- 1- PROCESSES FOR PREPARI NG EPTI FI BATI DE AND PERTI NENT | NTERMEDI ATE
COVPOUNDS CROSS REFERENCE TO RELATED APPLI CATI ONS [0001] This
application clains the benefit of U S. Provisional Application No.

60/ 560, 453, filed April 8, 2004, which is incorporated herein by reference
inits entirety. HELD OF THE | NVENTI ON [0002] In certain enbodi nents,
the invention relates to novel processes for preparing eptifibatide, a drug
used to treat cardiovascul ar disease. The invention also relates to
conpounds that can be used as synthetic internediates for eptifibatide, to
conpounds that are structurally simlar to eptifibatide, and to processes
for purifying eptifibatide. BACKGROUND OF THE | NVENTI ON [ 0003]
Eptifibatide is a highly specific cyclic heptapeptide antagonist of the

pl atel et glycoprotein Ilb/llla. It is a short-acting parenteral
antithronbotic agent that is used durindg-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 Chemstry (1993),
268(2), 1066-73; and Scar borough, American Heart Journal (1999), 138(6, Pt
1), 1093-1104. Eptifibatide is also adm nistered 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 candi dates annually.

PROCESSES FOR PREPARING EPTIFIBATIDE AND PERTINENT INTERMEDIATE
COMPOUNDS

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

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

FIELD OF THE INVENTION
[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/Ia. 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 C;zemistry (1993), 268(2), 1066-73; and Scarborough, American
Heart Journal (1999), 138(6, Pt. 1), 1093-1104. Eptifibatide is also administered to patients



[0004] Eptifibatide is believed to work by inhibiting platelet aggregation,
specifically, by blocking the platelet receptor GP Il b-111a. The
aggregation of platelets can obstruct blood supply to the heart, causing
unst abl e angi na and, possibly, nyocardial infarction (heart attack). The
effects of eptifibatide are specific ip-platelets, avoiding interference
with ot her normal cardiovascul ar processes, and the effects can be reversed
when eptifibatide use is discontinued. [ 0005] Eptifibatide is
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[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.



Mpa-Har-Q3 y-Asp(O- P2)-Ti p-Pro-Cys-NH2 (111); and renmoving P2 fromthe Asp
resi due of the conpound of fornula mto formeptifibatide. [ 00101 The
i nvention al so provides processes in which an am no-term nal protected
honoargi nine residue is coupled with a glycine residue, thereby formng a
2-3 eptifibatide fragnment of the fornuga: Pi-Har-dy-OH Al so provided are
processes in which an aspartic acid residue having a protected carboxyl
side chain is coupled to a tryptophanyl -prolyl dipeptide through the

trypt ophanyl residue of the dipeptide, thereby formng a protected 4-6
eptifibatide fragnment of the fornula: 4 .- After deprotection, the 2-3

eptifibatide fra n -6 _eptifibatide fragnent, in turn, can be
coupl ed éWﬁﬁ%&ﬁM&ﬁ@G y residue of the 2-3 eptifibatide
fragnment to t PThE ivEsifo - ifrddaadel é@g{@rgp .
formng a 2- Gﬂbgg??f}r%iti de fnﬁ;argxrrrigﬁ%%f@r fglﬁ&e p?%r mul g@:ﬁr tfib B Vertain
Pi - Har - @ryectsys(cBtiR2ipvantipnRomptise prstiding alsamppendhofiforngedll : Ay is gl ycyl:
Asp is aspartyl; Trp is tryptophanyl; Pro is prolyl; Pi is an am no
protecting group; and P2 is a carboxyl protecting group. In preferred
enbodi nents, the 2-6Mg-OH bat i de H-Hag®pAsp©-PHOURbdoiCysaNHact | vat ed
cystei nam de residue through the Pro residue of the 2-6 Fpti i bati de
fragnent, thereby fornfng a 2-7 eptifibatide fragnment of|the formula:

P1- Har - A y- Asp( O P2) - IS P=Pro=—ACys—\H2 S

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

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

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

iy ; 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.



wherein ACys-NH2 is an activated cystei nam de resi due. A nercaptopropionic
acid residue can be attached to the 2-7 eptifibatide fragnent through a

di sul fide |inkage between the nercaptopropionic acid residue and the
ACys-NH2 residue of the 2-7 eptifibatide fragment, thereby formng a
compound of formula I: Ma- OHP1- Har - G y-~Asp( O P2) - Tr p- Pro- Cys-NH2 (1)
wherein Moa i s nercaptopropionic acid; Cys-NH2 is cysteinam de. Renobval of
Pi fromthe liar residue of the conpound of fornmula | provides a conpound

of f or nadlftar d@aet@aﬁbﬂ-lahemwpﬁﬁb(tﬁe%gﬂiﬁnpaﬁthe @,(sep\lﬂatl&‘e fragméimlﬁi tung cah®e

CompoundeHPHENER P 8F S Ry P BO RIS Gl B shonfrsidue

subsequegt the Qf@éiﬁiﬁﬂaﬁdc?ﬁabﬁ%ﬂ tBRLPTRIRS b FUSeptifatide ﬁagm&ﬁthﬁftwfonnulaz
P1-Har—Gly-Asp(Q-Pz)-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 1s coupled to an activated cysteinamide residue through the Pro
residue of the 2-6 eptifibatide fragment, thereby forming a 2-7 eptifibatide fragment of the

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

wherein ACys-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 Py-Har-Gly-Asp(O-P,)-Trp-Pro-Cys-NH,

@

wherein Mpa is mercaptopropionic acid; Cys-NHj; 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,




[ 00111 The present invention also provides products produced by the

descri bed processes, such as conpounds of formula IV: HZN NH NH wher ei n
Ri is hydrogen or Pi; Pi is an am no protecting group; and P2 is a carboxyl
protecting group. Qther representative conpounds of the invention include
Frnoc- Har-d y- OH, Fnoc-Hard y- O P4, andsknoc-Har-G y-Asp(O P5)-Ti p- Pro- OH
where P4 and Ps are carboxyl protecting groups. In certain enbodi nents, the
i nvention provides conpositions conprising eptifibatide 6 and |less than 1
% of cer Cauplipg mes&murmn Hak bed C-tEheinbiMpatdstineabSibismomponad privedgsses for

purifyi n%omgt | f E)rlngea IEETAI LED DESCRI PTI ON OF | LLUSTRATI VE EIVB(I)I MVENTS

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

(Im)

and subsequent removal of P, from the Asp residue yields eptifibatide.
[0011] The present invention also provides products produced by the described

processes, such as compounds of formula IV:

H,N
>==NH
NH
(0]
O
O
S<g NA O p2
e N
N
0 _—
NH, O NH
Iv)

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-P3, 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



[0012] In one aspect, the present invention provides convergent processes
for preparing eptifibatide that involve preparation of a 2-3 eptifibatide
fragnent, preparation of a 4-6 eptifibatide fragment, and coupling of the
2-3 and 4-6 eptifibatide fragnents to forma 2-6 eptifibatide fragnent.
Certain of these processes involve cougling the 2-6 eptifibatide fragnent
to an activated cysteinam de residue to forma 2-7 eptifibatide fragnent,
form ng a disul fide bond between mercaptopropionic acid and the 2-7

epti fi batndikss thagTetof tertdioprocEysampusities. Ahe divertion aigo provideapraebde foPEP!t | i de

coupling of_ Precursor. A and renoving protecting groups fromthe coupling
product P& Wé@%atrde [0013] In further enbodinents, the

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

novel n*%a unds that can be used as inter rredr ates for the preparation of
eptifi baD @DEDWPH%@E@LHSTRM‘WEMBGDMHTSS t o conpounds

that are stru I o _ept.i.fi bat invention als rovi des,
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t hat caﬁhd@ugbhgptqdueﬂwfmam@mmg and renoved froma nitrogen atomto

prevent it fr artr at i g esired. che action t hout
unaccept abl y | f';lfﬂF Wﬁ%%%’&v ’g?&r?%}?ﬁo E’S?g%tlsé’?cﬁ‘f: &}W
prot ect d@@nﬂé@pfb‘éess%fdt@@e;ﬁﬁh@@ﬁﬁﬁ%de%ﬁ%h&%n%m&ﬁg thé REnticH Ilepﬁes dget hyl
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si ngl e gl yci[pe15]esAgussed herein, the term “amino protecting group” refers to a m01ety 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



[0020] Al amno acid residues referred to herein are natural am no acids

that have the L-configuration. [0021]

chem cal

using am no acid designations as follows: - 8 -

Eptifibatide has the foll ow ng

structure: NH2 [ 0022] Eptifibatide can al so be represented
1234567

Moa- Har - G y- Asp-Trp-Pro-Crs-NH2 SIS where the am no acid designations
correspond to the chem cal draw ng shown bel ow

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 Son, Inc..

