PROCESSES FOR PREPARI NG EPTI FI BATI DE CROSS REFERENCE
TO RELATED APPLI CATI ONS [0001] This application clains
woheosheessiit of U S. Provisional Applicati on NBCT/US2005/011873
60/ 560, 453, filed April 8, 2004, which is incorporated
herein by reference inits entirety. FIELD OF THE
I NVENTI ON [ 0002] 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 internedi ates for eptifibatide, to
conmpounds 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
ant agoni st of the platelet glycoprotein Ilb/llla. 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 treatnent of acute
myocardi al infarction. See, for exanple, Phillips et
al ., Journal of Biological Chem stry (1993), 268(2),
1066- 73; and Scar borough, Anerican Heart Journa
(1999), 138(6, Pt. 1), 1093-1104. Eptifibatide is al so
adm ni stered to patientsundergoi ng bal |l oon

angi opl asty ' i) 1 on

people in tﬁgwgﬁgy@%mﬁﬁm@%% 4]

Eptifibatide is believed to work by inhibiting

pl at el et aggregation, specifically, by blocking the

platelet receptor GP Ilb-Illa. The aggregation of

pl atel ets can obstruct bl ood supply to the heart,
CROSS RERBERENCE @ REIGATEDeARPLPOATIONS, nyocar di al

infarction (heart. attack). . The ef ts of. eptifi.batid
arl80Qe This appliraiipn plafmag ?bﬁ%%tﬂ’ffbeggi%i)‘éﬁs’foggle‘%@péw I?Ihﬁo'
I AT AR L QMASERlRdorfiAee BeR bpRderbh® iffifs@afifety.
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FIELD OF THE INVENTION

[0002] 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 eptifibatide, and to processes for purifying eptifibatide.

BACKGROUND OF THE INVENTION

[0003] Eptifibatide is a highly specific cyclic heptapeptide antagonist of the platelet
glycoprotein ITb/IMa. It 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
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] Eptifibatide is marketed in the U S. under the
trademark INTEGRILIN(r), and is used to treat patients
Wi2003/1ae3st e coronary syndrone (unstabl e angi naPamaS2005/011873

non- @ wave M), including patients who are to be

managed nedi cally and those .under goi ng per cut aneous

coronary intervention ("PCl"). Eptifibatide is also

i ndicated for use at the tine of percutaneous coronary
underigbin@HéHbén ASepladty distooglups foe etivhasyer hWahitfiorgpeople in the U.S. are

intracoronary stenting. [0006] Many reported synthetic
Cmdlé@iﬁ?@ﬁ@ﬁ@%— to eptifibatide have enpl oyed known
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e

arge-sca I qui d phase processes. Conplex reaction
the sepaxtteipeparafion obanfrhgmentsidMpatler-Gly and sp-dfp-Pre The coupling of
product re di.ffi.cult,. Ways exi st t.he :
sy G oa i Hb i e nel o LA RTRS AT TR st 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.



and phase transfer reagents, as described, for
exanple, in U S. Patent 4,954,616, and extensive
wohownaeasyr aphi ¢ purification, but such nmeans add/usSen05/011873

the cost of the overall process. [0008] A need thus

exists for alternative pracgsses for the manufacture

of eptifibatide. SUMWARY OF THE | NVENTI ON [ 0009] The

i nvention provides, inter alia, processes for

preparing eptifibatide. Certain processes of the

i nvention conprise providing a conpound of fornmula I1:

M a- OH H Har - ﬁi‘? P2) - Tr p- Pro- Cys-NH2 (p) wherein
S[H"ﬁ@ﬁRpQOWbubafé$%§ is glycyl; Asp is aspartyl;

J@Of)ﬁ tTHﬁPﬁl@&hﬁﬂ)ﬂl’@VI&é&Q ihter P chess@’ fri ahﬁg ept1ﬁbat1de Certain

tei'nam de; Mpa IS mercaptopropioni ¢ aci

proceases axf irexipiengiontceniprisg prywvisling acwpoundgoftfn@mlaﬂ and l\/pa

residues to forma conmpound of forrmula II1:

Mpa- Har-G3 y- Asp(O- P2) - Trp-Pro-Cys-NH2 () ; and

renovi ng R2pd-08Im t he AspHae6iwAep(OF-PH)HEpPeciysNH.of

formula Il yto formeptifibatide. [0010] The jnvention

al so provi des processes in which an am no-term na

prot ect ed h¥moargimime Tesidue s coupted Wwth a

gl ycine residue, thereby formng a 2-3 eptifibatide

fragment of the formula: Pi-{Har-Ay-0OH Also provided

are processes in which an aspartic acid residue havin
whereinHartiebemoargbuyh (ﬁdylls glwgbd Apisraspartydolypl ieypiophanyl; Pro is prolyl;

e P SR A Gk BRSO Bt PSRN st
coupﬂ'nfth% R drfab @ Mﬁrﬁ@mﬁﬁégﬁ%ﬁn 8 botpeurddaditoinaila IIT:
Asp(O P2) -Trp-Pro-OH. After deprotection, the 2-3

eptifibatide fragnent and the 4-6 eptifibatide

of ‘the ciy el APOHFUER RO @F‘*“Q{ezaﬁiéﬂe”ﬁ?tto
S

the Asp residu
S

(II) ; and

removing P, from the Asp residue of the compound of formula III to form eptifibatide.
[0010] 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.



of the 4-6 eptifibatide fragnment, thereby formng a
2-6 eptifibatide fragnent of the formula:
wWOi200340038l y- Asp( O P 2) - Tr p- Pro- OH wherei n Har P6T/US2005/011873
honmobarginyl; Gy is glycyl; Asp is aspartyl; Trpis
tryptophanyl; Pro is prolylg.Pl is an am no protecting
group; and P2 is a carboxyl protecting group. In
preferred enbodi nents, the 2-6 eptifibatide fragnent
Aftett depearugticar tHe®-apptifitdtida thagmeysirne thadicdetifiati diagment, in turn, can be

hr ough the Pro residye of the 2-6 _eptifibatjde .
coupie.dafawﬁh ,atteq%vél?e@sg)f sty figridpeat Jf’g“e%?i eprlﬁé%tfﬁéwgﬁ@rﬁw Asp residue
R S R R

resi due. A nercaptopropionic acid residue can be

attached to the 2- tifibatj fra t hrough a
di sul fide |inkage Héﬁ%eg&'g%bg%?'c’%ﬁ%g% ionic acid
resi due and the ACyS-NH2 residue of the 2-7

eptifibatide fragnent, thereby form ng a conpound of
wherkimrIdar is hpmpammd;d}lyps glycyl; Asp is aspartyl; Trp is tryptophanyl; Pro is prolyl; P,

o o0 TS S PSPy RSB Lhg R B B embodimens

the 2ReeMmMatiCt Rigiheans theplddto anhestitited ofstdifanido ipedirdholigh the Pro
_formula | provides a conpound of fornula [1l: Mpa-OH

residpp piathe g cpifiatidpipement, Bieerbgyferming 22 efifthatidg fiegment of the

:bnnhb;erninal Har and C-term nal Moa residues of this

cofrpound provi des a conmpound of fornmula |11
Moa- Har - @ y- Asp( O P2) - Trr - Pro- Cys- NH2 Sm and

subsequent renoval_ of P2 fromithe [esi e yields
ept i fiqbat i de. Pl-har-Gly-%sp(O-glz)—{er-ﬁ%PACys-N%ﬂ Y

wherein ACys-NH; is an activated cysteinamide residue. A mercaptopropionic acid residue can
be attached 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,

@

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,

)



[0011] The present invention also provides products
produced by the described processes, such as conpounds
wofodsaoweasha |V: (1V) wherein RL i s hydrogen or PEL/USRD5/011873
is an am no protecting group; and P2 is a carboxyl
protecting group. OQther repsesentative conmpounds of
the invention include Fnoc-Har-d y-0OH, Fnoc- Har -
A y-OP4, and Frnoc-Har-Qd y-Asp(O P 5)-Trp-Pro- OH where
Couptthgathel NRsrminel Har daix@Hterprind] ddpa regidgesmfiihis compoeand pionides a
enbqdi.nents, _the invention provides conpositions
com PTHYY®pti fi bati deand | ess than 1% of certain
process inpurities. The invention al so provides

processes for purif tifibatide. DETAILED

DESCRI PTI ON OF MP@@éFF&Y’r&E EOIVRITSyS-Dk2] | n one
aspect, the preséent invention provides jonvergent
processes for preparing eptifibatide that involve
preparation of a”2-3 eptifibatide frag

preparation of a 4-6 eptifibatide fragnment, and
coupling of the 2-3 and 4- G(Q%tifibatide fragnents to
forma 2-6 eptlflbatlde fragnent. Certain of these

and s?b%%tégmpmlcﬂ Ve fogupreiAy r?%uezmeldé petifihagide de
BT The pRe R Siaf bl el SR A B AR R bl e BiEhbed

procésstsewh aseoapptudy afffommile [ci d and the 2-7
eptifibatide fragnment to form Precursor A, effecting
i ntranol ecul ar peptide coupling of Precursor A and
renmovi ng protecting groypsNfromthe coupling product
to formeptifibatide. [0013] In further enbodi nents,
the invention relates to Nbcts produced by the
descri bed processes for NHparing eptifibatide. In
ot her enbodi nents, the invention relates to novel
conmpounds that can be used as internediates for the
preparation of eptifibati In further enbodi nents,
the invention relates to ¢ unds that are
structurally simlar to efqtifj batide. _The invention
al so provi degjoi n addi tion ts, processes

for purifying e tifi bRk 0
(o

s o NH O p2
%,
NH z
O —
NH, © NH
av)

wherein R; is hydrogen or Py; P; 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 P4 and Ps are carboxyl protecting

groups. In certain embodiments, the invention provides compositions comprising eptifibatide



