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1). SRR & L ORI L, BRI X 0 3RS ’@iﬁ oon
[e)

NCHLUWRERIG A3 X 2. ABETIET 2/ HOR# 3:R=1oX - Bantigen
HO
I35 H L, ABO sUILIEHEHEDRRA KA MR LT, & 5IC Figure 1 A, B,H HUROME
RN TO ST AEROR IR L TF Y B ~—%RE L, S5 TOMEET IOV THAT L7

. . EON QAcOAC SToI OACOAC
B ovErss L st [ e o8 e

(GIeN) 2 fit% Troc {:i# 'éoﬁﬁ ROJ\OMe NHAG 33% 45%
) (0]
LET o o — %JEH W RO\)J\ 1st glycosylation  2nd glycosylation ?OI;ian NACZ 76% 83%
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TIRELTNAYTEFARA NI T U—%, GleN EHBEHOAGH~EEA Lz (Fig. 2). NHAc (K7 77 % —n3K
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IEPE, INEEOBI e EE2HR LTz, BLEORERND GleN EHHHONFEARIEL LT TEFARA NI T V—NE
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BONAMEATURZ AW T, IgM URICK L TaEWBiEL =37 R ~—2RE - L7 (Fig. 3). 16
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K % ( Masato Tsutsui )

dm L4 | Efficient synthesis of ABO blood type antigens and functional study of their biological activity

The ABO blood group is a blood-classification system based on the ? OHO OH 1:R=H,H agtllge”
RO&/O O o
three different carbohydrate antigens on red blood cells (Fig. 1). These o} HB%?\O\)?\ 2:R=,,,X=Q . Aantigen
. . o . . 0 OH AcHN
antigens are recognized by natural antibodies and induce strong immune o OH OHOH
o
response. In this study, I achieved the efficient synthesis of A, B, and H 3:R= HO% B antigen
HQ
antigens by focusing on the protective group of amino sugars. I also Figure 1 The structure of A, B, H antigens

designed glycodendrimers to investigate the multivalent interactions of anti-blood group IgM antibody.

_ OAcoAc 07 =STol  OAcoAc

First, the A, B, and H %o 0B OBn -

o8 TBSO = STol @Z\ " TBSO&\/O ngﬁ% o R 1st 2nd

. . moc e} ————————
antigens were synthesized by gaﬁg\ o . > . Ro\)J\OMe H z Ac ;7322? ggzjo
using the glucosamine RO\)J\OMLst glycosylation  2nd glycosylation Oan OBn Co ° o

n

(GleN) protected with Troc Figure 2  Efficient synthesis of H antigen by diacetyl strategy

group. The carboxylic acid group was introduced at the reducing end to facilitate the synthesis of derivatives for biological assay.
Next, H antigen was synthesized using diacetyl strategy in which NHAc is tentatively converted to NAc:2 during oligosaccharide
construction (Fig. 2). The intermolecular hydrogen-bond of the NHAc group in the acceptor was observed by concentration- and
temperature-dependent chemical shift of the amide proton and DOSY spectra in 'HNMR. The larger effective molecular volume of
the NHAc acceptor calculated by the DOSY than the NAc: acceptor suggested the formation of oligomeric structure of the NHAc
acceptor. The reactivity of NHAc and NAcz acceptor was then investigated. Enhancement of the reactivity by NAc: protection was
observed in both [1+1] and [ 1+2] glycosylations. These results indicate that the diacetyl strategy is an useful method for the efficient
synthesis of the glycan containing GlcNAc.

Dendrimers with high affinity for IgM antibodies were designed and synthesized (Fig. 3). Three different sizes of dendrimers
were synthesized by using 16-mer core structure. As the size of the dendrimers increases, the density of glycans is decreases. On the

other hand, the number of interacting binding sites at same time increases as the dendrimer size increases. The largest one was

designed to cover all binding sites of I[gM at the same time. SPR measurements Local The Number of
concentration  interacting binding

showed middle size dendrimer showed the highest affinity. Hemagglutination ofdlycan: _ -siesperimolecule

inhibition assay also showed the highest inhibitory activity of the middle size High 1

dendrimer. These results indicate it is important to design dendrimer that can

interact with some binding sites simultaneously while maintaining glycan

density during the design of dendrimers. 23
Finally, I examined the induction of immune response using blood group

antigen. [ labeled the target cells with blood group antigen, recruiting of o8 s

antibodies against target cells, and the induction of CDC activity. The results

showed that the multivalent effect of antigen is essential for the regulation of . 10 qall

biological functions using the interaction between IgM antibodies and antigen.

Therefore, the use of dendrimer for induction of immune response is promising.

~290 A
Figure 3 Design of Dendrimers
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“Therefore during the modification of the descendants of any one species, and during the incessant struggle
of all species to increase in numbers, the more diversified these descendants become, the better will be their
chance of succeeding in the battle of life.” - Charles Robert Darwin (On the Origin of Species by Means of

Natural Selection, or the Preservation of Favoured Races in the Struggle for Life)!

AFXYZAOHEFHETHLFT ¥ — /X m =]k« X—0 0%, 2OFEF MO/ OFN
FZ —Natural Selection (W T EFEDO L DI _TW\W5. HIER EOAMmIL, SREEZ R SOL 04
TEmAITE D, EEERDLZENTE L. T, Ha RABREOZICHISTE 2/ 203 /4E
HFTEDLEMNTH2LHTED. NHELZOHIATITR L, FITAEMFBFOF THY T T
5. DFEY NELMOEY LIRS, EIEOBBIZBWTH A 2L 5 L, L L TAEF
il TV D.

b NS LT ZRMEDO— DR RR ST bbb o & b AL RMEAIT ABO FifLik <
o2, ElLOFEOMFRAREAICEY, MLWHUR - FUASOGZ R L, ZHUTRICE FEZJEICEDS
L& 5. ABO UMIEHRUZ DT, 1901 FEI2A4— A U 7 Ofig#| [ T & - 7= Landsteiner H 12 LK - T
ANDIMEIL 3 FETH D ERFINT- 2 BT Decastello & Sturli (& X - TH 4 OB OIFEDI R
&1 3, 1910 4E|Z Dungern & Hirschfeld (25~ C AR, BRI, O, ABM L4 4 1928 4IZ[H
B O MiFEER B CRRE N, MM OR LG, b homkix | fETHL EEXDL
Tz, ENE CEROBS CIXFEO MR/ £ 2 fhim 3 2 BfEHmm<, b hEL CoMEs]
7R AR TN TEY, b r—2bbotzbon, SHEHLIGIZ L > TE L O AN
YL Lo, MR % RITH o s 2 TREEAIC A B3, ETROIETFICRE "B L.
Landsteiner |3 ML 3& RO T T 1930 £4E(C 7 — VAR B 2 H LTV 5. IT4E, Withers
X, MRREREOMEEGURZ 3T H RS E AT DFEERA TR L, TRRMIER~OMRE S &
FoTWND 3,

ABO R Bl D% BA Y10 12, MNSs 2° Rh 2, Kell 2, Lewis 2, Duffy 27 & 7= 721
WO DFIIR X, 2020 FEHIAE E T2 37 A E RS2 K> TRES N TV . 2019 4
IXENLEBRER R v 2 — DK DIZ Lo THI R MEEGUR E LTT U A& Ry EGn
FlE Sh7c S ZOHURY v 37 B 11X KANNO Rl & s Sh, A AW MR OMm4 & 7so
7=, Bl CTHA SH TV D IMEIR OMAS DI EEREU Fic b0, AMROREZ 22971
HIZ BT NIHIIIR AN ZERIE 2 EG L 72 R &V R D,

ABO HMLIERHR I = & DM DR D 8BEETH D, AATIE, BBEE AT 40%, O 73

10



30%, B3 20%, ABAIAY 10% Th 5. HIERHUEITIENE A B, Jb A O OEHFED b,
BI AR TIX S BRI N AL, 77U W RET 6 FILLERN OBITHD 7. Z OMEE A3 R
ST, BN, FROERYME LB L TV D Wb Tnag. 77 U I RBIZBWTE i Sh
TWb~7 U7, MERNC XD EGEA~OZEITRO SN nb oo, 0L 3E o RO CEAE
DV AZIZERNH Y, BERUT ORI TE LZ SHEU EEE(EDO U X7 B35 5 5. ZOHmo
—HE LT, AR BROBRMEKIIEY T 47 (=T VU TICEYe U2 AR M BRAS 15 725 1 Bk
ZEVICBIE DT L) LT, ZTURMEICEH £ > CHEIEMT 223, O BMORMEKD =2 v
MINESLSARLZETHDLARESERH SN TND O ZOERITZ 0 B~ T U 7 ~OEH &+
STNHILEERBLTEY, 77U IKEIZEWT OROEIENENZ EDOEMIT LT HHD
HbH. —HT, M7 YVTRMET V7 T B AL O BOSAARIETIL TV, Zhuud 19 fithld)
FEA D 20 AT TRV TR v 7 &5 E R Liza LTS 2 EFEORE L Wb TR
D, ORI LI LT <, SEERLEWVERE I TS O 2 X 92, miEfiIs
HEZ 351 DI OWAT & BEEECBIE L T Y, &x OEFREICHIET DA ET L0 ) D
RIFOBIZ) 20Tz, NEOESG LIZZREDO—2ThH B2 bND.

EREEOMIC S, MR L BES DR GYENRSHERE S TWD. BRADRRKRTHL Er U E
%, OBNTEG LT W 120 F72, /B UALRIZBWTY, TALARKRIZ L » TG Lo
RN D 2 ENHENSNTWD 3160 A L2 ABO RuigAUZ Nz, Lewis UMLK
AL LTS, ZROOMMIZHIENRA (0 BUTH~, BEIX 172 6% 1) <, MigEeE (0 Rl
e, FEOTIIT 1.86 15 1%) 722 EIIBHRDO Y A7 Bl L AR5 Z L3 s ST, 2019
FERANLEHRTRUT I v 7 &5 &R L COVID-19 &, Mgl & OB B3R STk
O N ARIDESELY A7 ORI TAFRESVZ EPREEATWDL 2. —F5T, &
NHEOWMEDIFE A LITHEHRICESS O T, MERMOREND, /5T 1L UL THD eI L
A ELTDOI T 720,

ABO ML, FRMLEK EOESIEEIZ L 50 TH 5. ABO AUMIERBESIINE 2 o X7 EH X
PEREE ORIk IE & U THET 5 2. ABO RS PR O = v s — 71 1957 421Z Morgan &
Watkins (2 & > CRE S 4, £HEH, A =8 F—7"1: GalNAc a(1-3)[Fuc a(1-2)]Gal, B =& | —
7 2 : Gal a(1-3)[Fuc o(1-2)]Gal, H =t h—7 3 : Fuca(1-2)Gal & EFE SN T 5 (Figure 1-2) 2.
INHOHIFIE, R~ AR (0 Bo—HE, MmikTIc ABO Ak 1872 <, #t A, B, HiL
JRIZKE T 2 PR 2 FEOfGM) ZBRW\C H UsIEZ EABHK & LT 5. HAURICH L, fis
Bl glycosyltransferases A (GTA) 2MEMT 5 Z & T A BIPLUHE~, glycosyltransferases B (GTB)
PEMIT 52 &L TBARGUR~ S EH S5 205,
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Figure 1-2  ABO AMERFES = ° b — 7 Ol

ABO M &AL SIS HUR DS BT D OALE & FEOEWND 6 DD X A7 (Type 1 - VD)
I TE D M ZNZENOHEEX, Type I: ABO-B(1-3)GIcNAcB, Type IT : ABO-B(1-4)GIcNACcB,
Type III : ABO-B(1-4)GalNAca, Type IV : ABO-B(1-3)GalNAcB, Type V : ABO-B(1-3)Galf}, Type VI:
ABO-B(1-4)GIcBTH 5 (Figure 1-3). ZD H 5 Type VIZFERFHHTH VU, b FOIERND HITRTEH
RENTWRW. F72, ABO UMEAFESHITARMER ED A7 59, HLESKEORE R &2y
RS A LTS AR IC L 0 H T 2D X A 13820, I bIA< FEH L T D DI Type
I& Type ITH D ».

MEBES D & A WA 1S
OH.OH OH
0o HO O
RO 0
Typel o) AcHN OH
7 oH
oR!
OH,OH oH
o)
RO HO R
Type Il 9 AcHN “OH
7 oH
H
o
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Type 111 0 o]
75 oS
OH

Type IV (0] AcHN OH

Type V % HO OH

RO o _OH
Type VI o] 0
p&i“é o
OH

Figure 1-3  ABO =M EAHES Type [ ~ VIO iE
A HiE : R = GalNAc a(1-3)-, BHE : R=Gal a(1-3)-, HHF : R=H

FRLOMETRIES I ARIMERZ 1T U O & T 5L < OMIIZHEL L, SEISEREMBALE LT X T.
WA 33 V) 2 AR RO 1T, UL AL ST A 23 AR M ER K 1f0 DO BESH BRI SO L C, Bt & 5 & e 2
FTZENFRNTHD. £2, VA NALHIE R EORFIROZ < I1X, 15 FHa 0 iEE % 585k L TR
YT 203, MIREFEH 2RI 2WRE b HRE S TWad,. B r U Lk 2 58i% 25 v
7 F v BabA HFi0 12 FTe, /m A VRS MIEANESE ORI ET 5 Z LR EnT
U 1316,

MR DOEENZ /3 F LUV TE D 2O, MiEEH 2R L, ZoE#HE2 e —7L4 L
AW RERERIT A TH D & B R T, £ O7OITIE, ENE O MEREHE %2 Wik, 5 &1

A

4im

13



LTEMRETHD LEEZ, EHIL, ThoOMBEREHO TR AR LT,

IMERES 32 < OB B ATV D, 1975 4RIC Lemieux ©1% ABO ikl —= & h—
TOERZIZCDTHAE L7z (Figure 1-4) 2°. Lemieux Hl1E, 7727 h—A{R#ER4 I LTT7 =
YVRFT=S, AT bV RT—10 ZIERZ D 2 kT 52 LT, BRI E h—T 12 DERL
ZEERL L7, ZFOMICh, ABO RUMEA = v h—7"O& kI Hindsgaul & DfLFRER SR 27 <0,
Seto HIZ K DMEHR G B2 EEE ST,

WOBn m, O SOAC OH.OAc EtO. 0 OAc
OBn 0
O LORC OBn &/ CCI3 HO O\/CCI3 oég/ CCly
f( o) (0}
N

OBn OBn
BnO _OBn
oA BnO _OBn HO OH
Ay éﬁ go: OACOAc HO é‘ol OH_on
HO 0._CCls B”O HO 0
CCly ogg
—_— = > 0 OH
?oi
T o8n ?Qiosn ?QiOH

OBn g OBn OH

OBn OH

11 12

Figure 1-4 Lemieux b B TBESHHUR O G Rk
E6IZ, A THIO MEREEHO G b Wl ST TV D, Type IO G RLH 132 < FFET D 275,

1978 412 Paulsen © 2% ABO ZIMLikABESH D Type I, {LE#) 17~19 DA% #1D TEERL L 7= (Figure
1-5) 2. Z®%#, Bovin b Typel, 11, III - B AUHEE A MEFEAOIC ARk L7 .
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Br pc AcO _OAc BnO _OBn
Ph 0 O O
WOBn 0 ACOéﬁ or BnOéﬁ OH.OH OH
lvo OBn Phg S0 o NaB BnO R o o
OB B0 o) 16 r 10 Br S HO
AcHN

2 Pth 0 o 5 o ° > 0 OH
BzO o) —_— OBn . > (0] AcHN
OH  AcHN Deprotection o

OBn Q7 oBn OH
13 OBn OH
OBn 15 OH
AFLIR 17 : R = N-acetyl
galactosamine
B#LJ& 18 : R = galactose

> HIR 19:R=H

Deprotection

Figure 1-5 Paulsen 512X % Type I—A, B, H#$UH 17~19 DH L

F72, 1990 12 Schmidt HIFNEE T I NE A B O T BIEY 27 DA (Figure 1-6) %
BB o3 ET, BAWESHPUR 24 OAKEITV, D%, 77 M I=AT 787 ¥ —25
CHERETHZ LT o MRS 26 AMEEE LT, ZORESERE 26 Ik L, MEWISHAE AL, FERRE 27
DA EER LT
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NH

BnO _OBn
Ph
%o OTBDPS CCI3 97 osn
o) OBn OBn t
OBn
AcO >
g

0O
OAc
OAc 26
Ac
-3 OH _OH
i) HO A A
HO&OEOH on OHon QHon OH oH
> (0] (e} o ﬂo 0 %
o) NHAc OH OH 12
O HN
i oZ on 1M
OH

Figure 1-6  Schimdt © T L 2 I AL HEEH Type IV—B BIBENRE 27 DE AL

EHT, AFRICBNTHMEZR &4 < OMARIZIA < F8HLT 5 Type N MIEARNESH 2 G pk L7z,
Type IDE L H 2 < DRFFEE I L - THAG STV D 304, 1979 4£{Z Paulsen HIIHID Type 11 HT
JF 32~34 O ERLZ WA L7z (Figure 1-7) . Paulsen H1X7 mEfE 28 ZH\\ =7 U 2 v {kiz &

HPURRERIL 2 AR L. NEBR#ET L CHRR3M 26 Lz, £/, Zodkm
HREA 3L ICKI L, T2 P I=)LRF—16, #7727 b3V KF—10 L DTV a3 b ERKET,
APUR 32, BHUR 33 2 ENER L.
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OBn Br Ph

HO O
Bnaéﬁ ?Qiosn o
AcO _OAC AcHN AcO _OAc OBn 0 OBn
AcO g&go — B0 5 Bho
AcOL AcHN, AcHNGg
28 TQQiosn
OBn

OBn 31

AcO _OAc BnO ~OBn
éﬁ éﬁ OH_OH
&/ o AR 32 : R = N-acetyl
o

galactosamine
AcHN "OH B /E 33 : R = galactose
OH H*J'Lﬁ 34:R=H

OH
OH

Figure 1-7 Paulsen 52 X % Type Il Hili 32~34 D& AL

1981 4E1Z, Milat &% Type 1D B HUit 33 DA A e L7z (Figure 1-8) 2. 24§35 XL, N
AFNLTE M IVLVEEANEELE L7233 L R —36 %227 ) 23 4bd 5 2 & T, O A
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Figure 1-8 Milat {2 X % Type Il - B #iJiil 33 DG HL

F£72, 2002 4E1Z Bovin H 1% Type 11D A HUF 46, B HUF 47 DAL Z#HAE L= (Figure 1-9) 3.
TaEREI AN a2 ARIZ R D, 2841 AR L, PREREALHE, T a L R —42
ED7 Y A IZ L 5T O BUBESHIREIR 43 21572, BBEIIN-TEFATZ 7 b I=L RS
—44 HL L IH T 7 bV RF—45 L 7 ) a v fbT 52 LT, AFUR 46, B B 47 D&%
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EEAK L7, Bovin ODERRIZEBWTIE, 72/ 7e B VEEABEICKmIIEALTWAHTZD, Yu—7
IERKSTHD. 72, 8 51% Type ITFEEHDIE )2, Le* (Galp1-4(Fucal-3)GIcNAcB-OR) , LeY (Fucal-
2GalB1-4(Fual-3)GIeNAcB-OR) DAL S [RIRFIZHE LT 5.
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Figure 1-9 Bovin {2 X 5 Ak

2010 42 Lowary HIIEME MY 7 mua7® A 25— b R —% HWC& R & E/OERS L,
Type 1 35 & OF Type 11> ABO Rl i RBES D & pfc & 5% L 7= (Figure 1-10) ¥. Lowary HI1XF A —
JU-T U SOGIE K DREB DS 2RI A, AL 7 ¢ B RITRFD U o b — & B 00 35 5T A
IEAL, GRESET L.
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Kiso H & Type UD MERHESOA A L7z (Figure 1-11) 0. A2 T, Heyns #5712 &
STT77 I UG S8 ZHEL, ZhIZ 59 27 a2 kT 5 Z LT O BUBESHIRER 60 24
L7z, E5IZ, Vdert-7 TN Y L EHWEZaER 7 U a bR R LT, A JUR 63 B
FOVB P 65 ~ Ly,
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2015 ££{Z Mandal & 13 Type 110> ABO LR BAHTI 72 & TN Lewis X HUR DAL A H A LT

(Figure 1-12) 4. 2 B¥H{KT 7 27 % —66 |\Zxf L, FAWEZ 2L K —67 Z/EM &, O BpEEH
R 68 G Liz. ZhicktL, hUZmea7& b X7 — b KF—69 Z T A HiJF 46 %,
FAPERT—T70 ZHNT BHIR 47 25k L7z, F72, 1 51XFEEFIC LeX, aGal-Lewis X, Linear
B Type I (aGal-LacNAc) FESHO AR HIEHR L TV 5.
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Type III~Type VIO B H & STV 5 454, Bovin 513 1990 4E1Z A, B, O RD Type IDE
R Z A LTV 5. Lowary 51 2009 4EIC Type V, VIOEKAZ G LT 5 . & 52 Lowary
5L 2011 2 Typelll, IVOEREHET 5 2 & CIEAFEEO Y 7 X 4 7OHEMKE5ET L, Type
[ ~ VIDOSLARHEIEIZOWT NMR 2 W TR#ET L, $URY 7214 713 A, B, BLU 0 (H) o=
VI A=y a NIREREEE GV ERE L Y EOIIHURY T X A TH OO 81X
REIEDENINLAE T TND EI1EE 21T W B iR 7z 48,

FTALFERTZT T2 <, ABO AU BESH DAL F IR B RCPIER G R, A Z2FIH L7zl
G I TN D 2728495 2004 4E1Z Wang © 1%, Escherichia coli 086 ? O-Antigen biosynthesis
glycosyltransferase (WbnJ, WbnK, Wbnl) z % Z & C B UFESH Type DAk & 2% L 7= (Figure
1-13) 31,
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Drouillard HIXKEGE 2 W T HPURDO KA r— ARk zEmR L, THEIZHZ D 58T
EEERLE S, oY) anxs 22— oD 1,2—7a )V 7V A7 27— EEnE
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FRoEY, LEERDIENC b2 I B RRIERHESL S D25 5. L LR BEFEDOALE
(IR AR OB ATk 72 & DOFERE(L S FIBE 72 LB A REIE, 43 1 L UL CORRERHM A 1T 9 k
TREZIWCZEOFERMEIZE . 2070, i, 2o, BRHKE2SFTRE A2 Mk AU 8 A R DT
X, ZOIEME, S HITMEHNOFEERIZED 9 X TREARAIRTHD.

AN E AR DREBERE D TR\ T, Wb CTEE CAEW AR E 42 R4, —
XA, BESH & 2 DR O BEERITFHVGEN LV, ZOFHWHEEFERAPAGDL S 5
Z LT, EMEEREDOHIEZ FTHE & D IRV EAEHIC e D, ABO AULEAUEESHHUR O AEMTEME
IZBWTh, ZMRITEECTHS. fIlxIE, MEREEEIT, FRMERE IO HARPUA T
B D PR PURIC Z GBS N D Z L TR D, 207w, FHHOMEREC RSN T, 0%
M RAFEL, IS5 &3 CTHERPETHY, SEIEREZMO FRRBINTE
7. FHEIL, MEABEHAE MM~ T ) T A~NEFHE L, PUEREUA L AEERORIEEZ B L
To. MIEPRIBES D ZAM Sy DA R & E DEMERERIE ~DIS H O BNTIR H AL TV % 3o,

Federspiel O IIFLHLIERFURDERET /A ZAOBARITKE ITHICED LA TE 7. f51%, 2000
RIS ZERIEDBT 7 4 WV Z —ICEMWH KX o 737 EHUR Neutr-AB Z 45452 L ¢, b b &
1.7~ & HUM R UA 2 152259 % Specific antibody filter (SAF) ZBAFE L7- . 51T, XK
IZHiRZBRET D720, M RE2FIH Lz, 2006 4Ei2, RY N-&t Rady=F L7 7 U LT
I K (PAA) 12, A3 BEGURSS B 3 BEpUR 240K L, Tkt AHik (v 2€/ 70 —F
U IgM BifR) EOMEBEAERZFHME L7 & Z A, PAAFHERCL Y, BfERM ET25Z2 286
DNT L7255, 2008 FE1C A FUFIHEF PAA ZH VT T0%REDE ) 7 o —F AHikERETE S
SAF %55 L7z %, S DICAREHZ LR35 PAA O A X% 30kDa 7>5 1000 kDa ~ & K& <
ZET, FOMENRMETHEEBLNC LY. ZORE, PAA FKiE O E AN S
THIURE OMHAAERZIRITIER LW & 9 BBV R 23 LT D, S 612, EBEaT
BEERERWTHEHA Y ~—% SAF L L THWDZ LT, £/ 7 u—F A HURO N li% 1 : 128
D1 ARMGE TR T EE ST 34 AOBBITREI LT .

2006 4F1Z P. G. Wang & 1% B RUMERRESHHUR 2 40FF L7 S v 2B Ek L, T TSR] 12
K27 v A4V AOHE%EFHL L= ¥, Diallyl dimethyl ammonium chloride (DADMAC) & 77 U
L7 2 K (AAm) %MV,  N,N-methylene bisacrylamide (Bis) & 28F&7#I & L T/ /LA {ER L7, &
HOMBEIZE VTNV DA v a4 XL, 20nm LA EOW A XTRhR I A VAR
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TEHRTL Lz R L.

Buriak S IZMERBESEZHF L= U I F 2R F2ERL L, st 280K, 250N, Z0Ht
KEFBT 5 BIE OMAEEHEZHE L O Z0OE, a7 EBKTHETU DR ~DEER
IR RGE A%, TR AFEVICPEG ) v —HEATAHZ L TR TEDZ EHHLNE L
7.

