Process for the production of bivalirudin The present invention relates to
a novel convergent synthesis of bivalirudin, which is a 20-ner peptide of
fornmul a FWWO2Phrs®s0- Arg-Pro-Ay 5-Ay-G y-Ad y-Asn-G3y PCT/EP2009/009080

10- Asp-Phe-dQu-GQu-Ile 15- -Pro-GQu-G u-Tyr-Leu 2-0OH (1) The invention
further relates to several protected peptides as internediates in the
synthesis of bivalirudin. Proteolytic processing by thronbin is pivotal in
the control of blood clotting. Hirudin, a potential clinical thronbin
peptide inhibitor, consists of 65 am no acids. But also shorter peptide
segnents have proven effective for the treatnent of thronbosis, alife
threatening condition. US 5,196, 404 di scl oses, anong others, bivalirudin,
one of these shorter peptides ﬁhich.are potent thronbin inhibitors.
Bivalirudin is 5f§%kkﬁ8ﬁﬁd%§mﬁf Y#'54™"s, BG 8967, Efludan, Angiomax(r) or
H rul og(r) and possess the am no acid sequence given in formula |I. WO

98/ 50563 descr iNemesmntrimeitod rdlates o heovel @paEraebt sgnthesfs of bivaliodis, vdughtid @les,

i ncl udi ng blvabthqEHMeQMbﬁﬂgonblnant technol ogy. The nethod conprises
expressi ng the ar 0 t fal |l oped by rel ease of
the peptide ¥r oqun%)% ErSI%ro él&f&?' yb Aasr,],fb@!i ?s‘)eﬁhe 3 8'” “e%sayarra et al.
Chem Pharm BuIPmii@QBﬂVW¢P°§%ﬂ4 1 350, and Stelnnetzer et 8. Eur. J.

Bi ochem 1999, TRObyenb@Biufidb reigley toSevéalSodtédtbdpiepsdes 2y nitdt@sdiges0in tae f f er ent

hi rul ogs on waggﬂkﬁ§&gwmmgg_mang resin requires cleavage of the peptide
fromthe resin wth concentrated trifluoroacetic acid. In a simlar solid
phase synt hesis approach for the preparation of bivalirudin, WO 91/02750
di scl oses a10seguwealiicarocagsmg da diongfin iapivetahn theg caitmiglf elo®badetimyotimdined am no
acids to Boc- Lp&t@msnicnﬁ:amrdényh PYHBEARRIBE cdriShs Bt 65/ Rl cidBel BIYalsishdHet aneous
deprotection andhgetac nent  using Hel L>cres olﬁgtg¥h(gq%g¥mmsulfﬁte and

e segmen €, Proven ecti S
subsequent |yo S on andp Url fi1cati on. ases, thé c?eavage of

t he peptide frHﬁﬁ?ﬁ@gﬁﬁémﬂ‘reqU|res aggressive acidic conditions, which are
i kely to cause

15 US 5,196,404 discloses, among others, bivalirudin, one of these shorter peptides,
which are potent thrombin inhibitors. Bivalirudin is also known as hirulog-8, BG-8967,
Efludan, Angiomax® or Hirulog® and possess the amino acid sequence given in
formula 1.

WO 98/50563 describes a method for the preparation of various peptides, including

20  bivalirudin, by recombinant technology. The method comprises expressing the peptide
as part of a fusion protein, followed by release of the peptide from the fusion protein by
an acyl acceptor.

Okayama et al. Chem. Pharm. Bull. 1996, 44, 1344-1350, and Steinmetzer et al. £ur.
J. Biochem. 1999, 265, 598-605, devise a solid phase synthesis of different hirulogs on

25 Wang resin. The Wang resin requires cleavage of the peptide from the resin with
concentrated trifluoroacetic acid. In a similar solid phase synthesis approach for the
preparation of bivalirudin, WO 91/02750 discloses a sequential approach of attaching
single Boc-protected amino acids to Boc-L-leucine-o-divinylbenzene resin, followed by
simultaneous deprotection and detachment using HF/p-cresol/ethyl methyl sulfate and

30 subsequent lyophilisation and purification. In both cases, the cleavage of the peptide
from the resin requires aggressive acidic conditions, which are likely to cause
concomitant global deprotection and might result in undesired side reactions with

amino acid residues, thus negatively affecting product purity. Moreover, side-reactions
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concom tant gl obal deprotection and might result in undesired side
reactions with amno acid residues, thus negatively affecting product
purity. Neoeowa7s9ssi de-reacti onsoften arise in solid phace/EPgEmhesss by

m si ncorporation, double-hits of single ammbp acids and/or racem zati on and

l ead to side-products whi ch have a structure very simlar to that of the
target peptide Purification is therefore awkward and results in | oss of
yiel d Especially |onger peptides are prone to adopt an irregul ar
conformation while still attached to the solid support, which nakes it even
nore difficult to attach additional amm acids to the grow ng chain
Therefore, this problemi ncreases as theé | engt h of the pept| de i ncreases WO
2007/ 033383 di s IoasrgesIn Lol ha e n% EI mgrg()c?ucr:;ttl rgn Ieht g rudl n, based on a
solid phase syfAtfesrs or a o T on"or g™ SIS RGSIYT ATdn

synt hesi s (i xé%ldsaﬁ’rﬁ%a@qw'lﬁtl?"mﬁ‘é '%%ﬁ‘ﬁécﬁ%fﬂduc"% 'C'blh@&l 3 piiue pept i de
sequence is prepasresithant Be aypeseptdi Rlrificbin iethe@tabwkRaraani eeits @ndedi ment ,

bi val i rudi n | S oPiaRRedaRoEOHRbIRO AR oRh0S SRAIN AL EGHEHfM g nal

pepti de fragnment t erm nal r agnent

rote
and subsequent SUEHRBELRMESAIY PG %fﬁ)ﬁhm@w X817 gPre JEGHP ?‘Faﬁ'ggddl“'ﬁ”%' his case,
sai d L/-term i aalnofaridggioetret @ovemmchaineTheregra tgoproldém sareases @s theneaigthfaf agnent (i
e peptide sequ%(beptﬂg mblraaslegu) are both prepared by soI i d phase synthesis

One of the disgdy @@ a rmati.on of
D Tyr 19- bi val i f udl i 158 §3 gscloses%me Floda}(():ﬁtg-:)f/prodsui;t{ono blva rudm Las é) nuz'assc}l ng ring

extra efforts, Peasstsyntagsis <W0%§°‘F“PI"%}‘P’EI°HS?“6 Ryage F'PPeS%‘ﬁ'P” fSVfé’EPS'Br(ﬁﬂmét I n
addi tion, tle apmeseb). of ogusnbbdigentpiny alvblrutih pepad siqiede isnprégaecdesraapl es of WO

2007/ 033383 is h%l’ ¥0|d |gbl|Eh&nr ﬁ'ﬂ%thgrf enWoaﬁgnt I5|\V5(I1Ju8ﬁt|§ ﬂgpat'etaang/ thhBIﬁg appr oach is
not suitable for production of udi.n on arg scale w th tgood purity

It is an obj ecls'd‘?)fCh?ﬁep'ﬁ?cé"sdeﬁ’f‘erf"ﬁ'@eﬁ?ﬂt'?ﬁ f"f"%m‘iﬂl o¥ihda %"enﬁ}aé‘ BPISCET ent
synt hesi s of biGteiminaudéntid¢ Hragmeny eand cavbseatane deprotgstion] rusing aatrkghofacitlic near ,

sol i d phase sygédagsdss 1RMkls icBseS WaldaRk@mhar frdghRntdr UGS | &tu@Br 8N shigdustri al
scal e This 9431 %%rm%Ffrag;ﬁsm ( gﬁ%'e 5:3%%%{1 hr%n&? ﬁ%fh@%cgrre;‘?a'rragb esongl aim 1,

the peptide fragnents ragrrents
according to cP%ﬁsﬁﬁwePf’ e rof 1B dé%@ﬂ?%ﬁi‘@'sé%%yl'st %{bﬁart“ﬁ'émg‘ﬂl'ﬂ“éét mat t er
of the dependeniTytdthialiredi2 Thi8 ingpudky BRKRBIt to remove, thus requiring extra efforts, costs

and loss in yield to get the purified product. In addition, the amount of purified
bivalirudin obtained in the examples of WO 2007/033383 is only in the range of grams,

20 indicating that this approach is not suitable for production of bivalirudin on large scale
with good purity.

It is an object of the present invention to provide a more efficient synthesis of
bivalirudin that overcomes the known drawbacks of linear, solid phase synthesis and is

25 suitable for the production on an industrial scale. This object has been achieved by the
process according to claim 1, the peptide fragments of claim 19 and the use of these
peptide fragments according to claim 29. Preferred embodiments constitute the
subject-matter of the dependent claims 2-18 and 20-28.

30 The present invention relates to a process following a convergent approach, /e.
individual fragments are synthesized separately and then coupled in solution phase to
build the desired peptide. The challenge of convergent synthesis is to find suitable

fragments and their coupling order for overcoming the known drawbacks of convergent



The present invention relates to a process followi ng a convergent approach,
i e individual fragnents are synthesized separately and then coupled in

sol uti on whasw/a7esbui | d t he desired peptide The chal | engeTaP2a00r®Bgent
synthesis is to find suitable fragnents and their coupling order for
overcom ng the known drawbacks of convergentsynthesis. These drawbacks are
solubility problens during coupling and isolation, |ower reaction rates
conpared to solid phase synthesis and a nmuch hi gher racem zation risk of
the C-term nal fragnent during coupling. Bivalirudin consists of twenty

am no acid residues so that a huge nunber of possible fragnents and
coupling orders exist. In addition, bivalirudin contalns seven anm no aC|d
resi dues, nanel u l7-

and -G u 18- %"\es'%?ﬁ\ﬁ?ﬁ grﬁA%ﬂ,sear;eesg@f: mé”°§|eﬁ‘é d&% ?1°”f’ ng & (’Jsr?é’t'?"hat require
sui tabl e prot e w0 reagtiv wéssr enwered o, solitherhasensynisplb i @9 & o bighsr e
protection andrfepitdibe sk dMheottdrimalNragRed dGridgelotpiing! Bivafirudid €onsistd 3 €

fragents, ¢ hus,dSheaskifhis Sl L RRG.AL Ll BUBGALAVLE WDLGD achi eves

the object of t esent 1nve I'cant’ has suUrp ound t hat
bi val i r udi n %of oﬂdérﬁﬁﬂ?td” pddtign bHé"r%\/‘é’H‘P%%edﬂé?r?”%ﬂdl ’€P'CU|'63 B?i“et'hé‘f%a( 1 +2) +
(3 + {4 + 5})] -shrategy. SdeliuredGheEl end -Glihe, ailusfiveics hbye Radinel siBe st and f or

the three pept gl ft,mgﬁw seqare sfuearbwdraec\(onMdd@&aeeﬁontﬂn@saﬁmﬁressostands for
t he aspartic acid a Xl I tands for

the phonyl & anfiEoGEPEYRE pUEsBrodiniiirg Aend eangid Bt PR TBsTson 1 e at os
to a process f thus triseeagirgotie shallengeod! ndiomlai rpuiel imhicl facieyesntiieacbject of 9@l ut i on
phase whi chicoppRednsiasentidhe Ssteps of (a) reacting an optionally side

chai n-protected peptide of formula P1-D-Phel-Pro-Arg-Pro-OH (SEQ I D NO 4)
(V), wherein P 1 is a protecting group, Wwth an optionally side

chai n- pr ot ect e@PRYEPH PRFeSugrisingdt flofT thﬁ-tﬁ!aVBd”G"fym@“!? g2 bﬂ@ﬁ"a@a?eofﬂ\f OP2 ( SEQ
ID NO 5) (W), buvidepéy theR2 +i 23 +d3 priot-&e stratpog podgiined teelopr Doburwiebers 10pt i onal |y
si de chai n- protges @Qndo%pwedﬁe@% |9é man%nﬂé’lﬂ Rrfte ¥ ﬂré?]dA( GhePhupmEd ¥

>-d y- a y- GI y Af%r?&s%thelagﬁa%Zac% Qallve o'f\lprml)l )YII Ignd the numger sfa)mc}s t%r tﬂe P2 are as

defi ned aboVe
phenylalanine derivative of formula XI. The present invention relates to a process for
the production of bivalirudin of formula I in solution phase which comprises the steps of
(a) reacting an optionally side chain-protected peptide of formula
P1-p-Phel-Pro-Arg-Pro-OH (SEQ ID NO 4) V),
20 wherein P1 is a protecting group,
with an optionally side chain-protected peptide of formula
H-Gly5-Gly-Gly-Gly-Asn-Gly'0-OP2 (SEQ ID NO 5) n,
wherein P2 is a protecting group,
to produce an optionally side chain-protected peptide of formula
25 P1-D-Phe'-Pro-Arg-Pro-Gly5-Gly-Gly-Gly-Asn-Gly19-OP2 (SEQ ID NO 2)(VID,
wherein P1 and P2 are as defined above,
(b) removing P2 of the peptide produced in step (a) to produce the optionally side
chain-protected peptide of formula
P1-b-Phe-Pro-Arg-Pro-Gly5-Gly-Gly-Gly-Asn-Gly'0-OH (SEQ ID NO 2) (Il),
30 wherein P1 is as defined above,
(c) reacting a side chain-protected peptide of formula
H-Glu-Glu-lle'5-Pro-Glu-Glu-Tyr-Leuz-OP3 (SEQ ID NO 8) X),
wherein P3 is a protecting group,



(b) renoving P2 of the peptide produced in step (a) to produce the
optionally side chain-protected peptide of formula

P1- D- PhewBnotArrgesPro-dy 5-Ay-Ay-Ay-Asn-Ay 10- OH ( SEQHPRvoMOQU®E0 (1 1),
wherein P 1 is as defined above, (c) reacting a side chain-protected
peptide of formula HAu-Au-lle 15-Pro-d u-G u-Tyr-Leu 20-0P3 (SEQ I D NO
8) (X), wherein P3 is a protecting group,- A - with a phenylal ani ne of
formul a P4-Phe 12-CH (XI), wherein P4 is a protecting group, to produce a
side chain-protected peptide of fornmula P4-Phe-Qu-Gu-Ile

5-Pro-d u-A u-Tyr-Leu 20-0OP3 (SEQ ID NO 9) (XIl1), wherein P3 and P4 are as
defined above, (d) renoving P4 of the péptide produced in step (c) to
produce the corresRoncu n Nterg?' nal |y deprotected, side chain protected
peptide of fornul & r}d"i’,e"?ﬂin"}eé’ CtM4fg t he peptide of formula Xl | produced in
step (d) with a si d#+RIe&GH protected aspartic acid of fornul al- Aspll- OH
(XI11), wherein Pahérsin @4 Rra@kdstingt@ougl oup, to produce a side chain-protected

pepti de of fornul é’f&“@éﬁi@gﬁﬁgﬁﬁf‘*ﬁ?gf’%{’l}é@ed%f".}rmao_ G u-d u-Tyr-Leu 2-0P3 (SEQ

ID NO 3) (XIV), el n ned above, é)f) renovi ng P5 of
t he peptide %r oducetf-Te-@u-EREEP T PuROHIER* 1P SFRRICNMAPnpr ottt ed pepti de
of fornul a H Asp- PhaeiP8atd R#-drd @& dbfineBrabevél u- A u- Tyr-Leu 20-OP3 (SEQ I D NO
3) (I11), wher gjndRRyihgpast tleicbRDrRADVG sidpdd) 16 FraGICh i cBrl?é%p&faEEQpal l'y side
chai n-protected peptide of f rnu(%a | | R od ceg I rStlﬁ |‘b) with the side
chai n- prot ect ed pg‘%{“l’ 'éd%WOt?cgei’jnﬂ N7 P 0%98‘3‘3?@ ¥R %’b (T) to
(e) reacting the peptide of formula Xl produced in step (d) with a side chain
10 protected aspartic acid of formula
P5-Asp1'-OH (XIHy,
wherein P5 is a protecting group,
to produce a side chain-protected peptide of formula
P5-Asp-Phe-Glu-Glu-lle5-Pro-Glu-Glu-Tyr-Leu20-OP3  (SEQ ID NO 3) (XIV),
15 wherein P3 and P5 are as defined above,
() removing P5 of the peptide produced in step (e) to produce the side chain-
protected peptide of formula
H-Asp-Phe-Glu-Glu-lle'5-Pro-Glu-Glu-Tyr-Leu20-OP3  (SEQ ID NO 3)  (llI),
wherein P3 is as defined above,
20 (g) reacting the optionally side chain-protected peptide of formula Il produced in
step (b) with the side chain-protected peptide of formula Il produced in step (f) to
produce a side chain-protected peptide of formula
P1-D-Phe!-Pro-Arg-Pro-Glys-Gly-Gly-Gly-Asn-Gly10-Asp-Phe-Glu-Glu-lle5-Pro-
-Glu-Glu-Tyr-Leu20-OP3 (SEQ ID NO 1) (1V),
25 wherein P1 and P3 are as defined above,
(h)y removing P1, P3 and the side chain protecting groups of the peptide produced in

step (g) to produce bivalirudin of formula {.
The process of the present invention allows for a very efficient synthesis of bivalirudin
30 via a convergent fragment synthesis, which can easily be adapted to the production on

an industrial scale.

The C4erminal protecting groups P2 (for peptide V1) and P3 (for peptide X) may be



produce a side chain-protected peptide of fornula Pl-D Phel-Pro-Arg-Pro-Qy
5-dy-dy-Ay-Asn-dy lo-Asp-Phe-Qu-GQu-lle 15-Pro- -Au-3u-Tyr-Leu

20- OP3 ( SEQ2hfv/iv®d83) (1V), wherein P 1 and P3 are as defPcmak2@or®so (h)
removing P1, P3 and the side chain protecting groups of the peptide
produced in step (g) to produce bivalirudin of formula |I. The process of
the present invention allows for a very efficient synthesis of bivalirudin
via a convergent fragnent synthesis, which can easily be adapted to the
production on an industrial scale. The Ctermnal protecting groups P2 (for
peptide VI) and P3 (for peptide X) may beany protecting group which is in
line with the orthogonality of the othe? protecting groups Suitable
exanples are C-terminal protecting gro bei ng renmovabl e by saponification
ke mothyl (VB BROR0R I RIEh i e wth e Gihepe et e, o pEihbi ng
removabl e by cawgisy Shibleyeiengenati Gierminalarfotedind diodembeieg ranegabiyr Bicess of the
present i nvent sfbnificafionSitke Pefr) (Mej BE efblyIOESG G i CXgmEHa0 pptelling drsip@ bRt ect i ng

group being .St?emo9abFe%y%§tE|2\|c3ﬁ%dr8 epé{iglg_ogenati on and the protecting group P2
is a protecting group berng emovanl e by catal ytic hydrogenati on and bei ng

orthogonal t% the optional side chain protecting group(s), in step (c), the
prot ecti ng gr olnpanRénbodgiment pf bt @otesa@f the ereser @ivergjor, énoiemaia), eéhdxyotedibal yt i C

hydrogenation gigh Phes Rf Gb8&hh Rbup g ftdbid & SudiflgGbidniodrAHRndEI Ng
ort hogonal to trht% S deO chain ‘Qrtocgigctrl n rou %s% f ﬁg"‘wﬁ' Reorr)t i d% of formula
X and to P3, aRd°fh98reh ?5)  PRRE"HP Bt 19g oP %Bv TIPSt i ng group
bei ng ort hogonatd keingtditeogonaido i @Pivnpristeedbein miptagingugigusys): of stehé).gept i de/ ami no
acid of for mﬁl prostting @rdp KB Isla ;ﬁdﬂd{f{ti_ﬁg)gra:ﬁ) b@fgﬁ@ﬁdﬂzhﬂ@bﬁcq‘fe@ti%i@@eﬁﬂ&s? p{ ggess
o s o | o 2 8 Byl oy BEG14 000 4 MBI YRR SRR fE! o150
is a protectingGFHaPBeishg’ Yespidetd rapla Xere t%ﬁ@frfﬂj’e'ﬁzﬁt‘?p})’e‘?} W th an
optional | y si derotetiaag gropp BY e @tredecirapiréuddeing ofhogaral taithe side chain protecting
H A y5- A y- G yulslipis)As tcGaptiderdhid 4E62 biuSabind Mli)and to P3, affording a
15  solution phase process comprising the steps of
(a) reacting an optionally side chain-protected peptide of formula
P1-D-Phe'-Pro-Arg-Pro-OH (SEQ ID NO 4) V),
wherein P1 is a protecting group being stable to catalytic hydrogenation,
with an optionally side chain-protected peptide of formula
20 H-Gly5-Gly-Gly-Gly-Asn-Gly1t-OP2 (SEQ ID NO 5) (V1)
wherein P2 is a protecting group being removable by catalytic hydrogenation and
being orthogonal to the optional side chain protecting group(s),
to produce an optionally side chain-protected peptide of formula
P1-D-Phe’-Pro-Arg-Pro-Glys-Gly-Gly-Gly-Asn-Gly0-0OP2 (SEQ ID NO 2)(VIi),
25 wherein P1 and P2 are as defined above,
(b) removing P2 of the peptide produced in step (a) to produce the optionally side
chain-protected peptide of formula
P1-D-Phe’-Pro-Arg-Pro-Glys-Gly-Gly-Gly-Asn-Gly0-OH (SEQ ID NO 2) (I,
wherein P1 is as defined above,
30 (c) reacting a side chain-protected peptide of formula
H-Glu-Glu-lle'5-Pro-Glu-Glu-Tyr-Leu20-OP3 (SEQ ID NO 8) (X),
wherein P3 is a protecting group being removable by catalytic hydrogenation,
with a phenylalanine of formula



wherein P2 is a protecting group being renovable by catal ytic hydrogenation
and being orthogonal to the optional side chain protecting group(s), to
produce awmoaptowosmBly side chai n-protected peptide of f®CEEP2009/009080

P1- D- Phel-Pro-Arg-Pro-@ y5-Qy-Ay-Ay-Asn-Gy 1-0OP2 (SEQ ID NO 2)(VIl),
wherein P1 and P2 are as defined above, (b) renoving P2 of the peptide
produced in step (a) to produce the optionally side chain-protected peptide
of formula Pl-D Phel-Pro-Arg-Pro-Ay5-Ay-Ay-Ay-Asn-Ay -CH (SEQ I D NO 2)
(I'1), wherein P1 is as defined above, (c) reacting a side chain-protected
peptide of formula HAQu-Au-lle 15-Pro-G u-3 u-Tyr-Leu 2-0OP3 (SEQ I D NO 8)
(X), wherein P3 is a protecting group b®i ng renovabl e by catal ytic

hydr ogenat i on, rB I al ani ne of fornul aP4-Phe 12-CH (XQ, wherein P4
is a protecting group eing orthogonal to the side chain prot O | ng
group(s) of the p&pEriaE4dT a PEIINT HPHEHI PBhopanal foghg pidrithal RicteYtige

chai n- prot ect ed peptupsiefvé pdpadent FoamislX Bfte B8,U- G u- | | e

15-Pro-G u- G u- quodrgddcgasga%h£r$gr(ael:tpd gggh&)ofﬁ);glu],e) wherein P3 and P4 are as

defined above, (d) renovin . F e A o duced in step (c) to
produce the® corresp%“n@%%“‘%ﬁé’?m% @'VG&EB b‘?“ et SER 8N Hai n Blot ect ed
pepti de of fornmul &hotkih P3 ¢rel)Péraeaastdefigdabepepti de of fornula XIl produced in
step (d) with @)S»%v.ﬁ@m&tm@bmtp&;au@aww @t@srb@hc@fhefc&réawnam w:Aspll- OH

(X11r), wherein P r cti grou al to the side chain
protecting grou ? m'"?"yf’%m?ecgad S'cpgc an mBCte(?peﬁ #O a XI1 and XI11 and

to P3, to prod ereact@p dee E?P&wafw%txéopf%mq ester (4 cying Bde cha
P5- Asp- Phe- @ u- G grotekted ddpakit aciddf eorrflal- Tyr - Leu 20-OP3 (SEQ I D NO 3) (XIV),
wherein P3 and P5 qa;@\gaa_dﬂpf i ned above, (XIll),

wherein P5 is a protecting group being orthogonal to the side chain protecting

group(s) of the peptide/amino acid of formula Xll and XIli and to P3,

to produce a side chain-protected peptide of formula

15 P5-Asp-Phe-Glu-Glu-lle'5-Pro-Glu-Glu-Tyr-Leu20-OP3  (SEQ ID NO 3) (XIV),

wherein P3 and P5 are as defined above,

(ff removing P5 of the peptide produced in step (e) to produce the side chain-
protected peptide of formula

H-Asp-Phe-Glu-Glu-lle's-Pro-Glu-Glu-Tyr-Leu20-OP3 (SEQ IDNO 3)  (ll),
20 wherein P3 is as defined above,

(g) reacting the optionally side chain-protected peptide of formula Il produced in
step (b) with the side chain-protected peptide of formula Il produced in step (f) to
produce a side chain-protected peptide of formula

P1-D-Phe'-Pro-Arg-Pro-Gly5-Gly-Gly-Gly-Asn-Gly10-Asp-Phe-Glu-Glu-lle5-Pro-
25 -Glu-Glu-Tyr-Leu20-OP3 (SEQ ID NO 1) (Iv),
wherein P1 and P3 are as defined above,

(h) removing P1, P3 and the side chain protecting groups of the peptide produced in
step (g) to produce bivalirudin of formula

H-D-Phe'-Pro-Arg-Pro-Glys-Gly-Gly-Gly-Asn-Gly10-Asp-Phe-Glu-Glu-
30 -lle15-Pro-Glu-Glu-Tyr-Leu20-OH (SEQ ID NO 1) n.

Here and in the following, the term “orthogonal” as characterizing attribute for the

behavior of two different protecting groups, is to be understood to mean that one



(f) renoving P5 of the peptide produced in step (e) to produce the side
chai nprotected peptide of fornmula H Asp-Phe-GQu-Qu-Ille

15- Pr o- GwWOGhw/0Ty983Leu 20-OP3 (SEQ ID NO 3) (I111), wher eca/EP3000o0ws0 def i ned
above, (g) reacting the optionally side chain-protected peptide of formula
Il produced in step (b) with the side chain-protected peptide of formula
1l produced in step (f) to produce a side chain-protected peptide of
formula P 1-D Phel-Pro-Arg-Pro-Ay 5-Ay-Ay-Gy-Asn-Ady

10- Asp-Phe-d u-GQu-Ile 15-Pro- -Qu-@u-Tyr-Leu 2-0OP3 (SEQID N0 1) (1V),
wherein P 1 and P3 are as defined above, (h) renoving P 1, P3 and the side
chain protecting groups of the peptide'Bfoduced in step (g) to produce

bivalirudin of formula H.D Phel-Pro-Arg-Pro- 5-d y- - -Asn-Ay
10 Asp- Phe- @ uPEREY. £ oG Ty e e, el T?@*@% ) rere
and in the fol PEIRFING IR Of BRpPe 0P PIREHITAUPSING AECaX PP ithE Sil§ CBRR ri but e for
t he behavi or obrotesting drdup€meats  proteetdiy ighyp ghioh Bjeavebletty dertsindethsd ood t o

nmean that onepggtfel hdd Sl iRt Pad Raif bSRYUARLRURY @ certain nethod that does
not affect the other protecting group. For exanple, "a protecting group

bei ng orthogonal to the side chain protecting groups" means a protecting
group whi ch i sThd edyerrisrecof s sraigay is dliah it gan broebptidsiadn alemwnenaial seefef ot t he si de
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undesi red
are not formed. For comparison, in the route disclosed in WO 2007/033383 protection

is accomplished by using fertbutyl (tBu; as fertbutyl ether or as fertbutyl ester), which
is a protecting group being only cleavable by acidolysis (e.g. with hydrochloric acid or
trifluoroacetic acid). This acidolysis induces the formation of by-products, such as fert
20 butylated tyrosine, which are difficult to remove in the final product due to their similar
physicochemical properties. Another disadvantage of acidolysis is that handling large
quantities of strong acids, such as trifluoroacetic acid, raises safety issues for both
production and environment, especially on a commercial scale.
For further comparison, if a CHerminal protecting group which is removable by
25 saponification, such as Et, is used as P2 for the peptides of formula VI and VI, its
removal under basic condition induces substantial degradation of the asparagine
residue (-Asn®-) and of the arginine residue (-Arg3-). Even if saponification is neither
accomplished with acid nor with base but with the more gentle approach of enzymatic
reaction, like saponification with the enzyme subtilisin, substantial formation of Asp®-

30 bivalirudin is observed caused by degradation of the asparagine residue.

Before, during and after the single reaction steps of the present invention, all peptide

fragments as well as all coupling products may be present as such or in a suitable salt



by-products resulting fromreactions between such carbocations and the
target peptide are not forned. For conparison, in the route disclosed in WO
2007/ 033386 2proat7e4sBi on i s acconpl i shed by using / e/ 7- buPgIT/EPREBY/00RS80
tert-bu\y\ ether or as /e/T-butyl ester), which is a protecting group being
only cl eavabl e by acidolysis (e.g. with hydrochloric acid or
trifluoroacetic acid). This acidolysis induces the formation of

by- products, such as tertbutylated tyrosine, which are difficult to renove
in the final product due to their simlar physicochem cal properties.

Anot her di sadvantage of acidolysis is that handling | arge quantities of
strong acids, such as trifluoroacetic atid, raises saf ety issues for both
producti on and,environnent eci al. i al further
conmparison, if foém',d_l@ éeen?'ﬁgnré eF‘?yg't(xé%?T'%prgp%%ﬁgpmﬁt [ cﬁlgf%u% ?rnéﬁgt\bgbelaggﬁy

saponi fi cat i oncondilieny. utae salisqarg,fop gxagelephe saip famRed Wlbpirietadaming (TESk mul a VI
and VI, its r dinmwadxylamnide (DArES,ihgdreadived sdidACH ardudfasrosdaelisdcanTFAgl degradati on
of the asparagi ne residue (-Asn9-) and of the arginine residue (-Arg3-).
Even if saponification is neither acconplished with acid nor with base but
with the nore GefPI® by BXLHC ¥fe DAY PIREEINE IFUBTIYART eTIREAERFEHIY i cati on
w th the enzynemgltabequbly.si n, substantial formation of Asp9- bivalirudin is
observed caused by degradation of the asparagi ne residue. Before, during
and after the sipale reacti f th [ i ny Lon |l peptide
fragnents as WE_[eFegaath’ Qlﬁ%%c%ggfsfhg%dr% uskjfe ghﬁré{?/%gegﬁnﬂrgéos?g{%[ argsrérgﬁ'g or in a
sui t abl e sal t f 8fHfaneRaplerfad RYyisounavpeafismpedscocheni cal properties of the

nol ecul e and/ omydidagy, the aettit@ageentdblainedafteBedch atsteps galot (g) insdattovef@xanpl e t he

salts for rr_Ed W'sﬁbhecﬁ it@‘h@ﬂ)l@mnﬁ'_@teF.T@%‘)oantdriag¥&Lr%ﬂ§l>§%ﬁmﬂﬂ?in(sw'éﬁ)) the
hydrochl ori c acld,g 0 oaceﬁlc aci TEA

) and trif ln step.(h), P 1, P3
ondl the oi do CREFIN St b SRR olae Ble” AHy e VB AP PR BT
si mul t aneousl| y pPleeting gwbib(g), canrpe glispgnsgdyith beforegemdiig A dvhilé ebtaipickesimileai n
p]E ot ect i gg gr Oyipl(i.ié?nd&ﬁtﬁolﬁ Eéﬂam_dz(fj@dtBﬂﬂbdria/nﬂﬁil@kMpr_is&hB,dasRoﬂmaillﬁarfied'mmhed (a)
af t erwar ds : J [ nt,. [ r of steps (a
to (g) is i E%thfg ‘Zc'f %sg?@ggtog%&%\gcg? ngr%fg %?St hggf‘)@% g@mgrﬁgags?} e:pr)]g, &Igﬂ%ant Iﬁas
surprisingly fBeArieciefatten andsthisyowssyine pratyj o iederpgeeiidet Hes 19dipe e obt ai ned
af ter sinul t anewiiige eflenmuicogys 4@ tiea cbr the@vesalideocessaint typicaly estitsriga gioeap(s), can
be di spensed Wikl dpahePa-cb BB Forfiuel as Walakish Q@i A isdshe FHoouct.

