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£1E W
FTA1E NOTVAT7—IgX174 DIEEERHE LPS

NRITVFT 7= gX174 1%, KIGE CRZIZ U & Lz T AEMEMEIC
YL 2 — A DNA U A VAT, EAK 26 nm O IE - HAEOHEZ & DX
VAT RToh D, gX174 1%, 18 FAME OSESNFEITAEET D U AL (LPS;
Lipopolysaccharide) Z# 78k L T T H B2 6N TEHEY, ZAUICHEELTWD
DN, ¢X174 DFFOF, G, HZ XV E TS, 12BN DO TV RF XNy
B 5 BRI K o TR S e E - HEROTE A 12 7 T, EERERmEICRET S
BENERFOANA T G X NI E S BKRN S D, £z, G XL/ IH 5 BIKD
HlnNZ, ANA 7 OFEN L, RAFE#I2 7 7 — 3 DNA Z RAEPNERIZIEA
TLOERNECFROHZ T ERS L EHEE S TS (Figure 1-1, 2, 3),

Figure 1-1 ¢X174

W50 T, o
HEMFRICED BT o T |:> 73 ﬁ{)[iNAGD
TR R EIRE

Figure 1-3  ¢X174 [EYpHE ORI

5



BTSSR 2 O TZAFZRIC K 0, ¢X174 IS A RS 7 i o T TR O R i
WCRET D EWRIN, ANRA T HZURTENLPS ik T 55261 T
el ZRLOK, ERAFUUATEMELIZANA T G KOHZ ™7 E

(HisG, cHisG, HisH) 2 %, =/ h—R{EAZ S Z@AE LT 7Y RF X
X7 (MBP+F) 4 FRfL S, LPS & 2 O EAERNAELZ - W b=
BIICHFZE &N C & 7=, HisH <° HisG ($¢X 174 sz k2 St & 7= LPS 12
KAt L, FERREZYERRBCRO LPS ITITRE G L22WZ E LT oTz, £ L
T, HisH I% LPS FR&E e R s 278k L, HisG (X LPS &AL L T\ 5 2
EDVH| o722 FE72, MBPHF T, FEATHE Y ICX VG STz Z =
—AFEGTA N ETPRENDEHALOMRMER L OMEREMET X DY, #X174 D
YRR MUIZFEE LTS Z ERH-729

#X174 O FE/RI5TTH D KIFE C KD LPS 1%, D-glucosamine [ZENiEE 23 &
# L7z LipidA &, R-core EFEHIN DB MR 7 ) a2 RS TEN 72 A Y T
DO STV D (Figure 1-4) 7, HCH T Eal il i EE %l 2 B/
EEDITWVD DN, R-core IHRITAREA DI 2 THEEH TH 5, KGE C £
DA 2 7 HES I, 3 O D D-glucose 7LD P(1-=3)FEE L a(1=3)fEE THN - T
B, E5ICEOPMEAERIC 1,2-a-D-galactobiose 7 a(1—-2)fili A TEN 5 THE
A S ATV D (Figure 1-5), $e4 1 LPS OFESHE I EHE R AAMEADRH D &%
A2 THY, LPS DIFEE D & M THRE LT O, N-Iil7 > 1k LPS (de-ON)

LU & LIALER B & 0 U 72 B8 A W T BRI 217> T& 7 &

10)
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L-glycero-D-
- manno-Heptose
3-Deoxy-D-manno-

I
|
Inner Core : Fatty 2-octulosonic acid
|
1
1

Outer Core
L J

Y Acids u D-Glucosamine
O,N-deacylated LPS (deON)

Figure 1-4 R C #kH2k LPS O, HEFREIf T o7 rr 7 Xy
M Vinogradov HIZ L > THERESNTZHDTHD 7

Glc (R)

OH
OH
oY
HO ol Ho Glc (W)
HO

Glc (2)
oH

0 O

HO ~
Gal V) Hoﬁ Gal (g)H

HO “oH

Figure 1-5  KIH C BRI LPS OIS = 77 M EH e bk



28 NMROYGEERZ¢X174 & LPS OEEFREEFT DR A

Tz ik, ¢X174 D AIRA 7 &7 LPS O HAER & AL fEAT
T 2729012, NMR 50tiEa O T BEAR T 2372 WD . A1 27 H B
KOG Z RV B OFEIERIT de-ON Z IR L CHIFIZ8) 22 NMR (STD-NMR)
2E LTens, HHAEAER E B ESIEO LT, &6, BT/ —RED
(5 DHEL D DM CREM 2R E I XE 2 fid 7=, = Z°C, Vinogradov H1Z K-
TH)—IZ BC ik S 7z LPS OFESHFE /> D NMR DIFJEAZERL SN TND Z &
ZHNT, UV RR=20(0% > 7 MEENEIZ X 2 AEREIT SR AL
72

REPLE LT, [PCl-D-glucose Z il [REFHIIC RN L T35 Z & TR oL
EE2ND LPS Zhhiti L, 7% UK & - TH—I2 PC ik Sz de-
ON (['*C]-de-ON) MFH#L XN 7=, [3C]-de-ON & A4 7 HEB LG #2377
BO%E)VIRAIKD HSQC A7 MLEHIE LT, BN 227 FLIZo0
T, 7/ AV ZHBOGFEEOERVIZ IKITAXT MUZRDH I LIZk-T
BES NN, ET AV v ZHEBICOWTIRIRE LTESOEZR Y AL
<, BERMBIZIZEL ) -7z, 7=, Vinogradov &% HSQC-TOCSY (Z L -
THHICER VA O BPEREORBEZIToTWER 7, A OHBEIUG Z
YRR UTORRETIE, A ~1 BH %8 2 2 R O#FeHlE 217> T
DB X ORRENRD B, EBRRORA HIHEMB R X7,

TexDZNETOMEL LT, LPS OEOHE R LT- —h T gX174 ([THR
BN ET D Z N> TED 13, NMR 435615 TOMBEMRITICB VT E =D
fEHTIL de-ON & L U CR(EICAT 2 A FSED3 8 5, £ 72, Faige 513 LPS DI



a7 HESHD galactose FRHk A KIS BT KIGE OBIMENME T T2 E23mE L
TWb, &I T, galactose FFI% T ATCH MG —FEZ T 5 2 L%, NMR
ICE T O AAERMITIZER DR DIC72 D L& 2 b,

5 3ET MEHDEK
F1IE BHOBRAKEERICLSEK

FEBH 2 AL ZINC AT 2 5EE LT, PERBREEIC L D HIESABA K
IZE D HERFT DD, BEIEBEERIC L > TERT 5 LTI, BEORDKER
EORGEN B AR KM TREIZ T U a v ufbnitEde 7o, HERN
fLETOD 7 U 2y ROBERLAREFHEA~OBEN D722 THe, LvL, BIG T
TP BESR 2 A T 2 B EIRIC 72 o720, AROIEE & 720 15720 Nk
[EE DK E RIEEHOBA~DISHIZIRA R D720 T2, —F, AEERIZED
FETIE, BECEBAFEET HKBELRIRICRE Lt LT T ny s
DEEBEHIZ D0, /Bohd 7Y ay REEOMEIZE LT v 7Ty
7 DR\ RAFT D, TDT0, [EBED 7Y 2y RiEE & o HEH & eI E
RTHZENTEDLLEBZBND, 7o, AMERICIT B HEHO— 726 Bk
HEE UTHIERERE W27, BRE T OMENEM IS ThH-o T,
N LTefk 2 I B RB RIS K o TRUGHER R eI 2 T5 2235 2 & TA
Bl BER T & D ATREMED B B 19,

KIGE C RO 7HEFIZHN D 7V 2 FREEI3IMmD TEMER DO TH
D, WEZLICHEBEEZHNE T2 2 EPRETHL EEX BN, £2 T,
AR T, W& DOBEMEZRBEH O REHHE-CRINVIMER SRR & A8 2, AEART

PEHZRFL Z LT Lz,



$£21H JUIVIVERIHICES T 31EFE

—RIZ, AEEKICBT 57 Y 2 ALROSIZL T O K 5 I2H#E473 % (Figure
1-7) 77 AV v 7 RFBICHBEILZ BN L7 GK (F) a2 RP—) (g,
T D7 BT —4 — LIRS LA ABCES R E A ER S OB
EES T <52 8T, PRTIEOFTXF Y INR=T DT AU HEL S
o, £, FEDOEFOAE Ru ¥ 2ol isik () avrr sk
TH=) BHSSEHIET, TV av REREERET LI LN TED Y,

BINECTERD S ) ay MEGESDLI0, Hela TRERD LRt 5048
T E—Z—DRFENMTOITEZ (Table1-1) 19, EOHEL 7Y ay Fa
BT 5 &) BRIZE U CTh 573, FEHEGAR DAL R 20 22 E MO IR R %
Ik U 72 B 52 28R O SREEME 69~ 2 MIMELC IS U TRl 50k 7 1 & — & — 03 il
WIRTHENTWD, T2, B BIRIZOWT Y, KERFE DN BRI 22 (5 )
L7 TERY, HEEOL PR EZ AR LT 5 2b LKA Z2 = 2T v,
(V) =2—=T N, TEF—NVEL~FEEIT D, SO, EHEREHE S
RS D72, Rk 2 bR &, A2 S 12 EEIRAICRET 2 2 & D
TEOREREZNET OLENRD S,

. A
NO _ MLg P/O+ . - HA NO
P O/‘qu —_— — \ H —_— v
g Lg , Glycosyl PgO g) | PgO ‘N\/“LOR
Glycosyl - Acceptor Oxocarbenium "R ;
Donmor 1+ A Cation Acceptor Glycoside

( M: Promortor  Lg: Leaving Group  Pg: Protecting Group J

Figure 1-7 27V 2 3 AL OGS O LG
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Table 1-1 FEALHGARIE AT D HEER & 7' 02— 2 — DA Gt 19

iR (Lg) Tat—4—0—fl & D24 R
Cp:HfCL, Cp2ZrCl, - gk
F
(* & v filft) 7 =l
Cl, Br AgOTf, Hg(CN),, Koenigs-Knorr
Z =N (N AgO/TMSOTH, 7= Z4
NR
P P§ NIS,
0" CXs Schmidt
R =H, Ph, etc... TMSOTf, TMSCI
X=F, CI D R=2Z(9
. v A A k)
') TEMIT—h

N~
PgO/"qMt

Lg /@ CuBro/TBABr
s

B
PdBry/ =z B

Fs™~
/@ NIS/AgOTH,
#s NIS/TMSOTT, Fraser-Raid &/
COOH
FA YL KD NIS/TfOH
R
Fj ﬁ Khane
o] THO/DTBMP
AED2%|4
ANTHRF TR

$31E 7/NNRETIVIVRES

AV IO EICRE REEERIETONRT ) ay FEEORFFHLTHY,
BREGRICBWTER R, BOELLDORFRLERFOLIICRDINE, K
S AW IRIESe, Bt GR D 2 ot e RIEA L R#EREICL -
THIET 22 ENTEDLLEEBEZ LN TV,
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T AV I (1) Ok RaXx U EIZoNT, @k, 7 et 8ko
NEBRTHIZE, 1,3-diaxial FHEIERAIZ XY equatorial (2D TN LV LETH
. LnL, 7/ ~—3REMINDBIRIZLY, axial IZHDHFHHA LY LEET
HOPENDD, T )~ ROV TIIE A RS/ RESNTRBY, B/
—AREHE L CWOIMRIR T OB E—RAY N, T/ AV v IiOEHE
JEF2HTHHT Z & Taxial DIZI VR VLEILRD EBZ BN TND P, 2D
ENTH, BREMR L TWAMERFOn B L, 7/ AV v 7 (Dopo il
FAARIZZ2 Y, T FRXY T I —EB R bEEZ T ZENFERTH D &
HEZ LTS (Figure 1-8) 9, RERAIMTILH 578, MIRMEREEL T U 2>
WALEATS &, T/~ =R OEBE REZT Ca-T / ~— BRI AR

T 5, BT, MR TRISEITY &, B-7 / v —DERIIAERKT 5,

Lone Pair of sp?