[0016] As used herein, the term “coupling,” and all variations thereof, refers to the
formation of an amide bond, by any means, between the moieties being joined.

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

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

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

glycine residue.
[0020] All amino acid residues referred to herein are natural amino acids that have the

L-configuration.
[0021] Eptifibatide has the following chemical structure:

° o5 A
=§ NH
s’sv‘\fo
NH,

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



[ 00231 For the ease of description, the residues can al so be nunbered from
(1) through (7). Residue (1) is nercaptopropionic acid; (2) is honoarginyl
(Har); (3) is glycyl (Ay); (4) is asp artyl (Asp); (5) is tryptophanyl
(Trp); (6) is prolyl (Pro); and (7) is cysteinam de (Cys-NH2).

[00241 In certain enbodinents, the pregent invention relates to convergent
processes for preparing eptifibatide. In a first sequence of steps, a 2-3
eptifibatide fragment i.s prepared containing amno acids (2) and (3). In a
second sequence, a 4-6 eptifibaﬂiderragnﬂntfis @reﬁared contai ni ng anino

acids (4), (5 and (6). The tV\M farm(ry_t g Th g_w.ied to provide a
ptide. e

single 2-6 fragment, which is a’jpentap grrent of

eptifibatide is protected at th _am_nQ_tﬁr_m_n.aJ__o.f_ he Har residue and at
the aspartyl side chain carboxyl group Schenme 1 outlines an exenpl ary
process for the preparation of the 2-6 eptifibatide fragnment: 9 - Schene

1. Preparation, of the2 nent of Et|f|
Mpa- Har - G y- ﬂb@ (%g}gl lfgﬂ‘ d%eélﬁé;ﬁgglcgl gramng s%own below:
Frnoc- Har OHH- d y- Ot Bu 2 N 73
o Asg 4
o)

“2N‘/< KILNH T,
N . / “NH Im (5)
Har (2) \—\j

NH

iv\f

cys (7)

NH,

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

[0024] In certain embodiments, the present invention relates to convergent processes
for preparing eptifibatide. In a first sequence of steps, a 2-3 eptifibatide fragment is prepared
containing 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:



Frnoc-Har-Ad y-QBu Fnoc-Har-d y-OH 2-3  Z- Asp( O Bu) - OSuH- Tr p- Pro- OH 45-6
Z- Asp(QxBu)-Trp-Pro-OH  Fnoc-Har-Q y- OPf pH Asp( O Bu) - Trp- Pro- OH 4-6

-9-

Scheme 1. Preparation of the 2-6 Fragment of Eptifibatide

1 2 3 4 5 6 7
Mpa-Har-Gly-Asp-Trp-Pro-Cys(NH5)

S S
Sequence A
U Sequence B
Fmoc-HarOH H-Gly-OtBu . H
2 3

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

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

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



Frnoc- Har-Qd y- Asp(Q Bu) - Trp- Pro-OH 2-6 [ 00251 Sequence A of Schene 1
shows the preparation of the 2-3 eptifibatide fragnent and Sequence B shows
the preparation of the 4-6 eptifibatide fragment. The two sequences
converge to provide the 2-6 fragnent of eptifibatide. Al though Schene 1
shows exenplary am no acid protecting-gaoups, it will be appreciated by
those skilled in the art of peptide synthesis that other known am no acid
protecting groups can al so be used. For exanple, in place of the Fnoc

(9- f | uor &ibgl(betziyloxycabinyly RClgr(beryloxtytarbomyd ghaupa sebspituted oh itrgirgiati® sing)ich

st i L uOR e IR R R . 90 (S Grahos N B D R o3

9(2, 7-di bfd@ﬁﬂh{atméa%%%tmﬂza?ﬁaaﬂ@yﬁnﬁy&%%ﬁte?or LRl }ééx%aﬁ amat e,

Benz[f] i nden- 3-yl'met hyl car ba or "Al'l oC yl'oxycar bony roups” can be
used. group$ coPls usede t - butyl ester on the aspartyl resi due can be

{1 eatmont suchOgl e CRbTEHe Sh B Wb G Rat ia&&dt;yb S heinseterting

gr oups tg@upﬂmﬁcmb@bleawaadoytmmwkmmbuas Foseiathpds ODsth (EB8M/1RettBEs:
(benzyl ester) g@ The Fnoc-Har noi ety |p?;§t he ept|f| bate ' 1)

fragment® RI@&?P%@&EOPRS e?@rh?ec gaved bghidiegenolynsusk asafor a&@nplbyoﬁl&bﬁbeml
where RNRied S an amino protecting group such as, for exanple, a Chz
(benzyl oxycar bonyl ) group, a RCbz (benzyl oxycar bonyl substituted on the

aromatic ri ngl)00g7]o uffhe Bmoaﬂ{aﬁlmmety(mt%eydpuﬁbgtﬁe%ﬁagnhéntgd@émed B $edduaﬁée/A drhe
Z- As e e i ide fragnents depicted in
Sequgng %e’@ﬁr} C@B)bte lﬁ%%loby%l”m%&p‘ﬂé ?ﬂrsﬁ@ﬁ@nmggo P”s"t"é’ﬁnéeﬂ% S&Pbﬁ%c,fpr ng
group t habmpf)aktz %&ﬁ‘yﬁg{ybﬁb&i’ﬁ) groﬁﬁ @Rébé’gﬁn%&lﬁﬁyﬁﬁzo Eutisti fHeOC

(fluorenyl m ef hyI oxycarf bonyl ), IS an am no protectl ng gr oup
t hat carfrgmoatid Beg)etoury onyu rﬁéllyk:xxcashmtyl)agpup oSlrmimlypﬂm Z-asﬁ(thbz-Asp)

[ addi SRR A <riR Ty Bhamehupat Bl b St poh BBl rR by dowran. Vo

wher e Re&Qpi B an a@ﬂﬁbpméctm %&aqimagcahmetcwaaed Bﬁoaaic%ﬁ&ﬁmhy s@efhlef}, foreRhApRY -
such as, for exanple (di phenyl met hyl ester) group. Pf p

( pent af Fa&cdﬁﬁ@myl}n%ﬂowar@wa hﬁ} Rup2 ¥/e8 emim ploteching gravpxthit can be

acti vat L ere R12
a cla\r/bo;‘%fyé at | %& ggbst(f%% epen ?’?3{ (%fz ({bﬁﬁy%gﬁg?r%gﬁetpﬁ%te? 'S
both Pf mmubﬁuuteammmﬁoamggemﬁoylnaﬂmbn,sﬁhabd)@mgbupa i61eli6 Sohihe 2%an B@r

exanpl g, d phenyl esters tri- and_ pentaphenyl ester, It wll

be appr W%@HY®P¢W%8§RF%4% 9%y prrgecting tbﬁ&@nbﬁélewdelaf P trentment.tsuelul ar
t ect t hat

i st oh FRaaaipl, 8T (HBRACy Rl Byt T (RBTRB BRI Pl e PS 11

par ti cuteglacpd by &nt,lwi@rgRoms ai cartolygbaivsiing fratp; a:ndc&n(sbe}:lmmmeoeﬂnwquﬂbbédel y
d t d Az t d t affect tect

ot R SRR ey Sl oo TR bk o5 B2B5en

epti fi bgdth ey Eﬁcﬁﬂﬁ'@ﬁﬁ bé FepliRéd bggtﬁ& SFblE AcBe eshsh w&ta%dfox%x&h;f nﬁl%gan@

such as, for exanple, 3-nitro- pyri di nesul fenyl - cyst el nam
( H Cys (Gipijzophenyd )estempm-(agdmcnﬁaphmbemr, dnwtlbhe;/ ppre@atiad hylthdseambﬂen tieendrtle,

wh b d: S-alkylth h
Soul 1 ortidRa SHecl e BRtsriierous Grorope R BuiSias ofsr fradtue -
hexapepirbwlss thatogie oh thd san@édnipdmal Uecerthite ernBOE DR tnlvbRf, Q%aﬁfc%!l&u e

i s mercaptopropionic acid or Mpa-OH (1). Mpa-OH is attached to't
hexape foigeling grghp it choserpso behidren bmmqvﬁti seleetivedy wndey rgaction conditions thet deen

1 and tzﬁ?aii’&oﬁ{e? r$(é:llguoé/esul ting disulfide piece, designated herein as

Precursor is a precursor for making eptifibatide. The

structure of{0628jc ulin&xartalﬁ smbcﬁilimmts bethedaveiioh, the protected 2-6 eptifibatide fragment
-OH(P1).-Har-d y- Asp(Q Trp-Pro-r-NH2 where Pi is an amno protecting
group AHREXHSOR e%t%%’rb"&? Fte%r?ﬁsmwseé@oﬁiﬁh%@réﬁ%P » 3HHIB2- group i s

t abl Th
Ser oot PLRSREsARAGLbYRfahfoR (HAC HRMOAND, K06 (LAY fherdl- sl ff 597 Ovb- The
r enov aph@:fylibrdcystommnde Mirercgme phenyl singas ublstitued; |Sna]1\;hjnlda1ﬁds3tste1ﬂgmd§%ﬂlhe §0f a
conpat i ro oups | i ch may be renove
e ilhehnia S e 1B et iaes o ateinarmaﬁ. to O thot T PeRappede EREmORRS

condi ti ons.