2017 4EIZ Cairo H1E, ~T a7 v RY w—% = B MAOTEMERIEZ ST L2 9. B s
BIRPUR & L TR BipEgs, CD22 U A REL T T UAIHEERE—FT v N ~— RICHHE
L, Bz RIKL CD22 Lt 7% — DI F{E % E85L LT,

AW TIX, £T, MERHEHO BMEE FTRE L T2 20BN EGEIEDOBRRB ~ BIE L. 4
X, 7Y ORERICE R L CiREES A Gk L7c. 25 % ClL Troc fR#ED 7 /L =4
YERWTA, B,HHUROGWAERER L. SOICH -FETIE, 7/ EEAEBEHORNEK
EOMLZ BRRL, 7T AR NI T UO—EREL, REREIEEZHWT HPURZ SR LT
BT, FEHT, BAREHEE SMS T~ FHE L, MRS OMEERIE A B8 U7z, M iAo eH
W ER 2T OAEMBLGIE, TNEEHET D @M JUENE G2 2 LICiER L. 1gM Pk
Wk L CEW B EZ R b S ORI, MRS ORREREIA - HIEICIB W THEAITH D &
Z A, BUETIET IgM Uik & mWBAE 2 =TT o N ~— 28Ik - L7z, 2o
Bf, BD9 A ADT o R ~—L IgM HUEOBIMELZEET 2 2 & T, 2R E2R%BLT 50
PLU T RRRETOBEBELRIES 2572, MAT, & 5 BT, MRABEHN 5| & & 2 7 2MEEE R
SRR Ui o T OB s 2 it Lz, LUNEEMZ Mt 3 5.
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5% ABO A iERUBE SR O G pL
2—1 ABO AUMERAEHGURE (Type 1) O AKFHHE

MEHRRES (Type 1) OEHBEITHE - ETHENTLHY, 2O NV—TIZ Lo THRESN
TWD. L LAanb, 2HEROBERIIGELLZZERT L TEREEDTEY, ZTHRAH
FTEHMBICE EE-o TV, T2 TAMEICBWT, E813 HIURRH#EERTH D 3 Bitgid 2 4t

WHRREMARICERE L, BERRIRELEZ WD Z & TR0 BhEEmMIc, BT CEREERZITY, BT
K & 0B AZ MR T 51— h T ABO Rl st O Gk & 2 L7z (Figure 2-1). 7
VAP I =T 7T H =L LT 2T R A 222-F ) 7> hER VLR =)L (Troc)
ECRELTZT6 WL HF 7 IV RF—77 ITELRMRERL & LT, 272 Fmoc %
BATHZ LT, BEREEICLD B 7Y a2 A bOSLIRTE 2400 25, 3 (213 TBS £ Tk
T5Z&T, AbUR, BHURZZENEIVED oD o ICikit Lz, £F, 76 £ 717527V
kL, B 57 245578 @ Fmoc A FRE L7, 73 /L R F—79 28 A LT, $L@Eh
[#11R 80 25T 2. LAY 80 DIRERAIRETHZ L THHIRA S Z G TE D, I H Tl
A 80 12X LT, HT 7 b= FF—16" 227 Y aiifl, R#ELERETHZLETA
PUR 8L ~, HT77 FI L RF—88% 27 as i, (R#ELEZRELTBHE S ~&ZhTh
B AREW 16 D207 Y REEZHW, LAY 82134, 6-0-X Y U T UEKE WD Z
LT, FRENRT Y a Il BIT B REATHET 5 Z L & Lo, BHESHIRERITER TR
Z Allyl 25 & L CH A D, BRFBREFRZRMEE L LT 2 LT, fRICB T TR E#
DGR, FEEROGHKIZ G R TE 5. AGKEFHEIZB W CTHBESHEKIE, O b OAYENR
BRIZH 2 CGRITRMICH VR U BEEZEAL THL.
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Figure 2-1 ABO iR HUR (Type 1) OARKEHHE

2—2 HIF7 N RF—T77 DAL

D-HT7 7 h—A (85) ZJFEIE LTHTZ by b K+ —77 2/ L7- (Figure2-2). ME/KHE
WaERNTCD-AT727 h—A (85) DT _RTOE FuxiiEa2T7EF /UL, Hohiz86 4 =7
bR T FEY = F L —T LK (BFy-ELO) DIFTEF, p- MV F 4 — /)L TUET 52 L T
FAPE T ~EFHE LT, O, 27 v FVREOBELRE GIZ L0, BEROT A HE 87 DAHMN
Boniz. S6IL, TEFVEEZREL TS L L, KW\ T4, 6 Mz ITFrTEX—L
TIRETHZ LT, 89 &f572. T 2 T3 AEIRA7ZR TBS kA faf L7z (Table 1). £, 2, 6-
Lutidine f77£ F, TBSOTf ZH\», Y7 au 2 ¥ U CHIGE{T>T-& 25, BHHID 3 /7 TBS {£
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FEIR 90 DIF T, 27T TBS ENE A S 7z 91 D4R SN (Entry ). & 2T, ¥R
Zfaet L7z (Entries2,3,4). EOfER, DMF 15 Z & T, FER7RERMET TBS R4 3 7
BATHIENTE, HHD 90 UK 97% CTH7= (Entry 4). HEWT, 90 D 2 fi7iZ Fmoc %
AL, BHoNZ93 04,600V TFrERT—FT hTk Kun7J 85K (BH; THF),
CITFNRIN RN TAFa XL AR~ (BwBOT) & W T 6 (i RIIC BN % °
Z&T, B 94 ZmURTHRTE L. 607294 D 6 (a2 Ak, BT Fv
VR F—TT ~EFHE LT

OH_OH Ac,0, p-Toluenethiol,

AcO AcO OA HO
0 Pyridine ogc BF3-Et;0 ° NaOMe Og
HO ———— A0 ———> AcO STol 1 on " Ho STol
HO "oH AcO "oac  CH2Cly AcO o oH
85 86 27% (2 steps) 88
Ph Ph
PhCH(OMe),, TBSOTT, k FmocCl, |v
p-TsOH- HZO 2,6-Lutidine o DMAP o7
o >

CH3CN gg/sw Table 1 TBSO STol Toluene : Pyridine TBSO%&/SW

95% (2 steps) OH =4:1 OFmoc
90 95% 9
BH3 THF, oH BzCl,
Bu,BOTf-CH,Cl, BnO DMAP BnO OBz
™ TB30XA_STol é&
THE OFmoco pyridine TBSO STol
91% o4 75% 77OFmoc
Table 1
Entry Solvent Condition Results
\" I
0 91 92 Ph 90 :R; = TBS, R, = H
1 CH,Cl, -20°Cto0°C,22h 40" 30" N.D." %o
o)
2 THF -20 °C, 40 min 792 162 trace™ é o 91:Ry1=H,R;=TBS
op o . o, - R,0 STol
3  Toluene 20 °C, 40 min 77 20< N.D. OR, 92:R, = TBS, R, = TBS
4 DMF -20 °C, 30 min 97 N.D. N.D.

Figure2-2 777 IV R} —77 ODERK

2—3 HPUH 84 DAL

@A TH D H HURRHER 96 2 ARk L= (Figure2-3). 77 hy L RF—77 L 7=
PI=NT 7T Z—76 %, NIS, TOH ZiHMHALAIE LTHWTZ Uik, 2 55 78 %
76% CT157=. 2 §% 78 O Fmoc #:% 20% Y =F /LT I U TRELE. HIWT, HBHohi-95 L7
IV RF =19 %27 ) ai b L, LAY 80 & 88% TiE7=. 15517 80 % 30%HF * Pyridine
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THEE 5 Z L C, TBS EAFREL, HBEFRIAK 3 HEF 96 2 86% DILRTHK LT-.

BnO OBz

OBn OB
BnQ O? ’ NIS, TfOH o 20% Et;N
TBSO STol Eno —> TBSO é)no —_—
OFmoc TrocHNG Ayl CHClp FmocO TrocHNS ,  CH2Cl2
77 76 76% 78 o 98%
OBO o OB
n
5o OBz OBn BnO z
n OBn
0 o NIS, TfOH TBSO%S/QnO 30% HF-pyridine
TBSO é’no —_— TrocH NOAII >
HO 4 THF
TrocHNG Ayl CH,Cl, OBn I
95 88% 8 OOBn 86%
A 80
BnO OBz OBn
0
0
HO o gnO
o TrocHNOAIIyI
WOBn
OBn
OBn 96

Figure 2-3 @A —H HUFLRER 96 DAk

H Ui 84 2GRk L7z (Figure 2-4). L@ A 3 b5 96 @ Troc 24 Zn-Cu Z# IV TERE LT
%, TRFNLVEEZEA L., ZOB, 77 b—A3MOFEHOE Fufx AL FERFIC Acfb &
NI WT, AV 7 4 o AZ BV ARINZ LY, 97 OFEITLREGD Allyl 12X L, Methyl Acrylate
ZHE N L7=. Grubbs 2 _HARAREE % 20 mol% MV T, 50 °C THIGEITVY, 98 % 40% TH7-.
bW 98 %, /N—/v~ Ul A TR FEIRINO AT L, Bn KABREL T 99 2157,
#%IZ LIOH TS 5 Z & TT VIV RIRER, ATF NV AT VENAKSEL, HHuUR 84 DAL
%L L7z,
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T OBn 88% (2 steps) Ton OBn 20%
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Figure 2-4 H $iJ 84 DA HK

2—4 A PUFR 81 ODERKL

A FUR 21 G5 L72 (Figure2-5). JLiESPHIA 3 BE 96 (2kf L, BLEGRHR LA T2 M=
NV RF—16 %, AgClOs ZIEMEALFIE LTHWTZ U aviifbd 5 2 & T, A HURLER 100 %
90% DULETHM LT, HWT, Zn-Cu Z T, Troc FDOFRE L Ny ORI ZRRHIIT- 72
Db, AcfbT 52 LT, 101 & 75%DNETH. EHIZ, HIUR 84 DGR E FKIZA L 7 4
VALV VARG ERET 102 ~EFFE L, S b~ U A W TKSETRN, e < RS
TOT VIVRIRGER, AF VT AT IVONKDEERET, AP 81 OARKEERK L.

36



AcO OAc

AcO ~ AcO _OAc
BnO OBz 3 0
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TrocHNG Ay > TrocHN B N
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OBn MS4A s 0Bn N
OBn ds 75% (2 steps)
OBn 96 90% BnO-°"
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o
AcO _OAc \ OMe,, AcO _OAc
0
Acogﬁ QRpoBz OBn Grubbs catalyst ACO Sg;, \ OBnosz Pd(OH)/C,
Aot Oé&/ /é% 2nd generation  ~ AchN g:‘ o H, _
o Y
o =" C,H4CI no o
AcHN 2H4Clp
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HsC 7007 oBn 50°C HsC7=0 NJ\OMe e
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BnO--" Bn0OBN
101 102
AcO _OAc HO ~OH
O OH O OH_gn
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Figure 2-5 A $iJi 81 DE K

2—5 BHUR 83 DAL

B §uJs 83 5k L7z (Figure2-6). @RI HE96 Tkt L, T2V ho L RS —82 %71
LT 5 2 & T, BHURRER 104 2 91%DIETHAK L7z, Hi\ T, Zn-Cu % A\ 7= Troc
HEDOBRE, AcfbZITVY, 105 % 99% DI THZ. S HIZ, Methyl Acrylate & DF L7 1 2 A
AU ARIEIZE Y, 106 215, PA(OH), Z W2 /AKFETM, i< IR TO T v Rk
5, AFNVTZATIVONKGRZRT, BHUR 83 OE A =R L7Z.
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2—6

BHITTRTCOZY a2 ALRIGEZE EIEE, MHOseRa LRERIRPECHlE L, ABO i
PESHPUR (Type 1) 81, 83, 84 OZh=HEGA A M LTz (Figure2-7). EFIX, BERMRHELT
7% Fmoc 25 & TBS xS Z LT, A— NP COMREROULEHITH Z L7, BTRE
THEHER OMELTo7-. F7o, T o ORHENEE 3 MG 2o LICEFH L, @
[BIR 96 3% ET 52 LT, HIUKEE 81, 83, 84 24 RMICEKR LT-. b DS 81, 83,
84 1%, BEIUARIGICHNR A REZBEANLTEY, LIEOAEYIEERBRDT D OFERE R ITE
RC&E 5.
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= TR HEEAREEHONEREREBE LI T BTNV AR T T U —OHESL

KIRAGET DEBICEIN-T EF AT N aF IV RNT B FL A FI VR EDT 2 %

BRLONEL, HEHOMEZHFMEO—iZH o> TnD. 2072, 7 I FEOHEE BUTIESE

BEOMIAICB W TEHETH L. 7 I/ HHE, RRIZBWT, 7 F7 I F (NHAC) ATHFET S

HLOBMFEEAETHD. ZORITIER L, EHEOFRETIX, NHAc K2 FFOT I/ HEEAHHHO
WRERETRELETHAREIEE LT, VT EFAR T TO—Z2BLTNS 2 (BiR). —F
T, KAPFEFINETNTETFLV /A TIVBETOIRFIENTEY, RATRLEEICHFET
L N-T7TEFNNIZNLaY I EAEEHOGRIZITEH SN TWhoTe, 22T, KRETIE, ¥7
TFNANTTO—EFHALCN-TEF AT Va) I &40 HPEEE AR L, ATFEOR
M A RRGIE L 72

3—1 NHAcHGEIZLAKHEDIKTFESTEF LA NTTIo—

NHAc #%&ETe7 X /BTy R CRE-EEZRL, 7V a v bicB W TRUSHERNME T
F5 8. Crich i, ZNVvapIv 77372 el 7 ) ai rlizBnT, 72 ML 110
K7 X aA LR 11 1L NHAc R 109 &R TEWRIGHEZ R T 2 &2 @E L7 * (Figure 3-1).
F72, VT EFAA IR (NAc) K115, N-7EFIL-N-_UDUE 11T & 70 22 4RIZB
T, NHAc £ 109 LV b EWEIGHZ R Z L 2WE L TW5D (Figure3-2). S HIZ, N-7&F
NI aY I 109 O 'THNMR % 872 518 - IBESRECTHEL, 7 R7r hrofkFr >
R SREE IREERIFIICEL L= 2 2D, 109 B TRIKEREZERL WD Z EERL
7z. Crich 1L, ZHHOFERENSG, NHAc IKIZS FRIKBR A ZTERT 2729012, OGEMRK

ChERRAT 72, F£72, 2015 121X Auzanneau © ) NHAc 45T 4 BEDS, KBRS %
Rk % Z &% 'HNMR & VW COR LT S
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114 : R = NPhth 53%

Competition reaction result
112:113:114=0.1:1.0:0.3

Figure 3-1 Crich 512X % GleNAc-2 (i OFRFERLIZ X B SO ERRGE

i) Tf,0, DTBMP, CH,Cl,, -78 °C

OBn
O
i) "o
1A1"52N0Me Ph/T
> B O
iii) NaOMe, MeOH " Bho o
iv) succinic anhydride 116 ¢
oBn 47%
PhAYO[0 i) Tf,0, DTBMP, CH,Cl,, -78 °C
BnO OBn
\Ph
S (0]
108 © o
i) AcNome PO
117B" 25
iii) NaOMe, MeOH AcNSMe
iv) succinic anhydride 118 Bn
39%

Figure3-2 NN-U7 2T IAKS, N-TEF/I-N-XUUNAR10 W27 U 2224k

Boons B, 1998 4FIC N-T BTN ) A4 T I U igE AW Y a2 4kIZBV T, NHAc 1A 119
IZEE, NAc 1K 120 23 BIFIC m WO a2 s U, IR B35 Z & 2345 L7- 3 (Figure 3-3).
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121 _GooMe i) Ac0/Py
OACOAC COOMe NIS, TfOH OAC OH_0oBz ii) ACZO/BFgEtzo/DCM
AcOu.Lr~q — _ g; iii) TMSSMe/TMSOTf/DCM
RA SMe MeCN o\/\TMS =
c0 MS3A
119 : R = NHAc 122 R = NHAc (2 6 h, 61%)
120 : R = NAc, orr 123:R=NAc, (<5 min, 72%)
o)
Cr)1o OPent
OAco p, COOMe 126" OAcp, $OQMe OB
OAcOBz z oTr
AcOu g:‘ MeOTf AcOs E o
BnO OPent
DCM NPhth
124 - NHAC ( 5% MS3A 127 : R = NHAc (70%)

125: R = NAc, (88%)

Figure 3-3 Boons 512 X % NAc, 3

—7,

WHZ Ex IR AT PUIZE D RLTE?
LT ZEAT D Z & ThotEnsm B9 5 Z &2 R L7z (Figure 3-4, Table,
st aflE L, OotEERm s

NAc, & 131 LiEA
Entries 1,2) .
HlobDLEELELT.

2008 fEIZ Kononov H i, N-TEF /v A4 7 I 8 130 3%

ZHUE, NAc, 1A 131 25 NHAc 1K 130 D4y F[ElkE

128 : R = NAc, (95%)

Z Tz Bos R |

Mz <, ¥7 UIAERIRIZ

OAc

NIS OAc CO Me
OA ’ 2
éﬁ S0Ac sph TIOH AcOu
+ AcOun. o CO,Me —_— AcHN
RS MeCN
Me Me c Table 0
129 130 : R = NHAc
131 : R=NAc, o
Table Me Me
Entry  Donor Acceptor Results 132
1 129 130 only 69%
2 129 = 11 3(1) :rr:iisure 88%

Figure 3-4 Kononov 52K 25 N-T&®F L/ AT I UEEIC

BT 2 BUGHER) D RRFE
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FRRom@Y, T HEESDREHOGRIZENT, 7R EORERORRIMmRD TEET
»H% (Figure3-5). ZHNETIZ, 2,2,2-hV7mmrx X HLR=/L (Troc) %> 7V /LA
X HNR= (Alloc) FE2, MY Zou7rwF ALY N T4 e T vF L (TFA) &
B, 7%wu AL (Phth) K703 F IERRELLTHWCEAEEMABF SN TEZ. Zh
OORERIL, 7V a v LD RS E IR U, BEEEEEB G708 & 2 U 7o SRR & %
542, £z, 7V RET I EOEMEK L LA bEZE@ESNTHD V. —F, Lok
LA VTGRS I W T, B BERSICIWC, BifREE, Ac kD AT v 7% #%7- NHAC
OB NPRVET, AT v THOEMZ BT b, ZHESROFEEE TORT v 78O
BINE, ARROFELE NI BLELBIFEE L 2. £, BREZOLAEWITREBETED
BRI EEL <, ZOFREELBIIRIGEIZE EE 255 HZ 0. S HICHE#EDORE, 71U —0
7K (NH) REHT D700, RIRKIGOBREHAELH.

5 Rt RAGHE~DE R
EO

"o NHAc X {ELy WELGL

HO*\—F&MX RS, 7EFILIED

R= NHi NHAII EL\ X-T-‘y'jégb' Emﬁ
" NPhh. Ny, etc. DEVTIVERHRTS

HOR, . SRR T T

NAc, " 15 8 < B 2= AT

Figure 3-5 7 3 / FEORGEIL DR

EHEOWIRETIIT 2/ EOFEHELL LTNAGRICER L, ZhEHMA LA (27
TFNANTTU—) BREL TS 2 (Figure 3-6). NAc &1, KFMEERY NU—7 D
ROFR E 257 I F7m b 2R/, SORIERHIGTE 5. SIS, HIERLFIC LY,
NAQED 2 DOT7 B FNED S, 1 DOLZERAIZUIRT 5 Z & T, F5IT NHAc (K~
HCx, FEBHA BB CHED LB RERR LW AT O LB 720,
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A O ............ \l'lﬁq,,‘,_ O
R OR O~ Q
NHAc NHAc O7nal=\, |
OR
¢ Hiapehic } 1oAck £t
0 - B
-~ — OR ONa=\, 0
NAc; 52 NAc, 0—‘—|~\4,0_
OR

1) a3k

Figure3-6 V7 EFNVAKNTTU—

Zhou HIEN-TE®F N/ AT I UfadEte [242] 7V ai ki b 4 BEARRIZEBWT, N-
TREFN AT IS5 L% NHAc 205 NAc, &5 2 & T, ROSHEDRBIIZH B35 2 & 28
A L7 (Figure 3-7). Z 2 CHW= 2 K —133, 247 7 &7 % —134 O NHAc 237V =

VLD RIS BEENL T DIZH 030 57, 77U a Vb OSMEIC KRE IR TS 72, Z
D K 9 7RENEALOD NHAc DB Z R LTI=DIE, ZOFNHIOTTHDH.

OAc

AcO OASAC CO,Me AcQ, oAc  (OMe
neo OAC  COMe R, 227 o Ry~ 5
Ohc | AQ _oBn ACO aco o TMSOTf OAc  CO,MeAcO
Rz N0 &O: HO MS4A AcO_ I oac OAcoBn
! + TrocHN | ———> S~o0 0 AcQ 0
AcO BzO 0" "CFs OAllyl CH,Cl, R o) o}
133 : Ry = NHAc 134 : R, = NHAc 0°Ctort AcO BzO TrocHN
136 : R, = NAc, 137 : R, = NAc, OAllyl
135: R, = R, = NHAC (0%)

138 : R4 =R, =NAc, (quant.)

Figure 3-7 Zhou b2 LDV T EF AR RN T TU—a Mz [2+2] 7V a3

F72, Nagasaki b N-7T B F N/ A T I VALY ad AUIZBN T, RIERONRE #
L7z F7—139 ® NHAc & NAe, ~E B L7 142 W5 2 LT, 7Y ai kD ROG
ERREL B ET B L 2HRL, PTEFARARNTTFIO—F2HNE NNTEFL AT U
EAH 12 FEDOERIZE -7 (Figure 3-8, Entries 1,2) .
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OAc

CO,Me
OBn AcO OAc (2)
OAc R/ 0
CO,Me
3™ (@] (0] n o
R 7 + TroohN TMSOTf B20 B?,gé&/o
¢ o  NPh Bno o  CHClh Bz0 TrocHN
BzO Ao MS4A s
s B20 "0~ “CF, 141:R>=NHAc  BnO o)
139 : R° = NHAc 140 oAyl 143 : R® = NAc, BnO
142 : R% = NAc, OAllyl
Entry R3 donor  product TMSOTf (eq) temp time yield
1 NHAc 139 141 0.2+0.2 0°Ctort 1.5h+1h 52%
2 NAc, 142 143 0.2 0°C 20 min 96%

Figure 3-8 Nagasaki 51 K5V T F AR N TTUo—%2 Wiz [242] 7V 2k

INHOWMEICESE, EEIEIN-TEF N/ AT I VBEAHEHOGHRICHNW O TEZYT &
FNVANTTV—%, N—=T®F AT VvatIv~Lt@fAL, ZONHMEOIERERRT-. N—Tt
FNITN Y INIRARCEBEZLFET L7 I /BETHY, ZRICHEATEIE, ZHEHOE
FAZIGF FTRE 72 G ARG & 720 2 2. EFIX HHUROEGHRICY T EF LA NI T U—%wAL, £
DA RMEIC W THGE L7-.

3—2 UTEFAANTTV—Z AV HHUROS REE

%34 1X Figure 3-9 (239 H PUR 151 OARRIZEBWT, YT EBF VA N T T V—DHFIMEE KR
AET AEE AN T, Zvah I =0T 787 ¥ —4 LT NHAc 1K 145 & L < IE NAc, K 146 %
AW, 28147, 148 215, ZHICK LT, 7av v RF—19 #ZzntnsJav kL, H
PURERER 149, 150 2155, 2 o607 ) a v /HRICBIT ARG Z R T 5. S 512, 150
ZWAEL, HPUR 151 ~ L3553 5.
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HO O O STol
B"Oéﬁ o AcO _OA ?B\z&"
R C c OBn n
AcO _OAc O\)J\OMe O o 79
O tmemmemmemeremmeseseeees » TBSO B?\O o T >
TBSO STol 145 : R = NHAc FmocO Ro\)J\
OMe

OFmoc 146 : R = NAc,

144 147 : R = NHAc
148 : R = NAc,
AcO _OAc 0Bn o Og OH
o) g :
TBSO&/O 0 Deprotection HO o o
o BrORTRY O > o AcHNG, I
..................... )

(] c)\)]\OMe (0] OH

OBn o OH
o8n" OH 151

149 : R = NHAC
150 : R = NAc,

Figure3-9 Y7t F /LA b 7T P—%H\ 7= H HURDO A RERE

3—3 NMR Z W= N-TEF AT at I o0y FRAKERESOREE

NAR#E L= NvayI =T 7& 7% —146 =5k L7z (Figure 3-10). Kusumoto © D
FIZWEST, N-TEFu-p-7vathIy (152) 27 U AT /va—)hitrun N AFLy 7
Y &HAWT Fisher 7V oy LT 52 E TIAICT UNIEEEA LS, i< 4, 6 (LY
V7o 7y —n R, 3Lt Fr¥ s BN O RELRT, 153 & 3 BB, 27% THR L
2O T, TUNANEES Y VAR LTImDb, HH72T VT & R% Pinnick BB{L T LA
fE~C ML, LA TFLEHNVTAFAZRAT AT HZ L T154 21572, 512, 154 D
2 NHAc %, H(b78F L ZHWT NAc b L, I 93% T 155 24572, %12, BFsELO O
FIETF, RUZFATT TS H 2L T4, 6-:0-X0 T U T 0T84 —)L % 4 (CRIRAIZET
L, NAQIKDZ)vath I =7 77 % —146 % ILHE 66% THK LT=.