[0014] As used herein, the term "carboxyl protecting
group" refers to a noiety that can be selectively
wabti@cextit o and renoved from a carboxyl groupPC®/US2005/011873
prevent it fromparticipating in undesired chem ca
reacti ons, w thout unacceptgbly adverse affects on
desired reactions. Exanples of carboxyl protecting
groups include esters, such as nethyl, ethyl, t-butyl,
and lessrthsub$6 of carath frepesy impuanitiess They Investicer so @oerdgs processes for
Tother§ C% er carboxyl protecting groups are well
PurifyingaRtfRa4%e art and are described in detail in
Protecting Groups in Organic Synthesis, Theodora W
G eene and Peter GM Wits, 3rd Edition, 1999,
ubl i shed by John WIley and Sons, |nc. &0015] As used
DETAJL&IhD PIFIAN QF HL US ERAGIVIYENBOPIMENESs to a
TPl | iPbnc@Reditng Bl EntioR blAEIS dolibr B pEEIRE Sor preparing

ato Fom par

eptlﬂbaudmtﬂlasmwebbe phgpaiatioh of @2c3 emifibatité frhgznentpprap&aﬁ&abf ¥4-6
adverse affects on _desired reactions,

eptifibatidoirpgmentcnd foupling pfthe ded gyt é&%@?@é{ds ﬁagwew tgdorm a 2-6
eptifi grgrgcrl]% E’g%rﬁerﬁ m@%rtalﬁl drPese dJes ﬁ%l\%tcgﬁfﬂlﬁg[ég Qggsaéﬁﬁibamde fragment

ers; cyclic | erivatives
to anplbtih:&bd nysd'ﬂnarmﬂe dessduego d:‘dsmaa; ZWOGpmﬁlbatldaJﬁnagmmstﬁotmmg(h disulfide

, and benzo a roups such
bond}@ %e@tly?ra?wrﬁm%m ap1d e éﬁ@ % Eigmyeit tefqray Precursor A,
effecBE Mrapi AR pRBt Pﬁn@&@ﬁé@&&oﬂ‘&% rélﬂowﬂg lpﬁét&&ﬁ% groups from

are described in detall Tn Protecting G oups
the cdmmmgmo@gcntd@smgptlﬁh&ttﬁ%ra W G eene and Peter G M
ubl i shed Jo

Wi t W d
SolO17hcfn ey aboimgasdRR BivaRirn tefies B PFOUE P figd b the
descrttd Iﬁbéesér’s’% b %ﬁﬁlgt dp@ifietide. b BESerhbdiments Ah&BivieRorPEelates to

an am de bon any means, between the noieties
novehednappungs H@acar{bqul amt@m@dlatﬁérfeﬁ the praperation of eptifibatide. In further

emb(}dg éqr%lgt%,lh%g g‘lv nt%]l re?até& t4 %(rafngsl ch s%%f tur%lgy ﬁfl/_l ﬁg qul%baude

The 1hh@it10®1&ﬂlso§ﬁoﬁﬂ&ﬂ i ﬁﬂdlﬁ@{aﬂfbmﬁodiﬁiedﬁ cébsésuﬁof pelefyNehtifibatide.
bet ween the npieties being joined. [0018] As used

hel08i4, fpasadchersingde F%lt EATOY R P SER B OB sTedue to 2 moiety that can
be se¥e%{1%12 a{tgcl a%d %dellge ve grofl‘lea? EQH&}II gg%ugp § pfRRABL Bofif pdartlclpatmg in

I Su nerc pl oni c aci
undesired chemlcal 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 triisopropylsilyl. Other amino protecting groups are well known in the art



[0019] As used herein, the term"dy-eptifibatide"
refers to a conpound that is structurally related to
wenpbisfioesat i de but contains two adj acent gl yci neCT/US2005/011873
residues rather than a single glycine residue. [0020]
AUam no acid residues referged to herein are natural
am no acids that have the L-configuration. [0021]
Eptifibatide has the follow ng chem cal structure:
and 4r® ﬁQSZ;th}bin détiodhin Betecting éﬂr@lpshne()rgmmesmhm Themtpra W. Greene and

Peter,\gal{)ﬁg\? %g%ﬁ%ﬁibga @/%‘ &L%?mb%]é@%é§w tr§[87a0| d

de oga]at AQRSe EREERS BRMEnT €0 Pﬁndghﬁlm S8k a9 RN BRrORAWRrs to the
bel ow." [0023] For the ease o escription, the

fonna’e@n ol msamida bahd dylray mgane rbstivéendhe (IIZD)C’EIBBI bcmg poined. .

@{)’iﬁg %Psf mer C )terﬁqs‘oagﬁa%' g a8l dSI gxa%{ ons éhereof refers to the

form@ﬁcﬂ%itéﬂ an(uﬁ‘é B} dlSﬁ%S'b@ﬂ@ W@ﬂﬂéﬂﬂ}i Itha& a6 us(eﬁ)foﬂ ®rm an amide or
and (7) is cysteinam de (CyS-NH2)

dlSUlfld@hql}d I Wtﬂéﬁ mowhisolviRGiNRed. t he present invention
ftoﬁﬁlza%kg e%ﬁe@l% éiﬁo‘gagﬁﬁgc%% Ee;Q H&ﬁﬁ@ c{:sncgle” refers to a

cyste(iarmmﬁe %idu@&hsft ﬁﬁgﬂﬁbﬂb off %Mlﬁ@ﬁﬂ&dlﬂd&ﬂioﬁd mlﬂlgnétﬁ’hp’t@proplomc acid.
acids (2) and (3). In a second sequence

ept00fPhass deed Retgpetie trg ]é(rf‘é’ilgéa%‘%?ﬁtfﬁﬁeﬁ tﬁ ¢ Campﬁand that is
strucﬁﬁ‘él re da‘%%d to(e}h\f}?gtgde(lﬁ% F%Ig %30% @J?geglggﬁ{cﬁle \Aﬁlﬁ%lﬁég?é\thgr than a single
glycmerd;sameptl de The 2-6 fragnent of eptifibatide is

P 07! &y Sl G ies ool todyein GrestigirasERiaRadcig thnt have the

L-coRddrhitgs an exenplary process for the preparation of
the 2-6 eptifibatide fragnent: Schene 1. Preparation of
t hi9021l6 Eptifibatide hes thedolldwingchelvical singtwe:5 6 7
Mpa- Har - G y- Asp- Tr p- Pro- Cys(NH2) Sequence A

NH N
© OYO
S NH
s~ \/Kfo
NH,

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



Sequence B Fnoc-HarOH HAdy-OQ Bu Z- Asp(Q Bu) - CSu

H Trp-Pro-OH Fnoc-Har-d y-OBu 4 5-6 Fnoc-Har-d y-OH
wa-206sp0@sBu) - Tr p- Pro- OH Fnoc- Har - d y- OPf p PCT/US2005/011873

H Asp(Q Bu) - Tr p- Pro- OH

Froc- Har-d y- Asp(OQBu) - Trp-gr o- OH 2-6 [ 0025] Sequence

A of Schenme 1 shows the preparation of the 2-3

eptifibatide fragment and Sequence B shows the

preparation of the 4416 &ptidibhti de f& aghent. The two

sequences converge \ r olcyafent of

eptifibatide. At homuﬁaﬂ.iséghd;e%l\%ﬂgh%ﬁ eX|ener%ry am no

acid protecting grou it will be appregi ated by

those skilled in the art of peptide syn?ﬁe5|s t hat

ot her known am no acid protecting groups can al so be

used. r _exa nmg . . )
(S¥hsrs R A Aoy e P b . B8 Ehepiceldpying showm below
protecting groups such asCbz (benzyl oxycarbonyl), RCbz
(benzyl oxycarbonyl groups substituted aromatic
ring), 9(2-sulfo)fluorenyl nethyl cgr baréi‘%—&f

9(2, 7-di brono) f | uor enyl| éhylocar e, 2-chl oro- 3-

i iidenylnmethyl cauHDa

Benz[f]i ndem;ﬂ I met hyl carqa#q\g All ac

(Al I yl oxycar bonytig~gr ougs be . /f)OB] %:Pe—@
t-butyl ester on th tyI resi dife cap=ne repl aced
by any ot her HgF gpject i n roup that -. f

acid treatnment such as, foH exanpl ey

(di phenyl net hyl ester) proteg%;(gip oups that can
be cl eaved by hydrogenoly IS suc fo L
OBzl (benzyl  est #Pa_(1ho2{) The NHEnoc- Har nnlety |n t he

eptifibatide fragnents deps V\ecf\]goSe%uence A of

[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) is
aspartyl (Asp); (5) is tryptophanyl (Trp); (6) is prolyl (Pro); and (7) is cysteinamide (Cys-NHy).

