-1- PROCESSES FOR PREPARI NG EPTI FI BATI DE AND PERTI NENT | NTERMEDI ATE
COVPOUNDS CROSS REFERENCE TO RELATED APPLI CATI ONS [0001] This application
clainms the benefit of U S. Provisional Application No. 60/560,453, filed
April 8, 2004, which is incorporated herein by reference in its entirety.

FI ELD OF THE | NVENTI ON [0002] In certain enbodi nents, the invention rel ates
to novel processes for preparing eptifibatide, a drug used to treat

cardi ovascul ar di sease. The invention also relates to conpounds that can
be used as synthetic internediates for eptifibatide, to conpounds that are
structurally simlar to eptifibatide, and to processes for purifying
eptifibatide. BACKGROUND OF THE | NVENTI ON [0003] Eptifibatide is a highly
specific cyclic heptapeptide antagonist of the platelet glycoprotein
I1b/11Ta. It is a short-acting parentefal antithronbotic agent that is used
during percutaneous coronary interventions for the treatnent of unstable
angi na and as an adjunct to thronbolytic agents for the treatnent of acute
nyocardi al infarction. See, for exanple, Phillips et al., Journal of

Bi ol ogi cal Chemi stry (1993), 268(2), 1066-73; and Scarborough, Anerican
Heart Journal (1999), 138(6, Pt. 1), 1093-1104. Eptifibatide is also
adm ni stered to patients -2- undergoi ng ball oon angi opl asty, a procedure
for which over 1.0 million people in the U S. are candidates annually.
[0004] Eptifibatide is believed to work by inhibiting platel et aggregation,
specifically, Dby blocking the platelet receptor GP Ilb-lI1la. The
aggregation of platelets can obstruct blood supply to the heart, causing
unst abl e angi na and, possibly, nyocardial infarction (heart attack). The
ef fects of PRAGESBES| BREPARINGIERTIFIBATIBEAND PERNNENTANTERMEDIATENCe
with other normal cardiovascul ar FOMPOINDS and the effects can be
reversed when eptifibatide use is discontinued.

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No.

60/560,453, filed April 8, 2004, which is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

[6002] In certain embodiments, the invention relates to novel processes for preparing
eptifibatide, a drug used to treat cardiovascular disease. The invention also relates to compounds
that can be used as synthetic intermediates for eptifibatide, to compounds that are structurally
similar to eptiﬁbaﬁdc,- and to processes for purifying eptifibatide.

BACKGROUND OF THE INVENTION

[0003] Eptifibatideis a Bighly specific cyclic heptapeptide antagonist of the platelet
glycoprotein IIb/Ia. 1t is a short-acting parenteral antithrombotic agent that is used during
percutaneous coronary interventions for the treatment of unstable angina and as an adjunct to
thrombolytic agents for the treatment of acute myocardial infarction. See, for example, Phillips
ot al., Journal of Biological Chemistry (1993), 268(2), 1066-73; and Scarborough, American
Heart Journal (1999), 138(6, Pt. 1), 1093-1104. Eptifibatide is also administered to patients




[ 0005] Eptifibatide is marketed in the U S. under the trademark

I NTEGRILIN(r), and is wused to treat patients with acute coronary syndrone
(unstabl e angi na and non-Qwave M), including patients who are to be
managed mnedi cal ly and those under goi ng percutaneous coronary intervention
("PCl"). Eptifibatide is also indicaed for use at the tinme of percutaneous
coronary interventions, including procedures involving intracoronary
stentlng [ 0006] Many reported synt heti c_approaches,_to eptifibatide have
enpl oy armbalﬂmgtﬂpé@tbfa Iserqdarepﬁqw@l T &€ mailhen-peop I&stﬁ%ibgirar%ed,
for exaggkéae %#5 Patents 5,318,899; 5,686,570 and 5,747, 447. A
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purification, but such neans add 0 t h 0 t, of the over [ 0008]
A needSEREST0mE 5547 I ok IR Jiasianape proche Wi dreasboned githe
eptifiBgdd ff Conference on Peptide Technologles, “Peptisyntha’s Method of Producing GMP

Peptides on an Industrial Scale”. The commercial process is a convergent synthesis involving

the separate preparation of two fragments: Mpa-Har-Gly and Asp-Trp-Pro. The coupling of
these two fragments provides six of the seven residues needed for eptifibatide. The last residue
attached is an S-trityl-protected cysteinamide as described, for example, in U.S. Patent
5,506,362, After removal of the S-trityl protecting groups (on the cysteinamide and
mercaptopropionyl residues), ring closure is then achieved by disulfide bond formation. Crude
eptifibatide obtained by the commercial process has a reported purity of about 80%. Two
column chromatography steps improve the purity to greater than 99%.

[0007] Liquid-phase synthesis has generally been viewed as more feasible than solid-
phase synthesis for the large-scale manufacture of eptifibatide. However, solubility issues and
the generation of complex reaction mixtures present challenges for large-scale liquid phase
processes. Complex reaction mixtures, for example, make purification of the product more
difficult. Ways exist to overcome these problems, such as the use of persilylated amino acids
and phase transfer reagents, as described, for example, in U.S. Patent 4,954,616, and extensive
chromatographic purification, but such means add to the cost of the overall process.

[0008] A need thus exists for alternative processes for the manufacture of eptifibatide.




SUMMARY COF THE | NVENTI ON [ 0009] The invention provides, inter alia,
processes for preparing eptifibatide. Certain processes of the invention
conprise providing a conpound of fornmula Il: Mi a-OH H

Har-3@ y-Asp(O-P2)-Trp-Pro- Is-NH2 S S wherein Har is honparginyl; Ay is
glycyl; Asp is aspartyl; Trp is tryptlophanyl; Pro is prolyl; Cys-NH2 is
cysteinam de; Ma is nercaptopropionic acid; and P2 is a carboxyl
protecting group; coupling the Har and Mda residues to forma conpound of
formula I'll: a-Har-Ay-Asp(O-P2)-Trp-Pro- i N2 S S (M ; and renoving P2
fromthe Asp residue of the conpound of-fornmula Il to formeptifibatide.

[ 0010] i i I hiles processes in which an am no-term nal

pr ot ecﬁmgmm%ﬂ?s coupled with a glycine residue, thereby
form ng a 2{Go09pt iThelinvention piovidesp hiteradlid, proctssestidr prepRfingiaptifibatideHCertains o
provi ded are processes in whi.ch an, aspartic acid residue having a protected
car box9m0§$56§0f@%11¥?ﬂ?1§1186@5¥1§%@?81d§“3p?9‘&95 fomrle Ik di pepti de t hr ough
t he tryptophanyl residue of the dipeptide, thereby formng a protected 4-6
eptifibatide fragment of the fornula: P3-Asp(O P2)-Trp-Pro-OH -4- After
deprotection, the 2MpaePHi f i bat i HeHan-Glyndsn(Oaf-Trpdra-OysdWlj f i bat i de
fragnment, in turn, ca1n be coupled through attachnent % the Ay residue of
the 2-3 eptifibatide ffragnent to the Asp residue of t 4-6 eptifibatide
fragnent, thereby fo ng a 2-6 eptifibatide fragnent t he formul a:

Pl -Har-d y-Asp(O P2) - Trp-Pro-OH wherein Har is homparginyl; Gy is glycyl;
Asp is aspartyl; Trp is tryptophanyl; @o is prolyl; Pl ,

wherein Har is homoarginyl; Gly is glycyl; Asp is aspartyi; Trp is tryptophanyl; Pro is prolyl;
Cys-NH, is cysteinamide; Mpa is mercaptopropionic acid; and P is a carboxyl protecting group;

coupling the Har and Mpa residues to form a compound of formula HI:

Mpa-Har-Gly-Asp(O-P,)-Trp-Pro-Cys-NH,

iy ; and
removing P, from the Asp residue of the compound of formula I to form eptifibatide.
[0810] The invention also provides processes in which an amino-terminal protected
homoarginine residue is coupled with a glycine residue, thereby forming a 2-3 eptifibatide
fragment of the formula:

P;-Har-Gly-OH.
Also provided are processes in which an aspartic acid residue having a protected carboxyl side

chain is coupled to a tryptophanyl-prolyl dipeptide through the tryptophanyl residue of the
dipeptide, thereby forming a protected 4-6 eptifibatide fragment of the formula:

P3-Asp(O-P;)-Trp-Pro-OH.




Is an am no protecting group; and P2 is a carboxyl protecting group. In
preferred enbodi nents, the 2-6 eptifibatide fragnent is coupled to an
activated cysteinam de residue through the Pro residue of the 2-6
eptifibatide fragment, thereby formng a 2-7 eptifibatide fragment of the
formula: Pl-Har-dy-Asp(O P2)-Trp-ProdACys-NH2 wherein ACys-NH2 is an
activated cystei nam de residue. A nercaptopropionic acid residue can be

attached to the 2-7 eptifibatide fragment thro _@gh a d| sul fide |jnkage
bet weeriisralepratection: bisob rriHikatide fragment anddhed A8 Wille CHE DY he

2-7 ept r X : OH
pi v <R AR of 1S (ol P 3 eﬁqﬁﬁﬁ@#&éfhﬁ%ggf’f@“’ Asp rosis
mer captofjtitcopibaptifibatidedfragiyent,Nhigreby foydtea Baheptidibatkienfragrhenifof Ehe formnlat he Har
resi due of the conpound of fornmula | provides a conmpound of formula I1:
Mpa- OH H- Har-Q y- Asp( O P2) - Tr p- Pr o- Cys- NH2 S S -5- Coupling the N-term nal
Har and C-term nal Ma resi guag i Iﬁg pypvi des a conpound of
formula I11: Ma-Har-Qy-Asp(O P2)- ro- H2 S S and subsequent
removal of P2 fromthe Asp residue y| eI ds eptifi bati de. [00111 The present

VNt &L 30 B B e Bl At oo H4S S SRS P PERSS BRE, U
is an amino protecting group; and P; is a carboxyl protecting group. In preferred embodiments,
the 2-6 eptifibatide fragment is coupled to an activated cysteinamide residue through the Pro
residue of the 2-6 eptifibatide fragment, thereby forming a 2-7 eptifibatide fragment of the

formula:
P,-Har-Gly-Asp(O-P;)-Trp-Pro-ACys-NH;

wherein ACys-NHj; is an activated cysteinamide residue. A mercaptopropionic acid residue can
be atiached to the 2-7 eptifibatide fragment through a disulfide linkage between the
mercaptopropionic acid residue and the ACys-NH; residue of the 2-7 eptifibatide fragment,

thereby forming a compound of formula I:

Mpa-OH P,-Har-Gly-Asp(O-P,)-Trp-Pro-Cys-NH,

S S

@

wherein Mpa is mercaptopropionic acid; Cys-NH; is cysteinamide. Removal of P; from the Har

residue of the compound of formula I provides a compound of formula II:

Mpa-OH H-Har-Gly-Asp(O-P,)-Trp-Pro-Cys-NH,

S S




~=NH NH O HOODNHNO ONHO P2 NHNO NH2 ONHwherein RL is hydrogen
or Pt; Pl is an amno protecting group; and P2 is a carboxyl protecting
group. O her representative conpounds of the invention include
Fnoc-Har-Ad y-AO L Fnoc-Har- dy-0O P4, and Fnoc-Har-G y-Asp(O P5) - Tr p- Pro- OH
where P4 and P5 are carboxyl prot ectrﬁg groups. In certain enbodinents,
the invention provides conp03|t|ons conprising eptifibatide -6 and Iess

than 1 oof cert Io S Quri ti The, i nventj on al so_provjdes
process tL ﬁfrﬁef%ﬂalsﬁ’érp %FHJE‘@%/I %E@»GRW‘P Ted\provides BUSTRATI VE

EMBODI “@iﬂp’%uh@%?&nﬂtﬂaﬁf‘e aspect, the present invention provides convergent
processes for preparing eptifibatide that involve preparation of a 2-3
eptifibatide fragment, preparation of a 4-6 eptifibatide fragnment, and

coupling of the 2-3 and i &Lbat A& { Fagpen forma 2-6
eptifibatide fragment. Cer gﬁ?&ré}‘fy%@@%igﬁ?g‘g | ve coupling the 2-6
eptifibatide fragment to an activated cysteinamde residue to forma 2-7
eptifibatide fragment, forgdi t ween ner capt opropi oni c
acid and the 2-7 eptifibatide fragnent to form Precursor A  effecting

i ntranol ecul ar peptide coupling of Pr ?ﬁ}?r sor A, and renoving protecting

groups from the coupling product to rormeptifibatide.
and subsequent removal of P, from the Asp residue yields eptifibatide.

