1 METHOD FOR PREPARI NG MULTI PLE ANTI GEN GLYCOPEPTI DE CARBOHYDRATE
CONJUGATES The present invention relates to a nethod for
prepari ngwgéplfélﬁgl?}?ate T cell epitope conjugates of forﬁﬁFﬂBf‘]H/f)SIé’ﬁ?d to
carbohydrate T cell epitope internediates of fornula (11) useful according
to said nethod. During the | ast decade, the MAG Tn3, a new
type of synthetic i munogen which di spI]ays the tunor-associated Tn anti gen,
has been devel oped. The MAG Tn3 is a fully synthetic glycopeptide (MN= 10
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MAG Tn3 corresponds to the TECONLGATES
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i npl enented in small-scale (1-10 ng of final conpound), the carbohydrate
Tn3 antigen is incorporated to the dendrineric peptide MT)4 building
block. It is to be noted that the incorporation of the Tn3 antigen is
achieved with the fulll y unpgrotectt®dosugar; which may appear as advant ageous

since it avoids a final depjy c;ﬁc‘P step. - However, the
i nventors have shown|tfaagy S a od failp when scal ed-up. |ndeed, the
extra-incorporation JTf

' tion Ho@orle’ﬁ' ugs i%s difficplt to co][ltrol and ?ffec'ﬁ]sht hﬁ
crude purity and the]ovaes . eI EYTERST - Lfication of suc ig
mol ecul ar wei ght gly :opep%$j$§wg;’§5'_k;:w< Ptk Thus, there is a
need for an inproved|netho oM preparing MA% Tn3 whi ch overcones the
drawbacks of the priér art, Mn particular aHOws to obtain better yields
and purity, notably at a |arger scale and in a repeatabl e manner.

Thus, the present inventi JAGATHE aspect, provides a novel process for
preparing MAG Tn3, and nore generally carbohydrate T cell epitope

conjugates of formula (I) (MT-B)"), allowing a |arge-scal e production,
with better yields agh@yikido Multiple Antigen Glycopeptide.
_ Thus, MAG-Tn3 corresponds to a carbohydrate peptide conjugate B4-
T4-M of the following formula:

K—K—K
\
Tng-T T~Tn,
Wherein

- KKK is the dendritic polyLysine core (M),

- Tis the peptidic CD4" T cell epitope having the following sequence :
QYIKANSKFIGITEL

- Tn3 is the tri-Tn B cell epitope having the following sequence : (u-
GalNAc)Ser-(a-GalNAc) Thr-(a-GalNAc)Thr.



nBPr 1\4(1)nM T-BpOn, (I1)MT-B), (I) The et hod according to
the i nvention advant ageously enables to mnim ze the synthesi
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the synthesis in a repeatabl e manner. More specifically, it
has been discovered that protecting the hydroxyl groups of the carbohydrate
B cell epitope with a suitable protecting group (Pr), before incorporating
the B cell epitope to the MT),, building block, enables a better control
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The method according to the invention advantageously enables to

minimize the synthesis side-products, to improve the robustness of the process, and to
scale-up the synthesis in a repeatable manner.

- More specifically, it has been discovered that protecting the hydroxyl
groups of the carbohydrate B cell epitope with a suitable protecting group (Pr), before
incorporating the B cell epitope to the M(T), building block, enables a better control of the
B cell epitope 1ncorporat10n and thus to improve both the yields and purity, in partlcular at
a large scale.

Another object of the present invention is to provide novel carbohydrate
T cell epitope conjugates of formula (1T} (M(T-Bg,)s), which compounds are useful for the
preparation of carbohydrate T cell epitope conjugates of formula M(T-B), with high yields
and purity.

A further object of the present invention is to provide carbohydrate T cell
epitope conjugates of formula (I) (M(T-B),) having a purity grade superior than 95%,

obtainable by the process according to the invention.



The pol y- Lysine core of the conjugate of formula (1) is a dendrineric
structure may be represented as a star, having nultiple branches
(-T-B), WP c,zﬂ Zﬁlggnge i dentical or not. SulhT BE%PH%/P@\% Sre
covalently bonded to the NH2 end of each |ysine residue of the dendrineric
core, notably by a peptide bond -NH C(-{0)-. The val ence m of
the dendrineric polyLysine core (M, i.e the nunmber of NH2 end of each

| ysine residue is such that m> n, preferably m= n, n designating the
nunmber of (-T-B) bradbhesndeilarehjccts, botudeschint adMntages of the methed adeordimpt her
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aspect endrimeri ¢ pol'yLysine core
M corrprl é@é‘rl%ﬂre} east 3 IyS| ne resi dues in particular 3 to 15 |ysine

resi dues, m)r e parti quhariny ode tz%pe?ct' Ylﬁa' Bﬁeséﬁsirﬁhﬁ%}n relates to a method TofN
addi ti onal Bect sel eci fromthe foll ow ng

on
f or mul ae Pf4 %acelibsFydra irfregha@lsopf P%Bl“@ter?fs BB 1T /\ B-T-K
K-K-KI'K-T-B\ /\ B-TMKTTBK-T-B \ )\B B/ wherein : Kis a |lysine residue,
and

wherein:

M is a dendrimeric poly-Lysine core ;

T is a T cell epitope comprising a peptide ;

B is a carbohydrate B cell epitope comprising at least one carbohydrate
residue (b) ;

n is an integer and represents the number of -T-B groups covalently
bonded to M ;

Said method comprising the steps of :

1} coupling a protected carbohydrate B cell epitope (Bp;) which
hydroxyl groups of the carbohydrate residue (b) are protected with a protecting group (Pr),

with a compound M(T), thereby forming a carbohydrate T cell epitope

conjugate M(T- Bpr)p,

said protecting group (Pr) being selected from the group consisting of

allyl, p-methoxybenzyl (PMB), butyldimethylsilyl (TBDMS),

benzyloxymethyl (BOM), levulinyl (Lev), benzoyl (Bz), 2,5-

difluorobenzoyl, chloroacetyl, benzyl (Bn) or an acetyl (Ac),

or forming with two hydroxyl groups to which it is attached a Cs-Cq

isopropylidene ketal or a Cs-Cg cyclic alkylcarbonate ;

and

ii) removing the protecting groups Pr from the obtained conjugate M(T-
Bpr)a thereby obtaining the carbohydrate T cell epitope conjugate M(T-B),.

Dendrimeric poly-Lysine core (M)

The poly-Lysine core of the conjugate of formula (I) is a dendrimeric
structure, which may be represented as a star, having multiple branches (-T-B), which may
be identical or not.

Such branches are covalently bonded to the NH, end of cach lysine
residue of the dendrimeric core, notably by a peptidé bond -NH-C(=0)-.

The valence m of the dendrimeric polyLysine core (M), i.e the number of
NH; end of each lysine residue is such that m = n, preferably m = n, n designating the
number of (-T-B) branches covalently bonded to M. |

In another aspect, the number of (-T-B) branches n ranges from 4 to 16,
notably from 4 to 8.



T and B are as defined above. Advant ageousl y, dendrinerie
structures & and (Ib) provide a high density of antigens at the surface
of the def@r’t ??28 pol yLysine core M In a further asp C{/IBRYIR/US128S
(K)2K-13Al a-OH of the following formula : HO NH O(CH2)4 NHNH (CH2)4 H2N

| T-B) branches The presgnce of both carbohydrate B cell
epitopes and T cell epitopes on the conjugate of fornmula (1) renders the

| atter an efficient i munogen. T cell epitopes As used
herein, T cell epitopeafuthes agrecttitd dpadsimieric patyliysios aeredil campeipes aileast

nat ur e, I T,Cced | . u | topes
are not agﬁ%§g§g§§ue% f héﬂglagl%ﬁgv%)ng%nlyi&s%gg%? ?’frflgrgt?agtﬁcué?ﬂy 3 19 ?ﬁyé‘ﬁ‘?é
Tum)ur-a§%S Cat ed T-ceII epi topes for vaccine devel opnent”, Nature Reviews,
Vol . 2, July 5 2002In pn dddit®onél sasgect] thkessnj@ate Md-B), Nbédl&fted from the

"I denti fi c]tlonfof L’ galrl El%btopes for cancer innnunotherapy"”, Leukem a
(2007) 2{0 opgag forglae (i) of ™ he Cancer immunity / peptide database website
. http://ww. canceri mrunity. org/ pepti de database/tunorspecific.htm

The T cell epitopes incorporated in Bhe conjugate—ef formula (1) may be the
same or different, peptidic or not. \K —K / In a Q)arti cul ar aspect,
carbohydrate T ceII epi tope conjugates are car bohydratg peptide conjugates.
Peptidic T-cell epitopes can conprisé&Z to 50 anim®-acids. T cell epitopes
may notably be sel ected anongst CD8+, or CD4+ T cell epitopes.

CD8+ T cell epitopes, recognized as tunoral markers, may be selected from
the group consisting of : MJC-1 peptides /(ﬁoa@reas, br east)

-

/) \
B—T—K K—T-B

k—k—K

) S (Ib)
B—T—K K—T-B

\ /

T T
\ /

wherein :

K is a lysine residue, and

T and B are as defined above.

Advantageously, dendrimeric structures (Ja) and (Ib) provide a hlgh
density of antigens at the surface of the dendrimeric polyLysine core M.

In a further aspect, M is (K);K-BAla-OH of the following formula :

o}

HO
O

(CH2)4

(CH2)4 (CH2)4

H2N NH2

(T-B) branches
The presence of both carbohydrate B cell epitopes and T cell epitopes on

the conjugate of formula (I) renders the latter an efficient immunogen.

T cell epitopes

As used herein, T cell epitope means an antigen, in particular of a
peptidic nature, capable of eliciting a T cell response.

Such epitopes are notably described in S. Stevanovic, “Identification of
Tumour-associated T-cell epifopes for vaccine development”, Nature Reviews, Vol. 2, July



MAGE 1 and 3 (nelanoma, lung) (T. Boon et al. (1995), | nmunol ogy Today,

vol . 16 n70é§%§334 336) pnell7/gp 100 (nel anoma) Tyrosinase %mel anoma) BAGE
(el anorra Ianona) LB- 33-B (nel anona) CDK4 p185})f3§523 ?/8%}%?5 ovary)
CEA MARTI / Mel an-A (nel anomg) or selected in the group
consisting of tunor antigens describeddn A Van Pel et al. (1995)

| munol ogi cal . Reviews n 145, pp 229-250 or in P. G Coulie (1995), Stem
Cells, 13, pp 393-403. In a particular aspect, T is or
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These peptiddic T cell epitopes typically b| nd to a plurality of MHC (Mgj or

Hi st oconpatibility Cgnp) +C kel i di ng
i n consequence the restrléé;ltogn pr%%leﬁn?é‘%lg%ant er egh%%tcﬁgﬁ h%fi@f Tr@é’li)
cel | ul ar *PEYSnse, associated with the pol ynorphi smof the M-1C nol ecul es

exi sting between i ndicpgiuplcell eMIGRAY RIophlfedSE 1 RRorhICIaNYss, Ly Fe QB Hes

shoul d increase the i mmunogenicity of antigens present on thé conjugate of
the pr esg‘?ﬁ’tr“ﬁ‘ﬁ\gé‘?ﬂﬂ‘iﬂ‘?f’ls‘é’%ggter esult of the vaccination of numerous

i ndi vidual s with the-tebfigds }ﬁdplﬂdésﬁtpancreas breast) As further exanples of

pepti de T-cell epi topesy, ere made ,t 0.S,.Stevanayi G,
“Identification of Tunour‘&gssoch%&ega%&“ a{l?m%’plhfnc%eg 1990 aéti ﬁe (1995),

devel oprrémmUHOMVtTrOéaRe@i 7 Mud 334233QQul y 2002, p. 1 to 7 ; J.H Kessler,

CJ. M Mlief, "ldenti LFEI%“ﬂgp 90 dndghdmAPi t opes for cancer
i nT nunot herapy Leuke 7 (_L 1859-" 1874 in the Cancer imunity

/ peptide database websi V@Smaﬁepzrwlwaémlﬁl(m{aﬁpw) or g/ pepti de

dat abase/ t unor speci f i c. HAGE Exalapdes) I08-3000 (ReRhdFhC T cel | epitopes
i ncl ude notably : - fragments of pneunpcoccal type 4

pol ysaccharide, and ol i gpsg%%charl de tetanus toxoid conjugates as descri bed
by C C. A M Peeters pl&ﬁ’f (breast, ®haryjJour nal of | mmunol ogy, 146, 4309-4314,

meni ngococcal Ilposacch@ ffﬁﬁslglsl S&rAgﬁggg‘ég@SF M Verheul (1991) in

Detection and | nmunity, 73. B cell epitopes
- or selected in the group consisting of tumor antigens described in A.

Van Pel et al. (1995) Immunological. Reviews n° 145, pp 229-250 or in P. G. Coulie
(1995), Stem Cells, 13, pp 393-403.

In a particular aspect, T is or comprises a CD4™ T cell epitope, which
may be notably a poliovirus (PV) protein fragment, a tetanus toxin fragment or a PADRE
peptide.