Rybrid Orbital —<— () X OX

D@ e %@O\X
")

B-Anomer
(Unstable)

a-Anomer
(Stable)

*d

In Phase "’. n, (HOBO)
5}

C

a-Anomer
(Stable)

B-Anomer co
(Unstable)

Figure 1-8 7/ ~v—%hk
() BEf-E— A v MTHEDWIZ PG

(F) 7u 7 g THOERIZFES W B
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ANEY TN R=ZAFELEO 7Y 3y FiFaOREIL, 1B X2 o EREE
FEHEIZ L CD1,2-cis-0, @1,2-trans-B, @1,2-trans-o, D1,2-cis-BD 4 FEEAFAET
% (Figure 1-9), 7/ ~ = R0%R 3 5 Bt B 5 0 % 5- % % T 7= 1,2-trans T
D7 Y ay g (@, @) OAMEESENHKEIENZ ENmENTED,
mannose 7L OV T Ho(1—=2)7 ) v REEA TED - 72 F8H°, glucose 71k
BB(1—4) 7 ) Ay R TEB - LHEHO AR EIZZ V. —T, 1,2-cis
D7 Y 2y Fifa (O, @) Omffed 2 EIIEEET 2 2 fLOSFFREEN R E N
f, WIH TR MHEERE G225 2 LN TE RV ERNHE L 725,

OR OR
0 0 0 0
(=R I = =L
ROOR OR OR
M 1,2-cis-o. @ 1,2-trans-p @ 1,2-trans-o. @ 1,2-cis-p

Figure 1-9 7'V 2> NG OFEEAE

$ 418 KEEDRE —2 UDRERECHEERS—

7V A ALIGEDO IR TH 4% Y WA= DA FA Nk LTH T
NTHRIGDEZ Y, FESZEERORBREZZ T WVEED Z &R TEIUT,
7V ay NEGOAF LR TEL LB 2 OND, 2O X 7efle LT, KLH
DM 2 P2 AT ZED, 1, 2-trans BLD 7 ) a2 RRE LD Z &N
HMHNTND, BIZIE, 2MORERE LTT VL ROR#ERLRZA WD Z & TT
NVFERY =T LA F w2 5715 (Figure 1-10a) X°, =— 7 /LR DR Y
NWETHBRAKRT =)V ERISEEICAWS Z & TR VU LD F
A E T 5 7% (Figure 1-10b) MG ST 20, W12, 1,2-cis D 7
Uay RefELTeWgGalE, 20OR#ERL LTT U VEZEIT 20BN H D,
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B-face attack
(predominantly)

(0]
\\’( a-face
ttack
O Me attac Me/&o
Glycosyl Oxocarbenium Acylium .
Donor Cation Cation B-Glycoside

b
6 @) B-face attack o)
WSPh % (predominantly) WOR
N* o, . o
/ | ;\ o pn—
E;k \\\ +N§9

Glycosyl R 0 a-face B-Glycoside
Donor J "N Nitrium Ph—/ attack
Ph \\R Cation
Oxocarbenium - Oxazorium
Nitril Cation

Cation
Figure 1-10 BEEZEIEE 512 X D 1,2-trans B ) 213 N O RS HEHE 20
a. TIIVENEET 254 b = N ALVRBENEGT 54

E518 KBEDRE —3,4,5 5LV 6 MDREE—

2L DIKEEFEDRERLIIBEE B 512 X > T/ ~—OHINc H 53223, %
NSO KERFEDREIRL Y, 7V a3 LIS EE S KIE T (Figure 1-11),
Bl 21X, 3, 4, 6 (L ORFEELDT B F LK OPELGIR A L X DV DL GAR
BZ#&R25, 7RFNEDTOBFWRGIVENL D REWTD, ANBAELLAF
VANRZ G BEHTFFH 2 NOREWIIB LV /NS D, £z, 4, 6 (fiDKEE
HKE_UD)FUoT LV THRE LB GAC L BRI L TAD L, &
FRSIEIZRIETH LD, COLELLIINTFAL ClEar 74+ A—a Ol
KEZTDHZ ET, X DN BT NI 722 A OREE &
EDITIERWTRNFX—FET 5720, BLOGEICZ LI 2b, 20X DI
LT, RIGHENR KD RE L0 D & 9 ah8ik(bz armed, K V/hS<D X577
FHEAR(LE disarmed & F 5 2,
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OCA)C \(OAe
AcO - +
AcO SPh —  » AcO \
OAc AcO

A OAc
A' disarmed

OBn OBn

OBn
BnO % BnO O+ = )"X/\
Bnoéo&ssph — B N = Bno/vo OBn
n
B OBn OBn
B' armed
0] (0]
Ph/TBO o /éfo o —Ph
BnO SPh — N = o)
OBn Ph BnO - +

<
OBn BnO 0]

¢ BnO

C' disarmed

Figure 1-11 P GAR DR & armed, disarmed

%5618 4,6-0-DTBS EZH A U7z galacto BUEH 5K

SR OIZESTT /)~ —ORFHIEOH =727 7' v —F gt S vz 2229,
W I35 4 TR 2 AL “MEHNT” LI3ER 0, 4, 6 fLIEALZERE
DOLEMM BTG ZRAL Ca-7 / ~—DH%E 5 25 galacto HHERL 5K DA
A HEL, 4, 6 M2 2k BAL T7 U 2 v UWbRS 23 1T LT,
9% &, di-tert-butylsilyl (DTBS) #:3a-7 /) ~—D &% 5 2 % galacto B OREHL
HARDARF MBI 22 D 2 L 2V > 7=, DTBS 13, #7212 CDBS (cyclic-di-tert-
butylsilyl) & FEIZAU super-armed 72824k U L= —F L & UCTHLUZ 4, 6 (L& NTE
BINMRET 2 BT CHERA I TW R 2, REMBE L Lo 720k
Wiz R L7z,
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ZIT, 4, 6 (LORENERD 2FHOPEMREAD, EXE X5, O-Sifie
EO-CREAGRAZMT 2 & OSi A O BMENCRE WD, DIZE LV D, &
DEAFBEZR-> TS, ZLT, AXYINR=T LA TH Y DBIOE
W25 L, BEATEENEEEINDDT, DDOFNEVEEIGFETHI ENT

, BIRTH V235 armed 72 R#ERL L 72 V152 (Figure 1-12) 2,

% >( : Ph

%/Sl\o A
O 00
(0] o*
BnO SPh — Bno ——— BroA_

o:!
OB
D E E

Figure 1-12 DTBS M %8 A U7z galacto RUE{L 51K

DTBS i D 722 2 F50%, 55 4 TR~ 2 fLORHEHR B 2R Y U] > CTa-
T ) ~w—%kbz25ZLTHD (Figure 1-13), DTBS % & A L7z galacto FUpEfL 5.
KIX, 20027V ERH -T2 LTH, 04 BELW 06 76 DZE/MA 72 E it
BlIZXoTT VN AXR =T D ADTF AL OEREMZ, TX% Y IN_=T L0
FA L OREEZHERFT D, D&%, DTBS XY T / —RABD 05 Al FliiTe
KD NG E Lo TV D LB 2 B, FEZFEROBE D & ORIZL R % HF
T55%, 7/ ~—RORELZ T OEEWTa-T ) ~—% 5% %, 2D
TRAEITHIFIN < o7 2 & T, KV ERGHRAT v 7O, R#EED
BB DIE AN RS - T2 22,
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Through-space
\‘/ \*/ electron donation >( \|/
from O4 and 06 .\

O %’SI
SI‘O O \O 7)\[3 -face N
E E ot +ROH attack E
HO R XOR
X a- face attack O=<
R O (predominantly) R
Glycosyl donor Oxocarbenlum ion R a-Glycoside

[ X=NorOatom Lg:Leaving Group Pg: Protecting Group ]

Figure 1-13  4,6-O-DTBS J&\Z L % 7 / ~— (L OARFEHI i 22

F4E AAROEN

Borxlx, " TVET7—VgX174 DX X7 E L LPS BLREOREHE L D
FHEAEM Z NMR 53 GBI K> TEBL PRI 2 2 L 2 AR L T D, L
2L, LPS Db D% M7z NMR 75 )67E TOMAAE RN TiX, FESHOEMES
XDHEFICL VTSRS CH 72, £ 2T, RIFFETIX, MAEHICEETH
HEBZZHIVTWD LPS OINBa 7HESHICER L, T A L= oEis =
P ARG THL2Z 2 AR E LT,
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28 XK@
£ 18 HOBE=REDEK
F£1IH BDEE=NE 1 DERETE RS
KIGHE C¥ED LPS OS2 THESHZ S R EOA ) IfEL LTEX D, Tk
Bpzd 5 “HEO BN THMET S &, Glapo(1—2)Galpo(1—2)Glepo D i % Hi
oA S 1 NE S D — o L LTHE 2 bz (Figure2-1), AWML L —
7 LA TORATHIEIZ BV T, Glapa(1—2)Galpa(1—2)Glepo D1 13 ¢X174 D
FBERRICHFELTVD L EZLNTWD D 72, A L= 5o =
W1 ORT L7 Z —EEICBBR N R 2 D,

o o | Glc (R)

HO%%&% OH Gal(S) Ho OH
HO 0 |[Glc (W
OH Oo'@S‘ m
Glc (2) HO.
o OH \ésf HO
0
HO o 0 OMe

HO K OH Gal (V Glc (R

Gal (V) Gal (S) HO “OH

HO “on
Outer core region

Figure 2-1 KIE C#RD LPS OAME = 7 BESH OIS & /0l —hE 1

18



EROPHETE —HE 11X, 2 AR ET D 2 L3 TE D galacto BUPEHL 4R
2 L, 2 EDSHERED KR & FE D gluco BINEZ IR 3 LD 7 ) a2 L& iR
TZLETARTEDEEZ BN, £ LT, #5145 2 1% D-galactose (4) 725,
W2 34K 3 13 methyl a-D-glucoside (5) 2>, KEEFE~ONLERING 22 LR O
BANCLS>TARTED LB X B (Scheme2-1), =85 1132 DDo(1-2)fE
EEEFOZEND, DR VIABANST-NEEEZIRD Z ENTRIND, TDT-
D, FEHEERIZIE, BIRANCHIR ISR EHED H 2 & D TE S DTBS A4 iE
AT kb LT,

Gal(S) OH __oOH Deprotectlon

o (0] BnO
HO > HO Glycosylatlon ?H\ 2 SPh Homg\m]
HO[OZ3 OH BzO OMe
a OM
V) o ® [alc (R) /*\
OH Regioselective
1 2 Protection
Galpa(1—2)Galpa(1—2)Glcpa-OMe
HO _oH OH
0 HO 0
HO HO
HO

OH OH OMe
D-Galactose (4) Methyl a-D-Glucoside (5)

Scheme 2-1  #l0HErE = FE 1 D& BT
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£ 210 HEHSHK2DE/K

(*)-D-galactose (4) A HFWE & L CHKFFRAEHIE L2 TTrEF L
b6 & Lictkic =7 v bR v FE-—T Vi (BF; » OEt) fFEFCT7 ==/L
ANTTH o (PhSH) ZERHES®HAHZ L TTF ATV av R T RELNZ, 7O
T/ TN E R MR CRRE LTI, Y7 F T 8 Y R ((n-Bu)SnCl)
& BAE~_ 2L (BnBr) & MWz 3 ALERII T L FARIC K > TE /R Pr
bFE 9 N7z, 2z Y ¥ U AFE T T DTBS kAl Td 5 DTBS(OTH, &1
MAE®5HZET,9 08D 3 SOWERERKEEIED 5 B, 4, 6 LD LT DTBS
FAGAN LT, 5072 10 OEHOBRERKERIC Y Y ¥ U A7E T b~ v