[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 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 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:



Schenme 1 can be replaced by RNprHar, where RNP1 is an
am no protecting group such as, for exanple, a Chz
woOheszapoasxycar bonyl ) group, a RCbz (benzyl oxycacbmsyios/011873
substituted on the aromatic ring) group, or an Alloc
(Al'lyl oxycarbonyl) group. Spmilarly, the Z-Asp (or
Cbz-Asp) noiety in the eptifibatide fragnents depicted
i n Sequence B can be replaced by RNP2 - Asp, where R p2
is an am no pHcbémefli Rgeparaviop of st 2-6 &nadneent bEBpEfibatide
basic conditions such as, for exanple, Fnoc
(fl uorenyhnet hyl oxycar bonyl ), or where RNP2 is an
am no protecting group thatzcam bg clkeaved by

hydr ogenel ysi s such -HERGHRAGIRSP @-C?Qﬂﬁ-l
(benzyl oxycar bonyl e “@Z"ot ect iyralg ar oFSljprvvi suzt))st ituted

aromatic ring) group Qi addition, the -Q{Bu group
depicted in Schene 1 Tan be replaced by Rep, where Rep
is a carboxyl protecting that can be cleaved by acid
treatnment, such as, for exanple, an ODpm
(di phenyl met IS8IYSBERA  group. Pfp (pent af | uor ophenyl )
can be replaced by RL1, where RL1 is a carboxyl
activating group;/|and Su (succinimde) can be repl aced
by RL2, where RLZ|is a carboxyl activatingSeiuzmnge B
| ndependently of the nature of the fragnent, both Pfp
and SuF@ab-HwOHepl acad-Gly-GiBher stable active |gsters
such as, feor exanpl e, no and di ni trophenyl {Eters,
tri- and pentaphenyl ester, It will be apprecitated by
those skilled in|the art that the sel ection of
particular prote¢ting groups depgnd @mw_cﬁw id@f—‘ﬂpt-iﬁro-OH
of other protecting groups that exi % on‘the sane
conpound hiFr@@i‘Hér'%hé%%@i ments of fhe i ntion, 5-6
particul ar protegting group is chosen so that~
be renoved sel ectli vel y under reaction conditions that
do not affect other protecting groups. [0028]
certain enbodi nents of the invention, the proteé&cted
2-6 eptifi batddaaf-GRgoENt s next coupl Bren-Pro-
"activated" cyst i%rgri de (7), such as,2 ;}%gg@fggrf:rprper?m OH
3-nitro-2- pyridinesul fenyl-cystei nam de
(H Cys(Npys) - NH2) N\ Nps (2-nitro-phenyl-sul fenyl);
Sphenyl t hi ocyst ei nanq de, where the phenyl risig is
substituted; S-alkylthiocysteinam de; or the
Ssul f onat e Fmoc-Har-Gly-OPfp H-Asp(OtBu)-Trp-Pro-OH
4-6

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



and S-sul fenylthiocarbonates of cysteinamde, to form
the 2-7 hexapeptide fragnent ofeptifibatide. The
woeosimiasy eptif batide residue is mercapt opr opComISE005/011873

acid or Mpa-OH (1). Mpa-OH is attached to the 2-7

hexapepti de fragnent under.j@anditions that forma

di sul fide |inkage between 1 and the 2-7 fragnent. The
resulting disul fide piece, designated herein as

Cbz Ekfeazylbspcrarlmnyi)s RE&bk €yenayldx ymaviednyp poaps subistifuesd ometke agmatic ring),

9(2—%%0?%2&% l:|y O‘g]i asr’r}_q(riﬁlj ?)é i% of Pr cur %gﬁﬂo%b%te%c@lom 3-
111der§/11§eﬂﬁlﬁfa?oa%]até BAD AAEL03- pnﬁétﬁglkm SHeOHP A%BE‘ ékﬁymly&rbonyn

car boxyl protécting group. Preferably t rou
groups cdpl e usedler conditions that are suitable for rermval

381 B st 5t CrsPiep B RetrmleBe by oter protectng

grou@ ﬂﬁtt @4n &gl AURSaci BtréhbntishOMAs, 6} dxBfpf, DD g(ﬁﬁﬁéﬁ@irﬁethyl ester)
of a conpatible pair of grotectln rous S

or priiepiing gvuphthahgandee deaved oy hiidwaendlyss suchendbor exansple,{Mazl (benzyl
estergz = t-butyl, which is stable under the sane
ondi ti ons. [0029] Schene 2 outlines an exenplary

prpogsp fTae Fidoe-HMrepsiegtin e cptifiBaed i Sohients ds%ﬁd’t&ﬂﬁi Sequence A of

Preparation of Precursor A from2-6 Fnoc-Ha )-
Schen‘(gyls W plreed %%Nm.ﬁlar where Rypj 1S an amino protectmg group such as, for

B CFE R OB B, T O i ictn e

aromiati® nhg) ggnp,tm&ns&ihw(ﬂl]rylo‘igbmhmﬂ) ganp bBinidyplya dedZ-Byp (or Cbz-Asp)
ot he tectin g,r ps .t hat nerallcy1
moiefyifld ﬁpa%%g]aﬁ 8@&@581? £t H%éﬁql}e&%ag # e sondeced by Re>-Asp, where

Rypz is an amino protecting group that can be cleaved in basic conditions such as, for example,

Fmoc (fluorenylmethyloxycarbonyl), or where Ryp; is an amino protecting group that can be
cleaved by hydrogenelysis such as, for example, a RCbz (benzyloxycarbonyle protecting group
with substituted aromatic ring) group. In addition, the -OtBu group depicted in Scheme 1 can be
replaced by Rep, 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, 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
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)-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



[0031] In certain enbodi nents of the invention,

renmoval of the P1 protecting group from Precursor A
wonraesiidexs1 anot her precursor, Precursor B, whi cRCTAIS2I96/011873

2-7-1 portion of eptifibatide: Mya-CH

H Har-Q y- Asp(O P2) - Trp- PLq1Cys-NH2 S S [ 0032]

Precursor B can be converted, via an intranol ecul ar

pepti de coupling, to Precursor C. The intranol ecul ar

eptifibefdd. dﬁ&@?}@im@eplﬁ]fbﬁﬁ&e mfsfdaeisaﬂerfcﬁ}ﬁbpmpmmgil &id bﬂMi@a-OH 1.
organi c solvent in the presence of a suitable c
Mpa@%gseaﬁadgqﬁcm the2- 7f1t??(alé%¥’§% lfr@gmantmnéﬁli GRditine t f&sgw fh@lsulﬁde
linka F%:%Vae%g?e ! gl'%(ey% Ztr%gaﬁ?rg lé%ig d1su ﬁde \ylece des1g'g|1ated herein as
Precursdred riapkehwhdinovel practisbr ﬁir lmnkn@&pltlﬁbetlierﬁid) strubTd ol Precursor A
or TBTU (2-(I H Benzotriazole-lyl)-1, 1,3, 3-
is shqvgg PelA¥i hy| ur oni um hexaf | uor ophosphat e and
tetrafl uoroborate respectlvely) a carbodllnide type
reagent such as, but not I|n1t
(di cycl ohexyl Mpadfdi i mi de) (P IZ')I"’CG'V'ASP(O PZ) Trp-Pro-Cys-NH;
(di i sopropyl carodii m de), or EDC ‘
(I - Ethyl -3-(3-di*et hyl am nopr opyl ) - carbodiinié%)
wherd ®f iV £5h6 @ﬁote@fng@@tﬁpmzuﬁabmexﬂwoﬂebﬂhg greageRicerably the P,
such as, for exanple op .(benzotriazol - ﬁ%l oxytri

groupfjsraabig Waer ﬁ@}¢§9i%§§bﬁcﬁﬁ¢ BiHaRledaF TeRsVaLoR a%ylporT e selection of
com 1%1( %[‘ t aﬁo%l KE& lFCthG rerﬁoval of only ong of the e groups is

yrrol’ | onl um exal [ uor ophosphat e Pept
Well—kﬂcbl\ph nm@te Iast dﬁsemrﬂ;ﬁeiof 4 comeathhyypads; ofi pnoﬂdulnr@greypsarsdﬁ Fmoc,

