂ BOC-Nerr] - Benzyl -Nerr]-CbhzOrnithinal [F.
Salituro et al. "Inhibition of Aspartic Proteinases By Peptides

Cont ai ni ng LyS|ne and Onithine Side Chain Anal ogues of Statine", J.
Med. Chem, 30, pp. 286-95 (1987)], and 10~ 158 m (9.23 mvl es)
ethylbronndifluoroacetate I n anhydrous 15 M THF was added over 90
mnutes to a r ef IUX|ng suspensi on of 786 ng Zn powder (Fluka) in 15

m THF under argon. Af X f LeL_Lux_agd 2 N Qu,4\§¥n
s cooi;z d and 15 partiti§ betwgen 200 m each

t enperature, the m xtuj _
of ethyl acetate and ated NaCl/KHSO err] ! ni ¢ phase was

I sol at ed, dried over My G err] and concentrated in 0. The
resulting oily residue was purified on siligca gel,

- 61 - usi ng CHd , : ngf hanol (90: plus 100 dropg/! NH err]OH as
el uant . 1-[(2' - Car boetjhoxy-1"',1"'-di fl uoro) ethyl] Ngerr]-BOC

Onithinol tertButyldi

Ethyl 2-bromo-Homopthalate
We mixed homopthalic acid (10.0 gq), 2- ~

bromoethanol (21.0 g) and benzene (200 ml). We then

added 12-15 drops of sulfuric acid and heated to reflux
5 for 2.5 hours. The solution was then filtered and

concentrated in vacuo. The residue was washed with

250 ml ether/hexane (1:1) and was filtered onto a

scintered glass funnel. The resulting light brown

solid was vacuum dried to obtain approximately 15.0 g

10 of product.

4-chloro-3-[{2-bromoethyloxy]-isocoumarin

We mixed the ethyl 2-bromo homopthalate
prepared as described above (4 g) together with
phosphorous pentachloride (8.2 g) and benzene (100 ml).

15 The mixture was refluxed for 4.5 hours, filtered hot
and evaporated in vacuo. The reddish-brown oily
residue was chromatographed immediately on a 24 mm x
175 mm silica gel column using dichloromethane as
eluant. Fractions of 20 ml were collected and assayed

20 by TLC. The 4-chloro-3-[2-bromoethyloxy]-isocoumarin
eluted in fractions 2-6. The fractions were pooled,
evapbrated in vacuo and the resulting residue was
recovered as a clear, light yellow oil (2.2 g).



5 | The resulting compound, 1-[(2'-carboethoxy- 1" -1

-dlfluoro) ethyl] N err]-BOC-Nerr]-benzyl-Nerr]-CbhzO nithinol, S
then reacted with 5 equivalents of tert- but yl di net hyl silyl chloride
and 10 equival ents of i m dazol e in anhydrous DMF at 35C, follow ng

t he 10 procedure of E. J. Corey et al. "{gotectlon of Fwdroxy

G oups as tertButyl di nethylsilyl Derlvatlves J. Arer. Chem Soc.

94, pp. 6190-91, (1972). The orthogonally protected amne is then

di ssol ved in ‘_éﬁﬁ af o8 . & ] at 30 psi for

18 15 hours. and the
filtrate concentrated |nv mm_ﬁ - -1'
-difluoro) ethyl]Nerr] -B 4£bﬂ¥ onit %olt%ﬁ%o €+%|net€8?&9?y% et he
1-[ (2' - Car boet hoxyt-# QD-RﬁqﬂékﬁQ»QRQKﬁ]W%iH }sigiyeéomn anhydrous THF

N[ err]-Tos-Argi niahd -deiddBu bt m&salﬂéfﬁmﬁr solutlon of magnd$fum
above- prepared cqﬂpound |s then reacte ﬂutv lents each of

1- guanyl - R Mo ea'ﬁﬂcf’ tﬁ?‘etW%ﬁ‘ﬁ}% ?
105[err] C for 15 nﬂ4 érﬂ'tydrotiﬁta‘}m‘p(twhmh wa s est 1 oty | under aamlgohe 25

resi due subj ect eguto nﬁ},&‘l?ea%}a"se A0S ESE 1 e dhdlks, 1 F@fggpﬁ?%nby

Fracti ons contai ni ng esired guanidihium compound- (assaye
TLC) are pool ed @eiired ovefr ijextdss \dmumcqhm r@s‘ﬂmrenl sbepken| vede i het

Herr] 0:acetone the mibdeube %@C&e M ﬁﬁ&?%ﬁ%@ké@é&dcéomti 12
with 30 50% W v _NaOH.. To this solution solutlon of

equi val ent $%f PM@%@%Iﬁmlﬂﬁﬁlqu%% 100 ml &%?h%f. .
m nutes, while n@ikthyl kcHdye arﬂd atHA kd 2ne thixture Weidh pFedweédtaon is
allowed to warmtg.r.oom enpe erature andi stirred oveénlght The
acetone is yellow solutlon ontaining a large amount o
coarse precipitate.
We bubbled anhydrous HC1 through this mixture
15 at 20°, which dissolved most of the precipitate. The
solution was then filtered and evaporated in vacuo to

obtain the crude product. This was then recrystallized

overnight from DCM.
The resulting 4-chloro-3-[3-oxyproponoic

20 acid]-isocoumarin is coupled to a glycine benzyl ester
and the resulting product catalytically hydrogenated
over palladium-carbon, as described in Example 25.
This pseudodipeptide is then coupled to the resin-bound
hexadecapeptide, (Gly).,-Asn-Gly-Asp-Phe-Glu-Glu-Ile-

25 Pro-Glu-Glu-Tyr-Leu, by standard peptide synthesis
techniques.

EXAMPLE 29

Synthesis Of Hirulog-30

Hirulog-30 has the formula: 4-chloro-3-[2-
30 aminoethanol]-isocoumarin~(Gly).~Asn-Gly-Asp-Phe~Glu-
Glu-Ile-Pro-Glu-Glu-Tyr-Leu. The hexadecapeptide,
(Gly) .,~Asn-Gly-Asp-Phe~Glu-Glu-Ile-Pro-~Glu~Glu-Tyr-Leu
is synthesized as previously described and left bound
to the resin.



- 62 - then renoved in vacuo and the renmai ni ng aqueous

sol-ution is washed with ether. The ether layer is renoved and back
extracted with saturated NaHCJ err]. The aqueous phases are conbi ned
and acidified to pH 3 with 5 2 NHO. The resulting acid solution is
t hen extracted two tines with ethyl acetate, dried and concentrated
in vacuo to yield the desired product.73 -
1-[(2'-Carboxy-1',1'-diquoro)ethyI]N[err] BOC—N[err] Tos- Ar gi ni nol

10 The resultin ggg &g car boet hoxy-

1'-1'-difluoro) ethyl] N[er?ﬁ NF@FPT3T ‘AP@PHPNBPF@#H'1S°c°umar1n
butyld:nethylflIymonehprlslprdparéalh?ed brobéﬂﬁtﬁeahalogouswtbht%at

equi val ents of te y oLid r.oom
tenperature, as eé%??ﬁgga %ﬁgﬁgg g% ég {gr SYBFh35121§gpﬁa°hl?W€ ~5npound
produced by this p?oeeemoethanolj-ikeaoumpoinii esdceptt thatnest with 2.5

cqui valent s 91 aninbdGhhi9) 2k "ageh/ 16LEEa! oEOIMLESHBELARHES QHLELON

under argon.” The reaction mxture 15 at e
and aci dified mnt+P%F%?1CSEEPd°foe§FPnlf20n9 hggopkhadic anédﬁesultlng aci d

into ethyl acetate, dry Thettﬁlﬁe@rgﬂmcﬁ eh§§ef69ﬂe8089€%ééi:§nbt thg
vacuo. The crude acid is_t

e 0
reverse-phase 2R FER o % €%$°¥ﬂ CB%H?PFBﬁétBé§8 ﬂﬁégopﬁumarln
Exanple 4. 25 wikh (the Garbiwating lagent, carbonyldllmxdazole ("CDI")

-difl I

a|L0thr?L§§?¥OLNE t%]éﬁik££ L%ﬁf%ﬁﬁ jate Ak %%hgéa?ebs BoEndsRantRe: by
the addition of dwt is re dwﬂk#h thepyesUMﬂlunkddchenadeeapeptlde to
CHerr]Cerr] cw@d&@g;ﬁquoggé/o gl;f,_c,hﬂ, .ag,@tigo?ﬁ%g agai.{ggegégaence of

mol ecul ar S|eves Peet et al hesi s eg

FI uor onet hyl Ket cﬁ*?é‘sa %F?(’e‘?oa t%‘l"élﬁsed by hﬂhggchmgu@s
Por ci ne Pancr eat idesdmiieasein Hm‘aiple 4. Neutrophil Elastase, and Rat and
Human Neutrophil 35 Cat hepsin G', J. Med. Chem, 33, pp. 394-407

(1990)]. 15 EXAMPLE 30

Synthesis Of Hirulog-31

Hiruloeg-31 has the formula argipidyl-(Gly),-
Asn-Gly-Asp-Phe-Glu~Glu~Ile~-Pro-Glu-Glu-Tyr-Leu-OH. We
synthesized the hexadecapeptide (Gly),-Asn-Gly-Asp-Phe-

20 Glu-Glu-Ile-Pro-Glu-Glu-Tyr-Leu by the standard peptide
synthesis technigues described previously and leave the
peptide bound to the resin. The argipidylglycine
portion of this Hirulog is synthesized by the reaction
scheme depicted and described below.



bl

- 63 - After stirring under argon for 15 hours, the reaction
mxture is filtered and the sol vent renoved in vacuo. The resul ting
I-[ (2" -carboxy-1"-1"-difluoro)ethyl] N err]- BOC-N - Tos-Argi ninone is
recovered as an oily residue 5 and then purified on HPLC according to

t he conditions specified in Example 4. The free
carboxylic acid is converted to the = §9nﬂetr|cal anhydri de and reacted
wi th resin-bound hexadecapepti de as described in Exanple 21. The two
10 N-term nal residues of Hirul og-25, BOC Pro and BOC- (D Phe),
are added under standard peptide synthesis condltlons andeg he
resulting peptide is then cl eaved w th HF. ~)=uao,

EXANPLE 25 15 Synthesis O ku?d'd"?e

Hi rul og-26 has the formula: H (D Phe)-Pro- Ar gpxopr opi ony{ gl ycyl -
(GIy)[err]-Asn-GIy-Asp-Phe-Glu-GIu- Il e-Pro-Gy-43 u-Tyr-
hexadecapepti de, HOL™ -

05 '
(Ady)[err]-Asn-dy-Asp- mﬁ Pm-%-wﬁ"ﬂeu, 20 S
synt hesi zed as previ ous cri ound ™t0 thegzigk. The

next residue, Nerr]-BOC ar goxopr opi onyl gl yci ne, is synthesized by
t he reaction schene depicted and described bel ow. Ew?&::j\

oty
Hoa :}m—u. oy SV

;)\... \/é... ‘-/\\\:T\};

n
Hoc” MM .:3: 0

=L

A Dehydro-N°-NitroArgipidine is synthesized
essentially by the method for synthesizing argipidine,
which is described in United States Patent No.
4,258,192, herein incorporated by reference. The only

5 differences are that the guanidinium group is protected
by -a nitro function and the heterocyclic ring of the
quinoline remains unsaturated. This intermediate is
used to acylate t-butyl glycine by the method described
in Example 21. The t-butyl ester is removed by

10 standard acid hydrolysis techniques. The resulting
free acid is reacted with the hexadecapeptide using

u-OH. The
{]



- 64- . [err] ' 3- (CbzAm no)

-2-0x0-3-{3-[ (N err]-Tos) guani di nyl ] propyl } - di tert Butyl Mal onat e

W prepared a batch of Nerr]-Cbhz-Nerr]-Tos- Ar gi ni neDi azonet hyl
ketone in the sanme manner as the 5 preparation of

N err]-BOC- N err]-Tos-Argini neD azomet hyl ketgone described in Exanple
21, except for the substitution of N err]-Cbhz-Nerr]-Tos-Arginine for
N err]-BOC-N err]-Tos-Arginine. W di ssolved 4.5 ng of

N[err]'Cbz'N[errEtsﬂﬁhéﬁgH@dﬁf@dﬁ“ﬂgaﬂﬁﬂques. The resultant peptide is
deprotected, cleaved from the resin and purified by the
techniques described in Example 4.
The peptide is then subjected to the

5 hydrogenation procedure described in the 4,258,192
patent and purified by the HPLC technique described in
Example 4.

EXAMPLE 31

Synthesis Of Hirulog-32

10 Hirulog-32 has the formula: H-(D-Phe)-Pro-
Arg-(Gly),~Asn-Gly-Asp-Phe-Glu~-Glu-Ile~-Pro~Glu-Glu-Tyr-
Leu-OH. Hirulog-32 was synthesized, purified and
characterized using the methods described in Example 4,
except that BOC-glycine was used instead of BOC-proline

15 in the cycle following the two cycles of BOC-
glycylglycine addition.

EXAMPLE 3

Synthesis Of Hirulog-33
Hirulog-33 has the formula: N-acetyl-Gly-

20 Asp-Phe-Leu-Ala-Glu-(Gly),-Val-Arg-Pro-(Gly),~Asn-Gly~-
Asp-Phe-Glu-Glu~Ile-Pro~-Glu-Glu-Tyr-Leu-OH. Hirulog-
33 was synthesized, purified and characterized by the
standard peptide synthesis techniques employed in
Example 4, with appropriate BOC-amino acid

25 substitutions. The CSDM portion of Hirulog-33 has an
amino acid sequence that is identical to a segment of
the fibrinopeptide A sequence of the Aa chain in human

fibrinogen.
EXAMPLE 33
30 Cleavage Of Various Hirulogs By Thrombin

Inhibition of thrombin by Hirulog~8 was found
to be transient due to the slow cleavage of the Arg-



ketong in 200 nl of CH err]Cl[err] in a flask and cooled the 10 sol ution

to--70Cin a dry ice/acetone bath with

stirring. Anhydrous HBr gas

15

was t hen bubbl ed t hrough the solution at a noderate flow rate for
m nut es. The solution was stirred for an additional 15 m nutes
at -70[err]C and then concentrated in vacuo. ghe resulting 15 product,

N err]-Cbz-N err]-Tos-Arg-COCH err]Br, was re2overed as 5.0 g of
Meanwhi | e, a suspensi on of sodi um hydride

(36 ny; 80% di spegsi ) ? éXmﬁh ﬂ1ﬂ1 5%@19891ﬁg2tﬂﬁs cleavage,

hexanethylphosphoram

yel | ow crystal s.

srhnombpinfwas oo J@V@@rt%urssmaroﬁa% hydyopytprr.
The m xture was %éﬁieﬂtﬁttémtsmﬁfaﬁa@enierséﬁstrate.m miéeéfaeé was

t hen added dropmnse over 20 m t|on

e e O e PeTs Al L ESeterf2eq ' 8a%s R by oRyBLetafTRL S,
reaction wasaﬂltimhhbxtor of tmrmmbﬂnfor 3 hours, after which tine the
sol ution was

ethyl acetate.