VAN (BzCl) ZEHSES Z & THSEIER 2 ZE 57/ (Scheme 2-2),

OH oH Ac,0, NaOAc AcO _OAc PhSH, BF 5+ OEt, AcO _OAc
O o) o
HO&SH Aco&/om Acogg/sph
o “OH refl%xé; 1h oo CH,Cl e
D-Galactose (4) ° 6 0°C,15h 7
85%
HO _OH BnBr, (n-Bu),SnCl, HO _OH
NaOMe then H* o TBABr 0
HO SPh BnO SPh
MeOH OH CH,Cl, OH
0°Ctort,1h 8 70°C,3h
22% over 2steps 9
Sto %’Sl‘o
DTBS(OTf),, pyridine 0 o BCl (0] 5
CH,Cl, BnO SPh  CH,Clypy = 1:1 BnO SPh
70°C. 3 h OH quant. OBz
76% 10 2

Scheme 2-2  FEfiL 54K 2 DG H%

£ 318 EZEARIDERK
Methyl a-D-glucoside (5) ZHFEWE L LT, £, WEHEOKEEXD 4, 6 i %
RUORAT VT E ROAFALT X —NLIZLo TR DUFUoTEZ—L11 & L
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77o IRNT, IS WM S T BnBr Z1/EH S ¥ 5 2 & T, 3R
JALENT-BESZRIK3 L 2 DBy DAL S VTR SR 15, LT, 2,3 fiF

AR DAL I NTFRER 16 2315 H417- (Scheme 2-3)

OMe

OH OM

e
Ph—X-O
HO o) , TsOH . o 0
HO HO
HO DMF HO

OMe 60 °C, in vacuo, 1h OMe
68%

= R N
(0] O (0]
BnO HO BnO
CH,Cl, /1 M NaOH ~ -~ -~

0°Ctort,22h OMe OMe OMe
3 15 16

(14%) (38%) (15%)

5 1"

Scheme 2-3 BRI 3 DG A%

RV IABKISIZOWT, TLC THr L TAh D &, 3 FIEHOAERMIL RAED
REL B D Z Epvlo7c (Figure2-2), mMRBMEEATo7214%12, 7T v v ah
Thravw NTTT7 4—% 2 EITH LT, BHIZ 3 ODOERY % HEE - R
T&ET,

e R

BnO . BnO

HOOMe \ : : E”noOMe
3 (Ry=0.29) ~2_ \\ 16 (R; = 0.76)

o e
Ph—X-0 Ph—X.0
0 o — o o (@] Q
HO . HO
HOOMe BnOOMe
11 (Rs=0.15) 15 (R;= 0.63)

Figure 2-2 G ZAT > 72BED TLC OFERIH]  (n-hexane/EtOAc = 1:1)
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E 418 aERNASIIIEICED=HE1 DERK

AT E TTR O FEHEGIR 2 L RIR3 2, N-3— RA 27 2 A X F(NIS)
fFAET, MU ZAda2H o 2R R (AgOTH ZfbiEE L CRILSHT,
T 5 &, RIS BHER, a-T ) ~—O ZFEFER12235 5472 (Scheme 2-
4), NMR THEFEK 12 07 2 AV v Z7CER LIS T v 7Y 7
EHEHE LR Jnrm =34 Hz Tho722 &b, galactose 7LD T /A
Uy JNOAREIZaTH D EPRE LT (Figure 2-3) 29,

Ph— X0
OBz /% O
BnO SPh Ph—X\~0 BnO
'0) o (0} (@)
HO

i + BRO NIS, AgOTf, MS 4A B0 | OMe
%,Si’,o OMe CH,Cl, BnO 7
3 -196 °C to -10 °C, 40 min
86% o
> 0
2 /T\
12

Scheme 2-4 7'V a I ABKIGNT KD HEFHEIR 12 DGR

Ph—X 0 o
O
BnO OGlc

Figure 2-3 BEFHE(IK 12 OR1EINE C1°-C2°[H] D Newman £ 522\
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TREHER 12 O O DR A VA NaOMe IC L » CTEd 5 2 & T
ZRM13 L8 X HUOWEEEER2 L7 2 o bRSITR Lz, S VW TIZ,
BONT-=HER 14 OREEZIEREREELTHENO =8 1 N 5oz

(Scheme 2-6)
N
(0]
fe) 0.5 M NaOMe/MeOH
Bno%ﬁ BnO 0°Ctort,5h

LI TP e

OMe
" V-
OBz QL
I\o (e}
BnO d SPh ; o NIS, AgOTf BnO
MS 4A o BnO
(0]
no BnO

_— =
>sf—’o MIRCUA S Clls o B OGP
-196 °C to -10 °C
0 07~Ph O OMe
/f\ mg\ 3h,61%

2 OMe si-0
13

Sito 0
X 1) 1 M NaOMe/MeOH o
2) TBAF HO

BnO O 3) 10% Pd/C, H, gas HOTO ) OH
BnO HO OH
] 24% over 3 steps

BzO o;g@\ofph O OMe
BnO 0o Gal (V) Ho “on Glc (R)
O OMe
o 1

> si-O 14

Scheme 2-6 — ¥ 1 D&KL
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NMR C=HE1 D7 AV w7 EB LI h v 7 o T ER R
L7FEE, 112BWTH 3 =4.0Hz ThH-o7-, Karplus FEWIRNSY < el feta A DY il
galactose FXIEDT ) AV v VD ARF baThH D EWRE LT (Figure 2-4) 29,

OH _
| 3Jyqpo = 4.0 Hz
Gal(S) HOo HA—\ H1-H2
o;m
Gal (V) HO Glc (R)
|

HO H
OH JH1 -H2" =4.0 Hz
1

Figure 2-4 1 DOEER L BTl v 7V 7 ERK
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E28 DADHERVE=RE ERINAMDF DV INVBEEDEBERERT
BONTERSHEE =K 1 23¢X174 DLt 7 X —WEH L R 0 S50 Z2 e+ 5
(2, ARWHEZ V—T7 THEERBITIC W 2 L D& 280050 O R &2
MWD Z X7 BOEART FVRIER KL OHEOEE 25 &, MRE Ak

(CD) WEEHWIZFERZIT-72 2,

F£118 HYVNNVEIZ=RE 1 ZRMUIZBREDEAIRIMVDZEL
BURTEHRO NI TN T 7 UFERET 280nm DONE YA 52 5 L, KR
IR DM CHEN LI T D, £/o, VI RN RN 7 N7 7 VR EMHRIC R
e, hELZBEOZR A=) H o RIZBL72D, HET2 EnmonT
Wb, ZHEFMLT, BEEE 280 nm (281} 2 96T E OAW O IR R TT
PEZREL, TOMELABET 22T, N T N7 7 VR ORED
AL AL Z T B EREGT DN E I EFHET 2 Z LN TE 5,

0.4 uM HisH IFIRICHKIBE N B L E 0-6.4 uM & 725 X 512 =HE 1 ORI % TS
ML, #EDIICEFTHN AT M ZEHIE LT (Figure2-5), — M 1 2MEE
£ (0-0.4 uM) D & XX 1 ORFERAFHI B R N LTV 7h (Figure 2-
5b), 1 ORENISITHMNMT D E, ©—2 by TOEEEMA~D T 7 N B3MED

WZF8 8 BTz (Figure 2-5b, ¢,

SEATHFFEIC I T, HisH ~ LPS Z iR L 72BRI%, LPS OJRE R/ OHIZfF
5 HHRE DML — 7 by TOEERMA~D L7 FBRHE SN TN D0,
PESHE/ CTd D de-ON ZUSIN L 72 B8 1E, HIZHNTRE DWW D AR D HiT
W2 B ZORBIZBWT, mEBRESED LTS Z s D, =1L HisH
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ITHEA LTS Z ez, 2 LT, @iEERICI T 281803 HisH D24
EOZALITHED bO RSN, £, dOLMERLOBRENKE <, KER
W O RE SR T - 72725, HOGHERREIT ) ICES eh T,

Q
o

Fluorescence Intensity (-)
Fluorescence Intensity (-)
=

300 350 400 450 500 325 335 345 355 365
Wavelength (nm) Wavelength (nm)

(2]

0ouM

Ligand
Conc.

Fluorescence Intensity (-)

6.4 uM

300 350 400 450 500
Wavelength (nm)

Figure 2-5 = F§1 2L 72 & & @ HisH O A7 L,
Aex =280 1.5 nm, Aem =300-500 £15nm, a. JAIEFPHEIK (lem = 300-500 nm)
DEIART Ry b =27 by 7T (Aem=325-365nm) DOILKK, c. =
1 FHEETDOANY M ERIZEH LEFRESGETOEAST ML, d UH
> RUREE D FLH,
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E218 GYVINVEE=HE1 DECEERR

0.4 uM cHisG AR IZHIRE N B L E 0-6.4 uM & 725 X D2 =8 1 ORIKE TR
mu, @S NICERF TaEE AT MV ERIE LT (Figure2-6), 35 &, —F
1 OPRFERATHIN IR E O A 3589 H v (Figure 2-6b,¢), 2D Z & »
B, ZHE1TIEcHIsG IZHRIA LTWD Z & o 7,

a b

z 2

2 2

£ E

@ @

g 2

3 3

o o

S S

=2 3|

T . i T . . L ;
300 350 400 450 500 325 335 345 355 365

Wavelength (nm) Wavelength (nm)

(]

= d

>

= 0 MM

8

£ .

3 Ligand

s Conc.

Q

o

g

o . . : 6.4 uM

300 350 400 450 500
Wavelength (nm)

Figure 2-6 =B 1 2RI L 72 & & D cHisG DHE AT F L,
Aex =280 1.5 nm, dem =300-500 *15 nm, a. JIEFIFALIKL (lem = 300-500 nm)
DEIART by, b B—=2 by T (Aem=325-365nm) DK, c. =k
1 FEHFETOARANT MERKICEH LERRESETOEAXT ML, d U
> RIREED LY,
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341 nm (BT D EIETREIIER LT, =F 1 Oz, X174 EZHEETH D
KIGE C #RD de-ON & ¢X174 FRESZ MR T 2 KIGH K-12 #RD de-ON & U
THAEFEREIT o7z, U Ay RBEISHT 28 EREDOE(E 7 7y h L,
IR ER I K > THREGMEREE S Ko 25 L7z (Figure2-7) 2728 BAIPE D5
&% KalZ ) T2 FRICTHERZEITRD b > 7275, K-12 D de-ON D
B KR E A AF max DZEH L TR E Do 72, AFmax TEFIME O S ICE R
B3 H DO TIZARWVA, FEEZIERRD de-ON % W THOGTHE 21T - 72 BT
LMW 235780 B AL, FEEH DR MEDE 9 DA B 5 FEIRIC R V155
EEZEz bz, LEDORERNG, =B 113 CHRD de-ON L [FERDOZEB 2R L,
de-ON CHPLOBMMELFFoTNWL BB, ANA 7 GHZ U7 EDOL®
T —IEEERO L fEm LT,

Q
(o2

Ligaﬂds Kd (HM) AFmax (%)

frisacehande | 0574012 11,63+ 1.05

E. coli C + "
de-ON 0.51%0.16 10.39£0.92

E. coli K-12 + +
deON 0.64+0.23 2.68%0.29

Difference of Fluorescence

_ AFax [Ligands],
B Kd + [Ligands]o

[Ligands]) (kM)
Figure 2-7 #&FE U 2 RERIN LB NEEZ L (%),
a. HOGHED 7 vy b LIEIH#R, =8 1 OR@), KE C #ED de-ON (Fl),
RIGE K-12 BROD de-ON (X)) , b. Fif & AREEE U Ka & fie KOG TR E 2 b AF maxe
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%31 ARE-EEIEERVE H YN OB EDHEBEFRERT
WG & V- FEBRC =05 1 2% HisH <° cHisG IZ/5G 35 Lo 7
W, ZHEINED X D B R 52 T DO OWTH - R BN R -7,
F T, XX B O RS ORI A BT 5 Z & 0T & 5 MFEYE Al (CD)
BEZEIT -7, 0.1mg/mL (42uM) O HisH &%, K20, 20, 50, 100 uM

LB X HIC=RE 1, KIBHE CHED de-ON, KIBHE K-12 ¥ED de-ON Z ¥ L7~

28)

o

AL T H R BliFa-~Y w7 ADMBNL I IR EE A RS 2, CD IE
DfERba-~U v 7 ZAEEEZ R TRENRADa Yy P CHRBBD ST
(Figure 2-8), =L T, =HE 1 BLOKRIGE C LD de-ON DR EDHNINIZfE: -
T 208 nm B LN 222 nm IZBTF Da-~V v 7 A ZRIE B OMEN B I
(Figure 2-8a, b), — 7T, KIGE K-12 ¥ de-ON Z ¥ L 7= FiE, 208 nm |2
B D55 OHERITRD SN 2220mm (2B T HE IOV, fho gy
REREAENBOLNT, T Lhaf LEaadNENLz e #EL Iz (Figure
2-8c) ZDOZ LMD, =FE1ITHISH &AL, KVa-~U v 7 AEEDEIL

S Db Z G| S Z T b D LRI T,

ASA 7 H B X7 L LPS DN a THEH ORI FHF G L TN D 52 6
NTND DA, ZOERICENTHIME = 7 HESH AR L7z =8 1 B L O
PERED LPS OO = 7 BESHIC KT L CRE REHOHIRA TR L TnD Z &b,
LDOBELEIFTHLOTHDL EEZ BN,
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Q

Ave. Residual Mol. Ellip.

