10

15

20

25

30

Met hod of peptide synthesis The present invention
relates to a nethod of solid-phase peptide synthesis
WO wp6/t17p5pt i de that is unusually difficult to PCI/EP2006/004192
synt hesi ze, and to respective peptide-solid phase
conjugates. The chall enge of solid-phase peptide
synthesis is that despite well-established routine
Methwdtolfi peptidesysthesisuccessf ul and efficien synthesis is
hi ghly dependent on the very peptide sequence to be
synt hesi zed. Sone pepti de sequences, drawn from
The prédetit iabertiopkdistes ora pethdbd bNsaidgimset epticd sypthysisfor mpeptide that is
an others on the same resins materials used
unusvﬂ“gmfyc'ﬂhteéwweya i'? FPSReChYt P “‘f’f’i‘tdgg?se ‘pupti'tes. In
the literature, oftenly careful fine-tuning of solvent
systenms has been proposed in view of preventin

The ¢hatlenge oh silid-phgesr regtidd Hymthgsis isntbatrdespite we)l- eranbhﬂ@g @putine methods
ex1st85§1ltcc%§ssfgl egt?ccx)%xe {yﬂ%@ms %t 1%91 ?jllg eeﬂden% gn Yher\I Ff B%'nﬁ? %qluag:e to be
synthdsigaatt hy| f or manmi de, eventual ly supplenented with
helical structure-stabilising particular polar
sol vents such trifluoro-ethanol, is far from providing
Somé piRide rs@#ueﬁ&geﬂiﬂiwﬁ Gfont! inhful4t lﬂef)tld%e&t proRim sehh®SéimpBl do much
(i nternational non- proprletary pharnaceutlcal narne:
worse hapreiifegssomiheisame ﬁesme@%twaéﬁ wsgd highhesucessiully et Joggf enormal’
peptxg&afn @6 (flltgrz?turle ) Jﬂgy pﬁﬁ&%ﬂﬂg o ls@lognt @?gerhsshéé%gn Proposed in
rug to treat c ni epatl near
view fof kaevbtamgtlmesdiaudaggmgmrsgmﬁlh eeslrsb)hastu«b ebbetatelwet fopaation. Still
then, %ﬂalgvleoﬂi/t ea%lg?egxltn§ %gifx% 1c$.ﬁ>ro egflinaﬁlegﬁ | }(rjrgochI ne, %rqcpuuenethglformamxde
evenfi@i®s stplerdnted wathg hyliblah &trOdEtutfélfsﬁibilﬁmgV\barﬁlfulﬁo pbldr 3elvents such
used as a junction residue in, a_ cl cal . segnent
rifluprgeatanplyis ?frff%ﬁ‘i?"i g2 senepliceednly bs’@fi’fe PERF%Ynt hesi s.
Echner et al. (Liebigs Ann. Chem 1988, 1095-1097)
describe linear solid-phase synthesis on a
Thynvasing ap dinjesnafionslenerepioptietytli Prarmecsuidal mgmet fthymadfagly) jis an N-

ey T

treat cloroguit hepgtigaPpi ng of

Its linear full-length solid-phase synthesis has been described early on but suffered from poor
yields up to now. Unfortunately, the Thymosin a; amino acid sequence does not offer a glycine
or proline which could be used as a junctional residue in a classical segment coupling approach

in a stepwise approach to synthesis.

Echner et al. (Liebigs Ann. Chem. 1988, 1095-1097) describe linear solid-phase synthesis on a
Wang-polystyrene resin. Whilst coupling efficiency is allegedly checked after each coupling
with BOP reagent in DMF by means of Kaiser Test, only after every fifth coupling capping of
uncoupled peptide by means of acetylation is done. Cleavage of the protected and terminally
acetylated peptide from the resin is achieved with concentrated trifuoro acetic acid; thereafter,
resin and liquid phase are separated by filtration and the peptide product is collected by

precipitation with dieethylether. The precipitate collected in this way is quantitied and is
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uncoupl ed peptide by neans of acetylation is done.

Cl eavage of the protected and termnally acetyl ated
wopspd/i1dze7f romthe resin i s achieved with concPQIVER2e@/004192

trifuoro acetic acid; thereafter, resin and liquid

phase are separated by filtZ2ation and the peptide

product is collected by precipitation with
designiated tamydeauroduct’, Tibld ip edleulpted as o aeguneet Bdo.i n Qoiyy ergafjer, a first

i ntitied. isdesi LG Y
cheorBoffHle bl E5EE 9 yRCEIOPRAGH 5 U, Tl lea b ke phase
HPLA. Mo yisld ic indizamed 6gtieiureprpdudt tHus abtaimad.of t he crude

product is undertaken, followed by reverse phase HPLC

No yield is indicated for the pure product thus
A proBitAi it EcifheP§ 05 pedhchiid haEeiBRbict GARF QRGlind, Jedditdlto shortened

i nconpl ete chain coupling, |eading to shortened .
undesjrpbiesiequdsie varagirediring \santhesis, ds defr dcagpunisdnfonds the vigld calsulation.
‘ c e [ yi.el-d cal gul ai i : s .
Crol? BRI bplcle, B PP PPl P, Bty dubhlGrhesiy including
incordpletelyg dgystehieBalkylated) gleprilen dloweyenyTpueitye pyptide obtained from linear

depr. ot ect ed/ al kyl at ed. i de. wever, puri eptide, .
syl i3 OB i depis i ALedl tertien rmp bRt EthoRE Bt g eive
any initdliodliof {iefddfipuRBEY prd@sct tHud bBlamed,indg Isany BPLORhrdiRRSeram given

. not give any indication of yield of purified product
in the puRdicatipnaasremutingy dpae Wrffe pbife Repingaiabith AfrAypthews [p gur hands,

the sgllglﬁetfal%@hé f @Jl'mésgiilé ornfy"%r? %\Y KQHQ of h&échﬁrot@ﬁhéé, 4 Pge array of

oving quality of synthesis. our hands,
imprepyen péngide produdt embingfup Fortmest ofjihe esideploguatery | ow yi el ds
of correct product, a large array of inproper peptide
product meking up for nost of the crude product.
Anothérqirbtdém prithiEohnerisi dpprokcthwhiich sheadnfhoo suides himseH (p.h@95, left column,

aut hor raises hinself (p.. 1095, left colu 3rd para). . .

3 pprg)  Jeading st die Yhes mgfglﬁle@f %‘R‘Rﬂ‘ﬂﬁﬁﬁlén"(ﬁcf‘g&}ﬁ oSt ipich i

an agpataginef thENYAMH Behbr MhicVBs §sS0. 88 ndsd)R! MBS ekidinely low. Fmoc-

I'oadi ng Echner achieves is 0.15 mmol/g, which is )

Asn(d.4i-di oyydiphgnylmehyl-)-OH amino acid must be used for loading of the resin
. 4 - di Wolg | net hyl -)-OH anmi no aci d nust
w““@é“&ég%rngpﬁ%ggﬁﬁgh%pg¥%%H§esin wi t hout running risk
of degrading side-reactions. It is the object of the

. present inyention to devise,an inproved.sold-phase .
e isShEhRR o VEPRDbErHE, S e TOREEE S0P Siesis for
Thyrhddth die Thdbjeét iSkavebl . thddaetodloMgaimol .t he present
i nvention, a nmethod of synthesizing on a solid phase
Thynosin ai or a

According to the present invention, a method of synthesizing on a solid phase Thymosin «; or a
C-terminally truncated version comprising residues 1-27 or an N-terminally truncated version
comprising at least residues 19-28 or an truncated version comprising at least residues 19-27 of

mature Thymosin a; is devised, comprising the steps of

a. coupling a suitably protected FMOC-Glu or FMOC-Asn residue onto a PEG
resin which PEG resin is preferably selected from the group comprising
polystyrene-PEG mixed resins, PEG polyether-polyester mixed resins or PEG

polyether-polyamide mixed resins and essentially pure PEG resins
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Cterminally truncated version conprising residues
1-27 or an N-termnally truncated version conprising
W0s2004/818227 r esi dues 19-28 or an truncated ver siRSIT/EP2006/004192
conprising at |east residues 19-27 of nmature Thynosin
ai is devised, conprising tBe steps of a. coupling a
suitably protected FMOC-A u or FMOC- Asn residue onto a
PEG r esilonglirige the RE@idecchiam by W@Ceﬂyatblegﬁs sdikrsot the dideoghains of
}:agleyg{ ﬁl‘el lvégﬁgglé (o] aC%S gﬁ)%ﬁdél[é\l’eaﬁlge(g V%l gle pr O?CC&IOII groﬁ)pEsG
pot.yet ftfptno:ﬁkﬂb'yiadtylﬁiﬁlgﬁhe(ﬁﬁl Nasrntifal aisillueasent i al |y pure
PEG reS|nsb el ongating the peptide chain by FMOC
syht hes ?VWﬂé‘teé%eﬂ“qerf@‘%FlﬁéC%al ns of i ndividual anino
acids may be derivatized with suitable protection
groups c. optionally acetylating the last, N-term na
The pressinti methadidllalys oflspathésiring the tpepifade pﬂnidmirt mrqce@'nrcdﬂuety and
hencg hi %e)ré(tald qﬁtazshn }eesc?glg ?s%gmsé nt y Sgcr?(lt_jn er%acce hh%ﬁ? %'S &e present
invehtfonaitShdyOdi® se0fehdiblp Iﬂaﬁgh |td aﬁﬂresﬁy Ohlyet C-Ctéi'}nu&l) mgaém .on a solid

According.to the pres i.nventi o y al so
phasf a5 ff BB AN Tel g (hreife & fah?tﬂeaat lonEy e of the pepide by
segn‘feﬁ@%ﬂﬁg,%u@ i Wnle hrOBAKE efiBHitCnt CRONtHet S & R¥rminal fragement
'ength peptide or an at |east |onger version of

havutme Gégrmingk Sty o éfgxmﬁtlcltwptthged \@stapgynizationnky the pseudoproline
dlpe};ﬂ[d%fn?ertﬁo% waPadh. ”F'I%l Rl k § 99 I)N term nal

ement havi ng ter n1n Thr which is
protected to racentzatlon by the pseudoproline

di tide t hod (\Wéhr al ... J. Am Ch Soc. 118.
Profifieithe fspufEip BE FyMheerEd (5 IyPmatin pifaf5E resrRF s Dy e
Thynléy@ Sk o castu{gaisls GomPr&NBdr peptidss) MRkiby Be s@@bncee

Thynosin ai as to distinguish from precursor peptides)

havi ng the sequence

1Ser B6- a1 AS PV Ah P TINS@-S¥Blu-IASRTTH Y s-ASEen- 56 Gu- L systdnevallVui-610-Bki-Ala-Glu-Asn-28

Lys- Asp- Leu- Lys-d u-Lys-Lys-G u-Val -Val -d u-d u- Al a- G

u-Asn-1S wherein the individual am no acid chains are

wher#ﬂn%@fnﬁ%cﬁlgl At @58% §1':£ilﬁsaa?é ¥ O&St@ét%%reage %ﬁéblg?oq%c ask{feed may

a glven in i Vi am no acid resi
be fot a@iMer digktvidual almoarid réssde aBddanskon knowladgg infthe art (see Bodansky

st ance re pref abI , Suc epti
mfraN_I} %})1 3?05% é{}?fglaﬁé(d speh pe %‘t‘@‘ B ﬁ termlnallsy acetylated in a step
subsequent to linear synthesis but prior to cleavage from resin. Natural tymalfasin which is also

used as a pharmaceutical is N-terminally acetylated.