[ 00291 Schene 2 outlines an exenplary process for the preparation of
Precursor A: Schene 2. Preparation of Precursor A from 2-6
I\/pla OHFnoc- Har - @ y- Asp(Qt Bu) - Tr p- Prol ys-N H2 Precursor A (Fnpc2-7-1)
[00301 As in Scheme 1, the Fnoc and the t-butyl groups shown in
Scherre 2 can be repl aced by ot her knowy protecting groups that are
general ly recogni zed to be useful for peptide synthesis. [ 00311 In
certain enbodi nents of the invention, renoval of the Pl protecting group
from Pr egptiftidéd Wh@r@ln(itﬁﬁmg@pﬁﬂ‘ﬁdhdaﬁr@(idﬁeiﬁ)fnerd%pﬁ@iﬁﬁ&ﬁc Beid WriMpe-O3 tihe o
S-

2-7-1 portion of eptifibatide: Moal  -OHH Har- (O P2)-Trp-Pro-
Mpa-OH is attached to the 2-7 hexapeptide fragment under conditions that form a disulfide

linkage between 1 and the 2-7 fragment. The resulting disulfide piece, designated herein as
Precursor A, is a key and novel precursor for making eptifibatide. The structure of Precursor A

- 12

is shown below:

Mpa-OH (P4)-Har-Gly-Asp(O-P3)-Trp-Pro-Cys-NHs
S S

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

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

Scheme 2. Preparation of Precursor A from 2-6

Fmoc-Har-Gly-Asp(OtBu)-Trp-Pro-OH H-Cys(Npys)-NH,
2-6 7
Mpa-OH Fmoc-Har-Gly-Asp(OtBu)-Trp-Pro-Cys(Npys)-NH,
1 2-7
Mpa-OH Fmoc-Har-Gly-Asp(OtBu)-Trp-Pro-Cys-NHs
S S

Precursor A (Fmoc2-7-1)



[ 00321 Precursor B can be converted, via an intranol ecul ar peptide
coupling, to Precursor C Mpa-Har-Gy-Asp(0-P2)-Trp-Pro-Cys-N H2 The

i ntranmol ecul ar peptide coupling can be effected, for exanple, in an organic
solvent in the presence of a suitable coupling reagent such as, for
exanple, a uroniumtype coupling agentizuch as, but not limted to,

0- [ cyano( et hoxycar bonyl ) net hyl enam nol - NAY, N1-t et r anet hyl ur oni um

tetrafl uoroborate (TOTU), HBTU, or TBTU (2-(1H Benzotriazole-1yl)-1,1, 3, 3-
t et r amet hyl ur ¢0030i HesdafScheme phihe Fnadoandrik t-Bitybdroumy shoondh Sch@seeehhve! V) |

a carbodiim de.type reagent sych as, but not limted to, DCC

(di cycl oﬁ??%@?ﬁ?@bef ?‘F’r?‘g’é}’,r°tfﬁi%’ég(&€?‘mséﬁﬁr35€‘p§% Iy a85sHz96 fo b psefwdor peptide
(1- Et hy 1syanthekisdi met hyl am nopropy1l) - car bodi i m de); active esters; or
phosphoni umtﬁ)e coupling reagents such as, for exanple, Bop

( bg ?JZD ot Laz ol - _O;iﬂbf(% ertadn n@bﬁ@imﬁsrﬁi}%@hmsmmtmvhboﬁlb P prbutigh@bg) or
vl oxvt - opi.
noxcat | ol OBHeuRER 4 Dok B MR OMERHS fror PRASBER,BRER 15 B 2674 mertion of

Hunphr eyepifibatitd@anber | i n, Chem Rev. 1997, 97, 2243-2266, incorporated
herein by reference in its entirety. [ 0033] Renoval of the P2
protecting group from Precursor C provides eptifibatide. The renoval of P2
can be effected, for exypalen in an Q@RAIGH-AYGBEN-TiPhH! sence of

aci d, base or any other refagent or reagentmys?}%t(eﬁa? nllpv\%i Ltﬁlsﬁﬂ% protecting
group is labile. Scheme 3goutlines an exenplary process f t he preparation
of eptifibatide fromPrecursor A - 13 - Schene 3. Preparation of
Eptifibatide from Precursor A Mi a- OHFnoc-Har-Q3 y- Asp(Q Bu) - Trp- Pro-Cyi s-N
H2 Precursor 2-7- 1 i a-OHH Har-d y- Asp(Q Bu) - Trp-Pro-Cyi s-N H2
Precursor B ([é(_)’o(}lﬁ T;)f?recursox) B cl\gmbe converted, viagnintrg&olec arpep%de coupling, to

Precursor C:

Mpa-Har-Gly-Asp(O-Pz)-Trp-Pro-(l)ys-NH2

4
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,N,N’, N ~tetramethyluronium
tetrafluoroborate (TOTU), HBTU, or TBTU (2-(LH-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:



Mpa- Har - @ y- Asp(Q Bu) - Trp- Pro- Cys-N H2 Precursor C (Eptifibatide-(0tBu))
Moa- Har - 3 y- Asp-Trp-Pro-Cys-N H2 1 Eptifibatide [0034] After

renoval of the Frnoc protecting group, the 2-7-1 fragnment undergoes an

i ntranol ecul ar peptide coupling to provide the t-butyl ester of
eptifibatide. Renpval of the tbutyl grpyp fromthe aspartyl residue yields
eptifibatide. [0035] In certain enbodi nents, the present invention
also relates to conpounds that are structurally simlar to eptifibatide and
are prepared accordi ng t oSgheneess Beepatatiah ofEptifibatidedont PrécigopAOCESSES
descri bed above for preparing eptifibatide. Such conmpounds include, for
exanple, - 14 - -dy-eptifibatide, which contains two adjacent glycine
resi dues, rather thanymasdHgl e gl YCFRRLIgsid OBl i1 Lde;

Mpa- Har - @ y- d y- Asp- Tlr\%r Pro-Cys-N H2 dy-ept %y??%);ti de)e[ggn r%le@}%r'gﬁar ed, for
exanpl e, according to the procedure described above for preparing
eptifibatide, except a Ay-Ay dipeptide,i s coupled to honoarginine to form
what corresponds to the 2-3 epti fFiE)rsglt’risaréAi(E'gﬁﬁg'ﬁfﬁ rat her than coupling

gl ycine to honoarginine to formthe fragnent. For exanple, according to
this nodified procedure, the HAy-OQBu (3) group shown in Schene 1 is
replaced with Hdy-d y-Q Bu.

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

I

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-NHa»

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,



[0036] Ay-eptifibatide is also produced, in sone enbodi nents of the

i nvention, during the preparation of eptifibatide according to the nethods

descri bed above for preparing eptifibatide. Certain enbodi nents of the

invention relate to conpositions conprising eptifibatide and

G y-eptifibatide, including conpositions-conprising at |east 99 %

eptifibatide and Ay-eptifibatide in the range of about 0.01 %to about 1 %

and conpositions conprising at |east 99 %eptifibatide and A y-eptifibatide

in the reaalyeensifibatidaywhichocomsinotvabastacent glydine residues, ffB&hal heingleglgtine

i nvention a&u%o roxé‘ift:&)e drret hods for purifying eptifibatide that conpri se,
SRR ﬁé %n eptifibatide solution with a stationary phase

for exan{ﬁsé,
that conprises, for exanple, [Mphaqcsl -@@rmTﬁélpir@.@fy@tmﬂghed to silica,
washi ng the stationary phase contacted wth the epti ilbatlde solution with
a trifiuoroacetic aci d/acetonigri | e solution, optionallly washing the
stationary phase contacted with the eptifibatide solution with an acetic

aci d/ aceGhreptifitlatids canifé meparadiFomnainiple astaling e the REGBErC@REASEMNE by t he