Ave. Residual Mol. Ellip.

(2]
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:

E. coli C de-ON

:

E. coli K-12 de-ON

Figure 2-8 &Y Y RZWIILTZEED CD A7 ML DAL,

a. —HE1, b. KIBE CHED de-ON, ¢. KIBHE K-12 BED de-ON,
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F41H ARCZEENEZRV: GYVIINVEEDIEBE{FREMT
cHisG (Zxt L CH [RIERIC CD IEZIT>72, 0.1 mg/mL (6.9 uM) @ cHisG ¥
W, FEIREEDY 0, 20, 50, 100 uM & 725 K HIZ=HE 1, KIGE C #ED de-ON,

KIGE K-12 ¥ de-ON Z ¥ L 7=,

ARA T G F N EIFB-V— NBMEML R RIS EZ RS Y, CD HlEORE R
HB-— MEEZ R TR RAD 2 Y M URIRARD Bl (Figure 2-9),
HisH TIZ EDOPHHARM L= & & TH A7 ML OB ST (Figure
2-9b,¢), =HE1 ZIRMLTZ & Z DR, BEN(EBOMERIIRD LN b OO,
AT MVORX R ERITBIE S L2 o 72 (Figure2-9a), Z OFERMN S, =5
1IEARAL T G 2N HEITHAET L2000, VREEEEZGEEZTHD
Tl W e g I, 70, BHEZITANS “GaRT v 8 BIR<, =b
1 DX D MR+ ORESEHNFE A LR CIXE ORER 2L L7 W Tl
WinEbEZ BT,

K55 FDOFESHIZ K LT cHisG @ CD A2 bR ED & 95 2 bzl 5 0vE
FHRB7, ZHE 1122 T, methyl a-D-glucoside (5) & maltotetraose % [FIE
DX THI L T CD MIE %17~ 7= (Figure 2-10), 5 &, HPE 5 2L
EEIREREZFOEITBEINT (Figure 2-10a), maltotetraose & #A1 L 7=

EZIHME T OPENRO b7z (Figure 2-10b)
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Ave. Residual Mol. Ellip.
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03

1

E

E. coli C de-ON

:

E. coli K-12 de-ON

Figure 2-8 &Y Y RZWIILTZEED CD A7 ML DAL,

a. —HE1, b. KIBE CHED de-ON, ¢. KIBHE K-12 BED de-ON,
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-4t Ligand

\ ,/ conc. [pM]
-2 F \
0
I - 20

50
-4 100 S

Ave. Residual Mol. Ellip
6x103 (deg-cm?/dmol)

200 210 220 230 240 250
Wave Length [nm]

Ligand oal4
conc. [pM]

0 ald
20

50 ald
100

Maltotetraose

Ave. Residual Mol. Ellip
6x10° (deg-cm?/dmol)

200 210 220 230 240 250
Wave Length (nm)

Figure 2-8 #FEU Y K& LTZERD CD A7 MLV DAL,

a. Methyl a-D-glucoside (5), b. Maltotetraose.

ARA T G B 371X LPS @ inner core & iBaklZFHH- L TCWD EExX B
TS I, ZOFEBRIZIBWTHNE 2 7 BESH 2 L5 L 72 =88 1 TILRHEA 724
HAEADFE® 517, inner core DA X318 72 2 Fi¥HD de-ON TIEB-v— b %
RIEFOHEBNRRO biLclcd, ZHLLbURINLOEREZXFTLHHD L
EZ b,
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£ 3E HIE

AWFGETIE, N7 T VA7 7—V¢X174 & LPS OMEAEFICEETHH L&
ZHIVTWD LPS DN a 7HESHICEH L, At Lo H noiE =61 %
AHAERIZ L > THTz, 2 LT, FbIic =8 1130 ofE R, ¢X174 O
BRERICEE L EBEZONTWVWHLANS T HBLIOGH U VED LT X —fE
HERVFBLZ B YoTc, LD, ZME1LITANA 7 HZ N7 HITHL
THEEZ L Z B & 23 2 EAVRIB S 4L, 5% D NMR 53 k% W - AR
FEATIZ I W T EHBERIERMAE DT,

F4E SEROERE
E11E LS9 —=#E 18,19, 20 DERETEARETE

R TIZEHE 1 OARREAT T2, LPS OAMER = 7 dE 2 Bl L 7= 5B /i i
=PRI bE 3 HEBE XD ENTEX D, Glepp(1—3)Glepa(1—3)Glepa D i %
FFo =85 18, Glapo(1—2)Glepa(1—3)Glepa DAk 2 Fi> =4 19, % L Toylk=
® Glapo(1—2)[GlepB(1—3)]Glepa DS 2 F-2 =8 20 N Z DM TH 5, 72,
ELT T T a sy 21724 EHIRICAKRL, FhbEAEDES I LT
TEDEEZ B (Figure 2-11), TN bxGRL, HAEHBITICHEET S
Z LT, SN TR O L ORESE DA AR EE A MRS D Z &
TE D72, ¢X174 OPESERERMERE B W TN a 7O 2 & B OE 2 5
PR AN O LB BIND,
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G Glc (R)
Ic
G

OH OH
ER=ER
O HO

18
Glepp(1—3)Glcpa(1—3)Glcpa-OMe

HO
OH o)
HO @ B(n) sph

0. HO 0 B O
(¢ z0 TBSO

HO S BnO SPh B on
Gal(S) HO ome —— ! o o
o ”0 0] &
HO “MOH Si O] HO o
19 /i\ n OMe
16

OBz
\ HO
BnO

lc (W
HO TBS OMe

Galpa(1—2)Glcpa(1—3)Glcpa-OMe 2
Glc (R) Ph
Glc (2)
OH OH AIIO
o0 HOG oz
HO BzO
OH OoMe BzO
HO BzO

HO g
Gal (S) ?ﬂ\
HO “OH
o}
20 > /T;o

Galpa(1—2)[Glepp(1—3)]Glcpa-OMe

2

Scheme 2-7 EB0#EE — b 1820 & = DA REHH

%218 KIFHE K-12 ¥k LPS ZE{HUIZ=FEDERK
KRG K-12 #R13¢X174 FERZ MR TH Y, £ LPS IZIEEITT R a(1—6)
7' ay RiEA T L-glycero-D-manno-heptose (LDManHep) #%J3& (Figure2-11) %
FFOZ EBIRKOFHATH D, KIFHE K-12 £RD LPS 245l L 7= /it —p5 4
GEL, AEAERENTICHE S 5 2 L3 TR, B A~y bov EHBER OB

REMOT D ENTEDLLEEZ D,
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HO HO

HO:../ OH HO OH
HO 0 HO 0
HO HO
OH OH
L-glycero-D-mannno-heptose D-glycero-D-mannno-heptose
(LDManHep) (DDManHep)

Figure 2-11  glycero-D-manno-heptose DFEiET

1. LDManHep BUEHSADERKETE

LDManHep 750X trans-1,2-a27" U 223 REEG D728, FHxH4 2P FIE 21T,
T IOVERIT X B AL RE 5. A R L 7= Koenigs-Knorr 7'V =1 2 /UALBUGIC K- T
SR S T 2 2 L TE D LB b, 2072, 25 O X 9 7ehEfit
HiARkOAERZ HfE L7- (Scheme2-8), 1, 2z A /L h= AT /L& L THREAT
v T ECHRELTREZRD, ALV b= 2T 36a OBBRZ o TT 2D
AL NNLD7 v fbZRIFFHCITY) 2 & & Lis, F72, 36a D Co MrDHkEs &
OFI 72124 Ul CT A KIEE DAL, 34 b D a—Y —F v f a7 AF—K
JSIZE D= ARF Y RO E, TOHROEIRIZLDIKSRIZE > THOND
EEZLNTE O, U LEoRELAZESE 2, pD-mannose 2> HEF 12 AT v 7T

LDManHep BUE{L 5K 25 035 5405 &5 2 H417- (Scheme 2-9),

BnO

HO
one TWHIZTIOBERE oMme IRFYROBRARICLS % )<0Me
Bnor. OAc “pnonte - How( X KEEEDBA o
BnO 0 — BnO O~O 0] BnO O 0
BnO BnO BnO
s 36 35
OH
A== FrA TIRE— RIEIEB P OV #az9I0 Ao QA Ho~ [0
ColiL D1 i 0 FEKIE aco Q
B8R BnO O 0 f— HO
BnO —> AcO OH
34 28 Br D-Mannose (26)

Scheme 2-8 LDManHep BBt 51K 25 DA R fi#AT
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HO OH

AcO— QAc AcO—, QAc

HO o Ac,0, pyridine ACO le) HBr-AcOH AcO 0
HO AcO AcO
OH OAc Br
D-Mannose (26) 27 28
OMe OMe  TBDPS-CI OMe
2,4,6-collidine AcO o NaOMe HO— o imidazole TBDPSO E
MeOH ACO&&/O MeOH HO Q° "Ko
AcO e HO
29 30 31
OMe SO;-pyridine (3.0 equiv.) o) OMe
BnBr,NaH  15ppso O)< TBAF OMe Et;N (3.0 equiv.) % o
l, BnO O 0 Bno&/ BnO (OlNe]
32 33 34
NaH (2.0 equiv.) OMe 03 M
Me3SOl (2.0 equiv.) &/ _ KOHag. )<0Me OMe
e o 5
36a 36b
BnBr
NaH
TBAI
BnO

)<0Me BnO:.../ OAc
TMS-CI BnO (o)

BnO BnO

BnO

37

HRUPEAL 50K 25 OB RGEHE

25

Scheme 2-9 LDManHep

2. JUIVREEMRE 7O DR
KIGHE K-12 #£ LPS ® LDManHep &I (30 &80, a(l—6) 7Y 2 K
WETHD, Zb0 MO MRED LPS OO o 7 HESE TIL R S AL WVE K
ToH Y, LDManHep DFFHE X & & boH Tl Lilalkifigic

e b, TBIRIICPRER DBREN TE DALE

BN B D3 Fr
ER-HBEEDOE VT 0 7
Try 7 3841 L, HEZAREKI 07U aifl, RELOBRRPKRE
ERECHEML K25 L OV Y av b3 5 2 LT, BARORK AR LR
“HEA2 &, REEONEN R D ZHE 4345 LD LB X bl (Scheme 2-

10),
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BRI LT 0 7T a7 3841 IOV TIE, a-D-glucose & HFEWE &
LT, RUVYTFURART v —/VOWHE ZFIH U8R 725758 0k 3D %
IR Z e THRLND B X b/ (Scheme 2-11),

o 6 _o 2
— @QQ 25in=n
a 4 a 2

—O0 o )
BnO.. /P\ S=]_sPh B0 — @-Q-Q@ 43 +tz7rny
B0~ R HOZE@J\% — 03 a2

38-42 — @-Q-Q 44 stzvrny
@ ome

3 oa 2 o 2

—— @ Q@@ 5212707

Scheme 2-10 /7 E =K 42 CHFEAN AT 1 7 43-45 OE G

OH
0
Hﬁoé&sph

OH
Ph NaH Ph
(n-Bu),SnCl, \O o BnBr \O o
Allyl-Br SPh A?O SPh
~ — /\/ 40 OB
o2 0
SPh
HO o NaH Ph
(n-Bu),SnCl SPh
NaH aE BnO
BnBr

Ph

OAll
41

Ph OH OTBS

o DIBAL é& TBSOTf
0 ° = . BnO 0 BnO o
Bno/k/SPh nos SPh no_ SPh
OBn OBn OBn
l H+ 38
OH OTBDPS OTBDPS
0 TBDPS-CI 0 BzCl B20 0
%ﬁ&/wh ~  HOZ sph —— &g SPh
OBn OBn OBn
39

Scheme 2-11 HREEREE LT 4 7T 1 v 7 3841 OAFLEHH
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% 3 E Materials and Methods

3.1 LPS extraction from E. coli C and K-12 strain

Cultivation of bacterial cells *%

Cultivation was carried out 37 °C in baffle flask using 2 L of LB culture (pH 7.4).
The bacterial growth was monitored by ODegoo. The bacterial cells were harvested by
centrifugation (5,000xg, 15 min). The cell paste was washed successively with EtOH,

acetone, and n-hexane then dried under reduced pressure.