Chamer | i n, e Rev. 97, 97, 22
which magisgPROES! ‘i%fgéb?ﬁl%qu%é*f%’rseﬂ’éep% Cpygt &%ﬂthléﬁ%ble under the same
condg £033] Renoval of the P2 protecting group from
recursor C provides eptifibatide. The renoval of P2
cajooR® eSdlentecdiouttines anexepiplyry process for Gamrepasasioned Préoursor A:
the presence of acid, base or any other reagent or
reagent systemin whi ch the protecting group is

| abil e. Schenme 3sembnhd NG&emtation 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)-NH,
1 2-7
Mpa-OH Fmoc-Har-Gly-Asp(OtBu)-Trp-Pro-Cys-NHy
S S

Precursor A (Fmoc2-7-1)



exenpl ary process for the preparation of eptifibatide

fromPrecursor A Schenme 3. Preparation of Eptifibatide
wonw®m1Bescur sor A Mpa- CH PCT/US2005/011873

Frnoc- Har - d y- Asp(Qt Bu) - Trp- Pro- Cys-NH 2 Precursor A

(Froc2-7-1 ) Moa- OH H Har -_Glay- Asp( Ot Bu) - Tr p- Pro- Cys- NH

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

Mpa- Har- 3 y- Asp(Qt Bu) - Tr p- Pro- Cys-NH 2 Precursor C

( E90BO] bAsiinlScle@ieBL)the Mnac kiad @ tybudd prdups sRown Gy SelShe? can be

Eptjfibatide [0034]. After renoval of the Fnpc )
replagiL PG rbRB cct A istps U R dsartell 3G BUb ode useful for paptide
synteBsr amol ecul ar peptide coupling to provide the -butyl

ester of eptifibatide. Renoval of the tbutyl group

f r 9981 helroeaptaint grhbodemients of fhiedhvmtiop riefriolaltafdies P{ @08Sting group

In certain enpodi nents, the present_invention o .
from HipiRat A Brof e GRS RhaH ity BoGrelcb- AR tBF A L portign of
eptif®Rfidd:i bati de and are prepared according to processes

that are simlar to the processes descri bed above for

preparing eptifibatide. Such conpounds include, for
exanple,-Ay tyfii bat i de, ywhi_eh,. & _ns.-tn Aadiacent
gl yci ne resi zj\ﬁp%s(,blflrat her tl_tlwgrélr gnlsi ﬁg: fzg?rycmﬁé%lfrgehg? ue

as in eptifibagide: S

Mpa-Har-3d y-Ad y- Asp- Trp-Pro-Cys-NH2 A y-eptifibatide

can be prepared, for exanple, according to the

procedure described above for preparing eptifibatide,

exl®8p?] aPrerysey § cen bepenvgded.yiz auiramotesulap peptidgiceiplang, to
Precq{r Orf@,r m what corresponds to the 2-3 eptifibatide

ragnent, rather than coupling glycine to honoargi ni ne
to formthe fragnmeMpa-HeGheAsntPtRe)-TadtroysiMdit o this

modi fi ed procedure, ét he HQy-OBu (3)

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,N,N’, N *-tetramethyluronium
tetrafluoroborate (TOTU), HBTU, or TBTU (2-(1H-Benzotriazole-1y1)-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-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:



group shown in Schenme 1 is replaced with

HAy-Gy-OBu. [0036] Gy-eptifibatide is al so
wonroduoexd] i n sone enbodi nents of the inventi oRCTAIS2I08/Q11873

the preparation of eptifibatide according to the

met hods descri bed above fari3preparing eptifibatide.

Certain enbodi nents of the invention relate to

conposi tions conprising eptifibatide and

d y-epti fi bat iStbeme 8cPrepamtior ofiputifitiatide fronoPecirsondy at

| east 99 % eptifibatide and Gy-eptifibatide in the

range of about 0.01 %to about 1 % and conpositions

conpri si ngviph-dlgast 99 WF@@@H&@W@@(@M& Trp-Pro-Cys-NH,

G y-eptifibatide in the range of about 1%to:1\bout

0.1 % [003 __Ihe_pLeSeﬂL_LDMEDLLQﬂ_aLSQ_p_QMLﬂﬂSS

nmet hods for purifying tifibati conprise, for

exanpl e, contacting aﬁgﬁqrﬁ?ri%yf- %ézalt)uu on with a

stationary phase that conprises, for exanple,

oct adecyl carbon chains attached to silica, washing

the stationary phase contacted Wwith the eptifibatide

solution with a trifluoroaceticvacid/acetonitrile

sol ution, opti onal Iy washi ng the st ati onary phase

cont act ed e eptifi 0
acetic aci ch nitrile l'gg{aﬂ%ﬁ}b B %%%ngys -NH;
stationary ase contacted with the eptifibatid

sol ution wi t®—an amoniumacidraceroni trite sorsti on.
Reverse stationary phas@gedirsor(d-7hpown to those
skilled in the art, and other of such phases can be
substituted for octadecyl carbon-based silica. [0038]
In particular enbodi mrents of the invention, the
stationary phase contacted withlthe eptifibatide
solution is washed with a gradi ént having initial
concentrations of 95 % of a 0.1 % aqueous
trifluoroacetic acid solution and 5 % of an
acetonitrile sol utMpaHaafaly-AspePBuphteRra-gys-die of 50
%of a 0.1 %aqueou$ trifluoroacetic acid solution and
50 % of an acetonitgi ohn- e i nvention
provi des further enmhodi nents in_which e,stationary
phase contacted wit ?C‘NéSOé (éﬂt'ﬂﬁ%‘f?é@gv tion is
washed with a gradient having initial concentrations
of

Mpa-Har-Gly-Asp-Trp-Pro-Cys-NH»

S S
Eptifibatide

[0034] After removal of the Fmoc protecting group, the 2-7-1 fragment undergoes an
intramolecular peptide coupling to provide the #-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,



95 % of a 0.5 % aqueous solution of acetic acid and 5
% of an acetonitrile solution, and finalconcentrations
wofoBGaodssof a 0.5 % aqueous sol ution of aceti crativd2@madi1873
50 % of an acetonitrile solution. In sonme enbodi nents,
the stationary phase is wasiged with the acetic
acid/ acetonitrile gradient follow ng one or nore
washes with a trifluoroacetic acid/acetonitrile
-Glygptifbatide, whith4ohtafiseworndgotint@hy cihesiesiduesy rafles than a single glycine
. embodi men S.in which the amoni um aci d/ acetonitrile
residug pg 0 PHbatde s ol uti on conprising 95 % of an aqueous
100 mM anmmoni um aqvlHamrLGIVQE‘I%/%%-ﬁrp%PRf-C@Q-NH
acetonitrile solutipn. In Cerftain aspects’ of the
i nvention, the statjonary phase is vvashedwgith an
anmoni um aci d/ acetonitrile solution foll owng washing
Gly-¥ptifibafidd £dif besprepasibfeadiplé, A6k ONE k6 tHeSrdcdiced¥scribed above for
and/or_an acetic acid/ acetonitrile gradient. [0041]
preparing epbilibriidey cugert i &yl dipgplidp is égmgafé@ havagargigingrte form what

com g B8 o S BB SoR H FER L AL B P ol

formtthe ﬁh%ﬁmts ]I?iot hfﬂnple, etcb@fd'argfctg tiAs moﬂit%ddqhb@ldum,l giei IFg}OIZ-Z(])tBu (3)
rocedure 10r tormn ept.l S can _pe e oyea.

groulgrﬁ@vfrbm s 16z é‘??d?“gé%ﬁﬁ’eHTcﬁVL@b’r%@“vengf %:/ert ain

coleger POl e MENBRoATH BRI olBheriof the invention, during
the pfepargpioe of eptifitepide atiopdingfo the AsgilicsBigyoribep-aboe Okipreparing
.., 0043] . Z- As u) - Tr p-Pro- OH was, obt ai ned .hy known. .
cptiflRR e b BAPEI AL e bTeRdP SPpos IR mgising
eptifbathiPLdd By eftiBibaBid ikdildiRg E’Jrg%ﬁﬂi(ﬁl% cH@pEEinB ateadt®d % eptifibatide
exanpl e, i'n Bodanszky, M (1979), Active eSters in
and @lyprptifibatidainibeiange Thalap0i0d 86 fo ahsiut 1 % pedicormposiiians somprising at

