PROCESSES FOR PREPARI NG EPTI FI BATI DE FI ELD OF THE | NVENTI ON [ 0001] In
certain enbodi nents, the invention relates to novel processes for preparing
eptifibatide, a drug used to treat cardiovascul 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
[0002] Eptifibatide is a highly specific cyclic heptapeptide antagoni st of
the platelet glycoprotein Ilb/Illa. It is a short-acting parenteral
antithronbotic agent that is used during percutaneous coronary
interventions for the treatnent of unstable angina and as an adjunct to

t hronbol ytic agents for the treatnment of acute myocardial infarction. See,
for exanple, Phillips et al., Journal of Biological Chem stry (1993),
268(2), 1066-73; and Scarborough, American Heart Journal (1999), 138(6,

Pt. 1), 1093-1104. Eptifibatide is also admnistered to patients -2-

under goi ng bal | oon angi opl asty, a procedure for which over 1.0 mllion
people in the U S are candidates annually. [0003] Eptifibatide is
believed to work by inhibiting platel et aggregation, specifically, by

bl ocking the platelet receptor G° Ub-Illa. The aggregation of platelets can
obstruct blood supply to the heart, causing unstabl e angina and, possibly,
nyocardi al infarction (heart attack). The effects of eptifibatide are
specific to platelets, avoiding interference with other nornal

cardi ovascul ar processes, and the effects can be reversed when eptifibatide
use is discontinued. [0004] Eptifibatide is narKeted in the U S. under the
trademark INTEGRILIN(r), and is used to treat patients with acute coronary

0 b managed %h&i??@@%@?ﬂ@&ﬁ%@&?ﬂ@m&éo o onary

intervention ("PCl"). Eptifibatide is also indicated for use at the tine of
per cut aneous coronary interventions, including procedures involving
intracoronary stenting.

 FIELD OF THE INVENTION
[0001] | 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 epiifibatide, and to processes for purifying eptifibatide.

' BACKGROUND OF THE INVENTION
“ [0002] ' Bptifibatide is a highly specific cyclic heptapeptide antagonist of the platelet
glycoprotein TIb/Ila. Tt 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
thl_;ombolytic agents for the treaiment of acute myocardial infarction. See, for example, Phillips
et 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] Many reported synthetic approaches to eptifibatide have enpl oyed
known techni ques of solid-phase peptide synthesis as described, for
exanple, in U S. Patents 5,318,899; 5,686,570 and 5,747,447. A
commerci al -scale, liquid phase process was also reported at the 1999 |IBC
Conf erence on Peptide Technol ogi es, "Peptisyntha's Method of Producing GW
Peptides on an Industrial Scale". The Zcomer ci al process i s a convergent
synthesis involving the separate preparation of two fragnments: Mua-Har-Qy
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A need thus exists for alternative, prqocesses for the manuf acture of

eptifi b agarefery Iterventionmigeleding procedurasiryabying Bitresgromate sieplimt i on provi des,
inter alia, MUOSESSHEnY RoRECRAMHCRY aﬁ?&dcﬁ%&l}?te?ﬁll??au@@ﬁ&%p&p&eﬁ%%@ﬁs of the

i nventi.on conprise praviding onpound
H Har - tychmgcp(e@oﬁg)lﬂmtpsq:pqpn@smws@ as (¢seiibed, for example, in U.S. Patents 5,318,899;

5,686,570 and 5,747,447. A commercial-scale, liquid phase process was also reported at the
1999 IBC Conference on Peptide Technologies, “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 fast 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%.

[0006] f 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.

[0007] A need thus exists for alternative processes for the manufacture of eptifibatide.




wherein Har is homparginyl; Gy is glycyl; Asp is aspartyl; Trpis
tryptophanyl; Pro is prolyl; Cys-NH2 is cysteinamde; Ma is

mer capt opropi oni ¢ acid; and P2 is a carboxyl protecting group; coupling
the Har and Moa residues to forma conpound of fornula I1]

a-Har-Ad y-Asp(O-P2)-Trp-Pro-Cyl NH2. S S and renoving P2 fromthe Asp
resi due of the conpound of formula H “to formeptifibatide. [0009] The

i nvention al so provides processes in which an am no-term nal protected
honoar gi nine residue is coupled with a glycine residue, thereby formng a
2-3 eptifibatide fragnment of the formula: Pl-Har-Gy-OH Al so provided
are processes in which an aspartic acid residue having a protected carboxyl
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t rypt ophanyl pessdl i tide, . ] ratected 4-.6
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depr ot ecprioossest dfdhmSendionichinptiss previdivggentpoamblof foenuda 8: ept i fi bat i de
fragnent, in turn, can be coupled through attachnment of the Ay residue of
the 2-3 eptifibatide fragnment to the Asp residue of the 4-6 eptifibatide
fragment, thereby foMparxQHa 2-6 eRtHdriCGIgAsgE-PyaDedm-G36-NHe fornul a:
Pi-Har-d y-Asp(O P2)-Tfp-Pro-OH wherein Har is homoarginyl; Ay is glycyl;
Asp is aspartyl; Trp iéztryptophanyl; Pro is prolyl; Plf is an am no
protecting group; and S a carboxyl protéecting group |n preferred
enbodi nents, the 2-6 eptifibatide fragnment is coupled to an activated

cyst ei nam de -resi due through the Pro Bkidue of the 2-6 eptifibatide
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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 III:

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

(I ; and
removing P> from the Asp residue of the compound of formula ITI to form eptifibatide.
[0009]  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:

Pl-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-P3)-Trp-Pro-OH.




wherein ACys-NH2 is an activated cystei nam de resi due. A nercaptopropionic
acid residue can be attached to the 2-7 eptifibatide fragnment through a
di sul fide |inkage between the mercaptopropionic acid residue and the
ACys-NH2 residue of the 2-7 eptifibatide fragnent, thereby formng a
compound of formula I: Ma-OH Pi-Har-G y-Asp(OPZ)-Trp-Pro-Cys-NHZ S m
wherein Mpa i s nercaptopropionic aci d';4Q/s-NH2 I s cystei nam de. Renoval of
Pl fromthe Har residue of the conpound of forrrul al provides a corrpound

of fornul i H -5-
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en Vv rom., p residue yields
eptifibat’ %%}1 f?ﬁ?ﬁ%’f%%ﬁ tﬁ’? ﬁ% goan{gleg Wﬂéﬁ'ﬁ%‘%‘mﬁr‘%gﬁ PEHa:oduced
by the described processes, such as conpounds of forrmula I'V: H2ZN ~=NH NH
o]

P1-Har—Gly-Asp(Q~P2)-Trp-Pro-OH

wherein Har is homoarginyl; Gly is glycyl; Asp is aspartyl; Trp is tryptophanyl; Pro is prolyl; P,
is an amino protecting group; and P; is a carboxyl protecting group. In preferred embodiments,
the 2-6 eptifibatide fragment is coupled fo an activated cysteinamide residue through the Pro
residue of the 2-6 eptifibatide fragment, thereby forming a 2-7 eptifibatide fragment of the

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

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

@

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 IT:

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




HOO Rm NHNHNHO S i ONHOOwpz NHNO NH2 ONH (1V) wherein R
is hydrogen or Pt; P1 is an am no protecting group; and P2 is a carboxyl
protecting group. Qher representative conpounds of the invention include
Frnoc-Har-d y-OH, Fnoc-Har- dy-0O P4, and Fnoc-Har-G y-Asp(O P5) - Tr p- Pro- OH
where P4 and P5 are carboxyl protectin groups. In certain enbodi nents,
the invention provides conpositions conprising eptifibatide -6- and | ess
than 1 "A of certain process inpurities. DETAI LED DESCRI PTI ON OF
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provi des cogver ent processes f%'rt pr epgx}?2“839&“3%%%5%3@,?%%@I?{g{’ﬁfaﬁﬁ,m ve

pr epar at icomPendofformea il i bati de fragment, preparation of a 4-6
eptifibatide fragment, and coupling of the 2-3 and 4-6 eptifibatide
fragments to forma 2-6 eptifibatide fragnent. Certain of these processes
i nvol ve coupling the 2-6 elipefiapdlly-dep(O-By+pPro-Cos-Hil,act i vat ed

cysteinam de residue to formma 2-7 eptifibatide f(rJagment, formng a

di sul fide bond between mnergaptopropionic acid and the 2-7 eptifibatide
fragment to form Precursor %, effecting intramorecul ar peptide coupling of
Precursor A, and renoving protecting groups from the coupling product to
formeptifibatide. [0012] In further odi nents, the invention relates to

products C by th escripe rocesses for _preparing eptifibatide.
In ot her mgdn%ggelqﬁg]ﬁtréfw{aﬁé’f? h%g}??ttﬁ%%slf ’?Fé‘t’fege eptifibatide,
[00 10]  The present invention also provides products produced by the described

processes, such as compounds of formula IV:
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wherein R, is hydrogen or Py; Py is an antino protecting group; and P, is a carboxyl protecting
group. Other representative compounds of the invention include Fmoc-Har-Gly-OH, Fmoc-Har-
Gly-0O-P4, 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




novel conpounds that can be used as internediates for the preparation of
eptifibatide. In further enbodinents, the invention relates to conpounds
that are structurally simlar to eptifibatide. [0013] As used herein, the
term "carboxyl protecting group” refers to a noiety that can be
selectively attached to and renoved from a carboxyl group to prevent it
fromparticipating in undesired cherfi®¢al reactions, w thout unacceptably