Notably, the present inventors have found that it is mainly the C-terminal half of the
thymalfasin peptide, it is about residues 19-28, that incur most of the impurities by chain
deletions and hence losses in final product yield generated during linear phase synthesis. This

part of the peptide has been found to be extremely difficult to synthesize.

Vice versa, during linear synthesis, it is also feasible to use such oxazolidine dipeptides
according to Wohr et al., supra. A benefit of using such dipeptide instead of individual

protected, preferably Fmoc-, amino acid can be inferred from the tymalfasin sequence in
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subsequent to linear synthesis but prior to cleavage

fromresin. Natural tymalfasin which is also used as a
woptted/neuti cal is N-terminally acetyl ated. NRCAGR2006/004192

the present inventors have found that it is mainly the

C-terninal half of the thynflfasin peptide, it is

about residues 19-28, that incur nost. of

t he
partiqulas for the dipeptidechsr Thrtest &f prrelidipgdinentide deryativsswoyld help here to
avoid ésBﬁtlmﬁfquHHtloM u&lifk geMesiat ed during linear phase

synthesis. This part "of the peptide has been found to
be extrenely difficult to syntheS|ze Vi ce versa,
i.nea nth i.s. al so
Slmlld ariélhp%ve t1811I d%l méal Esfo?ﬂaggg mél requi euseo W?pro%cy?n groups.
supra. A benefit of using such dlpeptlde i nstead of

i ndi vi dual protected pﬁg{erabl Frnoc-, am no aci d can

Whilgtethe preseiteiavntiopnsong F £8107 DegiEn Y sanpnequt dheapoupling

reactfoﬁg BAR&hEShREP a§ @ik&%@e E_@ ﬁsedq§ ﬁn&ﬁer(}mg&ﬂﬂegﬂ te%arry out the present
|pept|de derivative would help here to avoid

inveoparti nmi de formati on during synthesis. Simliarly,
prevention of glutarimde formati on may require use of
speci al protection groups. Wil st the present

Coupliny enagémsfos pepnidg kynthesie her el Fkamovnah e aﬁtt(sge deanslkg,rMy Prigciples

or i SR B OSSR o0, R KBSl el LK a S

role bNO6PigAAditVEd6Y duRDlidrReGRAdIS). TotplE I@&dg@xﬁs SMPbO Gk ah@drides
wel | -known in the art (see Bodansky, M, Principles of

(e.g. ';Bé%mr@;@nsymsﬁgg)pcsacn%@y@ule) gpqqlq;ggxlat%rag%s such as activated esters

| -
or s (5 ROl 9NBU AR, 105 Wl .1
ethyl@e@pinnn@ylama@emsl)mocbmudﬂx e@watqthydapd@sm(demmtiv%@EPBT: 3-

a rid or_ot her latin
(dleﬂ?od‘eﬁf Sghdg’rél )gs acﬁ?n\%gt{la%fn E@'One Oracl:llr G Hal Y ?sd)e(s)m salt

derivhtive§ of bénBbtriaiod.obut yl - chl orof orm ate), or they may be
carbodiimdes (e.g. 1-
et hyl - 3- (3-di met hyl am nopropyl ) - car bodi i m de),

In vigw ldfV Bdse JieRE BESH féaazdnrmﬂ@ hhy gtdteéﬁen bdaiRBacemization dunng chaing
(dlethoxyphosphoryloxy - benzotri azi n-4(3H)-one)

elonggtiony mensp prefesied phthatp ﬂl@ﬁpwh%apétge@eﬁ Fq}%ﬁqd\ﬁe’sﬂ the group conSIStmg of
uron t&&%% 5&&%)‘& hollﬂmvéaﬁyvopéle Bgr%tr%kcﬁlc ab abtivafifig h 'fr@@ carboxylic
]t I e ana pr 0‘% %l tion

ection agal nst racem z uring chai ng
acid function along with that the reaction is carried out in the presence of a base. Suitable and

likewise preferred examples of such uronium or phosphonium coupling salts are e.g. HBTU (O-
1H-benzotriazole-1-yl)-N,N,N’,N’-tetramethyluronium hexafluorophosphate), BOP
(benzotriazole-1-yl-oxy-tris-(dimethylamino)-phosphonium  hexafluorophosphate), PyBOP
(Benzotriazol-1-yl-oxy-tripyrrolidinophosphonium hexafluorophosphate), PyAOP, HCTU (O-
(1H-6-chloro-benzotriazole-1-yl)-1,1,3,3- tetramethyluronium hexafluorophosphate), TCTU (O-
1H-6-chlorobenzotriazole-1-yl)-1,1,3,3-tetramethyluronium tetrafluoroborate), HATU (O-(7-
azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium  hexafluorophosphate), ¥TATU  (O-(7-
azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium tetrafluoroborate), TOTU (O-
[cyano(ethoxycarbonyl)methyleneamino]-N,N,N’ N”’-tetramethyluronium tetrafluoroborate),

HAPyU (O-(benzotriazol-1-yl)oxybis-(pyrrolidino)-uronium hexafluorophosphate.
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el ongation, nore preferred is that the coupling

reagent is selected fromthe group consisting of
wouoosiimrsal t s and phosphoni um salts of the  PCI/EP2006/004192

benzotriazol capable of activating a free carboxylic

acid function along with that the reaction is carried

0 in the pr ce of .a base. Suitahle and |ikew se
Prefe&% afhen sink EEELr e e Hmf}l”é‘h?wh%FB‘OBWB‘SSrEH Sreght> @ further or
seco&p\H&Jk' Hask R eﬁﬁsls He&led £&- caﬁ'ﬁﬁ?oﬁ@he ASUpBR 80p. Mhazio hfdtched by base

1-yl)-NN, N -tetranet ur oni um
whosgerifigatest qg:phl@g giekagplue Bf‘ﬁom pKa 7.5 to 15, more preferably of from pKa 7.5

| -

to ld %ﬂé the xglég l(?)lg ﬁg Sa% @ a?ﬁii( tﬁ{;lyg?ég gg)teEthieaépanﬁg 0 Bagsoql'}l%ho acid
derivatiyd, -and )N-hidhl bayd preferatliyiop leatsqoy) Grerivatly hindered amine. Examples of such

and Ilgl}'t arg)lr or%ilr,)agg nat E%SF é%ﬁ ggﬁow?ay%tl&%ngn@ N,N’-dialkylaniline, 2,4,6-
trial ﬁ;yﬁamsté}ymun@nmuwhbmmmemsahgkealghd%mané@d%1 -C4 alkyl,

-chl orobenzotriazole-1-yl)-1,1", 3,3-tetranmet hyl uroni um
moretmi@fplablyu@ﬁ bb@pthy]gyorphpﬂo‘qq_pr(c@l(dme (2, 4,6- trimethylpyridine), most preferably
ﬁpzotrlazol-l-yl)-l , 3, 3-tetramet hyl uroni um
exar [ uor ophosphat e) TATU (O (7-
azabenzotriazol -1 -yl)-1,1,3,3-tetramethyl uroni um

The r%ae@%%&?&@%%ﬁ%mwﬁ%ﬁ cowBling #isitives RE e Yezqigzpl fype. is

also Ridwil ($6© Botdhskye tstipth). TREIO RS BtRMiculdAptéferred when using the highly
(benzotyriazol - 1-yl)oxybis- (pyrrolldlno) uroni um

aCt“’i(‘\té‘BGa@f‘lﬁ% BB SR & PSPty yalt \sRepling sreagsnisEPgrceoft is further
prefeh@& ullat kfo colipRg y&g&{t aahmsp RORinPSMillc ﬁﬁ?&@% fpoﬁ'nd capable of

her or second base reagent i s needed
formmracyvaﬁgd eqmrs,tm@redm@fmablﬁghagmepan aridie nugleppdilicnNchydpxy function

B0 L RE F ARG by PSP i

additiveeisex Bthydroay-befizoatazal- chnvam'ef(mmlchydmxyelfenmumpt detli?atowe) or is an

m no acid or am no deri vat.ive
Ny Bpzgirpeire ERyve, St <OGing Ty NADHEEY SGRERIS have been
descibed TR l@ge Ml vade h WOl4/0mot § &ind BPeS 19 182 AndivBoddtt Pedtng AisClosure
N, N-di i sopropyl et hyl am ne), N, N -di al kyl ani |.i ne,
is ingprpprgged by refgrrage horefod Examples Me gk yrhmmﬁm%@l% Nrhygregy-3.4-
v, t a AP -
dlhy(g'lr)gt Agp%,@gc&%frﬁkﬁg (P@OIF% 'Fg\Eo fne a%%e@ég:ﬁﬂlzgllegg{@At) and N
hydrf()@-btpﬁ}tmdvet(ﬂﬂBp)yr Ndxyd@)&y-bnwtnapmef deraialiyesi tfifsts and foremost
Il di fhe dse, of coupling additives, in
Hoqéﬁ %@fgﬂmggng%up |ng additives of the benzotrlazm
Amntoppm sals c@hﬁ)ﬁuﬂdsowfncc(@liﬂg Bddisinsk yre kopmajind THed nseuse coupling

chemiisst een leé%rnLgd Qorreu];s%arngee 91 (\.11@4%6684? ng the highly

it is

In a further particularly preferred embodiment, the uronium or phosphonium salt coupling
reagent is an uronium salt reagent, preferably it is HCTU, TCTU or HBTU, more preferably it is
HCTU or TCTU, and most preferably it is used in the reaction in combination with N-hydroxy-
3,4-dihydro-4-0x0-1,2,3-benzotriazine or a salt thereof.

In the context of the present invention, it is to be noted that HCTU and TCTU are defined as to
be encompassed by the term ‘uronium salt reagent’ despite that these compounds and possible

analogues have been shown to comprise an isonitroso moiety rather than an uronium moiety by
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activating, afore said uroniumor phosphoni um salt

coupling reagents. Hence it is further preferred that
wadees/cioedyl i ng reagent additive is a nucl eophi IRGI/EP2006/004192

hydr oxy conmpound capabl e of form ng activated esters,

more preferably having an a€idic, nucl eophilic

N- hydroxy function wherein Nis imde or is N-ac

memoélcgylstahm@wm abaist (Q- Medy; Yndhvo, preF edlkpiigio tHe U and TCTU:
New dé’éi'l? in n%e?eﬁo.r ﬁ]/_e_gﬁ{)/%ne%t '}ngyﬁm Yal g?gﬁg%‘[onf"zo Prese tatborn Gordon

roxy- enzo erivative
Confesn@nFdét- 12002 & \Chireica @ggi 2002 éZ(IiHr 4l\)ahm Weamidimohsubstituent on the
coupling additive N hy rox %e been
hetergeeic F45E a1 1 {4y SUARAIHP VYIS W 6% 10 75 ROeSHAO Rty it class

of cohthduRdid iMRRSR LeSAGhLYR ﬁb@ﬁésoapﬁ@niuﬁl a4 gents AbRiRY to the
reference hereto. Exanples are e. g

preset WyeitioRy - succi ni mi de, N hydr oxy- 3
di hydr o- 4- oxo- 1|, 2, 3-benzot ri azi ne (HO(Bt),
| - hydr oxy- 7- azabenzot riazol e (HOAt) and Nhydroxy-
benzotriazole (HOBt). N hydroxy-benzotriazine

derivatives, first and, forenpst t, gre. . 0
DeprfEridpa i e 18RS 4 e EFIGHT I SO PL BTG fEeiop s with 20%
pipefiditdini NLgheBH Hinbiph6Bnedh Qase b0 Pihod BEbniit). The! &6t dnfin® &idto Bithdded,

chem stry has been described, for instance in US480664

e.g. typically the Nrtermisnl Serinei of umagime Jypalésiar may o 9PN pasRtan Nijgrminal
proteU{l(gpérUﬁ!} Qﬂlemgﬁ pHIQE” éﬁ“nsﬁl& &B}Jlﬁ’(l)c' &greﬁcﬁ@gﬁ%e#lé_plg@fgctlon group,

uronfum salt reagent, preferably 1t is
thoughBThe, latter elaursb@r acmvymmtlm slttHdIrcLeJd oy POFgoupling avotylation of the

depr&eﬁeff,'de hﬂ:y al atnit uacxg %ﬁglﬁehﬁ?ﬁxﬁg%haﬁf}z" et%x%ﬁg,l %ﬁé In%} use an

roxy- 0XO0-
orthogbeih zp@:ttectmmgﬁmpoother than Friok efoe pfotection ofi¢heclast) dktermpihal residue.

