‘;tue3eWNVN6TSZ , w= The invention relates to a new and versatil e process
for.rapid solution synthesis of peptides, wherein the grown i de need
not be isol at mﬁ\ﬁ& e assenbly of the desired sec‘m\\mwmm | et ed.

" Peptides are \m\\m ei ther on a solid support or n. In both

approaches colpli pgward deprotection stéps repetitively ala®fate and may

be separated by intermttent purifications. In the solid phase approach, a

sequence i s assenbl ed conpletely while attached to a solid support before

it is eventually cleaved fromsaid support. Renoval of excess reagents and
byproducts takes BRESEIHFORRARD %@LB%@NCSWEHESB%/QFW@é’lTéDESearI y has
advantages: it is nore or |less generally applicable and easy to autonate.

However, it has al so sone serious drawbacks. For exanple, reactions are

di f f usi aneGantiohl efhtand Ahew Wadalettileairbedss Fbromplangteitidnngmaidelsi &heptides,

het er ogeneous conditions: in order to avoid deletion sequences relatively

| ar ge ewdessintheggrowangoeaptide aeasl o bel englatgdhbedongithe epsembly|of thedsasired sesjugece is

chai ns of tﬂg rowi ng peptide nust be protected: since no intermttent

purifi c&PME e‘gake pl ace, side reactions due to the presence of unprotected
side chains may lead to inpurities in the final product. The solid phase
approach is difficult to scale up and it is costly in ternms of reagents and
mat er i alPeptiddseare lsgsthedzdd dthletibh arsofiiasppappr oaatiytionn It bethodppesachenehuplisg
easier to scale up and is | ess expensive in terns of reagents and

mat er i al2gd deppoteptipn septicaefthishndicarateandngy bis seprrajediut infraaiisat pwifiragions.

by- prodygt.g.r. | &1 Si t:l f 1Sl in be
rembved yfte sFRY el O abRE it ARniled BRRPLRR) SIP MERAN"E OB ot
r equi r esupttiBERRSH S b¥dntually Aleaed Sroanshid beypprtoReRbY A Gkeds ¢euphtetadd by-
sequence IS ver tine-consuning.gBecause of the drawbacks of these

appr oac peeducksdakesipdacg byddiratias: Salip phase senthpsictiearbhitas ndvantagss: dtisanerage fess f
both these classi.cal. nethods, i articular for |arge scale syntheses of
pept i dedesalg piAbis Sy o afiRley Hi el o s BoeT SRS HIERES £
appl i caRkgmplen réRkidhi AR RIBAKErSIIHAAEd Sindars | ity X6&S 1o uAderaGki Mplied
carboxylic conponent is preferably used in each coupling step to ensure
quant i t dietevegeneas! ¢ongitiamsam ardendo conpodeation séquendeh aclabuely rlargeecxofsses of

del etion seguences i.n t@?‘%hnaldﬁLOdUCt can he.avoided. It is us allé
assuned 'EA8SES: #E HeEdedi Ly a0uon Al EPACRYH S $heiso eHfO™IRg JeRide MYt BRid

removed %&e%t&@. diflé ﬁmr&é@i&&ﬁ%nﬁc%icﬁlg%%uﬁlawrsi%reqeaqdo% A &ﬁmeoﬁegen@@ of
sequences, however, are often‘encountered as Inmpurities of the final

pept i de ualpstéoted sidocipies may Ead valmmirities $n thedinal podivtaThel JolaapHasx yppreach is
conponent after a_ coupljng step, which subsequently has coupled follow ng
depr ot e HffisHIt tq seatsupgnd ipispesthyin tranRidargeal @I M1eily si de reactions a
scavengi i 0 di I f h | d :
ccavengatt; a8l len oRhICGERATIOREL QB A, IS EsRE 1P iR, 3 B i ess
are usuakpshsivepin etimasofseayeingend matérealsSEulf ppodcydnamiae asdss arvesugly ot

| eads to scavenged conpounds which may be actively extracted into a -

pr ef er aBresdedeisaice by-prgdecs seyyiigerotefida dpargionn of hapjotgsindasifle whpias gnay be

Ki sfalu . al . 74) . Tetr ron. Lett., 19, .178S-17 . Th
ext r act 1 5o Syl psc RO IRRIGE, KB ol e Rleanld Begpaps
of the gpeMidfrobsield AR thepRdhiCtnasTuaLkpHNb sRendddVOMtimd-Sirsuigcedur e has
i n nunerous cases been found to result in inconplete intermttent

puri f i caidcausedi¢ha drawhecksyodtlogskh opiroahygs dfere ise 1wed Venmrryerdeese mhdenebmbines the

intrinsicg hyd bicity of t i no. . f th | t
5 enharfCudRFs B oLk hissia A e DR or fres vl SR L PelFRc | on
i s thus RAtpEIRLIRIA Ye Bl EChIME scAREEFBA gane@?fy%[iﬁcable.p\- et al. [(1999) J.

Org. Chem 64, 4324-4338] reported an i nprovene of the scavengi ng net hod.
In addition to the use of a polyam ne as a scavenger the am noprotecting

group 1, 1-dj oxobenzo[ b] t hi ophgne-2-yl net hoxycar ponyl (.Bsnoc) was applied in
the pr oéEéQi.““‘?ﬂ é’% é‘h?e&‘ﬁcg F‘&g’“ r?é%é/sé g? g ﬁF‘éYf‘“fcg‘Eﬁrn%"tch CORRPR! b%ﬂ%‘%?ef Ya
result t resi | s CH d . | .} t iR Sn RN d
Bsnoc fd§§§?£%gi%§§b?gggb d%i%ggﬁéwgﬁgggﬁgng%éﬂgﬁé%Pééyﬁdﬁh poF@gggﬁéﬁeThe
use of tdeeurdBgrBOf Heletidh sdyubices e et fles prddaerkaabeamvsidgai It icwsnblly AFzGMea MRt
for the groduction_of (oligo%geptides usi ng r%fid continuous sol ution phase
t echni qube residughretty atadecapzoxahip lcomppnent pe gestigaed and resnaygh alusiag itess inggrnyttenys
within a relatively short period of tine. A new process has now been found
for rapid continuous solution synthesis of peptides, wherein a scavenger is
used which allows an essentially arbitrary choice of the am no-protecting
group (the protecting group at the N-term nus of the activated carboxylic
conponent). In contrast to the Carpino process, deprotection of the