Therefore, in a more preferred embodiment of the process according to the invention,

20 in step (h), the peptide obtained after simultaneously removing P3 and the side chain

protecting group(s) is not isolated before removing P1.

Any commonly known protecting group being stable to catalytic hydrogenation may be
used as P1. Suitable examples are fertbutoxycarbony! (Boc), 2-(biphenyl-4-yl)prop-2-
25 yloxycarbonyl (Bpoc), 2-(3,5-dimethoxyphenyl)prop-2-yloxycarbonyl (Ddz), fluoren-9-
ylmethoxycarbonyl (Fmoc), adamantly-1-oxycarbonyl (Adc), fertamyloxycarbonyl
(Aoc), diphenylphosphinyl (Dpp), 2-(methylsulfonyl)ethoxycarbonyl (Msc) and phthaloyl
(Pht). Preferably, P1 is Boc, Bpoc, Ddz, Fmoc or Msc, more preferably P1 is Boc.
As protecting groups P4 and P5, any commonly known and suitable protecting group
30 being orthogonal to the side chain protecting groups(s) and to P3 of the fragment of
formula !l (for P4), respectively of the amino acid of formula XlIl and of the fragment of
formula XIV (for P5), may be used. Preferably, P4 and P5 are stable to catalytic
hydrogenation and orthogonal to the side chain protecting groups(s) and to P3. For



yi el ds and wi thout negative effect on purity This is surprising, as
normal ly an isolation step is essential to renove side products which may
al so reacwoiznid1®stol | owi ng deprotection step and thus PomEP2e0®0Pee ity of
the target peptide This finding has a positive effect on costs and tinme for
the overall process and typically results in a higher yield of the P
1-deprotected peptide as isolation usually entails | oss of product
Therefore, in a nore preferred enbodi nent of the process according to the
invention, in step (h), the peptide obtained after sinultaneously renoving
P3 and the side chain protecting group(s) is not isolated before renoving P
1 Any commonly known prot ecting group b®ing stable to catal ytic

hydr ogenat i on ui t ahl e exa oxycar bonyl
(Boc), 2-(bi ph%"ﬁxlpg S“L{Ts")ﬁe rg‘ﬁm'ﬂg 9f°t’%"‘xar%§?‘boﬁy‘i BE‘?B%%O? Adg, f %F"’cj“’I

i met hoxypheny!| }st Riph-P2eforally \é @ndieniA is Geel Bpoc, WE&"@HDQMS%/WW%W?@W bonyl
(Froc), adamanbh yndr e3g®at.bonyl (Adc), fe/anyl oxycarbonyl (Aoc),

di phenyl phosphi nyl (Dpp), 2-(methyl sul fonyl ) et hoxycar bonyl (Msc) and

pht hal oyl (Pht? Preferably, P1 is Boc, fp Ddz, Frmc or nor e
preferably P 1"|asprﬁfefeed/r@bﬁf?"a%e&trwowﬁ Bigae paseai{eyepisn. WSt(?B‘?rﬂfd’Hry known
and suitabl e pPobedS inBpcgBmoPdodinmeg oovsdipgieraaly atleast dne obF 1084 elicidris pr ot ect i ng
groups(s) and gg P3 of the fragment of formula Il (for P4), respectively of
the amno acid of fornula XIIl1 and of the fragment of forrmula XIV (for P5),
may be used Preferably, P4 and P5 are stable to catal ytic hydrogenation and
orthogonal to Bherogrtne styaiPl. Y ceaEPhingnayn PIgising) orairdPeing rEBovERle 8xanpl e,

sui t abl e pr ot ecdtaifig Byddp@tier endgo®e G2AC,SultXble, ckifiles ARC bed®C,(BAPpP, Msc and
Pht. Preferabl Xenéyl iyﬁ&% %OHESphleﬁacﬁo(Eac) BP ?Gobe%F(’Orig)‘D & p)q'rd%/IM@t?lyl (FgBr e

preferably P4 t he pr ocess of
the present i ng@Htulbenzt Preiegbl: %%f%BaquﬂlPa‘P@N%ﬁ'CPS“ pulfolggey! wiiBe,
Foc or Msc; ppretierteds|ilP4at PH e&8et, Bosreor Oz, P3 Is, noFBona MdreREeferabhBeics BAs
protecting gr Otmme ;Paect.a@ym@;pmmalam l&@r%\We prroqh@&ueagg groem&esm ah@novabl e by

cat al yt Ic hi’ ﬁ enat Ieca)l\l;]abﬂa‘érl?/a%adl %n} IS n RIEoIgOrE%(%nB c, ?ma;)g"r IPz%nﬁ/s (BZI )

benzyl oxynmet'h A enz
4-pyri dyl met hyPeh@PPr@)‘C'U hidrers aﬁﬁulnft'ﬂf’démp thﬁ"@?'@ﬁ%? {yse gbBomp andye of Bom  Pac,
ONbz, Pic or 4thsploteotdgymoybs Buct Bpot beDzd.

As protecting group P2, any commonly known protecting group being removable by

20 catalytic hydrogenation — and in case of side chain protection, concurrently being
orthogonal to the side chain protecting group(s) — may be used. Suitable examples are
Bzl, Bom, Pac, ONbz, Pic and 4-sulfobenzyl. Preferably, P2 is Bzl, Bom, Pac, ONbz,
Pic or 4-sulfobenzyl; more preferably P2 is Bzl.

25 In a preferred embodiment, at least one of P2 and P3 is Bzl, Bom, Pac, ONbz, Pic or
4-sulfobenzyl, with the proviso that, if P4 or P5 is Boc, Bpoc or Ddz, P3 is not Bom.
Preferably at least one of P2 and P3 is Bzl.

In a more preferred embodiment, at least one of P1, P4 and P5 is Boc, Bpoc, Ddz,
30 Fmoc or Msc; and

at least one of P2 and P3 is Bzl, Bom, Pac, ONbz, Pic, or 4-sulfobenzyl,

with the proviso that, if P4 or P5 is Boc, Bpoc or Ddz, then P3 is not Bom.

Preferably, at least one of P1, P4 and P5 is Boc and at least one of P2 and P3 is Bzl.



proviso that, if P4 or P5 is Boc, Bpoc or Ddz, P3 is not Bom More
preferably P3 is Bzl. The protecting group Bomis acid sensitive and the
pr ot ecti nyognmasIsBoc, Bpoc and Ddz are cl eavabl e by aciP@I/EP2@9/0B®R0 i S not
ort hogonal to Boc, Bpoc or Dzd. This behavior excludes, here and in the
foll owi ng, the sinultaneous use of Bom and one of the protecting groups
Boc, Bpoc or Dzd. As protecting group P2, any conmonly known protecting
group being renovabl e by catal ytic hydrogenation - and in case of side
chain protection, concurrently being orthogonal to the side chain
protecting group(s) - may be used. Surtabl e exanples are Bzl, Bom Pac,
ONbz, Pic and 4-sul f obenzyl. Preferabl;} "P2 is Bzl, Bom Pac ONbz, Pic or
4-sul fobenzyl; nore preferably P2 is Bzl. In a preferred embodi ment, at

| east one of P2 and P3 is Bzl, Bom Pac, ONbz, Pic or 4-sulfobenzyl, with
t he proviso thBeferaply, pathgy PrRESS§ SCqEHNg Bp@& ipyentiog Ahe e} ehaoprolgied
Preferably at pepass/amine acifis dfZoramd IPB/, XSarB2dli-XIV/ aregprotedted thet eadt eck

enbodi nent, at sr&ee%tnlzﬁ&gctﬂé Ig%':p sgéctéﬁponl?%'le %oﬁo&n&@n&%f Bgdgom FFEBQC or Msc;

and at | east one of

4-sul f obenzyl , OWrz RiceAd 45Higheney rrraire DIPTSR O PgT T B3 Bpeﬁoo PYr Ddz, then
P3 is not Bom ndPe eftes sidel opain atotecteg gtoupnBomf P 1, P4 and P5 is Boc and at

| east one of P2 and P3 is Bzl.Preferably, in the process accordi ng to the

i nvention the nI ;ga |CL(J:Ihal n rotect ed {gjrnﬁtto qr?es{néentlgno %Csllcﬂe charn ?rgtte(qy ?ngl lgr O:J?Z)/

X, and X |- X V"aFeprotedCel it APQU Peadst: ona o a6
sel ect ed from parédegprBinp agdnefifgmiiag! bf Xpand X“B’SH]a'eP%i‘éeCtWti‘ at lpAgt o%thd

4- sul f obenzyl ; Baaé didetdnain plo@vting@roupielt , i f P4 or P5 is Boc, Bpoc or Ddz, none
of the side chain protecting group is Bom In particular, in the process
according to the inventign the s chai n protected t| des/ am no aci ds of
Formula P11 | Doah. Eteriiac RroTa & s starcract i fo A0ne AEER ORI Bol “as. o de
chai n prot ect i siifalgy dgp¢hsin, pratgghing aobny sudhhas nifespini aider &f avoigr yndéesitedssifdes si de

chai n- prot ect egagibnst h@.carrygrh@béwdm%nduevm tille @hainpickeaBl ot thé pahiad N

pr ot ecti ng ;O}Jegldlf V\lljt% ﬁ%abpes %r&aln pr?tgrgtrgfé[‘olllgp e%%gélgfovqggrﬁﬁ P&otéétlg]e

reactions. al n- _lpl’ otected at
t he aspar agl neW|th Fmoc in order to av0|d undesired side reactions. A suitable example is trityl (Trt

especiaily in case of Aderminal protection with Fmoc.

Surprisingly, applicant found that side chain protection can be dispensed with for the
20 peptides of formula V and VI, which facilitates both their assembly and the C+erminal
deprotection of their coupling product, i.e. of the peptide of formula VIi. This finding
allows for the disregard of orthogonality between C-4terminal and side chain protection,
thus making the route more straightforward. Another advantage is that the
corresponding unprotected starting material is cheaper in purchase than the protected,
25  which is important especially for production on large scale.
Preferably, in the process according to the invention, in step (a) at least one of the
optionally side chain-protected peptides of formula V and VI is side chain-unprotected.
In case both peptides are side chain-unprotected, the resulting peptides of formula VII
and Il in steps (a) and (b) are side chain-unprotected as well.
30
Most preferably, in the process according to the invention,

in step (a), both peptides of formula V and VI are side chain-unprotected;



residue wth a suitable side chain protecting group, especially for
L/-termnal protection with Fnoc, in order to avoid undesired side

reacti onswoARonui7swBl e exanple is trityl (Trt) , especi alPCY/EPR000AS®SOf
L/-termnal protection with Fnoc. Surprisingly, applicant found that side
chain protection can be dispensed with for the peptides of fornula V and
VI, which facilitates both their assenbly and the C-term nal deprotection
of their coupling product, i.e. of the peptide of formula VII. This finding
allows for the disregard of orthogonality between C-term nal and side chain
protection, thus making the route nore strarghtformard Anot her advant age
is that the correspondi ng unprotected startlng material is cheaper in

purchase than t h%Pg%) qge %elp%je of Ymr?una XIs roltgcggnvgtﬁgttleagtso%g%fdg‘lch neprcgectr [oduction

on | arge scal e 0Cess accor Avent i on, in
step (a) at |e8&@ypr éﬁéc“t?f ffP’ﬁe‘“@rﬁ“P‘&Bn%ﬂ”P'?““ﬁr AdeBZhBem- prot @MzeFipépt i des of
formul a V and Wiulosengyl,(heeferhiay Bzl,uatpriod podisdhat| iNPL as®s @bl Bpepbd Dkes ar e si de

chai n- unpr ot eCFcﬁQoftFé‘&dJ&éuH'pFole@t% B%Qﬁé ,g§§m gf,dforrml a VII and Il in steps
(a) and (b) are side ai n-u tg refer in the

n
process accor dI”rf‘éept(@ fhﬁ€S?W€EFrd8ﬁvat'Ye °f§‘i"§ﬂa (5' s prBf?ftﬁ BEhE 8§X66”f fornmula V
and VI are si deotetting aroum priested diomdhe groupt qapsistieg of Bclhécrpem:r @bzoPicat nula X i s

protected W t hsalifobedas,tpréléreons Bl ewiad proldoah£GE PG I 9 Wac, pbe6iBdd, from t he

group consistin |c and 4-sul f obenzyl, preferably
Bzl, with the p%g\%{tg%s'?%h?'gn}o{’ecﬁﬁ %‘lﬁ Boc, Bpoc or Ddz, none of the

srde chain protecting groups is Bom and |n step (e), the aspartic acid
derivative of Eanmudra pXéfdrdblyl 81 e ptoeess exdcaminghtoahes indentiat) dn atepl(a)tlmuti ng group

sel ected from Léb@deg PB%M@%&W&?&&@J cl@%lunprg@a&d E@ocm bQNtahe%’ressg
4su|fobenzy| rﬁjr tﬁ tﬁ%ay drF/Fg ﬁi"éow o that, if P4 or i s Boc,
Bpoc or nBifeeofe %9"88' ® i”r?r%"rCT 4P hr oups i's Bom Even more
preferably, in the process according to the invention, in step (a), both
peptides of fommarhat Meried dthbodifr@ntsf the pedadds RicdditiigQd ﬂh@tirﬁdmroﬂ,nrdstiap’l cpoth of the
steps (c) aﬂ;d (hg)pepngg'gf f%u'a%?gldlﬁ&glnsdrg&te%%h 'ﬂveDJ tcﬁgp 'pr%gect% %H)lapé s Bzl. In

a nost preferre cess acco ng t invention, in
step (c) the pefmerttﬂ%th@rs'drara*ﬁjroéths‘(fq%g'gtrfa'eaer’faﬁnﬁ Obtrfaf'%f*@aa@w W HS ve side
chai n prot ect i peptidyrdtppsula

H-Glu(OP6)-Glu(OP7)-lle5-Pro-Glu(OP8)-Glu(OP9)-Tyr(P10)-

-Leu20-OP3 (SEQID 8) (Xb),
20 wherein P3 is a protecting group being removable by catalytic hydrogenation,
preferably P3 is Bzl, Bom, Pac, ONbz, Pic or 4-sulfobenzyl; more preferably P3 is
Bzl; and
each of P6 through P10 is independently selected from the group consisting of Bz,
Bom, Pac, ONbz, Pic and 4-sulfobenzyl; preferably each of P6 through P10 is Bzl; and
25 in step (e) the side chain protected aspartic acid of formula XIlI is
P5-Asp(OP11)11-OH,
wherein P5 is a protecting group being orthogonal to the side chain protecting group(s)
of the peptide/amino acid of formula XIl and Xill and to P3; preferably P5 is stable to
catalytic hydrogenation and orthogonal to the side chain protecting group(s) and to P3;
30 more preferably P5 is Boc, Bpoc, Ddz, Fmoc or Msc; most preferably PS5 is Boc; and
P11 is selected from the group consisting of Bzl, Bom, Pac, ONbz, Pic and

4-sulfobenzy!; preferably P11 is Bzl.



protecting the side chains of the four glutam c acids and of tyrosine, thus
affording the peptide of formula HA u(OP6)-A u(OP7)-11le 1

- Pro- @ u(voBapro@7s48®P9) - Tyr (P1 0)- -Leu2-0OP3 (SEQ I D 8) PXmEP20thmr®En P3 i s
a protecting group being renovable by catal ytic hydrogenation, preferably
P3 is Bzl, Bom Pac, ONbz, Pic or 4-sulfobenzyl; nore preferably P3 is Bzl;
and each of P6 through P 10 is independently selected fromthe group

consi sting of Bzl, Bom Pac, ONbz, Pic and 4-sul fobenzyl; preferably each
of P6 through P10 is Bzl; and in step (e) the side chain protected aspartic

acid of formula Xl is P5 Asp( OP1 1)11 OH, wherein P5 is a protecting
group bei ng orthogonal to the side chai'f- prot ecting group(s) of the
pepti de/ am no CI d rmJI a

re an as ows for b?:)(tlhlthe E,Lgermln andnt?!e s%«te 8§2{|rﬁp{h ggfg\;?lt%? ES s

stable to cata ro enat1on a %Tnal

protecting gr od%‘([@'}“baf d‘dﬂcétePB” etigir@ftepreastiep yiH § cpIxylis aBéé’?th Bp#e sidedz, Fnoc
or Msc; nost pbl&ireernaMeycBEmm&) Boos thaabbrddialidn Peusedre cidiegled srosthdr hir gr oup
consi sting of @zahwplerale Eﬁaﬁat %z%rlpésf\er ?aﬂg dachioH \Lﬁlb@ggﬂycjxy gBL&‘E%ﬁb' y P11

is Bzl.Here and as foll term nus an ains, the
abbrevi ati o " & ﬁLﬂ‘ﬂ)‘é’rtT"' d*?f@l"&%lt wijle fpp %@feé'ra“‘(”apf' indiFieset PERYVENER a

car boxyl i c aci Gitboedetiafwith k@. the plendicydioxgadup dfeyr@ineer m nus), whil e the
abbrevi ation "P[nunber]" indicates an et her. For exanple, "OBzl" indicates

a benzyl ester f reaction wth car bo r cha| n or
the Cterm nusf‘e%vﬁtwbﬁl 8 RO BLIE AT | cgtﬁe '”‘ﬁzq% i gy%gf%sar% elﬁg;ﬁ’ et her
(after reacti oftb\i7tPe. 89 Jr0emeP13ReaRAi ¢ hydroxy group of tyrosine).

Pr ef er abl y, 10 nMboRergiralyeBs PAQEOPE brie Got, @21 ABeP6, P7ePE, POIP18Padd PIRAramal PS5 ar e

Boc; P2, P3, Pgnd tﬁg é)‘l:&'s oP%rmLPa g‘gn@{?ldargmae éhaﬁruﬂpraéged Mﬂfr(ﬁndaé ggltﬁl&?‘bl Yy, Pl 1
P4 and P5 are Boc, P11 are Bzl and the

pepti des of foP’Fﬁﬁ?ﬁm‘i?S%l?Pﬂ’pW"gafP%Stﬁﬂsd’é chal n-unprotected, affording a
sol uti on phase(®roee®ws conprising the steps of (a) reacting

Boc-D-Phe'-Pro-Arg-Pro-OH (SEQ ID NO 4)
15 with
H-Gly>-Gly-Gly-Gly-Asn-Gly10-OBzl (SEQ ID NO 5)
to produce
Boc-D-Phe'-Pro-Arg-Pro-Glys-Gly-Gly-Gly-Asn-Gly'9-OBzl  (SEQ ID NO 2)
(b) removing Bzl of the peptide produced in step (a) to produce
20 Boc-b-Phe!-Pro-Arg-Pro-Gly5-Gly-Gly-Gly-Asn-Gly19-OH  (SEQ ID NO 2),
(c) reacting
H-Glu(OBzl)-Glu(OBzl)-lle'5-Pro-Glu(OBzl)-Glu(OBzl)-Tyr(Bzl)-L.eu20-OBzl
(SEQ ID 8)
with
25 Boc-Phe'2-OH
to produce
Boc-Phe-Glu(OBzl)-Glu(OBzl)-lle5-Pro-Glu(OBzl)-Glu(OBzl)-Tyr(Bz!)-
-Leu?0-OBzl (SEQ ID NO 9),
(d) removing Boc of the peptide produced in step (c) to produce the corresponding
30 Nterminally deprotected peptide,
(e) reacting the peptide produced in step (d) with
Boc-Asp(OBzl)11-OH

to produce



Boc- D- Phel-Pro-Arg-Pro-OH (SEQ ID NO 4) with HAy5-Ay-dy-Ay-Asn-Gy
10-0Bzl (SEQ ID NO 5) to produce Boc-D Phel-Pro-Arg-Pro-Gy

-d y-d y-vperanTs@By 10- OBzl (SEQ ID NO 2) (b) renovi ngPBTIEPeG0ID®MSPept | de
produced in step (a) to produce Boc-D Phel-Pro-Arg-Pro-Gy
5-Ay-dy-Ay-Asn-@y 10-OH (SEQ I D NO 2), (c) reacting
HAu(0Bzl)-Qu(0Bzl)-lle 1 -Pro-Qu(0Bzl)-dAu(0Bzl)-Tyr(Bzl)-Leu 2- 0Bzl
(SEQ ID 8) with Boc-Phe 12-0OH to produce Boc-Phe-@ u(0Bzl)-Gu(0Bzl)-lle
15-Pro-A u(0Bzl)-G@u(0Bzl)-Tyr(Bzl)- -Leu -OBzl (SEQ ID NO 9), (d) renoving
Boc of the peptide produced in step (c) to produce the correspondi ng
/v-termnally deprotected peptide, (e)‘?3e‘acti ng the peptide produced in

t d ith Boc- oBz| - C - |
T Phe @ u( OByl ) - ﬁi%%\zsp@%'ri—ﬂ’*f%*t%.z'%éﬁ%gﬁ-@?a’éﬁ%@?ﬁ&%‘u@?&r( Bzl - Leu
2- OBzl (SEQ I D NO 3)'v(Hz)-LewhBbi nGEBJIR N&f3) t he peptide produced in step (e)
to produce H Asp( @Badvihng Boclof E’h@e;ﬂduﬁr@i&bd in Slep (€PBZrgdutd €
15-Pro-Q u(0BzI)-a H(A%dgl yi-Phk L((@éin)@ %'E!zl?tleﬁ@c’r bm ﬁ@dl@g&@ 3) (9)

reacting the peptide 1 QF“B pept i produced in step
(f) to produte Boc- @rﬁ‘FB'—f”f-’PBZ'A?S& ot 5Gly Gly dy-Asn-dy
10- Asp( OBzl ) - Pke®- rea@ru(tl@zdp)ldeﬁarut(lwIn)stdpl(e) with the peptide produced in step (f)
15-Pro- G u( 0Bzl ) - @ g#dBz! ) - Tyr (Bzl ) - Leu 20- OBzl
Boc-D-Phe-Pro-Arg-Pro-Gly3-Gly-Gly-Gly-Asn-Gly19-Asp(OBzl)-Phe-
-Glu(OBzl)-Glu(OBzl)-lle*5-Pro-Glu(OBzl)-Glu(OBzl)-Tyr(Bzl)-Leu20-OBzI
10 (SEQ ID NO 1), and
(h) removing Boc, the C4erminus-protecting Bzl and all side chain-protecting Bzl of

the peptide produced in step (g) to produce bivalirudin of formula I.

This preferred embodiment is very straightforward and does not require a complicated

15  protecting group strategy.

Preferably, in step (h), first the Cterminus-protecting Bzl and all side chain-protecting
Bzl are removed simultaneously, affording AMterminally Boc-protected bivalirudin
Boc-D-Phe'-Pro-Arg-Pro-Gly3-Gly-Gly-Gly-Asn-Gly10-Asp-Phe-Glu-Glu-lle 5-Pro-Glu-
20 -Glu-Tyr-Leu20-OH (SEQ ID NO 1), and

Boc is removed afterwards.

Preferably, the A4erminally Boc-protected bivalirudin obtained after simultaneous
removing the C4erminus-protecting Bzl and all side chain-protecting Bzl is not isolated

25  before removing Boc.

The CHerminal protecting groups P2, P3, as well as the side chain protecting groups
P6 through P11, in case they are removable by catalytic hydrogenation, can be
removed by any method of catalytic hydrogenation known to the skilled person.
30 Hydrogenation may be accomplished by elemental hydrogen or by use of a suitable
hydrogen donor like formic acid, ammonium formate, 1,3-cyclohexadiene, 1,4-cyclo-
hexadiene or borane adducts such as fer-BuNH: - BH3. Suitable hydrogenation

catalysts are for example noble metal-based hydrogenation catalysts, in particular the



(SEQID NO 1) , and (h) removing Boc, the C-term nus-protecting Bzl and all
side chain-protecting Bzl of the peptide produced in step (g) to produce
bi val i rudwo 2o0fo/7easaul a |. This preferred enbodi nent i s PETEPIIaAIYRE f or war d
and does not require a conplicated protecting group strategy. Preferably,
in step (h), first the Cterm nus-protecting Bzl and all side

chai n-protecting Bzl are renoved sinultaneously, affording L/-termnally
Boc- protected bivalirudin Boc-D Phel-Pro-Arg-Pro-Ay 5-Ay-Ay-Gy-Asn-dy
10- Asp-Phe-G@u-GQu-lle 15-Pro-Gu- -Qu-Tyr-Leu 2-OH (SEQ ID NO 1) , and
Boc is renoved afterwards. Preferably, the L/-termnally Boc-protected

bi val i rudi n obtai ned after simul taneous rem)V| ng the C term nus-protecting
Bzl and all side chl(al n%% 0 ectl h|soI ated befare rcﬁm)w ng Boc.
The G termi nal "BPStELI %G B’F“SUB% P2 ’P%ds Uy SRR RAlaYl ORI

protecting groapspPP@unhEseedienty. the hidrpgenpen tHalyst &y en reeagppabisectbys cat al yti ¢
hydr ogenat i on, ctseddalb@epentmy efl thy adiayy glilkedihefhydradenktsh icataliptdhagesnat i on

known to the slgo]sén%g t9%5v§r‘?§actgﬁ/yd{n%9r§&?a%8fﬂ gray be acconplished by el emental

hydr ogen or Fogen donor like formc_aci d, amoni um
formate, 1,3 c?E‘I“’Bﬁ'éx%ﬂ?*%en@ Caia'y&tdeI 'Q‘}h%*ﬁ%PeWépC{S‘rhYB@?%ﬁ’é’"aﬁﬁFﬁ‘c‘tos such as /
- BuNh BH3. Sui tadyse niayde egedian oomolgataimstnsouatsiké eamadivra(ipdx@erfaios)e

met al - based hydhAgRRAhEDRNSRIANY IS or sliRBRJbaAtE MaMdtsTet al s known as
plati numnetals, i.e. rhodium ruthenium palladium osmum iridium and

pl ati num Expedl ently, the hydrogenation catalyst is on a support such as
charcoal . Depehdd prgfetsed erpedigerti hietoptay druterxsied havirg spehitive) effest ¢obeticat al yst
may be " poi ®ongdductich dostérind ichGro@adnt. Wot Yhe rbdycp@rdr teUdagilystS dhyf iréb@abnt

Optionally, suifablg, %gclectﬁggggﬁ rga)pgaeymgk’ﬂhg%added to support hydrogenati on.

Such cocat al ysts may vana I'um or denum conpounds |i ke vanadi un(V)
oxi de (V206), ammoni um net avanadate ( NH4VCB) or sodi um nol ybdat e (Na2Moq
4). I n a pref ePreédbynd Gdstropatf thd lemohstedsyintand &) iseanied @dinlaseivery wih posi ti ve
ef fect on bot hhﬂ?d@@\l&is'aﬁmpéﬂ&ﬁdﬁomrcgdqvﬁlsrsgme@ﬁy indrQiquill BsvehB@Y®lckmg of the
catal yst, any Elgs% Ve mae reactants may be used. Applicable solvents include
halogenated aromatic hydrocarbons such as chlorobenzene and trifluorotoluene;
halogenated hydrocarbons such as dichloromethane and dichloroethene; alcohols
such as methanol, ethanol, 2-propanol, butanol and benzyl alcohol; halogenated
alcohols such as 2,2,2-trifluoroethanol; carboxylic acids such as acetic acid; carboxylic
20 esters and lactones such as ethyl acetate, methyl acetate and valerolactone; and
organic solvents containing heteroatoms such as NM-methylpyrrolidone (NMP) or A, N-
dimethylformamide (DMF). The solvents can be used alone, as solvent mixture or as
mixture with water. Depending on the solubility of the peptide fragment, even neat
water may be used. Therefore, in step (b) removal may be accomplished in neat water
25 as solvent.
A preferred solvent is selected from the group consisting of DMF, acetone, acetic acid,

a mixture of acetone and water, and a mixture of acetic acid and water.

In a preferred embodiment, the removal step (b) is carried out in a solvent selected
30 from the group consisting of DMF, acetone, water, and a mixture of acetone and water;

particularly in DMF.