The

The 8?;;ﬁ?clﬁﬁase Was ¥@I$ateggugéé §ct§g wﬁ%%dggoﬁggﬁglated

in vacuo to an oilirylegsiet uhmsanventbgmdubywagmsnbseqhenmbynpunsf|ed on
monstragé‘tlh? Coh U Wt £H ér(‘féafi; ut eﬂeé&ﬁi&ﬁ%iﬁkﬁr\é’st h 400

a3 x 10 cmsili

m of

5% acetone I n

or of'or ny. 400 0% acetone In

chl or of orm and ZﬂPﬂﬁakﬂlﬁﬂwhgﬁﬁﬂcﬁﬁﬁ??P@h%Brb*o?n?n) and Yag¥ingns (25 nl)
wer e col | eqteed arubrﬁfammimﬂ&f dbther mew@ss fopgtuboge1bhe desired

product were poo

3- (CbzAm no) -

nmal onat e.

15

20

25

30

35

ntr

o in1og-160" ARACFIGIRRY HPBISRTEe. Hirmloga10, Byt y)

Hirulog-32 or leulog-33 (80 to 160 nM) were prepared
in 20 mM Tris~HCl, pH 7.4 containing 0.1 M NacCl.
Aliquots (0.975 ml) of the reaction mixtures were
removed at various times and mixed in a cuvette with
0.025 ml Spectrozyme TH (11 uM final concentration), a
chromogenic substrate. The initial rate of reaction
was determined and, based on control mixtures
containing thrombin in the absence of Hirulog, the %
inhibition was calculated.

An alternate method employed reverse-phase
HPLC separation of aliquots from a Hirulog/thrombin
reaction mixture. In this assay we added human a-
thrombin (0.25 uM final concnetrations) to a reaction
vessel containing one of the above Hirulogs (12.5 uM
final concentration). Aliquots (50 ul) were removed
both prior to and at various times following the
addition of thrombin. The aliquots were either flash
frozen of injected directly onto the HPLC column. The
HPLC system employed an Applied Biosystems Liquid
Chromatography System equipped with an Aquapore C,
column (0.46 x 10 cm). The column was equilibrated in
70% solvent A (0.1% TFA in water) and 30% solvent B
(0.085% TFA/70% acetonitrile) and developed with a
linear gradient of from 30 to 50% solvent B over 30



5-(N.err]-CbzAm no) - 4-ox0-5-f3-[ (N err]-Tos) guani di nyl ]

proyl } pent anoyl gl yci ne Benzyl Ester 20 The above di-t butyl
ester is stirred in 1.2 equi valents of 1 N HCL for 2 hours at room

t enper at ur e. It is then decarboxylated in excess pyridine at
100[err]C for 15 mnutes. The solvent is then renoved in vacuo,

and the residue purified by silica gel chrbﬁﬁﬁdgraphy, 25 as descri bed
above. The resulting carboxylic acid is acylated with glycine benzyl

gsziin ﬁg)cozdlo)r(lg_ t?' : q"19(5\1[5& A % escr‘;gbed wabpyﬁﬁ)eﬁ%}l‘bﬂﬁl yci ne
30

Htraaas wds mppreiticred satdi 2s0inmed IPep'JIEEBéﬂ concentmtiwwl
and hydr ogenat ed er f q%anﬁngg s over 600
ng of 10% pal | adl“%\r% Ca@}%ﬁrn?ine]d atal'ys Iee%net roe% &S on m utrg%1 is then

filtered through Oel iBatharaf ddwe @hovwawieseribed Aassays sdllew

- 66 - 5 dfg)ofmfe nastd tdf‘ﬁiﬁ‘ﬁi& Qﬁ&éfyéf@rby
purified by HPLC u5|ng the conditions described in WP

5- (N[ err] - BOCAT AQFOmRR - @Xpresqest in #@in)s and turnover rate (Ku

guani di nyl ] prODVIeWHQi Wiy . Both methods pﬂm@ém\&mmml dis
converted to its corresg nﬁ deeraEh% %1 IV|ng I n
di oxane/ wat er (2kr Yﬁ%&eihdw o)s; ﬁg 6YErfTC ha

- 1 ]

10 INHIBITOR g'EQPt'JgNCE Koo (min™)
Hirulog-8 Arg-Pro 0.31 - 0.5
Hirulog-10 Arg-Sar 10
Hirulog-18a B-HomoArg-Gly < 0.01
Hirulog-18b B-HomoArg-Pro < 0.01

15 Hirulog-18c B-HomoArg-Val < 0.01
Hirulog-19 Arg[psiCH,NH]-Gly < 0.01
Hirulog-32 Arg~-Gly 535
Hirulog-33 Arg-Pro 0.056

As shown above, Hirulog-g8, -10, =32 and -33 were

20 cleaved by thrombin with k,, values ranging from 0.056
min”' (slow cleavage) to 535 min™ (fast cleavage). In
contrast, Hirulog-i8a, -18b, -18c, and ~19 appear to be
resistant to thrombin cleavage.

Figure 5, panels A and B, show a more

25 detailed analysis of the cleavage of Hirulog-8 by
thrombin. As depicted in Figure 5, panel A,
concentrations of Hirulog-8 in slight excess over
thrombin exhibited a transient inhibitory activity
(greater than, or equal to, 10 minutes, depending on

30 the Hirulog concentration). Progressively higher
concentrations of Hirulog-8 demonstrated prolonged
inhibitory effects. A linear relationship between
duration of inhibition and Hirulog-8 concentration is



stirriing. The pHis adjusted to 10 with 0.1 N NaOH and 10 then 1.1

equi valents of di-tert-butyl dicarbonate (in di oxane) are added. The
reaction is stirred at O[err]Cto 20C for 4 hours and then is
evaporated in vacuo. The residue is then partitioned between ethyl
acetate/ 1% citric acid (2:1). The organic phase is isolated, 15
extracted once with 1%citric acid, and then78 tines ~ with saturated
NaCl . The organic phase is dried over MgSO err], filtered and
concentrated in vacuo to obtain the BOC—grotected pr.oduct .

The resul ting prot %Y%dlﬁsﬁéﬂﬂﬁﬁpFPdEaF?éeBZO rop,these 4a&ai,swenen

coupl ed to the resabebbatedd a turhevaﬂecaﬁegt bdekuﬁ,l EE Sdamiaﬁ?h pepti de

synt hesi s t echni ques h Que y the sequ

aédltlon of BOC-D- Phe and EEg;éﬁﬁkfﬁé?kéopegPﬁ BSGHSncg anab@ﬁﬁﬁdef the
conpl et ed Hi rul ofienlegtéederivededigestios prothetseprodudefr dhethed and
pug|7f I ed as glescrydgdeidns abovEX Xiﬁ/ﬁﬁﬁméged that Hirulog-8 was
Synthesis Of HirFR{LYy cleaved by throgpin| al- thendrgrRuof bondha This

H‘(F"Phe)-P'rAg- Gl1s &Vﬁk Ki¥>ﬁ$ﬁ§ﬁéi)cl£ﬁ@age 51te fgf serlneeproteas$ﬁ

a err]-Asn- - -

EG 8 % er r} - Asn- G%}/‘d:ég ﬁh%heve 1'53 B"d’% ?‘I‘%cﬁ?ﬁlﬁlﬁ @uc%ﬁyﬁgﬁ in

hexadec apept i de \msrulog-asménem Zehe alsigh exf Pinlyy descthbegepdakebrbound
esi ep dih#:£nei ning portion of the nolecule was

syntheS|ze3 by the reactlon schene depicted and

EXAMPLE 34

The Effect Of Linker Length
On _The Activity Of Hirulog
Hirulog-8, Hirulog-13, Hirulog-15, and
15 Hirulog-16 differ from one another only by the length
of the polyglycine portion of their respective linker
segments. In order to determine what effect linker
length has on activity, we compared the inhibition of
human e~thrombin by each of these Hirulogs. The
20 following table lists the linker lengths of each of
these Hirulogs:

Peptide Linker Length (4)
Hirulog-8 24
Hirulog-13 18

25 Hirulog-15 30
Hirulog-16 36

The antithrombin activities of these Hirulogs
was measured toward thrombin-catalyzed hydrolysis of
Spectrozyme TH essentially as described in Example 9.

30 Figure 6 depicts the relationship of linker length to K,
for Hirulog inhibition of this thrombin-catalyzed
reaction. This figure shows that Hirulogs-8, -15 and



10 described bel ow. [err]

- 68 - N err]-Cbhz-Nerr]-Tos-Argini ne(COCH err])proline Benzyl
Ester’ We di ssol ved 720 ng of proline benzyl ester

(HA salt) in 25 mM THF. This solution was then cool ed to -78[err]C
In an acetone/dry ice bath with stirring ugdgg _5 argon. We then added
l'ithiumdiisopropylamde (8.0 n of a 0775 M hexane suspensi on) and
stirred for an additional 5 mnutes. To this we added 1.08 g

N[ err] - Cbz- -2 ehate TosmphghBLEC BRATBELEY! aKeligieiel, 1QnThel HF,

pr epar ed as_descri bed |n,ExanBIe 55 “dropwi_se over 20 m nutes. 10

The reaction was BI¥Ried-13, WAthoan: 18AakigkgrndeBgth, has,ap ac&ivdtytion

was then allowed fedubed by hopE than 1bepedat uThiw tbnFirhe thatV\e

phases to - ohbaReLIaRatREorh: SAPKBNT, S4AR. THnESE. AHRESC RATETRS
was then dri®d ovactigByerrfhilel netewishdngvapobet bdund by theoayyo.
ggﬁ;;} ‘Sgéy[?;fgéﬁf%%giﬂéi%[ £h5L) 150LhBCto the fact that thie above
Hirulog linker is equally disordered when free in
solution as when bound to thrombin. Applicants also
believe that there is little cooperativity in the
10 binding of the CSDM and ABEAM portions of the thrombin

inhibitors of this invention to thrombin.

EXAMPLE 35

Inhibition Of Thrombin-Catalyzed
Hydrolysis By Various Hirulogs
15 We compared the inhibitory activity of
various thrombin inhibitors of the present invention on
thrombin-catalyzed hydrolysis of a tripeptidyl-p-
nitroanilide substrate. The antithrombin activities of
Hirulog-10, Hirulog-i8a, Hirulog-18b, Hirulog-18c,
20 Hirulog=-19, Hirulog-32 and Hirulog-33 were assayed by
the method described in Example 9, using Spectrozyme TH
as a substrate. The table below lists the calculated K,
values as well as the P,~-P,' sequence, of each of these
thrombin inhibitors.

25 P,~-P,!
INHIBITOR SEQUENCE K._(nM)
Hirulog-8 Arg-Pro 1.9 + 1.4
Hirulog-10 Arg-Sar >2,000
Hirulog-18a B-HomoArg-Gly 7.4

30 Hirulog-18b B-HomoArg-Pro 4.6
Hirulog-18c B-HomoArg-Val 205.0
Hirulog-19 Arg[psiCH,NH]-Gly 20.0
Hirulog-32 Arg-Gly >2,000

Hirulog-33 Arg-Pro 3.6



”~”

=hydrogenated usi ng the palladi um carbon procedure 20 described in

Exampl e 25. The resulting pseudodi peptide was BOC-protected by the
procedure described in Exanple 25 to produce the desired product.
The purified, protected pseudodi peptide was then coupled with the
resin-1inked hexadecapepti de by 25 st andggd-pepti de synthesis

techni ques. Hirul og-27 was deprotected, cleaved fromthe resin and
purified by the t echni ques described in Exanpl e 4.

EXAMPLE 27 Synthesis O Hirul og-28 30

Hi rul og- 28 has the fornula;. H:D Phe)-Pro- , Arg (CHN) -Praq-
(dy)[err]-Asn-d y-Asp- Phed8 éhdigated. pbave, le“é%G-'éou-aT\ﬁ' HiZRrleg= The
(Ay)[err]-Asn-Ghy-depePpeod linhibitors ofl thrBndif-¢caBalyEed Leu- O PAM
hexadecapepti de

. . - Q9,.- .
synt hesi zed as pﬁ§§F8&¥F§sd8§c?PﬁgargﬁHmFeFP‘boaﬁﬁstgas consSﬁgepgsﬁﬁFhThe
remai ni ng porti obhef fagt kbhtcehehwas these dphibdtoredwas tapiddyction .

schene depigted afdaved pydehtbhBEd B8 ®We p-p€bbhd. In Hirulog-19,
wherein this bond was reduced to the psiCH,-NH linkage
and rendered non-cleavable by thrombin, effective
inhibition of thrombin hydrolysis was observed.
The studies with B~homoarginine-containing
10 inhibitors (Hirulogs-18a, -18b and -18c) demonstrated
that this amino acid derivative may replace arginine in
the inhibitors of this invention without affecting
activity. Moreover, this shows that displacement of
the amide bond by one methylene does not markedly
15 reduce thrombin inhibitory activity. The 30~ to 50-
fold increase in K, for Hirulog-18c, as compared to
Hirulog-18a and -18b, respectively, suggests that the
structure of the P', amino acid is important in
inhibitory activity. Without wishing to be bound by
20 theory, applicants believe that the presence of phi-
psi angles in the P', amino acid (Gly in Hirulog-18a;
Pro in Hirulog-18b) as well as conformational
constraints, (such as is caused by the proline in
Hirulog-18b) contribute to the potency of the
25 inhibitors of this invention. An alternate possibility
is that the B-branched side chain of the P', amino acid
Val in Hirulog-18c may impair binding of the CSDM
portion of that molecule to the thrombin reactive
center due to steric considerations.