[0011] The present invention also provides products produced by the described

processes, such as compounds of formula IV:

H,yN
N
NH
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o —
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wherein R, is hydrogen or Py; Py is an amino protecting group; and P; is a carboxyl protecting
group. Other representative compounds of the invention include Fmoc-Har-Gly-OH, Fmoc-Har-
Gly-O-P,, and Fmoc-Har-Gly-Asp(O-Ps)-Trp-Pro-OH where P, and Ps are carboxyl protecting
groups. In certain embodiments,‘the invention provides compositions comprising eptifibatide




[0013] In further enbodi nents, the invention relates to products produced
by the described processes for preparing eptifibatide. In other

enbodi ments, the invention relates to novel conpounds that can be used as
i nternmedi ates for the preparation of eptifibatide. In further enbodinents,
the invention relates to conpounds th@t -are structurally sinmlar to
eptifibatide. The invention also provides, in additional enbodinents,
processes for_ purifying eptifibatide, [0014] As used herein, the term
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attachegd. %ﬁﬁﬁﬁﬁR%?d froma carboxyl group to prevent it from

parti cipat ng n- undesired chem cal reactions, w thout unacceptably
adverse affects on desired reactions. Exanples of carboxyl protecting
groups include esters, such as nmethyl, ethyl, t-butyl, (un)substituted
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thereof, refers’to the formation of an am de bond; by any neans; Dbetween
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embodiments, the invention relates to compounds that are structurally similar to eptifibatide.

The invention also provides, in additional embodiments, processes for purifying eptifibatide.
[0014] As used herein, the term “carboxyl protecting group” refers to a moiety that can
be selectively attached to and removed from a carboxyl group to prevent it from participating in
undesired chemical reactions, without unacceptably adverse affects on desired reactions.
Examples of carboxyl protecting groups include esters, such as methyl, ethyl, t-butyl,
(un)substituted benzyl, and silyl esters, among others. Other carboxyl protecting groups are well
known in the art and are described in detail in Protecting Groups in Organic Synthesis, Theodora
W. Greene and Peter G. M. Wuts, 3rd Edition, 1999, published by John Wiley and Sons, Inc..
[0015] As used herein, the term “amino protecting group” refers to a moiety that can be
selectively attached to and removed from a nitrogen atom to prevent it from participating in
undesired chemical reactions, without unacceptably adverse affects on desired reactions.
Examples of amino protecting groups include carbamates, such as Boc, Cbz, Fmoc, alloc, methyl
and ethyl carbamates, among others; cyclic imide derivatives, such as phthalimide; amides, such
as formyl, (un)substituted acetyl, and benzoyl; and trialkyl silyl groups, such as t-
butyldimethylsilyl and {riisopropylsilyl. Other amino protecting groups are well known in the art




di sul fide bond, between the noieties being joined. [0018] As used herein,
the term"activated cysteinam de residue"” refers to a cysteinam de residue
that is capable of formng a disulfide bond with mercaptopropionic acid.

[ 0019] As used herein, the term"Qdy-eptifibatide" refers to a conpound
that is structurally related to eptifVbati de but contains two adjacent

gl ycine residues rather than a single glycine residue. [0020] Al am no
acid residues referred to herein are natural am no acids that have the

L conf i gidraae Aesgribpdnpdetaiin Frofosting Groups 3n OrganieSynhesiyy Thredars 3. Greeneand e
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as foll ows: [0816]l As3set heréinythbiidre Tdanpkiig? Andall fnﬁhﬁoﬁs BesediHferSid the
formation of an amide bond, by any means, between the moieties being joined.

[0017] As used herein, the term “attaching,” and all variations thereof, refers to the
formation of an amide or disulfide bond, by any means that can be used for form an amide or
disulfide bond, between the moieties being joined.

[0018] As used herein, the term “activated cysteinamide residue” refers to a
cysteinamide residue that is capable of forming a disulfide bond with mercaptopropionic acid.

[0019] As used herein, the term “Gly-eptifibatide™ refers to a compound that is
structurally related to eptifibatide but contains two adjacent glycine residues rather than a single
glycine residue.

[0020] All amino acid residues referred fo herein are natural amino acids that have the
L-configuration. |

[0021] Eptifibatide has the following chemical structure:

NH N
© O%J
s NH
s~ \/Kfo
NH,

[0022] Eptifibatide can also be represented using amino acid designations as follows:




where the am no acid designations correspond to the chem cal draw ng shown
below. o Asp (4) OOHNH Gy 3 HZNA ~INH O bN LED (5) NH ONH NH Har 2 O
NHN OO" rrCPro (6) Mpa (1) NHS/ SO Cvs (7)) NH2 [0023] For the ease
of description, the residues can al so be nunbered from (1) through (7).
Resi due (1) is nercaptopropionic aci-B=~(2) is homparginyl (Har); (3) is
glycyl (Ay); (4) is aspartyl (Asp); (5) is tryptophanyl (Trp); (6) is
prolyl (Pro); and (7)-is cysteinarn de, ( s-gHZ) 0024] In certain

enbodi ments, the present i nvenfli o# ret at nvergent processes for
preparing eptifibatide. |n aMpadtarsGly-AspdrpPre NHa 2-3 eptifibatide
fragnment is prepared containi riug am no acids (2) gnd (3). In a second
sequence, a 4-6 eptifibatide f ' S cont ai ni ng am no aci ds
(4), (5) and (6). The two fragnents are then coupled to provide a single
2-6 fragnent, which is a pentapeptide. The 2-6 fragnent of eptifibatide is
protected aRvﬁeB@the%mlﬁ&a&& rd@h%ﬂ&tm% céﬁ@spbﬁd td 188 chbiRical Ha#ing MOwARAW Y |

si de chain carboxyl group. Sc outlines an exenplary process for the
preparation of the 2-6 eptifibatide fragnent: -9- Schenme 1. Preparation of

the 2-6 Fragnent of Eutifibatide : 0 Asp (4
OH
NH Gly 3 ©
o
N H\NH Trp (5)
NH Oy__NH N g M
Har (2) L\—T 0
NH N
o
° Pro_(6)
Mpa_(1) o NH
S 0 c
NH;

[0023] For the ease of description, the residues can also be numbered from (1) through
(7). Residue (1) is mercaptopropionic acid; (2) is homoarginyl (Har); (3) is glycyl (Gly); (4) 1s
aspartyl (Asp); (5) is tryptophanyl (Ttp); (6) is prolyl (Pro); and (7) is cysteinamide (Cys-NH,).

[0024] In certain embodiments, the present invention relates to convergent processes
for preparing eptifibatide. In a first sequence of steps, a 2-3 eptifibatide fragment is prepared
containing aminb acids (2) and (3). In a second sequence, a 4-6 eptifibatide fragment is prepared
containing amino acids (4), (5) and (6). The two fragments are then coupled to provide a single
2-6 fragment, which is a pentapeptide. The 2-6 fragment of eptifibatide is protected at the
amino-terminal of the Har residue and at the aspartyl side chain carboxyl group. Scheme 1
outlines an exemplary process for the preparation of the 2-6 eptifibatide fragment:




1234567 Mla-Har-Ay-Asp-Trp-Pro-Cys(NH2) S S Sequence A Sequence B
Frmoc-HarOH HA y-O Bu. Y Z-Asp(OQBu)-OSu H Trp-Pro-OH Fnoc-Har-@y-OBu 4 Y
5-6 Fnoc-Har-Gy-OH Z- Asp(OQBu)-Trp-Pro-OH 2-3 Fnoc-Har-d y-OPfp

H Asp(OBu)-Trp-Pro-OH 4-6 Fnoc-Har-Ay-Asp(QBu)-Trp-Pro-OH 2-6 [00251
Sequence A of Schene 1 shows the prepsation of the 2-3 eptifibatide
fragnent and Sequence B shows the preparation of the 4-6 eptifibatide
fragnent. The two sequences converge to prOV| de the 2-6_fragment of
eptifibatide. Al thoughSckamst Brepprsiion of the ragment elEpifibatide ot ect i ng
groups, it wll be appreciated by those ski IIed in the art of peptide
synthesis that other known am no acid protecting groups can al so be used.
For exanple, in place of the HAnoc2 (9B fldor&nyBnethoxycarbonyl) group,

ot her carbamate protecting gr npasHauGHy-Asp-TAAPrd-Bis(Nbiahzy| oxycar bonyl ),
RCbz (benzyl oxycarbonyl groups |substituted on the aromatic ring),

9(2-sul fo) fluorenyl met hyl car ba | uor enyl net hyl car bamat e,
2-chl oro- 3- i ndenyl net hyl car bamat e, Benz[f] i nden- 3-yl met hyl car bamat e, or
Al'loc (Al lyloxycarbonyl) groups can be used. [0026] The t-butyl ester on

the aspartyl residue cg& gg E Rl aced by any other protecting group that
can be cl eaved by acid such as, for exanple, ODpm (di phenyl net hyl

ester)
U Sequence B
Fmoc-HarOH H-Giy-OtBu . “
2 3

Z-Asp(OtBu)-OSu H-Trp-Pro-OH

Fmoc-Har-Gly-OtBu 4 5-6
Fmoc-Har-Gly-OH Z-Asp(OtBu)-Trp-Pro-OH
2-3 -
Fmoc-Har-Gly-OPfp H-Asp(OtBu)-Trp-Pro-OH
4-8