1no-

As an example of CD4™ T cell epitope selected amongst poliovirus (PV)
protein fragment, mention may be made of the synthetic peptide that corresponds to the
103-115 sequence of VP1 protein from poliovirus type 1 (KLFAVWKITYKDT) (SEQ ID
N°4).

As example of CD4" T cell epitope selected amongst tetanus toxin
fragment, mention may be made of the following fragments :

- 830-844 sequence of the tetanus toxin (QYIKANSKFIGITEL) (SEQ
ID N°1)

- 947-967 sequence of the tetanus toxin
(FNNFTVSFWLRVPKVSASHLE) (SEQ ID N°2)



As used herein, B cell epitope neans antigens capable of eliciting a B cell
response As used herein, a carbohydrate neans_a_sacchari de,

not abl y %9&012/18??260 and pol ysacchari des. PCT} Iﬁzoéyﬁlé’f rred
aspect, the car bohydrate residue (b) formng the B cell epitope of the

conjugate of formula (I) is a N-acetyl gal actopyranosyl residue, or a
derivative thereof. In a particul ar aspect, the carbohydrate
residue (b) is attached to an am no acid, peptide, or lipid residue. In yet
a further aspect, the cwﬂer@&;ramencesifdhmtet@uamﬁngﬁmwmﬁﬁ)ﬂ@ (&8E1 or
peptide. phRyayfurther aspect, the B cell epitope is attached to the
dendrineric s?ructure MT) " via said am noacid or peptide.
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B cell epitopes

As used herein, B cell epitope means antigens capable of eliciting a B

cell response.

As used herein, a carbohydrate means a saccharide, notably mono-, di-,
oligo-, and polysaccharides.

In a preferred aspect, the carbohydrate residue (b) forming the B cell
epitope of the conjugate of formula (I) is a N-acetylgalactopyranosy! residue, or a
derivative thereof.

In a particular aspect, the carbohydrate residue (b) is attached to an
amino acid, peptide, or lipid residue. In yet a further aspect, the carbohydrate residue is an
O-glycosyl amino acid or peptide. In a further aspect, the B cell epitope is attached to the
dendrimeric structure M(T), via said aminoacid or peptide.

The B cell epitope may comprise one or more carbohydrate residues (b),
notably 1 to 10, in particular 1 to 6 carbohydrate residues.

Such B cell epitope may be selected from tumor (cancer) glycosidic

antigens, notably from :



13- GaI-(l 3) -a-Gl NAc-Ser, 13-Gal-(1-3) -a-Gal NAc-Thr, (a-Gal NAc-
Ser/Thr) 2 %a Gal NAc- Ser/Thr)3 and (a- Gl NAc- Ser/ Thr

WO
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conjugate of formula (1) is MAO Tn3. Step i) The net hod
according to the present invention, corprises the step i) of coupling a
protected carbohydrate B cell epitope (Bpi) which hydroxyl groups of the
carbohydrate residue (b) are protected with a protecting group (Pr), with a

corrpound MT) ," therdi®ygliyoolinicglaas,daclbding dicatie glcokipitl sech as;rfer exarpplgat e
T- t P
consi ot | A5 a1t S, U, 00 Buis (e RERED ﬁﬁ&butﬁﬁd%ﬁn’éfe‘gg T i)
benzyl ox}imﬁlﬁl tt(emsy I(BoY) (bagaist, (Hresfyte, perybpnd iRz (bmarst, qoestienzoy| |
chl or oaceyy, yl (Bn) or an acetyl (Ac), or form ng with two hydroxyl
roups to |ch |t I's attached a C5-C6 isopropylidene ketal or a C5-C6
gycl Pc al kyl car bonat &h¢ Chelycpwbpeptrdss (%WH’P&‘%’} clags R A Tor mpmple, Mt v
( )AC)CO I lnm mg]{an CoH GLINAZ %G lor as@agmc)'gm {YDF aﬁ@gent(pecat(em o@'Galﬁ\L%cger or
a upl i e rate.resi ic [ OX
groups a 2@?)13(&% g@Wfﬁ%@ g‘?’%?‘ére ark&; %f)qu(el?ﬁ)J Pfﬂ%ﬂﬁéﬁﬁ@fc yom
benzyl ( Bsn)alkyrmamﬂnyl tigsfed [Spwinighr &. (ForSpmnnﬂZM T)98-1206e(16B4)] f(ovaryngreast
car bohydj c e t
repgatl?& Or %ll I%L ﬁaﬁA%ofﬁé ot ec:%r P@?BIW e ?e5| dues’ (bpr) up
to obt ai ¢ alal &réﬂtrbd car bohydrate conjugate of for mula (I1) 114(T-BPOn

Advant ageously, it hgge ly@éll @ﬁl‘ﬂ&}i%sétf ﬁE%n}d@ﬁﬁe REGRIRY B 6 Lir8Gn 0 LRSI
enable to coil;lltrol t he upl i of. each the ca boh rate reS| ues b, or

of the BT flserieype nwwumrﬁacwrlﬁh P§¥Yéi‘)°°?“§n ! e X4EplRndPHea shown
t hat t he ntempimal, mfembbaae RIS, SN pBICOLNS paledzmmaé cana if aha SirBgrocirgiy ed
product, with an inproved conprom se between yield and purity.
The hydrg'xyq groups of the carbohydrate residue can be protected by the
above nentioned pr ot @bt ipolysercbapdes(42e )carhoby diateyrebiiubre nbitpined rbyag eyythetir oups,
accor di ng 5ng Lonventi onal thods Protected B cell epitopes
or car %ydrate resi dues (hp may be conmercially avail able or nay be
prepar ed from conmmer dhaB gﬁllaﬁpaﬁopaaf@eé?{raﬁem %gmr@ieem%g% alsp@f dyngat eBedi ng to

colnvent | @i astet BR@Sple, one 1solaﬁcd from thé Pedt Mc,cf]abﬁ@desalspect It he dendrineric
Doy T D on o s Y S B A Mo o oS SF e B e
synt hesi are preferentially tumor n@ﬁ_kans exhaplfor efangidd,iToh eﬂld[iﬁbﬁrﬁ},geﬂsant ion may be
Mg obonl "ol o HECHE IR bR  BLEPLS
under t héexa-daeTngher ﬁfr@@ﬂ&@wAl a- Tent aGel

In a further aspect, B 1s or comprises the carbohydrate residues selected

from the group consisting of :

- oa-GalNAc,

- o-GalNAc-Ser,

- o-GalNAc-Thr,

- B-GalNAc,

- B-GalNAc-Ser,

- pB-GalNAc-Thr,

- B-Gal-(1-3)-0-GalNAc-Ser,

- p-Gal-(1-3)-0-GalNAc-Thr,

- {o-GalNAc-Ser/Thr),,

- (0-GalNAc-Ser/Thr);, and

- {a-GalNAc-Ser/Thr)s,

In a preferred aspect, B is or comprises the residue (o-GalNAc-Ser/Thr)s,
most preferably (0-GalNAc)Ser-(a-GalNAc)Thr-(o-GalNAc) Thr.



Trt. The M core may notably be attached via a 13- Ala-CH resi due The resi n

substitution ratio, i.e the grafting ratio of theresmf#
groups ma‘(}] glnzé]é $fom 0.2 to 0.05 mmol /g, preferably fr& GB%L‘BZ/P%ZW 13
nmol / g. In a particular aspect, bp, is a protected 0-glycosyl

am no acid or peptide. Protected O-glygosyl peptide nmay be coupled to the
M T) " building block by successively introducing the protected
constitutive 0O-glycosyl am no acid residues bp,. In this
regard, the solid phésengptirdemaddmpbdionpephe denjsgate heSirmubeafl) beMgpEsf or med
using theg,standard Fnoc chenmistry protocol [5] and [6]. N-a-Fnoc ami noacids
and gl ycosyl ated am noaci ds or peptides are incorporated stepw se in the
pepti de chai n. Step i) Thus, step i) may be performed by reacting a

first protected N a- FpBenddhdi é/&@ﬁ.ﬁ'ﬂ ﬁfﬁh@%ré’s%hﬁmb@ﬂtlow E(ﬁhl%lhé%s Mhel dtcp iPst | di ng

bl ock. More specifica 0X gro firs
0- gl ycosyPURIienD pé%tlege%ﬁaﬂ:pqul@ g Béﬂ/\FP]FPHehgﬂl—ég’é:ﬁj&gyélFo’@’ cHOHIS ‘E’#Lwéhel'
br anches catbbkydrhiy fesida k) areppmtdcflﬂ wikal efdtediigp GerburC(RQ) With)a compound

The F i i di i
N GRS KA
be simlarly react edsmdtmowmg\gi@ugr(Brjprg stiectéd fiom preogreup e:dneisting)oﬁci d

resi due, and so on. p@,ﬁ%} t op i ses
several carbohydrate reS| cf?ue eth(oéybe-m ep (I f htﬁmﬁdgﬁltltéthc?ﬂag}éor % t he

i nvention may conpri SenayRaysedy [of(BOMEatlerginvhe Ee0pl |bﬁlg20é(bcha) ng2 %0 step
a) up to obtaining thﬁl@%ﬁéﬁfﬁ@fﬂr@t&oé@eﬁmweﬂ@ﬁl@p@r &%@g@&@ M T-Bp,),

These peptide coupli n rgﬁ %grrl gd out Br otic solve such
as DVF of NVP, in t hel frotensatopme ﬁﬁt@ﬁﬁlggtoeagém it S et £ vl PA
or DI C/HOBt, and PyB{®propyBieneiktal or a Cs-Cg cyclic alkjrlaaraomaftl cul ar aspect, Pr
is benzyl. In that c t e carried out in

t he presence of Tf O—Iﬁgp][?tfg&dda%ga?’ylf%%bhnzg Qf@ Zetﬂe(xlcﬁ a particular
aspect, step ii) is én@atlrabvlﬂt asphgtdﬁe}gewampuﬁes the steps of : In a preferred
aspect, the catal yti h e Pd/ C,
notably of 10% Pd/ C % w&\g] asﬁgsggledttict&p&{rbﬁgrd%é re'sﬁ]ut‘: I’(‘Gprmﬁ&?@l? Em%’l

conj ugat ETVPS 5T RIREE ?3 Pth & Brolgciiag grp (,Pe@ yotahbynsalegted figmy benayl (BRyos s

pr ef er ablayetolf (AOQUVItH &/ SBompghadCRI(a), Yy Serdbry fob@irid d eAridiy Bia@N W €1l @pabpa | ong
period. ; T The, ¢ taI Xlﬁl c hydrogenation is preferably carried out
in NWP/ Hfﬁnju%%FM)(l Y Pl’)ﬁ 3“4/ atio of 87,5/12,5, as a sol vent.

The catal ytic hydr ogb}tatapeatmgacp la})mwihsﬁmhef eroadzrltqd cabaslivelchte ugsidites dbp;)

t enper at yl 37C.
The cat al %/)t%? égﬁgfdﬂ%g%ng{é}%gcaﬁ%a tQtlagéncl re er{’aﬂtlal?15 (lpta@ed")hut under a
pressure rangi ng frofdvantageppslyait bapbeea ﬁﬂletné‘if%ibql ﬂlaaﬁucémm%@lg)&ﬂoupﬁ RAr
anot her %ﬁﬂﬁ@tt@ c8h®R thi)cobislitRbf e&% epthel Qb dRES RQNREs ef oIfo ¢ BLEe1

Preferabl th conj ugat e of cted w the
presence® “’iﬁ%ﬁl\/g lm%‘ﬂeg}oﬁmﬁﬁel Sag‘?eti‘es (e %afoé“e femo"al of these

Tf OH/ TFA@EM’Edtmgcgﬁﬁpd ali®vys e obtairl #h déslrewd/ prbihdot, with @nbiRevedsp@ptomitde
protecti cetyI The deprotection of acetyl
protecti %gm%r o&Pelfand%%re% ii) is preferably performed in the presence of
hydrazi ne, in a prot ilbe ppdrylsgrbugnef, the earbelgdrpte eesiduealan diegirotecteth bashe

met hanol ,pdW Sechiali L en
15 and o8R0 MeREGHEL et QBWRREL oIRGB LERREEMR: sccofihENL®
conpound BRvengeRalngetheds)y may vary from 100 to 1500 nol ar equi val ents.