- adverse affects on.desired reactions. Exanples of carboxyl protecting

gr oups i@ﬁ&}é@@tbﬁﬁfl@,ﬂgfcéﬂdﬁfbra&sm es. €t hyl, t-butyl, (un)substituted
benzyl, and silyl esters, anong others. Clher car boxyl protecting groups
are well known in the art and are descrlbed in detail in Protecting G oups
in Organic Synthesis, Theodora W Geene and Peter G M Wits, 3rd
Edition, 1999, published by John Wley and Sons, Inc.. [0014] As used
herein, the term "am no otecting group” refers to a noiety that can be
sel ecti vW@t@M@W&K@N@WWEMBMMtO prevent it from
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embodiments, the invention relates to compounds tha? are structurally similar to eptifibatide.

[0013] Asused herein, the term “carboxyl protecting group” réfers 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..

[0014]  Asused 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 triisopropylsilyl. Other amino protecting groups are well known in the art




[0018] As used herein, the term"Qy-eptifibatide" refers to a conpound
that is structurally related to eptifibatide but contains two adj acent

glycine residues rather than a single glycine residue. [0019] Al am no
acid residues referred to herein are natural am no acids that have the
L-configuration. [0020] Eptifibatide has the follow ng chem cal structure:
0 0OH NHHZN<ONH/ NH NHNHNHG~NHNOWC HOSASO NH2. [0021]

Eptifibatide can al so be represented using am no acid designations as
foll ows: -8d afe descrititd tn feidil M - -Asp=Trp-RBro;: Cys-NH2. S S where the
amino acid desi gnations corr e%g%%%%%sem@{gﬁﬁgwth%ﬁhﬁo@%% Gsegngand O
Aso (4) Retegy g/( JYuts, pfiEdition, 1999, published by John Wiley and Son, Inc..
[0015]  As used herein, the term “coupling,” and all variations thereof, refers to the
formation of an.amide bond, by any meats; between the moieties-beingjoined.
| [0016] Asused 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.
[0017] As used herein, the term “activated cysteinamide residue” refers to a
cysteinamide residue that is capable of forming a disulfide bond with mercaptopropionic acid.
[0018]  Asused herein, the term “Gly-eptifibatide” refers to a compound that is
structurally related to epiifibatide but contains two adjacent glycine residues rather than a single
glycine residue.
[0019] | All amino acid residues referred to herein are natural amino acids that have the
L-configuration.
[0020] Eptifibatide has the following chemical structure:

[oo21] Eptifibatide can also be represex}ted using amino acid designations as follows:



HZN O NH NH NH NH 8 NTm(5) Har 2 ONHN OOK( 1\~ Pro (6) Mpa 7 NH
S SO Cvs !'71 NH2 [0022] For the ease of description, the residues can al so
be nunbered from (1) through (7). Residue (1) is nercaptopropionic acid;
(2) is honmparginyl (Har); (3) is glycyl (Ay); (4) is aspartyl (Asp); (5)
I's tryptophanyl (Trp); (6) is prolyl (Pro); and (7) is cysteinam de
(Cys-NH2) . [0023] In certain enbodi menm% "t he present invention relates to
convergent processes for preparing eptifibatide In a first sequence of
steps, a 2-3 eptifibatide fragneqt IS Q;e gon%alnlng am no acids (2)
and (3). In a second sequence, JF ?tlde a nent i s prepared
containing amno acids (4), (5) %ﬂ ‘ng dE s are then coupled
to provide a single 2-6 fragmeng, which is a pentapeptide. The 2-6
fragment of eptifibatide is prot&ted at the amno?terninal of the Har
residue and at the aspartyl side chain carboxyl group Scheme 1 outlines

an exerrplary p for th ration of the 6 eptifibatide fragnment:
-9- Schene fﬂ?‘%%??a ﬁ‘f‘%ﬂgg‘%‘ to ghe q'zswﬂﬁl frawingshown bglow:5 6 7
Mpa- Har -G y- Asp Trp-Pro-Cys(N H2) S S Sequence A

Q Asp_ 4)

(4]
KILNH / “NH Imp (5)

NH NH
Har (ZJL\J
Mpa (1) 7

e

Hz

[0022] For the ease of description, the residues can also be mumbered from (1) through
(7). Residue (1) is mercaptopropionic acid; (2) is homoarginyl (Har); (3) is glycyl (Gly); (4) is
aspartyl (Asp); (5) is tryptophanyl (Ttp); (6) is prolyl (Pro); and (7) is cysteinamide (Cys-NH,).

[0023] 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 amino 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 singie
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 asparty] side chain carboxyl group. Scheme 1
outlines an exemplary process for the preparation of the 2-6 eptifibatide fragment:




yy Sequence B Fnoc-HarOH HGy-OBu. 2 Y 3 Z-Asp(QBu)-0OSu H Trp-Pro-OH
Frmoc-Har-Gy-OBu 4 5-6 1 Fnoc-Har-Ay-0OH Z-Asp(OQtBu)-Trp-Pro-OH 2-3
Froc-Har-Q y-OPfp H Asp(QBu)-Trp-Pro-OH 4-6

Frnoc-Har- G y-Asp(QBu)-Trp-Pro-O H 2-6 [0024] Sequence A of Schene 1 shows
the preparation of the 2-3 eptifibatide fragnment and Sequence B shows the
preparation of the 4-6 eptifibatide f'r%lgrrent The two sequences converge
to provide the 2-6 fragnent of eptlfl bati de. Al though Scheme 1 shows

exenplary amino acid prgq,ﬁl N ! [ Ied by t hose
skilled in the art of pepti LD BaOHAR of “3‘:81% wfnt%ﬁ%"nﬁﬁfaﬁx\w id

protecting groups can also be used. For exanple in place of the anc

(9-fl uorenyhnet hoxycar bonyl ) group, protectlng groups such
as -10- Cbz (benzyl oxycar bonyl ﬁg% :iben ?%ga groups substituted
on the aromatic ring), 9(2- su 03

9(2, 7- dlbronn)fluorenylnethylcar anate 2 chl or o- 3 |ndenylnethylcarbanate
Benz[ f]i nden- 3- ylnethylcarbanat or Al Toc (ATyto®ycarbonyl) groups can

be used. [0025] The t-butyl ester on the aspartyl residue can be repl aced
by any other protecting roup that can be cleaved by acid treat rrent such

as, for exanple, ODpm ( thyl ester)
U Sequence B
Fmoc-HarOH H-Gly-OtBu . ﬂ
2 3

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

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

Fmoc—Har-GEy—Asp(OtBu)—Trp-F’ro~OH
2-6

[0024] chuenoe 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). [0026] The Fnobc-Har noiety in the
eptifibatide fragments depicted in Sequence A of Schene 1 can be repl aced
by Rpl-Har, where Rpl is an am no protecting group such as, for exanple, a
Cbz (benzyl oxycarbonyl) group, a RCbz _(benzyl oxycarbonyl substituted on the
aromatic ring) group, or an Alloc (AFﬁ@Foxycarbonyl) group. Simlarly, the
Z-Asp (or Chz-Asp) noiety in the eptifibatide fragnments depicted in