—J, ST EBFIARNT T —OFMERGEOT- 91, NHAc K 145 L5 LT, FitoAaRk
OFE 154 D 4, 6-0-_2 PV F o T X — Lk 4 (ERNICEZIT 22 LT, HD 145 %
IR 76% TH7-.
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OH 1) >oH, TMSCI P R0 1) O, CH,Cly; PhyP

o - BnO >
s oy 2 PICH(OMe),. p-TsOH H0 ACHN, _"2) NaClIOj, Me,C=CHMe,
’*1"5”;“ s g"'éc",‘\j L DME 153 NaH,PO,, 'BUOH : H,0 = 4 : 1
o
) nor, an, 27 A) in3 StepS 3) Mel, KQCO3, DMF
-0 B
Ph™ o 0 AcCl, i-Pr,NEt Ph N0 BF5E,O, Et;SiH OO
BnO Peny \)OI\ » BnO e} 5 BnO (0]
c . AcoN Ac,N
o CH,Cly : CoH,Cly AP CH,Cl, No
154 OMe 1.1 155 OMe 146> OMe
82% in 3 steps 93% 66%
BF5-Et,0, Et;SiH EBgo o)
154 > BnO
CH,Cl, ACHNG,
145 OMe
76%

Figure 3-10 GIcNAc 7 7 & 7 % — DA fk

NAc, 15 146 & W ToHESHEASHEERITESL D, Gl v a I =T 787 2 —145 73y
KRB EERT 200 EFELT. (Figure 3-11). £3°, 1 mM, 10 mM, 50 mM @ 145 ®
CD.CL AR ZFHHE L, 25°C, -40°C C'HNMR Z#|E L7 (Figure 4-10,1) ~iii), iv)~vi)). &
OFER, (LAY 145 DRENEL R DHIZONTT I K7 e hrov—27 XMEEG 7 LT,
SHOITRERTICLD Y I M7 e b oSS 7 FOBIIITE . ZORENS, Crich b%
ETEEDOWERF] 42022 L [FFEIC, NHAc A 145 N5 FRIKERME KT 5 2 L 2R TR %

5.
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i) TH-NMR (CD,Cl,), 25 °C, 1 mM

IR . S

ii) "TH-NMR (CD,Cl,), 25 °C, 10 mM

iif) "TH-NMR (CD,Cl,), 25 °C, 50 mM
iv) TH-NMR (CD,Cl,), -40 °C, 1 mM

W/\MWWW

v) TH-NMR (CD,Cl,), -40 °C, 10 mM

vi) "TH-NMR (CD,Cl,), -40 °C, 50 mM

L

Figure 3-11 NHAc K145 O 7 2 R0 h v DOIRE « BEKFHE—27 27 |k

—J5, AiE CHWZ Troc AR 76 122V T H 1 mM, 10mM, 50 mM @ CD.CL AR & i3 L,
'HNMR ZHIE L7z, ZOFER, 76 IZB W TIE, 7 K78 hrofbZEy 7 MIREIZIZEAL
RIFH) L2 7= (Figure 3-12) . Z AU Troc 2ETIE, B3 A — MEEIZ X 5 I ZEILDOF
M K& (Figure 3-13), 72 R7u FrOkFE-E FH—MNMETL, o FBKEEEEF
LB WNWEDTHDEEZXTND
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i) THNMR (CD:Cla), 30 °C, [ n
L | H ey
/ w |J|l ‘ | ‘h | ‘
/IJ l|iI JII I_,'I @ l / Li| M\
) e \_\W.'J‘-"w e R | R |
i) 'THNMR (CD:Cl2), 30 °C, }' \ \[‘ }\( |T ‘ [’
fL— '
10 mM | |||' Ili w @ "\1 OBn
ARV "Eho
Y, Vo R J \ TrocHN
M 76
iii) 'THNMR (CD:Cl), 30 °C, [ | ‘ | “r ”
50 mM ﬁ |A \ | \
. | II| | \J
JI | JM I_ ..-f W‘\‘ /; \ !| l
) ll\,__ JJ v W L

PPM

T T T r T T
54 53 52 51

Figure 3-12 Troc (RiE S N7 78 7% —76 D7 I FK7'm b o v —7 &k

&)

o) i@)\
Hsc)L,},}\ - HyC \I}I}
& i

S+
NHAcE D) H IS E

Q ﬂ °

o
@) o ®
- /\(g/)\NA\ - CI3C/\OJ\N>‘ - C|30A0)§I}I\:
3 \ |!| ]

H

H &+

TrocE D LB E

Figure 3-13  Troc 2£ 0 22 E(L

51

OAllyl



S B2, % T, NHAC 1K 145 & NAc, 1K 146 O Diffusion-ordered two dimensional nuclear magnetic
resonance spectroscopy (DOSY) Z#HliE L, H CILHURIBDOEWZMEE L7 (Figure 3-14). DOSY
ElE, 1992 AT Johnson ©IZ Lo TG Sz, WGAll VA ZFIH L7z Ikt NMR O—
THDH 3. DOSY A~ b, Bifiic/bs:y 7 M, fEic B CiLBRE (D) 2VREn5.
BAWD DOSY HIEEITH &, £ 1D D OKR/NMIEL->T NMR A7 MVESBEL, fi#dT
WARETHDH. ZDTD, ZRSIEEMORNT, 5 FREOALY, o, BOTREDRE S
DRV IEPNLD Z b D, ZIZTIE, LAY 145 & 146 OB CHLEMRE D O RS Y
IZFIH L7=. NHAc 1K 145 &, NAc, /K 146 ® 50 mM CD.CL AR Z#FHHEE L, 40 °C TENEN
DOSY ZHliE L7z, ZOfi%, NHAc K145 (FR) 1F, NAcfk 146 () L0/ E CHRER
#HAar LT (Figure 3-12). & 612, 2R EGET % Stokes-Einstein DITELF 2+ 2 % i ]
L, DFOENEEZEH Lz, ZOE5%E, NHAc /K 145 OEFEIE 3.98 x 102 m?® (Viss), NAc,
1 146 ORFEIX 3.31 x 10727 m* (Viae) T, NHAc K 145 I NAc: /£ 146 £V, 1.2 fERE WERE
FEZ R L7z, 24U NHAc (K353 FRIKBERE S Z N LIl FREEZTER L T\ D 2 & &R
THMEETHD. @EIZ Bahri, Nasr HIZE ST, =— R D N-AFNT & FT I RIEEN =&
KDY FTAZ—ZBRT DI ENHERSNTND Y. ZOREZETDE, Vs & Vi DI
ODIENTIEH DN, AERLOTHD EEZ TS, NHAc 1K 145 D4y - T S D K HEifG
AF Y MU =71, NMR ORI A7 —/L (=104 F)) THONITHABEX BEXTWDHH 00,
VL LTHFOFITERROEMNE LT DOSY TAHITE7ZEERLTWA. ZhiE, DOSY
NMR 73652 K D GleNAc Dy FHEETER Z 160 TR L7 TH % .
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1
() B
17 - .
]
1.8 1 i
E ; LA . i 0Bn
1.9 ™~ 1 EI. | lI i o) (o]
' nO 0
B AcHN \)j\
O
20 - ‘ | |' ‘ 145  OMe
- I
2] ~ li ) OBn
21 “ o o
i | no Ac,N \)Oj\
i 270
2.2 ‘_: 146 OMe
23
24
25
LB IT'I'I IIIT'T TT'I'T_l T-I_I"I"l_'l_r'l_1 TT'I"I'_F'I 'I_'I'I"I"I_T rTTT 'I'T
Q a8 7 & 5 4 3 2 1
F2 {ppm}

Figure 3-14 DOSY (Z L % H CyE IR ER D WiE

3—4 TTEFINANTTIO—FHW HBUREDOAR

NHAc {4 145 & NAc2 (5 146 D7V 2 /UAKIZEIT D RUGHEZ iR LTz, €072 DIH L LT,
£, 77 MR —144 ZEp LT (Figure 3-15). “9 28 2—2 U777 bV FF—T77
DA THIZ93 D 4,6-0-X0 V)T Uo7 v H— N EBREL, AcfbdT 52 & THIND 144 % 73%
Ti7z.
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Ph 1) TFA : H,0 : CH,Cl,

=1:1:10 AcO SOAC
g é&
2) Ac,0, Pyridine TBSO STol
OFmoc
144

J

o}
TBSO STol
OFmoc 73% (2 steps)

Figure 3-15 57 7 FI Vv R —144 ODEJK

[1+1] 77V v b Z/at L7z (Figure 3-16). Entry 1 TiX, NHAc K7 7 & 7" % —145 % A\,
Vrmr A2 HNIS—TIOH (I FTY U ai ki iTo7c L 25, 0°C £ TOFIENKLET, N
FlX24%Il2 e EFE o7, —F, NAQWERT 787 % —146 Z =& 2 A, KIHIE—20 °C THELH
WZHEAT L, BHBYD 2 B5 148 % 76% TH:5H Z L A TE 72 (Table 1, Entry 2).

AcO _~OAc

OBn OB
AcQ ~OAC o NIS, TfOH 0 "
o + HO — = » TBSO 9 O
TBSO STl °" N CH,Cl, Fmoco BNOMT
OFmoc O._CO,Me Table 0._-CO,Me
144 145 : R = NHAc 147 : R = NHAc
146 : R = NAc, 148 : R = NAc,
Table 1
Entry Conditions Results
1 -20°Cto 0 °C 24%*
2 -20 °C 76%

* Estimated by NMR

Figure 3-16 [1+1] 7'V 23 4biC X 2 SOGPEDRGE

FHITz 255147, 148 Z VT, HHUR 151 258k L7 (Figure 3-17). NHAc & 145, NAc: K 146
® Fmoc 3% 20% MV =FNAVT IV CRETLHZET, 2877872 —156, 157 % T NENIGT-.
FWNT, BFHNT= 156, 157 L7 a2 L RF—7980 [2+1] 7'V a bzt L. EEAlE L
TNIS, TfOH # W\ T 79 23k b L& 2 A, NHAc 1K 156 & OIS T, HEiRE TOFENLE
T, 3149 OULHEIL 45% & FREEIZ & EE o7z (Table 2 Entry 1). —F, NAc{K157 Z /=& 2
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A, SOSHGIR CHOIHEIT L, HEID 150 % 83% DULHE THSH Z LN TX /- (Table 2, Entry 2).
ZORERNG, IAat I ilBWTH N-T BTV AT UEEOBEE & FEREIC, NHAc 0 NAc,
R, KIS EN BN B ChoTH 27 ) a i b etEEZ REL M L35 2 LR LN E

277,

H HiF R 150 ZBiR#E L2, TBS A I AF 1 b AFAT AN ZA(PAFILT I J)A )L
A=A (TASF) ZHWCRELI-OL, LI L0 7 U VR R & = 2 7 V2 Ko iR L7z
Z DS, NAc lE, — 27200 7B FVENRE S, HRII NHAC HiEE 52 72, &EIC_r oL
Fer R~ I K> THRETDH LT, VT EFARNTTU—%HVTE HHUR 151 O/ %
R L.

e
AcO ~OAc 0Bn 59Bn AcO OAc 0Bn
o) 79 0 0
TBso&,o 0 TBSO&/O 1) TASF, DMF
/éﬁ NIS, TFOH, MS4A Bnoéﬁ o )

) BnO 0 . o
R'O R) e (] RO\)J\OM 2) LiOH (2 steps 90 /o)'
OMe 212 Q7 oBn ® 3) H,, Pd(OH),/C
147 : R = NHAc, R' = Fmoc } Table 2 59BN quant.
148 : R = NAc,, R' = Fmoc 20% Et;N 149 : R = NHAc
156 : R = NHAc, R'= H (94%)} CHCl Tapie 2 150 : R = NAc;
157 : R = NAC,, R' = H (94%)

Entry R Condition Yields
1 NHAc -30°Ctort  45%"
2  NAc, -30 °C 83%
HO OH OH "1 37% of acceptor was recovered.
(0]
O
Hoaﬁo ch/oé&\ \)O]\
AcHN
(0]
e e o o
HOOH
151
Figure 3-17 H HUJR 151 DERL
3—5

CTRFNA LT T U—E AW CTIEEES H PUR 151 5 L7- (Figure 3-18a). 'HNMR
AT MZERT LT I R v b ORERFNET 7 ML, DOSY A7 MU &
% H ORI OEN S, 7 vaH 2 2D NHAe 1K 145 3y FRIKER S 2R L T Z &
ERTREREZSZ. 51T, NHAc K% NAc & L CHR#ET 52 L TZ U a v U bORIGHER K
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B B D 2 L AR L, HAUR 151 OB A ER L1z, NAc RISt 80 HEEN 72855 7T ©
HOTHOAMNTHD Z D, REREIKOPMEO®m S 2R Lic. AGRIZTYTEF LA T
F V=% NT B F AT I o EAREHARISER L TORETH 5.

—J, FHOMEETIE, T EFAVRANTT V=% AW Ta-gal FURDNREAKIT SR L
722, JL[FEAFFER O Sianturi [IAEENE 2 V2T 2R MR, WX W fEICA 77— T >
THEERY T a—TORRICYTEFNA T T V-2 L, AFEICEY, KEEE K
Mgl g L, WROBIM 20 Bk L7z (Figure 3-18b). Z OfERIL, BEH OB LIV T &
FNANTTP—ORHAMEO®m S ZEIEL TV 5.

OACO Ac

STol
TBSO%&/SW ?QZEB" ’ Oécoéc o8
0B
OBn OFmoc ~ OBn TBSO S B‘%oﬁ% o R st 2nd
9&3\ o > > RO gye ~ NHAC33% 45%
. . o, 0,
RO\)J\OMLsthycosylatlon 2nd glycosylation Q7 g NAc, 76% 83%
OBn
OBn
AcO % Ph
cO 0Bz /ﬁo
HO%S/ST :é "o RO T '%O
[e]
o -
PQO OBz \)Lo'\é'ﬁo OAsOR R  Method Yields
y4
2 o \7 \, > Bnooéoz o oo NHAc One-pot 25%
BnO STol 1st 2nd BzO BnO n o] NAc, One-pot 86%
OBn glycosylation  glycosylation oM ue NAc, One-flow 82%

Figure3-18 U7 TNV A N T T UV—2HW3h==E60, (@) HHUR, (b) a-gal HLi
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5

IO Uik & MRS Ok & % HilAE 3~ 5 24l 431 D A1l
4—1 HEra7 Y L IgM Bk

PURIISRE 7 07 Y EREHTIND 2 X ET, B L 2R R L, AR OTEMALRS
FTYV =AM, =T =7 Z—fAOIEME L, TRERR EE2N LT, AERPAEICE T S 00
BN RIT. PURITERHE L BEHA TN T 2 KT OMABEDI o7 Y FRO 4 KE %
F5> (Figure4-1a). PUFRERRERALIL AT IR & PFRITH, SEROEROPURICEDE TSR T I/
WRBLA 2B D . — 07, IR LIS OO B o3 130E s & WA, Sl O R & R0,

PURIZIZ S oOT A VY XA TNH Y, ZHEN 1gG, IgA, 1gM, IgD, IgE IS5 (Figure
4-1b).

IgG Ik M /a7 ) oD 75%% L5 %57 F & 150 kDa DHEERTH 5. MG TOHEm
NEL, ZEGEICRLERATHS. b b IgGE 1gGl, 1gG2, 1gG3, 1gG4 D 4 SDHV T 7 T A
WD, BIRW 1gG 77 7 AXKBIEIT 1 2, b LLIFEEOY T2 T AOKEDHWITKT
2 &> TEYYEA MV KT, 1gGl ORI, KT~ u7 ) VIEOIREEZ RS, b — M
72 1gG2 REDOGH, KE (X2 x5 FEL) KHTLHHMENREENTNDLHZELHY, KELHD
FRERECA 7N o PWEEIC K DEYYE (FHE, ik, TROUBBYSE) 0 iR$Z en
5. RAIZZ 1gG3 KRABIEITFIEER, TROEKY:, FHEREZBRY KT E VST ERH 5.

IgA iTe Mg s a7 ) rd 15%% 5055 7 160kDa (FLER) & L <X 320kDa (43t

TERR) ofiikThD. CBETHDH WA TgA 13, KESWY (Bl MEE, FEieE) i

EICFEL, VY TF—ALEHIc@< 2 &, MEMEE O EZ KSR L, BYE KR
IZB5<. B B IgA 1T IgAl, IgA2 D2 DDV T 7 T ARD 5.

IgM i3t hE 7 e 7 U D 10%RREE D, TO518iX 900 kDa TH 2. HEEROHIK
MY ANT 4 RiEG & T#HEN LTS BEEIELZ IS T Dd. IgM BURIEA L724 Eodt
JRARR L, WFERZRET D, 20%, MEROEM LS~ 07 7 —VIC K28R HE
T 5. 1gG NP EMEITEN TS DIZK L, IgM TR 5 Bfe & 8.

IgD, IgE [Zfh Dk & bR CTHAEHRITIRN S, 43 & 180~200 kDa DHEKTH 5. IgE #i
RIZFICT VAR —OGICBEET 5. —J7, IgD FUROREIIRIZICAHTH 5.
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‘QA% \W' Y==f '

Light chain '
RV XY <
Heavy chain ’
T b ; o \

Figure4-1 (a) filkoOEE (b)) ko742 147

RIE 707 ATEFHEEI)ICIE R, RERBEUEOFHEIMICAEL, AT LITn<
ONDT AV EA T HFEON, TOFEITMI L IR s L BRRENZ &1Z, 1gM OHNRT R
TOEYTHBIHEET D, ZOZ LD IgM OEEWENGND. RGO 1gM Jiio
PURM B30, ZOH%IZ1gG PRIy TARAL v F T 5. DFED IgM HFURD B FE~D
REOKBEL L2 D, £72, IgM T, A LR EORFIERICEN, WSR2 2 REIICIEME
ETELZ 0D, FRERICKHT 29 HGZEINEICB N T, PO RERIZ . [gM ITHER
RSN ETATERRIC 5 BIRZMA TIFET D VbR TE ., L LARRDS, 4, ToRE
BATE S BIRIESE T, JTHEIICERARH D Z &R, BRKFEOER, FHLICLoTHESN
72 20 2019 FITIX 7 T A AEBUC L o THIfR &S LTOIRBBOREE ML 3, 2 ORI %S
fRAT DD DI 5 4.

FHNT, MR A O - A AR RERIE 2 B R L, MBS D IgM UK & v B
FMEEH 520 DA, 725 ONZE OFSRERAT &2 gt L7=.
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4—2 ZANREZFELTE DHEHT v Y ~—0kEt

—ETHANZEY, FEEHOEERINCIE, ZMRRPIFFICHE & E 2 R, AR
ITHERR 2R T I DO BEBAFAE L, &~ OFEH & BESERR S T O A/ERIZH < T, #fn
& U CTHEMTEMEZ I 2F BAERIC SR8 % 89 ZOXMOMAEEHEZHET 52 LT, b
BERE AR RIICHIECTE 5. 2D XD RRBMuTHEE LT, ZMMEHKE (W) vy 727 L—r
WBH 77 %A MY e oy X F RN L0 ORY <=8 YR —H2% F
VRY 2B e R 328 | ORI L, Bk 5~ T U T VORI R S
NTE7=. &5, ZOIEMEFHMEICIX, Fmi~7 T XE M (Surface plasmon resonance, SPR)
INTIESe, FERME A 7 Y A U — (Isothermal Titration Calorimetry, ITC), I ER&EEEEFER
(Hemagglutination assay, HA), ELISA (Enzyme-Linked Immuno Sorbent Assay) 572 ERHW D
L, ZHHORIEN LEBOZMEEHEXDOET ANRBIN TS (Figure4-2) 2373, %
fl& LCid, EEOPUFRSRENLICFRFCR G 5% L— hE7 /b (Figure4-2a) <, HEO*
@%@&3x&~k(ﬁgm¢%)‘ﬂ%@ﬁﬁ@ﬁ%ﬂﬁ?é#A%?w(ﬁ@m¢%xEﬁﬁ
DIMEHE L RS A 240 BT HRE ST T /v (Figure 4-2d), ZAliPtIC X 22RO % (Figure 4-
. ZAPURIC K D BIRO4UE (Figure 4-2f) 72 EAEE ST 5.
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Figure 4-2 Al OfEGHERET L

72, IgM FURITHURRE S AL Z 10 EFF>— 5T, %2 OFE AT & PR & OB FPEIK <,
ZAMOHEAAERICE D BT BT 47 4 —ZFBT 5 5. £72, [gM OFEEMIEHUR O 1 &
[ZAKAFT % 5657 1972 41T Carel J.Van Oss 5%, MW 3 ERRE O FHURTHALE 10 fff,
MW = 7,000~500,000 F&££ T 5 {liLL F, MW = 1,870,000 TiX 2~3fliTdh b L HEL T 5 .
R, MEABESHICRT S M SR mBRME D B RE2AIRIT 272012, i EsH o7
YR ~v—%RE -G LI, TV R =3P A RIS L o THRRATRE C, fHEFE 2 BRI
L7 —72E L L CGRIECE 5. B b AERT O | H1%, B CEHER 2 Y v 7 BOGZ v
TNRH 2R VYT v R = —DOEM A WS L TW5 (Figure4-3) %, KFETIE, TV
X UEFICHEA LN U e AF U ATHIA A DB L, SRR L0 St A VD
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TYRET AR EDOERUMAINKIG (Cu-Catalyzed Azide Alkyne Cycloaddition, CuAAC) fZ)is ¢
S AIET D, T2 TIE, BEHOBIRGICT VU REATLHY U —EBAL, RFEETmEE

FESEHEFT o R ~—DAEITH) 2L & Lz, £/, AEERT [gM OFURZRFREAL I L,
+HEOPR AR R TEXD 16 BEEKOT R ~—%2 -,

/X
BnN N
—
X
A H
N
AcHN o]
o
\iff
( T\
AcHN = Self-activating
\A < A°”NON {%L" Click chemistry
pyer o L 0
NH NHAc

o]
N

<k‘< o
N fAcHN:
Bn HN_ OH HNo
N N H NH H NBNTy (0]
N HN H c N
Bn(NlL)OKN N"HN?/\/\K:O O/XT O;)/\\ N3 N //

Ny AN, L Bn \/-NBn
HN NH
NHAc NHAc
N H o o
N H
o N NH
Bn HN o \\ g
o jBn
AcHN %\
HN o
HN,
NH \
NGO 0 o]
\—NBn NBn
NH o NHAc 'N

NG ~NB NHAc
r}/ NHAc N }\j;NBn
\,NBn N
N</ ~NBn

Figure4-3 16 &IA7 NI ~—@ik & B IEHMR 2 U » 7 KOG

[gM OffiEZ & & ICIEAHESEAT o R ~— & R ICEREN L7, [gM FLRITE RS 290 A 2
EDLFH AR 2T, &2 OHFEFAEAMMOERIT 60~80 A TH 5 (Figure 4-4a). EHIX
Figure 4-2a, d TRL7=F L —Ta v ET N EFHBEETT LV COSMBERBRELER LT F
U ~—%a%e L7z (Figure4-4b). FHEEET L TIL, — 0 FTOHFEMEEY A MIBWT, fEHE -
FAEBRVIEY. 20, T R ~—LOPHEENBEECTHDH. —F, FL—ra %
TITH, HEOFREAGY A MZBWT, RRICHAERT2MNE S LS. TO72H, T K
U~ =BT SA—TELHEGT A NOBNEECTHDH. ZOL I RfEdE b LIz, Vb —
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DY A R&IEz2 727 R ~=—158-160 2%t L7=. T KU ~—158 DY A X% IgM Hik D4
PURRE GV A FEOHEREL Y b/ &<, FRFICEBORG YA M2l 5 2 83T T, FL—
T a VETIVTOSMNRITE LN, — 5T, NSt A X070 R ~—IZ 16 {#
OFEHAZRFTE D2 N0, T2 N ~— LOFEBHBEEITE <, FEATT /WITHEICHERE
LEHERITE S, ZUTx L, 159 1% 2-3 i, 160 (XIFIET X COFUFREA A b & RIEFICHA
EFHTE DA RXT, FL—2a BT ML HSMDEDBEFRFTE 20, A ANRKRELRD
IZONTHMEETT VL TCOSMMEER IR, Zhb07 > R ~—158-159 & 1gM it
KOMAEEREZNTT5H5Z LT, T R ~—0g ittt HiEloRT 2t 2 N ET
5.

(a) 60~80 A

MRS

(b)
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. e
{LE ) sf— LB EDETIL J%FJD?‘J% = F%Fﬂ ﬂ;ﬁ'é;i
P RS ER T

159 oA 2.3
45 A"

60 ok Low 10 (all)
130 A

~290 A

Figure 4-4  (a) IgM HtikDH A4 X, (b) HEHT > R U ~— DG

4=3 BB KU v — DA

B RUBESH PR 83 1Z 3 FEMED Y »h—161, 162, 163 ZEAL, VA ADELDHT L R <—
158, 159, 160 =& hk L7z (Figure4-5). F£3°, 83 % TSTU T L, iEE=X7/{kL, 3-7
YRZrENLT I 161) (C3 V2 H—), Amine-PEG11-Azide (162) (PEG11 U > % —), Amine-
PEG35-Azide (163) (PEG35 VU > 7 —) ZZNEILE S, P —Y 1 —H#AK 164, 165,
166 Z 5k L7z, VT, BEEMHM 7 Uy JEORIC IV T R ~—IZFE Lo, ROSTRAS
AT L, BRIMEZENZEIL 2% (C3 U 1 —1K158), 39% (PEGL1 U > 1—1K159), 59%

(PEG35 U > 7 —{£160) TH7=. 'HNMR |[ZEBWT8=9.0 (DT > KU ~—FHHNITIFET
HRUVUNERTFTVOTR N b, § =807 Y vy VRUSIC R o TAETH R 7Y —
WVERNOZ vk OFESEOE G, Bl 16 BEENEONT-Z & 28 L= (Figure 4-6) .
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o i) TSTU, DIPEA OH
N Qo o ii) 161, 162, 163 og o o)
? AcHN, > o HO o
o 0 OH DMF AcHNOMk
OH 3 . 0 OR
OH H-N N wOH 3
" e 161 R on"
H
162 HZ“\(Ao);\/M 164: R =\ Ny quant.
H
B =N N
163 - HzN\é/\O);S\/Ns 165: R = “x.{ \é/\o):‘]\/ 3 quant.
H
166 : R = g”{ﬂo Ns gg9
35
Bn 164 or 165 or 166
WN CuSO,, Na-L-ascorbate,
|| N DIPEA
O r
@ DMF, H,O
N
| Nead! 0 o
167
HO _OH
HO&&'OH OH OH r,‘?,”
HO O 0 |
© o) ?—IO o) ’\(‘) Z
serivh 1
7 oH ﬁ N™N N
OH N= H
OH N NHAc® O
— — 16

OH

HO
HOéﬁo PH_oH
HO O

158
72%

159
39%

160
59%

Figure4-5 7 KU ~—0DOHHK
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oLt

16.00 Bt 1657 |
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P!E
T
70

Btk 16.00

Bk 16.91

|
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W““Mﬂ .
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T T T T
85 8.0 75 7.0

E={1101
[s2al

Figure 4-6 'HNMR % i\ 7= HEGHE A & O

4—4 KET T XEEHIHEC L D0EHT > B U ~—& IgM JuiE ot

W, K7 7 XE IS (SPR) HHEIC K 2HEHT > R U ~—158, 159, 160 & IgM i

I O T FRLARAT 2
AT 25 (7554

TENSREEET MIZ

(CRHEFIRETH 5.