pre i nvention, is.to be noted that U.and, .
Examgl i, BT VeI SOUPH £ TRCSUE BTG SpiaER, both being
select1Uél§’ RéHENaBR! froh GRPEM by PARNELydel AfansRGBBorL (GHRRZMErtinez, N*-

and possi bl e anal ogues have been shown to conprise an
Allog temmprappRiteptiingp polidiphnss Peptide sythesis gise @ﬁﬁme@pgﬂne complexes as

allyl %?&gﬁﬁ‘%?{?’r )AFE&L §4d uc}teﬂ&ﬁ l }Ii_s I1 gSﬁ@ﬁﬂ% the 'Dde group

ericio "HCTU an
(BycRdiaggaaht & ndvelvlybiop nmtﬂctlwdrowdﬂmsfqrisi’ll’sm fhiranchedi msdes J. Chem.

soc. i 2090 oty TGN AnfTAS" STBYETELI ToropRavle by
hydrzﬁﬁﬁoﬂi}fsﬁpyﬁild Gts Clafiio@al Vhdngpléduse shich as g;gammél gtmlpt(muc@meo 1,3-
dloxom tneZ‘FJ-Iy 1de1|163 etthh g‘Porug ltlam etn glex’}‘etralslgdcron %4 159598 p. 6817-6832; N-1-
(4,4-dimethyl-2,6-dioxocyclohexylidene)-3-methylbutyl, Chan 1995). Dde, its derivatives and
homologues are collectively addressed as Dde-type protection groups sharing in their free,

unreacted state a functional dioxoalkylidene moiety of formula III

m (-CO-),C=C(-R)(-OH)

wherein R is substituted or unsubstituted alkyl and wherein preferably the two carbonyl
functions are forming a cyclic structure connected by a -CH2-CR’R’’-CH2- , -NR’-CO-NR”’-
or —CR’=CR’’- backbone. Preferably, R’,R’’ are then alkyl or, taken together, aryl.
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of conpounds is terned 'guani diumtype subcl ass' of
uronium salt reagents according to the present
WO 200@nit7229n. Deprotection of the base | abil e NPGTEEP20@/004192
carried out as routinely dopne in the art, e.g. wth
20% pi peri di ne in N-net hyl Aorpholine in case of Fnoc
hem stry. The | ast %ﬁj o acid,to, be dd d

I is alspireadly sl 0 158 FASHIEN CsdteeRd oBRoRgRHl AFRICSpR g fug hich bear

the aaauorg,i b&RHf §fean%wgyof%nn&b berifidation bPElbe&ﬁEﬁtcb@ﬁrnyQ:HR)matography
her than Fno may carry Boc or readi

or afﬁe@t -iphprpyedt ététlda@‘h %Rgéi%c esingugieh trenersible pfinitydse. ﬂ%!ﬁés case, the
peptxg? %Hés 3'1&’ cleg Jdogtkﬁ d él)ll'%cl%él@} lnﬁ% (g)glﬁ{l}él'el aatvl)faﬂlg global

protec erm na no acl
deprcpambn okmnlﬁsuaalnl iy taktiggllaze athé W-teomealpaybelis eeledtively rdmged allowing
of su rgﬁ{leen(t: -t?.lgrlliﬁﬁglo lgég}e%@etjﬂna%( g%ﬁ@é&épgﬂ% (Pefg‘g}l)t(g e. %fn etxgr%ple of
such BfeGhEFbOferfafiR Aedctibel infEHIl RLPIRC YR HdS PRORIYRes. 1992, 40:370-
am nes), both being selectivel % removabl e from peptide

379 d4z¢l Ball €0glcak Ghspmaperaphn$ 3y P87 088 ( Gonez- Mar ti nez, N-

Al l oc tenporary protection in solid-phase pepti de
synt hesi s, use of am ne-borane conpl exes as allyl
Partigrarlypprefemod fog eltesprestnGineentiobdcto carriPenkfemovalanfshe Emoc group with

0, 1999, 2 2874) , e g Byc of et. al ..,
20% RFEine VR s 8B h ] TBROCatTR ol Spmaof Lifefethugferrd
coupﬂ%tdf #RRdc-ad-O ivpare cafelt@ Bt mﬂmé@boxﬂegﬂ&no%d co %lmg reagents

a di nedon derivative that is renmovab Y
in chnrazm 5Isglaeng for{H120tmin Fercaptigraing petissio godn @a%l ag goupling

timesfo¥ md,Nq ag Eézzluplrc(e ?‘g%’]lgé x: Jrrtlga Aouél'mg nlénlrydrm tests we[re carried out and

di oxol n gro I 'am et
if it Waxt p@hs&rt@ccﬁtﬂ:lmﬂ@/@ﬁ(eppatedsm: 6@32me jonditions, otherwise the process

was é&ﬁlgﬂu 9 3t¥]e¥| 811(? c?ug la%r i Snugly\glg(él)s( ( tﬁvgzp es)tl r‘r[ﬂoggﬁ% %/n aceérYatlbn step
was @fiddastit Witk IA¢,@dfd DEEvedr dimiladaethydfor Pappingahd duletiph @ejitiie chains.
sharl g‘? in.their free, unreacted state_a functi é)nal

3P 1%ﬁ§1/%?;§)(n§g RypeedBieias shanjapplied to repeated synthesis under
the s&n%nhgfgngor el ve kg‘%lvé‘ﬂ"s%ﬁ@én@e FositfonSNBablyt ¢HoRd o@ fesin was found to

unsubstituted al and wherein preferably the two
stronglyr m@nwcefaﬁﬁm@n@smnesm\fm eryphng prablamss ay ik exgneplified in the
expeﬁgglgglcsg&%nby a-CH2-CR R'-CH2- , -NR -CO NR'-

According to the present invention, the solid-phase comprises a PEG resin. According to the
present inventions, they allow of synthesizing tymalfasin or the difficult core peptide section of
tymalfasin in exceptional yield and purity. In the present context, the definition of ‘solid-phase’
comprises apart from the inert resin matrix the presence of an integral linker on the inert matrix

material, for linkage of peptide or for linking a further, grafted linker or handle.

Such resins have been described e.g. in US2003078372 A1l; by virtue of the PEG incorporated
into the solid-phase, such resins gain amphiphilic properties which makes them different from
traditional resin materials. The are known to adopt a ‘gel-like’ behaviour instead of the solid-
like behaviour of traditional e.g. Merrifield resin after swelling. This particular feature is said to

offer benefits of reduced cycling times in view of diffusion/liquid exchange e.g. during
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or-CR =CR'- backbone. Preferably, R ,R' are then al kyl
or, taken together, aryl.It is also readily feasible
wowousis221odi fi ed or tagged orthogonal protect iRET/EP2006/004192

groups, which bear the additional benefit of allow ng

of sinple purification by s@bsequent affinity

chromat ography or affinit roved 'standard’ RP HPLC
washipgj eRppEug Hlepwlrstian BERS Eff NQFQEB’ ta%&‘j’rd‘!‘%] t°( Hie Presgrteinvengign, such

{i

PEG pe% s qﬁo S ¢ Jlﬁggﬁg;hﬁr%g% Eigi\cjf(;e%\%'aa’fl ngﬁiff IQ{SIE gc%lg% ??Ug&ﬁ’?&%ps for a
peptqiru rdra‘sn@ﬂwaom in gn tuaizpergedp bynergistic tf@hNnteahmcml puur}oib)é )il@ld The

S ctlvel ennved al | of ,,subsequent N—t
term 3 Gt o o bR Y e o i B BGOSRl o 0
polymeri%rfesﬁﬁ( Sstprisinpfa Solgethen f:@)ol)hﬁérif:rw Blodlewpbgfme‘r‘ €lare at least — a PEG-
described in Ball et al | nt. epti de Protein Res.

type pajgether o0 PEGoRolgtipr A5sin @aﬁhortetThaﬁerm POJYC“Eﬁ Ao dgreatslaies in its
convét%%ﬂal Q8&e 735 8%ol R'E ailleﬁ&ll Aoiymds eERhr 64 e tpGI%'oxyethylene or

resent 1nventi to’ carry out renoval of 'th
polyeywlnmglmlt(BEG@%speqmeclvdpoimeﬂvuw polyexybputylepe sor mlmdrmolymers

theregtf, >i?llg?‘.gré:nt eéﬁlélma%l?s 03::5}1%‘}’% (lftc}%sg} ex18,(r)peo£§1[[1ern%9tg% léerbo%gl%nomers

(inchitry mORREkr ©ALLPbIBOthAE 8geiRY) Snot Beib/hestictell toipoBethsothemistry only.
for 60-120 mn. For. optim zing synthesis and

Accophingly,clie Apsit SAYEY R the ld-rhase mal by Qnsiived fige Parcan amphipili

polysBR&lel PE $nix&f t&In gel? Tenthgbll 36 USrribl)GQl()S)”mt PEGSpoRbfide or PEG-
carried out and if 1t was positive the couplin

polyestep srixes resing exg- t iempeapteals oh i §hem. Sepret 6sélg,h§083 also cp.
US5 gﬁﬁﬁz ‘fﬁ?ael innHﬁ&’in§ llI u?(fail? Ness ek GRURL ICH&UIEQGStablllty in

was st i ositive an acetylation step
particuds ia acndlcenieabams witerthy AaQ@nmacthBEAharofsmtioaal wsmh@g classic

Mo Gl RR R 0. CEURER PSP bR S5 TRLAF e AR o
lowef ﬁﬂ;ﬂﬂ;&lﬁﬁin@ymﬁmmddmﬂhem @atmtse@mtdamns for t he

very given sequence position. Notably, choice of resin
was found to strongly influence sequence-position