Sequence i, d QNB%, r RNB2...] n ,amno protecting

group that “Can %xg%%@’ %{E%ﬁ S C1@@%@4}5@@@5g%bsggl?eqf%rﬁg%mﬂ%‘g,mg nmoc

(f | uor enylsraulfp)flenrgedmistiyidaybamate, G2k EbRRYliremyimatiyarbpmeteZ Chiagy-gr oup

t hat can; r | ysi.s such_as, for anpl.e, a RCbz

(benzy! ol oy Bl Gt AR el PSSl ot /TS AR baycaronnl)

group. | greugslicdd weysetthe - Ot Bu group depicted in Scheme 1 can be replaced

by Rep, where Rcp i-g,a rboxyl protecting.that can be cleaved by acid

treatment, s SEWﬁ as &h? b %%é'g %ﬁ%loél,tﬂeaﬁpﬁﬂ RESEGe SR P Temiscer) by any ettipr ppoteating Pf p
entafl g Q Eloiva 6 | for BRST ' C oxV|

(p Heip e 0y He By abRIteRGRA Meh Bl for Sfeé?g)dﬁrf gigpka@;gleﬁg F%erl)QL 5

activating group; and Su (succinimde) can be re
i s a car PoRyiecies gipnps gt gndgsleareddapdadtesnslysinfuchhe, fonttangleg DRz Genzyl

f ragnent esterb).Oth Pfp and Su can be replaced by other stable active esters
such as, for exanple, nono and dinitrophenyl esters, tri- and pentaphenyl
ester, It will0026¢ aPhe Bwoaikdrisiety mobeemiibhtidragmdnhaieptcted if 98dudnb&A of

sel ecti oq. [ Lotect | roups depends upon the identity of

ot her pr g%%c eﬁﬂ%ah b%%%@%%eﬁtq%a NPb';(Ingt Sﬁ?ﬁﬁéms@g I5GHRE SPHP swshiag, far

enbodi nmeerasipdd, athe (bensgtutciyemborgl)ppaip, & RICHE (bediAbRFchitdgdyHuBsRuted of la%s en so
0

that it can e.r%rmved sel ti\(/ l}é und%r reaction conditions that not
affect oPRGPIGRBEEEYRGE 87 Adps (AlToBsiormiLapee: Wrdimscibadnks ©f Cohdsr)

i nvent i ofoietyia thy itEbhes: Radndil debichatih ?%ﬁe&@@ﬁ%ﬁ{e l?e 1??%8?{&%(@ %gplépﬂks%fjw e

"activated" cysteinamde (7), such as, exanp

pyri di neage S AmIRY PrEeqiag s hat cgbaglsaypd kHpasic aapditions such as, for example,

(2- ni tr orRbEmY, o arPt I:aCcyst ei | de ere the phenyl ring
I s substitut edl;cm%? gﬁ%ﬁ%ﬁ%@??ﬁ%ﬁﬁ%& %el?m%rﬁ aﬁ%&gﬁ:ﬁ@%gp@ H’ﬁ&gmebey

S- sul f erfjtavpd b Aydosrebsisohiclcyss fasienamplee, R€oz (henayldiyearBordy gt ant bibep
fragmentyef supstituted 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 freatment, such
as, for example, an ODpm (diphenylmethyl ester) group. Pfp (pentafluorophenyi) can be
replaced by Ry, where Ry is a carboxyl activating group; and Su (succinimide) can be replaced
by Rys, where Ry is 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
dinitropheny! 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. |
| [0027] ' 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)-NHz); 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 maki ai eptifibatide. The structure of
Precursor A is shown bel ow. Mia-OH (P1)-Har-Qdy-Asp(O P2)-Trp-Pro-Cys- NH2
S S where P1 is an amino protecting group and P2 is a carboxyl protecting

roup. Pr, condi.tiq at
It ool o Fagbaiely ThoReutiiaing bidifbetide AL & BRGNS} S S MR B EDPx and
P2 gr oupdeQH iapitashed torthe B malmpudwﬁamumer oén@mm 18R Foref a2 BRELAAE OUPS 1S

wel I -kno ryt a f ir of protecting groups
e pr o Pl Helfe g O BT R R b T D e Bafiares Srrstmaindberts as

t- but yI Pydviacshr Asatsstﬂsaplaad nmbeprebhnemsiaﬁﬁalaﬁg Btifita888 - TRLRRBureGF iﬁ@&r%
outlines.an ex%rrgjl ary process for the preparation of Precursor ﬁxeme

2. Prepa asthlgﬂ "Precursor A from2-6 Fnoc- Har - d y- Asp( & Bu) - Tr p- Pr o- OH
H Cys(Npys)-NH2 2-6 7 Moa-OH Fnoc-Har-G y-Asp(Q Bu) - Tr p- Pr o- Cys( Npys) - NH2
1 2-7 Mpa-CH Fnoc-Har-d y- Asp( O Bu) - Trso Pro-Cys-NH2 S S Precursor A
(Fmoc2-7-1) -12- [0029] A¥FA scheme ) H"t"’ﬁ@”ﬁﬁﬁb"%ﬁféw stNHaut y| gr oups
shown in Schene 2 can be rgplaced by other known protectling groups that are
general Iy recogni zed to be useful for peptide S

where P; 1s an amino protecting group a,ud P; is a carboxyl protecting group. Preferably the P

group is stable under conditions that are suitable for removal of the P, group. The selection of

compatible Py 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 protecting groups is P; = Fmoc,

which may be removed under basic conditions, and P, = t-butyl, which is stable under the same

conditions.

[0028] ~ Scheme 2 ouilines 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)-NHy
2-6 7
N!'pa-OH Fmoc-Har-Gly—Asp(OtBu)-Trp-F’ro-Cys(prs)—NHz
2-7
Mpa-OH Fmoc-Har-Gly-Asp(OtBu)-Trp-Pro-Cys-NHs
S S

Precursor A (Fmoc2-7-1)




synthesis. [0030] In certain enbodinents of the invention, renoval of the
Pt protecting group from Precursor A provides another precursor, Precursor
B, which is the 2-7-1 portion of eptifibatide: Ma-OH

H- Har-3 y-Asp(O-P2)-Trp-Pro-Cys-NH2 S S [0031] Precursor B can be
converted, via an intranvol ecul ar peptide coupling, to Precursor C

Moa- Har - @ y- Asp( O P2) - Tr p- Pr o- Cys- NH2 128 The intranol ecul ar pepti de
coupling can be effected, for exanple, in an organic solvent in the
presence of hta Qi d t..su f or. exar , a

ur oni um,t,ypqu?t?g)l_i %lgsqggent ésgglﬁerﬁggﬁ’eﬁ}glutge %@’Eﬁ?ﬂ’i‘ SSho ;H)é‘ﬁ‘emezcaﬂbe

O [ cyanofatldvest pi atliso hyowmpstotepting gripsothathe Sbrideall9 trédgBkzEY {oeaRbMMor pentid
tetraflu E)ég{sat e (TOTY), HBTU, or TBTU (2-(1H Benzotriazole-lyl)- fpl f 3-
tetranet %ﬁur oni um hexaf | uor ophosphate and tetrafl uoroborate respectively);
a carbodi i nm §e030f ypin ceeRyLsbbtitahiass thd v, teiby -

(dicycl og_exy carbodiimde), DIC (diisopropyl égr bo%ﬁﬁm%&‘)%‘ﬁmﬁpr

( 1- Et hy| T80 Proesas hpoxides aptess procuesar, Bewinset Beyhichisthy2-7-badrdos of or
phosphongptinvayee coupling reagents such as, for exanple, Bop

(benzotriazol -1-yloxy- tri(dinmethylam no)-phosphoni um hexafl uor ophosphat e)
or PyBOP (benzotriazol-I-yloxy- tri(pyrrolidino)-phosphonium

hexaf | uor ophosphat e). Pgphi coupl i j o ihed, for, e le, in
Hunphrey and Chanberl i n?% Cjenran Rev. ?gg’%%&g&%ggﬁgg@gr icgﬁ' orated herein
by reference inits entiE«zf y [0032] Renpval of the P2 protecting group
from Precursor C provides eptifibatide. The ‘renoval of P2 can be effected,
for exanple, in an organic solvent in the presence of acid, base or any

ot hér reagenfyffr 6agen stemin which the profecting group is |abile.
Schene 3 out }[(I) ne gl%g&éxoé i1} cﬁ?%eétgg’s‘mfWW@O%P@M@F%PPWM&;?N fibatide
from Pr drecwsan CA:

Mfa-Har-GIy-Asp(O-Pz)-Trp—Pro-Cl:ys—NHz

S S
The intramolecular peptide coupling can be effected, for example, in an organic solvent in the
presence of a suitable coupling reagent such as, for example, a uronium-type coupling agent such
as, but not limited to, O-[cyano(ethoxycarbonyl)methylenamino]-N. NN’ N “tetramethyluronium
tetrafluoroborate (TOTU), HBTU, or TBTU (2-(1H-Benzotriazole-1 yI)-1,1,3,3-
tetramethyluronium hexafluorophosphate and tetrafluoroborate respectively); a carbodiimide
type reagent such as, but not limited to, DCC (dicyclohexylcarbodiimide), DIC
(diisopropylcarbodiimide), or EDC ( 1-Ethy1-3-(3-dimethy1aminopropyl)-carbodijmide) ; active
esters; or phosphonium type coupling reagents such as, for example, Bop (benzotriazol-1-yloxy-
tri(dimethylamino)-phosphonium hexafluorophosphate) or PyBOP (benzotriazol-1 -yloxy-

7 tri(pyrrolidino)-phosphonium hexafluorophosphate). Peptide coupling is described, for example,
jn Humphrey and Chamberlin, Chem. Rev. 1997, 97, 2243-2266, incorporated herein by
reference in its entirety.