A RI%EF 1L, Cytiva

T2, SPR ATiEITE Y —F v 7 RICHEE L7257 2% L CHAALE
) 2T 2 & T, ZOHRMMESCHRESHELRODLZENTED. 551
B CTHARETE-CHEERE T8 2R L, TOMEERZTEN

- Biacore T200 # W TF v N ~—IC X A HUEHURR S ZHIE LT

(Figure 4-7). 43¥f#) 900kDa D%t B RUffibifk (7y v— 2 Z5H2) 27 Iy 7 o7
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BILEST, IVRFUAFATIANI VEEZAT D CMS Bod—F o7 RIZEE L.
v —F v T ETTFIA MO TR, 72 RU =0 O [gM Huik & k% FHEAFE
MERTERLMNLFESTET NV ZHET 2 Z L2000, IgM ZEEBECHEET L L L.
BEEZEDOE L —F v 7OV AR AT 10129RU 2R Lz, Ziuxt L, ~AvFH A7
JEIZ X D EAE AT 24T - 7.

JeR

%
AS1 S ////m\\\\ &t
T XL

+ 9 —F v F(CM5)

Figure 4-7 SPR &

FTYIDOIZ, 52 ECTHAK LT B EUBEHPUR O H K 83 & IgM OF AAER % I E L 7= (Figure
4-8a). FDFEE, HIEFE 10— 1000 pM IZBWTH B RES 2R ST, BRMENIERIZTHN 2
GGl FNT, BV A XD 16 BERFEHT > U ~—158, 159, 160 7+ 7 A & L
THWTHIE L72fER, HIERE 0.1 - 10 pM (ZBWTC, IgM bk iR E/ERZ R L2

(Figure 4-8b~c). &k % 1:1 binding TH D EWEL, TR T 4 7 AT EiTo72L 2 5,
figlfE e 4 (Kp fE) 13 C3 U > —1K 158 T 6.330 x107, PEGI1 U > 5 —fK 159 T 3.836 x107,
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PEG35 VU > 7—1K 160 T 1.093 x10° Td - 7= (Figure4-9). fEAHEEL (kon) & fRHEEHE T

(ko) IZBWTPEGIL Y A —K159 NP MNIC LVMEE /R LTz, 22T, &7 RU~—0D
10 M V> 7ML 58— MZONT, 100 s FEETO L AR ZAFREMNS, 1gM 15
THTEOVOT Yy R ~v—DOfEREEZME LA, C3 U U —{K 158 TIE 0.19 &, PEGI1 U
> 71—k 159 TIL 0.36 f#l, PEG35 U > 1 —1K 160 TiX0.06 HTH-7=. ZD X I, iy
A ZADINENF Y R =R IgM IZxE LTELFEA L TND I ERS75.

(b)

()

RU
18 HO _OH
16 Q%OH oH
14 | Cgféﬁ === 1000 uM
12 =, - — 300
10 ot 6 == 100 uM
8 30 uM
6 — 10 uM
4
2
0
-2
-100 100 200 300 400 500 600 700 800
Time S
RU
45
35 — 2 10 M
= 3uM
25 1 puM
== (0.3 uM
5
-5
-100 100 200 300 400 500 600 700 800
Time S
RU
120
100
w10 yM
80 = : 3puM
60 _— pM
== (0.3 uM
40 0.1 M
20
0
-20
-100 100 200 300 400 500 600 700 800
Time S
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35

30 — 2 10 pM

25 = : 3uM

20 1 uM
== (0.3 uM

15

10

5

0

-5

-100 0 100 200 300 400 500 600 700 800

Time

Figure 4-8 fifH7 v R ~—lck2tr—2r7 24 (a) BRFURHEEKR, (b) C3 U T—1K,
(c) PEGI1 U > #1—{K, (d) PEG35 U > I —1{RK

) o h—tEE K, Kon Ko
C, 6.330 x1077 2094 1.325 %103
PEG11 3.836 x107 2570 9.861 x10*
PEG35 1.093 x10°® 2160 2.361 x103

Figure 4-9  1:1 binding R E R DFHEELL Ko, 6 B E L Kon,  MRBIEH FE E 2 Kopr

TV RN~ —DfEGE, MREEET VT OWTHEE 21T > 72. 2009 41T Riguera, Femandez-Megia ©
T7 2 U ~—0 SPRHTICINT, Sl T DOMREEN 2 BERED 7 = — X b7 5 E 7 /L & 1218
LTCW5 505t 88— = — X CIXHPE S 7 FER, | MCTHAERL TWD 2o 2t sins.
ZLTH 72— RZBNTUIY B RESMTHAEER L TWD 5T OHRIFRY, fREEHE
BINZIELS 725, ZO@BETT 74 My HIEEMLICFET 2000 REFHEGL, T0
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FERE LTV —27 T A0 1:1 binding DEARBEN SN D . Z OIS &,
AEG SN —2 T AT, ~300s FBREE T LM THEEA L TWET > RY ~—27TE
HELTHY, Brt—2 7 A0RMABRBRENMBRIS N TWS. —F, ThLRECITHAERR T
7 h—=lZiE W TEY, 2, B —F v BT, UB U RETFTIA N (T RU~—) N
ZMCHAMRAL, ML FR/EPECTNDEBEZ TS, KRRIE TIXEEE T IgM ik z [EH
EEL TSz, HEKRICOWTHEIZE )bty =77 LRGN THDS. LLRBS
ZOU AR ABEITIEFIZH<, MATHROME bREL, MEEEEN RN Lnn, HE
RITAREERS, HRAZEIT LI TETCVARVEHENTES. TALDREENLT Y R v —
BHZHWD Z L TR RIC L > THRAENERIND Z LIFRMITRS . S HICHBES
EFNEEBLREHN, o R v—BRICL DSR2 B LOICENTHL 2 LER LT,

4—5 BEBHT v R U ~—%& AT M EREREE PH A R

e T I EREEEERH 5% (Hemagglutination inhibition assay, HIA) % FWCHESHT > R U ~—
158, 159, 160 & i -FOPUMERGIA & O BEIER ZMEE L 7o, mEREEERER (HA) 13—
HRILERS, Hifk, L7 Fr, UANAREICEVEET BEUSERIET 5 FIETHS. HA DI
B G & BRI BREEERS 5 0, AT X HEAR MR - 2 R4 S8 B RS C, ML
HER EITHWD . BFIZWIRTEITE RWIURVUAKGZ B TE 2 L0103 57200 F
T, HURL U< AR B OWEICIEE S, BHEOR ORI TS, —%, HIA T
1T, HA OIEEFEZIRE L LT, BEERZ RO 7o U A NV AT 28R 2 E T 5. ARl
Bk & HULiBABESHPUR D EOS 2 BT & D &, HURZINZ I WIGEIZIE, ARIMERDEEENE Z &
T, well PUUCMERDORVEELN R SND. ZHICH L, FiihZinz 5 & mERDNEEE L, well
SUTHRIERR IR U720y (Figured-10). ABFZETIE, 2 ZICHEST > NV ~—158, 159, 160 %
M2 T, ZOREREFEEERET 5 2 & T, BT Y ~— kot & 7 L.
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Figure 4-10 7 fn Bl B 5 505

I Bkt SR FEE

Mg B+ b b 4if X 0 AR IMERRL 55 % HiEfE L, PBS buffer (2 X - TAIRT 25 Z & T 2% (vv)
FRILER (B+) {RZFR L7=. VK96 well 7' L— MI4 16 BAFEH T > R Y ~—158, 159, 160
B L OB A R 83 OAFRINEZIER L, #i B MPURPIAZ AT 25 M (A+, O+)
OImAE (FLEEEF E LT CPD #&Te) ZUSMULIZ. 2212 2% (vv) JRIER (B+) wEx,
25 3 TA ¥ 2 — b L7, MEREHEOFEZ R L7z (Figure4-11a,b). B HfflH &K
83 OIHEEMEIIIEF 1259 <, WIRE £ CHEN L7220 -> 7= (Figure 4-11a, b, ¢ Lane 1). &£
72, Tr RFVU~—158 Ti¥, b MEEZFAVE HIA ICBWT, @iEE ClEREEENE 2 8 <
=7, L7 (Figure4-11a,bLane2). Z OEMIIAHTH 57, Fid THt B AHURSUAZ H
WEEBRTIXZ O L D BB TE 2o 7= (Figure 4-11c Lane 2) = &b, Mg ok
Mewn & 158 DM EAEANFEK TH S L EZ TS, —77, 159, 160 [TEHELEIGIELZ A L, A+,
O+D EH LD MEEE W56 S 159 O HMERIRE CE BT & 7 (Figure 4-11a, b Lane
3). T22L, ZFOET AT, O+DMiEE W IGA I8 E Th > 72 (Figure 4-12).

MERFHUARI T I 1gG, IgA, IgM DT A Y XA TOFIEL, LT IgM TH DA, O+D
MAE T OFMERGURICEI L T IgG OFIENZ N LW it b d D5 7. S 512 O+t
IZBWTIE IgA, IgG IZHIEHERRBO LN TEY, 1gG OH 77 7 AL 1gGl THH Z LBbh
STWA. HEREZ A, B RMEF T IgM JUEOARITIEERH D 8. haxEx s L&, &
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a)

B DOFERIITURDOT A V2 A TIZL > TT v KU ~— L OBFRMEICEN RS D Z L2 RIEB LT
W5, 1gG PLIRIE IgM HiUiR & bt XAV E L, PURGRRRIBAL M O b UT <, HURGRRED
&ﬁ%zﬁkwﬁw.%@t&n@Gﬁ%&@ﬁEW%MiUEFA%?wﬁiﬁéhéé%z
LD, EbT A XDOREVPEG3S U o —{K 160 ITHTK LKA LT, HEHBUROJRFTIRE
IZZ LS, BfEETVERD Z ENTET, 1gG ik L OMAEERIZBW T A XD/ WNT
YR — L DOEROENRLVBEEICENZLOLEEZTND

S HICH B AFURH A (7 v—2 : HEB-29, Supernatant) % VT, [ERED M ERERSEFH #54
BrZ4T->7= (Figure 4-11c). Z DAL, 158 ICB W T HIMEROILENHER TE, T XTHOT
RV~ —IZ X DEEEEN MR TE 7= (Figure 4-11c Lane 2~4). W=7 KU ~—DH b,
159, 160 @ 2 FEA EWBLEEMEZ R L2 (Figure4-12). Z OFER S b IgM LA & OFF AA/EH
WZBWTIEFL—2a VET AL HDRBREANME < 720, ZOMEEOEIT 4 FREICE &F
Sl EHEEHIRD.

#wRgE 20 21 22 22 2! 28 20 27 Pl 29 21

Lane 1 [
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b) %g&{§$ 20 21 22 23 24 25 26 27 28 29 21 0

Control @
Figure 4-11 Hi#H7 o NV ~—% 72 R i BRGESE P 5 2R
Lane 1 : B HiJfiHA &4 83, Lane2:C3 Y > 4 —{& 158, Lane3:PEGIl U > B —{k
159, Lane4:PEG35 VU > 4 —{K 160
(a) & MIMAE A+ (Lane 1 OARAEE 200 well 1% 16.7 uM,  Lane 2~4 [X 3.0 uM D

Yo TN EER)

(b) B F#E O+ (Lane 1 OARMEE 2°D well (£ 16.7 uM,  Lane 2~4 [%£ 3.0 uM @
P T IEER)

() PLBABUEHIA  (HEB-29) (Lame | DOAIRMER 2°1% 25 uM, Lane 2~4 % 0.25
uM O > T E A )
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Pt B BIBURE LR
b MiE A+ | B NMEE OF
(HEB-29)
Lane 1
. 1.7X107 N. D. 7.8 X107
(B FLRHL A 83)
Lane 2
N. D. N. D. 4.9X 1010
(C3 Y v 1 —1k 158)
Lane 3
3.8X107 5.9X107° 4.9X 1010
(PEG11 V > I —1k 159)
Lane 4
1.5X10° 1.9x107 2.0x107?
(PEG35 V v 51 —1{& 160)

Figure 4-12 HIA ICBT 2B bAMOMFRE EAIIT T M)

U EORERNS, b ME, WONZH B HURSUAEZ W2 HIA IZBWTHE T~ R v —158-
160 [ LiEMEEZ R L, FREDOT A XE2FD 159 P b mWHEEEEZ R L. ZiuUx7s v RY
v —DFEBEETNTH D, BRAETLEFL—a v ETFTAORGTONEEEL ZLENTE
Tl ThHEEZEZTND. 1o, VA XM EL, BEETVOLZBET S 158
72t B HURPLA (HEB-29) & @ HIA IZBWTC, (KR F CHEEMEZ R C& 2. 24U SPR
OFERELEFRRIS, T2 R v —BRICE > CTEMIREHERT H7-011F, FEGET VO
HEZBELIERHPEETCHLIZLEEZTRTHLDOTHS.

4—6  FEim

FEH T IgM FUROHTUBIRME Y o RERAIRT 572012, miEAEHE2 VT T >y R ~—%
IR L, TOMREZFHME L7, 1gM PUAD Y A X L HURRRRGNL O FEBEA S8 L, 21l
DTOREEETNVEREZ T3 EEOT R ~v—%2%3t L7z, Zhoo7r RY~—% AL
TEMEALR 2 U > 7 SOSERAOCTER L, 16 BT > R ~—158, 159,160 % Ak L7=.

SPR (2 & % IgM Hifk & OBIFIPEREE OFE R, PEG11L U > B — 1K 159 S KW BFfntEE2 R LT,
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DI, HIA IZL > THBEHT v R ~—C X2 MEREEREA MR L. AT KU~
—158-160 |3 X CIMEREHELFIEMEZ T HOD, A XD/WE T KU ~—158, 159 23Ff
BRI HEIEZ R LI 2 e b, KT vEA RIZBWTE, BEEETVOHFEGRRENT
L aMEFB LT-. SPR OfER LA T, TREDOY A XTHD 159 BNEEIEKR LT v K<
—OHT, LA EZMHRERIATE LTV TV TS EfEmiT. Zhix, 159 &
IeM HUADHEAERICBNTIE, G ETVEFL—a VET VOB REHEET 5
T2OTHDHEEZTWD., Eiz, A XDORKE 160 LB FIPENMELS, T R ~—%%
i3 FEHA I DBRD, FESURFTRE OBEBENH LN E o7,

IEDFERNOT v R~ =B E AWLMo+ ORGEHIRB W TE, FEHORATRE Z2 &
SHERF T2 ZEDHEFITTETH D, ThbLEMNFOFKETT VERERT LD, 7K
V~—LOHiBEZHERT L ZLPEETH L LWV ) DTl OfEEZHLNE L.
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BHE A ROREE A O T AR RE T
5—1 HURDOIER & k%R

PURDIERIZ, MDA L ADHFIG, 47 Y = AEH, SIS (Antibody
dependent cell cytotoxicity, ADCC) 1& 1, A& AN (Complement dependent cytotoxicity,
CDC) {&EME, 7AR b= AFEIEMEIC KB S D (Figure 5-1). PUikl, 7 A LV AMIE, 7z
TENOS SN HHR R EORYOREIAAET DHURZRH L TEET D5 2 & TG
NRFMEMET T2 (FFER). £/, BMLEEGKREZIER LZTURL, ~ 7 n 7y — IR0
HER7 EOBMILD Fe SFRICRFHSND. ZNBABIERAZIER LTS (7Y =1EM).
ADCC 1, 1gG HifRlc k> Tl Z Y, Fc SR/ EREFFO=7 = 7 ¥ —HilRlc L 2 MaEE/ER T
b5, —J CDC %, IgG, IgM HUENFHE L, FURFURSISHE, MR OIEMALRIS D ETT
%. CDC {EMEIZPUAD hinge H L<I1X Ce RAA » EHHKRD Clq RAA VU BHHEERATHZ &
THESN, ZOMAEERTA~DOEIEAICL Y, [EEAHBRTE 5 L

b) Opsonization

a) Neutralization

d) CDC

e) Apoptosis

Figure 5-1 $HuADIEH
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AR SRS, RIRREE, L7 F R FE(E L (Figure 5-2), CDC 1ML SR BRIZ &
STEZ 22 HIRREIC L HMIIARIE, TR MRS 1 ks (C) BfE L, flitk Cc4 D
TEME(ERE, C2~C8 Z Bt MIITTE AL T % . FfEIC CO AR TH 2 Ipa A K (Membrane
attack complex, MAC) Z AL, MBBEIZ R EZ BT 5H Z & THIEAFHET 5. MiEROIEE
{BIT— M IgM BURCTHIIT 1 0+ CEIERZIFTZENAETHH. —FH T, IgG Fiikos;
BEBLETHY, 1gG3, IgGl, 1gG2 DNATIEMALRENF9< 72V, 1gG4 1X CDC ZFFE L7220,
ZDT=8, FHEROIEMACHEIL IgM ik D S 23@ <, CDC &M @,

Figure 5-2 i A5 MEAL AL HS

5—2 ADC D&% AW - hiiA—pEHE SR O R

PUR A 13 2 Ml A B OB - HUREM #5178  (Antibody drug conjugate, ADC) 31%, &\
FrBME 2 FrOPiiR % Drug delivery system (DDS) @ —/ L& L CHW R PUREILN T,
Magic bullet & HIFFFIL TS 4. ADC Z W2 HURE KX, Gemtuzumab Ozogamicin (2000 4F)
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3, Brentuximab Vedotin (2011 %) ®7, Trastuzumab Emstansine (2013 4F) 8, Inotuzumab Ozogamicin

(2017 47)  MEEICAEREEZ =TT\ 5D

ADC (I F&EDHEFICHEHETH S 0. FEEHIRB W TUIPURDREE 1200, U U —H
K53 15 308 OHFFECIE A =K L, S IR ESLTIE P R E2BET

ﬂ:2129

HVENRB S, ADC X, MIEH CTIXLENOMER T, EEATIZI W TR T30 % 00T
T 2MERH L. £ 2T, IS, MR, MIRNREEICBWT, SIErReZR Y
=& LT, FURICEY 2RSS,
2018 4, HEH DORFFEED J. Sianturi S I1XARK L72 a-gal B8 A AV, & NG OHtoa-gal ik

IZ &% CDC {EMD#FE Z WS L7z (Figure 5-3a-d) “. ADC OE&ZFIA L, HilklZa-gal =t
N—=T"%EANT 5 Z & T, M Z a-gal BEH TGRS 5. B MLIEFIZIZIKREDOHTa-gal Fiik
DFIEL, TR ZEMEL, CDC Ik Y, EAMEOMtLZHFETE5. £/2, o

gal 7> KU ~—I2 X % CDCIEHEDHIRZ OV TH I THRE L T D,
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BODRR D o-gal PEEHESGUAIZ LD CDC &M,
HEFLIRIZ X % CDC 5%

(a) a-Gal FEEHPUR,

(d) o-Gal HEgET > R ~—

FH1T, ABO AULEIHUR O 5| &8 Z 973 L W@ G %, Sianturi & OWEIZHES T, HA
DRFEIRBIICH T2 Z L 251 L7z (Figure 5-4). 7726, MIRBBESERTUA L W T,
FERI D2 Aol 2 M ROBESR TRk L, PUMIERHUAIC L %5 CDC {tEZ2 #5545, Sianturi &

PR LA

IgM HUARHLTH Y, ZORBRIEDENERIETE D EE 2. 70k, T2 T, BAMIE
ELT, B MHERY VRSN TH D Raji MLz, PLOSAHUAL LT, H1 CD20 Hiik (7
n— :2H7, ¥~ U AT/ Za—FHR) &, MiEeRE & LT, BABEEPUR A2 -,
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£, Pt CD20 HUiRIZxF L B BUBESH IR A B A Lo (Figure 5-5). %5 2 = THR L 72 B AHE
PHPL I 83 D LK I D 1 VIR B %  N,N,N'N'-Tetramethyl-O-(N-succinimidyl) uronium
tetrafluoroborate (TSTU), DIPEA Z MW TIEMTZ AT /LK 168 ~LFFE L2, oS
A7/ % PBS buffer $1CHL CD20 HLik & AEM S8, PURICHESHAEA L. Z OB, v 25
DIREEETS 2 Z LT, FEHEARDORZRDHURZER LT, 155 U7 AL SDS-PAGE
AT D T & THERRIR B KRNI PRSI Fr S N4 5 2 L R L7z,

Yo -
0 0 anti-CD20 mAbs  |“7

AcHNG in PBS buffer
Lo 4 or
on’  B:R=H /157y,
Et:N
168: R = - OMF
‘( (: .')-YI-GNSU)
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5—3 CDC iEMERIC K 2 25 A KN B AN P 35 5 O M GiE

5T CDC &M BR 21T - 7=, Raji #E% 52 CTiHl L 7= B AUBSEH PSR TR CALBE L 7=
%, MLBHURPUA (7 v—2 0 Z5H-2), UHFMiIAZMZ, MTT 7 v A I X 0 HifladfrE
AT TORER, TRICK L, FESEEASEREICHIAEFED A L. (Figure 5-6) .
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Figure 5-6  IME RS 2 HV 72 CDC 1 MR

5—4 Tua—H% A NA N —ICXAERESPTAE A R OM:RE

SBIZRWT, BABEHPUR OB AIZ X Y CDCIEEN M ELd o RN ABIET 57201,
77— A A U — (Flowcytometry, FCM) (Z & YD ZINENDOHURIZ L D HUR DG % Rk
L7=. (Figure 5-7). £, Raji Mildz B BUBESHHUR TR L 7251 CD20 HESHAERPLIR (=7 &
T/ 7 m—F )V 1gG) THRERLT-1%, @SS~ U A [gG A THREA LIZ L 2 A, PESE AR
KRR O L= (Figure 5-8). 7205, FEHOEAIZL Y, HLCD20 Hiik & Raji
Mg OFEAEM, & L <IEHL CD20 HUk L Hi~ 7 A 1gG HUEDFH EAEM O EH 60303855 L 7.
ZAUZE, $i CD20 HLiKOPUFRRHENAL, b L <IIPi~ v A 1gG PR O FERRENALE BB
WHEATLIZZ EDNRERTHD L EZ TS, L, HHAEA LT CD20 Hilk2, AEIC
Raji Ml 2385k L T\ D Z L IdMERR C& 7=,
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RU~—%2PURICEANTH L TRIRTEX 552 T05
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HLE EBRIE
1. General Information

'H and '3C NMR spectra were recorded in an indicated solvent with JEOL ECA 500 MHz spectrometer and
Bruker AVANCE700 700 MHz spectometer. DOSY spectra were recorded in CD,Cl, with Agilent VNMR
System 600MHz spectrometer. Chemical shifts of 'H and *C NMR were referenced to the solvent peaks: §=7.26
and 6=77.16 for CDCls, 6=3.30 and 6=49.30 for CD;0D, 6=5.32 for CD,Cl,, and 6=1.24 and 6=70.36 for D,O
(using '‘BuOH as internal standard). Multiplicities abbreviations: s = singlet, d = doublet, t = triplet, q = quartet,
m = multiplet, br = broad. High-resolution mass spectra were recorded on a ESI-LTQ-Orbitrap XL (FTMS)
mass spectrometer and ESI-Q-TOF mass spectrometer. Chemical purification was carried out using silica-gel
column chromatography. Silica-gel column chromatography was carried out using Silica Gel 60N (Kanto
Chemical Co., 40-50 um or 63-210 pm) at medium pressure (1-4 kg cm™). Gel permeation chromatography was
carried out using Sephadex LH-20 at atmospheric pressure. Silica-gel 60 F254 (Merck Co.) was used for TLC
analysis and preparative TLC purification, and compounds were visualized by UV (254 nm), p-
methoxybenzaldehyde (p-anisaldehyde, 0.03% in EtOH-H>SOs-acetic acid buffer). Anhydrous CH>Cl, were
distilled in the presence of calcium hydride. Anhydrous THF, DMF, distilled water, and toluene were purchased
from FUJIFILM Wako Pure Chemical Corporation, Ltd. Nonaqueous reactions were carried out under argon
atmosphere. Molecular sieve 4A (MS4A) was activated with a microwave and dried in vacuo for 3 times before

use. All other commercially available reagents and solvents were used as purchased.
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2.  Synthetic procedures

Ph
o
(@)

o
TBSO%&SW

OH
Compound 90

To a solution of 89 in DMF (107 mL) was added 2,6-lutidine (3.71 mL, 32.08 mmol) at rt under Ar atmosphere.
After being stirred for 20 min at -20 °C, tert-butyldimethylsilyl trifluoromethanesulfonate (4.90 mL, 21.38
mmol) was added to the solution. After being stirred for 15 min at -20 °C, the reaction mixture was quenched
with sat. NaHCO; aq. and extracted with CHCIs. The organic layer was dried over Na,SOs, filtered, and
concentrated in vacuo. The residue was purified by silica-gel column chromatography (hexane/EtOAc = 5/1) to

give 90 (5.07 g, 97%) as a white solid.

'H NMR (500 MHz, CDCls): § = 7.55 (d, J = 7.9 Hz, 2H), 7.46-7.42 (m, 2H), 7.37-7.33 (m, 3H), 7.02 (d, J =
7.9 Hz, 2H), 5.48 (s, 1H), 4.49 (d, J = 9.2 Hz, 1H), 4.38 (dd, J = 12.3, 1.3 Hz, 1H), 4.04 (dd, J=3.2, 1.0 Hz,
1H), 4.01 (dd, J=12.3, 1.3 Hz, 1H), 3.77 (td, J= 9.2, 2.0 Hz, 1H), 3.72 (dd, J=9.2, 3.2 Hz, 1H), 3.49 (br-d, J
= 1.0 Hz, 1H), 2.31 (s, 3H), 2.30 (d, /= 2.0 Hz, 1H), 0.87 (s, 9H), 0.09 (s, 3H), 0.08 (s, 3H)

BC NMR (500 MHz, CDCl;): & = 138.02, 137.89, 133.56, 129.58, 128.75, 127.94, 127.61, 126.30, 100.82,
87.52,76.57,75.45,70.06, 69.37, 68.01, 25.70, 21.14, 18.20, -4.37, -4.73.

HRMS (ESI-LTQ-Orbitrap) m/z [M+Na]* calcd for CosH3s0sSSiNa, 511.1945, found 511.1953.
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Compound 93

To a solution of 90 (295.1 mg, 0.604 mmol) in toluene (2.75 mL) and pyridine (0.275 mL) were added N,N-
dimethyl-4-aminopyridine (7.4 mg, 0.0604 mmol) and 9-fluorenylmethyl chloroformate (782.0 mg, 3.02 mmol)
at rt under Ar atmosphere. After being stirred for 22.5 h at 80 °C, the reaction was quenched with 1.0 M HCl aq.
and extracted with CHCls. The organic layer was dried over Na,SOs, filtered, and concentrated in vacuo. The
residue was purified by silica-gel column chromatography (toluene/EtOAc = 30/1) to give 93 (407.0 mg, 95%)
as a light yellow solid.