PCP extraction method %

The cells were placed centrifugation tube (PTFE coated, pear-shaped 30 mL) and
suspended with the PCP extraction mixture (90 v/v% aqueous PhOH: CHClI;: petroleum
ether = 2:5:8); PCP mixture was added 4 mL per 1 g of bacterial cells. The suspension
was stirred for 15 min at R.T. under irradiation of ultrasound (by Branson®; Brasonic
M2800 H-J). The cells were centrifuged off (14,000xg, 5 min) and the supernatant was
collected in a round bottom flask. The precipitated cells were extracted once more with
the same volume of PCP mixture and centrifuged as above, and the supernatant was added
to the first extract. This extraction protocols were repeated 4 times. The combined
supernatant was evaporated to remove completely chloroform, petroleum ether, and H,O
in aqueous PhOH. The PhOH solution was transferred to centrifugation tube and H>O
was added dropwise until the LPS precipitated. The precipitated LPS was centrifuged
(14,000xg, 8 min) and the supernatant was decanted. The viscous precipitate was washed
3 times with 80 v/v% aqueous PhOH and acetone respectively. The LPS was dissolved in

H>O and lyophilized for 3 days to afford LPS.
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3.2 Deacylation of LPSs

To a screw-top test tube was added the LPS and 4 M KOH aq., then the mixture
was stirred 18 hrs. at 125 °C. The reaction mixture was neutralizing with 6 M HCl aq. and
washed with CH>Cl,. An aqueous layer was collected in round bottom flask, removed
solvent in vacuo. Furthermore, a residue was purified by gel filtration (Cytiva® PD-10

column and Bio gel® P4 long column; ¢ 12 mm x 1.3 m) then solvent was removed in

vacuo and lyophilized to afford to a O, N-deacylated LPS (de-ON) ¥

3.3 HisH expression and purification

E. coli M15 harboring pQE-H (spike H protein fragment fusion plasmid based
on pQE-30) was grown at 37 °C in LB medium culture containing ampicillin (100 pg/mL)
and kanamycin (25 pg/mL) until the ODgoo reached about 0.5. Isopropyl 1-thio-B-D-
galactopyranoside (IPTG) (0.5 mM) was added to the cell culture for the induction and
the culture was subsequently incubated for 3 hrs. The bacterial cells were harvested by
centrifugation (5,000%g, 15 min). The cell paste was washed “sonication buffer” (see
table 3-1) (pH 7.4) then suspended with “sonication buffer” again. The suspended cells
were disrupted by sonication (MISONIX® microson™ ultrasonic cell disruptor XL-
2007); the cycle that was disrupted for 1min then cooled down for 1 min, was repeated
30 times. The suspended cell lysate was centrifuged, and supernatant was decanted. To a
residue was added “denature condition extracting reagent” (see table 3-2) and disrupted
the mixture again; the cycle that was disrupted for 1 min then cooled down for 1 min, was
repeated until the extracting reagent has been transparent (about 8 times). The precipitate
was removed by centrifuged and supernatant containing HisH was purified by affinity

chromatography using a Ni-NTA agarose. The HisH was refolded by gradient of
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extracting reagent (see table 3-3), then eluted with a 4 mL gradient of 25-250 mM
imidazole. The crude of HisH was dialyzed against 10 mM sodium phosphate buffer (pH

7.4), concentrated by a centrifugation ultrafilter (Amicon® ultra-15 10,000 MWCO) 3%

Table 3-1 The composition of “sonication buffer”

Composition for 1 L scale

NaH2PO4-2H20 78 ¢g 50 mM

NaCl 174 ¢ 300 mM

Adjusted desired pH using 2.5 M NaOH aq.

Table 3-2 The composition of “denature condition extracting reagent”

Composition for 1 L scale

Urea 480 g 8 M
NaH;PO4-2H,0 156 g 100 mM
Tris(hydroxymethyl)aminomethane 12¢g 10 mM

Adjusted desired pH using 6.0 M HCl aq.

Table 3-3 Gradient condition for refolding the HisH

Fraction No. 1 2 3 4 5 6 7 8 9

Extracting
4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
reagent (mL)

Sonication

buffer (mL)
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3.4 cHisG expression and purification

E. coli JM109 harboring pQE-60+G gene (spike G protein fragment fusion
plasmid based on pQE-60) was grown at 37 °C in LB medium culture containing
ampicillin (100 pg/mL) and until the ODgoo reached about 0.5. IPTG (1 mM) was added
to the cell culture for the induction and the culture was subsequently incubated for 3 hrs.
The bacterial cells were harvested by centrifugation (5,000xg, 15 min). The cell paste
was washed “sonication buffer” (see table 3-1) (pH 8.0) then suspended with “sonication
buffer” again. The suspended cells were disrupted by sonication (MISONIX® microson™
ultrasonic cell disruptor XL-2007); the cycle that was disrupted for Imin then cooled
down for 1 min, was repeated 30 times. The precipitate was removed by centrifuged and
supernatant containing cHisG was purified by affinity chromatography using a Ni-NTA
agarose. The cHisG was eluted with a gradient of 50-500 mM imidazole. The crude of
cHisG was dialyzed against 10 mM sodium phosphate buffer (pH 7.4), concentrated by a

centrifugation ultrafilter (Amicon® ultra-15 50,000 MWCO) 3%

3.5 Chemical synthesis of trisaccharide1

General techniques of chemical syvnthesis

All commercially available reagents were purchased from commercial suppliers
and used as received. All reactions were monitored by thin-layer-chromatography
performed on glass-packed silica gel plates (60F-254) with UV light and visualized with
10% H>S04 aq. stain. 'H and '*C NMR spectra were recorded on a JEOL JNM-ECX400P
or JNM-ECZ500R spectrometers. Chemical shifts () for 'H NMR spectra were
referenced to internal standards; Tetramethylsilane (TMS) (0.00 ppm) in CDCI3 and

DMSO-ds and, 3-(trimethylsilyl)propionic-2,2,3,3-ds acid (TSP) (0.00 ppm) in D;O.
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Chemical shifts (9) for '*C NMR spectra were referenced to internal standards; TMS (0.00
ppm) or ['3C]-CDCI; (77.0 ppm) and, TSP (0.00 ppm) in D>0O. The 'H and '3C chemical
shifts were assigned using a combination of COSY, HSQC, HMBC and 1D-TOCSY.
Multiplicities are reported by the following abbreviations: s (singlet), d (doublet), t
(triplet), q (quartet), m (multiplet), dd (double doublet), ddd (double double doublet).
Coupling constants (J) are represented in hertz (Hz). High-resolution mass spectra were
measured on an LTQ Orbitrap Velos ETD Mass Spectrometers (Thermo Fisher Scientific).

The optical rotation was measured JASCO P-2200 polarimeter.

OH oH Ac,0, NaOAc AcO _OAc
© =
HO HO reflux, 10 min AcO OACOAC
OH 99% ]

(x)-D-Galactose (4)

To a gently refluxed (110 °C ca.) Ac20O (42.0 mL, 444 mmol) contained NaOAc
(4.55 g, 55.5 mmol) was slowly added powdered (+)-D-galactopyranose (4) (10.0 g, 55.5
mmol) over a period 5 min. After mixture wad refluxed for 10 min, a mixture was cooled
to room temperature. A reaction mixture was then quenched by addition of ice-colded
water (20 mL). To a quenched mixture was extracted with EtOAc (70 mL), then washed
with sat. NaHCOs aq., water, and brine. An organic layer was dried over Na;SOs, filtrated,
and removed solvent in vacuo gave a colorless syrup. To a residue was coevaporated 2
times with PhMe and then recrystallized with n-hexane/EtOAc obtained 1,2,3,4,6-penta-

O-acetyl-B-D-galactopyranose (6) (21.6 g, 99%) as a white powder 3.
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1,2,3,4,6-Penta-0-acetyl-B-D-galactopyranose (6)

AcO _0OAc

S
AcO OAc

OAc
6

"H-NMR (Chloroform-d, 500 MHz) 6 5.71 (d, J = 8.0 Hz, 1H, HI), 5.43 (d, J= 3.4 Hz,
1H, H4), 5.34 (dd, J = 10.3, 8.6 Hz, 1H, H2), 5.09 (dd, J=10.3, 3.4 Hz, 1H, H3), 4.17-
4.11 (m, 2H, H6), 4.08-4.06 (m, 1H, H5), 2.17 (s, 3H), 2.13 (s, 3H), 2.05 (s X2, 6H, Ac
X 2),2.00 (s, 3H, Ac); 3*C-NMR (Chloroform-d, 125 MHz) 6 170.3, 170.1, 169.9, 169.3,
168.9, 92.1, 71.6, 70.8, 67.8, 66.7, 61.0, 20.8, 20.6, 20.5; ESI-MS ; R; = 0.55 (n-

hexane/EtOAc = 1:1).

AcO _0Ac PhSH, BF5-OEt, AcO _OAc
(o}
AT 0 CH,Cl A0 ohe
0°CtoRT, 5hrs
6 99% 7

To a solution of 1,2,3,4,6-penta-O-acetyl-B-D-galactopyranose (6) (3.90 g, 10.0
mmol) in dry CH2Cl> (51.2 mL) was added PhSH (1.43 mL, 14.0 mmol) at 0 °C under Ar
gas. A mixture and was added BF3-OEt; (2.10 mL, 16.6 mmol) dropwise at 0 °C, stirred
for 5 hrs. with warmed up to room temperature. A reaction mixture was quenched sat.
NaHCOs3 aq. (50 mL), stirred for more 5 min. A separated liquid was shake with
separatory funnel and an organic layer was washed with brine. An organic layer was dried
over NaxSOq, filtrated, and removed solvent in vacuo an gave colorless syrup. From a
residue, gave phenyl 2,3,4,6-tetra-O-acetyl-1-thio-f-D-galactopyranoside (7) (4.39 g,
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99%) as a colorless syrup by open column chromatography (n-hexane/EtOAc = 10:0 to

4:1).

Phenyl 2,3,4,6-Tetra-0-acetyl-1-thio--D-galactopyranoside (7)

AcO _0OAc

)
AcO SPh

OAc
7

'"H-NMR (Chloroform-d, 500 MHz) 6 7.52 (q, J = 3.2 Hz, 2H, SPh-0), 7.32 (t, J = 3.2
Hz, 3H, SPh-m and p), 5.42 (d, J = 2.9 Hz, 1H, H4), 5.24 (t,J = 9.7 Hz, 1H, H2), 5.05
(dd,J =10.0,3.2 Hz, 1H, H3),4.72 (d,J = 10.3 Hz, 1H, HI), 4.16 (ddd, J = 37.7, 11.3,
6.7 Hz, 2H, H6),3.94 (t, J = 6.6 Hz, 1H, HS), 2.13 (s, 3H, Ac), 2.10 (s, 3H, Ac), 2.05 (s,
3H, Ac), 1.98 (s, 3H, Ac); *C-NMR (Chloroform-d, 125 MHz) J 170.4, 170.2, 170.1,
169.4,132.5,132.4,128.9, 128.2, 86.6, 74.4,72.0,67.2, 67.2, 61.6, 20.8, 20.7, 20.6, 20.6;
ESI-MS calcd. for C20H2409S m/z [M+NH4]" 458.147963, found 458.14932 ; Rr= 0.50

(n-hexane/EtOAc = 3:2), 0.83 (CHCI3/MeOH = 9:1).