More preferably, the removal step (b) is carried out in DMF. Surprisingly, it was found

out that the solvent used in removal step (b) has an influence on the impurity profile of



suitable to recycle the catal yst may be applied. Preferably, at |east one
of the renoval steps (b) and (h) is carried out in a solvent with hydrogen
gas and pabl2advarssen charcoal . As sol vent, any inert |i @areErsaowenso whi ch
can dissolve the reactants nay be used. Applicable solvents include

hal ogenat ed aromati c hydrocarbons such as chl orobenzene and
trifluorotol uene; hal ogenated hydrocarbons such as dichl oronet hane and

di chl oroet hene; al cohols such as nethanol, ethanol, 2-propanol, butanol and
benzyl al cohol; hal ogenated al cohols such as 2,2, 2-trifluoroethanol;

car boxylic aC|ds such as acetic acid; carboxyllc esters and Iactones such
as ethyl acetate, nethyl acetate and vdPerol actone; and organi c sol vents

cont ai ni ng het er oat . such rroli done (NVP) or

NG ot hyl o TRE B Enyes ofirered BV & ST St SR Bire » BRh) vent

m xture or as pfiagetoneeandivatar sadias the inripl finerpfendauble insespaidsion pit-i-Phd’- t he

pepti de fragnerre-ARQ\eNGREA}-cWadIRAsHEY-PSEQISah 2)&e5e§uetsressed_n step (b)
renoval may be acconplished in neat water as solvent. A preferred sol vent
is selected fromthe group consisting of DVMF, acetone, acetic acid, a

m xture of dcelGRethemEriafas epbodieat He famaval sier BY isgawed Ut REcRicaRE VRt er. In a
pref erred enbodixtwendf acetibacid anoa@t; patieprlyf by middure afracetie dcidartd warera sol vent

sel ect ed frontthe group consisting of DMF, acetone, water, and a m xture of
acet one and ma artjcul ar refera the val step
(by PoCoarri ea PRt et pOptiove P LI s PRt PR sof vent
used in renovabtmespigric(Angsséragr sureriaiTfosriericriessyret veichl pppgsuresyarpirest it ke of f i nall

bi val i rudi nio | toonas AeEREasasY, i iato dalyin daRicasheadi ageadssqonpared to e.g. a
m xture of acetone and water so that the inpurity formed after double

i ncorporation of -D Phel- -Pro-Arg-Pro-Qy y-Ady-Asn-3y 10- (SEQ
ID NO 2) can béhesr]ysrﬁge@ggogdeactms 8fﬁ'8ﬁ’ﬁ'@?"absrt%’tsétt)F%‘tvj(he’ﬁ?)’cfﬁlcﬂ‘é?ﬂ"”t?tﬁ r enoval
step (h) is capreledtedtdmpemntugsehi exappiay t@npesture range ® fiofm -6 &% kec70f€i d and

wat er; parti cub@fdmid isth BmparithidlRmebn 86ChiCe@e, Andmbst Waki@kd isTd1Ringe
hydrogenatlon processes, the renoval steps (b) and (h) nmay be carried out
at atnnspher|c pressure” of superatnospheric pressure. Typical pressures are
from1l to 100 bar. Advantageously, 1 to 70 bar; in particular 2 to 10 bar
are used. The coupling steps (a), (c), (€) and (g) of the process according to the invention are

performed in solution phase and can be carried out using reaction conditions known in
the art of peptide synthesis. Coupling of the respective side chain-unprotected or
20 protected peptide fragments/amino acid derivatives can be accomplished using in situ
coupling reagents, for example phoshonium or uronium coupling reagents, like
benzotriazol-1-yloxy-tris(dimethylamino)phosphonium  hexafluorophosphate  (BOP),
benzotriazol-1-yloxy-tris(pyrrolidino)phosphonium  hexafluorophosphate  (PyBOP),
CO-(benzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate (HBTU),
25  ((6-chlorobenzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate
(HCTU), ©O-(6-chlorobenzotriazol-1-yl)-1,1,3,3-tetramethyluronium tetrafluoroborate
(TCTU), O-(7-azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate
(HATU), O-(7-azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium  tetrafluoroborate
(TATU), O-(benzotriazol-1-yl)-1,1,3,3-tetramethyluronium tetrafluoroborate (TBTU),
30 and COcyano(ethoxycarbonyl)methylenamino]-1,1,3,3-tetramethyluronium tetrafluoro-
borate (TOTU), or carbodiimide coupling reagents, like diisopropylcarbodiimide (DIC},
dicyclohexylcarbodiimide (DCC) and water-soluble carbodiimides (WSCDI) like 1-ethyl-
3-(3-dimethylaminopropyl)carbodiimide (EDC) optionally as salt like as hydrochloride



The hydrogenation reactions of the renoval steps (b) and (h) may be carried
out at low or elevated tenperatures. An exanplary tenperature range is from
-20 C to WO 2/PsssBerred is a tenperature between 0 C amrdTAP2@@9/0099d0 MOSt
preferred is a range from 10 OCto 40 C. The coupling steps (a), (c), (e)
and (g) of the process according to the invention are perforned in solution
phase and can be carried out using reaction conditions known in the art of
pepti de synthesis. Coupling of the respective side chain-unprotected or
protected peptide fragnents/anino acid derivatives can be acconplished
using in situ coupling reagents, for exarrpl e phoshoni um or uroni um coupling
reagents, |ike benzotriazol-1 yI oxy-tT®s(di met hyl am no) phosphoni um

hexaf | uor ophosphat

benzot ri azol - 1%[ o§thgrt rclo}‘s‘z"my’/r P8I UPh oY Bh SEBREI Ui e x §FFSor Bhodbhat e
(PyBOP), O- (bemqr?rvafen'm@e- {9Su and | Anitophenot aHREPhyAstersnPigriemed
hexaf | uor ophos pjnaetricaiHBhdridesD nfrBsyiitedica amgiades | saaDhs Mcyilbdxydnhydrides

, 1,3, 3-tetrame l\rw\s)ugng charblgj%uhué%ré?:glgﬁmgggreacgllé%wes Preferred couplin

0 (6-chl or obenzot rhiazo tetranme uroni um t et rafsf uor oborate
(TCTU), <3-(%7- Ef&%‘&rﬁ%‘f%@&% %UP'W 5ea§e”‘51m°%‘ p@‘%’é‘{ Fra et A BiPRbm
hexaf | uor ophos phER@saltisMenlds EDS( AClazabenzotri azol -1 -yl )-1 ,1

, 3,3-tetranmet hyl uroni um tetrafl uoroborate (TATU), O-(benzotriazol-1 -yl)-1

,1 ,3,3-tetra hy| ron| raf l uor rat and
t >[ cyano( et ho@%:ea%é?#' yIyimet ?ﬁf’e AR s])epi (3?1(% %T I e

0 foni um
tetrafl uoro bofata E(WLHIefef‘t‘H‘Y Q:tart%arnrnmba@ W’@MOFhr?@PfP@aﬁ%sﬁ gcaroxy e
di i sopropy! @ar badhohstit atel neldta@es thdicoynadriohehgl sbtrolzodpdnant dad (HOCGEYilitatad

\gaE gr dIS(r)r:a;Jll‘ollylea%@r b}p?%tb n}qug? ( %ﬁg!’e% tJaEe!ge arle qgrgyelxample trlalkylammes Iike ke as
hydr ochl ori desé’l’\f’d"g"@f‘ﬁé? i ?E?{'gaf"f)e?fhtﬂ?t@i}@&"e éTER)pr/éNFB?YJr@H'"ﬁsCt"F?/e esters,
such as LAhydr dx¥disivtanttinari dé.4EtiiaBulpyrdings./ >Hhfet r chptemokthylpyNps; ester s,

pre-fornmed syrrmtkminerphonaémydé | H@6thyMEPhchyd R fdrabr, aRhyelclihe mixdach as
| V-car boxya%hyg(w OQ\IW%I”?{%O@%F%AQ@IEI%Q?S such as acyl fluorides or
[

acyl chlori erre ng reagents are carbodiimde coupling
reagents, nost preferred are DIC or EDC, suitably as EDC salt such as EDC
HCl . The react iNuveadtort mix@reaf the leuptaugdps 16, (B) pand((@)) san edditiondlig rorgard (g) may
advant ageousl| Ya%&&%aeo%mfé@%@ addtiv6f GleahdiYpRitifeSdioltal Yuppithdily Basked Whi ch both
depr ot onat es thg r box XY
e reactlons. ny known auxiliary nucleophile may be applied. Examples of suitable
20 auxiliary nucleophiles are 1-hydroxybenzotriazole (HOBt), N-hydroxysuccinimide
(HOSu), Athydroxy-3,4-dihydro-4-oxo-1,2,3-benzotriazine (HOOBt) and 1-hydroxy-7-
azabenzotriazole (HOAt). Preferably, the reaction mixtures of the coupling steps

additionally contain HOBL.

25 In a preferred embodiment, the coupling mixture of the coupling steps (a), (c), (e) and
(9) is selected from the group consisting of DIC/HOBYTEA, EDC/HOBY/DIPEA and
EDC/HOBUTEA.

As solvent of the coupling steps (a), (c), (e) and (g), any inert liquid solvent which can
30 dissolve the reactants may be used. Applicable coupling solvents are water-miscible

solvents like dimethyl sulfoxide (DMSO), dioxane, tetrahydrofuran (THF), 1-methyl-2-

pyrrolidone (NMP), N, Ndimethylformamide (DMF), N, Mdimethylacetamide (DMA), or

any mixture thereof; non water-miscible solvents like dichloromethane (DCM), ethyl



conmponent and neutralizes the counterion of the am no conponent, and thus
facilitates the in situ reaction. Suitable bases are for exanple

trial kyl awDreemy/o75988e / V, LAdi i sopr opyl et hyl am ne ( DI PEA) PCI/EPRé0QI0DYOBEM Ne
(TEA); /V,LAdi al kylanilines, |ike L/,LAdiethylaniline;
2,4,6-trialkylpyridines, like 2,4,6-trinethylpyridine; and

/ V-al kyl mor phol i nes, |ike LAnmethyl norpholine. In particular, the reaction
m xt ure advant ageously contains TEA or DI PEA as a base. The reaction

m xture of the coupling steps (a), (c), (e) and (g) can additionally
contain auxiliary nucleophiles as additives due their positive effect in
suppressi ng undesired side reactions. Aﬁy known auxiliary nucl eophile may
be appli ed. Exa | es _of SUI tabl auxi hi |l es

Ly oxy bens ofrAS 8P TREBIE L RS UBbE TS SRR bR e ano

LAhydr oxy- 3, 4- 89THARGisgbigsplvepts, QC'@J@M‘S%‘&%WF (racdstey selrrat it P dr oxy - 7-
azabenzot ri azobea rikinato) DMPaefvetteabl y, the reacti on m xtures of the coupling
steps additionally contain HOBt. In a preferred errbodi ment, the coupling
m xture of the coulln ste ), and S selectedfromthe
group consi sti A %OPEBFP‘I'%?\ Eﬁj(i‘} ILQ%E‘;(D] BEAR éﬁrﬂedEWFﬁ%TeFef'EA As

sol vent of t hecmmmsm(yvrsmep@ar( af) pepfide) synthesjs anddiepgps omthe nanes of the qui d

sol vent whi ch gaRrcty$Bapver, Phand ﬁmrt @ag& the PRYech® JA&BG Bo%p@éphﬁe%mnascoum i ng
sol vents are wat.er.-n sc

di oxane, tetr aﬁu'tab"b?cﬁ?rg%'gte%ﬁl‘f)ac' g b er?bﬁ' qy%ﬂluoroacepyﬁmdd%lr'\gé'oxI Iij?ﬁ Sp ¢ ’
L/, / V- di met hy| eat peagiddextyreit) an inap *We'ﬁl"h%io!ﬂ?ﬂea@'é'i Arfinepeure BY\M)’e”e@ﬁd any
m xt ur e t heroeofrHF.NO Baseieeirotsitisg grolieis Foby, evatesnila Kepraicadnl can eertiwee ( DCV) ,

et hyl acetate OBy ?%thomv%thq{ Gaste h%l;cﬁéglyl' wfa’ng s%dﬁ'a%ﬁ@s@ch%sxb Hérﬂlnp%t' ween

wat er-m sci bl e an b | vent s cludin mxtures W th

water. A pref efifBYueY \é"ﬂﬁa"y é“?ﬂf(}ﬁa'é’f"pfateﬁ‘f’%sﬁ?rée"o‘?“‘ 'Dl?/ﬁ°'é‘?ﬁ‘ WK @p Pe

L/ -term nal depmotboerttiwich dfestriabintstiery witl{ th reactaits diredch(ohi)atesiahydioearkas r i ed out
usi ng reacti Ons&ﬁ@QHklﬁl&&ﬁetkéﬂn@%yiaféd%hﬁie@-éﬁd dtanit RLdnCR dswmyh@ﬁ.ia,ﬁ.dand depends
on the nat u( e 8 1Ltnglﬁyé9 §)r E&OH" n%lilgﬁ}a%cgr)bo%s.s%%ﬁ a?%ﬂ:ene ether s&cﬁ%gTHPe

protecting grou ect X aci d,
preferably by Pfrﬁnfll"lj‘&’r"b@efé?r %refgabu deggtestipn phipe Wéef@wﬁﬂ ﬁ%@f%eacaﬁ'f—’ as a
m xture w th anutinmendnesoihaemityre bfipkenot, @iuassand TAHFHF or a m xture of tol uene
and
The crude bivalirudin obtained after step (h) may be purified by conventional methods,
20 like preparative HPLC or countercurrent distribution. Purifications steps may be
repeated.

The same applies to the peptide fragments obtained after steps (a) to (g).

The final bivalirudin of formula | can be isolated according to known isolation methods
25 in peptide chemistry, such as precipitation or freeze-drying which is also known as

lyophilization.

The optionally side chain-protected peptides of formula V and V! and the side chain-
protected peptide of formula X can be prepared using conventional peptide synthesis

30 methods, e.g. solution phase synthesis (synonym: homogeneous phase peptide
synthesis, abbreviated as HPPS), solid phase peptide synthesis (SPPS) or a
combination of SPPS and HPPS called mixed synthesis (synonym: mixed phase
peptide synthesis, abbreviated as MPPS).



THF. In case the protecting group is Fnoc, LAterm nal deprotection can be
achi eved by reaction with a base, favorably with a secondary am ne such as
pi peri di r®oaniodi7edsBy| am ne. Typically, LAterm nal depr oP€TiEPROVI08908@r ri ed
out in a solvent which can be any sol vent which does not interfere with the
reactants |ike chlorinated hydrocarbons such as dichl oronet hane; al kyl ated
am des and | actanes such as di net hyl formam de or 1-nethyl-2-pyrrolidone;
aromati ¢ hydrocarbons such as tol uene; ethers such as THF or any m xture
thereof. Preferably, deprotection of the L/-termnal Boc group is carried
out in toluene or in a mxture of phenol tol uene and THF. The crude

bi val i rudi n obtai ned after step (h) may be purified by conventi onal

met hods, |i ke preparative HPLC or countercurrent distribution.

Purifications steps may be repeated. The same applies to the peptide
fragment s obt alnfe@masdiresnt afithapsocess)aceqsdingfy the prgsent Invgationp piJedst eg@i the of f or nul a
| can be i sol ap@tldescrElEl Mgmithe gv0pMBorsBMgadfi thd optidhdnp drle | chaip-piptecte®

chemi stry, Sucpep%?j &rf&aamgwt %b&ﬂanag{; S.Bi&%ﬁﬁprﬁgoyewagptg@bﬁbmiu v%r%ﬂhgnom as

| yophi lization I ona al n-protecte es of tornmula V
and VI and theS€§ ?J@'”CP ‘fCF‘FﬂrPS’ft@%f’féEfmﬁ@ﬁ(t'F B’é Btd l¥V(§F"f'FLﬂ"a?h eS¥MNI5E b2 epar ed

usi ng convent i oreddinpepbdese Ryfatbesihgserpedidets areeasgemisesl gtaition withatte synt hesi s
(synonym honoggreRHS ind® iixesidBs Pid. d@e sgéaaéa\eeslp%ner@éobds-ﬁwmhed -A&g-#EPS), solid
phase peptide syntl eS|G§ (3§y§ _G?uq;mu_na[ e grnq HERS cal | ed

m xed synt hesi s ‘(sfnon m ] ﬁ'h’ase pept i e s nt esi's, Breviated as
MPPS). I n an enﬁhﬁjl\/ﬁﬁé’n@a'oﬁ'ﬁf‘n@a'p?f‘@)é@%@aé{b@étﬁﬁi”@groﬂ@ EESH@?”F?F‘ég%WPCt'P'?WentI on,

at | east one oOtondiiéhspept beday saheet @dthé sk tpaorg rpeafi@atho bs thetsamg oof t he
optionally sid d peptide of fornmula V, the optionally side
chai n- pr ot ect eg'mg%g%{% Qﬁbgé %ggrrul a VI and the side chain-protected peptide
of fornmula X is prepared by sol ution phase synthesis in a precedi ng process
Preferably, thesearselpt ittesoese fondiwepbiiustionsefahe priignaliy tside tchainetertes pondi ng

di peptides, | gediltoreRAugNce patterns -D- Phel-Pro-, -Arg3-Pro-, -GyS-Gy-,

-G yNBI Y- 15’6‘5”991% Nhe’l r’ro%q {z’ro?bl-pI g agln] lgbgﬂ5 Pro- -GQu 17-d u- ( Tyr

19-Leu- The L/-termn de chal n protecting g)roups as
well as the read{rqf@;ﬂbly of the side chain- unprotected peptide Va,

wherein

P1 is a protecting group, preferably P1 is a protecting group being stable to catalytic
hydrogenation, more preferably P1 is Boc, Bpoc, Ddz, Fmoc or Msc, most preferably
20 P1is Boc;
in solution phase, comprises the steps of
(a) removing P12 of an optionally side chain-protected dipeptide of formula
P12-Arg-Pro4-OP13 (XVI),
preferably of the side chain-unprotected dipeptide XVla,
25 wherein
P12 is a protecting group, preferably P12 is a protecting group being orthogonal
to the side chain protecting group(s) and to P13, more preferably P12 is a
protecting group being stable to catalytic hydrogenation and orthogonal to the
side chain protecting group(s) and to P13, even more preferably P12 is Boc,
30 Bpoc, Ddz, Fmoc or Msc, most preferably P12 is Boc; and
P13 is a protecting group such as Bzl, methyl (Me) or ethyl (Et); preferably P13 is
a protecting group being removable by catalytic hydrogenation and orthogonal to



conditions may be any as known to the skilled person, preferably be the
sane or simlar as described above In particular, the process for the
product i omoab1d1898apt i onal | y si de chai n- protected pepti #eTaEP26090008@

P1- D Phel-Pro-Arg-Pro-OH (SEQ ID NO 4) (V), preferably of the side

chai n-unprotected peptide Va, wherein P 1 is a protecting group, preferably
P 1is a protecting group being stable to catal ytic hydrogenation, nore
preferably P 1 is Boc, Bpoc, Ddz, Fnoc or Msc, nost preferably P 1 is Boc,
in solution phase, conprises the steps of (a) renmoving P 12 of an
optionally side chain-protected di peptide of fornmula P12-Arg-Pro 4-0OP1 3
(XVl), preferably of t he side chai n-ungPot ect ed di peptide XVla, wherein P

12 is aprotectln ou referably P12 is . a Qu elng

ort hogonal to the @‘1’1 ’?ﬁte%'P%i’r@%%(? 10°'¢C Preferaf’g)P% .531} Bgﬁqgfﬁ BN

preferably P 12 i E'Capf615Eifoéﬁtzv'ngosg?f@far|@b'b8i%gBét able to catal yti c

hydr ogenat i on andwii héipgasdahat i1t kasos i Bjec ertral nhdp Pt BabtBagh; gr oup(s) and to P

13, even nore &z) ete%&ﬂg lt% ﬁ-teé%a%ﬁ dw&ectépgﬁmngﬁg%lde Eﬁ%pr&éct%ﬁpepms'[

preferably P12 protecting group suc BzI, methyl
(Me) or et hyl (Et )’refeﬁb@f”?rcgﬁfipmp""ﬂss di%“%\”‘b’f"&’t‘% |dﬁ’§p"d? ARFUEEi hEeR enovabl e
by catal ytic hydr ¢yeittedn cptionallycide chdiromyateeidd dingplive osfoddeilachai n pr ot ecti ng
group(s), nore prefwrapleypR-d@ is Bzl, Bom Pac, ONbz, Pic, @)

4- sul f obenzyl , nnstprg?rﬁb%wgtlﬁ%s@c%am {mpg)l?e"éd(jﬁfp“ erf proviso that, if P 12

i s Boc, Bpoc or 1's” ho reac mgthe/V—termnaIIy
deprotected, opti wh%{P'Py side chain-protected di peptide, preferably the
correspondi g sSi de1Gha defikbapibotes ahed islihpefieh de a pw@dmﬁ@dgrbdp sitieps (a) with
an optionally si dSen?Jﬁ@érEb‘hQNPWt ed di peptide of formula - D- Phel- Pro- OW
(XVI 1),

to produce an optionally side chain-protected peptide of formula
P1-D-Phe'-Pro-Arg-Pro-OP13 (SEQ ID NO 4) (XV),
preferably the side chain-unprotected peptide XVa,
15 wherein
P1 and P13 are as defined above, and
(c) remaving P13 of the optionally side chain-protected peptide of formula XV,
preferably of the side chain-unprotected peptide XVa, produced in step (b) to
produce the optionally side chain-protected peptide of formula V; preferably the
20 side chain-unprotected peptide Va.

Also in particular, the process for the production of the optionally side chain-protected
peptide of formula
H-Gly5-Gly-Gly-Gly-Asn-Gly1¢-OP2 (SEQ ID NO 5) Vv,
25 preferably of the side chain-unprotected peptide Via,
wherein
P2 is a protecting group, preferably P2 is a protecting group being removable by
catalytic hydrogenation and being orthogonal to the optional side chain protecting
group(s), more preferably P2 is Bzl, Bom, Pac, ONbz, Pic, or 4-sulfobenzyl, most
30 preferably P2 is Bzl,
in solution phase, comprises the steps of
(a) removing P14 of an optionally side chain-protected dipeptide of formula
P14-Asn-Gly10-OP2 {(XVIIN,



preferably with the side chai n-unprotected dipeptide XVlila, wherein P 1 is
as defined above, and Wis hydrogen or a pre-activation group such as

pent af | uovophsybIsgPf p), to produce an optionally side ebaiEr2@Eoi®st ed
pepti de of fornmula Pl-D Phel-Pro-Arg-Pro-OP1 3 (SEQ ID NO 4) (XV),
preferably the side chain-unprotected peptide XVa, wherein P 1 and P 13 are
as defined above and (c) renoving P 13 of the optionally side

chai n-protected peptide of formula XV, preferably of the side

chai n-unprot ected peptide XVa, produced in step (b) to produce the

optional Iy side chain-protected peptide of formula V, preferably the side
chai n-unprotected peptide Va Also in péPtl cular, the process for the
production of the optionally sid chal eptlde of formula
HAy5-Ay-Ay-Qy- GIGE “'}f Blﬁﬁﬁa(%@émeﬁ‘% %#5%3(“’ preferably of the side
chai n- unpr ot ect ede%?i'[‘l de Via, wherein P2 is a protecting group, preferably
P2 is a protecting14gisapptdaeiggoupeprorabl e1dhiy agadtading dreuplbgdls ogregatal on and

bei ng or t hogonal toomg@%eoag.h%agc%gﬁuggaér{a ter@zt %@é agfe%@u%s%,a mor e

preferably P2 is Bzl enz

preferably P2 is pipjetting ﬁrqé‘Blbﬁ'W Bﬁblﬁﬁ%gaéa'yt'{i&%?qeg@‘g" ﬁﬁ%owgﬁ‘»g' t(fif"he( a)

renovi ng P14 of ardogkeinormidcting wmiude) aiddd 2. preotnecd wreferdplp Bt is Bec, Bbocf or mul a
P14-Asn-dy 10- OPadz()%d drvsBInefsErabrhily ©fs id B®; &lade chai n-unprot ect ed

di peptide XVIIIa, eaggefm Eﬁbove is a protecting group, preferably P 14 is a
protecting group el ng 't h o onhal to the side chain protecting group(s) and
to P2, nore pref eyvggbtp?prpg_@ t|i1 , if214 is Boc, Bpoc or Ddz, then P2 is not Bom;

10 (b) reacting the NMterminally deprotected, optionally side chain-protected dipeptide,
preferably the side chain-unprotected dipeptide, produced in step (a) with

tetraglycine of formula

P15-Gly5-Gly-Gly-Gly-OH (SEQ ID NO 10) (IXX),
wherein
15 P15 is a protecting group, preferably P15 is a protecting group being orthogonal

to the side chain protecting group of the peptide of formula XX, more preferably
P15 is a protecting group being stable to catalytic hydrogenation and orthogonal
to the side chain protecting group of the peptide of formula XX, even more
preferably P15 is Boc, Bpoc, Ddz, Fmoc or Msc, most preferably P15 is Boc;

20 to produce an optionally side chain-protected peptide of formula
P15-Gly5-Gly-Gly-Gly-Asn-Gly10-OP2 (SEQ ID NO 5) (XX),
preferably the side chain-unprotected peptide XXa,

wherein
P2 and P15 are as defined above,
25 with the proviso that, if P15 is Boc, Bpoc or Ddz, then P2 is not Bom and
(¢) removing P15 of the optionally side chain-protected peptide of formula XX,
preferably of the side chain-unprotected peptide XXa, produced in step (b) to
produce the optionally side chain-protected peptide of formula VI; preferably the
side chain-unprotected peptide Vla.

30

Further in particular, the process for the production of the side chain-protected peptide
of formula
H-Glu-Glu-lle15-Pro-Glu-Glu-Tyr-Leu20-OP3 (SEQ ID NO 8) (X),



protecting group being stable to catal ytic hydrogenation and orthogonal to
the side chain protecting group(s) and to P2, even nore preferably P 14 is
Boc, BpocwoDRdw/o7F988c or Msc, nost preferably P 14 i s Bo®CTardooPD04080 as
defined above, with the proviso that, if P 14 is Boc, Bpoc or Ddz, then P2
is not Bom (b) reacting the L/-terminally deprotected, optionally side
chai n-protected di peptide, preferably the side chain-unprotected dipeptide,
produced in step (a) with tetraglycine of fornmula P 15-@y5-Ay-Gy-d y-CH
(SEQ ID NO 10) (IXX), wherein P 15 is a protecting group, preferably P 15
is a protecting group being orthogonal to the side chain protecting group
of the peptide of formula XX, nore pre‘fzér'ably P 15 is a protecting group
bei ng stable to %‘?‘a})ﬁloﬁwé cepedorfpggrllati on and orthogonal to the side chain
protecting grol§ or the Eé%'dé) 0t fornul a XX, even nore preferably P 15 is
Boc, Bpoc, Ddz, HERB(ORS-CMEE-IRSEroRUEPRY-SMSPIPTIE 1PsLeBEOP3t 0 produce an
optional ly side (sbaimsg)prot ected peptide of fornmula P (Xb),

15-A y5-Ay-A yr&)-Asn-Ay 10-0P2 (SEQ ID NO 5) (XX), preferably the side
chai n-unprot ect ed pepti de XXa, wherein P2 and P 15 are as defined above,
with the prdvi5d '%R otecfifg goups PelraBly 3 BfoROBFINHFLUP tPRBA "PVER® Rbt Bom and
(c) renoving Pcadytof hydivgerefiini amag | pyefaratde P8 hiai Bel.pBob.efaedOfeptRider of f or nul a
XX, preferabl y4gi,|fo§,§@y|§j,d§ep,§5}ai,|ylpyg|g§|pgnect ed peptide XXa, produced in step
(b) to produce thefQQtthirc(?”ﬁ‘ d peptide. of formula VI,

ILy. sl de chal n-protect .
breferabl y 1 he S b PRRARIE s dsRe et BRI B sbEP kg o gt oular
t he process foBomHEc Nt 3ngd-safobenzy. ieferablyepgh ALRHtPwebadisFebt | de of
formul a H Gou- @sdiulidng@hdss-domprised te Seps-ofyr - Leu 20- OP3 (SEQ | D NO 8)

( X) » Pr ef erabl Y(a(;?f r%@in&ﬁ%dfggidgéhafn%d?é&ea peptide of formula

P16-Glu-Glu-Ty-Leu20-OP3 (SEQ ID NO 6) (v,
preferably of the peptide of formula
P16-Glu(OP8)-Glu(OP9)-Tyr(P10)-Leu20-OP3 (SEQID NO 6) (VIlib),
15 wherein

P3 and P8 through P10 are as defined above, and
P16 is a protecting group, preferably P16 is a protecting group being orthogonal
to the side chain protecting group(s) and to P3, more preferably P16 is a
protecting group being stable to catalytic hydrogenation and orthogonal to the
20 side chain protecting group(s) and to P3, even more preferably P16 is Boc, Bpoc,
Ddz, Fmoc or Msc, most preferably P16 is Boc;
with the proviso that, if P16 is Boc, Bpoc or Ddz, then P3 is not Bom;
(b) reacting the A+terminally deprotected, side chain-protected peptide of
formula VIil, preferably the corresponding peptide VIlib, produced in step (a) with
25 a side chain-protected peptide of formula
P17-Glu-Glu-lle'5-Pro-OH (SEQID NO 7) (1X),
preferably of
P17-Glu(OP6)-Glu(OP7)-lle’s-Pro-OH (SEQ ID NO 7) (1Xb),
wherein
30 P6 and P7 are as defined above, and
P17 is a protecting group, preferably P17 is a protecting group being orthogonal
to the side chain protecting group(s), more preferably P17 is a protecting group
being stable to catalytic hydrogenation and orthogonal to the side chain protecting



Hdu(OP6)-du(OP7)-1le 15-Pro-G u(0OP8) -3 u(OP9)-Tyr(P1 0)-Leu 2-0OP3 (SEQ
ID 8) (Xb), wherein P3 is a protecting group, preferably P3 is a protecting
group beiwgQ 208m0y®bBl e by catal ytic hydrogenation, nore pCeffPR@©l0y90BB | S
Bzl, Bom Pac, ONbz, Pic or 4-sulfobenzyl, nost preferably P3 is Bzl, and
each of P6 through P10 is independently selected fromthe group consisting
of Bzl, Bom Pac, ONbz, Pic and 4-sul fobenzyl, preferably each of P6
through P 10 is Bzl, in solution phase, conprises the steps of (a) renoving
P16 of a side chain-protected peptide of fornula P 16-d u-d u-Ty-Leu 20- OP3
(SEQID NO6) (MIIl), preferably of the peptlde of fornmula P

16-3d u(OP8) - d u( OP9) - Tyr(Pl 0) Leu2- OPFX(SEQ ID NO 6) (VI Ib), wherein P3

and P8 through P 10 are_as b 16 1 c g group,
preferably P 16 |§F°Léfjsg v Ot & nt1ore Sregrab? Pvlgllsn% or%oﬁo'g(ghzfmfo %g rét%sge chain

protecting group(RFeEAY PIGISBIS: nore preferably P 16 is a protecting group
bei ng stabl e to catmddyte csideyptlsiogeteatd paptidend foonddhogonal to the side chain

protecti ng group(s)p@Qqu E;B ||E’13~Pro€‘é(|§&|mF€eﬁf&33er§éﬂlbh%§a6 is Bag, Bpoc, Ddz,
Frnoc or nost l[%refera Ee IS Boc; with the proviso that, if P16 is

Boc, Bpoc or Ddz, PEFERYe5he pﬁ%ﬁ"ffz?ﬂm'a(b) reacting the /V-termnally
deprot ected, si de it G(PPOt G PEY-Ipepta-@e(OfB)-GlaRdt Tar(R10-Leu?pPRT er abl y t he
correspondi ng pepti@eq¥ )l b, produced in step (a) with a sidgxn),

chai n-prot ect ed peF‘g e of formula P17-GQu-Qu-Ile 15-Pro-OH (SEQ I D NO 7)

(I'X), preferably o P17- GlugCP6) GQu(OP7)-11e 15-Pro-OH (SEQ I D NO 7)
(| Xb), wher ei n P3, P6 through P10 and P17 are as defined above

10 with the proviso that, if P17 is Boc, Bpoc or Ddz, then P3 or any one of P6
through P10 is not Bom, and
(c) removing P17 of the side chain-protected peptide of formula XXI, preferably of
the corresponding peptide XXIb, produced in step (b) to produce the side chain-
protected peptide of formula X; preferably the peptide Xb.
15
In a further embodiment of the process according to the present invention, at least one
of the peptides selected from the group consisting of the optionally side chain-
protected peptide of formula V, the optionally side chain-protected peptide of formula
VI and the side chain-protected peptide of formula X is prepared by solid phase
20 synthesis in a preceding process. Thereby, any commonly known SPPS method,
including SPPS building blocks and SPPS conditions, may be employed. All resins
being known to the person skilled in the art and allowing the preparation of protected
peptides can be applied. Here, resins are to be interpreted in a wide manner.
Therefore, the term “resin” is to be understood to mean e.g. a solid support alone or a
25 solid support directly linked to a linker, optionally with a handle in between. The resin
may be insoluble or soluble. The soluble polymer polyethylene glycol (soluble PEG
polymer) is an example for the solid support of a soluble resin thus forming a soluble
peptide-resin after assembly of the single building blocks. Preferred resins are
polystyrene-based resins with trityl or bromobenzhydryl. Examples for trityl resins are
30  2-chlorotrityl chloride resin (CTC resin), trityl chloride resin, 4-methyltrityl chloride resin
and 4-methoxytrityl chloride resin. Preferably, the CTC resin is applied for the
synthesis of said peptide fragments.