o e o a1 o S Ty e



"3 The new process according to this invention is a process for rapid
solution synthesis of a peptide in an organic solvent or a m xture of
organi ¢ solvents conprising repetitive cycles of steps (a)-(d): (a) a
“coupling step, using an excess of an activated carboxylic conponent to
acylate an am no conponent, (b) a quen¢hing step in which a scavenger is
used to renove residual activated carboxylic functions, wherein the
scavenger may al so be used for deprotection of the growi ng peptide (i. e.
the peptide that is being forned), (c) one or nore aqueous extractions and
opt i onadqupous Wprkaups dpsertinrepapiige SRBERGeB O YT, afﬁn@%@lbrrvowpreéwedmaynw or
mor € aqguequs, ex characteri.s t.h e

onst - oHte HeaRRehrgs Buy BrErpEaRl-ehE g el (Rlind el BRETRS oAb ERe g
a free @pibARg Qfep@ widdhelbsédte Hﬂl‘%ms bsleRfolRwECAMERORELG. Thetidusl avagd theat ed
carboxylicC func ions. During the process of this invention the grow ng
pept i deodcvamenceodf Beidi sidé atadionnta bcavbregidg stp mepthed mtwdgesindeedtly. efterf theal

product of the process of this invention) has been obtained.. Therefore, the
pr ocessCquplisg @Wpftpcsawernﬁe (igagivef leceﬁ@aﬁ% %Fé‘vﬁtﬁgﬁalfbﬁéyl&q fhnciions Asgingt ptsn

phase p S e e ent ows
For i oita L puRl e oAa¥aldie THeulP of AR e RECRE s st R, Rt
Wi t hout censstas emha]g Ihzi}e bbyﬂﬂn@allyObitﬁicte)d ol ensefofabbt hedicpr iaquedist phase

processes in which am nes are used as scavengers. Thus Pé ti des of high

purity éependibe aanrre@rr pp ity beath | Kisfajudy st off qlall964) Tefeahsrsnciss 7rﬁ5sl786]
| nventi f{rlé %ﬁg‘gg) ar u%u a{}[%)elsr onnecti ggforee #3% eE)rSotéJc g sfH) eto'ar;lfo(éiflti\ﬁéssa 8f {h@ 1n%r

car boxy ng a ive coup I'ng reagen
conponedptidEGith HBE a@&e%fl?bﬁz%@ HewBvdl| DELHDScHIeS BAdini Minfr&R dasds b"éen found to
pre- actrvated car boxyl i ¢ conponent is used. In another preferred

enbodi mesulf 1n rnnscnraple(ebin)teranttam meificohgr idserig thel brdgephodmitynof dlmsr@dewdt he

scavenger . r ab) nt anion in the scavengi n anlne bear s
o pBL e, U r i Bty 2R Ui iy B O PeBeav i CameoshL Bence
of any peRABRAGH!HBSAN gselrrgngﬁ@m@e%g%gﬁ@ b ol ScASs AR b Smpltcs

particularly p eferre enbodi nent the protecting group of the latent anion
i n the dffatiengi ng am ne displays a lability simlar to that of the

ot i doRberRlIE, e Lohe bl GOBLt: G et K ke Lirpencd e RopRace

ani on d of ..t ace
B T R

cess- of

i nvent i priotasting grdmpt1hedtoetrbﬂrzam]thprpdzelacz4yrrgetgoma&>pnplr(&ﬁm) ahs iﬂpaned in the
N-term nus of the gromhxg_peptrde and optionally present in the scavenger,
are hydPegesolle Beaps yu ﬁexhararveyg}rlem?@ﬂrmé@wés pate. peraenelhtheprodt r@él@u%g

GT0UPS 58l ARIOLLE ALK EIID (Ao Y ALOSLRNTH S QMRS FELRH WP, 23Rl

tenporary prote roups are o

benzyl etk henasihox pe@aﬁ@ﬁy The aegf3he Bsrlﬁb@ft&fcﬁ@rdh@ﬂ&ééﬂ de&iibe® afa Pighifibint
am ne conprrsrn a free anion or_a |atent anion, and in particular a
C- t er mi WRATPYepAnGt o tthe paﬁfrwoacqfd(%r@p}wa@qlqseuS%§amésc®anw;§ysqiu@on phase

i ¢ octepiases i B8 TRBh, & ey BT kR Re Bt e i RO

hi ghl y pﬁﬁﬁ&ﬂﬂ@ﬂ;&ﬁlno acrd for use as a scavenger is (3-alanine or a
derivative thereof (e.g. an ester or sily ester derivative). The nost
preferred scavenger is benzyl (3-alaninate or a salt thereof. A thiol

conpri si a free,or a |atept i on al so be used as a scave er i nst ead
of "an. afhiie TagFEs R wg ko Bund Forg i elpfiRs SRURT SRR § o HE Y BERs o
this inyeottAfr i R&ISFRYERIENs bt cReBfi8RaRbN M5 eqnwofeth& WRiind-Pr %écrlﬁggrﬂo pe! ar
excess with respect to the residual active conponent that neeé% to be
scaveng@bk protecting group at the N-terminus of the activated carboxylic component). In contrast to
the Carpino process, deprotection of the N-terminal function does not necessarily take place
under the same reaction conditions as the scavenging of excess of activated carboxylic

functions. Therefore, the process of this invention is much more generally applicable than the

Carpino process.