[0032]  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 Eptifibatide from Precursor A Ma-OH

Frmoc- Har-Q3 y- Asp(O Bu) - Trp-Pro-Cys-NH2 S S Precursor A (Fnobc2-7-1) 1
Mpa-OH HHar-d y- Asp(QBu)-Trp-Pro-Cys-NH2 S S Precursor B (2-7-1) M
a-Har-d y-Asp(QBu) - Trp-Pro-CSys-NH2 Precursor C (Eptifibatide-(QBu))

Mpa- Har- 3@ y- Asp-Trp-Pro-Cys-NH2 S S Egti fibatide [0033] After renoval of
the Fnoc protecting group, the 2-7-1"fragnent undergoes an i ntranol ecul ar
peptide coupling to provide the t-butyl ester of eptifibatide. Renoval of
the t- butyl group fromt Ay, '%Eﬂgﬁ i.ed ept i fibatide. [0034] Tn
certain enbodi nents, the g&ﬁglgggaplfen%%t?\ﬁﬁjf |Es%tﬁre§;|%a.gliec‘%rﬁord—%rrpounds t hat
are structurally simlar to eptifibatide and are prepared according to

processes that are sigjhasqto the S ,g% j e owe preparing
eptifibatide. Such compounds i ncl udﬁf*&%@?'sgﬁ'a ?éfduyﬁ?ﬁ?%ﬁ SOhE i bati de,

whi ch contains two adj @ent glycine residues, rather than alsingle glycine
residue as in eptifibatide: I\/pa-l;ar-GI%;\gl y-Asg-Trp-Pro-Cys-SN H2 S S

A y-eptifibatide can be prepared, " APP&2-"adcor di ng to the procedure
descri bed above for

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

S S
- Precursor B (2-7-1)

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

S S
Precursor C (Eptifibatide-(OtBu))

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

S S
Eptifibatide

[0033] After removal of the Fmoc protecting group, the 2-7-1 fragment undergoes an
intramolecular péptide coupling to provide the #-butyl ester of eptifibatide. Removal of the £
butyl group from the aspartyl residue yields eptifibatide.
[0034]  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 coropounds 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-OBu (3) group
shown in Schenme | is replaced with H-? y-Ay-QBu. [0035] ;dy-eptifibatide
is also produced, in sone enbodi nments§ &f the i nvention, during the
preparation of eptifibatide according to the methods descri bed above for
preparlng |0n relate to
conposi tug%f%ﬂ%?ﬁﬂ%hcggfl tﬁ’gt% Fﬁgg&ggﬁ%ﬁ du%p a sigle Blygitg
COMpoSsi tF@@G@@ﬁp‘mfﬁbﬁ@d@t | east 99 % eptifi batl de and GI y eptifibatide in

the range of about 0.01 %to conpri sing at
| east 99 % eptifibatide and H‘i %{@{Fyg%‘imﬁ?%?ﬁ% of about 0.01 %
to about 0.1 % -15- [0036] The coupling of the am no acid residues that
occurs in the described proce§§es can be acconptisted t hrough known met hods
of pepti dey-spHHAA8E Sarl BeArepkad, FskBxhifle, 400 HPRSS ¢ fo Y
sui t abl e coupl roc%}fjrlgéf or for mﬁn oe ti he?ﬂ)éed&%degﬁ anﬁg‘;e %37]
The foll BWW@P% plide, @F@PWGBS@W&%@%@@IS C@@plbéttrhcemmgiumm ﬁ:)nmfwliahe

i nventi ogb R 209 co f the | nvent| on.
Exanpl e Pg%par aith:éon %gt%a%@é‘?é@%&%ﬂq&& tb’ro N %@ B% BomoarginnG to

Z- Asp( Ot B@Lﬁm Pagment OFoxwersnphd, acovedndip this mudlﬂﬁdqxt@wdn@th‘ét}ﬁmy omwHh the

comer ci p- Pro- CH as described, for

exanpl e, Q!oﬁﬁ( ‘@V’@a’@?k&w l%/lIS %&%%%ltlﬁb@%%@s in peptide synthesis, The
pepti des, zi/OHOOﬁ.] (e@ly -dptifiBGaitdksis alad paoﬂﬁcdﬂbm%ﬁgﬁfeﬂfb%dmgh@iﬁﬁe Ryerfiof!

Press, L n on I NCO orate erejn reference in its entiréty.
Exanpl e ﬁh F?Pﬁ%é’ﬁ ‘ii’?éﬁr(l@gt% en‘f‘?‘boqﬂr")és‘@he@e ]foﬂmelaﬂr@gl iter

react or @m@bm \@drﬁalrphzﬂmidhﬁéﬁé?@fﬁmﬁ@m{%%e técgmi:ésﬂ%ns? %[Rgr ature of
about 20 C \Qgs added O. kg of starting material” Z-As Sﬂ%u i p- Pro- OH,

mai nt ai rAHGORiE @érﬁ%&ﬁaﬁﬁb@dsx ingluding comporitions eomprising @tlgsy 9T Viepkifibatild was
al | oned 49 Gly-eptifibatide in the range of about 0.01 % to about 1 % and compositions comprising at

least 99 % eptifibatide and Gly-eptifibatide in the range of about 0.01 % to about 0.1 %.




di ssolve and the reaction mxture was then purged and bl anketed by a
nitrogen atnosphere. Palladiumon carbon (5 weight% (0.015 kg) was added
to the reaction mxture, followed by hydrogenation at a 2 bar pressure
while the reaction m xture was mai ntai ned at about 20 T. [0040] After two
hours, and every hour thereafter, a sanple fromthe reaction was analyzed
by HPLC. HPLC anal ysis was conduct ed-qg.Purospher Star Cl18 55*4 nm col um
with a water/acetonitrile solvent mxture containing 0.1%trifl uoroacetic
acid (TFA) with a -16- gradient of 98:2 water/acetonitrile to 2:98

wat er/acetonitrile in 10 mnutes. HPLC detectionwas at 215 nm flow was
2.0 m./mn, and the tenperature was 40C. [0041] The reaction was considered
to be conpl d0@36ihenTeheoupnbpeobiha ppdnosacidustidues thi @carain the desvribed pratesses be
| ess th s 0y O el at i . n the
onct i on e BRI B iR Bl R o B RE A R AR PRI 1 08

p- t- ol uengdildfinibearhcAdy syiGbRouplingprdsdite for DbE pepideswan be pmplagedadded t o

the reactio ] xture, g reaction mxture.. then fil.tered rough.
cotitocr) cRaliles Be MliuhEa b bs Batitiisyy ek boitoglFiiel df Pidliog
0.6 L). #Afdtshouldidot batomiierdl t6 #adtiherecop v e egvehtien.fi | t er cake was washed
three tiness with fresh DMAC (0.3 L). HPLC analysis after the | ast wash was

performed to confirmthat no product renmained in the filter cake. [0042]
The conbined filtrates were transferred to a new vessel at about 20 C, at

which  tepngpRUYEeparit I RANOBR)-0Pp 266-0n Was added. The tenperature
- was - nai nt ai qugg? el.ow about 22 during the addition. - The m xture was then

cooled to a 8- 12-AspEiBundePro- @H yas agpined deydarown prpopdarss sterting vwithi the ai n
the ter ' 5 ot ST about
512 C raraatbuy gy R e oS Sndint o W8 ot A86ncH KBl 2