P6 and P7 are as defined above, and P 17 is a protecting group, preferably
P 17 is a protecting group being orthogonal to the side chain protecting
group(s) ,woorw/pssterably P 17 is a protecting group bePol/EPR@bloeo8®

catal yti c hydrogenati on and orthogonal to the side chain
protectinggroup(s), even nore preferably P17 is Boc, Bpoc, Ddz, Fnoc or
Msc, nost preferably P 17 is Boc, to produce a side chain-protected peptide
of formula P17-AQu-Qu-lle 15-Pro-d u-3 u-Tyr-Leu 20-0P3 (SEQ I D NO 8)
(XXI'), preferably of the peptide of fornmula P17-d u(OP6)-Ad u(OP7)-I11le
15-Pro-d u(0OP8)-d u(OP9)-Tyr(P1 0)-Leu20-0OP3 (SEQ ID 8) (XXIb), wherein P3,
P6 through P 10 and P 17 are as defi ne‘c??’above vm'th the proviso that, if P
;Zdl ?C)Bofem?\e?%‘aé? r%gjedt og‘ eepreseleit |nvealgalxn_ %r{)wde rée& J?as v‘{"?]%g all-?:e {:,Iu'soeful asrrunf); ;Bg(lm
preferably of t”%“@@fﬁsébﬁbéﬁ@ic?ﬁg °b@ﬁ)t”i’%ﬂ§°’)d(l W”‘CHPFOH’E?c‘é(H"ePﬁP%’E@S'S(%) to
produce the si deptigdwicnpd Dire it @dupeaipsistdgoof formula X; preferably the
peptide Xb. In a further enbodinent of the process according to the present
invention, at |east one of the peptides selected fromthe group consisting
of the optidnaf} a%P‘H‘@"a&h%{?%ﬁﬁ'Blp@EeFtéﬂlp‘“pPéﬁ‘?f&’é’"‘ﬂ? formula V, the optionally
si de chai n- prot ecteliﬂ -peip'PdeArgProt@ht nGEQ IBNOdhd t he si de chai n-(gx ot ect ed

peptide of fornul ameﬁe.h 81 EraeﬂP&éc%Qg Quupsabfbﬁampba&% FHEGIRES b telg Salé ecedi ng

process. Thereby, ncludi 3h S bui | di ng
bl ocks and SPPS c<t:)°n° a'yg%nydmge'}ét'orbmmer?p‘TferaSD c E!§S| r?g ng"%ﬁ fiown to the

person skill ed i nMepi@refgrablytids BeG @i ng t he prepar ation of prot ect ed
pepti des cam be apad ipeslide debionaie Sidé Shar-groteqedat ihatagginiteetesidlel withaa Wi de

manner. Ther ef of € gy iHE &4l ofcfbltk orduf sdch abRirinder stood to nean e.g. a
solid support alone or a solid suppor dlrectly | inked to a linker,

optionally with a handle in between. The resin may be insoluble or soluble.
The sol ubl e poliy men ogtiohajlesitdheinerotficled pertidesefarhile PEG
H-Gly5-Gly-Gly-Gly-Asn-Gly'0-OP2 (SEQ ID NO 5) (V1),
15 wherein P2 is a protecting group, preferably P2 is a protecting group being
removable by catalytic hydrogenation and being orthogonal to the optional side
chain protecting group(s), more preferably P2 is Bzl, Bom, Pac, ONbz, Pic, or
4-sulfobenzyl, most preferably P2 is Bzl; and
said peptide is optionally side chain-protected at the asparagine residue with a
20 suitable side chain protecting group such as trityi (Trt);

(i) an optionally side chain-protected peptide of formula
P1-D-Phe'-Pro-Arg-Pro-Gly5-Gly-Gly-Gly-Asn-Gly10-OP2  (SEQ ID NO 2)(VII),
wherein P1, P2 and the optional side chain protecting group(s), as well as the
25 preferred meanings of P1, of P2 and of the optional side chain protecting

group(s), are as defined above;

(iv) a side chain-protected peptide of formula
P1-p-Phe!-Pro-Arg-Pro-Glys-Gly-Gly-Gly-Asn-Gly9-OH (SEQ ID NO 2) (lia),
30 wherein P1 and the side chain protecting group(s), as well as the preferred
meanings of P1 and of the optional side chain protecting group(s), are as defined

above,



polynmer) is an exanple for the solid support of a soluble resin thus
formng a soluble peptide-resin after assenbly of the single building

bl ocks. PRweRerwsssesi ns are pol ystyrene-based resi ns WPCH/EPRO0OHDIOSE

br onobenzhydryl . Exanples for trityl resins are 2-chlorotrityl chloride
resin (CTCresin), trityl chloride resin, 4-methyltrityl chloride resin and
4-met hoxytrityl chloride resin. Preferably, the CTCresin is applied for
the synthesis of said peptide fragnents. Anot her object of the present
invention is to provide peptides which are useful as internediates in the
process of the invention In particular, one of these peptides is a peptide
sel ected fromthe group conS|st|ng of (F) an optionally side

chai n-protected peptide of 0z, Al SEQ ID NO 4
(V), wﬁer ein P 1p? éq i 8@8‘? :PJO'grrg&Ptfé','J%ﬁggbﬁé?"ghfely'é’g’i% %Iyg%p'_g olr:hectl ng )
group being stabl Ebftbe'n@mnmmv'é'hmﬁfﬁ?g@fﬁawfwl anddrideipe titye TRIBPSPU® 1 | s Boc,

Bpoc, Ddz, Fnoc 0 didbiesed S0 puoebessabhy tHe plodu@ oBaGplidaptdssgintlegept i de i s
optional Iy side chgi F!esﬂﬁﬂ 8&&&%9&@& E'I?ama;{r&ééud{b%ptrdg%'f E!Hm VVHchcs’;}?ﬁe' table

side chain protecting gro
chai n- prot e€t ed pleptq eesest '"‘feB‘i‘Oﬁlﬁ 52’“?‘?—"@’?5‘5"@ L ey "@“%}1 %??'Wyphfae OP2 ( SEQ

ID NO 5) (M), whemntesis;P2 is a protecting group, preferably P2 is a
protecting group being renovable by catal yti c hydrogenati on and bei ng
ort hogonal ton{ he OQ'[I onal si ecting group(s), nore preferably

0
P2 is Bzl, Bom” PAE: e GRBZ"PBF ““ﬁPm%cgﬁrT“benz |, nmost preferably P2 is
Bzl, and said pept iRfep-fhs'- BotArofratGly-Gly- @'&Gdyhﬁﬁhﬁm"r@'ﬂ el@EQdP P 2 He). aspar agi ne
residue W tfo a suwhkedih B1,95 dal & ghei@feainRahihg3@f B, aldfs Sefbd amvd; rityl (Trt),
(in) an optionally side chain- protected peptide of formula P
1- D- Phel-Pro-Arg-Pro-Qy n-dy 10-0OP2 (SEQ ID NO 2)(VIl),
wherei n P1, PzwgnﬂS@%@mBﬁWWﬁﬁﬁPe%Fﬂ@“HW&Pn protecting group(s), as well as
t he preferred neaniHiQe-Gif-lldB-Firo-GofGlRZyrdra-0P3 t (SEQIPNDGhal si de (¥hai n

protecting group(glerci@P8 i8S H&EdtRE Groh O&erably P3 is a protecting group being

15 removable by catalytic hydrogenation, more preferably P3 is Bzl, Bom, Pac,
ONbz, Pic, or 4-sulfobenzyl, most preferably P3 is Bzl; and
the side chain protecting group(s) isfare at least one suitable side chain
protecting group(s), preferably selected from the group consisting of Bzl, Bom,
Pac, ONbz, Pic, and 4-sulfobenzyl, more preferably Bzl;

20

(vii) a side chain-protected peptide of formula
P4-Phe-Glu-Glu-lte'3-Pro-Glu-Glu-Tyr-Leu20-OP3 (SEQ ID NO 9) (X1,

wherein P3 and the side chain protecting group(s), as well as the preferred
meanings of P3 and of the optional side chain protecting group(s), are as defined

25 above; and
P4 is a protecting group, preferably P4 is a protecting group being orthogonal to
the side chain protecting group(s) of the peptide of formula X and to P3, more
preferably P4 is Boc, Bpoc, Ddz, Fmoc or Msc, most preferably P4 is Boc,
with the proviso that, if P4 is Boc, Bpoc or Ddz, then P3 is not Bom;

30 or
P4 is hydrogen;

(viii) a side chain-protected peptide of formula



(iv) a side chain-protected peptide of fornmula P1-D Phel-Pro-Arg-Pro-Qy
5-Ay-dy-Gy-Asn-dy 10-OH (SEQ ID NO 2) (Ma), wherein P1 and the side
chai n provecviomgsgsoup(s), as well as the preferred neamCngP2a@b/omPoo and of
the optional side chain protecting group(s), are as defined above, except
for Boc-D Phel-Pro-Arg(Pbf)-Pro-Gy 5-Ay-Ay-Ay-Asn(Trt)-Ay 10-OH with
Pbf bei ng pent anet hyl di hydr obenzof uransul fonyl and Trt being trityl. This
peptide is disclosed in WO 2007/ 033383 as the product of a solid phase
synthesis on CTC resin. In contrast, the side chain-protected peptide of
formul a Na according to the present invention is forned by a different way,
namel y by sol uti on phase synthesis; )25a si de chai n-unprotected peptide of

fornul a P1-D- Phel- PF;50A quFEuGIﬂ% ;rogl Ve Gy Mﬁngngg?quq{{o&gEQ | D NO 2)

(l'ib), wherein P 1, err meani n

defi ned above; (vi”ﬁ‘er%“ EB R dhmpifie }9'?%1 @efte@ttﬂ'g pEpPEd @s ofell s rthRi Prafered u- GI u-lle
15- Pr o- A u- G u- Tymedririgs af BPahd (cSE&)siH&ciND MBotedting groapleRragd & ddBnddabévepr ot ect i ng
group, preferably,R3 is a protecting group bei ng renovabl e by catalytic
hydr ogenati on, nore preferably P3 |s Bzl Pac, ON\bz, Pic, or

4-sul f obenzyl , o8 S FrRSTtRtiapgrpunpRrefetab F s %W&te‘f‘ﬁ% ORPRIRENALNPPOBY & ect i ng
group(s) is/are athelsdashainpetesting togmiob(e) @ltimbepe@mwam"prag@@ttqrmga g eoup(s),

preferably sel ect gg Jnaqmmh&o&rweragpw is tHof OB RE, MRE! Fm&pm MERGrosONbZ, Pi c,

and 4-sul f obenzyl a ect ed

pepti de of fornul g{e%gll’f’ C§ Vémtxﬁ ?rov'sfglg%r'g ';5 BOCGg E1°°1°r% ”Pen “oP3 (SEQ I D
NO 9) (XI1), wherBtRoP3 and the side chain protecting group(s) as well as
the preferred neasicags 6fr PBmanakp@itBi)iPee-GuidtBiadiu(SiBdRletirs-BlupitBd)ect i ng

group(s), are as ggf bﬁ@ﬁﬁ(@ﬁ)’@euma(ﬂgu I:)vﬂth' ?Bua b&ﬁ&t Eﬁﬂdtyﬂg THE OppiadP i€ erably P4
is a protecting gr ain protecting

T oup(%) of the pUBTIREEROIO PBY YRS % i IoE! P45 SApjeE botweer s frecsor

peptide (i.e. peptide sequence minus Leu) and H-Leu-OtBu. The precursor
peptide as disclosed in WO 2007/033383 has been formed in a preceding step by

15 solid phase synthesis on CTC resin. After reaction with H-Leu-OtBu, the
disclosed peptide is not isolated before continuing with the next step. In contrast,
the side chain-protected peptide of formula XIV according to the present invention
is formed by a different way, namely by solution phase synthesis, and it is
isolated after its formation;

20

(ix) a side chain-protected peptide of formula
H-Asp-Phe-Glu-Glu-He15-Pro-Glu-Glu-Tyr-Leu20-OP3  (SEQ ID NO 3)  (lll),

wherein P3 and the side chain protecting group(s), as well as the preferred
meanings of P3 and of the side chain protecting group(s), are as defined above,

25 except for H-Asp(OtBu)-Phe-Glu(OtBu)-Glu(OtBu)-lle'3-Pro-Glu(OtBu)-
-Glu{OtBu)-Tyr(tBu)-Leu20-OtBu. This peptide is disclosed in WO 2007/033383. It
is the A-erminally deprotected peptide described above. Accordingly, as
explained above, its way of formation is different from the side chain-protected
peptide of formula Il according to the present invention;

30 and

(x) a side chain-protected peptide of formula
P1-D-Phe’'-Pro-Arg-Pro-Gly5-Gly-Gly-Gly-Asn-Gly'0-Asp-Phe-Glu-Glu-lle's-Pro-



preferably P4 is Boc, Bpoc, Ddz, Fnoc or Msc, nost preferably P4 is Boc,
with the proviso that, if P4 is Boc, Bpoc or Ddz, then P3 is not Bom or P4
i s hydrog®0;20(mi76983 a si de chai n-protected peptide of  PCT/EP2009/009080

formul aP5- Asp-Phe-G u-Qu-lle 15-Pro-A u-d u-Tyr-Leu 2-0P3 (SEQ I D NO 3)
(XI'V), wherein P3 and the side chain protecting group(s), as well as the
preferred neanings of P3 and of the side chain protecting group(s), are as
defined above, and P5 is a protecting group, preferably P5 is a protecting
group being orthogonal to the side chain protecting group(s) of the
pepti de/ am no aci d of forrrula XI'l and XIIl and to P3, nore preferably P5 is
Boc, Bpoc, Ddz, Fnoc or nost pref @Pably P5 is Boc, with the proviso

t hat , if P5 is Boc, C or t not Bom except f

Fnoc- Asp( Ct Bu) - Phe- 8’3% DT GZ’G? CSQEQ ERR e§15 Pro- G u( O Bu) - ),

-3 u( & Bu) - Tyr ('t Buher¢ip §1.205-and e et dhaip Biptesiioraepup@). fs Welt 84 thapieemerept i de i s
di sclosed in WO 2&@%@838&3 oBIS3 4rlaef e 0ptva4l siaé clidiepréteding grolip(dedrsvaen a

precursor peptide,{d £.p6Pti de sequence minus Leu) and HLeu-QBu The
precursor peptide as dascl osed in WD 2007/ 033383 has been fornmed in a
precedi ng st’ep by®$BMi d BhasEEPRPHdLr-§9gH) CRCY Y- RYVA 2 (TeE&¥ P on with

H Leu- O Bu, the dissplotseEhg@plGtile-GlugOtRatie>Sal-Glt@tBubeuitBu)dentBu)nui ng Wi t h
the next step In Gambbast hit RpiRkde deheded-iP R @c&b&@@ha@%&lmuafafifeprwl a Xlv

according to the presen i '8 nanely by
sol uti on phase sy g UREG éoc' £ ?f’mp Rrgpgfggméémgs 'Y%rydAsPé%f P‘aghd (ix) a
si de chai n- pr ot ecHe“dP Q@Q'i PlereSlaOtBuriv(PtBu)ide ‘Aﬁ’ﬁ?—@%@i@ GLU@"'E#HTV@BU)
15- Pr o- G u- {d u- TyrLelze 0tB20bdPd whiokic&e lekdiaW@d Apove | Ackdrdingv) @le@iantoR3rdad t he si de
chain protecting 3 and of
t he side chain rg{glc Qﬁ)hug%wgi fmﬁﬁhémtmggtjtﬁéngé%%hgg?%b@%%%gg for
H Asp( O Bu) - Phe- GP lf(TT'BG%J ] PrgseRd inyentigh- o g u( Ot Bu) -

In a preferred embodiment, the peptide of formula V is side chain-unprotected and is of
15  formula

Boc-D-Phe!-Pro-Arg-Pro-OH (SEQ ID NO 4),

which comprises the sequence of amino acid position 1-4 of bivalirudin.

In another preferred embodiment, the peptide of formula VI is side chain-unprotected
20 andis of formula
H-Gly5-Gly-Gly-Gly-Asn-Gly19-OBzl (SEQ ID NO 5),

which comprises the sequence of amino acid position 5-10 of bivalirudin.

In another preferred embodiment, the peptide of formula VIl is side chain-unprotected
25 and is of formula
Boc-D-Phe!-Pro-Arg-Pro-Gly5-Gly-Gly-Gly-Asn-Gly10-OBz|  (SEQ ID NO 2),

which comprises the sequence of amino acid position 1-10 of bivalirudin.
In another preferred embodiment, the side chain-unprotected peptide of formula b is
30 Boc-D-Phe’-Pro-Arg-Pro-Gly5-Gly-Gly-Gly-Asn-Gly10-OH  (SEQ ID NO 2),

which comprises the sequence of amino acid paosition 1-10 of bivalirudin.

In another preferred embodiment, the side chain-protected peptide of formula X is



-Qu(OBu)-Tyr(tBu)-Leu 20-O:Bu This peptide is disclosed in W 2007/ 033383
It is the /V-termnally deprotected peptide descri bed above Accordingly, as
expl ai nedwalowea75488s way of formation is different fromPCHEPI0E®09080

chai n-protected peptide of formula Il according to the present invention,
and (x) a side chain-protected peptide of fornula P
1-D-Phel-Pro-Arg-Pro-Ay 5-Ay-Ady-Ay-Asn-Ay 10-Asp-Phe-Au-Qu-lle
15-Pro-A u-@u-Tyr-1 _eu2-0P3 (SEQID NO 1) (I1V), wherein P 1, P3 and the
side chain protecting group(s), as well as the preferred neanings of P 1,
of P3 and of the optional side chain protecting group(s), are as defined
above, except for Boc-D Phel-Pro- Arg(Ptﬂ‘) Pro-Ay

5-dy-dy-Ay n(.T P u (CIBu)-IIe
15-Pro-d u( & Bﬁ‘)s"'é Q@%"’%‘ﬁ "f GS)&‘%E%EI Ja%fgryf{ﬁ%g%&p@ﬁ. de is disclosed
in WD 2007/ 033383EQP PPEHuct after coupling Boc- D Phel-Pro-Arg(Pbf)-Pro-Qy
5-d y-d y- A y- #6itH cofripjiseekhg sdddiekdd otitmbino acid position 1320 of bivalirudin.

H Asp(Q Bu) - Phe-J u(QtBu)-Ad u(CIBu)-I | e

15-Pro-3 u(Q Bu) - G u( & Bu) - g/r tBuzk}é -Leu20- O Bu, both of which are

expl ai ned alfov 5 AR HFRTRE PYEodfTRAL e it SRRaPERiecter eertide Bl PRy SH Sduct i s

di fferent from tBve-Phefiul@RxaiGh(QBr-Isi>treo-Cn@Br)-BSiBet- M Bzpepri-aezl of fornmul a

| V according to (gb@@m@@gg; invention. In a preferred enbodi ment, the

Bg(lf:)t EIdIeDhgfl ]I;?{) r "6&’&4 g@“:[g]ﬂﬂgl\l%n hﬁb\g\ﬁ?}eﬁﬁog% rﬁﬁz' Leugo%eﬂélaguence of

am no acid posi t(ﬁéﬁ'qNngf bivalirudin. In another preferred enbodi nent,

t he pepti de1oof whie e @mliseitise sehudacecdlainino HePgoaiti@Cci2ezb dbidalirginof f or mul a
Hdy5-Ady-Ay-Ay-Asn-dy 1- OBZI (SEQ I D NO 5), which conprises the
sequence of amno acid position 5-10 of bivalirudin. In another preferred
embodi nent, t hE PEPE PSS e’f"&ﬂdl‘ﬁ?f‘tath?/ls'f’e phaingrqieeted Reptide piPBE &M '2d and i s of

formul a Boc-Asp(OBzl)-Phe-Glu(OBzl)-Glu{OBzl)-lle5-Pro-Glu{OBzl)-Glu(OBzl)-Tyr(BzI)-
-Leu20-OBzI (SEQ ID NO 3),

15  which comprises the sequence of amino acid position 11-20 of bivalirudin.

In another preferred embodiment, the side chain-protected peptide of formula lil is
H-Asp(0OBzl)-Phe-Glu(OBzl)-Glu(OBzl)-lle'5-Pro-Glu(OBzl)-Glu(OBzl)-Tyr(Bzl)-
-Leu20-OBzl (SEQ ID NO 3),

20  which comprises the sequence of amino acid position 11-20 of bivalirudin.

in another preferred embodiment, the side chain-protected peptide of formula IV is
Boc-D-Phe'-Pro-Arg-Pro-Gly5-Gly-Gly-Gly-Asn-Gly19-Asp(OBzl)-Phe-Glu(OBzl)-
-Glu(OBzl)-lle'3-Pro-Glu(OBzl)-Glu(OBzl)-Tyr(Bzl)-Leu20-OBzl (SEQ ID NO 1),

25  which comprises the sequence of amino acid position 1-20 of bivalirudin.

In another aspect, the present invention relates to the use of a peptide selected from

the group consisting of

30 (i) an optionally side chain-protected peptide of formula
P1-pD-Phe’-Pro-Arg-Pro-OH (SEQ ID NO 4) V),



Boc- D- Phel-Pro-Arg-Pro-dy -Gy-Qy-Ady-Asn-dy 10-0Bzl (SEQ I D NO 2),

whi ch conprises the sequence of amno acid position 1-1 0 of bivalirudin.
I n anot hewopneiesesad enbodi nent, the side chai n-unpr ot eeCeEPP@PIWS0 Of
formula |ib is Boc-D Phel-Pro-Arg-Pro-Ay 5-Ay-dy-Ay-Asn-@y 10-OH ( SEQ
ID NO 2), which conprises the sequence of am no acid position 1-1 0 of
bivalirudin. In another preferred enbodi nent, the side chain-protected
peptide of formula X isHdu(0Bzl)-Gu(0Bzl)-Ile

15-Pro-A u(0Bzl)-@ u( 0Bzl )-Tyr(Bzl)-Leu 20-0Bzl (SEQ ID NO 8), which
conprises the sequence of am no acid position 13-20 of bivalirudin. In
anot her preferred enbodi ment, the side%hain-protected peptide of formula
XI'l is Boc-Phe-d u(OBzL)-Q u zl)-11e . , .

15- Pro-d u( 0Bzl ) - @ﬁ‘ﬂ?'b@ fs)a-“f‘é)%’@zg'j’”-pl Preferatly Bl L2 S BRGEeYy stals

H- Phe- G u( OBzl ) - Gaga@Btit hydropenalid. pewg-raEfeigthe?1 i-Bek.(RPeB Y. -Fpe BYHS - Leu

2- 0Bzl (SEQ | D NOn@3tprendidbbiribosdt; 4@npri se t he sequence of amino acid
position 12-20 of _hi 11 udj n 1e 2nmhodi.aent .. the side
chai n- prot ect ed pg%g i\é%!et_'h%% ?@???Iﬂ{ gﬁgﬁﬁg}f’ém@é@ st {hgqﬁrﬁm R in &

Boc- Asp( OBzI%) - PheSiipble &ty ¢pin @fotRctngAropp ych as nitro;

15- Pro- G u( OBzl ) - fefef=BBzthg peptide(\Bz kille chainen@Ote@Brand(iSSE@rmU» NO 3), whi ch

conprises the sequeileg.fb-ARlARRPEYH] (BIRSIDIN®H; 11-20 of bivalirudin. In
anot her preferred enbodi nent, the si c(le chai n-protected peptide of formula

11l is H Asp(OBzl)-Phe-Q u(O0Bzl)-d u(0Bzl)-I1le
15- Pr o- G u( OBzlii) - @ etioRyy Jidemppit-Brotepted peptiged@famBAe ( SEQ | D NO 3), whi ch
conpri ses the sequencgs-Gly-GANGIRAs@Glyd-opas{deqan Nbl5)20 of bival i pugin. In
anot her preferred J,ment i i.n- ¥,0t ec i formul a
IV is Boc-D-Phel- ﬂﬁ%ﬁ?&ﬁ%&"&wﬁg @@!Scﬁ %@g&%m Ks'[rsne"dg r§t‘éctR§%¥§u9%eB£
10- Asp( OBzl ) - Phe- nﬁ)(/@zlpy) catalytig cgggrrajlc_)r] gnd being orthogonal to the optional side
15- Pro- G u( OBz ) - Ghair( @@Badtihg Fryur(fBzhdre heleraph-FRBz Bz1,(EBEQP4DONE, P, or 4ahi ch
conpri ses the sequaRtdzRimRIA&SB¢bslis Basinki on 1-20 of bivalirudin. In
anot her aspect, the, pr ,gent i nventjon rel {at es tg t he use of a ﬁ)hegti de
sel ected f r‘c?m t hesﬂ? gﬂ% %Bﬁgilogﬁlﬁrfé;eoz#]am-pro ected at the asparagine residue w

suitable side chain protecting group such as trityl (Trt);

preferably, the peptide VI is side chain-unprotected and is of formula

H-Gly5-Gly-Gly-Gly-Asn-Gly'0-OBzl (SEQ ID NO 5);

20 (iii) an optionally side chain-protected peptide of formula
P1-pD-Phet-Pro-Arg-Pro-Glys-Gly-Gly-Gly-Asn-Gly10-OP2 (SEQ ID NO 2)(VII),
wherein P1, P2 and the optional side chain protecting group(s), as weli as the
preferred meanings of P1, of P2 and of the optional side chain protecting
group(s), are as defined above;
25 preferably, the peptide VIl is side chain-unprotected and is of formula
Boc-D-Phe'-Pro-Arg-Pro-Glys-Gly-Gly-Gly-Asn-Gly10-OBzl  (SEQ ID NO 2);

(iv) aside chain-protected peptide of formula
P1-D-Phe'-Pro-Arg-Pro-Glys-Gly-Gly-Gly-Asn-Gly19-OH (SEQ ID NO 2) (lla),
30 wherein P1 and the side chain protecting group(s), as well as the preferred
meanings of P1 and of the optional side chain protecting group(s), are as defined

above,



(i) an optionally side chain-protected peptide of fornula P
1-D-Phel-Pro-Arg-Pro-OH (SEQ ID NO 4) (V),wherein P 1 is a protecting
group, predDersll7ys® 1 is a protecting group bei ng stabl eCr®Ereavabysé c
hydr ogenati on, nore preferably P1 is Boc, Bpoc, Ddz, Fnoc or Msc, nost
preferably P 1 is Boc; and said peptide is optionally side chain-protected
at the arginine residue with a suitable side chain protecting group such as
nitro; preferably, the peptide V is side chain-unprotected and is of
formul a Boc-D-Phe -Pro-Arg-Pro-OH (SEQ ID NO 4); (ii) an optionally side
chai n-protected peptide of formula H-GI%S-GI y-Ay-Ay-Asn-@y 10-0P2 (SEQ
ID NO5) (M), wherein P2 is a protecti4ig group, preferably P2 is a
protecting group being renovab) tal ytj droge ion and_bei ng
orthogonal to t hee’éfﬁ'ftiq?)'r{ae?lc'oé%aé£8%é(ép%ﬁ?%¥&éﬁ(’;‘?"%v'%}"gﬂgﬁé)e?w r@?’ &Uhr ef er abl y
P2 is Bzl, Bom PRbfbe@pbpentanihyldingdrobgnzogyansulpryhang Trt being trityh Taif eeriile y P2 i s
Bzl ; dand saihd peptsi dikiobed iIOMO ootRIoBY38S iall theChidiutt-dp aQbRC btk alnthediomspar agi ne
residue with a suj i LN protect Hgg iyl (Trt);
preferably, the pgté?:‘)‘ic?g‘ @I?g[lﬁfsag_tt’s]%gldgﬁrgalgnné}z&h%?’o#éﬁé%é%an | ?a:'acrg?rhlp%r mul a
H A y5-dy- @ y-d {1 Reggnyinantionds formesehy q ifergnt wgy. namely by sphutighehaghal |y si de
chai n-prot ect ed pepttiesie of fornula Pl-D Phel-Pro-Arg-Pro-Qy
5-Ay-dy-Ay-Asn-@y 10-0OP2 (SEQ ID NO 2)(VII), wherein P 1, P2 and the
optional side chain protectin roup( s well as the preferred neanings
of P 1, of P2 EdaS‘fjgfr}?g"ub’E)rﬁegﬁ‘g‘i’epﬁéa"i%g’ﬁ”iﬁ n protecting group(s), are as
defi ned above; pr efRi-ubieyProtAigProcpyi@eCviGly-Ase-Ghy'HeH ci®&RiD R dPlect ed and i s
of fornula Boc- D- Rh&din Pr @s AkIgasiieprékiyednidalindsloy P Glalt-aAsiefined ybole; OBzl ( SEQ | D
NO 2); (iv) a sid i.N= DL Ot [ ide.
P1- D- Phel- Pro- Ar g-grﬁfé%-%léq?/%"% @%‘E&%ﬁ?@@ﬁp@f;&%@% &0 1 p NO 2) (Ma),
wherein P 1 and t hePSiPddecHare-FPREC i HyCYreuR ST 4SEREINCFs t he
preferred
(vi) a side chain-protected peptide of formula
15 H-Glu-Glu-lle'5-Pro-Glu-Glu-Tyr-Leu20-OP3 (SEQ ID NO 8) (),
wherein P3 is a protecting group, preferably P3 is a protecting group being
removable by catalytic hydrogenation, more preferably P3 is Bzl, Bom, Pac,
ONbz, Pic, or 4-sulfobenzyl, most preferably P3 is Bzl; and
the side chain protecting group(s) is/are preferably selected from the group
20 consisting of Bzl, Bom, Pac, ONbz, Pic, and 4-sulfobenzyl, more preferably Bzl;
preferably, the side chain-protected peptide of formula X is
H-Glu(OBzl)-Glu{OBzl)-lles-Pro-Glu(OBzl)-Glu(OBzl)- Tyr(Bzl)-Leu20-OBz|
(SEQID NO 8);

25 (vii) a side chain-protected peptide of formula
P4-Phe-Glu-Glu-lle'5-Pro-Glu-Glu-Tyr-Leu20-OP3  (SEQ ID NO 9) (Xn,

wherein P3 and the side chain protecting group(s), as well as the preferred
meanings of P3 and of the optional side chain protecting group(s), are as defined
above; and

30 P4 is a protecting group, preferably P4 is a protecting group being orthogonal to
the side chain protecting group(s) of the peptide of formula X and to P3, more
preferably P4 is Boc, Bpac, Ddz, Fmoc or Msc, most preferably P4 is Boc,
with the proviso that, if P4 is Boc, Bpoc or Ddz, then P3 is not Bom;



meani ngs of Pl and of the optional side chain protecting group(s), are as
defi ned above, except for Boc-D Phe”Pro- ArgCPbfJ-Pro-Qy

-Ay-3d y-vaeesnoBst J- A y*- OH wi t h Pbf being PCT/EP2009/009080

pept anet hyl di hydr obenzof uransul fonyl and Trt being trityl This peptide is

di scl osed in WD 2007/ 033383 as the product of a solid phase synthesis on
CTC resin In contrast, the side chain-protected peptide of fornmula Ha
according to the present invention is forned by a different way, nanely by
sol uti on phase synthesis, (v) a side chain-unprotected peptide of fornula P
1- D Phel-Pro-Arg-Pro-Ay 5-Ay-Ay-@y-Asn-Ady -OH (SEQ ID NO 2) (lib),
wherein P 1, as well as the preferred mRani ngs of P 1, are as defined
above, preferably t he side chain-unprotected peptide of fornula M is

Boc- D- Phel-Pro-Arg-Pro-Ady 5-Ay-Ay-@y-Asn-Ady 1-OH (SEQ ID NO 2), (vi) a
si de chai n- prot ecgétﬁh%‘iﬂei‘de of formula HAu-Qu-lle

15- Pr o- G u- G u- Ty preleeatily 20= d32:h4iSHQebEd pptid)of (oMuyla Xtherein P3 is a protecting

group, preferably Rggip s BHGIRBRALGH & hyacat al ytic
hydr ogenati on, nor EB%%I{ ee %‘r“gf&%ﬁ%@?@ ”%Zs 1-{,@%%% Gl %QOXIWPB l?:)péﬁZ

4- sul f obenzyl , mostOBt PR EDIY9PY is BzI, and the side chain prot ecting
group(s) is/are pretf-Bra®lipBzpBoiBabti¢'- qulut@B@erwingibTys(Be)thentj Qb Bzl , Bom
Pac, ON\bz, Pic, andsdasundepenzyl, nore preferably Bzl, preferably, t he

si de chai n- protected pepti de of formla Xis HQ u(OBzI) Qu(oBzl)-lle
15-Pro-QA u( 0Bzl )-A u( 0Bzl )-Tyr(Bzl)-Leu 20-0Bzl (SEQ ID NO 8), (VII) a side
chai n- pr ot ect effliba gt efgingfot {?Plﬁ‘ﬁ?“ée pPAoPHa- A u-G u-11le

