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LLC, TAVATRLDTHEEINTWS T, L L, TRETIEZI N T HEH%E
FALZT7 27 Fv 0%k BESAE—»2, ZofhontL oM E L EO N 5H
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2 v Fid. KRIGHE (Escherichia coli, E. coli)y Mz ERE % 13 U & 3~ 2 £k 4 79 J5H O Jrlsih
BHPICFEEL TV 3% (Figure 5), L7228- T, GEHZ HW 2L ettomeT 7 F Vi
FED1=D1T, 1,2-cis-B-7" ) 2> F 2GS 2 FRIEETURIEE O DR G E DML IZIEE ICHE
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Bz L T % (Figure 6), L 2> L. €/ & —AWZEEROEGK T, % O5E. ik lR
i WRFESUC 2 BRE S 2 DD 5720 BID TREPLENT 72 5 FATREL 72> T 5,
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LG
G(;ycosyl PO op
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acceptor

Figure 6 (RFEFLZ A L 7277V 2 2 ML RIE DG AL IE O il ]

DX RBEFROPM, EE, VIMEEOAR L LT, KA T 5 KEER D [FIRFCHIBETTEE 78
(i R OSAREIRIN 77 ) a o LRSS EH 2o Tw % B, REIGIX, B9 ICE R TEET
HbH, MR EINZS A E R R AV EEZERICH L LB TE S/
. BEZEREKIC BT 2 MR IRFE - IIRE LR DML iffc& 2, Lo L. BifEE
TICHE TN T BALE R USRI 270 3 o MURS IR, SEREIRN A RSB S 70 1,2-
trans-7" Y 2 FED FTEDL% L 1,2-cis-7" ) 2 FERD FEITYUMEZEOH % & D T
BHIL G I Ty, LB oT, 12cis-7 Y a2y FopTd, X0 &R KRR
1,2-cis-B-7"V 2 ¥ F 2 & UGREFTUEEHOE TR coGMITIEF IcNitcd 5, £ T,
FHHEE, 12cis-B-7 ) a ¥ FEIFENICERT 2 FEEFE T BEEARLEOAL D
FTU7FvEIFLOLTIEEMHABICORECERCTEZ 2L F 2, MEKDT 1,2-cis-B-37
RFEIRE 77) 2 2 UG D BT & IRIR DTSR & K~ D JGH %2 1T - 72 (Figure 7).
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B1E 1,2-cis-B-IEBIRT 2 VIERE

7Y ay FiEiE. 162L 2 Mo VARMEED BRI X b X N, A) 1,2-trans-a-7" Y 2 &
Fi&fr. B) 1,2-trans-B-2 ) 2 ¥ Fifith. C)1,2-cis-a-7" V 2 Fific. KU D) 1,2-cis-p-7"V
I A D 4 DDk AEREND S 2 (Figure 1.1.1), % 2T, EfEAHEK0 7)Y 2 Fiss
EALAEIRIICHEE ST 2 2 e ko b hTwv 5,

1,2-trans-Type i 1,2-cis-Type
A) HO B) o I C) o D) Ho
= o] N\ OR : \\;ﬂ = o]
1 OR
or HO : HO or
1,2-trans-a-Glycoside 1,2-trans-p-Glycoside ' 1,2-cis-a-Glycoside 1,2-cis-p-Glycoside
Availability of neighboring-group participation : Steric hindrance Steric hindrance

Anomeric effect Anomeric effect

Figure 1.1.1 7'V 2> Fit&onH

— I 1,2-trans TED 77V 2 > FREE X BB G2 M L 72277 ) a v A ELRISIC X 9,
B OV AEIRE CIEEERIRETH B, RFETIE, 200 7 UV RIREREEZ B T 2 HE 56 %
wEfes g2 e T 2 EBE L M UEAER S 2T oAt F Y =9 L4 F v ks
BT B, Z DT, 2 FLBEREL LW DD & DREZBE ORGSR MBI ANIET L, AT
RIS 1,2-trans-27" ) 2> F M55 & & 23R & TV % (Figure 1.1.2),

R20H
o) o) O( 0 2
PONA\, Activator Poi){ F’Oi)\ PO\ OR
O LG —— o — @ —_— 6]
1 Ox 1
R~ Q5 N R~
o R’ R!

—_—
HOR? 1,2-trans-a-Glycoside

Figure 1.1.2 Bt G4K 2 (27 & W RERGESL 2RI L 72 SZAREIRI 27 Y 2 o AL RIS

—H12-cis D 7Y a v FiE&E I3, BEEERES 2B L 72 24BN 277 Y a v b RIS
BRHTES, 2o 1 e 2 (OB ERNICTKEEREL 2 2 L. £ OIAEIRT
HEEERNEECH 5, T2, B-7 ) a v FEA, T/ v—RICX 2 LRENEZZTONS
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FIF DR Ko bhTwd, UTFiE, ThEChRINTE 2 12-cis-p-3LAERK 77 ) =
U MEIGIC D BT R %

11 9FRT7T)aAVEBEMALR: 1,2-cis-p-5'") aVILIERIE

1991 4F, Higdsgaul X, 77 FWN7 7V 2 v #xf(intramolecular aglycon delivery, IAD) %
Wiz~ v /v F ONARERI A REE 2 S LT 3 Y(Figure 1.1.3), £ 3, BEft5k e L
T2fic =V E2 G T 257 AM3 2w, BEXERAFETICEWT, p-t vy 2k
VIREER X &5 2 & TR GAAD 2 fLICHER AR 4 254G L 72 77 ) 2 & UALRHTER{R 5 23
BJoid, Ric, B ZEE LI 22 L <, 2fEHRL L [F Cid o lWZEEBT /<
—RIC D FHCERS L, BRI~/ S F e S on2 2 EBRE I hTw3,
InFECic, PG4 L SRR T LG T 2 7 — 0T 08 (I N, SRAURIED
B-=v /Y FRB-7 L/ ¥ FOVKERNEKRFEL LTHHINA TS B,

1) Tethering - OBn
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SEt SEt
3 4 5
2) Glycosylation - OB%
: BnO— OH OBn
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_ '/ BnO —  BnO o O
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42% (B only) ® SEt OMe
¢ 6

Figure 1.1.3 73 FW7 7V 2 VirS 2 L 72 -8R~ v/ o MERIE

2008 4E, ES X, 7 F AL AFANAP) T —T A ETHF =0T L LEaTHAT ) av
I X 2 B- LGB 7 2 7 o MER)E 2 LT % 19(Figure 1.1.4), 37, BG4k
ELTC2MICF T FAAFAREET 27487 v, BEZEREETICHE VT, DDQ
ZERE 5 2 LT, PEEGAED 2 fLIChEZEE 4 254G L7227 ) 2 2 UALRTEE 8 2315
bivd, K, BB A EE T2 2 2T, 2 EHE L R LA OEZXBERT ) ~v—
PCHRFE L, ARRFRNICB-Z7 4 7 v FORBOLNE Z EARBINTH S, KRFEEKIZ, &
R B-~ v 7 ¥ FRB-T L7 ¥ F i TRBEHERECHRIRETSH 2720, EFICH

7



HATH 3 H,

DS LTEIT oD,

SMe

BnO Q

TMSO ONAP

7
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Figure 1.1.4NAP = — 7 V% 7 ¥ —51IC L 72 IAD 2 FIH L 72 1,2-cis-p-7" V) 2 ¥ MALKE
1.2 FEEORERU/N\OF U EHEEAL= 1,2-cis-B-J 1) 2V ILERE

1981 4F1Z, Paulsen b (%, FACKE B OAAEE D $REE % F Vs 72 EAREIRIB-~ v 7 v LR
JoZ& S LT\ 2 (Figure 1.1.5), AT L, SR O FE AR I RAESEEL S ., Hi
WTHESZRAD S\2 ISR T 5 2 & T, B ERINICRIGETTT 2 IRIE S
TWVE AFEIZ P-4/ ¥ FEBICHICHAIRETH 2 Z fmEFINTW S B, Lo L,

SAREE DR E CIER AR GG SLERES IR T 5 2 L AmE I N TE Y | b
TR OIE I ICERE %25 L T % °(Figure 1.1.6),
Bn 35
e OBn /\© Silver silicate Lz?f 0 ( OBn
Bno s B”O&/
3 BnO
Ag i -Mannoside 12: 79%
B OBn ?g ] OBn
BnO@z . HO@# Silver silicate Br . BHO@Z\O@#
BnO 0 o & BnO e
OBn )( © & HO OBn )(
OBn 1
13 14 B-Rhamnoside 15: 70%

Figure 1.1.5 SR K O BALHE % F 72 1,2-cis-B- 2" Y 22 & AL
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1.31 46-0-RUDYTURERTHRUERZAVEE-TY/ VILERE

1996 4F, Crich b (%, 4,6-0-* v ¥V 7 v E2H 3 2 FEt 508 % F v 72 LARGERB-~ v
7 U MAELRE & e LT % P(Figure 1.1.7), B 5.8 18 % THO CTHEMEAL L 728556, 4,6-
O-_NVV VT VHDT 4 AT =L FHRICL > T, ELEAF Y =T L hFF VYV BRLE
ftxnzdzo, FHCHEETE M) 77— T2V BiEG Liza-F Y 77— P ERR
T2, EU7 19 T/ L CTHSZARM 20 28 SN2 MISRIEKE 2 & & T aERINICp-~ v
IV FABHELNDEEEFEZLNT WS, ERRIC, Crich b 1%, SR RN H M O DFT
TR Z W OGRS IC X V. K= v 7 UGS SN2 RIGTH 5 Z & &gl L <
VW52, KT, 1 TRADETHRERIICE-< Y /v FAAKATRETH 5 -0, ZhEK
BRFETHDZ, Lol BHGERIC 4,6-0-_v P ) TV ERBEATIHERDH 5720, 617
BTFAFACINTEEEZHTEB-7 L7 ¥ FERICERENICCHT 2 2 L IZREETH %,

OH
AcOo Q
Ac OTBS
PO o pTemp PO o 20 oM O0 o
BnO BnO AXOO Q
~SEt OTf ¢
o)
ACOOMe
18 19 21: 96% (/B = 1:10.7)

Figure 1.1.7 4,6-0-* v ¥V 7 v %2 {3 2 filt 546 % v 72p-~ v 7 L U LRIG

1.3.2 4-0-6-S-0-2 7/ RUDYTURERTHIBBERETAVEE-T L/ VILERE
2009 4E. Crich & ¥, 4-0-6-S-a-> T/ v IV F v EEHT 5 Pt 504 % F 72 o
REB-7 2 7 o LG 2 B LT\ % 2(Figure 1.1.8), 4.6-0-*v ) F V% H$ 20
HEEARZ b 72 VASEIRIB-~= v 7 S MEROE & AR OB . R ZASEIRIC 1,2-cis-B-
7Y ay FiEEEBEL & MRIREEZIT) 2L TB-7 L7 ¥ FOAMEZERL T3,
L2 L. BEEEAR 23 OAKICE TIRES 2 5. 7Y 2 FEOHEERRICHMEREZz L5 L
TOEPHEE LTHETOND,
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BnO  opn Bz&ﬂ OH Bz&ﬁ
26: 81% (B Only) 27: 76%

Figure 1.1.8 4-0-6-S-a-> 7 / X v ¥ U 7 v A H T WL GRIC X 5B-7 4 7 2 WELKIE

133 3,6-59 FUBEZATHARMEEREZAVEE-T Y/ VILERK

2016 . Boltje b, 3,6-7 7 b V&2 AT 2 WG4 % w72 VARERIIB-~ v/ &
MUSOE % #if5 LT % P(Figure 1.1.9), 3,6-7 7 + v iiE 2 A 2 Bt 50K 28 & B2 &K
25 L D7) A MU B-IZAREIRIICHEIT L, ELB-~ v/ & F 29 BRIFRIGET
BonsdeBAHINTYE, KRG, 147 v e FolE 30 2848 L LTEon
5o, PSR 4 frEWENIC X 2 RERS 51 X 0 | B-SLASEIRIYIC RG2S ST L C
WA EIRIBINT WS, X5, BGARD 4 f{F#ERE Ac RICET ST 32 LT, 14-7
ve FoeoRldEZ2H L, Yhp-~v /v FRIENETCHONLZERARBEI AT
5%, LoL, KREKFEE, BHEMHIC3,6-7 7 F vildEs 0B L 757290, 6 (T4
Foiban-fErH T 5p-7 4/ ¥ FEKICERMCICHT 2 2 & 3ZRETH %,

OH
BzO o] B,00Me
Th0 Bz0 N BzO
HOQC DTBMP #OMe o BzO IS)
—OOBn 25 o
0
OBn 7 .
Q7 oBn
OBn
29: 70% (/B = > 1:20)
—OOBn
—BnOTf

OMe

BzO
Q ns |0 oBn B20
o) AgOTf S o Bz 0
Q7 P - . o
n (0]
@ OH )
OAc OTO Q7 oBn
BzO 0]
31 BzO OAc
BzO

g5 OMe  32:88% (/p = 1:20)

Figure 1.1.93,6-7 7 V& 2z A3 2 Bt 5462 W 72-~ v 7 v v ELRIG
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1.34 26-59 FBEEZATSAIRBEGREZRAVEB-T Y/ VILIERE

2016 4F, A KRB, 2,6-7 7 b viiEz B3 2B G0K% A 7 L EIRB-~ v /v
MUEBS %S LT % 3(Figure 1.1.10), 54 7 L 7 35—AuClL HflE T, afko + Y 7 v
a7k b4 IF— 33 R L D) a v MMURIGEIT S T & T, BaL BRI
SIGHHETL, p-=v /v F36Eons Rl ncnsd, AGIZ, P 2zon
T M4 IT7T— MRE33ICHT % Sn2 RO RSHERECHEFT 975 2 & T, B- BRI G
DHEITT 2 LIRBINT WS, L L, PEEGMARIC 2,6-7 7 P v EZLEL T 5720, 6
BT A FALIN-EEEZHTEP-7 4/ ¥ FEKICEZEMICOHT 2 2 & IR TH
%,

FsC N_ N CFs
: YT
OH
o CF; 35 CFj o
BnO 0 + BnO 0 BnO 0
o
/ BnO /
BnO BnO AuClg BnO BnO 0
BnO,
e

OTC% OMe s

NH
33 34 36:93% (a/p = 1:>99)

Figure 1.1.10 2,6-7 7 F Y Hi& 2 3 2 it 54K 33 Z IV 72B-= v /7 v LIRIE

¥ 72, 2019 4E| Chai b 1%, 4 L7 vV RIRERE N 2,6-7 7 F VG2 H 3 2 bt 54K %
72 SAREIRIIB-~ v 7 o MUBIG % i LT % 2%(Figure 1.1.10), ARG IE, 2,6-7 7
FYBHBIC X DT ) = — LIS L 72 4 R T OV RIRERIC X B mEREE S X Y . B-ar
BRI S ET T 2 LRIBI LT 5, L2 L, BibL 7254 v L 7 35—AuCl; ik
BreMfvwiz<y s oMLRIG e Rk, BEtE5RIC 2,6-7 7 b v IRGRZ BB L T 5720, 6
B TFA XA EIN-BEEETEB-7L4 /7 ¥ FERICEBEIGHT 2 2 L ZR#TH 5,

@) O

OH
o NIS, AgOTf o
BnO 0 + BnO o} BnO 0 o
/ BzO /
PivO BzO PivO BnO 0
SEt OBz BzO
BzO,

OBz
37 38 39:73% (o/p = 1:10)

Figure 1.1.112,6-7 7 + v {§i&E 2 H 3 2 B 5K 37 2 W 72B-~= v 7 v UL RIG
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1.4 2 fICRLKRZNEZETHHESEZTALV: 1,2-cis-B-ILIEBRNT V)
AV ERIE

1981 4. Schuerch & 1%, 2 fifIC XA & v R F = VEEH 3 2 HEt50K8% FH 72 1,2-cis-p-
SRR 7Y 3 o LRSI LT 3 Y(Figure 1.1.12), =¥/ — 2 40 2 b8 L
AL, v/ mAaF Y =L@ EEH IS 2 LT, BALRERINIC 43 35615
TEeERAHLTW S, REIGIE, FEHEGAR 2 M0 BWEFREMERTH L A X v A LF =L
HicX W RESNza-F > 7 — M 41 1S3 LT, BEZAM 42 25 SN2 TSRS T 5
T & T, BAIMEIRIICHEIT T 3 L E 2 b N Tw b, AJ7iEmIE. Bt SR IC BRI ERL %
WL L7z, B-7 L7 ¥ FEKICHICHATRETH 5 2 L3 HL 2o T b, T 75
bbb, FL) —2AMDLFEEIND AL N EDTY) I MALKIGIC XY, B-IZAGEIRM

C46 o dZ e RLTws, ZOFHAMELL. 2LICAVF A — P AT VEE
ﬁ TSR E 7z 1,2-cis-B-3 L AGEIRIY 277V a2 S AL KGO BAIFE AR A IChifFFE 2 1T

Wy 6 280
O. Me
1) MsCl Ng’ /O Oy Me
BnO s
N7 26-Lutidine  Bno— o %0  © 4o
BnO —— 50 o — /O
Sl oH 2)AdTs BnO B”O

BnO
40 41 43: 86% (o/B = 14:86)

on 1) MsCl /O /O
o 2,6-Lutidine BnO BnO () 0

BnO BnO

BnO 2) AgTs o_,0

OH

S
o ‘Me 0" Me
44 45 46: 77% (o/p = 12:88)

Figure 1.1.12 §E{E 54K 41 L O* 45 % F 72 1,2-cis-B-7" Y 2 Y MBS

2003 4, Crich 1%, 27T o-F U I FAu XA F ARy ¥y 2Vt V2T 5 it S
% 7o -2 BRI 7 4 7 o ULRIGZ #E LT % P(Figure 1.1.13), 47 &£ 48 L D 7
Y a2 v LG X B- VA MAEIRINICHET L. 208 06N/ 49 036G T 5 0- Y 7 0dw A F L
RYBLYALFZAFIZF P YT KT A A LI L > TR ICHifR#EREchH 2 2 &
ZRMBLTCWE, LD L ARKIGOB-ERMEITHERETH O  UEEORZRL T2

o OMe
BZOW sPh 1)
BnO 5P, TTEP, TP0 W NaHg HO@Z\O 2
o\ //o CF —mM8M8MM > (0]
2 2) oM ﬁ/ oH ﬂ/o
g o
HO@# 50
a1 A o
ﬂ/ " 49: 63% (/B = 1:2)

Figure 1.1.13 FE{it 54K 47 ZF\~72B-7 L 7 ¥ MERIG
12



1.5 7/ I—HF7ILFIEREIZES 1,2-cis-p-F") AV ILIE RIS

1997 4F. Hodosi & 13, 1,2-A R T & X — VB GARIC X 2 7 7 = — (i 7 2 F AL KG % BX
il 72 1,2-cis-B-7" Y 2 & F D VARFERIE K Z #Hidi L T % (Figure 1.1.14), ¥~/ — X
F7ET L — A OHEEBAINE AT X —1 51 LN 54 ZRkHIE LT, Y75
— 22T VX MURIEZRIT 2720 ZDFER. T 7~ —(LERI 2O ARERIYIC
B-vv /v FS3KRUB-FL /v FSSBfGoNbZ /L TWwE, ~v /) —RF 1k 7
L) —RF 2 FfKEEEER T X TALTH 5720, VKEEO VRV 2T Y TAALT
HDT )~ —IKBEHESERMICKIS Lz FE 2N bd, KRIGIE, GREEESR 1,2-cis-B-
7Y av Fer/NRORERE LG T 2GR CTARARETH 5720 FAHTH 505, Bt
SRz BEEET 2 HAHEE LTETFLNS,

HO— oH
"Bu,NF (1.0 eq. Hoﬁ/
HO o Sn Bu BzOé; NF(.0ed) Bro 0

B —
HO BzO BzO o
BzO
BnO
B200Me
51 (5.0 eq) (1.0 eq.) 53:75%
Q o
HO O CsF (6.0eq) HO
+ BzO - 5 HO BzO 0}
o- S” "By BzO OH "Bz0
BZOOMe
54 (4.5 eq.) (1.0 eq.) 55:88%