Duri ng IBédagszAkiynkf. {195 9hAxdisre tstens ys pepitide spdhasist Tiof pepities Voh 1 (Fhe&E. Shpwrandt ant

b d ' . of Still. i
Colut or) ETREPh SRaRt Hehosdbiie Rss ol BERHGE et oo bttt o

filterednandntifeey.coll ected solids were washed twice with a 2:1 sol ution of
wat er: DMAC (0.9 L each). The solids were then washed twice with
~acetonitrile (0.9 L each) and

 Example 2: Preparation of H-Asp(O-tBu)-Trp-Pro-OH
[0039]  To a2 liter reactor charged with dimethylacetamide (DMAC, 12 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 mixfure was maintained at about 20 °C,

[0040]  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




dried under a vacuum bel ow about 25 C until at a constant wei ght. The water
content after drying was 3.5% (Karl-Fi sher analysis). [0043] The product
was anal yzed by reverse phase HPLC using an aqueous trifluoroacetic
acid/acetonitrile gradient. [0044] A LC/ M5 analysis confirnmed the nass

[ MFH] 473.0 of H Asp(O-tBu)-Trp-Pro- OH 0045 The recovery yield was 93.2 %
(0..218 kg); the net yield was 93. 1% ¢b@ased on nitrogen content : 95.49%.
Exanpl e 3: Preparation of Fnoc-Har-dy-Asp(OtBu)-Trp-Pro-OH [0046] To a
slurry of FEpoc-Har - 163 kg net ; based on peptide_content

50503 | EFetps ARG paten S aitoqt e g s putieiin 40 iy b¥iess TS detoction was
ot hanes  F1076; 6 s 40,02k Jn B BRRALIPLORREIO! (0. 083 ko). The

m xture was stirred at about 20 C until the -17- solid dissol ved.
N- et hyhnor pH804ie (MEMjea¢iBr08e: dopsidersd todrbeymplabpwierstse FPEIA :mabdlsts;lowed

di | oh b a TH 0.17 nd t t
e ot § 1 SR § BelHtn 0P e BicGavcisDlthishe bk e e lrellle Wh e
by HPLC #esessctiodistae chaxaoistbe cbﬁxplmb}sHPLﬁ,earr@hb@s@bluﬁmeflhﬂaﬂuﬁesmﬂzhd acid
Fnoc- Har - OPf s 1. 8.5. 047 reacti on mxture was added

- Aap( O (sl s e 130 Lok oyt M a6 10 S e i RS T HOTE)
The ni Xt 4aethelS $Hrereti@Broakh eBRU 1R was bRLwHhBOWIE Dm(ft(@@hte@tw&ﬁﬁed tHRLC

anal ysis showed the m xture to contain about 87% of product, <2

Frioc- Har tiees witkdrqoL). ghfeilicpins.afssecken mpyinre the flterpake gy washed tirostnes

H A % o nggg&G;f NE%%@*,L);JI@@?@&H éaﬁ Ptﬁé las afp%;b& d-ﬁ;éa% 8&%& g T ed

i mpurit ypl))duﬁmr@ﬁiaﬂhinwm §lt @onduct ed on a Purospher St ar C18 55*4 nm
ool um 141 o2 el Cain i e SRR B LSRR Ak e
2: 98 wat temparamrem-éthylhmrphohﬁ@ (66U )oBas aldlﬂ’de Tl:ettanperfmra/m miinfidedbalow fl ow
was 2.0 angbu%f & 8 tl;:rlg e&(ﬁ%‘l e mD{tu?'g was then cooled to about 8-12 °C and water (3 L)
was added slowly so as to maintain the temperature below about 15 °C. The mixture was then
stitred at about 8-12 °C for about 30 minutes and held at 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
slurry obtained was filiered 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).
' [0043]  The product was analyzed by reverse phase HPLC using an agqueous
trifluoroacetic acid/acetonitrile gradient.
[0044] A LC/MS analysis confirmed the mass [M+H] 473.0 of H-Asp(O-tBu)-Trp-Pro-
OH. |
| [0045]  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 Fmoe-Har-Gly-Asp(O-tBu)-Trp-Pro-OH

| [0046]  To a shurry of Fmoc-Har-Gly-OH (0.163 kg net ; based on peptide content :
90.5%) in THE: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 reaction mxture was filtered and the solid was washed tw ce
wth a5/1 mxture of THF/DMAC (2 x 0.489 L). The filtrate was
concentrated to about 0.815 L at no nore than 35 C under reduced pressure
(about 20 nBar). The concentrated m xture was added slowy over 1 hto 1/4
m xture of acetonitrile/H20 (4.1 L) cop,tal ni ng sodi um bi carbonate (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 m n,

and t he aadididisaolvid SNidtiyeb 0030t e §h&HeH>ar or
[ |taeturne13Jih \Aﬁqw\mtl?aslurlrm a. @a A)gyht solutlon

h .
\Iag 2332@%@% gglc‘ir ‘@Hmﬂ'PﬁDchéo YRRk dmTHF &Q}W%Ta) ﬁndttbfr m;ituedvagmwd a0 Stir
the S| ur raboat20 @hortie BOGuiolor uloe FHRSHT S VEDBIBA 8L sBALULLGN e added

over about . The m xture was sti rre
filtered. ﬁh?éﬂ%&qraﬁw\astmH@uG&w DiﬁI/aFn;acAHmGwhﬁmas lages.onitril e/ H20 (3 x

O 5 pe” 3 0B e O 0 A o SERREU P T (3, .0,

const ant %Wéh% H@:s andmmmdzw Ehérhaaﬁﬁmr@wm @ittedat st 90 Y€ RY WRSrs3 - A3 %t

Karl - Fi 004 duct b h
I(—|PiEJ us: ng an a?u%‘gbg%s SP%W’HE% ﬁ%%egtg’&aga ‘g@g(a ?ﬁyHrP 4%%/';%1;&;%&?@;20]
A LC NS abibysi of BonbHameslyiore, zilbﬁﬁﬁ) §9okiH- R0 Baf- THIPL-0B ro dfigut 5 gﬁ, of o
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m xture was
‘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 h to 1/4 mixiure 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) 3x 0.7L)
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),

{0049] “‘The product was analyzed by reverse phase HPLC using an aqueous
trifluoroacetic gcid/acetonitrile gradient.
| [0050] A LC/MS analysis confirmed the mass [M-+H] 922.5 of Fmoc-Har-Gly-

s Asp(OtBu)~Trp-Pro-OH.

[0051] The recovery vield was 81.8% (0 234 kg); the net yield was 82.3% (based on
" nitrogen content : 96.0%).




portion-w se addition of diisopropylethylamne (D PEA)(0.112 L), while
mai ntai ning the tenperature at about 0OC. The m xture was stirred at that
tenperature, during which tine sanples were analyzed by HPLC for product
formati on about every 45 minutes. The pH of the reaction m xture_was

mai ntained at pH 6.5 to 7.0 with the addition of DI PEA as needed. HPLC
anal ysis was conducted on a Pl ati num-E8S 100-5 C18 5g 250*4.6 nm col um ;
Solvent A: TFA 0.1%in water; Solvent B: TFA 0.1% in acetonitrile;
gradient: 12 to 98% B in 15 m nutes. HPLC detection was at 215 nm flow
2.0 mML/mn and the tenperature was 40C. The reaction was consi dered
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detection was at 215 nm, flow 2.0 mL/min and the temperature was 40°C. The reaction was

considered complete when the pentapeptide and Cys(NPys)-NH, starting materials were each
shown to be less than 1% by HPLC. Otherwise, additional TBTU, DIPEA and the starting
‘material shown to be deficient in the mixture were added.
[0053]  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 wei ght was achieved. The water content
after drying was 1.2% (Karl-Fisher analysis).
[0054]  The product was analyzed by reverse phase HPLC using an aqueous
. triflnoroacetic acid/acetonitrile gradient,
[0055] A LC/MS analysis confirmed the mass [M+H] 1178.4 of Fmoc-Har-Gly-Asp(O-
tBu)-Trp-Pro-Cys(NPys)NH,.
[0056]  The recovery yield was 102.4% (0.295 kg) and the net vield 87.7% (based on
peptide content : 82.0%).




