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Method of peptide synthesis The present invention
relates to a nethod of solid-phase peptide synthesis
for a peptide that is unusually difficult to
synt hesi ze, and to respective peptide-solid phase
conj ugates. 5The chall enge of solid-phase peptide
synthesis is that despite well-established routine
‘Wﬁg%ﬁ s,exist, successful and efficien syotiesisoiis
Y dependent on the very peptide sequence to be
synthe3|zed Sonme pepti dd sequences, drawn from
natural peptide or protein segnents; sinply do nuch
Meth @} ofpedige $ytesiot hers on the sane resins nmaterials
used highly succesfully with a | ot of 'nornal
peptides. In the literature, oftenly careful i .
The picsrat inventiongelasts 18 8 mpdRe obspid- B Ieaide B%‘e’ﬁmp’nr”b?)%egtédc? thay s
unus\ﬁél@\mtﬁéult Ws@r\(tﬁe@&é REH tb Aspdori @ popiide 208 prRgabajtAtean t he
resin by virtue of beta-sheet formation. Still then,
sol vent engi neering using dichl oronet hane,
The- Nia"&%@yﬂ sbmﬁlﬁéél;ieﬂmﬁ @ynﬂfesxdi's At feppifcorerastiblitied @i trgtibdsy
supplenented with heli Caigy%tr ctur& st abl &e Nce to be
existy gicgepsih gk efiigianasm s dsghly degerdent 8% Pp ¥R P et han ol
syntheSizda@r from providing a general renedy for dlfflcult
peptides. Thynosin al (international non-proprietary
pharmaceuti cal name: thymalfasin) is an Nacetyl at ed
Som@ $eptié sqaeatds Odradwo from netutah atptide orupresein 1segtanss, [simpéyhdo much
l-and and_ | r al”
worgs BB PET 9% e o5 o1l PG ] Skl i AR oo
peptﬁlysn s litsrathmsofivelyreandisl Ere s efplvant Fylemyas Sepp PEpRsd in
wew_lxﬁ’ I—Qv&ggé a%} &aﬂsagé}ggaa& JHe rcéijﬁlgpmﬁ)&ﬁ-hettfm:mon. Still

am no aci d sequence does not off

“lengq°9'ent nmmnns ned Felarpmething SURAMRTLRS sr ety formamid,
evenkuldﬁ’f tsﬁp‘ﬂféﬁ'l_lmtéde Sl URlital sBu@hrasiiilisaly SERIRN bolrOsoPlentn Guch
approach in a stepw se appr %%Eﬁbg.égntp sis. 25
uiflyopotfiapol gt fagifom prpyidiBg gengp fom PERPI%EH95- 1097)
descri be linear solid- phase synthesis on a
WAng- pol yst ne reS| pI|n s
Thymapeina g et el Kt PR a°‘*<‘:’o°dy| q“‘ﬁ’t" tfth G0 -
acetylated 28-mer peptide hormone that occurs in the human thymus gland and is used a drug to

treat chronic hepatitis B.

Its linear full-length solid-phase synthesis has been described early on but suffe;ed from poor
yields up to now. Unfortunately, the Thymosin @; 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 eaeh‘coupiing
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‘
acetyleted 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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with BOP reagent in DMF by neans of Kaiser Test, only
after every fifth coupling capping of uncoupled
pepti de by neans of acetylation is done. C eavage of
the protected and termnally 30 acetyl ated pepti de.
defigroml tchee pedich, Visld achicevtetasip phoubridétt ralnbdhasaliruoig
aci d I q S8, o
B LL GG reapIFEERE FEEo phER| R Aok I AR R
HRI 6} Nfemlédutm‘gﬁarpi Ecitpirtraviogust fustohiadiceet hyl et her. The
precipitate coIIected inthis way is quantitied and
is 2 designated 'crude product', yleld is calculated
A grsbler vativdighiter' ot 2PP89%60 1 teh inyompinéy dafteeypling [pflipg to shortened
un&@%&@@&&&[@@gfl&ﬁﬁ s%ﬁﬁ iyﬁﬁ&stsoﬂ ngﬂc act;c!%xgte@ %&@?tlx@@gg%kalb 0.
ert by reverse ase HPLC. No yield
‘Ciude progict atresdn ge W’F@ Iﬁ?ﬁ‘rl‘bc awe@%egalﬂqﬁfu%‘lﬁabtsmﬂﬁ@a ingluding
ch&QQL e R dRahnek dﬁep@ﬁpmmr |p§n@§ﬁbt1de%€ém@(ﬁ Glof linear
e

chai n” coupling, | ea % to shorten undesi rabl e.
syndisti 6 we@levwhﬂa feding iith Aiftisy menvidsi gler@ehiofehae damRpiedre
an)f iQdicaibh ehRidE ﬁt'n‘iiﬁda %lrcﬁwt Alud Mihinca, Golkel &:yﬂf?@dldﬁrbmatagmw ava

to every peptidic species o talned uri nt.hesi.s,
i R Ea T REBTRTETET § (o B BEPRPAI ey TR oo hs
:hnagmet,de;hezﬂmymaﬁar pwaﬂyyvep,em iyidids ebhioatan padder, © farte areast
ealln gmtlw difficult

nt hes
m%%“ﬁfﬁeaté% pm'dgﬁctt E’a}ém% ‘l’pn% (el Tier %%es not give any
i ndication of yield of purlfled product thus

An&gebr ?rc Witﬂ%h&é?’s Qﬂl}}é agﬂp hctm Qiﬁ;@lt Igggs%ﬂﬁsgﬂf ei'ﬂQé ﬂ:ﬁ cgﬁmn

i"On a5 1< routinely done in
3¢ pm)va lngimwéthp t\’x)@xmfrcsslym&h@%@ tormifah apige a%ﬁ&‘éymftsheh which is

an §s¥: J‘%ﬁt &? Iéaﬁ %hx%t“ ac%%bcsrigb 19 lxﬁfx%%’g,%% s @)[téémkl?‘i\éw Fmoe-

cor ect product, a largé array of inproper.

As@@ﬁtqm@opy@é@@%mmﬁ& g aid st boovsed fre Ieding af the resin

wumupxqgm 1is PR REdmPLEQDtRMM th Echner’ s approach which
t he author rai ses hinself (p.1095, left columm, 3rd

pain) is loading of the Wang resin with the
it isht GThPAle RB0AMEE & Bbschh ik BARINMo Alevdbhie InpiBva@nsolid-phase
aspar agi ne; the Ioadlng Echner achieves is 0.15
synthesiotog Thmosih oii-sTlexaimeifsplyed exhe method of claim 5.
FnocAsn( 4, 4' d|rnethoxygaphen¥lrnethyI+CH amno acid
must be used for | oadi ng'6f"¥he resin without running
ri sk of degrading side-reactions. It is the aim of
t he enbodi nents of present jinvention tq devise an
In ohqgspesfeilicrs o PigY 193 ECRNASIRBIEEC PO HIpTosi n al . This
aimis solved by the nethod of clagmb5. Summary In
Rothes-bspeiotVal-Vhleph-Gls-Ala-Gluribad 82 Rde conjugate of
formula | Rl-Lys-Lys-Qd u-Val-Val-G*ur-d u-Al a-d u-Asn
- R2 ix R3 Wierein each amno acid residue is
i ndi vidually protected or unprotected, R3is a PEG
resin solid phase which is conprising an integra

linker, R2 is a grafted. |inker vgth X being.0 q; 1
Whprein Rick pinn %{%ﬁs is papidpiE ericR GrEtp=Er % 5A‘t dyl
re5iR 6HiE hzse WHI] i©ESBting PR REkIdYker A s@kﬁeﬂ Gkt witgx | ess

PO SR LS 2% 210, ekl s

pelpiOt Miichl adun@dyi e daeise pfe@ﬁuﬂ'llﬁsﬂiﬂf 25t amachs:d@ds aat e

I ndi vi_dual | oteqt unpr.ot ect ical are
R %Ehﬁfs?%?ﬁ{sal C£ ‘g fmap‘g M“B% rglgdé‘g;bgéz%{/@dat ed or

: mmSM@MQpﬂmﬂaﬁxmanmaabméHeﬁfPommgm&aﬁﬁﬁmﬁlqﬁwls

acetylated or is protecied with e protection group Y.



2a I n anot her aspect, there is provided a nethod of
synt hesi zing Thynosin al, a CGtermnally truncated
version of Thyrnosin al conprising residues 1-27, an
N-termnally truncated vergion of Thynosin al
conprising at |east residues 19-28 or a truncated

versi on conprising at |east 19- 27. of ture
Thynuibhm s Corinereosl 1TV ithde TR o G i ST BRRUE @ @ C-
R Gt RembVRG: @it HW%A&@ all
%1m%t@&t&ieg&ghg%ﬁhg&g&P‘h&; rlggl n SO|SI clJI’l ephase i
wbnccatbdpﬁ(ﬁsmes:uf nT!n)&lqsrneﬁeﬁaimpySIB@IaééQaéH respyRg t H@gg‘?loﬁﬁr““m’ad

TP P B LSRR B A o n o

dylﬁﬁbe[lrepﬁlapsaﬂf de coiptiad o esitably amdoessEMIGOLY PdPe-Asp or

e L L
A6 BB uR CoffisHat b@gdyehd-RESUIMI &l £sE,0PEGT pafether-polyester
groups €. optional Iy acetyl ating the la

t nni
mesiddasnandP o mlygfw-@g y@lﬁ@ep@ﬁ@ii a?é;nysra@a]efssﬁgthl ShUge %‘EG resins
hald 0 VARG HeNGielDatibef individual
DL S8 BLLPE FIRRILRILS st Achdor it
. 8@lnothcplRasey Hdﬁd'm&timdcwh ovitehlepro@eiimaPiys ¢ rahellsgeetylating

[
e dreavB) e abiar ey e oreie Fopll B "o Y

or an truncated version conprl sing at | east residues
19-27 of mature Thynosin onprl si ng
the steps of a.co t@‘ﬁé%s’%‘lﬁ“f %% tﬁﬂ%{m

FI MC- G u S Lonto a b

e i e Sf'%ﬁéeph%%‘fﬁyﬂ@ wifors

@Qﬂ‘iﬁﬁdﬂs h&@atﬁDbdjﬁ&xy&’o&tp&s@@z@exb@? eS| Ne;grmupﬁgumcated version
et h es 97 of

SRR G SRl Sl PR ey 7

zﬂE@chpma[ wstavzecoémmmwpmmﬁzooeloomgz 3 b.

el ongating the peptide chain by FMOC synthesis

wherein the side-chains of individual amno acids may .