Fmoc—Har—GIy—Asp(OtBu)-Trp-Pro—OH
2-6

[0025] Sequence A of Scheme 1 shows the preparation of the 2-3 eptifibatide fragment
and Sequence B shows the preparation of the 4-6 eptifibatide fragment. The two sequences
converge to provide the 2-6 fragment of eptifibatide. Although Scheme 1 shows exemplary
amino acid protecting groups, it will be appreciated by those skilled in the art of peptide
synthesis that other known amino acid protecting groups can also be used. For example, in place
of the Fmoc (9-fluorenylmethoxycarbonyl) group, other carbamate protecting groups such as




or protecting groups that can be cl eaved by hydrogenol ysis such as, for
exanpl e, OBzl (benzyl ester). [0027] The Fnobc-Har noiety in the
eptifibatide fragments depicted in Sequence A of Schene 1 can be repl aced
by Rrrni-Har, where Rxpl is an am no protecting group such as, for
exanpl e, a Cbz (benzyl oxycarbonyl) grl®up, a RCbz (benzyl oxycar bonyl
substituted on the aromatic ring) group, or an Alloc (Al lyloxycarbonyl)

group. Simlarly, the Z- (gr Chz-Asp) nmoiety in the eptifibatide

fr agrrenééz ?’é?ﬂ’ag??ﬂﬁgééghé &WN@Q’W&)E@@E@IS‘W“W arqrpaticaringIND 2
IS an ' j At : | ' | b such
as, foragrg%g]nfg?@},o?&}#nhggmﬂl uor en?P%‘?‘ﬁh&Q@%@Eﬁ” E ) 9%?%\%%%%3%@8%5 an
am no pndegimethylcgrimomte, BenzdHnddpe3-yinhethyleatblypatey or ddlen €Allglogysarbdnydp, for
exanple, a RCb% &ge zyl oxycarbonyl e protecting group wth substituted

ar onat i ZOTRSER % E‘E In addition, the -CQtBu group depicted in Scheme 1 can

be repl acedgpysRePhe %@@geﬂﬂw thie PRYMhe RAPbEfpIHd8d tﬂ%&%ﬁtlﬁ%t@é ed

by acid treatnent, such s, for exanple, an ODpm (di phenyl ester

group. S0y theteandid cleavisd barapid) tressmend such e fercxdmiple, ADpm (diphenyRhéthiykester)
car boxy| Lvatin . .an ) ceinim.de) can be repl ace by RL2,
where FerpetaR bRt B iR e b Moo iRt il e oy SRnate pk et
the fragmgnt, both Pip and Su can be replaced by other stable active
esters such as, for exanple, mgno and dinitrophenyl esters, tri- and

pent apheny! 18828  The Figop{Has sncielyin thesptifibayde; depiiater] inSeguencerd oft hat
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ot her IFPg o BRSBTS h e RN RS BB o b B ot

enbodi rexampleph (bagbenzytixycarbonyl) goap, CRCBE (beptdbeydartitgiyl subsiiuted @hdsen so
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af f ect %RR@fc w@t%e%n,ﬁgaafgﬁﬁé. IylowyearbonylgrpuR: ingilaskys theedrdsp &t €hzAsp)
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f ragnment
with substituted aromatic ring) group. In addition, the -OtBu group depicted in Scheme 1 can be

replaced by Rcp, where Rep is a carboxyl protecting that can be cleaved by acid treatment, such
as, for example, an ODpm (diphenylmethyl ester) group. Pfp (pentafluorophenyl) can be

- replaced by Ry, where Ry, is a carboxyl activating group; and Su (succinimide) can be replaced
by Ry, where Ry 1s a carboxyl activating group. Independently of the nature of the fragment,
both Pfp and Su can be replaced by other stable active esters such as, for example, mono and
dinitrophenyl esters, tri- and pentaphenyl ester, It will be appreciated by those skilled in the art
that the selection of particular protecting groups depends upon the identity of other protecting
groups that exist on the same compound. In certain embodiments of the invention, a particular
protecting group is chosen so that it can be removed selectively under reaction conditions that do
not affect other protecting groups.

[0028] In certain embodiments of the invention, the protected 2-6 eptifibatide fragment
is next coupled to an “activated” cysteinamide (7), such as, for example, 3-nitro-2-
pyridinesulfenyl-cysteinamide (H-Cys(Npys)-NH,); Nps (2-nitro-phenyl-sulfenyl); S-
phenylthiocysteinamide, where the phenyl ring is substituted; S-alkylthiocysteinamide; or the S-
sulfonate and S-sulfenylthiocarbonates of cysteinamide, to form the 2-7 hexapeptide fragment of




-11- eptifibatide. The remaining eptifibatide residue is nercaptopropionic
acid or Mpa-OH (1). Ma-OH is attached to the 2-7 hexapeptide fragnent
under conditions that forma disulfide |inkage between 1 and the 2-7
fragnent. The resulting disulfide piece, designated herein as Precursor A,
is a key and novel precursor for makilhg eptifibatide. The structure of
Precursor A is shown bel ow Ma-OH (Pl)-Har-Q Y-Asp(O P2)-Trp-Pro Cys-NH2

SIS where P1 is an am no protecti group and P2 is a_carboxyl protecting
gr oup. ephﬁbmcbb The remaiping @h&bpﬁdesre@%a iseneraudeprepioaia oither MpatOR (D).

‘sui t abl re C fabl and
P2 gro&\gg %{s ﬁ?c}i@e\%t&h} ?ﬁé‘ %g%éﬁ#?@g&?%nr@@g%&b ﬁLtha‘E X :aéb%r%e groups IS
vel | - Knipitigd Betivben Bhid therp-2xfedEncht. OTharesﬂﬂﬁg.ﬂisb]ﬁﬂer;mde, Gésigtatdddrirdin@s gr oups
is P1=_Frnoc, which may  be renoved under . baerH?1 condr,llrons and_ P2 =

t - but erreanﬁOé issa KevBidoqnelmicorer 08 patiles furaspiRrigursor A
outli NeS 5(?] ary process for the preparation of Precursor A.  Schene
2. Preparatlon of Precursor A from2-6 Fnoc-Har-d y-Asp(QBu)-Trp-Pro-CH
H Cys(Npys)-NH2 2-6 7 Ma-OH Fnoc-Har-G y-Asp(Q Bu) - Tr p- Pr o- Cys( Npys) - NH2

1 2-7 a- OH Fnoc- Har - aB I ec rsor A
(Froc2- %1) -12- [0030] ﬁpgche%P«}ngﬁgﬁﬁp%%ﬁgﬁé Pﬁ’n‘? ut ;I gr oups

shown in Scheme 2 can be ng groups that are

general |y recogni zed to be useful for peptide
where P; is an amino protecting group and P; is a carboxyl protecting group. Preferably the P,

group is stable under conditions that are suitable for removal of the Py group. The selection of
compatible P; and P, groups that allow for the selective removal of only one of the groups is
well-known in the art. An example of a compatible pair of proteéting groups is P; = Fmoc,
which may be removed under basic conditions, and P, = t-butyl, which is stable under the same
conditions.

[0029] Scheme 2 outlines an exemplary process for the preparation of Precursor A:

Scheme 2. Preparation of Precursor A from 2-6

Fmoc-Har-Gly-Asp(OtBu)-Trp-Pro-OH H-Cys{Npys)-NH»
2-6 7
Mpa-OH Fmoc-Har-Gly-Asp(OtBu)-Trp-Pro-Cys(Npys)-NHz
1 2.7
Mpa-OH Fmoc-Har-Gly-Asp{OtBu)-Trp-Pro-Cys-NH»
S S

Precursor A (Fmoc2-7-1)




synthesis. [0031] In certain enbodinents of the invention, renoval of the
Pl protecting group from Precursor A provides another precursor, Precursor
B, which is the 2-7-1 portion of eptifibatide: Ma-OH -

HHar-@ y-Asp(O-P2)-Trp-Pro-Cys-NH2 S S [0032] Precursor B can be
converted, via an intranol ecul ar peptl2de coupling, to Precursor C M
a-Har-d y-Asp(O-P2)-Trp-Pro-Cys-NH2 S S The intranol ecul ar peptide

coupling ca effecteqd, for exanple, in an gQrganic solvent in the
presence of r}QRiQ]I téﬁlneg‘g’ﬁﬂ’ﬁl I, #&%’@%éﬁ*ﬁ (bt groups shesyan P eheme 2 can be

O Doy ieHILRR by bifer oA lopSNE Croud® haP i dafrgly HcbBlzbdho ne nscfil for peptide

t et r af Isypthedisr at e (TOTU), HBTU, or TBTU (2-(1H Benzotriazole-lyl)-1,1,3, 3-
t et r amet hyl i,um hexaf | uqr gphosphate .and tetrafl yorgobaorate respectively);
a carbodi i m&h@ﬂ]t ;?Bé’e?@ﬂgfé‘ﬂ’to%gtﬂ?ﬁgﬁg heysnfigR, tempy @df%i‘et(@)lgl Ipegecting group

(di cycl 2y M I i o) _

(1- Bt hyl - 3%%%?%?@%%@?35@ 5%? C)t'-ggé’gl’?gg%liﬁﬁi s %3}9”’%5?%%@’ 1 pithioRdf
phosphentifibatidepe coupl i ng reagents such as, for exanple, Bop

(benzotriazol -1-yl oxy- tri (di methyl am no)-phosphoni um hexaf | uor ophosphat e)
or PyBOP (benzotriazol -1-yloxy- tri(pyrrolidino)-phosphoni um

hexaf | uor ophosphat e) . MWeaiOHle coupl iHiHai-Slydlap(O-PRETip-AroCyeNrMzpl €,  in
Humphrey and Chanberlin, | Chem Rev. 1997, 97,2243- 2266, i|ncor por ated herein
by reference in its entg+ety—00633}Rerpval—of—the—P2jgrotecting group
fromPrecursor C provides eptifibatide. The ‘renoval of P2 can be effected,
for exanple, in an organic solvent in the presence of acid, base or any

Schere 5 oulbls TSR a0 el Stk A e RSPkt P OB A 1 bt e
from Ppegufse®C: A

Mpa-Har-Gly-Asp(O-P5)-Trp-P ro-(l3ys-NH2

I
S S

The intramolecular peptide coupling can be effected, for example, in an organic solvent in the
presence of a sujtable coupling reagent such as, for example, a uronium-type coupling agent such
as, but not limited to, O-[cyano(ethoxycarbonyl)methylenamino]-N,N, N’ N -tetramethyluronium
tetrafluoroborate (TOTU), HBTU, or TBTU (2-(1H-Benzotriazole-1y1)-1,1,3,3-
teh:ameﬂzylufonium hexafluorophosphate and tetrafluoroborate respectively); a carbodiimide
type reagent such as, but not limited to, DCC (dicyclohexylcarbodiimide), DIC
(diisopropylcarbodiimide), or EDC (1-Ethyl-3-(3-dimethylaminopropyl)-carbodiimide); active
esters; or phosphonium type coupling reagents such as, for example, Bop (benzotriazol-1-yloxy-
tri(dimethylamino)-phosphonium hexafluorophosphate) or PyBOP (benzotriazol-1-yloxy-
tri(pyrrolidino)-phosphonium hexafluorophosphate). Peptide coupling is described, for example,
in Humphrey and Chamberlin, Chem. Rev. 1997, 97, 2243-2266, incorporated herein by
reference in its entirety.

[0033] Removal of the P, protecting group from Precursor C provides eptifibatide. The
removal of P can be effected, for example, in an organic solvent in the presence of acid, base or
any other reagent or reagent system in which the protecting group is labile. Scheme 3 outlines an
exemplary process for the preparation of eptifibatide from Precursor A:




-13- Schenme 3. Preparation of Entifibatide from Precursor A Ma-COH
Frmoc-Har-Q@ y-Asp(O Bu)-Trp-Pro-CGs-NH2 S S Precursor A (Fnoc2-7-1) Ma-OH
H Har-3@ y-Asp(QBu)-Trp-Pro-Cys-NH2 S S Precursor B (2-7-1)

Mpa-Har-A3d y- Asp(QtBu)-Trp-Pro-Cys-NH2 S S Precursor C
(Eptifibatide-(QBu)) Mi a-Har-Ay-A8p-Trp-Pro-Cis-NH2 S S Eptifibatide
[0034] After renoval of the Fnoc protecting group, the 2-7-1 fragnent
undergoes an intranol ecu] ar cectlde_cou ling to provide the t-butyl ester
of eptifibatide. RenpvalScheme e eptifinatife fom PrecursorAt y| resi due
yields eptifibatide. [0035] In certain enbodi nents, the present invention
also relates to conpounds that are structurally simlar to eptifibatide
and are prepared acddpaiQily t o pr ocEwmeediari@ly-AspEOBuTr@Pra-CysiNH, pr ocesses
descri bed above for p|1epar| ng eptifibatide. Such conpounds ifncl ude, for

exanpl e, -14- -Qd y-epg-H-batide—whi-ch—contai-ns—two—adi-acent gl ycine
residues, rather than a single g behie s in eptifibatide:
Mpa- Har-d y-G | y- Asp- Tr p- Pr o- Ws%ﬂfﬁﬁ% %ﬁ %Jy-gpti fi bati de can be
prepared, for exanple, according to the procedure described above for

Mpa-OH H-Har-Gly-Asp(OtBu)-Trp-Pro-Cys-NH»

Precursor B (2-7-1)

Mpa-Har-Gly-Asp(OtBu)-Trp-Pro-Cys-NHa

S S
Precursor C {Eptifibatide-(OtBu))

Mpa-Har-Gly-Asp-Trp-Pro-Cys-NHa»

S S
Eptifibatide

[0034] Afier removal of the Fmoc protecting group, the 2-7-1 fragment undergoes an
intramolecular peptide coupling to provide the z-butyl ester of eptifibatide. Removal of the -
butyl group from the aspartyl residue yields eptifibatide.