[0057] In a reactor charged with HPLC grade acetonitrile (0.570 L) and
peptide synthesis grade DMF (0.285 L), under a nitrogen atnosphere at
about 20C, was added 0.285 kg of

Frnoc- Har- A y- Asp(O-tBu) - Trp- Pm 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 nercaptopropionic acid (Ma, 0.023 kg) in
acetonitrile (0.057 L), prepared at abw@ut 20C, was added to the reaction
m xture at such a rate as to maintain the reaction tenperature at about
-3C.  The reactjqn was mpnitored by HPLC anal ysis and consi dered conpl et ed
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t he mass [gmdel]acétd:ﬁ&ﬂeq(sm)lamm-mﬂmapyel&smm 0.033 L) at about 20°C. After the

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

slurry was slowly cooled to about 0°C and stu‘rmg was continued at that temperature for about 45
minutes. The following procedure was then performed three times: (2) the agitation was stopped
to allow for the precipitate and the supernatant to separate; (b) the supernatant 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
retaining slurry was filtered, and the solid was washed twice with HEPLC grade acetonifrile
(1.140 L each) and once with toluene (1.425 L). The wash with toluene can be replaced by a
7 wash with diisopropy] ether. The solid was dried under high vacuum at no more than 20°C,

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

[0060] A LC/MS analysis confinned the mass [M+H] 1128.4 of Fmoc-Har-Gly-Asp(O-
tBu)-Trp-Pro-Cys(NH,)-Mpa.

[0061]  'The recovery yield was 93.8% (0.256 kg); the net yield was quantitative (based
on peptide content ; 87.4%).




t Bu) - Trp- Pro- Cys(NH2) - Mpa. [0061] the recovery yield was 93.8% (0. 256 kg);
the net yield was quantitative (based on peptide content : 87.4%. -20--
] Exanpl e 6: Preparation of H Har-d y-Asp(OtBu)-Trp-Bro-Cys(NH2)-Ma
([2-7-1]) [0062] To a reactor charged with peptide synthesis grade DWF
(0.750 L) at about 20C, was added 0.250 kg

of Fnoc- Har-Ad y- Asp(O-tBu) - Tr p- Pro- Cys(NH2) - Mpa (Fnoc[2-7-1]) slowy with
agitation. The m xture was cool ed to ggeut 10C, at which tenperature
diethylamne (0.034 L) was added. After addition of the diethylam ne, the
tenperature of the mxture was allowed to rise to about 20C. Progress of
the reacti &%agple Gadepasaten ?f)ﬂ%@lamp&%ﬁ&l)éf@-&a@tsé%ﬁi)&ﬁm([ﬂ?ﬂqy hour .
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(5.0 L) and gooled to about 10°C. The resulting suspension was stirred for 10 minutes at about
10°C. The following procedure was then performed twice: (a) the agitation was stopped and the
precipitaie 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; (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
diisopropy] 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.

[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] 906.3 of H-Har-Gly-Asp(O-tBu)-
Trp-Pro-Cys(NHz)uMpla.

[0066] %A GC analysis showed 3.4% residual diethylamine.

[0067]  The recovery yield was 106.1% (0.213 kg) and the net yield 99.2% (based on
peptide content : 81.9%).




trifluoroacetic acid/acetonitrile gradient, [0065] A LC/MS anal ysis
confirnmed the mass [ M+tH 906. 3 of H Har-Q3 y-Asp(OtBu)- Trp-Pro-Cys 2)-Ma
[ 0066] A GC anal ysis showed 3. 4% residual diethylamne. [0067] The recovery
yield was 106. 1% (0.213 kg) and the net yield 99.2% (based on peptide
content : 81.9% . 21 Exanple 7: Preparation of

[ MPA- Har - 3 y- Asp(O-t Bu) - Tr p- Pro- Cys] (#42) (cyclo-[1- 7] (O Bu)-NH2) [0068]
To the reactor was charged peptide synthesis grade DMF (0.768 L) and the
sol ution was cooled to about 10C

o[ cyano(%?’r%ﬂ@? daryepgaarien of {MEAHnmGly-inp (Q-KBu - Erp-Rre- Cyy ) (NBR) ey elo-[1-
tetrafl uof TOTU) (0.070 kg) was added foklowed by dilution with
pepti de. synt he5| S gr ade di chl oronet hane (1.536 L) while naintaining the
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with | [0070] To a separate reactor was charged peptide synthesis grade DMF (0.768 L)at
about 20°C followed by 0.192 kg of H-Har-Gly-Asp(Q-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 purity). The resuliing solution was
diluted with peptide synthesis grade dichloromethane (0.384 L). A sample was taken for HPLC
. analysis.

[0071]  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. HPLC and pH saraples 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.

[0072]  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.

[0073]  Ifthe reaction stalled, 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.




an addition punp over a mninmmof 3 hours while the tenperature was

mai nt ai ned at about - 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
poi nt. HPLC and.pH sanples 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 naintai ned at about -6C [0072] The pH was
checked every 15 minutes and was adjusted to 7-7.5 as necessary wth NEM
while the tenperature was naintai ned at about -6C. A sanple was taken for
HPLC every 45 mnutes until the cyclization was conplete. The reaction was
consi dered coki@ie Wikenrthe teestian was peptes theafixfiR-was bhnisaSatedluna% 4 abali ve t o
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solid was pggheg once with ethyl acetate (0.576 L) and three tinmes with

di -i sopr-opyl géjgﬁ?r (0.576 L). The solid was dried under a high vacuum at
about 25C. [d ThEheredhgtvascaslyzed &l yevexde pase BVEC senphmamedd®. C usi ng an

aqueous  #ifluoroacetic acid/acetonitrile gradient.
) [0076] A L.C/MS analysis confirmed the mass [M-+H] 888.2 of{cyclo-[1-7}(OtBu)-
NH3).
[0077] “The recovery yicld 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](NH.) (cyclo-[1-7]-NH;)

[0078] 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](0tBu)-NH,. 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..

[0079]  HPLC analysis was conducted on a Platimum EPS 100-5 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.




trifluoroacetic acid/acetonitrile gradient. [0076] A LC/MS anal ysis
confirnmed the mass [M+H] 888. 2 of (cyclo-[1-7] (O Bu)- NH2). [0077] The
recovery yield was 103. 7% (0. 194 kg); the net yield was quantitative (based
on peptide content : 79.7% . Exanple 8. Preparation of

[ MPA- Har - A y- Asp- Tr p- Pro- Cys] (NH2) (cycl o-[1-71-NH2) [0078] A mixture of
di chl oronet hane (0.573 L), anisol (0.386 L) and TFA (0.122 L) was prepared
at about 20C. The resulting sol ut| on was cooled to 15C and solid
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resul ting sl o V\IaS"heﬁdcbfreFrﬂgleﬂ(DﬁraéL@lmMSG@‘%Qtan&%Iﬁa@%eim& i%?%%gd&?der

vacuum The oI| shed three tinmes with a 7/3 mixture of
acetonltPf’I? ©conigats V% d three tinmes with DIPS (0.573 L). The product was

dried at no [0084] t haRe efffent éhpt%at?é@d%t

phase HPLC using an aqueous [uoroacetic acl al acet on&s%lll?}yth ?éﬁ’
HPLC method: Synergi Max-RP 4 y.tm 80A 250%4.6 mm; solvent A: 52 mM
H3PO4/CH3CN/100mM H7SA (86/14/0.80); Solvent B: 52 mM H;PO4/CH,CN /100mM H7SA
(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
o Primary-purification:

' [0085]  The primary purification was a trifluoroacetic acid/acetonitrile-based
purification. The norms applied for the indjviduel main fractions were = 92.0 %. The stationary
phase was a Kromasil C18, 10 pm, 100 A column with a 5 cm diameter. The colamn pressure
was 50 bars, the flow rate was 50 ml/min, and the detection wavelength was 215 nm. The
mobile phases were as follows:

Solvent A: TFA. 0.1 % in processed water / CH;CN (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,

| [0086]  The purification was monitored using method MAD-009-SF323TG1 and the
target acceptance criteria were as follows:

Main fraction (F1): =92 %; and

Side fraction (Fp): = 60 % and < 92 %,




[0082] A LC/MS analysis confirmed the mass [ MWH] 832. 3 of
(cyclo-[1-7]-NH2). [0083] The recovery yield was 0.157 kg (87.9% and the
net yield was 87.2% (based on peptide content : 79.1% . [0084] The content
in pure APl was 45.8% This value was obtained by the follow ng. HPLC

met hod: Synergi Max-RP 4 m 80A 250*4.6 mm solvent A 52 nM

H3PO4/ CH3CN 100mM H7SA (86/14/0.80); SHlwent B: 52 nM H3PO4/ CH3CN / 100nmM
H7SA (50/ 50/ 0. 80) 220 nm 1.3 m/mn; 50C, gradient: 0%B over 45 m nutes,
then to 45% B utes, then.to OO(V B over 1 minute. Exanple 9:
Purification o p%l%%e%@%&ggsvfﬁe%%a% i P8 c%tl on: [0085] The primary
purification was a trifluoroacetic acid/acetonitrile-based purification.
The nor s ap |ed f r the individual main fractions were >_ 92.0 % The

stati onar‘g‘f “gnikromasil C18, 10 m 100 A colum with a 5 cm
di anet er. ThEOOG@] UNTTHIBERIMAS puliisatRD VAR LS r 50..m [ mion,
and the detection wavel en él%V\B.S 2315 nm acétﬂeac%ija}%v\fo %é’?mﬁﬁ

fol | ows: Tsmpans fontheripdivi uml %-llnrﬁ‘aptlmse?se:eé 9t % with ﬁg@hﬁ&ﬁé&o 3«';10(3 %.