be deri vepiped ity stierabF Gt sEfMEqgr 6‘6%%6 gato @ 5

opt i onal Ly, agetybas Rgn tihgrdrasly st:cie@rfannﬂJc Jr@5i ett@rising

and d. cleaving_ the peptide fromthe resin S
poiystyremg—PEG mfgedpresms PEG poiyether—polyester mixed resins or PEG

polyether-polyamide mixed resins and essentially pure PEG resins
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The present nethod allows of synthesizing the
thymal fasin peptide in unprecedented purity and hence
high yield in a single solid-phase |inear synthetica
approach. According to the present invention, it nmay
al so be feasible though to synthesize only a
Ctermnal fragnent on a solid phase and to
WeNg 2t e any full-length peptide or an P&F/EFRAE41%
| onger version of the peptide by 10 segnment coupling,
using in one preferred enbodi nent coupling of an
N-term . v
wnbon eansk BOPIRER S LFAMEC SRREE WEkn R SRl of
pseudo prdyidus] @migip pegstray de Aetvifizeld ‘(llvv;hlrabléwmwctwn ZPUPSAM
Chgm %%nal@%&tyla%gg}tﬁé last, N-terhin@ k&ledddny . the peptide to
be synthesi zed hynosin al (also refered to as
mat-ur e clegyingithggertye iy s€3si al as to di stinguish from
precursor pepti des) having the sequence |
Al a- Al a- VaI-AsB Thr-Ser-Ser-Q u-11e-Thr-Thr-
The el S PO PETRG Rl P ST PR A5
henéeungﬁsgﬁuc?_ﬁ AMIRIeQbRY-ghag linedisydodtial appradhOAcBidthg ad e Ii}ﬁ:sent
ar e un rotected I sur ably ? ecteE as need ..
v 305 89 Gt oo e 1 PG Y & AL g Pl g
pha@Snd & GDANITR MK mwrb@dgmpmd& o e atdléalst l(nigeleveBﬁbd anh i peptide by
for.instance refe [
sesp it 7 gRaEergr P e Sl Yt N T B e
having mefarens-yaﬁtsﬁesu §hrbwmclp is pote¢tel B mmag@nﬂryolm ipesmdlaproline

| I used as a
egﬁ&gwﬁg%ttﬁglaﬁ?s%@gﬁﬁdﬁsﬁ ?yﬁgscet yl ated. 25

Not ably, the present inventors have found that it is

Pref%lf‘ Itﬁé p&iﬁ@c tgbé @hﬁ&%& is hﬁiﬂf‘rosﬁfal a3 rctchM RRds frﬁh%lr@ active

pepti de, bout residues 19-28, that incur nost
Thygspsin ¢ as tp ﬁﬁ‘ﬂ%’c’}“f"i fé‘s’“ PISCUBALRCPIR Painedhrse®wAe hence | osses

in final product yield generated during |inear phase

isxrﬂg:)t}%%ﬁar r\sp—ti]ha |§°f %ﬁ,{r:uurr o Benl DyQAsE&EIy&&u ys—h.?s%lub)@l%r] LR 6l Renzs

trenme t to syn esi ze. Vi ce versa,
duri ng Ilnear synt hesi s, is al so feaS|bIe to use
%9 |d|ne di tlde og%rn % ) gﬁﬁﬁﬁm
bl
“&aank 3& ERLEG FEid g ?PﬁﬁmHﬁpgb?ﬁﬁﬁ % gnxggéga or Y

be fwrrartww oidiakuad srgipegidygsidyg aef erramnymﬁrme in tharart{epe Bodagsky,

30 Db ST, SR IO AR Ty
subsgqup@m finger sy@l}gsrsﬁaﬂt ;mq; docleprags )Era%(g,qsrndll\lmal ﬁ"é‘* mch is also

used 8 h pieathdcMBicaMRW-BrnliRiIP 2R laRal O avoi d aspartim de
formati on during synthesis.

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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Simliarly, prevention of glutarimde formation may
requi re use of special protection groups. 5 Wil st
the present invention strongly prefers Frnoc chem stry
for carrying out the coupling reactions, Boc
chem stry may |i kew se be used in another enbodi nent
to carry out the present invention. 10 Couplin
WO 2UHUAE for peptide synthesis are mell-Wﬁgﬁﬁmgﬂmﬁﬂ%
art (see Bodanslcy, M, Fyinciples of Peptide
Synthesis, 2'd ed. Springer Verlag Berlin/Heidel berg,
partiéf@3for Bé SfepBRASHITEE WS ST GAzMInE Ab@ti@f ded@tiNglvoidlg help here to
additives or. auxilliaries therein). Coupling reagents
m“ﬁﬁ?”ﬂ@w ‘?@ﬂm%§HV%ﬁ?§g¥‘(e.g. T3P: propane phosphoric
acid anhydride) or other acylating agents such as
Simﬁigr I ]\E/r?\; et?ogﬁ) %llr?{) Sn&)i?e:ﬁmgrfalg?n Irr]iz%a‘}(lr rg ereg {)x/sg rgr‘t?s&éc%lelgbtecltig:r?grbups.
carbodiimdes (e.g. 1- 15

‘ -3 (3 di . ya)- i de) .
Y el AP TRGPERR 68 Bl S0 copne
reactichs, dioh ohepyistiy s bireyiso ke ysed inangihisembastivpantip icary AU Bty prove)
invelionUr ONi um or phosphoni um salt derivatives of
enzotriazol. In view of best yield, short reaction
time and protection against racem zation during

Coufihg kddghn® Por SLRBORAN are RMIKnEW:Eh e b hed BodhBt M., Plnciples

coupling reggent is selected fromthe group )
of PESHS PTG Znfed. NPOPL NP TS Ro BB SRE Al e disprgon gt

role bh\@uplRR a8ditivesSar Qbxilliafa eind fCoapling Vaagdnd Ghap bd i€l anhydrides

boxyl i id functi I ith that th ti
e g e e L
or adiihidgbdideo(ee I(BFehenyHchincionliay, @thes maybecpboiiimidene.g. 1-

S . S . J (0- ]
ety P EEBRIRIBAND GRAGRRD ey ferundchdinlalits preer
(diemﬁfobnhwbmdggﬁa@zeyipziB@Hygne) or uroniua or phosphonium salt
dmﬁggggﬁﬂk&&géghe-l-yl-oxy-tris-(dinethylanino)-phosphon

I um hexaf | uor ophosphate), PyBOP
(Benzotriazol -1-yl -oxy-tripyrrolidi nophosphoni um
In vie@ 62  bestOidi) RRpRALIG) imd YA Proteckibal Aaith € racemization during chaing
(1H 6-chl oro-benzotriazole-1-y1)-1,1 3,%7 I
elongatipn, Mep AR Gk Heravueling EPB%"B%‘FI srlepidfreny the greyn sopesting o
vronikbik GitsChl Phosfhemia kdlts a7t0é Bendotiakdl-cdpable 3f adtitatiigr 226ree tdydxylico

_niumtetraf borate), HATU (Q- (7- .
sia Rpbin 7 Pioh P81 SRy oot o n i i fpsn gl s
likewigpadftned exampbs piadhajoniuin/oF iphdsfhofiim c@@ling salts are e.g. HBTU (O-

' rdz 0 2t et '
1H-bt%ézt%%g%egfd%ﬁégﬂéﬁ%z%%u%&ﬁm | et I QURLLNAERRLUM  BoP
(bentatyazeied gt troisddimsbriganeabpsrboniian hefetveroghepbatg).- t BRORM
(BerS BV AR U RN EASPhPRARRY 8dx8fuorcpifitle), PyAOP, HCTU (O-

_%O-(benzoprlazol-lgygoxybis-(pyrrolidino -yroni um
(H-pellap b Epslsd il b3-3- tejfapebylypaipp hexalyoppbospipisy THEP -
1H-@¢hidrdbenzb rikdle-LW10N1, 3 FrcimARMG RGN | etRTl®adbbrate)s FHETH IO-(2

furthe ond k hase yeagent. i ee or
saabEagpgio k- R ot B bompiomaa Lk o0
azabbasEa20h DR 1,¢.08{tengatituradigl  hasetaflyptéBormte) ue TOTH r om(O-
Ka 7.5,t0.15 .npre cably of  from pK . ,
evaffl et e P e N N R BB S nforbfr),
HAPpY (0 (ibezopiazailiyh oxybis{rarrolidimppruroiua bexdflrathesphatst | ve, and
whi ch base preferably is a tertiary, sterically
hi ndered am ne. Exanpl es of such and further
preferred are Hiinig-base (
N, N-di i sopropyl ethylam ne), N, N -diallcylaniline,
2,4,6- triallcylpyridine or Nalkyl-noipholine with
the al kyl being straight or branched C -C4 al kyl,
nore preferably it is N nethyl norpholine or collidine
(2,4,6-trinmethyl ppidine), nost preferably it is
collidine. 10
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The use of coupling additives, in particul ar of
coupling additives of the benzotriazol type, is also
known (see Bodansky, supra). Their use is
particularly preferred when using the highly
activating, afore said uroniumor phosphonium salt
coupling reagents. Hence it is further preferred that

WQ HWO/HEP! i ng reagent additive is a nucl eSpRiFPiIps/004192
hydr oxy compound capabl e of 15 form ng activated
esters, nore preferably having an acidic,

Prefﬁhlﬂ;} Gzﬁﬁhls{nig OERBhyohoXye, droidh bophosph@fiudt $alt agedtsj anualer ar

secoBcf ‘5?35 $5% Ire?g?r% N}t%rg%lpf rsclélrgyslrtégllf}dll {hg goutpl!;r?ast;cg.%ls isngzﬁghed by base
whodd-chiy daest yeﬂbbma 2 oKu vahzof fmﬂae pKaas iovig, thae preferably of from pKa 7.5
to lﬁvﬁéx&%s )X:luf)enzfo ! r&-gn%% fun {oln\{) t I Vq)de 9f amlﬁ o &M or amino acid

enzotri azi ne deri va COUp| I Ng
deriatieh tahd/elnﬂuawmqbbowmmd@nhfakvémb@@iWS Exanipleg| of spch

and tﬁ[-ggre?eprgd WM A0 g%asw/dﬁ)sz&&%eﬂ{‘ Ay, ﬂ:%@«iﬂaﬁ?laﬁm 24,6~

respectiv I SClI osure I'S 1 NCor pora
trialieyépfyeidien oeNfadylenespholiheawifl the alkyl beipg :gralght or branched CI-C4 alkyl,

mor%rgfy 9% }éﬁsﬁi&ﬁj}hﬂbrﬂﬂoﬂﬁe or Nilﬁc}ﬁqsr (9 4 Y%: tt%mﬂ;'lk&l%xmme), most preferably

dro- 4- oxo-1, 2, 3-benzotri azi ne
lhsﬁmﬁyﬁfoxy 7- azabenzotrlazole (FKM«) and
Nhydr oxy- benzotri azol e (HOBt).
N- hydr oxy- benzotri azi ne derivatiyves, fir

The i35y of coRpling feeyisyes. igractipilaral conplipg 3fdifiyesiof fbﬁiaﬂmml type, is
also lesdérBoanslty ﬁq)mp uieiel 8seGf pLiuplly ﬁgfemndwﬂenuemg alreelnghly

h
SRR R S SR
prefqo@d thac thk &deyng)regear additlveeivinoohicleaphilic hvmywpmmmﬂbie of
B L
wheggingY érigileyor jist Nioeyl PICTanD pubtTTted triggsod, rmsttprﬁqaréfbethamuylmgt
addlﬁv% M iqg h&cﬁjox% %z&ﬁ%lt de%bﬂoppm&?un%ﬂltd&vamﬂ oris an

r oxy X dr o- 4- 0oxo- 1, 2, 3- benzotri azi ne
N- h»@roxab@aqt@azmh é?refewe Jueh povglingdiEiya N-Bydeaxy gompogads hpve been

descht'iai & big® bhd vidle lh W /670100 @hderch-410a82 Aok Ghble @éﬁﬁ%ct_fvgmdclwuﬁ:
def |ne§ as to be enconpassed by the term  uronium

is ingosropa(qd by dRlvEnce BRISD (EFAMRIRATe G BSRIRBBERTRES Ahydrosy-34
d‘hyws""m 2,336b@gAes (HEOHR), DegrosHDwabdaLoteastp r(HGBt) ama N

hydne% rlbzt@%l}g% ggégé:‘l’ @éﬁg%mt hamn ’%nG em(?artlllvel'flsmml ost
HOOBY, are particularly preferred.
Ammonium salt compounds of coupling additives are known and their use in coupling

chemistry has been described, for instance in US4806641.