'H NMR (500 MHz, CDCls): § = 7.76 (d, J = 7.5 Hz, 2H), 7.67 (dd, J = 9.4, 8.0 Hz, 2H), 7.50 (d, J = 8.0 Hz,
2H), 7.45 (m, 2H), 7.40 (t, J= 7.5 Hz, 2H), 7.37-7.33 (m, 3H), 7.31-7.27 (m, 2H), 7.00 (d, J = 8.0 Hz, 2H), 5.50
(s, 1H), 5.08 (t, J= 9.8 Hz, 1H), 4.67 (d, J= 9.8 Hz, 1H), 4.55 (dd, J= 9.2, 6.0 Hz, 1H), 4.39 (dd, J= 12.5, 1.7
Hz, 1H), 4.30-4.21 (m, 2H), 4.08 (d, J= 3.5 Hz, 1H), 4.03 (dd, J= 12.5, 1.7 Hz, 1H), 3.92 (dd, /= 9.8, 3.5 Hz,
1H), 3.53-3.51 (br m, 1H), 2.27 (s, 3H,), 0.81 (s, 9H), 0.06 (s, 3H), 0.02 (s, 3H)

BC NMR (500 MHz, CDCl;): & = 154.03, 143.43, 143.31, 141.23, 141.20, 137.92, 137.76, 134.66, 133.62,
129.46, 129.04,128.79, 128.13,127.99, 127.79, 127.76,127.17,127.11, 126.31, 125.44, 125.25, 124.27, 120.28,
119.94,119.92,100.91, 85.49, 76.51, 73.74, 73.41, 70.07, 69.95, 69.18, 46.68, 25.45, 21.15, 17.95, -4.69, -4.80.

HRMS (ESI-LTQ-Orbitrap) m/z [M+Na]" calcd for C41H4607SSiNa, 733.2626, found 733.2607.

BnO __0OH

(0]
TBSO STol
OFmoc

Compound 94

To a solution of 93 (20.5 mg, 28.83 umol) in THF (290 pL) were added 1.0 M BH3-THF (288.3 pL, 288.3
umol) and 1.0 M Bu,BOTfCH,Cl, (28.83 uL, 28.83 pmol) at 0 °C under Ar atmosphere. After being stirred
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for 10.5 h at 0 °C and the reaction was quenched with MeOH and sat. NaHCO3 aq. and extracted with CHCls.
The organic layer was dried over Na,SQs, filtered, and concentrated in vacuo. The residue was purified by silica-

gel column chromatography (toluene/EtOAc = 25/1) to give 94 (18.7 mg, 91%) as a white solid.

'H NMR (500 MHz, CDCL): § = 7.77 (d, J = 7.6 Hz, 2H), 7.68 (dd, J = 12.7, 7.6 Hz, 2H), 7.44-7.37 (m, 4H),
7.37-7.28 (m, 7H), 7.05 (d, J = 7.9 Hz, 2H), 5.18 (t, /= 9.7 Hz, 1H), 5.05 (d, /= 11.6 Hz, 1H), 4.64 (d, J=10.0
Hz, 1H), 4.64 (dd, J = 10.2, 7.0 Hz, 1H), 4.57 (d, J = 11.6 Hz, 1H), 4.31 (t, J= 7.0 Hz, 1H), 4.24 (dd, J = 10.2,
7.0 Hz, 1H), 3.88 (dd, J = 10.0, 2.7 Hz, 1H), 3.86-3.80 (m, 1H), 3.73 (d, J = 2.7 Hz, 1H), 3.58-3.51 (m, 2H),
2.35 (s, 1H), 2.30 (s, 3H), 0.88 (s, 9H), 0.16 (s, 3H), 0.11 (s, 3H).

BC NMR (500 MHz, CDCls): 8 = 154.39, 145.65, 143.51, 143.22, 141.29, 141.22, 138.26, 137.76, 132.47,
129.58,129.51, 129.00, 128.36, 127.96, 127.83, 127.78, 127.75, 127.15, 127.06, 125.47, 125.15, 125.09, 119.99,
119.96, 119.90, 87.00, 78.81, 76.63, 75.56, 74.83, 74.75, 70.08, 62.09, 46.69, 25.56, 21.10, 17.88, -4.17, -5.14.

HRMS (ESI-LTQ-Orbitrap) m/z [M+Na]+ calcd for C41H4307SSiNa, 735.2782, found 735.2781.

BnO 0Bz

(0]
TBSO STol
OFmoc

Compound 77

To a solution of 94 (200.8 mg, 281.6 pmol) and N,N-dimethyl-4-aminopyridine (3.5 mg, 28.16 pmol) in pyridine
(2.81 mL) was added benzoyl chloride (65.4 uL, 563.3 umol) at 0 °C under Ar atmosphere. After being stirred
for 3.5 h at rt, to the reaction solution were added N,N-dimethyl-4-aminopyridine (3.4 mg, 27.83 umol) and
benzoyl chloride (65.0 uL, 559.5 umol) at 0 °C. After being stirred for 3.5 h at rt and the reaction was quenched
with sat. NaHCOs3 aq. and extracted with CHCls. The organic layer was dried over Na,SOs, filtered, and
concentrated in vacuo. The residue was purified by silica-gel column chromatography (toluene/EtOAc = 30/1)

to give 77 (173.2 mg, 75%) as a white solid.

'"H NMR (500 MHz, CDCL): § = 8.00 (dd, J = 8.3, 1.1 Hz, 2H), 7.77 (d, J= 7.6 Hz, 2H), 7.68 (dd, J= 15.8, 7.4
Hz, 2H), 7.59 (tt, J = 7.4, 1.1 Hz, 1H), 7.48-7.25 (m, 13H), 6.88 (d, J = 7.9 Hz, 2H), 5.21 (t, J = 9.5 Hz, 1H),
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5.11 (d, J = 11.3 Hz, 1H), 4.68-4.59 (m, 3H), 4.51 (dd, J = 11.5, 7.6 Hz, 1H), 4.40 (dd, J = 11.5, 4.6 Hz, 1H),
432 (t,J=7.3 Hz, 1H), 4.24 (dd, J = 10.3, 7.9 Hz, 1H), 3.91 (dd, J = 9.5, 3.5 Hz, 1H), 3.85 (dd, J = 7.6, 3.5
Hz, 1H), 3.82 (d-br, J = 2.0 Hz, 1H), 2.24 (s, 3H), 0.89 (s, 9H), 0.17 (s, 3H), 0.12 (s, 3H).

BC NMR (500 MHz, CDCl3): = 166.23, 154.46, 143.56, 143.22, 141.32, 141.24, 138.12, 137.58, 133.13,
132.33,129.99, 129.81, 129.69, 129.45, 128.37,128.32,127.92, 127.85, 127.80, 127.69, 127.17, 127.07, 125.52,
125.16,120.01, 119.97, 87.26, 76.30, 75.50, 75.03, 74.74, 70.16, 64.09, 46.72, 25.58,21.08, 17.91, -0.03, -4.15,
-5.13.

HRMS (ESI-LTQ-Orbitrap) m/z [M+Na]"* calcd for C4sHsOsSSiNa, 839.3044, found 839.3046.

OBz
BnO OBn
0 0
TBSO gnO
FmocO
TrocHNOAIIyI
Compound 78

To a suspension of donor 77 (170.8 mg, 208.9 pmol), acceptor 76 (100.1 mg, 174.1 umol), N-iodosuccinimide
(47.9 mg, 208.9 pmol), and MS4A powder (ca. 300 mg) in CH)Cl, (3.50 mL) was added
trifluoromethanesulfonic acid (6.1 pl, 69.65 pmol) at -40 °C under Ar atmosphere. After being stirred for 1 h
at -40 °C, the reaction was quenched with sat. NaHCO3; aq. and 10% Na,S;0; aq. and extracted with CHCl;.
The organic layer was dried over Na,SOq, filtered, and concentrated in vacuo. The residue was purified by silica-

gel column chromatography (toluene/EtOAc = 50/1 to 20/1) to give 78 (167.0 mg, 76%) as a white solid.

'H NMR (500 MHz, CDCls): § = 7.96 (d, J = 7.0 Hz, 2H), 7.78 (t, J = 7.5 Hz, 2H), 7.60 (dd, J= 7.5, 1.1 Hz,
2H), 7.58-7.54 (m, 1H), 7.48-7.39 (m, 4H), 7.33-7.27 (m, 6H), 7.25-7.18 (m, 8H), 7.18-7.11 (m, 3H), 5.84-5.75
(m, 1H), 5.19 (dq, J = 17.3, 1.5 Hz, 1H), 5.12 (dt, J= 11.7, 1.3 Hz, 1H), 5.07 (d, J = 11.3 Hz, 1H), 5.05-4.98
(m, 2H), 4.95 (d, J= 9.5 Hz, 1H), 4.89 (d, J = 3.6 Hz, 1H), 4.73 (d, J = 12.0 Hz, 1H), 4.66 (d, J= 12.0 Hz, 1H),
4.61-4.53 (m, 3H), 4.50 (d, J = 11.3 Hz, 1H), 4.46 (dd, J = 10.5, 6.3 Hz, 1H), 4.36 (d, J = 8.0 Hz, 1H), 4.31 (d,
J =122 Hz, 1H), 4.26-4.20 (m, 2H), 4.10-4.05 (m, 1H), 4.05-3.96 (m, 2H), 3.96-3.89 (m, 2H), 3.69 (dd, J =
11.0, 2.9 Hz, 1H), 3.62-3.56 (m, 3H), 3.50 (dd, J=9.7, 2.9 Hz, 1H), 3.45 (dd, J = 11.0, 1.6 Hz, 1H), 3.40 (t, J
= 6.3 Hz, 1H), 0.88 (s, 9H), 0.09 (s, 3H), 0.01 (s, 3H).
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BC NMR (500 MHz, CDCl;): 8 = 166.11, 154.33, 154.18, 143.41, 141.50, 141.38, 138.82, 138.38, 138.18,
133.39,133.08, 129.85,129.67, 128.41, 128.36, 128.29, 127.94, 127.92,127.89, 127.73,127.67, 127.58, 127.51,
127.45, 127.13, 127.10, 127.05, 124.84, 124.75, 120.10, 120.07, 117.83, 100.72, 96.58, 95.49, 77.71, 77.48,
77.21,76.88, 75.17, 74.56, 74.18, 72.99, 72.21, 70.71, 69.47, 68.33, 67.65, 62.96, 54.70, 46.83, 25.59, 17.88, -
4.23,-5.21.

HRMS (ESI-LTQ-Orbitrap) m/z [M+Na]" calcd for Cs7H74CIsNO;sSiNa 1290.3756, found 1290.3781.

OBz
BnO . OBn
TBSO 0 O
BnO

HO
TrocH NOAIIyI

Compound 95

To a solution of 78 (2.083 g, 1.643 mmol) in CH>Cl, (20.0 mL) was added triethylamine (5.0 mL) at rt under
Ar atmosphere. After being stirred for 16 h at rt, the reaction mixture was diluted with toluene and concentrated
in vacuo. The crude compound was azetropic-dried with toluene three times. The residue was purified by silica-

gel column chromatography (Toluene/AcOEt = 9/1 to 4/1) to give 95 (1.685 g, 98%) as a light yellow solid.

'H NMR (500 MHz, CDCl): § = 7.89 (d, J = 7.2 Hz, 2H), 7.51 (1, J = 7.4 Hz, 1H), 7.38-7.29 (m, 8H), 7.29-
7.12 (m, 9H), 5.90-5.80 (m, 1H), 5.24 (dq, J= 17.2, 1.5 Hz, 1H), 5.19 (dq, J = 10.4, 1.2 Hz, 1H), 5.05 (d, J =
11.5 Hz, 1H), 4.97 (d, J= 10.0 Hz, 1H), 4.94 (d, J = 11.5 Hz, 1H), 4.88 (d, J = 3.6 Hz, 1H), 4.72-4.63 (m, 4H),
4.57-4.52 (m, 3H), 4.33 (dd, J = 11.1, 6.1 Hz, 1H), 4.19 (t, J = 5.5 Hz, 1H), 4.17-4.13 (m, 1H), 4.13-4.10 (m,
1H), 4.05 (dd, J = 11.5, 3.0 Hz, 1H), 3.99-3.92 (m, 2H), 3.85-3.80 (m, 1H), 3.79-3.71 (m, 2H), 3.69 (dd, J =
11.5, 1.7 Hz, 1H), 3.62 (d, J= 2.3 Hz, 1H), 3.55 (dd, J=9.5, 2.8 Hz, 1H), 3.51 (t, /= 6.2 Hz, 1H), 3.18 (d, J =
2.1 Hz, 1H), 0.94 (s, 9H), 0.13 (s, 3H), 0.11 (s, 3H).

3C NMR (500 MHz, CDCls): & = 175.66, 169.56, 166.05, 138.93, 137.62, 133.02, 129.82, 129.57, 128.45,
128.34,128.24, 127.96,127.79, 127.75, 127.69, 127.51, 127.48, 127.07, 126.53, 126.32, 126.06, 125.84, 125.77,
125.60, 125.56, 102.81, 98.22, 77.38, 77.35, 77.20, 76.91, 75.98, 75.34, 75.08, 74.83, 73.58, 73.21, 72.68, 72.49,
71.14,70.57, 68.22, 63.66, 63.41, 59.29, 51.87, 26.68, 25.90, 23.99, 18.27, -4.42, -4.47.
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HRMS (ESI-LTQ-Orbitrap) m/z [M+Na]" calcd for Cs;HesC13NO13SiNa 1068.3075, found 1068.3083.

Bno OBz OBn

0 o
TBSO 93
O n

TrocHNOAIIyI
H,C O OBn
OBn

BnO

Compound 80

To a suspension of donor 79 (1.438 g, 2.66 mmol), acceptor 95 (926.7 mg, 0.886 mmol), N-iodosuccinimide
(717.7 mg, 3.191 mmol), and MS4A powder (ca. 2.7 g) in CH,Cl, (17.7 mL) was added
trifluoromethanesulfonic acid (31.2 pL, 0.354 mmol) at -40 °C under Ar atmosphere. After being stirred at -
40 °C for 20 mins, the reaction was quenched with sat. NaHCO3 aq. and 10% Na»S;03 aq. and extracted with
CHCl;. The organic layer was dried over Na>SOy, filtered, and concentrated in vacuo. The residue was purified

by silica-gel column chromatography (Toluene/AcOEt=20/1 to 10/1) to give 80 (1.139 g, 88%) as a white solid.

'H NMR (500 MHz, CDCLs): § = 8.01 (d, J = 7.3 Hz, 2H), 7.57 (1, J = 7.4 Hz, 1H), 7.46 (t, J = 7.7 Hz, 2H),
7.40-7.27 (m, 20H), 7.25-7.17 (m, 10H), 5.87-5.78 (m, 1H), 5.50 (d, J = 3.3 Hz, 1H), 5.23-5.17 (m, 1H), 5.10
(d, J=10.6 Hz, 1H), 5.03-4.93 (m, 5H), 4.89 (d, J = 3.4 Hz, 1H), 4.84-4.59 (m, 9H), 4.54 (d, /= 11.0 Hz, 1H),
4.48 (d,J=11.0 Hz, 1H), 4.41 (d, J= 12.2 Hz, 1H), 4.37-4.18 (m, 3H), 4.14-4.04 (m, 4H), 4.00-3.83 (m, 4H),
3.69-3.64 (m, 2H), 3.61-3.46 (m, 3H), 1.14 (d, J = 6.4 Hz, 3H), 1.02 (d, J = 6.6 Hz, 1H), 0.88 (s, 9H), 0.10 (s,
3H), 0.05 (s, 3H).

BC NMR (500 MHz, CDCl5): 8 = 176.37, 138.90, 138.65, 138.61, 138.57, 138.46, 138.10, 133.61, 133.08,
130.00, 129.62, 129.48, 128.45, 128.42, 128.34, 128.30, 128.27, 128.24, 128.21, 128.14, 128.12, 128.03, 128.00,
127.92,127.67, 127.57, 127.53, 127.51, 127.47, 127.41, 127.31, 127.25, 127.13, 117.27, 100.95, 97.40, 93.96,
80.26, 79.15, 77.59, 77.31, 77.20, 77.05, 76.24, 76.09, 74.85, 74.61, 74.59, 74.20, 74.18, 73.28, 72.98, 72.76,
72.04, 71.93, 67.90, 66.72, 66.26, 26.09, 17.90, 16.73, 16.59, -0.02, -3.30, -4.80.

HRMS (ESI-LTQ-Orbitrap) m/z [M+Na]* caled for C1oHs,CLNO,-SiNa, 1484.5063, found 1484.5074.
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Compound 96

To a solution of 80 (1.13 g, 0.773 mmol) in THF (6.25 mL) was added 70% HF-pyridine (2.50 mL) at rt under
Ar atmosphere. After being stirred for 16 h at rt, to the reaction mixture was added 70% HF-pyridine (2.19 mL)
at rt. After being stirred for 13.5 h, the reaction mixture was diluted with CHCls, quenched with sat. NaHCO;
aq., and extracted with CHCls. The organic layer was dried over Na,SOs, filtered, and concentrated in vacuo.
The residue was purified by silica-gel column chromatography (Toluene/AcOEt =20/1 to 9/1) to give 96 (894.4
mg, 86%) as a white solid.

'H NMR (500 MHz, CDCls): & = 7.98-7.94 (m, 2H), 7.56 (t, J = 7.4 Hz, 1H), 7.46-7.38 (m, 6H), 7.36-7.29 (m,
13H), 7.24-7.13 (m, 13H), 5.86-5.77 (m, 1H), 5.20 (dd, J = 17.2, 1.4 Hz, 1H), 5.14 (dd, J = 10.4, 1.1 Hz, 1H),
5.00-4.54 (m, 17H), 4.38-4.23 (m, 4H), 4.11-4.04 (m, 3H), 3.96-3.87 (m, 3H), 3.83 (dd, J = 10.6, 2.7 Hz, 1H),
3.80-3.75 (m, 2H), 3.73-3.68 (m, 2H), 3.61-3.59 (br m, 1H), 3.57-3.47 (m, 4H), 1.02 (d, J = 6.4 Hz, 3H).

BC NMR (500 MHz, CDCl5): 8 = 166.03, 154.17, 138.73, 138.63, 138.49, 138.42, 137.81, 137.19, 133.47,
133.07,129.91, 129.67, 128.77, 128.52, 128.44, 128.41, 128.39, 128.33, 128.28, 128.25, 128.22, 128.19, 128.19,
128.10, 127.84, 127.75, 127.69, 127.54, 127.47, 127.35, 118.05, 101.03, 100.78, 96.47, 95.53, 81.42, 79.35,
77.40, 77.36,77.22,77.17, 75.43, 75.12, 74.79, 74.65, 74.61, 74.57, 73.89, 73.50, 72.96, 71.98, 70.59, 68.42,
67.93, 67.65, 62.84, 54.32, 16.79.

HRMS (ESI-LTQ-Orbitrap) m/z [M+Na]" calcd for C73H75C1sNO7Na 1370.4198, found 1370.4225.
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Compound 97

To a solution of 96 (731.8 mg, 0.543 mmol) in THF (5.4 mL) and AcOH (5.4 mL) was added Zn-Cu complex
(ca. 1.40 g) at rt under Ar atmosphere. After being stirred for 1.5 h at rt, the reaction mixture was filtered, and

concentrated in vacuo to give amine as a crude mixture. This crude mixture was used for next reaction.

To a solution of crude product in pyridine (5.0 mL) were added Ac,O (5.0 mL) and N,N-dimethyl-4-
aminopyridine (6.7 mg, 54.3 umol) at rt under Ar atmosphere. After being stirred for 2.5 d at rt, the reaction
mixture was diluted with CHCls, quenched with 1.0 M HCI aq., and extracted with CHCI;. The organic layer
was dried over Na,SOs, filtered, and concentrated in vacuo. The residue was purified by silica-gel column

chromatography (Toluene/AcOEt = 7/3) to give 97 (602.0 mg, 88% in 2 steps) as a light yellow oil.

'H NMR (500 MHz, CDCls): & = 8.01-7.95 (m, 2H), 7.60-7.55 (m, 1H), 7.46 (t, J= 7.7 Hz, 2H), 7.38-7.18 (m,
30H), 5.86-5.76 (m, 1H), 5.28 (d, J= 8.7 Hz, 1H), 5.28 (d, J=3.6 Hz, 1H), 5.18 (dq, /= 17.2, 1.6 Hz, 1H), 5.11
(dq, J=10.5, 1.2 Hz, 1H), 4.99 (d, J = 11.7 Hz, 1H), 4.91-4.87 (m, 2H), 4.82 (dd, J = 10.1, 3.1 Hz, 2H), 4.80
(d, J=11.6 Hz, 2H), 4.72 (d, J = 12.1 Hz, 1H), 4.69-4.63 (m, 4H), 4.57 (d, J = 11.6 Hz, 1H), 4.51 (d, J= 11.6
Hz, 1H), 4.36 (d, J=12.1 Hz, 1H), 4.30-4.03 (m, 8H), 3.94-3.88 (m, 2H), 3.82-3.74 (m, 2H), 3.62-3.57 (m, 2H),
3.54-3.45 (m, 3H), 1.87 (s, 3H), 1.83 (s, 3H), 1.13 (d, /= 6.4 Hz, 3H).

BC NMR (500 MHz, CDCl;): & = 170.22, 169.71, 165.89, 138.89, 138.68, 138.55, 138.53, 137.79, 137.77,
133.74,133.17,129.71, 129.66, 129.60, 129.01, 128.57, 128.46, 128.38, 128.34, 128.30, 128.21, 128.17, 128.14,
127.85, 127.83, 127.78, 127.75, 127.62, 127.55, 127.35, 127.24, 125.27, 117.40, 100.71, 98.01, 96.50, 79.19,
77.40, 76.54, 76.36, 75.10, 74.99, 74.68, 74.30, 73.64, 73.42, 73.34, 73.25, 72.61, 71.75, 70.79, 68.13, 67.74,
66.77, 62.33, 51.96,43.92, 23.32, 20.97, 16.68.

HRMS (ESI-LTQ-Orbitrap) m/z [M+Na]" calcd for C74HgiNO7Na 1278.5397, found 1278.5433.
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Compound 98

To a solution of 97 (602.0 mg, 0.479 mmol) in C;H4Cl, (9.6 mL) were added methyl acrylate (431 pL, 4.79
mmol) and Grubbs catalyst 2nd generation (4.4 mg, 5.18 umol) at rt under Ar atmosphere. After being stirred
for 8.5 h at 50 °C, to the reaction mixture was added Grubbs catalyst 2nd generation (8.1 mg, 9.54 umol) at rt.
After being stirred for 15.5 h at 50 °C, to the reaction mixture was added Grubbs catalyst 2nd generation (12.0
mg, 14.1 umol) at rt. After being stirred for 23 h at 50 °C, the reaction mixture were added Grubbs catalyst 2nd
generation (12.6 mg, 14.8 pmol) and methyl acrylate (210 pL, 2.22 mmol) at rt. After being stirred for 17.5 h,
the reaction mixture was diluted with toluene and concentrated in vacuo. The residue was purified by silica-gel

column chromatography (Toluene/AcOEt = 5/1 to 3/2 to 1/1) to give 98 (246.4 mg, 40%) as a light brown solid.

'H NMR (500 MHz, CDCls): & = 8.00-7.96 (m, 2H), 7.60-7.55 (m, 1H), 7.48-7.43 (m, 2H), 7.38-7.16 (m, 30H),
6.91 (dt, J=15.8, 4.5 Hz, 1H), 5.97 (dt, J=15.8, 1.9 Hz, 1H), 5.26 (d, J= 3.6 Hz, 1H), 5.23 (d, /= 8.2 Hz, 1H),
4.99 (d, J=11.5 Hz, 1H), 4.94 (d, J = 3.6 Hz, 1H), 4.89 (d, J= 11.5 Hz, 1H), 4.84 (dd, J = 10.0, 3.2 Hz, 1H),
4.81(d, J=11.6 Hz, 1H), 4.73-4.63 (m, 5H), 4.62 (d, J= 11.5 Hz, 1H), 4.58 (d, /= 11.6 Hz, 1H), 4.51 (d, J =
11.5 Hz, 1H), 4.36 (d, J = 12.2 Hz, 1H), 4.31-4.22 (m, 3H), 4.20 (dd, J = 4.2, 1.9 Hz, 1H), 4.17-4.04 (m, 6H),
3.88 (d, J=2.9 Hz, 1H), 3.80 (dd, J = 11.0, 3.2 Hz, 1H), 3.76 (dd, J= 10.2, 2.7 Hz, 1H), 3.72 (s, 3H), 3.63 (d,
J=2.1Hz, 1H), 3.61-3.47 (m, 4H), 1.87 (s, 3H), 1.83 (s, 3H), 1.16 (d, J = 6.6 Hz, 3H).

BC NMR (500 MHz, CDCl;): & = 170.22, 169.79, 166.22, 165.88, 143.33, 138.68, 138.65, 138.52, 137.75,
137.69,133.17,129.69, 129.64, 128.57, 128.44, 128.37, 128.35, 128.30, 128.27, 128.24, 128.17, 128.13, 127.86,
127.79,127.73,127.59,127.53,127.51, 127.22,121.12, 100.83, 98.11, 96.96, 79.17, 77.84, 76.69, 76.46, 76.15,
75.08, 74.94, 74.89, 74.28, 73.90, 73.42, 73.40, 73.33, 72.44, 71.78, 71.14, 67.65, 66.84, 65.85, 62.33, 52.06,
51.67,23.23,20.97, 16.66.

HRMS (ESI-LTQ-Orbitrap) m/z [M+Na]* calcd for C76HssNO9Na 1336.5452, found 1336.5451.
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Compound 84

To a solution of 98 (297.6 mg, 226.4 pmol) in ‘BuOH (2.83 mL), AcOH (1.13 mL), and H>O (566 pL) was
added palladium hydroxide on activated carbon (Pd 20%, wetted with ca.50% water, 158.9 mg, 1.13 mmol) at
rt. After being stirred for 8 h under H, atmosphere with the pressure of 1.0 MPa, the reaction mixture was filtered

through Hyflo Super-Cel® and concentrated in vacuo to give a crude mixture. This crude mixture was used for

next reaction.