It is FI8& gbgslb?e E>%€|a' PEG REAP RN RasAech SbGIHRABY I hdfly bNa hBEPEG resin
experimental section. According to the present

matrixywithret layen of 2 sritablg[PES: nosin satesighpgi @e&a@s fRG Highilpad polyethylene
Acc rdln S nyeng i I
elve GESHLERS RO B F Rk H otlifess, bl Blboblmers 1998,
47:365%=380L on of tynalfasin in exceptional yield and purity.
In the present context, the definition of
"sol i d- phase’
In a strongly preferred embodiment according to the present invention, the PEG resin is a

substantially pure PEG-polyether resin that is more preferably devoid of any ,eventually further
substituted, polystyrene co-polymeric or block-copolymeric share and, again more preferably,
further does also not comprise any internal ester or amide functional groups but only polyether
functional groups. A substantially pure PEG-polyether resin may also be termed an essentially
pure PEG-polyether resin or a resin consisting essentially of PEG-polyether share as defined
above. Most preferably, it is a pure PEG resin or PEG-polyether resin. Preferably, the meaning
of ‘substantially pure’ is that the above structural definition of pure PEG resin amounts to at
least 70% of the dry weight of the solid-phase material, allowing of a minor share of polymeric

additions of other type. Such ideally pure PEG resin material offers optimal chemical stability
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conprises apart fromthe inert resin matrix the
presence of an integral |inker on the inert matrix
womweti7ad7, for |inkage of peptide or for |inkiRQI/EP2006/004192
further, grafted |inker or handle. Such resins have
been described e.g. in US20 3078372 Al'; by virtue of
orporat in

ond ST PSRRRL 27 Lo P S5h <SP il i ST Foc

synthe§i® 'NJtsz?}dhﬁ tHRNAdker [d8HhiNoNBeQEinAAA estd & anife BSHAMBritl€ln ithe resin
adopt a " gel-like'" behaviour instead of the solid

direcl ViR @mm@grat anddregrafied | linkero thaepeptidq arp aotraégwteéff% pince they
r o .

are n; eneH ? @il&klﬁg e r{éseiﬁlltdnl’%gorfhﬁgl\?%g%o& ?ff&,ft §RN definition of

‘puredPEG Ui tbis/régath Suc&nx‘q)hahgeghéy amplilic | PEOasshisragg offered by different

coupl i ng,, deprotectio S etg. . t abl y,, accor.dj
compaRepy B o MaTEn oG BT, TR fugiets FEuR ¢ Chamagin, Bige) or
VersdRathiXTN. OV Rof Hérpha10 Gid Qf‘e désthibeaué &, inPWI 0280 SI9E Tty enay offer
coupling steps for a peptide, drastically and in an

loading eappeitst afanore haa O wiriol s 548 ﬁ%heﬁMéﬁﬁmdﬁg% descrihedain@fore said
P t

wO’ 359%09 lrﬁsancgeeﬁg lmgg%,ﬁﬁgp:e tehseuch '}'ezsic’nergat\}blgagg ?ere}é%r{ag%&groal linkers such

as hy@bajtmethyb adioals yore degvede Qlereoé o'quasi-gativg’ ampmj-ylethhb rcarboxyl or

copol ynmeri.c ck. ¢ mer share, at
bromBRRy BF 9dPy Bl BB G R drs b 7 o Rpown srafied
linkelsh& HaRd168 fo0lsyled piekse fifkdgs 8Gchar €g. IVehrpl @AL) B-alkoky-benzaldehyde or

. conventlonal sense to pol yoxyal kenyl polynmers such as

RinkQr giebesamudedinkeiy | ene or pol yet hyl engl ycol (PEG)

respectively, polyoxypropyl ene, polyoxybutylene or

m xed polyners thereof. D fferent enbodi ments of such
Notablyas agfurthes lemeaypfsthe Slpnmgm&prpwtt?smf PEG repinigetording torfthe present

Cc r

inveddo o B8 886 ke o d REL 23,108, P8 SRkt Bourbiil Bcome o
cﬁtlchllbednltmnrstapahfpaxtwuhrmn sising didplebar andupribg of thia s¢rminal edp/Asn

e o TR S SR R Tl G e coupn

efﬁc@ﬁ@ﬂﬁ’ neastheR crifitaX @diduesSinthe Rq@nckardh 19128 as, fodnd tAlEb 1mproved
Chem Soc. 1996, 118, 7083; also cp, US5,9 10

thoughisps rengleredl gravial. Henggi exignrled %@@&I“PR?&‘F%%%“P@P& Pf:¥°é'ﬁt‘e No" 27 to the
resmadﬂ o%d Ake rﬂl&ﬁt}y whabiguirby wien ptﬁmg' PG Afesin aAE | Spetially pure or

la Is oftenly not conparabl to that of traditiona
substme;tsaillm puree PEG-polygdst eesivier Extendadd rdasesy tor yyieg)enopy/Bquivalents of an

FmocFa(l)nlné§Bé/15 %P@ug"i Bﬁgﬁn{egﬁmﬁ§% cﬁ}"r"‘%?‘%%?ah' gher

i ned because

t he PEG contents is decreased

Further objects of the present invention are the various peptide-solid phase conjugates obtained
in this way. The definitions and explanations given in the foregoing apply likewise to these

objects.

Such object is a peptide conjugate of formula I



10

15

20

25

30

It is also possible to use a PEG resin that has been
obt ai ned by grafting of a non-PEG resin matrix with a
wa 29&1172f7 a suitable PEG resin material, e.g. RJI/ERaG6#94192
et al., High-load polyethyl ene glycol -pol ystyrene
(PEG PS) graft supports foﬂosolid-phase synt hesi s,
Bi opol yners 1998, 47:365-380. In a strongly preferred
enbodi ment according to the present[invention, the PEG
I eR{Nys-$ y@ Gluel-vak GRI-Glu-AALGURER-Pol k2theRrar esi n t hat
Is nore preferably devoid of any .eventually further
substituted, polystyrene co-polyneric or
bl ock- copol yneri c share and, again nore preferably,
further does al so not conprise any internal ester or
am de functional groups but only polyether functiona
groups. A substantially pure PEG pol yether resin nmay
al so be ternmed an essentially pure PEG polyether resin
whereih eaclr @sino acid nssidke inty tes selividwually protdcteRlsGuppbicetethe R3 is a PEG-

. share as defined above. . Most eferably, it .is a pure
resingpkd Pass HOigh isSsearony ot frirery ke, RbAcy s kSt RigfX béing 0 or
1 and"RAN mlgdr@%en', aYyRstaithi @blpy o peptidySratilRal phdf@atiP@VRptidyl radical

structural definition of pure PEG resin anounts to at .
counfigg, less than, 585 prefrsably yeswéhagh%S #ning Hsidsigpifgpspppgs wherein, if R1 is a

: Jial j . 201, f :
L T

unprotedtest dnd| tho NFtermsinapefi sadl petidd mdical isfredhisl dcetylated og isyprothcted with
a mggqqlgql tibility and ease of handling with standard
P RV during normal Fnoc synthesis. Notably, in the
|atter definition the term nal ester or am de bonds
bridging the resin diyect|y or. via the integral and/or
Acco&l%ﬁ?’@ae%?rﬁﬂx dtl 158 WW&IYE@BFPH&‘“%H & oA BeA R g Yabrisp-Thr-
Ser-Se-GRENE-TRYTIRLI sNQD- LALEYs"Giu- St AUSeHA-AlCARSEL ARSI THS Ser-Ser-
features and accordingly do not affect the definition
Glu-Js-ThrgThrd ypsp- hay-kysi@u peHaber-Autia-AlpnYabAsp-FhgerySer-Glu-Ile-
LAE 1P ' - by di f )
e AL Af e Sl B B 0 B T e e rhp i named pfore. Ac
Acet@lanada (' Chemvatri x' brand) or Versamatrix A S. from
Denmar k and are described e.g. in WO 02/40559. They
may of fer |oading capacity of nore than 0.5 nmol/ g,
see Chenatrix brand resin described in afore said WO
. 559 for instance. For linkage of peptide, such resin
Linkgrg s dafjredt by Gritlsn. Omieopnd) Bradiketheny Rey- 440, 2091-2157, 2000 are

consia%dd SR MImItATics Protecting GRIubY 85l 4rbef188ffied into one of two types:
"quasi -native' an1no-netq¥l, car boxyl or
(a) Integral linkers in which part of the solid phase core material forms or is inseparably part of

the linker, both together constituting R3, and (b) Nonintegral or grafied linkers R2 in which the
linker R2 is additionally attached to the solid support, on top of an integral linker/solid phase
R3, e.g. for allowing of more mild cleavage conditions. Typical examples of integral linker-
solid phases are p-methylbenzhydrylamine (MBHA), 2-chlorotrityl (CTC), amino-methyl,
etc... Integral linkers are mandatory whilst grafted linkers R2 are optional. Typical examples
are 4-hydroxymethylphenoxyacteyl- or 4-hydroxymethylbenzoic acid.

Conventionally, the peptide is conjugated through its C-terminal residue via its 1-carboxylic

acid function to the solid phase or the grafted linker, respectively.
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bronmonet hyl or iodonethyl radicals for instance, or
may be derivatized by known grafted Iinkers or handl es
wo wp6/810237d phase | i nkage such as e.g. Wang, PACT/EP2006/004192
4- al koxy- benzal dehyde or Rink or Sieber am de linkers.
Not ably, as a further elenmddt of the surprising
properites of PEG resin according to the present
i nvention, coupling of the second am no acid No. 27,
Prefeaabryf, c]rgtimgsgetﬁe )f)ﬁesgnlfnsvén R eﬁlgngmt%es(%s ol“ tin?%lé&ghor of its afore
mentRAE frﬁgdﬂ@n@fanﬂ henztnﬁ mamabveaam s&k&rbhmsundMngsyf dengeermedast-Glu
to traditional resin B or CTC PS; DV
or of g {Crterminal &Sp OF S1SP A5 g%a%e%gv fu’ s Beafeln tBf Pfﬁ?s?i’éﬂontext a

Glu-A§Sprieasd Bl?eﬁt‘?l@ {1548 SBUB B Re B lo’ £J06H plate 35196@&? nheaH fich Eﬁltl’ﬁ@ls ofa

i nproved, though not rendered trivial. Hence extended
vanaamf/tmalfaepehatesjd@@mf theyCaerminal iAgn ef npjurabymalfagim gtarts with said

Glu rresx Iilen gecﬁaglé@%gf: nRalg taXchW%ﬁg rhgsogc%egﬁ?\m\gﬁg;}e%ﬁtr 1ggmg>x§cé’fﬁ01ent

, pure or
synthi§6> 4 ﬂirmﬁiahAEp feeidué that E)@‘nelﬁﬁ}é!ﬂwa lite Ibath&SrbbﬂylktSﬂlmgiorrm ¢he solid
equi val ent.s of an Frmoc am no, aci | onger couplin
phasg Pwegraftréfﬁn‘% ey bg PRy RENALE Frisalec rafier Rlepvagh Ry Woipy More

prefetdd® RESENL IFVRAIpORhRA 8s lshRab¥AploRidied PR AL affRk it function,
phase conjugates obtained in this way. The definitions

prefegably by pmeanmof @nterteiuid rprotactionegrPen df sidecrhaipanghored djageamide
geneltaﬁné p?giet%f}fy% grﬁl’éﬁ@nﬁ@é-g&ﬁemhﬁg AnikE ml'tl{jl%g&i‘e 1 HRakA1 product

after IcRavagy ﬁoinyrsmﬂ sucwainjdgale @y be@onsiddred @duerired a mmchauR@lchored
a acCl Ies | VI
Asn’ pars &e C ug atogli; Elsﬁ ) oatn e%’f‘g%{genﬁ? ing llﬁP%Eg(ngFes an? &# greferred
embd&hh?ﬂﬁs %f&lu&mdmﬁe génettiag linkére grealg. FRiAK amide RR-(1° 81’ -dimethoxybenzyl-
rafte i nker with x being r and R
ammamstmsla BROBYT TR LY q’GF regingd 5?3@3@ i 4, 2%3@ ?Q@?yf sjmiliar

9- amﬂ%mahd%ﬁyl-r ir6sls, PRY '?és'xd%QAll&ﬁélotehﬁn 1687, hﬂrﬁfPﬁﬁtaplloYem Research
| ess than 25 am no acid resi dues, and wherein, if R

30, 206-246)o ypothely lesp aifereed, cxemelei fnﬁpm!da@merﬁmgdwka@uaae the specially
s SR e SRS Sy B el L Bt e e
1265i19. Thesearei sxamples y)f Gﬁrﬂﬂl:-cmermmwbmpﬂﬂ)ﬂee dinkértgnougs from which a Co-
carbcg(rzlr%'ide %t Ige%gmg:d plxberalted upon cleavage of the peptide from the resin. It goes
without saying that use of such amide linkers is of course dependent on the type of solid phase
synthesis carried out, ie. whether is traditional Boc or now customary, orthogonal Fmoc
protection chemistry that is used for coupling; a Boc-specific amide resin linker is PAM, for
instance. Accordingly, solid phases comprising such linker groups are termed ‘amide-
producing solid phases’ in the present context.