J .. i.enh . nt 3. A i G P 0
teast B4 B iR ARE OTY-boe R0k P arnmteb R SR GP3n sty p-1 %
| tOSTIt | TRE Yresdnt diXRInBor also ProvREE aldtRyils Tbr purifying eptifibatide that
H Asp(0-tBu)-Trp-Pro-OH [0044] To a 2 liter reactor

comprisar i§e examnplp eniasting pa erttigeide sqlpigoyith aztatipnapy phase that comprises,

for e)ée?ng@?,iro%galﬁrﬁ%lgc:alrbg)ﬁ%%ié %?t%%g%\?os sll.rﬂ%aq S&g@gé@% Afgio%fary 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



mai ntai ni ng the tenperature at about 20 0C. The
Z- Asp(QxBu) - Trp-Pro-OH was all owed to dissolve and the
woeeistioes1 m xt ure was then purged and bl anket edCibgS2005/011873

nitrogen atnosphere. Palladiumon carbon (5 weight%

(0.015 kg) was added to thasreaction m xture, followed

by hydrogenation at a 2 bar pressure while the

reaction mxture was mai ntai ned at about 20 0C. [0045]

concéiftiagipng o6 thibhnts, 0. ﬁﬂ(dacmeeug/sdm&un Qﬂwc@a&‘d@md 20 %a@ﬁ:ﬂnsacetonitﬁle

RWIEE ENE RN Y RPN LM T

L/ 0R BRI WiakHels WA S LI RIBFoATE AT A6 BabehotiRil t.
gradlgﬁmglt&)rvl Iuoroacetlél agl d (TFA) V\(;ath agragl ent of glglglen

wefi0e40]a c’Eh@mvmudnealscnpmmlss embedimguotstiomihich the alinmomlm

ion was .
scid e Fe SIS SeaiyeR SPUPE TS 606N st FF Smmontum acia
solutfoR3EHI50N ofaf a6Q0sitrtles6idtibe hecegtaiitdspédts vhae itvieatibilike stationary
anal ysis showed the starting material to_ be |ess t han

phaswis veaghed with ap apggeuayspaciddcetonitile sohvwndelloyiag shing yrith a
ool FRRHAR BaRRO AR PRCRIPLEI i LBLGR,

p- ['ﬁﬁﬁl'] | ThOcduplng oﬁfhe\milﬁds hcidassidued et bcculrmm thedestcnbad processes
m xture. The reaction m xt(gfre was .t he

can DEIAF AT <BE Ty koA M R et SR familiar to those
skllle{(ﬁﬁ thd G.7 ﬁ%ﬁa 5&&831@%?%0@@&%‘@&@0&@? ip)aptlcﬁfs c8h be employed.

tratlono reacti xture cake was .
vva[@bél] t ﬁh@bllbwmewrtpiesfawdhlsm@ qf@eBaih )embeRin@nts of the invention

and TR B PR B TP o8 NP ako. [0047]

The conbl ned flltrates were transferred to a new

vessel at about 20 O0C, at which tenperature

N- et hyl norphol ine (0.066 L) was added. The tenperature
Example lrraPmpai-amm ofeL-Aspe@ Bir)-Pp-PO-MH i ng t he addition.

&%@?}ﬁﬁz \é@aﬁém@o g&ﬁ g@ts ?)B% ﬁ@i@é\%{l%goceﬁures s{artmg with the

comﬁ&%ﬂ&%bhﬂ&l@?lﬂﬁ @ﬁﬁl‘}b&ﬁﬁarﬁﬁ{ THPPrSIOH HE GesdBbed, ET&naxample in

stirréd at about 12°0C for about 30 m nutes and hel d
Bodaaszkyh M. (t%?f?p,eakamre@tetsam wphdasathesisy Tapaptides, Viokel teleE. Gross and

T ngeérﬂmgeg éﬁﬁ%fﬁfgl A 28 c r?sgf L3S olﬁfxlzv ch 1;- &%o%%lpa%c{]ﬁergiﬂtby reference

in its entirety.

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

[0044] To a2 liter reactor charged with dimethylacetamide (DMAC, 1.2L) 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(OtBu)-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



determ ne the anmount of product still in solution and
whet her further cooling is necessary. The slurry
wohv@imediwas filtered and the coll ected sol i dBCTIS2005/011873
washed twice with a 2:1 solution of water:DVAC (0.9 L
each). The solids were thenesashed twice with
acetonitrile (0.9 L each) and dried under a vacuum
bel ow about 25 OC until at a constant weight. The
gradisat @i 98chwhtmiacetbnibile dy 08 gvanasciobiitilekad D nEnstesr HPLC detection was

a,[lenaly IS%’@%@ ]S)ma‘ﬂ ‘ﬂ’&%% ggéerﬁ%a%go@yéﬁdcby reverse

acjod48r eras rdactibewas @&isﬁfé}ed tb @:Q%@ﬂnp&té-%é@ﬂ@'}ﬁbw halysis showed

confirmed the mass [ MtH]
the s@qﬁgg;t@@tenghtp b'prlpss gL or(gqual[tg @5@}) reitaigve(te ¢]@ﬁ;/1erpgiu<;t|aeetad)ercent When

the ré’%\?iﬂ? vaa% alf nvg’rclz gon‘?le cowlétségz—%ﬁ[} &Laﬁ%?ouvs\%glu%%p gg)g-r gﬁglge%ulfonic acid
(. O%{kg"_p‘ﬂl‘ QO]I?&!EFr(ﬁ SBO-LASD(VQI:ef) Bugs-alided 1 e E3dcti@Ombturkd The reaction mixture
slurr y of Fnoc-

(0. .163 net ; based on
was fhemt i didterediheoygh Cebt@@%ﬂ@t Was qup(%we th DMAQ (Gelige® washed thiee

tlmes(,()\g.iltﬁ %.ﬁ'ld e&ﬁ plg‘éﬁ&%’ %t[J Pg’?%lp ?‘8}1% @g&i&%kg %ﬁ gvagﬁéddthree times

with filext DMA@E(Q 3§I)L rHRdC Malm@aﬂeﬁlﬁb R washivastpeefdahéedito confirm that no
di ssol v rpholine (NEM (0.030 L) was added
Pfod%méﬁn%ﬁgfgm%%&%e@g‘%by di cycl ohexyl car bodi i ni de ( DCC)
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slurry obtamed was ltered and the colIected 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 HPLC using an aqueous
trifluoroacetic acid/acetonitrile gradient.

[0049] A LC/MS analysis confirmed the mass [M+H] 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 : 95.4%).

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

[0051] To aslurry 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



an inmpurity that was identified as
Froc- Har-Ad y- Asp(O-tBu) - Tr p- Pro- Asp(O-t Bu) - Tr p- Pro- OH
wO2005a0038mpuri ty"). HPLC anal ysis was conduct e#ComS2005/011873
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time, gl Rl @n%léﬁlé showrst ithe ity Qo qoptisgioyt B o1 qf/@f,ocma éng%//o%pc Har-Gly-

OPa R s Frao - APDH. Bofilssds - HR() B BN Cart dout 5.5% of

an infjueiey {hat '&h@ldﬁaﬂﬁﬁ&ﬁasi Emwlﬂhﬁ(ﬂjl !ArspGO tHu)Bl‘r@XI?rbaA%(OftBhMrp-Pm OH
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a waf;eg/%%efto@trﬁ.g Q@Véﬁ%‘){ﬂh@ Gortt e f0 ﬁ%ltlgflh&ea @i%g?gA‘?}égfrh a gradient of
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ang)Og)s]PETﬁ@re)éct@ory mixture WA fﬁ%lrédjarﬂrtﬁéj §1d WaswElhe@ 8wt with a 5/1

OCuntil a constant weight was achi eved. The water
mixtae of RE/RMAC (2ry489 Wadhs Biyst¢ Kas corkientraied ahdiom D§)15 L at no more

than 8 P e R BTV TG AAPETTL T BAERRE EP g wos added

slowl[s/&ﬁ]t ?gtztg wzﬂlglgaigr;cglagéggﬁtﬁeﬂiw (4S1 L) eéﬂts_srlﬂﬁ@ Sbbﬁnﬂ'&%&rbonate (0.059
kg). The addition rate was carefully coiltroﬁed to avo1d fOIL’Jme-ttlorn of ar zg?um?n_ly 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%).



[ 0056] The recovery yield was 81.8% (0.234 kg); the

net yield was 82. 3% (based on nitrogen content :
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After®tit@hig fokh® ridbied at@out 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)NHo,.

[0061] The recovery yield was 102.4% (0.295 kg) and the net yield 87.7% (based on
peptide content : 82.0%).
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acet oni e solvent mxture containing 0.1
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; vvaet%r/acetg trile to 2:98 water:acetonitrile in 10
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grazdg gi(:: ! (Iétg & n%SX} ﬁr;q%évl\@ ethaldngo?pqqo‘ime 8\]]5?1\(/310(9 893 ]¥) a3 g(')ut tZBk’%t . X\Qesr 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 stirririg 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 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
remaining shurry 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(NH;)-Mpa.