eptifibatide,solution with an ni um aci d/ acetonitrile solution. Reverse
st at i onaPPHHEHY ?@qupkﬁmﬁd{m%@@WWl@atq homepsginine to foran whakr of

such ph L [ = i ..
[ 0038] TSl RPUS DS bpAaRle Hpeft, RS YharBR; PASER (F hbSihoinipe 1o
cont act darmithehfragmenspFof exranpleecemilingito this modifEdguiossidtite, thegi-aGliyadBul@yi ng

initial concentrations of .95 %o % us trifluoroacetic acid
sol uti orf"aHy® ol'BfS%gﬁmgééf fﬁ?léfcﬁtl Iwgth}(g'l%[h’"l . g‘f&gﬂd final concentrations of
50 % of a 0. J0086]qUEBLeptifibatidé!RI0RGREd @ Gh Joe leibo@mdio e #vehtidR during
acetonitrile solution. 0039] The invention provides farther

e .. [0039] :
embodi mihg Breparatipn ehentifibatideaqoerding toghe msthods dessribed abavie fohprepmting | bat | de
sol ution..i: h it I j Lpltial concentrations of 95 % of
205 o RHFLHRE" Tl dusodih il BPlne R eyiEh ity bR R A B
sol ut i omptifibatideiand Gly-eptifibatidepincidingaionpositiohs Sdnfrighe at 10ash 990A apte@bgide
ci,d _and 50 % of an acetonitrile solution. In sone

sol ution of _acetji.c .
enbodi Q,IY'PPFéé@Pg? i therangspfabowtd. O ¥Hedbapt h% and cEmositions comprising at

aci d/ ac ) i j .entaif.C Wah R S, W °

trifl uo?éggt(r:ye% i/cépgglig%Il‘/i-)dai'jcﬁftao(r}gy?érF’iIt %%%a@?%n%g%f&o\ﬁ?g'@jo/f %&%’u?rqvleﬁ’t ion al so

provi des enb {3k n{Theipneseti ioherttiva afsoprovides methddsafoe porifiting etifitekideilon i s a

sol ution conpri.sing 95 % of an aquequs. 100 M a ni.um aci d, sol ution and 5

% of anc%%‘?r%n q P?‘%BPE%F%’R‘F%& @%Pegﬁﬁtm%ﬁ%@ﬁaw%o%ﬂa?w Rbass dhat sompriges,
tati : : . . oo LUt

stat i onwrwxmﬁﬁ,ﬁodtﬁdéggﬁm@bﬂﬁam%ama Litieh A AMRACRE %_h%%dlgﬁgggé dohtaREL

foll ow ng washi ng w a trifluoroacetic acid/acetonitri i'ent and/ or
an acet With &g eptididetidmsalntionewijh adiifiweroacetic acid{agetonitrilEselutivnpdptivmatly wasking

' ' .es] th LS o . i.bed . . be. .
accomi e ioR e DRl R oS b P g i ACRERE Rl BBt 1 o
to t hosehstion| hediwhshitihstatidriary fhdse Sohthetbll &iGiGHS bhtihafite SEHHEE whithlanf OF M Ng
pepti des can, be enpl oyed, [0042] The foll ow ng exanples are

i |1 ust rammoriugr acidpceionitrderselution: nReveste stationprymsesoie arell kohwultd those skidled
consid g‘l @% %J?ra.llp‘)i!_i gp%e}‘ BEEJ&%EGS%EH%Q guﬁsﬁ\[lﬁgé fo? %ctaﬁéc%ﬁ%r%o%~ba§erde ﬁﬁéaat ton of

Z- Asp(

e
=
~
3
—

[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 2 0.5 % aqueous solution of acetic acid and 5 % of an acetonitrile solution, and final



[0043] Z-Asp(OQ:Bu)-Trp-Pro-OH was obtai ned by known procedures starting
with the coomercially available Z-Asp(Q Bu)-0Su and H Trp-Pro-CH as

descri bed, for exanple, in Bodanszky, M (1979), Active esters in peptide
synthesis, The peptides, Vol. 1 (ed. E. Gross and J. Meienhofer), Chapter
3. Academ c Press, London, which is idu8w porated herein by reference in its
entirety. Exanple 2: Preparation of H Asp(0-tBu)-Trp-Pro-CH [ 0044] To
a 2 liter reactor charged with di methyl acetam de (DMAC, 1.2 L) at a

t enper at coreenttatimns of 5206 6f 2§ %adgeabud sGdtiok gf afetis acid vt §O YavLan adetonitrile

Z- Asp(By); Trp- Pro- OH i INi .the t t bout. 20, C. The .
7 nop( G iStor. Hospiie GpitpARn e i Aty Aty BEaF Forasto wiib fREsReke GricfFogiom las
then purgadi-anghiBlaiksieas niote IaShdsWRIER L IRSREBE Soid/Redtb@etild %@%@ar bon (5

wei ght %9~ (0. 015 kg) was added to the reaction mxture, followe
hydr ogenat i on[0840la Zhémveptiasalsy prowkdes embhdimentsan ivdichnibg ammeonism mai nt ai ned

at about 20 C, . . 0045] er two .hours,,, and ever r .thereaf.ter,.
Sl 1R s ol s O Dm0 s, L P i i
on Pur osphgionSndrs %b8 ab28toritfils @bMHBn Wi derRin@bedts aftt ditichtibh,Ghs SlaM6idry
m xture containing 0,1%trifluyoroacetic acid (TFA) with a - 16 - gradient
of 98: 2 Rhaswis veshedbWith an apmepigmagidpgeetonitiletobriondpllewing washingwitled. EPLC
detecti . : Larld/ 1L AL . r re was 40C.
[ 0046] tem@ggc llc(z)d%%/v\%goggﬁr}m%er erd to be (rzgggrnp‘i %{P(ga%ﬁ?ﬁgﬁﬁ%% anal ysi s
showed t he st[@041]ndT¢ompling of thehenihe scid rdsidues that qemalrs inahe d2dsribed atdcesset o

t he product area percept. en the reaction.was sho to be ¢ | ef e by
HPLC. e n aceniisof PespebiompdRebAdtRAReB it yaRieas (ot geratapy Dk odbpees
0.150 L sRfilewad Ble)artafnypéiRBleldu iiﬁ% 1986d1ir® For Thenkitp Peptides chieBE binBlhydhXt ur e
was thersl fieltered throu?h Qelit%(r isth.at was pre-élg_g%ed W th DIVRCY@i )
(Celite(r) wde0d2d tThedollowimgexamples@rsilluptrativierad centsin epdpilisrenss of the dnvention

m xture, e filter cak vashed three. ti.ne ith fresh DMAC (0.3 L).
HPLC aniP g?oglgp?tae%%gﬁﬁrggﬁo Wash W %OPSeO?ft %%%“‘?98- confirmthat no product
remained in the filter cake. [0047] The conbined filtrates were
transferred to a new vessel at about 20 C, at which tenperature

N- et hyl norpholine (0.066 L) was added. The tenperature was naintai ned bel ow

about 2Example 1nPreparatiauiof ZoAsp(HBuw-Lrpckre- then cool ed to about 8-12 C

Sbout 15 ¢ HNT 7 BRACRT- Pl hrEBrat SRkt Bro SRS Salie i B
i nut escaisheRGAIL Rlailbble Z-ASH0RE}-08a ah@ H-BrPro-OH ddufebéribetifor ekimiplel he
product_crystallized out of solution. The supernatant can be anal yzed by

HPLC t oBadanszlay, A (LAEY)aAstive esters i pentide syrthpsis,iZhe papidas ool A dedude tGreps and
i i - e ;
ol | cor baT2ehtiied CCRBRES HhopdpRER Rt ka8 PR tP3pdralobiHefin Bllofeiiie 5 |

each). ihli&s awikétds were then washed twice with acetonitrile (0.9 L each) and

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 anal ysis). [ 0048] The

pr oduct pWasoHR .li‘lzegﬂ % 6F #86-Thi-Proioty an aqueous trifluoroacetic

aci d/ acet on?t leal e dgr 5 I oent ) ﬁf‘%&@]} A Liéﬁlbsrana?ysi s confirmed the nass

[ MtH] 473. 0 [9044) ATp EQ- litBuleadiopelfirged With dimethylacetamide (DMAC, 1.2 L) at a
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



[ 00501 The recovery yield was 93.2 % (0.218 kg); the net yield was 93. 1%
(based on nitrogen content : 95.49% . Exanple 3: Preparation of