The deprotection of @ﬁﬂédtéd MRYelh| dpRtbpat | !B\é by cbﬂuoﬁﬁdrt@rféeﬂuw (ta]henfaszeeence
of MeONa, not abll)( 1I\/&%):H as sol ve “h room rrpe?rf% bétyween 15
and 25C. commercially availablg,pr may-he prepared fragy SRR &Y ttsz”é‘E nﬂﬁﬁerét‘ $olid
support, ahdifermnrdlg@toecom/eﬁtmnauhath()tlsl) obt ai ned at the end of i) is
prelimnary cl eaved j&

deprotection step ii I[?@ % eﬁ% 53‘{%3%%%ﬂmg %Lg OIte %I}cpg]élﬁe{ ° of
TFA and W@eﬁwm@é?)p bm}dlmbtmkealw moh@zeﬁdﬂonow sabd mppm thaisi enabling

95/ 2. 5/21@&\(1/\,3/5(\_{1,(1 dhflie synthesis. The nmethod according to the
invention may furt nprise a step iii) subsequent to step ii)

consisting in one or Amewnlt 0€ §P}id FURRCED SNCTHIGH PR %Vﬂft‘dé\ﬂfr}?,(éyiﬁ}‘rﬁ@%
hi gh- per fresimanedohdlZud &vithy-esmi Rk BaYI RBhdIRMEng resin) on which Fmoc-B-Ala-

groups may then be grafted or those sold under the trade name Fmoc-p-Ala-TentaGel R



Step iv) The net hod according to the invention may further
conpri se a subseqguent step iv) of recovering the product. AM synthesis
In a partWQl}P%ﬁm Bect, t he net hod according to the invgﬁfrfrﬁwl?/ﬁgltzﬁer
conprises the step of preparing the conjugate MT)El. In a
particul ar enbodi ment, the conjugate MgT) n is prepared starting fromthe
dendrineric pol yLysine core and by introducing stepw se the N-protected
am no acid residues constituting the peptide T cell epitope. The

N- pr ot ectletd TwiMeose indy metabdiy bs atinched oicab |PyAErDH meilno Thei rdsin essbsditaison

The amn I; i : di i [ tnsuch
2o DNF, T g U Rl Y U R b TR Al e e B Hont B2 B 00
D C, Hostumekmoreferplydrasn ODi0BEA. I3Thmolsnbi nati ons (DI G/ HOBt and PyBOP) or

alternatively (HATU B PE&icakae 1§ ¥e R : i upl i ng
BéicalafadpRéd b W @f_SIIOYec Qﬁ%})@%gyl afﬂlﬁ@ﬁsdggb%gpﬁ(agb 09)
ik

reagents _are al so .di sc|losed in E. Val eur: M a , e .
38, 606 ¥ f‘?i.e“@ %P{‘é‘w pepgjde m ez‘&?l‘?ﬁ%z*@é%b%f 0 E@%@?Z@SS‘@ESS@%M Eur J

g ggog) 1 Sotr QM0 g dlie Iﬁote&l‘.&:ldidoﬁﬁitﬁhlm 0 @y@ﬁ)gahnin@afidlﬁésﬁméi bShem (2010) 3,

5. ol.l. owi n ach,.peptide coupli the. N-ami no aci
protecting groups ar gnb“ésnlé?\% .’&Essoggp %Q,PSPB?G %f#o@gﬁqp(??té%eﬁyﬁg]‘eélf&?ﬁsbecan be
removed iperfomeedprserethe stanflandi reed diengstiynpatqrol ] aagi{6} Neodotocembineands as

DIVF. i i t SEQ ID
ot the anyhERsepipte L EnRAGHS S ARISR, ARl kd LOVRERLEE bep AL
pseudo- prol i ne di pepfdestepadveait bgypearlamed yhwaptingor Hov axoteefedN-gdfrhoc

di pept i depgHesRN el R By, Hifthé MEN! b BAKI0QN MAE sFERIRIIURE 'c&%of?%lié he
product. M Sy@gﬂf’ﬁ ) I.n a partjcul ar aspect he thaod
accor di n§' 1% iﬁ%ﬁ‘?ifﬁ'ﬁt Prlygosy! aoyhp ?F’g r {Sﬁéa%‘}ewltgﬁhﬁ’p}@@&m 53 each
dendr i nmepf theplobmhsliss nthereby dorviing a peptide covalent bbiae (d¥aMMNHEX | ¢ pol yLysi ne

core M may be prepar car.din o.t he t hod di scl os b S _pat.ent
nunber US 6, 676, 946. %g%?@é)ﬁi%‘r’lg <A oL SFqhs iy Sé’r%sgﬂ?eucgt(a&toe/y Rijﬂlp%)“,ime n
| n anot h&MMBEgpdSMP. (Thenpr esend prefeged Noo-Edoa k-glyewyk hpipr asiil des nay be

car bohydiat; ' ' s Is ity ?
95% ob ol RART Seey AU AR SENR MDA RARRE, Bl BULTY O

a purity grade may bénBhivasade B celbepibnne snpiises several Lerhohy dratepresiduey
after step, ftcp )), oM mBtHodAcEQUDEIE tHRITasEtidh hnP@ntTsFBNCSEe dfepéhting the

chromat.ography (RPHPLC). As an exanple, RP-HPLC npy be perfornmed with a

| ow gr antiP'¥ ntgr%%rgfm Stﬁ%tagb‘P)}O Wi’?ﬁlwaggﬁa F?h&‘%é??ﬁ&ﬁ?@&?ﬁﬁ CQIUEAES g
notably &(laBelt 10 p.mor inferior to 5 g and/or having a pore size of
about 300 A or |ess, . ol ' : 100
A. The stationary hggg&ﬁbggéeggﬂlégg%g%’%%ﬁﬁgge&%glg%éb%ﬁ&%h% g‘?ﬁe‘{égg‘g} afted
by oct adé&PMErquTﬁg/IP(,anstbe dagcees ofl sounlingagygents siohors HAY Lbeng&¥PEANed wit h
wat er (0pIesGB), a¢eiBopirile with a shallow gradient, for instance from
70/ 30 to 60/40 over S Be,,ri od of about 20 m nutes. The purity
grade of the conjuga formula (1) can be determ ned by any conventi onal
met hod, notably by RBr kipaficultRespeut, iPtYs bénzpl. dh ehakhye, thddroto@icaldiap ) 98%

and adva ousl y? 99% Car hohyd+at.e T .cell j. t conj.ugate M T-Bal i
In an adﬁa?iq%r?gﬁl asoblzgf ; et?ﬁ(?égerb?yeoge]ﬁbﬁ _vt_’é'n% ?%%%‘? Wﬂ%@lag\o‘gar bohydrate T
cel |l epitope conjugalmea pirtit@er mpket, (e i) is aMaTl BpOydfddehatither ei n
In a preferred aspect, the catalytic hydrogenation is carried out in the
presence of Pd/C, notably of 10% Pd/C (% w/w), as a catalyst. The weight ratio of the

conjugate of formula (II)/ catalyst may vary from 10/2 to 10/10, and is preferably of about
10/8. The catalyst may be added portionwise over a long period.

The catalytic hydrogenation is preferably carried out in NMP/H,0,
notably in a volume ratio of 87,5/12,5, as a solvent.

The catalytic hydrogenation reaction is preferably carried out at a
temperature ranging from 20 to 40 °C, in particular at about 37°C.

The catalytic hydrogenation reaction is preferably carried out under a
pressure ranging from 1 to 10 bar, more preferably at about 5 bar.

In another aspect, step ii) is carried out in the presence of TfOH.



- Mis a dendrineric poly-Lysine core ; 12 T is a T cell epitope,

pref er abl co I’ISI ng a peptide residue ; Bpis a protected car bohydrate B
cell epi t‘& Psi ng at |east one carbohydrate resi d@gT(Im 15312

hydr oxyl groups are protected by a Pr group, said Pr group being sel ected
fromthe group consisting of ally!,

pnet hoxybenzyl (PVB), t - but yl di nmet hyI sil y?(TBDIVIS) benzyl oxyrnet hyl (BOV),

| evul inyl (Lev), benzoyl (Bz), 2,5- difluorobenzoyl, chloroacetyl, benzyl
(Bn) or an acetyl (A&ygfemblyf dﬁna‘rbmg'ugatd: lof ﬁmtﬂg«ﬂﬂbiyteagtedupﬁhtﬁomm hhét is
attached j and
nis an |p?1?sg§cec§f1fﬁ%@%@gﬁgs@?ﬁsﬁgﬁ%n@%@e %ﬁ ﬁ?%ﬁ&%@(%g F‘ﬁ %?gnded
to M |nbgopar¥éardy/vaspect, Bp, is a protected (a-Gal NAc-Ser/Thr)S. In an
addi tional aspect, Piy h$otRG%y éct%e%%%cﬁh Ffb Ph o 4Rey. aspect, Mis

HO 13Al a- K(K)2- In a&gtq%‘fpas ect i S KFIGI EL (SEQ I D N1)

| n anot her obj ect, ENESOR o BQﬁtﬂe%m?CB%% g5upy ‘éa?t%ﬁvdﬁdir%fef?@btl de

Conj ugat @ewbifnaam)the fp@ésemee@falﬁ}ld@&@e G e hetdp cﬂhxescﬂﬁdiﬁl fde eganple Gatseohol
T- vy ef 1 ned
f eat ur es SBM ?’ﬁw%et%l\lloé aﬁ?% %é(a\ﬁl?’% o 58 r@grf%ﬁ?graé MO F?r?ﬁ?éﬁgrﬁulr%getgfe’f e and

fol | owi n@58€escri ptions of exenplary enbodi nents. These exanples are given
for illustration of t I

thereof - Fiaur g e hOUPRRIRY B8RS clatug B BONREhOb PR b ) |

pr ot ocol M&Yofary Femnki0ried 586 maola que!@msOn The mol ar equival ents are

i ndicated rel atl ve tcrh@naé]ﬁo@é@&p of THRIAM P} ARGHAALR 18 BéforhiR@OlPARat ed
as pseudo-Pro Q}\ld Figure 2 : G Tn sﬁr}; hesi s
accor di né’r‘?s’én‘i?r‘bf ME agnefpblya MePHo BO?OIY% AVt PYReTAER Leprchyeen 15
equi val enhg 24*@ i ndi cated rel ative to am no gr oup. The AA9-1 and AA 5-16

are incorporated as ps 91% 0. di peptides. vi at i.ons .LhO_aci
Acacetyl AcOHacetic gmg 4 B.f egt Ie\fthen 1mo IZE(? in & solid Supépﬁ%e conjuga(ge

of formula (II) obtained at the end of i) is preliminary cleaved from the solid support,

a he

before performing the deprotection step ii). Such cleavage may be performed in the
presence of TFA and TIS in water, for example with the following volume ratio 95/2.5/2.5
viviv,

Step iii}

The method according to the invention may further comprise a step iii)
subsequent to step i} consisting in one or more purification steps, notably by reverse phase
high-performance liquid chromatography (RP-HPLC).

Step iv)

The method according to the invention may further comprise a
subsequent step 1v) of recovering the product.

M(T), synthesis

In a particular aspect, the method according to the invention further

comprises the step of preparing the conjugate M(T),.
In a particular embodiment, the conjugate M(T), is prepared starting

from the dendrimeric polyLysine core and by introducing stepwise the N-protected amino
acid residues constituting the peptide T cell epitope. The N-protected amino acid residues

are notably Fmoc amino acid residues.

The amino acid couplings may be performed in a polar aprotic solvent
such as DMF, in the presence of one or more peptide coupling reagents such as DIC,
HOBt, PyBOP, HATU or DIPEA. The combinations (DIC/HOBt and PyBOP) or
alternatively (HATU/DIPEA) are particularly preferred. Alternative coupling reagents are
also disclosed in E. Valeur; M. Bradley, Chem Soc Rev (2009) 38, 606 ; A. El-Faham et al.



Boctert - but oxycarbonyl tButert-butyl DICN, N -diisopropyl carbodiimde 13

DI PEAdi i sopropyl et hyl am ne DI PEdi i sopropyl et her

DVAP4- di &EBH@%‘&?%%W di ne DVFdi rnet hyl f or mani de DvBdi RETABIEHPIRe

DVBdi vi nyl benzene Et OHet hanol FAform c acid Fnoc9-fl uorenyl net hoxyear bonyl

HATU2- ( 1 H9- azabenzotriazole- 1 -y1%i 1,1,3 ,3 -tetranet hyl uroni um

hexaf | uor ophosphat e HOBt N- hydr oxyhenzotri azol e HPLC/ M5 hi gh perf ot hi ance

| i qui d chronmat ography / nass spectroscopy MAGrultiple antigenic

gl ycoppeitheneEMe O K200 HanohoMep Ra Ssbitosiuneahyt all ©rE3belot Chem Qonay §hass

spectro MAol ecul ar wei ght NVPN- et hyl pyrrol i done NMRnucl ear magneti c

resonancé PyBOPbenzotri azol e-1-yl -oxy-tris-pyrrolidi no-phosphoni um
Following each peptide coupling, the N-amino acid protecting groups are

removed. As an example, Fmoc protecting groups can be removed in the presence of
piperidine in a polar aprotic solvent such as DMF.

As regards the synthesis of the peptide fragment SEQ ID n°1 the amino
acid residues AA°' and AA™'® can be incorporated as pseudo-proline dipeptides.
Advantageously, the incorporation of such dipeptides demonstrated a significant impact on
the crude quality of the product.

M synthesis

In a particular aspect, the method according to the invention further
comprises the step of preparing a dendrimeric polyLysine core M.