"The use of a scavenger according to the present invention |eads to
hydr.ophi | i ¢ scavenged conpounds which nmay be actively extracted into a
basi ¢ aqueous phase after the deprotection step: upon deprotection (if
“applicable), hydrophilicity is enhanced by the presence of both a free

am no function and a free carboxylic fukction in the scavenged speci es.
Thus, the process of this invention results in a very effective
intermttent purification due to the possibility of actively extracting a
hydr ophi |l i ¢ scavenged conpound. In addition, a possibly present excess of
car boxy[The ngwrppeseehaconriinhtothis imvention isi aproesss Hrdapid selation sysshesisyofgr ot ect i ng
group was_al so renoved during deprotection, is extracted fromthe reaction
i xt r e PRRUCSHE 20 SN SLVenh b ITtNG o ety sphseleombriomg i PR RYGIERe! o

| east og@pgggk . but possibly nore cycles of the process conprises) a step
(b") wherein"a free anion or a latent anion is used as a scavenger of

r esi duaka)actonphngstearshgayl cxcesk nfian aaivated desboylic comppnenti to geylateanfanrihdier
enbodi ment of this invention, the process nmay conprise al so one or nore
cycl es GAEPRIHLi n step (b) a pol yanine, such as

3-di et iyl Al Bhiha BB RY WA MealegdSE HseSo o RARUBRA Gh oy ADLLDS RE o er T ed
process " of rE T RvEnt: on conprlsés one or nore cycles erein 1 Step (b)
depr ot e@lricfibng] aRrdi0 thed@ewbhgérihaisalidiee Gdet qw@etpws@ﬁm@mecg}@wm% epafe hat
the scavenger is only 5 used for quenching, e.g. using the protecting
group athp peptiderthabisdemerfosned), a | atent anion as a scavenger) and the
subsequ? t stgﬁr%%;%cggyéhse se%HentiaI basic, acidic and basic

ext ract 1oy @ e pre?%#%sf§ performed in the presence of sodium

chl ori depRsnaM9t @ aiseparite deprotctidihétep, PoSiBly Fo ROV bhys&ie ot ndtbageteast step (d)
whi ch conprises deprotection and sequential basic and neutral extractions;
t hese exxtraptionyns are preferably perforned in the presence of sodium

chloride, or potassium.itrate. Another, preferre rqocess of this. i.nvention
compr | s EusTgrBTt TR U PGS HBIEN S 1FEG D5 PR D ST R AL hifawie
depr ot eg b0 O ridsﬁrf‘gnzgfreé@{i&goﬁ J‘ﬁteﬁ?&fﬁﬁ? NRESSL & R9vaHRHPr RBdA aEﬁb%@dﬂ ne
as a scavenger nd tthe subsequent step (c) conprises sequential basic and

neut r al casbbx@dd fudtxsonswhi ch are preferably performed in the presence of
sodi um chl oride or potassiumnitrate. A so preferred is a Proc ss, wherein

e
in the Pagingchepeogers of Bps frpniaeths, Bewing PRPUGE SGps nef be elated pailythe dinal
conpone S I Iy t.o . - AN 0 L1 g
componekoflet thiiindt PLIT AR ORI dYuk OpbaL B il SRBTARNAAY pREPLERKIAD
The proqestf@sCetdirogess s isignifidafitye Msk Gimd¥eonsbRinetihorthedlasdics avRitioh ghagani c
sol vents which are commonly used for the production of peptides, A highly
pr ef er r BEPcgssgaARd casy|tq ssle 1 Themyoceaceltthtsdnventian alows for highlyefficiany rameyal of

et hyl acet at nd. ot her .organi c s nt such .di ghl,or. han

- ot hy P SRl B RGeS kSl oDt S aRPRP SRR rroviome
process o@btHehbfiol Y Pridest8s MRWhRE pRSfahhdiRge ated AR ALt EPhudSehti B IhikH
the art for such steps in classical solution phase peptide synthesis.

However puptyedrepbiaingdt he process is performed within a tenperature range of
0to 50.C.a Ln particular at anbient t erature. The, process of thi
Cnvent SEPE0Ge D sBRBLEH b8 prftess oA HAR 100 MAGATG HaBE FEEST e UPaT | os
usi ng t Bf FPhdcteading dHier: BRLOLHc doriRhbMISo BB RAGHRE rieé’ou?ﬁﬁé"r@ég%ﬁﬁ> Wiihé&

t he individual coupling mxtures are conbined for extractions and

depr ot ecompnsent. TRertheropressredf ist hipgotasy eviterain insstepr(y) supteadstivatédrcarboxylic
aut omati on since standard protocols are used. The new process of this

i nvent i GATPENERt kS Whfly ef fici ent process which may conveniently be used in
the pro i j ; i igh. J i

pr ocess ThanaR iteiefich SAboRtnt 2 ¥REPh ) AR Bnithe Mrpisthl b hent ApHil Bs e
a car boxydviefigero Fxdereblly, the latenabnion ic opsiaeaigingamied beath® ta@apdrayyprotecting
function is pre-activated or activated in situ using a coupling reagent
and, if S8€%) WRish &a Bederlegtively realovedhith dher Piesese PIfiany perapnent REJIRIIE group

act ' vat o GRERO W LS witlFEhA0Sn A FarR GRS ARY ALt R EAYRNEEup Bt e

the latent anion in the scavenging amine displays a lability similar to that of the temporary

protecting group present at the N-terminus of the growing peptide. This allows the deprotection



‘' reaction mxture and m xing, usually foll owed by aqueous extraction.
Subsequently or during scavenging, tenporary protecting groups are renoved
usi ng suitable methods known in the art, usually foll owed by renoval of the
" scavenged conpound by aqueous extraction. At the sane tine, a possibly
present excess of carboxylic conponent ahich was not activated and whose
tenporary protecting group was al so renpoved during deprotection, as well as
ot her wat ersol ubl e reagents and by-products are extracted fromthe reaction
m xture. Next, another cycle of coupling, quenching, deprotection and

ext r act obthestayengemyicfialg the adepemdithg Noterhhel Heprgtebtiaf of the giesinggdptiéptd de.
The term am no, conponent refers_to a nolecule conprrsrn%.a free am no
functi ofdke pRcpap ?rSHlﬂl%PfOC%%%éteanﬁﬁRﬁc%Mﬁ%?féﬁﬁd Hethe Béocarﬂp dh¢ Hwentien whergh d
or oliggpe

functi o%gl B ?arghgrg)gb °§§ t%c‘?be pﬁgsegﬁngﬂqgé ﬁ?\%\dgg Et%g l%tg ptldet erdf ere
with t heptdﬁeuy qde@eumh ithg stpabgdrpAre Hp&ogcﬁcﬁytmanylrefrmaﬁle cgiorqfs tvh@rea@rﬁhd ed
am no acid or oligopeptide may be protected as a substituted or

unsubst mrmaeemaprptfétmﬁ gaslpaﬂrfewérlyue%lbrnr@rr@ya@ﬁ rrptecting gropps. iyeigedly, doist

t | t d t th th but I
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( Drab) esﬁ & enzymati cal |y cl eavabl.e eﬁﬁers F (19812 in
" The PefArPYRsate, (5 scatengmesypine pnay, GRMpHEse AHGE poniy, “néﬁ%ns) SUgh FemiPBt PPless,