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-oxo0-1,2,3-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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nmeans of crystal structure analysis (0. Mrder, Y.
Shvo, and F. Al bericio "HCTU and TCTU. New Coupl i ng
Reagent s: Devel opnent and I ndustrial Applications”,
Presentati on Gordon Conference Feb. 2002 & Chim ca
Qggi 2002, 20:37-41), an N-am di no substituent on the
heterocyclic core giving rise to a guanidi um
WQEFf e i nstead. In the present cont extPCTERR s s
5 of conpounds is terned . guani diumtype subcl ass' of
uronium salt reagents according to the present

meahd R QRucriRERRINNi€ ¢b.1 1904 L Y. Ishe, RRSE AlRRlid @rd¥y ARYCDS:
carried out as routlnel% done in the art Wit

e. g.
New)Gopling Rragrsisi Qevelorpent edrdtdusprial ABPEHREME ne ’PWFF“%B\%%F"“
ConfefR&G KBEM08 & Yhimkae04en 2002a00: 5104 13.CinONbmiddR sastdacht of 1@
typically the NNterm nal Serine $f &nture t nalﬂ%sln
hetepXFigoregiiiedise o U NVCRIPARSIAT IIPORTESER PR 8T 5 S
of c6hfdeids t I8 BmddRnidRimbtypel sibdlBey of Abiiiym lskiCresienty faddihgy/toake
acetyl -protection group, though the latter may nore
presgib V@i ent Iy i ntroduced by post-coupling ac, etyl ation
of the deprotected N-tenninal am no acid of the
pepti de usually. Preferably, one nay use an 15
ort hogonal protection group other than Fnoc for
Deppiection of thobasolhbiteNa. vhax bt canidd etrapiomtidelyrdess id the art, Exgawith 28%
. ake . I - f [
pipfe o N B PRORiby HaRbENAS Ll IO TpDRILACH L aao
e.g. typigaHy kel teninghSepoy ofraatre ypkiaging mashefeypeatamy an N-terminal
protécti B up et ihREEmodNe AN il 08 aRPBRS Grthdily M BGJHIpRREcHdA group,

sol | d-&gase pepti de synthesls, use of am ne- kfor an
thougl, s laties dnay smofF | Spnvepiphy inteqdussd rRyepast-cogpliag gptylatigy of the
depragé'téﬁi N%tax_‘fnﬁﬁls alrlilo a’kﬁg&] thiaﬁ)lzﬂti-d_a&Z@iy. PlBRrablleor@r ﬂhw;s%()an
roft et al., nove sine.protecti,n rocedur e
orth{sEHar eiseic e e di St (o reoyiH Qi e B B S
ExafuglésThis . Aib® Gioteckion E?oﬁps?_?&) ,fora_pldieﬂihd qmmiear arviads), Vietht beirig
sele(};%%ﬂ%e%%\\{%m 11? qt&[lg %9 é”d@%@%ﬁ’mﬁ@% Iti%r?1 &(go%%%-&g?f%&%l _N“-

ogues” suchas" e. group
Allod ieopariny ghaptectionyin salidiphagsepdpiide sputiesip, usk@flaininmberaneggomplexes as

T , ; - G 8 i k e orou
oty g SRR, Fngre 350 . e Pl 60780, Nrdagra). she Dic group
(BycrofiGiahy f’ig%l) lysilEgdé”?teqﬁtls prgesdirg for jSPBS ebbrenched pepiiges bgﬁ!‘é@

Soc.2Efent Wdnfifuhi Y893y RAGEGRSCH d@Rcdbd QbR BhOLCREbLABI by
groups sharing i1n their free, unreacted state a

hydraigelyEinorrad 18 enetemel bgraieBtievibrefy Ufe FBPRIN H(po-13-
dioxBhdanQ0AiYeaé)-Jily( pdt), Kellanh ey 2] MetRhédtons3ah $9981 p)te@Th-6382; N-1-

(o B SRR me Sk SoEh B8 o SEaliT

- homologuae aie exdlldoyvely addicidedCh Ple-tfpd2protectioiN\gfof)s- shiting iprtheir free,

- - c . ) v are then al kyl
““"‘%"%gsﬁa‘*ﬁé‘% olégglgib %%arug{“gefpﬁ&%%f foJ:gtm’lal%sl al so readily
feasi ble to use nodified or tagged orthogonal
m Protecti 0”(@6?}4!135?:(-}{ tigh bear the additional benefit
of allow ng of si e purification by subsequent
whegginf R i sybsitiled mpe%&gm Yol and ey Proffsoly, g two carbonyl
functisik 3R dsththe aREcRIrenidSEoRBec Bl 6F1a LENLERRPLEHAT INRIGOMNR -

tag, In this case, tbe”peptig§¥s g%hesi ed is cleaved
or R FCR fybaskbegePrefembly iy 4 grrdesp 1|°\é gHas e avoi di ng

gl obal 5 deprotection, purification is taking place,

the N-termnal probe is selectively renoved all ow ng

of subsequent N-term nal acetylation and finally

gl obal deprotection of peptide . An exanple of such

are the Fnoc derivatives described in Ball et al.

hit. J. Peptide Protein Res. 1992, 40:370- 379 and

Ball et al. ,J. Chromatography 1994, 686:73-88. 10

Particularly preferred for the present invention is

to carry out renoval of the Frnoc group with 20%

pi peridine-DVF (v/v), e.g. (2 x 1 mn, 2 x 10 mn, 1
X 5 mn). Likew se preferred, couplings of Fnoc-aa-OH

D
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15 if it was positive the coupling was repeated under
the sane conditions, otherw se the process was
continued. If after second coupling the ninhydrin
test was still positive an acetylation step was
carried out wwth Ac20 and DI EA or simlar nethod for
cappi ng the del etion peptide chains. Such enhanced

WM ITHRY and/ or cappi ng procedure was t hERTERSITEHE o
repeated synthesis under 4 he same conditions for the
very given sequence position. Notably, choice of

It is @6 irfddifyeBasibRUif dset riod2idd 9t (aggeg |0§thdg61fal ptemen groups, which bear

i ti.on ecifi. ou r.0
the %E‘g ﬂ?ef"?ﬁgﬂfs IEviPEQ S@%Pgee?“.“ﬁéaﬁ' y S“Q | ot 1) HJm%\%cor i Uﬁmpl{yo
or atﬁhﬁy -ippeseittaidade RE IHPLLC dsing s@blwvdpsnphaﬁ'eutg @aphlﬂsesasa the
pepndF lsgl hes:%eg is @[C gé ?gfﬂ%eg}eoigtﬁ,gﬁifbpg?nnggéﬂ %on%p $r¥ &8?&1 tg]o%yl
depretextien, p&}!ﬁcﬂtﬁbe istaldng mave,ofie 1 Ernipatwidbea siseledtinelereweyst albmng

of S%LC?ILG%I I@%grmgiﬂ Traéeuahfu! %ldtfﬁg g%ﬁo%ﬁ% mtgc%m &gygptidg h example of

Inition o rises apart fromthe
suchjarpghet Fopog dérivativgs ‘iiqswbt:dwle Boll etgbrlgie/. BeptidnProtain &gv 4992) 10RCEr

3798%3132!“9211 ”ﬁ&hnﬁﬁhgxéﬁﬁyi@hedsb% gg.for linkage of peptide
or tor |nk|ng a turther, grafted linker or handle.
Such resins have been descrlbed e.g. in US2003078372

Partﬁllarly?)/eféﬁ'e& for the PfesdnhBvénkiba is REQFP Bt dne)al 3O the G &b with
hase, such reS|nsﬁ?aln anmphi phi_lic ?ropertle

O‘Vovwnceﬁnq-rﬁk@s(vfffh &% & f £ et = A9 g t rag Mo nkikevyie e
coupﬁﬁ% eF Frﬁécsaa-o-ﬂ!@ c@h g alcR@VIE &@wﬁﬂﬂi&ﬁboae m&ibmel bdﬁﬁfmg reagents
sol i.d- e. be avi o

f 1
in DF g PO AGhoRE o e el s 3P b 8RBT gopis
tuneél' fa;t ﬁudipﬁﬁdl mquénaer pofsmatsmfer 1h6 cangliing ninbydpihfier weenetitd sit afd
if it was 081% tﬁg Cl t I nr%g %ln HI ?hw sgme g}'n!hfl#x%' o%ntll;e%é &ocess

ang ) g
was dmpmmd eif tiftco chgtd@p@hes the mnmdnatpbtwas stdlamltiven!g agetylatiprestep
was %%ﬁ%&twdh i DA 5&&@@5@%{& apﬂl@ £ &Eu&%&ﬂﬁ mms

I nprove e | clency of pepti de-specl f
Sucheohanbddwepplingand/of capping Ryeqpdureias tiwp applipdta qupyateéﬁﬂﬂ}eﬁs wqger
the saﬂsesgﬁﬁ&ne for R WS B olinde PO LM ANNRIVRA BYolcB O B watsyo.ﬁm

The termi "PEG resin' is to be construed
strongkw nlyense satratePOHNeny sRorifit fRPitee BRAFMY BhiseRemplificf gn the

expeFifdbidl Secti. @ 5 pol yneric resin conprising a polyether
copol ynmeric or block copol yner share at |least - a

PEG type pol yether or PEG pol yether resin for short.
Accoldify bahmrmltymﬁteh, s sdlig-@bhasé emeprites la PESsredim Actasding to the

pmse%Pme%P“ Qﬂ‘a' tﬁmag%%aga'&@gxgiqm' Wgﬁ%d SHGB &5

ne or yet hy
tymaif@spe qucnteha} yleﬁd@bw»oyyp apereserd conrat, the definition pE ﬂ‘éldwhase
comHs&S ParPnY HE fnsrt felie En%e{x thetarée&,eé S iR FROGHKEERR L it nkh

ype of resin exist yneri sation of carbon
matefi)Hfsiinkage of peptide or for fmkmg a ﬁuther grafied linker or handle.