The dendrimeric polyLysine core M may be prepared according to the
method disclosed in US patent number US 6,676,946,

Carbohydrate T cell epitope conjugate M(T-B),

In another aspect, the present invention advantageously provides a
carbohydrate T cell epitope conjugate M(T-B), having a grade of purity > 95% obtainable
according to the method of the invention.

Such a purity grade may be obtained by performing a purification step
(iii} after step (ii), notably a reverse phase high-performance liquid chromatography (RP-
HPLC). As an example, RP-HPLC may be performed with a low-granulometry column,
notably having a granulometry inferior to 15 pm, notably of about 10 pwm or inferior to 5 p
and/or having a pore size of about 300 A or less, notably less than 200 A, in particular less
than 100 A. The stationary phase may be a reversed phase based on silica gel grafted by
octadecyl groups (also called C18 silica). Elution may be performed with water (0,1%
TFA)/acetonitrile with a shallow gradient, for instance from 70/30 to 60/40 over a period
of about 20 minutes.

The purity grade of the conjugate of formula (I) can be determined by
any conventional method, notably by RP-HPLC.
The purity is preferably > 96%, notably > 98%, and advantageously >
99%. '
Carbohydrate T cell epitope conjugate M(1-Bp,),

In an additional aspect, the present invention provides a carbohydrate T

cell epitope conjugate of formula (II) :
M(T-Bpg)n (ID)
Wherein

- Mis a dendrimeric poly-Lysine core ;



hexaf | uor ophosphat e RP-HPLC reverse phase hi gh-performance |iquid

chromat ogr aphy. RT room t enper at ure SELDI - TOF NS

surface-e 9&3{2@&332%& desorption/ionization time-offli 59;/1@&75/051285
spectrometry TBStert-butyldinmethylsilyl TFAtrifl uoroacetic acid

TfOH ri fl uoronethanesul fonic acid THFtgtrahydrofuran TI Striisopropylsilane
TMSBrtrinethylsilyl bromde Trttrityl anples : 14 General nethods

The synthesis of 6 was performed stepwi se on solid-phase using Finoc

chem stry. Ami no acid silte adhaillrepitope, geefesablygrompingseskpide esiouk ;on G n and
Asn, Boc on the Lys7 _ang, L: I .Bu on Q. u. For
the Lys19 and Lys20,, théﬁpli_)pr%'gpé%t{: %:tggc%ﬁﬁgﬂ%&%at&e%féellﬂ_ﬁ%gtgggcOm;%smg leart Hhe net
pepti de carhobndigtajesidueidy ahishrndrany! graups grerprateetcd b 9 Poigrappant i t ati ve ami no
acid analysis using a B ; i ’
conpounds with 6N HCl a? ﬁ?%(r?rf@ %}?@5%%%}@%& Rbrh e @Yﬁ?ﬁég\ﬁ %Eﬁlggl\/éggﬁép yses
were performed on an Al Meikpaboryb sy &MRB).cougrawldigmehiliildet e ETBPMYE7

(I220t am) and to a Qt_ToI Ibw@n@;}mesmct}sgmg erevﬁlMg\qrgm,S)be%M @Bz)r 2,5-
el ectrospray 1onisatlion osI,t1ve e) S rce rs). es were
cool ed tg 4)C/: on the aut 8&2%?@??@}*@3?9%@%’% V&H‘Soﬁ\é‘%a‘ﬁ@ﬁﬁgmd with

acetonitril e+0. 025%-A ( Ay farmiag eithQwo 48aFAkyDebpdB Which dvieratta2éhed . CFag

colum was a Zorbax 300 . T ' t dient 13-53% A)
or a XBri dgeTM BEH130 c%@p%gg%?nefe%%ggﬂ“%@g‘%Lelrﬁgl)&”{)gg”fqéat Fent 15-40% 0A).

The tenperature of the 88dirce was maintained at 120C and the desol vation

tenperature at 400C. .The i§QR&n¥ taﬁgqﬁq@s%fsot}{ ber of -T- A Q@h@,
anal yses were rg\ﬁorded in the p%gsri ti v% m)éle bf/n(ljl%nr g%? in]f%d%?unn‘f%r‘{ t he sane

mass spe@f’P‘é‘?@etP The sanpl es were dissolved at -5pM concentration in
wat er / acetonitril elf dpddicwlat bspRct] B fiO b Brdte@ed @-GalNAc-Ser/Thr)3. The

SELDI - TOF anal yses re Jormed onja. PCS 4000 s spectroneter (Bio-Rad
Labs). H4 Protei nCh;N?jn3?g‘i{’{lgﬁg%?ggspﬁgrbeenﬁﬁtqr\%?é with 14 CH3CN. Spots

wer e incubated with tihe ferdweaipent, M it BOHA12-16K).. ng/ mL) in a box at RT for
20m n. They were the | i f o n) and 1120
y @n%go;g&gﬁﬁ\égg,hr ks fI&&‘ﬂSK@T%ML gs;Eg % ey, )

(3x1 mn). The matrix ) st napi ni c aci d sat ed’ 1 n”'50% )

CH3CN 0. 5%TFA) was apprreberabiecache psatiomaroyides netse vb agprbobiygrateqrptde a

ver e genebajugste INMOTBRAL forairE@iting ROEarBbliylirde | RpEde 861jLM0 M@EPE), NIFE-B:,),

i nst rurrentdgﬁ(srpﬁf}er nal |c5% calibrated wth bovine ubiquitin, bovine

cyt ochr B MBI e As SEHRTHARAYED the matrix and the settings as descri bed
above. Ofhe fpatniet pf dfe iGveaionandl hezedle hypdreht ik ¢tsirdedofane

Agi | ent ; . A d t nm._ The col um a

Zor bax 33@2@“@%%@8 Es?’i@%&@?)‘)?&%(em% Agﬁ%ézrllﬁen%ﬁldf%%g 8§aélmq%sntar?/va%w%‘b%6r med
wi t h acetlbytnatipn elibe ingemtion a) are nppinémded tokrHim{tBl tbereof. 40mi n, from 13 to

53%A (0.8nl/mn, retgid,p time 20.5mn) . The nol ar
equi val ents of all reagents argI indicated relative to am no _groups. The
T

mol ar anounts of the "Bt &¢ MAC hrbrmilssk acsomling g motge 4 af tha methad Bhsed
on the stlarinvagidn®he proMraquidaicntslars iHasdakddueltiNe tTRIHRVEHE). IThei BAYS a4 dabl e)

i ncl ude %whdﬁees nt he&tiif stS% 5 Br o({]ﬂ . t.‘l('i}ey were cal cul ated on the net

pept i de tent© SFOHEYFT Bl g At PEPHdm t he Frnoc-13-Ala-resin 1

substitution. Protocdigute 2FMAGETT) syntlesis according to protocol B of the method of
the invention. The molar equivalents are indicated relative to amino group. The AA* ' and
AAP " are incorporated as pseudo-Pro dipeptides.

Abbreviations

AA amino acid

Ac acetyl

AcOH acetic acid

Bn benzyl

Boc tert-butoxycarbonyl
tBu tert-butyl

DIC N,N’-diisopropylcarbodiimide



Fnnme-13- Al a- Resin (Il owsubstituted resin) 1 2g of

p- benzyl ox benzIyI al cohol resin (Wang resin, 0.91 mol/ 100- 200 nesh,
pol yrer r‘?ﬁﬁrzpkz.j 289&Bol y(styrene- 19OVB), Novabi ochen) wer gcwﬁ%‘ﬂ%ﬁlﬁff? DIVF
(Applied Biosystens) for I|h in a dry round-bottonmed flask. 311ng (I nmol) of
dry Fnocl3- Ala-OH (Novabi ochem Merck {hemicals Ltd) were dissolved in 8nl
of anhydrous CH2Cl 2 (Acros). Four drops of DVF were added to conplete the
di ssolution. After the addition of 77uL (0.5mvol) of DIC (Fluka), the
reacti on m xture wasDEREAr eddiisopréd@hehrylammiger ar gon, at room tenperature.
The reaction m xture eva dryness and the rotary evaporator
opened under argon. ]?E%ér esi%ﬁggﬁ@gl%}ﬁ%rsol ved in the m ni mum vol une of DWW
(6nL) and the sol uti BMARBs attdedethplamfropysdinn. 6mg (0. 05mmol ) of DVAP
(Aeros) dissolved i npRpml ofinfdyiMehempdded and the suspension was stirred
gently for 2h at roomtenperaturé. The resin substitution rate
was neasured by WV aPMSysi s @mcthyladiide sanpl e according to the follow ng
procedure. 2 to 6ng DiVE esi ndiwRfytbchi@Rsferred with a Pasteur pipette to a
smal | sintered gl assEngfgnel. The resin was washed with DMF, CH2Cl12 (Carlo
Erba) and dried. The f&<in \Aﬂga‘:lqlansferred in an UV cell, precisely

wei ghted and t hen adBad wi t hft2zm8rdcidf 20% pi peridine (Aldrich) in DMF. The

suspensi on was agita W t hg g glg ur pipette for 2mn. The
absor bance was read g’?"g%oo. S%ttniﬁz rsezf]li ?ﬁcg\nﬁ%ﬁﬁﬁt he reference cell

cont ai ni ng 20% pi per HATRé i n2-ONH-9-aplabenextrisaoleot-yi)daldd Adetnasethdurmivre be 0. 1
Mol / 9. hexafluorophosphatth® resin was washed three times with DMF. The

resi dual hydroxyl groaps wer e capped using the foll ow ng protocol. The
resin was resuspendedUH 13nN-Ryprgpweenzotiazsly (16, 4ol ) of Ac20 (Sigma) in

I nL of DWF, and thenH®6OMS(Bigh bertoinaneé 1iPMARhtdindtGkrapiy OiVkssWpE@roastgdsd.
After gently stirri ng{j{ r 30m H]’Pﬁt room tcg&rgperatt re, the suspension was
filtered in a sinter §| assTPUIRNEIEEHE EEOPRBI N ®washed three tines by
DVF, three tines by EHPCL2 amdthtahein was dried overnight in a desiccator.
The resin 1 was stor 4 : h@ﬁﬁ | G TEL] 4- 1C2- K- 13- Al a- Resi n
(protected peptide) %ﬂ;oﬁ\ﬁa Csodfl eﬁfgetraval ent peptide was synt hesi zed
from 250ny (25unol ) BPMSypc18e@uespraysnass spesiromistippl i ed Bi osystens pepti de
synt hesi zer 433A usi ppgyFnoc gReFLIGE Wiohd he Applied standard synthesis
protocol was foll owe\% cept, for an ac%]géti onal washing step after each
coupling step. Briefty' the Eﬁ‘ﬂﬁthglrpéiﬁﬁ Wre removed with 22% pi peridine in
NVP (Applied Bi osystHive} andnidienrdegneieetimncsvas nonitored by

conductivity. The |ysg] cor . const riuct ed- b cessively.coupling two
| evel s of Fnoc- Lys( Fﬁnﬁlg?PO-l %W%gﬁ%@ T i'%lé(i/ t'télrgrﬁ% rr%&fé{noé@lé’ls}gho?{“%eq, 2'

cycl e : howdnowphasph&TU (Appl i ed Bi osystens) (1st cycle : 40eq, 2nd cycle
. 20eq) / DI PEA (Apphki O ) o i ycle :
40eq) as the coupli n?%@%nﬁégﬁgﬁaﬁﬁ/g}%@pgﬁcﬁ%ﬁ%e l(lckg?gﬂl%g%aﬁ%?ﬂ?shg of this
very | arge excess of Fe@@ghieglﬁf?é‘&}”ﬁd be not necessary for the efficiency of
the reaction and i s SRLPId@TF V3 t irfabechhdnbad dsBe deoppamkienizeddid filmdags are
filled wipth | mmol_ of ami no acid). The stepw se introduction of the
subseque MEHREES THESFYREEY ani no acids (Applied Biosystens, 10eq/ ani ne)
carrying standard sid@BSchai nteprinttgddinnatkylgilydups was performed with HATU
(10eqg/amne) / DIP Oeq/ i I . The AAin positions 15-16 and
9-10 were i ncorporgfgg‘aas, f%gwég%ﬁcve %}]!,}@anc- |1 e-Thr(llme' mepro)-OH and
Frnoe- Asn(Trt)- Ser (§iR nepﬁﬁfm@m?th@@qmlﬁrﬁm@‘)ld(l\bvabi ochem Merck
Chemical s Ltd) with ARV (10ge,g4dH8)arand DI PEA (20eq/ am ne).