Figure 1.1.14 1,2- 2 X7 & 2 — V% i\ 72 1,2-cis-B-7" Y 2 > MUERIG

¥ 72, 2016 4E, Li LU Zhu 513, Cs:CO3 Z W72 T /) ~— (i 7 v FAALRIGIC X % B-~
v /¥ FOMVRERN S Z]E L T % 3 (Figure 1.1.15), 1,2 kB E O~ v 7 — 2
40 IC CCOs ZEHEE 22T, CsRTAFL—b LAESTHERLEK, P 7 7—F
6 XTI NMMURICHETT 22 LT, B~ v/ v PSS BEICECH LNz EZ T
W3, REJGIE, ARXT 22—V E2RHALET ) ~—T7AFAMMURISE 3R Y, 2T
£ &= AfbD X 5 RERIFHMSRECH 2720, X YR~ v /¥ FREARETH
5, L2L., CsEFTDFL—MiT, 6 MERRTFPES L TWE 720, 61’475>7‘ﬂ‘«*\‘/ﬂ£é‘
NEWERETLB-7 L/ Y FAR~DIEH L 256 ICEPKE (KT 2 2 & 255
L T 515 3(Figure 1.1.16),

BnO—

BnO 10 ,OBN G200, HoO/CS\ BnO— OH OBn
Bno BnO O™\, —»B”O&&o 0
BnO BnO ’Dk BnO BnO 0"Bu
Bn OTf OBn
40 58: 75% (B Only)

Figure 1.1.15 Cs,CO; W 72p-~ v / ¥ LG
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H Tf0 /OBN 032003 HOO/ \
BnO B O\' _»BnO
BnO OnBu BnO Bno OnBU

OTf
59 61: 30% ( [30n|y)

Figure 1.1.16 Cs,CO; 2 72B-7 4 7 v AL IG

2019 . MIARLIE, RY vEAEEAH V2T /~—f 7 A3 ALRIGIC L BB~V /v
N O SARBER A R 2 3 LT3 B(Figure 1.1.17), 1,2 kiR o~ 7 —2 40
TR Y Vg 63 ZEHEE 2L TELAERIA— P RT L 64 B8, T/ ~—hioKk
RELEIRMIC F ) 79 — b 2 ICRIEMB T B2 LT B~/ ¥ F 65 BEilETHELN S
CEERBLTCWS, KRFEE, iR L72T / ~—{LT7 S ARG & 1387 b | il ic
RIGAHEFTS 5 720, FEEICHHTH 525, B-7 &7 ¥ FAK~DIGHIZ E ZTbh T
W

B
n Bn
BnO O '+ BnO 0 63 (0-1eq) BnO - BnO ©
BnO BnO BnO BzO 0
OH BnO, iPr,NEt BnO BzO
BzO, Me

OMe
40 62 MS4A Tfo/?i 65: 99% (B Only)

Figure 1.1.17 &V VAN 728-= v 7 o MLRIE

1.6 EfEERA: 1,2-cis-B-F V) a VILERIG

2016 . Yu b 1, il 2 v 72 B2 (IR 7 4 7 o WAL RIG %2 #eds L T % 34(Figure
1.1.18), Bt G0k Bipf R R O PREEFE A AE L 72450, BELG1K 66 & BEZ AR 25 & D& fil
A2 A7 7Y a3 U MEREAB-LAGEIRINICETTT 2 2 L 2 AL Tw 5, RRIGIE, F
AR 67 1ICXf L CHEZ AR DY Sn2 BUBRHE CRIXIEE S % C & T, VREIRINICB-T 47 & F
BIFO NIz LRIBI N TV 5203, Z OFE 72 SOGHERE IXB & 2212 7 o T Ze v, RFEIL,
B-7 L/ v F BN O VAREIRIICAKATRETH 2 720, IFFICAHTH S, LaL,
WEZBRARDFE T X o CTIMAEREAME T3 2 e LB T o5,

OH — —

820 o AuPPh;
NO, BzO O,N N~ BU
BZOOM ‘ @
o e o)
25 = BZOW\A °
520 o7 _— o - BnO BzO 0
e l PhsPAuCI OBn BzO
osn | AgBAr,F 870 @o?\ﬂ)}‘t Bz00ome
MS 5 A BnO 68: 95% (a/p = 1:9.8)
66 OBn

67

Figure 1.1.18 Y X 54 v L 7l 72 1,2-cis-B-77 Y 2 ¥ UG
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1.7 EXFAYL7MEZRAN: 1,2-cis-B-F'") aLILERIE

2017 4, Jacobsen & ¥, KEHRE X FF4 v L 7l % B v 72 B-aZ fAGFE IR 77 ) 2 o kK
JG % E LT\ 3 B(Figure 1.1.19), (R,R)-71 Zfillie L CHIAL ., o-HEfLiE69 & 70 & D
Y 3 MURIGZ AT o 2GR, CAERICR-~ Y /v F 3B ons 2 2R L Tn
%, $7z. MUEES,S)-T1 T2 LT, B-TL/ Y FEMICHICHTRETH 2 2 & 2 AH
LTWw3, $7bb, (55-71 LU IBO fZE T, ot 73 £ 70 L DY a2 v MUKRIG%
1T o =450, SIAREIRIICB-7 L/ v F 1AM 6Nn5 & &%Eﬁbfmé ARG IE, DFT
BRI OSHEEEER A AR ASME 1 X 2 SROCHRERATIC X 0 . o iiEtE D Sn2 B <t
T2 eBR_EBINTHE, LaL, 4{7«'3;'5@{7«'3{355 1,2-trans-o-7"V 2 ¥ F O FEIED
TRl cE R LFHEE LTE T LN,

Cl OMe OBn OMe
69 70 73 70
(R.R)-T1 (S,5)-71
IBO IBO
BnO OBn
Bg%&&wo HoL8f O
n
MeO 0] Mﬁo
MeO OH MeO
MeQO e
72: 70% (a/B = 14:86) 74:78% (a/B = 12:88)

0*@“*5218 *Q Xy

Figure 1.1.19 KEHRE R F4 7 L 7R 72 1,2-cis-B-2"V 2 > WLRIG

¥ 72, 2020 4E, Jacobsen ¥, EAF A LTl 77 &V VEENEE F T2 1,2-cis-B-3L A
BIRW 7Y a o MALRIG % S LT3 *(Figure 1.1.20), ~ ¥/ — A2 b TR CTHA]
AE7x 75 ZHEL GRS LCHW, ©XFA T L TR 77 FFET. WZERT6 LD 7Y av
MUSOGZAT 2 720 % DFER. ELASERIICSOCETT L, EEp-~v /7 ¥ F 18 2355
N2ZEZRBLTVS, F72, BRICT L4 — 29 LT CAK AR 79 % HE it 5.4k

15



IV, ERFF T LT ent-77 FFAET . BERENR 76 £ D7) a2 L A LRIEZRTT 2 72,
Z OFER, B-7 L7 v F 80 BEINE» OFVMERNICHEONL LA RHLTWS, L
2> L. IREE O R E WIEZERE WG 6 CHREREMET 52 2 L lEINTEH
b, HIB L 72 KBRIRE 2 F 4 7 L 7 fildlit & F o 72 SEASEIRI 27 Y 2 2 AL RS & RIER IS, 57
REWARTH D 1,2-trans-a-7"Y 2 FORIELTERICHIFICE oW & AREE LT
biLd,

X 0 X
/k o 0 77 )V o o 0]
0 L
O/% + HO/\‘)kOMe _— O%O/\‘)kOMe
NHB
OPO3Ph, e NHBoc
75 76 78:82% (a/p = 1:19)

OPO4Ph, o)
0
Bno@? . ent77  gno Q O/\‘)kOMe
o 4 HO OMe o 5 NHBoc
* NHBoc *
79

76 80: 91% (a/p = 1:30)

CF3 CF3
S N A o)
F H H é H
FsC N_ _N_ .« FsC N
T 1 I Ié
07N 0 p
S CF3 Y
&P 0

77 ent-77

S
M

H

N

Figure 1.1.20 Y X 54 v L 7l 72 1,2-cis-B-27"Y 2 v ULRIG
1.8 KEHEENTJ ) aVEBIZKD 1,2-cis-B-7 ) AaVILERE

2012 %, Demchenko H ¥, KFRFEGHANT 77V a2 Vi (hydrogen bond mediated aglycon
delivery, HAD)IC & 2 V{81 770 2 v MRS 23S L T % ¥(Figure 1.1.21), 3 fiz/k
MEZ v anf A (pico)Eic X o TIR#EL 727 47 — 2B D F ¥ 81 % Fv, @) 72 3 M7
ZEHI S22 &0, VRERNICB-F L7 FBELNE L EZRBLTwS, AKX
JGld. BESZEE 34 OKIEHS Y au A A EOER L KEHAL, vanfrEkr 4 5E
Bk L Rl U2 WL GAR T 7 <= — (1~ O KRB DS EST L L S AGEIRIICR-F 47 &~ F
BEONDEEZLNTWS, 77, 2014 FFICHE I N-RRZFECLY, B~/ ¥ FAK
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3. EEER D DL RE

R A 2 B 2.2.1
FaSLNOF- Y

CHIGHTARETH 2 2 & & RH L T3 ¥(Figure 1.1.22), ATkl
FIC 1,2-cis-B-7"V 2> FHRAWAIRETH 5 2 L b, FEFICEHTH Y. FFi
fiicteib 3 2 X 5 IR~ R EYURFEEABICCH I Tn 5, Lo L, HEZ
IC X o CURBIRMEME T T2 2 &0, REKEDRHIBEI LTV,

OH Bno@Z\ 0o
0
BnO.WSEt . 8O o  DMTST o OBn ~ on PicoG g ENO o
PicoO BnOM—=" x| A N BnO
OBn ) MS4A o BnO
OMe | OMe
~ 82: 94% (a/p = 1:>25)
81 34 i |

Figure 1.1.21 HAD EZFIH L 72B-7 & 7 v LG

~
O x
BzO OBn OBn N BzO OBn OBn
DMTST | g0, & .5 o
BzO O 4 HO o —|B o H-OR | —= BzOC 0 0
PicoO BnO o ¥ BnO
SEt BnOoMme OBn BnOoMe
83 4 OBz 84: 86% (o/p = 1:5.2)

Figure 1.1.22 HAD EZFIH L 72B-= v /7 ¥ LG

2019 4E, Yang 513, 3 fiZiC 4-= b v v o v f AdA2 159 2GR % v 72 B3 7 A8 IR
)7 2 7 o MEROE R i LT % *(Figure 1.1.23), KR ED K & WHEZAK 4 20w
AT D . RROCIEENAERINCGET L, EOB-7 47 > F 86 BEINETHLNLE Z
EDHHEINTWE, L L, (REHLE T 2 WA 87 % V72858 I L ARERE D K
FLEPLAEZ &b, KRR, HEZEROEE fRIEICEREZKRL T2

OBn NIS
0N Bnow HO&% _TfOH _ ON Bnoﬁ\f”“Bn
BnO
MS4A
4 86: 88% (/B = 1: 15)
OBz NIS
0N Bnow goofg o _TOH _ ON BHOW%BZO
z MS4A
/ \ BZOOMe —
N
87 88: 88% (o/B = 1:2)

Figure 1.1.23 it 54K 85 # H\» 72 HAD {EIC X 2 B-T &/ ¥ LG
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E2E 12cisp-FUaY FREEETIRRENREHOER

I R R TR RS O SR W) AL A A RGE OfF X, “eom w7 7 F vREIRICKECH
BRLESZ 720, TEFEH STV 3, BT 1 2-cis-B-27" Y a2 Fid, KIBECIRERE % 132 U
B ET A RRREOTFEHEICE TN T VB 25, 12cis-B-7') 2 FEETHR
WU O KA RIEOBFBEA I T2, L L, BITEERALICE>Tw3
GHEHEEZRWET7 72F ik, BB ED R 1 2-trans-7") 2> FEFERDELTEY, &
L7z 12-cis-B-77Y av F WY 7F vIigERELICE>s T worBlikch s,
T T, 1,2-cis-B-7"Y 2 ¥ FGEZ RS 281, 770 a2 v A LRIGD » 7 b 38 L & 3L
T HHGERMEBENRTIE 7)) a v ALRIED 1 TRRET 1,2-cis-B-2'V 2 & FREEZ
BT DEMEREREN R TRE TN ETNERLZ UTIC, 2NE TSR TE 72 1,2-cis-
B-7V 2 F & &R EEDUSRESH O MR £ 72 TIEEN AR IC O Wik~ 5,

21 MEMLGFEEBMELE 1,2-cisB-JJ L FEEEETIRRERRME
FHDAERK

211 IAD EZAW: 1,2-cis-B-3I BRI ) a VI ERIEEBE L - RRER R RESH
DERK

2016 4F, Gu T Guo b &, S H3FHFE L 72 TAD % BiXfili L 72 fili %8 3K 23F 2 CPS D
DR L PUBESHFRER 93 DA Z i L T % “(Figure 1.2.1), 9. 89 & 90 icxf L, DDQ
FER X2 2 & T, Pfit54A 89 @ 2 LI 7 & & — At 2/ L CHESZAMR 90 25454 L
72 7Y a v ALHTERR 91 ZFE L T2, Ric, BEtGARZEEL S5 2 T, 2 i
PR [F U2 D 90 DB ET L, #td TFA KX BMiF 7 F LA Ffb% 35 2 & T,
YEHp-T7 L/ ¥ F 92 B MAERMICEKL T2, o792 L, 20O 7Y a1
LSRG % & O ARG S 2 2 & CL i BRI 23F & CPS D v iR L WUBESHEEEM4R 93 D&
EZZERLCTWd, LaL, B-7 47 v FiEEREEIC, 770 a v A ALRTE R 91 oFR8 2 24
LT 25720, &R LTTREEBIS 22 2 LAHEE LTHET LR,
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SMe

SMe OB oo A"O 1) MeOTf
o , HO BnO DTBMP
AlIO BnO N3 . - >
B0 onap 3 2) TFA
BnO o\é/) N3 64% in 2 steps
89 90

HO

OH
HO
- ,HO\J\ é& ‘é&
O \NH
A||O@Z\BO‘§&/ W <\’>3 ’
BnO

nO 09N3 >
OH BnO 3
HO

93
92 HO OH

Tetrasaccharide repeating unit of CPS of
S. pneumoniae type 23F

Figure 1.2.1 TAD % Biff U 72 ili R ERET 23F B CPS D 0 3K L PUBESHEHE(R 93 D A AL

21.2 RENLEB-5 L/ VIVIERES ZEBR{#E LT- Clostridium bolteae CPS # ViR L #E8HE
BEOER

2020 . Yin 5%, 4,6-0-~v P Y F v EEH T 3L 5K %2 X U 72 Clostridium bolteae
(C. bolteae) CPS DV iR L /NHESHEHEMA D & % i L Tv» % Y(Figure 1.2.2), 4,6-0- ¥
VYT vEERT AR GR 94 1Icf L, BERAEMAR 96 LU 97 2EHE ¢S5 LT, vV
J ¥ F 98 TN 99 & Z N NAERINICA L. 6 fKEEE D T4 F vt % & & HHEHE
{tZ4T5 2 & T, C bolteae CPS # v i& L /NFEBHFHFEMAR 11 O/ ZEK L T 5, Fiz,
Yin 5. 1,2-trans-B-7") 2+ ¥ D 2 fiKEEED LR EEZ FIH L 72 C. bolteae CPS @
H o HSHEEFER O GREMRE LT b, 3. 104 7213 97 & HEHLSF 103 & o,
PGk 2 27 o VR ORGERIC X B BREEIEE G- 2 P L 72 1,2-trans-B-7" Y 2 > MURIGIC
0. 1,2-trans-B-77Y 22 F 105 U 106 ZHHL T 5, FEvT, 105 T 106 1T L,
)2 (L7 v VR IREFE D BRGE, i) 2 fKIEFE O, KT iii) ITZATH T & Ty 1,2-cis-
B-7'V a v FicE#al | HRFEETH C & T, PSR 107 R OHEZ A 108 12452 L
fwéo%%a%um:ﬂb‘%1ﬁmun%W%éﬁéfkf\:%%%ﬁ%%Aﬁb
F 7 F X FAFEORUHEE R OB G4 107 272270 a U AMLRIGEBE VIR LTS C
. TR ERZ AR L T b, REBICTRXCORERLZNRET LT, C
bolteae CPS O+ /\FEHEHEEMA 117 DA ZEK L T 5, RIFFETIE. & 5, ZHE#H 107
TR GAR L U CBRES 5 2 & T, R, O PN o R E AL, THFIT C
bolteae 7% HJZE L T b N7z HUME & SHMREFEAR LY BEENM L 27 L— 2 Hwiz~4 2
a7 LA RITHZET, VU 110 2° C bolteae \CXf3 % 7 7 F v DR & 7 0 15 5 Prs
fliECH L Z L ZHOLPICLTWB, L L, 1,2-cis-B-7°V 2 ¥ FREEREEICfth T2 %2 2L
THEPHEL o T D,
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OH
P00\ Fo"
(@] HO (o]
BnO HO
94 SEt HO OH

Th,0, Bspl 102
TTBP

P00\ Tg"
o Napoﬂ/ST I
BnO BnO o

oTf OLev
95 103
BnO Ogn Ph—%-0 Oéc
BnO HO{ \NBnCbz o] HO{\)[NBanz
HO 5 HO 5
96  SEt 97 104 SE 97
5 OBn Ph/v NapO~
Ph—X-0 B Ph—X-0 o 04 }NBnCbz
&&/noﬁﬁ 2 0 yNenctz NaPO AV
OLev
. OLev
98: 82% (f Only) 99: 95% (a/p = 1:5.5) 105: 86% ( Only) 106: 96% (B Only)
1) EtSH, TsOH 1) EtSH, TsOH 1) HoNNH,/ACOH 1) NN lAcOH
2) TsCl 2) TsCl 2) (COCl),, EtsN )|(31v|so)2' 3
3) LiAlH, 3) Nal DMSO
4) NapBr, NaH 4) BuzgSnH, AIBN 3) NaBH, i; XaBoH‘t
Co
BnO n o ACZO 5)DDQ
Napowo% HO%O{\/)NBanz AcO Ph/vo QAo
BnO BnO 5 NapO HO O{\/}NBanz
100 101 BnO BnO 108 5
OH OH H
HO O
HO HO
OH hrA
iﬁ&? A
HO o OH

O{\/)NHZ SO/&Q/O{\%:JHZ

11 109-117 (n = 0-8)
Hexasaccharide of the CPS of C. bolteae Oligosaccharides of the CPS of C. bolteae

Figure 1.2.2 [#ER72-T & 7 ¥ MRS Z RS L 72 C. bolteae CPS D% Y 3R L FESEEE (A
DA

22 EERNGFEEBRELE 1,2-cisB-J )Y FREEZFTIRRARRE
HDER

221 BRtERUTFEEOBREZALE 1,2-cis-p-RBIRIT ) aVIIERGEEEL
-RRENRREEOARK

1981 4F, Paulsen & (3, BAUHER OHE A\ 72p-~ v 7 o AL RIGZ BRE L 72, KIGH
075 LPS O-FiJ D53 =HEHH 120 D& 2 L Tv» 5 (Figure 1.2.3), KEH O75LPS O-
PUR DRV R USRS 2 13, 7F o TAKBETHEIH T 7 b —RAD 4 flicB~v /v
F23EfE L& 2B L Cnb 720, AN EETH %, Paulsen DI, 1,6-7 v FrH T
7 b= 18 A HEZAEEL L THWS Z T, RALBRUIRIEZ Wiz~ v /7 v M ERIG
DINAEIRINICHETT L, BOB-~v /¥ FIIBENETCHOLNL 2 REBLTWS, ?
#ic, 7Y a v fbRIC kR & EFEEE 5 2 LT, RIEBE 075 LPS O-fit/i o5
PEEE 120 DA K ZER L T 25
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oan OAc Silver silicate ~ AcO—_ OBn o
BnO o2

Bn
119: 80% (B Only) ©B"

HO— oH
HO O _oH

- o
—_— HO ~ OH
o@f
120 HO

OH
Trisaccharide of the O-specific LPS of E. coli 075

Figure 1.2.3  KI5H 075 LPS O-HUHE D &7 =HEHH 120 D G

¥ 72 Paulsen b (%, 1983 fFiC, BAUHE R O HUE 2 W 72B-7 & 7 v MESOG % BR A L 72
Shigella flexneri (S. flexneri) type 6 LPS O-HLE D 0 K L PUFEEH 125 DA Z#HE L T 5
B(Figure 1.2.4), SIGHEET. BLHE 121 L 14 L D7) a2 MLRIGEITH T & T, B-7 &
7Y P 122 % BRDOIWETHK L CT»5b, T, ZFEH 123 icxf L. SUEHEET. BALhE
1BEHAVEZZY) a v MERIEETTS T & T, = 124 ZIGE 2% THRL TWw 5, 55
- 126 K_ﬁ L. 7Y a v MG % & D& ERE 21T 5 Z & T S flexneritype 6 LPS O-
PUR D 0B L DUBESE 125 DGR ZER L TW» 5