Incorporation of Fmoc-Asp-OtBu onto a solid-phase, containing one or two linkers, using
coupling reagents (Albericio, van Abel, Barany, Int. J. Peptide Protein Res., 35, 284-286,

1990), has been described and may be applied in the context of the present invention. Usually,

uronium type coupling reagents are preferred for achieving this.

Advantages of this side-chain anchoring strategy are:
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Accordingly, preferably R is a peptidyl radical which
is Y-Ser-Asp-Al a-Al a-Val - Asp- Thr -
WOSp6/86227G u- | | e- Thr - Thr - Lys- Asp- Leu- Lys- G u-PCT/EP2006/004192
Ac- Ser - Asp- Al a- Al a- Val - Asp- Thr - Ser - Ser -
G u-I1le-Thr-Thr-Lys-Asp- Ld -Lys-Gu or H
. .Ser-Asp-Al.a- Al a-Val.- Asp-Thr-Ser-Ser-3 u-1.l e- . .
() IopRorAPE (8 i TR0 PO, BH, Tt WPBRT, HuEPTied b hgrather
quaniiti@veTHRINs NErol R HeHORINnd And theefoyd thel bdikeCFdag@s used for the
defined by Guillier, Oain, and Bradley, Chem Rev. . .
formatipg, of pemis bomicandgosedarle addition.dbs weorpprafien of pgparagine derivatives
into 4 WARP{yb | s fofni 238 Wit fSrmati
into 4 AR Y R SHEEDAEL 0| U0 AR oPolibicn (B8 pifBhmaion
of B-ofanddianireaf side-ghags@nide issmonptogcied |(KatsoyaBnioet al. 51958, Am. chem. soc.
inseparably part of the |inker, both t t her
80:2156?13?%1&&@%@ RS- RS9 NG h ATREEGIGS o _EF scpgpgrated to halogen
resind {hiS08H Bo4hd Neatbdx§lic bk barkSlantitle fufctRAdeddiRNBlsYf e.g. suitably
attached to the solid support, on top of an int egraF
proteptedh kKEmoes Apn(MbphQBe amBio acigs, tsating |fertiengproflempras the| gfage of
j tions. Typical exanples of integral
deprqq%cﬁl%?%g’leﬁtgﬂ%glggs are /?-nmet hyl benzhydryl am ne
(MBHA), 2-chlorotrityl (CTC), am no-nethyl, etc...

(i1) éégg-gg r'r? l&ﬁc{l{oﬁ#ﬁigtfsat%gvvﬁ‘fqgghg (ilcggalblg?s éB\ggaasIﬂ} g%telc{ill?gk grrmslps (tBu
esterét fdIVHE QXURENIE! SUNE BO Mfds€Wsidu®land w-carboxylic acids of Asp and Glu
4- hydr oxynet gﬁl benzoi c_acid. Conventi onarl y, the

residygsp iBujethers feropr agd e siderchaigh and gcidslabile Bogfpr L piderehain will
ilitakPhb Fifal sl GRI RM¥otbdeion Afekhlist Yinfphd IH,8 ARBEGsed. In
fciip o etk AT ABfokcan Yebhleh WA Qtvnfort PEASE ;O cRRBC e
contrast,cif Agh mgintawpdrited piith $mtyl, xamtyle nt 2,4,9;trimkdhoxgbandyb piogectifig groups,
.tw.l@%/lmail ftgsi n e%reotfadidlttfsna}f ore rgresnti oned fragenents and
WL BT PICEe5E R Vel %)? SI ¢hai n anchoring of the
second last-Au or of a CGtermnal Asp or Asn residue.
.....Second last-du' may nean, in the present context. a
(i) The prowine Srckpena Reptids %@1& ipigethe pdg-chain anchergectfatey ¥ill have more
flexiBifly! tBanAiR ARE1 -Srbd 1 ETRAChBBAD sthaRBY, tRYASE BR afcHRbing isRSulbR Bfe side-
~of “tymal fasin that is devoid of the C-term nal Asn of
chaimat ural tymalfasin starts with said Gu residue. -
Unexpectedly, side chain anchoring has been found to
result in nore efficient synthesis. A termnal Asp
Scheme$beloe tetrpitulags threainst preiferied motle ofsyhthesiaoboREE iresin according to

f ti .to. t L. | h fted |ink )
the isaRY msSdrct BTG {rBRRRE, Sy Pudtriins 80 g ouhodty pue

PEG k&6, Wherdfarliiker 1 is an amide-generating linker and linker 2 is an integral linker:
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preferably though, an Fnoc-Asp which is suitably
protected at its C carboxylic function, preferably by

womsesisl72d7 a tert. butyl protection group, is siPgG/ER606/104192

anchored to an ami de generating linker, preferably a
grafted ami de-generating |ildker; with regard to the
final product after cleavage fromresin, such

conj ugat el onsi dered and t d a 'side-chain
ancﬂﬁgéd %s C(gﬁl?’ﬁlell due to the usé of an

am de- gener@t? ng linker . Exanplgse@nd|strongly
preferredoe odi rents of such ‘amrde—generating |inkers

are e.g. 'Rtk ani Etfoc-Asp-OtBu

4-(2', 4Le eI Ng 7 phenoxy- resin,
Si eber kesi§ T\trgﬂ’@@%d??gﬁ'gtt. B7, 28, 2107-2110)
or sim Harl9-anm no-xanthenyl -ty esins, PAL resins
(Al beri ., 1987, Int. J. . Protein
Research 30 206-216). Anot her, | 6ss preferred exanpl e
for am de- erating linkers are the specially
substitute®Pxtrityl-am ne derivatives according to

Mei senbach™et al., 1997, Chem Letters , p. 1265 f.).
These are e (ipmpeaibing-BRB 2&®hem\st ry conpati bl e)

l'i nker grou carboxam d i s generated
or |iberated %%cha‘m@zs‘flgoug""gfeaigﬁnq ,peptide fromthe
resin. It g wi t hout saying that use of such am de
l'inkers is of course dependent on the type of solid
phase synthesis carried out, ie. whether is
traditional |EBEPEHNAGMF(EEY omary, orthogonal Fnoc
protection ¢henighd,®, bibat i s used for coupling; a
Boc-specifi¢ amde resin linker is PAM for instance.
Accor gi p@leted-2Rakitlofdases conprising such 1inker
groups are terned 'am deproduci ng solid phases' in the
present context. Wﬁcorporatlon of anc Asp- X Bu onto a
sol i d- phase, ' | teoTF: TFA S 2R 8kin
coupl i ng readen Ibericio, van Abel Bar any, Int.

J. Peptide Prg s., 35, 284-286, 1990) has been
descri bed and nuveb% applied in the context of the
present invention| Usually, uroniumtype coupling
reagents are pre red for achieving this. Advantages
of this si de-chnchori ng strategy are: (i)

I ncor poration of e first amno acid into the solid

S suEport is carried out wth rather quantitative yields
cne

(@)

(i1)

(iii)

ugh an am de bond and therefore the same reagents
used for the

Incorporation of Fmoc-Asp-OtBu onto a solid support (SS), containing one or two
linkers, using coupling reagents (Albericio, van Abel, Barany, Int. J. Peptide Protein
Res., 35, 284-286, 1990) .

elongating the peptidic chain with the rest of Fmoc-protected amino acid (tBu for Asp,
Glu, Ser, and Thr; and Boc for Lys).

acetylation



formati on of peptide bond can be used. In addition,

the incorporation of asparagi ne derivatives into a
woRINg11t7937e resin takes place with | ow yi el ds, RUATVEP20065004192

of racem zation and with formation of b-cyanoal ani ne

if side-chain am de is not %#otected (Kat soyanni s et

.. al., 1958, Am, che sqc, 80:2558). Furthernore, .

(v) Satast gk s PR RBL e S0 HL RPUE AT YR LB, BPecting groups, which
i ncorporated to hal ggen resins through both the )
164 hepeaed eutaiigonen igh pHS CaRTARATRNTALYUSR) OF dwRiistsPhdlow acid
use of e.g. suitably protected Fnoc-Asn(Mh)-0OH am no
aonepntraignesqlutiag fqllomed gy highepd eprcentrationsolytienje of
deprotecting the peptide finally. (ii) Side-chain
anchoring strategy involving just acid-labile
t Bu- based protecting groups (tBu esters for the
1-carboxylic acid of the first residue and
w- car boxylic acids of Asp and G u residues, tBu ethers
for Ser and Thr side-chain) and acid-|labile Boc for
Lys side-chain will facilitate the final gl oba
deprot ection, because sinple scavengers such as H2O
can be used. In contrast, if Asn is incorporated with
trityl, xantyl, or 2,4,6-trinmethoxybenzyl protecting
groups, it will require the presence of additiona
scavengers. (iii) The grow ng backbone peptide chain
into the side-chain anchoring strategy will have nore
flexibility than in the 1-carboxylic anchoring
strategy, because the anchoring is trough the
si dechain. Schenme | bel ow recapitul ates the nost
preferred node of synthesis on a PEG resin according
to the present invention for tymal fasin (Zadaxine),
nost preferably on a pure or substantially pure PEG
resin, wherein linker 1 is an anmi de-generating |inker
and linker 2 is an integral linker:Fm (i)
pi peridine-DVF (2:8) (ii) Ac20 DI EA Ac-Proted ed | ow
content TFA high content TFA Zadaxm
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Schenme | (i) Incorporation of Fnoc-Asp-QtBu onto a

solid support (SS), containing one or two |inkers,
woupeigt7eyupl i ng reagents (Al bericio, van Abel ,P(BAER20§6/004192

Int. J. Peptide Protein Res., 35, 284-286, 1990)