AcO
ogc 1) NaOMe, MeOH HO og
k Ph &
AT 0 ° 2) BnBr, (n-Bu),SnCl,  BnO OH o
TBABr, CH,Cl,

7 22% over 2 steps 9

Removing Acetyl group: To a solution of phenyl 2,3,4,6-tetra-O-acetyl-1-thio-
B-D-galactopyranoside (7) (4.39 g, 9.96 mmol) in MeOH (30.4 mL) was added a solution

of NaOMe (2.42 g, 44.8 mmol; it was added so that the final conc. of a reaction mixture
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was 1 M.) in MeOH (30.0 mL) at 0 °C, stirred for 3 hrs. with warmed up to room
temperature. A reaction mixture was then neutralized with Dowex® 50W (H"), filtrated
off Dowex® beads, and removed solvent in vacuo. A residue was coevaporated with EtOH
2 times then obtained crude of phenyl 1-thio-f-D-galactopyranose (8) (3.51 g, quant.) as
a colorless amorphous.

Selective benzylation: To a mixture of KoCOs; (2.02 g, 14.61 mmol), n-
tetrabutylammonium bromide (0.314 g, 0.970 mmol) and dibutyltin dichloride (0.296 g,
0.97 mmol) in dry MeCN (20.9 mL) was added a solution of phenyl 1-thio-B-D-
galactopyranose (8) as mentioned above in dry MeCN/DMF (20 mL/7 mL) under Ar gas,
then stirred for 30 min at 80 °C. And to a mixture was added benzyl bromide while heated
at 80 °C then stirred more 3 hrs. After the filtrated off reaction mixture with Celite pad,
removed solvent in vacuo, and a residue was pre-purified by flash column
chromatography (CH2Cl,/MeOH = 19:1, Silica gel containing 10 w/w % K>CO3 was
used) to afford crude of compound as a colorless syrup. From a residual syrup was
recrystallized with MeOH/CH>Clo/n-hexane obtained phenyl 3-O-benzyl-1-thio-f-D-

galactopyranoside (9) (0.984 g, 22% over 2 steps from 7) as a white crystal.

Phenyl 3-O-benzyl-1-thio-B-D-galactopyranoside (9)

OH _OH
S
BnO SPh

OH
9

"H-NMR (Methanol-ds, 400 MHz) § 7.56-7.54 (m, 2H, SPh-o), 7.43 (d, J = 6.9 Hz, 2H,

CH:Ph-0), 7.34-7.22 (m, 6H, SPh-m, p and CHxPh-m, p), 4.73 (dd, J = 32.5, 11.4 Hz, 2H,
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CH,Ph), 4.60 (d, J = 10.1 Hz, 1H, HI), 4.08 (d, J = 3.2 Hz, 1H, H4), 3.79-3.68 (m, 3H,
H2 and H6), 3.51 (t, J = 6.0 Hz, 1H, H5), 3.41 (dd, J = 9.2, 3.2 Hz, 1H, H3); 3C-NMR
(100 MHz, Methanol-ds) 6 139.9, 136.0, 132.3, 129.9, 129.3, 129.1, 128.7, 128.1, 90.3,
83.8,80.5, 72.8, 70.3, 67.5, 62.6; ESI-MS calcd. for C19H20sS m/z [M+NHa]" 380.15262,
found 380.15363, [M-+Na]* 385.10802, found 385.10883; [a]2' = -10.12° (¢ = 1.00,

MeOH); mp: 154.9-160.1 °C; Ry=0.39 (CHCls/MeOH = 9:1).

%Si\\o

HO o DTBS(OTf),, pyridine O
%&SPh 2 s
BnO CH,Cl, BnO Ph

OH 70 °C, 3 hrs
9 76% 10

To a solution of phenyl 3-O-benzyl-1-thio-B-D-galactopyranoside (9) (0.91 g,
250 mmol) in pyridine (161 mL) was added di-tert-butylsilyl
bis(trifluoromethanesulfonate) (1.376 mL, 4.25 mmol) at 0 °C and then stirred for 1 hr
with warmed up to room temperature. A reaction mixture was quenched by addition of
MeOH at 0 °C and coevaporated with PhMe. A residue was diluted with EtOAc and then
washed with 1 M HCI aq., H20, sat. NaHCO3 aq. and brine. An organic layer was dried
over NaSQOs, removed solvent in vacuo, residue was purified by flash column
chromatography (n-hexane/EtOAc = 3:1) to afford phenyl 3-O-benzyl-4,6-O-di-tert-

butylsilyl-1-thio-B-D-galactopyranoside (10) (0.955 g, 76%) as a colorless syrup.
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Phenyl 3-0O-benzyl-4,6-O-di-tert-butylsilyl-1-thio-B-D-galactopyranoside (10)

37/$¢o
o
o)
BnO SPh

OH
10

"H-NMR (Chloroform-d, 400 MHz) § 7.56-7.25 (m, 10H, CH.Ph and SPh), 4.81 (d, J =
11.4 Hz, 1H, H6a), 4.63-4.56 (m, 3H, H6, HI and H4), 4.23 (ddd, J = 18.2, 12.5, 1.9
Hz, 2H, CH:Ph), 4.05-4.00 (m, 1H, H2), 3.37 (dd, J = 9.2, 3.2 Hz, 2H, H5 and H3), 2.64
(d,J = 1.8 Hz, 1H, 2-OH), 1.09-1.01 (s X2, 18H, Si/C(CH3)3]>); *C-NMR (Chloroform-
d, 100 MHz) 6 137.9, 133.5, 132.6, 128.8, 128.5, 127.9, 127.7, 89.1, 81.9, 75.2, 70.3,
69.2, 68.4, 67.4, 27.6, 27.5, 27.2, 23.4, 20.6; Ry = 0.70 (n-hexane/EtOAc = 3:2), 0.74

(PhMe/EtOAc = 3:1).

S o X
0] <O
he) BzCl :7/ "o
(e} (0]
BnO SPh CH,Cl,, pyridine BnO SPh

OH RT, 13 hrs OBz
10 quant. 2

To a solution of  phenyl 3-O-benzyl-4,6-O-di-tert-butylsilyl-1-thio-p-D-

galactopyranoside (10) (0.91 g, 1.81 mmol) and 4-dimethetylaminopyridine (0.022 g,

48



0.180 mmol) in dry CH>Cl; (5.79 mL) and pyridine (4.37 mL) was added benzyl chloride
(0.315 mL, 2.72 mmol) at 0 °C under Ar gas. A reaction mixture was stirred 13 Ars. with
warmed up to room temperature and then washed 1 M HCl aq., H>O, and brine. An organic
layer was dried over Na>xSO4, removed solution in vacuo and coevaporated with PhMe at
5 times to afford phenyl 2-O-benzoyl-3-O-benzyl-4,6-O-di-tert-butylsilyl-1-thio--D-
galactopyranoside (2) (1.21 g, quant.) as a colorless syrup.

Phenyl 2-0-benzoyl-3-0-benzyl-4,6-O-di-tert-butylsilyl-1-thio-p-D-

%Si\\o
o
o)
B0 SPh

OBz
2

galactopyranoside (2)

'H-NMR (Chloroform-d, 500 MHz) 6 8.04 (dd, J = 8.6, 1.1 Hz, 2H, C(=0)Ph-o0), 7.59-
7.55 (m, 1H, C(=0)Ph-p), 7.46-7.40 (m, 4H, C(=0)Ph-m and CH>Ph-0), 7.22-7.14 (m,
3H. CH>Ph-m and p), 5.72 (t, J=9.7 Hz, 1H, H2), 4.80 (d, J=9.7 Hz, 1H, HI), 4.71 (d,
J=12.6 Hz, 1H, H6q), 4.60-4.56 (m, 2H, H4 and H63), 4.26 (ddd, J=21.0, 12.5, 1.9 Hz,
2H, CH,Ph), 3.58 (dd, J = 9.7, 2.9 Hz, 1H, H3), 3.39 (s, 1H, H5), 1.12 (s X2, 18H,
Si[C(CH3)3]2); >*C-NMR (Chloroform-d, 125 MHz) 6 165.4, 137.8, 134.3, 133.0, 132.0,
130.0, 129.8, 128.7, 128.2, 128.1, 127.6, 127.4, 87.5, 79.2, 77.3, 77.0, 76.8, 75.1, 70.0,
69.7,69.3,67.2,27.6, 23.4, 20.6; ESI-MS calcd. for C34H406SSi m/z [M+H]* 607.25441,
found 607.25543, [M+NH4]" 624.28096, found 624.28210, [M+Na]* 629.23636, found
629.23669; [a]f =+59.95° (¢ = 1.00, CHCl3); Rr= 0.85 (PhMe/EtOAc = 3:1), 0.79 (n-

hexane/EtOAc = 3:2).
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OMe

©)\0Me
OH TsOH
' Ph—X-0
1932 o2
HO
HO DMF HO

OMe 50 °C, 1.5 hrs, in vacuo OMe
5 97% 1

To a round-bottom flask was added methyl a-D-glucopyranoside (5) (3.88 g,
20.0 mmol) and p-toluenesulfonic acid monohydrate (0.19 g, 1.00 mmol) and, well dried
in vacuo. To a mixture was added dry DMF (77.4 mL) and benzaldehyde dimethylacetal
(6.00 mL, 40 mmol) and then attached to evaporator immediately, stirred for 1.5 Ars. at
50 °C in vacuo. The reaction was carried out, excess amount of benzaldehyde and DMF
was removed in vacuo, obtained peel-yellow syrup. A residue was diluted with CH2Cl»
and then washed with sat. NaHCO3 aq. and brine. An organic layer was dried over with
NazSO4 and removed solvent in vacuo and then recrystallized with n-hexane/EtOAc
obtained methyl 4,6-O-benzylidene-o-D-glucopyranoside (11) (5.50 g, 97%) as a white

powder.

Methyl 4,6-O-benzylidene-o-D-glucopyranoside (11)

Ph—X-0 o
0]
HO
HO

OMe
1

'H-NMR (Chloroform-d, 500 MHz) & 7.50-7.48 (m, 2H, CHPh-m), 7.37-7.35 (m, 3H,

CHPh-o and p), 5.50 (s, 1H, CHPh), 4.72 (d, J = 4.0 Hz, 1H, HI), 4.26 (q, J = 4.8 Hz,

50



1H, H6c), 3.89 (t, J = 9.5 Hz, 1H, H3), 3.76 (q, J = 4.8 Hz, 1H, H5), 3.70 (t, J = 10.0
Hz, 1H, H6pB), 3.57 (td, J = 8.2, 3.2 Hz, 1H, H2), 3.45 (t, J = 9.5 Hz, 1H, H4), 3.41 (s,
3H, OMe), 3.35 (s, 1H, 3-OH), 2.76 (d, J = 8.6 Hz, 1H, 2-OH); 3C-NMR (Chloroform-
d, 125 MHz) 6 137.0, 129.2, 128.3, 126.3, 101.9, 99.8, 80.9, 72.7, 71.4, 68.9, 62.3, 55.4;
ESI-MS caled. for Ci14HisOs [M+H]™ 283.11761, found 283.11722; R; = 0.56

(CHCIl3/MeOH = 1:1), 0.15 (n-hexane/EtOAc = 1:1).