Such resins have been described e.g. in US2003078372 Al; 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-
Iike 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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10 (including nononer units other than oxiran) not
being restricted to polyether chem stry only.
Accordingly, the resin matri x of the solid-phase may
be constituted e.g. by an anphipilic polystyrene- PEG
m xed resin (e.g. Tentagel, see US4908405) or
PEG- pol anide or PEG pol yester m xed res

WPHBE 723 J. Am Chem Soc. 1996, 11@“”?628‘%’00‘5%0
cp. US5, 910 554 A. Usual Igy, resin |oading is usually
| ess efficient and/or chen1ca| stability in 15 -

washRR! Ldufithl adepﬂoféctﬁ;ﬁls&bs:etaeﬁma)ly Scfdingnb yhe rpeetsem R 68 ool
to that of traditional

e
PEG\sinyis plodfoend o ImpEyY§ o ﬁ'én%v%d Hﬁ“l%f")}gﬁ?f”é ceeomties fiems &g
peptid& Ql‘aﬁt&alﬁﬁ #ad Er&ﬁ\ﬁhb)ﬁbg:tdﬂl gh&glstlccf&ﬂioﬁ] glﬂlanchlgtpuht@umyleld The

t ned .b
e B3 . e ST Bl B B o s PR
polyhb}atreshasmhreeig a(pblgahen ecd>olyy1erg:rcaf>b¢mgpcdjfmm shawrat BEG ¥ Eiﬁ n

|t P ' s
type % egtfar gr lgiidglpotl ether resa o shoxt ez%%n’p%&%}tgtﬁ _a.Fgg% fretd fliates in its

ates e
convpoioyabt lmyntee ne mlmwﬂwple pelymere necli PEG-425) pejyaafathylene  or

por PR A P RASR SR B AR i
thereg dUffeténn gmitodimepie otiw@stmwf feriy evitipghmenispiion pEartop BpRpMes
(inclfifg RS A dod: kidn Qﬂfaﬁ) E&Cﬁeﬁg k@bt polshdn chchidkry bisly.

nore preferably devoid any ,eventually furthe

Accosdipal, jtheteut] mafses| §f b Falify b mb by (pfEieh . by an amphipilic
polydir@ PECORRLY FBh | (€g.Shiatagel, adeel ,Usagmms) 73) EEG@b@inﬁnam lyEG-

further does al so not cq ri gﬁ 6 Efé tefr0
PoIVSHT CRE G (<o BT Bt It SHEG 51 Jbnart 7k et
Uss,gla;):isps«\ (Aueﬂlybﬁ:hﬂmiaﬂmg IlsyuspallyelesPEtEcmtl andbh étemrcdsstarblltﬁayn
s, 25 GEEL, AR 00 b U i ER R S8 s
Menfte(@-folybtyredeHRY B. s Ralysyrers- P@@fmnn@dﬂ@@ alabmvleng ghet loadings, but

ref, WLV otedinel [ PEG- pol yet her

lowe?%msqhﬁﬁu%gbé% gl%%ep)%sﬁgé g%(ggéﬁﬁcgé%fd&%egst antially

pure' is that the above structural definition of pure

It is E’E@Fﬁﬁﬁﬂe ' @s@‘aLt‘EbSreéuPthﬁit hab gééﬁtothiQe@ i gr&t’ﬂ:% SHadhoX@EG Mdsin

e soli1d-phase materi al, OW n

matristyrithes laypr ob m%ﬁ? YEG sgHBmppRahs- goqp 'Sft‘ﬁég aly ’9*&% 1°a‘ét?83ﬁﬂlﬂeﬂe

glycél%@@it}r&he PEE- P@ﬁ@aﬁe&bﬁbnﬂ&tyﬁ kdlidlph#é fspiifesiQ PBibpohimers 1998,
aT- 3&:5 e cal stability

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



9 along with good conpatibility and case of handling
Wi th standard sol vents during normal rnoc synthesis.
Notably, in the latter definition the termnal ester
or am de bonds bridging the resin directly or via the
integral and/or grafted Iinker to the peptide are not
accounted for, since they are not internal
structural, erosslinking feat ures and accordingly do
not affect the definition of '"pure PEG in this
regard. Such 'pure', highly anphilic PEG resins are
al@(fgf»@ﬂi%dodb;)émﬁﬁtlfﬂz@ra&ﬂéas@ﬁﬁfp!aihhgé‘slth sendprd folvemty dering normal Fmoc
| nnovat i SIVBELdoXhe resin
SYBPERd) D y% %lﬁ??{égf r‘m“o ?a%Qgg%nn%dre%Qan arde
disbesCdrivhest itegal amcmor\g@‘t@!futk@raﬁ Ghe pRNSyarprasy asPYrEr [FroAdF e
acl t {Hk Id¥6inition of
R e e e R R R
pkzil@S?Eﬁhﬁﬁhis Faurd] Snddigee’ ohlgfﬂﬁpwl@lé PG et w8 PRCrifely difE!
rm nal eqral M $rop Ll QXIBhNA brand) or
S i e e )
Vesimoixes. h@dm Deanfiory] arerdeqﬁwafgmﬂetnhvp Q?t“wﬁ?dgheéft"ﬁ%fl offer
loa(ﬁn c%% %Qf ored R LGS ol Okee @é&n@ﬁngﬁfﬁdd\é@tnl &Zefdvdayn denewi
rarted | ers or handies for soli d ﬁvg n

Wémﬁﬁ ffasns@ncg Foylrgge dDprridy sugh R%‘W‘abléf’n’f% ém‘ngﬁ Wi
nyd%x?xn&ﬁyi ani;de b Qgrﬁ:%@ thdNQE a@la&imatafs amfnbHde@r carboxyl or
enment of the surprising properlt S oft%g}olw fred
el A oreRab RHIeES SHOTRR AT Bh D GOURE tiE
11&@1@ QP ke RPscBE bﬂasé\hukagﬂsucﬁslb,g Wwasg, S destoxy-bawmiithtde or
econe a critically difficult step, in particular

R’ﬂhéﬁﬁ“ﬁ’?ﬁ‘?@‘ie@fﬂﬁg chai n anchoring of the terninal
Asp/ Asn resi due as conpared to traditional resins

Nétﬁlfl? &3 ﬁgger (%mefnﬁ f% Wg}ﬂ@é{g ?)m?e\%yls la[fIIeEsC% xgsgne§9<%1lcﬁh% ) Ghe present

inS@Goe REPlint ofeliechcohd 228 oweald Nootih @il yab@dﬁi%ﬁ%&) become a
han Vs siabBRGSn & rb@%é FRBAIOLsp/A
RS s s snslotone
repidhgsi a8 cameivd rme@amw reoine foys- vmswpe’quﬁ éa“Wéﬁ*’h&%‘u“i‘F OPEeS
l{gé%é goﬁ A ?g“ﬁgzﬁlré dluéé i HhE ?eq@éhce%ki’@t&l Bixal foymﬂblbeeimproved

er. resin. 'Extended" reI ates to
ﬂleeghlw%lb@q{e@ wigtel. B ependst G Ferird 8?“!’}“&1‘6&?5‘ 8% ﬁ%lgﬁog&

I&l.;‘)ilﬂ m%r%fhgﬁn fuRfent b{}iﬁs %ﬁﬁfcﬁ%eh&ﬁlﬂgj PEG ﬁﬂﬁtdﬁeres@bm pfre or
he enbodi nents of the t ntion are
5‘&?’5@?‘6‘{}’3?‘16%5?9 -Rlvedis F"dmp% %oﬁe}aﬁe it 88%0bt a e%ulﬁ%nts of an
phbl SaiaYid ofibgedetjlng thansndndicexigansificons given in
the foregoing apply likewi se-to these ains. 10
R1-Lys-Lys-Qd u-Val -Val -G u-d u-Ala-d u-Asft ' R2R3 |
x 5 wherein each am no acid residue may be
i ndi vidually protected or unprotected, R3 is a
PEG resin solid phase which is conprjsing an i.ntegral Hd
Fhsitk afms BRthesndbogimadntedf therkesenidnyentien 5E tg Ygrigys peptide-soh
and RI | S h | M/Ien ]n the
iagiear it braraary o Rt R RRaaP AL by fuRehy 23
fdr lypliiehedeabliest aisiss. than 25 am no acid residues,
a%%rhvﬁ?%rpe)f)n if R is a peptidyl radical, the
i ndi vi dual amino acid residues of said radical are
k{hdél%llggggﬂt;@e%%tueggggf&ﬁmtaq unprotected and the
termn said petidyl radical is free, is
acetylated or is protected with a protection group Y.
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Accordingly, preferably Rl is a peptidyl radical
which is
Y- Ser - Asp- Al a- Al a- Val - Asp- Thr Ser-Ser-d u-1 1 e-Thr-Thr -
Lys- Asp- Leu-Lys-Q3 u- ,
Ac- Ser - Asp- Al a- Al a- Val - Asp- Thr - Ser - Ser - 15
A u-1le-Thr-Thr-Lys-Asp- Leu-Lys-du or

WRWE/NIBT Al a- Al a- Val - Asp- Thr - Ser - Ser - G u- IPFE’EPZ"OG/O“4192
Thr - Thr-Lys- Asp- Leu-Lysq@§ u-Lteu-Lys-Gu with Y
havi ng t he neani ng naned before. Ac Acetyl . 20
Li nkers as defined by Guillier, , and Bradl ey,
Ch . ar i dered sinply

Em’ %IG"} W%g’?%(cg ﬁé’eé‘fg%‘p and ,a?\’é’ classified

|nto one of two types: (a) Integral linkers in which
part of the solid phase core material fornms or is
i nseparably part of the Iinker, both together
constituting R3, and (b)hbnintegral or grafted
linkers R2 in which the Iinker is additionally

attached to the solid s ort of an, ipte
wherein,pach-amung) acid respiug waylbe FQP vidgally Prf'feaﬁﬁs ap YyogrRiesie ‘ﬁ% ?}3‘5-
resitgolidlpiateaaich @ompriniligtan @ikgral kpr, RAls agrefialin®& vwath x being 0 or