5 Nferr]-BOC-N err]-Tos-Arginine[psiCH err] N Proline Benzyl Ester

One gram of crushed 3A nol ecul ar si eves (Aldrich) was added to a
stirred solution of 5.25 g proline benzyl ester free base

(Schwei zerhal I, Inc.) in 10 mM anhydrous THF and 2 nml anhydrous

et hanol under 10 argon at roomtenperatureg; W& added 1.45 m of 5 N

nmet hanolic HC1L and 1.5 g of N err]-BOC- N err]-Tos-Argininal (prepared
as described in Exanple 22) to this m xture and stirred for 1 hour.
An 85 ng portion of sodium cyanobgxalptr dg was added to the m xture

and then, an 15 hour later, a second 85 ng portion of sodium

cyanobor ohydri de was added. The rBan8iing odsHibelog-8 Tostirred for 20

hours and filtered. W added 1 ThewaAttive Sitea0d Th®ombih N HCl1 to the

filtrate with stirring and then concentrated the solution in vacuo to

yield 6.2 g 20 of N err]dDBEop{epylfivefephosphate] (PFP) oibeazyeldster,

as a clear 5  Qrdown inhibitor of ézfﬁﬁéLﬁféfééﬁég?riﬂgi%&%ﬁg by -f1ash

chromat ography over a 5 cmflash colum co alnlng . 35( silica gel

(Merck Grade 60, PRI nedHclsRAtys by covalently modifying the

- 70 - Thﬁrdtg&@tmtgm Ot Beredh 9y, SWE eEdAEd €4 UBTOP£ 9L Nexcess

0, 0,
0.25% 0.75%and o]f 5‘@-%%%Oltﬂr%m%hilno,r O:{I'Pr(ml M sodium borate, pH 8.0.
Following a 10 minute reaction, formation of a thrombin

10 conmplex was demonstrated by SDS-PAGE and fluorographic

analyses (Figure 7, lane 1). When the reaction was

performed in the presence of Sulfo-Tyr,,~N-acetyl-
hirudin,,, (at 300 and 3000-fold molar excess over
thrombin), the modification of thrombin by ['“C]-DFP was

15 not altered significantly (Figure 7, lanes 4 and 5).
However, when we performed the reaction in the presence
of Hirulog-8 (at 3- or 30-fold molar excess over
thrombin) the incorporation of [“C]-DFP into the
thrombin catalytic site was completely blocked (Figure

20 7, lanes 2 and 3). These data demonstrate that the
CSDM of the thrombin inhibitors of this invention are
capable of binding to the catalytic site of thrombin
and inhibiting catalytic activity.

XAMPLE 37

25 Comparison Of Antithrombin Activity of
Hirulog-8 And A Synthetic Catalytic Site

Directed Pentapeptide (D-Phe-Pro-Arg-Pro-Gly)
As shown in Figure 1, Hirulog-8, unlike its
constituent anion-binding exosite associating moiety,
30 Sulfo-Tyr,,~-N-acetyl-hirudin,,,, was able to inhibit
thrombin-catalyzed hydrolysis of small p-nitroanilide
substrates. Similarly, we have tested the ability of a
(D-Phe) -Pro-Arg-Pro~Gly pentapeptide to inhibit
thrombin catalytic reactivity.



N err]-BOC-N err]-Tos-Arginine[psiCH err]N Proline The
resulting benzyl ester is hydrogenated 5 over pall adi um carbon and
purified, as described in Exanpl e 25. This process yielded 160 ng of
N err]-BOC-N err] - Arg[psiCH err] N -Proline free acid, which was
further purified using the HPLC chromat ography system descri bed

in Exanpl e 4, except elution was achi eved W& =an 10 I socratic 26%

Buf fer B/ 74% Buffer A system previously described in Exanple 22. The

final yield of dipeptide was 86 ny, . Jhe dipeptide. is
then coupled to the resin- The Peﬂﬁiﬁﬁé&hﬂ&uﬁﬁ%uﬁ%ﬂ?%ﬁﬁ1?%ﬁIiﬁwﬂé%£rébﬁﬁcle
of BOC-Pro 15 I @l i oN witheg £ \BdE-glydRe<diwheylbenoener pésbn.
Deprotection, cleavage and rd ficatiaon of _the full esj. zed
i rul 0g-28 1 aciis drriyRdRtidd it Faledgl Y sharaerenifed
EXAMPLE 28 20 described in ExampByenthesis OF Hirul og- 29
Hi rul og-29 Rkas the fornul amd;s - | Eggys 110533 -Gay boxyet hoxy-
(dy) -Asn-Q y-Asp-Phe- .ThAe giuifgéctus- Icffe-%?rt:')l-?%?u- ug-'lély(r)a-%ieu?%'_. The -
(Gy)[err]-Asn- pentapgptisg-tawand Fhgonbin-atalyzedihydrelysis oot
Bept gdtecafﬁptlde_s&%%?&t :ﬁ?dve&% M LB s descrm&rixbeﬁx?\ﬂdléeﬂ_ t
ound to the resin., The 4-chlorq-, i sgcounari no- 3- car hoxyal koxy. noi ety
was synt hesi zed Bping Il %H@h%ﬁw%ﬁﬁﬁgﬁgdﬁgc ?bt:@ %’@f oW.
- 71 - [err] respectively. Our results show that while nanomolar
10 concentrations of Hirulog-8 can inhibit the thrombin-
catalyzed reaction, concentrations of pentapeptide as
high as 10 uM have no significant effect on the
thrombin-catalyzed rate. These data show that the CSDM
component of the thrombin inhibitors of this invention
15 is, by itself, only a weak inhibitor of thrombin's
catalytic function.

EXAMPLE 3
In Vivo Anticoagulant Activity Of Hirulog-8

We determined the in vivo anticoagulant

20 activity of Hirulog-8 following intravenous
administration of this peptide into baboons. We used
various dosages of Hirulog-8 ranging from 0.002 to 0.2
mg/kg/min. Baboons (male, 10-15 kg) were sedated with
ketamine hydrochloride prior to administration of

25 Hirulog-8. Whole blood from treated and control
animals was removed from a catheter placed in the
femoral vein and collected into 3.8% sodium citrate
(9:1; blood:sodium citrate). Plasma was obtained by
standard methods and the APTT was recorded by methods

30 described in Example 10. As shown in Figure 8,
Hirulog-8 yielded a dose-dependent increase in the
APTT. A 200% increase in the APTT (considered a
therapeutic range) was achieved with the lowest Hirulog
dose (0.002 mg/kg/min. infusion).



Et hyl.” 2- br onp- Honopt hal at e We m xed honmopthalic acid (10.0

9)., 2- br onoet hanol (21.0 g) and benzene (200 m ). W then

added 12-15 drops of sulfuric acid and heated to reflux 5 for 2.5 hours.
The solution was then filtered and concentrated in vacuo. The residue
was washed with 250 m ether/hexane (1:1) and was filtered onto a
scintered glass funnel. The resulting |ight 8% own solid was vacuum
dried to obtain approximately 15.0 g 10 of product.

4- chl or o- 3-[ 2- br onpet hyl oxy] -i socoumarin W m xed the ethyl
2- brono honopt hal ate prepared as described above (4 g) together with

phosphor ous pent achl ori de (8 g) and béﬂ@@gﬂi¥éﬁb m). 15 The nmixture
was refluxed for 4.5 goHn h vacuo. The
reddi sh- brown oily I <

X 175 mmsilica gel s i e.as Iuant
Fractions of 20 m me?e coﬂ Q@,qggﬂéqgﬁgghﬁ_ caﬂiylnqh
4- chl or o- 3- [ 2- br §ribatimy lcdol] ansbcmmsarrabsorbedal metlnué rewtd¢leave- 6. The
f ti , t

ractions wgre pﬁglﬁ@mn 1 SR yel%oémf% %fovfﬁ'?%f'ﬂgerc?fé‘gue

was recovered as a ear 'l g
Clot~bound thrombin has been shown to be resistant to
neutralization by the heparin-anti-thrombin III complex
{P. J. Hogg et al., "Fibrin Monomer Protects Thrombin
From Inactivation By Heparin-Antithrombin III:

10 Implications for Heparin Efficacy", Proc. Natl. Acad.
Sci. USA, 86, pp. 3619-23 (1989)], but may be inhibited
by antithrombin III-independent inhibitors, such as
PPACK, hirudin or Sulfo-Tyr,-N-acetyl-hirudin,,,. Clot-
bound thrombin is believed to play a role in thrombus

15 accretion and in rethrombosis following thrombolytic

therapy.

We compared the abilities of Hirulog-8 and
heparin to inhibit clot-bound thrombin using the method
described by J. I. Weitz et al., "Clot-Bound Thrombin

20 Is Protected from Heparin Inhibition -- A Potential
Mechanism for Rethrombosis After Lytic Therapy", Blood,
74, p. 136a, (1989).
A clinically relevant dose of heparin (0.1
U/ml) inhibited fibrinopeptide A (FPA) release
25 catalyzed by soluble thrombin by approximately 70%.
However, a similar dose had no effect on FPA release
catalyzed by clot~bound thrombin. 1In contrast,
Hirulog-8 had an almost identical inhibitory effect on
FPA release catalyzed by either soluble or clot-bound
30 thrombin (Figure 9).

This study indicated that Hirulog-8, as well
as the other thrombin inhibitors of this invention, are
more effective than current drugs in blocking thrombus
accretion, increasing the rate of thrombolytic



-72- . 4-chl or o- 3-[ 3- oxypr opanoi ¢ aci d] -i socoumarin

The 4-chl oro-3-[2-bronoethyl]-isocoumarin (1.4 g) prepared above was
di ssolved in anhydrous THF and added directly to a refluxing solution
of magnesium 5 turnings (170 nmg), and a few crystals of iodine in

15 m anhydrous THF, which was stirring undegy, argon. The m xture was
refluxed for 1.5 hours It was then poured over excess dry ice in a
400 M beaker. W |et the m xture stand at 20[err] until all the
excess CJerr] haépui-fusﬁmlarme prasifbri iy adsioth- GpeOxs "PéEIowiRg M each
of di et hyl hercgpga_HF to the m xture which produced a yel | ow
sol uti on cont ai ni SAFRERT i ¢ e, coarse precipitate.

W bubbl ed anhydrous HCLl through this m xture 15 at 20[err], which
di ssol ved nost of the precipitate. The EXAMPLEBdIQition was then filtered

and evaporated in vacuo to obtain the crude product. This was then
recrystallized overnlghtTheoEffEmt of leulog-s On Ihe resulting
4-chl or o- 3- B3- oxypr oponoi ¢ Xivo Plajte 8 g at. to a glycine

benzyl ester and the resulting produﬁt-catalytlcally~hydrogenated
over pal | adi um carbon, as ®eSAYSRFPIRCIBH AN Knpwn to hayesimilar

pseudodi pepti de ichagiaatdi®n A1 Hendddtdttid rdpbtbes as mexpdegapepti de,
(G y)Lerr]-pon- Ao ih Gabon s Fh aetlfifbe  Gd MM ikey of¥
EXAMPLE 29 Hirulog-8 to interSyupthgsistéXettdependait thrombosis.
10 Specifically, we placed various thrombogenic surfaces
in a chronic exteriorized AV shunt in the animals.
These surfaces included segments of endarterectomized
baboon aorta, collagen-coated silastic tubing,
cocllagen-coated Gortex and Dacron vascular graft.
15 Following placement in the shunt, the surfaces were
exposed to native flowing blood to elicit thrombus
formation. We measured the formation of thrombi over a
period of 60 minutes by monitoring the deposition of
platelets on the thrombogenic surface. These
20 measurements were recorded by external gamma-camera
imaging following pre-infusion of the test animal with
autologous 'In-labeled platelets.
Placement of a 5 cm segment of
endarterectomized baboon aocrta in the exteriorized AV
25 shunt in the absence of Hirulog-8 led to a time-
dependent deposition of platelets. This accumulation
reached a plateau in 60 minutes, at which time a total
of 14.0 + 5.0 x 10° platelets/cm were found deposited on
the endarterectomized segment. Doses of 0.002 and 0.01
30 mg/kg/min of Hirulog-8 inhibited platelet deposition by
53.6% and 75.5%, respectively. These results are
depicted in Figure 10. The ED,, for Hirulog-8 (the
dosage required to reduce platelet deposition by 50%)
in this model system was 0.002 mg/kg/min.



H rul og-30 has the formula: 4-chloro-3-[2- 30
an noet hanol ] -i socoumarin-(dy)[err]-Asn-Ady-Asp-Phe-Qd u-
A u-Ile-Pro-3@ u-d u-Tyr-Leu. The hexadecapepti de,

(Ay)[err]-Asn-d y-Asp-Phe-Au-Gu-1le-Pro-d u-d u-Tyr-Leu S
synthesi zed as previously described and | eftggound to the resin.

- 73 - The 4-chl oro-3-[2-am noet hanol ] -i socounmari n
noiety is prepared by a procedure anal ogous to that described in
Exampl e 28 for synthesi zi oo i@l g1dced 5 cnl deBneies! banebhragasoumari n
except that 2- am noet hanol i's used instead of 2-bronoethanol in the

initial step of eﬁﬁ%ﬁ?@yﬁhbaﬁBHBpF%H}PS 4gj ghe AV shunt, 12.6 },8.Q, ¥;510

linkage is fornmedpiytépees) & Wéee deposﬁﬁéﬂoaﬁtéﬂpsof minutes in the
4-chl oro-3-[ 2-am ethanol hsoc

the actjvat gent,
car bonyl di i ni dazdt iﬁu °gT%e r%gﬂFPF%%r?ﬁfEPnﬁg Q%E“?ﬁga zol i de
IS not isol & ed, resultédulmsaréaseedepenaenbelnhsbmtibnkeﬂ ptatdédelpepti de

d I d
[rom the esin el T Tiol pyt(Rerradar o0c 08 md7REPRER Bfzaton-p o 70)

15 completely 1¥y@m@§g§391atelet deposition. Thesyﬁﬁnégss o
Hi rul og- 31 of this ?orﬂéh”@ﬂ @ﬁehéﬁpébfméﬁtnafé aesgiptdil 14 Y) .
Asn-d y- Asp- Phe-J u-d u

e-Pro-Q u nthe5|zed
t he hexadecapept@ﬁ?ﬁ?ﬁyﬁferr?hﬁsﬁpﬁi?g %rgt%g-s in"tnis systln v
10 calculated to be 0.004 mg/kg/min.

Both collagen-coated Gortex or Dacron
vascular grafts are known to be more thrombogenic than
silastic tubing. A total of 35.0 + 6.0 x 10°
platelets/cm were deposited on the Gortex following a

15 60 minute exposure to native blood in the absence of
Hirulog-8. We found that Hirulog-8 once again
demonstrated a dose-dependent antithrombotic effect
towards platelet thrombus formation. A dose of 0.2
mg/kg/min Hirulog-8 caused a 62.9% inhibition of

. 20 platelet deposition. The ED,, for Hirulog-8 in the
Gortex system was 0.135 mg/kg/min. A similar result
was obtained for Dacron grafts. The higher dosage of
Hirulog-8 required to inhibit platelet deposition on
these two surfaces was to be expected because of their

25 high thrombogenic activity.

We also determined the effect of Hirulog-8
toward both high and low shear platelet-dependent
thrombus formation using a dual-chamber device, which
allowed for simultaneous measurements of both shear

30 conditions. The device was comprised of a 2 cm segment
of collagen-coated Gortex followed by 2 cm segments of
expanded diameter. Using this device, thrombus
formation was initiated by exposure of native flowing
blood to a segment of the collagen-coated Gortex at

35 high shear. This part of the experimental protocol



20 . du-du-lle-Pro-@u-Au-Tyr-Leu by the standard peptide

synt hesi s techni ques described previously and | eave the pepti de bound
to the resin. The argipidylglycine portion of this Hrulog is
synt hesi zed by the reaction schene depicted and descri bed bel ow
- 74 - [err]
- 86 -

simulated arterial-like conditions. When the blood
entered the expanded diameter segments, low-shear,
vortex conditions were maintained, thereby simulating
venous thrombosis. In control animals, a total of 9.3
5 + 2.3 x 10* and 6.1 + 0.5 x 10° platelets/cm accumulated.
after 40 minutes in the high and low shear segments,
respectively. Hirulog-8 inhibited platelet deposition
in both high and low shear segments in a dose-dependent
fashion. A dose of 0.05 mg/kg/min inhibited platelet
10 accumulation by 42.6% at low shear and by 29.0% at high

shear.

