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ANTICOAGULANT PEPTIDES

ABSTRACT

This invention relates to peptide derivatives

which are useful anticoagulant agents.



15

25

L2069

26263

BACKGROVND (OF IEVENTION

Maticosgulants sre useful therapeutic sgents in the
pharmasological treatment of, for exmmple, acute deep
venous thrombosis, palmonary embolism, scute arterisl em-
bolisation of the extremities, myoccardial infaretion, and
dissenirated intravascular cosgulation., Propylastie oi-
ministration of enticoagulanis is believed to prevent a
recurrance of embolimm in patients with rheumatie or
arteriosclerotic heart diseese and t0 prevent sertsin
thromboembolie complications of surgery, Administration
of amticoagulanis has also been indicated in the trestment
of coronary artery and cerebrovasculsr dimeame, Artrisl
thrombosis, particulerly in arteries supplying the heert
muscle and bradn, is a leading case of death.

Hirudin is a 65 residue polypeptide isolated from
the salivary glands of lseches. I% is an anticoagulent
sgent, which is a tiraudin specifie dnhiditor. Although
quite potent, olinical use of hirudin isolxted frem lesch
exirasts seems unlikely becmise of its limited quurtity,
expense end allergic resetions which gommonly follow sd-
ministration of eny fareign protein of this sine?

Appliemrts have discovered a specific region of
hirudin that is responsidle, at least in part, for its -
ticoagulant activity. This region has been chemi eally
synthesized and certain of its analogs appear to'Mﬂ ]

-
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the recognition site of thrombin but not the ensymatic
cleavage site which is spatially separate. Binding of
the synthetic peptides competitively prevents bdinding of
the fidrinogen to the recognition site of Ywromdbin, .
prerequisite to fibrin proiuection snd olol formation’
The peptides of this invention possess significant anti-
congulant activity and their umsual adility 4o bind emly
te the recognition site without binding to the olesvege
site of thrombin may allow for a seientifically interest-
ing end therapeutically signiftoant adjunet to anticosgn~
lent therapy,

SUMM/HY OPF THE INVENTION
Peptide derivatives of the formala

e e LT
wherein X is sn mino terminal restdue selected from

hydrogen, one or twe alkyl groups of frem 1 to
6 caxbon atoms, one or two acyl groups of fyem
2 %0 10 carbon atoms, carbobenmyloxy or ¢~
butyloxy carbonyl;

Al is a bond or is a peptide containing from 1
to 5 residues of any mxino acidy

Ay is The, SubFhe, P-(2~ and 3-thienyl)almmine,
p-(2~ and 3-furenyl)alemine, P-(2=; 3, st
4-pyridyl)alamine, P-(bensothienyl-2- amd 3-

.

\Ziolel:

-
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Y1)almine, p-(1- ema 2-naphtiyl )alamine, Tyr

or Trpj

is CIn or Asp;

is ey amino acidy

is Ile, Val, Ieu, Nle, ar Thry

i= Pro, Hyp, 3y4-dehydroPro, thiasoliding-d-

caxrboxylate, Ser, RMePgl or ay axino aoids

having a D-configuration;

i any smino acid;

is OIn or Asp;

18 a lpophilic emino acid selected from yr,

M(BO,B). Trpy The, leu, Nle, Ile, Val, His

and Pro or is a dipeptide contedming et least

one of these liporhilic smino acideg

1s Alohahworisapepudoﬁwmm
trmomtoﬂnrod.&mnctuvuimm;
and

< W T

5
S & &

T is & carboxy terminal vemidue melected from OH,
Cy=C¢ alkaxy, emino, momo- er di—(ol-c‘) alkyl
20 substituted amino, or benrylmminos

are useful sticosgulant agents.

DETAILED IRSCRIPTION OF THE INVENTICH

The following common sbbrevistions of the amino
acids are used throughout this specificatiomi
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Gly - glycine

Ala - alanine

Vel = valine

Isu - leucine

Ile ~ isoleucine

Pro - proline

Fhe ~ phenylalsnine
Trp - tryptorhmn
Met - methionine

Ser - merine

Thr - threonine

Crs - oysteine

Tyr - tyrosine

Am « ssperagine
¢ln = glutanine

Awp - aspartic scid
Glu - glutamie acid
lys - lysine

frg - srginine

Hs « histidine

Nle - norleucine
Hyp = hydrcxyproline
3y 4~dehydroPro = 3,4-dehydroproline
:rr(so3n) - tyrosine mulfate
Pgl - phenylglycine