Froc- Har - A y- Asp(0-t Bu) - Tr p- Pro- CH [ 00511 To a slurry of

Frnoc-Har-Ad y-OH (0. 163 kg net ; based on peptide content 90.5% in THF: DMAC
(0.717 L and 0.179 L respectively) wasi@dded net hanesul fonic acid (0.027 L)
and pent af | uorophenol (0.083 kg). The m xture was stirred at about 20 C
until the - 17 - solid dissolved. N-ethylnmorpholine (NEM (0.030 L) was
added dr gpndidng of 93:3 wateniagetopitdledy 2t WBeatel/ acatdmitdilé i IdeminDEE) HRL O d2tckifon whs
THF (0. 17 and the mxture. was.stirred at about 20 C. The formation of
Froc- Har ?%@%1 %&@S%f ’W%ﬁﬁ@%@@gﬁwﬁ&p' about 17 hours, the
ratio of Fnoc{dtas] GTe Skotiofr WaS vhifiddebd/ o ddntiste Whsh B FPLC anal s{s%gé%]ad To
the reaction mxture was added H Asp(0-tBu)-Trp-Pro-OH (0.146 kg, about 3.5
w Wb 112the stasdngumpietie! dw lpgs thamer qgual torls2 Shaelative fortbelpradusiares p@o@itf Whén
hour s. . LLNe, i the m xture.to.contain out 87%
of pr oducefrgkgcgzw/})Ll %gh{@g H y@%,eéé&q%&%&%@sao@%,ofgbt8men§ 3t act

H Asp( 0- ¢0I319)4é@pﬂ'§0?13@‘&.15m[d) ofivatet) ﬁam( Oed tihe irARHbh hﬁ:&&@ t’l(‘jl’i@t‘éa&tﬂﬁf&ﬂtﬁl%?
as Fnoc-Har-d y-Asp(0-tBu)-Trp-Pro- Asp(0-tBu)-Trp-Pro- "d.a. inmpurity").
HPLC anal'§sihen mﬁ@%ﬁﬁ‘&m %ﬁt@ that wanprerwashed W@@M@Q(‘ﬁﬁhﬁ%@ vashedvibiee a
vt er / achediih oleeL 5 OANE Ui i % L4 S A6
(TFA) with a gr adéiejé)?lt o?rr%g:q% w{’:llft:lg‘?l ace%%?’%?ggkgoé%%%ggggﬁ%on| Férji |l e
in 10 mniwigh &ssh PPMAC{eB8dot iIHRL.Qvarsalypdis e the last wishwasger@nfedrtd ¢confiraindlat no

t enper at ur s_40C, . 0053] The reaction mxture was filtered and the
sol i d V\é’§°§‘ihcgﬁeé38a‘{‘%’6’eth€\ﬂtﬁl[ 71 nixture of THF/DVMAC (2 x 0.489 L). The
filtrate was [oodmenThaéaabined RS worS bandferdbd 130 HEW PessBaN a@&t‘éowg}? 3{ which

e

reduced pressure (about 20 nBar). The concentrated m xture was ad slowy

over 1 HKemperapuze Nrethylmorphioline £0-866 L) waeadded. (Thetempergre wanimaintsindd betow

bi car bo Qs . dditien rate caref ull teol lbed to oid
f or mat i %ﬁ&g{fz(zadg)um% ol 3%@§P%aﬁé% '\ 8{1635 ?f@%f%?oq?cﬁ% 3?8%2?'?2 n&\ﬁgg v%-f'(ﬁ‘fife(aeiéver
about 1wagiaddedglowlye® addnidinainths tenjetitinetetsly bsous 15 °Ct Mhe Shiktury wak fapout
20C for 1 h, The astﬁcpreci pitate turned to white slurry. 7.5 extra % of

the sol stiredhatabeundiddCdorsbort 3¢ mingesnind heldat thatdempenaturg fordkourst Brringt ed
i t @.:St:i . . .. 0
STt ofhis e thfroubdryetlio AP or Sinib ! The Shpeliifurt SEROOMIMAI N BPLG 10

12 h t hdetefmint ¢heeamouitief poidudt stdisinwekition and thethed fidthetr gdaling iohecessary. The
tonitril 20 (3 7, L 2(3 .nj f . . .

acet ont P @btitscis Blire eib® calisnst 1idk St weshed tuioe wih ¢ 3L cntion g The

sol i d pW%HBMH@S(O?UL%Qc}gI The SoffiGvét8ihdn MQ@%@QW&@G@Q%M@(G@E&&P@ 41

The water content after drying was 3.3% (Karl - Fi sher anal ysi

The pr oduirst undes a yaciiupz belopyaboat 2 ¥eupHat e comt@tvsdighy. Bre weter onrtent after

trifluogoacetic i tonitrile gradient. [ 0055] A LC/ MS anal ysi s
confir n%q%‘gasn%tgg’ %&ﬁfm@?ﬁg Y8 Frroc- Har - G yAsp( @t Bu) - Tr p- Pr o- OH.
[0056] The roaser Thy bRIdctaas ﬁ}%}&%’@l 09 ré@Aseythhse HPENBing/dLidhe¥is 82. 3%

(based on nitrogen content 96.0%.
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 a slurry 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



- 18 - Exanple 4: Preparation of

Froc- Har - A y- Asp(0-tBu) - Tr p- Pro- Cys(NPys) - N112 [0057] In a reactor
charged with peptide synthesis grade DMF (0.675 L) at about 20 C was added
Frnoc- Har- A y- Asp(QBu) - Trp-Pro-OH (0.225 kg). The m xture was cooled to
about 0C, and H Cys(NPys)-NH2 was addegyas the solid hydrochloride salt
(0.080 kg). O- Benzotriazol-1-yl-N, N, N, N -tetranethyl uroni um

tetrafl uoroborate (TBTU) (O. 082 kg) was added to the reaction m xture. The
pH of t heolicedistalvad. mT-)emyhno ligecNENTR (D.030) ). Wast aldéd Grdpywisbefolowtd Bi- W se

onner of frEcighediGuodEna ﬁﬁ% Y017k ica TE (07138 Thient g sy ok G of
during wapgif 2biegre Tﬁe@a&ffaag%&%t?ﬁn@e%ff@rg @P’n%’pw&s(%oﬁ%eé)ﬁ i e ésggy"g{qhg{jﬁ@*&gut

every 45 mnutes. The pH e reac xture was |nt al ne
to 7.0 w7 houhghettiotafdmaertHb-GBAOKE/ FreedEdr-GHROR fiamak | 5/98.5\as conduct ed on

vt er: Sol ven[00BH TR T AT BN SR E A Hoh el 3 TP 0Bt @ R e lous
m nut es. 3 BRI/ BLOY bhdNEWMR£0.649 RJl STHY tixithe@Wad sBrrbd AHbOuAPGlo¢ bt 3 BRET AE Hlaf

was 40C. ' The reaction was consi dered conplete when the cFent apeptide and

oys( NPysf}mwTsCaﬂ@lNﬁg shawed tha ngxtees © contain aheghR7 Yoo ipsoduss <20 EmotsHaryGly-

e et 1 DL 7ot ISP Oy OFE Woutd /or 3R sh@P yhaNbld-OF Sld %ﬁ*ﬁ%ﬁ
was addesh mummwmbewwﬂsﬁ@ﬁed HAmen Hea Ghp A sp@-Bu)( FrpSPro) Agi(OaBlu
of about 5C.. This beﬁ)ﬁéﬂure was mai_nt ai ned_dur Spg@sgthe addition wt h

stirrind. Af gy’ mplysiggwag eppducted pn 3 Byrp el 3 X4 e cplgmn with
filtereq, ﬁ&@r/&éé?oﬁt?ﬂlé b1yaR MRERShdidiNg 0l %%m&{&;aeéa& %51d((QFa? 'w@ﬁagg)\?gigﬁggf

solid wa hen washed three times WIthtO uene (0.67 eac
wth t oI%e%watee{acetmuhﬁp ta2:88 visergastorifrilgiin A0 diiivgepr BPILC detdetion whlkat 205 hnh,

was dri under, v 35C or bel o ntil a constant wei ght was

achi eveg%“ﬂ% é\l&t@? éﬁ RERTC W %g was 1.2% (Karl -Fisher analysis).
[0059] The priogssit T&%e@diﬁhﬂﬁ%r@ﬁa&%feﬂ%&ﬂ%hﬁ%%h&ﬂwﬁ@e FHELYIS
trifluoroacetic acid/acetonitrile %r adi ent . [ 0060] A LC M5 anal ysi s

conf i r msextuseoFEHE/DMAG (2140489 Lo Theriirateavaszapogeipgted to about 0.815 L at o more

ko) and RS B HEhES Forpsee GHAOEH mBdB, GRERRIh A smplfie il saded (- =
Exanpl esmwlf’bemrmtd DA ik tr&o L adebatitrid/M2OR(105 ) Bujaiding stiomDisddbizate 10059
( Froe[ 2- 0062] In_a reactor charg?ed with HPLC grade,

acet oni K&k | Téie(qsidém TR ‘&Wab?fbk Y nteajlsd feayaid rastiopnfa gompgspreyipitateder a

Elrr:) :: Olqlglr&b {’QD§§>|§?‘8§ %; ol p &qujm ition was mterru[pted to stir

agi t at i the.shufyt ﬁrabdutéZiBlebl bh. G‘hepbﬂy quﬂﬁteﬁ}mleﬂhe whwetslurgr VCB.S em%edf the

bout -3 A | f d
ot ot vt e Bye! 13 BBt and Bis o s P anise dtin te NE- the ATy
M Xt ur ekt S0ENfoR 22 Re ?&nzhﬁm%‘%9% 8F b1 WAL @By ebea! £h Ue RlixAROW,

-3C. The reaction was nonitored by HPLC anal ysis and conmgered conpl et ed
when th%lreﬂdaﬂtybmﬁZQHGVﬁeUIZb%ﬂﬁ@edwwsﬁmszwspe@mqbaﬁdmmmﬁ[2 7-1].

vt or | ARECBIIVRRO EHY . 45 el R R P Sotonch el BAE) R 0Y 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%).