EXAMPLE 41

Comparison Of Hirulog-8 With Other
Anti-Thrombotic Agents In Inhibiting

15 Acute Platelet-Dependent Thrombosis
We examined the effects of heparin, low
molecular-weight heparin and recombinant hirudin on
platelet deposition in the collagen-coated silastic
tubing/exteriorized AV shunt baboon model described in

20 Example 40.

It has previously been shown that heparin
administered as a 160 U/kg bolus injection followed by
a 160 U/kg/hr infusion inhibited platelet deposition to
a level of about 80% of that observed in a saline-

25 treated control animal. Low molecular-weight heparin,
given as a bolus injection of 53 anti-Xa U/kg, followed
by infusicn at 53 anti-Xa U/kg/hr, yielded similar
results [Y. Cadroy, "In Vivo Mechanism of Thrombus
Formation. Studies Using a Primate Model", Doctoral

30 Thesis, L'Universite Paul Sabatier de Toulouse
(Sciences) (1989)]. At equivalent molar doses (5
nmole/kg/min), recombinant hirudin [A. B. Kelly et al.,
"Recombinant Hirudin Interruption of Platelet-Dependent
Thrombus Formation", Circulation, 78, p. II-311 (1988)]

35 and Hirulog-8 both inhibited platelet-dependent



»

A Dehydro-Nerr]-NitroArgi pidine is synthesized essentially by the

nmet hod for synthesi zing argipidine, which is described in United

St at es Pat ent No. 4,258,192, herein incorporated by reference. The
only 5 di fferences are that the guanidiniumgroup is protected by-a
nitro function and the heterocyclic ring of the qui nol i ne remai ns
unsaturated. This internediate is used8fo-acyl ate t-butyl glycine by

t he net hod descri bed in Exanpl e 21. The t-butyl ester is renmoved by 10
standard acid hydrolysis techni ques. The resulting free acid is
reacted with thethERRRBESafOpMREdORsbYg60-70% as compared to the

- 75 - stantabyd . CORkisRd reetitisdaee dEp JtellimEigud iage is

deprotected, cleaved fromthe resin.and purified by .the t echni ques
described in Exaﬁé’@rﬁ‘grmn in mhlblt°r%hé’a|3€pﬁr§é’ ’1°é"stlt¥eﬁ’%j%€ﬁr%$]to
the 5  hydrogknathenbpbooadmodedegar.i Bad Kellielye et, 238,,19Zompar ismat ent
and purifieg by ppes Plint6rBakIUe 085 ahiti%dnditatic Effects Produced
by Antithrombins in Primate Models of Arterial
Thrombosis", Thromb. and Hemostas., 62, p. 42 (1989)].
The reported ED,, doses on collagen-coated surfaces for
those agents, as well as our ED,, determinations, are

10 summarized in the table below:

Agent ED,,

PPACK 75 nmoles/kg/min

Gyki 14,451 500

Benzamidine 3000
15 Argipidine (MD805) 550

rec-Hirudin <5

Hirulog-8 <5

E LE 42
The Effect Of Hirulog-8 On Fibrin Deposition

20 We measured the effect of Hirulog~-8 on the

deposition of fibrin(ogen) in the thrombi formed in the
endarterectomized aortic and collagen-coated silastic
tubing segments model systems described in Example 40.
Fibrin deposition was determined by measurement of '*I-
25 fibrin(ogen) 30 days after completion of the '"'In-
platelet assay described above. This allowed the '"'In
label to decay to a non-interfering level.
Figure 13 demonstrates that in the absence of
Hirulog-8, 0.17 mg/cm fibrin was deposited on the
30 collagen-coated tubing following the 60 minute exposure
to flowing blood described in Example 40. Doses of
0.01 and 0.04 mg/kg/min completely inhibited
fibrin(ogen) deposition. Similar results were obtained



Exanpl e 4. EXAVPLE 31

Synthesis O Hrulog-32 10 H|rulog 32 has the formul a:
H-(D-Phe) Pr o- . Arg- S
(Ady)[err]-Asn-dy-Asp-Phe-Q@ u-3 u-I1le-Pro-d u: uTw-_ Leu- CH.

H rul og-32 was synthesized, purified and haracterized using the

nmet hods described in Exanple 4, exceptqg t BOC-gl yci ne was used

i nst ead -of BOC-proline 15 in the cycle fol lowing the two cycles of BOC -

I I gl yci ne addjstet ;
%y%tcﬁegl }s/ IOf ¥ r-gl:ig:'é)o'the endarterectomiﬁd ﬁozbtj?’cg se M@%ﬁ o These
N-acetyl -G y- 20TesUALE mhoW &ha £hy thyaghin dnljibitons gDPrtius .

(Ady)[err]-Asn- Gﬂwention AxE @Re@tih@ Uirl rRsdiid U {R A c? -OH
Characterlze by the

Hi r ul og- ntheS|zed i fied ary

st andard - peptlde ?Fﬁ’tsﬂ' éﬂﬁ?’o rombus, as wghlkas with
approprlateSBOC-h&bnkimglacﬁ&e pIaﬁ@meﬂHdspunﬂentﬂthﬁaﬂﬂﬂsxférnﬁt£3n.

Hi rul og- 33 has an am no acid sequence that:is identical to a segnment
of the fibrinopeptide A sequence r-'frr] chain in human
fibrinogen. .

Cl eavage O Various H yghagseRs n of
thronbin by Hirul og-8 was Toun T-anst. ow
cl eavage of the Arg- We used a baboon model to determine Hirulog-

Bt 3330

8 clearance times following 1ntravenous infusion,
10 single bolus intravenous injection and single bolus

subcutaneous injection. APTT”assays, performed as
described in Example 11, were used_to monitor clearance
times. ' | = '

We administered various dosages of Hirulog-8
15 (0.002-0.2 mg/kg/min) to baboons vza systemic
intravenous infusion, over a period of 60 minutes.
APTT was measured following the 60 minute 1nfuszon and
at various time intervals thereafter. We determined
the average half-time for Hirulog-s Clearance to be 9.2
20 + 3.3 minutes.
To determine clearance: time after a single
bolus injection, we injected Eaboons with a dose of 1
mng/kg Hirulog-8 intravenously or subcutaneously. APTT
measurements were taken at various time intervals
25 follow1ng injection. Figure 14 df onstrates that APTT
increased to a peak of 570% of con ol value 2 minutes
after intravenous injection. ; Th ;hglf-life of Hirulog-
8 following intravenous injectio ﬁwQSi;4 minutes. -
Figure 15 demonstrdies:k “st the earliest
30 time point following subcutaneou ection of Hirulog-
8 (i.e. 15 minutes), APTT was: incr ased to
approximately 200% of control.- _
subcutaneous route was prolonged toia half-time of 340




F76 s Pro bond by thronbin. Follow ng this cl eavage,

t heonmbi n was observed to recover full hydrolytic activity toward a
¢hromogeni ¢ substrate. Therefore, Hi rul og-8 was characterized as a
"sl owsubstrate” 5 i nhi bitor of thronbin. The cl eavage
of Hirulog-8, as well as other = - Hirul ogs of this invention, by human
a-thronbi n was denonstrated in in vitr assays Reacti on m xtures
cont ai ni ng hurman [err] thrombin (1.6 nM and varyl ng 10 concentrations

i og- dac, H 1o anr Briieged sdilitbeetiathitsdtovelt oty vere

pr epar ed i ﬁomworrb%-m@ntmmvabom@wmo 1 M Nadl .

Aliquots (0.975 m) of the reaction m xtures were 15 - renoved at various
times and mxed in a cuvette with . prigsSpectrozynme TH (11 [err] M
final concentration), a . - chronogenic substrate. The initial rate of

reaction was determ mmoﬁaaﬁ&@w@-@mﬂ cﬂaﬁadﬁ MeTels

contai ning Shronbin in tof Dhsse - X268 aBiiBht | ON was
cal cul at ed. An aI ter nate rret hod errpl oyed reverse- phase
HPLC separation of ali quot ¥ef dmduced raspiicemimntim baboons eay timject ionr e,

In this assay wegq dQeq_Mn&ger]of live 2{1% éc@or?cﬁtﬁ rg c%I\Qﬁénal

concnetrations) to a reaction vesse ni ng one hé above

Hirul ogs (12.5 [®ethed escrfllh%i Bodce R+ KAWL %lﬁmtés_(mq_err] 1) were
r emoved borhveskqr, 70,2 atsl\ea-rzwlﬁéams fmii»mgt&a s infused

addi tion o{lpthro |n The aI'-,_.a %E,le 5e r%? laﬁiﬁ@%fro nl"sc)f;/eg‘%n

injected d ectl go8fe fp
Appl i ed Bi osyst enmjlecq.um of - E_,_ Culdntioo upa iy 6Syrduars efplYyweihgv th an

705k ool vert {0 LPISFERS", 20 ch® Xekhsl e iR AYO "B s&i#' TEA 70%
acetonitrile) anélnéweﬂomtm i$hocks led [tineamapketl aleclind riam 30 to 50%
sol vent B over 3feutrophil count, blood pressure and hematocrit.
15 Control animals displayed a reduction in hematocrit to
70% of basellne and a drop in blood pressure to 20% of
baseline after 3 hours. Administration of Hirulog-8
completely attenuated hematocrlt drop and limited the
peak drop ;n.blood pressure to_so% of baseline.
20 ﬁéépite attenuation of DIC by Hirulog-8, the
lethal infusion of E. coli still resulted in morbidity.
An autopsy df ‘both control and Hirulog-8~treated
animals revealed massive tissue edema in both groups.
However, only the control group displayed intravascular
25 thrombosls.““The results of the autopsies show that
interruption-of the coagulopathic stage of septicemia
alone is not suffic1ent to prevent morbidity due to
septic shock.

30 Effect Of A cOme.natzon Of tPA

To determine the efféct of Hirulog-8 on
potentiatir:i'g_fi.;..tPA—i.nduced thrombolysis, we used a rat



77 ¢ mnutes at a flowrate of 1 ml/mnute. The effluent
streamwas nonitored at 214 nm Peptide concentrations wer e

det er m ned by nmeasurenent of, peak heights. - Bot h of the
above-descri bed assays allow 5 det er m nat of- the rate of Hirul og
hydr ol ysi s by t hronmbi n. (expressed in ) and turnover rate
(k[err]; expressed in mn[err]). Bot h vods produced conpar abl e

k[ err] val ues, which are shown,in the table bef.0
Plerr]-Plerr]" 1 I SE

K[err](mn-") %odel for arte_l{lj'.rﬂl} %ng%bolx_irg_ S_‘EN(EIJ.S model, 61131 _
0.5

equqmmgnﬁpxuthrombug;wgg fo__ed in the jgbdominal aorta

Hirulog-18a B et denudat a iy §padab
B oo goPr o f@lWﬁigGﬁélloon catHe He.nu ation an éio rrg,%?g Val

< 0.01 (95%)° Sliie‘mﬁig@-lg Bloody ftqseangd é?fqmplzﬁﬁur% were
Hrulog-32 5 Arecdrded distal to thib site of injury andlfstéosBs. We

- d
A;g \IZ/re?e 20 C eaveg‘u%%a g\?ﬁ%%“%f ‘%%ﬁ@ (*l‘a(ggi'ng?]’Bﬂ‘bggSZn
mn[err] (slow ct@éhlsg@)d thY 5359 mgﬂm/d;r (mesmm)avhzmmer rwith one of

contrast, Hrulo %%B .18 eS| stant to
t hronbi n cl eavagﬁh&s%"n' ng: alg'% aneﬁ S A arﬂj %01 bw a nore 25

detai | ed anal ysi §0ddomed Meéfégyléqg/gn%|zag€®w). reconpinant hivudin
depi cted i moFi gura.9 maGRY bdlus follRRRREBY )0 mkditir! Derdsidns! 68Nt

excess over Hirulog-8 (0.6 mg/kg bolus follf:ed by 0.02 mg/kg/hr
1nfusion) ' The antlthrombotic egent or saline was
admlnlstered concomitant W1th tPA and for an additional
50 minutes follow1ng the end" fN'PA infusion.

15 Figure 16 depicts the ‘results of these
experiments,ejAnimals treated with tPA + saline
exhibited reberfusion times of 16.2 minutes. Heparin
reduced reperfusion time to 1252 minutes, while
recombinant hirudin reduced it to 13.0 minutes.

.20 Neither of these decreases were‘:tatlstically
51gn1f1cant (p < 0.05). The: comblnatlon of Hirulog-8
with tPA s;gniflcantly reduced reperfu51on time to 4.4
minutes (p < 0.01), thus accf;erating the fibrinolytic
effect of tPA by a factor ofzf

25 Heparln, hirudin and leulog-s all
signlficantly prevented reocclusion as compared to
sallne-treated controls (Figure 17). Each of these
agents also™ prolonged APTT to values of 600%, 500% and
400%, respectively, over control values (Figure 18).

30 Finally, each of heparin, hlrudin and Hirulog-8
increased the time of vessel pateecy to values of
80.2%, 82% and 93.1%, respectively (control = 43.6%)
(Figure 19). These results demon“trate that the
thrombin inhibitors of the pres “invention are




. thronbin exhibited a transient inhibitory activity (greater than, or

equal to, 10 m nutes, depending on 30 the H rul og concentration).
Progre55|vely hi gher concentrations of Hirulog-8 denonstrated
pr ol onged inhibitory effects. A linear relatlonshlp bet ween
duration of inhibition and Hirul og-8 concentrati-on is

- 78 - shown in Figure 5, panel Br % hese data, we

calcul ated a turnover time, or k[err], of 0.3 nlerr].

By purification and seguence anal.ysjs of the, .. ul og- 8-derived
dYggstlon pr oduct IR i @ ﬁé kgown antirthy Lgmg B%Es &B &EFEFEFHBE

t hat Hirul og-8 wetthe efficaew g£ctPRved by thranbin-at the Arg-Pro bond.

Thi s is a highly unusual cleavage site ~serine proteases and
we believe it to be susceptible to cleav-g L Hi rul og-8 due to the
high affinity of the peptide for 10 T

EXAMPLE 34 s
O The Actigty OF Hirdiog iy Pehle
Hi rul og-15, and 15 Hirulog- e /y by the length

of the polyglycine portion ywé éﬁpl é&sesettaﬁpiaa&ebleedmgseﬂﬁ&nts I'n
order to determ ne what effect : i

conpared t he i nhiBfaFHreRgnt t e*ﬁﬁ&ﬁpat?ﬁr%ﬁgg £§ya§a§ﬂrB¥gé% séh

Hi rul ogs. The hemostasis.