[0035] In certain embodiments, the present invention also relates to compounds that are
structurally similar to eptifibatide and are prepared according to processes that are similar to the

processes described above for preparing eptifibatide. Such compounds include, for example,




preparing eptifibatide, except a GQy-G@y dipeptide is coupled to

honmoar gi nine to formwhat corresponds to the 2-3 eptifibatide fragnent,
rat her than coupling glycine to homoarginine to formthe fragnent. For
exanpl e, according to this nodified procedure, the HA@y-OQBu (3) group
shown in Scheme 1 is replaced with Hldi~y-3d y-QBu. [0036] G y-eptifibatide
I s al so produced, in sone enbodi nents of the invention, during the

preparatjon Qf eptifjpatide according to the nmethods descri bed above for
pr epar i 4y-ceiitibatidsayhich copfginsiwe @aigfb@ﬂ%reaﬂuesﬂ@thwm 3 ginglealymiee t o

CONPOSi ki eelg. eptifibatide and Gy-eptifibatide, including
conposil%%lgﬂiasg%%ﬁlﬁsﬁ%%' at least 99 %eptifibatide and Gy-eptifibatide in
the range of about 0.01 % t dVipavdlar-GlydGlydspe brppBei-CysidHgs onpri si ng at

| east 99 % eptifibatide and y-eptifibatide in the fange of about 0.01 %
to about 0..1 % [0037] The present invention alsao prgvides nethods for
purifying eptifibatide that conprise, for exanple, contacting an
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and 5 an acetonitrile solution, I nal centrati1d 50 % of a
0. 1 % agtBbatletani (Flyeptifibatides inebidihgserimpositions pelnpeisitg af least 9946 eprifib4tidel e
solution, [0039 .dnvention, proyi urt her enbodi ments in whi.ch the
tati offi prachbad i HeBhenpt AoahhOESh fombeit] Eufiumiosiions CBBHEBE M | h a
gr adi enéashoyy v \ptifibatidfanCOREGHAALIEOIMhOfangd of btk 001040 %@\Fl@ep%s sol ution

of acetic acid and 5 % of an acetonitrile solution, and fina
[0037] The present invention also provides methods for purifying eptifibatide that

comprise, for example, contacting an eptifibatide solution with a stationary phase that comprises,

for example, octadecyl carbon chains atiached to silica, washing the stationary phase contacted
with the eptifibatide solution with a trifluoroacetic acid/acetonitrile solution, optionally washing
the stationary phase contacted with the eptifibatide solution with an acetic acid/acetonitrile
solution, and washing stationary phase contacted with the eptifibatide solution with an
ammonium acid/acetonitrile solution. Reverse stationary phases are well known to those skilled
in the art, and other of such phases can be substituted for octadecyl carbon-based silica.

[0038] In particular embodiments of the invention, the stationary phase contacted with
the eptifibatide solution is washed with a gradient having initial concentrations of 95 % of a 0.1
% aqueous trifluoroacetic acid solution and 5 % of an acetonitrile solution, and final
concentrations of 50 % of a 0.1 % aqueous trifluoroacetic acid solution and 50 % of an
acetonitrile solution.

[0039] The invention provides further embodiments in which the stationary phase
contacted with the eptifibatide solution is washed with a gradient having initial concentrations of

95 % of a 0.5 % aqueous solution of acetic acid and 5 % of an acetonitrile solution, and final




-15- concentrations of 50 % of a 0.5 % aqueous solution of acetic acid and
50 % of an acetonitrile solution. In sonme enbodi nents, the stationary
phase is washed with the acetic acid/acetonitrile gradient follow ng one or
nore washes with a trifluoroacetic acid/acetonitrile gradient. [0040] The
i nvention al so provi des enbodi ment s=ilfi-whi ch the anmmoni um
acid/acetonitrile solution is a solution conprising 95 % of an aqueous 100

mM amoni um acid sol utio d 5 %of an acetonitrjle solution. In _certain

aspect §ofentrronsRfSY T o 20y %‘B%?‘%%ﬁ?é‘%’%f’# YPreaee 3l %@s‘?%%ﬁ Qs HrHtfoni um
act A acslAth ! i ddne ahitibdifitns Ol Qi 19 Wik viith itelsbbiiOsR@ G b irle

aci d/acetonitrile gradient and/or an etic acid/acetonitrile gradient.

[ 0041] giiddéent dolfdwing oné ot mereawashes sdihch irfliorhaedtict dvidl/acstoniirde gradiene descri bed

rocesses can he acconplished thrqugh known net hod f peptide synthesis
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exanples are illTustrative of certain enbodiments of the invention and
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nitrogen a ere. adi um on 5 wel ght% (0.015 kg) was added
to the reaction m xture, followed by

Example 1: Preparation of Z-Asp(OtBu)-Trp-Pro-OH

[0043] Z-Asp(OtBu)-Trp-Pro-OH was obtained by known procedures starting with the
commercially available Z-Asp(OtBu)-OSu and H-Trp-Pro-OH as described, for example, in
Bodanszky, M. (1979), Active esters in peptide synthesis, The pepﬁdes, Vol. 1 (ed. E. Gross and
J. Meienhofer), Chapter 3. Academic Press, London, which is incorporated herein by reference
in its entirety.

Example 2: Preparation of H-Asp(O-tBu)-Trp-Pre-OH

[0044] To a2 liter reactor charged with dimethylacetamide (DMAC, 1.2 L) ata
temperature of about 20 °C was added 0.300 kg of starting material Z-Asp(OtBu)-Trp-Pro-OH,
maintaining the temperature at about 20 °C. The Z-Asp(OiBu)-Trp-Pro-OH was allowed to
dissolve and the reaction mixture was then purged and blanketed by a nitrogen atmosphere.
Palladium on carbon (5 weight%) (0.015 kg) was added to the reaction mixture, followed by
hydrogenation at a 2 bar pressure while the reaction mixture was maintained at about 20 °C.

[0045] After two hours, and every hour thereafter, a sample from the reaction was
analyzed by HPLC. HPLC analysis was conducted on Purospher Star C18 55%4 mm column
with a water/acetonitrile solvent mixture containing 0.1% trifluoroacetic acid (TFA) with a




hydrogenation at a 2 bar pressure while the reaction m xture was mai ntai ned
at about 20 C. [0045] After two hours, and every hour thereafter, a sanple

fromthe reaction was analyzed by HPLC. HPLC anal ysis was conducted on

Pur ospher Star C18 55*4 nmmcolum wth a water/acetonitrile solvent

m xture containing 0.1%trifluoroacetlbc acid (TFA) with a -16- gradient of

98:2 water/acetonitrile to 2:98 water/acetonitrile in 10 mnutes HPLC

det ecti on_was t 215 nun, .fl.ow 2.0 m./mn, thete rat ure was
40C. [ cHaentefd r%ﬁ&ﬁ’ﬁ%@%&%@%&%@@%’@&éﬁ%%u% eigstion was

anal y5|a§2§§1gﬂﬁﬁ0“,t@%§bmdﬁatﬁgfeﬁ{ el tAF? egscthan or equal to 0.2%

relative to e product area percent e reacti on was shown to be
conpl et e by [PPG], TFine regoien wasennsiderd tobe pem;)leumwhsmthl'e&mkﬁ agdlgsis §foveal kg
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during the addition. The mixture was then cooled to about 8-12 C and water

(3 L) mﬁsﬁ%ﬁ!ﬂmmps@l% walyeis afieathe lﬁﬂé?vqswt?émfe%e%@wﬁaséwn% T.
The m u%t Eg&,{]&ﬂ at about 8-12 C for about 30 m nutes and held
at tha nper a urefor ours. During this time the product crystallized
out of soI ut[OMV] Tfim comyteinebfi Hrates owane hrensferaddytpedndwy védRkl @t tloout @O°EY ai wkichhe

necess il Nytbyimprotatias (6% EEwas padel T he tempsratite Ao ReRSe peewier o
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wer e then washe ce wth acetonitrile (0.9 L each) dried under “a
vac uumvize laddediowty tbasto mmntbmathe tempeoaigredelowmebaiitl 5 °Ch é‘hmmmmrewas then

after slqng& AhboTE S ?1256) fg ut Eb Smrjlglitesana& Held 31) that temperature for 8 hours. During
this time the product crystallized out of solution. The supernatant can be analyzed by HPLC to

determine the amount of product still in solution and whether further cooling is necessary. The
shurry obtained was filtered and the collected solids were washed twice with a 2:1 solution of
water:DMAC (0.9 L each). The solids were then washed twice with acetonitrile (0.9 L each) and
dried under a vacuum below about 25 °C until at a constant weight. The water content after
drying was 3.5% (Karl-Fisher analysis).

[0048] The product was analyzed by reverse phase HPL.C using an aqueous
trifluoroacetic acid/acetonitrile gradient.

[0049] A LC/MS analysis confirmed the mass [M+H] 473.0 of H-Asp(O-{Bu)-Trp-Pro-
OH.

[0050] The recovery yield was 93.2 % (0.218 kg); the net yield was 93.1% (based on
nitrogen content : 95.4%).

Example 3: Preparation of Fmoc-Har-Gly-Asp(O-tBu)-Trp-Pro-OH

[0051] To a shury of Fmoc-Har-Gly-OH (0.163 kg net ; based on peptide content :
90.5%) in THF:DMAC (0.717 L and 0.179 L respectively) was added methanesulfonic acid
(0.027 L) and pentafluorophenol (0.083 kg). The mixture was stirred at about 20 °C until the




[ 0048] The product was anal yzed by reverse phase HPLC using an aqueous
trifluoroacetic acid/acetonitrile gradient. [0049] A LC/ M5 anal ysi s
confirmed the mass [ MtH 473.0 of H Asp(O tBu)-Trp-Pro- OH [0050] The
recovery yield was 93.2 % (0.218 kg); the net yield was 93.1% (based on
nitrogen content : 95.49% . Exanple 317Preparation of

FSnoc-Har-d y- Asp(O-tBu) - Tr p- Pro- OH [ 0051] To a slurry of Fnoc-Har-dy-OH

(0.163 kg net ; based aon peptide content : 5% in THF: DMAC (0 717 L and
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was 2.0 nL/mn and tenPerature was 40C. [ 0053] The reaction m xture was
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[0053] The reaction mixture was filtered and the solid was washed twice with a 5/1
mixture of THF/DMAC (2 x 0.489 L). The filtrate was concentrated to about 0.815 L at no more
than 35 °C under reduced pressure (about 20 mBar). The concentrated mixture was added
slowly over 1 hto 1/4 mixture of acetonitrile/H20 (4.1 L) containing sodium bicarbonate (0.059

kg). The addition rate was carefully controlled to avoid formation of a gummy precipitate.
About 3.5% of the solution was added over about 15 min, and the addition was interrupted to stir
the slurry at about 20°C for 1 h. The pasty precipitate turned to white slurry. 7.5 extra % of the
solution was added over 15 to 30 min, and the addition was interrupted again to stir the slurry at
about 20°C for 2 h. The remaining 89% of solution was added over about 2 h. The mixture was
stirred at about 20 °C for 12 h then filtered. The solid was washed with a 1/4 mixture of
acetonitrile/H20 (3 x 0.7 L), a 2/3 mixture of acetonitrile/di-isopropylether (DIPE) (3 x 0.7 L)
and DIPE (2 x 0.7 L). The solid product was dried at T < 30°C until a constant weight was
achieved. The water content after drying was 3.3% (Karl-Fisher analysis).