Sol vent rqcesse CN 50/ 50 The col um was

equi | i br ?t egﬁﬁogﬂ% Bi{%gg n%% Sﬁlaﬁ}g gﬁ\@d’t‘mﬁl ?Ol%n Wﬁ?ﬂ‘h@new 5 cm. The

purifi CatcnhmlgiresiuWasV@% SBark thé 066 ratwak 50 1Shin LOQ d"é?eé@éﬁ’ﬁ% atd Ve 19
ion o 0

m nut es; gg%glggetg ]1 %B to 45 % B over 60 m nutes;
sol vent 5T A4 are sThe roefals|pvss wWeta astfoBews:on was moni t ored usi ng
ot hod NRD- 008, SES2BTHORAG 4 prdsel riteria were as
follows: Main fraction ° pr 92 %Q&gfﬁgfgegé&qg%@r 8 (Fp): > 60 %and <
92 % -24- ThéokeniRch f)rSaBéum prosesast watst OCHCM(5(250)t 0 8C.
[0088] 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: 0
% B to 15 % B over 5 niinutes; 15 % B to 35 % B over 60 minutes; and elution of 100 % solvent
B over 15 minutes.

[0089]  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 to 8°C.,

Desalting/concentration:

[0090] " A double desalting step in ammonium acetate solution was performed before the
conceniration step to remove the residual triflucroacetate counter ion and to obtain the acetate
form of the peptide. The concentration step reduced the volume of the processed solution.

[0091]  The stationary phase for the NHyOAc desalting/ AcOH concentration was a
Kromasil C18, 10 pm, 100 A column with a diameter of 5 cm. 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 / CH3CN (95/3);
Solvent B: AcOH 0.5 % in processed water / CH;CN (50/50); and
Solvent C: NH4OAc 100 mM pH: 6.5 in processed water / CH3CN (95/5).




Secondary purification: [0087] 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 Kromasil C 18, 10 m 100 A colum with a di aneter of
5 cm The colum pressure was 40 5 bars, the flowrate was 50 mM/mn, and
detection was.at a wavel ength of 215 29m The nobi | e phases were as fol I OWSs:
Solvent A: AcCOH 0.5 %I n processed water / CH3CN (95/5); and Solvent B:

AcOH 0.5 % roc

equi | i brat B@ d&ﬁi?% o soig\!iﬁri‘%\ o%%i}l[O%S/g QJ’IP{%I%}%%OW#EEDIM ©s.

purifi cz'ﬂurmlug:ndda«hmg thmamsﬁ-a‘cobﬂ from: the AcQH piirifdatidh Ora¥adakd etth 2A700ureds of0

m nut es; radl ent: 0 %Bto 15 %B over 5 mnutes; 15 % B to 35 % B over

60 m nutf3eCeseddae i i on of 100 % solvent B over 15 minutes. [0089] The

purificati O@ mﬁetdéﬁﬁmg-lﬁh efterh b0k 40 o33 bGlolead A; N6 mihakget
ri

acceptance teria were as OWs; I\/alnfractlon(FI) > 99.0 %wth
i mpur i t A&l e@%lpmmstw/@f%ﬂ%‘cpntéfaréiwwegﬁ $pt G 80.0 % and < 99.0 %

The col | ect @@P@r aClch BRSHMRHE wib BrefshnRl azfalms%mnﬂ%é%kséwaﬁ%%%%w' on:

[ 0090] A do desalting step I'n ammoni um acetate sol ution was perforned
before tdverli‘,mm@mratlon step to renove the residual trifluoroacetate

count er to t f

concent rat ﬁ@‘ﬂt ep ﬁgﬁﬁ%ﬁé] élac\gl’g e%%rgtl% ‘9% Eh%prtélggélgé s%?tﬁitﬁ‘(t)lﬁ) 0?90091] The
stati on@F&ZZﬁTﬂSendﬂmetﬁfget dstépice detedh tviereges félbdokd: concentrati on was a

Kr omasi | m, W th a dianeter of cm The col um
pressure was M@n%@: 3) >$ﬁ@%}%&@%§%§o}% 74#Ad and the detection
wavel engt h \A@@dgﬁ.&ﬁeﬁtpp)TQ%()@D)@Iah@<@b@8ﬁs were as follows: Solvent A AcCH

0.5 % in processed water
The collected fractmns were stored at 2 C to 8°C.




Solvent B: AcOH 0.5 % in processed water / CH3CN (50/50); and Solvent C
NHAOAc 100 MM pH 6.5 in processed water / CH3CN (95/5). -25- [0092] The
colum was equilibrated by elution of 100 % solvent A over 15 mnutes. For
columm | oading, the main fraction fromthe AcCOH purification was dil uted
with 2 volunes of processed water. [0093] The desalting was preforned as
follows: 10 minutes of solvent A, 10-#¥nutes of solvent C, 10 ninutes of
solvent A; and 10 m nutes of solvent C. [0094] Concentration was preforned
as foll O‘Oﬁ:éa 10 gi.nut es of solvent A and 50 % B over 15 mnutes. [0095] The
desal ting r’fdsgzﬂglgﬂtrati on were nonitored using nmethod MAD-009- SF323TGL
~and the target acceptance criteria were as follows: Main fraction (Fl): >_
99.0 % wlth i Aguodess eguprisingd / 0.5 % and Side fraction (Fp): > 80.0 % and
< 99.0 % The coll.ected fractjo re stored at 2Cto 8C. -26- Wat is
Clained: 1. A°pF3e ac°8¥Fé’PF%4‘?f§fmvﬁ? vi di ng a conmpound of formula I1: Mi
a-OH HHar-Ay-Asp(OP2)-Trp-Pro- Is-NH2 S S (OD wherein Har is
honoarginyl; Qvy is _glycyl; Asp is aspartyl;

giny V1S §pd 6 P HHarGly- ASh(O-P,)-Trp-Pro-Cys-NH,

S —

wherein
Har is homoarginyl;
Gly is glycyl;
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

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

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

()
2. The process of claim 1 wherein P; is t-butyl. ]
3. The process of claim 1 further comprising removing P, from the Asp residue of the
compound of formula ITI to form eptifibatide.
4. The process of claim 1 further comprising removing P; from the Har residue of a

compound of formula I




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 | I S S 2. The process of claiml
wherein P2 is t-butyl. 3. The process_of claim1l farther conprising
renmoving P2 fromthe Asp residue of t B conpound of forrmula Il to form

eptifibatide. 4. The process of claim1l further conprising renoving Pl from

the Har residue of a und ofkfggln@ “ o2 A a-

Pl - Har-d y- Asp( O P2) - pgg(r)o- Cys- haA‘Jg(%_Pﬂ'\r{B%?l&&SﬁﬂHﬁs an am no
protecting group, thergby formng the conpound of formulla U. 5. The process
of claim4 wherein P2 -t i se for renoval of
Pl. 6. The process of claim4 wherein P2 is t-butyl. 7. The process of
claim4 wherein Pi is 9-fluorenyhnet hoxycarbonyl or benzyl oxycarbonyl. 8.
The process of claim4 further conprising attaching an Mya residue to a 2-7
ept i f i bawhetein Hirisgmeninogfroteéitngf group, itereby forming the compound of formula T,

Pl - Har - A y- Asp( O P2) - Tr p- Pr o- ACys- NH2

5. The process of claim 4 wherein P, is stable under conditions suitabls for removal of P,.
6. The process of claim 4 wherein P; is {-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-NHj 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.