Various dosages of “Hirulog-8 (0.002 to 0.2

10 mg/kg/min) were analyzed forjthéir effect on bleeding
time. Doses of 0.002 to 0.04 ‘mg/kg/min caused no
significant increase in bleex g times. The results of
this experiment are depicted in Figure 20. At a dose
of 0.1 mg/kg/min, Hirulog-8 causes a two-fold increase

15 in bleeding time over contro aiues. At 0.2 mg/kg/min
Hirulog-8, bleeding times incr ésed to 3 times control
values. These results clearly démonstrate that dosages
required to inhibit platelet: eﬁéndent thrombosis
(0.002 mg/kg/min; see Example “03 do not cause a

20 significant effect on hematostatic plug formation.

We also tested the;fffects of a variety of
other agents on template bleed ng time in the baboon,
as well as on systemic antzcoégulant effects (as
measured by APTT). These ref;lts are summarized below:

25 Bleeding
Agent me
Hirulog-8 5.5
rec-hirudin S 12.1
PPACK 12

30 Gyki 14,451 14
Benzamidine : 10
Argipidine (MD805) >30
Heparin o 10



20 v'follomﬁng tabl e Iist§ the linker |engths of each of t hese

Hi ¢ ul ogs: Peptide Li nker Length (A)

Hi rul og-8 24 H|rulog 13

18 25 Hi rul og- 15 : - 30

Hi rul og- 16 36 . The anti t hronbin
activities of these H|rulogs was nmeas? et :toward thromnbin-catal yzed

hydrol ysis of Spectrozyne TH essential ly as described in Exanple 9.
30 Figure 6 depicts the relatlonshlp-o‘ | k_: |l ength to Klerr]

for Hrulog inhibition of thi's thronbl' -1
figure shows that Hirul ogs-8; . esis of 1rulo -3

reaction. This

Hirulog-13, with on oA f?f?fwf% %“ﬂé% | EREYrAERLYAL! R (BUPhE) pro-

nmore than 10- fo|Mgmetmmyhene@bycolylsuccmzl)i-Aﬁgt-ﬁé,YcrﬁSPrS’Aea-nd <42A
do not affegct H'difli-%’luf’.t ?féi-diﬁﬁq Glu%#fﬁLaﬁf-oﬁ’eSh‘rﬂQ H@caﬁe%@ia@ by .

t heory, appl 1 cant s I et i ats fueto s
H rul og |inker iASRsfAYTASPTRRRTRIGTCINTRlerRECTGlU-Clu-TYraleyn i8s when

bound to thronblsymﬂm&im'_es ?ﬁ@v:.ouslybééset‘e e_bahnahQEQtl Bolndt ko

cooper a1V TS ol ! Shnglol 5 SSEUASRIGEORRY REGLCEE: 6 (M

synthe51zed by the reaction scheme depicted and
10 described below.

BOC (D) Phe Dro NN (CozyargO) s wd Yo /g

A

ELOC-N=N-COEt
PhsP -

'

BOC (D) Phe Pro/ NN’ (Cbz)oArgy .0

o | o/_\ 0 o

9

(iPr);NEL

N

0+ 0
BOC (D) Phe Pro NON'- (Cbz);ArgY' o )Wo-u

0




*EXAMRLE 35 | nhibition O Thronbin-CataIyzed

ngrolysis By Various H rulogs 15 _...-We conpared the inhibitory
activity of vari ous thronbin |nh|b|tors Gf'the present invention on
t hr onbi n-cat al yzed hydrol ysis of a tripeptidy L nitroanilide
substrate. The antithronbin activities of : ;leulog 10, Hirul og-18a,

Hi rul og- 18b, Hirul og-18c, 20 Hi rul og- 19, 9% 1 0g-32 and Hirul og-33 were
assayed by the met hod descrlbed i n Exanpkie 9, using Spectrozyne TH

@

as a substrate. JThe O3S (& cylated Klerr] val ues as
wel | as the P[er¥=rers RFET e € O Het +2oF=Phese t hr onbi n

i nhi bitors. 25 N%BOC-N'(Cbz)4ﬂrgrdBé§hemJ Inc., Torrance,

| NHI Bl TOR - ﬁggy r rul og-8
Arg- Pro EggErsacEeg with exéLgs Ltﬂukeal dlafemethaR gd

>2, 000 then treptedowitBaacidptponemeyeCthe N'-BOC grour-r- 4 Bge

Hir ul 0g- 18b5 Bré@ﬂ!?e‘iﬂgpgfoduct N°, N°- (Cﬂz?,—hrglnine methyl Hddtd©0id 8C
B- HonpAr g- Val 05.0 Hi rul o 9
Arg[ps,CH[err]p&thepydlssolvedzenoDMF, cooled in: anj p§|9§t§2and Arg-Qay
>2, 000 treatedHvithpgin3orderAr §- 8&ﬁ1va1ents of N°~-BOC-préline,

- 80 - 1 equivaleﬁ% oPdLu%éﬁglabRVequﬁbB 0% 3berahd 99

equivalent of-diisopropylethylamlne. The reaction
10 nixture is stirred overnight, then diluted with 5
volume of cold water and extracted with ethyl acetate.
The organic phase is recovered and washed successively
with equal volumes of saturated cltric acid, saturated .
NaHCO, and satﬁrated NacCl. The product is then dried
15 over MgSo, and ‘concentrated .E __g__c__q. The resulting
~ dipeptide intermediate, NLBOC-prolyl-N'lP-(Cbz),
Arginine methyl ester, is treated with a 10-fold molar
excess of 4 N HCI/dloxane for 30 mlnutes. The free HCl
is removed in vacuo and the res1due dissolved in
20 anhydrous DMF. The product 1s then cooled in an ice
bath and reacted with 2 equzvalents of N*-BOC-(D-Phe) in
the presence. of butanol, EDCI and
dlisopropylethylamlne, as described above. The crude,’
orthogonally protected tripeptide is isolated as
25 described above and purified .on a s111ca gel column
eluted with chloroform: methanol (95 5) containing 0.1%
NHOH. The N*~BOC~- (D)-phenylalanylprolyl-N' N°-(Cbz),-
Arginine methyl ester is then saponifled with 2
equivalents of LiOH in methanol water (2:1) at room
30 temperature for 3 hours. The methanol is removed in
vacuo and the aqueous solution washed with 2 volumes of
diethyl ether. The solution was "en acidified to pH 3
with saturated citric acid. The re
tripeptide free acid is extractedhinto ethyl acetate.
35 The organic phase is washed w;th ; volumes of saturated




32 were poor inhibitors of thronbin-catalyzed hydrol ysi s of

. Spectrozynme TH. This was consistent with the fact that each of these
t nki bftors was rapidly 5 cl eaved by thronmbin at the Plerr]-Plerr]’
bond. In Hirul og-19, wherein this bond was reduced to the psi CH2- NH
| i nkage and rendered non-cl eavabl e by thronbin, effective
i nhi bition of thronbin hydrolysis was observgg. - The studies
with [err]-honoargi ni ne-containing 10 i nhibitors (Hirulogs-18a, -18b and

. -18c) denonstrated that this amno acid derivative may repl ace
. arginine in  Nad¢E, l@hibdtWéroinw\dﬁousvugsopranﬂ tdimderﬁfﬁacédrm

activity. Nbreover thIS hows th di s - bond by
one net hyl ene doeBFHe %df?sﬂgél @%S@gﬁﬁﬁb ﬂ&%?yﬁﬁﬁQﬂ(ié%P Tvity.
The 30- to 50- N° N'-f(ﬂ:hlz) sMargindnien i, pﬂnniﬂa‘luﬁdjlhygzmxg:rmphamrmcg
oy I Y, s structure o
the P', am no acid |s éﬁﬂﬁ?{i&ﬁé deéHﬂQﬁé& ;ngézggzﬁgbzgty W t hout
wi shing to B bo u_'_~f.® "-eMeea a:qs@rfgz at the presence
of phi - ps iSRS $E1 SRERS /Ld5%52¥ in Hirul og-18a;
Pro in H:jrgl 09h18b) as wel Iaagor@ai@ﬁnaflm;gl above tﬁQp&bt&dét is (such as f
is caused by the ul-o ont otency o
the 25  inhibit %?"?‘#.i’s“i%%n?ﬁ’% esg%"ﬁ%?ér“ﬁ% EoSsPﬁP }g Ats of, o
Lhatlthelg-branck&ztréefryiem@ gzyagb ih, the1pneaendf_of 1L§§hivalent
i rul og r %ﬁRMWS e
to the thrgﬁga rEact i v &%@{ﬂyf zé fe IEF%r?gac%gnge?gpﬁéﬁgBhgﬁg
- 81 - as descrlbed 1n 0. Mltgp@ﬁ@g,ggrhe Use of
S DiethylAzodicarboxylate and Triphenylphosphine in
Synthesis and Transformation of Natural Products,
Synthesis, pp. x1-28 (1981), the discosure of which is

i5 herein incorporated by reference.

The resultiﬁg-compound is dissolved in DMF
and esterified with 1 equivalent of succinic anhydride
20 in the presence of 1 equivalent of
diisopropylethylamine. The volatile solvents are
removed in vacuo and the free acid is purified by
reverse-phase HPLC under conditions described in
Example 4. '
25

A solution of the above acid is mixed with 1

equivalent of N-hydrpxySuccinimide in DMF, cooled in an

30 ice bath and mixed with 1 equivalent of DCC in DMF,
added dropwise. The ré§ction is stirred at room
temperature for 24 hburs, fiitered to remove the
precipitated dicycloﬁe#yl urea and concentrated in
vacuo. The solution is then concentrated with cold

35 benzene/hexane to'giﬁe-the crude peptide-glycol
conjugated N-hydroxysuccinimide ester.



Bi nding O Hirul og-8 To The Active Site O Thronbin

i rsopropyl fl uorophosphate (DFP) is a well- 5 . known inhibitor of serine
- proteases, including t hronbi n, which acts: by coval ently nodi fying the

hydr oxyl group of Ser-195. W added a 270-fol d..excess of [err] C DFP

to thronbin, in 0.1 M sodium borate, pH 8«095 Following a 10 m nute

reaction, formation of a thronmbin 10 conpl was denonstrated by

SDS- PAGE and f'| uor ogr aphi c anal yses (Fi. e.7, lane 1). Wen the
“reaction was ‘per f or mithe rﬂhm@ mmxd cifs-&ﬁ&cn;e‘q/m[m Jehe anedin-

hirudin[err] (at p3dd® d@ggz?g, nbi t he

o DFP was é&“‘i otExaaln%pe ciﬁ %e

nodi fication of thronbin biﬂ«}é'[e”
significantly (FF§sudting ule 38 cleave%’mmrthmsim per f or med
the reaction in pheﬁmggelaeﬁ charactieriized o dsﬁri%ed)fi:{é(lggﬂﬁi 'haf
excess over t hr ombi n i ncorporatio 5 r |nto t he

t hr onbi n caPal ytic site Wa?h&g’ﬁpl gﬁas' ?’@Eﬁg'd’ T éJr ed a nymber ang
3). These data ofmembodimentisapft this invefiidngf ithds hwﬂtléhﬂ it tOfS

of this inventi OBgi‘ ﬁsl%c coﬁ%&% ¢ 13 lg! Ql?!b@g atl%etrlé% @ %x%tvfa Sidthed

t hronbi n irting cata tlca
EXAMPLE 37 25 embodmentsc&lbﬂ&h S'Gﬁ-lgzeAf‘Fhet m;muiesot icpmppsdtions,

Hrul og-8 And A S&Sﬂbhﬁht(ioﬁét an¥t metholde of th:.s invient3ohed Meah-apeRtd de
( D- Phe- Pr oz wnln Fi urel H|ruI098

G re T1o16" 9 PiRRhA) e appregiatedathatols imyentions

Sul f o- Tyr [ err] - Niactbybehdefidneficby] th\aaezlab. @pehh'ehl hereto rather

1T 02 S W P e I

pent apepti de to hehebhbefore byhwaybof eaanp;lbl. '




P g2 w The pent apepti de was synt hesi ze
in Exanple 4, ‘using a BOC gl yci ne-di vi nyl benzene resin
pentapeptlde was purified and characterized as e}
4. 5 The effects of both Hirul og-8 and tm
pent apeptide toward thronbin-catalyzed hydLoggsis of
were studi ed as described in Exanple 9, usi ng fl
concentrations of 50 nMor 10 [err]M respectlvely
that while nanonol ar 10 concentrations @fatigul 0g-8 c
t hr onbi n- catal yzed reaction, concentrations of pe

high as 10 [err] Mi®agEaf@: si gnificant effect on the
t hronbi n-catal yzed rate. These data show that the CSDM

d as descri bed
The
L bed in Exanple

iy mﬂ

‘aut resu
an i nhi bi't=the:
nt apepti de as

conponent of

the thronbin inhibitors of 1his Antrnbubin linhibitorbygompeesingonly a weak

EAPLE 380 S Vive Mt | choStE AR sipeyaiFenEed Baiety
Ve det ernined t hethatbindantocanduinhibits thecactiive sitei ofil thrembin;

foll ow ng intravenous - admipj straty pRkef ﬁgiétfeeﬁéggctgfgzgabggn§ e
used vari ous dosaggs of ,  Hirul pg-8 rangﬁ gﬂtron1
mg/ kg/ 'mi n. BaboorRaFkRPRe ghaim haying a calgy %'It},ength °§e¥’ﬁm’ﬁ§n

hydrochl ori de priaou® B8k andtabéu®ns2h; 28and  Hirul og- 8.
treated and control ani mal g, was rennved a_cat

femoral vein and collected into % 8% 3BFUHPR] bioding exosy

Whol e bl ood from
etge pl aced in the

bl ood: sodlun1C|trassgclétznqmmomatpbtsanédcw?alytlc site-directed moiety
being bound to said linker moiety and said linker
moiety being bound to said anion binding exosite

associating moiety.