'OG;QCOB
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F¥ePgl ~ N-methyl-phenylglycine

Sexr = Samcocine (N-methylglyoine)

PSubFhe -~ pera substituted rhenylalening

SubFhe ~ ortho, meta, or peray mMono- or di~
substituted phenylalemine

DAla ~ D-alemine

Ae = acetyl

Sae - suceinyl

IC1rhe - pera-chloro-pherylalsmine
pltozlho = para-nitro-phenylalsmine

An alkyl group end the ﬂ.kylporuonofmdhw
group is taken to include straight, hranched, or cyelie
alkyl groups, for example, methyl, ethyl, propyl, iso-
Feopyly buiyly isobutyl, tert-butyl, pentyl, isopentyl,
838 -pentyl, cyclopemtyl, hexyl, ischexyl, eyolohexyl
sd ayelopentylmethyl, An acyl group of from 2 te 10
carbon atoos 18 taken © inelude stradght, trached, ey~
elis, saturated end urwaturated acyl groups having 1 ey
2 carbonyl moieties per group, for example, acetyl, bem-
S0yl end muceinyl. A halogen group is o fluaro, chlore,
broamo er dedo group:

he term "y amino aeld" a8 used herein inglndes
th-uaﬂnnyooournnguummsunnuotha
"non-protein o -emino acids eammonly utilised Yy thowe
in the peptide chemistry wrtw when prepering synihetie

O(’n&@g
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snalogs of naturally ocawring peptides. The naturally
oocomrring smino acids mre glycine, almnine, valine, leu-
eine, isolsucine, serine, methionine, threoning, phenyl-
alenine, tyrosine, tryptophsm, cysteins, proline, his-
#idine, espartic acid, separagine, glutamioc =0id, glnte-
mine, arginine, ormithine, and lysine, PExemples of "nen-
protein” o~smino acide ere norleucins, morvaline, alloise~
leucine, homoarginine, thiaproline, dehydroproline, hy-
droxyproline (Hyp), homoserine, cyclohexylglyeine (Chg),
oaxino-n-butyric acid (Aba), cyclohexylalamine (Cha),
sminophenylbutyric acid (Pba), phenylalsmines subetituted
at the ortho, meta, or paraposition of the prhemyl moiety
with ome o two of the following, a (cl-c‘) alkyl, ("1"’4)'
alkaxy, halogen, or nitro groups or substituted with o
methylenedioxy group, B-2- md 3-thienylale mine, P-2-
end 3-furemylelanine, P-2-y 3~y end 4-pyridylalanine, p-
(bensothienyl-2- end 3-y1)alenine, p-(1- end 2-naphihyl)-
alaine, O-slkylated derivates of serine, threonine, or
tyrosine, S-alkylated cysteine, the O-mulfate ester of ty-
rosine, 3,%5-diiodotyrosine and the D-isomers of the naturslly
ocourring amino acids,

The term "lipophilic emino acid" includes Tyr, Tyr
(sosn), Fhe, Ieu, Nle, Ile, Val, His and Pro,

The natural smino acids with the exception of gly=-
oine, comtain a chiral carbon etori, Unless othe;nuu wpe-
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eifically indicated, the optically active smine acids,
referred to herein, are of the I~configuration, Per
exemple, ay of the amino acids of the A]_ or “10 group
em be of the D~ or L-configuration. As is customary,
the structure of peptides written out herein im such
that the smino terminal end is on the left side of the
chain snd the cerboxy terminsl end is on the right side
of the chain,