New Yor 1 : I e
Tot r aher e ot At st e fhlc> ph AT orGREnREFA gy i ed aming,
Lett. 3dcid I@Bus as af savéider 1ABRANERS @pmuﬂaszatli?e tiedreat] (e.& ED9&}er Tat mb,hedéxon

Lett. 36, 5645- for PyBzh: Mergler, M et al. (2001) P154, 2"
| nt enl aferbisEve)p %mét gyhrfé@ BeAYEREeL T3 benaydi-planinatoas @isaks tisyeasosi um for

Dcpm t ( )

Al - Cbeicg' tH@g‘”mP“Sng% fi%é’é) ‘%t%’?t Ql‘j"]“ %5?1885@& ot gﬁohsﬁgé‘%eggé%?%?i‘l@m‘}

Al'l 1 Kuggmpritingd fr@é or 4 R@HBhnibA hccoddinPePthe PpeodeELé hid ilamtion6, 493-497; fOf

Tense: Slé% P. (1977) Helv Chim Acta 6 2711-2716; for Dmab: Chars

WC. etTh¢ sca(vmm)ls prefergifpmsedSoca twaere sixfadrmelar oxpss wzh@?sraemtnéh@ wrsidual
of sim/lar lability are preferred for the

the t-b t ct
pe?nane% F8¥§§?§%ng %%ﬁ%ﬁ F@h@ﬁ?ghal groups in the am no conponent;
these imngé lﬁg@ of abgéav@ﬁi%r NREordiny {oethet Present -iRbHNYibn (1efd) tof Wdr&ﬂlﬁhcprsga{v%ﬁﬁé(pn

of the Asp, GQu, Ser hr and Tyr side chains, t-butoxycdrbonyl (Boc) for
t he prot@gpivwds m‘huthnelak)bs agheel T eptradtetbingh arbﬁsw agnéqug Iphaser afier fllag depnetection

Breﬁt gﬁé% %3 of pbﬁﬁw@égog af Pgﬂwbl?}:,ﬁ)érﬁrogglhcﬂg Ilsnglh%{l]éjed%yzthg br76’s§nce of both a free
2,2, 4, 6yrfirReRhai] d Q'fmq{a%%)l%@fﬁﬂ{cﬁaﬁ 115%1%' ;I,daoé’ﬂgRﬁ PB&)lesf qrhsﬁ htﬁe B[&re%céf on

of the Arg side chain [Barany,” G and Mernfi el Tl ze
Pept i dethis inwehtio? réBiltesia, a Eeryanfiedte entendetent .j)unﬁea:tmn) drkca;dekm pod%[l:ehw ofNew

York, pp..1284; for Trp(Boc).: Franzen, 1984) J. Chem Soc.
Chena. eSSHileXragigaga w&rephlile ﬁcaeweﬁrw)npgﬁaé dp ﬁéﬁlﬂﬁlpr 2 Rqseib prepent gxgess of

and R s EEy g Eoimogh Sl AR AREn Ty and gilosEiemobBl, MR broubilileo

and G efimovédd dadfRS ddprarttic) add@dcled tfiom B8 read?8i nAXREL atftd salle tGag.pi no, L. A
et al. (1993) Tetrahedron Lett. 34, 7829-7832]. The term carboxylic

conponefiecqrémgrte the pepcass| echisaneaition i lﬁ@et &ne ﬁé@ec@rtmgﬁblwon@n@rrdple@ f then
particul ar onent be a| a aC|d

ber d or PRFs IR R ek o UREAE Mertridlr ook e AR bish AR r PSS e
functi ofsidugl SstRatear @rfyxtieiRdiond Bo&bve, ARBRBHg thatfuktheYerlibodifbnt ot @id er e
with the desired coupling reaction. In a preferred enbodi nent, .the am no
group ofnverEona pird pledesam’lwcamrwe@ﬂsomnegupe@mccreles svheeaip oy step () ppalyenied by
a benzylo unction; mpl es i nclude - but are not
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functions of he aryl sul fonyl type, such as orthonitrobenzenesul f ony

(o- NBS) deprdteemmyd@dsnroabbgm ¢thmaviabtiecuinsrmtesons ch@engech tHat therddavemgegis oily
(1981) in: 'The Peptides', vol. 3 (Goss, E. and Meienhofer, J., eds.)
Academ c Press, New York, pp. 1-99; for Alloc: Kunz, H and Unverzagt, C
(1984) Angew. Chem 96, 426-427; for arylsul fonyl: Fukuyama, T. et al.
(1997) Tetrahedron Lett. 38, 5831-5834]. Functions of the tbutyl type or
functrons of srnrlar Iabrllty are preferred for the per manent protectlon of
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+ Boc-Ad y-Phe-Asp(O Bu)-Ser( Bu)-OBu 1 S Cycle: To a stirs ed solution of
4.34 g of HSer ("Bu)-OBu in a mxture of ethyl acetate and

di chl oronet hane at 20 C, were added 3.24 g of 1-hydroxybenzotriazole, 7.76
g of ZAsp(O Bu)-OH, 4.20 g of

1- (3" -di met hyl am nopropyl ) - 3-et hyl carbadi i m de hydrochl oride and 2.42 m of
4- met hyl nor pholine. After stirring the resulting solution until conpletion
of the reaction, 1.21 m of 4-nethyl norpholine and 3.51 g of benzyl