2. The thrombin inhibitor according to
claim 1, wherein said anion binding exosite moiety

consists of the formule;'
 W-B;~B,=B;~B,~B,~B,~B,~B,~Z;

wherein W is a bond;-B&is an anionic amino acid; B, is
any amino acid; B, is Ile, Val, Leu, Nle or Phe; B, is
Pro, Hyp, 3}4-dehydroPro, thiazolidine-4-carboxylate,
Sar, any N-methyl amino acid or D-Ala; B, is an anionic

amino acid; B, is an anibnic amino acid;
'llpophilic amlno aczd selected from the
consisting Tyr, Trp,_Phe,

B, is a
group

Leu, Nle, Ile, Val, Cha, Pro,

" or a dipeptide con51st”ng of one of these lipophilic

amino acids and any amino acid; B, is a
peptide containing fof
amino acid; and 2 is a carboxy terminal
selected from OH, crx;i
C.) alkyl substituted a

3.

bond or a

ne to five residues of any

residue

-alkqu, amino, mono- or di-(C,-
:péor benzylamino.

in inhibitor according to

claim 2, whereln B.1s Glu, B, is Glu; B, is Ile, B, is

_Pro, B, is Glu; B, 1s_G;n, B, is Tyr-Leu,

Tyr (SO,H) -Leu,



§tandard nethods and the APTT was recorded by nethods 30 described in
- Exanpl e 10. As shown in Figure 8, 0 ed- : J‘ndent
i 'ncrease |n the’ APTT. A 20096|ncrease |nﬁ

nmg/ kg/ m n. infusion). 97"
EXAMPLE 39 Inhibition Of d ot-Bou
It is known that thronmbin can bind to a K

absor bed, CO”“'“&&£90§bﬁﬁVﬁﬁmﬁor li tg.

"c1ot and 'once

ﬂeﬁglalganan

nh*geen shomn t

growt h of the clo ot - bound t'hro
resistant to anﬂeﬁt%ﬁl?ﬁatlon by the hepa = conpl ex
[P. J. Hogg et al., "Fibrin Mnoner Protects onbin Fr.om

| nactivation By Heparin Antithrogbin,J]]l i cations_for parin

Ef fi cacy”, Proc. Natl. Acadk fRe $ EB%P BhiggL°§63§°§§df&§8€b but
may be inhi bited claim by wherehnosbxd backboﬂepehdbntofnbabdtDinkesuch as
PPACK, hirudin org r ound
thrombin is bellevedéﬁg J¥ﬁ£f££ %%a§ﬁ§¥ ?%h%L ?éﬁ aka%é%g%l%ﬁlgg e&

ret hronbosi s foII€NWMQt¥ﬁr%ﬁ%@Py?9851Stlngtﬂ§r9$§b°n: nitrogen, sulﬂgr
conpared the abi laad esxpdehi r ul 0og-8 and ~heparin to inhibit clot-bound
t hronbi n using the net hod descri bed by J i. Witz et al.

" C ot - Bound Thronbin S

5. The thrombin 1nh1bitor according to
 claim 4, wherein said linker: comprlses the amino acid
sequence: Gly-Gly-Gly-Asn-Gly-Asp-Phe.'

6. The thrombin ;pbibitor according to
claim 1, wherein said catalyﬁj QSite-directed moiety
binds reversibly to and is sl W}y cleaved by thrombin.

7. The thrombin ir
claim 1, wherein said catalyﬁi
binds reversibly to and cannot be cleaved by thrombin.

ibitor according to
8ite-directed moiety

8. The thrombin nnhlbitor according to
claim 1, wherein said catalytzc'_lte-dlrected moiety

binds irreversibly to thrombit

9. The thrombin inhlbltor according to
claim 6, wherein said catalytlc 51te—d1rected moiety
consists of the formula: :

wherein X is hydrogen or is characterized by a backbone
chain consisting of from 1 to 35 atoms; A, is Arg, Lys
or Orn; A, is a non-amlde bond, Ah is characterized by a
backbone chain consisting of from 1 to 9 atoms, and ¥
is a bond. AR




20 *1s Protected fromHeparin Inhibition -- A PotentraLﬁ__*___Nbchanlsm
for, Rethronbosis After Lytic Therapy", Bl ood, 136a;" (1989\yﬂ
A clinicall y rel evant dose of heparin (0.1 - unm )U’M Imu”!'mu,
fibrinopeptide A (FPA) rel ease 25 catal yzed by sol u ”
approximately 70% However, a simlaL se had 1o effect Bn FPA** 3
rel ease catal yzed by cl ot - bound thronmbin. In contrast, '

Hi rul og-8 had an al nost identical inhibitory effect on FPA rel ease

catal yzed by either sol ubl ejgf C‘rﬁé Eﬁ%ﬁb@ﬁ mnt.-LBfi%b' Bctbradng b
Thi s-study indicat d thﬁ ghrul t he ot her thronbln
ti

i nhi bitors of thi g aime erﬁfl 38 DnBFS'EFPecPr v’ét‘H’éﬁv @and dht i8r Bgs
i n bl ocking thronbne, Pro, arcsefLon i ncreasing the rate of thronbol ytic
- 84 - reperfusion and preventing rethronbosis follow ng

t hronbol ytic treatnent. . EXAMPLE 40

The Effect OF Hirul og-8 On lh- 5The thrombin ivhibifbat abebrBépgntient

Thronbosi s clainm 10, wﬁ@f@ﬂﬁe59§a°€ﬂ§oﬁ5§nkQﬁﬂ@bﬁeo?axg §EEEEgEd

coagul ation and henostati C responses.as ,
model to det er ni nEXeRcth® gFeypoFonsisting, af ofigulegrt apdufirulog-12.
pl at el et - dependent thronmbosis. 10 Specifically, we placed various

Lhrombogenic surfaces 130 ARl ORSnBEhLhRIBIEE YcHaing b
claim 9, wherein X is N-acetylfGly-Asp—Phe-Leu-Ala-
~Glu-Gly-Gly-Gly-Val; A, is Arg; and A, is Pro, said
thrombin inhibitor being_Hirulpg-33.

13. The thrombin inhibitor accbrding to
claim 7, wherein said catalytic site-directed moiety
consists of the formula:

X-C,-C,-A,-Y,
wherein C, is a derivative of Arg, Lys or Orn comprising
a carboxylate moiety that is rgduced, or displaced from
the a-carbon by a structure ché?acterized by a backbone
chain of from 1 to 10 atoms; C, is a non-cleavable bond;
and X, Y and A, are as defined in claim 9.

14. The thrombin inhibitor according to
claim 13, selected from the group consisting of
Hirulog-18a and Hirulog-18b.

15. A pharmaceutically acceptable
composition for inhibiting a tmrombln-medlated function
in a patient or in extracorporeal blood, said
composition comprising a pharé eutically effective
amount of a thrombin inhibito? '”cording to ahy one of
claims 1 to 14 and a pharmace@ 1ca11y acceptable
carrier. i




Thesesurfaces incl uded segnents of endarterectom zed baboon aort a,
col.l agen-coated silastic tubing, collagenucoated ‘Gortex and-l -

vascul ar graft. 15 Fol | owi ng pl acenent in tif sh”m", mﬂm&mﬂﬁm .Were

exposed to native flowing blood to elicit thro
nmeasured the formation of thrombi over a - 99 perlo 60 M nates. by
nmoni toring the deposition of pl atel ets on-the thronbogenlc 'surface.

These 20 measurements were recorded by external ganma-canera
i magi ng follow ng pre-infusien omhbhphheahcant&eh1wythcceptahautologous

"'1-:n-1abel ed pl at n m nt of
endarterecton1zed38§§§8ﬁtégptgccﬁrgﬁ@ge§9e§ﬁ§nﬁzgg V%fgei %ﬁg in the
absence of H|ruIogharmeéeumlaaﬂﬂweeffectiveepundaﬁtlsepetwaennabbut 1
Phich i me at ot a0/ RY! Bogg"ygignt /BER0RE] sBoll bR kD BOAF, BMihe /Bay.
deposited on t he endarterecton zed segnent:: Doses of 0.002 and 0.01

30 ng/kg/mn of Hirulog- 81r7r.1hl bhbeshakﬁhebanéanqsﬂ hbeaplexme 53. 6%
and 75.5% respectivel sdepi in Fiqure 10. The

re :
Ao err] for b rul GEMBoPiKLOR actoRding. thegaing1be HBREEAN FALD ol
deposi ti on by 50@bharmaceun1bhl3yneﬁ£bctyvbeamuaato1@05ehgbbg/abbut

eogfea silastic tubi Bg/*d W o4 “@eﬁh ?ga§2%§r'qugngafokg?ﬁklggﬁg

pl at el et s/ cm wer ewgdg §V@eﬁ-after 60 mi nutes absence of
Hirul og-8. Admnistration of Hrulog-8 5 resulted in a dose- dependent

i nhi bition of platelet deposition. A dosage of 0.04 / kgl
Hi rul og- 8 P 18. p- method for trgatgng or pggventth a

thrombotic disease in a patlent comprlsing the step of
administering to said patlent a pharmaceutically
acceptable composition accordlng to any one of

claims 15 to 17.

19. The thrombin inh_bltor according
claim 1, wherein said 1nh1b1for_1s labeled with a
radioisotope. :

20. The thrombin. n@ibitor according to
tope is selected from
*1-and "'In.

claim 19, wherein said radio
the group consisting of "I,

21. A composition ”or ex vivo imaging of a
fibrin or a platelet thrombﬁs-'n-a patient, said
composition comprlslnq a pharmaceutlcally acceptable
buffer and a thrombin 1nh1b1tor accordlng to claim 19
or 20. '

22. A method forFex g o imaging of a fibrin
or a platelet thrombus in a;patlent comprlslng the
steps of: '



éonplétely inhi bited platel et deposition. The results
of .t'he experinment are depicted in Figure 11. The

of this Dortlon
err “of HIFU|O -

E
in this systemwas 10 cal cul ated to be 0 004 rrg/ Iull lmu““,m
Bot h col | agen-coated CGortex or Dacron vascula t.0 be

nore thronbogenic than

silastic tubi-hg.ooA- ot aI 0 X . 10'

platelets/cmwere deposited on the Gortex follow ng a 15 60 n1nute

exposure to native blood in the absence of
Hi rul og-8 once again

mg/ kg/ m n H|rh?ﬁgégﬁ€§%§%55§tBﬁgégg?ﬁﬁi% ?géiﬁfzio ggaglgIePes deposi tion.

ustngtégtsysuag1maans t85obgékyeni n.

ef f ect

The ED[err] for Hirulog-8 in the(b)

simlar result

dennnxauatadmandsterdngeﬁdeBhianbatﬂéﬁ&bﬁtlC

' f
Hi rul og- 8 reqU|ré%h?owﬁﬁﬂﬁg§§lgﬁg%%? OEBQEQEeHEaRLSsaIEethPEgitggﬁége 0

posIti-on on

surfaces was to be expected because of their 25% hi gh thronmbogenic

activity.

toward both high

usi ng a dual -

cha

Ve3al sa deﬁpbﬁlﬁﬂénthereéésﬁingfthhréhﬁﬂaée of
us, formation

”d"'a‘Ze?i*Eg "GP L8t LS b SPRaGER e into o PaFRERE

Hi rul og-8. W found that

A

measur ement s of bdséreimasaid compositionneompifisedeai saitablecbpffeed of a

2 cm segnment

expanded dlaneter
initiated by expd2RR Pbfchaingelftouitg
col | agen-coated CGortex at 35 hi gh shear. Thys part of the experinenta

pr ot ocol

I Ng
bl.ood to a segnent of the

s - 86, -
24. A method for cgg;ing the surface of an
invasive device to be inserted;into a patient, said

‘method comprising the step of contacting said surface

with a composition according to claim 23.

25. A pharmaceuticaily effective combination

for treating or preventing thrombotic disease in a
patient comprising: o |

a) a thrombin inhibitor according to
any one of claims 1 to 14; o

b) a thrombolytic agent; and

c) a pharmacéﬁtically acceptable
carrier. -

26. The pharmaceutlcally effective
combination according to clai ”25, wherein said
thrombin inhibitor is leulog and said thrombolytic
agent is tPA.

27. The combination:.according to claim 25,
wherein the daily dosage of said ‘thrombin inhibitor is
between about 1 pg/kg body wei it and about 5 mg/kg
body weight and wherein the da11y dosage of said

thrombolytic agent is between about 10% and about 80%

{gaeOi%§9€“%BQaéﬁPo§§££ﬁgnﬂ9bk9$§d?8¥039fﬂﬁség”§H§S of



simul ated arterial-1ike conditions. Wen the bl ood f————eﬂ%eLedehe____
expanded di aneter segnents, |ow shear, vort ex EBﬂﬂumuons -WeF. €.

rfai nt &i ned, thereby sinulating venous thr=-on_bos ﬂ'm,ﬂnl"mL?glms

atotal of 9.3 5 + 2.3 x ‘10[err] and 6.1 :
accunul at ed after 40 mnutes in the.hlgmland l‘'ow:shear - segnents
respectively. Hrulog-8 inhibited platelet depoesition I n both hlgh
and | ow shear segnents in a dose-dependent -fashion. A dose of 0.05
ng/ kg/ m n inhibiteg gha! cohivetit ionadc avsalgat mdey of2 sadatthrombelyticand
by 29.0% at high shear. . EXAMPLE 41
Conparison O HirBF8%%s Wth O her Anti - Thrombotic Agents
I'n Inhibiting 15 Acute Pl atel et - Iependent Thr onbosi s

We exam ned the effects of par I %hp._.lt&eiﬂprzl-,n and
Q% F@I Ceﬁkb05|tjon In the gﬁ

reconbi nant hirudin on en- coated
silastic tuBh#QBéﬂt@hﬁoﬂﬁéé& ﬂ95§ﬁ@h9fbﬁﬂééntﬁﬁ Hﬁéiqrhlfb
Exanpl e 40. between abolit 1@S upy, tSEQHDabh@k 5e0a gy

adm ni stered as a_160 ol u ectlo oII Lykg/hr
i nf usi on i nhi bi teH’°EVaP’§IlgPQ‘d€B§s“H Gﬁlf‘o%h ‘nﬁg’l é@éag& °§b5&t1%80% of
that observed in ghyrombedytis agetitedise(bemndmnlamtrmo% andvabout 70%

Uko, fol lowed  SF e ognyensiSnhls diaelie’aiyd Y Beilf chiroubety

results [Y. Cadropgehktn Vivo Mechani sm of Thrionbus For mat i on. Studles
Using a Primate Model ", Doctoral 30 . Thesis; L' Universite Paul Sabatier
de Toul ouse (Sci ences) (1989)] At e ui val ent nDIar doses (5

nmol e/ kg/ mi n), reconbi nant R9rudPnlekhod £ %ec,;teagmg dogg @fiR nant
Hi rudin !nterrUpttﬁ&dﬁboﬁ e Qigeitpeedriired ‘to ‘eBrablish repextfusion or
g ;f g: Z:E ! ggpendengm Iplre?x’rlent %:%o%)élusz.on 1%nd 'ga%lilen% 85%({[31 me%o% ted

comprising the step of administering said thrombolytic
agent to said patient as par f a combination
according to any one of clai 26 to 28.

30. A method forﬁaeéreasing the reperfusion
time and increasing the reoéclﬂgion time in a patient
treated with a thrombolytic agent, said method
comprising the step of admln'sterlng to said patient a
composition according to any oﬁzclalms 15 to 17,
wherein said composition is administered to said
patient during the time per1 d;ranglng from about
5 hours prior to about 5 hours follow1ng the treatment
of said patient with said thrompolytlc agent.