OBn OBn
Br o o
Silver silicate
ACO 0 + HO - ACOWO —_—
BnO Q o BnO o Qo
OAll X X
121 14 122: 73%
Br

OBn Bnoﬁ OBn
OBn
HO@Z\ 0/ " Bno@?\o@?\ O@z
BnO g 3(0 Silver silicate BnO g, BnO o j(o

123 124: 72%
OH

o L oz oY

. HO on
OH OH

HO 125 Tetrasaccharide repeating unit of
NHAc the O-specific LPS of S. flexneri type 6

Figure 1.2.4  S. flexneri type 6 LPS O-FUJF D # v iR L PUBESH 125 DA K
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X 51T, 1992 4, Kamerling © 1%, RACHE KX OERIGE % I L 72 A AREIRIIB-7 L 7 v v K
W% S H U 72 fifi 28 BRIEI (S, pneumoniae)2 B, 7F 4, 22F B Jx O 23F &I CPS {5y = BEHAE
4 130-133 D& EHE L T % “(Figure 1.2.5), 7 A H 126 2> b A8 L 72 RALHE 13 i<
L, SHEFEET. L,6-7 v e Fusaa— 8K 127 #Ef X ¥ 5 2 & T, MREKE 2
B, 7F B4, 22F RO 23F M CPS o B A KA TS 2 128 BHEE IR TR LN S
CEZRHEMLTWwSE, Lo L, REKRTE, VHREEERTH 2a-7 47 &~ F 129 3%  HIE
LCED., B-7 4/ ¥ FIEAHEEO T AERMEICRERZ KL T3, L2 > T, AR
JR B HTUSRESE & B IG I RTRE 72 1,2-cis-B- 32 77 U 2 2 MALRIG D RfFE D Kk 5 T
W5,

(0]
OBn
O
o OB ?
n
SEt Br OH OBn QBn 0
Bra 127 Q
Bno s/ — |Bno LR —_— + O OBn
BnG BnG Silver silicate Bnowo OBn o
OBn OBn MS4A BnG ., BNO .
126 13 OBn 128: 43% BnO 129: 36%
OBn
Q@,NHZ OH
H 3 O
OH OH OH 3
130 131
Trisaccharide of CPS of Trisaccharide of CPS of
S. pneumoniae Type 2 S. pneumoniae Type 7F

OH
Howggé% OH HO OH
HO
OH HOo 070 o) O o/ \WNH,
-0 HO 0
HO HO OH 3
Ho o{v}NHz OH HO
OH ‘/3

132 OH 133
Trisaccharide of CPS of Trisaccharide of CPS of
S. pneumoniae Type 22F S. pneumoniae Type 23F

Figure 1.2.5 Jili 28 K& CPS D #R o> = BEHFHEMAR O AR

222 2-0-RVUDIANLKRZIIVEEESEER L 1,2-cis-B-ILFRRI T ) 2V IVIERE
R L -mRERFEREDOERK

2005 4E. Bedini & 13,2 fZI1C_ v P 2k = VBB T 5 HE S48 % BV 72 Xanthomonas
campestris (X. campestris) pv. campestris 8004 LPS O-FUJE D8 0 X U = HEBEFHEM 137 DAL
I LT B S(Figure 1.2.6), 2 fiZic_ v P 2k = A Eix B3 2Bt 54 134 & 135
D7 Y 3y UG & AT o 7o 5 AR O VL ASERME CEEB-7 47 F 136 2XMF b 1
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528 AHLTCws 5L 7)) av M AURIEE GO EERENZIT S T L T X campestris
pv. campestris 8004 LPS O-HU5 DV iX U = HEFHEFEM 137 DEKZ @R L T2, KFiE
B SERPE TR OALRVKFZAFRICE 2T 4 AT — L FEIRICK Y RIGRHIC
HEL7za-+ U 77— MREICH L, BEZAEERD SN2 B ORI B 3% 2 & T, RN 75 p-
7LV PG EBELTYE, L L, SEREMARTH 50-7 47 Y FBLCEHIAELTE
D, B-7 L/ ¥ FEEARED AERMEICHEZ KL T 5,

0S0,Bn
SO ogn TMSOTS Bn0O,SO OBn
BnO + BnO . o BnO 0
AllO HO BnO fe)
O _CFs OMe Al OMe

134 Nph 135 136: 99% (/B = 2:3)

HO

(0]
AcHN

- HO

- o) OH
o HO O . . . .
HI?O e} Trisaccharide repeating unit

OMe of the O-specific LPS of
137 X. campestris pv. campestris 8004

Figure 1.2.6 X. campestris pv. campestris 8004 LPS O-HUJE D4 v 1K U = HESHFHEM 137 DA K

223 HAD &Ik B 1,2-cis-B-3FRIRAT ) OV IVERIG EBREE L - mRE R HEE
DERK

2017 4F., Pareira J( U Seeberger © (X, HAD &% Bl L 72 ifi %8 BRIE 2 Y CPS D # VX LN
PESEEAER 142 D AR & B L T\ % “Y(Figure 1.2.7), NIS & U TfOH 771E F. =A/KE5L
e an A VEERE AL R GR 138 L HERAMAR 139 L D 7Y a P M ELRIGEAT © 7o 45
R, PREEOIETR-7 L4/ v F 140 BN 22 AL TWw5, FEWT, 140 225,
vaouf Ao i{E#EL S 4 TRTAEML 72 BG4 141 it L, 7Y 3 > LG
AU EREEITS T LT, MiRERE 2 B CPS & iR L/SHSERRER 142 O & % &
KL TWd, 7. 142 %F v VT XV X7 HTH S CRMI97 ICEHAL L 7-EHERE 143 %
~ 7RG LA, BRERE 2 BoRETH 5 NCTC7466 1L, 7'V = v{Ef%
B2 EHRENZ 2 /AH L 12237 7F v ofife LCHfET 2 2 L 26 5
KL Twd, L2L, B-7L4 7 ¥ FERDIGER OVAERERFRECH L 200, T
JFHESE O SR ICKEDORMATR L T3,
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SEt NIS OBn

:ZE# :ﬁgm o —_
BnO + HO 0 Bno@?mo 0 _
- OMP OMP
PicoO OBn BnO PicoO BnO

BzO OBn OBz

138 139 140: 53% (a/p = 1:3)
OJ W NH,

. VA
HO
O OH
OB
" HO Ho@#
Bno$\7;o qumo&&/OHoo >, 142-CRM,g

AcO o BzO '0__CCls HO  on 0 143

o)
142

H
HO
HO
HO O
HO . . .
HO\M Hexasaccharide repeating unit

HoOC of CPS of S. pneumoniae type 2

Figure 1.2.7 HAD {5 % BX{ U 72 Jili 28 BREG 2 A CPS D 1 3K L /SHESHRAEK 142 DA

141

2018 4F, Kulkarni & X, HAD %% BXfif U 7= Pseudomonas fluorescens (P. fluorescens) BIM B-
582 LPS O-HUR D 0 iR L = HEEHFAE(R 148 D AR Z i L T % “(Figure 1.2.8), NIS %
O TfOH fEE T, =fkEgsic v an 4 VL2 A L 72 WL 508 144 LHEZRR 145 L D
7Y a v MERIGEAT - TGRSR 2 DS MAGEIRICE-7 4 7 v F 146 B H N5 T &
FRHELTWS, T, 146 225, van A VEONHRELET 3 TR TAK L 72 hHH
147 1cxf L, 7Y a v ALRIG % B & EFHE(L 21T 5 & T, P fluorescens BIM B-582 LPS
O-VUR DIV IR L =FESHEHEI 148 DA ZE L T\ %, Bib L 72l BRI 2 Y CPS ##
DR LSS A OB & LT B-T & 7 S MG DGR R SRR YE & b ic K% (K
FBINTWER, ZOERKITOWTIIHL TR > TRy,

OBn

SEt NIS OBn
o HO o TfOH
BnO *  BnO O<\/>NHCbz — &m0 070 0
TCAHN 3

) _ Bro O(\/}NHCbz
PicoO OAll PicoO OAll TCAHN 5

144 145 146: 80% (a/p = 1:8.4)

o

- BnO 0 (0]
—> bBn BnO OJ?%NHCbz >
BzO OH TCAHN 3 %OH
(0]

147 HO 148

Trisaccharide repeating unit of the O-specific
LPS of P. fluorescens BIM B-582

OH
0 0 O
OBn HOWH&S/OQNHZ
NN o 1%
OH

Figure 1.2.8 HAD £ % BX{#i L 72 P. fluorescens BIM B-582 LPS O-HUi D # 0 iR L = B IHEEE
A 148 DA
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2019 4, Misra b (X, HAD %% B\ i U 72 Shigella boydii (S. boydii) type 18 LPS O-HLJH D#5:
DK L FFESHFEER 155 O &K % # L T\ 3 “(Figure 1.2.9), NIS. & U HCIO4-SiO, 771E
T, VOBESH 153 & =K Ic v an A VAR EAL Rt 5AR 138 Lo ) a v ufbiK
JEIC XD, B-T L7 ¥ FaE TR 154 2 ERPICER L Twb, 720 ARG,
154 D7 VEy FEKICOISHATRETH 2 2 L2 BB L TH Y. 149-152. K8 138 25
IV 48% THANESH 154 DA EZER L T3, RiZIC, T XCORELEIIRET 2L
T. S. boydii type 18 LPS O-HUH D Y iR L AMEFHHE 155 DS EZEKLL T2, L2
L. 140 & 155 L D7) a v MURIEDEE, DT IV REEAREIEST 2 2 800, B-7
L v FIEOBEO S RERME I, dEoREKRL T3,

Ph
O SEt
o SEt o
0 g PMBOW
BnO SPr Bno@# J J
OAcop, PMBO BnO A<
oc 150 151 OPMB 152
HO
N3
OPMP
149
Ph Ph
o SEt o
0 o 0
BnO
O OAc $\? 0 OA
Bnogﬂ OAc PicoO . Bnogﬁ ‘oAc
%0 C 138 %) 0
0 N (@] N
BnO 3 - BnO 3
ﬁ? opmp  NIS, HCIO,-SiO, " ﬁ OPMP
0 0
0 )
017 Bnoﬁq\o?\j
0 PicoO fo)
OBn
< 153 HOcooH <
HO&% OH oH 154: 74%
OO 0 (o Isomer: <5%)
” 0
HO AcHNGpMP
Ho [
Ho@foﬂf
HO OH HO OH
155

Pentasaccharide repeating unit of the O-specific LPS of S. boydii type 18
Figure 1.2.9 HAD % Biffi L 72 S. boydii type 18 LPS O-PUR D Y 3K L LLBESHEAEIR 155
DAL

2020 4, Misra b (X, HAD iE 2B L 72 KR 0115 LPS O-FiJsi#g v iR U bk SHARE AR
162 DA ZHE L T % “(Figure 1.2.10), HCIO04-SiO T77E . Ak I v a v £ L3k
ZE AL 7B 5R 156 & B AR 157 & DLEERN 72 77 ) a v MALRIGZ(TS 2 & T,
B-7 L/ ¥ FEHET 2 HEH 158 % EICE» OV EIRIICER L T3, RIic, FEH
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158 ZHifit Gk & L TR, NIS. HCIOsSiO: f27E . ZhifH 160 &L 0 7' a v M LKIG %
oz, HNORREHEIFONA W L ZIALAICLTVE, ZNF 158D a8 f )L
X 2 EHERFERTH 2 LEZONTW S, ERIC, vav f iz 7w F I HLic 2
L7- 159 ZHEfik Gk L LT, =W 160 & D27 Y a o AMULRIGE 1T o 725558, G IEE®P
PUCHETT L. HIO HFEH 161 28FINETHONE Z L2 AHL TWw 3, RIZICT X TOMR
ERL A WIRTET 5 C & T, KIBE 0115 LPS O-HUR D iR L A FEHHAEEM 162 D &L % 2
JRLTWb, L7z23> T, HAD iEZEfEL CAKL v am A VB2 HET 574 /7 F
%27 ) av MURIGOFEEICH W 256, v a a4 VIO RRGE K OHEE L 7 KR o £/
ETRPMET L7720, 20 TRMOMINT2 2 L2858 EE LR TFon5,

CCl3
O OBn
"o OCB)” HCIO,-SiO, 070 o
BnO O NH + ACO SEt Bnloz,icoo cO SEt
. PhthN
PicoO ONAP PhthN ONAP
156 157 158: 70%

(o Isomer: <7%)
HO _oBz

RSN
BnO 0
" BnO % \/\NHz
S PhthN
OB ph— 267 10
o O” OAc 160
- o
X Bno$\7\Aco SEt

AcO PhthN NIS
ONAP HCI04-Si0,

159

OBn
O (0] ]
BnO%co&S/O OBz
¢ ONAP  PhthN o PO o
BnO 2

03?4 PhthN
Ph—L0—/ 19

OAc
161: 719
o 71%
7ol
HO
%\7\“0 OcooH OH
OH AcHN o)
HO HO Q o
o ~ONH
HO 2
o AcHN
HO O
HO OH
162

Pentasaccharide repeating unit of O-specific LPS of E. coli 0115

158 + 160 ———>——» No pentasaccharide derivative
NIS, HCIO,-SiO,

Figure 1.2.10 HAD 7% BX{# L 72 KB 0115 LPS O-FUR O #% Y iR L FUHEEREEIA 162 ©
=300
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E3E MERUVIERRHT ) VILERS

INE TR INTEZEERN 7Y 2 o ALRISZ RIS 5 2 & T, R UL
BEHZ I LD &3 A EMBEHP AR INTE L, L2 L, BLAETDFRICBEWT,
BEHL SR DG G5 DAL E 2 FIfE 3 5 7z o i, PR - BRERICZBREE L <, €T 1 > DKk
Bl OWEZ AR B L Tz, L72ddo T, BEBHAKICE T, (R - BifRE LR
IC X 2 TR OHEMABFEL 2o Tz, 2D XD EROH, EHERIRGE - IRE LR %
AL L1 % . SLAGEIRMEZZ 0 C 72 < BEDRSAALE b [FIRF ICHITEIATRE T & 2 (i K O Sk
EIRW 7Y 2 DAL DRFERTEH Z LD T 5 B, AITIC, 2 E TR INTE (L
1B R OSLAGEIRE 77 ) 2 2 ARG D BARBINIC D nwTali~ 5,

31 AMAXIEAEMERVEMERVILERRMT Y A VILERDG

1995 4F, Garegg b 13, AEA XAV Z 7z 4 DDKBEE D FE#EDH7Z 7 b v FhERZ
AR 163 1233 2 A1E K CSIHAGEIRIN 27 ) a o UG 23RS L T % (Figure 1.3.1), £
T, 163 I L, FEACAMEER 2 2L T, AXT X —1 164 ZIELL. i
T2PIC T v VR IRER T 2 WG48 165 2 EH X & 5 2 & T, 6 M/KEEELERI 220
1,2-trans-3iAERIVIC 166 23F o5 Z & 2 BH L CTw 3, REOCOMEEREIZ, A X7
& —=LIC XY 4,6 (KR D KAZEDS ) B3 % 55, RO 6 KBRS X b SEKEEE O D
B 1 FOKBBETH 20 2 HICI VR LTwE e EZLNT WS, ERIC, AR
L E R GROWEET 163 & 165 &£ D27 ) a L MUK EFT - 724551, BTG D 46K
YICdH 2 =HEEE 167 25 17%. VURESH 168 S 1N 169 282 N2 14% K 1% 5, HID
THEBIZIZLALBLONR VT EADA o TS, LA o T, RRIGOAEEIRIEDFEE
I, AXT X — VDA EETH S Z LRHL IR > TW5,

OAc
0
"By A SEt OAc
|
é o 2 "Bu” 5?0 165 (1.2 eq.) AcO BN O
"o HO ove HO%SO _OM DMTST °
e HO OMe
163 164 166: 81%
HO _OR HO _OR HO _OR
165 (1 eq.) o . o . o
—— > HO OMe RO OMe RO OMe
DMTST RO RO RO
167:17% 168: 14% 169: 7%

Figure 1.3.1 A X7 & X — V% HH L 72 60E K O 1,2-trans-SIARERK 77V 2 o MERIG
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¥ 72, TBALFE T, BALHE170 E XX T2 X —n 164 L DY a2 MURIERTTH T &
T, 6 FKEEELEIR ) > 1,2-cis-a- IARERINIC 172 235 505 2 & % B L Ty 5 (Figure
1.3.2), AKISIE, TBALIC X W AE UG EDE W 171 I LT, AXT k&2 —nfbic kb
KM L L 72 6 MKBBEEAS S RIL KB S % 2 & T, MEKR Y 1,2-cis-a- L ARFEIRIC 172
BfFbNizeEZONTWS, Madsen b 1Z, KAXT & X — V% H 72 A0E K 1,2-cis-a-
SASER ) a v ALROGICER LT, BARSMET 2fToCTw3 3, LaL, MERD
1,2-cis-B-HAGER) 770 a2 o MALIRIE~ DISHIZR7ZER T T hn iy,

OBn — —

Bno/é&% OBn Voo OBn
BnO o €
OH_.OH BnO ' Br Bgﬁcﬁ| oAonl B9 0
n
o BuSnO 470 (1.2 eq.) BnOk— BnO
HO OMe TBAI (1.2 ) 171 OO OH.O
HO < €q. nry—ak’ HO (e}
MS4A Bu S”\HB HO OMe
Y HO
163 164
= - 172: 78%

Figure 1.3.2 A X7 & X — V% FIH L 72 0@ O 1,2-cis- IAREIREY 77D 2 & LG

2000 F, S X, ABEA LAY % 72 2 FoKBERAC I 3 2 (78 O 1,2-trans-37. (4%
R 2770 a o UG Z & L Twv % (Figure 1.3.3), 3 DD /KIEEA WM L7274 7 > F
173 1R L, GEAZ(CAMEIER 2 2L T, AXT X —A 174 2P L, HWvT2
fLC T o VRIRER B T 2 HEL 5K 175 2FH & ¢ 5 2 & T, 3 (KEEELERI 22D 1,2-
trans-SLARERINIC 176 350N 5 2 Lz RHIL Tw 3, A XMLEY D cis-1,2- A4 — v
DRI LV, 23 KB ZIEIEL L, T, X ZREEO LR W2 7 F Y T AL
T®H % 3 FKEEHEAERIYIC 176 ICRKIEKEES 5 2 LT, LEBER D 1,2-trans-LAFER I
FOCHETLIzEEZ b S,

OMe r
o BuzSnO | 40 o) 175 PivO HO@#
HO (e} Ag-silica alumi ; ] 0
HO o) g-silica alumina PivO

.Sn PivO
OH "Bu ‘ngy PivO

173 174 176: 46%
Figure 1.3.3 A X7 & X — V%M L 7z 2 #RoKEEEIC N 3 2 A7E SO 1,2-trans- 3L AR EY
7)) a2 AU

F 72, 2013 AE, AR S 13, AR X A O 72 AL S OSTARGEIRRY 77 Y 2 v ALROG
% L T % S(Figure 1.3.4), PhoSnCl, X UF 5,5°-dimethyl-2,2’-bipyridyl (DMBPY) 7£7E T
4 O DRI ERED < v /7 > F 177 L BALIE178 &£ D 7Y 2 L MALRIS & AT - 72 R L
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BN 1,2-trans-IAREIRIDIC 180 2356 N5 2 &2 RH L Tw 3, KGO G 72 SOoE%
RIS AT 78 o TW IR WA, 17T D cis-1,2-F 4 — A HExE % PhoSnCly A3325% L T ik 179
DER L, T, AgO I X D iGHAL & 72 B 54K 178 12 179 @ 3 (MKIEEHE DS AL K
352 & T, 3 MIKBBELSER D 1,2-trans-IAREIRIC SOGHSET L 72 S fRIBX LT
%o ARSI, Al EOHHEA (LAY CRISHHEITT 5 M. RS IR Z IR
JGHTAEETH 2 i LI EFICHERTH 5, L L, ATEICEWTY, (LB LN 1,2-cis-B-37.
BRI 7Y 2 2 AL RIE~DIEAITER T LT,