The polypeptides of forxmla I csm form pharwme-
ceutically scceptable salts with smy non-toxie, orgmmie
or inorganic acid, Illustrative inorgemic acids vhich
form suiteble salts include hydrochloris, hydrotromis,
sulpmrie and phosphorie anid and a0id metal salts such
an sodium monchydrogen orthophosphate snd potsssive hy-
drogemn msulfate, Illustrative orgsmic acide vhich ferm
suitable malts include the mono, di and trissrboxylie
aoidse Illustrative of such acids ere, for exmple,
agetic, glycolie, lmctie, pyruvie, malonie, suecinie,
glutarie, fimario, malic, tartsric, citric, aseorbie,
maleic, hydroxymaleie, bensoie, hydroxybensoio, phemyl-
acetie, cimanxio, salicylie, 2-phenoxybdensoic and sulfonie
aoids sich as methane sulfonie acid emd 2-hydroxywthme
sulforde aoid, Salts of the carboxy terminal sminoe seid
moiety include the nom-toxie emrboxylie aoid sa:llts formed
with sy suitable inorgamie or orgemic bases: Ilumtre-
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tively, these salts include those of alkali metals, s
for exemple, sodivn and potassiumy alkaline earth metals,
such as caleium end magnesiump light metals of Orep
IIIA including alwrimmg end orgmme primary , secondary
and tertiaby anines, ss for exsmple, trialkylsmines, in-
cluting triethylamine, procaine, dibensylsmine, l-ethen-
amine, N,N'-dibensylethylenediemine, dilydroadietylemine,
¥-(1ower )alkylpiperidine, wd emy other suitahle emine:
As with eny generie group of chemiecal compounds,
certain groups ere preferred, Applicemts prefer thowe
peptide derivatives of formila 1 wherein
X is hydrogen, acetyl, or suscinyl.
Also preferred are those formmla 1 caspounds wherein
A is -Bis-Aen-Asp-Gly-Asp-,
=Asn-Asp-Gly-Asp=
~\sp~Gly-Asp~y
“Uly=Asp-y
=Asp-y Or a bond.

Aa is preferably Fhe, P2~ or 3~thiemylalamive,
%yr, Trp, or pUlFhe;

Agp 30y

A4, Gln, Asp, Pro or Alsj

Agy Tley

Agy Pro, Bar, DAls, Hyp or RMePgls

A.,, 61, Awp or Alag
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Agy Glu or Aspy

Ag, Tyr or a dipeptide fragment wherein at least
one residue is Tyr or Ty'r(303ﬂ);

Mo Tewy Asp, Asp-0lu, Leu-Gln, Ieu-Pro, or Teus
and

Y, merlﬂz.

Especially preferred are those peptide derivatives of
formila 1 wherein either X is mtylandAiuW

orAsporxismooixvlmAliuabondanﬂmm

Agy 18 They B-(2-thiemylalanine) or Tyrs

Azy Glmy

Ays Oln or Proy

15, ey

Aso Froy

A.', Glug

Agy Gln or Asps

Age Tyr, Ala-Tyr or Pro)

Ajor lng Aspj Leu-Proj a bondj =leu=Gln= or =isp~
Glus and

Y, On or NH,.

The rroteins of this invention eem be prepared

ty a variety of procedures readily kmown to thomse skilled
in the art, Such procedures include the 0lid phase me-
quential = block mynthesis, gene cloming amd combing-

- 10 =
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tions of these techniques. The s0lid phase sequential
procedure can be performed using estadlished mrtomated
methods such as by use of am sutomated peptide mynithe-
sigser, In this procedure am o-amino protected amino acid
is bound to a resin support. The resin suppart employed
6an be any suitable remin oonventionally smplayed in the
ar$ for the solid phase preparation of polypeptide, pro-
ferably polystyrene which has been cross-linked with from
0.5 to mbout 3 percent divinyl bensens, which has beem
either chloramethylated or hydroxymethylated to mrovide
wites for ester formation with the initially imtrodused
dreamino protected emino meid,

A example of a hydroxymethyl resin is desoribed
by Bodemssky et al., Chmm Ind. (Londam) 38, 1597-98
(1966). A chlaramethyleted resin is comercislly eveil-
able from Mo Red Ieboratories, Richmond, Califarmie, end
the preparation of mich a resin is described by Stewrt
ot al., "S01id Phase Feptide Synthesis" (Freemem & Oo,,
Bm Frenoisco 1969), Chapter 1, pp, 1-6. The protected
ino acid can be bound to the resin by the procedure of
Oiein, Hely, Chema. Acta, 56, 1476 (1973). Hmy resin
bound, protected suino acids are commercielly svadlable,
As sn exaxple to prepare a polypeptide of this invention where-
in the carboxy terminal end is a Thr residus, a’ilrt-hm-
exyosrbonyl (Boc) protected T bound to a Wau, hy-
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droxymethylated phenylacetamidomethyl (PAM) resin can
be used and is commercially available,

Following the coupling of the d=amino protected
amino acid to the resin support, the protecting group
is removed using any suitable procedure such as by us-
ing trifluoroacetic acid in methylene chloride, tri-
fluoroacetic acid alone, or HCl in dioxane, The de-
protection is carried out at a temperature of between
0°C. and room temperature. Other standard cleaving
reagents and conditions for removal of specific of =
amino protecting groups may be used. After removal
of the o ~amino protecting group the other amino pro~
tected amino acids are coupled step-wise in the de~
sired order. Alternatively, multiple amino acid
groups may be coupled by the solution method prior
to coupling with the resin supported amino acid
sequence.