To a solution of crude product in THF (11.3 mL) and H,O (11.3 mL) was added LiOH-H,O (95.0 mg, 2.26
mmol) at 0 °C under Ar atmosphere. After being stirred for 16 h at rt, the reaction mixture was quenched with
AcOH (130 pL), concentrated in vacuo, and lyophilized with H,O. The residue was purified by gel filtration
chromatography (MeOH) to give 84 (119.1 mg, 85% in 2 steps) as a white solid.

'H NMR (500 MHz, CD;0D): § = 5.24 (d, J = 3.3 Hz, 1H), 4.76 (d, J = 3.6 Hz, 1H), 4.49 (d, J = 7.4 Hz, 1H),
421 (q, J = 6.6 Hz, 1H), 3.96 (dd, J = 10.7, 3.6 Hz, 1H), 3.87-3.62 (m, 14H), 3.56 (dd, J = 7.7, 4.2 Hz, 1H),
3.41(dt, J=11.8, 4.8 Hz, 1H), 2.31-2.18 (m, 2H), 2.00 (s, 3H), 1.91-1.84 (m, 2H), 1.20 (d, J = 6.6 Hz, 3H).

3C NMR (500 MHz, CDsOD): 8 = 173.67, 166.29, 102.37, 101.62, 98.52, 78.60, 78.32, 77.06, 75.42, 73.55,
72.54,71.69, 71.00, 70.75, 70.57, 68.92, 68.14, 62.60, 61.53, 55.03, 27.61, 22.56, 16.78.

HRMS (ESI-Q-TOF) m/z [M-H] calcd for C2sH4oNO7 614.2291, found 614.2304.
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Compound 100

To a suspension of donor 16 (60.1 mg, 152.5 umol), acceptor 96 (100.9 mg, 74.86 umol), and MS4A powder
(ca. 300 mg) in CH,Cl, (748.6 uL, 0.05 M) and toluene (748.6 uL, 0.05 M) were added Ag,CO; (42.1 mg, 152.7
pmol) and AgClO4 (about 9 mg, 43.4 umol) at 0 °C under Ar atmosphere. After being stirred for 13.5 h at rt,
the reaction mixture was filtered, washed with sat. NaHCOs3 aq., and extracted with CHCls. The organic layer
was dried over Na,SO,, filtered, and concentrated in vacuo. The residue was purified by silica-gel column

chromatography (toluene/EtOAc = 15/1) to give 100 (111.7 mg, 90%) as a white solid.

'H NMR (500 MHz, CDCL3): § = 7.9 (t, J = 4.2 Hz, 2H), 7.56 (tt, J= 7.4, 1.5 Hz, 1H), 7.50-7.43 (m, 4H), 7.40-
7.28 (m, 19H), 7.24-7.12 (m, 9H), 5.90-5.80 (m, 1H), 5.55 (d, J=4.0 Hz, 1H), 5.27-5.17 (m, 4H), 5.15-5.10 (m,
2H), 5.06 (d, J= 11.3 Hz, 1H), 5.02-4.98 (m, 2H), 4.91 (d, J = 3.6 Hz, 1H), 4.85 (d, J= 12.0 Hz, 1H), 4.78-4.72
(m, 3H), 4.69-4.55 (m, 6H), 4.37 (d, J= 12.0 Hz, 1H), 4.30 (dd, J = 11.2, 6.0 Hz, 1H), 4.26-4.15 (m, 3H), 4.12-
3.96 (m, 7H), 3.94-3.86 (m, 2H), 3.82-3.75 (m, 2H), 3.72-3.67 (m, 1H), 3.61-3.46 (m, 5H), 3.37 (t, J= 6.2 Hz,
1H), 3.28 (dd, J = 10.9, 3.2 Hz, 1H), 2.16 (s, 3H), 2.05 (s, 3H), 1.92 (s, 3H), 1.15 (d, J = 6.6 Hz, 3H).

BC NMR (500 MHz, CDCl5): 8 = 170.87, 169.74, 169.59, 166.08, 154.19, 139.56, 138.74, 138.71, 138.63,
138.56,137.91, 133.68, 133.11, 129.92, 129.70, 129.03, 128.59, 128.50, 128.46, 128.30, 128.22, 128.11, 128.08,
128.06, 127.90, 127.78, 127.68, 127.64, 127.44, 127.35, 127.27, 127.05, 125.30, 117.60, 100.45, 97.53, 97.47,
96.69, 95.49, 79.95, 77.84, 77.47, 77.23, 76.38, 76.26, 75.63, 75.25, 74.86, 74.68, 74.64, 74.49, 74.38, 73.52,
72.13, 72.02, 70.97, 69.28, 68.28, 67.78, 67.69, 66.30, 62.92, 62.31, 59.32, 54.54, 53.42, 21.45, 20.65, 20.63,
20.46, 16.74.

HRMS (ESI-LTQ-Orbitrap) m/z [M+Na]" calcd for CgsHo3C13N4O24Na, 1683.5108, found 1683.5104.
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Compound 101

To a solution of 100 (622.2 mg, 0.375 mmol) in THF (3.8 mL) and AcOH (3.8 mL) was added Zn-Cu complex
(ca. 1.90 g) at rt under Ar atmosphere. After being stirred for 3 h at rt, the reaction mixture was filtered, and

concentrated in vacuo to give amine as a crude mixture. This crude mixture was used for next reaction.

To a solution of crude product in pyridine (6.0 mL) was added Ac,O (6.0 mL) at rt under Ar atmosphere. After
being stirred for 1.5 d at rt, the reaction mixture was diluted with CHCls, quenched with 1.0 M HCI aq., and
extracted with CHCl;s. The organic layer was dried over Na,SOs, filtered, and concentrated in vacuo. The residue
was purified by silica-gel column chromatography (Toluene/AcOEt = 1/1) to give 101 (432.7 mg, 75% in 2

steps) as a white solid.

'H NMR (500 MHz, CDCLs): & = 7.99 (d, J = 7.3 Hz, 2H), 7.58 (t, J = 7.4 Hz, 1H), 7.47 (t, J = 7.7 Hz, 2H),
7.42-7.27 (m, 12H), 7.25-7.15 (m, 18H), 5.89-5.79 (m, 1H), 5.58-5.45 (m, 2H), 5.32-5.17 (m, 4H), 5.13-5.03
(m, 2H), 5.01-4.87 (m, 5H), 4.70-4.50 (m, 11H), 4.43-4.24 (m, 5H), 4.23-4.13 (m, 3H), 4.08 (dd, J=13.2, 5.1
Hz, 1H), 4.00 (br s, 1H), 3.94 (dd, J= 13.2, 5.7 Hz, 1H), 3.92-3.85 (m, 3H), 3.76-3.54 (m, 6H), 3.04 (brs, 1H),
2.07 (s, 3H), 1.96 (s, 3H), 1.87 (s, 3H), 1.74 (s, 3H), 1.51 (s, 3H).

BC NMR (500 MHz, CDCl5): & = 170.53, 170.40, 170.13, 169.94, 169.73, 165.99, 139.14, 138.86, 138.45,
138.15,138.03,137.64, 133.81, 133.30, 129.66, 129.60, 128.53, 128.48, 128.34, 128.30, 128.26, 128.24, 128.18,
127.92, 127.72, 127.68, 127.58, 127.50, 127.41, 127.18, 127.15, 126.57, 117.06, 100.82, 98.36, 96.46, 80.42,
77.64,76.82,75.92, 75.50, 74.65, 73.72, 73.64, 73.47, 72.10, 71.38, 71.07, 68.59, 67.94, 67.65, 67.12, 66.79,
62.85, 52.10, 47.06, 23.29, 22.62, 20.62, 20.60, 20.43, 16.72.

HRMS (ESI-LTQ-Orbitrap) m/z [M+Na]" calcd for CssHosN2024Na, 1565.6402, found 1565.6394.
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Compound 102

To a solution of 101 (21.0 mg, 13.6 umol) in C,H4Cl, (270 pL) were added methyl acrylate (12.26 uL, 136
umol) and Grubbs catalyst 2nd generation (2.34 mg, 2.76 umol) at rt under Ar atmosphere. After being stirred
for 1 h at 50 °C, the reaction mixture was added methyl acrylate (12.25 uL, 136 umol) and Grubbs catalyst 2nd
generation (2.33 mg, 2.74 pmol) at rt. After being stirred for 11 h at 50 °C, the reaction mixture was heated to
80 °C. After being stirred for 31.5 h at 80 °C, the reaction mixture was diluted with toluene and concentrated in
vacuo. The residue was purified by preparative layer chromatography (CHCIls/MeOH = 3/1) to give 102 (17.3

mg, 79%) as a brown solid.

'H NMR (500 MHz, CDCls): & = 8.02-7.97 (m, 2H), 7.61-7.56 (m, 1H), 7.47 (t, J= 7.8 Hz, 2H), 7.41-7.16 (m,
30H), 6.94 (dt, J = 15.8, 4.4 Hz, 1H), 6.00 (dt, J = 15.8, 2.0 Hz, 1H), 5.62 (brs, 1H), 5.47 (brs, 1H), 5.25-5.18
(m, 3H), 5.06 (dd, J = 11.6, 3.2 Hz, 1H), 5.03-4.85 (m, 4H), 4.70-4.49 (m, 10H), 4.46-4.21 (m, 7H), 4.19-4.13
(m, 2H), 4.10 (ddd, J = 16.1, 4.7, 2.0 Hz, 1H), 4.01 (brs, 1H), 3.93-3.85 (m, 3H,), 3.81 (s, 1H), 3.78-3.52 (m,
7H), 3.71 (s, 3H), 2.08 (s, 3H), 1.95 (s, 3H), 1.86 (s, 3H), 1.75 (s, 3H), 1.51 (s, 3H), 1.26 (s, 3H).

BC NMR (500 MHz, CDCl;): & = 170.60, 170.53, 170.19, 170.01, 169.93, 166.23, 166.04, 143.48, 139.15,
138.68, 138.61,138.22,137.97,137.63, 133.37, 129.69, 129.60, 128.59, 128.54, 128.36, 128.34, 128.29, 128.12,
128.05, 127.78, 127.77, 127.65, 127.58, 127.57, 127.23, 127.18, 126.72, 126.63, 120.99, 100.92, 98.33, 96.84,
80.23, 77.62, 75.86, 75.48, 75.10, 73.80, 73.72, 73.49, 72.10, 71.90, 71.72, 71.04, 68.53, 67.85, 67.65, 67.12,
66.88, 65.68, 62.86, 52.19, 51.77, 47.08, 23.27, 22.65, 20.68, 20.66, 20.49, 16.72.

HRMS (ESI-LTQ-Orbitrap) m/z [M+Na]" calcd for CssHi00N2026Na 1623.6457, found 1623.6506.
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Compound 81

To a solution of 102 (171.1 mg, 106.9 pmol) in ‘BuOH (1.34 mL), AcOH (535 pL), and H,O (267 uL) was
added palladium hydroxide on activated carbon (Pd 20%, wetted with ca.50% water, 75.02 mg, 534.3 pmol) at
rt. After being stirred for 20.5 h under H, atmosphere with the pressure of 1.0 MPa, the reaction mixture was
filtered through Hyflo Super-Cel® and concentrated in vacuo to give a crude mixture. This crude mixture was
used for next reaction. To a solution of crude product in THF (5.3 mL) and H>O (5.3 mL) was added LiOH-H>O
(45.2 mg, 1.08 mmol) at 0 °C under Ar atmosphere. After being stirred for 24.5 h at rt, the reaction mixture was
quenched with AcOH (61.1 puL), concentrated in vacuo, and lyophilized with H>O. The residue was purified by
gel filtration chromatography (MeOH only) to give 81 (69.4 mg, 79% in 2 steps) as a white solid.

'H NMR (500 MHz, CD;OD): & = 5.33 (d, /= 3.9 Hz, 1H), 5.16 (d, J = 3.7 Hz, 1H), 4.77 (d, J = 3.6 Hz, 1H),
4.53 (d,J=17.6 Hz, 1H), 437 (dd, J = 13.0, 6.3 Hz, 1H), 4.32 (dd, J= 11.0, 3.6 Hz, 1H), 4.18 (dd, J = 6.6, 5.0
Hz, 1H), 4.11 (d, J = 2.6 Hz, 1H), 4.03-3.89 (m, 4H), 3.86-3.61 (m, 14H), 3.54 (dd, J = 7.2, 4.8 Hz, 1H), 3.42
(dt, J=11.6, 4.8 Hz, 1H), 2.37-2.23 (m, 2H), 2.01 (d, J = 4.2 Hz, 6H), 1.91-1.86 (m, 2H), 1.21 (d, /= 6.6 Hz,
3H).

BC NMR (500 MHz, CDsOD): § = 180.16, 174.47, 173.62, 102.11, 100.28, 98.53, 93.56, 78.45, 77.93, 76.85,
73.56, 73.47, 72.69, 72.65, 71.83, 71.17, 70.54, 70.01, 69.83, 68.70, 67.71, 64.95, 63.36, 62.54, 61.53, 55.09,
51.27,49.85, 34.31, 27.23, 22.76, 22.55, 16.68.

HRMS (ESI-Q-TOF) m/z [M-HJ caled for C3Hs;N,O2, 817.3084, found 817.3113.
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Compound 104

To a suspension of donor 82 (26.3 mg, 47.4 pmol), acceptor 96 (20.3 mg, 15.1 umol), N-iodosuccinimide (12.6
mg, 56.0 umol), and MS4A powder (ca. 63 mg) in CH>Cl, (301.2 pL) was added trifluoromethanesulfonic acid
(0.5 uL, 5.66 pmol) at -60 °C under Ar atmosphere. After being stirred for 30 mins at -60 °C, the reaction
mixture was diluted with CHCl3, quenched with sat. NaHCOs aq., and extracted with CHCl3. The organic layer
was dried over Na>SOs, filtered, and concentrated in vacuo. The residue was purified by preparative layer

chromatography (toluene/AcOEt = 7/1) to give 104 (24.5 mg, 91%) as a white solid.

'H NMR (500 MHz, CDCL): & = 7.97-7.92 (m, 2H), 7.57-7.52 (m, 1H), 7.52-7.49 (m, 2H), 7.46-7.39 (m, 7H),
7.38-7.26 (m, 15H), 7.23-7.06 (m, 23H), 5.87-5.78 (m, 1H), 5.63 (d, J= 3.9 Hz, 1H), 5.39 (d, J = 2.6 Hz, 1H),
5.26 (s, 1H), 5.22-5.16 (m, 1H), 5.11-5.07 (m, 1H), 5.01-4.95 (m, 4H), 4.90 (d, J = 3.4 Hz, 1H), 4.77-4.61 (m,
10H), 4.57 (d, J = 11.5 Hz, 1H), 4.49 (t, J= 10.7 Hz, 2H), 4.35-4.25 (m, 4H), 4.21-4.00 (m, 7H), 3.99-3.93 (m,
2H), 3.93-3.87 (m, 1H), 3.85-3.75 (m, 5H), 3.67 (dd, J=9.7, 2.6 Hz, 1H), 3.61-3.47 (m, 5H), 3.40 (d, J = 12.0
Hz, 1H), 3.25 (t, J = 6.4 Hz, 1H), 1.17 (d, J = 6.6 Hz, 3H).

BC NMR (500 MHz, CDCl5): 8 = 165.84, 154.17, 139.18, 138.67, 138.63, 138.60, 138.53, 138.39, 138.10,
137.96, 137.92,133.64, 130.06, 129.89, 129.66, 128.54, 128.38, 128.29, 128.25, 128.19, 128.10, 128.03, 127.96,
127.94,127.83,127.70, 127.64, 127.57, 127.44, 127.34, 127.25, 127.20, 126.33, 117.43, 100.77, 100.51, 97.46,
97.23, 96.53, 95.45, 80.59, 80.23, 76.39, 76.09, 75.69, 74.97, 74.91, 74.78, 74.62, 74.26, 74.19, 74.12, 73.62,
73.51,72.25,72.04, 71.33, 71.22, 69.25, 68.11, 67.96, 67.19, 66.20, 63.41, 62.70, 54.49, 33.88, 28.55, 16.70.

HRMS (ESI-LTQ-Orbitrap) m/z [M+Na]" caled for CiooH104C1sNOxNa, 1801.6012, found 1801.6016.

112



Ph
)

o
0

BnO @Bnos: OBn

BnO O e}

© é -S’O é)noéﬁ

?Qj ACHNG Ay,
OBn
OBn

OBn

Compound 105

To a solution of 104 (77.9 mg, 43.8 umol) in THF (440 pL) and AcOH (440 pL) was added Zn-Cu complex (ca.
80 mg) at rt under Ar atmosphere. After being stirred for 4.5 h at rt, to the reaction mixture was added Zn-Cu
complex (ca. 84 mg). After being stirred for 2.5 h at rt, the reaction mixture was filtered and concentrated in

vacuo to give amine as a crude mixture. This crude mixture was used for next reaction.

To a solution of crude product in pyridine (2.0 mL) was added Ac.O (2.0 mL) at rt under Ar atmosphere. After
being stirred for 6.5 h at rt, the reaction mixture diluted with toluene and concentrated in vacuo. The reaction
mixture was dissolved in CHCls, washed with sat. NaHCOj3 aq., and extracted with CHCl;. The organic layer
was dried over Na,SOs, filtered, and concentrated in vacuo. The residue was purified by silica-gel column

chromatography (toluene/AcOEt = 35/1) to give 105 (71.0 mg, 99% in 2 steps) as a light yellow oil.

'H NMR (500 MHz, CDCLs): & = 7.97-7.93 (m, 2H), 7.57-7.53 (m, 1H), 7.52-7.49 (m, 2H), 7.46-7.39 (m, 7H),
7.38-7.25 (m, 17H), 7.24-7.06 (m, 21H), 5.87-5.77 (m, 1H), 5.64 (d, J= 3.9 Hz, 1H), 5.40 (d, J = 2.6 Hz, 1H),
5.29-5.25 (m, 2H), 5.18 (dd, J = 17.2, 1.6 Hz, 1H), 5.08 (dd, J = 10.4, 1.6 Hz, 1H), 4.98 (t, J = 10.1 Hz, 2H),
4.90 (t, J = 5.2 Hz, 2H), 4.73-4.60 (m, 8H), 4.56 (d, J=11.9 Hz, 1H), 4.51 (d, J= 3.3 Hz, 1H), 4.49 (d, J= 4.9
Hz, 1H), 4.38-4.25 (m, SH), 4.21 (dd, J = 11.0, 6.6 Hz, 1H), 4.17-4.10 (m, 3H), 4.09-4.00 (m, 4H), 3.97-3.91
(m, 2H), 3.87-3.75 (m, 5H), 3.68 (dd, J=9.7, 2.6 Hz, 1H), 3.62-3.55 (m, 3H), 3.54-3.47 (m, 1H), 3.44-3.38 (m,
1H), 3.27 (t, J = 6.7 Hz, 1H), 1.26 (s, 3H), 1.20 (d, J = 6.6 Hz, 3H).

BC NMR (500 MHz, CDCl5): 8 = 169.76, 165.89, 139.16, 138.96, 138.70, 138.67, 138.53, 138.40, 138.10,
138.03,137.97,137.94,133.83, 133.08, 129.66, 129.01, 128.84, 128.54, 128.52, 128.42, 128.37, 128.31, 128.23,
128.20,128.12, 128.08, 128.06, 127.99, 127.82,127.71, 127.66, 127.63, 127.56, 127.33,127.28, 127.26, 127.16,
126.33, 117.16, 100.76, 100.59, 97.49, 97.23, 96.47, 80.59, 80.27, 77.36, 77.32, 76.40, 76.10, 75.67, 75.03,
74.90, 74.80, 74.61, 74.56, 74.18, 74.12, 73.69, 73.67, 73.51, 72.29, 72.04, 71.33, 69.28, 69.25, 69.22, 68.05,
68.01, 66.18, 63.41, 62.76, 52.19, 23.32, 21.43, 16.74.

HRMS (ESI-LTQ-Orbitrap) m/z [M+Na]* calcd for CooHi0sNO21Na, 1667.7105, found 1667.7130.
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Compound 106

To a solution of 105 (20.2 mg, 12.3 pmol) in C,H4Cl» (246 uL, 0.05 M) were added methyl acrylate (11.0 uL,
123 pumol) and Grubbs catalyst 2nd generation (1.03 mg, 1.21 umol) at rt under Ar atmosphere. After being
stirred for 1.5 h at 50 °C, to the reaction mixture was added methyl acrylate (11.0 uL, 123 pmol) and Grubbs
catalyst 2nd generation (1.12 mg, 1.32 pmol) at rt. After being stirred for 30 mins at 50 °C, the reaction mixture
was diluted with toluene and concentrated in vacuo. The residue was purified by preparative layer

chromatography (toluene/AcOEt = 1/4) to give 106 (14.9 mg, 71%) as a light yellow solid.

'H NMR (500 MHz, CDCls): § = 7.97-7.93 (m, 2H), 7.58-7.53 (m, 1H), 7.52-7.48 (m, 2H), 7.46-7.39 (m, 6H),
7.37-7.32 (m, 7H), 7.30-7.06 (m, 32H), 6.93 (dt, J = 15.8, 4.4 Hz, 1H), 5.98 (dt, J= 15.8, 1.9 Hz, 1H), 5.62 (d,
J=3.9 Hz, 1H), 5.39 (d, J=2.9 Hz, 1H), 5.25 (s, 1H), 5.17 (d, J= 8.2 Hz, 1H), 5.01-4.94 (m, 3H), 4.89 (d, /=
11.9 Hz, 1H), 4.72-4.61 (m, 7H), 4.57 (d, J= 11.9 Hz, 1H), 4.48 (t, J = 11.4 Hz, 2H), 4.34 (q, J = 6.5 Hz, 1H),
429 (d,J= 8.4 Hz, 2H), 4.27 (d, J = 8.6 Hz, 1H), 4.25-4.19 (m, 2H), 4.17-4.02 (m, SH), 4.00 (dd, J = 10.2, 3.9
Hz, 1H), 3.93 (d, J= 2.4 Hz, 1H), 3.87-3.76 (m, 5H), 3.71 (s, 2H), 3.71-3.67 (m, 1H), 3.66-3.64 (m, 1H), 3.59
(dd, J=11.1, 1.4 Hz, 1H), 3.57-3.47 (m, 3H), 3.38 (d, J = 11.6 Hz, 1H), 3.28 (t, J= 6.5 Hz, 1H), 1.86 (s, 3H),
1.56 (s, 3H), 1.26 (d, J = 6.5 Hz, 3H).

BC NMR (500 MHz, CDCl5): 8 = 169.83, 166.20, 165.88, 143.41, 139.17, 138.87, 138.76, 138.62, 138.54,
138.38,138.09, 137.95,137.93, 133.09, 129.86, 129.64, 128.82, 128.53, 128.41, 128.33, 128.29, 128.22, 128.19,
128.07,127.97,127.83,127.71, 127.67,127.63,127.51, 127.50, 127.47,127.42, 127.31, 127.23,127.17, 126.31,
120.91,100.73, 100.69, 97.49, 97.15, 96.81, 80.51, 80.14, 78.03, 76.35, 75.97, 75.65, 75.00, 74.87, 74.84, 74.75,
74.53, 74.18, 74.12, 73.75, 73.60, 73.51, 72.07, 72.01, 71.70, 71.31, 69.21, 67.94, 66.23, 65.71, 63.39, 62.77,
52.29,51.70, 23.24, 16.72.

HRMS (ESI-Q-TOF) m/z [M+Na]" calcd for Ci01H107NOx:Na, 1724.7126, found 1724.7167.
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Compound 83

To a solution of 106 (300.7 mg, 177 umol) in ‘BuOH (2.21 mL), AcOH (880 uL), and H>O (440 pL) was added
palladium hydroxide on activated carbon (Pd 20%, wetted with ca.50% water, 124.1 mg, 884 umol) at rt. After
being stirred for 12 h under H, atmosphere with the pressure of 1.0 MPa, the reaction mixture was filtered
through Hyflo Super-Cel® and concentrated in vacuo to give a crude mixture. This crude mixture was used for
next reaction. To a solution of crude product in THF (9.0 mL) and H,O (9.0 mL) was added LiOH-H»O (74.9
mg, 1.79 mmol) at 0 °C under Ar atmosphere. After being stirred for 16.5 h at rt, the reaction mixture was
quenched with AcOH (100 pL), concentrated in vacuo, and lyophilized with H,O. The residue was purified by
gel filtration chromatography (MeOH only) to give 83 (115.4 mg, 84%) as a white solid.

'H NMR (500 MHz, CD;0D): § = 5.32 (d, J= 3.9 Hz, 1H), 5.16 (s, 1H), 4.76 (d, J = 3.4 Hz, 1H), 4.54 (d, J =
7.4 Hz, 1H), 4.35 (q, J = 6.5 Hz, 1H), 4.17-4.11 (m, 2H), 4.02-3.89 (m, 4H), 3.88-3.55 (m, 16H), 3.45-3.38 (m,
1H), 2.33-2.21 (m, 2H), 2.00 (s, 3H), 1.91-1.84 (m, 2H), 1.20 (d, J = 6.5 Hz, 3H).

3C NMR (500 MHz, CDs;OD): & = 180.79, 173.65, 102.19, 100.36, 98.59, 96.10, 79.76, 78.58, 76.68, 73.69,
73.62,73.12, 72.65, 71.84, 71.44, 71.33, 71.18, 70.06, 69.93, 68.88, 67.70, 65.82, 63.35, 62.67, 61.58, 55.06,
49.90, 34.87, 27.51, 22.59, 16.70.

HRMS (ESI-Q-TOF) m/z [M-H] calcd for C30HsoNOx, 776.2819, found 776.2836.
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Compound 154

O3 was bubbled into a solution of 153 (8.84 g, 20.11 mmol) in CH,Cl, (201 mL) at -78 °C. After being stirred
for 40 mins, the solution became blue because of remaining O;. Then, the bubbling gas was changed from O3
to O, and the solution was stirred until the color was disappeared. After stopping O» bubbling, PPh; (7.90 g,
30.16 mmol) in CH2Cl, (7.0 mL) was added to the reaction mixture. After being stirred for 2 h, the reaction
mixture was concentrated in vacuo and roughly purified with silica gel column chromatography (CHCI:;/MeOH

=30/1) to give aldehyde as a crude mixture. This crude mixture was used for next reaction.