(ii) elongating the peptidil® chain with the rest of

Frnoc-protected amno acid (tBu for Asp, Qu, Ser, and
EXAMPLESNd Boc for Lys). (iii) acetylation(iv) cleavage

of the peptide fromthe solid support and renoval of

t he protecting groups, which can be carried out in one

Gendl Probhitne CRESONES SR Fhbr el o}UR o8, (i2tmmgen
SwitESRAGN Uh@r‘hl\ﬁ&xsﬂslslldt fréH Nmm&(ﬁe(@feﬁ& IBraf&day W-€BTrtCl-resin
Fnoc- Si eber-PS-resin was from NovaBl ochem

from( CBUf dlatrasn damecesWHET B framaluxenthomgnindpsiniese§idy ({elofhviv, Israel),
B A0 00 RIS AR S, S

| Nthuidtphages syinthdses (Wak cAxried, odtsmaﬁaﬂhh gllﬁ’ssoﬁmodzled'ltted with filters or
poly;%:rwﬁmaenslgglaﬁe? %56’ éﬁ%%wx %otg]wl 3 pscgs?ﬁ gglv\xgtls émd soluble

reagéh@l Wére eenived bysitibl) Q(fen@k'ﬂSﬁ tHeLm;ruel gdodp lvvasedmﬂ biit with piperidine—
filters or pol ypropyl ene ringes (50 nmL) fitted with
DMFa(2p&3|v;»@t(%y| lemi, S ingil msar Wastiagshehveen depspigction, coupling,
age
an, LGRS R RS bl HCUAPBrRP Y3 yh0EERGs < 0
min) (u21ng ezichmm]e, 1®@mk sdl@emigﬂesrﬂ. Bepﬁdemynﬁxesu\/%isfdmgstldnehmwwmshes were

PertRe o e OUREALFTADRR o SGGP R Ve oty BPFE of e

interhedlafes BbtAihed!Siten Qle@dfiIwith TFALOH0L(95:6) fb@ﬂlth/@n dligedtfaprox. 2 mg) of
Peptr de synthesis transformations and ywashes were
R rreRiny %?LQSCWGedSBhﬂ%%@ElE@n?c§W’§HY oufisofh6 x 150 mm, 5 pm

(coltérﬁlt JA? aﬁ)(h dofe tH6th ngt&‘@t(g%#(tﬁ }kF !rlq{ﬂfdc tvﬂﬁ carried o Hgtoon a Waters

nedi at es obt al ne cleavi ng with TFA-
instrfrB&1t Somipoising. tivo asolahi delofery( ppmps< (Waters) 523), ardeautomatic injector

ol B S B Rb UPTG BRI aspeigngas w215 o

220 W8] #dflinesn ghddi@nsSof(CHAENE).03650EFX) intaH, OIFEE04835 TFA), from 30%
arrled out on a Waters

to 100% in 15 min.

MALDI-TOF and ES-MS analysis of peptide samples were performed in a PerSeptive

Biosystems Voyager DE RP, using ACH matrix.

Example 1
Ac-Ser(tBu)-Asp(OtBu)-Ala-Ala-Val-Asp(OtBu)-Thr(tBu)-Ser(tBu)-Ser(tBu)-Glu(OtBu)-
Ile-Thr(tBu)-Thr(tBu)-Lys(Boc)-Asp(OtBu)-Leu-Lys(Boc)-Glu(OtBu)-Lys(Boc)-Lys(Boc)-

Glu(OtBu)-Val-Val-Glu(OtBu)-Glu(OtBu)-Ala-Glu(OtBu)-Asp(Rink-ChemMatrix-resin)-
OtBu

Step 1
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i nstrument conprising two solvent delivery punps

(Waters 1525), and automatic injector (Waters 717
woab@siael er), dual wavel ength detector (Wat erPCTAZIRF)6/004192

UV detection was at 215 or 220 nm and |inear

gradi ents of CH3CN (+0.036%6TFA) into H20 (+0. 045%

TFA), from30%to 100%in 15 m n. MALDI - TOF and ES- M5
Side ghaih pathoring qf FmdacatspiRinkt ChemMatripeesmyr By in a

Per Septive Bi osystens Voyager DE RP, using ACH matri X.

| .. . . .
A Rl hemMBIy BEip RS APV nZe G- it gy & e
funné rf{tleBwithSepdroBLYiskGTHE sy as subjected to the following washings/treatments

. He-Thr(tBu)-Thr(tBu)-Lys(Bac)-Asp(Q Bu)-Leu-Lys(Boc)-G
w1th|QHz§le)’3_>f_§)35( B’é@) _13_1\9,]:;‘ ((édtj)'-s min), and pipefidine as indicated in General

-Val- - -
roo RIS 05 R LRI E NGB G40 B ol 04
mL, &0 edquiv)i in@MF (Fmi) waspidaicd kKo BveniNbt HCXUNR.96 1g) 4.8teguiv) in DMF (5
Fnoc- R nk- Chenivat ri x- ' 0..45 |/ 59, 2.2
mL).rH e Wt lefdmsirmeshansads qrir e ths b ineg with DMF (3 x

0.5 iR AStheinflhydriDRst BS RURR. SAQDABSEHLL 9 ninl) 4l DIBW AF mL, 5
washi ngs/treatnments with CH2Cl2 (3 x 0.5 mn), DV (3 )
mmoy) i0. MFi(kg mLanvereidsed iand feét tasstir merhaaicelly fon 1Gapiar where the resin

rocedures, .an 5 0.5 mn). Then, Fnoc-Asp-Q Bu
Was‘?’iﬁ’ﬁdeafﬁd‘,’as%ede‘a‘ﬂ’u%&%é‘ﬁ'@ﬂgw4 mL, 10 equiv) in DMVF
SuccéQulmbadingere dederided 4sab lameest thy 4HGAdlg 3. 96 g, 4.8
equiv) in DMF (5 nmL). The mxture was left to stir
mechanically for 2 h and the resin was washed wi th DVF
(3 x 0.5 min) and the ninkygyd n test was negati ve.
Ac20 (0.5 nL, 5 mmol) and DIEA (1.7 nL, 5 mol) in DW
(14 nmL) were added and left to stir mechanically for

i el NG LOB] I | i o
HJW(%W >{ E éArgl Wa Vgﬁ% és; ur ’:ﬂé{a’\g@ﬁ%’@g@ de er}rjnGrﬁue(gt%us) e
Thr(tBy)-lil@Bi)-Exs (Bo.ci-Asp(Ot By -L 8- Eys(Boc)-Glu(OtBu)-Lys(Boc)-Lys(Boc)-
Glu(OtBu)-Val-Val-Glu(OtBu)-Glu(OtBu)-Ala-Glu(OtBu)-Asp(Rink-ChemMatrix-resin)-
OtBu

The Fmoc group was removed and Fmoc-aa-OH’s (5-10 equiv) were sequentially added to the
above peptidyl-resin (step 1) together with DIEA (3.4 mL, 10 equiv) in DMF (9 mL), by HCTU
(3.96 g, 4.8 equiv) in DMF (5 mL). The mixture was left to stir mechanically for 1-2 h, the
resin was washed with DMF (3 x 0.5 min) and the ninhydrin test was taken. If test resulted
positive (blue), the coupling was repeated, while if the test was slightly (brown), an acetylation
step was carried out with Ac;0 (0.5 mL, 5 mmol) and DIEA (1.7 mL, 5 mmol) in DMF (14 mL)
for 15 min with mechanical stirring. Aliquots of resins were taken after piperidine treatments.
At positions E27, K19, for each position a double coupling with at least 35 min. reaction time

per single and using 10 eq. of Fmoc amino acids was performed.
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HSer (t Bu) - Asp( O Bu) - Al a- Al a- Val - Asp(Q Bu) - Thr (t Bu) Ser (
tBu) Ser(tBu)-A u(OQBu)-11e-

WOTng/11Be27- Thr (t Bu) - Lys(Boc) - Asp( Ot Bu) - Leu- Ly s (PBIcHP2@6(004192
O Bu) - Lys(Boc) - Lys(Boc) - 17
GQu(OaBu)-Val-VvVal -G u(OBu)-d u(GBu)-A a-3 u(Q Bu) - As
p( R nk- ChemVatri x-resin) - g u The Fnoc group was
renoved and Fnoc-aa-OH s (S P10 equi v) were
sequentially added to the above peptidyl-resin (step

e gt oo oo ) 21 Bk ekl Orketae
Thr(:Bil)xrmtBu)was(BbefAsp@Bzgtlieu-ngham'cl)agmuy-rL]mgorf;é-Lﬂs(?c)-thtsu)-
vai- Il O R GL Pl R A faerp Bt B 08F  e

(blue), the coupling was repeated, while if the test

was slightly (brown), an acetylation step was carried
The fonil asktylldlioAGES cfibied owlwittbA&DD(0)5 Db ds ihfoh apd DIEAT(].7 L, 5 mmol)
. mml# in DVE (14 plL) for 15 mn wth nmechanical | ,
in DMF (}4 mi for AS ingjg stith ragehanicgl simpg,wherepiphydgp s negative. The resin
was deRGhd 8 5¢ WerEHuIRAL S At positions E27, K19, for each

position a double coupling with at [east 35 mn.

reaction tinme per single and using 10 eq. of Fnoc

am no acids was perfor med.s%)\e?p 3

Ac- Ser OBuj - AspW BuJ- Al a- Ala-Val - AspCOB -ThrCtB -Se B

-SerflB -GufOBu -11e-

B e

mvatrix-resin)-QBu The final acetylation was carried
One Q8 cldhvaBe AR QefifR ard kldbal RpfHERlidn 328 péetdifed. PoAidll of § g of resin
mol )-in DVF (14 nL) for RS mn Wltﬁ nmechani cal

fromstemr § iweee Plagreria the slassaivnnel itsd watdan pereus disle werestragtedepith cold
Fagl0 95:§A§5 )Tl W& ﬁggah s fREER off and the resin is furt hed

TeAfEOT3 30 Tofs KGR BRsTbRl abERof ang th rin it yos

with TEAXsHAS (9:5t59 (10 wd») GThe kymbined TFA solution is poured on cold fbutyl methyl

- 3 u- -VaI-Glu-GI.-A%?- u- ASn- | :
ether ()t S et e oD Gt B fseaptomng
MALPIGH-Mbe paled. 8€06. 50N Foa: per 3 m7msgM+egrti ons of 5 g of
resin

RP-HPLC analysis of the crude peptide showed that the product was predominantly pure,

amounting to 90% yield (Fig.1 ). Two minor contaminating peaks could be easily removed by

RP-HPLC on C18 Hypersil with 10-30% acetonitril/water over 45 min., giving pure product

with amost complete recovery of the correct product peak.(Fig. 2).