[0054] The product was analyzed by reverse phase HPLC using an aqueous
trifluoroacetic acid/acetonitrile gradient.

[0055] A LC/MS analysis confirmed the mass [M+H] 922.5 of Fmoc-Har-Gly-
Asp(OtBu)-Trp-Pro-OH.

[0056] The recovery yield was 81.8% (0.234 kg); the net yield was 82.3% (based on
nitrogen content : 96.0%).




than 35 C under reduced pressure (about 20 nBar). The concentrated m xture
was added slowy over 1 hto 1/4 mxture of acetonitrile/H20 (4.1 L)
cont ai ni ng sodi um bi carbonate (0.059 kg). The addition rate was carefully
controlled to avoid formation of a gumy precipitate. About 3.5% of the
sol uti on was added over about 15 m rl8and the addition was interrupted to
stir the slurry at about 20C for 1 h. The pasty precipitate turned to
white slurry. 7.5 extra % of the solution was added over 15 to 30 mn, and
the addition was interrupted again to stir the slurry at about 20C for 2
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dur i ng defetdn kBt 215 nm, flow 2.0 mL/min and the temperature was 40°C. The reacuon was
considered complete when the pentapeptide and Cj(s(NPys)-NHz starting materials were each
shown fo be less than 1% by HPLC. Otherwise, additional TBTU, DIPEA and the starting
material shown to be deficient in the mixture were added.

[0058] The reaction mixture was added to another vessel that contained water (4.5 L) at

-

a temperature of about 5°C. This temperature was maintained during the addition with stirring.
After stirring for 10 minutes at about 5°C, the mixture was filtered and the solid was washed five
times with water (0.9 L each). The solid was then washed three times with toluene (0.675 L
each). The washes with toluene can be replaced by washes with diisopropyl ether. The solid was
dried under vacuum at 35°C or below until a-constant weight was achieved. The water content
after drying was 1.2% (Karl-Fisher analysis).

[0059] The product was analyzed by reverse phase HPLC using an aqueous
trifluoroacetic acid/acetonitrile gradient.

[0060] A LC/MS analysis confirmed the mass [M+H] 1178.4 of Fmoc-Har-Gly-Asp(O-
tBu)-Trp-Pro-Cys(NPys)NH,.

{0061] The recovery yield was 102.4% (0.295 kg) and the net yield 87.7% (based on
peptide content : 82.0%).




sanpl es were anal yzed by HPLC for product formation about every 45 m nutes.
The pH of the reaction mxture was maintained at pH 6.5 to 7.0 wth the
addi ti on of DI PEA as needed. HPLC analysis was conducted on a Pl atinum BPS
100-5 C18 5g 250*4.6 mm colum ; Solvent A TFA 0.1%in water; Solvent B:
TFA 0.1%in acetonitrile; gradient: 12 to 98% B in 15 mnutes. HPLC
detection was at 215 nm flow 2.0 nL/igin and the tenperature was 40C. The
reacti on was considered conpl ete when “the pent apepti de and Cys(NPys)-NH2
starting materials were each shown to be less than 1% by HPLC. QO herw se,
addi t i ongkarhBitld: FepivAtion &f FifcHa+Glydsp(OaiBa)-Tap-ProaVys(VH,)Mpd €Fm6t[ent i n
t he mxture wer e added. [0058] The reaction m xture was added to anot her
vessel t ¥ cont ai ned wat er (4.5 L) at a tenperature of about 5C. This
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as 4 ewater acetomh%lc in 10 minutes. HPLC detection was at 215 nm, flow was 2.0 mLL/min and the
temperature was 40°C.
[0063] The reaction mixture was added to a second vessel that was charged with HPLC
grade acetonitrile (5.7 L) and N-ethylmorpholine (NEM, 0.033 L) at about 20°C. After the

addition was complete, the reaction was stirred at that temperature for about 30 minutes, The

slurry was slowly cooled to about 0°C and stirriﬁg was continued at that temperature for about 45
minutes. The following procedure was then performed three times: (a) the agitation was stopped
to allow for the precipitate and the supernatant to separate; (b) the supematant was pumped out
of the vessel (c) at about 0° C, fresh HPLC grade acetonitrile (1.425 L) was added to the reactor
and agitation was re-started; and (d) the slurry was stirred for about 5 minutes at about 0° C. The
remaining slurry was filtered, and the solid was washed twice with HPLC grade acetonitrile
(1.140 L each) and once with toluene (1.425 L). The wash with toluene can be replaced by a
wash with diisopropyl ether. The solid was dried under high vacuum at no more than 20°C.

[0064] The product was analyzed by reverse phase HPLC using an aqueous
trifluoroacetic acid/acetonitrile gradient.

[0065] A LC/MS analysis confirmed the mass [M+H] 1128.4 of Fmoc-Har-Gly-Asp(O-
tBu)-Trp-Pro-Cys(INHz)-Mpa.

[0066] The recovery yield was 93.8% (0.256 kg); the net yield was quantitative (based
on peptide content : 87.4%). '




of Fnoc-Har-Q y-Asp(OtBu)-Trp-Pro-Cys(NPys)NH2 (Fnoc[2-7]) slowy with
agitation. After dissolution of the Fnoc[2-7], the m xture was cooled to
about -3C. A solution of nmercaptopropionic acid (Ma, 0.023 kg) -~
acetonitrile (0.057 L), prepared at about 20C, was in added to the
reaction mxture at such a rate as to maintain the reaction tenperature at
about -3C. The reaction was nonitoreg.by HPLC anal ysis and consi dered
conpl eted when the analysis showed | ess than 1% of Fnoc[2-7] conpared to
Frnoc[ 2-7-1]. HPLC anal ysis was conducted on a Purospher Star Cl18 55*4 mm
col um wEximple/@t Prepacation of H-Hae-GlplAsp(O-tBu)XTrp-PreOps(Nih)-Mpa (2-7941))

trifluoroacet] Ci TFE i th.a.qgradj.ent of .98: onitri to
2:98 water: at@p ni f‘? %fegc%ﬁgﬂfﬁgeﬁivﬁg][p@gﬁng%eﬂ%g{gﬁ? W%@Bj'b ag@uh#}(?’ Cf | ow
was 268 ghéﬁﬁd&dGll@Ok%@fFﬁa&ﬂﬁefﬁﬁwﬂepmﬁﬁlQ@-P{owﬁm 5 Pﬁgpﬁgﬁﬁ%d[m-lf]j xtur e_I
was added to a, second vgssel that was charged wt rade acetonitrile
(0 e it R PR TR iriry R foctedya sbaiy 101 B{Twbie Eampdranss iotppgnine
addi t i onoress 0RIa886. AR ad@A6H 6fke Wethyirind, 81 téhpdritade JTEBT@EWas f OF
about 30 m nutes. The sl urréqowas slowy cooled to about _QC and stirring

was cont piared tarise pbort@fifer Biogress ofdhe tepesion was mogjtargd by HPHCanalysisofi ng
procedur E‘m‘ﬁﬁés thRGLvRSHoRr, RS (¢t B BRidWARSnddeid dhbP1adnkAip® n%og?&gﬁ tgapped to

allow for the preciprtate and the sg})ernatant to separate;

super nat 2¥*4femmpehipuy Solent 41 TEAS. Weinowster; E9lvent Bag & 0.1edn a¢atanitnile:iPL C
rade ac | 1B o : L | | S
?e-start%@g%gkko%é%ﬁéggfﬁ?@@%\as S ??%6218}119%? 5‘:@%55]?{’3 °Wﬁf"éé£’§?ﬁ%bo§? 0
C. The thenenperatgresvas 40%C. ills: rédckibe measlcormiddret] kemplotei whendise pexcdneof Fradaf2- wi t h

HPLC grade.acetonitri.le 140 L eac d-once with tol uene 425 L).
The s PR 51 et p S Toremne 6 Th 7l 1R SRt Hes Rl BomRlie B!
The sol i Houss dri ed under high vacuum at no nore than 20C. [0064] The
product was | vz by reverse phas PLC using a ueous rifl uomacetic
aci d/ acet oni ?]:Bﬁfé gﬁ?fd%"é‘ﬁ?‘?“{“ﬁf%’ asﬂgi tR/BS?ﬁ?ETlg?\S@ ‘%%ﬁf“ WHBGEWL@’E%FSS
[ M-H 1188 B) 8fd dobRed td Bould e ATRE fesultiBe Suspéndionvas GieédNId2 1 6 Misutes at about

10°C. The following procedure was then performed twice: (a) the agitation was stopped and the

precipitate was allowed to separate from the supernatant for about 15 minutes; (b) the
supernatant was pumped out of the vessel; (c) fresh ethyl acetate (0.750 L) was added at about
10°C; (¢) the suspension was stirred at about 10°C for about 5 minutes. The shury was filtered
and the solid was washed 6 times with ethyl acetate (0.750 L each time). Additional washes with
diisopropyl ether can be performed to remove the residues of ethyl acetate. The solid was dried
under high vacuum at no more than 25°C for a maximum of 18 hours.

[0069] The product was analyzed by reverse phase HPLC using an aqueons
trifluoroacetic acid/acetonifrile gradient.

[0070] A LC/MS analysis confirmed the mass [M-+H] 906.3 of H-Har-Gly-Asp(O-tBu)-
Trp-Pro-Cys(NHz)-Mpa.

0071} AGC ‘analysis showed 3.4% residual diethylamine.

[0072] The recovery vield was 106.1% (0.213 kg) and the net vield 99.2% (based on
peptide content : 81.9%).




[ 0066] The recovery yield was 93.8% (0. 256 kg); the net yield was
quantitative (based on peptide content : 87.4%. -20- Exanple 6:
Preparation of HHar-Ad y-Asp(OtBu)-Trp-Pro-Cys(NHZ)-Ma ([2-7-11) [0067]
To a reactor charged with peptide synthesis grade DMF (0.750 L) at about
20C, was added 0.250 kg of Fnoc- Har --@1y~ Asp( Ot Bu) - Tr p- Pr o- Cys( NH2) - Mpa
(Froc[2-7-1]) slowy with agitation. The m xture was cool ed to about 10C,
at which tenperature diethylamne (0.034 L) was added. After addition of
t he di dixamplei7:cPrepaeati P A-HanGlyAspiOxBuw)-T ipelro-6s](NHg) (cycloifie to

about I s of the reaction was nonitored by HPLC anal ysis of
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about 20°C followed by 0.192 kg of H-Har-Gly-Asp(O-tBu)-Trp-Pro-Cys(NHz)-Mpa ([2-7-1]).
When the solid dissolved, the resulting solution was cooled to about 0°C. HOBt (0.026 kg) was
added in small portions (weight of HOBt was corrected for puﬁty). The resulting solution was
diluted with peptide synthesis grade dichloromethane (0.384 L). A sample was taken for HPLC
analysis.

[0076] The solution of [2-7-1] was added into the solution of TOTU very slowly with
an addition pump over a minimum of 3 hours while the temperature was maintained at about -
6°C. A sample was taken after the addition of 50% of the [2-7-1] solution for HPLC analysis.
The pH was also measured at this point. HPL.C and pH samples were also taken when [2-7-1]
addition was complete. The pH was adjusted to 7-7.5 by the addition of NEM if needed, while
the temperature was maintained at about -6°C.