To a solution of obtained crude product in ' BuOH (161 mL) and H,O (40 mL) were added 2-Methyl-2-butene
(10.7 mL, 100.6 mmol), NaH,PO4-2H,0 (3.14 g, 20.1 mmol), and NaClO; (5.46 g, 60.3 mmol) at rt under Ar
atmosphere. After being stirred for 14 h at rt, the reaction mixture was quenched with 1 M HCI aq. and extracted
with CH,Cl,. The organic layer was dried over Na,SOs, filtered, and concentrated in vacuo to give carboxylic

acid as a crude mixture. This crude mixture was used for next reaction.

To a solution of obtained crude product in DMF (101 mL) were added K»COs (5.60 g, 40.2 mmol), Mel (2.50
mL, 40.2 mmol), at 0 °C under Ar atmosphere. After being stirred for 1.5 h at rt, the reaction mixture was
quenched with H>O and extracted with CHCI;. The organic layer was dried over Na,SOs, filtered, and
concentrated in vacuo. The residue was purified by recrystalization with CHCl3 and Hexane to give 154 (7.76

g, 16.5 mmol, 82% in 3 steps) as a yellow solid.

"HNMR, “CNMR, and HRMS were identical to the previous report'.
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Compound 155

To a solution of 154 (1.00 g, 2.12 mmol) in CH>CICHCI (21.3 mL) were added i-ProNEt (3.70 puL, 21.2 mmol)
and AcCl (1.51 mL, 21.2 mmol) at rt under Ar atmosphere. After being stirred for 1 h at 80 °C, the reaction
mixture was quenched with sat. NaHCOs aq. and extracted with CH,Cl,. The organic layer was dried over
NaySOs, filtered, and concentrated in vacuo. The residue was purified by silica-gel column chromatography

(toluene/AcOEt = 5/1) to give 155 (1.02 g, 93%) as a yellow oil.

'H NMR (500 MHz, CDCL3) : 8 = 7.51-7.46 (m, 2H), 7.42-7.36 (m, 3H), 7.31-7.26 (m, 2H), 7.26-7.21 (m, 3H),
5.59 (s, 1H), 4.98 (d, J= 3.8 Hz, 1H), 4.92 (d, J = 11.3 Hz, 1H), 4.78 (dd, J = 11.1, 8.6 Hz, 1H), 4.70 (d, J =
11.3 Hz, 1H), 4.61 (dd, J=11.1, 3.8 Hz, 1H), 4.28 (dd, /= 10.3, 5.0 Hz, 1H), 4.17 (s, 2H), 3.99 (td, /= 9.9, 5.0
Hz, 1H), 3.81-3.74 (m, 2H), 3.73 (s, 3H), 2.34 (s, 6H).

BC NMR (500 MHz, CDCls): & = 175.5, 169.6, 138.6, 137.4, 129.1, 128.4, 127.9, 127.7, 126.2, 101.3, 98.8,
83.8,75.1,74.0, 68.8, 64.0, 63.4, 58.8, 52.0, 26.8.

HRMS (ESI-LTQ-Orbitrap) m/z [M+Na]" calcd for C>7H3:1NOgNa, 536.1891, found 536.1904.

BBO o
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Compound 146

To a solution of 155 (381.7 mg, 0.743 mmol) in CH>Cl, (4.43 mL) and Et;SiH (1.18 mL, 7.43 mmol, dried over
MS4A and passed through neutral alumina column before using.) was added BF3-Et,O (560 uL, 4.46 mmol) in
CH,Cl, (3.0 mL) at -20 °C under Ar atmosphere. After being stirred for 2 h under 0 °C, the reaction mixture was
added BF;-Et;,O (280 pL, 2.23 mmol) at -20 °C. After being stirred for 3 h at 0 °C, the reaction mixture was
quenched with sat. NaHCO;3 aq. at 0 °C and extracted with CH,Cl,. The organic layer was dried over Na>SOg,
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filtered, and concentrated in vacuo. The residue was purified by silica-gel column chromatography

(toluene/acetone = 7/1) to give 146 (247.3 mg, 66%) as a yellow oil.
g g Yy

'H NMR (500 MHz, CDCLs) : § = 7.38-7.27 (m, 10H), 5.01 (d, J = 3.6 Hz, 1H), 4.79 (d, J= 11.6 Hz, 1H), 4.74
(d,J=11.6 Hz, 1H), 4.62 (t, J= 9.7 Hz, 1H), 4.61 (d, J = 12.2 Hz, 1H), 4.55 (d, J= 12.2 Hz, 1H), 4.36 (dd, J
= 11.0, 3.6 Hz, 1H), 4.18 (d, J = 16.6 Hz, 1H), 4.14 (d, J = 16.6 Hz, 1H), 3.83 (dt, J = 9.6, 4.2 Hz, 1H), 3.74-
3.66 (m, 3H), 3.72 (s, 3H), 2.42 (br-d, J = 3.0 Hz, 1H), 2.36 (s, 6H).

BC NMR (500 MHz, CDCls) 6: 175.83, 169.63, 138.72, 137.72, 128.52, 128.46, 127.83, 127.78, 127.71, 98.14,
78.38, 73.68, 73.28, 73.03, 70.86, 69.52, 63.35, 59.08, 51.87, 26.66.

HRMS (ESI-LTQ-Orbitrap) m/z [M+Na]" calcd for C27H33NOgNa, 538.2048, found 538.2055.

Compound 145

To a solution of 154 in CH,Cl, (1.06 mL) and Et;SiH (101.4 uL, 0.636 mmol, dried over MS4A and passed
through neutral alumina column before using.) was added BF3-Et,O (79.9 pL, 0.636 mmol) in CH,Cl, (1.06
mL) at -20 °C under Ar atmosphere. After being stirred for 1 h at -10 °C, the reaction mixture was heated to 0
°C. After being stirred for 3.5 h at 0 °C, the reaction mixture was heated to rt. After being stirred for 1.5 h under
rt, the reaction mixture was quenched with sat. NaHCOs3 aq. and extracted with CH,Cl,. The organic layer was
dried over Na,SQ,, filtered, and concentrated in vacuo. The residue was purified by silica-gel column

chromatography (toluene/AcOEt = 7/1) to give 145 (76.3 mg, 76%) as a colorless oil.

'HNMR, *C NMR, and HRMS were identical to the previous report'.
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Compound 144

To a solution of 93 (302.8 mg, 0.425 mmol) in CH>Cl: (3.52 mL) were added trifluoroacetic acid (352 uL) and
H>O (352 pL) at 0 °C under Ar atmosphere. After being stirred for 1 h at 50 °C, the reaction mixture was
quenched with sat. NaHCOs aq. and extracted with CH>Cl. The organic layer was dried over Na>SQs, filtered,
and concentrated in vacuo. The residue was roughly purified by silica-gel column chromatography

(toluene/EtOAc = 4/1) to give diol as a crude mixture. This crude mixture was used for next reaction.

To a solution of crude product in pyridine (1.7 mL) were added N, N-dimethyl-4-aminopyridine (4.5 mg, 0.0351
mmol) and acetic anhydride (1.7 mL) at rt under Ar atmosphere. After being stirred for 20 mins at rt, the reaction
mixture was quenched with 1.0 M HCI aq. and extracted with CH>Cl,. The organic layer was dried over
Na,SOq, filtered, and concentrated in vacuo. The residue was purified by silica-gel column chromatography

(toluene/EtOAc = 13/1) to give 144 (219.2 mg, 73% in 2 steps) as a white solid.

'H NMR (500 MHz, CDCls) : 8 = 7.78 (d, J = 7.6 Hz, 2H), 7.70-7.65 (m, 2H), 7.44-7.39 (m, 4H), 7.34-7.29 (m,
2H), 7.12-7.08 (m, 2H), 5.30-5.28 (m, 1H), 4.96 (dd, J = 10.0, 9.3 Hz, 1H), 4.65 (d, J= 10.0 Hz, 1H), 4.63 (dd,
J=9.6, 6.0 Hz, 1H), 4.34-4.25 (m, 2H), 4.14 (m, 2H), 3.89-3.83 (m, 2H), 2.34 (s, 3H), 2.11 (s, 3H), 2.06 (s,
3H), 0.79 (s, 9H), 0.08 (s, 3H), 0.05 (s, 3H).

BCNMR (500 MHz, CDCl3) 8: 170.52,170.12, 154.42, 143.43, 143.21, 141.33, 141.27, 138.17, 132.87, 129.57,
129.43, 127.90, 127.86, 127.18, 127.11, 125.43, 125.13, 120.06, 120.02, 87.20, 77.21, 74.81, 74.63, 72.19,
70.25, 69.86, 62.41,46.72, 25.32, 21.13, 20.70, 20.68, 17.75, -4.88, -5.23.

HRMS (ESI-LTQ-Orbitrap) m/z [M+Na]" calcd for C3sHasO9SSiNa, 729.2524, found 729.2509.
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Compound 147

To a suspension of donor 144, acceptor 145, N-iodosuccinimide (13.7 mg, 60.9 pmol), and MS4A powder (ca.
50 mg) in CH,Cl, (1.00 mL) was added trifluoromethanesulfonic acid (1.8 pL, 20.1 umol) at -20 °C under Ar
atmosphere. After being stirred for 2 h at -20 °C, the reaction mixture was heated to 0 °C. After being stirred for
1.5 h at 0 °C, the reaction mixture was quenched with sat. NaHCOs3 aq. and 10% Na,S>0; aq. and extracted with
CHClIs. The organic layer was dried over Na>SOs, filtered, and concentrated in vacuo. The residue was purified
by preparative layer chromatography (toluene/acetone = 1/1) to give the mixture of 147 and accepter 145 as a

light yellow oil. Yield was estimated by NMR (NMR yield : 24%).

'H NMR (500 MHz, CDCL3) : § = 7.79 (dd, J = 7.6, 4.1 Hz, 2H), 7.61 (d, J = 7.3 Hz, 2H), 7.47-7.40 (m, 2H),
7.37-7.22 (m, 12H), 5.76-5.73 (m, 1H), 5.08 (d, J=3.6 Hz, 1H), 4.88 (d,J= 12.1 Hz, 1H), 4.81 (d, J=3.7 Hz,
1H), 4.74 (d, J= 7.2 Hz, 1H), 4.64 (d, J= 12.2 Hz, 1H), 4.58-4.53 (m, 2H), 4.46 (dd, J=11.0, 6.5 Hz, 1H), 4.35
(d, J=8.1 Hz, 1H), 4.29 (d, J = 12.5 Hz, 1H), 4.26-4.20 (m, 3H), 4.12 (d, J = 16.6 Hz, 1H), 4.08 (d, J = 16.6
Hz, 1H), 4.00 (t, J = 9.5 Hz, 1H), 3.92 (dd, J = 11.5, 6.8 Hz, 1H), 3.72-3.57 (m, 7H), 3.48-3.41 (m, 2H), 2.06
(s, 3H), 1.99 (s, 3H), 1.87 (s, 3H), 0.79 (s, 9H), 0.03 (s, 3H), -0.04 (s, 3H).

HRMS (ESI-LTQ-Orbitrap) m/z [M+Na]" calcd for Cs¢HgNO;7SiNa, 1078.4227, found 1078.4221.

Aco OAc

OBn
0 0
TBSO (0]
FmocO BnO
AC2N

O._CO,Me

Compound 148

To a suspension of donor 144 (25.9 mg, 36.65 umol), acceptor 146 (15.8 mg, 30.5 umol), N-iodosuccinimide
(8.25 mg, 36.65 umol), and MS4A powder (ca. 32 mg) in CH,Cl, (610 uL) was added trifluoromethanesulfonic
acid (1.1 pL, 12.21 pmol) at -20 °C under Ar atmosphere. After being stirred for 20 mins at -20 °C, the reaction
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mixture was quenched with sat. NaHCOs3 aq. and 10% Na,»S,0s3 aq. and extracted with CHCIs. The organic layer
was dried over Na>SOs, filtered, and concentrated in vacuo. The residue was purified by preparative layer

chromatography (hexane/EtOAc = 1/1) to give 148 (25.4 mg, 76%) as a colorless oil.

'H NMR (500 MHz, CDCls) : § = 7.79 (dd, J = 7.6, 2.6 Hz, 2H), 7.62 (dd, J= 7.3, 2.6 Hz, 2H), 7.43 (t, J=7.3
Hz, 2H), 7.36-7.19 (m, 12H), 5.06 (d, J= 3.7 Hz, 1H), 5.01 (d, /= 11.0 Hz, 1H), 4.98 (d, J= 3.9 Hz, 1H), 4.74
(dd, J=9.4, 8.1 Hz, 1H), 4.66 (d, J= 12.4 Hz, 1H), 4.63-4.56 (m, 3H), 4.48 (dd, J=10.3, 6.2 Hz, 1H), 4.41
(dd, J=11.3, 3.7 Hz, 1H), 4.35 (d, J= 8.1 Hz, 1H), 4.29 (d, J= 12.1 Hz, 1H), 4.24 (t, J = 6.2 Hz, 1H), 4.16 (d,
J=16.5 Hz, 1H), 4.11 (d, J= 16.5 Hz, 1H), 3.96 (t, J= 9.3 Hz, 1H), 3.88 (dd, J= 11.3, 6.6 Hz, 1H), 3.76-3.69
(m, 3H), 3.69 (s, 3H), 3.44-3.36 (m, 3H), 2.30 (s, 6H), 2.03 (s, 3H), 1.97 (s, 3H), 0.77 (s, 9H), 0.02 (s, 3H), -
0.06 (s, 3H).

BC NMR (500MHz, CDCls): & = 175.49, 170.33, 169.95, 169.45, 154.12, 143.45, 143.40, 141.53, 141.38,
139.18,137.90,128.47,127.93,127.89, 127.85, 127.78,127.34, 127.14, 127.12, 127.02, 124.82, 124.79, 120.07,
120.05, 100.08, 98.24, 77.90, 77.20, 76.61, 76.04, 73.22,71.11, 70.91, 70.64, 69.45, 69.22, 67.39, 63.85, 61.46,
59.06, 51.84, 46.81, 26.72, 25.30, 20.62, 17.67, -4.93, -5.32.

HRMS (ESI-LTQ-Orbitrap) m/z [M+Na]" calcd for CssH71NOsSiNa, 1120.4333, found 1120.4320.

OAc
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Compound 156

To a solution of crude product of 147 (12.6 mg, 11.9 umol, calculated from NMR yield, including 1) in CH>Cl»
(800 uL) was added triethylamine (200 pL) at rt under Ar atmosphere. After being stirred for 14.5 h at rt, the
reaction mixture was diluted with toluene and concentrated in vacuo. The crude compound was azetropic-dried
with toluene three times, and dried under reduced pressure. The residue was purified by preparative layer

chromatography (toluene/acetone = 1/1) to give 156 (9.3 mg, 94%) as a light yellow oil.

'H NMR (500 MHz, CDCL) : § = 7.37-7.25 (m, 10H), 5.84 (d, J= 9.3 Hz, 1H), 5.12 (d, J= 1.5 Hz, 1H), 4.89
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(d, J=11.8 Hz, 1H), 4.79 (d, J = 3.6 Hz, 1H), 4.72 (d, J = 11.9 Hz, 1H), 4.68 (d, J = 11.8 Hz, 1H), 4.62-4.60
(m, 1H), 4.54 (d, J = 11.9 Hz, 1H), 4.31-4.26 (m, 1H), 4.16 (s, 2H), 4.13 (d, /= 9.3 Hz, 1H), 4.07 (dd, J= 11.6,
3.3 Hz, 1H), 4.02 (dd, J = 11.4, 6.2 Hz, 1H), 3.91-3.86 (m, 2H), 3.79-3.73 (m, 2H), 3.74 (s, 3H), 3.68 (dd, J =
11.6, 1.7 Hz, 1H), 3.57 (t, 6.9 Hz, 1H), 3.53-3.51 (m, 2H), 2.05 (s, 3H), 1.91 (s, 3H), 1.86 (s, 3H), 0.85 (s, 9H),
0.06 (s, 3H), 0.05 (s, 3H).

HRMS (ESI-LTQ-Orbitrap) m/z [M+Na]" calcd for C41HsoNO;5SiNa, 856.3546, found 856.3509.
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Compound 157

To a solution of 148 (23.7 mg, 21.58 umol) in dried CH>Cl, (345.3 pL) was added triethylamine (86.3 pL) at 0
°C under Ar atmosphere. After being stirred for 3 h at rt, the solution was added dried CH>ClI, (1.60 mL) and
triethylamine (400 pL) at rt. After being stirred for 13.5 h at rt, the reaction mixture was diluted with toluene
and concentrated in vacuo. The crude compound was azetropic-dried with toluene three times, and dried under
reduced pressure. The residue was purified by preparative layer chromatography (toluene/acetone = 5/1) to give

157 (17.8 mg, 94%) as a colorless oil.

'H NMR (500 MHz, CDCls) : § = 7.37 (d, J = 4.4 Hz, 4H), 7.34-7.19 (m, 6H), 5.10 (dd, J = 3.6, 0.9 Hz, 1H),
5.00 (d, J=3.9 Hz, 1H), 4.98 (d, J= 11.0 Hz, 1H), 4.79-4.74 (m, 1H), 4.73 (d, J = 12.0 Hz, 1H), 4.68 (d, J =
11.0 Hz, 1H), 4.53 (d, J = 12.0 Hz, 1H), 4.49 (d, J= 7.6 Hz, 1H), 4.41 (dd, J = 11.0, 3.9 Hz, 1H), 4.21-4.13 (m,
3H), 4.06 (dd, J = 11.4, 2.8 Hz, 1H), 3.99 (dd, J = 11.4, 6.4 Hz, 1H), 3.93 (dt, J = 10.0, 2.1 Hz, 1H), 3.82 (dd, J
= 11.4, 6.7 Hz, 1H), 3.72 (s, 3H), 3.67 (dd, J = 11.4, 1.7 Hz, 1H), 3.57-3.45 (m, 3H), 2.31 (s, 6H), 2.03 (s, 3H),
1.94 (s, 3H), 0.86 (s, 9H), 0.09 (s, 3H), 0.07 (s, 3H).

BCNMR (500 MHz, CDCls) &: 175.65, 170.39, 169.99, 169.53, 138.98, 137.48, 128.51, 128.11, 127.97, 127.94,
127.31,102.65, 98.27,77.59, 77.31, 77.18, 73.80, 73.03, 72.94, 72.73, 71.04, 71.01, 69.41, 68.23, 63.67, 61.97,
59.31, 51.90, 26.71, 25.58, 20.63, 18.07, -4.71, -5.01.
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HRMS (ESI-LTQ-Orbitrap) m/z [M+Na]+ calcd for C43HeiNO16SiNa, 898.3652, found 898.3693.
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Compound 149

To a suspension of donor 79, acceptor 156, N-iodosuccinimide (7.9 mg, 35.11 umol), and MS4A powder (ca.
20 mg) in CH,Cl, (223 uL) were added trifluoromethanesulfonic acid (0.3 pL, 3.35 pmol) at -30 °C under Ar
atmosphere. After being stirred at -30 °C for 40 min, the solution was heated to -10 °C. After being stirred at -
10 °C for 30 min, donor 30 (18.7 mg, 34.6 umol) was added to the solution. After being stirred for 1.5 h, the
solution was heated to rt. After being stirred at rt for 15.5 h, the reaction mixture was quenched with sat. NaHCO3
aq. and 10% Na,S;0; aq. and extracted with CHCIs. The organic layer was dried over Na SOy, filtered, and
concentrated in vacuo. The residue was purified by preparative layer chromatography (toluene/acetone = 2/1)

to give 149 (6.3 mg, 45%) as a light yellow oil.

'H NMR (500 MHz, CDCL) : &: 7.41-7.19 (m, 25H), 5.59 (d, J = 8.6 Hz, 1H), 5.47 (d, J = 3.7 Hz, 1H), 5.02-
4.96 (m, 3H), 4.92 (d, J = 11.6 Hz, 1H), 4.88 (d, J= 3.6 Hz, 1H), 4.75-4.68 (m, 5H), 4.63 (d, J= 11.9 Hz, 1H),
4.56 (d, J=11.6 Hz, 1H), 4.40 (d, J = 12.3 Hz, 1H), 4.38-4.33 (m, 1H), 4.24 (d, J = 7.9 Hz, 1H), 4.23-4.05 (m,
5H), 3.98-3.80 (m, 6H), 3.67 (s, 3H), 3.59-3.51 (m, 2H), 3.46 (dd, J = 10.8, 1.5 Hz, 1H), 3.42-3.37 (m, 1H),
2.01 (s, 3H), 1.97 (s, 3H), 1.89 (s, 3H), 1.26 (s, 3H), 0.80 (s, 9H), 0.06 (s, 3H), 0.01 (s, 3H).

HRMS (ESI-LTQ-Orbitrap) m/z [M+H]" calcd for CssHs7NO19SiNa 1250.5714, found 1250.5686.
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Compound 150

To a suspension of donor 79, acceptor 157, N-iodosuccinimide (36.5 mg, 162.2 umol), and MS4A powder (ca.
100 mg) in CH2CL, (1.06 mL) was added and trifluoromethanesulfonic acid (1.41 puL, 16.0 umol) at -30 °C
under Ar atmosphere. After being stirred at -30 °C for 20 min, the reaction mixture was quenched with sat.
NaHCOs aq. and 10% Na,S>03 aq. and extracted with CHCIs. The organic layer was dried over Na>SQy, filtered,
and concentrated in vacuo. The residue was purified by silica-gel column chromatography (toluene/acetone =

5/1) to give 150 (57.2 mg, 83%) as a light yellow oil.

'H NMR (500 MHz, CDCLs) : § = 7.42-7.19 (m, 25H), 5.46 (d, J = 3.9 Hz, 1H), 5.04 (d, J= 10.6 Hz, 1H), 5.01-
4.97 (m, 3H), 4.94 (d, J= 3.7 Hz, 1H), 4.74-4.68 (m,4H), 4.64 (d, J = 12.0 Hz, 1H), 4.53 (dt, J= 10.6, 5.0 Hz,
2H), 4.42-4.35 (m, 3H), 4.26 (d, J = 7.9 Hz, 1H), 4.18 (d, J = 16.5 Hz, 1H), 4.14-4.06 (m, 3H), 3.99-3.93 (m,
2H), 3.89-3.78 (m, 5H), 3.66 (s, 3H), 3.53 (dd, /= 9.3, 3.4 Hz, 1H), 3.43 (dd, /= 10.8, 1.5 Hz, 1H), 3.35 (t, J =
6.6 Hz, 1H), 2.29 (s, 6H), 2.00 (s, 3H), 1.92 (s, 3H), 1.28 (d, J= 6.6 Hz, 3H), 0.79 (s, 9H), 0.06 (s, 3H), 0.01 (s,
3H).

BCNMR (500 MHz, CDCl3) 8: 175.49, 170.41, 170.16, 169.66, 139.02, 138.97, 138.80, 138.65, 137.90, 128.59,
128.36, 128.22,128.14,127.99,127.97,127.92,127.79, 127.68, 127.57, 127.50, 127.31, 127.19, 127.15, 100.52,
98.74, 97.43,79.99, 77.51, 76.27, 76.04, 75.91, 74.97, 74.26, 73.74, 73.52, 73.42, 73.32, 71.73, 71.27, 70.59,
70.33, 67.77, 66.53, 64.49, 61.95, 59.15, 51.81, 26.66, 25.75, 20.69, 20.65, 17.57, 16.70, -4.07, -4.57.

HRMS (ESI-LTQ-Orbitrap) m/z [M+Na]"* calcd for C70HsoNO2SiNa 1314.5639, found 1314.5661.
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Compound S1

To a solution of 150 (4.6 mg, 3.559 pmol) in DMF (500 pL) was added tris(dimethylamino) sulfonium
difluorotrimethylsilicate (27.9 mg, 101.3 pmol) in DMF (500 pL) under rt under Ar atmosphere. After being
stirred for 30 min at rt, the reaction mixture was quenched with sat. NaHCO3 aq. The organic layer was washed
with sat. NaHCOj aq., dried over Na>SOs, filtered, concentrated in vacuo. Purified with PLC (toluene/acetone

=4/1) to give a crude compound.

To a solution of crude compound in THF (330 uL) and MeOH (110 pL) were added LiOH-H,O (0.93 mg, 22.05
umol) in H>O (20 pL) at 0 °C under Ar atmosphere. After being stirred for 1 h at 0 °C, the reaction mixture was
quenched with DOWEX™, filtered, and concentrated in vacuo. Purified with PLC (CHCl;/MeOH = 1/1) to give

carboxylic acid S1 (4.1 mg, 90%) as a white solid.

'H NMR (500 MHz, CD:OD) : 7.40-7.07 (m, 25H), 5.34 (d, J = 3.6 Hz, 1H), 4.98 (d, J = 10.5 Hz, 1H), 4.82
(dd, J = 11.3, 7.2 Hz, 2H), 4.66-4.60 (m, 4H), 4.54 (d, J= 11.2 Hz, 1H), 4.49 (d, J= 12.2 Hz, 1H), 4.44 (d, J =
10.5 Hz, 1H), 4.36 (d, J= 12.0 Hz, 1H), 4.26 (d, J= 7.7 Hz, 1H), 4.14 (q, J = 6.4 Hz, 1H), 4.02 (dd, J = 10.7,
3.7 Hz, 1H), 3.97 (d, J = 14.9 Hz, 1H), 3.93-3.85 (m, 2H), 3.74-3.61 (m, 8H), 3.56-3.52 (m, 1H), 3.47 (dd, J =
9.7,3.5 Hz, 1H), 3.43 (dd, J= 12.1, 3.5 Hz, 1H), 3.37 (dd, /= 10.9, 1.3 Hz, 1H), 3.25 (s, 1H), 1.88 (s, 3H), 1.11
(d, J = 6.6 Hz, 3H).

HRMS (ESI-LTQ-Orbitrap) m/z [M+Na]" calcd for Cs7Hg7NO7Na 1060.4307, found 1060.4285.
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Compound 151

To a solution of S1 in MeOH (800 pL) was added palladium hydroxide on activated carbon (Pd 20%, wetted
with ca.50% water, 46.3 mg, 65.95 pmol) in MeOH (300 uL) at rt. After being stirred for 1 h under H»
atmosphere with the pressure of 1.0 MPa, the reaction mixture was filtered through Hyflo Super-Cel® and

concentrated in vacuo to give 151 (2.3 mg, quant.) as a colorless oil.