I.nf.e | i nker - oI|d hases
1 g R8s PR HES CMGRAD SSssersiaty | PSP et
courging fess thaat Mbmfeetbw less thant28 gurdrlo dcidrrksiiues, andewlresaird aft BY i5 a
peptvéf'hllI rac§ «%al G %Idgv(ie R n aloF %31]%1&181519% in I}ﬁgzhfi%l'otected or
eés are oxyrret yl'p enoxyacte
unpmtemddmd) Xl}GtT‘ﬁ@tﬂhW béwzimc@%@drdal iglecCp pphatel oriaProtpoted Wigh
apr&&:‘%ﬂé’cﬁ] ks conjugated through its Cterm nal residue
via its I-carboxylic acid function to the solid phase
or the grafted linker, respectively. 11 Preferably,

Acc&ﬁﬁ@f ?fe&ﬁbfy(]{lt DL ppHBS faical |vdBiéE|'isI nomar AsRlaMAVReSH IThof

asin or of its_afore rre
Ser- ek e Do T e AR R LB O o et Al e TS B SErr
Glu-SeTRTAr-L A sp-Glet-194-Glafor H- ﬁr%@;ﬁMaﬂ&i—VﬂS’{Qp-ﬂ?ﬁr—S’éﬁ&er-Glu-I]c-

esi dye. ' Seco ast - Cu' . - e in.the en
LSS SR e T R R ATt L S
Aceinchored to a solid phase or it may nean that
synthesis of a variant of tymalfasin that is devoid
of the CGtermnal Asn of natural tymalfasin starts
with said (flu residue. - Unexpectedly, side chain

Link@QGh ALABI v Baiuke %&1%9%&@3; efdd. tRel. 700 DI01-8171 Sdognte
sV%nt hesis.” A term residue that is anchored

rgd pimply jge impuablizeioprgtpqtine sramffta%ﬁe tebpssified inte, precpf Srpytypes:
(a) IRYegrdl 19keAf ih @flich paoP ihe BBUA ﬂﬂ&e B&Shlat&%ﬂ tobrt dr &dhdeparably part of

after. cl a
the s et T SR oRBlsw i St LGt R ypich he
lmkep Rotiegti@onally atiatled @ maadjxdx-y;bplon, dnuamtﬂam integpal Bdkewsalid phaizy
% ABlinf of Bt bl desBd Qb0 e HRmplePo S i AL "
» Ghichor ed £ &R am nerati ng refe
8011<igpla$es ek amediﬁb@ehéwmmgﬂvmlﬁ@e P-chiggptrityl K@ifér darmoo-tﬂhtb’l
! oftal Q9 YeimAbdi) whil® PURGEIKED B %%&gals w%a] examples

conj ugate may be consi dered and terned de-chai n
are 4gydiowmsthylpkanoxyaeieylver 4-byderaymeghylgazolggeid-of an

am de-generating |linker . Exanples and strongly

preferred 15 enbodi nents of such am de generatin

Conyeptigaallysthe pegtie 1boonyugatqq|§hrgqﬁh & C-terminal residue via its 1-carboxylic

acid FodcRon té the SHIABEBON IREREYA RXeNREREGMY.) - phenoxy- resin,
Sieber resin (Tetrahedron Lett. 1987, 28, 2107-2110)
or simliar 9-am no-xanthenyl-type resins, PAL resins
(Al bericio et al., 1987, Int. J. Pept. Protein
Research 30, 206-216). Another, less preferred
exanpl e for am de-generating linkers are the
specially substituted trityl-am ne derivatives
according to Meisenbach et al., 1997, Chem Letters |,

p.
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20 1265 f.). These are exanples of (Fnoc-chem stry
conpati bl e) linker groups fromwhich a Cacarboxam d
is generated or |iberated upon cleavage of the
peptide fromthe resin. It goes w thout saying that
use of such amide linkers is of course dependent on
the type of solid phase synthesis carried out, ie.
WOMBYHER7 | s traditional Boc ornovvcustorrﬁFmemﬁm‘”192
ort hogonal Fnoc protectl?g chem stry that is used for
coupling; a Boo-specific amde resin linker is PAM
for 25 instance. Accordingly, solid phases conpri si ng

such I'inker groups are terned 'ani de-produci ng soljd
Prefysthits aesording to ke presssieyentiom thexpmthisicariBaliatin 6h Obf's alore

menF JM frﬁ%%lpengaﬁﬁl vaRh©Q 1saacl§igjeﬂ gy B8N afcBBHnd ioNihd GecOGasOGlu
I i'nkers, using caoupl |ng reagents (Al bericio, van

or o%gftemsalrﬁawr Apesidup-”Bespid; R Gloy B pfprRiagibe presgnt context, a

Glu-A8fprei&fed dipeiHa} thahidsnchR@ino 6 &sia phddest iah nmythheyrmmak ofad
in the context of the erese

ention. Usual
variqgt fiyeatieen e e dsupt Phige é%@ﬂ@gng gy &?ff@lf‘”fﬁs‘cfmf‘%?‘“h s
Glu 8604V URGpdchllly, siddbhain taakfi@iingGihs bdoh Sousd theremhan more efficient
anchorin trat.
S0 TTTS SECH S & R | % et payborlie Spnstivae {6 50tk
phast bea érhﬁeammpb@mselsynﬂﬁtmltyramdsm iaflerslepyper from gsin. More
out r at her. i gl
pref%a% rkﬁ’u&g Bo nF:Iﬂ\'/I1 &ép CRer é %’:}I@ﬁ’% h'té)%gtg&/ngt '}geggc g%t”én% g%{%ﬁ
prefdrably bheedng rofimt ohutdf prggeqivn deoub dn dide eirinbechesedto aprpmide

gene@aqgé l‘iﬂkgrnvglrefretgﬁ h BRRLIARRL éc&e?auﬂé luﬁérp @ftﬁ‘g:%aﬂg 1B ﬁﬁéﬂﬁrbdﬁ@ts

pe resin takes | ace wit
aﬁcrwie{“ﬁgfr Mreﬁ% sphcareaistay he ‘éﬂ%fd‘Wdtaﬂd ewicHat ‘i“%?r? =sn ?ﬂ" hored

Asnﬂaszéﬂm@lo&ﬂé € of fin %.d@ u%m dExdnﬁ)leB Qhd B pleREkd
Katsg&annls et al

h
embeelipengief $HGh amidggegerating annhefimb%t%@t e d @Fﬁ‘ﬁ Y@&Eﬂ*
anuﬂd&ethfl}gﬂfeﬂﬁll ot SIeBeI: hAainqgarhddoa iLas wzm .v.a,ugmmma ot ieiliar
car pox I C an e.C e rrn
S-amaograppeng e rei s oo EA DR AL R PP ST REce i
30, 206i208), Aﬂjﬂ&ﬁﬂesﬂgrefettéd dxenplp o bingiegenatatidghlinkers arg ethe fpecially
subsgtﬁ% g}tﬁm %n@ g]elti\ggveg %Pcto}dde tg MJ:%LAbth eil‘ Ql dl@f“' )Chf§+l dﬁh&@ab n

RO Strategy Invorvi ng | ust
1263 BuFlisesed epmteeg&(Fmg:@moulpsco(mmhbbltkelr goupp from pyich a Ca-

arb{)xaﬁlﬂlr Q %,élyHteﬁ cﬂcﬂb w clcfa\rd’gétof &ﬁsﬂeﬂlﬁ@ ﬁ%ﬁldthe res1é1 1t goes

O- car I c acl d u residues,
withet jyeying tlfabwse séfruclamdeﬂmkerg rscré %‘ﬁa Heppadsgign &eitpe hofid phase

synﬂﬁgg chiibd bMSicS wl8né NRitBdiMdnhl BSAS ﬁdwt &Isﬁmﬁu'?e oﬂ‘tﬂo@ﬁial Fmoc
| obal deprotectign, because si Scavenge ﬁ%ﬁﬁbr

pmtﬁgonlefgelstéyaﬁqat %usaggﬂ coqphng, a Boc-specilic am1 e resin 11 er 18
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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15contrast, if Asn is incorporated with trityl,
xantyl, or 2,4,6-trinethoxybenzyl protecting groups,
it will require the presence of additional
scavengers. (ii1) The grow ng backbone peptide

~chain into the side-chain anchoring strategy wl|l
have nore flexibility than in the 1-carboxylic

WoHOHUI2ZAg strategy, because the anchori ngCrEPIPIHA
the side-20 chain. Schemg,| below recapitul ates the
nost preferred node of synthesis on a PEG resin

(i) lﬁ‘&aﬁa@fadd;m& th@ fikdh @mpb e8RNhtol AY edlidi @ppoﬁm chnytedbid agithnrather

w65 R A1gh o eetend ot o Rrc P Faieap v & g
formatiinhe pEpeditiond dah e bsed Kiaradditial, the mkcelﬁoraiﬁom of agaraging dxgraives
into [b'u%gge liry%r, rﬁs\é/n\otﬁ%%qm puy F 2 7 P?T/ \%%211039 6{ r%?féxlljigt%n :!i]?d with fém‘lgl 1c)n
of Bl inine (fisjie-fha peumndé |1sn$t ﬂEhEct(dZK&)oy(nms)at al\c@@fi Am Eb&m. soc.
80: 2'%%) P[; rEhem}oE:dm e-cha ax'uuprotcc%{i asparagines could be incorporated to halogen
resins through both the 1-carboxylic and the carboxamide function, requiring use of e.g. suitably
protected Fmoc-Asn(Mbh)-OH amino acids, creating further problems at the stage of

deprotecting the peptide finally.

(ii) Side-chain anchoring strategy involving just acid-labile tBu-based protecting groups (tBu
esters for the 1-carboxylic acid of the first residue and w-carboxylic acids of Asp and Glu
residues, tBu ethers for Ser and Thr side-chain) and acid-labile Boc for Lys side-chain will
facilitate the final global deprotection, because simple scavengers such as H,O can be used. In
contrast, if Asn is incorporated with trityl, xantyl, or 2,4,6-trimethoxybenzyl protecting groups,

it will require the presence of additional scavengers.

(iii) The growing backbone peptide chain into the side-chain anchoring strategy will have more
flexibility than in the 1-carboxylic anchoring strategy, because the anchoring is trough the side-

chain.

Scheme I below recapitulates the most preferred mode of synthesis on a PEG resin according to
the present invention for tymalfasin (Zadaxine), most preferably on a pure or substantially pure
PEG resin, wherein linker 1 is an amide-generating linker and linker 2 is an integral linker:



1 NH Schene | 5(i)lncorporation of Fnoc-Asp-C Bu
onto a solid support (SS), containing one or two
| i nkers, using coupling reagents (Al bericio, van
Abel , Barany, Int. J. Peptide Protein Res., 35,
284-286, 1990) . (ii)elongating the peptidic chain
wWth the rest of Fnoc-protected amno acid (tBu for
WOXBIEY, Ser, and Thr; and Boc for Lys) PCT/EP2006/004192
10(iii)acetylation WD 29:96/ 117227PCT/ EP2006/ 004192
14

H
me—N—r-COOtBu NH,

CH,
Linker 1

Fmoc-Asp-OtBu
Coupling reagent

Linker 2

{i) piperidine-DMF (2:8)
(ii) Froc-aa-OH, coupling reagent
27

{i) piperidine-DMF (2:8)
(i) Ac0, DIEA

Ac-Protected-Zadaﬁr-OlBu

NH
low content TEFA  high content TFA Zadaxin

Linker 1

Scheme I

5 (i) 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) .