OAc

AcO O
AcO Ph
HO—HO 178ACOBr Clsgh-Ph OAc HO—HO
HO o] HO-/ ‘OH o HO 0]
HO _ — AcO (@]
Ph,SnCl (0.1 HO 2 AcO
2SnCl, (0.1 eq.) 0] OMe
OMe

AcO
OMe  g,0, DMBPY

177 179 180: 99% (B(1,3) Only)

Figure 1.3.4 582 XM % Fl > 7o L& S O 1,2-trans- LRI 77 ) 22 o ALKIG

32 RYVD—AEZBHRZEZAVEMERVILERRHS ) 3 VILERE

2016 4E, Miller H (3, ZNAT T L L RAZ T —R DXL — FEHERF L 72008 & ik
IR 7Y 2 o AALRIG % i LT 3 *(Figure 1.3.5), Ca(OTH), 777E T, 181 & 182 L ®
70 3 v MERG ZRET L 724G R, (il R VR ICB- 2 v 2 > R 183 b3 Z &
ZRHHBL TS, KRGIE. A7 8 —RICALS T LA F v niF L — b L72SAD 182 3G
PAL L. TR Y v — 2 3AKEEEAS 182 1T SN2 WIS KRIKILE 3 2 = & ©, AR T
RFEIRICIEAHETTT 2 L EZ N TS, L L, RGO FEM 7n SOCHERE -2 {7 R
PO FEBER XA S 221 70 o T, RFEF, B GARR OBESZ AR & b I RERL % 2
g, pOBEE REKEGE TG 7Y a U MUKIE R IKIFIE R TfF 5 2 & 28
AlRECH 570, IEHWICHRATH 5, Lo L., BEZERL L TR 7 v —RFFEKL 2 EHT
VIR 12-cis-7' Y v FEEAGRERICCH I BT v ik EIER L CEREILTWw» 5,

OH

Hg&% HO
HO HO o oH

HO “
HO% oD ez * HO%O
HO
120> o o Ca(0Tf) 05  OH
. OH 2 HO"\_o
3'OH 45% NMej aq. HO B
HO HO

181 183: 80%
Figure 1.3.5 A 7 1 — ZAPEZHREE F O 7ALE M O 1,2-trans-IAEIR 770 2 > AL ROG
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33 BRAVREEVEFNRALEMERY 1,2-trans- A FRIRBW T U211
R

1999 1. FUID K, o+ o v WEFEEHEZ IV 7 BLIRBCOF 1 2-trams- SESERA 7Y 22 Al
KOG RE LT\ % S(Figure 1.3.6), 3 2 O/KEEHANEREL 727 2> F 184 IR L TR m v
BEEAEIR 185 ZEF X2 2 LT, 18525184 D cis-12- A — A %38 L, 4 flfiR o4t —
bR 7L 186 AHT B o BV T4 RRRLR Bk — b2 X T ARIC X b SRERHESELE L
HONAKEED D RNL 2T Y T ALD 3 AKEEHEASEIR IR GR 178 1 KIXER
T3 2 T, MER O 1 2-trans-SEIRERIGICR(1L,3) 7 0 3+ F 187 2535 3. RGO
PSRIRYE 3 2 (7 o 0 RARAEE A P L 7= BB 510 X DSBS LTV B

HOZB-0 OAc
© )} Me — AcO 0
Me OMe AcO
AcO
OMe Q7 oH Br OMe
185 (1.1 eq.) 178 (3.5 eq.) %
?Qionﬂ —_— 0960 Aco—\_OHOO" N,
Ag,CO; (12ea) | EtN ~
HOOH ELNI ® Me ACQ D3¢0
MS4A Me
187: 93% (B(1,3) Only)
184 186

Figure 1.3.6 & 0 v EFFEMARZ W 7 A0E K 1,2-trans-SEAGEIRIY 77 Y 2 o ALRIG

2010 4, HE D 1k, A e vEE R R RER (=R X v 77— T e L CRIA L 72 07iE K&
O 1,2-trans-SIARERE 7Y a2 o MERDG % S L T % S%Figure 1.3.7), £ 3. 4 D DKEE
BB L7277 7 b & PREZAR 163 1Ch LT, K m V% 188 ZFH ¢ 5 Z & T, 4,6
fkEIEZ Ao VBT AT AT RF Y 7 L7- 189 &K L 72, iV T, NIS, TMSOTf ¥
TET. BEHE G4 190 2{FH &2 2 & . 3 MKBEHELERIIC RIS EST L. B3 77 7
b B 191 AE R CVIREIR IR oz, AROGIE. BB L 2F LS OfiE K 1,2-
trans-SIAREIRI) 77 ) a o ALROG & iﬁﬁt BN T3 (2 =27 el N i S P 6 > /A NE QI I L 37 YA
AR VBEIZATAEMGS 28T, TATMUELKBEEZREL Twb, Lo, iF
BEL 72, X0 ZREEO D 3 ADKBBELGERIICSOGAHET L2 Ex bNTwb, £
7o RRIGOSARERTER 2 627 o RIRFER 2 FIH L 72 BEEEEBY G ic X D ER T T
%,
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BzO OBz

MeO
(o}
BzO SPh
B(OH), Arg

OH_OH 5 BzO
o 188 (1.0 eq.) \50 190
HO OMe
HO (o} NIS, TMSOTf
HO OMe
HO
163 189

BzO OBz OH_OH

0
0 0 + Bz0 OBz Ho&/om
BzO o OMe 0 5

BzO HO BzO
191 BzO 192
191+192: 76% (191/192 = 91/9)

Figure 1.3.7 R0 vz~ ¥ v 77— 7 & L CTHIA L 72 00E K O 1,2-trans- 3R
70 3 v ALRIG

2011 4E, Taylor S, &V VLA 72008 K O 1,2-trans- ISR 77V a2 > fl
FOG % L T 5 ¥(Figure 1.3.8), &V VIEHEIR 194 2 HF1E T, 3 D DKEEE D E#HED
~v /193 LRAHE178 L DY 3 v MUKIEEAT o TR, MLEK O 1,2-trans- 34K
EIRICBA3) 7 ra v F 196 Ebhd 2R LTWwE, £, =¥/ F193 5L
TARY VIEFHEAR 194 ZEH ¢ 2 2 & T, 194 28193 D cis-1,2-2F — A %38 L. 4 lichr
RYA—FT AT 195 BIEKT 5, Hiv T, R A L L 72 2R EE 0 A 7n v 3 ik
ML BALKE 178 1T L. S\2 IICKREXBEE S % 2 & T, AZiEX D 1,2-trans-IARER T IC
B(L3)Z VT K196 BNz EZLNT WS, RGIE, MitED R Y vEEHEKT
718 S ONLARSEIRIIC ROGAHET S 2 720, JERICHERA TS %,

PhH, [
ol /NZ Ph Ph
~BN\® B0
) S
OAc TBSO—HO O TBSO/ > AcO TBSO— HO
0.1 eq. HO-
AcO O + HQ o 1940Teq) 0 — >~ AcO o HO Q
AcO HO of 0
AcO Ag20 (1.0 eq.) OMe AcO
Br OMe 195 AcO OMe
AcO
178 193 Br 196: 99% (B(1,3) Only)
L Ag _

Figure 1.3.8 &V Y EEHERZ H W 72 60E K O 1,2-trans- SLAFER 77 Y 2 o AALRIG

¥ 72, 2016 4F, Taylor b3, A+ 7 — MEZREEGARE L CTHW B RO 1,2-trans-37.
BRI 7Y 3 v AL RIG 2 LT % ¥(Figure1.3.9), 727 b =1 197 % A > AfL L T
oAy 7 — MHE198 1T LT, Y VAN 199 fE/E T, 193 & D7) a v ULRIG
BAT o 745, BRSO BB O 12 transSIHBRIICH(1,3) 243 & F 2008253 5
22 ERHLTWS, KRIGIE, 26017 %2 H & o 198 2 A58 L LT W T
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WBICHBED O, 1,2-trans- IERINICRIGHBETT L 722 & D6, a-X > 7 — M 198
T LT, ZARREEO D 193 © 3 AKERIEAS SN2 FNICRIZBEE L T b e E X bNT
V% (Figure 1.3.10), 7z, B-A > 7 — FH198BICIE, KU X — P T AT VDIVAREEIC X
D T L A ERICHHET L b0 72720, 1,2-trans-B-VEAEIRINIC G HETT L2 2 FE 2 D
nTwa, ERIC, RV VA 199 % A v 2w BOSEMA T REOGIE. CARERE %
B L. 3 MK EEESEIRI 2> D 1,2-cis-o- AAEIRIICHEIT 372 S L B3SO 2 IC o T B, &
nix, R Y VERAEE 199 IEFFE T ClE, ROSHEDE VB- A~ 7 — M iE 19881 L, 7Rk
EDH7 193 D 3 FiKEEHED SN2 FICKIEIKE L TwW3 20 ThrLEZLNLTVS
LU B-7Y /Y FRB-FL Y FEREZIZILD LTS 1,2cis-B-7' ) 2 v MERIE~DIE
FIER I LT 7R,

©i :© TBSO— HO
199 (0.1 eq.) 0 HO 0

BnO OMe
OBn '\PA"S"FE) OBn TBSO— HO 200: 80% (a/p = 1:10)
soria M2 et H et
n
Bno BnO OH BnO OMs BnO
193 OMe o
197 198 BnO OTBS
BnO OH
BnO
- = HO" 0]
No catalyst (0]
OMe

200: 71% (/B = 2:1)
Figure 1.3.9 198 & 193 & OALE KO 1,2-trans- I AGERI 770 2 o MURE

OH
B — _
CLO [ 5
OBn o QB o BnO TBSO— HO
BnO O 199 \ BnO o) HO& 0
o . Bn
BRO TBSO no- o
BnOOms  TBSO—HO ( BnO OMe
1980 HO 0 % OMe 200p
"o BnO, B-Selective
193 OMe
BnO
OBn o
No catalyst TBS Bg(r?o OTBS
Bno 2 OMs —— — > BnO OH
BnO S 30 A
BnO TBSO—HO o
198 HO 0 oMo
P HO 2000 -
193 OMe a-Selective

Figure 1.3.10 198 & 193 & OALE K UNAARFIRT 7Y 2 & MEKOG O HETE KOS
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FA4E FRIRENTTVaVEBRIGEZFA LT 1,2-cis-3 k&
RS ) Ao IERG

41 R OEAEEEV: 1,2-cis-SIERIRM ST Y a S IILIER G

W= TlL, 2016 FiT, Y VML w72k v RENT 7V 2 VK (boron
mediated aglycon delivery, BMAD)JG T X % 1,2-cis-o- VEAGERI 277V a2 o MRS Z2 #kds L
T\ % (Figure 1.4.1), KV VG 203 FFE T, 12-7 v e Fr 273 —2204 L€/ F
=202 LD 7Y L ALRIEERE L 72/, Ea-7 v a2 F 205 REIE2 DS
AR O e E R L Tw 3

BnO
BnO 0
BnO
BnO
204 20 BnO 0
HO

O\Q,GOBn

202 (1.0 eq.) 203 (0.2 eq.) 205: 85% (o. Only)

Figure 1.4.1 R U VEEARIE % F s 72 1,2-cis-o- 2 MASEIRIY 770 a2 o AL RS

ASGE SBT3 T Tz o, Ffll 2 KISHEREIZH S 221 > T
23, Figure 1.42 I[C/R 9 X 5 RHEEICHEBAIRIBEI N T2, 9. £/ —1202 55
FHEINDRY VBEZRART ATV 206 A 1,2-7 v & F ol 204 O R F A EENE
ft322LT, AFV = LhFAVERY) A= XTAERT 2 HRE 207 48T
%, T, KigtER I EL72E ) A — A DKIBEAEMRSAD T )~ — i 2 (B &
[ UHE A ST 5 2 & COMRERNICa-Z v ay FRBoN3 EEZbNTWE, F7-,
7Y avMMERBRICEL 2 RY) VEET ATV 208 & RRICOFEZRE 202 Flicks )3 = AT
MRHISIC X O L R Y V2R T ATV 206 D3FAET 2720 filltE&D R Y VBT
FOCHHEITT 5 BRI TwE, 51, KABMAD ikix, Hift54% 12-7ve ¥
0wy /) —RA209ICEHT 5 LT BLERN~ v 2 MEROGIC D BEIGRTRETH 5 T
EDHS DT o T % O (Figure 1.4.3), ARIGIE. EE DD 5E 4 T I EIRTE TR-~ v
)Y FEED 12cis-7") a¥ FRAEATEETH Y, FJEFICHEHTH 5, FEBIC, YiFRE

Tl KFEZICHLZT 7 LE~v /2 I B Y AQISOEHEM. KUty /v RY

P =Y vy N 223-242 O RREEKZER L TW» 5 0 (Figure 1.4.4-5), L2>L, &K
BMAD {E23B-7 4 /7 ¥ F OERIC D IS ATRED IXBH & 21T 7 o T Zn o,
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Ar
203
BnO ROH * H,0
BnO
BnO O BnO
BnO OR
HO /

Ar—B
205 OR Ar o
3) Replacement 206 1) Activation
ROH BnO ®
202 BnO O Oxonium
OBn BnO N cation
"Bro 2 oM or
n W\
Borinate ~ B
S
Ar—B\/ C)OR \/ ester ‘Ar
Ar 2) Rearrangement
208 207

Figure 1.4.2 R U VIR %2 FH 72 1,2-cis-VEAGEIRI 277 Y 2 o AL KOG D HEE ROCHERS

BnO
BnO oQ
BnO
AI'\ »
R e N P ) B Y
6 %ZO BnO~ O\Q,OBn

MeCN BnO
BnO

202 (1.0 eq.) 203 (0.2 eq.) 210: 90% (B Only)

Figure 1.4.3 R U VERARIE %2 FH W 72 B- 2 (REIRE = v 7 o MALRG

BnO 0 99% (B only)

o
209 (2.0 eq.) 211 (1.0 eq.)

s HO 0o
n o 203 (0.2 eq.) Bnoﬁ/o o)
BnO of ., . ———— " .~ pMBO

TBSO"

o 9
e A
—— 4 Oo OW\E(OH
MO HO™ ™
OH

Acremomannolipin A (213)

OH

Figure 1.44 BMAD EZBEL 72T 7 LE~ Y/ YV AQI)DEH
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<F@>»BOH
2 BnO
BnO Q Ho

0
203 (0.2 eq.) Bno& CAN
Bnoﬁo + HOJ\/\OTBDPS —————— =~ PMBO O\)\/\OTBDPS —_—
o o
216

PMBO 99% (B only)

214 (1.2 eq.) 215(1.0 eq.)

0
1) CH3C,H2n+4COCI
0 0
Ho \)\?/\OTBDPS 2) PA(OH),/C, Hy %(O V\\/\ OTBDPS OH
o o)
. ] o} 218-222 R= W
Common intermediate 217 (n=4,6,8,10, 12) < OH
| OH
1) Ac,0, DMAP 1) Ac,0, NEt; 1) TBSCI, Imidazole 1) HF +py,
2) HF-py 2) HF+py 2) Ac,0, DMAP then 1N HCI aq.
then 1N HCl aq then 1N HCl aq 3) HFpy
then 1N HCl aq.
0 o] 0 0

AcO o)k@/ AcO OM/ HO o)k@/ HO o)k@/
Wo OR /@Yo OR wo OR wo OR
n n n n

o} o] o] o}

MEL-A (n=4) 223 MEL-B (n=4) 228 MEL-C (n = 4) 233 MEL-D (n=4) 238
MEL-A (n=6) 224 MEL-B (n=6) 229 MEL-C (n=6) 234 MEL-D (n=6) 239
MEL-A (n=8) 225 MEL-B (n=8) 230 MEL-C (n = 8) 235 MEL-D (n=8) 240
MEL-A (n = 10) 226 MEL-B (n = 10) 231 MEL-C (n = 10) 236 MEL-D (n = 10) 241
MEL-A (n = 12) 227 MEL-B (n = 12) 232 MEL-C (n = 12) 237 MEL-D (n = 12) 242

Figure 1.45 BMAD EZBX{#HEL7z~v /o) R Y b =AY vy FEORFEHNEARK

42 ROVEMEERAWN-EERU 1,2-cis-o-ILFEBRMST ) 3V IIERK

W= TlE, R Y VB R o VBREICEE 5 2 & Tl cis-1,2-F 7213 1,3-V A —
WBEZ BRI T BALE R Y 1,2-cis-o-VLAEIRE) 77 ) 2 & AMAURISDOBHFEICEE L T 5
2(Figure 1.4.6), 3720 b Mt G54k L L CGEIRLZ 12-7 v e Fu a3 — 2204 1ICx L,
Ao vige OF — AR ZRUKES LR e VBB EA T R TV 243 % filliE
ER X8 %2 & T, MEKOCIAERNIC 12-cis-a-7") 22 F 246 85505 2 L&A
LT %o RBOG I B R AR S E & O DFT GHE % F W 72 SOGH T IC X 0 |
B D2 7 Shi B RISHEE CHEIT 372 Z L AR I N T3 &, Tabb, Fnr
VIE—REZ AR T AT 243 75 204 DT A X LI AENAL T 3 L FEFIC, 204 DT ) = —1if
ICEEE L2\ 243 O R ORI 08, 2 fLEHEE L [F Ui b3 5 2 & T, E K
OV RIS 1,2-cis-a-27"Y 2L F 246 BIfF LN & FEZHN T3, LA L, ABMAD
X, XV AEARETH B 1,2-cis-B-7" Y 2 > K OALE M O HASEIRI 72 & RIS 13O X
T W72y,
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OBn Syi-Type mechanism High regio- and

BnO o _ _ — - stereoselectivities
BnO z’o 5+ OBn

(0]
204 o ) OMe 2” OMe BnO o]
| BzO BzO BnO OH
+ E— ,' BzO —_— o) BzO —
Ar< O N40 1) HO 14 o)
B~o ~ 20 o) I‘o o) (0]
0 O 5. 87 /B BzO
BzO " Ar Ar BZ00me
B20 244 246: 82%

OMe L 4 L . (a(1,4) Only)

Glycosyl-acceptor-derived
OMe
Ar = J{©/

arylboronic ester 243 (0.2 eq.) oH
oo
T Catalytic cycle z BzO

Figure 1.4.6 R 1 VIET X 7L % 72L& RO 1,2-cis-o- EASERT 77 ) 2 > AL RIG

OMe
245 (0.8 eq.)

FS5E FRXOHME

AL TIE, LB KR 1,2-cis-B-3EAERN 2770 2 o AL IE DEAFE &R R TR &
BA~DIGHIC O WTEHHE L -,

AWE 1 E ROUBMEZRAOC-MERUB-LER RN/ VILERED
FAZE & ¢
AAS 1 EIC I\ TUE, R a R & L 72 (e OB-SEAREIR ~ v 7 2 AL RIG @
BR¥E & KWt 075 LPS O-fitiig b 1% L PUBESHFAE (4 252 D &R~ DIEHIC D W CRIR L 72,
GRARES A — o LT, RO p-= t v 7 2 =R V4D ZFV T, 12-T v e
Fr=y /) —=2209 & D7Y a s MRSz G L 7288 NIGT 2B-= v/ & FmieR
O ALE R OV AERTE Tl b s 2 & 2 R L 72 (Figure 1.5.1),

OH
on{ )4
OBn - OH
iol 247 (0.2 eq.)
B%%)O/@/O + sugar acceptor B-Mannoside
(1.0 eq.)

209 (3.0 eq.)