31. The method aécofﬁing to claim 30,
wherein said composition is. admlnlstered to said
patient during the time perlod ranglng from about
2 hours prior to about 2 hoursifollow1ng said treatment
of said patient with said tﬁroﬁﬁéiytic agent.




1

87 » t hronbus formati on by 60-70% as conpar —to—the

gohtrql These results are depicted in Figure 12. [
nhi bitors have previously been tested in the bﬁ I ‘“;
Kelley et al., "Conmparison 5 of Antithronbotic an I €

Ef f ects Produced by Antithrombins ia Popnate Nbdel of. Arterial
Thronbosi s", Thronb. and Henostas., 62, p. 42 (1989)].: 'T'The reported
ED[ err] doses on col I agen- coat ed surf aces for <. .. .those agents, as wel
as our EDerr] determ nati 3%, & endtthod Sorménh etk mg :

Agent -

7% nmol-es/ kg/ m n metastat:@[tﬁ{ﬂclr d_yrf( ffefﬁn T TR

Benzani di ne the step sgtnenting saia pat#eqﬁ;innaupuaumnngutlcally550
rec- Hirudin ar <5
SapLE 2 AoSePeaRC e Sompb e dhcording to any

We neasured the &%AQf cﬁ]-%‘?%l% ot t he .. deposi tion of fibrin(ogen)
in the thronmbi formed in the endarterecton1zed aortlc and

col  agen-coated silastic H&g nts el . . escribed in
Exanmpl e 40. Fi brin deposit QJ of

[err]l- 25 f i hhienedgegai’) Mtﬁtm tnmqn‘ds cselectteht nom the

platel et assay dggehid@brili®tiing BF tatld Giih 1 €nd g
of the lung, carcinoma of the 11ver, Q_ ec arcinoma and
neoplastic cell carcinoma. B

34. A method for treatlng or preventing
thrombin-induced inflammation in a patlent, said method
comprising the step of admlnlsterlng touﬁgld.patlent a
compositions according to any”ene'of cleiﬁs;ls to 17.

35. The method accordlng to c1a1m 34,
wherein said inflammation is caused by a,' 3¢
selected from the group consistlng of. ad[-t@resplratory
distress syndrome, septic shock, septlcemla and
reperfusion damage.

36. A method for treatlng neurodegeneratzve
disease in a patient, said method compr__gng the step
of administering to said patient a comp051tion
according to any one of cla1ms-15 to 17.

37. A method for 1nhibit1ng a thrombin-
mediated or thromb1n-assoc1ated functlon or process in
. a patient or in extracorporeai ilood sa1d method
comprising the step of treatl'zf
extracorporeal blood with a comp051tlon accordlng to
any one of claims 15 to 17.




tabel *to decay to a non-interfering |level.

denongtrates that in the absence of Hi r ul og- 8 J.cm fibrin. was

deposited on the 30 col | agen-coated tubing foll ov\” mmn@nmﬁ

exposure to flow ng blood described in Exanple

0.01 and 0.04 ng/kg/ m n conpletely inhibitedos. - flbrln(ogen) dep05|t|on

Simlar results were obtained - 88
with the endarterectom zed aortic segnent nodel . These

results show t hat the thronB8n i Ahméthodsoff inhibiting thrombuson are

effective in redu [ ge o] g
t hronbus, as vvellgbegegigﬁ gﬁ kP%t13%Et89§P8§eF¥teéggeﬁ gﬁ #g
fornat|on said method comprising tggpp@ng gaid patient with a

Measur ement O (]é@ﬁ§6§£tibﬂ9§c58fdthéU£99a§¥ one of claims 15Y€0U39d 2
baboon nodel to determ ne Hirul og- earance tinmes follow ng

I ntravenous i nfusion, 10 singl e bolus intravenous injection and single’
bol us subcut aneous |n39ct|mnmetHBHTfessauhlbmtlhgrpndteiet-

d bed Ex t
Ve adn i ster e vaependent bz datis1g, BRCy' BarieRt’ BBRErising thilBrap,) (o
baboons vi a systenfctreatlngnsaaﬁen@tsenhfustbna composipiéenodcodbrding

m nut es. ARId ¥Ry SR&soEed142hE0rsngot ¢, 60 minute infusion and
at various time intervals there %ter We det erm ned the average

hal f-tinme for Hrulog-8 clearance to be 9.2 .-
40. A method for treatlng or preventing

disseminated intravascular cofgulation in a patient
comprising the step of treat;i;ﬁsaid patient with a
composition according to anyﬁdgé of claims 15 to 17.

41. The method acdgfding to any one of
claims 18, 22 or 24 wherein said patient is a human.

42. The method acqgiﬁing to any one of

claims 29 to 40, wherein sai 'éteint is a human.




20 ferr] 3.3 minutes. To determ ne clearance tinme after a
S|ngI§ bolus injection, .we injected baboons with a dose of 1

ng/kg H rul og-8 intravenously or subcut aneously.. . APTT measur enent s
were taken at various tinme intervals 25 follomang injection. - Figure 14
denonstrates that APTT i ncreased to-ajpgak- of 570% of control value 2
m nut es after intravenous injection. The;half-llfe of Hirul og-

8 following intravenous injection was 14 ni nut es Figure 15

denonstrates that at the earliest 30 time pornt foll ow ng subcutaneous

i njection of Hirulog- 8 (i.e. 15 mnutes);: APTT was increased to
approxi mately 200% of control. Cl earance via the subcut aneous route
was prolonged to a half-tine of 340

- 89 - m nutes. Hirul og-8 adm nistered subcutaneously mas

found to be quantitativel y-adsorbed. o EXAMPLE
44 Effect OfF Hirul og-8 In Babg I\/bde ITsHlS SHEET HA

Di ssem nated I ntravascul ar Coagul ation ; L B q]
septicem a i n baboons by injection of a l.ét-hal  dose—et—k

according to the met hod descri bed by F. B. Taylor et al. J. Gl n.

I nvest., 79, pp. 918-25 (1987). Hirul og-8 was.infused 10 at a dose of
0. 08 ng/kg/hr from 15 minutes prior to t/BSTRACT injection of E. coli to up
to 6 hours follow ng injection. In the ab§§nqe_of H|rulog 8, E. coli-

This invention relate: to novel biologically
active molecules which bind to d inhiblt thrombin.
Speclflcally, these molecules acharacterlzed by a

5 thrombin anion-binding exosite associatlon moiety
(ABEAM); a linker portion of ét%
and a thrombin catalytic sxteéd ;ected moiety (CSDM).
This invention also relates to compositlons,
combinations and methods whlch”empicy these molecules

10 for therapeutic, prophylactic a dfdiagnostlc purposes.

Thls Sheet Has Bee;

'!llllll !lllll i fill




f nduced septic shock led to a nmarked decline in neut rophi | count,

bl ood, pressure and hematocrit. 15 Control animals displayed a reduction
i'n hematocrit to 70% of. baseline and a drop in bl ood pressure to 20%
of baseline after 3 hours. Admnistration of ¢ ﬁ7 ul og- 8

conpletely attenuated hematocrit drop and Iimted t'he peak drop in
bl ood pressure to 60% of baseline. 20 Despite attenuation of
DI C by Hirulog-8, the | et hal infusion of E. coli still resulted in
nor bi dity. An aut opsy of both control and Hirul og-8-treated

ani mal s reveal ed nmassive tissue ed in both groups. However, only
the control group displayed intr Ia/ 25 t hronbosis. The re'sults of
t he aut opsi es show t hat |nterrupt| on of the coagul opat h% age of
septicem a alone is not sufficient to prevent norbidity uent o]
septic shock. ' : EXAMPLE 45 30 m

Effect OF A Conbination O tPA ' And leulogc“Bé\

Thr onbol ysi s To deternmine the effect of Hi rlﬁog% on
potentiating tPA-induced thronbolysis, we used a rat .s =

- 90 - nodel for arterial thronbol ysis. In this node&
experinental thronbus was forned in the abdom nal aorta @o oW ng
bal | oon cat het er denudati on and hi gh grade (95% stenoiz.s

fl ow and bl ood pressure were 5 recorded distal to the si
and stenosis. W '
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randorm zed the rats to received tPA (1.0 ng/ kg bol us followed by 1.0
nmg/ kg/ hr infusion) together with one of the followi ng: saline,
hepari'n (10 U kg bol us, followed by 1.5 U kg/ m n infusion),
reconbi nant hirudin 10 (1-0 rrq/k/d’ bol us foll owed by 0.02 ng/kg/ hr
I nfusi on) or Hirul og-8 (0.6 'ng/ kg bolus foll owed by 0.02 ng/kg/ hr
I nfusion). The antithronbotic agent or saline was adm ni stered
concomtant with tPA and for an additional 50 minutes follow ng the
end of tPA infusion. 15 Figure 16 depicts the results of these
experinments. Aninmals treated with tPA + saline exhi bited reperfusion
times of 16.2 mnutes. Heparin reduced reperfusion tine to 12.2
m nutes, while reconbi nant hirudin reduced it to 13.0 minutes. 20
~Neither of these decreases were statistically significant (p < 0.05).
The conbi nation of Hirul og-8. with tPA significantly reduced .
reperfusion tine to 4.4 m nuFQp .01), thus accel érating the .
fibrinolytic effect of tPA by a tactor of four. 25
Heparin, hirudin and Hirul og-8 all significantly prevented
reoccl usion as conpared to saline-treated controls (Figure 17). Each
- of these agents al so prol onged APIT to val ues of 600% 500% and
400% respectively, over control val ue4 iguore 18). 30 Finally, each of
heparin, hirudin and Hirul og-8 A 'f“!o the tine of vessel patency
to val ues of 80.2% 82% and 9 ("'(f’/*%:‘ ively (control = 43.6%
(Figure 19). These results denonst ﬂ:,i@\" Q thronbin inhibitors
of the present invention are ".‘ \e)‘)‘( \
Y N to‘b.m’ =
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étjperi'or to other known anti-thronbotics in increasing the efficacy

of tPA : ._ EXAMPLE 46 : Effect O
Hirul og-8 And Gther Antithronmbotic 5 o ‘Agents On Bl eedi ng Ti nes
I'n Baboons - W enpl oyed the tenplate bleeding tine
measurenent to exami ne the effects of Hirul og=8:on henost asi s.

Various dosages of Hirulog-8 (A ng/ kg/ mn) were anal yzed

for their effect on bl eedi ng=g~ iae. Doses of 0.002 to 0.04 ng/kg/mn

caused no signifi canﬁl@easm bl eedifig ti mes. The results of

this experinment are depicted in Figure 20. At dose of 0.1

mg/ kg/ m n, Hirul og-8 caus ramrhn) & increase:15 in bleeding tine over
eding tinmes increased

cong rol v'ﬁhma:;i%ﬁulﬁ)-ﬂ'yr(\% |kg/m n . AT U o=t
to 3 times mn M) ese results.
63 requ??gaeﬁo i rPh'f);

dosages t platel et-dep Hdent t hr orbo™

0.002 to 0.2 3}6/

(0.002 i 0 E %) not cause-a.20 signifi ect
on hem%&gﬁq&*@@spm §W cts
of a variety of ot her agents on te bleeding tinme in tNe baloon,

as well as on system c anticoagul ant effect
These results are sunmari zed bel ow. 25
APTT Bl eedi ng Agent
Time (mn) Hi rul og-8
rec-hirudin 393.9 12.1

287.9 Throrhbin° Gyki 14,45

Benzam di ne4 y; - MY <L 10
>900 H'@!ﬁg §5(é¢? an)_ Heparin

as: measur ed by \APT

K;=1.95 nM 50¢] ——
400+
- o 13.5 nM
300-
3 2004 o o7 _* 6.8nM
> «
a No Hirulog-8

E 7 5

VESIM X107




- 922 EXAMPLE 47 Synt hesis O
ﬂfrulgg-34 Hi rul og-34 has the fornula: H (D Phe)-Pro-
Arg- (tetraet hyl enegl ycol yl succi nyl) -Asn-d y-Asp-Phe- 5
Adu-du-Ile-Pro-3u-du-Tyr-Leu- O—q.L/ghe decapept i de

Asn-d y- Asp-Phe-GQu-Qu-lle-Pro-G@U-G u-Tyr-Leu is synt hesi zed as
previously described and | eft bound to the resin. The remaining
portion of the nolecule is

: t hesj,zed by the reaction schene depicted
and 10 described bel ow 'ﬂ/&er r# |
e_

- 93 - N[ err]-BOC (D ro-N[err],Nerr]-(Cbz),-Arg

N err]-BOC-N err]-(Cbz)[err]-Arg (Bachem Inc., Torrance, CA) is
reacted with excess ethereal diazomethane and then treated with acid
to remove the N err]-BOC group. The 5 resul ting product,

Nlerr],Nferr]-(Cbz)[err]-Arginine nethyl ester is t hen dissolved in
DMF, cooled in an ice bath and treated with, in order, 2 equivalents
of N[ err]-BOC proline,

300 1
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o L3 L]
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t equfval ent of butanol, 1 equivalent of EDClI and 1 equi val ent of
dFIsoproperthyIanlne The reaction 10 m xture is stirred overni ght,
t'hen dlluted with 5 vol une of cold water .and extracted with ethyl

acet at’e. - The organic phase is Kg¢ggvered and washed successively

wi th equal volunes of saturated citriC acid, saturated NaHCO err] and
saturated NaCl. The product is then dried 15 . over MSO, and
concentrated in ns uo. The resulting di pepti de internediate

N err]-BOC- proly &l:rr] Nerr]-(Cbz)[err]- .. Argi ester is
treated with a 10-foljd mol ar excess of 4:N Hc1/d?€22329

m nutes. The free H{ is removed in vacuo.and the residue dlssolved
in 20 anhydr ou80D The product is then cooled in an ice ath
and reacted with 2 e ivalents of N err]-BOC (D-Phe)lC ThrombinJ85 pMesence
of butanol, EDCI. '-?ﬂ-ayu.-. et hyl am ne, as described above. The
crude,’ qgt; fes_jsolated as 25
described aboxe and eluted with

chl or of or m mehanol § P
N[ err] - BOC- ( Dz plgpD
methyl ester (g thenjsa

met hanol : wat ¥ (2: 1) {at nol
is renmoved in %l s of
di ethyl ether. The $ Y _

saturated citric aci RN . ree acid is

extracted into etpyl{a jani c
vol umes of saturated e - 94 -

Hirulog-8, nM

Turnover Time,mitj_’