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

10 (i) acetylation



(iv) cleavage of the peptide fromthe solid support
and renoval of the protecting groups, which can be
carried out in one (high acid concentration sol ution)
or two steps (low acid concentration sol ution
foll owed by high acid concentration solution). 15
EXAMPLES General Procedures. Fnoc- Si eber-PS-resin was
W@ RBeAIRBY aBi ochem (Lauf el fi ngen, Swit zer | ZFEP2006/004192
Chemvatrix resin from Matgi x | nnovati on (Quebec,
Canada), 2-Cl1-Trtd-resin 5 from CBL (Patras,

(iv) Q@ ee )i thdfedilde FromMhelsolidion i remeldiSdf the @Btekting groGpsewhich
Aviv, Israel), Protected Fnoc-am no acid derivatives
f éa@rBel dni&d Butohaemb (fipndd ceduwitttion sGatisioy Ywo steps (low acid
Sol i d- phase syntheses were carried out in either
gtoastrdticmsvditisn followeddby Wigh hcid dohdeatragorosolupa@i).y pr opyl ene
syringes (50 nm.) fitted with a pol yet hyl ene porous
di sc. Solvents and sol ubl e reagents were renoved by
suction. Renoval of the Fnobc group was carried out
wWth piperidine- to DMF (2:8, v/v) (2 x 1 min, 2 x 10
mn, 1 x 5 mn). Washi ngs bet ween deprotecti on,
coupling, and, again, deprotection steps were carried
out with DM (5 x 0.5 mn) and CH2AA 2 (5 x 0.5 mn)
using each tine 10 inL solvent/g resin. Peptide
synt hesi s transformati ons and washes were perfornmed
at 25 C. Syntheses carried out on solid-phase were
controll ed by HPLC of the internedi ates obtai ned
after cleaving with TFA-H20 (95:5) for 1 h an aliquot
(aprox. 2 nmg) of 15 the peptidyl-resin. HPLC reversed
phase colums Symretry C15 4,6 x 150 MM 5 IIm
(colum A) and were fromWaters (lreland). Analytical
HPLC was carried out on a Waters instrunent
conprising two solvent delivery punps (Waters 1525),
and automatic injector (Waters 717 autosanpler), dual
wavel engt h detector (Waters 2487). UV detection was
at 215 or 220 urn, and linear gradients of CH3CN
(+0.036% TFA) into H20 (+0.045% TFA), from 30% 20 to
100%in 15 mn. MALD -TOF and ES- M5 anal ysi s of
pepti de sanples were perforned in a PerSeptive
Bi osystens Voyager DE RP, using ACH matri x. 25Exanpl e
1
Ae- Ser (tBu) - Asp(Ot Eu) - Al a- Al a- Val - Asp(Q Bu) - Thr (t Bu) -
Ser(tBu)-Ser(tBu)-d u(Q Bu) -

Il e-Thr(tBu)-Thr (t BM Lys(Boe) - Asp(Q Bu) - Leu- Lys( Boe) -
A u(O Bu) -Lys(Bec)-Lys(Boc) -
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Cu(GBu)-Val-Val - u(QBu)-d u(QBu)-A a-d@ MX Bu) - As
p( R nk- Chemvatri x-resi MX Bu WO
2006/ 117227PCT/ EP2006/ 004192 16 Side chai n anchoring
of Fi noc- Asp(Ri nk- Chemvatri x-resin)-0tBu
Frnoc- R nk- ChemMvatri x-resin (0.45 mmol / Q) %5%?

WOREH1733As pl aced in a glass fitnnel fitt&HT %"PP"‘S‘””
porous di sk. The resin V\qa subjected to the foll ow ng
washings/treatments 5 with CH2A 2 (3 x 0.5 min), DWF

EXAMPKE®- 5 M n), and piperidine as indicated in General
Procedures, and DMF (5 x 0.5 min). Then,

Fnoc- Asp- O Bu (4 11 g, 5 equiv) and D EA (3 4 m., 10
equi v) in DVF wer e added, follo?ﬁﬂ WE
Gengral gRyoggdures. SF@%ﬁﬁ %Pff-?%reEm/F was  fpy. NeaBioghom UI(Ié]u igeen,
w&&ﬁ%&é@mﬁ%ﬁﬁﬁb&&hqvﬂuh;ymﬁq&ran& (imuébﬁéj daha) 2%1-Tr@Essin

washed w t m n t he in
oM B ei VB CORET 558 TEmastiigtefion M GREA Dy D
Pmtedmd Fanod-@mi®adid) detivati Y Erofn IRISHigtecheVigrktpudelied Garny). ef t to
chani.cally for.15 min, where th

£ UGB SR R oD 8o sty RS Wt Bl o
polybmﬁﬂd:nﬁ gywu@s (sleme) fined edthaspdyethglas patout disd) Sdlvarstind goluble
reg e ot R o 8T A L I PR
DME(28, Biy) 2Set fiinBl x 1Gnir, OxBuiin}l Washings between deprotection, coupling,
and. -I(;Igi\rug By techt\rB;tt Bl\?lv)ere c{rﬁgﬁ ?u(t‘ lmﬁ‘%%:% @LBS Jﬂ%?addﬂfz@%c(% x(a §J
min)Gising GtcBtiye MW@@ Te{nOP Bty Sinth¢stxt@usforinitiops «a wesbesBeye
pertbiRd B PRGBS dadtred ST I solid fthse?ere controlled by HPLC of the
intermediates obtained after cleaving with TFA~H20 (95:5) for 1 h an aliquot (aprox. 2 mg) of
the peptidyl-resin. HPLC reversed phase columns S},mnnf:tryTM Ciz 4,6 x 150 mm, 5 pm
(column A) and were from Waters (Ireland). Analytical HPLC was carried out on a Waters
instrument comprising two solvent delivery pumps (Waters 1525), and automatic injector
(Waters 717 autosampler), dual wavelength detector (Waters 2487). UV detection was at 215 or
220 nm, and linear gradients of CH3CN (+0.036% TFA) inte H20 (+0.045% TFA), from 30%
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)-
Tle-Thr(tBu)-Thr(tBu)-Lys(Bo¢)-Asp(OtBu)-Leu-Lys(Bo¢)-Glu{OtBu)-Lys(Boc)-Lys(Boc)-

Glu(OtBu)-Val-Val-Glu(OtBu)-Glu(0tBu)-Ala-Glu(OtBu}-Asp(Rink-ChemMatrix-resin)-
OtBu

Step 1
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The Fnoc group was renoved and Fnoc-aa-OH s (5-10
equi v) were sequentially added to the above
peptidyl-resin (step 1) together with D EA (3.4 nL,
10 equiv) in DVF (9 nL), by HCTU (3.96 g, 4.8 equiV)
in DMF (5 inL). The mxture was left to stir
mechanically for 1-2 h, the resin was washed with DWMF

W@ 2060125 i n) and the ninhydrin test was PEHEER06OP4192
test resulted 25 p05|t|vq (blue), the coupling was
repeated, while if the test was slightly (brown), an

BA n@ﬁf’ﬂehmt%ﬂ (t)tIEuACZO (0.5 inl.

s:a&ﬁﬁh)éﬁ?&%ﬁ%mm %ﬁliﬁ% niL, 5 nuno}i\’)- in DMF (14 rrL)

for 15 min with mechanical stirri 9 Al i quot s

- SRS EmMAREESY QP TR 5k A Pl e Aloged I s

ﬁanIQ‘fde& IWQHS p&edh, diskfhe résBirwe SbiecR@ ol thd BMovangl@dshihe@/treatments
wth at |l eact 35 mn. reactjon tipe
eégl General

wﬂhsﬁflﬁzﬁl%( K- UL B O-dmiEnad RipFge at fndiat

ProcBfibds OBl F @Q 0.3 finPlBn, Fmoc-Asp-OtBu (4.11 g, 5 cquiv) and DIEA (3.4
Ac- Ser ( tg}# O:Bu AIaAIaVaI-AspO:Bu-;I%\Eé

i, 68 pupon BUF o130y ¥ Bl wad o TR TR0 3% Py RN
)Cigﬁ&%&g“)%y Jeft ltcﬁéﬁr hao‘aérﬁisag,) fol 3 MEDBYsnlwAS (VBAE) withIBIBO &)
- u u -

(
0.5 nyg) angghe m%ra e et or BAFOALE T d (e RURY R RbGh
mmdRYDMF K4 0dS weje-2dddBund R f it alectagiedlly If@tlt afin, Where the resin
carried out wt 20 O 5 m, 5 mmol) and DIEA (1.7
was fjteredeand,rashed wifh for 15 nmin with nechanica
Smﬁﬁmm&ﬂmgmeHEﬁﬁmﬁmnbyﬁmnmmwa&mﬂﬂgative. The resin was
dried and 16.5 g were obtained. 10
Step 4
Ac- Ser - Asp- Al a- Al a- Val - Bgp2Thr-Ser-Ser-G u-11e-Thr-Th
r-Lys-Asp-Leu-Lys-{d u-Lysl5(Zadaxin, tymal fasin) One
step cleavage fromresin and gl obal deprotection was

H-SgaB&)otsptBu) Pis-tladfsb AN 0By ThsftByeSer (Buj-Ses B ot @y OB idler

m&&a}%%@ L}s%cpkﬁﬁﬁzfl)tmﬂiys(kwJ(,ﬁﬁowu}tyspgoaqrmsc )di sk
were treat 2%5 nm). for 2

Glu(OBu) Vb el G Oty G4 (BT -4larGIr O d‘%f“l’"‘ T8N

oBks further washed 20 with TFA-1120 (95:5) (10 ni).
The conbi ned TFA solution is poured on cold /butyl
nmet hyl ether (350 nL) and the m xture is

The Eﬁ%@%@b@%mﬁ{&ﬁ gﬁlg%%doﬂiﬁ 65 ﬁp&ﬁbﬁﬁerpéé%&ﬁmg bfiied Rhe
- - M5, cal cd. 06. 5 Found
above mﬂ}iﬁ—_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;O (0.5 mL, 5 mmol) and DIEA (1.7 mL, 5 mmol) in DMF (14 mL)
for 15 min with mechanical stirting. Aliquots of resins were taken afier 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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RP- HPLC anal ysis of the crude peptide showed that the
product was predom nantly pure, anounting to 90%
yield (Fig.1 ). Two m nor contam nating peaks could
be easily renoved by 25 RP-HPLC on C18 Hypersil wth
10-30% acetonitril/water over 45 mn., giving pure
product with anost conplete recovery of the correct
W rBeUcR peak. (Fig. 2). 30Exarrp| e 2: Conp&FHEPIPEs/004192
exanpl e
Ae- Ser - Asp- Al a- Al a- VaI-Asp Thr-Ser-Ser-Q u-11e-Thr-Th
r-Lys-Asp-Leu-Lys-3 u-L$sbys-d u-Val -Vval -d u-d u- Al a-
A u- Asn- OH (Zadaxin,tymal fasin) 18 Experi nental
procedures as described in Exanples 1 and 2, except
Ac-SertBa)-FmO& «)Sile BlarV RSOk -fhr (B S (B gy)-QBOER)-ly; 2
Thrdmph)rawﬁyslebﬁadmbrﬂﬁhﬁ&d-mfwoﬁfmﬁ‘oﬂuﬁm(@Bkﬁlﬂﬁsm&ﬂo&rfmw n.