15- Pr o- G u- @ u- Tyr -A52Asp-PhEBR-GISHD-Pio ANGEI9Tyr(L$lP-OP3 WseRed NORB(aWId t he si de

chain protecting %é}ap(o‘é)andaﬁe WEd kbndis p,t)ta,e.n rgeafus(ey &d m%@|tﬁ@§re@fref3 and of
t he optional side chain 5 H ng. g g g | p?z d S({% Pove and P4
is a protecting gP‘S?I}.')"gS LELhING S8 Chaé Rpot CF'Eﬁ%%t g g% E G&EPRS or t hogonal
to and
P5 is a protecting group, preferably P5 is a protecting group being orthogonal to
15 the side chain protecting group(s) of the peptide/amino acid of formula XlII and
Xl and to P3, more preferably P5 is Boc, Bpoc, Ddz, Fmoc or Msc, most
preferably P5 is Boc, with the proviso that, if P5 is Boc, Bpoc or Ddz, then P3 is
not Bom,
Except for Fmoc-Asp(OtBu)-Phe-Glu(OtBu)-Glu(OtBu)-lle's-Pro-Glu(OtBu)-
20 -Glu(OtBu)-Tyr(tBu)-Leu20-OtBu with tBu being fertbutyl. This peptide is
disclosed in WO 2007/033383 as the product of the reaction between a precursor
peptide (i.e. peptide sequence minus Leu) and H-Leu-OtBu. The precursor
peptide as disclosed in WO 2007/033383 has been formed in a preceding step by
solid phase synthesis on CTC resin. After reaction with H-Leu-OtBu, the
' 25 disclosed peptide is not isolated before continuing with the next step. In contrast,
the side chain-protected peptide of formuia XIV according to the present invention
is formed by a different way, namely by solution phase synthesis, and it is
isolated after its formation;
preferably, the side chain-protected peptide of formuila XIV is
30 Boc-Asp(OBzl)-Phe-Glu(OBzl)-Glu(OBzl)-lle15-Pro-Glu(OBzl)-Glu(OBzl)-
-Tyr(Bzl)-Leu20-OBzl (SEQ ID NO 3);

(ix) aside chain-protected peptide of formula



the side chain protecting group(s) of the peptide of formula X and to P3,
nore preferably P4 is Boc, Bpoc, Ddz, Fnoc or Msc, nost preferably P4 is
Boc, withwohelom7essdso that, if P4 is Boc, Bpoc or Ddz, PhErEPR®9i08908@t
Bomor P4 is hydrogen; preferably, the side chain-protected peptide of
formula Xl is Boc-Phe-@u(0Bzl)-du(0Bzl)-Ille

15-Pro-d u(0Bzl )-d u(0Bzl )-Tyr(Bzl)-Leu 20- OBzl (SEQ ID NO 9), or

H Phe- G u( OBzl )-A u(0Bzl)-Ile 15-Pro-3@ u( 0Bzl )-d u(0Bzl)-Tyr(Bzl)-Leu
20-0Bzl (SEQ ID NO 9); (viii) a side chain-protected peptide of formula

P5- Asp-Phe-Q u-GQu-Ile 15-Pro-G@u-J u-Tyr-Leu 2-0OP3 (SEQ ID NO 3) (XIV),
wherein P3 and the S|de chain protecti ri’é group(s) as well as the preferred

meani ngs of P3 and a‘gtc’ﬁ“ng'“&?‘g% .l g{" %%F%S?Mlﬁ)pr%t % s defined

above; and P5 is a a i ng group
bei ng ort hogonal Wbef?'hé’%ﬁindéh%ﬁéﬁ ahasy B’P@@ttnp r@g’“@ﬁsb@ﬁ(‘@)' asfthe prefefsept i de/ ami no
acid of for rrul a Xinkariigel oPM3lahd amiek dide Ran polétiag ploed(©r adhydeRmdiasoBoC, Bpoc,

Ddz, Froc or DgIEQ&?%HrA%B%E%?We Eﬁgtéu)%tBWﬁeh NGy so that, if P5

i s Boc, Bpoc or

FnOC- ASP(Ot BU) - Ph& BB e P B 'SPF%'E‘L‘ESﬁPEB?SGPd‘(Wé 7/033383. It

-3 u( & Bu) - Tyr (t Bis) thke+<20indy Biepwitdctedt Biptidee dergritied/ #boloait Adcordifily,sapept i de i s
disclosed in WO 2 74@3%&&3 .@&vayfbefomﬁaﬂmtd.f@fent#&nrh@%faglc%n-aswe@n a
precursor peptide 4t i "E || rder&g?@cer mg eu) and H Leu- O Bu. The
precursor peptideP é'ed‘? Lo %éd‘cﬁc’ 8877033588 has been forned in a
precedi ng step byPpretsrabll. thihsideechaiparolesisd gerdite CPOyedisn. After reaction with
H Leu- O Bu, 1ot he di S¢hgseh)Feptiuiesd)ScInoBz)HE 6lPad-eId(dBei-Glu@BpMr(B20H Ng Wi t h
the next step. In cponbd@st. séé‘?b ﬁb@? chai n-protected peptide of formula XV

according to the present |nvent| onis formed by a different way, nanely by
sol uti on phase syAthesis, and it is

(x) a side chain-protected peptide of formula
15 P1-b-Phe'-Pro-Arg-Pro-Gly5-Gly-Gly-Gly-Asn-Gly19-Asp-Phe-Glu-Glu-tle'5-Pro-
-Glu-Glu-Tyr-Leu20-OP3 (SEQID NO 1) (Iv),
wherein P1, P3 and the side chain protecting group(s), as well as the preferred
meanings of P1, of P3 and of the optional side chain protecting group(s), are as
defined above,

20 except for Boc-D-Phe-Pro-Arg{Pbf)-Pro-Glys-Gly-Gly-Gly-Asn(Trt)-Gly10-
-Asp(OtBu)-Phe-Glu(OtBu)-Glu(OtBu)-lle5-Pro-Glu(OtBu)-Glu(OtBu)-Tyr(tBu)-
-Leu2-0OtBu. This peptide is disclosed in WO 2007/033383 as product after
coupling Boc-D-Phel-Pro--Arg(Pbf)-Pro-Glys-Gly-Gly-Gly-Asn(Trt)-Gly'%-OH and
H-Asp(OtBu)-Phe-Glu(OtBu)-Glu(OtBu)-lle15-Pro-Glu(OtBu)-Glu(OtBu)-Tyr(tBu)-

25 -Leu20-OtBu, both of which are explained above. Accordingly, the way towards its
coupling product is different from the way towards the side chain-protected
peptide of formula |V according to the present invention;
preferably, the side chain-protected peptide of formula IV is

Boc-D-Phe’-Pro-Arg-Pro-Glys-Gly-Gly-Gly-Asn-Gly19-Asp(OBzl)-Phe-
30 -Glu(OBzl)-Glu(OBzl)-1le'5-Pro-Glu(OBzl)-Glu(OBzl)- Tyr(Bz!)-Leu20-OBz|
(SEQ ID NO 1);

as intermediate in a synthesis of bivalirudin of formula



isolated after its formation; preferably, the side chain-protected peptide

of formula XIV is Boc-Asp(0OBzl)-Phe-@u(0Bzl)-GQu(0Bzl)-lle

15- Pr o- GwO@Br/g75988u( OBzl ) - - Tyr(Bzl)-Leu 20- 0Bzl (SEQ PDTN®2@p/0008X) a

side chain-protected peptide of formulaH Asp-Phe-Qu-Gu-Ile

15-Pro-A u-Q u-Tyr-Leu 2-0P3 (SEQ ID NO 3) (Ill), wherein P3 and the side

chain protecting group(s), as well as the preferred neanings of P3 and of

the side chain protecting group(s), are as defined above, except for

H Asp(Q Bu)-Phe-J u(QBu)-Gu(OBu)-1 e 15-Pro-G u(Q Bu) -

-Qu(OBu)-Tyr(tBu)-Leu 20-OBu. This peptide is disclosed in WO

2007/033383. It is the L/-termnally d@ﬁr‘ot ected peptide described above.

Accordi ngly, as ex ine ifferent fromthe
ﬁ%)ghea' Fpo /grPd (\:{l]y ?Ié%?ﬁf}l}ax?nlélwggscpor é?u G{ %Ieg o(gl

si de chai n-protec |ng 0 the present
i nvention; pref eﬁbﬂﬁryy'-eu 't SPERITNATh- prot ect ed peptide of forfula | | | is
H-Asp(CBzI) Phe-A u(0Bzl )-Au(0Bzl)-Ille

15- Pro-d u(OBzhjg ﬁe%%n)onﬁdéo( Reles o aL&JJQQrSB%E phodtrior B Dirddin ofrmd (x) a

si de chai n-protec T or mul D Phel-Pro-Arg-Pro-Qy
5-3y-dy-a3Yy- I&é’h“'?d“&?'cﬁﬁ"%bes%st%asﬁfe u- IIe 15-Pro- -G u-d u-Tyr-Leu
20- OP3 (SEQ | DXaNOrebyting bvgptidewidereila P 1, P3 and the side chain protecting
group(s), as well as.d-bePreigpradysmanakegsasicy-dn @EafSnansigef the
optional side chaln B P ect |rc>t I‘O(l)JLP(S) are as defined above, except for
Boc- D- Phe 1-Pro- Ar B§ Bro- '877% y-Ay-Ay-Asn(Trt)-dy 10-
- Asp( O Bu) - Phe-d M’(”G Bwlidedf {o(rmiaBu) -I I e 15-Pro-d u( Gt Bu) - G u( @ Bu) - Tyr (t Bu) -
-Leu 20- G Bw. Thi s pagioOrha)-Pe-ciu@Pbpsierr R WPrCRMB33BR&39as product after
coupling Boc-D-Phe %y, 1@) L@ng@ﬁ@f SEE{,QNQQ,; 5 dy-dy-Ay-Asn(Tft) -Gy 10-CH
and H Asp(Q Bu) - Phe- bg% 4 %/}Cf‘l é&n h% |
15- Pr o- G u( Ct Bu) - ¥'¥e'ex Ba)erh ¢Bgeud ehar?BZGBu both of which are
expl ai ned above. &Rovslshakentgeyf fothéa way towards its
P1-D-Phe*-Pro-Arg-Pro-Gly5-Gly-Gly-Gly-Asn-Gly10-Asp(OP11)-Phe-Glu(OP#6)-
15 -Glu(OP7)-lle5-Pro-Glu(OP8)-Glu(OP9)-Tyr(P10)-Leu-OP3 (SEQ ID NO 1)
(IVe),
wherein P1, P3 and P6 through P11 are as defined above;
(b) removing the side chain and C+erminal protecting groups P3 and P6 through P11
of the peptide produced in step (a); and
20 (c) removing the Nterminal protecting group P1 of the peptide produced in step (b}
to yield bivalirudin of formula |.

The process of the present invention allows for a very efficient synthesis of bivalirudin
via a convergent fragment synthesis, which can easily be adapted to the production on
25 an industrial scale. Furthermore, this route for the preparation of bivalirudin is very
straightforward and does not require the use of a complicated protecting group
strategy. In addition, the various building blocks (fragments) are chosen to avoid or

minimize racemization during assembly.

30 Before, during and after the reactions of the present invention, all fragments as well as
all coupling products may be present as such or may be present in a suitable salt form

depending on the physical-chemical properties of the molecule and/or the reaction



coupling product is different fromthe way towards the side chain-protected
peptide of forrmula IV according to the present invention; preferably, the
si de chaiwopproresesed peptide of formula IV is Boc- D PhePCPmEr2000009980- G y
5-Ay-dy-Ay-Asn-G@y 10-Asp(0OBzl)-Phe- -Au(0Bzl)-Gu(0Bzl)-lle

15-Pro-A u(0Bzl)-G u( 0Bzl )-Tyr(Bzl)-Leu 20-0Bzl (SEQ ID NO 1); as
internmediate in a synthesis of bivalirudin of

formul aH D- Phel-Pro-Arg-Pro-Ay 5-Gy-Ay-Ay-Asn-Ay

10- Asp-Phe-d u-Gu-Ile 15-Pro-du- -G u-Tyr-Leu 20-OH (SEQ ID NO 1) (1).
The present invention also relates to a process for the production of

bi valirudin of fornula | which conpriseéS-the steps of (a) reacting a

peptide of fornmula P 1-D- Phel-Pro-Arg-Pro- 5- - - -Aspn-Jy 10- OH
(SEO 1D No 2 Eelre SRR saree 1Y a gt b e rE e 8t  de of
fornul a H Asp( dpriohgyiprige QQHARIREIroatoly AYICY pndl trifigorpacgiageid(TPB) - A u( OP9) -
-Tyr(P1 0)-Leu20-0OP3 (SEQ ID NO 3) (l1Uc), wherein P3 and each of P6 through
P 11 are Bzl, j t £ I ~ -Pro-gy

5. Gy G y-G y- AR pRBR deprouroRidthing B sk R Ak

15- Pr o- A u( GP8TaPetep sy 'y e Priqsycabary! RedoBerqSptyatt e Fmge) . wherein
P 1, P3 and P62{¥8-dughoxdphiiy)aoe-2aipxdebenye (Pabavenantip)-oxyeaberyn@hdtihe side
chain and Gt efiaRbxyRiBdnfCtARS GpReHBhE3ni@NdoBS), t AlnRugRuRBkMe®bxyt he pepti de
produced in st ep, { @)y 80 (ifdacCFRY Srbie b LM B, AT OLSC KRG Oroup_ P 1
of the pepti de“PrOYIYEs *PHhPuTRLY ?Ej (T8 PBIPAIS YO8 BP°F 6Tl a 1. The
process of theofdsent invention allows for a very efficient synthesis of

bi val i rudi niovi a a convergent fragment synthesis, which can easily be

adapt ed tot hePBfe%%H,CtLé &Qte&ﬂg groups P3 and P6 through P11 are benzyl (Bzl). Here and as
follows, the abbreviation “OBzl” indicates a benzyl ester (after reaction with a
carboxylic acid both of the side chain and the C4erminus), while the abbreviation “Bzl”
indicates a benzyl ether (after reaction with e.g. the phenolic hydroxy group of

15 tyrosine).

Steps (a) to (c) can be carried out using standard reaction conditions known in the art
of peptide synthesis.

20 The coupling and deprotection steps (a), (b), and (c) are preferably performed in

solution.
For the coupling step (a), DMF is preferably used as solvent. The first deprotection
step (b) is preferably performed in acetic acid and/or water, whereas the second

25 deprotection step (c) is preferably carried out in toluene.

In a preferred embodiment, the coupling step (a) is accomplished with a combination of
HOBt, EDC - HCI, and TEA.

30 In a preferred embodiment, the first deprotecting step (b) is carried out with hydrogen

gas and palladium on charcoal.

In a preferred embodiment, the second deprotecting step (c) is carried out with TFA.



an industrial scale. Furthernore, this route for the preparation of
bivalirudin is very straightforward and does not require the use of a
conpl i catwo 2proat789s8i ng group strategy. In addition, thePcampews/0b208é di ng
bl ocks (fragnents) are chosen to avoid or mnimze racem zation during
assenbly. Before, during and after the reactions of the present invention,
all fragnents as well as all coupling products may be present as such or
may be present in a suitable salt form depending on the physical -chem cal
properties of the nolecule and/or the reactionconditions. Suitable counter
ions are for exanple the salt fornms of thethylam ne (TEA),
di cycl ohexyl anmi ne (DCHA), hydrochloric®cid (HCl) and trifluoroacetic acid
(TFA). As protecting group P 1, any protecting group that is stable to
catal ytic hydrogenati on may be used such as terf-butoxycarbonyl (Boc),
f 1 uor en- 9- yl mefrostydsanr éstyptydbtaineggtgr step (c) can be purified by conventional methods,
(2- g 35 5- di met ho¥yp ke ylepira@p -yl stwa&daemyéiusu(bmm) or aglaaBit! rye Sam®xycar bonyl
Adc), tert-a [ . i i Dp] .

2 (et hyl sul { olRiToeag R afne PSR BURRRN BllorquBPRbeciot iy e
protecting group P 1 is Boc, Fnoc or Ddz. Preferably, the protecting groups
P3 and P6 t hr olighpiteitdd aemidd &agtydnts( 1Bz knjd. lliteare bamdkparsd fusihd cawsentibiag
abbrevi ation "(Bgle sinbdbi€ HeBodf L NBNMlonCHaEY sinBEliS HARACK o Mabd 2
car boxylic aci gﬁaoet_ﬁ)ln%{D It Pe Si qgkbggai"rllonaﬁ% 1 ﬁgen C—|£ «%5 r;'li%ﬁus)s,_II V\mathe t he
abbrevi ation " BPMeS (REPEL "8 FERSVA "SR &P Y KPR I° hReeer Sl e e. 9. the
phenol i ¢ hydr osyangrajeninaothe propamadipmel)protedted peptides) cap e gryfied Herelyesitsaare i ed out
usi ng st andar dio'RamémheRd GoNidé mamsr KiRerakrel the tdhe “Biit” iOfo teepddrd@dsy nt hesi s.
The coupling a r ' : . . bly
performed in sﬁ‘?ﬁ"?%ﬁ%@ﬁ%“l’%ﬂg%@gﬁﬁ? %o‘j‘ﬁ Slg)% g%)d"(eg{}?m ?rsm%%fge 'ér%g{ |y used as
sol vent. The f s hapdigimpesraen-ohe s3s8gnayiPr inselubly eifselublp) \re SEVFORAMSE i n acetii c
aci d and/ or wab@yethylehegipabis tah exgetoiod thd eplidotupstti i lLBp rdsh) Pieferrpd ef er abl y
carried out inkalB@NBIystirthedatlaGbisl el tRTRPEbMBIRhzhybiNeE GRYIRS NGBt ep (@) s
acconpl | She1ds eretsins g‘recé?cmrort]rﬁ)% Icﬁl'c’)]ridct.g,fresin TC r%%, mgy‘ l:hloah]at(a:i re-g!%',a\l-methyltrityl

chloride resin and 4-methoxytrityl chloride resin. Preferably, the CTC resin is applied

for the synthesis of fragments containing a free carboxylic function.

In a preferred embodiment, the protected peptide fragments lic and llic are prepared

20  using solution phase synthesis.

Another object of the present invention is to provide protected peptides which are

useful as intermediates in the process of the invention. In particular, one of these

peptides is a protected peptide of formula 1Vc, wherein P1 is a protecting group;
25 preferably P1 is Boc; or H; and P3 and P6 through P11 are Bzl.

Another peptide, which is particularly useful as an intermediate in the process of the
invention, is an Aterminally protected peptide of formula lic, wherein P1 is a protecting
group, preferably P1 is Boc.
30
In a further aspect, the present invention also relates to a process for the production of
an AHerminally protected peptide of formula
P1-D-Phe'-Pro-Arg-Pro-Gly3-Gly-Gly-Gly-Asn-Gly1%-OH (SEQ ID NO 2) {llc),



In a preferred enbodi ment, the first deprotecting step (b) is carried out

w th hydrogen gas and pal |l adiumon charcoal. In a preferred enbodi nent, the
second dewoabwot7sesg step (c) is carried out with TFA TheCtmpd@prmduct
obtained after step (c) can be purified by conventional nethods, e.g. with
preparative HPLC, countercurrent distribution or equivalent. The sane
applies to the internedi ates obtained after steps (a) and (b), if
purification is required. The protected peptide fragnments M and | Nc can be
prepared using conventional peptide synthesis methods, e.g. solution phase
synthesis (HPPS) or solid phase synthesis (SPPS). In case of SPPS, al

resi ns bei ng known to the person skill@d-in the art and al lowi ng the
preparation of rot d peptides can be applied. Here, resins are to be
interpreted in%¥ mﬁw hner. Therefore, the term"resin” is to be
understood to wewnw@.g. a solid support alone or a solid support directly
linked to a |i@kefemoary th® Dadrhiyalprotdetiry ghaap i £peptiticebivt@n. The resin nmay be

i nsol ubl e or solublg. d eP%q“¥p%eNggI§%5q B 4%(ethylene glycolvbs an exanpl e
in

for the solid support o erred resins are
pol yst yr ene*based Pt RS syiHorRNd P13 12 RpteqypeodieietyshiiPsh metik igpPRs f or
trityl resins areetiyl ) peetably Pydisehl ori de resin (CTC resin), trityl

chloride resin, 4forv%idmm@rnr.aéhy GBkaLd, @Qerﬁmarrymnefeectéd,segﬁdathrduéw chloride
resin. Preferably, resin is applied for the synthesis of fragnments

containing a free é ‘§5§ $T% function. In a preferred enbodi nent, the

pr ot ect ed peptmﬁemﬁwaqﬁ@hﬂ§ﬂwbwaﬁﬁmwwwﬂwpeﬂpﬁﬁﬁﬁpéﬁmw§ing sol uti on phase
synt hesi s. #not her rabjayeGlydly-GhAspCEPTEz I(SE@IMNDE |s to prowiee protected
peptides which arg, §epﬁ; <sB& internediates in the process of the invention.
I'n particular, one o ese peptides is a protected peptide of fornula | Vc,

wherein P1is a f?rydﬂde%f’\‘ter’i@'”ﬁ'r’ chte&r’éﬁegreﬁ!ir yreptepter eopsee o fUiViaand P3 and
P6 through P 11 awih B2lbeindHot her peptide, which is particularly useful as

an intermediatg,i %a&tﬂ?tth%@é&f&rﬁmulE beprbmsecnﬁ k8Pa), |w‘ﬁer§rﬂ PAMster m nal I'y
prot ect ed p%ptl de af epelpmeo?%o l.{lﬂ1 cprogucedl steg{@wﬂer@ ? tHI ng group,

preferably 1is"” aspec resen hventi on al so
relates to a proc@§§“ﬁUPmPH€”HFHHuctlon of an ternlnally prot ect ed peptide
of formul a P1-p-Phe'-Pro-Arg-Pro-Gly5-Gly-Gly-Gly-Asn-Gly10-OBz! (SEQ ID NO 2)

(Vllc),
wherein P1 is Boc; and
20 (d) removing the Cterminal pratecting group of the peptide produced in step (c) to
yield the AMterminally protected peptide of formula llc.

Steps (a) to (d) can be carried out using standard reaction conditions known in the art
of peptide synthesis.

25
The coupling and deprotection steps (a), (b), (¢), and (d) are preferably performed in

solution.

For the coupling step (c), DMF is preferably used as solvent. The first deprotection
30 step (a) is preferably performed in acetone, whereas the second deprotection step (b)
is preferably carried out in toluene and/or THF. The third deprotection step (d) is
preferably performed in a solvent selected from the group consisting of DMF, acetone,

water and a mixture of acetone and water.



P1- D Phel-Pro-Arg-Pro-dy 5-Gy-Qy-Ady-Asn-Ay 10-OH (SEQ I D NO 2)
(lie),wherein P 1 is Boc, conprising: (a) renmoving the Cterm nal

prot ecti nyognoupssB a peptide of forrmula P 1-D Phel- Pr oPATFEPRI0A®0 3 ( SEQ
ID NO 4) (Vc), wherein P 1 is Boc and P 13 is a protecting group such as
Bzl, nmethyl (Me) and ethyl (Et); preferably P13 is Bzl; to yield an
L/-termnally protected, Ctermnally unprotected peptide of fornula Vc
with P 13 being H, (b) renoving the /V-term nal protecting group of a
peptide of fornula P 15-Ay -Ay-Ay-Ay-Asn-@y 1-0Bzl (SEQ ID NO 5)
(Vlc), wherein P15 is Boc, to yield a Ctermnally protected, /V-termnally
unprotected peptide of fornula Vlic wi t1eP 15 being H (c) reacting the
peptide of formula Vc produced in step (a), wherein P 13 is H wth the
peptide of fornmula Vic produced in step (b), wherein P15 is H to yield a
peptide of f orima riefereg-embtipaent, thefirgtdgpreteingtor &) iglcgriey gut @ty bydgogerd y 10- OBz|
(SEQ I D NO 2) §aélahgpalatresrednbreftll is Boc; and (d) renoving the C-term nal
protecting group of the peptide produced in step (c) to yield t he
L/-termnally Frotected eptide of fornmula Hc. Steps (a) é?% can be
carri ed out Susi"RPr¥eEA§RpPY "?eéhg‘ﬁ|36‘i?”%9ﬁ"?6ﬂtetci"19r?£epI‘:‘ﬂbﬁ/ﬁﬁ’”?%mﬁ Wéh of peptide
synt hesis. The coupling and deprotection steps (a), (b), (c), and (d) are

preferably per i‘n%ra?@?éirea @mgéalin\gn{ ma cmF;mg diddqc) GBI pilhed WRPa éoibinafidNiof | S

preferably useg I?t @0 aﬁg first deprotection step (a) is preferably
perfornmed in a QPR eas the second deprotection step (b) is

preferably carried out in toluene and/or THF. The third deprotection step
(d) is 10 In a preferred embodiment, the third deprotecting step (d) is carried out with hydrogen

gas and palladium on charcoal.

The crude product obtained after step (d) can be purified by conventional methods,
e.g. with preparative HPLC, countercurrent distribution or equivalent. The same

15 applies to the intermediates obtained after steps (a), (b) and (c), if purification is
required.

The protected peptide fragments Vc and Vic can be prepared using conventional
peptide synthesis methods, e.g. solution phase synthesis (HPPS) or solid phase
20  synthesis (SPPS). In case of SPPS, all resins being known to the person skilled in the
art and allowing the preparation of protected peptides can be applied. Here, resins are
to be interpreted in a wide manner. Therefore, the term “resin” is to be understood to
mean e.g. a solid support alone or a solid support directly linked to a linker, optionally
with a handle in between. The resin may be insoluble or soluble. The soluble polymer
25 polyethylene glycol is an example for the solid support of a soluble resin, thus leading
to a soluble peptide-resin conjugate. Preferred resins are polystyrene-based resins
with trityl or bromobenzhydryl. Examples for trityl resins are 2-chlorotrityl chloride resin
(CTC resin), trityl chloride resin, 4-methyltrity! chloride resin and 4-methoxytrityl
chloride resin. Preferably, the CTC resin is applied for the synthesis of fragments

30 containing a free carboxylic function.

In a preferred embodiment, the protected peptide fragments Ve and Vic are prepared

using solution phase synthesis.



preferably perfornmed in a solvent selected fromthe group consisting of
DMVF, acetone, water and a m xture of acetone and water.In a preferred
enbodi merwQ 20tva76988st deprotecting step (a) is carried ®at/BERad/obspds ogen
gas and pal |l adium on charcoal. In a preferred enbodi nent, the second
deprotecting step (b) is carried out with TFA. In a preferred enbodi nent,
the coupling step (c) is acconplished with a conbination of HOBt, DI C and
TEA. In a preferred enbodinent, the third deprotecting step (d) is carried
out with hydrogen gas and pall adium on charcoal. The crude product obtained
after step (d) can be purified by conventional nethods, e.g. with
preparative HPLC, countercurrent dist riYution or equi val ent. The sane
applies to the internedi ates obtained after steps (a), (b) and (c), if
purification is required. The protected peptide fragnents Vc and VIic can be
prepar ed usi ngABBH CRET GhEE RHSHL iBentprie eRPEInpiPlgiers perdides Wi 3i¢ i on phase
synt hesi s ( HPP&efwwias $dreligpdsas ehesprodebe sfi tie (n&EBSD) for ke ameaioofof SRS, al |

resins being kpawRa bRtebBE pflie Gorlih ik & pdrufal) 8ndbrlnedd ferldsGWMnB G- t he
preparation of protected re, resins are to be

e ept i des can be applied. Hel _

interpreted n? WeHB'"?‘rLéHEPé?FFed ?ﬁ%‘f’%f’fof?ré‘,“'at‘ﬁew?eé‘?‘?ﬁ"3r'é‘?i Rpteqid 984he
under st ood t o meferabl. Byl Amotel ofdtheagpprotides ad emeV4giminglls ptotedted wppiide tof di rect | y
linked to a |i pkRia voRhiteaklctewiduh @ handl e i n between. The resin may be
i nsol ubl e or sol uble. The sol uble pol yner polyethyl ene glycol is an exanple
for the solid support of a soluble resin, thus [eading to a soluble
pepti de-resi n Gemjangentide. whick fsarartisgaryaseias 2P dntesmpdiate {fr e eroepss 8bthe esins wit h
trityl or broonbbeiahyeds ghermimigrpdtesedfpaptide fof toyrhuld @is witerettr @152s 8ht;@F ot ri tyl
chloride resinp(GIg resin), trityl chloride resin, 4-nmethyltrityl chloride
resin and 4-nmethoxytrityl chloride resin. Preferably, the CTCresin is
applied for the synthesis of fragnents containing a free carboxylic
function. | n aAptef eentidel whigh sdiartiewiarly uséfel asraptidernediate éphé precess agthent s Vc and
VIc are prepar gdemkisd, R S@nﬂb\}'—t@ﬂﬂwirﬁhﬁ&@te&&d&ﬁdﬂﬁ&icﬁéoﬁﬁ@z\ﬁ,\gﬁii rv;;ﬁ&jeiﬁ@ﬁ i@% Ithe
present invent tected peptides ich are useful as
i nt er medi at g’s F%@ftﬁég%ﬁ%@%%?%%@%%“i nvention for the production of an
Nt er m nal

Another peptide, which is particularly useful as an intermediate in the process for the

production of bivalirudin, is a protected peptide of formula Ilic, wherein P3 and P6
through P11 are Bzl.
20
In a further aspect, the present invention also relates to a process for the production of
a protected peptide of formula
H-Asp(OP11)-Phe-Glu(OP6)-Glu(OP7)-lle15-Pro-Glu(OP8)-Glu(OP9)-Tyr(P10)-
-Leu?0-OP3 (SEQ ID NO 3) (lllc),
25  wherein P3 and P6 through P11 are Bz,
comprising:

(@) removing the Aterminal protecting group of a peptide of formula

P16-Glu(OP8)-Glu(OP9)-Tyr(P10)-Leu20-OP3 (SEQ ID NO 6) (Vllic),
wherein P3 and P8 through P10 are Bzl and P16 is Boc,
30 to yield a Cterminally protected, Aterminally unprotected peptide of formula Vllic

with P16 being H;
(b) reacting the peptide of formula Vlllc produced in step (a), wherein P16 is H and
P3 and P8 through P10 are Bzl, with a peptide of formula



protected peptide of formula Hc. In particular, one of these peptides is
the Cand L/-termnally protected peptide of fornula Vc, wherein P 13 is a
prot ecti myogoupgs9spr ef erably Bzl. Another of these pept PAEEPR&IAN0S0
L/-terminally protected peptide of formula Vc with the free C-term nus.
Anot her peptide, which is particularly useful as an internediate in the
process of the invention, is a Ctermnally protected peptide of formula
Vic, wherein P15 is Boc; or P 15 is H Another peptide, which is
particularly useful as an internediate in the process of the invention, is
a G and L/-termnally protected peptlde of formula ViIlc, wherein P1 is a
protecting group, preferably P1is Boc®®-Another peptide, which is

particul arly useful ss for the oducti on of
bivalirudin, is a E?@tsGe' @6?’33 @Efo’é%r%ﬁégf\'%? wher ei n F‘?P nd P6

t hrough P1 1 are Bpgrein Ph7'aBPQJﬁ'ﬂ¢r%6rana§5é@tB,Z':the present invention al so

rel ates to a procesgldDeplideaf Pmatiict i on of a protected peptide of formula
H Asp(OP1 1)-Phe-d i Tyr (P10) -
-Leu 29g- OP3 (SEQI M@gﬂgi) ’ﬁf&(éﬁ’%l erpg)%uga PGlg%O%quﬁ%BOL? %‘2 % are Bzl,
conprising: 5(a) renSYRMIYNPHL /V-term nal protecting group of &cheptide of
formul a P16-Q u(owae)re.@m@@g a3 4Rl PO)hdugiPBDarOR3: (SEQ I D NO 6) (VI llc),
wherei n P3 and(dP8 daali EEQ Aﬁermaaﬁr@te&%b g@ﬂﬁoﬁﬂ@pépﬁde@@orm&l?XX?%'dg:e@-

Cterninally protecE formula VIllc

t
with P 16 being H" %) ‘r"gﬁ{:&ﬂ "gﬁgt%%lﬂ?P Oarg Z'TaBF ﬁﬁpab?ﬁ |l c produced in
step (a), wherei ntopieldn ﬁ?"ﬂnailnGropge@\dﬂemaﬂm@@htemwwﬂéfOleIlla Xeith a
peptide of foor mul af pZancire (Hebgh P4 bE(rgRE)ant PE7 deing?r O- OH (SEQ I D NO 7) (I Xc),
wherein P 17 i &1) Bpe%étinsﬁg pE&idQ‘QHorRZIa%%rog&cled ints?ep%),q.!/h%reﬁ\ Fpﬁﬁ)strl-l%ﬁd 95 formul a

and P6 through P10 are Bzl, with a protected amino acid of formula

Boc-Phe2-OH (X1)
to yield a peptide of formula
15 P4-Phe-Glu{OP6)-Glu(OP7)-lle'5-Pro-Glu(OP8)-Glu(OP9)-Tyr(P10)-Leu20-OP3
(SEQ ID NO 9) (Xllc),

wherein P3 and P& through P10 are Bzl; and P4 is Boc;
(e} removing the AMterminal protecting group of the peptide of formuia Xlic produced
in step (d) with P3 and P6 through P10 being Bzl and P4 being Boc,
20 to yield a Cterminally protected, Nterminally unprotected peptide of formula Xlic
with P3 and P86 through P10 being Bzl; and P4 being H;
(fH reacting the peptide of formula Xllc produced in step (e), wherein P4 is H; and P3
and P6 through P10 are Bzl,
with a protected amino acid of formula
25 Boc-Asp(OP11)11-OH (Xlilc),
wherein P11 is Bzl,
to yield a peptide of formula
Boc-Asp(OP11)-Phe-Glu(OP8)-Glu(OP7)-lle'5-Pro-Glu(OP8)-Glu(OP9)-
-Tyr(P10)-Leu20-OP3 (SEQ ID NO 3) (X1Vce),
30 wherein P3 and P6 through P11 are Bzl; and
(g) removing the Aterminal protecting group of the peptide produced in step (f) to
yield the C4erminally protected peptide of formula llic.