The o ~amino protecting group employed with each
amino acld introduced into the polypeptide sequence may
be any such protecting group known to the art. Among
the classes of of -amino protecting groups contemplated
are (1) acyl type protecting groups such as: formyl trie
fluoroacetyl, phthalyl, toluenesulfonyl (toasyl), benzene~
sulfonyl, nitrophenylsulfenyl, tritylsulfenyl, otnitroe
phenoxyacetyl end ok-chlorobutyryl; (2) aromatic urethan
type protecting groups such as benzyloxycarbonyl and

subatituted benzyloxycarbonyl, such asp-chlorobenzyloxy=

- 12 -
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ca¥bonyl, p-nitrobenzylecarbonyl, p-bramobensyloxyeer-—
bonyl, p-methaxybensylexycarbonyl, 1-(p-biphenylyl)-1-
methylethoxycarbonyl, oy o-dimethyl-3,5-dimethoxy-
bensyloxycarbonyl and benshydryloxycarbonyls (3) ald-
phatic urethan protecting groups such as tert-butyloxy-
carboryl (Boc), diisopropylmethoxycarboryl, isopropyloxy-
carbonyl, ethoxycarbormyl and allyloxyearbonyl; (4) cyelo=-
alkyl urethen type protecting groups such es cyclopen—
tylaxycarbonyl, adementyloxycrbonyl amd cyclohexyloxy-
carbonyls (5) thio urethan type protecting group such as
phenylthiocarbonyl; (6) alkyl type protecting groups such
as triphenylmethyl (trityl) end benzyl; amd (7) trialkyl-
#sileme groups such as trimethylsilane. The preferred L
amino protecting group is tert-butyloxyoarbonyl,

The selection of an aprropriste coupling veagent
is within the skill of the art. A particularly suitable
eoupling reagent where the amino acid to be ndded is Gln,
Asn or Arg is NyN'=diisopropylearbodijmide and l-hydroxy-
bensotriazole. The use of these resgents prevents nitrile
and lactem formation, After coupling agents are (1) car-
bodiimides (e.g., N,N'-dicyclohexylearbodiimide and K-
ethyl-N'~(Y-dimethylaninopropylearbodiimide)s (2) eymme-
mides (e.g., N,N-dibensycyensmide); (3) keterdmines; (4)
isoxagolium salts (e.g., N-ethyl-5-phenyl-isoxasolium-3\-

sulfonates (s) monocyclic mitrogen containing heteroeyclie

Lo e3
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exides of mromatic character containing one through four
mtrogens in the ring such an imidazolides, ryrasolides,
and 1,2,4-triesolides, Specific heterocyolic smidew
that are useful include N,N'-enrbomyldiimidazole el
NyN-carbonyl-di-1, 2, 4-triarole; (6) alkaxylated noetylens
(eegey ethaxyncetyleme)s (7) rengents which form a mixed
enhydride with the carboxyl moiety of the smine acid
(esgey ethylchloroformate smd isobutylchloroformate) or
the symmetrieal anhydride of the smino neid to be coupled
(eegey Boc=Mla~O-pla-TBe) amd (8) nitrogen contairing
heterocyelic compounds having a hydroxy group on one
ring nitrogen (e.g., N-hydraxyphthalimide, N-hydroxysac—
eintmide and 1-hydraxybenzotriamle), Other metivating
reagents and their use in peptide coupling are deseribed
bty Kepoor, J, Iharma Sol., 59, pps 127 (1970). Applicents
prefer the use of the symetrical anhydride es o coupling
Teagent for all amino ncids except irg, Asn emd Cln,

Each protected amino acid or amine acid sequence
ie introduced into the solid phase reactor in about a four-
fold exeess and the coupling is carried out in a medivm of
dimethylformemides methylene chloride (1:1) or in aimethyl-
formemide mlone or prefersbly methylene chloride alone’
In cares where incomplete coupling occurs, the coupling
procedure is repeated before removal of the g-emino protect-

ing group, prior to the coupling of the next mmino aoid in
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the s0lid phese reactor. The success of the coupling
reaction at each stage of the synthesis is monitored by
the ninhydrin reaction as described by E, Kaimer et.al.
Analyt. Blochem. 34, 595 (1970),

After the desired amino acid sequence hag been
obtained, the peptide is removed from the resin, This
c¢an be done by hydrolysis such as by treatment of the
resin bound polypeptide with e solution of dimethyl sul-
fide, p-cresol and thiocresol in dilute aqueous hydro-
finoric acid.