0.1%trifluoroacetic acid (TFA) with a gradient of 98:2 water/acetonitrile
to 2:98 water:acetonitrile in 10 m nutes. HPLC detection was at 215 nm
flowwas 2.0 nmiL/mn and the tenperature was 40C [ 0063] The reaction
m xture was added to a second vessel that was charged with HPLC grade
acetonitrile (5.7 L) and N-ethyl norphalgne (NEM 0.033 L) at about 20C
After the addition was conplete, the reaction was stirred at that
tenperature for about 30 minutes. The slurry was slowy cooled to about OC
and stirring was continued at that tenperature for about 45 m nutes. The

foll ow d .th h i : i i

St opped Eetaplecty PepaEaionPbERGHEATRC AR UL ey sP Elat o (b)
h

the super nat ?@?7‘35 ﬁgﬂ@g@i )ehargéﬁﬁtﬂﬁgﬁgg%?m@ﬁ& gﬁﬁeMSO.@7§L) bt fdhut b€

grade acetoni was adde he reactor and agitation was
r e- st ar tveak, addad Foodc-HareGlyHAsp(QiBr)sTpr Pror@H (0325 &b uThegmuityngtvess capledisoabodt

FLC or S0 el YR v edRH T i mifeedRlge e SRR, s )" The
wash wi tHerkefriagsiel -SRI, e NERbiaaesthiiirchivg $trafiublob8BO@BIY) (0e082kg) wdie

solid was dried under high vacuumat no nore than 20C

C .. 0064] Th
product added rfhp yeastiominixtaye e pihakdeppaction mﬁs@reawa%ﬁh%%tqf{-ﬁ fo ZJthYaFgét ic

d/ . . _ Lveis canti oh
e R B i o ipopronco 065) Pk 1), XL e e
[0066] Témperainoyatrapoyt @CH TiwaniBurs Yag @ﬁﬂ&ﬁatlgthe)t;tempm'atme&, dyrieg WM&ne
O B e e BSAES S ORDE Sihiedo RE B pr o
[0067] T&choh BREiuSE wablRaaRAnY zlt'fi)H)&Ettb 9% With ieeRidionr AAPBX asfeed lbrat
about 20C, was added 0.250 kg o

Froc- Hamnayls fop ad Bl o pPREOITIITN DS (B S roRtepzr colyirsi Saivsntvh TrA
el
G0t ot S ettty S i YE TFA G s B een? 12 W0 REA 1 BTPSRAMES worc

t enper atigteetic whiigt 2T IRHWR9 mil miinwedd tie teinperati@e 29 40°2 0The Raairewss oOf
the reaction was nonitored by HPLC anailqﬁsi s of sanples taken every hour.

HPLC ane¢nsidesedepmplsicaviendle pentepeptide prdryHPEY startngmaterglywere eagh
| - t A i .S ; %, itrile;
o ad entioBLE gl oy L £, \hate Radifital TRTU DR bdBGELR, | (L) ©

was 2. Omaterial shoandto beadefiefgpemahe hextveswéR@dddde reacti on was consi dered
conpl ete when the p%cent, of .Froc[ 2- chLeé] was Iess@ﬁglan about _ 0. S%XMth
respect to [ P0p8k] Thegeactign sixigre Wasadiedde potherisrsst that pordaingd, water (4.5 L) at

[0068] J fé@ﬁ%‘?@?}e‘éﬁ?{m% ¢ TERnBRAR s BrARGRR dNRRS fle AORIBRHaLERG! MY !

acetate cool ed to a e resulting suspension was
st i r r edAfter stirfingiforutCamimtesat ebut HOC,. thd hextiucd wWasifiliered pod thesobd was washed five

P ovedines Bt § facile T8 R MRS ek PORIABER driS Mkt Rudene 57 HR
super nalgRy, TRSwhHER Q4thQbkuehd cdn W épRSEd by (ashek m,ﬁmﬁbﬁﬁo?ypasé@trﬁe 66lid®Es L)

was added ‘at about 10C gc) t he sus.E)enS| on was stirred at_ about 10C for
about Sirisdrundesvachm &$|33P¢ pr belewfuntif aceabtaptaveighs vwaslarkicveds Theshetar eontentes

wi th ethyl .acetate.( ke I AR) . Additional washes wth diisopropyl
ether c f&?‘%@?%ﬂ&%@%@%ﬁ%@ﬁgsr esi dues of ethyl acetate. The solid
was dried un@es9hi The prduta analyze®dbe révesse phase HBL Caisiigdnnagieeds 18 hours.
[ 0069] The product was analyzed, by reverse phase HPLC using an aqueous

tri f | udrifnewardicasidipetanitile g‘iameé%l-gr adi ent . [0070] A LC/ M5 anal ysis
confirmed t Eiﬁg@is %&ﬂ@/ﬂé a1 siSc Mtirkteli@e (b [MEREP1178Y 6f Fmoc-Har-Gly-Asp(O-

Tr p- Pro- Cys
{Bu)-Trp-Pro-Cys(NPys)NH,.
[0061] The recovery yield was 102.4% (0.295 kg) and the net yield 87.7% (based on

peptide content : 82.0%).




[0071] A GC anal ysis showed 3. 4% residual diethylam ne. [0072] 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 - d y- Asp(0-t Bu) - Tr p- Pro- Cys] (N112) (cyclo-[1- 71(0tBu)-N112)

[00731 To the reactor was charged peptide synthesis grade DVF (0.768 L) and
the solution was cooled to about 10C 9

0- [ cyano( et hoxycar bonyl ) et hyl ena. m n'b]r -N, N, N; Ar' - tetramet hyl ur oni um
tetrafl uoroborate (TOTU) (0.070 kg) was added followed by dilution with
peptide s LS. ' folaj: ek 1) - j SRRl 2

t enper at u?%%dggﬁgsv % ' al'ﬁgmrﬂ{elg{l}l ting soIAﬁ fgﬁﬁl\kfafsrp\é?(ﬂ-gﬁ tozéigtoﬂl}it@%&éi]gnd
NEM (0. 024-1) was added in small portions maintaining the tenperature at
about -6C. The , bd A
sanpl e was také@étz lc/;? %H%ag{\a s?é‘gﬁmr@@?%%%tf’hﬁgagzgwédo S lC\llgévlon a
Phenonenexyithesss ad(DYF(O.285h), usdena nitsapen agrspheys aidbeuti209Q, way a8@9%b B285kgl 5

i nut es. ; % i t ' - T % i tonitrile.
et oct 1 on abuPGEaS e A BT bR Elsay PN AN mlber L T fordy Ll aBifoR atteh o
[ 00751 To dmselefiar attke Freod 201, thamixtira mge coobeiit iabent 3P0t Hesilstiogreafde DVF (0. 768
L) at about_20C foll oned 0 £
o - & y e GricRipreE Bes 0928 iy Sopirie 0 9571, Propesd 4 Ao oGy was
di sso 11 \éeg addedeo t}ielswctibxtn_gli:&mic at such a\tms ?m@ﬁfmiaﬁloh@dawbn@@épmf ak Qt_;c?@ )Es"@g_ )h

e n sna ortilon . orrecte or uri . e
\rlvg:u?ti ng TABTeATHO %%é’%f’”a‘i"feﬁtb&m%}ﬂl%@Bﬁ8°%%fﬁéewf%%@&§mw%mt hane
(0. 384 L) shofved 2¢¥p HRan eGS0 R FAKRIL-7 Péontfatdd ta PRy B1]. HPLC ad¥a7has Jagdw@ddudd on