(3-al ani nate p-toluenesul fonate salt were added. The m xture was stin-ed

f or anousedfor3fienthing,esg. almhhg\ﬁhszemtﬁcahig@tow aid & mﬁ@@emprisiﬁg %ol M@l anich 2%
KHS04 / 10 , % nd ~ % Na~C03 / % NaCl 9 The ani ¢. | ayer

cont ai it riG2YeRESH r%ﬁdgéle%ofumeﬂe% P )Ascae@f@a‘a Segepi uj)a 'BACIligs 28I hasist ed
to cat y enal I pon
compl et Ty HRAEAE HeteRnl ol Rl IR RS frefinyr QULHTLARHE0 RS EOusiuid
resul tiwigrateu SIEN Provesv@snipribdse b eshbsenentr esp dide wihish astigiesvideproectibit 4nde of
et hyl acetate and dichl oronet hane, and the conbined organic filtrates were
ext r act ¥QuEiitiah bgsio, gz todral eraa%qnacrheamxg@ct%lw preferablyc performedt e the

organic_la tain the ti H Asp(O Bu)-Ser( Bu)-O Bu at 20 C,
wer e aﬂgﬁ%geafsoglw jiloﬂd g%sgﬁp SI%EZOI e, 7.18 g of Z-Phe-OH, 4.20 ¢ of

1- (3" di ARéthy ﬁ@fd@féar&wésa 03tlﬁ§ et osthpridcd @nb Y M BlcoEIEd G hafeeh B 4&p ) O

4- et hyl nor pholine. After stirring the resulting solution until conpleti on
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The new process of this invention is a highly efficient process which may conveniently be used

in the production of oligo- and polypeptides of high purity.

A suitable process according to the present invention is the coupling of an excess of a
carboxylic component to an amino component, wherein the carboxylic function is pre-activated
or activated in situ using a coupling reagent and, if desired, an additive. Following the coupling

step, residual activated carboxylic functions are scavenged by adding the scavenger to the



"HH's-Trp-Ser f “Bu)-Tyr( Bu)-D-Leu-Leu-Orn(Boc)-Pro-OBu 15" Cycle: To a
stined solution of 1300 g of HPro-O Bu.HCl in ethyl acetate at 20 C, were
added 1014 g of 1-hydroxybenzotriazole, 2756 g of Z-Orn(Boc)-OH, 1378 g of
"~ 1- (3" di net hyl ami nopropyl ) - 3- et hyl car bodi i mi de hydrochl oride and 1495 m of
4- et hyl nor phol i ne. After stirring the fesulting solution until conpletion
of the reaction, 377 m of 4nethy | norpholine and 1105 g of benzyl

/ 3-al ani nate p-tol uenesul fonate salt were added. The m xture was stirred
for another, 30 m nutes and was extracted with 5 % NazC03 / 10 % NaCl
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material HPro-O B (i.e., on average % per chemcal step). Purity:
90. 6 % hHlur SMeﬂ“Bﬁmcp’ﬂﬁS@dd-lﬂiaﬁis( Bldutbmycﬁﬂadi@hmﬂcb) fartthe pwtdctiof) ofl tHbLys and Trp
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“is Conclusions: The protected peptides were produced without intermttent
I solation of the internediates. The purity and identification of the
obt ai ned product fromthe first exanple denonstrate that the excesses of
“(activated) carboxylic conponents have been renpved conpletely in all
stages of the processes and no insertion sequences have been fornmed using
the process of this invention. The synthesis fiomthe second exanple,

nor eover, denonstrates that synthesis according to the process of this
invention is easily upscal able. The products from both exanples ar a

obt ai negtentampthylehyanedng-Gasidfonyhh (Bmc) t yorni 124,464 -pestamatiydiihydieobenzofeened- of

tinme. 1.. A process for rapi.d solution synt I S. eptide in
an or gaﬁ%ﬁO&M{m&Pe gpqtﬁciltoaroé “b?AB*-’rg%F algiﬁg?féﬂ}”s& @Hﬁﬁﬁ?ﬁ&%?@oﬁﬁﬁgb ng
repetit iMeryplRReOf voll BRSrob)E. Gl Meldhhofer, 00 Wab ) AGaddnfil Prdsk Adw & ofil p?)x?ess
of an activated carboxylic conponent to acyl’ate”an am no conponent, "(b) a
quenchi 284;sfoe I rp@oehi rnzEns Elavenl €19843 Juskemt Sod. eChare Cosmduall 6251 70M@tfex
carboxylic functiaons, wherein_the scavenger nay also be used for

depr ot eAsRGDat ACREW R pBRIRITNE) Bokod) Trisraedig detis ol 0a4% dii
and opti Yaiokd) t ' el 0 . re
agueous ngt%bgc%lﬁé)egsp%éﬁggggk'?}é%gg%ﬁ?r{g l'? g@?’ﬁg%rz&ggg %?&s@g&% %gtt
one steR. @hd Greef, 6r (1987} Detaghedt@PLLD 2B, 2287-3E00¢ oralrb faChipénog QIR érstin 993 r ee
anion or_a latent anion is used as a scavenger of residual activated

car boxyeahadren LethS4, PBLHTASB2hr ocess of claim 1, when ein in step (a) the
nol ar ammunts of th?.rea ent§ are

R D R T R T e e
process pgfichlali it larbWRENEEMMpIhedt BRY bR)and RFRXFRE b¥d! fHindadRPYY blifopeptide
conponent is used. 4. The process o¥ any one o? clainms 1-3, wherein in step
(b') anwddhneaconpee sirhgxdicl faheinn adivomse sthes dehciendl lgroups aveprgtected in such
a manner that they do not interfere with the desired coupling reaction. In a preferred
embodilnenf, the amino group of the applied amino acid or oligopeptide is temporarily
protected by a benzyloxycarbonyl (Z) function; other examples include — but are not limited to
— the Boc, Trt, fluoren-9-ylmethoxycarbonyl (Fmoc), 2-(methylsulfonyl)ethoxycarbonyl (Msc),
allyloxycarbonyl (Alloc) functions, functi_ons of the arylsulfonyl type, such as ortho-
nitrobenzenesulfonyl (o-NBS) and enzymatically cleavable functions [Geiger, R. and Kénig, W.
(1981) in: 'The Peptides', vol. 3 (Gross, E. and Meienhofer, J., eds.) Academic Press, New
York, pp. 1-99; for Alloc: Kunz, H. and Unverzagt, C. (1984) Angew. Chem. 96, 426-427; for
arylsulfonyl: Fukuyama, T. et al. (1997) Tetrahedron Lett. 38, 5831-5834]. Functions of the ¢-
butyl type or functions of similar lability are preferred for the permanent protection of other
functional groups in the carboxylic component, as described above for the amino component.
The carboxylic component may be preactivated as an active ester, preferably an -V-
hydroxysuccinimide, benzotriazol-1-yl, pentafluorophenyl or 4-nitrophenyl ester, a halide, an
N-carboxyanhydride or as a symmetric anhydride. Alternatively, the carboxylic component may
be activated in situ as a mixed anhydride or using a coupling reagent, such as a carbodiimide,
preferably N, N'-dicyclohexylcarbodiimide @ (DCC) or 1-(3'-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (EDC), a uronium or a phosphonium salt in the possible
presence of a coupling additive, preferably N-hydroxysuccinimide (HONSu), 1-
hydroxybenzotriazole (HOBt), 3-hydroxy-4-oxo0-3,4-dihydro-1,2,3-benzotriazine (HOOBt), 1-
hydroxy-7-azabenzotriazole (HOAt) or 6-chloro-1-hydroxybenzotriazole (CI-HOBt) and if