BnO
Bno&ﬁ/ oo %0 Bng&(ﬁ/
Bgr?o o Bnoﬂ o BnO o _OH
o BnO o)
HO 0 BzO OMe
BzO HO
BzO BzO = BzO

OMe
248: 85% 249: 91% 250: 86%

B(1,6) Only B(1,6) Only B(1,4) Only

Figure 1.5.1 v VIR % v 72 (718 ) OB-3Z A& IR < v 7 S A ALRIE
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F 72 ARG R L 72 KIGE 075 LPS O-PUR O 0 IR L PUBESEAEIR 252 ORI 7x
Bk % N7 L 72 (Figure 1.5.2),

Regio- and HO

BnO HO _OH 1,2-cis-B-stereoselective &O&
HO&&/O E 16) glycosylation HIS)O o Og
7 HO
NPhth  BzO HO&&/O é
BnO /52 O\L/y o HO,
BnO 7 o NHAc (\f
OBn Ho

251 HO oy 252

Figure 1.5.2 BMAD i % H\» 72 KIBE 075 LPS O-PUR D 0 iK L PURESEEAE 252 O A K

AiRE 2 BE BRAIVREEDERVERIUKRRRNS L/ VIVIERIGORSE
EBHA

K 2 BBV Tld, AR v R LAY % v 72 BMAD i£1C X % B-ZAREIRK 7
L7 MURIE D BT & iR EKE 7B, 7C. O 7D O HSBE IR = HEBHFEEA 263 D AR~
DIGFICDWTRIR L 720 & 0 HEEED N7 B-T £ 7 ¥ FiE G O ASERIIREE~ 0 G %
B L, DRk A= LT R Y VR 203 Z VT, 1227 veFe 7L —
2253 L D) a v MERIGERBRET L 72 AR WG T 5 B-7 L — ABEIEED D FEA TR T
BRI ON S T & 2RI L 72 (Figure 1.5.3), & 51T, SR [FA7 (A h FEE M O°
DFT §HRZFIH L 7= ROCHERERAT DR ARG A S0 BEE D 12819 Sni B o KGHEREC
HITT 2 2 ERBEI N,

BnO
BnO

(0}
253 (2.0 eq.)
B-Rhamnoside

Acceptor MeCN (0.1 M), 0 °C
(1.0 eq.)

203 02 eq.)

o
@7;0 @7\8”0 BZB‘;O
OH "BnoO
OMe BnO OOMe

254: 94% (B Only) 255: 89% (B Only) 256: 82% (;3 Only)

Figure 1.5.3 RV VEEIE A F s 72 B2 (EIRI 7 20 7 o ALROE

F720 B-7 L7 ¥ VA OALE MO SIAREIRIEE~ D ICH 28 L, ey +—
AL C, filifE D p-=t e 7 =K VEQAZEH T, 12-7veFr 747 —R
253 L D7) a OIS R RS L 7245 . WIS T 2B-7 & 7 — A EUERAD @ W E X
DS ASERME S 5N 5 2 & % R L 72 (Figure 1.5.4),
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OzNOB(OH)z

Bno@\ . 4,6-Diol sugar M . y
(0] acceptor (1.0 eq.) B-Rhamnoside

BnO MeCN
253 (1.5eq.)
OH OH HO OBz
0] O (o) o)
BnO o AcHN BnO 4y " OH OMe
257: 84% 259: 86% 261:87%
B(1,6) Isomer 258: 7% B(1,6) Isomer 260: 5% B(1,6) Isomer 262: 6%

Figure 1.5.4 K1 VI % F 72 678 M OB-ZHASEIR 7 4 7 o ARG

BIBIC, ARBOG % B L 72 RERE 7B, 7C. MU 7D O @GR =HESHER SR 263 D&
%

X % K L 7z (Figure 1.5.5),

Bz

Regio- and OH
OH 1,2-cis-[3-stereos.>elective HOW%S&%
Bnow\ + HO”&% glycosylation — HO HO
(e} 0]
B205Mme HO /L
253 245 HO 263

Figure 1.5.5 BMAD % W72 i 8 BRIE 7B, 7C. [ U* 7D D@ fiili = FEHEEE Ik 263 ©
ik
=

ARE IE REAMXKBHE O1 BXARHDOEMH L /REFRFEXBE 01 O
[RIX AR DAREA

iR 3 IS E W TIE, ARG 2 ECRAF L 72 BMAD k% BX{E L 7=/ KBS O1 |
KBEBHEHER 266 O &K & BEHRFEME KRB (APEC) O1 DYt EHiiE AN Ic 2w T
L=, 9. A 2 OB L 2R v v ERE A I 72 AT B KON 1,2-cis-B-37 A4 IR
7 L7 v MERISEBEHAT 5 2 &, FEERIBE O1 HRALFESHEEEA 266 D) DAk
% Y L 7= (Figure 1.5.6),
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OH

0 0

BnO
© i OR?
Regio- and

(@) o)
HOO@Z\ HO
1,2-cis-B-stereoselective OH
Z¢f
9 oH
o)

PMBO
264

AcHN

glycosylation
e

+ —_—

HO
og HO@#
HO HO
0

R! = SH/NHCbZ
BzO OR' 5
NHTroc HO NHAc
HOW RE= wNHZ
265 HO 5

266

Figure 1.5.6 BMAD %% F\V> 72 5P KIS O1 Bk BE BHER S04 266 D &K

X 51T, APECOI #k%Z =7 F VicyE+ 2 2 & CHELL 7291 APECOI IfIiE &, AL 7=
TLESE 266 AL L - EANEE 267 T, $L APECOI Pk L EATEE L OitE % 3F
fili U 72455, IR O1 SR FOBESH A, APECOL ICXt3 2 7 7 F vEiF IcH i fiR
ettt <H 5 2 & B D 21T L 7z (Figure 1.5.7),

High affinity

Glycotope candidate of APEC O1, with a great potential

Anti-APEC O1 , .
as an antigen for vaccine development

chicken serum |
H

Figure 1.5.7 #A&HHE 267 % H\ 72 APEC O1 PR efifi 85 o fE e
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F1E RAROoVEBMEZRAV-AERUB-ILERIRM< >/ VILE
it DEI%E & G H

11 WHIEEM

Frimst 4 ECHIR L 72 R Y v IB—EZ /AR T X7 V% v 72 BMAD 1T X 2 IAREIRRY
B-= v ) L MUOG © DBIFEIC X Y, SRRkARp-~ v/ ¥ FAIARER I AR ATHEIC 72 -
2o L2L, RFEERLINT TES CME SN REIRN~ v ) v M LRIEIC X - T,
WG G 3 2 KIRE % BT 3 2 356 AR ORMBITER 2 ZnORFER 2 FIH L 7o (/3 - Iifr
ETRZLEE LCn, 2070, XV ETE2 ORNRBEEA K Z T bo, fR#Ekk
DRI % f/NRIC 3 2 (L K O B- SR ~ v 7 3 MERIE DBIF 258 ko b hTn
%2, —J7. UWRETIE, FiRd 4 E Ok L7z A v v Bl % F v 72 BMAD i X 27
B 1, 2-cis-o-EAEIRI 7Y 3 S LG @ BFAFE S T, RIS, 1,2-7 v e F
7N a—Z204 I LC 2 MEBIELFE CEAS 204 DT J ~—{(LICEE LT WA
— WHEZ R D K /7 DIKEEREASEIRINCHE T 5 2 & Ty 1,2-cis-a-2" ) 2 ¥ FAER D
VREIRNICB O AR INTWDE, 22T, Rt TIiE. LV aR2REECH 2
B-=v /Y FIRIGHT 3 kit Lz, 3bb, K7V av LRIGICE W T, HEtGk L
LCI12-7vebuarra—x2040fRbVIC12- Tt~y /) —RX209 w52 &
T, AR RISHEREIC X o T (B K OV AERIC IS ET L. WIS 5B~/ » F
DN E LT E 5 D TlE7R\»H & Z 72(Figure 2.1.1),

Previous work ~ -

O BnO 5+
B%Oo ° ° oo g - B%Oo 2
n n 0
Glycosyl-acceptor- (:j\ HO

derived 8-
204 _B.., . .
arylboronic esters Ar T\ O-%- 1,2-cis-a-Glycosides

This work
o >
-5 0 Q
BnO Ar B\O& Ar\é»o_% BnO OH
Bno@o BrO— 5 5] | — &O&H/ g o
BnO Glycosyl-acceptor- BnO’%&: BTB(r)\O @)
derived BnO

209 arylboronic esters 1,2-cis-p-Mannosides

Figure 2.1.1 A v Vg% 72 (0E K OVAAREIRE 7Y 2 & AL ROG
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1.2 RIFEHOEEIE

W GR, BEZARKTRr VgL LT, 12- 7Y e b~y /=2 2097, Zray b
245 U p-A b F 7 2= R u VIE88) ZIEIR L7z, £, FESZAIR 245 1T L C fiit
HoFRD VEE 188 ML, P VR NICONBERSE L TRr VBT AT L
243 2B LT 2D, 7T b= U AEE, Eif, 6 RO EM4T ., Bk 54K 209 %
Mz 3z et ay MLRIGEBE L 72 (Figure 2.1.2), = DFEHR, 1 TH % 6 fikiEH
TV a P NMERIEHRHET L7~ v 7 > F 248 UK 43% (a/p=49/51)TiEL B Z &3
b ot

OH
MeO—@—B
6 OH MeO

. OH Q\
Féogé% 02 '
z Toluene, reflux, 3 h BZO
BzO, Bz0,
OMe  then concentrated BzO
245 (1.0 eq.) 243 (0.2eq) BzOy 245 (0.8 eq.)

OBn

BnO 00 BnO
Bng&ﬂ BnO A OH
&/ BE?OO
BnO n
209 (3.0 eq.) 0

—_— >
MeCN (0.05 M) Bzo/% Bzgéﬁ
t,6h BZO

B(1,6)-Mannoside 248p: 22% «(1,6)-Mannoside 248a.: 21% 245: 53%

Figure 2.1.2 R v VEEfIE 188 % F\ 272209 & 245 L D 77 ) a v A ALKIG

o~y /v F 248 OT 7 = —fiDORMLEE, 7/~ —fiicks TS CH Ay 7Y
v ZER( Jen) DEIE I XY HGE L 72 (Figure 2.1.3A), —f%IZ, a-~ ¥/ ¥ F D ey i 170 Hz
FEEE, B-~¥ /Y FD U ld 160 Hz FEETH 2 2 L I LN T B B KRFFEIC L - THF
bz 2D~y ) ¥ PO Uy ZMIE L 72458, 168Hz KT 158 Hz DfEZ R L 722 & A
L. ZNZENHa(l,6)-~7 v /¥ F 2480 VB(1,6)-~ > / > N 248BTH % LIRE L7z, T 7=,
a(1,6)-% v 7 ¥ F 2480 UB(1,6)-7 ¥ / ¥ F 248BDAEANLIE DHIE 1L, Ac {LHTRICE T 5
"H-NMR D HBIC X Y 1T - 72 (Figure 2.1.3B), 37205, 2480 Uf 248BICH1F 5 /v a2 — X
EOLD AL AF v T a by D I ANy 7 MiE, ZNZ 4 3.93 ppm KU 3.84ppm TH 5 D
XL, T2 FAALBICE N7 268 K TN 269 IC BT, ZHLF 4 5.26 ppm X U 5.14 ppm
ThHY, RECEEG L 7 P L T35 Eh 0, 248al U 248236k EEEL CREHH(L & 7z
tEYITH L L ZHLHIC L 72, LEDRTRIC X0 | AT Chalift & L7z R v v gfil
188 Tl MEHEIRIC SIS AHEIT L7228, AREIRMIZIEE A E R L hnwZ &b h
o7z, & T CRERE DM B iEm L AR LICR e 2 EE 2T 2 F e Vg 270,
271, 247 Z TR % L 72(Figure 2.1.4),
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A) E B)
: BnO BnO
BnO . OH OAc
" OH TJow=168Hz | .o A oo A
®5ho “H L Bno A0 (40eq) B
6 . 06 DMAP (1.0 eq.) 06
% ' 3.93 ppm — 5,
o i " Pyridine (0.05 ) 228 Ppm H
"0 : HO Q m, 0.5 h, 72% AcO 0
BzO : Bz0—2 Bz0S—
OMe 1 z OMe Z OMe
2480 ' 2480 268
1 BnO— on BnO—_ oAc
: Bnoﬁ/ 6 Ac,0 (8.0 eq.) Bno§ o) .
Bre i BnO Y DMAP (1.0 eq) BnO o
BnO HO | 3.84 ppm H . 5.14 ppm H
: s : HON=Q  Pyridine (0.05 M) 0O \0
Jen =158 Hz : BzO rt, 2 h, 85% B20
1 BZOOMG BZOOMe
248p : 248p 269

Figure 2.1.3 ~ ¥/ I 248 OISR E
A) ¥V /v R 248 DT ) ~— (D NAMUEDPE
B) ~ v/ ¥ F 248 OFEAIE D RE

6
4

HO

/
T
\

188, 270, 271, 247 (0.2 eq.)

OH

X
OH

Bz

OH
o

(e}
BzO,

Toluene, reflux, 3 h

nm&ﬂ -y

OMe  then concentrated
245 (1.0 eq.)
243, 272, 273, 274 (0.2 eq. ) 245 (0.8 eq.)
OBn
Bnoﬁo BnO— oH OH
BnO BnO
209 (3.0eq.) BnO
MeCN (0.05 M) Hoo BnO
rt, 6 h
’ BzO
Table 2.1.1 075 OMe
Table 2.1.1
Yields
Entry Boronic acid Recovery of 245
248 275
1 188: X =0OMe  43% (a/p=49/51) - 53%
2 270: X = H 69% (o/p=17/83) - 13%
3 271: X =F 72% (0/p=8/92) - 8%
4 247:X=NO,  79% (B only) 10% -

Figure 2.1.4 209 & 245 L D7) a v MEKIE

BT 5 R o R O RET
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EJ AN HEEDA M FUREE TS 188 26, B EEZHEI AW T =R 8w Vg
(270)1C ﬁ%hﬁﬁ% V5 QORVA LN ﬁﬁ&%mﬁib\vy/szwﬁWﬁﬁ@%
(a/B=17/83) T b Tz, T7z, BT REIMMEDERELZE T2 p-7rAu T = vKn Vg
QINZE W26, SRR O AGEIRMED M E L vy/szmﬁWNMw&W%)
TERONT, TNOLDFEL S, B REMEOBEMIEZH T 5K o vV BAARKIGICIZE L T
Wb Z MR INT, A e VEEMEE O T EBR o ETH S, 7U:v»mﬁm®i¢gﬁﬁ

L5 2 BB DWTRD X 9 ICEE L 72 (Figure 2.1.5),

S\i-Type reaction

BnO
BnO
\Q% 0+ BnO
BnO ‘O
OBn BnO BZO 520
MeO 00 OMe
BnO
Q %nggﬂ i B-Mannoside 2488
5 209
Y20 ] Sn2-Type reaction
BzO Activation ™ MeO N
243 BzO4\e \QS
Lewis acidity: weak 0t BnO— oH
B~ BnO o)
BnO S+ S ON BnO
BnO 00}
BnO — (6] 0
HO\ ( HO
HO HO BzO
BzO - %o(;&% BZ0 e
Z Z!
OMe .
245 B Bz05Me | a-Mannoside 248a

BnO

Q& ot BnO °

oB BnO— 5+ FT0—¢ - HO 0

n Bnoic\)/\y BzO N

F B%Ogéz/o BnO 7 Z“0Me
n .

Q L B-Mannoside 2488

B- 209

VO o .
ng&ﬂ . Sn2-Type reaction
BzO Activation rF =
o : 5
Lewis acidity: strong - ot BnO— on
! BnO— &+ -B‘ON B?B?O o}
Ceeeeee > | BnO Q (y e
BnO [e)
HO ( HO Q
HO 0 HO BzO
BzO HO o BZOOM
Bz04 e BzO e
245 B BzO5\e | a-Mannoside 248a

Figure 2.1.5 R v VEROFHE L OEWE D7) 2 v MURIGICE 2 5 50 E

HEHOBHECHAA M F O REAET 2R Vg 188 #HWEEA. MibT 5K
U/M PEZ BN T ATV 243 DRV FED N A4 AR W20 FHE L Tz Shi Mo
IO E A LT, PRI 245 OF 3 5 —BKBEIE S HEML 54K 209 O T/ ~ — (LI KL KCE
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L7729, a(l,6)-v¥ /¥ F 248a03% S BIAE L 2 & F 272, —J. BRilMEo &I
brINAREEET LR VEE 271 AHOEEE. WG AR e vBE—HEZART R T
N 273 DFRYFEDAA AR E L Fu VBT 2 7oLV ROt 54K 200 2359 5 oK
FUREmMOEHAT LT, FURET AL HEZEE 245 © 6 (TEEEE T A
L5048 209 @ 2 ArEHAEL & [ UTH 2> S EEICHEE L, B(1,6)-~ v /7 & F 24823 {453
IciF oz Bz 7z, 22T, XV BOETFRGMEOEBRECH 2=t n e fG I 5+Knm
Vg 247 ZRH VT, 7Y a v MERIGE G L 7z, Z OFER. o(1,6)-7 v/ ¥ F 2480 D]
A& FERITHIH L. 79% D IR DD 5E R 7 AREIRMETR(1,6)-7 >/ ¥ F 2483203 F 5N 5
TeRRMLZ, Lo LRSS X 2 =858 275 25 10%RI4E L TWw 5 2 & 0350h o 7z,

T TC. ZHERH 275 0 RK T B SOCHERE %2 555 L 72 (Figure 2.1.6). FEZ7AMK 245 U F m
VI 247 O L7z 6 BEER T VBT X TV 274 HIREL SR 209 2 iEWLT 5 2 & T
—IRFIIC 9 BEROF v VBT XA TV 276 BRI NS, ZTxf L, BEZEMR 245 AT X
TFAKME G H T 5 2 & T, BUp.6)-~v /> F 24804 L, 6 BERF v v 271
274 NEAERKE NS, TR, 9 BEAR T VBT XTIV 276 3. T AT ARG X 0 <
BEL 54K 209 ZIGTEL L 728556 AR O SRS IC X - THO ) 2 UL ROGHHETT L.
=HEB 275 SEIE L 7 & E 2 T

Ar
Bno@o BnO O=pR’ BnO OH
Arg BnO Ar\s'_\oé“ BnO‘&l&B BnO&&/
8s0—~¢ BO o o BnO o
20 ) X — Ho0
s BzO BZO
Activation BzO Z B2

BzO OMe (o)
OM
OMe 9-Membered ring 248p ©

6-Membered ring !
boronic ester 274 boronic ester 276

OBn

T Replacement
BnO 00
HO Bno)éé/
HO 0
BzO 209
BzO Activation

OMe
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 245
BnO—\ OH ‘
el o o oo 30— 0
BnOOH ! BnO os7 BnO o:B Ar= NO
NS o] oo | oo HOe
BnO o BnO— 5+ o+ S0
BzO BnO 09~ BnO 00
BzO BnO Z Bn
275 OMe

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Figure 2.1.6 &4 54 275 DOHEE B ki bAE

Z ZCOEBRSIHl 2 R L A 7Y 3 2 ARG BT 2 RIS Z 5T L 72 (Figure
2.1.7), % DFER AKBSAF T CRIGEIT 5 T & T, ZHH 275 ORIA 2 HH & ., EEB(1,6)-
=V YR 48BDICERH ET b2 /R L7z, MEDRRIY, 9 BERF o ViRt 2
TV 276 1 X B HELGAR 209 OIEEAITKIRSE T ClETE 3. =X TSI E
BT B eIRINT, T 6 BERA T VEET XTIV 274 1T X 2 HEL G4 209 OiEHEAL X
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=20 ‘COKEREMFETTH > THhHESL I L. %Tr 248p7° 90% D HINE T

Ex L7,
/OH
6 F 2
e > Q
%Oaé% 247 (0.2 eq.) .
z 520 Toluene, reflux, 3 h ’% BzO

OMe  then concentrated
245 (1.0 eq.) 274 (02 eq) BZOoMe 245 OSeq)

OBn

BnO 00
Bnaéﬂ BnO—  OH BESO Og
0
209 (3.0 eq.) B”O&/o ° Bno

BnO + BnO Og
2 B”o&‘w
MeCN (0.05 M) %cg(;% BnO O
Temp., 6 h BzO
OMe BzO,
Table 2.1.2 248p 275 OMe
Table 2.1.2
Yields
Entry Temp. Recovery of 245
248 275
1 rt 79% (B only) 10% -
2 0°C 87% (B only) trace -
3 -20 °C 90% (B only) 0% 2%

Figure 2.1.7 209 & 245 & 0 7' 3 L WMUKIGIC B 3 KGR O BT

/OH
4 oH 247 (0.2 eq.) Q o
BzO Toluene, reflux, 3 h \OO z BzO

0

OMe  then concentrated BzO OMe
245(1.0 eq.) 274 (0.2 eq.) BZO0Me 245 (0.8 eq.)
OBn
Bno@O BnO—_ OH
BnO BnO OH BnO O
209 (3.0 eq.) ngo BnO
—_—
Solv. (0.05 M) Bzggﬁ
-20°C,6h BZO
Table 2.1.3
248p 248a
Table 2.1.3
Entry Solv. Yield of 248  o/P Ratio of 248 Recovery of 245
1 MeCN 90% B only 2%
2 THF 81% 6/94 16%
3 Toluene 56% 48/52 31%
4 CH,Cl, 46% 57/43 52%

Figure 2.1.8 209 & 245 L O 7' Y 3 Y AMLIGIC B 2 SOCTARE D #et
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« ARG B 2 OGABE A #E3T L 72 (Figure 2.1.8), A L TR CT + 7
trn77/%mwtﬁm\T%F:bU»%ﬁ&ﬁﬁmﬁﬁﬁﬁijﬁﬁ%m&mﬁ
EITL, EOB(1,6)-~ v/ v F U8 miNEcfFons L 2/ L7z, —J. Bt ok
WIRIECH 2L A F L Y RO P v v WSS, DEERUIAGERE L b icE L <
KT U 720 WHEDBCALMEIC & o TARBIG DU e AR TES AL 2 B IC D W T K
D X 5 ICHELL /- (Figure 2.1.9), =LA Z V72856, AR VEZ AT 1274 1T X 5
THEE SR 209 25751 LT 2 2 L ic X » TAE U ZIEDERD EM S, A ORLIC X » T#

FlbE Nz 720, WLz AL F—2MEF L. ETB (1,6)-~7 >~/ ¥ F 24830 5NK M IcF 5
Nz Z 27, —h. KRN HRE L2 728568, 7 7 ~—{(0c 4 U 72 1E O E 5 &l S At

CX VEEE NI NTZ0, B(1,6)-~Y /) ¥ F 2488% RS 2 MIGHESME T2 2 & T
S\2 RGBS A Ly VRERME R OCINEME T L2 e E 27, b, TR F=FIALEZHL
5E . IR M OVARSERMEA RS @ o722 b, TR b= b ) L EEEiE e LT
WD 217 - 72,

~N
r Cs
O,N N

P — —_

O,N
X:l\O%

\ N
\‘N > 0%

BnO B~o
BnO B‘O BnO OO) 3¢
BnO O BnO
O
v JL ¢
~

Sni-Type Sn2-Type
reaction reaction

B-Mannoside

a-Mannoside

. YR

Figure 2.1.9 BB VAAERMEIC G 2 2508

RIT, RIS D EBARE O fig b % B L, RRISICE T 2HLEE L L TfTo Tz b v
I VRIETN CO T AT MBS % Bl L 72 OGS TREET L 72 (Figure 2.1.10), % O FE5R,
AALER 2 B BE L 72354 T, BB 21T - 725t L RISRAZF O ENEON B 2 &2 B
L7z MEDRER XY, FuvEEs X701 274 OFEFIEHIZSHHEATIZR N 2L Ik

2 7272% ., LIS Clk, bz iRt R OEME T 2R AT 2 L b LT,

6 MeCN (0.05 M) _ onOo— OH
N e .
oBn 2 oH -20°C, 6 h Bgﬁ&&o ¢
BnO 00 * B LOH + O HO o
BnO N 85% B20
OH OMe  (8(1,6) Only) BZOOMe
209 (3.0eq) 247 (0.2 eq. 245 (1.0 eq.)