Ph/%O o BnBr, TBAI Ph/voo o Ph/voo o Ph/voo o
HO Ch.Cl T NaOH BnO HO BnO
HOoMe io 30 1?3h ag. HOOMe BnOome BnOome
11 ; rs 3 15 16

(14%) (38%) (15%)

To a solution of methyl 4,6-O-benzylidene-a-D-glucopyranoside (11) (0.990 g,
3.51 mmol) and n-tetrabutylammonium iodide (1.30 g, 3.51 mmol) in a mixture of CH2Clz
and 1 M NaOH agq. (equal volume, 12.3 mL each) was added benzyl bromide (0.50 mL,
4.21 mmol) at 0 °C. A reaction mixture was stirred for 18.5 hrs. at 40 °C and then washed
with H2O and brine. An organic layer was dried over Na;SO4 and removed solvent in
vacuo and residue was pre-purified by flash column chromatography (n-hexane/EtOAc =
1:1) to afford crude compound as a colorless syrup. Furthermore, a residue was purified
by flash column chromatography (n-hexane/EtOAc = 7:3 to 3:1) to afford methyl 2-O-
benzyl-4,6-O-benzylidene-a-D-glucopyranoside (3) (495 mg, 38%) and methyl 3-O-
benzyl-4,6-O-benzylidene-a-D-glucopyranoside (15) (176 mg, 14 %) as a white solid
each. Moreover, methyl 2,3-O-di-benzyl-4,6-O-benzylidene-a-D-glucopyranoside (16)

(243 mg, 15%) was also obtained as a colorless syrup.
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Methyl 3-O-benzyl-4,6-0-benzylidene-a-D-glucopyranoside (3)

Ph—X-0O o
(0]
BnO
HO

OMe
3

'H-NMR (Chloroform-d, 500 MHz) § 7.51-7.26 (m, 10H, CHPh and CH>Ph), 5.57 (s, 1H,
CHPh), 4.97 (d, J = 12.0 Hz, 1H), 4.82-4.78 (m, 2H), 4.30 (q, J = 5.0 Hz, 1H), 3.85-3.82
(m, 2H), 3.78-3.73 (m, 2H), 3.65 (t, J = 9.2 Hz, 1H), 3.45 (s, 3H), 2.33 (d, J = 7.4 Hz,
1H); '3C-NMR (Chloroform-d, 125 MHz) 6 138.4, 137.3, 128.9, 128.4, 128.2, 128.0,
127.7, 126.0, 101.3, 99.8, 81.9, 78.8, 77.3, 77.0, 76.8, 74.8, 72.4, 69.0, 62.6, 55.4; ESI-
MS caled. for C21Ha406 [M+H]* 373.16456, found 373.16458; [a]?| =+38.68° (c=1.00,

CHCl3); Rr= 0.46 (n-hexane/EtOAc = 1:1), 0.29 (n-hexane/EtOAc = 3:2)%¢7,

Methyl 2-0-benzyl-4,6-0-benzylidene-o-D-glucopyranoside (15)

Ph—X-0 o
(0]
HO
BnO

OMe
15

'H-NMR (Chloroform-d, 500 MHz) 6 7.49-7.29 (m, 10H, CHPh and CH>Ph), 5.49 (s, 1H,
CHPH), 4.76 (d, J = 12.0 Hz, 1H), 4.67 (d, J = 12.6 Hz, 1H), 4.59 (d, J = 3.4 Hz, 1H),
4.23(q,J = 5.0 Hz, 1H), 4.13 (d,J = 1.7 Hz, 1H), 3.79 (td, J = 9.9, 4.8 Hz, 1H), 3.67 (t,
J =10.3 Hz, 1H), 3.48-3.43 (m, 2H), 3.35 (s, 3H), 2.77 (d, J = 2.3 Hz, 1H); *C-NMR
(Chloroform-d, 125 MHz) 6 137.8, 137.0, 129.1, 128.4, 128.2, 128.0, 128.0, 126.2, 101.8,

98.5, 81.1, 79.4, 73.2, 70.1, 68.9, 61.9, 55.2; ESI-MS calcd. for C21H240¢ [M+H]"
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373.16456, found 373.16412; [a]}) = +90.35° (¢ = 1.00, CHCL); Ry = 0.63 (n-

hexane/EtOAc = 1:1).

Methyl 2,3-0-di-benzyl-4,6-O-benzylidene-a-D-glucopyranoside (16)

Ph—X"O o
(0]
BnO
BnO

OMe

16

'H-NMR (Chloroform-d, 500 MHz) 6 7.50-7.26 (m, 15H), 5.54 (s, 1H), 4.91 (d,J = 11.5

Hz, 1H), 4.84 (dd, J = 11.5, 4.6 Hz, 2H), 4.69 (d, J = 12.0 Hz, 1H), 4.59 (d, J = 3.4 Hz,

1H), 4.26 (q, J = 5.0 Hz, 1H), 4.05 (t, J = 9.5 Hz, 1H), 3.81 (q, J = 4.8 Hz, 1H), 3.70 (t,

J =10.3 Hz, 1H), 3.62-3.54 (m, 2H), 3.39 (s, 3H); '3*C-NMR (Chloroform-d, 125 MHz)

0138.7,138.1,137.3,128.8,128.4,128.2, 128.1, 128.0, 128.0, 127.9, 127.5, 126.0, 101.2,

99.2, 82.1, 79.1, 78.5, 75.3, 73.7, 69.0, 62.2, 55.3; ESI-MS calcd. for C2sH3006 [M+H]"

463.21152, found 463.21176, [M+NH4]" 480.23806, found 480.23807; Ry = 0.76 (n-

hexane/EtOAc = 1:1).

OBz
BzO SPh
(e} Ph—X"O o
0 BOO
/-0 + n
%S' HOOMe
/}\ 3
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To a round-bottom flask was added well dried molecular sieves 4A (0.300 g:
powder type), N-iodosuccinimide (0.101 g, 045 mmol) and silver
trifluoromethanesulfonate (0.031 g, 0.12 mmol) under Ar. To a mixture was added
solution of methyl 3-O-benzyl-4,6-O-benzylidene-o-D-glucopyranoside (3) (0.112 g,
0.30 mmol: glycosyl acceptor) in dry CH>Cl> (5.0 mL) at -10 °C and then stirred 30 min
under shaded. Furthermore, a mixture of glycosyl acceptor was cooled with liquid N2,
before completely frozen, to a mixture was added phenyl 2-O-benzoyl-3-O-benzyl-4,6-
O-di-tert-butylsilyl-1-thio--D-galactopyranoside (2) (0.218 g, 0.36 mmol: glycosyl
donor) in dry CH2Cl> (4.6 mL). A reaction mixture was allowed to stand 5 min at -196 °C
in frozen then warmed to -10 °C and stirred for 25 min under shaded. A reaction mixture
was quenched by 2 mL of sat. NaHCO3 aq., filtrated off a reaction mixture with Celite
pad and then washed with sat. NaHCOs3 aq., H>O and brine. An organic layer was dried
over NaxSO4 and removed solvent in vacuo. A residue was purified by flash column
chromatography (n-hexane/EtOAc = 4:1) to afford methyl 2-O-(2-O-benzoyl-3-O-
benzyl-4,6-O-di-fert-butylsilyl-o-D-galactopyranosyl)-3-O-benzyl-4,6-O-benzylidene-

o-D-glucopyranoside (12) (0.252 g, 86%) as a colorless syrup *®.
g |9 g yrup

Methyl 2-0-(2-0-benzoyl-3-0-benzyl-4,6-O-di-tert-butylsilyl-o-D-
galactopyranosyl)-3-O-benzyl-4,6-O-benzylidene-o-D-glucopyranoside (12)
Ph/% 0] 0
BnO
B ZOOO Me
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'H-NMR (Chloroform-d, 500 MHz) & 8.14-8.12 (m, 3H), 7.62-7.14 (m, 20H), 5.54 (s,
1H), 5.42 (d, J= 4.0 Hz, 1H, HI’), 5.36 (dd, J = 10.3, 4.0 Hz, 1H), 4.94 (d, /= 10.9 Hz,
1H), 4.75 (dd, J = 16.0, 12.6 Hz, 2H), 4.65 (d, J= 3.4 Hz, 1H, HI), 4.43 (d, J= 10.9 Hz,
1H), 4.21 (dd, J = 10.0, 3.7 Hz, 2H), 3.98-3.94 (m, 2H), 3.78-3.58 (m, 6H), 3.38 (dd, J =
12.6, 1.7 Hz, 1H), 2.86 (s, 3H, OMe), 1.06 (s, 9H, Si/C(CH3)s]2), 1.03 (s, 9H,
SifC(CHs3)s]2); 3C-NMR (Chloroform-d, 125 MHz) 6 166.3, 138.5, 138.3, 137.3, 134.4,
132.9, 130.4, 130.1, 129.7, 129.6, 128.8, 128.7, 128.3, 128.3, 128.2, 128.1, 127.6, 127.6,
127.5, 125.8, 101.0, 97.3, 93.7, 82.7, 77.2, 75.5, 74.6, 74.1, 70.7, 70.6, 70.5, 68.9, 66.8,
66.5, 62.0, 54.7, 27.5, 27.2, 23.2, 20.5; ESI-MS calcd. for CaoHgo012Si m/z [M+NH,]*
886.41923, found 886.42059, [M+K]" 907.34856, found 907.34851; R; = 0.88 (n-

hexane/EtOAc = 3:2), 0.23 (n-hexane/EtOAc = 9:1), 0.54 (n-hexane/EtOAc = 4:1).

Ph/%o o Ph/%O 1)
BnO BnO
(@) 0]

BzO|OMe NaOMe HO|OMe

o) MeOH o

/O 0 °C, 5 hrs Y

12 13

To a solution of methyl 2-O-(2-O-benzoyl-3-O-benzyl-4,6-O-di-tert-butylsilyl-
a-D-galactopyranosyl)-3-O-benzyl-4,6-O-benzylidene-a-D-glucopyranoside (12) (0.225
g, 0.259 mmol) in MeOH (5.0 mL) was added a solution of NaOMe (0.270 g, 5.00 mmol;
it was added so that the final conc. of a reaction mixture was 0.5 M.) in MeOH (5.0 mL)

at 0 °C, stirred for 5 Ars. with warmed up to room temperature. A reaction mixture was
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then neutralized with Dowex® 50W (H"), filtrated off Dowex® beads, and removed
solvent in vacuo. A residue was coevaporated with EtOH 2 times then purified by flash
column chromatography obtained methyl 2-O-(3-O-benzyl-4,6-O-di-tert-butylsilyl-a-D-
galactopyranosyl)-3-O-benzyl-4,6-O-benzylidene-a-D-glucopyranoside (13) (0.179 g,

91%) as a pale-yellow amorphous.