v Rl ot Pl R R s I o ocuc

m x anal yzed by RP HPLC as determ ned by peak area
anounted to 400/%&” eld 50n|@g( , Wth a broad
The §ppbacetylatigrofas carpest qut ViisAc@ @hpiglém@ nd B et iy @ mmol)
inD len © for 15 min with mechanical stirring, where ninhydrin was negative. The resin
Ac- Ser tBu) 0B%OIBU yAl a- Al a-Val - Asp(Q:Bu) - Thr(tBu) _S

was gried & u(x Bu) - | | eThr(tBu) Thr (t Ru) - Lys( Bo
c) Asp(a Bu) Leu-Lys(Boc)-d u(Q Bu) - Lys(Boc) - Lys( Boc)

GIu(O:Bu)-VaI-VaI-GI u(QSfﬁm-Gl u( Gt Bu) - Al a-d u(Qx Bu) - A
so(Trt)-0-(2-Cl-Trtyresin 15 Step 1

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)

One step cleavage from resin and global deprotection was performed. Portions of 5 g of resin
from Step 3 'were placed in the glass funnel fitted with a porous disk were treated with cold
TFA-H,0 (95:5) (35 mL) for 2 h, then the solution is filtered off and the resin is further washed
with TFA-H;O (95:5) (10 mL). The combined TFA solution is poured on cold fbutyl methyl
ether (350 mL) and the mixture is centrifugated. The solid is isolated by decantation,
MALDI-TOF-MS, caled. 3106.50. Found: m/z 3107.36 [M+H]™.

RP-HPLC apalysis 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-Giu-Val-Val-Glu-Glu-Ala-Glu-Asn-OH (Zadaxin,tymalfasin)
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Ca -term nal anchoring on CTC resin, giving

Froc- Asn(Trt)-0-Trtd -resin 2-C1-T1-Cl-resin (0.2 g,

1.64 mol /g; AnbersynthTh CTC from Rohm & Haas,

Paris, 20 France with matrix nmade from pol ystyrene- |

%li vi nyl benzene ) was placed in a 10 niL pol ypropyl ene

syringe fitted with a polyethylene filter disk. The
W d8¢/HRAs t hen washed with CH2C12 (5 x O.PSTHPHPC/00LIAY

a solution of Frmoc-Asn(Trt)-OH (0.7 equiv) and DI EA

(241 nL) in CH2A 2 (2.5 nt) was added, and the
Exp&qf?éﬁtﬁd foc §£ Jiers rgf)gd fn({rxaﬁlréesm dhd z\/\&%t %ﬁnﬁac@leﬁ‘%ﬁi&ﬂa

eU|v m xture stirred for
(. S%mmolfgrﬁéi‘ Be%rewplbwa%m@ I{iSéqaﬁ‘ﬁfrFmOéme;Qh%Pd?tf'? Ehinof 25

mﬂﬁ%dr&@%@&—hm@f(}t Bhund@ »51 131677090 Gnd ity thqqeld of the

Fnoc- Asn(Trt)-0-Trtd -resin was subjected to

curde gofysimFGnalsh Phﬁ% HRHJ s dgtppined by B?a'@afei zvﬁt’lufl)teda‘ﬂ 60 Prveld
onlyglag %), QritR a Blo&W spechif of BpGiRg cal cul ated by Fnoc
eterm nation was 0.8 mmol/g. Step 2 30
11- Ser (1B4- Asp(OQt Bu) - Al a- Al a- Val - Asp( Gt Bu) - Thr (au) - Se
r(tBu)-Ser(tBu)-d u(QB0-11eThr OBW Thr OB11) - Lys( Boc) -
Asp(Qt Bu) - Leu- Lyaoc) -G u(O 1l u)-Lys(Boc)-Lys(Boc)-A u
(O1Bu)- Val-Vval -d u(OlBu) Gu(aBu)-illa-du(QBu) -
Asn(TrO C1Trt-P group was renoved
and Fnoc- aa- O—TES Bn%omwarxlvﬁg’r‘aé"p?equentl al |y added

to the above pepti dyI -resin (step | together with
gﬂ}gﬁ-&g&é WiaVata-VR-A %tﬁu?Tﬂ«hu}ﬁ&{ﬂ;’i@l{tl&?@ﬁé&ﬁh&-ﬂ@ in
automatic hes| zer

Thr(&ghy,rpﬁg-ltyf(ﬁgmygpgb)-lgu-Lys(Boc)-Gxu(OtBu)-Lys(Boc)-Lys(Boc
Glu(OBuBeAHVa B OB GRIGB))-Ab-Slui) Bu)sh (TASOULCBUY-r&w (t 80- S
er(thu)-Ser(tBu)-Au(QBu)-I1leThr(tBu)-ThrOBlI O Lys(Bo
c)-Asp(Q Bu)-Leu-Lys( Boc) GI u(Q Bu) - Lys(Boc) - Lys(Boc)

-G u(QBu) -
Val -Vval -d u(OQB0-3 u (IB -Asn(fW-Cl Tr
Ca -ferpinal apchorpg pp CTC res“"'lﬁ‘i‘énﬁ‘ ﬁTAsﬁ(gE 1(1'%F‘8 was carried

out with with Ac20 (0.5 mmol) and D1EA (5 nmol) in

%—?l(ﬁﬁn‘ %w (ﬁ? 1 mﬁ:gl\é\%]t{&rljnbggor a’gg‘i‘ﬁ r%m%flohmséz I}{ I ngis
France with matrix made from polystyrene-1%divinylbenzene ) was placed in a 10 mL
polypropylene syringe fitted with a polyethylene filter disk. The resin was then washed with
CH3Cl3 (5 % 0.5 min), and a solution of Fmoc-Asn(Trt)-OH (0.7 equiv) and DIEA (241 pL) in
CHCly (2.5 mL) was added, and the mixture was stirred for 15 min, when extra DIEA (121
kL, total 7 equiv) and the mixture stirred for 45 min. The reaction was terminated by addition of
McOH (160 pL), after z stirring of 10 min. The Fmoc-Asn(Trt)-O-TriCl-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}-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)- Asn(Tre)-CITret-PS-resin
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Ac-Ser (tBu)-Asp(QBu)-Al a-Al a-lial-Asp(QBu)-Thr(tBu)

-Ser(tBu)-Ser(tBu)-Au(QBu)-11eThr(tBu)-Thr(tBu)-Lys

(Boc) - Asp(Q Bu) - Leu- Lys(Bockd u(Q Bu) - Lys(Boc) - Lys(Bo

Cc)-

Qu(OEu)-Val-Val-Gu(OBu)-Gu(GBu)-Ala-J u(OQ:Bu) - A

WQRHITHE2D11 The protected peptide from st &TEPAKNIE?

was cl eaved fromthe resuF by TEA- Et 3S1H CH202 20

(1:1:98) (5 x 30 sec). trate was collected on 1120
The @éod@f), éﬁ@g dfed 3dGFad Sa-Darst (1@ bduw) WeRRYRehtkINOREed to the

reauce

bogpauaTendgn i e S Bl sV Al rlady ATk

equidRCIDLIR @n 301 dufoln@if: WRBesizyrAPIA tvitiz@0nin ShuplngDimed
Ac- Ser - Asp- Al a- Al a- Val - Asp-Thr-Ser-Ser-Ad u-11le-Thr-Th
r-Lys-Asp-Len-Lys-C u-LysLys-d u-Val -Val -d u-d u- Al a-
A u- Asn- OH (Zadaxi n, t yneks asi n) The protected peptide
fromStep 4 was dissolved in TFA-H20 (95:5, 5 nlL) and
the m xture 30 was allowed to stir for 1 h. Then the
Ac-SgOBu)iAsigOrBigsdld-ilniy el B OFf-Tha (Bl StraBw - Sethu) i Ru(@ldutie r
Thr()kﬁﬁﬂ%u)!\t}s&oé' (b -Le! Eys@ac)(dfu(BIBL)-Ly]'(bEc)-Eﬁmbé)J@ﬁl?o:EE)A

on |s et her (25
var G PR G SR P g ed. The ol 1 d i s
i sol ated by decantation. Then, 1120 (5 nL) was added
and | yophilized. MALDI -TOF-Ms, cal cd. 3106.50. Found:
| rifhe fipgh petyBEgmvaygaricdxeyt wiewith AR Qmpmel) and RIES (pmoD ws
DMIdtQtlrﬁﬁ it ﬁ]ﬁgmm{th RRrddRLchang Stléri @Fere rﬁ‘xﬂ@&l’ﬁltvﬁng ndghlive.

di ssapoi nting 20% proper product with a strong
background snmear of nultiple inproper chain variants
(Fig. 4). - Careful reps&paion of the solid-phase

e USRS SRR Rl
Thr(arur'@m@wmrw@nmwmww&w&vr&;ﬁmowégr@ocs of t en

Gu(@lsueeiivetivous) Giuekerairblrosnaarpponat i on of V22,
three consecutive couplings E21, K20 and K19 proved

to be highly inefficient, requiring capping of
The nmt&eatmee@ﬂedhai step. 3 dboveovas cleansp iiomdhe redimbiyHife863HUEHChg
1B TF2 pB 0, RIS Bbon 1R (B TR0 Pl il
undee sedudst ipssissussi Joitdrith TN wasrteencdfqdctp aipsolepyselich ghat appearids

dunﬂ’éﬁly I-(;_B'rgnové) and &Q solution was lyophilized.

Step 5

Ac-Ser-Asp-Ala-Ala-Val-Asp-Thr-Ser-Ser-Glu-lle-Thr-Thr-Lys-Asp-Len-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 fbutyl methyl ether (25
mL) and the mixture is centrifugated. The solid is isolated by decantation. Then, H,0 (5 mL)
was added and lyophilized.

MALDI-TOF-MS, calcd. 3106.50. Found: m/z [M+H]* 3107.98.