248p

Figure 2.1.10 K7 V[ 247 % 272209 & 245 L D 7' ) a > A ALRIG
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1.3 EE—RMEORE

RIT, WEZHRDORE etk % 85T L 72 (Figure 2.1.11), 13- A — A2 F+ 2370 a+ 3
=R 277, IAH—N 218 RN~/ ¥ F 219 HHWTEARSZ Y a2 MUKIGE B L 724
R, EOEZEEEACEGAEICE W TS NLE K OCSLAGEIR IS0 ETT L E 5 B(1,6)-
~ v/ v N 281, 249 U283 R ENENEINFETRONL LR AL, R, #T7
P F280 AW ) a v MURIEERET L7z, Z ORGSR, ERE N Lic, 1/HkThb
6 PKEEEECTIE e <. 2 TH 2 4 (KIEFHLERINIC SIS ET L, WIS T 2p(1,4)-~ v/
8 250 A3 EICER D O mALE R L AEER I oS 2 & 2 RHL 72,

/OH
o)

\
oBn 1,3-Diol o
,o-Dio 247 (0.2 eq.) _ ;
8%9&2/0 T Jugar acooptors 261, 249, 283, 250
277-280 (1.0 eq.) Table 2.1.4 1 249, 283,
209 (3.0 eq.)
Table 2.1.4
Entry ;;J:;-Erlzlcceptor Conditions Product Yield Isomer
BnO OH
1 HO 0 MeCN (0.05 M) BnO O 78% B(1,4) Isomer
B0 OMe  0°C,12h Hoﬂ ° 282: 4%
AcHN BzO OMe
277 281 AcHN
OH BnO OH
B”oﬂ
BzO A= ’ Ho%
BzO —
278 249
BnO OH
5 HO o) MeCN (0.05 M) BnO O 0Bz 81% o%
BzO 0°C,8h HO 0 ° °
OMe BzO
279 283 OMe
BnO OH
. HO MeCN (0.05 M) BnO o OH 0 o
O 0°C,12h o 86% 0%
BzO OMe BzO OMe

BzO
280 250

Figure 2.1.11 209 & %4# 1,3-2 4 — VR ER & OALE M OB LHGER < v 7 o MURIE

PLEDRERD S, KRG DAEERIEIC O WCTI T D X 5 1% L 7= (Figure 2.1.12), 7
FOTANIC 4 KR Z BT 2 H T2 2 F 280 ZH W72 84, A vEBT AT LD+
vREEGL 6 BEROT T P Y T AJ D bR G4 209 23858 L 72 2 D 0ERIREE T
LBHEE I3 53, 6 MKIEEL IS 32 27 2 o ML DBRIRFEClE, BEL SARERAT &
WZ RN OBREE S ER > TH Y, ZOMEEEICL Y, 4 kBRI T 2270 a
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»mﬁﬁ®%%%%;0%$ﬂf%5&%itoLtﬁof 7Y a v MESOGDS 4 ALK

EIRITEIT L. B(1,4)-~ v / ¥ F 250 285 H N7z & & 2 72(Figure 2.1.12A), =7 7 + U
Twu 4 PKIEIEZE T % 245, 277, 278 KU 279 % Fl 72856 O AL #EIREIC DO W T
b [FRRICHEAE S & B2 BRI & OB D IC X 2 AEEIC L > CHIHTE 2,
bbb, A NKEBEIRICNT 2 7)) 3 v MERIEDEBIREIC BT BEEEGARTIAL & B2 A
REBRLDE R D A4 U 2 728, 6 MKEEELEIRIICRIGSET L, G35 p(1,6)-%w v / &~
N 235 & 117z & # z 72 (Figure 2.1.12B),

A) Favored Disfavored .+ B) Favored Disfavored

! O,N
O2N O,N : 2 O2N

Q. 9 Qs

4 ~o \O 4
BnO Bio B 74
\ oY | {%i)qQﬁA OBn
0.0 0O »  BnO % BnO
ngggsilfg j;ZSTX 4;47P\\ E BnO k~‘/0 OBn
' ’ ; ’
B(1,4)-Mannoside B(1,6)-Mannoside B(1,6)- Mannosnde B(1,4)-Mannoside

Figure 2.1.12 (Vi X UB- V(BRI ~ v 7 Y AL RIGIC B 1T 2 BRIREE T v
A) HT727 R 280 BV~ ) U LKIGICE T 2 EBIREEE T v
B) 245, 277, 278 X U* 279 A\ 7z~ v ) U MURIGIC B T 2B IREEE T L

RIT, cis-12-YV A — N FT WEZFEEZH T, 7Y 2 v ALRIGZ 5T L 72 (Figure
2.1.13), 3,4 fKEEILERED AT 7 b2 F 284 ZFHWT Y a v MURIGEIT o T2 f5 8. 3
BREED/NS VT 7T P Y TANICH D 3 (KEEELEIRIICKICSEST L. RAF K

DAL EFEIRE L O AL AR CR(1,3)-~ v/ v F 288 o s s kA RML-, &
tﬁ23um&%ﬁ%@v///bzw%%mt% b, VEREEDONS W 2T Y T
7 DKL ZEIR I SIS HHEAT L. @R D@L E K & IR ICp(1,3)-~ v/ & F
290 2MEHN B C k%%ﬁttogha® ERD D, cis-12-V A — M icBWTIE, LRREE
DY I WCIKIEFLE IR IR EAHET T 5 & AREB I N2, BN I W T, 2T b DL
EERMEOFRIIERIL, RKEZHD AT > Ty,
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/OH
o)
OH

Bn HO _ 0Bz 247 (02 eq) BnO HO OBz
BnO’éz/o * é& Bgr?o &V
MeCN (0.01 M)
rt, 6 h
209 (3.0 eq.) 284 (1.0 eq.) 286: 71% (a/p = 8/92)
B(1,4) isomer 287: 21%
OH
OQNOB\
fBu OH [
OBn tBu—Si\‘ OH 247 (0.2 eq.) Bu— SI\O
BnO 00 * 0 BnO &H
BnoO HO MeCN (0.025 M) BnO
OMe 0°C,6h B“O
209 (3.0 eq.) 285 (1.0 eq.) 288: 75% (B Only)

Figure 2.1.13 209 & cis-1,2-3 A — V57

I, HEORFEREZ

ik OALE R OB-SLFERN ~ v 7 o ALRIG

BTN 7)) 2 v MURIGZBRET L 72 (Figure 2.1.14), £ 3, #&

R L LT3 oOKEEAZGET 2 D-2 71— 1289 % #IR L, K27V 3 v ALKIGE R
Al7z. bbb, Ku Vg 247 LKOKFEET. T b= Vg, o°C, 10 R o
SAET. Bt 54K 209 & 289 L D 7Y I v MERIGE R L 7245 R, 81% DUNFE DD &L
18 R O AREIRNICE B B(1,6)-~ v/ Y 2201 AfEo N2 2 e 2R LAz, Ric, Zray
F 290 % BEZARICHWCT 7Y a v LRI EMET L 72, Z OFER. 4 D Dilipfi o KEEEE %

* FHE . LEEE L &b, MERGEREZ AN B B K O 1,2-cis-a- LASERE 77
Va v ALRIGZEBFEL T3 S, 204 £ 289 L DY a v ALRIGERBET L 728558, A
%= 1.2 ffi. Figure 2.1.6 12/~ L 7= = W84 275 D14 & Rk o ©5 O N 3 R0 R4
. 5UBOKOFIMC X o <ciflcx 2 2 L BRHBLTW, KEEFCRIGET- 72
itr. 9 RO KR v VT X7 L 296 HHEIE SR 204 Z IS 2 X0 b <MK fig X
N30, ZHEHOBIESIH I N EZbNTW3, % 2 C, HEE#EEZAR IS
LAR= Y ) MERIGICE TS, [FARRIC 5 H4EDKFE T TRET L 7%,

BnO OBn OBn OBn
BnO BRO 0 50 o
Ar. BnO BnO
B L I Bro N OH
i g S0~ N
HO = Ar”"%0 HO =
6-Membered ring Ar ‘;’ 9-Membered ring 1,2-cis-a-Glycoside 297
boronic ester 295 boronic ester 296
T Esterification HO, Hydrolysis | OBn
B—Ar ' BnO o] @
HO Y ' Ar = NO
HO o) HO H20 ' BnO 2
HO = 247 \ 204 O
289 Trisaccharides
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32 290 ZHEZEERICHCZGEITE T Y ARG EALE K O LARER I ET L,
EHB(1,6)-7v /¥ F293 B 70%DYICKTIFOND 2 & x RHL 72,

OH
247 (0.2 eq. BnO
BnO HO A= H,O (5.0 eq.) HO A=

MeCN, 0 °C, 10 h 291: 81%

o(1,6) Isomer 292: 4%
OH
ot
OH _BnO
OB 0*; 247 (0.2 eq.) BnO o
HO g
BE?&O%O * "o 0"CaHy;  H20 (5.0eq) Hﬁo&&o”cs*'w

OH MeCN, rt, 22 h 293: 70% OH
. (]
209 (3.0 eq.) 290(1.0eq) a(1,6) Isomer 294: 1%

209 (3.0 eq.) 289 (1.0 eq.)

Figure 2.1.14 209 & fELREEREZ AR L DALE K OB-VARERI~ v 7 v MERE

1.4 XKBBE O75 HEHEEEH~DIEHA

141 KBBE 075 & O-HiR

KIGE(E. coli)ix. 77 LB NMERNCIE 3 2 BRI RMBEWRE ©H 5wt REE
12, %K DIGHVEIYEDHR & 2 2 Z LA ONTH Y | FREGEGYE-CBIER B 25 &l
FTLANMMEKRIZE 075 % OfhO FkO HBAEFREH S L Tw 2 9, —JF, KIBE
H32 Y FLHELPS)D O-Hiliid, 1 FEDRIEICEFICEHEREE 2R3 &h b, LPS K
O Z OERSTRESH I, BEA RBEYYE IS 27 2 F v & 0 5 2 EETEFHER o RELIH
HEnTwz ™, Lza->T, KIBE 075 212 Lo & 3 2 KIBE D O-YUR % ZhR M fiis
T FEOMIE. HHIMMEZ A T2 RKEBROBEYEL VT 257 7 F v oRFEICKE L
Hik$ 2 2 e s s, KRG 075 OFEHEPUFIL. 1975 4. Erbing 51T & o T, KEE
JERYURE B D> & HEE S L7 KGR 075 U AL BELPS)IC XV HEEREH 2 Sz 2, 2 D
%, 1978 fEIC, [AIFEH BT X HHEUGET 28 72 S 41, Figure 2.1.15 1C7R L 72 PUBESE A 0 O LS
EOHE XN TW D 2, GRS L <. RIKEDIRWA T 7 b= 40T F T
IKIRE ISR NEE 7 1,2-cis-B-77) 2 ¥ FHREE T~ Y /) — AL 72B(1,4)-7 v / ¥ P
EEALTEY, COWNEEEZE T 24 ) IHECEEOLAAIE, JEFICHEEcH 5, @
FICHE TN T 2 KIGE 075 @ O-FUR#E Y IR LB HEH SR O AR Ic o v, LUF
ICEib 3 %,
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O gOH
NHAc
0

HO OH
n

Tetrasacchride repeating unit of
the O-specific LPS of E.coli 075

Figure 2.1.15 KIGH 075 © O-HilEPUBEHE 0 & LA

1.4.2 KIEHE 075 M O-HilR#E YR L MBEHFEAED S G

2012 4£, Misra & 1%, 1,2-trans-B-7" v 3+ K D 2 M iR KERIC X B B-~ v /& F & EEX
fifi L 72 KEGE O75 LPS O-PUE 0k 0 3R L UBESHFHEIL 305 O A2 S L T\ 5 71(F1gure
2.1.16) RAEAGE X BHEIBA G- 2 I U 72 1,2-trans-B-3LAAEIRTY 77 Y 2 o A LRIGIC
2% DR T 12-trans-B-7 32 F 300 A L, Fi, Zra—2x 2@7@&%@}%1 R
fEft. BIo. KO 2 KR OMRH#EIC X 3 4 TRIEK 76% T, 12-cis-p-~ >~/ ¥ F 301 O
ABICHKIIL CTwa, LA L, B-7 v /v FREEDOREFIC, i) 1,2-trans-B- 7"V 2 ¥ MUK,
i) 2 fKEEIE OWLRGE, iii) 2 (KEEFL DL T iv) BITD 4 TRZEL TH Y, TR
D% GEPHEE LTET LN,

Bn

OBn OBn
BnO o} HO _oBn TfOH ~ Bno 0 1) NaOMe, MeOH
fo) o CH,Cl, Bno O _0Bn 2) Dess-Martin, Periodinane, CH,Cl,
AcO,

* Ao - AcO o)
0.__CCl
e 3 BRO 72% AllO 3) NaBH,, MeOH
NH OPMP BnOSpyp  4) AczO, pyridine, 76% in 4 steps
298 299 300
Ph—X-0 o
9% SEt

o NPhth BnO—_ 0Ac
BnO— OAc Pdcl, BnO— OAc aver Bnoﬁo OBn
o]0 edh 810 M0 o _os, OAc 303 o o

Bn o 76% HO O N-lodosuccinimide, TfOH oo -~

AllO o MS 4A, CH,Cly, 72% NPt nO4pmp

. BnOSpyp s OPMP ACO o e
AcO OAc
HO— oH
1) NH,NH,+H,0, EtOH HO&&/O
2) Ac,0, pyridine HO OH
HO o o O

3) Hp, Pd(OH),/C, MeOH HO

HO,

4) NaOMe, MeOH O NHAc OPMP
57% in 4 steps 0
HO
HO 305

OH

Figure 2.1.16 Misra 5 I X 2 KIGE 075 @ O-filiifg v & L UBESHFEER 305 DA K
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1.4.3 XEEHE 075 LPS O-fn/RD#E Y iR L MBESHFFEK 252 D & R fE T

AR BT 5, KBEE 075 LPS O-FUR O 0 K L U SHERER 252 D&% LAT IC
N3 (Figure 2.1.17), 252 AT 5p(14)-~ v / ¥ Fifi&d, A v Vg% Hyvs 72 BMAD
A B L 72 ZHERE 251 1SS B E M OB-SL BRI~ v 2 v AL ROEBIC X Y shER I
B TE DL EZ T2, 251 1F P VA —1 307 &L ZHESH 306 L DR w V188 IC K2 ~v R F v
7 %M L7 A0E KO 1,2-trans-SEARER) 770 2 2 UALRIE I X 0 o FFRIICARK T
LLEZT 720301 BET S 1 2-cis-a- /T 7 7 b ¥ FfEAIX, R Y VAR 203 % Fv 7z
BMAD i 0 1C X Y VREIRIICHEETE 2 L& 2 7,

1,2-cis-B-Stereo- and regioselective mannosylation
HO OH using a boronic acid catalyst (BMAD method)

HO o NO,
HO o o
HO HO.
o) HOZ, B
NHAC oy i
o 7% HO
HO 247 BnO HO _OH
HO O8Bn HO 0 0
OH 252 BnO%OAO . 5 o
e BnO BzO
0

BnO OBn HO —oH Glycosylation using transient masking
O . . .
306 HO of hydroxy groups with a boronic acid
O BnO F
/307 v % OBn
HO\B
a-Stereoselective glycosylation +
using a borinic acid catalyst (BMAD method)
309
Octanol (309) 203

Figure 2.1.17 KI5 075 LPS O-HUFE D#§ v iR L VUBESHFHE (R 252 D i & BT

144 KERE 075 M O-HiR#E YR L HHEEFRNE 252 D AR
1.4.41 Z—$EGK 306 DAL

$ 9, HEEE 306 DA R 1T o 72 (Figure 2.1.18), $7ab b, BEAIDO T L/ v F 12677 & 7
Lad 1=k 3107 L ofL “if)i'ﬂﬁfm U a2 o ALRIGIC &Y. ZHEE 311 2 I 91% TH
L, fEd Ry ¥ ) 7 v RERDEITIC X Y “HEEIEAE 5K 306 & 77% DIEKE THELL
720306 36T BT L) —ADT v—u@mm% X, 7/ ~—ficBF5 CHA Y 7Y
v ZEB( I DMEIC XY, ZDEN 167THZz TH B &b, a-7 L/ Y FTHB LRE
L7,
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BnO
SEt NIS (2.0 eq.) P80

TES (5.0 eq.) o
o Ph/%‘%o& TFOH (0.2 eq.) 0 SEt TFA (5.0 eq.) HOG SEt
BnO * HO SEt 4’8 o 0 NPhth  ———— o NPhth
BnO NPhth ~ CH,Cl, (0.1 M) BN CH,Cl, (0.2 M) BnO
OBn MS 4A (100 wt%)  BnO 0°Ctort,4h
40 °C, 1 h, 91% OBn 77% B0 oen
126 (2.0 eq.) 310 (1.0 eq.) ) P IR 311 ° 306

