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Development of Novel Methodology for Rapid Conjugated
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Glycosylation is one of the most important post-translational modifications of proteins, which affects biological ac-
tivities by way of controlling higher order structure. Recently, the novel structure of glycoprotein, namely C-glycosyl
protein was identified in various proteins. The first total synthesis of the naturally occurring C-glycosyl amino acid and
peptide was achieved. The mannose and tryptophan moiety was connected via ring opening reaction of epoxide by
lithiated indole derivative. After functional group conversion and deprotection, the glyco-amino acid was synthesized in
a concise and stereoselective manner. To develop the rapid oligosaccharide construction methodology, the soluble poly-
mer supported oligosaccharide was investigated. Due to high polarity of polymer support, the purification of PEG
bound compound is achieved quite easily. The real-time monitoring of the glycosylation reaction was performed by
MALDI-TOF MS, whereas the deprotection reaction of chloroacetyl group was performed by color test using (p-
nitrobenzyl) pyridine. The purification of PEG bound compound which has chloroacetyl group, is achieved by capture-
release strategy by use of resin bound cysteine derivative. By combination of these methodologies and novel linker,
tetrasaccharides were synthesized.

Key words——carbohydrate; polymer supported synthesis; linker; real-time reaction monitoring; capture-release purifi-
cation
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Fig. 2. The Structure of C-Linked Glyco-Amino Acid and
Glycopeptide
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Scheme 1. The Retrosynthesis of 1 and 2
R;=amino acid moiety precursor, R,=protecting group.
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Table 1. The Stereochemistry of the Reaction between 1,2-
Anhydro Mannose and Lithiated Indole Derivatives
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entry 5 R4 R yield (%) products o/B”
1 a H S0OyPh 39 6a/7a 69:31
2 b H Boc 49  6b7b 3466
3 ¢ CHs SO,Ph 39  6efe 8713
4 d CHa Boc 56  6d7d  17:83
5 e CH,CH3 SO,Ph 38 Ge7e >95/5
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Scheme 2. The Oxocarbenium Intermediate
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WELTHRETHZIEELE ZOEESIE o
RIEDOFEITHZILD. PhSO, Hi31 > R—)LV&EHE
ERET D EFRIFIC oMY FALEREEL, F
T2 ETWEIFETH 5 O TRISBHKEEEEZ 1)V R > B~
ERITBALRICDRE, 1 > R—IVIRZBRLD S &
THEMEERED. THRFI REA 2 R-IVFEAERD
ST AR D, o BIRWICERD 2 5 2 1=
(Table 1, entry 7). A > R—)VHIBHICAT ORZS
O Sh, 5i 13 NARZ 1ICES ZENHETH
B0, IR, EIRMEEHIT{KMN> 7= (Table 1, entry
8, 9). L&MW 6g DEREHAH S, WIREZEITY,

C-X>/IIIVRUT T 721 DHDEERITHK
UL 7 (Scheme 3). " B85 7 £ F L > FEiK

Scheme 3. Reagents and Yields: (a) (i) BnBr, n-BuyNI,
NaH, DMF (92%), (ii) TsOH - xH,0, MeOH (91%), (b)
TEMPO, iodosobenzene diacetate, CH;CN, H,O (97%),
(iii) 10% NaOH, EtOH, H,0 (78%), (c) 20% Pd(OH),/
C, H,, EtOH, THF, H,0 (57%).
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(Scheme 4).
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Scheme 4. Reagents and Yields: (a) TFFH, Na,CO;, CH,Cl,, H,0 (76%), (b) i) PMe;, THF, H,0, ii) Fmoc-Thr-OH, WSCDI,
HOBt, DMF (quant. 2 steps), iii) piperidine, DMF, iv) Z-Phe-OH, WSCDI, HOBt, DMF (76%, 2 steps), (c) 20% Pd(OH),/C,
EtOH, THF, H,O. WSCDI=water soluble carbodiimide; 1-ethyl-3- (3-dimethylaminopropyl) -carbodiimide + HCI.
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Scheme 5. The Novel Linker for Oligosaccharide Synthesis
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Scheme 6. CAc=chloroacetyl, PEG=poly (ethylene glycol) methyl ether (average M. W. 5000), TMSOTf=trimethylsilyl
trifluoromethanesulfonate, WSCDI=water soluble carbodiimide, 1-ethyl-3- (3-dimethylaminopropyl) -carbodiimide - HCI, Phth=

phthalimide.
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Fig. 3. Comparison of Reaction Monitoring between Solution Phase of Solid Phase
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Scheme 7. (a) The Detection Method of Hydroxy Group on Solid Phase Developed by Riguera, (b) The Detection Method of Chlo-

roacetyl Group on Solid Phase
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NO; (pH 8~9) NO;
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Fig. 4. Monitoring of Dechloroacetyl Group of 35 by Coloring with (p-nitrobenzyl) Pyridine

(a) TLC profile (lane 1; 0 h, lane 2; 0.5 h, lane 3; 3 h, lane 4; 3.5 h, lane 5; 6 h), (b) plot profile and density values analysed by NIH Image program (numbers
are corresponding to theirs in (a)).? Density percentage to that of lane 1. MP=p-methoxyphenyl.