" 5. The process of claim4, wherein the latent anloll 111 the scavengi ng
am ne bears a tenporary protecting group which can be sel ectively renoved
in the presence of any permanent protecting groups attached to the grow ng

"peptide. 6. The process of clains 4 or 5, wherein the latent anion in the
scavengi ng al pi ne bears a tenporary progecting group which displays a
lability simlar to that of the tenporary protecting group present at the
N-term nus of the grow ng peptide. 14 7. The process of clainms 5 or 6,
wherein the tenporary protecting groups are hydrogenol ytically renovable
groups wgireddntthe pesenemnehte igrtvre eniing [ Jheoueptidess wddi do(1979)c Hbdogs, rBnavdbl e

groups. . 8. The process, of cla m?7 rei he t ora rot ecti gr,Qups
are of P&ée“l‘@%iyf” etd§§é’fca@‘?m}?ﬁ;éesﬁ’r%E‘\é%rg%ﬂahyangﬁgﬁf'&c{zépﬁ)s8&’-"8}' @ig?é’?‘ égn

t he scax%l_qgg]_i S a primary amne conprising a free anion or a | atent anion.
10. The process of claim9, wherein the primary amine is a Ctermnally

pr ot ect &te temprrarggirdteciinigd yatip weay lelremblved pecoediag tomethods kndWn imtter &t (viddhe
amno acid is (i-alanine or _a derivative thereof. 12. The process of claim
11, whefd@rd)-tHe ddundipgenay epamoyed by hydmgppnlyds yping (gapdardnrrpeeuresihat The

process an f cl.ai -8 i i .1 SI fre r_a
| at ent %ﬁ%l%’ne"?'s%acg%%na asgdrsr?égg/ﬂgﬁeg%s\rﬂg]ﬁ%ﬁog%rgd%‘{l)rg?ugg nelé ?%0%%? ?1% ibﬁﬁgyég %ee
or a | appdctiapigdbups ke rehitfe@ € pistedting YR VE Y 1-Bht t?'Ee r hidctivdes fdimilhhe
process conprises one or nore cycles wherein in step (b) a polyamne is
used aslabHEy suavemgiemed.1Ehe Taiier prayces seradvednlyy eeidolydis cicedrdmgitolthe methods
conprising one.or _nore cycles wherein in step (b) deprotection does not
occur a IP181‘;§‘ﬁl§§tequent step (c) conprises sequential basic, acidic and

basi c eNqée%otni ROfed i fhe aHRIIPERARESMAINhdt i AhBAnt Hith WM TeinbabiB &g fephus 3ekAeRA. are
performed in the presence of sodiumchloride or potassiumnitrate.
However, basic aqueous extractions are preferably performed using aqueous solutions of
sodium hydrogencarbonate or sodium carbonate, if desired in the presence of sodium chloride
or potassium nitrate. The term active agueous extraction refers to an extraction in which either
an amino component is extracted under acidic conditions in the protonated form (ammonium)

or a carboxylic component is extracted under basic conditions in the deprotonated form

(carboxylate).

The invention is further illustrated by the following examples, which are not to be interpreted as

a limitation of this invention.
EXAMPLE 1

Boc-Gly-Phe-Asp(O'Bu)-Ser(‘Bu)-O'Bu

1* Cycle: To a stirred solution of 4.34 g of H-Ser('Bu)-O'Bu in a mixture of ethyl acetate and
dichloromethane at 20 °C, were added 3.24 g of 1-hydroxybenzotriazole, 7.76 g of Z-
Asp(O'Bu)-OH, 4.20 g of 1-(3'-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride and
2.42 ml of 4-methylmorpholine. After stirring the resulting solution until completion of the
reaction, 1.21 ml of 4-methylmorpholine and 3.51 g of benzyl B-alaninate p-toluenesulfonate

salt were added. The mixture was stirred for another 30 minutes and was extracted with 5 %

Na,CO,/ 10 % NaCl, 5 % KHSO,/ 10 % NaCl and 5 % Na,CO,/ 10 % NaCl.



15 17. The process of claim 15 or 16, conprising a subsequent step (d)
whi.ch conprises deprotection and sequential basic and neutral extractions.
18. The process of claim 17, wherein the extractions are perfornmed in the