Figure 2.1.18 B 306 D &K

1.4.4.2 R UBMEERAV-IIERRMS Y 3 VIIERBEEBE LT 307 DERK

RIT 307 DELEAT - 72(Figure 2.1.19), R U Vgl 203 /776 . BEAID 12-7 v e F
OHT7F—R3084 AT R =309, DY 2L MMUKIEERE L ZREER, €T 1,2-
cis-o-71 7 7 & ¥ F 312 BEER D ORI CILRERE TR oS 2 L 2RI L 72, 312 L
BREF1E, 'THNMR 227 b i BT 1 KFEE 2 MKROMETER N 40Hz TH S Z
E0b, ofkTH B EWRE L, KIT, 312 D 2 fiKEEE D~V VA b, IKESfRIC X
BRYVNEORBREICL Y, P YA =307 AL 72,

e

2

BnO _oB 203 (0.2 eq.) BnO _0OBn BnO _oBn Pd(OH), (100 wt%) HO _oH
N Octanol (309) (1.0 eq.) o BzCl (3.0 eq.) o H, (balloon) o
BnO o — "~ . BnO 1 ———— = BnO — HO
THF (0.05 M) HOY, Pyridine (50 mM) BzO THF (30 mM) Bz0,
0°C, 24 h, 74% T, ™18 h,90% Oty m05h, 98% ™
308 (a/p = >95/5) 312 313\ 307

Figure 2.1.19 } U A —1 307 D&

1443 RAVEBEIXAXVJICHALLMABERY 1,2-trans-3LEERKW S ) a2 LER
12 & %5 =HE8H 308 DAERE

R, KaviE188 x~A ¥ v ZICH Wz F U A =L 307 IS5 2 60E X O 1,2-trans-37
RFIRN 2770 2 o AMURE 2 #ET L 72 (Figure 2.1.20), £ 97, 1 48D F U A—1 307 & 1.05
MEOKRT VK188 2T & b VIRHT, 2 FEER I 25 2 LTy 4,6 MikKEEEZ R v vk
TYAF V7 L7314 8L 7z, RIC, NIS, TFOH K UEL ¥ 27— —7 4 A{FFE T,
Frz v rank RERETR, —30 °C. 3 B0 MBS T, 314 & S 306 &
D7 Y a v RIS ERET L 7z, Z DGR, FOCITESL2ITH#EIT L, AZE MO 1,2-trans-37.
OB 1< = HE8H 251 2K 96% TR b Z & # R L7z, 251 DAk L #13, '"HNMR
AR P MICEWT PRKHR E KR DOR AT 8SHz TH LI &b BiATH S &
RELT, 72, 251 DFEAMIE X, 251 27 2 F A L L7268, 'THNMR 27 F vick
WT 4607 a b VARG 7 b L7225 3 MKERIE CRUGSEST L 72 L HR3E L 72,
SNz 251 13, 4,6 MKERFLER D Z 7 F o FEMLZ2 A LCH 0, BhNofR#E - il
TREZRRD &7 TEHEMICRITIE TR L 72 A0E R OB- (& IR~ v 7 > LG D
WZA e LCHHWRETS %,
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BnO

HOo SEt

o
OH

weo— Hs" [, o 50y

OH B~
O BnO BnO HO _oH
HO Og 188 (1.05 eq.) o OBn 306(2.0eq) Ho»&@1 g:‘o

— o) 0 o
HO Acetone (30 mM) HO NIS (2.4 eq.) BzO,
BzO BzO

° NPhth )
OM/ reflux, 2 h o TfOH (0.2 eq.) BnO H/
7 97| s 4A (100 wi%) BnO 7

307 314 CICH,CH,Cl/Toluene OBn 251: 96%
(vIv, 1:1, 50 mM) (B(1.3) Only)
-30°C,3h ' y

Figure 2.1.20 =H#§ 251 DA

1.44.4 ROUBMEEAN-ILEEBRNTY/ VILERGERFELI-XKBE 075 ©
O-Hi/R# YR L MEHFEAK 252 DERK

AL 251 & 12-7ve Fawy /) —2 209 L oRo vl 247 % Hv7-
BMAD St % #RET L 72 (Figure 2.1.21). % Ofii S, MG ITH L ITHET L, EEp((1,4)-7 v
J ¥ K 315 28 91% DGR o FE L i il R USIIREIREcff b s 2 e 2 R L 72,315 28
G325~/ —ZADNARMUFEZ, T/ ~—hcBF 5 CHA Y 7Y v 7 ER( ) DHEIE I
X0, ZDMEAR161Hz THE I b, -7V /) P FTHBERELT, 7. 315 DS
& IX, 315 27w F AL L7458, 'THNMR A2 b vicB T 67 m b v aMERES >
7MLl nb, 4K CRICHETT L7 LIE L 72, RIT, 3151x0f L, By
AnAfby Bi7 2 a4 ML ROT 2 FAALT B 2 & T, 316 21572, wEBIC, NKESRE, ki
SBET 2 F AL X b KIGE 075 LPS O-HU D v iR L PUBESHEE S 252 ORRE K %
ER L 72,

OH BnO OH 6
(o]
BnO HO _oH 02N4©*Bi ngo&h/o OH

BnO o OH 1 o
HO o BnO
Bgo(&z/o N o&&o& :%5 247 (0.2 eq)) HOO&&/O —~
n Z!
60750 NPhth BzooM/ MeCN (0.05 M) NPhth Oy
- 0°C,24h 0 7
BnO BnO
209 (3.0 eq.) OBn 251 (1.0eq) BnG 315:91%

OB (5(1,4) Only)
1) NaOMe (5.8 eq.) BnO OH BnO OAc
MeOH (20 mM) B”Oﬁo OH Ac,0 (x 30) B“O&&/O OAc
rtto 40 °C, 10 h 5 gno o DNZIAP(1Oeq) . gno o
n . . n
N MR SN
H o) 0

2) Ethylenediamine (50.0 eq.) 0 NH, OOW Pyridine (x 30) NHAc Ac O(\/f
n
BUOH (10 mM) BnO@# 7 1,4 h, 95% BnO@# !
reflux, 12 h BnO BnO

93% in 2 steps OBn 346 OBn  3q7

1) Pd(OH),/C (100 wt%)
H, (balloon) o
THF (10 mM) Hﬁo O __OH
rt, 40 min (0]
2) NaOMe (1.0 eq.) o 0

H
NHAc Oy
MeOH (10 mM) Ho /=0 7
rt,2h HO

99% in 2 steps OH 252

Figure 2.1.21 KI5HE 075 LPS O-fili D v iX L UBEEHFEE 1A 252 D &K
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1.5 iR

1 ETIE, R e VA A O 72 AL R Y 1,2-cis-B- L ASEIR I~ v 7 v AL RS DB
FLIGHICO VTR, 9. 12-7 vk Fua~wy ) — 2209 & 50K, 4,6 fKEEH A
WEHED 73 v V245 BRERRARLE LGERL, A Re vBEZHWT 2 Y a v ALRIG
R L7z, ZOMER. T b= VEEG, RO p-= F v 7 =R e VE(247)
FHOWTRIGEITY 2 & T, WIGTBP(1,6)-7 v /¥ F 2483 H K D D 5E 2 i i K N
RERECE NS T &% B L 72 (Figure 2.1.22),

O,N

_OH
B

OH BnO— oH
| MT02eq) Ar< \O~§- Bgoc&&/oe
BnO HO
MeCN (o 05 M) iﬂ B0
BzO

Me -20°C, 6 h OMe
209 (3.0 eq.) 245 (1. 0 eq. ) 85% (B(1,6) Only) 2488

Figure 2.1.22 & v VBl 247 % F 72 678 K OB- 2 MA0E IR ~ v 7 > W ALR)G

T HIT, RFEEFLRE VA — VBEZERICICH L7655, mhiiE L O AE IR I 2
Op-~v /¥ FBELN5 2 L% R L 7 (Figure 2.1.23),

/OH
e
OBn Diol OH
io 247 (0.2 eq.)
B%Cn)géz/o +  sugar acceptors B-Mannosides
(1.0 eq.)
209 (3.0 eq.)
BnO
HO O o] Ho 2
B20 OMe l-é(z)o N BzO

AcHN OMe
281: 78% 249: 91% 283:81%
(B(1,4) Isomer 282: 4%) B(1,6) Only B(1,6) Only
BnO OH oB
o} z
Brﬁg&‘ﬂ/o OH BnO By-— s|\o
BnO
0 BnO Me BnO
BzO OMe BnO
BzO BnO
250: 86% 286: 71% (a/p = 8/92) e
B(1,4) Only B(1,4) Isomer 287: 21% 288:75% (B Only)

OH OH
BnO A BnO o)
BnO BnO o
BnO 0 BnO o
HO&& He O"CqH
= HO 8h17
HO o

291: 81% 293: 70%
(a(1,6) Isomer 292: 4%) (a(1,6) Isomer 294: 1%)

Figure 2.1.23 K v Y [RANEE 247 % > 7o 68 S O B-ZAREIR < v 7 o LR )G
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iz, RFEEZ KEE 075 © O-FUlFf v K L UBEHEEEA 252 O SGRKICIGH L 72, &
U VBRI A F > 72 1,2-cis-o-SEAREIRIN 277 ) 2 U MEIRIG RO R e Vg%~ 2% v 7 F]
FA U 72 E R O 1,2-trans-SEAGZEIRIY 77 Y 2 o AALEOG % Bkl L CRIZRIIC AR L 72 251 (1
U, RFEZEIST 2 & T, @ICED» DTERRNE K O ARERETR(1,4)-~v / ~ F
A ZMHEL, KIBE 075 © O-FUE#E: 0 & L UBEEFE 252 O 8RN &KE & 7 L 7=
(Figure 2.1.24),

F@B OH JOH
2 MeO@B

“OH
203 (0.2 eq.) BnO _0OBn HO _oH
BnO —0Bn  octanol (309) (1.0 eq.) o 0 188 (1.05eq.)
(o] BnO HO
BnO n - BzO Acetone (30 mM)
THF (0.05 M) HOg oLy reflux, 2 h
o 0
308 ? wcffgg’/;)“ % 312: 74% ' 307 7
B (o/p = >95/5)
BnO
o
Hoo%&sa BnO o
NPhth BnO 0
Ar\B BnO@# Bno/h
- HO
R BnO Lo 306 (2.0 eq) :‘go o O(")' 209 (3.0 eq.)
o o o _
HO NIS (2.4 eq.) o NPhth  BZzOJ OH
Bz0), TIOH (0.2 eq.) BnO ﬁ/ OZNOB\
7] s 4A (100 wios) BnO Lo 7 OH
314 CICH,CH,Cl/Toluene 247 (0.2 eq.)
(viv, 1:1, 50 mM) 251: 96% MeCN (0.05 M)
-30°C,3h (B(1,3) Only) 0°C,24h

o) o}
BnO HO
BnO ? og HO Q og
B L R e
? NPhth BZOOM/ ? NHA HOOM/
C
Bno@f 7 Ho@f :
BnO HO

OBn 315: 91%
(B(1,4) Only)

Figure 2.1.24 ARFE% 72 KIGE 075 LPS O-FiUJE O 0 3K L PUBESEEE A 252 D &K
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F2E FHRAVDRESVZRAVEP-ALFRIRHS L/ VILIERIG
D LA

21 WIRBEHM

Frimi 4 ECALR L 72 R ) vB—WEZ AT X7 v % w72 BMAD IEIC X 2 I AGZEIR K
&VV/VWWﬁﬁw‘&UWET%%L&$DVM%ﬁ%%WtBMMN%K&%&E&
U&ngmmvy/y»mﬁm’ VBRI B~ v 2 v R OSIERIN 2 O SEAEIRI IC G
FATREIC 2 o 720 & & CARFILZ, i@%%#l%f%éﬁ7L//%% I ST 5
Toic L, FPamsh 1 ECHIR L2 X 5 1C, B-F 4/ v Fifli&ld. 74/ —RAD 674 *
UHREICX Y, eV ) Y FABICHMATSH o 724 R &S AT & vz, Ei%
[ 2> D ASEIR S L O WEECH 2 2 L 2HI ST % "o(Figure 2.2.1),

Donors for
stereoselective p-mannosylation

Ph/%& pB-Rhamnoside
PO cé
0 PO@Z\OR
O\ RO
Q 0:5G /éﬁ/ Simply applyling these donors
OoP

to the p-rhamnosylation is difficult
due to the deoxygenated C6 position.

Figure 2.2.1 . (EIRIB-~ v 7 L LG DB- 7 L 7 & MESIG~ D G D F5E

—Ji. HIR L 72K Y vEERBREE L 72 BMAD 512 X % B-3iR@ERI ~ v 7 o AL RIG I
12-7vebFawy /) —2209 X LT, #HZEEREFYRETZMNLT, 2&%%K&H
U2 OHafes % 2 & ¢, VAREIRINICR-~ v/ Y FAELN3 LIRIBINTE Y, 6k
RIFTORE I PEWEEZLND, LIzA-> T, BftG4kE LT, 12-TveFa~ey )
— 2209 Db VIC12-Tve bR I L) —R23%HVWbEZ LT, WET5p-F74L 7 F
DINRINCELTE D LE X2, Thbb, £/ F—A20FEINE R VIE—HEZ AR
IRAFANR, 1,2-Tve Fu I L) —RA253 DRI HEEZEENL L, FivCREEsmE
L7k R AEE LBRIE T OG04 2 (LEHE L R CTH A b8 5 2 & T B-7 4
J ¥ B OSNIREIRIICAS S b & % 2 72 (Figure 2.2.2),
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Previous work

Stereoselective
BnO Ar
BnO of Ar2,O-R BnO__ oy
. . BnO BnO Bs- _—
Borinic acid ! BnO O
!

S+
N 209 BEO&ZO Bno OR
¥ - n -
Ar—E Borinic ester B-Mannoside
OH IAI' -
\ o+ e Stereoselective
ork 1 BnO 0=
"\'O*R . BnO@Z\OR
(6] BnO

o [
BnO ‘g
n % OBn "By, OH

NES
BnO r - B-Rhamnoside

+ — Ar*B\
OR
HOR
Mono-ol acceptor This w

Figure 2.2.2 + Y V&% H\ 72 1,2-cis- B-3ZAAEIRIN 7Y 2 o AL G

I, KifE | OB LA E#RER- 7L/ ¥ FARICIGHAT % 2 & T, ML
T L HEOREEALIE b [FIREIC IR BE 72 (7 1E K O B- LGSR 7 L 7 o MUBE A3FHFE
TERLERTz, Tabb, A vEMEfAET, 12-7 e b I L) —R253 LV —
NBEZRRE D7) a L MURIGEITS 2 & O, [FAEED SGEERE 12 X - T, i@ & -7 4k
ERICEDB-T L7 & FBFH 15 & F 2 7= (Figure 2.2.3),

This work 2
Boronic acid o , .
o Bnozl\ Regio- and stereoselective
| (6] 5+

~B- HO
Ar”- OH 0 253 Bnozoj:\\ %ﬂ
+  —= Ar—B_ QO o, 0% |— Bnowo
o) OBn ~"'By
HO\ B-o+ BnO &,
Boronic ester Ar

HO B-Rhamnoside

Diol acceptor

Figure 2.2.3 & v VAt 2 F v 7 678 K OB- AR IRE 7 2 7 & AL ROG

22 RYVEBMEERWER-5 L/ VIVEREDREEE DK

WEtG5ARE LT 12-7 v e Fr T4 —2 253, RUBHZREL LT 6y ILtFxy
N F T =202 %EIR L, BRSO RR 2 3 fHEOR Y VAL HWCT L v
LG % 15T L 7= (Figure 2.2.4), % OFER, WIho R Y VI Z 723856 5 2 AER
PN ROCAHEIT L, BHp-T7 47 ¥ F 8 BEEETREONE L 2 ARM L 72, Fric 7 v
oA S EE EICET 5 203 R LCH WA, 1K 2% TEEBBR-7 4 v F 318
BELNB LR L7, 55N B-T L7 2 F 318 DT /< —hr DR {L13, FidE &
FfkIC, 7/ ~—{ics T3 C-H Ay 7Y v 7 ER(Jen) DHEEIC X b, Z DA 154Hz T
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HLIEDDL, B-TL/ P FTHBERELZ, THIC, RKICHRBZRKEAE L7245, 1 FR
THRIGIZIET Ly 4% DICRTHEB-T L/ 2 F I8 EONB T E2WHL2ITL 72,

BnO 0
O
BnO 1
OBn
253 (2.0 eq.) 070
Ho (OB <X@B_OH . Bnow ™
5 2 MeCl(\)l (2.1 M) BnO 44
202 (1.0 eq.) Borinic acid (0.2 eq.) Table 2.2.1 318

Table 2.2.1

Entry  Borinic acid Time  Yield of 318  a/B Ratio

1 319: X=0OMe 24h 82% B Only
2 320: X =H 24 h 87% B Only
3 203: X=F 24 h 92% B Only
4 203: X =F 1h 94% B Only

Figure 2.2.4 253 £ 202 £ D 7Y a2 v MU DIRE]

2.3 RICHEERER

JPafeh 4 oA L7z X 5 1cR v VA & F o 72 G0 R CNZRGEIRIN 27 ) 3 v bR
J& D BOGHERE 13, BCKIE HI7E & O DFT #H5 % F 72 BOSHERERRAT IC X v . Earit ot s
7% Sni BIDMERECHEIT S 2 Z EDVRIBINT W B B, LA L, KU VRl A F v 72 374k
EIRK ) 2 2 MALRIGIC 3B\ TUEEH 7 SOCHERERIT 2T b C iz d o 7z, £ 2 TR
T I 2 MURIGIT BT B OGCHERERNT 21T - 7=,

231 EERMRGAEIRAE ZFIA L - RISHERET

W EI’J H{_Lflfixﬂ%(kmetlc isotope effect, KIE) & 1&. KISHIDIRT D 1 2% Ff{RCE
¥z 7= IS Z B RICEHEDZALTH b #HINEEI/ N T WEMEIAET 2HEG XD *H
PON=B s jt% WEMAERE T 2 ARV S hicd wZ b ichkT s e EL LTS
IRFEFRTFICEHT 5L, SN2 KIGD &) ICRICOAERE I, HH L 72 REBR 723 T—r’)fu

HoUINI & TN B2 5E. FEAPYIN X i v BC oEIABERYI T2 2 LS
NTwz, —J7. SNl RIGD X9 ICRIGoOAAHERIC, HH L 2 RKRBIEFHHT 2#EED
U3 & N e wGEIE, BP0 BC EEIIZL L i nwZ EnFIbNTWwWb, Lzdo
T, ERSOGICEWT, UM SN2 #E2EEL Tw 3 KRDFER LK EEYIcE T 2
2e/BClboZ b E ER BC-NMREE S 2 2 & C O fi#ir32 2 L 28H[EETH 5,
KFEHEZ. 770 2 v ALRIG D RIGHERRENT I S WHBICH» O TE Y | (D)ic X Y EH
XN 3 BCKIE Offic X v 2l X 1T 5 76,

— I, BED KA 277 ) 3 v MERIBIC B W T, SN2 Bl CRICHHET T 2 54, 1°C
KIE 13K % 72f (1.02-1.04) 77 & 72 b, Sn1 B CROEHHMETT 3 2 556, PCKIE 1& 1 1CIFH
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T E(0.995-1.01) 70 L 22 2 e BHILNT WS, 7=, @Bt oBRIREL R+ 2
SN2 PRI F 7213 Sni BRI DA D . Z OfED 1 ITIFF IR W E0.99-1.02)% & 5 Z & 23

INTn3 B6 78(Figure 2.2.5), . .
Associative Concerted Reaction (Sy2)

Nu
oy EO ~Nu 0 "
In (1-F) M 5 1?‘*
KE=z —— = (1) C KIE =1.02-1.04
Rp Dissociative Concerted Reaction (Sy2 or Syi)
In(1-F =) ) .
RO o t :O 0
F : The fanctional conversion of donor T\, AN
R,: The ratio of anomeric and internal XAN—Nu | X Nu- Nu
standard carbon integrals in the product . . 13C KIE =0.99-1.02
R,: The ratio of anomeric and internal Stepwise Reaction (Sy1)
standard carbon integrals in the donor o [ @ ]
R — 2 Q
|
X D v\E.‘“Nu
) Nu ~ 13¢C KIE =0.995-1.01

Figure 2.2.5 *CKIE O HHX & 7' ) a v M LKIGICE T 5 BCKIE OfE

Z T, K67 MGt B0 2 S4ED T /) = —fiLd PC KIE ZE& C NMR
X DEEL 72, BRIICIE, BEEG4K 253 LREZAEMA 202 L7 a v U LRIGIC B
T BIGED O+l T 2 BG4 4 AR T2 NEEHE L L, Bt 50k 253 &
BRI 318 DT /= — LD BCIFELHE R MU Rp) 2 iER PC NMR I Lo CTHIFE L. K&
DINE D bR 7B SR DZEHEK F L & b IC, Figure2.2.,5 (1) ek AT2 T, 7
J ~—{LicE % 3C KIE OfE % HHH L 72 (Figure 2.2.6), % OfEHR., ARG 13C KIE Dl
12 1.0034 TH Y., KRISIFEPBEEEOHZEN 7 Shi MM, it *F vV =vrnFtv
HRREIAR Z R U 72 Snl BUBRHE CHEfT 3 5 Z & 3EH & 22 1C 72 o 7z (Figure 2.2.7),