[ S(a- D- Gal NAc( OBn) 3) -TS( a- D- Ga| NAc( Canar3) - T(a- DGal NAc( OBn) 3) - QYlI KANSKFI G TEL
14-K2-1C-13-Ala 5 1 U1isoReRsi4Ee f rom 2 (25mml ), the gl yeosyl at ed
bui | di ng bl ocks wer eTMEB potrh@blylsiby) badthide Fnoc- T(ec- D- GalNAc(0$11) 3) - OH
(Fi cher Chem cals AG% (1st c (;[I e), Fnoe-T(a-D Gal NAc(OBn) 3)-0H (2nd cycl e)
and Fnoc- S(a- D- GalNA ftCBn) 3) - 6—| (Ficher Chemcals AG (31d cycle).
Briefly, the:-dry building block (0.3mmpl, 3eq / free am no group) was

di ssolved in the m nj ‘Munt of DMF (-2 nmL). A solution of 55rng

(0. 145nrnol ) of HAT ioehem) in 0.5n. DVMF was added and the resulting
m xture was added to the resin. After adding 521,LL (0.3rnnol) of DI PEA
(Aldrich), the suspenﬁaﬁgewa.qar hadH -§h3 hIBso §ge coupling
steps were nonitored by e Kai@ﬁ;%r te(ss}?!/ﬂ[qﬁ and{a\;\e%rteo-gggjrxrptape?gd,
respectively, inlh, 1 hand | h. After each coupling steps, the resin was
washed with DMF (four tines). Al Fnoc cl eavages were carried out by
treatment of the resin with 20% pi peridine in DM. Follow ng each
deprotection, the resin was successively washed by DVF (six times), CH2Cl12
(six tinmes), and DVF (six tinmes). At the end of the synthesis, the resin

. R A~ NI IS PNA PN . AN g




After the incorporation of Tyr5, the assenbly was pursued on a O. 15rrrm|
scale or a 4.65mupl scal e using the sane protocole and afforded t

pepti de- r‘gglzﬂlzélz?%% respectively, 4 and 5. Am no acids E@’d?%?ﬁ%/ﬂ%‘zs%m)
DCHOBt : 1/1 (eq/ arri ne, mmol) Coupling reaction (mn) PyBOP (eq/am ne)
20. Fnoc- Lys(Froc) -OH (1.75, 2.1) 1.75,;2.1 60 0.5 19. Fnoc-Lys(Fnoc)-OH (2,
4.8) 2, 4.8 105 1 18. Fnoc-Leu-OH (2, 9.6) 2, 9.6 60 1 17. Froc-d u(Q Bu) (2,
9.6) 2, 9.6 60 1 16-15. Fnoc-Ille-Thr(Tme-rviepro)-OH (1.5, 7.2) 1.5, 7.2
60 General methods

The synthesis of 6 was performed stepwise on solid-phase using Fmoc

chemistry. Amino acid side chain protective groups used were Trt on Gln and Asn, Boc on
the Lys’ and Lys'!, tBu on Tyr, Ser and Thr, OtBu on Glu. For the Lys19 and Lys®, the
protective groups were Fmoc.

The net peptide contents were determined by nitrogen analysis or
quantitative amino acid analysis using a Beckman 6300 analyser after hydrolysis of the
compounds with 6N HCI at 110°C for 20h.

The HPLC/MS analyses were performed on an Alliance 2695 system
coupled to a UV detector 2487 (220 nm) and to a Q-Tofimicro ™ spectrometer (Micromass)
with an electrospray ionisation (positive mode) source (Waters). The samples were cooled
to 4°C on the autosampler. The linear gradient was performed with acetonitrile+0.025%FA
(A) / water+0.04%TFA+0.05%FA (B) over 20min. The column was a Zorbax 300SB C18
(3.5p, 3x150 mm) (Agilent) (gradient 13-53% A) or a XBridge™ BEHI130 C18 (3.5,
2.1x150 mm) (Waters) (gradient 15-40% A). The temperature of the source was
maintained at 120°C and the desolvation temperature at 400°C. The cone voltage was 40V,

The ESMS analyses were recorded in the positive mode by direct
infusion in the same mass spectrometer. The samples were dissolved at ~5uM
concentration in water / acetonitrite (1/1) with 0.1% formic acid.

The SELDI-TOF analyses were performed on a PCS 4000 mass
spectrometer (Bio-Rad Labs). H4 ProteinChip array surfaces were activated with 1ulL
CH;CN. Spots were incubated with the reaction mixture (2.5ul., 1mg/mL) in a box at RT
for 20min. They were then washed with the reaction buffer (3x1min) and H,O (3x1min).
The matrix (2x0.6pL of sinapinic acid saturated in 50% CH3;CN/0.5%TFA) was applied on
each spot and allowed to air-dry. Spectra were generated from each array spot with a laser
setting ~3pJ. The instrument was externally calibrated with bovine ubiquitin, bovine
cytochrome C, 3-lactoglobulin with the matrix and the settings as described above.

The purity of 6 was analyzed by RP-HPLC using an Agilent 1200 pump
system with a UV detector at 220 nm. The column was a Zorbax 300SB C18 (3.5p, 3x150
mm) (Agilent) and the gradient was performed with acetonitrile+0.1% TFA (A) /
water+0.1%TFA (B) over 40min, from 13 to 53%A (0.8mL/min, retention time 20.5min) .

The molar equivalents of all reagents are indicated relative to amino
groups. The molar amounts of the protected intermediates 4 and 5 are calculated based on
the starting Fmoc-B-Ala-resin 1 substitution. The overall yields (Table) include all the
synthetic steps from 1. They were calculated on the net peptide content of the final product
6 from the Fmoc-B-Ala-resin 1 substitution. |

Protocol A (Figure 1)




0514FrmcG|yOH(2 9.6) 2, 9.6 60 1 13.Fnoc-11e-OH (2, 96)2 9.6 60 1
12. Fnoc- Phe- OH 9.6) 2, 9.6 60 1 11. Fnoc-Lys(Boc)-OH nmol ) 2,
9.6 60 1 %6281 c,26Asn(Trt) Ser (Tne-mepro)-OH (1.5, 7.2F I’Igi‘"%“"sz‘z%% 0.5

8. Foc-Al a-OH (2, 9.6) 2, 9.6 60
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Fmoc-p-Ala-Resin (low-substituted resin) 1

2g of p-benzyloxybenzyl alcohol resin (Wang resin, 0.91 mmol/g , 100-
200 mesh, polymer matrix: copoly(styrene-1%DVB), Novabiochem) were swelled in DMF
(Applied Biosystems) for 1h in a dry round-bottomed flask. 311mg (1mmol) of dry Fmoc-
B-Ala-OH (Novabiochem, Merck Chemicals Ltd) were dissolved in 8mL of anhydrous
CH>Cl; (Acros). Four drops of DMF were added to complete the dissolution. After the
addition of 77ul. (0.5mmol) of DIC (Fluka), the reaction mixture was stirred for 20min
under argon, at room temperature. The reaction mixture was evaporated to dryness and the
rotary evaporator opened under argon. The residue was dissolved in the minimum volume
of DMF (6mL) and the solution was added to the resin. 6mg (0.05mmol) of DMAP
(Acros) dissolved in 0.5mL of DMF were added and the suspension was stirred gently for
2h at room temperature.

The resin substitution rate was measured by UV analysis of a resin
sample according to the following procedure. 2 to 6mg of resin were transferred with a
Pasteur pipette to a small sintered glass funnel. The resin was washed with DMF, CH,Cl,
(Carlo Erba) and dried. The resin was transferred in an UV cell, precisely weighted and
then added with 2.8mL of 20% piperidine (Aldrich) in DMF. The suspension was agitated
with the aid of a Pasteur pipette for 2min. The absorbance was read at 300.5nm (g = 7800)
with the reference cell containing 20% piperidine in DMF. The extent of loading was
found to be 0.1 mmol/g.

The resin was washed three times with DMF. The residual hydroxyl
groups were capped using the following protocol. The resin was resuspended in 13mL of
DMF. 1.55mL (16.4mmol) of Ac,O (Sigma) in 1mL of DMF, and then 660mg (5.41mmol)
of DMAP in ImL of DMF were added. After gently stirring for 30min at room
temperature, the suspension was filtered in a sintered glass funnel, successively washed
three times by DMF, three times by CH,Cl; and then was dried overnight in a desiccator.
The resin 1 was stored at 4°C.

[QYIKANSKFIGITEL]4-K>-K-B-Ala-Resin (protected peptide) 2

The tetravalent peptide was synthesized from 250mg (25umol) of Fmoc-
B-Ala-resin 1 on an Applied Biosystems peptide synthesizer 433A using Fmoc chemistry.
The Applied standard synthesis protocol was followed except for an additional washing
step after each coupling step. Briefly, the Fmoc groups were removed with 22% piperidine
in NMP (Applied Biosystems) and the deprotection was monitored by conductivity. The
lysine core was constructed by successively coupling two levels of Fmoc-Lys(Fmoc)-OH
(Applied Biosystems) (1" cycle : 40eq, o cycle : 20eq) using HATU (Applied
Biosystems) (1% cycle : 40eq, 2™ cycle : 20eq) / DIPEA (Applied Biosystems) (1% cycle :



1 7.Fnoc-Lys(Boc)-OH (2, 9.6) 2, 9.6 60 1 6.Fnoc-1le-CH (2, 9.6) 2, 9.6 60
1 5 Fnoe-Tyr(tBu)-OH (2, 9.6) 2, 9.6 60 1 4. Fhoc-d n(Trt}j—O—| 221. 2for4) or
(2, 37.2 Y82 132’112%92,6 1.2) or (2, 37.2) 60 1 PCT/IBZ012/051285

[ S(a- D- Gal NAc( QAc) 3) - T(a- D- Gal NAc( 0Ac) 3) - T(a- DGal NAc( OAc) 3) - QYI KANSKFI G TEL
14- K2-K13-Al a 4 The synthesis was perfornmed from2 (0. 15muol)
as previously described for 2. The coupling steps were perforned with the
foll owi ng AA building blocks [5] and reagents. WO

2012/ 123@969@’?‘1/ ¢yBRO14eqh a6 ch@pling reagents and NMP as solvent (Note : the use of this

very large excess of reagents should be not necessary for the efficiency of the reaction and
is only due to the fact that the prepacked cartridges are filled with Immol of amino acid).
The stepwise introduction of the subsequent Fmoc-protected amino acids (Applied
Biosystems, 10eqg/amine) carrying standard side-chain protective groups was performed
with HATU (10eq/amine) / DIPEA (20eq/amine) in NMP. The AA in positions 15-16 and
9-10 were incorporated as, respectively, Fmoc-Ile~Thr(‘I‘Me’Mepro)-OH and Fmoc-Asn(Trt)-
Ser(¥MMpro)-OH (10eq/amine) (Novabiochem, Merck Chemicals Ltd) with HATU
(10eg/amine) and DIPEA (20eq/amine).

[S(o-D-GalNAe(OBn)3)-T(a-D-GalNAc¢(OBn)3)-T(a-D-
GalNAc(OBn);)-QYIKANSKFIGITEL]4-K;-K-B-Ala 5

Starting from 2 (25pumol), the glycosylated building blocks were
incorporated manually: Fmoc-T(a-D-GalNAc(OBn);)-OH (Ficher Chemicals AG) (1%
cycle), Fmoc-T(a-D-GalNAc¢(OBn);)-OH (2 cycle) and Fmoc-S(o-D-GalNAc{OBn);)-
OH (Ficher Chemicals AG) (3" cycle). Briefly, the dry building block (0.3mmol, 3eq/ free
amino group) was dissolved in the minimum amount of DMF (~2 mL). A solution of 55mg
(0.145mmol) of HATU (Novabiochem) in 0.5mL DMF was added and the resulting
mixture was added to the resin, After adding 52ul. (0.3mmol) of DIPEA (Aldrich), the
suspension was mechanically stirred. The three coupling steps were monitored by the
Kaiser test [1] and were completed, respectively, in lh, 1h and 1h. After each coupling
steps, the resin was washed with DMF (four times). All Fmoc cleavages were carried out
by treatment of the resin with 20% piperidine in DMF. Following each deprotection, the
resin was successively washed by DMF (six times), CH,Cl, (six times), and DMF (six
times). At the end of the synthesis, the resin was extensively washed with DMF and
CH;)Cly, and dried in a desiccator. 10mL of TFA (Applied Biosystems) / water / TIS
(Acros) (95/2.5/2.5 viviv) were added to the resin at 4°C and the mixture was stirred for
1h30 at room temperature. After filtration of the resin, the solution was concentrated and
the crude product precipitated with diethy! ether. After centrifugation, the pellet was
dissolved in water and lyophilized to yield 229mg of the crude glycopeptide 5.