" presence of sodiumchloride or potassiumnitrate. 19. The process of any
one of clains 1-14, conprising one or rore cycles wherein in step (b) both
quenchi ng and deprotection occur and the subsequent step (c) conprises
sequential basic and neutral extractions. 20. The process of claim19,
wherein the extractions are perfornmed in the presence of sodium chloride or
pot assi Tira erigamiafayer 2dntaiming the prgetedodipentidedhd sp(O'Bia$ar€Bu)-O'BROyasdubjectdn i n
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m Xt ur eresifu®m@awashed with a mixture of ethyl acetate and dichloromethane, and the combined
organic filtrates were extracted with 5 % Na,CO,/ 10 % NaCl and 30 % NaCl.
2" Cycle: To the organic layer containing the dipeptide H-Asp(O'Bu)-Ser(‘Bu)-O'Bu at 20 °C,
were added 3.24 g of 1-hydroxybenzotriazole, 7.18 g of Z-Phe-OH, 4.20 g of 1-(3'-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride and 2.42 ml of 4-methylmorpholine.
After stirring the resulting solution until completion of the reaction, 1.21 ml of 4-
methylmorpholine and 3.51 g of benzyl $-alaninate p-toluenesulfonate salt were added. The
mixture was stirred for another 30 minutes and was extracted with 5 % Na,CO,/ 10 % NaCl, 5
% KHSO,/ 10 % NaCl and 5 % Na,C0O,/ 10 % NaCl.
The organic layer containing the protected tripeptide Z-Phe-Asp(O'Bu)-Ser(‘Bu)-O'Bu was
subjected to catalytic hydrogenolysis in the presence of palladium on charcoal. Upon
completion of the reaction, 5 % Na,CO,/ 10 % NaCl was added and the resulting suspension
was filtered. The residue was washed with a mixture of ethyl acetate and dichloromethane, and
the combined organic filtrates were extracted with 5 % Na,CO,/ 10 % NaCl and 30 % NaCl.
3" Cycle: To the organic layer containing the tripeptide H-Phe-Asp(O'Bu)-Ser(‘Bu)-OBu at 20
°C, were added 3.24 g of 1-hydroxybenzotriazole, 4.21 g of Boc-Gly-OH, 4.20 g of 1-(3'-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride and 2.42 ml of 4-methylmorpholine.
After stirring the resulting solution until completion of the reaction, 1.25 ml of 3-
dimethylamino-1-propylamine was added. The mixture was stirred for another 30 minutes and
was extracted with 5 % Na,CO,/ 10 % NaCl, 5 % KHSO,/ 10 % NaCl, 5 % Na,CO,/ 10-%
NaCl, 30% NaCl and water. The organic layer was evaporated to dryness and the residue
triturated with methyl fert-butyl ether and dried to give the desired protected tetrapeptide in 95
% yield based on the starting material H-Ser('Bu)-O'Bu. The process was completed within 6
hours.
Purity: 98.1 % by reversed phase HPLC (24 to 68 % acetonitrile in 0.1 % trifluoroacetic acid in
29 minutes at 220 nm, 2.0 ml/min, 5 micron C,; column). Identity: m/z 425.4 [M-Boc-3'Bu+H]",
469.4 [M-4Bu+H]', 525.4 [M-3Bu+H]", 581.4 [M-2'Bu+H]", 637.4 [M-Bu+H]", 693.4 [M+H]"
by electrospray MS; '"H NMR (CDCL,) 8 1.16 (s, 9H), 1.44 (m, 27H), 2.59 (dd, 1H), 2.79 (dd,



" solvents is ethyl acetate or a m xture of ethyl acetate and

di chl oronet hane, a m xture of ethyl acetate and 1-nethyl-2-pyrrolidinone, a
m xture of ethyl acetate and N, N di net hyl formani de or a m xture of ethyl

" acetate and tetrahydrofuran. 23. The process of any one of clains 1-22,
wherein the process is performed within8 a tenperature range of 0 to 50 C
24. The process of claim 23, wherein the process is perforned at anbi ent
tenperature. 25. A nethod for conbinatorial synthesis of peptide |ibraries
using the split and m x method, wherein the process of any one of clains

1- 24 i s1BpPlA%h, 2H)18.526dd, AH)e}.h04d.86dm, 8tk) ohdT éd, Eld), 4tG7eh 78 Ymi i) i520dbs,

pepti de rein.the p ss_of any one of clainms 1-25 is applied. 27. A
peptidef%}’\g]aﬁegr@x?m’g'l@r;'%gﬂ , prepared according to a process
conprising the process of any one of clains 1-26.
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EXAMPLE 2

H-His-Trp-Ser(‘Bu)-Tyr(‘Bu)-D-Leu-Leu-Orn(Boc)-Pro-O'Bu

1* Cycle: To a stirred solution of 1300 g of H-Pro-O'Bu.HCl in ethyl acetate at 20 °C, were
added 1014 g of 1-hydroxybenzotriazole, 2756 g of Z-Orn(Boc)-OH, 1378 g of 1-(3'-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride and 1495 ml of 4-methylmorpholine.
After stirring the resulting solution until completion of the reaction, 377 ml of 4-
methylmorpholine and 1105 g of benzyl B-alaninate p-toluenesulfonate salt were added. The
mixture was stirred for another 30 minutes and was extracted with 5 % Na,CO,/ 10 % NaCl, 5
% KHSO,/ 10 % NaCl and 5 % Na,CO,/ 10 % NaCl.

The organic layer containing the protected dipeptide Z-Orn(Boc)-Pro-O'Bu was subjected to
catalytic hydrogenolysis in the presence of palladium on charcoal. Upon completion of the
reaction, 5 % Na,CO, / 15 % NaCl was added and the resulting suspension was filtered. The
residue was washed with ethyl acetate, and the combined organic filtrates were extracted with 5
% Na,CO, / 15 % NaCl and 30 % NaCl. The separate aqueous layers were re-extracted with
ethyl acetate.

2" Cycle: To the combined organic layers containing the dipeptide H-Orn(Boc)-Pro-O'Bu at 20
°C, were added 1014 g of 1-hydroxybenzotriazole, 1993 g of Z-Leu-OH, 1320 g of 1-(3'-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride and 754 ml of 4-methylmorpholine.
After stirring the resulting solution until completion of the reaction, 377 ml of-4-
methylmorpholine and 1105 g of benzyl B-alaninate p-toluenesulfonate salt were added. The
mixture was stirred for another 30 minutes and was extracted with 5 % Na,CO,/ 10 % NaCl, 5
% KHSO,/ 10 % NaCl and 5 % Na,CO,/ 10 % NaCl.