NaCl ,-»-dried over anhydrous MgSO err] and concentrated in vacuo. The
r&sulting N err]-BOC (D)-phenyl al anyl prol yl -
N[errr N err]-(Co[err])[err]- Argining/pp purlfyed by reverse-phase HPLC

under conditions described in Exanple' 4 5 i
Nl err]-BOC- (D) - phenyl al anyl prol yl - N[err] N err: ‘(cbz)[err]- Ar gi ni ne
Tet raet hyl enegl ycol Ester A sglution of the above

ied with 1.5 equival ents of
lent 10 each of

' as described in O.
/late and Tri phenyl phosphi ne
Pr oduct s, Synt hesi s,
herei n incorporated by

tripeptide is di ssol ved in ster
tetraet hyl ene glycol in the presg_zl Wof geequ'
di et hyl azodi car boxyl ate and tri phenyl.-phosphi né:
M t sunobu, "The Use of Di et hyl Azodi car box
in Synthesi s and Transformati on of Natural:
pp. x1-28 (1981), the discosure of which is 15-'
reference. :
N err] - BOC- (D) phenyl al anyl prol yl - N[err] N err
Argi ni ne Tetraet hyl enegl ycol yl Hem succi nate

“Cbz[err])[err]-
The resul ting

conmpound i s dissolved in DV and esterifiied with 1 equival ent of
succi ni ¢ anhydride 20 in the presence of 1.equival ent of

di i sopropyl ethylam ne. The volatile solvents e renmoved in vacuo
and the free acid is purified by reverse=phase HPLC under conditions

described in Ew?rple 4. 25 i
N err]-BOC- (D) phenyl a enylpronI-N[err] N err]=i{Cobz)[err]-Arginine Tetra-
et hyl enegl ycol yl Hem sycci nate N% dorxySUCC|n m_de Ester
A solution of the alg®g-acid is xed with 1 7% equival ent of
N-hydr oxysucci ni mide i DVF, .- i1ce bath and m xed with 1

equi val ent of DCC i n DNF, added dropwi se; The reaction is stirred at
room t enperat @ [ or 24 hours) filtered to renove the

precipitated dicycl ohejyl urea and dpncentrated-in vacuo. The
solution is then co‘f ntrated with cy§ld 35 ‘benzene/ hexane to give the

crude pepti de- gliiol conj ugat ed\ N- hydr oxy:succi ni m de ester.
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© 95/ The above conpound is reacted with the resin-
Hﬁﬁnd dodecapeptide, as described in Exanple 21. The resul ting
‘leulog 34 is cleaved fromthe resin, purhﬁied and characterized as
described in Example 4. 5 7717 Wi | e-we' have herei nbefore
priesented a nunber of enbodi nents of this invention, it is apparent
t'hat our basic construction can be altered: to prOV|de ot her

enbodi ments which utilize the nol ecul es, conposi:tions, conbi nati ons
and met hods of this invention. Therefore 10750t wll be appreciated

that the scope of this invention is to be defined by the clains
appended hereto rather than the specificenbodi nents whi ch have been
pr-esent ed her ei nbef ore by way of exanpl e;:-

- 96- CLAI M5 Wi cl ai m 1. A
t hrombi n i nhi bitor conpri sing: ;ia)  a catalytic
site-directed noiety t hat blnds to and inhi bi;f.ss the active site of

t hr ombi n; b) a linker noiety characteri &d by a

backbone chain haV|ng a calculated length of Between about ¥8A and about
42A; and c) an- ani on bi ndi:ng: exosited, M :
FIG. 7 ing excsite B
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associating noiety; said catalytic site-directed noiety being bound to
said |linker noiety and said |inker noiety being bound to said anion

bi ndi ng exosite associating noiety. 2. The t hronbin

i nhi bitor according to claima1, wher@/ﬁ/%aid ani on bi nding exosite noiety
consists of the formul a.:
WB[err]-Blerr]-Blerr]-Blerr]-Blerr]-Blerr]-Blerr]-Blerr]-Z;, wherein Wis
a bond; B[err] is an anionic amno acid; B[err] is any amno acid; B[err]
is lle, Val, Leu, Nle or Phe; B[err] is Pro, Hyp, 3, 4-dehydroPro,

t hi azol i di ne-4-carboxylate, Sar, any Nnmethyl amno acid or D Ala; B[err]
is an anionic amno acid; B[err] is an anionic amno acid; B[err] is a

| i pophilic amno acid selected fromthe group consisting Tyr, Trp, Phe,
Leu, Nle, Ile, Val, Cha, Pro, or a mid consi sting of one of these

| i pophilic am no acids and any amn d; 3err] is a bond or a peptide.
containing formone to five residues of any amno acid; and Z is a carboxy
term nal residue selected fromOH ({err]-Cerr] alkoxy, am no, nono- or
di-(Cerr]- (Jerr]) alkyl substituted am no or benzyl am no.

3. The thronbin inhibitor according to claim2, wherein B, is Gu; B[err]
is GQu; Blerr] is Ile; Blerr] is Pro; Blerr] is Qu; Blerr] is Qu; B[err]
is Tyr-Leu, Tyr(Serr]H)-Leu, Tyr(OCsd err]H -Leu or (3-,
5-diiodoTyr)-Leu; B[err] is a bond;
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and Z is OH 4. The thronbin inhibitor according to claiml,
wherei n said backbone chain of said |inker noiety consists of any
conbi nati on of atons sel ected fromthe group consisting of carbon,

ni trogen, sulfur and oxygen. 5. The thronbin inhibitor
according to claim4, wherein saidlijﬂﬁﬁ conprises the amno acid
sequence: @y-Ady-dy-Asn-dy-Asp-Phe. 6. The thronbin

i nhibitor according to claiml, wherein said catalytic site-directed noiety
binds reversibly to and is slowy cleaved by thronbin. 7. The

thronbin inhibitor according to claim1, wherein said catal ytic
site-directed noiety binds reversibly to and cannot be cl eaved by thronbin.

8. The thronbin inhibitor according to claim1, wherein said catal ytic
site-directed noiety binds irreversibl th in. _ 9. The
t hrombi n i nhi bitor according to claim6, erel.n said catal ytic

site-directed noiety consists of the formula:

X-Alerr]-Aerr]-Alerr]-Y, wherein X is hydrogen or is characterized by a
backbone chain consisting of from1 to 35 atons; Alerr] is Arg, Lys or On;
Alerr] is a non-am de bond; Alerr] is characterized by a backbone chain
consisting of froml1l to 9 atons; and Y is a bond.
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-98- - 10. The thronbin inhibitor according to claim9, wherein
Xis DPhe-Pro; A is Arg; and Alerr] is D Pro, Pro, or Sar.

11. The thronbin inhibitor according to claim 10, wherein said thronbin
inhibitor is selected fromthe group co;bs/ix?ting of Hirul og-8 and

Hi rul og-12. 12. The thronbin/inhi bitor according to claim?9,
wherein X is Nacetyl-Ady-Asp-Phe-Leu-Ala- Au-Ay-Ady-dy-Val; Aerr] is
Arg; and Alerr] is Pro, said thronbin inhibitor being Hirul og-33.

13. The thronbin inhibitor according to claim7, wherein said catalytic
site-directed noiety consists of the fornul a:

X-CJerr]-Clerr]-Aerr]-Y, wherein C, is a derivative of Arg, Lys or On
conprising a carboxylate noiety th js re ed, or displaced fromthe
a-carbon by a structure charact eriﬁ/@y ?éckbone chain of from1l to 10
atons; Cterr] is a non-cleavabl e bond; an , Y and Alerr] are as defined
in claim?9. 14. The thronbin inhibitor according to claim13,
sel ected fromthe group consisting of Hi rul og-18a and Hirul og- 18b. '
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15. A-pharmaceutically acceptabl e conposition for inhibiting a

t hronbi n-nedi ated function in a patient or in extracorporeal blood, said
conposition conprising a pharmaceutically effective anmount of a t hr onbi n

i nhi bitor according to any one of cl/ ?ﬂﬁi 1 to 14 and a pharmaceutically
acceptable carrier. -99- 16.
The pharnaceutically acceptabl e conposition according to claim15, wherein
sai d pharmaceutically effective amount is between about 1 [err]g/kg body
wei ght/day to about 5 ng/ kg body wei ght/ day. 17. The
pharmaceutical Iy acceptabl e conposition according to claim16, wherein said
pharmaceutically effective anount is between about 10 [err] g/ kg body

wei ght/day to about 500 [err]g/kg body wei ght/day. 18. A

met hod for treating or preventing a thronbotic disease in a patient
conprising the step of adm ni stering to said patient a pharnaceutlcally

accept abl e conposi tion accordgﬁﬁagb one of cl-arms~15 to.17.
19. The thronbin inhibitor cor

| abel ed with a radi oi sotope.
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20. The thronbin inhibitor according to claim 19, wherein said radioisotope
is selected fromthe group consisting of [err]l, [err]l and "'In.

21. A conposition for ex vivo imaging of a fibrin or a platelet thronbus
in a patient, said conposition conpZ/®f ng a pharnmaceutically acceptable
buffer and a thronbin inhibitor according to claim19 or 20.

22. A nethod for ex vivo imaging of a fibrin or a platelet thronbus in a
patient conprising the steps of: - 100 -
(a) admnistering to said patient a conposition according to claim21; and
(b) using detecting neans to observe the thronbin inhibitor present in said
conposi tion. 23. A conposition for coating the surface of an

i nvasi ve device to be inserted into a patient, wherein said conposition
conprises a suitable buffer and at | east one thronbin inhibitor according
to any one of clainms 1 to 14. 24. A nethod for coating the
surface of an invasive device toF/@seY?d into a patient, said

100
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net hod conprising the step of contacting said surface wth a conposition

according to claim23. A pharmaceutically effective

conbi nation for treating or preven} thronbotic di sease in a patient
conpri si ng: ombi n i nhi bitor according to any one
of claims 1 to 14; a thronbol ytic agent; and

c) a pharmaceutically acceptable carrler. 26. The

pharmaceutically effective conbination according to claim?25, wherein said
thrombin inhibitor is Hrulog-8 and said thronbolytic agent is tPA

27. The conbi nation according to claim25, wherein the daily dosage of said
thrombin inhibitor is between about 1 pg/kg body wei ght and about 5 ny/kg
body wei ght and wherein the daily dosage of said thronbolytic agent is

bet ween about 10% and about 80% - 101 - of the
conventi onal dosage range of said tdF;“Ealyﬂﬁzyagent. _

O
N
J

O
o
z
it
Ol
Z

Fibrin{fogen) Deposition, mg/cm
o
. T .

o

W

Hirulog-8, nmole/ kg/min



28. The conbi nation according to claim27, wherein the daily dosage of
said thronbin inhibitor is between about 10 [err] g/ kg body wei ght and about
500 [err] g/ kg body wei ght and wherein the daily dosage of said thronbolytic
agent is between about 10% and abqg/,?O@bof t he conventional dosage range
of said thronbolytic agent. A nmethod for decreasing the
dose of a thronbolytic agent required to establish reperfusion or to
prevent reocclusion in a patient, said nmethod conprising the step of

adm ni stering said thronbol ya,caageptgt 0 said patient as part of a

conbi nati on according to anzfzzi VP ainms 26 to 28. 30. A

nmet hod for decreasing the reperfusion tinme and increasing the reocclusion
time in a patient treated with a thronbol ytic agent, said nmethod conpri sing
the step of admnistering to said patient a conposition according to any of
claims 15 to 17, wherein said conposition is admnistered to said patient.
during the time period ramgbhQg bout 5 hours
foll owi ng the treatnent of sai@patient with said thronbol ytiq agent.

31. The method accordi'@ gﬁ?él i m 30, wherein said conposition is

adm nistered to said t| ing the tinme period ranging frfom about 2
hours prior to about hours fdfl ow ng said treatnent of said{patient with
said thronbolytic agenrsg.
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-- 102 -- 32. A method for inhibiting the growh of a netastatic
tunor in a patient, said nmethod conprising the step of treating said
patient in a pharmaceutically acceptable manner with a conposition
according to any one of clains 15 todiz 33. The met hod
according to claim 32, wherein said tastatic tunor is selected fromthe
group consisting of carcinong of the brain, carcinoma of the |ung,

carci noma of the liver, ostF{ and neopl astic cell carcinona.

34. A nethod for treating g t hr onbi n-i nduced inflammtion in a
patient, said nethod conprising the step of admnistering to said patient a
conposi tions accor di ng to any one of clains 15t <UOI vs Control 35. The

met hod according to clain2@4% wherein said infg Qgrq,sﬁe ged by a
di sease sel ected fromthe grpup_cansisting of § g dgﬁaw ,re% %dﬂ‘\ stress
syndrone, septic shock, sept)cenmia _and reperf usi 36.

A nethod for treating neurod ve disease in a patient, said method
conprising the step of gadm m $texinpg|to said pat+ent a corrposition
according to any one of cl ai g 15NXp 17"T— 37. A nethod for

i nhibiting a thronbin-giedi af etk or [ hrrb+-aragsod ajed function or process
in a patient or in ext Eacor ppteaN b| pdd\_sal d {met hsd |{conpri sing the step of
treating said patient tor $@i1

\t\\ \\
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extracorporeal blood with a conposition according to any one of clainms 15
to 17. - 103 - 38. A nethod of
i nhibiting thronbus accretion in a p?t'ent caused by cl ot-bound thronbi n,
said nmethod conprising treating said thent with a conposition according
to any one of clains 15 t 39. A nmethod for inhibiting

pl at el et - dependent thro i/E;.patient conprising the step of treating
said patient with a conpositlon according to any one of clains 15 to 17.

40. A nmethod for treating or preventing dissem nated intravascul ar

coagul ation in a patient conprising the step of treating said patient with

a conposition according to any one of clainms 15 to 17. 41. The
met hod according to any one of clains 18, 22 or 24 wherein said patient is
a human. 42. 761 et hod according to any one of clainms 29 to
40, wherein said pateint I's a human.
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NOVEL INHIBITORS OF THROMBIN

TECHNICAL FIFLD OF INVENTION

This invention relates to novel biologically
active molecules which bind to and inhibit thrombin.
Specifically, these molecules are characterized by a
thrombin anion-binding exosite associating moiety
(ABEAM); a linker portion of at least 184 in length;
and a thrombin catalytic site-directed moiety (CSDNM).
This invention also relates to compositions,
combinations and methods which employ these molecules
for therapeutic, prophylactic and diagnostic purposes.

BACKGROUND ART

Acute vascular diseases, such as myocardial
infarction, stroke, pulmonary embolism, deep vein
thrombosis, peripheral arterial occlusion, and other
blood system thromboses constitute major health risks.
Such diseases are caused by either partial or total
occlusion of a blood vessel by a blood clot, which
contains fibrin and platelets.

Current methods for the treatment and
prophylaxis of thrombotic diseases involve therapeutics
which act in one of two different ways. The first type
of therapeutic inhibits thrombin activity or thrombin
formation, thus preventing clot formation. These drugs
also inhibit platelet activation and aggregation. The
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ABSTRACT

This invention relates to novel biologically
active molecules which bind to and inhibit thrombin.
Specifically, these molecules are characterized by a
thrombin anion-binding exosite association moiety
(ABEAM); a linker portion of at least 18& in length;
and a thrombin catalytic site-~directed moiety (CSDM).
This invention also relates to compositions,
combinations and methods which employ these molecules
for therapeutic, prophylactic and diagnostic purposes.

Fig. 2