of [2-7-1] was added i the solution of TOTH very slowy with an addition
punp over lsu%‘?fl?heﬁgﬁﬂ 618§ o wik wa%ﬂ%anamﬁsef%%mﬁf&#ﬁmtmgat

about - 6€:1%AriflacmBhetivasid | b efadfeiforad D witeVhcBbnP¥a®h.oghe [2-7-1]
solution for HPLC anal ysis. The pH was al so neasured at this point. HPLC
and pH saffpfFeaccipaaledn 4@ miniges, fﬁ&mdqt@hvnwac?dﬁmnbﬁowafs angitee pH
was adj Usfeffledfre/wds o€y the addition of NEMif needed, while the

t enperature was mal ntai ned at about -6C. [ 0077] The pH was checked

every 15 m nut[@863dndhamenction méttend was addedl G2 sesondvesss] dhay wiak thardddwithHPECt he

t enper at J: i : t for, HPLC every
45 i nat dess B HRHE &7 7 it ARRHbon e (RERE PR DB B Aneklics: G e
conpl et e adligion twhae camplatepthe camntioro®ay Birréd af thavdempdtathtsd bedtwit Yemimtsay dthezed
product . [00781 If the r tion.stalled, .1. uiyal ents of TOTU per
oot duai e iy soosed fo rabEPC and it ves tonimechd i ubBtrte dorsbotiishe
needed Whiihgte$. NEhd follpwIng prdcedue svastien baifsrerd diree fiGes: (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 slurry was filtered, and the solid was washed twice with HPLC grade acetonitrile
(1.140 L each) and once with toluene (1.425 L). The wash with toluene can be replaced by a
wash with diisopropyl ether. The solid was dried under high vacuum at no more than 20°C.

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

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

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



- 22 - [0079] When the reaction was conplete, the mxture was
concentrated under a vacuumat <40C to a final volune of about 0.8 L. The
resulting viscous solution was cooled to about 5C and added slowy to
rapidly stirring ethyl acetate that was at about OC (7.0 L) The resulting
slurry was stirred at about OC for 20 m nutes. The follow ng procedure was
then perforned three tines: (a) the ag%}ption was stopped to allow for the
preci pitate and supernatant to separat€, (b) the supernatant was punped out
of the vessel; (c) at about 0 C, fresh ethyl acetate (1.15 L) was added to
the react Quxaaifle 89 !Pi'éﬁdrﬁ’ﬁomeEParSGEVIAﬁ@OTtQQ)-TPﬂ?r%JG%(MIWpE (2i7-gg for

about 20 m nutes at about OC. The final tinme the above procedure wa

performed, a sk@0d7br Tosireasior gharged with pentide simthesis zede 7 ¥lederd 2bant 2R,
reaction i 44 At ot B0 . ' resyltin
Furry o e AU o T I U By ol PGS M B2 2R (0816
L) and t histevly withggifition. dhe mixdprectay codediorab¢ . 19%6 af yhicKitempendting dietsylamined
under a iy BEHATALe 20U adREn of the diet HIAL wH1EmPLAANCS: dBRcANRIYEZed bY

reverse phase using an aqueous Of OACet I Cc acl 0 acet oni tri
gr adi ent . a]lo@8ifo rise LCHVE 208Gl Jwigeess of the reaetibnt s mmedtored My FIPL B &8iRis of

(0. 164 kotue bt Senliop e sttt Wi G RRACER i B BuBES Grd

79. 7% . E250d.emb coRmmpaSatbdnoA: TFAOLISh Réwidar, SElvntAs X @1 Rrin attediy;12)

(cyclo41-71-N E o, o 19083] A .mi re . of dic ro hane . 573, 1),

o) Sol (0 adienE 2 ke 98% Bintd Tised IR Al ois SOUSRTHNGRS 2 il Rinndic § ng
s?)l \l/Jv][ i onTﬂﬁ&erﬁpe@ht&& vas 405 H’ﬁdle%ﬁgh fi'a{; &oznlicc:ié%HB_Uﬂaple’c‘dWhh e&xgléé-&lcéiﬂbgmgc[gdded
sl ow y. t enper at ure . el el ow ing the additjon o .
[1-71(0tB -3311 9D Lesoydian R0 0 i SepRFCEIo -g’-lf]u&ilﬁ CHTassEallyroeplsteringh
extra porhdesy of TFA (0.365 L) was added in about 10 m nutes. The
tenmperature was hel d bel ow 20C during the addition. After the addition of
all the TFA, tI986§lekheireastimaizntedias added ta e spcond vesset charged with ethvbiadsiataPLC.
[ 0084] HPYsS j GOfPEC . j =

250~ 4. amB%Tﬁjﬁg%gg?%%&ﬁas P5° s fif Hlepinsiot R inrc{Ms 20 bbby SOl BB o
0. 1% TFA 1HCwdhe follemingupeednte vskey porfogacirriden(axthetagitationi was stoppedatd the was

eact  on DB w bR o Sl b muplhedodfos BERIR Bb BB, TP, o

t o t he prsoderogtant wdpumped out of fH3G8EsEL W) chresh bibylracetatei(0.A50A} waoadikeé beabohe

i xt d to 10C t | utiqn .of. 2/ di-i pyl . eth
(D Py acrrERinE Pk fostopey B 5ot ol Rt abiode Bl T Yy SRS Ao o " 10
m nut es aind #¥Gokd evat ashef i6ltiness edthustig@ boetate (0UTHO 1T 6x2h $iall).dA diiSonabwhads withee

;[N: {Tﬁ S prglieceagrgébg e{i;‘j:%( éalljlrb% pg;fon%elgl%o ?erllx(ljov% (%I?J rgsgéllgeg Iolf gthgloalcgtz’%. I’_1')he %Ql?d \Estr c(lalgedt ' Tes

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 : 81.9%).



The product was dried at no nore than 25C. [ 0086] The product was
anal yzed by reverse phase HPLC using an aqueous trifluoroacetic

aci d/ acetonitrile gradient. [0087] A LC/ M5 analysis confirmed the nass
[WEI] 832.3 of (cyclo-[1-7]-NH2). [0088] The recovery yield was 0.157 kg
(87.9% and the net yield was 87. 2%(b§§ed on peptide content 79.1%.

[ 0089] The content in pure APl was 45.8% This value was obtained by the
foll owi ng HPLC rret hod: Synergi Max-RP 4 jim 80A 250*4.6 mm solvent A 52

MM H3PO4 FiRaRiplé &fation (of m-mamm - tBu)Er ykﬁﬁ%é -
/100m M H7SA (50/ 50/ 80)n 220 nmu; y&%rﬁ ?oc"ﬁgf% ent g/ﬁ%g\l 1r 45

mi nut es, 7HEEBY-NES% B over 13 ni nut es. then to 100% B over 1 ninute.

Exanple 9: P J 0090
The br oy ploUF ¢ i ¥le PactoR ey it Feofics FHOheA bt B R 768 L g
puri f i casolotion Waecouled® boppt 1026. f@[cy@h@(emdywm@n)mmeﬁahﬁlﬁ@]-ww’e 22 0
colum w a cm

% The st at I O ab
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t he det AR

Soleveﬁt ot i‘&B syﬁtli%@() i Egpr océﬁgg%évegr%ﬁ') rWﬂaIC%II\II“E?% 9 Eétﬁéé’ﬁcg& 88’1%5‘{5%#’ le]%\éPTFA
0.1 % nlﬁﬁﬁoé@ss@ﬂﬂm mluuonovmqo(mbab«)ut -6°C andTNEME. QBmL)mss wtfed i nell e

by elutig 100, % .sol vent A r|f| ti.on
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fracti Orkrécﬁéﬁt' 1298 9%% qu 15 minutes. Solvent A: TFA 0.1% in water, Solvent B: TFA 0.1% in

acetonitrile. Detection was at 215 nm, the flow was 2 mL/min and the temperature was 40°C.
[0075] 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(O-tBu)-Trp-Pro-Cys(NH;)-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 resulting solution was
diluted with peptide synthesis grade dichloromethane (0.384 L). A sample was taken for HPLC

analysis.

[0076] The solution of [2-7-1] was added into the solution of TOTU very slowly with
an addition pump over a minimum of 3 hours while the temperature was maintained at about -
6°C. A sample was taken after the addition of 50% of the [2-7-1] solution for HPLC analysis.
The pH was also measured at this point. 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.