As is known in the art of so0lid phase peptide syn-
thesis many of the amino acids bear functionalities re-
quiring protection during the chain preparation, The use
and pelection of the appropriate protecting group is with-
in the ability of those sidlled in the art and will de-
vend upon the smino acid to be protected and the presence
of other protected amino acid residues on the peptide.
The selection of such a side chain protecting group is
eritical in that it must be one which is not removed Yy
oleavage during cleavage of the protecting group of the q-
amino moiety. For exemple, suitable side chain protect-
ing groups for lysine are benzyloxycarbonyl snd substie
tuted bengyloxycarbonyl, maid substituent being selected
from halo (e.ges chloro, bromo, fluoro) and nitro (e.z.,
2-chlorobenzyloxycarbonyl, p-ndtrobenzyloxycarbonyl, 3,4=

-15-
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dichlorobensyloxyearbonyl), tosyl, $—amyloxyoarbomyl,
t-butyoxycarbonyl end diisopropylmethaxyearbonyXs

The nleoholic hydroxyl group of threomine snd serine
cen be protected with an acetyl, benzoyl, tert-butyl,
trityl, benzyl, 2,6-dichlorobenzyl or bensyloxycarbomyl
group, 'The preferred protecting group is bennyl,

These groups can be removed by procedures well
knom in the art, Typically protecting group removel is
done after the peptide chain synthesis is ecomplete but
the protecting groups can be removed at smy other apyro-
priate time,

T™e anticosgulent doss of a peptide derivative of
$his invention is from 0,2 mg/kg to 250 mg/kg of patient
body weight per day depending on the patiemt, the severity
of the thromobotie condition to be treated sand the pep-
tide derivative selected, The suitable dose for a parti-
cular patient eam be readily determined, Preferably from
1 to 4 daily doses would be edministered typically with
from 5 mg to 100 mg of active compound per dose,

Anticosgulant therapy is indiosted for the treat-
ment end prevention of s variety of thrambotie conditiomms,
particularly coronary srtery emd cerelrovascular disesse.
Those experienced in this field are readily aware of the
ciromsatances requiring nticoagulant therapy.:, The term

"patient" used herein is taken to meen msmmels such a8

- 16 =
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primates, including humans, sheep, horses, cattle,
pigs, dogs, cats, rats and mice.

Although some of the peptide derivatives may sure
vive passage through the gut following oral administrae
tion, applicants prefer non-oral administration, for
example, subcutaneous, intravenous, intramuscular or
intraperitoneal; administration by depot injection;

by implant preparationsj or By application to the mucous

membranes, such as, that of the nose, throat and brone
chial tubea, for example, 1nzhn<aerosol can containing
a peptide derivative of this invention in a spray or
dry powder form.

For parenteral administration the compounds may
be administered as injectable dosages of a msolution or
suspension of the compound in a physiologically accepte
able diluent with a pharmaceutical carrier which can be
a sterile liquid such as water and oils with or without
the addition of a surfactant and other pharmaceuticale

ly acceptable adjuvants. Illustrative of oils which
can be employed in these preparations are those of

petroleum, animal, vegetable, or synthetic origin, for
example, peanut oil, soybean oil, and mineral oil. In
general, water, saline, aqueous dextrose and related
sugar solutions, ethanol and glycols such as propylene
glycole or polyethylene glycol are preferred liquid

carriers, particularly for injectable solutions,

The compounds can be administered in the form of

a depotiinjection or implent preparation which may be
formulated in such a manner as to permit a sustained ree

lease of the active ingredient. The active ingredient

- 17
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c¢an be compressed into pellets or emall aylinders emd
implanted subcutanecusly or intreewscularly as depot
injections or implents, Implents mry employ inert mate=
rinls such as biodegradable polymers or synthetic o1l14-
cones, for exsmple, Silastic, milicone rubber mamf aotured
by the Dow-Cormding Corporation,