Example 2: Comparative example

Ac-Ser-Asp-Ala-Ala-Val-Asp-Thr-Ser-Ser-Glu-Ile-Thr-Thr-Lys-Asp-Leu-Lys-Glu-Lys-
Lys-Glu-Val-Val-Glu-Glu-Ala-Glu-Asn-OH (Zadaxin,tymalfasin)
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fromStep 3 were placed in the glass funnel fitted

Wi th a porous disk were treated with cold TFA-H 20
wO(®86/b723735 nL) for 2 h, then the solution i s FAVERP@D04192

off and the resin is further washed with TFA-H 20

(95:5) (10 mL). The conbi nd8 TFA solution is poured on

cold utyl methyl ether (350 nL) and the m xture is )
Expegmnntal proegdusss| as Feserilsed| in dExamples d| aad @d expgpidbatdimast $ieher-PS-resin

VAL D, - : calcd. 3 Q. nd: . .
o590 RienQ iRl ey 3Ruel o ERUD R erifficiin,
MALDIAOR-KS, palad 3¢ 06 9@ Fopnd:dati RENTA4y Mk &, Therpurity iand) yield of the

90% vyield (Fig.,l ). m nor confam nati ng peak .
curdepIOR % BSATAD by BEAELC By RPN DOPRE S APBRG (0 40% yield
only Wig ) W30 RCHEQRIN bt ikipwaEi&Qr over 45 min., giving

pure product with anost conplete recovery of the

correct product peak.(Fig. 2). Exanple 2: Conparative

exanpl e

Ac- Ser - Asp- Al a- Al a- Val - Asp- Thr-Ser-Ser-G u-11le-Thr-Thr

-Lys- Asp- Leu-Lys-{d u- Lys-

Lys-d u-Val - Val - d u- d u- Al a- @ u- Asn- OH( Zadaxi n, tymal f a

si n) Experi nent alg e &h ﬁaﬁd@E%,{,ged in Exanples 1

and 2, except that Fnoc-Si e%er- PS-resin (0.59 nmol/g)

(3.33 g, 2 mol) was used instead of

Ac-sé??rgfgG6y.-éﬂg@%ﬁ%ﬁ%@%@?@%-ﬂ%ﬂyﬁ%mr(Qid_)!tﬁu(omu)-ne-

+ . The purity and
Thr(BuksTar(gu)-LygBeanAg( O ey °)g\‘aﬁ(§f§lé)d”6 QL1 as
Glu(O@Su Vil V@G0 PO u B a)- AR Bu)t Asndfitp- 9i(BCHTARF&in
(Fig. 3), with a broad spectrumof inpurities. Exanple
3: Conparative Exanple
Ac- Ser (tBu) - Asp(O Bu) - Al a- Al a- Val - Asp(Q Bu) - Thr(tBu)-S
er (t Bu) - Ser (tBu) - @ u( 0t Bu)>9A k-

Ca —tihinhiBMnoHAE oh BLC xleaaﬁ,(g)@@ﬁg FASRAGKBH)-oLBcILisih Boc) - A u(
O Bu) - Lys(Boc) - Lys(Boc) -
GQu(OaBu)-Val-Vard u(OBu)-d u(OBu)-Al a-d u( G Bu) - Asn

CFHIRAG T S b ST T,
Franc®- @iith TinatGk - mads frof0 p@ygyrede- BAdivinylbegzendnbens phicéd timja 10 mL
polypcr:g-pc):llgnre osg'nrirll:fg%ht?&e% wi ag ’pog'%{hiylséhe filter disk. The resin was then washed with
CH)Cl (5 x 0.5 min), and a solution of Fmoc-Asn(Trt)-OH (0.7 equiv) and DIEA (241 pL) in
CH)Cly (2.5 mL) was added, and the mixture was stirred for 15 min, when extra DIEA (121
nL, total 7 equiv) and the mixture stirred for 45 min. The reaction was terminated by addition of
MeOH (160 pL), after a stirring of 10 min. The Fmoc-Asn(Trt)-O-TrtCl-resin was subjected to
the following washings with CH2Cly (3 x 0.5 min) and DMF (3 x 0.5 min). The loading

calculated by Fmoc determination was 0.8 mmol/g.

Step 2
H-Ser(tBu)-Asp(OtBu)-Ala-Ala-Val-Asp(OtBu)-Thr(tBu)-Ser(tBu)-Ser(tBu)-Glu(OtBu)-1le-
Thr(tBu)-Thr(tBu)-Lys(Boc)-Asp(OtBu)-Leu-Lys(Boc)-Glu(OtBu)-Lys(Boc)-Lys(Boc)-Glu(OtBu)-
Val-Val-Glu(OtBu)-Glu(OtBu)-Ala-Glu(OtBu)- Asn(Trt)-ClTrt-PS-resin
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France with matri x nmade from pol ystyrene-

| %di vi nyl benzene ) was placed in a 10 nL pol ypropyl ene

wosyné/nigee7fitted with a polyethylene filter di HCT/HH2806/004192

resin was then washed with CH2CI2 (5 x 0.5 mn), and a

sol ution of Froc-Asn(Trt)-3R (0.7 equiv) and DI EA (241

nm) in CH2Cl 2 (2.5 n%@was added, and the m xture was
The Emq greup wep rensovigdl nd Fimop-aa Qi s (1 pguiy)pwere sequentipilyjadged to the
o Q80 B T D O g oy Ty o
equivy it BMFaansA Blraufonuptio §ynti@esizerd3 38hweith 60 min coupling time.

Frmoc- Asn(Trt)-OTrtC -resin was subjected to the

foll owi ng washings with CH2CI2 (3 x 0.5 m n) and DWF

(3 x 0.5 mn). The | oadi ngtpal cul ated by Fnoc

determ nation was 0.8 mmol/g. Step 2

H Ser (t Bu) - Asp(Q Bu) - Al a- Al a-Val - Asp(Q: Bu) - Thr (t Bu) - Se
Ac-erﬁE WD) Bl Ml S 5000 B 1% 7 (1Bu)-Ser (tBu)-Ser(tBu)-Glu(OtBu)-Tle-

Thr (tBu) - Thr (tBu) - L s(Boc;-Asp O BuB)-Leu- L)/S(BOC)-G u%
Thr(tBy) (tﬁysl(yggetyzquyg)( éfy-@yqﬂf@%ﬂ,(@t u)-Lys(Boc)-Lys(Boc)-Glu(OtBu)-
Val-VRGHYOMB Y[ GB RN 1 11O BAsn A P ClA LIRS EEM) - ASD

(Trt)-A Trt-PS-resinThe Fnoc group was renoved and

Fnoc-aa-OH s (10 equiv) were sequentially added to the

above peptidyl-resin (step.l) together with D] EA (20 .

o B B e tpRoR Ben Pt MR 118G O o ARBREAfy mmoD in
DMFABImI Lf&:onrz%inqyiaysguaaﬁIxaﬁhalﬂsaﬁﬁangﬁé?e Ri@hydrih R ekAtive

time.” Step 3 Ac-SerOBuJ- AspW B - Al a- Al a- Val - Asp

t BuJ- Thrft Buj - Ser ft Buj - Ser OBuJ- d uCQt BuJ- 1| e-

Thr (tBu) - Thr (t Bu) - Lys( Boc)s-téﬁgp( QO Bu) - Leu- Lys(Boc) - d u(

O Bu) - Lys(Boc) - Lys(Boc) -d u(Q Bu) -
Ac-S¥r¢tBu)/Aip(GIBuj-BlaBAa-Val-A§ KI0BRH)-Thr 4B G Se¢ { (BB Per (BIN-Gle(Oy Byt Te-

) , ti ¢ . o . th
e b TGRS Aoyt 5%%%"?%“%@) RS pifoct)
Glu(@Bu)-Y8l- Yal{GlyOt Bu)<Ha(QtBr - Alserln@ Bwr Asnf i rgOHwher e

ni nhydrin was negative. Step 4

Ac- Ser (tBu) - Asp(Q Bu) - Al a- Al a-Val - Asp(Ot Bug-Thr(t Bu}_[-s
The protected; pertidle (fropu ytowsP (#boxeBy3s: ¢lpaved from the resin by TFA-Et;Si -CH,Cl,

- The. - - lu- -
(1:1 g%[ﬁ gﬁﬁstaéogéth}?é; é/?%%ozl)(:_ggg 2)n ﬁ?@ an%y )cmd‘ﬁlne lﬂ/zé(\ﬁé%‘i)artgﬂy ('teoved
under reduced pressure. Acetonitril (ACN) was then added to dissolve solid that appeared

during the H,O removal, and the solution was lyophilized.

Step 5

Ac-Ser-Asp-Ala-Ala-Val-Asp-Thr-Ser-Ser-Glu-Ile-Thr-Thr-Lys-Asp-Leu-Lys-Glu-Lys-
Lys-Glu-Val-Val-Glu-Glu-Ala-Glu-Asn-OH (Zadaxin,tymalfasin)

The protected peptide from Step 4 was dissolved in TFA-H,O (95:5, 5 mL) and the mixture
was allowed to stir for 1 h. Then the solution is filtered off and the resin is further washed with
TFA-H;0 (95:5) (1 mL). The combined TFA solution is poured on cold tbutyl methyl ether (25
mL) and the mixture is centrifugated. The solid is isolated by decantation. Then, H,O (5 mL)
was added and lyophilized.

MALDI-TOF-MS, calcd. 3106.50. Found: m/z [M+H]* 3107.98.
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AU OaBu)-Val-Val-Gu(OBu)-Au(QBu)-A a-3 u(Q Bu) - As
Nn(Trt)-OH The protected peptide fromstep 3 above was
wocloeevigee7f rom t he resin by TFA-Et Si H CH 2C 2 RCI/EP29@&)004192
(5 x 30 sec). Filtrate was collected on H20 (4 nL) and
the H2O was partially renowv8d under reduced pressure.
Acetonitril (ACN) was then added to dissolve solid o
The ¢ridet pusity et welddes dateymined WRP-HERG\Rerk argmcrmdyated 3¢ dispappinting

200 e, A AP s S e of i gmrony ghof, v (Fie
4). —-(l:atsﬁéﬁﬁqpetﬁ.tlﬁm- chlytSha Gblid-hy:sse Isynthesis of a shortened fragement (Lys19 up to

Lys- QG u-Val - Val - -3 u- Al a-d u- Asn- CH : .
Asn28 il AL PR P&j’"#ﬂ&"g’f'ﬂtt@&%aﬁ%ébw e Fliogiel pab phayp synthesis
oftenvﬁﬁctwlelﬁlsl@xln\’iﬁged EfteTE&bﬁgo%iQi&xgéf- V22; hrid-dons&tdtiv&uPlisds 22, K20

was al 'owed to stir for h. Then the solution Is |
and Kil9 tpseed tof be dighly frefficientnraquiring reapring vl stneacigi t ghains. Double

TEA- H2 5.5)..( 1.m), .The combined T lytion s i
coupliy Sealed Csehitg Yol and g OBBCEE JCPR dhhBRAF aid o
satisfadtudilyr @& etcome ethé rprdhlemat act. alldwdng od iestablish i Sgiifidaedy myore efficient
decantati gn. _Then, H20 (5 nL) was added and
Synﬂﬁe?%g’llﬁ‘f"?yz(glﬁ's)I\MLDl-TO:- MS, cal cd. 3106.50. Found: m z

[ MtH] + 3107.98. The crude purity and yield, as

determ ned by RP-HPLC peak area, anpbunted to

di ssapoi nting 20% proper product with a strong

background snmear of mnultiple inproper chain variants

(Fig. 4). - Careful repetition of the solid-phase

synthesis of a shortened fragenment (Lysl9 up to Asn28)

wi th manual coupling .and.ni nhydrin testing after every
step shoved ¢ nat EMERRICRPRAMIL Bl o Poct | vel v

term'ntﬁgaeft rjlpcarpQrtatign f:(Z_ér; three
Ac-SerpapAly- -ee'aﬁg{-ﬁfﬁgge%gﬁrﬁf&ﬁ&aﬂ&'f L ysATpd ey spai-Lys
Lys-GluyKplyV plfatur Glu-ala G “r"%%ﬂ]pﬂ Ggdadipfymgifasnlins eact ed

chains. Doubl e coupling, elongated coupling tinmes and
ExpeliftleRtd! PRE&IURY: es@ntifiliPss AMuaeritQl & EhathplQt2, except that Fmoc-Rink

satisfactorily overconme the problem not allow ng to
handlgsas tihdogteratédyrmits MEIA kepinrdrmectiefipanghiydntlansipe resadilson pelystyrene-
l%di\</\lauxXllb(31'1:zlegé b?s)is‘, @/@%Lh%m '.“, m%e%hﬁﬁ, FxﬁMLﬁOtBu was side-chain
anchored as described in Stepl, Example 1 onto Rink aminomethyl grafted linker after removal
of Fmoc group of the Rink moiety, loading was determined to amount to 0.66 mmol/g.
Couplings were carried out with HCTU (10 eq.) for 35-min. with double couplings at positions
D28 (i.e.N28), E27,E21,K20,K19. One step cleavage and deprotection was carried out with
TFA-H20 (95:5) after acetylation has been carried out as described above. The crude purity and

yielded obtained, as determined by RP-HPLC, was 27% (Fig. 6).