[S(0-D-GalNAc)-T(a-D-GalNAc)-T(e-D-GalNAc)-
QYIKANSKFIGITEL]+-K;-K-B-Ala or MAG-Tn3 6

From 3,

- With TFOH [2-4]



Am no ac
reaction
(1.5, O.

ids (eg/amne, mmol) DIC/HOBt : 1/1 (eq/am ne, mmol) Coupling

BOP (eq/am ne) 3. Fnoc- Thr (a- D- Gal NAc( OAc
9 Of"i?/lzés’% 2. Fnoc- Thr (a- D- Gal NAc( 0Ac) 3F {7 fhothisthss
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200mg (0.014mmol) of 5 were dissolved in 2.96mL of TFA, 1.78mL of
DMS (Sigma-Aldrich) and 587ul. of metacresol (Sigma-Aldrich) at RT. The solution was
cooled to -10°C and 587uL of TfOH (Fluka) was added and the mixture was stirred 1hi5
at -10°C (TfOH/TFA/DMS/m-cresol 1/5/3/1 v/v/v/v). The product was precipitated with
diethyl ether and, after centrifugation, the pellet was dissolved in water and lyophilized to
yield 372 mg of the crude glycopeptide. The product was dissolved in 7.7mL of 0.05M
ammonium acetate buffer and the pH adjusted to 7 with 1M ammonia. After 1h at room
temperature, the solution was lyophilized to yield to 412mg of the crude product. The
product was purified by RP-HPLC using an Agilent 1200 pump system with a UV detector
at 230nm. The column was a Zorbax C18 (5 1, 300A, 9.4 x 250 mm) (Agilent) and the
gradient was performed with water (0.1% TFA) / acetonitrile over 20min, from 73/27 to

60/40. The purification gave 3.9mg (net peptide content) of 6 in 95.90% purity. The overall
yield is 1.6%.

Protocol B (Figure 2)

[QYIKANSKFIGITEL}4-K;-K-B-Ala-Resin (protected peptide) 2

Until the incorporation of Tyr>, the tetravalent peptide was synthesized
from 36.9 g (4.8mmol) of Fmoc-pB-Ala-Tentagel R Trt resin 1 (0.13mmol/g) (Rapp
Polymere) on a manual peptide synthesizer equipped with a Schmizo reactor. Before the
clongation process, the resin was swelled in DMF for 2 to 3 hours and was washed with
240mL of DMF (three times, 2 min/cycle). Following each coupling, the Fmoc groups
were removed with 20% piperidine in 240 mL of DMF (three steps, 20 min each). In the
case of Glu'’, Asn’ and GIn*, 2% HOBt was added to the deprotection solution. Following
each deprotection, the resin was successively washed by 240 mL of DMF (4 times,
2min/cycle), 240m L of 2% HOBt in DMF (twice, Smin/cycle), and 240 mL of DMF
(twice, 2min/cycle). ,

The amino acid couplings (1.5 to 2eq / amine) were performed in DMF
(111mL) at room temperature with DIC/HOBT (1.5 to 2eq each / amine) (see details
below). The AA in positions 15-16 and 9-10 were incorporated as, respectively, Fmoc-Ile-
Thr(¥M"*pro)-OH and Fmoc-Asn(Trt)-Ser(¥™*Mpro)-OH. After 30min, a fresh portion
of DIC (1.5 to 2eq) was added to the reaction mixture. The coupling steps were monitored
by the Kaiser test [1]. From Leu'® to Ser', after 1h coupling with DIC/HOBT (in equal
amount), PyBOP reagent was added (see details below) and the pH was adjusted to 7 by
dropwise addition of DIPEA. After 30min, the resin was washed with 240mL of DMF (5
times, 2 min/cycle) and an acetylation step was carried out from Leu'® to Thr®. The
acetylation was performed at room temperature with acetic anhydride (leg/amine) in the
presence of pyridine (leg/amine) in 111mL of DMF. After 20min, the resin was washed



(1.5, 0.9 1. 5 0.9 60 0.5 1. Fnoc-Ser(a-D Gal NAc(0Ac) 3)-OH (1.5, 0.9)
1.5, 0.9 60 At the end of the synthesis, the

gl ycopeptwgez‘”rzé]s?r”%ﬂo 15mml ) was suspended in a TFA/ TI §FH§%?1%/§§F§ 5/2.5
v/v/v) (10nL/g of glycopeptide-resin) and stirred for I h at 20C 2C After
filtration, the resin was washed twice;gith the sane TFA m xture (2nL/g of
gl ycopepti de-resin per wash). The filtrates and the washes were gathered
and stirred for additional 30mn at 20C 2C. After concentratlon (bath

t enper at writh 24BHCHf DMIe (Ctineds 2omomieycie)wafepthe daqortoaatinh off T, DhéFesin 8&n1/ g

vas i oq EPusEy ARk Wg@?‘@@erf of DI (82 HAFQLNY sl o Pl S o, 81
( C5531- 1@m%mml@a @fgrelck&mg 465)
I S(a- D Gal NAC( O3n) 3) A-f{eﬁﬂﬁ'lﬁadrwﬁﬁ&ﬁ@ ’?} Fﬁ@a@@ﬁbw&%ﬁ%h OQ%I(KH(}II%JDQ: |G TE

L14- K2- K- 0- synt hesi s was formed from 2 65mmol )
as previ 691%‘1? Pr aégmrg@dsop&uszng ﬂﬁé%tﬁpﬁoﬁ@eﬁéﬁf@/@é B PEPlEtesaing 9. t he
f ol | ow ngespletbuely, diang sbl ocks (Ficher Chemicals AG and reagents. At the end
of the synthesis, 84.87g of glycopeptide-resin were obtained. Am no acids
(eq/ am ne—eb)

DIC/HOBt :
Amino acids " Coupling reaction | PyBOP
(eq/amine, mmol) (eq/amine, | (min) (eg/amine)
mmol)
20.  Fmoc-Lys(Fmoc)-OH (1.75, 2.1) 1.75,2.1 60 0.5
19.  Fmoc-Lys(Fmoc)-OH (2, 4.8) 2,4.8 105
18.  Fmoc-Leu-OH (2, 9.6) 2,9.6 60 1
17.  Fmoc-Glu(OtBu) (2, 9.6) 2,96 60 1
16-15. Fmoc-Tle-Thr(¥™™pro)-OH (1.5,

72) 1.5,7.2 60 0.5
14.  Fmoc-Gly-OH (2, 9.6) 2,9.6 60 1
13, Fmoc-Tle-OH (2, 9.6) 2,9.6 60 I
12.  Fmoc-Phe-OH (2, 9.6) 2,9.6 60 1
11.  Fmoc-Lys(Boc)-OH (2eq, 9.6mmol) | 2, 9.6 60 1
10-9. Fmoc-Asn(Trt)-Ser(¥M™Mpro)-OH

1.5,7.2 60 0.5

(1.5,7.2)

8 Fmoc-Ala-OH (2, 9.6) 2,9.6 60 1

7. Fmoc-Lys(Boc)-OH (2, 9.6) 2,9.6 60 1

6. Fmoc-1le-OH (2, 9.6) 2,9.6 60 1

5 Fmoc-Tyr(tBu)-OH (2, 9.6) 2,9.6 60 1

4. Fmoc-Gln(Trt)-OH (2, 1.2 for 4)((2,1.2) €0 |
or (2,372 for5) |or(2,37.2)

[S{c-D-GalNAc(OAe))-T(a-D-GalNAc(0OAc);)-T(a-D-
GalNAc(0OAc)3)-QYIKANSKFIGITEL]4-K-K-B-Ala 4

The synthesis was performed from 2 ((.15mmol) as previously described
for 2. The coupling steps were performed with the following AA building blocks [5] and
reagents.



DCHOBt : 1/1 (eq/am ne, nmol) Coupling reaction . (m’r) PyBCP (eq/ am ne)
3. Frnoc- Thr aDGalNAc(CBn)3) OH (1.5 27.9) 1.5, 27.9

2. Fnoc- ThYP %‘ B/&PRRAac(0Bn)3)-OH (1.5, 27.9) 1.5, 27.9 66C6/I§2012/051285
1.Fm)c-Ser(a D-Gal NAc(OBn)3)-0OH (1.5, 1.5, 27.9 60 0.5
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) ) DIC/HOBt ; Coupling
Amino acids ] i PyBOP
) 1/1 {eq/amine, reaction )
(eq/amine, mmol) . (eq/amine)
mmol) {min)
3. Fmoc-Thr(a-D-GalNAc(OAc)3)-OH
1.5,0.9 60 0.5
(1.5,0.9) '
2. Fmoc-Thr(e-D-GalNAc(OAc)3)-OH
15,09 60 0.5
(1.5,0.9)
1. F -S -D-GalNAc(OAc)3)-OH
moc-Ser(a o(0Ae)) 1.5,0.9 60 | 05
(1.5, 0.9)

At the end of the synthesis, the glycopeptide-resin (0.15mmol) was
suspended in a TFA/TIS/H,O (95/2.5/2.5 viviv) (10mL/g of glycopeptide-resin) and stirred
for 1h at 20°C = 2°C. After filtration, the resin was washed twice with the same TFA
mixture (2mE/g of glycopeptide-resin per wash). The filtrates and the washes were
gathered and stirred for additional 30min at 20°C # 2°C. After concentration (bath
temperature < 35°C), the crude product was precipitated with DIPE (~35ml/g of
glycopeptide-resin). After filtration and washing with DIPE, the solid was dried (°<30°C)
and gave 750mg of crude 4.

ESMS: 12409.589 (Css3HgssN 070213 caled 12410,465)

[S(a-D-GalNAc¢(OBn);)-T(a-D-GalNA c¢(OBn);)-T(a-D-
GalNAc¢(OBn)3;)-QYIKANSKFIGITEL]+-K;-K-3-Ala §

The synthesis was performed from 2 (4.65mmol) as previously described
for 2. The coupling steps were performed with the following AA building blocks (Ficher
Chemicals AG) and reagents. At the end of the synthesis, 84.87¢ of glycopeptide-resin
were obtained.

DIC/HOBt )
. . Coupling
Amino acids 1 1/1 ) PyBOP
. ) reaction i
(eq/amine, mmol) (eg/amine, . {eq/amine)
(min)
: mmol)

3. Fmoc-Thr(g-D-GalNAc(OBn)3)-OH (1.5, 1.5,27.9 60 0.5
27.9) ' '

2. Fmoc-Thr(a-D-GalNAc(OBn)3)-OH (1.5, { 1.5,27.9 60 0.5
27.9)

1. Fmoc-Ser(o-D-GalNAc(OBn)3)-OH (1.5,} 1.5,27.9 60 0.5




WO 2012/ 123926PCT/ 1 B2012/ 051285 20 27.9) The

gl ycopept.i de-resin (20g, 1.096mml) was treated as previously described for
4 and af PR/ 83¥8g of crude 5. ESMS: 14141. 433 (c733H§§§41@0169?ﬁ%57 cal cd
14141, 610) Not e: This protocol gave a conparabl e crude
conpound as that obtained according toqgrotocol A i.e. starting from
Froc- 13- Al a- p- benzyl oxybenzyl al cohol resin (Wang resin) (see above).

[ S( oc- D-jCat-NAE{-OH) 3)—FLa—D-Cal-NAc{-OH)-3)—F(ot ~D-Gar-NAc L O)-3)
Qvl KANSkhQI’KS])TEL] 4-K2-1C-J3-Ala or MAGTn3 6 From4 - Wth Hydrazine [7]

100my (20p.nol) of 4 r | /ed. i , 2 f OH. { 11. 3nmo of
hydr azi ne nonohydr at é[%\;ve gg&érc?@ggé/ge%gl E%ozg’sd %@P%I wags s?ela%:aeés ﬁrevrl%%sg
t enper at wleecribag ferr4 aidgfordek9.96¢ of ¢rode 55 cool ed to OC and 3.2l of acetone

were added. After |hpdhe ml‘“"t“'r"yg%%gﬁfg?ﬁ&@ﬂtéaﬁhqqﬁ?ﬂﬁlz@& distilled five

times with acetone. The crude g e was lyop dtoyield 117ng.
The product was purified by RP-HPLC using an Agilent 1200 punp systemw th

?nﬂ UV( dAe_t Iect?r atffgm: %ibﬁpfﬁddwga@c@ng@amiénﬁé%?@o%d é%gtﬂg;l_ﬁF%\anified( 250
gi l ent). an e gradi.ent was perforne wat er . 1% )
acet oni t ralc?oéb’é@etf’ ﬁﬁﬁcﬁl, f‘8‘n‘?t§“§‘f§8§‘f1’6 F%%%@TAVVW&%@IPW‘P&E‘;I&AC &SSH1 gy
(net pept(MWimgoesih)aiate)abofe in 96. 4% purity. The overall yield is 2. 7% -
Wth MeONa 24mg (4.8p.nol) of 4 were dissolved in 3.2nL of
MeOH. The pH was adjusted to 14 (pH neter, noist pH paper -10.5) with 1%
MeONa in MeOH and t héS@oPuGabAeOiH)pell(caD-GRINAH@HBrE(d-ShGaiSAo():pr ed by
RP- HPLC. @QIKAN@KFI@ITELE?Q%LK%-E% Qgﬁ%@j_gﬁgdﬁw’th dry ice and evaporated
[

to dryness. The crude pe e was dissolved I M 1% aqueous TFA and

| yophilized. The product was purified by RP-HPLC using an Agilent 1200 punp
systemw th a UV det gesaig at 230 nm The colum was a Kromasil C4 (5 100A. ,
10x250 mm) (AIT) and the gradient was performed with 0.1% aqueous TFA ( VR)
/| acetonitrile (Carlo Erba) over 30 min, from73/27 to 62/38. The
purification gave 754pg WnlketHypkptindg]content) of 6 in 91.4%purity. The

overall yieldis 1.4 o] ¢t ) . 1 ) of
5 were di ssol ved in 2((88%% ?foiﬁ?\‘?f-l}/}%d{] S Golved 3 M #‘@%f Smf
109Pd/ C typémgwl) gbhvidrerinpumanebydrate Wereradded janf theasolution el stired zCramm 5
b?{ f or 2%&9 raily® O,Ieef@tggglaso,gﬁle s@fgflﬁit?tissc&fl%cpﬁ)tf @pﬁm m@ﬁfti @ﬂét%g)ﬁe%&% alac\mldtse
after n Q). e end of the reaction, e catalyst was
filtrat eds‘fgﬁﬁq}f‘e? etSB&’&HH %%@WW@ a&&/ﬁ?’%ﬂ]@g Tiye fignes witharetwg s ¢ryde
filtrate ghaspgatideewed Iydphiiizet heryiéld! t17aige sIties proddctl wampsiifitd &F REAWION