EXAMPLES

This invention 1s 411lustrated by the following,
non-limiting exsmples.,

EXAMPLE 3}
Ereparation of l=Gly=Amp-The~Cln-Glu~T)e~Pro-Cln-

Glu-Tyr-Tey~Gln=-0H

The peptide wns synthesized by solid-phase methods
using 0.1 mmol of a 0,66 mmol/g Noc~GIn-PAM resin, Double
symetrical anhydride couplings were performed with 2.0
mmol Ne-Boc-omino acid (Feptides International) except
in the case of Boc-Gln, which was couplad by the Dce/
HOET method, The side chnin rrotectionutilized wass
Asp(Chx), Glu(Pzl), Tyr(2-mrz). Upon completion of the
synthesis the Nq-Boc protection was removed with 50%
trifluoroscetic acid in methylene chloride, The remin
was wnched three times with methylene chloride, neutralised
with three washings of 10" diisopropylethylomine in mee

thylene chloride, washed three times with methylens chle=
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ride, ncetylated with N-ncetylimidasole in methylens

chloride, wnshed three times with methylene chloride,

and dried in yagup. The peptide was deprotected and

clenved from the resin with HP contmdming 27 amisole

at 0°0, for 35 min, The HP was removed in vammo at d°c.,

the peptide precipitated with ethyl ether, extracted from

the resin with 30% aqueous scetic acid and lyophdlised.
The peptide was purified by desalting on a 92 x

2.6 cm Sephndex G-15 column 4n 5% nqueous acetie aedd

and lyophilized, Preparative HPIC wns performed on o

cl8

Vydae 218TF1010 (250 x 10 mm) colum with 24% aceto~
mitrile in 0,1% aquecus trifluoroacetio ncid at 5 ml/min’
The mejor pesk was collected end lyophilized leaving 101
mg of the desired produce (587 yield based on imitial
Tesin mbstitution), Homogeneity wes determined by HPLC
and TIC, HPIC Vydeo 2187P54 (250 x 4,6 mm) c18 eolumn,
2 ml/min, £ * 1,9 min: time of elution with e 15-40%
acetonitrile in 0,1% trifluoroncetic ncid linesr gradient
at 1%/min, (HPIC) 4w 14.4 min,

T1C: [_Kerck 5715 20 x 20 em Silica gel 60 plates
(0,25 mu thicknesq)/ n-butenol/ncetic neid/water/pyridiens
(6:1,2:4,816) (TIC 1) RY = 0,424 isopropanol/cono, samondinm
hydroxide/mater (311:1) (TIC 1I) Re w 0,32; n-dutemol/
acetic acid/witer (4:5:8) (TIC 111) R = 0,70, FAB-MS;
(M4 H) -2468.4 & 1mn (caled, 1468.6), Asino actd

-19 -
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enalysiss (6N HC1 hydrolysis: 24 hr. st 106°C). Asx
1,03 (1)3 61x (5.05 (5)5 Pro 1,03 (1); o1y 1.00 (1)4
Ile 0,97 (1)3 Teu 1.01 (1); Tyr 0,93 (1)5 The 0.98 (1)
BH, 1.06 (1) 1280 = 1254, 85" peptide content by
weight,

In the same mammer, the peptides of the following

example 2-32 were prepnred,

EXANPIE 2
Ae—Ser-H s—-Asn-Asp-Gly=Agp=-TheeGIn-Gi-I1g=Pro-

GIu~Glu=~Tyr-Teu=Gln-OH

EX/MPLE 3
HeAsm-ABp~-Gly -Asp~the~CIu~GIn~Ile~rra~Glu-Glu-Tyr=

Leu-G1n-0H
EXAMPLE 4
B-Agp~Fhe~G1u~G1lu-I1le=Pro~Clu=Glu-~Tyr=TIeu=C1in-OH

BXAMPLE 5§
E—Ihe—"rlu-ch—llo-l’ro-(}]n-Glu-’l‘yr-Im-Gln—OR
EXAMPLE 6
H-Asp-Fhe-Clu-Ala-Ile=-Pro-Glu=tlu~Tyr—Ieu~CIn-OH
EXMIE 7

H-Asp-The-~G1u~Glu-I1ewPro-A1la~Glu-Tyr—Ten-G1n-0H

EXAMPLE g |
B-Agp-Fhe-%1u~G1lu-Ile=~Pro~Gin-Glu~Tyr-Ieu=Ala-OH

-0 -
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BXNFIE 9
B-Asp-Fhe=~01u~0lu=I1e=Pro-0lu=0lu=0tu=Teu-A1 =00