5T EMMTES. AVATHS PEG kL LTS
ooyt FIIVEORREEZ) VIV A L TEZSY —
LIembitoi. 9bb, 2ul §DORIGHZRD
HL, TLCIZAHR v bL, (p-nitrobenzyl) pyri-
dine I8 & A 7 L — L TELL 72#£1T piperidine {&1R
IR L. BAONIRHARET 5 T Lic#< 7
D, CAc HDIRIRERIENHEA TN D I ENRE
SN, ZOTLCZAF ¥ F—TaA2Ea—-FI
EifgE U THRDIAA, HIEERY 7 hTdS NIH-
Image? TEEILTH I EDHHHETH /2. FE,
TH-NMR O FE5EN 5 D CAc ik & ifR#EAR DL &
NIH-Image 2 & 2 MEMESLLFIBERA S - 7= (Fig.
4). AHFEEIUTOR#EZRD. CAcHEITWWA W
A, E<THERRAETHNST WIREET
HO, FEAESESTHEEN S Y0 B 4 THAAE
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BE, ROV AV I DENTIINREL TL
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W6 57, CAcHIZIINE TOREAKT
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{LFOERMEMH G RIEICOINHTE 2 LN
%, ki, Zeffi, daH, EIRAIT CAc Kz EIRT

ZEOMREFFD. CAcHMNRER L L TH< &[H
RRICIBTEM 7 OB 747 ELTHEHNTNSRTH
5. AHiEEMND EHBE 35 O CAc HOREIT
GAREY D h, HET6RRMMSNEET D, 48
Oz BBy FIVEORIRER 30 KEfEhn s &
b9 <ITHS MRSz, FEHEMEGKROEZS Y
SUFEEEIIVWAVA EHANBRINTWVWS, BC
TIRNWVELETEFIVEZ H W TO gete
decoupling {£1Z & % BC-NMR IZ & %38 2D o[- #
HicT7 v RFET%HAWTYF-NMR TEBT 55
EONEAFIN TS, INS5DHERITETED
End 5 KE, Kinze—HIEOTHS THRWEH
ECERWREZRD., BOAKRINZE W CEMERIR
DB, KRORIRROFMZTT O T S IIHEHEEMES
RTOHBETITODN TS, A/ OET 4T %
V) 7= H 8 % F W T Heek SO O SRS i L 2
IO NENEZAFZEZH W TR L &
B, flx OEREOFEEZEFEE AW THRET S
FPROMEmEINTWS, £/, DNAYM707 L
1EE#HLE Uy a4 7a7b1] H
FINTWD, P

T, 77U aPIUERIE DIEHNIEHE PEG D1
BHzEENTZ&ITU §abb, PEGIIRFEH
ENERSAL TWLS —HokeEmE L TieE
TWADOT, MALDI TOF MS (matrix assisted laser
desorption ionization time of flight MS) dD %7 )l
FIERA DD XS BRI RBIRE RT Z &M
SHMDIEEMHRD 7 F IV ERGITKBINTE S,
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Fig. 5. MALDI-TOF MAS Spectra Showing the Course of Coupling Reaction of 36 and 37

(a) 0 min, (b) 1 min, (¢) 3 min, (d) 20 min.
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Scheme 8. Synthesis of Tetrasaccharide on PEG and Its Reductive Cyclo-Release
1) aq. Pyridine, 2) 37, Cp,HfCl,, AgOTf, CH,Cl,, 3) i) aq. Pyridine, ii) Sn (SPh),, PhSH, Et;N, PhH, iii) CSA, MeOH. 40: 74% yield from 39: 49% yield
from 36.
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Fig. 6. The Cycle of Capture-Release Purification
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The Synthesized Poly (Lactosamine) on PEG with Capture-Release Purification

1) DMTST ((Dimethylthio) methyl sulfonyl triflate) , MS 3A, CH,Cl,, 2) i) i-Pr,NEt, CH,Cl,, CH;CN, ii) 4-(aminomethyl) piperidine, THF, 3) TMSOTT,
CH,Cl,, 4) i) Cu—Zn, acetyacetone, THF, ii) Ac,0, Et;N, iii) DDQ, dichloroethane, H,O.
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