The organic layer containing the protected tripeptide Z-Leu-Orm(Boc)-Pro-O'Bu was subjected
to catalytic hydrogenolysis in the presence of palladium on charcoal. Upon completion of the
reaction, 5 % Na,CO,/ 15 % NaCl was added and the resulting suspension was filtered. The
residue was washed with ethyl acetate, and the combined organic filtrates were extracted with 5

% Na,CO,/ 10 % NaCl and 30 % NaCl.
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4" to 7™ Cycle: These cycles were performed following the procedure of the third cycle,

replacing 1993 g of Z-D-Leu-OH by Z-Tyr(Bu)-OH (liberated from 4497 g of the

corresponding dicyclohexylammonium salt), 2218 g of Z-Ser('Bu)-OH, 2538 g of Z-Trp-OH
and 2172 g of Z-His-OH, respectively. However, from the fifth cycle onwards the amounts of 4-
metﬁylmorpholine and benzyl [3-alaninate p-toluenesulfonate salt during the scavenging step
were doubled. In the fifth cycle, the extractions following scavenging were performed at 35°C.
In the seventh cycle, coupling was performed at 3 °C, 1014 g of 1-hydroxybenzotriazole was
replaced by 2561 g of 6-chloro-1-hydroxybenzotriazole and a supplementary portion of 132 g of
1-(3'-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride was added after 1 hour
coupling. Also in the seventh cycle, the extractions following hydrogenolysis were performed at
35°C. At the end of the seventh cycle, the organic layer was evaporated to dryness to give the
desired protected nonapeptide in 73 % yield based on the starting material H-Pro-O'Bu.HCI
(i.e., on average 98 % per chemical step).

Purity: 90.6 % by reversed phase HPLC (24 to 68 % acetonitrile in 0.1 % trifluoroacetic acid in
29 minutes at 220 nm, 2.0 ml/min, 5 micron C,; column). Identity: m/z 543.6 [M-Boc-
2'Bu+2H]*, 571.6 [M-Boc-Bu+2H]*, 599.6 [M-Boc+2H]*, 649.8 [M+2H]*, 1298.0 [M+H]"
by electrospray MS.
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Conclusions: The protected peptides were produced without intermittent isolation of the
intermediates. The purity and identification of the obtained product from the first example
demonstrate that the excesses of (activated) carboxylic components have been removed
completely in all stages of the processes and no insertion sequences have been formed using the
process of this invention. The synthesis from the second example, moreover, demonstrates that
synthesis according to the process of this invention is easily upscalable. The products from both

examples are obtained in high yield and high purity within a relatively short period of time.
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CLAIMS

1. A process for rapid solution synthesis of a peptide in an organic solvent or a mixture of
organic solvents, the process comprising repetitive cycles of steps (a)-(d):
(a) a coupling step, using an excess of an activated carboxylic component to acylate an
amino component,
(b) a quenching step in which a scavenger is used to remove residual activated carboxylic
functions, wherein the scavenger may also be used for deprotection of the growing peptide,
(c) one or more aqueous extractions and
optionally, (d) a separate deprotection step, followed by one or more aqueous extractions,
characterised in that
the process comprises at least one step (b), referred to as step (b’), in which an amine
comprising a free anion or a latent anion is used as a scavenger of residual activated

carboxylic functions.

2. The process of claim 1, wherein in step (a) the molar amounts of the reagents used are in
decreasing order:

carboxylic component, coupling additive > coupling reagent > amino component.

3. The process of claim 1, wherein in step (a) a pre-activated carboxylic component is used.

4. The process of any one of claims 1-3, wherein in step (b’) an amine comprising a latent

anion is used as the scavenger.

5. The process of claim 4, wherein the latent anion in the scavenging amine bears a temporary
protecting group which can be selectively removed in the presence of any permanent

protecting groups attached to the growing peptide.

6. The process of claims 4 or 5, wherein the latent anion in the scavenging amine bears a
temporary protecting group which displays a lability similar to that of the temporary

protecting group present at the N-terminus of the growing peptide.
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7. The process of claims 5 or 6, wherein the temporary protecting groups are
hydrogenolytically removable groups whereas the permanent protecting groups are
acidolytically removable groups.

8. The process of claim 7, wherein the temporary protecting groups are of the benzyl type.

9. The process of any one of claims 4-8, wherein the scavenger is a primary amine comprising

a free anion or a latent anion.

10. The process of claim 9, wherein the primary amine is a C-terminally protected amino acid

derivative.
11. The process of claim 10, wherein the amino acid is B-alanine or a derivative thereof.
12. The process of claim 11, wherein the scavenger is benzy] B-alaninate or a salt thereof.

13. The process of any one of claims 1-8, wherein a thiol comprising a free or a latent anion is

used as a scavenger instead of an amine comprising a free or a latent anion.

14. The process of any one of claims 1-13, wherein the process comprises one or more cycles

wherein in step (b) a polyamine is used as the scavenger.

15. The process of any one of claims 1-14, comprising one or more cycles wherein in step (b)
deprotection does not occur and the subsequent step (¢) comprises sequential basic, acidic

and basic extractions.

16. The process of claim 15, wherein the extractions are performed in the presence of sodium

chloride or potassium nitrate.
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deprotection and sequential basic and neutral extractions.

18. The process of claim 17, wherein the extractions are performed in the presence of sodium

chloride or potassium nitrate.

19. The process of any one of claims 1-14, comprising one or more cycles wherein in step (b)
both quenching and deprotection occur and the subsequent step (c) comprises sequential

basic and neutral extractions.

20. The process of claim 19, wherein the extractions are performed in the presence of sodium

chloride or potassium nitrate.

21. The process of any one of claims 1 - 20, wherein in the last cycle in step (a) the protecting
groups of the carboxylic component display a similar lability to that of the permanent

protecting groups of the growing peptide and in step (b) the scavenger is a polyamine.

22. The process of any one of claims 1-21, wherein the organic solvent or mixture of organic
solvents is ethyl acetate or a mixture of ethyl acetate and dichloromethane, a mixture of
ethyl acetate and 1-methyl-2-pyrrolidinone, a mixture of ethyl acetate and N,N-

dimethylformamide or a mixture of ethyl acetate and tetrahydrofuran.

23. The process of any one of claims 1-22, wherein the process is performed within a

temperature range of 0 to 50 °C.

24. The process of claim 23, wherein the process is performed at ambient temperature.

25. A method for combinatorial synthesis of peptide libraries using the split and mix method,

wherein the process of any one of claims 1-24 is applied.
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26. A method for automated solution synthesis of peptides, wherein the process of any one of

claims 1-25 is applied.

27. A peptide or a mixture of peptides, prepared according to a process comprising the process

of any one of claims 1-26.