(1. 35mmol _j 0 fher dilution with.H2 nti l,,NVP/ H20 1Q/90). the
filtrates S{/r\llgr&é1 %girl%ﬂfti @8bl:ﬁ/ -53(3&%?(‘:“(&% ?\?\Jovs eg% o a‘ﬁ%éblﬁ??‘?gl?eyccgmnflf‘%sa?i on
was car r iZagbau€ 1965 at, VPAC 9318 256 romph (H80W) aud thkSgpedlieBOwiinpgrfavinted with

TFA/ H20/ 04/ 9 ; it 49, 0.0
Il (B ORI, Reafel Bk Shufhin o B B0 D Buinei g e
over 60m Mt seRiis¢ariEnp i bap QatVopimiks e eralyiedts 8% Vydac C18
colum (300A, 10-151.1m 50mJm) with AcOH H20/ CH3CN 0.5/94.5/5.0 v/v/iv (A
and with AcOH H20/ %C'\INQI‘[!%ME@%\?/ 50.0 v/v/v (B). The gradi ent was 0¥8B over

15m n, 0-2098 over 5nai ¥ over 60min. After concentration by
RP- HPLC on a Dai sogeR4fR- @@nidly 0D3-wWire alidsuived (i2 GrArhbraf MsOH!r ahé @H was

TFA/HZOI% 1 / : , _$Rlut . ar on. rotary
evapor at or %go?yf)ﬁgﬁq]?irg%%gt%&g I\f{%{rpc?&]ggfszg'skjh){élﬁp%%Megjﬁcbnnﬁee% a(I)l_f1 ®in
95. 3% pursPkyion FHEed¢eR4| Thy reardon wad npvitorgNs: RR-GBIL. 38Fer (24 §:HR83NMN0F 0177
cal cd 10§@uuAIZ3l v YSd O MABoARIRD BRCEE e (fuRMRpBUTRS Lig&Hvddint R
fol I owing table . V\é)&zo%z/,lzsg 6PCT] | @g‘glzl 051285 50 ! o %
queous TFA and lyophilized. The product was purified by RP-HPLC using an Agilent
1200 pump system with a UV detector at 230 nm. The column was a Kromasil C4 (5 p,
100A, 10x250 mm) (AIT) and the gradient was performed with 0.1% aqueous TFA
(VWR) / acetonitrile (Carlo Erba) over 30 min, from 73/27 to 62/38. The purification gave
754ng (net peptide content) of 6 in 91.4% purity. The overall yield is 1.4%.

From 5,

- WithH,



Initial process Il New process Il Carbohydrate protective group (R) None
(H TBS Ac Bn Deprotection nmethod - TFA NH2-NH2 TfOH H2 Qveral |l vyiel d2
(Purity) W2 9 Ylal e 3% (94.5% >10ng scal e <1%(<95°/<)PC-T/I§?0?3/00%/1§%5. 4%
1.6% (95. 9% 1. 5% (95. 3%
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10g (1.1mmol) of § were dissolved in 800mL of NMP/H,O 87.5/12.5.
After addition of 4g of 10%Pd/C type 39 (Johnson Matthey), the reaction was stirred at
37°C and 5 bar for 17¢h. Two additional amounts of catalyst were added portionwise after
72h (2g) and 120h (2g). At the end of the reaction, the catalyst was filtrated on celite and
washed with NMP/H,0 87.5/12.5. The resulting filtrate was gathered with other filtrates
issued from similar reaction (1.35mmo] in total). After dilution with H>O (until NMP/H,0
10/90), the filtrates were purified by RP-HPLC in two steps, The primary purification was
carried out on a Vydac C18 column (3004, 10-15um, 50mL/mn) with TFA/H,O/CH;CN
0.1/94.9/5.0 v/viv (A) and with TFA/H,O/CH3CN 0.1/49.9/50.0 v/v/v (B). The gradient
was 0%B over 15min, 0-40%B over S5min, 40-80%B over 60min. The secondary
purification was carried out on a Vydac C18 column (300A, 10-15um, 50mL/mn) with
AcOH/H,O/CH3CN 0.5/94.5/5.0 viviv (A) and with AcOH/H;O/CH;CN 0.5/49.5/50.0
v/v/v (B). The gradient was 0%B over 15min, 0-20%B over 3min, 20-60%B over 60min.
After concentration by RP-HPLC on a Daisogel SP-300-10-ODS-AP column (20mL/mn,
isocratic TFA/H>O/CH3CN 0.1/49.9/50.0 v/v/v), the solution was evaporated on rotary
evaporator and lyophilized to afford 225mg (net peptide content) of 6 in 95.3% purity. The
overall yield is 1.5%.

ESMS: 10897.387 (Cag1H753N 1070177 caled 10897,123)

Conclusion
The obtained results are summarized in the following table :



Comment Scale Inpurities and reproducibility issues during scale-up --> new
synthesis route with carbohydrate protection No expected conpound §5pa” I al
depr ot ectWBﬁ?lzl’]t’rﬁ%Pi ti es++ Scal e -5ng Conprom se bet weeh CLARPNIEPY2

deprotection and degradation. Scale -5ng Scal e 225ngy Conpar ed
to the initial synthesis using unprotegjed carbohydrate synthons (Figures 1
and 2), the new process (involving protected carbohydrates, Il, Figures 1
and 2) allows to: - mnimze the synthesis side-products - inprove the
process repeatability
Initial process New process
1§ 11
Carbohydrate None (H) TBS Ac Bn
protective
group (R)
Deprotection - TFA NH,-NH, TfOH H;
method
Overall yield? 1-10mg scale - 2.7% {96.4%) 1.6% (95.9%) 1.5% (95.3%)
(Purity)’ 3% (94.5%)
>10mg scale <1%
(<95%)
Comment Impurities and No expected | Scale ~5mg Compromise Scale 225mg
Scate’ reproducibitity compound between
issues during {partial complete
scale-up =>new | deprotection) deprotection and
synthesis route Impurities++ degradation.
with carbohydrate - Scale ~5mg
protection

Compared to the initial synthesis using unprotected carbohydrate
synthons (Figures 1 and 2), the new process (involving protected carbohydrates, 11, Figures
1 and 2) allows to:

- minimize the synthesis side-products

- improve the process repeatability

- scale-up the synthesis in a repeatable manner

Among the tested protocols in the new process (Table, Figures 1 and 2),
three emerge as the best strategies: Ac/Hydrazine, Bn/TfOH and Bn/Hz (protecting
group/deprotection method) (Table). They all led to the MAG-Tn3 with a purity >95%, in
a repeatable manner.

"ref5and 9, (Ref 11 of WO 9843677 Multiple antigen glycopeptide carbohydrate, vaccine comprising the
same and use thereof)

? calculated on the net peptide content from the Fmoc-fAla-resin substitution (includes all the synthesis steps
from 1).

* as determined by RP-HPLC: Column Zorbax 3003SB C18 (3.5y, 3x150 mm) (Agilent), 0.8 mL/min, A:
acetonitrile-+0.1% TFA, B: water+0.1% TFA, gradient 13% to 53% of A over 40 min, detection at 220 nm.

* Refers to the final product (net peptide content)



- scale-up the synthesis in a repeatable manner Anmong t he
tested protocols in the new process (Table, Figures 1 an t hr ee energe

2
as the be¥P g{zt“&i”éél es: Ac/ Hydrazine, Bn/TfOH and Bnlllfcirﬂi%)tl%@stllz??g
group/ deprotection nethod) (Table). They all led to the MAG Tn3 with a
purity >95% in a repeatable manner. &s¢f 5 and 9, (Ref 11 of WO 9843677
Mul tiple antigen gl ycopepti de carbohydrate, vacci ne conprising the sane and
use thereof) 2 calculated on the net peptide content fromthe
Froc- 13Al a-resi n subdbg B/ THH (hathddi aferdad the MAGYIBhesh snsivepd! fiebihwfl) . 3

as deter d | 4,

(Agi | ent ;F@S mnﬁﬁﬁetﬁg&%ehg%et onitr %ﬁﬁ&gﬁg% %‘—L‘%ﬁ éo}nvé ﬁ% {F@X and

gr adi ent degmdations Fdfertatinelzy the Bty meth @‘étagétqeéﬁh%lﬂ\déﬁér rr$m~1fh sailar wieldy t he

af o dod L he JAG. Toa L A Dua L St eL o] g a-r%z e R0 a
Wi 0

conpr om ééqﬁ’é‘lr%fn‘ét@%B@Yeetﬂﬂglﬁﬁﬁstté’é’?’?/hﬁlejﬁg{ &%g?%{a%&r? 19, 1”53/ ﬂr}ast el y,

the Bn/H2 nethod aff Qr[d[@dhiﬂhegh%o'ﬁrﬁmmet bzﬁidm(PH;KmFal\dwkllTE%[_)@r(iSFQ’mﬁt

i mport an r,ocess has_been v ted on,a ca a t he

ac) ydr P Refirelg R PReeRiRat OB B RPndedieTiedi . B b 1 e

and 1. 5%Bn/TfOH).) A MAG Tn3 based on anot her peptide

(PV- KLFAWKI TYKDT) (SEQ I D N4) has al so been prepared accor di ng to the

met hod of invention (Ac/Hydrazine, Bn/TfOH).) nple 2 :
| nfl uence of the resi%wglyﬁéihﬂwm ofthe éesahalb@htwﬁ@rﬁawfdhemh@re of

st at i onatpe fphasmarysede iléd fo?ﬁleﬁiiﬁiffchﬁ&{ HOMAL-THAG Tn3 MAG Tn3
was prepared accordi %@ r ot ocol c{jromgx gol yst% elngn%es

functionalized with AT” S (PSR ATROripk dO tRrgigee om a polystyrene

Fnoc- P- Alrmﬁr ﬁmcaéi&ihzai With)Emou--4414 eldluhidee nentradeuizedd Fribe-frilaslenesGel® 13 or
0.1 rmol gﬁf@l‘tj %bgstltﬁ{onlzﬂi? 63 fé)’ 188 & %%\'Hgﬁ%gl} e[f%a theé lnl"%;[n Pf}o the

wei ght of he non gr i on
crude MAEMPIP-desgrafieh giveps wiated th theRREENO die ndr graftel] sinhct st at i onar y

phases (reversed phagggs)y u?i%%@c?onoﬂf &heS b}dd‘éalv[%‘} TS5 3l dsCheRY, e%hﬁé’r? | RgI OUPpS,
namnel y V%ﬂ)iéw Jupi ter . and Dai sogel0 primary p fication was
carried B lefrfrs&s%ﬁ@nsw @ha?eg&regqlﬁe%pmsw)\bam Ongdh ‘éihﬁﬁ g¢} grafted by

TFA H20/ GtRANYD gldudl, 1DhRDy U yddc®, Vupitr® Jﬂ@ﬂﬁ@ﬂ@ rrrhevmnﬁgﬁnﬂmaud&ﬁfa@,

carri od S0 O WiBrd RSB ElaR D F9a Sy e G Gl tndtiln, g FAGD RN

Ac OH H200QHBCNS50.05//49 . (B).5DheOgradivntvwisB)% BTdver gfmah, Qmo%ﬁswﬂ%inmyéﬁ 80%8 n,
0- 2098 oy, - 609 r T r e
fol | owin %ra\l?lmn N@Tg@ gt n® Lg%aap Pt u?llﬁo n%i%(# SOU? ‘%tﬁ REOHHLOR RS
bat ch( mBIY- 864 viahady) 8gsvﬁia\glciéh m%%Q/QMWQrS/ﬂ/S/é%bv@ye(Bm The peadient 04 °
was 0%B over 15min, 0-20%B over 5min, 20-60%B over 60min.
The results are reported in the following table.

MAG-Tn3 Resin substitution  Purification Quantity Purity Ov.erall
batch (mmol/g) stationary phase ()" (%)° 3(7;1)(3
1 0.13 Vydac® 0.275 95.3 2-4
2 0.13 Jupiter® 3.63 96.6 6
3 0.1 Daisogel® 4.65 99.2 11
4 0.1 Daisogel® 4.72 99.0 11

? Powder weight

® Analysis by RP-HPLC : Zorbax 300SB C18 (3.5 p, 3x150 mm, Agilent), A: acetonitrile+0.1%
TFA, B: H;0+0.1% TFA, 15-53% A (40 min).