9. The process of claim 8 further comprising coupling a 2-6 eptifibatide fragment of the
formula:
Py-Har-Gly-Asp(O-P3)-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:
Py-Har-Gly-OH




wherein ACys-NH2 is an activated cystei nam de residue, through a disulfide
| i nkage between the Moa residue-and the ACys-NH2 residue of the 2-7
eptifibatide fragment, thereby formng the conmpound of formula I. 9. The
process of claim8 further conprising coupling a 2-6 eptifibatide fragnment
of the formula: Pl-Har-Ady-Asp(OP2)-Trp-Pro-OH to an activated
cyst ei nami de residue through the Pro-2%sidue of the 2-6 eptifibatide
fragnent, thereby formng the 2-7 eptifibatide fragnent. 10. The process
of claim9 wherein the activated cystei nam de residue is H Cys(Npys)-NH2.
11. The process of claim9 further conprising coupling a 2-3 eptifibatide
f ragment amf a Hoeeptifibativel fasgnieht dfahe fdryvnlH - 28- and a 4-6 eptifibatide
fragnent of the fornmula: H Asp(O P2)-Trp-Pro-OH through attachnent of the
Gy residue of the 2-3 eptifibatide fragnent to the Asp residue of the 4-6
eptifibatide fragment, thereby fongd@gphitepBrfogptifibatide fragnent. 12.
The process of claim 11 further conprising coupling an am no-term nal
protected Asp residue having a protected carboxyl side chain to a Tip-Pro

g'mpﬁgt It gfrﬁlrﬁx{%%ﬂgé}uﬁéﬁ?oﬁt@lg dlf?ésf&ﬂ oPlie 2t @BQ@&%%%:G%F g t%n% v nﬁg F the

protecting group ron1the resl
ept i f i bat-baetifivaigrdrgment3 thefdhy fomuogths 266 eptifibhtidelfPagment.her conpri si ng
coupling an am no-term nal protected Har residue and a protected or
unprotected Ay residue to formthe 2-3 eptifibatide fragnent. 14. A

process IHNpriis proceseofiglhinyl AfthadoRprisRE r&bﬁtﬂing&h@hﬁﬁd—%ﬁﬁﬂﬂafe‘a{eﬂ A6
resi due ang rotected ar 0 ted g cine_resjdue, thereby formng a
2-3 eptifil lé& 32}]&@%@ cgib Of{ﬁé (#e ﬁ:mt%a 1p-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:
P1-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)-Trp-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:




Pl -Har-d y-OH;, coupling an am no-term nal protected aspartic acid residue
havi ng a protected carboxyl side chain to a tryptophan-proline dipeptide
t hrough the tryptophan resi due of the dipeptide, and renoving the
am no-termnal protecting group fromthe aspartic acid residue, thereby
formng a protected 4-6 eptifibatide fragnment of the formula:
P3- Asp(O-PZ) - Trp-Pro-OH;, coupling tt®2-3 eptifibatide fragnent and the
4-6 eptifibatide fragnent through attachnent of the Ay residue of the 2-3
eptifibatide fragnment to the Asp residue of the 4-6 eptifibatide fragnent,
thereby formng a 2-6 eptifibatide fragnment of the fornula: -29- P
j -Har-Q y-Asp( O P2) - Tr p- Pr o- BHHawa®y-asmO:Ry)-Trg-PRomeRr gi nyl ; 4y is glycyl;
Asp is aspartyl; Trp is tryptophanyl; Prois prolyl; Pi and P3 are am no
protecting groups; and P2 is a carboxyl protecting group; coupling the 2-6
eptifibatide fragaent to an activated cysteinam de residue through the Pro
residue of the 2-6 eptifibatide fragnent, thereby formng a 2-7
eptifibatide fragng#tis bemesiginykor mul a: P
| -Har-3 y-Asp( O PZ()J\ 174 y€§10' ACys-NH2 wherein ACys-NH2 is an activated
cyst ei nam de; attaéﬁingra irer capt opropi onic acid residue to the 2-7
eptifibatide.fragmhnﬁsaﬂmﬂygh a disulfide |Iinkage between the
nercaptoproplonlcfﬁgﬁgﬁﬁﬁ%kggﬁgand t he ACys-NH2 residue of the

Pro is prolyl;

P, and P; are amino protecting groups; and

P, is a carboxyl protecting group;

coupling the 2-6 epfifibatide 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-P3)-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-NII; 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

O

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

compound of formula 1




2-7 eptifibatide fragnent, thereby form ng a conpound of fornula I: Ma-CH
Pl-Har-d y-Asp(O P2)-Trp-Pro-Cys-NH2 S S (1) wherein Ma is
mer captopropionic acid; Cys-NH2 is cysteinam de; renmoving Pl fromthe Har

resi due of the compound of fornula I, thereby form ng a conpound of
formula I'1: -30- Mpa-OH HHar-Q3y- :{)(OPZ) Trp-Pro- Is-NH2 S aD
coupling the Har and Mpa residues of-3kre conpound of formula Il, thereby
formng a conpound of fornmula Ill: a-Har-dy- Asp(OPZ) Trp-Pro-Cyl -NH2 S

S and renoving P2 f eAspr ] formula I'll to
formeptifibatide. e pr ocelgs aggﬁygsa?(gfﬂﬁ%%er @l 2i s stabl e under
conditions suitable f renmoval of Pt. 16. The procesy of claim 14 wherein
P2 is t-butyl. 17. Thes } } i

9-f1 uorenyl met hoxycarbonyl or benzyl oxycarbonyl. 18. The process of claim
14 wherein ACys-NH2 is H Cys(Npys)-NH2qqy 31- 19. A corrpound havi ng fornul a
| V:

coupling the Har and Mpa residues of the compound of formula I, thereby forming a

compound of formula ITT:

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

(1D - and

removing P, from the Asp residue of the compound of formula ITI 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)-NH;.




H2ZN =NH NH O HONH R -NHO bNHO S, i ONHO\p2 Jv ~ NH2 0O NH
wherein R is hydrogen or Pi; 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 claim 19 wherein R is hydrogen. 22. The
compound of claim21 wherein P2 is t-butyl. 23. The conpound of claim19
wherein R is Pi. 24. The conpound of3%tai m 23 wherein Pl is :
9-fl uor enyhnet hoxycar bonyl or benzyl oxycar bonyl. -32- 25. The conpound of
clain1241@herghﬁgﬁém&ﬂ% ~ ¥€£PI%§. A conpound sel ected fromthe group
C-har-Gy-Un

consi sting of".

H,N

>=NH
NH
o)

HO _ NMO
>—§ RN NH o
d

o
J IS
‘ o. NA YO p2
%,
_NH "
0 —
NH; O NH
(Iv)

wherein

R, is hydrogen or Py;

P, is an amino protecting group; and

P; is a carboxyl profecting group.
20.  The compound of claim 19 wherein P; is {-butyl.
21.  The compound of claim 19 wherein Ry is hydrogen.
22, The compound of claim 21 wherein P; is t-butyl.

23.  The compound of claim 19 wherein R; is Py,

24.  The compound of claim 23 wherein P, is 9-fluorenylmethoxycarbony! or

benzyloxycarbonyl.




Fnoc-Har-Ad y-O P4; and Fnoc-Har-Qd y-Asp(O P5)-Trp-Pro-OH wherein Fnoc is
9-fl uor enyl net hoxycarbonyl; Har is honoarginine; 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 conpound_of claim 26 wherein P5 is t-butyl.

29. 3-nitro-2-pyridinesul fenyl -cysteinanm de (H Cys(Npys)-NH2). 30. A
conmpound having the following formula: Mpa-H ar-@y-Ay-As p-Trp-Pro-Cys-N
H2 S S 531. QRS Sl ifipatide and dy-eptifibatide.

32. The corrpo?ilfi on. o?bggﬁ%%h?gﬂnﬁzﬁg%h%wgt | east 99 % eptifibatide and
Gy-eptifibatide in the range of 0.01 %to 1 % -33- 33. The conposition

of clai 2 C i S] t.least .99 %epti.fibatide and Gy-eptifibatide in
the r angkeéo ¢ 8@@%@%}1&%@ cgg)deﬁ;]bm the group c%nsmtmg of!

Fmoc-Har-Gly-OH;

Fmoc-Har-Gly-0-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 1s tryptophan;

Pro is proline;

P2 and Ps are carboxyl proiecting 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)-NHz).
30, A corﬁpound having the following formula:

Mpa-Har-Gly-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 0.01 % to 1 %.




-33-

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