[0066] The recovery yield was 93.8% (0.256 kg); the net yield was quantitative (based
on peptide content : 87.4%). |
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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 aqueous
trifluoroacetic acid/acetonitrile gradient.

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

[0071] A GC analysis showed 3.4% residual diethylamine.

[0072] The recovery yield was 106.1% (0.213 kg) and the net yield 99.2% (based on
peptide content : §1.9%).
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Whet theFHoﬁﬂaltissblved], thé resultmg solution was cooled to about 0°C. HOBt (0 026 kg) was
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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. HPLC 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 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.
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Example 8: Preparation of [MPA-Har-Gly-Asp-Trp-Pro-Cys](NH>) (cyclo-[1-7]-NH3)

[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)-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.

[0084] HPLC analysis was conducted on a Platinum 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.



[0077] The pH was checked every 15 m nutes and was
adjusted to 7-7.5 as necessary with NEM while the
woenpaovedsur e was nmai nt ai ned at about -60C. A saapius2008811873

taken for HPLC every 45 mnutes until the cyclization

was conplete. The reactionass consi dered conpl ete

when the area percent of [2-7-1] was <0.5% relative to
cyclized product. [0078] If the reaction stalled, 1.1

eq [008&] eRVisenahe Te@Hibipwrs caspldigahe mlilxtunet\mmfcobléd%e 103C and added to a

soluff] /| R BRI} e THLLeHPHEL (el ot 180, Thmopling stury was

stirredS P 16 BEntE&11090 WA She QTR &L Grdet PsoulinX t".l“He%oYi’?%vas washed three times
concentrated under a vacuumat <40C to a final vol une

with @f 7/ boxiureefDIPE ﬁnld@cptesmmh (A4 73 L3 endithresotimes with RHBE (0.573 L).
d _to, aho tSCa d slowy to rapidly
Thegrtogl"&l“ﬁagg d&eﬁﬁn%glé){% ﬁ “was at about 00C (7.0 L)
ThR08EF UlThé PebdabikiyandBees b FdvethephastIgRIt.C Goksfafaqafdus
m nutes. The foll ow ng Frocedure was then pertorned
tl‘lﬂuprﬂ’dé@mtﬁt%@éeet?fw)ﬂl@ peadegl-t ati on was st opped to al |l ow

{ Ol A ECIRS LA 20Sh BURSLARAN M SriSe0aY & @istb )71 i)

abﬂlﬂ)’GSp Che fercesé'ry@/ﬁdl& k;vaaoatsaﬂcg (81.9%) ahg theatet gidttead 87.2% (based on
the reactor and agitation was re-started; (d) the
peptigdp gppigntie/d- 10k rred for about 20 minutes at about QOC.

TE@OPQF alrh% E&r;ﬁge%:ﬂ? gé‘h%o a\gﬁesfﬁte%}% ( g‘hga\%h%e\{/%sgcgﬂfgg efl gy fhe following

HPLChrethedSyinergi M- Jalgmm 86A 2664, 6 sy stveat Af 62 nild

o GRETLERy fod ol B BRSO et B 32 BT b d BT praa o7

(50/%%18 C?h oGkt MBSuMnth s8bc; g%%éﬁpw%lse&\lé% Bs hﬁn@c@é t%éér to W38, B over 13

solid was dried undér a hi gh vacuum at about
minufFOB86h tarh@0% Moeter fl mmuteanal yzed by reverse phase HPLC

usi ng an aqueous trifluoroacetic acid/acetonitrile

gradient. [0081] A LC/MS analysis confirnmed the nmass

Examhpietd: Bidficatitin( spEpeibdtidel ( Bu) - NH2)

Primary-purification:

[0090] The primary purification was a trifluoroacetic acid/acetonitrile-based
purification. The norms applied for the individuél main fractions were = 92.0 %. The stationary
phase was a Kromasil C18, 10 pm, 100 A column with a 5 cm diameter. The column 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 / CH3CN (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): > 92 %; and

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



[ 0082] The recovery yield was 103. 7% (0. 194 kg); the
net yield was quantitative (based on peptide content
w@2008%038Exanpl e 8: Preparation of PCT/US2005/011873

[ MPA-HaF- A y- ASp-TrP-PrO- CyS] (NH 2) (cyclo-[I-7]-NH 2)

[0083] A mixture of dichlarpgrethane (0.573 L), ani sol

(0.086 L) and TFA (0.122 L) was prepared at about

200C. The resulting solution was cooled to 15C and

s oThelcqllec#H (facBons wedeRtof & #PPCkgB°@as added sl ow y.

The tenperature was hel d bel ow 200C during the

addition of [1-7] (O Bu)-NH2. The reaction m xture was
Seco%w’g%% coehed to 100C and an extra portion of TFA

) was added in about 10 m nutes. The
t ef®082at ihe saoasddrgipdrifiedtion GGG ateti¢ agd/aéatorsttde based purification.

After_the diti .of the TE }
The S e bE ST PATTAD Sraias o S Bk ek inpygaag <03/ 0.5 %
The & é‘ﬁgﬁa@ﬂ@ﬁa}éé ks ‘é@éoﬁﬁlﬁf’é% =) ;9{1 ﬁoo"A%hﬁM{%ﬁ% d%daﬂetér of 5cm. The

0*4.6mm The gradi ent was 22 98% B I n
colurhb prdssurt essasWﬁel:r Ebas] the AivwAateasash 0t/ Ml ahd dmmmn wdat a
oIvegtt Er? 1%T in acetonitrile. Detection was
wavelg R %9\1?1 hages3veie 9 FALMSe. and ¢ he

te tAur /@ BPSIP e when <
3. %&%@ﬁ)fcﬁﬁ?ﬁ@%@r%ﬁgﬁ?@ﬁ%/ne fat [ véﬁ{ o the

pr Saluedt B: 008H] OW%nnptm:eweéMaltem %ﬁl‘b(ﬂ@(ﬂ%t e the

21 Ol 365 e SCarelptpereEy albobr | Bt et Ly minutes

The phiefeatidih Sradfabivhl RQfoﬁb%*éluﬂ\ﬁﬁotsltOOr%%glvEﬂtrA Qe MirRSes; gradient: 0
at 100C and then filtered under vacuum The solid was

% B teakh¥dB oleneminuiess 10" B ta 33/%8 Brover aP enivitelapg ebutign of 100 % solvent
B ole%onlttrlle(o 573 L) and three tines with DI PE
Ve The product was dried at no nore than 25C.

0[@354]] TﬂTﬁe PlirdkaEibn WAS nihatbitaadingymsBYE VDI SF BTG and the
usi ng an agueous tr| fI uor oaceti c acid/acetonitrile

targeba%épf@mec efipyaE 2sAOFNE anal ysis confirmed the nass

[ Wn éac%lon (ﬁ { ): &%‘:d & \Mth ﬂlptl}q_ﬁegL 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:

[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 NH4OAc desalting/ AcOH concentration was a
Kromasil C18, 10 um, 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 (95/5);

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 :
wWo@20%038j 0089] The content in pure APl was 45P8¥USTi5®11873

val ue was obtai ned by the foll owi ng HPLC net hod:

Synergi Max-RP 4 nmm 8gA 250Q%4. 6 mm solvent A: 52 nM

H3PO4/ CH3CN 100nmM H7SA (86/ 14/ 0.80); Solvent B: 52 mM

H3PO4/ CH3CN / 100mM H7SA (50/50/0.80); 220 mm 1.3

n1 [ooPT] T68 Golug_fna&d:hﬁqﬁliliﬂﬂ&fﬁd by elutiéh offil OIYESHlvenl Afbvfe@ 15 minutes.

45% B over .nutes, then to 100% B over 1 mnu
For ; [qadmg, %papmp%@g@@rb ot 1<E8{cplflw%1iﬁegmn was dlluted W1th 2 volumes of
proc&ktd Bz puri fication: [0090] The primary purification
was a trifluoroacetic acid/acetonitrile-based
pul00P8L afThe desalting wanprsfoappd ae®llbws: {0enihwmeds of shiint A; 10 minutes

o 6 OB G B BRI e

OE" Cotbtitaabh!Vas Pre@sifiet Qs Yelfovad 1@ﬁ’£1ﬁute§ Bﬁsoﬁ\Le‘?lWA and 50 % B
a e was 50 m/mn, and the detection wavel ength was

over:li@ammeﬂhe mobi | e phases were as follows: Solvent A:

ce 95/ 5 an
o B DSRS0 58] B B s 000
SF32B30 13- thd hieget @beupransasrib wetddsafotigwhy el ution of 100
% sol vent A over 15 minutes. The purification gradi ent

waMagslragiondid): 2999 V@Wltbtmnmw%%%w@ﬁt%mer 10

S n 5 % B over 60 m nutes;
an%%i ?fa tl(%’na;g’?%%?fo% gg%%% over 15 minutes. [0091]
Thehgevlieticd EHactitnsvasre FRéd Aed ti8POg method
MAD- 009- SF323TGL and the target acceptance criteria

were as follows: Main fraction (FI): > 92 % and
[0101] The entire disclosure of each patent, patent application, and publication cited or

described in this document is hereby incorporated herein by reference.