RIMPLE 20
Ac-Asp-The-Glu-Glu-Ile~Pro=0i-0in-Tyr-Ten-01n-0H

EXMPIB 1),
Ac~01y~Asp=Fhe-01n=01n~I1e=Pro~0ln-Gin-Tyr=leu-Gln-0H

BXMPLE 12
%mm»uwmuhqmﬁmmmwpmwmﬂm

BXAMPLE 1%
mmﬁm&MMmmHm&mmwmmm45

EXAMPLE 34
B~01y~A8p~Tyr-G1u-01u=T1e-Pro-Glu~01n-"Tyr=leu-01ln-OH

EXAMPIR 2%
B~G1y-Asp-2rp-01lu-G1u~T1e=Pro-G1u-0lu~Tyr-Leu-0ln-OH

EXMPIB 28
B-Gly-Asp-pO1Fhe~G1u~Glu=T1e=Pro-0In-0lt-tyr=lou-01ln-0H

EXNFIR 17
&Mrhpﬂ%&ﬁﬂbﬂbﬂ&h&ﬂmﬂrﬁﬁhﬁ@bm

BXAMPIE 18
E-81y-Asp-Phe-%1n-01u11e~Sar+0in-Cln-TyreTou-01n-0H

EXAMFIE 19
Mly—hp-m-ﬂh-ﬂn-no-ﬂua-ﬂm-ﬂh-&‘n-mm
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BIANPIE 20
H-G1y~Asp-Phe~01u-01n-T1e-Hp-Glu-Glu-Tyr-Ten-0ln=C8

BXAMPLE 21
B-01y-~Asp~The-01u-01n-T1e-RMe Pgl-Gln~01u-"Tyr=lea~
Gln-CH

EXMMPLE 22

H-01y-Asp-Fhe-lu«Pro-TI1e-Pro-Tln-Aup=Ala-tyrd sp-O1i-
o

EXANPIR 23
me-mo-hn-rro-xh-n-o-ﬂm-ﬂmﬂyr—m-m-n,

EXAMPIE 24
n—o:;-A.p-l*!mﬂm-rro-x1.-Px'o-mn-A-p-Ah-'ryr-Pro-m;2

EXAMPLE 2%
Bno-mo-ﬂln—Pro-no-m-Gln-Mp—Alrlyr-Pro-ln’

EX/MPLE 26
E-ABp~Phe=~01u-Pro=I1e=Pro-01u-01n-Ala-Tyr01n-0f

BXAMPIR 27
HeASp~Phe=G111-010~110=Pro=-01u=Flne=rla-Tyregin =00

EXAMPIR of
H-Asp~Phe~1u-01u-T16~Pro-01u=Aap=ila~Tyr-Gln-oH

EXAMPIE 29
me-m-cm-rro-ne-rro-o:n-am-rypm-m-m,

-2 -
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EX/MPIR 30

F~Gly=Asp=B-(2-thienyl )alary-01u-01neT10~Pro-ig-
¢In=Tyr-Leu~-G1n-08

EXAMPIR 1)
u]y-Ala-O-ut!vltymsfl-“ln—ﬂln—Ih-m-
yr-leu-31n-0n

EXAMPIR ”»
ﬂuc-Pho-Gln-Pro-Ile-Pro—G]n-Gln-Pro—on

The peptides of exsmples 2~32 have the following
Froperties:

- 23 .
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Physical Characteristics
HPLC
EXAMPLE | t;(min) TLCI TLCH TLCIH FAB-MS
NO. (15-40% (Rf) (R) (Rf) (M +H) €280
gradient)

2 1963
3 143 0.33 0.33 0.70 1698 1203
4 14.2 0.44 0.39 0.74 1412 1395
5 12.6 0.51 0.43 0.72 1296 1210
6 14.3 0.54 0.78 0.84 1354 1235 .
7 14.2 0.51 0.72 0.83 1354 1309
8 18.5 0.53 0.77 0.82 1355 177
9 -12.5 0.42 0.57 0.77 1321 N.D.
10 171 1453 1548
1" 16.7 1511 1538
12 18.4 1397 1438
13 14.0 1282 1341
14 12.6 1485 2693
15 15.3 1507 3691
16 15.7 1502 2191
17 15.0 1514 7380
18 12.9 1442 739
19 15.6 1442 1285
20 11.8 1484 1092
21 19.0 1518 1490

- 22 10.0 1496 1135
23 17.8 1333 1160
24 10.7 1347 1318

- 26 -
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Physical Characteristics

EXl&l\gPLE t:}Fr;!Lisl) TLCI TLCI TLC I FAB-MS 5280
. (15-40% (Rf) (R (Rf) (M +H)
gradient)

25 | 137 | 1276 | 1187 |
26 10.0 1337 1831
27 9.9 1370 1305
28 8.8 1355 1265
29 17.8 1333 1004
30 13.6 1474 1330
31 14.8 1530* 2373
32 12.6 1057 N.D.