Methyl 2-0-(3-O-benzyl-4,6-O-di-tert-butylsilyl-a-D-galactopyranosyl)-3-O-benzyl-
4,6-0-benzylidene-o-D-glucopyranoside (13)

Ph—X-0
o) O

BnO
HOOOMe
BzO
@)
/Oo
13

'"H-NMR (Chloroform-d, 500 MHz) § 7.49-7.16 (m, 19H), 5.58 (s, 1H), 4.99 (d, J = 4.0
Hz, 1H), 4.94 (d, J = 10.9 Hz, 1H), 4.87 (d, J = 4.0 Hz, 1H), 4.74 (d, J = 12.0 Hz, 1H),
4.65 (d, J=12.0 Hz, 1H), 4.43 (d, J=10.9 Hz, 1H), 4.30 (q, J=5.0 Hz, 1H), 4.17 (d, J
=2.9 Hz, 1H), 4.08 (d, J = 2.3 Hz, 1H), 3.95 (t, J= 9.5 Hz, 1H), 3.90 (s, 1H), 3.85-3.73
(m, 4H), 3.66-3.63 (m, 2H), 3.51 (td, J=10.2, 2.7 Hz, 2H), 3.43 (d, J=2.9 Hz, 3H), 2.42
(d,J=8.6 Hz, 1H, 2-OH"), 1.03-1.00 (s X 2, 18H, Si/C(CH3)3]>); *C-NMR (Chloroform-
d, 125 MHz) § 138.5, 138.4,137.2,129.5, 128.9, 128.4, 128.3, 128 .2, 127.7, 127.7, 127.6,
125.9, 101.2, 97.4, 96.6, 82.5, 77.6, 77.5, 75.6, 74.3, 70.3, 70.0, 68.9, 67.4, 67.3, 66.7,
62.2,55.2,27.5,27.2,23.3, 20.5; ESI-MS calcd. for C42HssO11Si [M+NH4]" 782.39301,

found 782.39398; Rr=0.51 (n-hexane/EtOAc =4:1).
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To a round-bottom flask was added well dried molecular sieves 4A (0.300 g:
powder type), N-iodosuccinimide (0.079 g, 0.35 mmol) and silver
trifluoromethanesulfonate (0.024 g, 0.09 mmol) under Ar. To a mixture was added
solution of methyl 2-O-(3-O-benzyl-4,6-O-di-tert-butylsilyl-o-D-galactopyranosyl)-3-O-
benzyl-4,6-O-benzylidene-a-D-glucopyranoside (13) (0.179 g, 0.23 mmol: glycosyl
acceptor) in dry CH>Cl (3.5 mL) at -10 °C and then stirred 30 min under shaded.
Furthermore, a mixture of glycosyl acceptor was cooled with liquid N2, before completely
frozen, to a mixture was added phenyl 2-O-benzoyl-3-O-benzyl-4,6-O-di-tert-butylsilyl-
1-thio-PB-D-galactopyranoside (2) (0.171 g, 0.28 mmol: glycosyl donor) in dry CH2Cl,
(4.0 mL). A reaction mixture was allowed to stand 30 min at -196 °C in frozen then
warmed to -10 °C and stirred for 2.5 hrs. under shaded. A reaction mixture was quenched
by 2 mL of sat. NaHCOs3 aq., filtrated off a reaction mixture with Celite pad and then
washed with sat. NaHCOs3 aq., H2O and brine. An organic layer was dried over Na>SO4
and removed solvent in vacuo. A residue was purified by flash column chromatography
(n-hexane/EtOAc = 4:1) to afford methyl 2-O-[2-O-(2-O-benzoyl-3-O-benzyl-4,6-O-di-
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tert-butylsilyl-o.-D-galactopyranosyl)-3-O-benzyl-4,6-O-di-tert-butylsilyl-o-D-
galactopyranosyl]-3-O-benzyl-4,6-O-benzylidene-a-D-glucopyranoside (14) (0.175 g,

61%) as a pale-yellow syrup *%.

Methyl 2-0-[2-0-(2-0-benzoyl-3-0-benzyl-4,6-O-di-tert-butylsilyl-o-D-

galactopyranosyl)-3-O-benzyl-4,6-O-di-fert-butylsilyl-o-D-galactopyranosyl]-3-O-

benzyl-4,6-O-benzylidene-o-D-glucopyranoside (14)

%S‘\\o
@)

BnO BnO

O
820 0;3@7\%
BnO 0
O OMe
O

ik

14

"H-NMR (Chloroform-d, 500 MHz) 6 8.16-8.12 (m, 4H), 7.66-7.05 (m, 22H), 5.74 (dd,
J=10.6, 3.7 Hz, 1H), 5.46 (s, 1H), 5.36 (d, /= 3.4 Hz, 1H), 5.15 (d, J = 3.4 Hz, 1H),
4.81 (d, J=4.0 Hz, 1H), 4.75-4.72 (m, 1H), 4.66 (d, /= 12.6 Hz, 1H), 4.59 (d, /= 12.0
Hz, 1H), 4.51-4.45 (m, 3H), 4.24 (d, J=11.5 Hz, 1H), 4.21 (d, J=3.4 Hz, 1H), 4.17 (q,
J=5.0 Hz, 1H), 4.13-4.09 (m, 2H), 4.03 (s, 2H), 3.96-3.93 (m, 2H), 3.83 (dd, J = 12.6,
1.7 Hz, 1H), 3.68 (dd, J =9.7, 2.9 Hz, 1H), 3.61 (dd, J=12.3, 9.5 Hz, 3H), 3.41 (t, J =
9.5Hz, 1H), 3.36 (q,/=4.8 Hz, 1H), 3.26 (s, 3H), 1.14 (s, 9H), 1.07 (s, 9H), 1.02 (s, 9H),
1.00 (s, 9H); *C-NMR (Chloroform-d, 125 MHz) § 165.9, 162.3, 138.8, 138.5, 137.6,

134.5,132.9,130.5, 129.8, 128.8, 128.4, 128.3, 128.1, 128.1, 127.6, 127.6, 127.5, 127 4,
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126.0, 101.0, 96.6, 92.3, 91.1, 81.5, 77.6, 77.2, 75.6, 75.0, 74.5, 72.9, 70.8, 70.5, 70.4,
69.1, 68.8, 68.5, 67.3, 67.0, 66.9, 61.6, 54.5, 27.6, 27.6, 27.3, 27.3, 23.4, 23.3, 20.7, 20.6;

Rr=0.48 (n-hexane/EtOAc = 4:1).

N

Sivo HO
0 1) NaOMe, MeOH OH
o 2) TBAF, THF HO O
BnO = BnO 3) 10% Pd/C, H, gas o OH
HO| O
BzO Omog\Ph 24% over 3 steps HO ©
BnO O oM
O OMe ©

%/T;O 1

14

Removing benzoyl group: To a solution of methyl 2-O-[2-O-(2-O-benzoyl-3-
O-benzyl-4,6-0-di-tert-butylsilyl-a-D-galactopyranosyl)-3-O-benzyl-4,6-O-di-fert-
butylsilyl-a-D-galactopyranosyl]-3-O-benzyl-4,6-O-benzylidene-a-D-glucopyranoside
(14) (0.175 g, 0.14 mmol) in MeOH (5.0 mL) was added a solution of NaOMe (0.810 g,
14.9 mmol; it was added so that the final conc. of a reaction mixture was 1.5 M.) in MeOH
(5.0 mL) at 0 °C, stirred for 5 hrs. with warmed up to room temperature. A reaction
mixture was then neutralized with Dowex® 50W (H"), filtrated off Dowex® beads, and
removed solvent in vacuo. A residue was coevaporated with EtOH 2 times then obtained
intermediate I (0.157 g) as a pale-yellow syrup.

Removing di-tert-butylsilyl group: To a solution of intermediate I in dry THF

(3.3 mL) was added 1 M n-tetrabutylammonium fluoride THF solution (0.142 mL) at
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0 °C. A reaction mixture was stirred 16.5 hrs. with warmed up to 40 °C then solvent was
removed in vacuo to afford intermediate IT (0.0431 g) as a colorless solid.

Removing benzyl and benzylidene group: Intermediate I was dissolved in
MeOH (4.0 mL) and to this Pd/C (10% wt) (0.400 g) was added. A round bottom flask
was purged with Ar gas then H> gas and left to stir under a balloon of H, gas at room
temperature for 2.5 hrs. A reaction mixture was filtered through Celite pad, then solvent
was removed in vacuo. A residue was purified by gel filtration (Bio gel® P4 long column;
¢ 12 mm x 1.3 m) then solvent was removed in vacuo and lyophilized for 3 days to afford
methyl 2-O-[2-O-(a-D-galactopyranosyl)-o-D-galactopyranosyl]-a-D-glucopyranoside

(1) (0.0201 g, 24% for 3 steps from 14) as a white solid.

Methyl 2-0-[2-0-(a-D-galactopyranosyl)-a-D-galactopyranosyl]-o-D-

glucopyranoside (1)
HO _OH
0]
HO > OH
10O LG L
HO OH
HO ~OH

'H-NMR (D;0, 500 MHz) 6 5.36 (d, J= 4.0 Hz, 1H, HI"), 5.14 (d, J= 4.0 Hz, 1H,
HI7),5.09 (d, J=3.4 Hz, 1H, HI), 4.15 (dt, J = 22.9, 6.3 Hz, 2H), 4.07-4.05 (m, 2H),
4.01-3.92 (m, 2H), 3.89-3.83 (m, 2H), 3.81-3.68 (m, 8H), 3.66-3.62 (m, 1H), 3.42 (d, J
— 4.0 Hz, 3H); 3C-NMR (D0, 125 MHz) 6 99.2, 98.8, 96.6, 78.5, 75.0, 74.6, 74.3,

74.1,73.8,72.5,72.3,72.1,72.1,71.2, 70.6, 64.1, 63.8, 63.5, 57.5; ESI-MS calcd. for
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C1oH34016 m/z [M+H]" 519.19196, found 519.19165, [M+NH,]* 536.21851, found
536.21924, [M+Na]"* 541.17391, found 541.17456, [M+K]* 557.14784, found

557.14783; [a]f =-230.84° (c = 0.50, H20).

Table 3-4 NMR signals assignment of trisaccharide 1 by HSQC experiment
O0H/ 6C (ppm)

Residue 1 2 3 4 5 6 OMe

V (Gal”) | 5.16/98.8 3.87/71.2 397/723 4.03/72.1 420/741 3.76/64.1 -
S(Gal’) | 5.38/96.6 4.01/751 4.07/72.1 4.09/70.6 4.15/73.8 3.76/63.8 -

R(Gle) | 5.11/99.2 3.73/78.5 3.81/74.6 3.48/725 3.66/743 3.99/63.5 3.45/575

3.6 Fluorescence spectra of HisH and cHisG in the presence of trisaccharide
1

Fluorescence spectra of spike H and G proteins were recorded using a Shimadzu
RF-5300PC spectrometer. Excitation wavelength (280 nm), excitation slit width (£1.5
nm), and emission slit width (G protein: £5 nm, H protein: £15 nm) were fixed throughout
the experiments. To a solution of G or H protein (0.4 uM) in 10 mM sodium phosphate
buffer (pH 7.4) (2 mL) in a quartz cell at 25 °C, solutions of trisaccharide 1 in 10 mM
sodium phosphate buffer (50 uM and 500 uM) was added stepwise by a micro syringe
(see table 3-4). Fluorescence emission spectra were recorded in the range from 300 to 500
nm at 0.2 nm increments. The intensities were corrected for dilution factors caused by

addition of of ligand solutions 7.

61



3.7 Fluorometric Titrations of HisH and cHisG with deON and trisaccharide 1
Fluorometric titrations of spike H and G proteins were performed using a
Shimadzu RF-5300PC spectrometer. The excitation wavelength (280 nm) and excitation
slit width (£1.5 nm) were fixed throughout the experiments. To a solution of G or H
protein (0.4 uM) in 10 mM sodium phosphate buffer (pH 7.4) (2 mL) in a quartz cell at
25 °C, each ligand solutions dissolved in 10 mM sodium phosphate buffer (50 uM and
500 uM) was added stepwise by a micro syringe (see table 3-4). After the addition of
ligands, the fluorescence intensity change of G protein was monitored at emission
wavelength 34145 nm for all ligands. Also, the fluorescence intensity change of H protein
was monitored at 341£15 nm for all ligands. The intensities were corrected for dilution
factors caused by addition of of ligand solutions, and expressed as relative decrease in

percentages, AF (%), based on the intensity of the solution without ligands 7.

62



Table 3-5 The experiment conditions of fluorescence spectra and fluorometric titration

in the presence of ligands

Ligand solutions Final concentration | Final concentration
Entry
(concentration/added volume) of ligands (uM) of proteins (UM)
1 - - 0.000 0.400
2 4 ulL 0.099 0.399
3 4 uL 0.199 0.398
50 uM
4 8 uL 0.397 0.397
5 16 uL 0.787 0.394
6 3.2 uL 1.572 0.393
7 500 uM 6.4 uL 3.134 0.392
8 12.8 uL 6.230 0.389

3.8 CD spectra of HisH and cHisG in the presence of several saccharides

CD spectra (200-250 nm) of spike G and H proteins (0.1 mg/mL) in 10 mM
sodium phosphate buffer (pH 7.4) were recorded at 25 °C in a quartz cell (1 mm light
pass) in the presence of ligands (0, 20, 50, 100 uM) using a JASCO J-720M spectrometer
and software by the manufacturer. The scanning parameters were sensitivity: 20 mdeg;

scan speed: 10 nm/min; band width: 1.0 nm 27
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