P 17-Au(0OP6)-A u(OP7)-11e 15-Pro-d u(OP8)-3 u(0OP9) -Tyr(P1 0)-Leu 20-OP3
(SEQ ID NO 8) (Xc), wherein P 17 is Boc; and P3 and P6 through P 10 are
Bzl; (c) wermow/aigsthe L/-term nal protecting group of tIRETEPPI0OHEISH
formula Xc produced in step (b), wherein P3 and P6 through P 10 are Bzl;
and P17 is Boc, to yield a Ctermnally protected, /V-termnally
unprotected peptide of formula Xc with P3 and P6 through P 10 bei ng Bzl and
P 17 being H, (d) reacting the peptide of forrmula Xc produced in step (c),
wherein P 17 is H, and P3 and P6 through P 10 are Bzl, with a protected
am no acid of formula Boc-Phe 12-OH (XI) to yield a peptide of formula

P4- Phe-d u(0OP6)-d u(OP7)-11e 15-Pro-Q3u’OP8) - G u( OP9) - Tyr(Pl 0)-Leu 20-0OP3
(SEQ I D NO 9) wher ei and P4 is
Boc:" (6 removEF Ehe GG B FricdioSibip SetHE PPl oI FaBbrPa of
formula Xl |c peicgpidedynthesist ep (d) with P3 and P6 through P10 bei ng Bzl and
P4 being Boc, to yield a CGtermnally protected, /V-termnally unprotected

pept |62 of 1o Pl ik 503k DeFty 308 5 LUy AD DELIG By 2N 1 b g

H (f) reactin in step (e), wherein
P4 is H and P3 and P6 through P 10 are Bzl, with a protected am no aci d of
formul a Boc- Aspé¢rOR4 ciyplingl steps (bXI (d) end (WDerFeis rpréterdidly iusedBad solteot. yiihel d a

peptide of for gufedRRfsidps B éﬁnd@@%[%r%%éer%@%wz)mxwr@of tczlt;an\e/ o).

15-Pro-d u(OP8 (OP9
wherein P3 andg'ﬂg'{&ﬁf ﬂ%ﬁﬁ' P 11 are Bzl; and (g) renoving the /V-term nal
protecting group of the peptide produced in step (f) to

10 In a preferred embodiment, the coupling steps (b), (d) and (f) are accomplished with a

combination of HOBt, EDC - HCI, and the base TEA for step (b), respectively DIPEA
for steps (d) and (f). In another preferred embodiment, the deprotection of steps (a),
(c), (e) and (g) is carried out by use of TFA and phenol.

15  The crude product obtained after step (g) can be purified by conventional methods,
e.g. with preparative HPLC, countercurrent distribution or equivalent. The same

applies to the intermediates obtained after steps (a) to (f), if purification is required.

The protected peptide fragments Vilic, 1Xc, XI, and Xlllc can be prepared using
20 conventional peptide synthesis methods, e.g. solution phase synthesis (HPPS) or solid
phase synthesis (SPPS). In case of SPPS, all resins being known to the person skilled
in the art and allowing the preparation of protected peptides can be applied. Here,
resins are to be interpreted in a wide manner. Therefore, the term “resin” is to be
understood to mean e.g. a solid support alone or a solid support directly linked to a
25 linker, optionally with a handle in between. The resin may be insoluble or soluble. The
soluble polymer polyethylene glycol is an example for the solid support of a soluble
resin. Preferred resins are polystyrene-based resins with trityl or bromobenzhydryl.
Examples for trityl resins are 2-chlorotrityl chioride resin (CTC resin), trityl chloride
resin, 4-methyltrityl chloride resin and 4-methoxytrityl chloride resin. Preferably, the
30 CTC resin is applied for the synthesis of fragments containing a free carboxylic

function.



yield the Ctermnally protected peptide of formula Mc.Steps (a) to (Qg)
can be carried out using standard reaction conditions known in the art of
pepti de swothesi75983The coupling and deprotecti on steps @aX/EPROOHYI08s €
preferably performed in solution. For the coupling steps (b), (d) and (f)
DMF is preferably used as solvent. The deprotection steps (a), (c), (e) and
(g) are preferably perforned in a mxture of toluene and THF as solvent. In
a preferred enbodi nent, the coupling steps (b), (d) and (f) are
acconplished with a conmbination of HOBt, EDC HCl, and the base TEA for step
(b), respectively D PEA for steps (d) and (f)- I'n another preferred

enbodi nent, the deprotection of steps @ﬁ) (c), (e) and (g) is carried out
Dy e o A RS, B PBE el BRI AR 0) o0 b
countercurrentp@ﬁ@ﬂﬂﬁb@?¢%ﬁ”@ﬁ$%ﬂﬂ¢%ﬁient The sanme applies to the

i nternedi ates obtained after steps (a) to (f), if purification is required.

The protected Rﬁaa]ter B6edk agmmsém\(,we&tgn d ES pdo%le, praaéﬂeﬁép cres%ra ke, prepar ed

usi ng conventi o P ynt hesi s gy t1on phase synthesis
(HPPS) or sdlitfe hé%é‘ eé’?‘??ﬁ‘f‘éﬂ‘é & B ¢ ot iR vaRian & tagppseductign) © r"e§| ns bei ng
known to the pterrmm:aﬂy pikiebteed deptide tffermalatli@ ird padiduleniongy oft theseeptjplas Bta on of

protected pepth IR SteRPtidaRT BRRA v, whBEif P3 bR ®11 Selde i Nterpreted in a
wi de manner. Therefore, the term”"resin"” is to be understood to nean e.g. a

solid support alone or a solid support directly linked to a linker,
opti onal | y wi t Ancienpgrtidee whigh lseptipdaly usae ap @8 interirdiethie thenaredeshefdheor sol ubl e.
The sol ubl eiopoinysiedn, ipalsie thvneaectgl pgptak of fermaa Xey anmpled PBand Phidroagd i d support

of a soluble rgﬁjaper b gﬂg% éo@ﬁﬂo(&&.n@ﬁ%u;?%lé’ééw ene-based resins with
trityl or bronDbenzhydry for trityl resins are 2-chlorotrityl

chloride resin (CTC reS|n) trltyl chloride resin, 4-nethyltrityl chloride
resin and 4- metirdey paptidey Which |saiticdarly @sdfyl as Bn gﬁe_ez'n@cﬁﬁlte)/ip thehero@FOfrtessi n i s
appl i ed for thﬂve‘ﬁb(d?ut Resirste@d depR@N? Rbiuls KB tvbeRin e #hdfFeaRGAIMIOY | C
functlon gzga ngp{pgmggg gmg mé?m%)g¢g59+§cted peptide fragments Villc,

| Xc, T1°C° ar'e sol uti on phase synthesis. Another
object of the pr esent |nvent|on is to provide protected peptides which are
Another peptide, which is particularly useful as an intermediate in the process of the

invention, is a protected peptide of formula IXc, wherein P6 and P7 are Bzl; and
preferably P17 is Boc.

20
Another peptide, which is particularly useful as an intermediate in the process of the
invention, is a protected peptide of formula Vllic, wherein P3 and P8 through P10 are
Bzl; and P16 is the Boc protecting group, or P16 is H.

25 In a further aspect, the present invention also relates to the use of any of the above
peptides as intermediates in a synthesis of bivalirudin.

Examples
The following non-limiting examples will illustrate representative embodiments of the

30 invention in detail.

Abbreviations:
Boc tert-butoxycarbonyl



useful as internediates in the process of the invention for the production
of a Ctermnally protected peptide of fornmula IMc. In particular, one of

t hese pepw0Ddenyi7898a prot ected peptide of formula XlVc, wroEmPRevIPE0and P6

t hrough P11 are Bzl. Another peptide, which is particularly useful as an
intermediate in the process of the invention, is a side chain-protected
peptide of forrmula Xllc, wherein P3 and P6 through P 10 are Bzl; and P4 is
the Boc protecting group, or P4 is H Another peptide, which is
particularly useful as an internediate in the process of the invention, is
a protected peptide of forrmula Xc, wherein P3 and P6 through P 10 are Bzl;
and P 17 is the Boc protecting group, ‘d'"P 17 is H Anot her pepti de, which
is particul arlg useful as an ||ntermad| ate in the process of the invention,
is a protected peptlde of formula I Xc, wherein P6 and P7 are Bzl; and
preferably P17DF§ Boc. Anot'Reficypeliseyi@odififlech is particularly useful as an
i nt ermedi at e | DCHRe processicedlonbly@mineventi on, is a protected peptide of
formula VIllc, pagerein P3 %r&%ldﬂéxy‘UWaOUQh P10 are Bzl; and P 16 is the Boc
protecting %roulo or P16 is furt her aspect, t he present invention
also relate Ghe use of diproprcarEimidsoy e peptides as intermediates in a
synt hesi s of bPIF&EAI rudi n. Badijsbrrepyietiglahioe | owi ng non-limting exanples wll

illustrate reppgsentative eyhedeprRiganffe the invention in detail.

Abbrevi at i ons: Eﬁe e/ T-but Omb&’”éﬁl |%[711 grg ?)Xarbo% ydrgchlorid
1. S-di cycl ohexyl car od| i m 01 9’0 o"ﬁexé/]v I'am ne IC c?ohexyl urea
DI C di i sopr opyF&4# bodi i m d€IasEl& L/, LAdi i sopropyl et hyI am pe DWVF L/
Adi et hyl f oronaADEE 1-hydroxybenzotriazole

MTBE methy! fert-butyl ether

NMM N-methylmorpholine

HOPfp pentafluorophenol

OPfp pentafluorophenyl ester

15  HOSu A-hydroxysuccinimide

Su Asuccinimidyl

TEA triethylamine

TFA trifluoroacetic acid

THF tetrahydrofuran

20
Example 1: Preparation of H-Asn-Gly'%-OBz| - TFA
Boc-Asn-Gly-OBzl (90.20 kg; Hexagon Labs Inc., USA) was added at 20 °C to a
mixture of TFA (90 L), toluene (388 L) and THF (45 L). TFA (198 L) was slowly added
to the mixture at <22 °C. The reaction was allowed to undergo to completion at 20 °C.

25  The completion of the cleavage was monitored by HPLC.
Then, THF was slowly added, and the reaction mixture was evaporated /n vacuo.
Three azeotropic distillations were performed with a mixture of toluene and THF.
H-Asn-Gly10-OBzl - TFA was obtained as an oily residue, which was diluted with ethyl
acetate. This solution was directly used in the next chemical step (see Example 3).
30 Yield: 100%. Purity (by HPLC): 99.3%.



EDC HCl 1-ethyl-S- -dinethyl am nopropyCcarbodii m de hydrochl ori de equiv.
equi val ents HOBt 1-hydroxybenzotriazole MIBE nethyl te/butyl ether NWM
LAnet hyl rwopholi76e83 HOPf p pent af | uor ophenol OPf p pent af | roT@mrh@aph0sst er
HOSu LAhydr oxysuccini mde Su /V-succinimdyl TEA triethylam ne TFA
trifluoroacetic acid THF tetrahydrofuran Exanple 1: Preparation of

H Asn-dy 10-0Bzl TFA Boc-Asn-dy-0Bzl (90.20 kg; Hexagon Labs Inc., USA)
was added at 20 Cto a m xture of TFA (90 L), toluene (388 L) and THF (45
L). TFA (198 L) was slowy added to the m xture at <22 0C. The reaction was
all owed to undergo to conpletion at 20 C. The conpl etion of the cl eavage
was nonitored by HPLC. Then, THF was s1‘8\My added, and the reaction mxture
was evapor at ed |n YeazculQTq.re _ performed with
a mxture of t&Fd a1T0 xS 0D ned as an oily
resi due, whi ch TRAS3diY weesowt @qﬁ‘e‘éﬁtk?)‘?I"CéEt%?LﬁP@S'OTHf %’CW FIOnCKEFt di rect | y
used in the nexdeExitenocdl) (84 epkd; Seeorbennp| @z2na Mimta tank0%soPurd ty (by

HPLC): 99. 3% . 2 Gh¥ie e SEQ I D
N 10) TEA (75’5@@(’6&%?95*%‘*’%%“ o o SRS ﬁéﬁe%%‘nf.é%%g* A R0

Boc- d y5- d y* cal th%}y'%EPEts %“Né“i’@?a'f ogvizaenlyin BPRBFR O Gazzetta
Chi m ca |tali aki@4298@nd bi@ess&D Ja®l (9] LarTat gepstim| yaspaleped @durfdegmto
Boc-Ay-Ady- O*c&nﬁm&q senere. and &)mpfémrtc;weIs%d&.eat.&nﬁbsﬁoﬁoygdeyw%t HCl (Senn

Vm\ateg C?ngl L tr%isollu?‘on \)/%s ev%)orated in F/A%Jclz}oe aQ %he vc%n(w) o% tr(e r?3|due wal %SQedm Otcezgeg

The conpl et on4ﬁ L viferrecasrsa ivpiee APiF aplutigasf Ef?ﬁﬁ'\f’ﬁyé%iy‘ﬁﬁ}’ thLr%A (SEQID

10 NO 10) was directly used in the next chemical step (see Example 3). Yield: 100%.
Purity (by HPLC): 99.6%.

Example 3: Preparation of Boc-Gly5-Gly-Gly-Gly-Asn-Gly°-OBzl (SEQ ID NO 5)
The pH of a solution of H-Asn-Gly'0-OBzl - TFA (573 L, see Example 1) in ethyl
15  acetate was adjusted to 6-6.5 with TEA at 0 °C. The solution of Boc-Gly5-Gly-Gly-
-Gly-OH (SEQ ID NO 10) as obtained from Example 2 was cooled to 0 °C and added,
followed by the addition of HOBt (28.52 kg) and EDC - HCI (69.81 kg). The pH was
adjusted to 6-6.5 with TEA (121 L) at O °C. The reaction mixture was allowed to warm

up to reach room temperature.

20 On completion of the coupling (after about 10 h; as indicated by HPLC), NaCl was
added to the reaction mixture. The suspension was cooled and filtered to give a solid
residue, which was washed several times with aqueous NaCl solution and then cooled.
The resulting solid was dried /n vacuo to give 130.15 kg (100%) of Boc-Gly3-Gly-Gly-
-Gly-Asn-Gly'0-OBz| (SEQ ID NO 5) with 97.9% purity (by HPLC).

25
Example 4: Preparation of H-Gly5-Gly-Gly-Gly-Asn-Gly'0-OBzl - TFA (SEQ ID NO 5)
Boc-Gly5-Gly-Gly-Gly-Asn-Gly'0-OBzl (SEQ ID NO 5) (131.20 kg, see Example 3) was
slowly added to a mixture of TFA (131L), toluene (625 L) and THF (105L) at a
temperature of 22 °C. TFA (289 L) was slowly added to the reaction mixture at a

30 temperature of £22 °C. The reaction was allowed to go to completion at 20 °C within
about 1.5 h (monitored by HPLC).
The reaction mixture was concentrated /7 vacuvo, and the residue was poured into

diisopropyl ether. The resulting suspension was filtered to give a solid, which was



The sol ution was evaporated in vacuo, and the volune of the residue was
adjusted to 456 L with processed water. This solution of Boc-Gvy

5-d y- d ywQl2910@#59BEA (SEQ | D NO 10) was directly used i mCrhP200000908hen cal
step (see Exanple 3). Yield: 100% Purity (by HPLC): 99.6% Exanple 3:
Preparation of Boc-@y5-Ay-Gy-A@y-Asn-Ay 10-0Bzl (SEQ ID NO 5) The pH of
a solution of HAsn-Ay 10-0Bzl TFA (573 L, see Exanple 1) in ethyl acetate
was adjusted to 6-6.5 with TEA at 0 C. The solution of Boc-Ay 5-dy-dy-
-G y-OH (SEQ I D NO 10) as obtained from Exanple 2 was cooled to O C and
added, followed by the addition of HCBt (28 52 kg) and EDC HCI (69.81 kg).
The pH was adjusted to 6-6.5 with TEA*(*312 1 L) at 0 C. The reaction

m xture was allo hro mte rature | eti on of
The coupl | g (4PPErgaReiFs et aiier APAspoT Bl 6o st PSR ydedf o

t he reaction nit-tyerSly-Giyrag- Aé'uré‘?b@ﬂﬁZbrTF\‘Né%EQ:'@d‘l%@ with 87-$% perisy @dHRLS) gi ve a
solid residue, which was washed several tinmes w th aqueous NaCl solution
and then cool ed, The. j 5. Ard ed in vacuo o give 130.15 kg (
100% of Boc- = = (SE IDNOS) with 97.9%
purity (by ﬁPL'd})dmCER’éFn?ﬂ'de 14M) Pr@ﬁ%ﬁ 39 61O & WPP@"XY!K & PP/ N-Ady

10- OBzl - TFA {uSke@sibDoNEOcB)g-BooOBad -y (3500 GhyHdzhgon Asbs IGE.yUIA)-fOB=lic (SEQ | D NO
5) ( 13 1.20 kghq @@L)Easﬁ &1 @L)Wﬁéc%&é%a’o@dé&%et@ﬁ@amﬂ%& Rhs TFA ( 13 1
L), toluene (525 ?H THF ( 105 L) at a tenperature of <22 OC TFA (289
L) was sl owy BHEEP6EY e reaction mixture at a tenperature of <22 0C. The
reacti on was allegeastiont roxtyie wee exaporpled t vaeroahzeot®p distiiatidns werglpetiarmdd 5 h
(nonitored Ry #klWigh acelib Beid ARG DMEL WFEHWRSrE0BA e pIHCAWEaflolley 8&C U0,  and
Lhe residue wag, ROWLEA! GeelSORRORYE GBIy o Jifnd GSHbl] B LS HEPENST ON vas
filtered to giv ve Wh dllsopropyl
ether and t henregiting golition yap diracty ygpd is t&%@pxg@ewgalﬁle@(w Fppeleyy YEdy- Asn-Q y
1- OBzl TFA ( SEQ@okDPiD (by HQ)196B7. 5% purity (by HPLC). Exanple 5:

Preparation of H-Arg Pro QBzI 2 HCl Hydrochloric acid ( 1 M in acetic acid
(380 L) was_ sl |%d % C Eo B ﬁé)ensmn of Boc- Arg-Pro-0Bzl HC
(95. 00 kg: Blax ea ion 0 I

A solution of HOPfp (17 78 kg) in ethyl acetate (10 L) was added at <24 °C to a
suspension of Boc-D-Phe-Pro-OH (33.33 kg; Bachem AG, Switzerland) in ethyl acetate
(183 L). A solution of DCC (21.44 kg) in ethyl acetate (83.3 L) was slowly added to the
reaction mixture at -6 °C. The mixture was then allowed to warm up to room
20 temperature. The coupling completion (about 2 h) was monitored by HPLC.
The DCU salt was removed by filtration and washed with ethyl acetate. The filtrate was
evaporated /7 vacuo until a residual volume of about 80 L was reached. Several
azeotropic distillations were performed with toluene. The oily residue was precipitated
in petroleum ether. The solid was filtered, washed with petroleum ether and dried /n
25  vacuoto obtain 26.3 kg (54%) Boc-p-Phe-Pro-OPfp with 99.3% purity (by HPLC).

Example 7: Preparation of Boc-D-Phe!-Pro-Arg-Pro-OBz| - HCI (SEQ ID NO 4)

A solution of H-Arg3-Pro-OBzl - 2 HCI (103.00 kg; 561 L solution; see Example 5) was

diluted with DMF (360 L) at 20 °C. DMF (82 L) was evaporated /n vacuo below 55 °C.
30 Boc-D-Phe'-Pro-OPfp (121.54 kg; see Example 6) was then added to the solution of

H-Arg3-Pro-OBzl - 2 HCI at 20 °C. The pH of the resulting mixture was adjusted to 6.5

with TEA (58 L) at 0 °C. The reaction was allowed to go to completion at 0 °C for about

20 h, as indicated by HPLC monitoring.




acid ( 190 L) and THF ( 19 L). The conpletion of cleavage (after about 1
hour) was nonitored by HPLC. The reaction m xture was evaporated in vacuo.
Azeot r opiwodnana7Eesat i ons were perfornmed first with acet iPCTaPR@IANWSE hen
with DM. The H Arg-Pro-OBzl 2 HCI was afforded as oily residue, which was
diluted with DMF to obtain a volune of about 380 L. The resulting solution
was directly used in the next chem cal step (see Exanple 7). Yield: 100%
Purity (by HPLC): 96% Exanple 6: Preparation of Boc-D Phe-Pro-OPfp A
solution of HOPfp ( 17.78 kg) in ethyl acetate ( 10 L) was added at <24 C
to a suspension of Boc-D- Phe-Pro-OH (33. 33 kg; Bachem AG Switzerland) in
ethyl acetate ( 183 L). A solution of TEC (21 .44 kg) in ethyl acetate
(83.3 L) was s reaction m m xture
was then all owt'lf ¥4 d@?a?ﬁor?lsﬁ tﬁ? ﬁtggr?l”?pgn Ser'a exﬁt%reg'ﬁ%nd WaSh‘le"HtS-BEN%rrpl etion
(about 2 h) washeniiidte weedorisyntiaPE @ vagve UMY waifyal weleme ehaReed3dpyL-fA | trati on
and washed w t hixgtdhytl demréBiveter, NA€I rdl dtyRbheotat@ &a Y@ROr Bicethabdd waaeUO until a

residual vol U0l al ine i #Rske! 2 Csn@c@s J&:mg@eh WA SQLdBONGHEB St 1 | | at ons

wer e perforned resi recipitated in petrol eum
ether. The ol M agoysi 'T‘%@Pédﬂ”th\ﬁa%ﬂ‘ AR 'E)é’f"?eolaéﬁﬁﬁ'aéh’ Wé’f‘ bERd T8 i ed in
vacuo to obt ai org@tc BakegwisbebbgeniBoat DvRtve 1dRyi@-a0RIlpresiddeh whith 886 gried by y  ( by

HPLC) . Exanpl e totdpicediaiaabd Rith Biliendna Qfeebi?aledpﬁ @ilsﬁfr&)yPéthr% di¢he (SEQ 1 D NO

4) A solution of 561 L solution; see
Exanpl e 5) wasrealf"f"ﬁtsg%ew?"hw%lqifée?%g’o%d %?‘di”qtf&“%ﬁw ¥7erS i WAS® evapor at ed
in vacuo bel owv85digcpromsbethel Pidedrieprip vappde @2 1106 %q Q(@Ocﬁé’ée‘ﬂ%rﬁ@re 6) was

t hen added 0 thieosal Mti(sEQ of NdH)AiE 6B portydBy HPIZZ)HCI at 20 C. The pH of the
resulting mxture was adjusted to 6.5 with TEA (58 L) at 0 OC. The reaction
was allowed to_go to corrpl etlon at 0 OCfor about 20 h as indicated by
HPLC noni t or i ng*efRéE = pratipn, ahBOgREN Gt Pro-AE-RIEY Bensi on were
filtered of f affik moa@hedluwntthWPﬁH*rércFAermaIleW&@(&ﬁﬂl@e\i@ faB®eB kan vacuo

until a residugde sahple® |P£ce%h@&$t7 LR akjufedo %t Wih@ nttkturd 8 'ﬂiN/TZ-ﬁFC!sdf@)t er, NaCl
and et hyl acet ero WQegg e(? The resapasn%%ar'\é'\e(\yré% agaeeg?g a?'tsﬁasper%%q 0 ngam ¢ phase

was succeSS|veI h aqueo
on charcoa| (3.36 kg) in acetone (17 L). Hydrogenatlon was performed at 20 °C for at

least 2 h at about 3 bar of hydrogen pressure. The completion of hydrogenation was
monitored by HPLC.
The reaction mixture was filtered over cellulose cartridge. The filter cake was washed
20 several times with acetone. The combined filtrates were concentrated /n vacuo. The
resulting oily residue was dried by azeotropic distillation using a mixture of acetone
and toluene. The oily residue was diluted with ethyl acetate and poured into diisopropyl
ether. The resuiting suspension was filtered and the precipitate was washed several
times with diisopropyl ether and dried /n vacuo to give 31.4 kg of Boc-D-Phe'-Pro-Arg-
25 -Pro-OH (SEQ ID NO 4) with a purity of 99.4% (by HPLC).

Example 9: Preparation of Boc-D-Phe’-Pro-Arg-Pro-Glys-Gly-Gly-Gly-Asn-
-Gly9-OBzl (SEQID NO 2)
The pH of a solution of H-Glys-Gly-Gly-Gly-Asn-Gly'0-OBzl - TFA (SEQ ID NO 5)
30 (25.20 kg, see Example 4) in DMF (504 L) and deionized water (25 L) was adjusted to
6.5-7 using TEA (9 L) at <22 °C. Boc-D-Phe!-Pro-Arg-Pro-OH (SEQ ID NO 4) (25.46
kg, see Example 8) and HOBt (1.02 kg) were slowly added at <22 °C. DIC (9.5 L) was

slowly added to the reaction mixture at €12 °C. The pH of the resulting mixture was




w th agqueous Na2CO3, with a solution of HCl in brine, and finally with
brine The organi c phase was concentrated in vacuo to give an oily residue,
whi ch wasworomd7e83azeotropi c distillation with tol uenepramErPpoogoigse ated in
dnsopropyl ether at 20 C The resulting suspension was filtered to afford a
solid, which was washed several tines wth dnsopropyl ether and dried in
vacuo to give 106 kg of Boc-D-Phel-Pro-Arg- -Pro-0Bzl HCI (SEQ I D NO 4)
with 96% purity (by HPLC) Exanple 8 Preparation of

Boc- D- Phel-Pro-Arg-Pro-OH (SEQ I D NO 4) The pH of a solution of

Boc- D- Phel- Pro- Arg-Pro- OBzl HCI (SEQ ID_NO 4) (33 58 kg, see Exanple 7) in
acetone (67 L) was adjusted to 4 with E mxture of TFA/THF (50/50 VIiv, 0
03 L) at 20 OC Th X d to.a sus |on pal | adi um
on Gharcoal (3 Hhees s ity AU 3% A5 ES el B BERRS Bo et et 20 C
for at |east ZCWP&PO’B{BU&F%@%H} “Cots 'h‘gﬂtf?fé '?51‘3@@%0]#% The corrpl etion of

hydr ogenati on WasSresdtion hixtuedwddycofnfratdd @ Fse@cth ighe amiokt tekiduenNasich iwbd er ed over

cel lul ose cart seﬁga@teme a tixdule & etﬁﬁ‘é@etéﬁ@% d;}’\@]é&%wse‘?h\é?ﬁﬁé stbJﬁFt?nt%J.J‘ acet one

The conbined filtrates were concentrate n vacuo The res

resi due was °dr MedeBved 560t B anHrR'EGeC PUENE SHNUCIUAY ChdiReAarHiedehf heaLcet one and
t ol uene The oi nixtureegasdilteredvdsgich 4 solddwhitht Wasevdshied thoettiatee willndiispwopyed i nt o

dnsopr OEyld et hgher BRE afic@SH L4k H@ égu%pgoﬁg @;raoxowafsBoEJDlFthef Fﬂ'g-Agﬁdo ‘GhRcR! etCI pi t at e3
was washed sev n vacuo to give
1 4 kg of Boc- gyPéﬁléf‘s'gggwﬁBa S E)OPPCEJQ?DV{QE% l?lﬂurl\fg%ﬁfg[é)th a purity of 99 4%
(by HPLC) Exanple 9 Preparation of Boc-D Phel-Pro-Arg-Pro-Qy
5-d y- A y- Goy- Bample-10 BrepktiélBa Bod-SBA: H-NQ-F)-Gifhelylj-@y-Aé- sol uti on of
Hdy5-dy-Ay-Ady-Asn: ﬁoYoHl EBH NA B (SEQID NOS) (25 20 kg, see Exanpl e
4) in DWF (504 L) and g was 10usted to -7 using
TEA (9 L) at 22 8%088%80&0151?8 “AroPragra Y-t ﬁy&'ldily 6Y ORGEG ] ﬁ% 2216 kg, see
Exanpl e 8) and(2Bi@Bkg (etlredRievgjohivsee Esdrandt §) addeitugt of<R2to@C(4BILLCa(® 5 L) was
sl O\tNl y addEddt legnt}gd fvﬁ@rc(ﬁ) L%s%d@d% £ s@benkidn 6f p ;Er@lum'd)ncbﬁarw&e 78 Ryilit | [‘g
m xture wasadj uste reacti on was
allowed to go S OB%QPH? '-K’dm?]en? S ngpcf%rA e(dat 2301% fﬂgg h gLa r%tm% oF@d’ g% HPLC and
TLC pressure. The completion of hydrogenatlon was monitored by HPLC

Deionized water (36 L) was added to the reaction mixture and the resulting mixture

was filtered over cellulose cartridge. The filter cake was washed several times with a
2:8 mixture of deionized water and acetone. The combined filtrates were concentrated

20 /n vacuo. The resulting residue was dried by azeotropic distillation using a mixture of
DMF and toluene to give 21.5 kg of Boc-D-Phe'-Pro-Arg-Pro-Gly5-Gly-Gly-Gly-Asn-
-Gly'e-OH (SEQ ID NO 2) with 80% purity (by HPLC).