Side fraction (Fp): > 60 %and < 92 % The col | ected
fractions were stored at 20C to 80C. Secondary
wouoisiioesat i on: [ 0092] The secondary purificati eOTAWE2008011873

acetic acid/acetonitrile based purification. The norns
for the individual main fragions were > 99.0 %wth
single inpurities <0.3/ 0.5 % The stationary phase
was a Kromasil C18, 10 mm 100 A colum with a

WhadiigQRiigledof 5 cm The colum pressure was 40 5 bars,
the flowrate was 50 m/mn, and detection was at a
wayel en%th of .215 nm The nobil e phases were as

Lo £ ofIB0RESs GYPRMSIEE'A: AcOH 0.5 % in processed water /
CH3 : ; 7. ACOH 0.5 % in processed
wat ﬁb§1ﬁ%§éﬁ@§)§}l§8§ﬁ{h&%§§] The col um was
equilibrated by elution of 100 %ol vent A over 1

5
m nut es. e ificati radi.en s..as, foll :
el ution of %)'gﬁ/sol vent}?'%lag'\gﬂ?AfB{%ﬂT@g?m&y %ﬁt: 0
%8 to 15 %Bfover 5 mnutes; 15 %B to 35 %B over 60
m nutes; and_elution of 100 %ol vent B gver 1D

m nutes. [0094] The purification was nonitored using
met hod MAD- 009- SF323TGl1 and the target acceptance
criteria were as fol l ows: MY fraction (FI): >99.0 %
V\A%Beﬂ'{ﬁj)urities < 0.3/ 0.5 % and Side fraction (Fp):
> "6 % and < 99.0 % The col lected fractions were

st or ed Hbr BGotmatMihylPesal ting/ concentration: [0095] A
doubl en& salaii ng step in ammoni um acetate sol uti on was
per f or B&BPe the concentration step to renmove the
r esi duaksé{sigsbﬁ%rlpacet ate counter ion and to obtain
the acetate formof the peptide. The concentration
step relycedryptophamgillune of the processed sol ution.

Pro is prolyl;

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

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

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

ey
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 III to form eptifibatide.

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

compound of formula I:



[0096] The stationary phase for the NH4QAc desal ting/
AcOH concentration was a Kromasil C18, 10 nm 100 A
woabosmaodgit h a di ameter of 5 cm The col um pr e6TMISE005/011873
was 40 5 bars, the flowrate was 50 m/mn, and the
detecti on wavel ength was 2hF.nm The nobile phases
were as follows: Solvent A: AcOH 0.5 % in processed
water / CH3CN (95/5); Solvent B: AcOH 0.5 %in
pr ocessed Mpd-OH / CFBCNI&MJCH@AspMZ}SmprBfM-Cﬁ NH4 OAc
100 niMpH: | 6.5 in processed water /
(95/5). [009 ] The colum was equili brat ed by gl ution
of 100 % sob oV m ;
| oading, the main fraction fromthe AcOH purification
was diluted with 2 volunmes qf) processed water. [0098]
The desalting was preforned as follows: 10 m nutes of
whergigl Rigs an amincOpmfeatieggroup, therele firming the coinpowssobiormula I1.
solvent A; and 10 m nutes of solvent C. [0099]
Concentration was prefornmed as follows: 10 m nutes of
5. SOTN&frocésdfdlanf 4%heR¥BIP, IPstiBlOHA®SE coh@BSY suliiBle for removal of P;.
desalting and concentration were nonitored using
met hod MAD- 009- SF323TGlL and the target acceptance

Criqt erj f fraction (Fl): > 99.0
6. Mttﬁ‘#ﬁo%\éﬁ&ﬁa@ﬂ\’% %ﬂ? bé\@lﬂ/é’ and Side fraction
(Fp): > 80.0 %and < 99.0 % The collected fractions
vvere stored at . 2C to 8C_ [01Q1] The entire disclosure
7 of TheagRegsa o0& pleim gahsnein 8p b 1-Eueicemehaxypubpnid &r peeyloxycarbonyl.
C|ted or described in this docunent is hereby
i ncorporated herein by reference. Wat is Cained: 1. A

8. prhsgsscessopeiasn Adurthgricomipdsing attachimmpauMpa eésiduertonal 227 eptifibatide
fragn’lleln't of the formula:

Pi-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.

0. The process of claim 8 further comprising coupling a 2-6 eptifibatide fragment of the
formula:

P;-Har-Gly-Asp(O-P,)-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



Mpa- OH H Har-d y- Asp( O P2) - Tr p- Pro- Cys-NH2 (H) wherein
Har is honoarginyl; Ay is glycyl; Asp is aspartyl;
wORrmsI190381 ypt ophanyl ; Pro is prolyl; CyS-NH2 i BCT/US2005/011873
cystei nam de; Mpa is nercaptopropioiiic acid; and P2
I's a carboxyl protecting grgup; and coupling the Har
and Moa residues to forma conpound of formula I11:
Ma-Har-3 y-Asp(O P2)-Trp-Pro-Cys-NH2 m 2. The process
of claiml1l wherein P2 is t-butyl. 3. The process of
claim1 further conprising renoving P2 fromthe Asp
and g - Qﬂﬁ?}ébétﬂ‘{et‘tﬁw@%%ﬁﬁn‘gﬂﬁc@mmﬁbr mula Ill to form
eptifibatide. 4. The process of claim1l further
conprising renmoving P1 fromthe Har residue of a
conpound of fornmul a | HzA4pOM)Prp-Pro-OH
Har- G y- Asp(O- P2)-Trp-Pro-Cys-NH2 G wherein P1 is an
am no protecting group, thereby form ng the conmpound

throuzh dH@ERRHéR off the Gly rEd1BuPb R3S GhifbhRddFrdeMbRiSIHE A rkSidue of the
stabl e under conditions suitable for renoval O Pl.
4-6 eptifibatide 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 carboxyl 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:
P;-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-P,)-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:



6. The process of claim4 wherein P2 is t-butyl. 7.
The process of claim4 wherein Pl is
weO-20dsu0038ny| met hoxycar bonyl or benzyl oxycar bonptT/U82005/011873
The process of claim4 further conprising attaching an
Mpa residue to a 2-7 eptiflijgati de fragment of the
formula: Pi-Har-dy-Asp(O P2)-Trp-Pro-ACys-NH 2
wherein ACyS-NH2 is an activated cystei nam de resi due,
through a disulfide |linkage between the Mya residue
and the ACyS-NH residue of the 2-7 eptifibatide
fragnent, thereby FdiaGly-AssOcmdardeo-OH f or mul a |
9. The process of claim8 further conprising coupling
a 2-6 eptifibatide fragnent of the fornula:
Plwhiaeind y- Asp(O P2) - Trp-Pro-OH to an acti vated
cystei nam de residue through the Pro residue of the
2-6 eptiPf BAPTIEEBagnent, thereby formng the 2-7
epti fibafy de1jcpgment. 10. The process of claim9
wherei n tthe dacfivated cystei nam de residue is
H CyS( NAMsis-abpartyl;11. The process of claim9 further
conpri si.n oupling.a 2-3 eptifibatide fragnent of the
f or nul airpgi-%ﬁﬁgp@l&l’(}iand a 4-6 eptifibatide fragnent
of the p@rgptay1. H Asp(O P2) - Trp- Pro-OH tlirough
attachment of the Ay residue of the 2-3 eptifibatide
f r agmen®: and Rslaee amimomeatieefing grbupshendi- 6 epti fi bati de
fragment,. thereb ] fotrn,g'.n the 2-6 eptifibatide
fragmen Z.ISff.arb?ﬁé pﬁpggé%%grg}lp,cl aim 11 further
CadBRblisg e 2:6 Ut fiagida fragiieniCo af 261 Viddd GfsRiRelige rddfie through the
resi due having a protected carboxyl side chain to a
Pro rqqa@q:qfdhg? 1f1§@tl(iq~,ﬁr%g§@q§1t,tth@e‘qy {’pm@g e eptifibatide fragment of the

formula:
P;-Har-Gly-Asp(O-P,)-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,

)

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:



compaygg

the di peptide and renoving the am no-term nal
protecting group fromthe Asp residue to formthe 4-6

wepbisiiotsal i de fragnent. 13. The process of cl apPar/a®2005/011873

further conprising coupling an am no-term nal
protected Har residue and _.ggrotected or unprotected
Gy residue to formthe 2-3 eptifibatide fragnent. 14.
A process conprising: coupling an am no-ternmni nal
pr ot ect ed MigexO&F gi ni ne H-Hai-Gilye Agp(@-B, )prrpiReeid-NiH,
unprot ected| gl yci ne resi due, thereby form ng 2-3
eptifibatide fragnent of the fornula: Pl-HaT-ldy-OH,
coupl i ng anSam no-term nal protected aspartios aci d
resi due having a protected carboxyl side chain to a
trypt ophan-proline dipeptidehhrough the tryptophan
resi due of the dipeptide, and renoving the
aneouplihg the Hiad andMip erebidoes @fithelporhpamdt dfdomspall theredgiforming a
resi %ggﬂ ther by formng a protected 4-6 eptifibatide
aHKe” for nul a: P3- Asp( O P2) - Tr p- Pr o- OH,
coupling the 2-3 eptifibati de fragnent and the 4-6
eptifibatide fragment through attachnent of the Ay
resi due of théMpa-Baeply-Asm&rPaelpPagityeiNHp t he Asp
resi due of thee‘4 6 eptifibatide fragrrer , thereby
formng a 2-6 tifibatide fragnent oflthe
formul a: P! - Har y-ASp( O P2Z)- Trp-Pro- TH wherein Har is
honmoarginyl; Gy is glycyl; Asp is aspartyl; Trpis
tryptophanyl; Pro is prol yif) - 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)-NHa.