[0077] The pH was checked every 15 minutes and was adjusted to 7-7.5 as necessary
with NEM while the temperature was maintained at about -6°C. A sample was taken for HPLC
every 45 minutes until the cyclization was complete. The reaction was considered complete
when the area percent of [2-7-1] was <0.5% relative to cyclized product.

[0078] If the reaction stalted, 1.1 equivalents of TOTU per residual amount of [2-7-1]
were added and the pH was adjusted to 7-7.5 as needed while the temperature was maintained at

-6°C.




[0070] A LC/MS analysis confirmed the mass [ MWH] 906. 3 of

H Har-Qd y-Asp(O-tBu)- Trp-Pro-Cys(NHZ)-Ma. [00711 A GC anal ysis showed
3.4% residual diethylamne. [00721 The recovery yield was 106. 1% (0. 213 kgQ)
and the net yield 99.2% (based on peptide content : 81.9%. -21-' Exanple
7: Preparation of [ MPA-Har-Qd y-Asp(OtBn)-Trp-Pro-Cys] (NH2) (cyclo-[1-

7] (O Bu)-NH2) [0073] To the reactor .was charged peptide synthesis grade DWVF
(0.768 L) and the solution was cooled to about 10C.
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The product was analyzed by reverse phase HPLC using an aqueous
trifluoroacetic acid/acetonitrile gradient.

[0081] ‘A LC/MS analysis confirmed the mass [M+H] 888.2 of{cyclo-[1-7](OtBu)-
NH,). '

[0082] The recovery yield was 103.7% (0.194 kg); the net yield was quantitative (based
on peptide content : 79.7%).

Example 8: Preparation of [MPA-Har-Gly-Asp-Trp-Pro-Cys](NHa) (cyclo-[1-7)-NH;)

[0083] A mixture of dichloromethane (0.573 L), anisol (0.086 L) and TFA (0.122 L)
was prepared at about 20°C. The resulting solution was cooled to 15°C and solid [1-7){OtBu)-
NH; (0.191 kg) was added slowly. The temperature was held below 20°C during the addition of
[1-7](OtBu)-NE;. The reaction mixture was further cooled to 10°C and an extra portion of TFA
(0.365 L) was added in about 10 minutes. The temperature was held below 20°C during the
addition. After the addition of all the TFA, the reaction was allowed to stir at 20°C and followed
by HPLC.

[0084] HPLC analysis was conducted on a Platinum EPS 100-§ C18 column,
250%4.6mm. The gradient was 22 to 98% B in 15 minutes where solvent A was 0.1% TFA in
water and solvent B was 0.1% TFA in acetonitrile. Detection was at 215 nm, the flow was 1.5
ml/minute, and the temperature was 40°C. The reaction was complete when < 3.0 Area% [1-
7](OtBu)-NH; remained relative to the product.




6C. A sanple was taken after the addition of 50%of the [2-7-1] solution
for HPLC analysis. The pH was al so neasured at this point. HPLC and pH
sanpl es were al so taken when [2-7-1] addition was conplete. The pH was
adjusted to 7-7.5 by the addition of NEMif needed, while the tenperature
was mai ntai ned at about -6C. [0077] -2Ae pH was checked every 15 m nutes and
was adjusted to 7-7.5 as necessary wth NEMwhile the tenperature was

mai nt ai ned at about -6C. A sanple was taken for HPLC every 45 m nutes
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of [ 2- Etidrbd fovelemBaitsct 20T bivbthplifittered adiierstaetudi0 The Bolid #as Raskladnideitises he

t enper ature was, mai nt.ai_ned -22- 1007 When the reaction was
conpl etvdth ¢ e mrixyre 0E DIRE ap ﬁ@é@ﬂl@?@lﬁiab@dat]ﬂvs with DARE(Q-87314.i nal

vol une 1gf !i@%ﬂu. at Rfmb s vi scous sol uti-on was cool ed to about
5C and a% F“@fy to rapi di [?% ng ethyl acetate that was at about 0C
(7.0 L) The [OMI tThag)roétmnmrag amiyzeﬂtbyneeei‘saph&bmﬂbﬁiﬁgma@lmm es. The

foll ow roc rforrred three tines: (a) the agitation was
stoppe&”ﬁ%‘ﬁaﬁq ac?‘r?@“ﬁf"e%&‘ﬁ??ate and supernatant to separate; (b) the
super nat ant U eIV Hnabsistdd@fivReE Rk mdss M) 2304t ofQefolo-{ T-9ENEEH.NY
acetate (1. )] was addedB{o the reactor and a |tat|()fg é/\;;astr efstapted

(d) the sl udOQBSJasTlmtmm@w yisld w0l S7ke (8%.9a6) asi the nabyield voe5. 871286 (basedion
time the q%g proz&?%re was perforned, a snmaller volunme of ethyl acetate
(0. 768P )'the reaction and agitation was re-started for 10

m nut es at [0639] TIEne' RSt i éMﬂ%ésW@%%'ThﬁWﬁﬁeWobf&:eﬂyﬂem% ?hed
once wWith ethyl acetate (0.576 L) fnd three tines with di-isopropyl ether

( 0. 576 HALC mgghodoBynsraiddagREeH 2304 Gy selyemt A152 mbbut 25C. [ 0080]

Th

‘r Ie ‘ PL%F@%@@@%@@?W@OHI §)Iilﬁfeos§‘o Q&%&F'fls‘iﬂﬂﬁ BPMICEIER A 8omM B7SA
(50/50/0.80); 220 nm; 1.3 ml/min; 50°C; gradient: 0%B over 45 minutes, then to 45% B over 13

minutes, then to 100% B over 1 minute.

Example 9: Purification of Eptifibatide
Primary-purification:

[0090] The primary purification was a trifluoroacetic acid/acetonitrile-based
purification. The norms applied for the individuﬂ main fractions were = 92.0 %. The stationary
phase was a Kromasil C18, 10 pm, 100 A column with a 5 cm diameter. The colunm pressure
was 50 bars, the flow rate was 50 m1/min, and the detection wavelength was 215 nm. The
mobile phases were as follows:

Solvent A: TFA 0.1 % in processed water / CHzCN (95/5); and

Solvent B: TFA 0.1 % in processed water / CHsCN (50/50).

The column was equilibrated by elution of 100 % solvent A over 15 minutes. The
purification gradient was as follows: elution of 100 % solvent A over 10 minutes; gradient: 15
% B to 45 % B over 60 minutes; and elution of 100 % solvent B over 15 minutes.

[0091] The purification was monitored using method MAD-009-SF323TG1 and the
target acceptance criteria were as follows:

Main fraction (F1): 2 92 %; and

Side fraction (Fp): 2 60 % and <92 %.




[0081] A LC/MS analysis confirmed the mass [ M+H] 888. 2 of
(cyclo-[1-7](QxBu)- NH2). [0082] The recovery yield was 103. 7% (0. 194 kg);
the net yield was quantitative (based on peptide content : 79.7% . Exanple
8: Preparation of [WA-Har-Q y-Asp-Trp-Pro-Cys] (NH2) (cyclo-[1-7]-NH2)

[0083] A mixture of dichloronethane=-@28-573 L), anisol (0.086 L) and TFA
(0.122 L) was prepared at about 20C. The resulting solution was cooled to
15C and solid [1-7] (&t Bu),- NH2 (0.191 kg) was added slowy. The tenperature
was hel d belﬂwmﬁﬁﬁ%@w&mﬁqﬁﬁ fto 87G- 7] (Ot Bu) - NH2. The reaction

m xture was further cooled to 10C and an extra portion of TFA (0.365 L)
was added in about 10 m nutes. The tenperature was held bel ow 20C duri ng

t he addcondany pbfifieationhe addition of all the TFA, the reaction was all owed

to stir at nd_followed by HPLC. [0084] 6 HPLC analysis was cqnducted on
a Platinum é&&ﬁogmﬁ @f@%ﬁﬂ%ﬁcaﬁfgdﬂg.aﬁ@ﬁ&wﬁﬁg@?%w ?g%égp £H19989 Bi n
15 mn 9 | t : 1%
TRA'| n S OAE K6 ROl WS dilools Wy L0, 0% it FRELC KRR SO ATR Y e
and t h@hestpienatyphaseverss 4 BEEomIieCi &dOtjimnl00aA colmmi witk a\diwicter 6I. § chv. €Eo [ 1-

7] (O Bu)-NH2 renai ned relative tﬁ t he product,. -23- [0085] Wen the
react i GRAIURLDIRETASE BRs4Y St Howaate oeas|o8dnkminm gad detectiohdees at@ a sol uti on

(r)fesﬁ{ %iv%gé%ﬁg@:é;p%ssﬁ&gﬁhf%gﬁ%%%ﬁ%ogl(aa Slgg lf;l)ndat hé(r)lci‘ [ ;r[]gr ed under
vacuum The Soivent AvasOFRO 5% 1h proeessed water / WEHLICNA(9B/S); midxt ure of DI PE and
b o o St e o e Ce TR - b oer b
L o2, OOl SIS USSR F B ) A
The purification gradient was as follows: elution of 100 % solvent A over 10 minutes; gradient: 0
% B 10 15 % B over 5 minutes; 15 % B to 35 % B over 60 minutes; and elution of 100 % solvent
B over 15 minutes.
[0094] The purification was monitored using method MAD-009-SF323TG1 and the
target acceptance criteria were as follows:
Main fraction (F1): 2 99.0 % with impurities < 0.3 / 0.5 %; and
Side fraction (Fp): > 80.0 % and < 99.0 %.
The collected fractions were stored at 2°C fo 8°C.

Desalting/concentration:

[0095] A double desalting step in ammonium acetate solution was performed before the
concentration step to remove the residual trifluoroacetate counter ion and to obtain the acetate
form of the peptide. The concentration step reduced the volume of the processed solution.

[0096] The stationary phase for the NH;sOAc desalting/ AcOH conceniration was a
Kromasil C18, 10 pm, 100 A column with a diameter of 5 em. The column pressure was 40 £ 5
bars, the flow rate was 50 ml/min, and the detection wavelength was 215 nm, The mobile phases
were as follows:

Solvent A: AcOH 0.5 % in processed water / CHzCN (95/5);

Solvent B: AcOH 0.5 % in processed water / CH3CN (50/50); and

Solvent C: NH4OAc 100 mM pH: 6.5 in processed water / CH;CN (95/5).




[ 0088] The recovery yield was 0.157 kg (87.9% and the net yield was 87.2%
(based on peptide content : 79.19% . [0089] The content in pure APl was
45.8% This val ue was obtained by the following HPLC nethod: Synergi

Max- RP 4 m 80A 250*4.6 mm solvent A: 52 mM H3PO4/ CH3CN | 00mM H7SA
(86/14/0.80); Solvent B: 52 nmM H3PO4/28H3CN / 100mM H7SA (50/50/0.80); 220
nm 1.3 m/mn; 50C, gradient: 0%B over 45 mnutes, then to 45% B over 13
m nutes, then to 100% B over 1 m nute. Exanple 9: Purification of :
Eptifi bat i dJOOT] rr’ﬁheycqiumfvv@aqumbrat{acwxad}mﬁnef bﬁJO Yesovepi Al dvier 45 imdnuteas a

For 1 hd R AOIISAT R PR B ICEg e Aot phEfonian GllEeRURD BRfetitas

a Kr ongfgbdeséelibuatdéf) m 100 A colum with a 5 cm d| arreter The col umm
pressure was 50 bars, the flowrate was 50 m/mn, and the detection

wavel engt h \i8998]1 sThedesaliimg WWﬁ’@?ﬂﬁs@Homr éO atgmiﬂm phselvensdy; 48 mimates TFA

% iy élﬁﬁo‘%)’ et B TFA 0.1 %in
processeg vva%er% (f/§8; Eg; co lljlrm vvas eqU| I i brated by elution of

100 % sol ver[0099]ovE@onckhtrationwespreiinmed psifolfoweal § eringeaof iNenhAsnd S0 %I B ows:
elution of 100 % solvent A over 10 mnutes; gradient: 15 %B to 45 %B
over 6®VR hM@EHesnd el ution of 100 % sol vent B over 15 minutes. [0091] The
purificatio WaR~ ar get
accept ance rCIPIt rlngﬁgv\%érggﬁ% @gpfg%d\%sﬁ&% n frna?léc}tﬁl on @eﬂqwogﬁd Si de
fracti GF3REFPJ1 and tig0tabgeh acteptadce efitei@werclasdollowd:ect ed fracti ons were stored
at 2C to 8C. Secondar(ﬁ(l)pgrgbfd atlon

Main fraction o with 1mpurities < 0.3 / 0.5 %,; and
Side fraction (Fp): > 80.0 % and < 99.0 %.