1 0.13 VWydac(r) 0.275 95.

3 2-
Dai sogel (r) 4.65 99.2 11 4 0.
WO 2012/123926

0.13 Jupiter(r) 3.63 96.6 6 3 0.1

4 2
1 Daisogel (r) 4.72 99.0 11

PCT/IB2012/051285
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® The yield includes all the synthetic steps from Fmoc-B-Ala-resin and was calculated on the net
peptide content of the final product.

Vydac® C18, 3004, 10-15um (Grace), ref 218MSB1015 or 218TPB1015 or 238TPB1015
Jupiter® C18, 300 A, 10pm (Phenomenex), ref 04G-4055
Daisogel® C18, 300 A, 10pm (Daiso), ref SP-300-10-ODS-RPS
These results demonstrate that both the yields of the process of
preparation of the conjugates according to the invention, and the purity of the obtained

conjugates can be highly improved by reducing the substitution ratio of the resin and/or by
using an appropriate stationary phase.



a Powder weight b Analysis by RP-1-[PLC : Zorbax 300SB C18 (3 514 3x150 mm
Agilent), A acetonitrile+0.1% TFA, B: H20+0.1% TFA, 15-53% A &o mn). 24
The vyi el VORI a1 | the synt hetic steps from Fnoc- f 3PATABIRYIH8Md was
cal cul ated on the net peptide content of the final product. Vydae(r) C18,
300A, 10-15nm (G ace), ref 218MSB1015 ¢ 218TPB1015 or 238TPB1015
Jupiter(r) C18, 300 A, 10nm (Phenornenex), ref 04G 4055 Dai sogel (r) Ci8,
300 A 101.1m (Daiso), ref SP-300-10-0DS-RPS These results
denonstrate that bot Refdrengesel ds of the process of preparation of the
conjugates according to the invention, and the purity of the obtained
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. A nmethod for preparing a carbohydrate T cell epitope conjugate of
formul a (I%): T-B)" (1) wherein: Mis a dendrineric pol {7-'— sine core ; T
isaTcel 28”;\345]@6%})8 ; Bis a car bohydrg &n Oéé(P?IZ%Spi t ope
conprising at | east one carbohydrate residue (b); - nis an integer and
represents the nunber of -T-B groups ceyalently bonded to M Said method
conprising the steps of : i) coupling a protected
carbohydrate B cell epitope (Bpd which hydroxyl groups of the carbohydrate
residue (b) are prot €AdM®»i th a protecting group (Pr), with a conpound

MT) n thereby form g g ﬁ%&mh%g?g%pgnﬁ%g%fa%bgﬁ?&ﬁw kP %H%%t &)n?{(%gp% n,

sai d protecting group (Pr) belng ect the group consi st
al lyl, pf@'ﬁ%’é@(&ljenzyl (PMB), t-butyldinethylsilyl (TBDMS), benzyl oxynet hyl
(BOV), levulinyl (LewjT-Bgnz@y!l (Bz), 2,5-difluorobenzoyl, chloroacetyl,
benzyl (Bn) or an acte,%gl .(Ac), or foimng with two hydroxyl groups to which
it is attached a C5- ¥6*®Ybpropyl i dene ketal or a C5-C6 cyclic
al kyl carbonate ; and- M isadendrimeri¢t pdlyrleysineidoge £ he protecting groups Pr
fromthe obtained conju Bp..-)n thereby obtaining the carbohydrate T
cell epitope conjugate %?%fg;%%ﬁe&toﬁe ’ 2. The met hod of claiml1,
wherein MT-B)n is sel eBt e & regrhohpidrafeol B owilin gpitopemeonprifing) abrlegstbyne B-T
K- K- K/ T- BaBotlfarBe @esﬁh{e\(bf T/\ B-T-KK-T-B \/ K-K-K /\ B-T-K
- nis an integer and represents the number of -T-B groups covalently
bonded to M ;
Said method comprising the steps of :
1} coupling a protected carbohydrate B cell epitope (Bp) which
hydroxyl groups of the carbohydrate residue (b) are protected with a protecting group (Pr),
with a compound M(T), thereby forming a carbohydrate T cell epitope conjugate M(T-
Brr)n, said protecting group (Pr) being selected from the group consisting of allyl, p-
methoxybenzyl (PMB), t-butyldimethylsilyl (TBDMS), benzyloxymethyl (BOM),
levulinyl (Lev), benzoyl (Bz), 2,5-difluorobenzoyl, chloroacetyl, benzyl (Bn) or an acetyl
(Ac), or forming with two hydroxyl groups to which it is attached a Cs-Cg isopropylidene
ketal or a Cs-Cg cyclic alkylcarbonate ;
and
if) removing the protecting groups Pr from the obtained conjugate M(T-
Bpo)n thereby obtaining the carbohydrate T cell epitope conjugate M(T-B)j,.
2. The method of claim 1, wherein M(T-B), is selected from the
following formulae (Ia) or (Ib) :

B—T T—B
\ /
K—K—K (la)
/ \
B—T T8
B B
/ \
T T
/ \
B—T—K K—T-B
ki
/ \ (1)
B—T—K K—T-B
\ /
T T
\ /



\ T/TK-T-BT\/ BB 27 Wierein Kis a lysine residue, and T and B are as
defined in claiml. 3. The nethod of any of clains 1 or 2, wherein Mis
(K) 2K- Al OBl a 4. The net hod o?cgﬂ9206?/05t1ﬁ%5
preceding clains, wherein T is a T cell epitope conprising a peptide.

5. The nethod of claim4, wherein T is,#r conprises a CD8-' or a CD4+ T

cel | epitope. 6. The nethod of claimb5, wherein T is or
conprises a CD4+ T cell epitope. 7. The nethod of claim§6,
wherein T is or conprises a poliovirus (PV) fragnent protein, a tetanus
toxin fragment or a RARRE,RERL 198ne residue, an 8. The method of claim7,

wherein T is a peptide consisting of, Qéli’KAﬁSKFI G TEL (SEQID No 1).

9. The net hod of anchﬂﬂdt%%feﬁ?ééfg@ﬁdﬁ@C Bilys, wherein the carbohydrate
residue (b) is attacBedThe nathanbfhyasti dainfdePbi dewRéredn W id (KGK-AU-OH

10. The ng%hod of any of the preceding clains, wherein Bis or conprises a
car bohyd? BT due” sel ect ed fromthe group consisting of : a-Gal NAc- Ser,
a- Gal NAc- Thr, 13- Gal NAc- Ser, 13- GalNAc-Thr, 13-@Gal-(1-3)-a-Gal NAc- Ser,

13- Gal-(1-3)-a- Gl NAc- Thr, (a-Gal NAc-Ser/[Thr) 2,

NH
0] {CH3)4 (0]

A
}* NH NH
(/CH2)4 —g“(c{"zh

H,N NH; HoN NH,

4. The method of any of the preceding claims, wherein T is a T cell
epitope comprising a peptide.

5. The method of claim 4, wherein T is or comprises a CD8" or a CD4"
T cell epitope.

6. The method of claim 5, wherein T is or comprises a CD4" T cell
epitope.

7. The method of claim 6, wherein T is or comprises a poliovirus (PV)
fragment protein, a tetanus toxin fragment or a PADRE peptide.

' 8. The method of claim 7, wherein T is a peptide consisting of

QYIKANSKFIGITEL (SEQ ID No 1).

9. The method of any of the preceding claims, wherein the
carbohydrate residue (b) is attached to an amino acid, peptide or lipid residue.

10. The method of any of the preceding claims, wherein B is or
comprises a carbohydrate residue selected from the group consisting of :

- o-GalNAc-Ser,

- o-GalNAc-Thr,

- p-GalNAc-Ser,

- B-GalNAc-Thr,

- P-Gal-(1-3)-0-GalNAc-Ser,

- B-Gal-(1-3)-0-GalNAc-Thr,

- (o-GalNAc-Ser/Thr)s,

- (0-GalNAc-Ser/Thr);, and

- (a-GalNAc-Ser/Thr)s, |

11. The method of claim 10, wherein B is or comprises the residue (o-
GalNAc-Ser/Thr)s. |



(a- GalNAc- Ser/Thr)3, and (a- Gal NAe-Ser/Thr)6, 11. The rret hod

of claim10, wherein Bis or conprises the residue (aGalNAc-Ser/ Thr 28
12. The r’?@?%’&”&?”ﬁny of the preceding clains, wherein Pﬁgllﬁ%‘)&%@?@? g group
Pr is benzyl (Bn) or acetyl (Ac). 13. The method of any of

the preceding clains, wherein step i) ggnprises the steps of :
a) coupling a first protected carbohydrate residue (bp) which hydroxyl
groups are protected with a protectlng tI%roup éPr) as defined in any of the

precedi ng cl ai ms wi t h2.aThemsthrddofgy) of the@redsdingonaimeg whersar thehydieeting T
cell epi EQOhaD: p }'Q A and b) repeating step a)
wth fur?ﬁﬂ@ ®% &%; Cge resi dues (bpr) up. t o obt ai ni

her protec ed cgr bohydr a H;ge
protected carbohydrat® ¢8%j 1§ pe of appr ohulthe @rededingT cBHRS.n Whareinr$EPmd hod
of any otompésqrecaehsng:cl ai ns, wherein Pr is benzyl. 15. The

met hod of claim 14, erein ben r,enove e nce, of

TFOH or H2. 16. The %t RUplgE %B]% o abo%yflﬁlt%%l%\‘zbﬁ@? Wh‘gﬁr‘/g %%kt y| |
17. The getupsdreofroetiaid wiflba pwhetiap Igrcmpe(ﬁ’y)l asglebinpd irnsmey Gf&h@pﬁdedlmg tlagns
resence AC t epi j ugate

gf for w@ﬁl(%]xg‘&ﬁwjﬁgf Q%W)fgn\%m el ?\E[ngz[atg eﬁej ﬁeorp ¢ (’% iﬂ%?}%

core ; -Pedns a@dT cel | epltope ; IS aprotected

carbohydrate B cell Bpi LRBRiEONRS iaf Wit ﬁﬁth%ﬁﬁﬁﬁec@é!ﬁc&%tﬁ%%@rr@sﬁﬁ;eg?ﬁﬂ ue

(b) which hydroxyl groups are protected rou fined Inc
1; and nupéggwaﬁmﬂge?g@meémqa Q@Fﬁ%oni%é%/erﬁfrfﬁ’é‘f“ﬂé M(BBpoups coval ently
bonded to M 14. The mb&odﬂf@npafﬂ@ipyafeaﬁqg claif] Whe@BintroREb&R: 1 ugat e of

Carbohydy at e T col | b5 LBpE<00H Jgare: BF S Stennd sronsarereriaied g n pr

i s benzylpres@mwe ob T f@leiryH;. (Ac) . 21. The carbohydrate T cell

it j ugate of 4 tect ed
?2' egf)ﬁAgogjef??he)g é‘”i‘h@Ineﬁlo‘a'dﬁn%gf&%hn%ol toV\'g%hy Pe1 Pr a%e }pregl fg ©

conj ugate of any of ¢&l-ailhe meghadpoDdaimpher whereim a@tm@qnms@:r«(m)@ed in the

presence of hydrazine or MeONa.

18. A carbohydrate T cell epitope conjugate of formula (II) :

M(T-Bp)n (1)

wherein

- M is a dendrimeric poly-Lysine core ;

- TisaTcell epitope ;

- Bp is a protected carbohydrate B cell epitope comprising at least one
carbohydrate residue (b) which hydroxyl groups are protected by a Pr group as defined in
claim 1 ; and

- nis an integer and represents the number of -T-B groups covalently
bonded to M.

19. The carbohydrate T cell epitope conjugate of claim 18, wherein T is
or comprises a peptide.

20. The carbohydrate T cell epitope conjugate of any of claims 18 or 19,
wherein Pr is benzyl (Bn) or acetyl (Ac).

_ 21. The carbohydrate T cell epitope conjugate of any of claims 18 to 20,
wherein Bp; 1s a protected (a-GalNAc-Ser/Thr);.

22. The carbohydrate T cell epitope conjugate of any of claims 18 to 21,
wherein M is HO-BAla-K(K),.

23. The carbohydrate T cell epitope conjugate of any of claims 18 to 22,
wherein T is QYIKANSKFIGITEL (SEQ ID N°1).



23. The carbohydrate T cell epitope conjugate of any of clai ms 18 to 22,
wherein T.isS g | KANSKFI G TEL (SEQ I'D N1). 29 use of a
car bohydr‘é(?é 2&p epi tope conjugate Ma-Bp)n of any of PEFQP%?&”R@”E 23 for

preparing a carbohydrate peptide conjugate MT-B)", as defined in any of
clainms Ito 17. 79

24. A uvse of a carbohydrate T cell epitope conjugate M(T-Bp,), of any of
claims 18 to 23 for preparing a carbohydrate peptide conjugate M(T-B); as defined in any
of claims 1 to 17.