P1 and P3 are am no protecting groups; and Pis a
carboxyl protecting group; coupling the 2-6
wepbisfioesati de fragnment to an activated cystei neOTAS2005/011873

resi due through the Pro residue of the 2-6

eptifibatide fragment, therghy formng a 2-7

eptifibatide fragnent of the fornula:

P1- Har-d y- Asp( O P2) - Tr p- Pro- ACys- NH2 wherei n ACyS- NH2
19. | sAangouhd Biweg Gytaiutd Nani de; attaching a

mer captopropionic acid residue to the 2-7 eptifibatide

fragment through a disulfide |inkage between the

mer capt opropi oni ¢ acid rggydue and the ACyS- NH2

residue of the 2-7 eptifi%g;ide fragnent, thereby

formi ng a conpound of fornaBH : Ma-OH Pr

Har - G y- Asr (O P2) - Tr p- ProNBys-NH2 (0 wherein Ma is

mer capt opropi oni ¢ acid; Cyp NH2 is cysteinam de;

renoving P1 fromthe Har rKesidue of the conpound of

formula |, thereby form ngya conpound of fornula
[1:(Tl) . coupling the Har/ ar@ Ma residues of the
compound of formula Il, thereby fornmgg a conpound of
formula I11: I\’B-Har- 1y - Aép( ) -fTr p- Pro- Cys- NH2 ;
and renovi ng P2 the Mdp resi dygqof _t conpound
of formula |11 formeptifibatide.
o
S<s 0. NH O \Pz
//,,'
.. -NH N
O _—
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 R; 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-fluorenylmethoxycarbonyl or

benzyloxycarbonyl.



15. The process of claim 14 wherein P2 is stabl e under

conditions suitable for renoval OFP1. 16. The process
wofousi1a0ast 14 wherein P2 is t-butyl. 17. The pr8Cedas2m5/011873

claim 14 wherein Pl is 9-fluorenyl net hoxycarbonyl or

benzyl oxycarbonyl . 18. The g9rocess of claim 14 wherein

ACyS-NH is H Cys(Npys)-NH2.19. A conpound havi ng

formula I'V: (IV) wherein RL is hydrogen or P1; Pl is

25. anTh&tdep@indicfelain@4gyitiein Pat-Rayl. s a car boxyl
protecting group. 20. The conpound of claim 19 wherein
P2 is t-butyl. 21. The conpound of claim 19 wherein Rl

i's . im2 1 wherein P2
26. [ sAtrb¥> g{lﬁa sﬁ ‘.5]Seié&"‘l%@%@%@‘ﬂgg%ﬁgtkﬁ@a@m 19 wherein R1 is
P\ Fmo2#ar-THg-@dpound of claim 23 wherein Plis

9-fl uorenyhnet hoxycar bonyl or benzyl oxycarbonyl . 25.
Th@n%'%&él}ﬂ‘%g‘bcﬁngi m 24 wherein P2 is t-butyl. 26. A

OF%BH-%-@&%@'@@_%%Q{B_W?%@{/ oup consisting of:

c
Fnoc-Har-d 'y c- Har -OP 4; and
wherBimoc- Har - A y- Asp(O-P 5) - Trp- Pro- OH wherein Fnoc is

9 Ill’lg((:) {sed’l}(hqgr%}l}q%( }%O%ryga%BXIll};l;
Har is homoarginine;
Gly is glycine;
Asp is aspartic acid;
Trp is tryptophan;

Pro is proline;

P4 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-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 about 0.01 % to about 1 %.



Har is honparginine; Gy is glycine; Asp is aspartic
acid; Trp is tryptophan; Pro is proline; P4 and P5 are
woanisaxgdsi pr ot ecti ng groups. 27. The conpound 8€TaIS20087011873
26 wherein P4 is pentafluororphenol. 28. The conpound
of claim26 wherein Pis t-qautyl. 29.
3-nitro-2-pyridinesul fenyl -cystei nam de
(H Cys(Npys)-NH 2). 30. A compound having the
33. f oThewémpoditiomal daim\jPaeddaprisihg/atGast 96 P dptifibBride &dSGTVEEbtifibatide in

31. onposj tjon. co I sing eptifibatide and
the r@@-@ﬁgmﬂq%@i %}I@.abg%{g?#ﬁ{é conmposition of claim3 1

conprising at |least 99 %eptifibatide and

G y-eptifibatide in the range of about 0.01 %to about
34. 19dB8profihet prodyyed by iagmoasks adcardm@® dainpt.i si ng at | east

99 %eptifibatide and Ay-eptifibatide in the range of

about 0.01 %to about 0.1 % 34. The product produced

35. DYTBe PFREESFo@REQbY aModels &dcBidihdto 3aim 4he product
produced by a process according to claim4. 36. The

product produced by a process according to claim 8.

37~ The .pr.oduct oduced by a process cording to
36. 31 SpspBaterodieet by s peasesp st O Hir ocess
according to claim11l. 39. The product produced by a

process accordi ng to claim12. 40. The product
37. pr bapredughprodused br 8 Prefesoicgprisng © <aia tn 13.

38.  The product produced by a 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 attached 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.

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

solution.



4 1. A process for purifying eptifibatide conprising:
contacting an eptifibatide solution with a stationary
wohesaoesnpri si ng oct adecyl carbon chai ns att aebeastms/ 011873

silica; washing the stationary phase contacted with
the eptifibatide solution_ wyth a trifluoroacetic
acid/ acetonitrile solution; optionally washing the
stationary phase contacted with the eptifibatide

43. SOIRE hroBesdiof bladh 43 Gerihed cafiptibiag Sfadhing thd Rathodbiit piRRs contacted with

and washi ng stationary phase contacted with the .
the epijfibatidg gp\'ugtgn Faih a ridorgacsticasidageinmiteidg solution comprising 50 % of a 0.1

[.d/ L Lyl I.OR.zn42. E claim4

o0 aofe R R P b 50 B8 o MR RE RO o

solution is a solution conprising 95 %of a 0.1 %

aqueous trifluoroaceti¢ acid soluytjon and 5 %.of  an i
44. o Bheopmpesss g ol 4t ?%@%Wsﬂw%/ %%OIBfﬂq% FelPtionys a solution

e & oS5 84 ASheBRS 1M P8.cSi @i PR ¥ 9P acetonitrile solution.

compirdfl 16 /TSI 94 eeptif‘:ﬂg"aticlé’ SOl Ut On W th a Come Sotton

trifluoroacetic acid/acetonitrile solution conprising

50 % of a 0 % equs trif.l.uoroaceti.c id solution .
45, anbhogosssPT SR AATGH FPPRrSHE I BRE et bpRa S ee htacted with
the ePtifitsdtfik BHitidn WHBI B et i daCdibfitrAS b&ﬁ@&?@&ﬁi’oﬁﬁﬂég 80 % ofa 0.5 %

solution is a solution conprising 95 %of a 0.5 %
aqueauprebu®ngd laotti crgidbindarketo of aa@cetonititle5084ion. an

acetonitrile solution. 45. The process of claim44

further conprising washing the stationary phase
46. COTHhesibesks Of thirh B¢ weRldih tHeainitenianl d¢id/autoitiife ution is a solution

acetic acid/acetonitrile solution _corTE)r! Slagtg 50 % of a . .
comuisi P nGususqsenvstl 08 mMrangaeriie agid spluion g Sofoex aggeetonitrile

etonitrile solution. 46. The process of claim4 1
erein the ammoni um aci d/ acetonitrile solution is a

sol ution conprising 95 % of an aqueous 100 nM anmoni um
acid solution and 5 % of an acetonitrile solution.

solut