The collected fractions were stored at 2°C to 8°C.

[0101] The entire disclosure of each patent, patent application, and publication cited or

described in this document is hereby incorporated herein by reference.




[ 0092] The secondary purification was an acetic acid/acetonitrile based
purification. The norns for the individual main fractions were > 99.0 %
with single inpurities <0.3/ 0.5 % The stationary phase was a Kronasi |
Cl8, 10 m 100 A colum with a diameter of 5 cm The colum pressure was
40 5 bars, the flow rate was 50 nl F26R, and detection was at a wavel ength
of 215 run. The nobile phases were as follows: Solvent A: AcOH 0.5 %in
processed water/ CH3CN (95/5); and Solvent B: AcOH 0.5 %in processed

wat er /WieaisNClaboed0) . [ 0093] The col unm was equilibrated by elution of 100
% sol vent A over 15 mnutes. The purification gradient was as foll ows:

el ution of % A.over 10 mnutes; gradient: 0 %B to 15 % B over
5m nup'es; %@8%%%%)@8&%%8 over 60 mnutes; and elution of 100 % sol vent
B over 15 mengi@gding @@6dpoikofformifadht i on was nonitored using nethod

MAD- 009- SF323TGL and the target acceptance criteria were as follows: Miin
fraction (FlI): z 99.0 %with inpurities-< 0.3/ 0.5 % and Side fraction
(Fp): > 80.0 % and ¢) % Thewtgall egt AGLHAr ored at 2Cto
8C. Desalti ng/concgd rgﬁ on: [0(1;193?5[}& ?%g‘%@eﬁ%e?glr}??ﬁs?t}%% i n amoni um
acetate solution was perforned before the concentratiop step to renove the
residual trifluoroaceg } } acetate form of

t he peptide. The concentration step reduced the volune of the processed
solution. [0096] The stationary phase r the NHAOAc desalting/ AcOH
concentration was a Kromasil C18, 10 100 A colum with a dianmeter of 5
cm The col ymprghessure was 40 5 bars, the flowrate was 50 m/mn, and

t he detection wavel ength was 215 nm The nobile phases were as follows:
Sol vent A: AcOH H#&is ?Iﬁoﬁ'g@ab'ssed water / CH3CN (95/5); Solvent B: AcCH
0.5 %in pr ocesseélly\zi@gﬁ;cy]/; CH3CN (50/50); and

Asp is aspartyl;
Trp is tryptophanyl;
Pro is prolyl;

Cys-NHj is cysteinamide;
Mpa is mercaptopropionic acid; and
P, is a carboxyl protecting group;. and

s coupling the Har and Mpa residues to form a compound of formula I1T:

Mpa-Har-Gly-Asp(O-P,)-Trp-Pro-Cys-NH,

(1D
2. The process of claim 1 wherein P; is t-butyl.
3. The process of claim 1 further comprising removing Pz from the Asp residue of the

compound of formula IT to form eptifibatide.

4. The process of claim 1 further comprising removing P; from the Har residue of a

compound of formula I:




Sol vent C. NH4OAc 100 mM pH 6.5 in processed water / CH3CN (95/5). -25-
[ 0097] The columm was equilibrated by elution of 100 % sol vent A over 15
m nutes. For colum | oading, the main fraction fromthe AcOH purification
was diluted with 2 volumes of processed water. [0098] The desalting was
preformed as follows: 10 m nutes of ~.g@gl-vent A; 10 m nutes of solvent C, 10
m nutes of solvent A, and 10 m nutes of solvent C. [0099] Concentration was
preformed as follows: 10 m nutes of solvent A and 50 % B over 15 m nutes.
[ 0100] The desal ti nyipa@Hc oncent PaiHaotywdsp(OabPa)-Tap-Ro-Cres-NH, et hod MAD- 009-
SF323TGL and the target acceptance criteria were as folllows: Main fraction
(FI'): > 99.0 %withlnpurities < 0.3/ 0.5 % and Side fraction (Fp): >
80.0 % and < 99.0 % He colTected fractions were storee® at 2C to 8C.
[0101] The entire disclosure of each patent, patent application, and
publication cited or described in thi(® docunent is hereby incorporated
herein by reference. -26- Wiat is Cainmed: 1. A process conprising:
pr ovi di%hsrein &oifprnspineoretseting groun, theveby forping the compound of formula IL.
HHar-@y-Asp(O-P2)-Trp-Pro-Cys-NH2 S S wherein Har is honparginyl; dy
Is glycyl; Asp is aspartyl;

: 5. The process of claim 4 wherein P; is stable under conditions suitable for removal of P;.

6. The process of claim 4 wherein P; is t-butyl.
7. The process of claim 4 wherein P; is 9-fluorenylmethoxycarbonyl or benzyloxycarbonyl.

8. The process of claim 4 further comprising attaching an Mpa residue to a 2-7 eptifibatide
fragment of the formula:
P;-Har-Gly-Asp(O-P;)-Trp-Pro-ACys-NH;

wherein ACys-NH, is an activated cysteinamide residue, through a disulfide linkage between the
Mpa residue and the ACys-NH; residue of the 2-7 eptifibatide fragment, thereby forming the

compound of formula I.

0. Thé process of claim 8 further comprising coupling a 2-6 eptifibatide fragment of the
formula:
P;-Har-Gly- Asp(O-P5)-Trp-Pro-OH

to an activated cysteinamide residue through the Pro residue of the 2-6 eptifibatide fragment,
thereby forming the 2-7 eptifibatide fragment.

10.  The process of claim 9 wherein the activated cysteinamide residue is H-Cys(Npys)-NH,.
11.  The process of claim 9 further comprising coupling a 2-3 eptifibatide fragment of the

formula:
P-Har-Gly-OH




Trp is tryptophanyl; Pro is prolyl; Cys-NH2 is cysteinamde; Ma is
nmer capt opropionic acid; and P2 is a carboxyl protecting group;. and
coupling the Har and Mpa residues to forma conpound of forrmula I11:
Mpa-Har-A y-Asp(O-P2)-Trp-Pro-Cys-NH2 S S gqq) 2. The process of claiml
wherein P2 is t-butyl. 3. The proces8sf claim1l further conprising

removing P2 fromthe Asp residue of the conpound of fornmula Il to form
eptifibatide. 4. The process of claim1l further conprising renoving Pi from
the Har residue of a conpound of formula I: -27- Mi a-OH

Pl - Har - G.y- Asp - -Pro-.p N2 $ S mwherein Pl is an am no protecting
group, W&‘Qﬁﬁ’%ﬁﬁdﬁy enﬁg%g%‘wui?. formula I'l. 5. The process of claim
4 wherein P2 is stable under conditions suitable for renoval of P1. 6. The
process of claim4 wherein P2 is t-butyl. 7. The process of claim4 wherein
P1 is 9-fluorenyl met hoxycar bonﬁ'@(@%ﬁ%ﬂﬁt%onyl. 8. The process of
claim4 farther conprising attaching an Moa residue to a 2-7 eptifibatide
fragnment of the fornula: Pi-Har-Qdy-Asp(O P2)-Trp-Pro-ACys-NH2 wherein
ACy s - NHMBrough attachnicny of thet (@ly sésidueanfithe2-Septifibatidd hagmigit tathei Aspl residee b thikage

bet th . . .
eLwee rll-6 egﬁﬁbatide fragment, thereby forming the 2-6 eptifibatide fragment.

12.  The process of claim 11 further comprising coupling an amino-terminal protected Asp
residue having a protected catboxyl side chain to a Trp-Pro dipeptide through the Trp residue of
the dipeptide and removing the amino-terminal protecting group .from the Asp residue to form
the 4-6 eptifibatide fragment.

13.  The process of claim 12 further comprising coupling an amino-terminal protected Har
residue and a protected or unprotected Gly residue to form the 2-3 eptifibatide fragment.

14. A process comprising:
coupling an amino-terminal protected homoarginine residue and a protected or

unprotected glycine residue, thereby forming a 2-3 eptifibatide fragment of the formula:
Py-Har-Gly-OH;

coupling an amino-terminal protected aspartic acid residue having a protected carboxyl
side chain to a tryptophan-proline dipeptide through the tryptophan residue of the dipeptide, and
removing the amino-terminal protecting group from the aspartic acid residue, thereby forming a
protected 4-6 eptifibatide fragment of the formula:

P3-Asp(O-P3)-T1p-Pro-OH;
coupling the 2-3 eptifibatide fragment and the 4-6 eptifibatide fragment through

attachment of the Gly residue of the 2-3 eptifibatide fragment to the Asp residue of the 4-6
eptifibatide fragment, thereby forming a 2-6 eptifibatide fragment of the formula:




Mpa residue and the ACys-NH2 residue of the 2-7 eptifibatide fragnent,
thereby formng the conpound of formula I. 9. The process of claim8
further conprising coupling a 2-6 eptifibatide fragment of the fornula:
Pi-Har-Ad y-Asp(O P2)-Trp-Pro-OH to an activated cystei nam de residue

~ through the Pro residue of the 2-6 epg¢ifibatide fragment, thereby form ng
the 2-7 eptifibatide fragnent. 10. The process of claim9 wherein the
activated cysteinam de residue is H Cys(Npys)-NH2. 11. The process of
claim9 further conprising coupling a 2-3 eptifibatide fragment of the

formula: Pi-Har-@y-OH 28 . _-and 4- 6 [ Eibati fragnent of the
formul a: H Asp(O P2)-Trp-Pr Bl'gér'cﬁﬂ”ﬁﬁ%(ﬁ&%"&%ﬂ%ﬂ?{ of the Ay residue of
the 2-3 eptifibatide fragnment to the Asp residue of the 4-6 eptifibatide

fragment, thereby formng the 2-6 eptifibatide fragment. 12. The process of
claim 11 fumhesginconpri sing coupling an amino-term nal protected Asp

resi due having apr cte .boxyl side chain to a Trp-Pro dipeptide
through the Tip &?%ﬁ@%&gﬁﬁie di peptide and renoving the am no-term nal
protecting group diyeaplybd; Asp residue to form the 4-6 eptifibatide

fragment. 13. The process of claim 12 further conprising coupling an
am no-term nal pr : resi due and a protected or unprotected Ay

APdg r
residue to form . i fi.batide fragnent. 14. A process conprising:
B il

coupling an amn tect ed honoar gi ni ne resi due and a protected
or unprotected Fryisprelyl;esi due, thereby formng a 2-3 eptifibatide .
fragnment of the fOI’nH a. Pi- Har-Gt%-O_t
P, and P; are amino protecting groups; and
P, is a carboxyl protecting group;
coupling the 2-6 eptifibatide fragment to an activated cysteinamide residue through the
Pro residue of the 2-6 eptifibatide fragment, thereby forming a 2-7 eptifibatide fragment of the

formula:
P;-Har-Gly-Asp(O-P2)-Trp-Pro-ACys-NH;
wherein ACys-NH; is an activated cysteinamide;
attaching a mercaptopropionic acid residue to the 2-7 eptifibatide fragment through a

disulfide linkage between the mercaptopropionic acid residue and the ACys-NH, residue of the
2-7 eptifibatide fragment, thereby forming a compound of formula I:

Mpa-OH P,-Har-Gly-Asp(O-P,)-Trp-Pro-Cys-NH,

S S

@

wherein
Mpa is mercaptopropionic acid;
Cys-NH; is cysteinamide;
removing P, from the Har residue of the compound of formula I, thereby forming a

compound of formula II:




coupling an am no-term nal protected aspartic acid residue having a
protected carboxyl side chain to a tryptophan-proline dipeptide through
the tryptophan resi due of the dipeptide, and renoving the -am no-term nal
protecting group fromthe aspartic acid residue, thereby formng a
protected 4-6 eptifibatide fragnent =@ -the formul a:

P3- Asp(O- Pz)-Trp-Pro-OH, coupling the 2-3 eptifibatide fragnent and the

4-6 eptifibatide fragne t hr oug ttachment qf . the si due of the 2-3
eptifibatide fragmsﬂ'?pﬁ@ht he Asp%"ggﬁ‘éﬁ'ép‘&@'ﬁg'ﬁpgl‘ epriTrhat i de fragnent,
thereby formng a 2-6]eptifibatide fragnent of the fornula: -29-

Pl -Har-d y-Asp(O P2) - - z i I nyl; dy is
glycyl; Asp is aspartyl; Trp is tryptophanyl; Pro is prolyl; Pl and P3 are
am no ‘protecting groups; and P2 is a @r boxyl protecting group; coupling
the 2-6 eptifibatide fragment to an acttvated cystei nam de r;esi due through

the Pro resid 0 e 2.6 epti.fibatide fra nt,. ther formng a 2-7
eptifibati dé%ﬁﬁ%{%‘ﬁﬁ%ﬁ“{‘ ﬁ‘@ap%‘fiﬁ?ﬁ %f:‘ge corhSURd Of formula I thereby Toriing a
Pl - Har vEnpodedbfdidhtaliie- Pr o- ACys-NH2  wherein ACys-NH2 is an activated

cysteinam de; attaching a nercaptopropionic acid residue to the 2-7
eptifibatide fragnent through a disulfide |inkage between the

mer capt opr opi oni ¢ aci d I -due~an 6p ACY S T NH gdue of the 2-7
eptifibatide fragnent, Pﬁ@r%%i(}gggsrﬁt@gpﬁgéé%@% 2fornula I:
S

S

() - and
removing P, from the Asp residue of the compound of formula I to form eptifibatide.

15.  The process of claim 14 wherein P; is stable under conditions suitable for removal of P;.
16.  The process of claim 14 wherein P, is t-butyl.

17.  The process of claim 14 wherein P; is 9-fluorenylmethoxycarbonyl or

benzyloxycarbonyl.

18.  The process of claim 14 wherein ACys-NH; is H-Cys(Npys)-NHo.




Mpa-OH Pl -Har-Ad y-Asp(O- P2)-Trp-Pro-Cys-NH2 S S mwherein Ma is
mer capt opropionic acid; Cys-NH2 is cysteinamde; renmoving Pl fromthe Har

resi due of the conmpound of formula I, thereby formng a conpound of
formula I'l: -30- Mi a-OH H Har-G@ y-Asp(O-P2)-Trp-Pro- Is-NH2 S S coupling
the Har and Mpa residues of the conp@gnd of fornmula I, thereby formng a
conpound of forrmula Ill1: a-Har-@y-Asp(O-P2 -Trp-Pro- i .NH2 S S and
renoving P2 fromthe Asp residue of the conpound of fornmula Il to form
eptifi H&X i deA codpouddikavimgpioemaladiV:cl ai m 14 wherein P2 is stabl e under
conditions suitable for renoval of pl. 16. The process of claim 14 wherein

P2 is t-butyl. 17. The process of claim 14 wherein Pi is

9-f1 uor enyl net hoxycar bonyl or benHyoxycarbonyl. 18. The process of claim
14 wherein ACys-NH2 is H Cys(Npys)-NH,. . .-31- 19. A conpound having fornmul a
IV: H2N  ~=NH NH

NH
0
o ~
. NH
' S
0
%,
2., _.NH N
0 ——
NH, © NH
av)
wherein
R, is hydrogen or Py;

P; is an amino protecting group; and

P, is a carboxyl protecting group.
20.  The compound of claim 19 wherein P; is t-butyl.
21.  The compound of claim 19 wherein Ry is. hydrogen.
22,  The compound of claim 21 wherein Pz is t-butyl.
23.  The compound of claim 19 wherein R; is Py,

24,  The compound of claim 23 wherein P is 9-fluorenylmethoxycarbonyl or

benzyloxycarbonyl.




NHO HOO Rg\ NHfF NHNHO OO Sig "2 ONHOp NHo NH2 ONH wherein
R is hydrogen or Pl; Pl is an amno protecting group; and P2 is a
carboxyl protecting group. 20. The conpound of claim 19 wherein P2 is
t-butyl. 21. The conpound of claim19 wherein Rt is hydrogen. 22. The
compound of claim21 wherein P2 is t+3Butyl. 23. The conpound of claim19
wherein RI is Pl. 24. The conpound of claim23 wherein Pl is
9-fl uor enyl met hoxycar bonyl or benzyl oxycarbonyl. -32- 25. The conpound of
cl ai m 24. whéekhsi aenppund of clgim @# whegdn PAisddmtyund sel ected from the group
consisting of, Fnoc-Har-Ay-0OH, Fnoc-Har-dy-0OP4; and
26. A compound selected from the group consisting of:

Fmoc-Har-Gly-OH;

Fmoc-Har-Gly-O-P4; and

Fmoc-Har-Gly-Asp(O-Ps)-Trp-Pro-OH

wherein

Fmoc is 9-fluorenylmethoxycarbonyl;

Har is homoarginine;

Gly is glycine;

Asp is aspartic acid;

Trp is tryptophan;

Pro is proline;

P, and Ps are carboxyl protecting groups.

27.  The compound of claim 26 wherein P, is pentafluororphenol.
28.  The compound of claim 26 wherein Ps is t-butyl.

29.  3-nitro-2-pyridinesulfenyl-cysteinamide (H-Cys(Npys)-NH,).
30. A compound having the following formula:

Mpa-Har-Gily-Gly-Asp-Trp-Pro-Cys-NH,

|

S S

31. A composition comprising eptifibatide and Gly-eptifibatide.

32.  The composition of claim 31 comprising at least 99 % eptifibatide and Gly-eptifibatide in
the range of about 0.01 % to about 1 %.




Frnoc- Har-Qd y- Asp(O P5)-Trp-Pro-OH wherein Fnoc is

9-fl uor enyl net hoxycarbonyl; Har is honobarginine; Ay is glycine; Asp is
aspartic acid;. Trp is tryptophan; Pro is proline; P4 and P5 are carboxyl
protecting groups. 27. The conpound of claim 26 wherein P4 is

pent af | uor or phenol . 28. The conpoun@g3af claim 26 wherein P5 is t-butyl.
29. 3-nitro-2-pyridinesul fenyl-cystei nam de (H Cys(Npys)-NH2). 30. A
conpound having the follow ng formula: Ma-Har-Qdy-Gd y-Asp-Trp-Pro-Cys- NH2
S S 3B3. A EimpmsapdstioncietaimsI2ropmygpising db dtastiR9 UneptiGbytideparnidl Glyadptifibatid@in
The conpositio f.claimn3l c ,sing at |least 99 %eptifibatide and
ay- epgﬁ?’ﬁﬁﬁFPg@g‘M%‘ﬁh‘%’]W&%@%%Sabout 0.01 %to about 1 % -33- 33. The
conposition of claim32 conprising at |east 99 %eptifibatide and
Gy-eptifibatide in the range of about 0.01 %to about 0.1 % 34. The

pr oduct34pr odlheprogyct prosfused by a prasesacagrding folcddim .. 35. The product

produced by a process according to claim4. 36. The product produced by a
process according to claim8. 37. The product produced by a process

accor di3sg t orle godud proddBed Bne prucesi mordigtiscidmby, a process according to
claim11. _

36.  The product produced by a process according to claim 8.
37.  The product produced by a process according to claim 9.
38.  The product produced by 2 process according to claim 11.
39.  The product produced by a process according to claim 12.
40.  The product produced by a process according to claim 13.

41. A process for purifying eptifibatide comprising:
. contacting an eptifibatide solution with a stationary phase comprising octadecyl carbon
chains aitached to silica;

washing the stationary phase contacted with the eptifibatide solution with a
triftuoroacetic acid/acetonitrile solution;

optionally washing the stationary phase contacted with the epfifibatide solution with an
acetic acid/acetonitrile solution; and

washing stationary phase contacted with the eptifibatide solution with an ammonium

acid/acetonitrile solution.

42,  The process of claim 41 wherein the triflnoroacetic acid/acetonitrile solution is a solution
comprising 95 % of a 0.1 % aqueous triflnoroacetic acid solution and 5 % of an acetonitrile

solution.




39. The product produced by a process according to claim12. 40. The
product produced by a process according to claim13. 41. A process for
purifying eptifibatide conprising: contacting an eptifibatide solution with
a 'stationary phase conprising octadecyl carbon chains attached to silica;
washing the stationary phase contact8d-with the eptifibatide solution with
a trifluoroacetic acid/acetonitrile solution; optionally washing the
stationary phase contacted with the eptifibatide solution with an acetic

aci d/ ad3dt oniliheiprecespofglpion42 Snthevaemprgng washiag thestaiie th the
el B

Ry
eptifilati 1. Q. W UM).: AL O ] UtdoO.. The
pr oces@%o?%ﬁbgﬁ%%%ﬁé%tﬁ%%?ﬂg%g%%ﬁ%%%e I'C acl (ﬁo %Cclgﬁnglg 'En%ifl'loé%soglé‘11 u?ot} on
IS a so adueans trifmpedcstio geid Soliioh and 50 ¥ 6f avacetumdtrite sofition: oaceti ¢ aci d

solution and 5 % of an acetonitrile solution. -34- 43. The process of
claim42 further conprising washing the stationary phase contacted with

the epyjfi bati i NP AN hénifld sH18G& R sold sol ution
conpri Esl%l'ng %%&?%%Q%H%él%ﬂa%}) %ﬁ%&@t%%%?ﬁ%@é %i d ng{&us][blidgi r?ﬁand 50 %
of an eamprising95!% of o Ot Vecaqueaiss. solittionmf acetzsacod arel A% moeisnh ashionitiile sohdicncet i ¢
acid/acetonitrile solution is a solution conmprising 95 %of a 0.5 %
aqueous solution of acetic acid and 5 % of an acetonitrile solution. 45.
The prgsess 19 prd@sdbdaittdd Rfthef oMpridhe GaliBad tHeGtdidRaS phabOestACt R WER
contacted with  the eptifibatide solution with an acetic "acid/acetonitrile
sol ut i the eptifibeiids sejutim with n aceicheid/acgtppisilssoluian ¢oprisingarto of abd do and 50

% of an acetonitrile salution., 4Q he _process .claim 41 wherein the
anmoni Weé’yﬁﬁ‘?qﬂ 8?8ﬁﬁeﬁcla‘éldsagfléﬁi%H}:ﬂa‘get%% i3 ?c)ltﬁtw%onpri sing 95 % of an

aqueous 100 nmM anmmoni um acid solution and 5 % of an acetonitrile solution.

46.  The process of claim 41 wherein the ammonium acid/acetonittile solution is a solution
comprising 95 % of an aqueous 100 mM ammonium acid solution and 5 % of an acetonitrile

solution.