Side fraction (Fp): 60 %and <92 % - 24 - The collected fractions were
stored at 2C to 8C. Secondaly purification: [ 0092] The secondary
purification was an acetic acid/acetonitrile based purification. The norns
for the individual main fractions were 99.0 % w th single inpurities <0.3 /
0.5 % The stationary phase was a Kromasil C18, 10 11M 100 A colum with a
di aneter of 5 cm The colum pressure s 40 5 bars, the flowrate was 50
ml/ mn, and detection was at a wavel enffth of 215 urn. The nobil e phases
were as follows: Solvent A: AcOH 0.5 % in processed water / CH3CN (95/5);
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(b) the supernatant was pumped out of the vessel; (c) at about 0° C, fresh ethyl acetate (1.15 L)
was added to the reactor and agitation was re-started; (d) the slurry was stirred for about 20
minutes at about 0°C. The final time the above procedure was performed, a smaller volume of

ethyl acetate (0.768 L) was added to the reaction and agitation was re-started for 10 minutes at
0°C. The resulting slurry was filtered and the solid was washed once with ethyl acetate (0.576 L)
and three times with di-isopropyl ether (0.576 L). The solid was dried under a high vacuum at
about 25°C.

[0080] The product was analyzed by reverse phase HPLC using an aqueous
trifluoroacetic acid/acetonitrile gradient.

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

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

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

- [0083] A mixture of dichloromethane (0.573 L), anisol (0.086 L) and TFA (0.122 L)
was prepared at about 20°C. The resulting solution was cooled to 15°C and solid [1-7](OtBu)-
NH (0.191 kg) was added slowly. The temperature was held below 20°C during the addition of
[1-7](OtBu)-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-

71(OtBu)-NH, remained relative to the product.



The collected fractions were stored at 2C to 8C. Desal ti ng/ concentrati on:

[ 0095] A double desalting step in amoni um acetate sol ution was perforned
before the concentration step to renove the residual trifluoroacetate
counter ion and to obtain the acetate formof the peptide. The
concentration step reduced the vol unme.gf.the processed sol ution.

[ 0096] The stationary phase for the NHA0Ac desalting/ AcOH concentration
was a Kromasil C18, 10 gm 100 A columm with a dianmeter of 5 cm The colum
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- [0087] A LC/MS analysis confirmed the mass [M+H] 832.3 of (cyclo-[1-7]-NH,).

[0088] The recovery yield was 0.157 kg (87.9%) and the net yield was 87.2% (based on
peptide content : 79.1%).

[0089] The content in pure API was 45.8%. This value was obtained by the following
HPLC method: Synergi Max-RP 4 um 80A 250*4.6 mm; solvent A: 52 mM
H3;PO4/CH;CN/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
Primary-purification:

[0090] The primary purification was a trifluoroacetic acid/acetonitrile-based
purification. The norms applied for the individﬁal main fractions were = 92.0 %. The stationary
phase was a Kromasil C18, 10 um, 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 / CH3;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 %.



[0100] The desalting and concentration were nonitored using nmethod MAD- 009-
SF323TA and the target acceptance criteria were as follows: Main fraction
(F1): 99.0 %with inmpurities < 0.3/ 0.5 % and Side fraction (Fp): > 80.0
%and < 99.0 % The collected fractions were stored at 2C to 8C

[0101] The entire disclosure of each yent, patent application, and
publication cited or described in this docunent is hereby incorporated
herein by reference. - 26 - Wiat is Clainmed: 1. A product produced by a

process conpr The ngjlectqolr foactidhhyem starrgat2PC of °Cor mul a | | :
Mpa- OHH Har - d y- Asp(O- P2) - Trp-Pro-Cys-NH2 | 1

Secondary purification:
[0092] The secondary purification was an acetic acid/acetonitrile based purification.

The norms for the individual main fractions were > 99.0 % with single impurities <0.3 / 0.5 %.
The stationary phase 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 detection was at a
wavelength of 215 nm. The mobile phases were as follows:

Solvent A: AcOH 0.5 % in processed water / CH3CN (95/5); and

Solvent B: AcOH 0.5 % in processed water / CH;CN (50/50).

[0093] 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 minutes; 15 % B to 35 % B over 60 minutes; and elution of 100 % solvent
B over 15 minutes.

[0094] The purification was monitored using method MAD-009-SF323TG1 and the
target acceptance criteria were as follows:

Main fraction (F1): = 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:
[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 / CH;CN (50/50); and

Solvent C: NH;OAc 100 mM pH: 6.5 in processed water / CH3CN (95/5).



SS (I'l) wherein Har is honoarginyl; Gy is glycyl; Asp is aspartyl; Trp is
tryptophanyl; Pro is prolyl; Cys-NH2 is cysteinamde; Ma is

mer capt opropi oni ¢ acid; and P2 is a carboxyl protecting group; and
coupling the Har and Mpa residues to forma conpound of forrmula I11:

Moa- Har - G y- Asp( O P2) - Tr p- Pro- Cys- N1125..

[0097] The column was equilibrated by elution of 100 % solvent A over 15 minutes.

For column loading, the main fraction from the AcOH purification was diluted with 2 volumes of

processed water.
[0098] The desalting was preformed as follows: 10 minutes of solvent A; 10 minutes

of solvent C; 10 minutes of solvent A; and 10 minutes of solvent C.

[0099] Concentration was preformed as follows: 10 minutes of solvent A and 50 % B

over 15 minutes.
[0100] The desalting and concentration were monitored using method MAD-009-

SEF323TG1 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.

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

described in this document is hereby incorporated herein by reference.



Si IS - 27 - 2. The product of claim1l, wherein the process further
conprising renoving P1 fromthe Har residue of a conpound of formula I:
Mpa- OHPi - Har - A y- Asp( O P2) - Trp- Pro-Cys-NH2 (1) wherein P1 is an am no
protecting group, thereby form ng the conpound of fornmula Il. 3. The
product of claim2, wherein the process %urther conprising attaching an Ma
residue to a 2-7 eptifibatide fragment‘% “the formula:

P1- Har-d y- Asp( O P2) - Tr p- Pr o- ACys- NH2 wherein ACys-NH2 is an activated
cyst ei nam de tdyelaimpdiough a disul fide |inkage between the Ma residue
and the ACys-NH2 residue of the 2-7 eptifibatide fragnent, thereby form ng
the conmpound of formula |I. 4. The product of claim 3, wherein the process
further conprisidgrodactprodigedbya proe@sicompadingle fragment of the formil a:

e providing a compound of formula II:

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

(D

wherein
Har is homoarginyl;
Gly is glycyl;
Asp is aspartyl;
Trp is tryptophanyl;
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;

(11D



P1-Har-d y-Asp(O P2)-Trp-Pro-OH to an activated cystei nam de resi due
through the Pro residue of the 2-6 eptifibatide fragnent, thereby form ng
the 2-7 eptifibatide fragment. 5. The product of claim4, wherein the
process further conprising coupling a 2-3 eptifibatide fragment of the
formula: Pi-Har-@y-OH - 28 - and a 4-6 eptifibatide fragment of the
formula: H Asp(O P2)-Trp-Pro-CH t hrough2attachnment of the @y residue of
the 2-3 eptifibatide fragment to the Asp residue of the 4-6 eptifibatide
fragment, thepebhefppsdiichar didigr B-vhetddt 'thfeipb@eésdertﬁéra;gﬂ?ﬁbingGemzr‘hﬁg Pt aduct of
claim5, wherein the process further conprising coupling an am no-term nal
protected Asp rékt daraesidg ofp @wnposedet feendakboxyl side chain to a Trp-Pro
di peptide through the Trp residue of the dipeptide and renoving the

am no-term nal proteglinggroup from frhe~Asp. rr8sd dwe 1o For i he 4-6
eptifibatide fragnmen .pa7.§H'?he pr odu@tﬁgﬁG@f’g?p&éng?&ﬁ}e?& En:% e ’process
further conprising coupling an am no-term nal protected r residue and a
protected or unprotectSd Gy residue to formthe 2-3 eptitibatide fragnent.

@

wherein P; is an amino protecting group, thereby forming the compound of

formula II.

3. The product of claim 2, wherein the process further comprising attaching an Mpa

residue to a 2-7 eptifibatide fragment of the formula:

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

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

eptifibatide fragment, thereby forming the compound of formula I.

4. The product of claim 3, wherein the process 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.

5. The product of claim 4, wherein the process further comprising coupling a 2-3

eptifibatide fragment of the formula:

P,-Har-Gly-OH



- 28 -

and a 4-6 eptifibatide fragment of the formula:
H-Asp(O-P,)-Trp-Pro-OH

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

fragment.

. The product of claim 5, wherein the process 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.

. The product of claim 6, wherein the process further comprising coupling an

amino-terminal protected Har residue and a protected or unprotected Gly residue

to form the 2-3 eptifibatide fragment.