10

15

20

25

30

35

Exanpl e 4: Conparative exanple 15

Ac- Ser - Asp- Al a- Al a- Val - Asp-Thr-Ser-Ser-Ad u-11le-Thr-Th

r-Lys- Asp-Leu-Lys-d u-LysLys-d u-Val -Val -d u-d u- Al a-

G u- Asn- OH (Zadaxi n, tymal fasin) Experinental

procedures essentially as as described in Exanples 2,

except that Fnoc-Ri nk 20 handl e was i ncor porat ed onto
WRHW/RTP8si n (4- met hyl benzhydryl ami ne r esiPSTEP208§04192

polystyrene19@|V|nylbenzggf basi s, Novabi ochemM

Mer ck/ Ger many), Fnoc- Asp-Ot Bu was si de-chain anchored

The @ﬁdéjﬁﬁfyrajng’ ?Qld' £ dgeﬁrmlednbg)ek?mi,@ pleakod?éaoar%uﬂt@d to dissapointing

am nonet hy rafted [i after renoval of Frmoc
O‘Vogar@arpprmlmt‘w@l ytRe brpeErpd smegerfimyyipiraeprrarst ehai vadtse
4). am&mﬁ reﬁeqtl& SODEBIRNPhasChedi 852 WBFi@ed Bhifehed (Dr19 g foh
.% for 35-mitt with double coigglg%i a@ .
Asn%?ég'rﬂe WHH‘%‘ couplipgand njnhylrigtesing apies vepnsiep By o gt g YRUESEy,
oﬁe&éfﬁa}fglg eenamemﬁff ﬁ&ﬁ!ﬁrthﬁuﬁ oWiHSZ mrcﬁ@dcugua cowplings E21, K20
TEA- fer. etylation een, c rn
and K10 s o 50 b Ml HEBORE TR O S Bk G e POl
couplibd, adldi@gled Gt emu aeid udiyy RbreHEl Gf Fame 2o (acﬁd glid @)t.
soisRE B SRy o AUl 08 RS P TR SRR, g i
synti{ehis taiyvep(Figl8): 28 of tymal fasin) Side chain anchoring
and synthesis was performed on Ri nk-Chematrix resin
essentially as described in exanple 1, except that no
doubl e coupling was perfornmed at the sequence
positions indicated in exanple 1 but a uniform

single coupling time of 35 mn. was applied. Deletion
of 35 the Qu residue No. 27 could was observed as

the only but da¥ampRY: ChagaRative tiimpt i on WO

2006/ 117227PCT/ EP2006/ 004192 21 byproduct in the HPLC
Ac-Sit-Ag)-AR A1FFValgA sp) Thr-886 S &atlu-NeMbh ThiL gxaspilee-Lis-Gluhls-
LysGHPV AN GhcGluk Al atRu-a sl OHI Bddakinytymalpeinessed by

ext ended, repeated coupling at E27.

Experimental procedures essentially as as described in Examples 2, except that Fmoc-Rink
handle was incorporated onto MBHA resin (4-methylbenzhydrylamine resin LL on polystyrene-
1%divinylbenzene basis, Novabiochem™, Merck/Germany), Fmoc-Asp-OtBu 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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Exanple 6 5

- NH2- Lys-Lys-d u-Val -Val -d u-Q3 u- Al a-d u- Asn-011
(fragnent 19-28 of tymal fasin) Side chain anchoring
and synthesis was perfornmed essentially as described
in exanple 1, except that a PEG MBHA resin from
MI1lipore-Waters (M PEG 2000- 00- Om MBHA- PS-r esi n,

W@08¢/117237 | y described in Kates et al., H SRTESREp/O04192
PEG- pol ystyrene graft s\llJ\onrts for solid-phase |o
synt hesi s, supra) that grafted with a R nk

an Get Bfuid ee
B IPREYS GG F AR Smfl SR B
succ@pfalty saprirapsed Hpedodndedcropsaied prysiinger B 7per f or med at t he

sequence positions E27, E21, K20, K19. The crude purity
and yield deteg %%d by RP HPLC anobunted to 92% (Fi g.

Nﬂzgiys-LyY‘@l@GQ (i/ailéYuZ EIGI/(ﬁPKQpéﬁQMgk%t 286k l¥Hashn) -

Pepti'de conjugate of fornula I

Side %ﬂal}%&ohﬁ/gsan@yﬂmyﬁd wad %l:rfog‘lé&'e@eﬁral‘ﬁt A6 bedi Yarple |, Bept

Wherein each amno acid resid is individu aII
that #PR-MBHAgesd froniltinosc Vagrs (P#%OIF%G%OO%@ OT“d"‘P%é T8 d
snm1ﬁkb@fﬁ?créﬂ3dll ﬁlkl?te§ etQD{mﬁﬂ-l‘éhdlgiCﬁ;Bblyls@Ieﬁ@gﬁ’m suppoRkBF solidRghakes a
rafte i nker _w
syonfhg e v BB AR iakes By Thyadipe
of thp Rﬁf(-@EGMI}H}Breﬁiﬁ plbﬂ di:yshmflﬂldmth@lSS @Eidbig. ISp@tallg gdsublevauplibd3,

r | ess n [
wer e o peaiog koo s 207 EARER A6 e RS G na IS |
detemnedbyREHHL(Bemucit@ésﬂ@%(Eiai&l r adi caI are -

i ndividually protected or unprotected and the
N-termnus of said radical is free, is
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15acetylated or is protected with a protection group
Y. 2. Peptide conjugate accordi ng to the pr ecedi ng
claim characterised in that the protection group Y
is an Fnoc group, a Dde-type group, a Boo group or a
derivative of said protection groups, preferably a
derivative of a Fnoc or Dcic-type group, pé cmwmmwz

Wo@@ﬁﬂ??%es 20a noiety that allows of reversi

affinity binding of the 2hus protected peptrde to a
suitabl e chromat ography solid matrix material. 3.
Pepti de conjugate according to claim11, characterised

Claimsn t hat the protection group Y al | ons of

reversible affinity binding to an i mobilised-netal
affirnity chromatography 25solid matrix material. 4.

P ccording to one of the precedin
1. @ n RO AL El B g p g
Fg%ns " %ﬂ%acter?sed inthat Rl is

%Sa/SpNaAMWM-Mme- Sgr-Ad u-11e-Thr-Thr
- Rﬁiy@&%@h%-WﬁG!@Glu-Na-Glu-Asn‘&ERZ—?—RS

30Ac- Ser - Asp- Al a- Al a- Val - Asp- Tht - SerdxSer-d u-11 e-Thr -
Thr-Lys- Asp- Leu-Lys-Au or H

Ser - Asp- Al a- Al a- Val - Asp- Thr-Ser-Ser-Q u-11el Thr-Thr-L
yS- Asp- Lou-Lys-G n-LenLys-G u with Y having the
meani ng naned before. WO

2DB6 LA t R 2RRCTiERAOSAY 0dvid ey pr8te@ed ok/prndrdtedf R3 is 2 PEG

Syoh Dga &:%%ﬂh’g&%hﬁpﬂu intBerst GE, B R4 Iﬁxﬁ&&%@ﬁﬁd

versi on conpri st ng resiaues an
l\bemrorw haid R} it h}@wem @BFolpetios gropP &5 PINgrmaich. Rreferably a

ik SUBA cSntidgGES thad 22 pEBBIy 195 B 29 hmifo bdidYeGduE tha
verS|on conpri sing at [ east reS|dues
wherein, if R1 is a peptidyl rachcal, the individual amino acid residues of said radical are
- individually protecied or gnpmtccted and the N-terminus of said radical is free, is

acetylated or is protected with a protection group Y.

2. Peptide conjugate according to the preceding claim, characterised in that the protection

group Y is an Fmoc group, a Dde-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 2
suitable chromatography solid matrix material.

3. Peptide conjugate according to claim 1, 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-e-Thr-Thr-Lys-Asp- Leu-Lys-Glu- ,
Ac-Ser-Asp-Ala-Ala-Val-Asp-Thr-Ser-Ser-Glu-Tle-Thr-Thr-Lys-Asp- Leu-Lys-Glu or
H- Ser-Asp-Ala-Ala-Val-Asp-Thr-Ser-Ser-Glu-Ile-Thr-Thr-Lys-Asp- Leu-Lys-Glu-Leu-
Lys-Glu with Y having the meaning named before.
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519-27 of mature Thynosin a, on a solid phase
conprising the steps of a. coupling a suitably
protected FMOC-G3 u, FMOC- Asp or FMOC- Asn residue onto
a PEG resin solid phase which PEG resin is preferably
sel ected fromthe group conprising polystyrene-PEG

m xed resins, PEG polyether-polyester 10m xed resins

WQ0PHREB2ZPol yet her - pol yam de m xed resi ns ZRYEP2006/004192

essentially pure PEG resipns b. elongating the peptide
chain by FMOC synt hesi s erein the side-chains of

i ndi vidual am no acids may be derivatized with

sui tabl e protection groups c. optionally acetyl ating
% hethailof syntesizingrRhyragsinte 51 Giiganipahiy rymseied vepsion of Hympy™

Pea%hgs%\gfrésﬂ(l&stltﬁ, LRI mBalyVehHRE v85E96(dihfGostnd, Cl ai m
5, characterised in that the peptide synthesized is
Tm;amgg'qiqg ah[pasﬁagquqqgl Fer S‘léla{lféﬁ% ¥ersiqy comprising at least residues

1- D87 oARRurA TR A w )@ o AP EoneikingSRE stépk bf | | e- Thr - Thr
-Lys- Asp- Leu-Lys- a u- Lys-Lys-G3 u-Val -Val -3 u-Q3 u- Al a-
d u- Asn-28 wherein the individual am no aci d chai ns

are hAJ_ Saﬁzﬁm@ Gfgﬁdb@ pro&tted BMOC @], yMPCtsp 6 FMIOC-ASresidue

Met hod according tqQ claim characterj.sed jin.th

Uhe. PERT SO S s P RPEREE S fb Sl e
accor dieg dompisirgipolystyreretPEGatk@résie ®EGpolydiet-pelirster

| oadi ng. capaci t f the PEG resin. is. | 1l PEG
nunol /%‘”‘gﬁil 'ﬁﬂ%ﬁeﬁﬁg e (5 "ore %?g% Vol gggr@é tléal Iy
devoi dregihs pol ystyrene co-pol yneric share.

b. elongating the peptide chain by FMOC synthesis wherein the side-chains of
individual amino acids may be derivatized with suitable protection groups
¢. optionally acetylating the last, N-terminal residue and

d. cleaving the peptide from the resin

6. Method according to claim 5, characterised in that the peptide synthesized is Thymosin

a, having the sequence

1 -Ser—Asp—Ala-A!aNal-A.q:—'l‘lmr—Ser—Ser-GIu-llc-Thr-‘l'hr—Lys-Asp—Leu-Lys-Glu-Lys—Lys—Glu—Val-Val-Glu-Glu-Ala—G lu-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 mmoV/g and which PEG resin preferably is essentially devoid of

polystyrene co-polymeric share.



24 9. Method according to claim7, characterised in
that the PEGresin with the exception of the integral
and/or grafted linkers is a substantially pure

pol yether-PEG resin, preferably that it is a pure
PEG- pol yet her resin.

WO 2006/117227 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.