Example 5
NH2-Lys-Lys-Glu-Val-Val-Glu-Glu-Ala-Glu-Asn-OH (fragment 19-28 of tymalfasin)

Side chain anchoring and synthesis was performed on Rink-Chemmatrix resin essentially as
described in example 1, except that no double coupling was performed at the sequence positions
indicated in example 1 but a uniform, single coupling time of 35 min. was applied. Deletion of

the Glu residue No. 27 could was observed as the only but dominant chain termination
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Ac- Ser - Asp- Al a- Al a- Val - Asp- Thr-Ser-Ser-Q u-11le-Thr-Thr
-Lys- Asp- Leu-Lys-d u-Lys-
woLnge/ad7ee7Val - Val - G u- G u- Al a- A u- Asn- CH ( Zada>X®(T/EP2006/004192

tymal fasin) Experinmental procedures essentially as as
descri bed in Exanples 2, exdept that Fnoc-Ri nk handl e
was i ncorporated onto MBHA resin

byprdéctie tHeyHRi€hdiagramy(Fiag7)neAs ses forthlin exampbol . yhis Yyrsediictgould be
di vj.nyl benzene bhasj s, Novahi oche , Merck/ Ger many),

S“CC‘E#BQX %@Br-eﬁeggy Wétgnds? ?’cf &g ﬁgicﬁupg‘ﬁl E ﬁw{ol!rj;% as described in
Stepl, Exanple 1 onto R nk am nonethyl grafted |inker
after removal ofgsafiple @roup of the Rink noiety,

Nﬂzlﬁa%ﬁmmmalﬁke}l-@lmmﬁmlamlmuf@wfﬁ&?@(ﬁ 19038 df@ymalfasin)

Couplings were carried out with 10 eq.) for

i B gy S R LBk 3 Bt 1,

that IRG-MBHA rain fivars MillipoiecW aterst (MeO] PEG000HC0-QSEMBH AaP$ -gesin,

. .acetyl ation S en.carrj 0 as descri bed abo
similgg T B IATE 5 Ay B EEC R Aot S oupiatts o GhPhase
synthedis, Bipriafth&t wad@fafidd ith &IRInk Sminom¥@HinkedwdN employed. The loading

-Lys-Lys-GJ u-Val -Val -d u-d u- Al a-3 u-Asn- OH _(fragnent .
of thqgmzé’%?rl\%%msw%)detsmee%wah A-Sa erdie: Prpciflyy double couplings
werez,gﬁ&lax%a aPhYRBRE pr!i{iEEQ 2R, B2 ,Wéﬁoglgrrmt drhde Jusi) 4hd yield

sentially as described in exanple 1, except that no

deterghaneid |bg RPSHIDILG aoymied &2V Figed)-at t he sequence

positions indicated in exanple 1 but a uniform single

coupling tinme of 35 mn. was applied. Deletion of the

G u residue No. 27 could was observed as the only but

dom nant chain term nati onbyproduct in the HPLC

diagram (Fi.g 7). -As set forth in exanple 1, this

bypr oduct coul d be successfully suppressed by

ext ended, repeated coupling at E27. Exanple 6

Nm Lys-Lys-d u-Val - Val - d u-d u- Al a-d u- Asn- CH

(fragnment 19-28 of tymal fasin) Side chain anchoring

and synthesis was perforned essentially as descri bed

in exanple 1, except that a PEG MBHA resin from

M1 1ipore-Waters (Me( PEG 2000- CO- Or n- MBHA- PS-r esi n,

simliarly described in Kates et al., High-I|oad

PEG pol ystyrene graft supports for solid-phase
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synthesis, supra) that was grafted with a R nk
am nonet hyl |inker was enpl oyed. The | oading of the
WORI0p&1IPEG- MBHA resin was determ ned with 0.55 Pamir2006/004192
Speci al |y, doubl e couplings, were perfornmed at the
sequence positions E27,E21f¥20,K19. The crude purity
and yield determ ned by RP-HPLC anounted to 92% (Fi g.
,82.Clains 1. Peptide conjugate of fornula I R
Claims ) s | ys-@ u-Val -Val -G u-G u- Al a- G u-Asn--R2 - R3
Wherein each am no acid residue is individually
protected or unprotected, R3is a PEGresin solid

p i ' iysing an integral linker, R2Z is a
1'gra Fggghﬁ%wg?fﬁitﬁ } being 0 or 1 and R is hydrogen,

a protection group or a peptidyl radicaly, preferably a

pept i dyl L adi cal \/SoLnt i eSS, ref.erably

PR S-SR VBRI GG ATH anlgg V\,hEr R, i1 R

is a peptidyl radical, the individual amno acid

resi dues of said radical are individually protected or
unprotected and the N-term nus of said radical

free, is acetylated or is protected with a protection
group Y. 2. Peptide conjugate accordiqp to the )

pr Wheran sachamipercid rgidye tsandividpallypratecssd arpapigtestedc R3 dyp PEG
OrRYR sofid pha@WHICIDS chPYiling #h iMdEral iker, #2Q4P grafte BRfker with x
group or a derivative of said protection groups,
prheingrOxs|1yand Rd s hydmgen.c prpteetiohranenpor a Peptidyladicgly prafsrably a

t . [ ' h ever sj :

aitP PGSR PRl infheTplshoh 4o, Blerinn P fip SRS Bsigues, and
s wwheadih,ef R hisampepuidyl egdival, shel indlvidadl mminoraeidaesiddes oBsaid radical are

Pept.i de .conj ugaj e according,t | ai m 3, .characterised
s B Rt G PPERer s b S or SEbRR i s
afdcbtilatedd obispebta@ed Witledplotdb groged- metal affinity
chromat ography solid matrix material. 4. Peptide
conj ugate according to one of the precedi ng cl ai s,
20 LG @hjus e dclbrliiigfo R pteSeding claim, ch ised in that th i
VI SRP GRS sftrbiiElo Gt piefpding coimcharagersed i i heprotecion
L yesoyhshis andimoc\eseup) aDde-type group, a Boc group or a derivative of said

protection groups, preferably a derivative of a Fmoc or Dde-type group, that comprises

a moiety that allows of reversible affinity binding of the thus protected peptide to a
suitable chromatography solid matrix material.

3. Peptide conjugate according to claim 3, characterised in that the protection group Y
allows of reversible affinity binding to an immobilised-metal affinity chromatography

solid matrix material.

4. Peptide conjugate according to one of the preceding claims, characterised in that R1 is
Y-Ser-Asp-Ala-Ala-Val-Asp-Thr-Ser-Ser-Glu-Ile-Thr-Thr-Lys-Asp- Leu-Lys-Glu- ,
Ac-Ser-Asp-Ala-Ala-Val-Asp-Thr-Ser-Ser-Glu-Ile-Thr-Thr-Lys-Asp- Leu-Lys-Glu or
H- Ser-Asp-Ala-Ala-Val-Asp-Thr-Ser-Ser-Glu-lle-Thr-Thr-Lys-Asp- Leu-Lys-Glu-Leu-

Lys-Glu with Y having the meaning named before.
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Ac- Ser - Asp- Al a- Al a- Val - Asp-Thr-Ser-Ser-Q u-11e-Thr-Thr
-Lys-Asp- Leu-Lys-d@u or H

wOoSme/Bgpe7Al a- Al a- Val - Asp- Thr - Ser - Ser - G u- | | e- BOT/HI2066/094192

s-Asp- Leu-Lys-Ad u-Leu- Lys-Au with Y having the
meani ng naned before.5. MetZBod of synthesizing
Thynmosin (Xi, a CGtermnally truncated version of
Thynosin ai conprising residues 1-27, an N-termnally

5§ g\%i?tg(g etgfdsij\ét_gc[zszzlu&oﬁnf@holmdm % ggerﬂliﬁalﬁrwméaite%i J@%ioe?ltof lTZl?r'f’iEsin o

runca versron conpri si ng
| e@dsiprisieg tedidass 1197, 21a Nfenimirtally eurdatetogisionsdf Thpmasis ol i d

hase conprising the steps of a. coupling a.suitably.
Sr%ﬂ@&fl@ggtﬁﬂme%ﬁw 1&1@6@?&‘5“"6?‘6‘#@5%‘?{‘9%&3&&{?3% siigues
a B Jefintte ?9%&;195@&1%% ok ﬁmsP&%grgﬁﬂthé stepbef er abl y

sel ected fromthe group conprising polystyrene-PEG
m xed resins, PEG pol yether-polyester m xed resins or

PEG pol yether - pol ] j ' i .
e RO B ST BRE G, FRIDE Al i
FMOC s yhitolPHG resingokd phasér@hieh @EGabsn i3preférably deledtetifadém the

am no aci ds mm eriva:)l{&él d.with. su

| be [ tabl e
o1 o1 oo 103 GBS RDOBETONAT Mot B S R Sehe-folyspter
N-t er mgfiadd ke§igd SSEPFydher GbBamide ik direfdnd @ssehtiMpure PEG
the resin 6. Method according to claimb5,
char actrestissed in that the peptide synthesized is
ol KeBlr B ARGA EaBRRIRROR symdess wherein g sige chaips of
Lys- As padiegdudl wminGl agids ysy by derSatizedayithsuitatd® pro@ctongrauis
u- Asn- aS.V\/nﬁr ein tthetli{nlditvlllgéjn%li a?HJ no. a id chains are
unpr &t QREAsITY Acetylating the lay N-termual tesidie and =y et hod
accoddichgvihg thelpaptideFronctharat eri sed in that the PEG
resin is an anphiphilic resin. 8 Mthod according to
claim?7, characterised in that the |oading capacity of
the PEGresin is at least 0.5 muol /g and whi ch PEG
resin preferably is essentially devoid of polystyrene

6c Mpibpy mspidingsp slaisn 6, chiaetigepd e et le peptide syahigigedris Thymosin

gpcgql%kgme%g&eh& that the PEGresin with the exception

1-Ser-Asp-Ala-Ala-Val-Asp-Thr-Ser-Ser-Glu-Ile-Thr-Thr-Lys-Asp-Leu-Lys-Glu-Lys-Lys-Glu-Val-Val-Glu-Glu-Ala-Glu-Asn-28

wherein the individual amino acid chains are unprotected or are suitably protected.

7. Method according to claim 5, characterised in that the PEG resin is an amphiphilic resin.

8. Method according to claim 7, characterised in that the loading capacity of the PEG resin

is at least 0.5 mmol/g and which PEG resin preferably is essentially devoid of

polystyrene co-polymeric share.



the integral and/or grafted linkers is a substantially
pure pol yether-PEG resin, preferably that it is a pure
WOPHG/piokaret her resi n. PCT/EP2006/004192

24
9. Method according to claim 7, characterised in that the PEG-resin with the exception of

the integral and/or grafted linkers is a substantially pure polyether-PEG resin, preferably
that it is a pure PEG-polyether resin.