'"H NMR (500 MHz, CD;0D) : & = 5.25 (d, J = 3.4 Hz, 1H), 4.76 (d, J = 3.4 Hz, 1H), 4.53 (d, J = 7.3 Hz, 1H),
422 (dd, J=13.2, 6.5 Hz, 1H), 4.11-4.04 (m, 2H), 3.93-3.73 (m, 10H), 3.72-3.56 (m, 4H), 2.04 (s, 3H), 1.22
(d, J = 6.5 Hz, 4H).

BC NMR (500 MHz, CD;0OD) &: 177.00, 173.63, 102.38, 101.74, 98.87, 78.84, 77.96, 77.14, 75.40, 73.56,
72.71,71.81, 71.70, 70.84, 70.61, 68.25, 67.97, 62.70, 61.41, 54.60, 22.79, 16.69.

HRMS (ESI-LTQ-Orbitrap) m/z [M+Na]* calcd for C22H37NO7Na, 610.1954, found 610.1947.

(6]
HO%@‘OH OH OH
HOo O o 0
o HO (e}
AcHN
o O\/\)J\N/\/\N3
OH N
OH
OH

Compound 164

To a solution of compound 83 (5.6 mg, 7.20 umol) in anhydrous DMF (145 uL) were added TSTU (3.5 mg,
11.6 umol) and DIPEA (3.8 pL, 21.8 umol) at rt. After being stirred for 2 h under Ar atmosphere, 3-Azido-1-
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propanamine 161 (0.78 pL, 7.95 umol) was treated to the stirring mixture. After being stirred for 1 h at rt under
Ar atmosphere, the reaction mixture was concentrated in vacuo. The residue was dissolved in MeOH and

purified by using ether precipitation to give 164 (6.19 mg, quant.) as a light yellow solid.

'H NMR (500 MHz, CD;0D) : § = 5.31 (1H, d, J=4.0 Hz), 5.15 (1H, d, J= 3.7 Hz), 4.78 (1H, d, J = 3.6 Hz),
4.52 (1H, d, J = 7.3 Hz), 4.36-4.30 (1H, m), 4.16-4.10 (2H, m), 4.02-3.54 (22H, m), 3.51-3.38 (1H, m), 3.35
(1H, t,J=6.7 Hz), 3.25 (1H, td, J= 6.8, 2.1 Hz), 2.27 (2H, t, /= 7.6 Hz), 1.99 (3H, s), 1.94-1.82 (2H, m), 1.78-
1.73 (2H, m), 1.18 (3H, d, J = 6.6 Hz).

BC NMR (500 MHz, CD;OD) : 8 = 175.69, 173.53, 102.21, 100.39, 98.53, 96.12, 79.74, 78.77, 76.60, 73.91,
73.66, 73.13, 72.75, 71.83, 71.35, 71.25, 71.00, 69.97, 69.92, 68.45, 67.58, 65.75, 63.31, 62.57, 61.68, 55.00,
50.12, 37.80, 33.84, 29.74, 27.18, 22.53, 16.68.

HRMS (ESI-Q-TOF) m/z [M+Na]" calcd for C33Hs7NsO2;Na, 882.3438, found 882.3464.
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Compound 165

To a solution of compound 83 (9.6 mg, 12.3 pmol) in anhydrous DMF (248 uL) were added TSTU (6.0 mg,
19.9 umol) and DIPEA (6.5 pL, 37.3 umol) at rt. After being stirred for 2 h under Ar atmosphere, 3-Azido-
PEG11-Amine 162 (8.2 mg, 14.4 umol) was treated to the stirring mixture. After being stirred for 1 h at rt under
Ar atmosphere, the reaction mixture was concentrated in vacuo. The residue was dissolved in MeOH and

purified by using ether precipitation to give 165 (16.4 mg, quant.) as a light yellow solid.

'H NMR (500 MHz, CD:OD) : § = 5.31 (1H, d, J= 4.0 Hz), 5.15 (1H, d, /= 3.7 Hz), 4.78 (1H, d, J = 3.4 Hz),
4.52 (1H, d, J = 7.2 Hz), 4.38-4.28 (1H, br m), 4.17-4.09 (2H, m), 4.02-3.92 (3H, m), 3.91-3.88 (1H, m), 3.87-
3.56 (47H, m), 3.54 (2H, t, J = 5.5 Hz), 3.46-3.33 (6H, m), 3.21 (1H, q, J = 7.4 Hz), 2.64 3H, s), 2.28 (1H, t, J
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=7.4 Hz), 1.99 (3H, s), 1.93-1.81 (2H, m), 1.36 (3H, s), 1.35 (1H, d, /= 14.6 Hz), 1.35 (3H, s), 1.18 3H, d, J
= 6.6 Hz).

BC NMR (500 MHz, CD;OD) : & = 175.64, 173.51, 102.23, 100.40, 98.56, 96.14, 79.78, 78.78, 76.62, 73.90,
73.66, 73.14, 72.76, 71.83, 71.64, 71.56, 71.36, 71.26, 71.15, 71.03, 70.59, 69.99, 69.93, 68.44, 67.59, 65.76,
63.32, 62.59, 55.71, 55.01, 51.80, 49.63, 49.46, 49.29, 49.11, 48.94, 43.72, 40.42, 33.81, 27.20, 22.57, 16.73,
13.25.

HRMS (ESI-Q-TOF) m/z [M+Na]" caled for CssHsoNsO3:Na, 1352.6165, found 1352.6199.
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Compound 166

To a solution of compound 83 (8.4 mg, 10.8 pmol) in anhydrous DMF (216 uL) were added TSTU (4.9 mg,
16.3 umol) and DIPEA (5.64 pL, 32.4 umol) at rt. After being stirred for 2 h under Ar atmosphere, 3-Azido-
PEG35-Amine 163 (19.5 mg, 12.0 umol) was treated to the stirring mixture. After being stirred for 1 h at rt
under Ar atmosphere, the reaction mixture was concentrated in vacuo. The residue was dissolved in MeOH and

purified by using ether precipitation to give 166 (22.8 mg, 88%) as a white solid.

'"H NMR (500 MHz, CD;0D) : § = 5.32 (1H, d, J= 4.0 Hz), 5.15 (1H, d, J= 3.7 Hz), 4.78 (1H, d, J = 3.4 Hz),
4.56-4.50 (1H, m), 4.33 (1H, dd, J= 12.2, 5.8 Hz), 4.17-4.11 (2H, m), 4.03-3.51 (152H, m), 3.49 (1H, t, J=4.7
Hz), 3.45-3.33 (5H, m), 3.23 (1H, q, J= 7.4 Hz), 2.67 (3H, s), 2.29 (2H, t, J = 7.5 Hz), 2.00 (3H, s), 1.93-1.84
(2H, m), 1.37 (5H, d, J= 6.6 Hz), 1.18 (3H, d, J = 6.4 Hz).

3C NMR (500 MHz, CDsOD) : 8 = 175.61, 173.49, 138.68, 135.60, 132.95, 98.56, 96.21, 89.31, 89.02, 84.45,
83.17, 79.86, 78.84, 78.24, 76.61, 73.63, 73.15, 72.76, 71.83, 71.65, 71.58, 71.37, 71.27, 71.14, 70.59, 70.53,
69.99, 69.95, 68.46, 65.80, 63.32, 62.57, 55.87, 55.03, 51.81, 49.46, 49.29, 49.11, 46.67, 43.79, 43.71, 40.42,
33.81, 27.19, 26.28, 22.59, 16.73, 13.15.

128



HRMS (ESI-LTQ-Orbitrap) m/z [M+3Na]** calcd for C102H19sNsOs¢Na, 2386.2565, found 2386.2492.
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Compound 158

To a solution of dendrimer core 167 (1.01 mg, 0.128 pumol) in anhydrous DMF (12.8 pL) were added DIPEA
(6.40 uL, 5.63 umol in DMF), azide 164 (2.64 mg, 3.07 umol in DMF, 12.8 uL), CuSO4 (0.33 mg, 2.05 umol
in distilled water, 3.20 uL), and Na-L-ascorbate (1.22 mg, 6.14 umol in water, 3.20 pL) at rt. After being shaken
at rt for 36 h. The reaction was quenched with DOTA (2.4 mg, 5.93 umol). After adding water (300 uL), the
suspension was centrifuged using 3K Da Amicon Ultra (0.5 mL) under 140,000 g for 10 mins. To the supernatant
was then added water (350 pL). The step of centrifugation and water addition was repeated for 6 times to remove
copper ion. The residue was purified by RP-HPLC on a Nacalai Tesque 5C3-AR-300 column (4.6 x 250 mm)
at a flow rate of 1 mL/min, eluted by 0.1% TFA in water (Solvent A) and CH3CN (Solvent B) with linear gradient
from 2% to 50% of B over 60 mins to give 158 (2.0 mg, 72%) as a light brown solid.

'"H NMR (500 MHz, CD;OD) : & = 8.92 (16H, br s), 7.86 (16H, br s), 7.37 (99H, br s), 5.50-5.26 (42H, m),
5.18-5.17 (16H, m), 4.89 (16H, s), 4.82 (16H, s), 4.78 (16H, br s), 4.53 (16H, br s), 4.39 (16H, s), 4.33 (16H,
s), 4.26-4.10 (35H, m), 4.08-3.55 (103H, m), 3.48 (10H, s), 3.45-3.43 (5H, m), 3.42-3.41 (5H, m), 3.38 (10H,
s), 3.34 (201H, s), 3.25-3.09 (39H, m), 2.37-2.24 (31H, m), 2.12-1.82 (100H, m), 1.70-1.10 (259H, m), 0.99-
0.82 (71H, m)

3C NMR (700 MHz, D,0) : §=176.78, 176.72, 176.70, 176.67, 174.86, 174.82, 174.80, 173.05, 172.65, 143.51,
143.46, 143.44, 130.45, 129.83, 129.80, 129.76, 129.72, 129.69, 129.67, 129.64, 129.58, 129.57, 129.55, 129 .48,
129.20,129.12, 129.08, 129.03, 128.96, 128.93, 128.59, 128.55, 128.52, 128.45, 128.39, 128.33, 124.85, 124.81,
124.78,124.63,100.81, 99.71, 99.61, 99.55, 97.33, 96.83,93.77,77.13, 77.10, 77.07, 77.04, 76.99, 76.89, 76.78,
76.39, 75.63, 73.52, 72.53,71.84, 71.76, 71.71, 71.69, 70.76, 70.41, 70.33, 70.30, 70.28, 70.19, 69.99, 68.78,
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68.73, 68.39, 67.80, 67.74, 67.40, 64.21, 64.16, 61.99, 61.94, 61.85, 60.75, 54.37, 54.35, 54.28, 54.26, 54.14,
54.09, 54.02, 53.98, 53.91, 50.00, 48.58, 48.53, 48.49, 48.47, 48.45, 39.74, 39.51, 39.41, 36.98, 36.93, 36.89,
36.82, 33.37, 33.28, 26.25, 26.25, 22.61, 22.54, 22.48, 22.46, 16.08.
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Compound 159

To a solution of dendrimer core 167 (3.02 mg, 0.382 pumol) in anhydrous DMF (16.0 puL) were added DIPEA
(7.99 pL, 7.03 umol in DMF), azide 164 (5.10 mg, 3.84 umol in DMF, 16.0 pL), CuSO4 (0.41 mg, 2.56 pmol
in distilled water, 4.00 uL), and Na-L-ascorbate (1.52 mg, 7.67 umol in water, 4.00 uL) at rt. After being shaken
at rt for 36 h. The reaction was quenched with DOTA (3.27 mg, 8.09 umol). After adding water (300 pL), the
suspension was centrifuged using 3K Da Amicon Ultra (0.5 mL) under 140,000 g for 10 mins. To the supernatant
was then added water (350 puL). The step of centrifugation and water addition was repeated for 6 times to remove
copper ion. The residue was purified by RP-HPLC on a Nacalai Tesque 5Ci3-AR-300 column (10 x 250 mm)
at a flow rate of 4 mL/min, eluted by 0.1% TFA in water (Solvent A) and CH3CN (Solvent B) with linear gradient
from 2% to 50% of B over 60 mins to give 159 (4.31 mg, 39%) as a light brown solid.

'H NMR (500 MHz, CD;OD) : = 8.94 (16H, br s), 7.88 (16H, br s), 7.37 (120H, br s), 5.40 (21H, br s), 5.32
(16H, brs), 5.17 (16H, br s), 4.66 (8H, br s), 4.53 (56H, br s), 4.33 (16H, d, J= 6.7 Hz), 4.14 (24H, br s), 4.01-
3.47 (961H, br m), 3.45-3.32 (322H, m), 2.29 (31H, t, J = 7.7 Hz), 2.01-1.84 (71H, m), 1.40-1.26 (70H, m),
1.18 (48H, d, J = 6.3 Hz), 0.90 (14H, t, J = 6.7 Hz).

BCNMR (700 MHz, D,0) : § =176.23, 174.22,163.29, 163.09, 162.89, 162.69, 130.01, 129.94, 129.90, 129.87,
129.85, 29.80, 128.99, 128.97, 128.93, 125.40, 125.38, 117.94, 116.29, 114.63, 100.88, 99.68, 97.46, 97.42,
93.83, 77.21, 76.95, 75.70, 73.58, 72.64, 72.60, 71.93, 71.82, 70.83, 70.52, 70.18, 70.06, 70.01, 69.64, 68.85,
68.53, 68.46, 67.92, 67.51, 64.27, 62.06, 61.92, 61.14, 60.82, 54.23, 54.19, 50.93, 50.72, 39.83, 39.81, 39.78,
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39.69, 33.43, 30.57, 26.33, 23.24, 22.69, 22.52, 22.49, 20.53, 16.15.
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Compound 160

To a solution of dendrimer core 167 (2.00 mg, 0.253 pumol) in anhydrous DMF (25.3 pL) were added DIPEA
(12.7 uL, 11.1 umol in DMF), azide 166 (14.5 mg, 6.08 umol in DMF, 25.3 uL), CuSOs4 (0.647 mg, 4.05 umol
in distilled water, 6.33 uL), and Na-L-ascorbate (2.41 mg, 12.2 umol in water, 6.33 pL) at rt. After being shaken
at rt for 36 h. The reaction was quenched with DOTA (4.9 mg, 12.1 umol). After adding water (300 pL), the
suspension was centrifuged using 3K Da Amicon Ultra (0.5 mL) under 140,000 g for 10 mins. To the supernatant
was then added water (350 pL). The step of centrifugation and water addition was repeated for 6 times to remove
copper ion. The residue was purified by RP-HPLC on a Nacalai Tesque 5Cs-AR-300 column (10 x 250 mm)
at a flow rate of 4 mL/min, eluted by 0.1% TFA in water (Solvent A) and CH3CN (Solvent B) with linear gradient
from 2% to 50% of B over 60 mins to give 160 (6.9 mg, 59%) as a light brown solid.

'H NMR (500 MHz, CD;OD) : 5 = 8.81 (16H, br s), 7.87 (16H, br s), 7.36 (113H, s), 5.38 (13H, s), 5.32 (16H,
d,J=3.3Hz),5.16 (12H, d, J= 2.3 Hz), 4.53 (45H, d, J= 6.9 Hz), 4.34 (15H, d, J = 6.4 Hz), 4.22 (7H, dd, J =
5.2,2.5 Hz), 4.14 (24H, br s), 4.08-3.52 (1621H, br m), 3.49 (18H, s), 3.35 (800H, br s), 3.21 (7H, s), 3.17-2.92
(45H, m), 2.37-2.27 (58H, m), 2.03 (67H, s), 2.00 (44H, s), 1.97-1.86 (65H, m), 1.66-1.58 (19H, m), 1.41-1.27
(243H, br m), 1.19 (48H, d, J = 6.4 Hz), 0.97-0.86 (51H, m), 0.10 (13H, s).

3C NMR (700 MHz, D,0) : §=177.06, 175.05, 164.08, 163.88, 163.67, 163.48, 143.46, 143.39, 134.76, 129.96,
129.92,129.88, 129.84, 129.79, 129.76, 129.69, 129.62, 129.60, 129.56, 129.54, 129.52, 129.49, 128.90, 128.88,
128.84,128.81, 128.76, 128.74, 128.68, 128.65, 125.43, 125.35, 125.33,125.29, 119.61, 117.94, 116.29, 114.63,
100.86, 99.80, 99.67, 97.42,97.38, 93.81, 77.17, 76.94, 75.70, 73.57, 72.59, 72.49, 71.96, 71.91, 71.81, 71.76,
71.62,71.52,71.27,71.12, 71.09, 71.05, 70.97, 70.88, 70.81, 70.72, 70.18, 70.06, 70.01, 69.63, 69.56, 68.84,
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68.45, 67.93, 67.51, 64.26, 62.05, 61.98, 61.91, 61.14, 60.81, 54.54, 54.36, 54.31, 54.28, 54.26, 54.18, 54.00,
50.92, 50.75, 50.70, 50.64, 39.78, 39.69, 38.01, 33.42, 27.81, 26.33, 22.67, 22.61, 22.55, 22.52, 16.18, 16.13,
15.52, 8.58.
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3. Materials and methods for bio assay

Materials and cells

Raji cells were purchase from JCRB Cell Bank (JCRB9012). Roswell Park Memorial Institute (RMPI-1640;
189-02025), penicillin-Streptomycin Solution (x100; 168-23191), SDS-PAGE sample buffer solution (2ME+,
x4; 191-13272) were purchased from Wako. Fetal Bovine Serum (FBS; 10270-106), Trypan Blue Stain (0.4%;
15250-061), and anti-mouse IgG antibody fluorescently labeled with Alexa 488 were purchased from Thermo
Fisher Scientific. Standard complement, Rabbit complement was purchased Cedarlane. Cell counting Kit-8
(343-07623) was purchased form Dojindo. 96 well plate (3860-096) was purcahsed from IWAKI Brand Asahi
glass CO., LTD. 96 well microplate V-bottom (P96V0O3N; 1-6776-02) was purcahsed from AS ONE CO. 10%
gel (SDGS521, acrylamide gel, for SDS-PAGE) was purchased from Bio Craft. 2D-Silver Stain-II and reagents
for electrophoresis were purchased from Cosmo Bio Co., LTD (423413). Purified anti-human CD20 antibody
(Isotype: Mouse IgG2b) was purchased from BioLegend, Inc (302302), Anti-B antigen antibody (sc-69952,
Isotype: IgM) and anti-B antigen antibody fluorescently labeled with FITC (sc-69952 FITC, Isotype: IgM) was
purchased from Santa cruz biotechnology. Anti-blood group B antigen antibody (ab2524; 1 mL, supernatant,
Isotype: IgM) was purchased from . Abcam. PD SpinTrap G-25 (28918004) and regent for SPR analysis was
purchased from Cytiva. Thermo Fisher Scientific Attune NxT Acoustic Focusing Cytometer was used for flow

cytometry analysis.

SPR analysis

All binding assay were carried out on the Biacore biosensor system (Biacore T200) using a car-boxyl-
methylated Dextran-coated gold sensor surface (CM-5). Anti-B antigen antibody was covalently immobilized
on the dextran polymer. Carboxyl groups of the dextran polymer were activated with a solution of 100 mM NHS
and 400 mM EDC in HBS buffer (pH 7.4), for 420 s at a flow rate of 10 pL/min. Then, Anti-B antigen antibody
(50 ng/mL) in acetate buffer (pH 5.0) was injected over the activated sensor surface for 420 s at flow rate of 10
uL/min. The remaining activated residues were blocked with ethanolamine (1 M, pH 8.0) for 420 s at flow rate
of 10 uL/min. Glyco-dendrimers were diluted in HBS buffer to corresponding concentration and exposed to the
immobilized Anti-B antigen antibody on the sensor surface for 120 s at a flow rate of 30 pL/min. During the
dissociation phase, the sensor sur-face was exposed to HBS buffer for 600 s at a flow rate of 30 uL/min. Then,

Anti-B antigen antibody was regenerated by 10 mM glycine-HCI aq. (pH = 2.29) for 60 s at a flow rate of 30
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pL/min two times.

Hemagglutination inhibition assay

For carrying out hemagglutination inhibition assay, “V bottom” 96-well microtiter plate was used and 12.5 pL
phosphate buffer saline (pH = 7.2) was added as a diluent in each well using a multichannel auto pipette. A 25
puL of dendrimer solution (18.0 uM) was added in the first well of each row. Two-fold dilutions of the sample
were made by transferring 12.5 puL suspension from the first well of each column to the next well by using a
multichannel auto pipette. This procedure was repeated till the last column of the 96-well microtiter plate. After
serially diluting the sample, 12.5 uL of Human plasma (A+ or O+) was added to each well. 50 uL of 2% (v/v)
red blood cells (RBCs) (blood type: B+) in PBS buffer was added to each well, and the plate was incubated at

rt for 25 mins before visual scoring for hemagglutination inhibition activity.

For carrying out hemagglutination inhibition assay, “V bottom” 96-well microtiter plate was used and 18.8 pL
phosphate buffer saline (pH = 7.2) was added as a diluent in each well using a multichannel auto pipette. A 37.6
pL of dendrimer solution (1.0 uM) was added in the first well of each row. Two-fold dilutions of the sample
were made by transferring 18.8 uL suspension from the first well of each column to the next well by using a
multichannel auto pipette. This procedure was repeated till the last column of the 96-well microtiter plate. After
serially diluting the sample, 6.25 uL of anti-B antibody (clone : HEB-29, supernatant, 10 uL in 70 uL PBS
buffer, 1 : 7) was added to each well. 50 pL of 2% (v/v) red blood cells (RBCs) (blood type: B+) in PBS buffer
was added to each well, and the plate was incubated at rt for 25 mins before visual scoring for hemagglutination

inhibition activity.

Protocol for cell culture

Raji cells were cultured at 37 °C with Roswell Park Memorial Institute (RPMI) 1640 Medium supplemented
with 10% FBS and 1% penicillin/streptomycin. Cells were maintained at 37 C with 5% CO, in a humidified

chamber.
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Protocol for B antigen-antibody conjugates using B antigen NHS ester

The antibody (anti-CD20 antibody, 80 puL, 40 pug) was transferred into PDSpin-Trap G-25 containing PBS buffer
(60 pL). The column was centrifuged under 800 g for 2 mins at 4 °C. To the filtrate was then added PBS buffer
(70 pL). After the antibody was divided equally into 4 tubes (10 pg in 50 uLL PBS buffer), the B antigen ONSu
ester at various concentrations (final concentrations: 0, 0.2, 1.0 and 5.0 mM) were added to antibody solution
and mixed by pipetting. After being incubated for 30 mins at 4 °C, the reaction mixture was transferred into
PDSpin-Trap G-25, and centrifuged under 800 g for 2 mins at 4 °C to give B antigen antibody conjugates. This

antibody was stored at 4 °C, short term (1-2 weeks).

Anti-CD20 antibody (80 pL, 40 pg) was transferred into 50 kDa Amicon ultra (0.5 mL) and PBS (300 pL) was
added. The solution was centrifuged under 14,000 x g for 10 mins at 4 °C. To the supernatant was then added
PBS (300 pL). The step of centrifugation and PBS addition was repeated for three times. After the antibody was
divided equally into 3 tubes (10 pg in 50 uL PBS buffer), the B antigen NHS ester at various concentrations
(final concentrations: 0, 0.2, 1.0, and 5.0 mM) were added to antibody solution and mixed by pipetting. After
being incubated for 30 mins at 4 °C, the reaction mixture (in 50 kDa Amicon ultra) was centrifuged under 14,000
x g for 10 mins at 4 °C. To the supernatant was then added PBS (350 pL). The step of centrifugation and PBS
addition was repeated for five times to give B antigen-antibody conjugates. These antibodies were stored at 4 °C

for short term (1-2 weeks).

SDS PAGE analysis

10% gel (acrylamide gel) was used. To 0.4 pg of sample (antibody alone or B antigen-antibody conjugates) in
13 uL PBS buffer were added 5 uL. SDS-PAGE sample buffer (4x) and 2 uL 1.0 M dithiothreitol solution in
PBS buffer, and heated at 100 °C for 5 mins. 3 uL standard protein marker was used. After loading the samples
to the gels, SDS-PAGE were run using Tris-Glycine buffer (25 mM Tris, 192 mM glycine and 0.1% SDS) at 20
mA for 1 h. The gels were immediately stained with silver stain kit reagents (2D-Silver Stain-II) and scanned
using ImageQuantTM LAS 500. After measuring the distance from the top of the gel to each MW marker band
(210, 140, 90, 70, 55, 40, 35, 20 kDa), MW was plotted against the distance and a logarithmic approximation

curve was drawn. The MW of target band was estimated using this curve.
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CDC assay

Raji cells were cultured using RPMI. To the cells (2.5 x 10° ) in RPMI (90 uL) were added 10 puL B antigen
antibody conjugates (1.0 pg/mL for antibody labelled with B antigen ONSu ester at 0, 0.2 or 1 mM glycan
concentration) or PBS buffer and incubated at 37 °C for 1 h under CO, atmosphere. After the cells were divided
equally into 5 wells (5.0 x 10* in 80 uL RPMI), 10 pL of Anti B antibody or RPMI were added and incubated
for 15 mins. Then, 10 uL of rabbit complement (RC) or RPMI were added and incubated for 1 h. 10 uL of cell
counting kit 8 (10 times diluted with RPMI) was added to the wells. After being incubated for 2 h, cell viability

was measured by micro-plate reader at 450 nm.

Flow cytmetry

Raji cells (ca. 3.0 x 10° cells/tube) were incubated with B antigen-antibody conjugates (0.1 pg in 100 uL PBS
buffer) or PBS buffer on ice for 1 h. The cells were washed three times with PBS buffer and incubated with
Alexa Fluro®488-goat anti-mouse IgG antibody (0.05 uL in 100 uL PBS buffer, 1:2000) or anti-B antigen
antibody fluorescently labeled with FITC (clone: Z5SH-2, 2 puL in 98 pL PBS buffer, 1:50) on ice for 1 h. The

cells were washed twice and suspended in 0.3 mL of PBS buffer and analyzed with flow cytometer.

<BELHE—HEE>

1. Sianturi, J.; Manabe, Y.; Li, H. S.; Chiu, L. T.; Chang, T. C.; Tokunaga, K.; Kabayama, K.;
Tanemura, M.; Takamatsu, S.; Miyoshi, E.; Hung, S. C.; Fukase, K., Development of alpha-Gal-
Antibody Conjugates to Increase Immune Response by Recruiting Natural Antibodies. Angewandte Chemie-
International Edition 2019, 58 (14), 4526-4530.
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