*(M + Na)

a7 -
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CLAINS:

1.

vherein

A peptide derivative of the formilg

Tty hghy g hg by g g T

X is a hydrogen, or one or two acyl groupe of
from 2 to 10 carbon atomss

Al is Gly-/rsp, Ser-is-Asn-Asp-Gly-isp, Asn-
Asp~Gly-Asp, Asp, Gly-Ala or a bond,

Ay 18 The, p-(2- andl 3-thienmyl)alemine, Tyr,
or Trps

A, is Oy

A4 is Glu, Ala or Oln

A5 is Iley

Ag is Pro, Hyp, 3,4-dehydroPro, Sar, NMePgl,
or D=Almg

Ay ie %1uy Ala or o1}

Ay is C1u, Asp, or Alay

A9 i# n lipophilic amino acid selected fron
Iyry leu, end Pro or is a dipeptide con-
$aining at least one of these ldpophilie
aino acidsy

Mp 18 & Ieu-Cln, leu-Ala, Ieu, Asp-Olu, Pro,

Glny Gln, Asp, D-Asp, Phe-lyw, ONyy D-lym,

Isu-Pro, leu-Orn, Tyr-Gluw, Tyr-Gls, Iys or
a bond}

2 (c&&g
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Y is a carboxy terminal residue melected from OH,
ad gmino,

2. A peptide derivative of Old.n} 1 wherein A2 is
ey P-(2~ or 3-thienyl)alaine, or Tyy

3¢ A peptide derivative of Claim 1 wherein A, is

Glu,
4. A peptide derivative of Claim 1 wherein A‘ is
Gluy Ala, or Pro,

S A peptide dmnﬂ.uat(ndnlml,h
Ile.

6. A peptide derivative of Oladm 1 wherein l‘ is

T« A peptide derivative of Claim 1 vherein A., i
Glu or Als,

8+ A peptide derivative of Cladm 3} wherein Aa is
Glu or Asp.

9« A peptide derivative of (leim 1 wherein Ag is
Yyr-leu or Ala-Tyr,

10, A peptide derivative of Cledm 1 wherein A
is Gln, Asp, Pro, a bond, Asp-Glu, Glu or Als,

10

11, A peptide derivative of Oledm 1 vherein X {»
H, asetyl, or succinyl:

L6964
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12, A peptide derivative of Claim 1 wherein Y 4»
Of or WH,.
13, A peptide derivetive of Claim 1 wherein A1 in
~Ser-H g~ \sn-Asp-Gly=-Asp,
Asn-Asp-Gly-Asp,
Asp-Gly=-Asp,
Gly-Asp,
Aspy oF
a bond,
13, A peptide derivative of Claim 1 vherein
X 4s H,
Al is ~Gly=Asp=,
Ay 18 The,
Ay 1s Olu,
A4 is Gln,

A 18 Ile,

A:ul’n,
Ay is Gln,
Ag 18 G,
Agiam-mu,
Ao is Glny end
Y 4w OH,

15, A peptide derivative of Cladm 1 vherein
X is Suc,
Al is n bw’
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Ay is Phe,
Ay 18 Gly,
14 is Gln,
As is Ile,
Ag is Pro,
A., is Glu,
Le is Glu,
Ag is Tyr-Ieu,
110 is Gln, e
Y is OH,
16. A peptide derivative of Cledm 1 wherein
Xis H
Ay 1s Gly~Asp,
A, is The,
A, is Glun,
A4 is Pro,
A, is Ile,
1g 12 Pro,
A, is Gln,
Aa is Asp,
Ag 18 Ale-Tyr,
Ao 18 Asp~Glu, end
Y is OH,

17. A peptide derivative of Cluim 1 wherein
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X 18 Sue,
Al:ls a bond,
A2 is Phe,
L,iselu,
A, is Pro,
Ag is Ile,
A‘ is Pro,
A.,'.la(}lu,
Ay 10 01
Agiaryr-lau,
AloisPro, end

Y in NH:.

18 A peptide derivative of Cledm 1 which 48 Suo-
Pho-ﬂln-Glu-Ilc-Pro—G]n-Glu-myr-Icu-Gh-m.

19, A method of reducing blood ecosgulation dn a
patient in need ther-of which conprises administering sm
anticosgulant effective emount of o peptide derivpﬂvo of
Olaim 1 end a phexmnceutically acceptadle cerrier’

JOHN L. KRSTENANSKU
SIMON J, Y. MAO
Inventors

-3 .
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