Example 11: Preparation of Boc-Tyr(Bzl)-Leu20-OBzl

25 H-Leu-OBzl - p-tosylate (22.2 kg; Bachem AG, Switzerland) was suspended in ethyl
acetate (108 L), then TEA (about 7.1L) was added at room temperature.
Boc-Tyr(Bzl)-OH (20 kg; Senn Chemicals, Switzerland) and HOBt (7.3 kg) were added
as solids. A solution of DCC (12.2 kg) in DMF (40 L) was added to the mixture at
-6 °C. The completion of the reaction was monitored by TLC and HPLC.

30 The formed DCU was removed by filtration. The filtrate was successively washed with
a mixture of aqueous KHSO4 solution and brine; aqueous KHSO4 solution; aqueous
NaHCOs3; solution and with brine. The organic phase was evaporated /n vacuo. The

residue was dissolved in ethyl acetate, and then precipitated in petroleum ether. The



The reaction m xture was concentrated in vacuo to give an oily residue,
which was precipitated in a mxture of ethyl acetate and dnsopropyl ether
The superwatamo7548qui d was renoved several tines and repCaEPdodoyotone sane
vol une of dnsopropyl ether The m xture was filtered to give a solid, which
was washed three tinmes with dnsopropyl ether and dried in vacuo to give 30
50 kg (7699 of Boc-D- Phel-Pro-Arg-Pro-Ady 5-dy- -Ay-dy-Asn-dy 1 -0Bzl
(SEQ ID NO 2) with 83 4% purity (by HPLC) Exanple 10 Preparation of

Boc- D- Phel-Pro-Arg-Pro-dy 5-Ay-Ay-Gy-Asn- -Ayl0-OH (SEQ ID NO 2) A
solution of Boc-D-Phel-Pro-Arg-Pro-Gy 5-@y-A@y-Ay-Asn-Ay 10-0Bzl (SEQ
I D NO 2) (23 43 kg net peptide wei ght, -48ee Exanple 9) in a mxture of
acetone (43 oni zed added to,a su enS|on of

el | ad um on eily dasieh 8 A Biroloin st A3 RIS fck? e BT BEDRLET
perfornmed at Zﬂotﬂ“efjo?“eiFoﬁ‘ehi'quabé‘ﬂwt'o?s BEGENFRJRNT Bh&PFup B NRCEERRR itonpl et i on
of hydrogenat i psroras etheTHeabiRidvab Yilterddl Wadhed withi paedlinvethe and Bfad L) varas added to
the reaction mylilh el theled L, R,aaagg 53 1ol Bbi. +,tr(é£@9eu&\f%zl cel I ul ose
cartridge The filter cake was washed several tines with a 2 8 mxture of
dei oni zed wat et péfﬂtél(%ﬁlg Fhe conbined filtrates were concentrat ed in
vacuo The resulting residue was dried by azeotropic distillation using a
m xt ure of DI\/FE,aa ] - 1eud-0sg - @f:ABoc D Phel-Pro-Arg-Pro-Gy
5-@y-dy-dy- W L u b C) Exanple
11 Preparation oAf (Béo &fy? I f h Zl 4 m')i_ure OQQT{-WJB%I ﬁeu)/o C%ﬂal_(zz 2 kg,
Bachem AG, Swi (228k¢.a558)Examre éﬁsﬁ*@ﬁﬂééﬁl"ﬁ) é‘t'Lﬁ’?‘F (B dy ape t‘”:i 8'— LYPe t hen TEA
(about 7 1 1) wasioaddedlidtedrtoamidrgnpecdaatpletian Bozo- Ty rhBzdoppleddn(20hkg, Senn
Chemi cal s, SWEl@a%Sde%@)noﬁuWed bLd7 3 kg) were added as solids A soI ution
ofDCC(lZZig'%) é‘l gwasadedtotemxtur {'ixl C The
conpl etion of 'eta‘étQBt'?"é CWEES RIHCEE el YT AREURRs & fiens B?Srred DCU was
renoved by fil periatmedwitTh@idure of tetepe apisT Hy Eree sattiviaskiptegad hetblewinteen m xt ur e

of aqueous KHSGXre S0dddtthb Qe REIBuD Thd Solid I AiNAIEY, IHM it | dUinix@Fe ofaiyeous NaHCq
3 solution And, Wty JefiGiekEinG" B8N Wi BARRG @R, SYERRIFLRE hHNayacuo The

yielding 23.7 kg (89%) of H-Tyr(Bzl)-Leu20-OBzl - TFA with 98% purity (by HPLC).

Example 13: Preparation of Boc-Glu(OBzl)-Glu(OBzl)-Tyr(Bzl)- Leu20-OBz|
(SEQ ID NO 6)
20 Boc-Glu(OBzl)-Glu(OBzl)-OSu (42.90 kg, Senn Chemicals, Switzerland) was added to
a solution of H-Tyr(Bzl)-Leu-OBzl -TFA (23.7 kg, see Example 12) in DMF (80 L). The
pH of the reaction mixture was slowly adjusted to 7-7.5 with DIPEA at 0 °C. The

reaction mixture was allowed to undergo to completion at 20 °C. The completion of the
coupling was monitored by HPLC.

25 The reaction mixture was evaporated /n vacuo, and the oily residue was poured into
processed water. The solid was filtered, washed with processed water, re-slurried in a
mixture of acetonitrile and processed water and finally dried /n vacuo, yielding 40.3 kg
of Boc-Glu(OBzl)-Glu(OBzl)-Tyr(Bzl)-Leu20-OBzl (SEQ ID NO 6) with 92% purity (by
HPLC).

30



resi due was di ssolved in ethyl acetate, and then precipitated in petrol eum
ether Thesolid was filtered, washed with petroleumether and dried in
vacuo. A wecond)76988p was obtai ned after nother |iquor s®CUtEPRIVI/009080
concentration in vacuo and precipitation in petroleumether. The solid was
filtered, washed with petrolumether and dried in vacuo. The two crops were
then m xed, yielding 25.9 kg (84% of Boc-Tyr(Bzl)-Leu 20-0Bzl with 97%
purity (by HPLC). Exanple 12: Preparation of H Tyr(Bzl)-1_eu20-0Bzl TFA TFA
(83 L) was slowy added at 20 OCto a m xture of Boc-Tyr(Bzl)-Leu 20- OBzl
(25.9 kg, see Exanple 11), phenol ( 1.3 kg), toluene ( 104 L) and THF (21
L). The reaction was allowed to underg‘cf‘to conpletion at 20 OC. The

conpl eti on of ion mxture was
evaporated i n vt Ve ' red with a

m xture of toluene and@ﬂMﬁén et hyI acet ate and petrol eum et her were
added to the r@sd- dlU@Bzﬂbra(cml)eri(BmeJm be2r ek Wasked) witi1usm gl xkelr e of

t hyl t at finall

G oo L ?Jagééféz GBIk AL SRR L
98% purity (Sbytqllpp_qjﬂo Egarl»ﬁ)TléF {93-L iqpah TFAA qgf L) was slowly added to the

Boc- d u( 0Bzl ) - &@ixtufeCB21T 2T yhé Batkton wae alR@eOBzdndérBEQ dobpbiOnG) 15 °C. The

Boc- G u( 0Bzl ) - GbilalBehb ,é@ﬁ 3 hdas Honitotbd byRBc.Cheni cal s, Switzerl and) was

added to a soI tion of T £ anple 12) in
Ve (80 L) - Tndbfraghn igird éﬁéﬁ% %wura.sumgg'c’é%gmﬁyﬁ% BETeA B e

wi t h DI PEA at @n@@d Iih ezeotsepict fiskitiationk il @ Mixtrea bl olent/THF ansdbey oith o
conpletion at Zeks. MiiBe @LHTDI Wisl Gedlo théGilCREIDlE MBnWR&roBaRI diier &ds by HPLC.

The reaction mxiyn ?tn@’%ﬁmﬁ&?&%h&g%ﬁ’ Af% Xo%ﬁ meas@f#d & eﬂtQ.’eh)éaé ‘v’vﬁéhﬁ&’e was

poured into processed wat tere processed
wat er, re-slurf§ed fimesy with )?FWeé’”thh%{cé‘ft%fn'ietsf“?ﬁeés'%ntﬂ pRrglewB e ¥ er and
final | y dried fitiatipe.ctoe soliyf inak chastgpd 4Gth Petkaggeunt ether. This procedure was repeated

Boc- G u( OBzl ) Ghad( BRZdolia Wu¢ (87 h)iedLﬁLba&o%U (QFES kPR ) HwdiiBeA2% purity
(by HPLC). élé;(f)éﬁmﬁéﬁ%o LA 9N 84 (b wutR 6% P%? l)IPL-B{r (Bzl)-Leu

20Q OBzI TFA (S

Example 15; Preparation of Boc-Glu(OBzl)-Glu{(OBzl)- lle'®-Pro-OH - DCHA
(SEQID NO 7)
Boc-Glu(OBzl)-Glu(OBzl)-OSu (62 kg, Senn Chemicals, Switzerland) was slowly
20 added to a solution of H-lle-Pro-OH - TFA (36 kg, Bachem AG, Switzerland) in DMF
(433 L). The pH was adjusted to 7-7.5 with DIPEA at 0 °C. The completion of the
reaction was monitored by HPLC.

The reaction mixture was evaporated /7 vacuo and the oily residue was diluted with

ethyl acetate. The mixture was washed with aqueous KHSQO4 solution and with brine.
25 The organic layer was evaporated /n vacuo and the oily residue was dried by

azeotropic distillations with toluene. The oily residue was diluted with toluene, and the

pH was adjusted to 7-7.5 with DCHA. Petroleum ether was then added to the mixture.

The solid thus obtained was filtered, washed with petroleum ether and dried in vacuo,

yielding 102 kg of Boc-Glu(OBzl)-Glu(OBzl)-lle'>-Pro-OH - DCHA (SEQ ID NO 7) with
30 89% purity (by HPLC).



Boc-G u( 0Bzl )-d u(0Bzl)-Tyr(Bzl)-Leu 20-0Bzl (SEQ ID NO 6) ( 117.45 kg, see
Exanple 13) was slowy added at 15 Cto a mxture of TFA ( 117 L), phenol
(5.87 kg)wotolwumess3(470 L) and THF (94 L). Additional TPAT(EP8®90Y08@S
slowy added to the m xture at < 17 C. The reaction was all owed to undergo
to conpletion at 15 C. The cl eavage conpletion (3 h) was nonitored by HPLC.
The reaction m xture was evaporated in vacuo bel ow 35 C. Residual TFA was
renoved by azeotropic distillations with a m xture of toluene/ THF and then
with toluene. MIBE (825 L) was added to the oily residue. Then, petroleum
ether was added to the obtained suspension. After cooling, the solid was
filtered and washed several times wth48etrol eumether. After re-suspension
PO = T S L SR AT N el Al R
yi el ding 114.86 kg (96%'_(WU(032|) Tyr(BzI) Leu 20- 0Bzl
TFA (SEQ | D NOs69-GiidBa))-8afdeNId $-ro(dH- DdRCYsEdEXBMRDE 75L5(935£ra@arsaéi on of

Boc- d u( OBzl

Boc- G u( o ) G 1) £3ogl® e SO LR B0 Bon svteny s o1 out
added to a ol Ut@'wﬁB%Dr 'F(LOPF'b yepg)- 'aqz"ﬁ-BA' ( 36 KFQ Ei%ld\ﬁ)eﬁ% ilc 395\%ﬂtfteér| and) in
DVF (433 L). TheptipHvaigis seelprasipied4)io DWF (458 LWMEDE - DICPEA 9 kg) Sva&addB ey conpl et i on

of the reacti oemmpﬁonmmrnﬁgur% béi?écvhe]aheof rh@agatca.mmmréw; SaRR 18 vapor at ed
in vacuo andth |Iyrlsa_§ m xt ure

was vashed wi t ASaoHIEES R T Gy eess B EmgRiE .| ayor
was evapor at edWFCfoa‘@u@SawdltorddéwdﬁPl-(y resi due was dried by azeotropic
distillations whd kit deteaBfoved BE fi0htlol. THeSit@IdanasaSapbrdtddt B Jasbol Thetddy uene, and

the pH vas ad) 1aleel g L[ hds Belbiblls 1ObALHES! LALEHTE LR ARoRGNy added o

the m xture. d was tiltered, wash etrol eum
et her and dri e¥2§§d savE@blimasivép (ﬂi°ﬁ?fs‘1q)‘23tﬂgp‘®f FERYERATPIRN IBACTSSey YﬁftEBzI )-1le
15- Pr 0- OH DCHAa¢eBia@ild insN@red) Thent the 88pénpion wasycofly ddWRL e . sBlidanap filgereds :
Preparation of wB(ea GehWeBZhaa SAWGOBAS vibiliRd 16054 ket (B Z8 k- B8 49B2 1 ) -

-Tyr(Bzl) -Leu 25 OBaLy RER R NS BluoB) Tyr(Bz) Leum.0B2  (SEQIDNO8)  with

90% purity (by HPLC).

\I_O

Example 17: Preparation of H-Glu(OBzl)-Glu(OBzl)-lle15-Pro-Glu(OBzl)-Glu(OBzl)-
-Tyr(Bzl)-Leu20-OBzl - TFA (SEQID NO 8)
20 Boc-Glu(OBzl)-Glu(OBzl)-lle15-Pro-Glu(0Bzl)-Glu(OBzl)-Tyr(Bzl)-Leu20-OBzl (SEQ ID
NO 8) (72.24 kg, see Example 16) was added at <15 °C to a mixture of TFA (72 L),
toluene (289 L) and THF (6 L). Additional TFA (159 L) was slowly added to the mixture

at €22 °C. The reaction was allowed to undergo to completion at 20 °C for 2.5 h

(monitored by HPLC). The reaction mixture was evaporated /7 vacuvo. Residual TFA
25 was removed by several azeotropic distillations with a mixture of toluene and THF. The

oily residue was diluted with toluene and poured into diisopropyl ether. The solid was

fitered and washed several times with diisopropy! ether. After re-suspension in a

mixture of acetonitrile and diisopropyl ether, the solid was then filtered, washed several

times with diisopropyl ether and finally dried in vacuo yielding 61.7 kg (87%) of
30  H-Glu(OBzl)-Glu(OBzl)-lie'5-Pro-Glu(OBzl)-Glu(OBzl)-Tyr(Bzl)-Leu20-OBz| - TFA

(SEQ ID NO 8) with 88.9% purity (by HPLC).



Boc-G u( 0Bzl )-Au(0Bzl)-Ile 15-Pro-OH DCHA (SEQ ID NO 7) (98.88 kg, see
Exanpl e 15) and HOBt ( 13.82 kg) were slowy added at <24 Cto a solution
of H G u(vB2h)0/0Zbes OBzl ) - Tyr (Bzl ) - Leu 20- 0Bzl TFA ( SEQ PDTN®2@)p/0(908A0. 39
kg, net peptide weight, see Exanple 14) in DWVF (451 L). EDC HCl (22.99 kg)
was added by small portions to the mxture at - 60C. The pH of the reaction
m xture was adjusted to 6.5-7 with TEA ( 12 L) at - 6 C. The coupling was
al l owed to undergo to conpletion at 10 C for 16 h as nonitored by HPLC. The
salts were renoved by filtration. The filtrate was evaporated in vacuo. The
oily residue (470 L) was precipitated in a NaHCg 3 solution. The solid was
filtered and washed several times wth4rocessed water. After re-suspension

D B ocessed Vol i AFELILYY Myt MRS GRRSHou L b dyspgnsl o ves cool o
160. 34 kg (88% of Boc: zl)-Leg®- I

2 Er O;-ISng OBZE!() B63-rHe(B7 [1):03 Ki;(d3ah Chérithis2 Az, E¥iterfafdy @nd 90BlQ4&§5 kgl Wdie 90% purity
: a . Pr t - -

1S Pro- G u( OBz @?“&'gau{e&éi TR %%@%‘ﬁ‘{”-ﬁkﬁé'g@%ﬁm‘?gﬁ%%"|Gr_'51‘¢3%'_)8)
Boc- G u( 0Bzl9) - &t (PBrZ1Y)ET '@“Tﬁ%'&fﬁ(ﬁ%‘%ﬁzﬁ“? B0l EHgy 157 TPz (%) -Neu 2- OBzl
(SEQ | D NO 8) OWE.(Z54 Lik@DCs e+l BE3rkg) weas Eolyaadedad €@ tC. ahe pH d3héEadtion a m xt ur e
Sl owly sdded {5 Re s praresnel el © il vl L LD o ITo under go
o compl et 1 on 588 s plgwedloangeoa irnihate i X b A R bR i Xt r o
was evapor at ed Theregclion mixtuRewaschyaporafaAr wazyo.r idaiheidsidye wae\sespanded 7edt r opi
gi Isti I Idati Oﬁ’s WhaititoBsoliitiont Wheesold whdhiBevaansh sktdral thbewli ptryceaﬁaimdgeg was

iluted with t , . [ objd was
filtered and éﬁ#ﬁ@?g@%&o&%ﬁﬁnﬁ%@ﬁ&f {9&%&?&259%%@5&%&Eg@él%l?g‘rb l
re-suspensi on FFUQBHRHGPE-bIrBalkkrudifiet i(ISEQéIEHOBYi"é‘@p%B{?I PUthe®Y the solid
was then filteHed;). washed several tinmes with diisopropyl ether and finally
dried in vacuo yielding 6 1.7 kg (87% of HAQu(O0Bzl)-GQu(0Bzl)-lle
15- Pro-d u( 0Bz | )-Ty" 1)< Bzl TE 24D NO 8) with 88.9%

purity (by HPLEREE O B e K AL OB : 51)-d u(0Bzl) -1
bl -Pro-d u(OBzl)- -Glu(OBzl)-Tyr(Bzl)-Leu®-OBzl - TFA (SEQ ID NO 9)

Boc-Phe-Glu(OBzl)-Glu(OBzl)-lle5-Pro-Glu(OBzl)-Glu(OBzl)-Tyr(Bzl)-Leu20-OBzI
(SEQ ID NO 9) (67.66 kg, see Example 18) was added by small portions at 15 °C to a
mixture of TFA (68 L), phenol (3.38 kg), toluene (271 L) and THF (54 L). Additional

20 TFA (149 L) was slowly added to the mixture at 15 °C. The cleavage completion (4.3
h) was monitored by HPLC.

The reaction mixture was evaporated /n vacuo. Residual TFA was removed by several

azeotropic distillations with a mixture of toluene and THF. The oily residue was diluted
with toluene and poured into diisopropyl ether. The solid was filtered, washed several

25 times with diisopropyl ether and dried /7 vacuo vyielding 67.25 kg (99%) of
H-Phe-Glu(OBzl)-Glu(OBzl)-lle15-Pro-Glu(OBzl)-Glu(OBzl)-Tyr(Bzl)-Leu20-OBzl - TFA
(SEQ ID NO 9) with 86.6% purity (by HPLC).

Example 20: Preparation of Boc-Asp(OBzl)-Phe-Glu(OBzl)-Glu(OBzl)-lle's-Pro-

30 -Glu(OBzl)-Glu(0Bzl)-Tyr(Bzl)-Leu20-OBzl (SEQ ID NO 3)
Boc-Asp(OBzl)"'-OH (20.22 kg) (Senn Chemicals AG, Switzerland) and HOBt
(8.42 kg) were added in small portions to a solution of H-Phe-Glu(OBzl)-Glu(OBzl)-
-lle?5-Pro-Glu(OBzl)-Glu(OBzl)-Tyr(Bz!)-Leu20-OBzl - TFA (SEQ ID NO 9) (60.46 kg net




-3 u(0Bzl)-Tyr(Bzl)-Leu 20-0Bzl (SEQ ID NO 9) Boc-Phe-CH ( 10.03 kg; Senn
Chem cals AG Switzerland) and HOBt (4.95 kg) were slowy added at <24 0C
to a sol wpan1af75483d u( OBzl ) - A u( 0Bzl )-11e 15-Pro-d u( OBL)EP2009/009080
-du(0Bzl)-Tyr(Bzl)-Leu 2-0Bzl TFA (SEQ ID NO 8) (61 .63 kg, see Exanple
17) in DM (264 L). EDC HCI (8.53 kg) was slowy added at - 5 0C. The pH of
the reaction m xture was progressively adjusted to 6.5-7 with DI PEA (47.5
L) at - 5 "C. The coupling was allowed to undergo to conpletion at 10 C for
23 h (monitored by HPLC). The reaction mxture was evaporated in vacuo. The
oily residue was suspended in a NaHCO3 solution. The solid was filtered,
washed several tines vmth processed wat®8r and dried in vacuo yielding 67.64

Kk 9599 of Boc- 3he P

€& o1 3 o o e el RO L2 [ChRE B 43-HHB Y006 pur i ty
(by HPLC). Exaspteaddad tchthe practoni roiurefat 6 Fhdhept (cOme| psuling ("GRyd Yag | e

éS PIrD ﬁ GgU((CJBZbrbgress%Mé&B@d)toé’scw(mazlo)pElAqw 30t OB, Tlﬂ'_uﬁu;{hﬁﬁ@al) cgrt.aﬂ(xgg |9§ ]

0C e- u r YA eu

2- 0Bzl (SEQ %%lg&(tgggéoﬁ&&oégﬁ at%%%@m"q&% ded ysmall | portions
at 15 0C to*%a ﬁ'i%?%ﬁ"@’ Biturppyes e %?Ce"‘ﬁ‘%’dﬁl"a‘(’g T3 resying q"bﬁﬁ@ﬁ%we?n L) and
THF (54 L). Adslovly edual tollac(iedld NaHTOnsutisl. T resathgedspesidnhves iiitecedir e at 15

0C. The cl eavagg Fe%weﬁéédon c(eﬂ)néech)/vafép-sAftgpﬂllrﬁtBF\%d@évé’ﬁ%shlx&ewﬁr@am' on
m xture was ev& or aé I N vacuo. etver al

azeot ropi ¢ di sP7928¢ "8RG 204 PiFe W'Wﬁ( ”ée 8ff acteBOI"Wann ﬁed""’f?ﬁiwgtf he™oi 1y
resi due was di tegtlind sefid was giere e vaaud yislsing 4 kn(W%)iof FoprepyBzleiger . The
solid was fiol t engdezv@sbes)-sevwes-aludszyetu(osd)Tyd)sepr-opyl ether and dried

in vacuo yield 9 e-Qu(0Bzl)-Au(0Bzl)-Ile
15- Pro- G u(CBzHE%éézlgé ﬁgﬁgf“gﬁzﬂ% o TEA (SEQ ID NO 9) with
86.6% purity (by HPLC). Exanple 20: Preparation of
Boc- Asp( OBzl ) - Bleew@l 20 RoBwekatierGhf i ASBIBeh-PheeGlu®BRY-Gu(OBzl)-lles-Pro-
-G u(0Bzl) -3 u(0Bzl) - Tmru(cﬁ?zl Xo1Sik) ZrQr(éEZJeuzé SER- IrE\ NEE@)D Bogy Asp( OBzl ) 11- OH
( 20. 22 kg) 1(sseBoc Asp&jgzl? ghe Gﬁ%le?&lluE(}Bezr) Ilealgl gr)o-(ﬁlﬂngl_i(au 0OBzl)-Tyr(Bzl)-

-Leu20-0OBzl (SEQ ID NO 3) (64.00 kg, see Example 20) was added in small portions to

a mixture of TFA (64 L), phenol (3.2 kg), toluene (265 L), and THF (61 L) at a

temperature below 15 °C. Additional TFA (141 L) was slowly added to the reaction

mixture at <15 °C. The cleavage was performed at 15 °C for 4.8 h (monitored by
20 HPLC).

The reaction mixture was concentrated /7 vacuo. The resulting oily residue was added

to diisopropy! ether for precipitation at 20 °C. The resulting suspension was filtered, re-

suspended in diisopropyl ether and filtered again. The solid was washed with

diisopropyl ether and dried /n vacuo yielding 61.4 kg (net peptide weight) (95%) of
25  H-Asp(OBzl)-Phe-Glu(OBzl)-Glu(OBzl)-lle'5-Pro-Glu(OBzl)-Glu(OBz!)-Tyr(Bzl)-

-Leu20-OBzl - TFA (SEQ ID NO 3) with 77.6% purity (by HPLC).

Example 22: Preparation of Boc-D-Phe!-Pro-Arg-Pro-Gly5-Gly-Gly-Gly-Asn-Gly0-
-Asp(OBzl)-Phe-Glu(0OBzl)-Glu{OBzl)-lle*5-Pro-Glu(OBzl)-Glu(OBzl)-

30 -Tyr(Bzl)-Leu20-OBz| (SEQ ID NO 1)
H-Asp(OBzl)-Phe-Glu(OBzl)-Glu(OBzl)-lle's-Pro-Glu(OBzl)-Glu(OBzl)- Tyr(Bzl)-
-Leu?-0Bzl - TFA (SEQ ID NO 3) (104.40 kg, see Example 21) and HOBt (8.42 kg)
were added in small portions to a solution of Boc-D-Phe'-Pro-Arg-Pro-GlyS-Gly-Gly-




(8.42 kg) were added in small portions to a solution of

H Phe-Q u( 0Bzl )-Au(0Bzl)- -l1le 15-Pro-@ u(0Bzl)-d u(0Bzl)-Tyr(Bzl)-Leu

20- OBzl TWO20®AEPIS® NO 9) (60.46 kg netpeptide wei ght, ®eca/EHPe@Ph®SAI) in
DMF (370 L) at <20 OC EDC HCl ( 13 38 kg) was slowy added to the reaction
m xture at - 5 OC The pH of the resulting m xture was progressively
adjusted to 6 5-7 with DIPEA (27 L) at - 5 0C The coupling reaction was
then allowed to go to conpletion for 35 h at 10 OC (nonitored by HPLC) The
reaction m xture was then concentrated in vacuo The resulting oily residue
was sl owy added to an aqueous NaHCU3 sol ution The resulting suspension was
filtered and re-suspended in deioni zed Mater After filtration and several

uashi ngs W th J5].RNGRIALE! AM0R08 W LD ARl icont ASRLATLIT1 1 @ and

dei oni zed wat er, ng 64 k
(96% of Boc- A%pEDSzING HRS ka)@qa(smylayde@mcmwe Pi g the reaction mixtie

15- Pro- G u( OBzlvps aogt(e@zw Jadjdstéd 82.5-7 lwithl TBA Qs LY SE® € DridQodlingvinvtdy 8 1 4%
purity (by HP'—g) GE& % d o%&a’uoﬁrfo?'a?ggilt%()e irgcrmtored by HPLC).

¥ GAﬁ?gJBOzBlzl))@PE('@ﬁ? lonpRyixiig Rs 'E’éeﬁ Werh dejqrigeq Wity ThS rRieyiag suspension

Boc- Asp( Q?,zl) Ph@ﬁl@eq(\@slzdd)m@dal@mﬂv)atdr lamd dried in vacuo yielding 72 kg (50%) of

15- Pr 0- G u( 0BZ k)63 PRZA-prEYGH-RRY-Bry- iy 2 OBplos SRR ERANE) 3) (64 00 kg,
ohenct 1% LojouBsr RS LOGEREL A0Sl S B o B R h ol 1
0C Addi ti onal WN’PTMW_W ks slowly added to the reaction mxture at < 15
C The cl eavage was perfornmed at 15 C for 4 8 h (nonitored by HPLC) The

reaction mxtUEg #RSCABSERbE GtBphd. pvo%gar T2, SIESHI AL ool €1 duie was

added to diisopropyl ether _for
suspensi on vvaspfl P%lerw,egwsﬁ, ¥ EJB'GpL"é"”' Y85 A A aliudiny f| I '?ered

again The solid was V\B@EQQED!QEE di i sopropyl et her and dr; eH"| n vacuo
I)fli- i!sdl( nO% |6) 1 4ak@sden@dn &%Ejod?emb-g\m—éro—GQlE%y-Cﬂ&f-Gly-Asn-le°-Asp(OBzI)-Phe-

p( OBz L
15- Pro- G u( &z%’ﬁ%gg' C%@zb?s ﬁle &’Eéﬁ;éﬁ ) BluOB2 et e ;ﬁgﬁéﬁ%t’m 3) with 77
6% purity (by NPIJU“I@Q&W% E??“Flﬁ’r at 3O ACIG O3B wapaied 10 Prtye §f Pro- d y
5-3 y- d y- d y- paliadigh yonlharcoASP( OBF), ) delhiBdGveieOBY L) -afdl dE«BBZcK- (51 B).
S-PrO G U OBZI LyddahstBi Whs performed at <37 °C under about 3 bar of hydrogen pressure

(monitored by HPLC).

20 After completion (5 h), the reaction mixture was cooled and diluted with deionized

water and acetic acid. The resulting mixture was filtered over cellulose cartridge, which
was several times eluted with a mixture of acetic acid and processed water. The filtrate
was concentrated /n vacuo. The resulting residue was tested for its water content by
Karl Fischer titration (water content <5.0%).
25
Then, toluene was added to the oily residue followed by addition of TFA. Completion of
the cleavage (after 1 h) was monitored by HPLC.
The reaction mixture was concentrated /7 vacuo. The resulting oily residue was added
to diisopropy! ether for precipitation. The resulting suspension was filtered to give a
30 solid, which was washed several times with diisopropyl ether and dried /7 vacuo
yielding 8.41 kg (net peptide weight) (78%) of crude H-D-Phe'-Pro-Arg-Pro-Gly5-Gly-
-Gly-Gly-Asn-Gly19-Asp-Phe-Glu-Glu-lle'5-Pro-Glu-Glu-Tyr-Leu20-H - 2 TFA
(bivalirudin) (SEQ ID NO 1) with a purity of crude bivalirudin of 65% (by HPLC). There



-Tyr(Bzl)-Leu 20-0Bzl (SEQ ID NO 1) H Asp(0OBzl)-Phe-d u(0Bzl)-Au(0Bzl)-Ile
15-Pro-A u(0Bzl )-d u(0Bzl )-Tyr(Bzl)- -Leu 20-0Bzl TFA (SEQ ID NO 3) ( 104
40 kg, sewoBnsmpb®32 1) and HOBt (8 42 kg) were added i RCTm®R00900080 ons to
a solution of Boc-D Phel-Pro-Arg-Pro-Ay 5-Ay-Ay-Gy-ASn-AylO OH (SEQ I D
NO 2) (65.47 kg, see Exanple 10) in DWF (345 L) at <24 0C. EDC HC ( 12.46
kg) was slowy added at - 5 C. The pH of the reaction m xture was
progressively adjusted to 6.5-7 with TEA ( 16.5 L) at - 5 C. The coupling
was allowed to go to conpletion for 22 h at - 5 0C (nonitored by HPLC). The
reaction m xture was diluted slowy wth deionized water. The resulting
suspension was filtered, washed wi th del“oni zed water and dried in vacuo
yielding 72 kg 99 50, - D - + Al gz Br.o- - = - ~Asn-QGy
1- Asp( OBzl ) - Ph gg%Qou@g F&Zl 9&9% @E@F%te&%ﬁﬁggHEL& |.9nx ra%erﬁz%ogoé{:urgdyat
15- Pr o- G u( OBzP9itief {g OBzl ) - Tyr (Bzl ) - Leu 20-OBzl (SEQ ID NO 1) with 8 1.4%
purity (by HPLC). Exanple 23: Preparation of H D Phel-Pro-Arg-Pro-Qy
TEA (bival |1 o BN Ny fTRe T Bl e e e e e pro- Gy
i valirudi Sus Si . 3 - - Ar g- -Ay
5 Gy y- G- HEIt et e EH e Ee T Sy G T 5
- Pro- A u( OBzl ) with aniremium) acqigie(vatel/ycetopityilepand MRydecqnS BEP b orpdient pluton w8h 00 kg, see
Eﬁanpl eI 2(2) I NtrifiGRbdcticAGH/WatbadetblitrilEEheaddR tradtionscohtakingl pRe Q’gdd&ﬂbér@.di um on
char coa 1. | PQUWE ; n i i .
Hydr ogenati on éﬁgggé??gﬁ%&Q%Q%QBQQ%ﬁ%ﬁ%gk&gg%ugmgg§EP§%ﬁﬁhf€&§mé% pressure
(rmoni tored by HeISAS PegtidRrof EliesPiogha-Pr-Gy Ci Fe Chrefise GO hiPReBlle was
cool ed and di | WBlete'WPrHiGidei-drilzedHWatTEA @ndindor t($EQ e NG.1) THsea rvédtell t i ng
m xture was fi bigicedit0uesuriged! dobOas BaId I id 88ne Bl StLdNBSdSRY BiTgrhs. t | MBS
eluted with a E]éigre of @qqélc aC|dtand grogqszed matgr. Ipe ) trate was
concentrated i R'VacUc" > TREVTLET FTHS 1L LIPHURE SELed W "8t P8 M % at er
content by Kar[bYEPs€her titration (water content <5.0% . Then, toluene was

added to the oily residue followed by addition of TFA. Conpletion of the
cl eavage (after 1 h) was nonitored by HPLC



The reaction m xture was concentrated in vacuo. The resulting oily residue
was added to diisopropyl ether for precipitation. The resulting suspension
was filteweadotin7gisse a solid, which was washed several PCEFEP26091009080

di i sopropyl ether and dried in vacuo yielding 8.41 kg (net peptide weight)
(78% of crude H D Phel-Pro-Arg-Pro-Ay 5-dy- -Ay-Gy-Asn-Ay
c-Asp-Phe-GQu-Qu-lle s-Pro-@u-3 u-Tyr-Leuzo-H 2 TFA (bivalirudin) (SEQ ID
NO 1) with a purity of crude bivalirudin of 65% (by HPLC). Therewas no

D Phel2-bivalirudin inpurity detected by HPLC, i.e. no racem zation
occurred at position 12. The crude peptide was purified by preparative HPLC
on a C 18 reverse phase stationary phdssé.' In a first step, the crude

bi val i rudin vvaélapléri fied by gradient elution with ammoni um

acet at e/ wat er/ a€etonitrile and in a second step by gradient elution with
trifluoroacetic acid/water/acetonitrile. The eluate fractions contai ning
pure product wer eAQ@aesidriretpedudiodofbivapkn df edyla yi el ding 5.89 kg (70%

based on bivali rUdirmo-%ﬂgtﬁgkrgi%-élp%glj:% 48, REPEI E18p-BHe-Glu-Glu-
i(
i

H D Phel-Pro-Arg-Pro-Ady 5-dy-dy- -Gy 10-Asp-Phe-Gu- -Qu-lle
15- Pro-d u- & u- Tyr _-ﬂ%ﬁpé-ﬁlq;ply-yfg-%ﬁz ' ?)A:'iﬂ 'iDr'Yﬂvﬂ)n) (SEQ ID NO 17 as a white

powder with a pur intsglutgin PSS, (olmprisBIti@)stepplof: D- Phel2- bi val i rudi n and no
D- Tyr 19- bi val i r ugh) n raaagdR btiohfsideadhdin Drkdate@ bépate dfigpmia t y det ect ed was not

more than 0.2% (by HPLQ-;- ains, 1. A pr t he producti of
bi valirudin of fornmula @-‘%ﬁéolér?’}:g- Pﬁ)g@%? ;’ﬁ 5-dy-dy-d y? n-ady

10- Asp- Phe- G u- G u- Whergin P4 isprngeteeting qrpup Pi)g stekiq fo sefalipyq hydseaemten.NO 1) (1) in
sol uti on phase, conpmitisamgptibraty ssdeepan-pbtectédeptideactommgy an optional |y side
chai n-protected pepti dgqgf.cfyal.asPalmBrEheskaRh QoA 9- Pro- OH (HEQ 1 D NO 4)
(V), wherein P1is a grriot th; ng %r?u&1 bei r&ﬂ tiabl e tvobica al %}glg
hydr ogenati op, with ¥A58Pt Fonkl Py PRI 195 E % ETRE ﬁebfl ¥ formula
H d y5-d y- A y- A y- Abydr@epation agPeingSENedanal NOHE) opfiaya) sidephaingireteqidg i s a
protecting group bei ggup©novabl e by catal ytic hydrogenati on and bei ng
ort hogonal ¥50 the Opttc; png%lce §n| o%ﬁongln%%dg cpé}rgﬁrgtgété%ptide of formula
P1-p-Phe’-Pro-Arg-Pro-Gly5-Gly-Gly-Gly-Asn-Gly1°-OP2  (SEQ ID NO 2)
Vi),
wherein P1 and P2 are as defined above,
(b) removing P2 of the peptide produced in step (a) to produce the optionally
20 side chain-protected peptide of formula
P1-D-Phe'-Pro-Arg-Pro-Gly5-Gly-Gly-Gly-Asn-Gly19-OH  (SEQ ID NO 2)
(),
wherein P1 is as defined above,
(c) reacting a side chain-protected peptide of formula
25 H-Glu-Glu-lle'5-Pro-Glu-Glu-Tyr-Leu20-OP3 (SEQ ID NO 8) (X),
wherein P3 is a protecting group being removable by catalytic
hydrogenation,
with a phenylalanine of formula
P4-Phe'2-OH (Xn,
30 wherein P4 is a protecting group being orthogonal to the side chain
protecting group(s) of the peptide of formula X and to P3,
to produce a side chain-protected peptide of formula
P4-Phe-Glu-Glu-lles-Pro-Glu-Glu-Tyr-Leu20-OP3 (SEQ ID NO 9) (XII),



group(s), to produce an optionally side chain-protected peptide of formula
P 1-D Phel-Pro-Arg-Pro-@Qy 5-Qy-Ay-Ay-Asn-Ay 10-0P2 (SEQ I D NO 2)
(VI), wwoeon/Psms3and P2 are as defined above, (b) rempeirmEp2002/004084 he
pepti de produced in step (a) to produce the optionally side chain-protected
peptide of fornula P 1-D Phel-Pro-Arg-Pro-dy 5-dy-Gy-dy-Asn-Gy 10-CH
(SEQID NO 2) (Il). wherein P 1 is as defined above, (c) reacting a side
chai n-protected peptide of formula HAQ u-AQu-lle 15-Pro-d u-G3 u-Tyr-Leu
20-0OP3 (SEQ ID NO 8) (X), wherein P3 is a protecting group being renovabl e
by catal ytic hydrogenation, wth a phenyl al ani ne of formula P4-Phel2-CH
(XI'), wherein P4 is a protecting group ¥€i ng orthogonal to the side chain
protecting group(s) of th eptide of farmula X and to P3, to produce a
Faguii derrmedoiien

si de chai n-prot ect ed"Pep 3 P Pne-Gu-Au-lle

15- Pro- G u- G u- Ty (D Le&anovigp3P{ SEGhs DPerieg produged ) inwpier €1 rio PBowARl 12 are as
defined above, (d) resmépdagind®4vieriraine dgpepédede sipg atHirC pbtectad pbide €) t O
produce the correspogdin Xg V-termnally deprotected, side chain protected
peptide of fornmula X1, _ie' reacting the peptide of fornula Xl | produced in
step (d) with a si®e CAEPA ep?%i“@c‘lfé‘gm”algﬁ%lrpﬁ%&ce&d’i e 48R midg BHL Asp11- OH
(XI11), wherein P5 i grotected adpatit aairoffpmoulp bei ng ort hogonal to the side chain

protecting group(s) ofpfhgnasptide/amino acid of formula XII papgd X1 and

to wherein P5 is a protecting group being orthogonal to the side chain

protecting group(s) of the peptide/amino acid of formula Xil and Xlll and to
10 P3,
to produce a side chain-protected peptide of formula
P5-Asp-Phe-Glu-Glu-lle5-Pro-Glu-Glu-Tyr-Leu20-OP3  (SEQ ID NO 3)
(XIv),
wherein P3 and P5 are as defined above,

15 () removing P5 of the peptide produced in step (e) to produce the side chain-
protected peptide of formula

H-Asp-Phe-Glu-Glu-lle15-Pro-Glu-Glu-Tyr-Leu20-OP3 (SEQ ID NO 3)
(i,
wherein P3 is as defined above,

20 (g) reacting the optionally side chain-protected peptide of formula Il produced in
step (b) with the side chain-protected peptide of formula Ill produced in
step (f) to produce a side chain-protected peptide of formula

P1-D-Phe'-Pro-Arg-Pro-Gly5-Gly-Gly-Gly-Asn-Gly 19-Asp-Phe-Glu-Glu-
-lle?5-Pro-Glu-Glu-Tyr-Leu20-OP3 (SEQ ID NO 1) (Iv),

25 wherein P1 and P3 are as defined above,

(h) removing P1, P3 and the side chain protecting groups of the peptide

produced in step (g) to produce bivalirudin of formula I.

2. The process of claim 1, wherein at least one of P1, P4 and P5 is fert
30 butoxycarbonyl (Boc), 2-(biphenyl-4-yl)prop-2-yloxycarbonyl (Bpoc), 2-(3,5-di-
methoxyphenyl)prop-2-yloxycarbonyl (Ddz), fluoren-9-ylmethoxycarbonyl (Fmoc)

or 2-(methylsulfonyl)ethoxycarbony! (Msc).



P3, to produce a side chain-protected peptide of formula

P5- Asp-Phe-GQ u-Qu-lle 15-Pro-3J u-d u-Tyr-Leu 20-0OP3 (SEQ ID NO 3) (XIV),
wher ei n RBO2nt/P508ar e as defi ned above, (f) renovi ng P5Pofi/EPh@9peq8e de
produced in step (e) to produce the side chainprotected peptide of formula
H Asp-Phe-GQ u-Qu-lle 15-Pro-A u-3 u-Tyr-Leu 20-0OP3 (SEQ ID NO 3) (H).
wherein P3 is as defined above, (g) reacting the optionally side

chai n-protected peptide of formula Il produced in step (b) with the side
chai n-protected peptide of formula Ill produced in step (f) to produce a
si de chain-protected peptide of fornula Pl-D Phel-Pro-Arg-Pro-Gy
5-dy-dy-Ay-Asn-dy 10-Asp-Phe Gu-G3%- -lle 15-Pro-d u-d u- Tyr-Leu

20- OP3 (SEQ ! E,NOTl:i]E) <§ éQdfcl a ﬁll\eoelfat:l'ea?ﬂ)g?Ef?malsfan%%S%e%I ned above, (h)

removing P 1, P3 and the si ain protecting groups o °t he pepti de
produced in step (g) to produce bivalirudin of formula I The process of
claim1, where#n 3lte premss ofcng o of Rlalys P amtlerBb ai Bast end &fLF2oa0y Gardbony|

(Boc), 2-(bipheny l)enéyl Y b)lp r&pzy%x%llMV np 0 MnacfyB@%@)) ’4 rztro()ghzﬁ (é)l\sz

met hoxyphenyl ) pro | udr en- | met hoxycar bonyl

(Fnoc) or 2-(net hg'l"gﬁ%?"fitﬁ%)/??‘@t%&f}@é rﬁﬂ pyI (Msc)3 The process of claim 2,
wherei n at | east wittethgprofsothat,fif4nds PBo¢ Bp®ox Dd4 P3 Binet Borocess of any one of
claims 1 to 3, wherein at |east one of P2 and P3 is benzyl (Bzl),

b I t h P ' ONb
4e;r)]§/)r/| 8;?/?; h))i (Epr%mce%ro(? ?i%yl \ME) %ﬁgz‘ Iefaém%%’{l&%ﬁggwrsg\%ll soZ% hat, if P4 or P5

is Boc, Bpoc or Ddz, P3 is not Bom 5. The process of claim4 , wherein at
| east one ofo P2 amik P8cedss oBaty. or@. of Tdeémgn ae &s gh@éin airey siden ehadf proteeteds 1 to 5,

wherein the side ghaidyaRiRta88E™mula iil, IV, X, and XI-XIV are protected with at least
one side chain protecting group selected from the group consisting of benzyl
(Bzl), benzyloxymethyl (Bom), phenacyl (Pac), 4-nitrobenzyl (ONbz), 4-pyridyl-
methyl (Pic), and 4-sulfobenzyl;
15 with the proviso that, if P4 or P5 is Boc, Bpoc or Ddz, none of the side chain

protecting groups is Bom.

7. The process of claim 6, wherein the side chain protected peptides/amino acid of
formula IlI, 1V, X, and XII-XIV are protected with at least one Bzl.
20
8. The process of any one of claims 1 to 7, wherein in step (a) at least one of the
optionally side chain-protected peptides of formula V and VI are side chain-

unprotected.

25 9. The process of any one of claims 1 to 8, wherein in step (c) the peptide of
formula X is of formula
H-Glu(OP6)-Glu(OP7)-lle'5-Pro-Glu(OP8)-Glu(OP9)-Tyr(P10)-
-Leu20-OP3 (SEQID 8) (Xb),
wherein
30 P3 is a protecting group being removable by catalytic hydrogenation; and
each of P6 through P10 is independently selected from the group consisting of
Bzl, Bom, Pac, ONbz, Pic and 4-sulfobenzyl;

and in step (e) the side chain protected aspartic acid of formula XIll is



peptides/amno acid of formula I'll, IV, X, and Xl I-XIV are protected with
at | east one side chain protecting group selected fromthe group consisting
of benzylwQBaioja7543@nzyl oxymet hyl (Bon), phenacyl (Pac), PETIPRo09loassy |
(ON\bz), 4-pyridyl nethyl (Pic), and 4-sul fobenzyl; with the proviso that,
if P4 or P5 is Boc, Bpoc or Ddz, none of the side chain protecting groups
is Bom 7. The process of claim®6, wherein the side chain protected
peptides/amno acid of formula I'll, IV, X, and XII-XIV are protected with
at | east one Bzl. 8. The process of any one of clains 1 to 7, wherein in
step (a) at |east one of the optionally side chain-protected peptides of
formula V and VI are side chai nunpr ot ecfed. 9. The process of any one of
claims 1 to 8, V\her%_ps {d% §)§19ﬂ1(c) the peptide of formula X is of fornula
H d u(O0P6) -d u( OP7) - _Ig S=risle’ u(OP8)-d u(0OP9)-Tyr(P1 0)- -Leu20-0P3 (SEQ
ID 8) (Xb), wherelR*™®3 is a protecting group being renovable by catal ytic
hydr ogenat i on; ané5 aeagiotatingouphking githobbnh(o the sida deqrepotenitg yrogedyetct ed from
the group consl st &h@%e&itie/gziho acR U ornidxil m&ﬁlianE\oCPSam 4-sul fobenzyl; and in
step (e) the side_chain protected aspartic acid rmyl a Xl |

1 of f 1
i sP5- Asp(orPf 1)"-BH 'W?Fté‘i' fopghg growp FINSEWELY’ R4 EP'Bu%a%&NHﬁ "t eftbgonal to
t he si de chain pré#sdiobénayd group(s) of the peptide/am no acid of formula Xl|

and XIIl and to P3; and P11 is selected fromthe group consisting of Bzl,
Bom Pac, ONbz,. Pi nd 4-sul f nz .10, . Th r f, im,9, wherein
P31 s Bel, Bom® piie ARes hin £ BROGX ko okt ad FaB ARER @lesfiB Bl "o E

i ndependent | y Bzl &aBofh PParoudnpP, ispindergpdentys B 8Bn 29T ; OB3: P Boc, Bpoc,
Ddz, Fnoc ofo Msc; 4anfdbdhzd;1PS is BBz IBpoB@ay, Arec or @dhand Pi Tis @z, BersUpdcobenzyl .
ONDbz, Pic or 4-sulfobenzyl.

11. The process of claim 10, wherein P3 is Bzl, each of P6 through P10 is Bzl, P5 is
Boc, and P11 is Bzl
15
12. The process of any one of claims 9 to 11, wherein P1, P4 and P5 are Boc; and
P2, P3, P8, P7, P8, P9, P10 and P11 are Bzl.

13. The process of any one of claims 1 to 12, wherein in step (h), first P3 and the
20 side chain protecting group(s) are removed simultaneously, and P1 is removed

afterwards.

14. The process of claim 13, wherein the peptide, obtained after simultaneous
removing P3 and the side chain protecting group(s), is not isolated before
25 removing P1.

15. The process of any one of claims 1 to 14, wherein at least one of the removal
steps (b) and (h) is carried out in a solvent with hydrogen gas and palladium on
charcoal.

30

16. The process of claim 15, wherein the solvent is selected from the group

consisting of A, Atdimethylformamide, acetone, a mixture of acetone and water,

acetic acid, and a mixture of acetic acid and water.



11. The process of claim 10, wherein P3 is Bzl, each of P6 through P 10 is
Bzl, P5 is Boc, and P 11 is Bzl 12. The process of any one of clains 9 to
11, wher ewo 2Pj07P83and P5 are Boc; and P2, P3, P6, P7, P8T/EHP909B0980 and P
11 are Bzl. 13. The process of any one of clainms 1 to 12, wherein in step
(h), first P3 and the side chain protecting group(s) are renoved

sinmul taneously, and P 1 is renoved afterwards. 14. The process of claim 13,
wherein the peptide, obtained after sinultaneous renoving P3 and the side
chain protecting group(s), is not isolated before renmoving P 1. 15. The
process of any one of clainms 1 to 14, wherein at |east one of the renoval
steps (b) and (h) is carried out in a s¥l'vent with hydrogen gas and

pal | adi um on charcoal. 16. The process of claim 15, wherein the solvent is
selected fromthe group consisting of /V.LAdinethylformamn de, acetone, a

m xture of acefbnéhapraceimeieany opg eftdamsatfodl6. whrleim atngast enee! g rgelEies ¢ acid and
water.17. The proeescsedaifomaﬁe/grﬁmpa:oasfnstlﬁd aﬂtﬁEopllortaﬂ'yé’u&,chﬂih-@fo&icﬁd@éptlheast one of

the peptides sel oot Ryl 0lMhd BAoffip U %ﬁ%ra&e@qoesqdeto%@m vl by i de

chai n-protected pepti de T or mu I ona al n- prot ect ed
peptide of for rrul § %ha&‘ri’&t?"ﬁ*g peRtigR of foraig xd? PRALIDY s%‘é\ﬁf‘ PRASe P nul a X i s
prepared by sol ut incrergzhdisepreoest hesi s in a precedi ng process. 18. The

process of any one of clainms 1 to 16, wherein at Ieast one of the peptides

sel ected from we T0r ou Si stl of | on de ., chai n- pr ot ected

Si
peptide of forntl & ro{)eﬁs “opY °Ben° % e A Cﬁaeirerir-‘ B TS SRR of
formula VI and t héelgqtqqéromﬁaq QfOL}!PrQ?t‘%?E't‘Qaef tRrepRtiprpdy ?ﬁe ‘ﬂ‘é‘ﬁﬁ[ﬂ@&texp?@d%r epared by
sol i d phase1issynt hesiosnulanv,ahgomicetly Kige padceasctedl2ptidd dp &prhilalel sl teet ed from

t he group consi st tide of
for ngI a FF)’II. D- Phel's@?g@k p('citgcte%rf) B% bﬁ@rﬁlula%( iS 'pQ?ar&J\}? I d%Qéees%tﬁéiusﬁr? p

a preceding rocess

19. A peptide selected from the group consisting of
15
(i) an optionally side chain-protected peptide of formula
P1-D-Phe'-Pro-Arg-Pro-OH (SEQ ID NO 4) ),
wherein P1 is a protecting group being stable to catalytic hydrogenation;

20 (i) an optionally side chain-protected peptide of formula
H-Gly5-Gly-Gly-Gly-Asn-Gly10-OP2 (SEQ ID NO 5) (v,
wherein P2 is a protecting group being removable by catalytic
hydrogenation and being orthogonal to the optional side chain protecting
group(s);
25
(i) an optionally side chain-protected peptide of formula
P1-D-Phe'-Pro-Arg-Pro-Gly3-Gly-Gly-Gly-Asn-Gly6-OP2 (SEQ ID NO 2)
(vin,
wherein P1 and P2 are as defined above;
30
(iv) a side chain-protected peptide of formula
P1-p-Phe'-Pro-Arg-Pro-Glys-Gly-Gly-Gly-Asn-Gly'0-OH  (SEQ ID NO 2)
(hay,



wherein Pl is a protecting group being stable to catal ytic hydrogenati on;
(ii) an optionally side chain-protected peptide of formula

H d y5- AwoGhw/@&983Asn-Ay 1 -0OP2 (SEQ I D NO 5) (M), wreT4iPao0P209080 a
protecting group being renovable by catal ytic hydrogenati on and bei ng
orthogonal to the optional side chain protecting group(s); (iii) an
optionally side chain-protected peptide of formula

P1-D- Phel-Pro-Arg-Pro-dy -Ay-Ay-Ay-Asn-dy 10-0OP2 (SEQ ID NO 2) (VIl),
wherein P 1 and P2 are as defined above; (iv) a side chain-protected
peptide of fornmula P 1-D Phel-Pro-Arg-Pro-Gy -Ay-@y-Gy-Asn-Ady -COH (SEQ
ID NO 2) (Ha),wherein P 1 is as def i ned®above, except for

Boc- D- Phel- Pro- Ar g( I:‘béelrem Pq |s as O?ﬁln?q Xbov? xtl‘gpi/fOAE Jﬁg%PFO-%?(;begé'

si de chai n-unpr ot ect & ro-ady
5-d y-dy-dy-Asn- G?'Vi@'@lyﬁ‘?&"ﬂl@%"@ﬁ (lib), wherein P 1 is as defined
above; (vi) a side chain-protected peptide of formula HAQu-Qu-Ille

15- Pro-d u- G u- Tyj, ng,dggqag{g ,g@gg, gégtdggf%}m&g() vvherel n P3 is a protecting
| e

group being renova

cat a ] at1on i de
chai n-protected pepti dcé '?)? i SF%\JP 5“’&1’2 Iﬁﬁ’gG'é";‘IGLY 'L@“L?'H%H Qo No 2)
15-Pro-AQ u-Gu-Tyr-Leu 2-0OP3 (SEQ ID NO 9) (XIl), wherein P3 (b, as defined
above; and P4 is a pwRéEkbh RGs gémsPaba@d: Ng ort hogonal to the side chain
protecting group(s) of the peptide of formula X and to P3; or P4 is

hydrogen; (viii) a side chain-protected peptide of fornula
(vi) a side chain-protected peptide of formula

10 H-Glu-Glu-lle'5-Pro-Glu-Glu-Tyr-Leu20-OP3 (SEQ ID NO 8) (X),
wherein P3 is a protecting group being removable by catalytic
hydrogenation;

(vii) a side chain-protected peptide of formula
15 P4-Phe-Glu-Glu-lle5-Pro-Glu-Glu-Tyr-Leu20-OP3  (SEQ ID NO 9) (XIl),
wherein P3 is as defined above; and P4 is a protecting group being
orthogonal to the side chain protecting group(s) of the peptide of formula X
and to P3; or P4 is hydrogen;

20 (viii) a side chain-protected peptide of formula
P5-Asp-Phe-Glu-Glu-lle'5-Pro-Glu-Glu-Tyr-Leu20-OP3  (SEQ ID NO 3)
(XIv),
wherein P5 is a protecting group being orthogonal to the side chain
protecting group(s) of the peptide/amino acid of formula XHli and XIIl and to
25 P3; and P3 is as defined above; except for Fmoc-Asp(OtBu)-Phe-
-Glu(OtBu)-Glu(OtBu)-lle15-Pro-Glu(OtBu)-Glu(OtBu)-Tyr(tBu)-Leu20-OtBu;

(ix) a side chain-protected peptide of formula
H-Asp-Phe-Glu-Glu-lle'5-Pro-Glu-Glu-Tyr-Leu20-OP3  (SEQ ID NO 3)(lll),
30 wherein P3 is as defined above; except for H-Asp(OtBu)-Phe-Glu(OtBu)-
-Glu(OtBu)-lle5-Pro-Glu(OtBu)-Glu(OtBu)-Tyr(tBu)-Leu20-OtBu; and



P5- Asp-Phe-d u-Gu-Ile 15-Pro-d u-@ u-Tyr-| _eu2-0OP3 (SEQ ID NO 3) (XIV),
wherein P5 is a protecting group being orthogonal to the side chain

prot ecti fyognoupfsy of the peptide/am no acid of fornmul aCXigP2e@o9Bo | and
to P3; and P3 is as defined above; except for Fnoc- Asp(Q Bu) - Phe-
-Qu(OBu)-Au(OBu)-lIle 15-Pro-A u(OQBu)-G u(OBu)-Tyr(tBu)-Leu 20- O Bu;
(ix) a side chain-protected peptide of formula H Asp-Phe-GQu-Qu-lle
15-Pro-A u-A u-Tyr-Leu 20-0OP3 (SEQ ID NO 3)(I11), wherein P3 is as defined
above; except for HAsp(QBu)-Phe-Gu(OBu)- -Qu(QBu)-lle 1
-Pro-Gu(OBu)-du(GBu)-Tyr(tBu)-Leu 20- O Bu; and(x) a side

chai n- protected pepti de of forrrula P 159Phe1 Pro-Arg-Pro-Qy
5-dy-dy-Ay Asnxflg%1 h t d d {élel Pro-d u-Q3 u-Tyr-Leu

20- OP3 (SEQ I D NO¥) °¢ ?/fa'vﬁﬁ°?°e r?e 'io ATUB3 are as defined above: except
for Boc- D- Phel-Pro- - AgePis ProfePaSly s:iaiBl-Gly-Aanly - e du-clg y

10- Asp( & Bu) - Phe- G u( QuBerpro-Gleatud Tk IBue-dA3e (SEQ ID NO 1) (Iv),

15-Pr o- G u( O Bu) - G UGRL BRI Tt bBUlc bo UREOLB: 2flop TeaREPBIIRO! Cl ai m

19, wherein the optlona ain-p ormula Vis
Boc- DL Bhell Bt 0o A b A poh G- R oy TG Pae PRl ai o 1o,
wher ei n t he opti onal F§u(©itdellehRioBiyi@iBte@(@BupEptBuwteewdOtBar rula VI i s
Hdy5-Ay-Ay-Ay-Asn-Ady 10 OBzl (SEQ ID NO 5). 22. The peptide of claim

19, wherein the option chaln rotec ed id f, formula VIl is
Bot- D Phol. Pr o2 gf"iv?eg?% ‘}@a e ksl e%&m” d{%szqe?egé@oqu %o 2). 23.
The peptide of cl &mylayis B\%é‘rpé?1ri°f? ﬁ@ PS‘P e SRR NG ot ect ed pepti de of

formula Mo is Boc-D Phel-Pro-Arg-Pro-GQy 5-Ay-Ady-Gy-Asn-Ay 10-OH ( SEQ

ID NO 2). 24. IheTp@Xpetp‘ &L%f%fam%@'wﬂibér% thé"@&%ly sﬁxb@na%l pqcﬁec?e'aadegtldg opt ect ed

peptide of formula I

PP O ! it BBy by Ratiy Ty SSEBNIPNG 8

22. The peptide of claim 19, wherein the optionally side chain-protected peptide of
15 formula VIl is Boc-D-Phe'-Pro-Arg-Pro-Glys-Gly-Gly-Gly-Asn-Gly19-OBz|
(SEQ ID NO 2).

23. The peptide of clam 19, wherein the side chain-unprotected peptide
of formula lib is Boc-D-Phet-Pro-Arg-Pro-Glys-Gly-Gly-Gly-Asn-Gly10-OH
20 (SEQ ID NO 2).

24. The peptide of claim 19, wherein the side chain-protected peptide of formula X is
H-Glu(OBzl)-Glu(OBzl)-lle's-Pro-Glu(OBzl)-Glu(OBzl)-Tyr(Bzl)-Leu20-OBzl
(SEQ ID NO 8).
25
25. The peptide of claim 19, wherein the side chain-protected peptide of formula XlI
is
Boc-Phe-Glu(OBzl)-Glu(OBzl)-lle's-Pro-Glu(OBzl)-Glu(OBzl)-Tyr(Bzl)-Leu20-OBzl
(SEQIDNO 9), or
30 H-Phe-Glu(OBzl)-Glu(OBzl)-lle's-Pro-Glu(OBzl)-Glu(OBzl)-Tyr(Bzi)-Leu20-OBz|
(SEQ ID NO 9).



25. The peptide of claim 19, wherein the side chain-protected peptide of
formula XIl is Boc-Phe-Q@u(OBzl)-Au(0Bzl)-Ile

15- Pr o- AwOCBr/g75988u( OBzl ) - Tyr (Bzl ) -Leu 2- 0Bzl (SEQ | D ROTSP2000/009080

H Phe-Q u( 0Bzl )-d u(0Bzl)-lIle 15-Pro-d u(0Bzl)-d u( 0Bzl )-Tyr(Bzl)-Leu
20-0Bzl (SEQ ID NO 9).26. The peptide of claim19, wherein the side

chai n-protected peptide of formula XIV is

Boc- Asp( OBzl )-Phe-A u( 0Bzl )-GAu(OBzl)-1le 15-Pro-d u(0Bzl)-d u(0Bzl) -
-Tyr(Bzl)-Leu2-0Bzl (SEQ ID NO 3). 27. The peptide of claim 19, wherein the
side chain-protected peptide of forrmula IIl is

H Asp( OBzl ) - Phe- G u( 0Bzl )-Q u( 0Bzl )-11¥€%1

-Pro-Q3 u(0Bzl) - OBzl ) - Tyr. 1)- -Leu20- OBzl EQ | D 3 . The
pepti de of cl a|2ér?1 Tge ?ep%é’%?'ﬁﬁt&r%e?i"bee C é:f]aﬁq'%r?t(%%eedc%e@tc'feIggort"]}u'cfe)a\zf formul a
|V is Boc- D- Phel- PrEScAPRPBIFheGM(GRAN Gl(@P3)-IIg *ronG i Qe Glu(OBz))-

10- Asp( OBzl ) - Phe- Gyt gfR2L»-0BzIGIEQIBNO)3)I |

15-Pro-A u( 0Bzl )-@ u(0Bzl)-Tyr(Bzl)-Leu 20-0Bzl (SEQ ID NO 1) . 29. Use of

any of the peptid_ers of an Io_f cl ai nms %9 _éoh2‘8 as _an interfrredi ate in a
synt hesi s Of5 b?(/al pef, Q?Bf'dﬁ.o claim 19, wherein the side chain-protected peptide of formula Il is

H-Asp(OBzl)-Phe-Glu(OBzl)-Glu(OBzl)-lle15-Pro-Glu(OBzl)-Glu(OBz)-Tyr(8zl)-
-Leu-0Bzl (SEQ ID NO 3).

28. The peptide of claim 19, wherein the side chain-protected peptide of formula 1V is
10 Boc-D-Phe'-Pro-Arg-Pro-Gly5-Gly-Gly-Gly-Asn-Gly'0-Asp(OBzl)-Phe-Glu(OBzl)-
-Glu(OBzl)-lle'5-Pro-Glu(OBzl)-Glu(OBzl)-Tyr(Bzl)-Leu20-OBzl  (SEQ ID NO 1).

29. Use of any of the peptides of any of claims 19 to 28 as an intermediate in a

synthesis of bivalirudin.