~)-son

1 203 (0.1 eq.)
o 202 (0.5 eq.) 1
BnO
BnO MeCN (0.1 M to 202) BnO
0°C,05h OH
253 (1.0 eq.) 318

Table 2.2.2 C4 carbon was used as an internal standard

Run F Ro R, KIE
1 0.4515 1.0244(36) 1.0252(29) 0.9990
2 0.4770 1.0244(36) 1.0225(48) 1.0023
3 0.4790 1.0244(36) 1.0173(49) 1.0090

Average KIE 1.0034(51)

Figure 2.2.6 "“CKIE % F\>72 253 & 202 & @ 2" ) 3 2 AAUKIE D SOGHERERRAT
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Stepwise Sy1 Mechanism

5+ @ 5+
Bno@ Bnozcj BnOZﬁ\
Arg At ROH Bnd @ og| B8O ez orR 86 O “or
Borini(c)::cid Glycosyl acceptor A B\Ar A’ A Ar/Ba-\Ar

Intermediate l

BnOZﬂZ\ T Path A
© o
BnO BnOZJ\ Path B Bnoioj\'.\\
A g AT 253 o o\ Bno /Ly OR
‘ BnO 7 OR BnO | OR BnO
OR B OH

B ~,
Borinic ester derived A Ar A Ar B-Rhamnoside

from glycosyl acceptor

Highly dissociative concerted Syi mechanism

Figure 2.2.7 & U VG2 72 77U 2 & AL ROG D HEE SOCHRE

2.3.2 DFT&tEZFIA L - RICHEERET

X570 B RICHEMEIENT 217 5 7%, DFT GIRIC X VAR 7Y 2 L LIS DEBIREE D
RufTolz, st EOfMLD/-0, FEftGR 253 RUBEZAEM 202 2202 319 KU
MeOH(320)ICZ R L, 5IR % 1T - 7z(Figure 2.2.8), 72 ¥, DFT 51 HIC & 1T 2 JLBIE O ELE
BAEUZ, ABOCICHEBIL T 58w VR 2 F 72 277 ) 2 o MEROG D SOSHERE RS
ICB W T, KIE OfEDFEHIE & L w—HZ /R T EIHEAME % 5 2 72 B3LYP KU 6-31G* % Z %
WIEIRL 72, $72, ZAAMF—%51H T 2 —AGHEOREREEIL. X VBEoEw 631+
G**ZBINL 72, 3. D71 EHHE(OPLS3e)ic X v | EBRREMEOREEZ Y 7)) v 7
L. D T ALF—0/N S OEBEEERS 5 150kI/mol LANICHE 5 47z 1058 il o B s e i
FPERICH L, RMSD Z 511 S0fE D 2 5 2 &2 —I1c i HE L 72, KRic, S0MEHD 27 5 &2 & —2>
SR a L MURIGHET LIS 7 2D 7 7 RAX—%E L., K7 7 A X —DRERN:
R YIRLE I, DFT §HIC X 2 BSIRBIRR 21T o 72, ZDFER. B-7 46/ v F 323 &5
2% 270 a v MUKIGOERIREE TS1(C1-02=2.18 A, C1-OMe=2.64 A)% HHL 7, TS1
DIEMIREETH 5 Z & 13, IREhfEHT I O A SOCEEER(IRC)EHRIC X W iERE L 72, TS1 @ IRC

DFEF O, TSI 13, EFERI 7 Sl BIBHE D EBRIRAE T I3 72 <L 1 ZEH) 7x Sni HUBERE 0 &
H( ECH D PRI NT,

. EBIRAE TS1 @ IRC EHREOFERICH L, HAKAIE (NBO) gt P %415 2 &

T. %}im B 3BT BDOREA KRB % L L 72 (Figure 2.2.9), % DFEHR, 7/ ~—hik
R FX U EBEROEERTE2ICYIIENDHETIC, 7Y av FESDERAIRE > Tn»
52 PRI, ARG, 27 Sni BB CHETT L T\ b T & 3 FFa vz, £ 72,
TS1 2B 2 IREENT OFE R A FFH L. QUIVERY Z W TS1 Z&FH$ 2 KGick T 3
BCKIE DfEZFHR L 724538, 1.004 & 72 v, EEfEE RW—8 %2R L7z, UEDOHIREDL S
RIS E E o BEE O 12310 70 Sni TUBERE CHETT L T\ 5 T & 23R8 X 1172 (Figure 2.2.10),
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o._C1
) MeO \5"/,(
Meo—_© MeO 025, OMe
_ o) Bar
[} MeO . o AF
g 18.6
© ——
e Ho e ' TS1
e 320 / \
> . 18 ! 1
$ | —————" Borinic ester \ Meow(y ©
c (R) \ MeO
) Substrates ) 02 O~ -Ar
® c1 \ B
"'E' MeO o N \ 322 ArMeO O-7—OMe
[ ' _
8 MeO 02 . 226 MeO [
o Ar Borinic ester 323
\ 271
b e ® 21
321 Product
Figure 2.2.8 DFT

SHEICIVEHLEZERT L) O HULRIGD Z AN X =X A T 7T A

SR e

N\
c1-oh

0.4 \
0.2 B-O2 /

\__ eow

TS$1

Bond order
(=]
[«;]

Reaction coordinate

Figure 2.2.9 TS1 @ NBO f##t

Highly dissociative concerted Syi-type mechanism
Mono-ol

BnO ° Y Complete stereoselective
acceptor BnO 34_0\_,,
Ar<__Ar ROH Ar<__Ar 253 B 07 OR
: OR —— BnO
? - | B0 (O BnO
OH OR B=ar OH
Borinic acid Borinic ester derived Ar
from glycosyl acceptor

B-Rhamnoside
TS

Figure 2.2.10 U v RN %2 H 72 - ZARFE RN 7 L 7 o MUIRIGIC 31T 2 HEE SOCHERS
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24 EH-RiEDRE

RIC, WEZHREOIE ARG Lz, 1 SUKBEREZ G 3 % 34 LU 324 ZRESZRRIC
AT &7 o MUSOG AT o 7o K558 @I D 5E 2 i BRI TGS 5 8-7 4
U N 254 U255 RN e ERM L, £, 7V v u— L iFERK 325 R -k )
VIFRE 326 WA ICE VT FRRICEINE D D e AR CEDB-T 4
TR 327 KU 328 b b 2 b & HH L 72 (Figure 2.2.11),

BnO 0
(e}
BnO

F F
253 (2.0 eq.)
ROH + B B-Rhamnoside

Acceptor MeCN (0.1 M),0°C, 1h

|
(1.0eq) OH Table 2.2.3
Table 2.2.3 203 (0.2 eq.)
Entry Acceptor Product Yield o/B Ratio
OH
0
Bno/go BnOWO
! BnO BnO BnO 0 94% 8 Only
BnO OH "BnO
OMe BnO
34 254 OMe
BnO _OH Bnoﬂz\ Boo
o BnO n .
2 Bno&/OMe OH o 89% B Only
BnO BnO OMe
324 255 BnO
o &3
3 Ho._A_0 Bnowo\/\/ 675, S ony
BnO OH
325 327
NHBoc
NHBoc 0 o T OMe
4 HO._~_OMe Bnoﬁ\?\ ~ 86% $ Only
Y OH o
o]
326 328

Figure 2.2.11 253 & 1 UK 26 3 2B AR & DB- VAR RE 7 L 7 v AL ROG

RIT, 2 WoKBERZH T 2 HZRMEK 329-332 2T, A7 L7 P AfbLRIGE BT L 7-
(Figure 2.2.12), % DO#fEH, WZEME 329 # W 725G 10 W T, @IEED D ARERIIC
YHR-TL /v F 256 3o bZ e H R L7, Lo L, BEZHEMA 330 KU 331 27z
A ROGHEBKE KT L, EHp-F 47 2 F 333 U334 B3FNF I 31% KT 40% D
INECHE LN, RRICOEZEERLEL CBIE Nz, b, AR 332 ZHW56
X, ELB-7 L/ v F 335 1LEME L RS Lind o 7. 330-332 HHEZAMRICH W28
AICSIGER R E AKT U 72BR i 13, IR AR RIEF IC X v IGT 2K Y viE—HE%
BRI AT ADBIBELIC W= TH % L& 2 7-(Figure 2.2.13),
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on0 L34
O

BnO

F F
253 (2.0 eq.)
ROH + B B-Rhamnoside

Acceptor I MeCN (0.1 M), 0 °C
(1.0 eq.) OH Table 2.2.4
Table 2.2.4 203 (0.2 eq.)
Entry Acceptor Time Product Yield o/ Ratio Recovery yield
of acceptor
BzO
O
1 Bg%&ﬁ 24h B20 82% B Only 8%
HO BnO@Z\OOMe
OMe BnO
OH
329 256
t o
Bu gy-Si=0
2 y-Si—o 6h 0 o} 31% B Only 64%
N on0 707 "N
BnO OH
330 333

or 27979
BnO
3 /k/OTBDPS 24 h BnO HO OTBDPS 40% ﬁ OnIy 44%

331 334
OMe OMe
0 07~0_/+L
4 HO 24h Bnow - Trace B Only 94%
BzO BnO OBz
OBz OH
332 335

Figure 2.2.12 253 & 2 ffUKBEEL 2 3 2 BZER & OB-IIAFFRN 7 4 7 o ALRIG

F

F F OMe m\ . OMe
CL Q * Ho@f — 5050 roHo
B BzO #Y 0Bz
OH OBz X
203 332 336

F

Figure 2.2.13 2 K2 H 3 2 XA 332 DK Y VBT X7 VIEIK

Z T, RY VEBE—WEZAERI AT VB ORERZE M L AL FAEREOR Y V£ 203 &
W2 330 & % b LT VRT3 RERLETR & 8725, 7 & 7 U UIRKE % BET L 72 (Figure
2.2.14), Z DR, KD T L L, 82% DU D D52 7 LHGERECTHEEB-7 4/~ F 333
BIROND ML, RIT, REOGSEMET. 2 #okiEE %6 3 2 B2 450 331, 332,
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337 LU 4 W TRET 21T o 720 % ORGSR, BEZAM 3310 332, KU 337 2 V728564
AR 2> & REF 2 IR 2 D SE & I EASEIR M TG 3 5 B-7 4/ & | 334, 335, K 1N 338 78
BFonzc e RELZ, L2L, KEEOBROEZERERTH 2 4 ZHCEEE, EUp-7
L/ VR 339 35O NT. HEZEER489%THINE NG Z L2550 o7z,

o0 2307
(6}

F F BnO
W[:l\/[:j/ Toluene (25 mM) | Ar__Ar| 253 (2.0eq.)
ROH + B — liD’ —— > B-Rhamnoside
| reflux, 3 h OR MeCN (0.1 M)
Acceptor OH then concentrated 0°C,6h
(1.0eq.) 203 (1.0 eq.) Table 2.2.5
Table 2.2.5
Entry Acceptor Product Yield o/B Ratio Recovery yield
of acceptor
f ’Ezu
Blu tBu/Si\\O
1 Bu-Si~o o) o] 82% B Only 15%
065§E::8> BnO::Z;IZZF\O =
H —
BnO OH
330 333

OH 0 0
BnO
21 _orsops é%g;;ir\~ oTeDPS  65% B Only 31%

331 334
OMe OMe
0 070 /R
3 HO Bnoilz;~?r\ P 56% B Only 58%
BzO OBz BnO OH OBz
332 335
Ph
Ph <\
§\ 0
0 o)
le
4 o 07~0 Q 67% B Only 31%
HO Bnow B20
BzO BnO OMe
OMe OH
337 338
OBn OBn
HO o] BnO 070 O
5 BnO g BnO -~ 0% B Only 99%
BnO4me OH n“oMe
4 339

Figure 2.2.14 253 & 2 fOKMEEE 2 H 3 2 BZEIR & OB-ARFFRPN 7 4 7 o LRIG

VHREEOR S CHIRER 4 2HCLE G, K BRI A7 004 AR
ZIRT R Y RIETAY DILARIE DK E < 75 7., WGk 253 SEEET & . SIS
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Tl ocbFE 2Tz, 22T, ARGERY VgD O HRIELRILN | 2Dk & Tk
fEE DB A CE 2K m VIBICAER T Y R ILEW R ZEH L, VA —APERAERICH T
BALE N OB-SEHGEIR 7 2 o MU ROG % 5T 5 & &1 L 7z (Figure 2.2.15),

Figure 2.2.15 +V VBE—WEZAEKRZRT V27 ) a2 v AL RIGO HE

25 RAVEMEERAWMERUB-ILEEIRNS L/ VILIEREDRFE

251 ROUEMEZAWV-UERUB-IMIEGERIRMS L/ VILIEREOEE

HtEGAR L LT 12-T v e FuJ L/ —2 253, BEZAMKRE LT 4,6 MkEEESERED 7
Y I= K277, Ke VRS LCp-= e T =R e VB4RV, 7 a2t
FOGEMET L 72 Z OfGHR, BRE N 1T, 1HRTH 5 6 fiKEEE TR, 2/kTH 2
4 PR IEEGEIR NI SO EFT Ly SBT3 B(1,4)-7 L 7 > F 257 DSEIE D O E WAL E K
UV ARERECHE O NS T &% B L 72 (Figure 2.2.16),

O2N4<j>*B(OH)2 B(1,4) Selective

® OH o

o) 4
BnO 4 247 (0.2 eq.)
BnO z
AGHN MeCN, rt, 6 h BnO 4y AcHN
253 (1.5¢eq.) 277 (1.0 eq.) 257: 84%

(B(1,6) Isomer 258: 7%)
Figure 2.2.16 253 ¥ 277 ¥ ® BMAD i£1C & 3 &% UB-SASEIRE 7 2 7 > MLRIE

2.5.2 DFT&tEZ AW RICHEERT

KZ L7 v MURIGIC 31 5 A EERE O FEHER % EE S 5 72 © 1, DFT GHRICX 3
SECHERERNT 21T o 720 Tab b, LD 720, HEft 50k 253 OB AR 277 2 2 2
319 O 340 ICAF L, HEEREIE B3LYP/6-31G*, T A ¥ —FH 1L B3LYP/6-31 +
G** DT, BBIRIEER %17 - 72 (Figure 2.2.17), % DFEE., 4 f/KFEIE CRIG ST
% TS2(C1-02=222 A, C1-04 =2.65 A)& 6 (/KM CKIGAETTT % TSI(C1-02=2.17
A, C1-06 =263 A)x BRI L7, TS2 X UF TS3 2SERIRAETH 2 T & IZIREAMT K O
HRCEEEIRC)FHREIC X VHERE L7z, TS2 & TS3 DT AL X —% kT 5L, TS2 DT A
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NF =KL | 4 FKEBOTIRIIC KOG HET T 2 S EDRHRIC X > THh R S iz, 72
6 NKIEHECRIGOSETT T 5 TSI Tl FELGARERAL & K v v B H R O 5 B ERERAL A3
TEHZLICXVALENPRS 2720, MEERESFREFL TW5 2 L3RI,

OH
N 0
= MeO L o/éﬁ/OMe
AcO
MeO o, NHAc

B(1,4) Rhamnoside 341

6

MeO@Z\O
_» MeO fe)
OHHOZ OMe

NHAc
B(1,6) Rhamnoside 342

TS3: +7.5 kcal/mol (disfavored)

Figure 2.2.17 319 & 340 L © 7'V a2 v MUKIGIC B 1T 5 ESIREE

[V[\'

253 EF—-KREOHKREH

RIT, BEZEERDFE — ek %2 85T U 72 (Figure 2.2.18), 4,6 (/KRR EEHED 7 0 71 — v
278 &U“v Y7 YR 219 TR ) a v MURIGZAT o 7o iR, FrE M OGS IR I
FOGDETT L, WG 5B(1,4)-7 L7 > F 259 KR 261 2 L Z @R TR OLNE Z &%
R Lf:o ZOBADREEIRMEIC O WTIZ, Zvad 2 = F 277 O & RO <.
A4 N FRFLFEIRNC RO ET L 72 & & 2 72,

o} N@B(OH)Z
OH
BnO 0 _ 247(02eq) 07— o
a0 2727 25\
BnO B20 MeCN, 0 °C, 6 h BnO [,

259: 86%
(B(1,6) Isomer 260: 5%)

OB(OH»
OH
BnO &A  247(02eq) _ OBZ
+
Ho% W
BnO MeCN, 0 °C, 6 h

OMe

253 (1.5€eq.) 278 (1.0 eq.)

253 (1.5€eq.) 279 (1.0 eq.) 261: 87%
(B(1,6) Isomer 262: 7%)

Figure 2.2.18 B2 754K 278 K U 279 % H\» 7207 S OB- L AGEIRI 7 27 v MBS
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2.6 FRBE 7B, 7C, RV 7D DR BHFATHH=REFEASHA~DIEH

2.6.1 [li%IRE 7B, 7C., RU 7D LKL W

WSS BRER E, Wi g8, WOIMRE, B OVBENE 58 55 D R BEIE T 48 BRI AL (invasive pneumococcal
disease, IPD)DJR K E TH %, 2015 FICHF-C 5 ki O A5 583 AT L 72 L HEE
Thnd2, Z095b, 29 J7 4 T ANOFCENTHRIRFEASEBI G- L T 2 LHEE I T
W3S T RERE I, KIESHEOPURER b & o, 90 M FoMmFER S RE SN TE D,
#7120 DIMER R O 3 R COFEfE cHAT 2 IPD O FEARFEE CTH % 52, ik
%%Qi77?/(Mwmmmﬂwm@mmmeﬂﬂi JeAEE © IPD 1T i D A 1< B
T BIMEMD 65-90% I L CHRIEZFEL, £ DYRoEdmizf>Tnwd, Lo,
FEEE 5| &R 3 IER o 5 Am 1k, i{ﬁﬂi%—’ﬂﬁ"ﬁ@/&a_k EhicElT s ERMoNnNTE
. FrickRER LEC, EY 7 F VIR REKEARE L o T a8, LiznioT, I
7 7 F v IME RN R ICEIG AT RE 7 PCV DRAFEA KD T 5

T 7 F vIMERMRERE O 1T H 5 iR ERE 7B D 3B y#ﬁ@ffﬁ & 84 13,1991 41T,
Jansson H 1T X o T, FiRERE 7C K O 7D O FEELHE DR % 12, 2018 41T, Duus H I X
> THRE & N7z LHEEE 0 IR LS TH 5 (Figure 2.2.19), WEOERHELE LT, WK
B(1,4)-7 L/ ¥ P& EEDILEMEZE T 2 AR T b b, MZRERE 7B, 7C. KU 7D

KR B OIS IX. cho 3 DOMEHOBELEZIH T 27 7 F v ofitie Y155
e, Z OMBEREDIEL. $i7-7x PCV FFE~DOERDIAFF & 5, % Z CREZEREE
mB(1,4)-7 L/ ¥ VA % &I RERE 7B, 7C, KUY 7D 5% B oo Hol = Fiic & H L,
KT L) o MUERIGZIGH L 72 ZHESEEEER 263 DA &R BET L 72,

OH OH

OH
HOW%B&&/O OH
HO 4 HO ogo
ok OH AcHN
o o=
o

?
i
o
C]
NH Ac O NHAc
OHOH OHOH
OH
OH n
n
Repeating unit of the CPS of Repeating unit of the CPS of
S. pneumoniae type 7B S. pneumoniae type 7C
HO
0}
o~ AcHN] T
o o-F
0 0
C]

NG NHAC ;/-;
OHOH OHOH

Repeating unit of the CPS of S. pneumoniae type 7D
Figure 2.2.19 ffikERE 7B, 7C. KU 7D D% bl
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2.6.2 WEREBIT

KFFEic BT 5, FHEERE 7B, 7C. KO 7D 355 b o ol = FESHFHE 263 OWidy
AT % LA T 1278 3 (Figure 2.2.20), 263 |3, 343 & —ffE#§H 344 & @Mﬁ%@ﬁ%ﬁﬂﬁﬁ L 72374k
BEIRW 77D a v LG, Fid BREIC X WV AKTE 3 L F 272, W 344 2T 5
B(1,4)-7 L/ ¥ FiE& X, Ko VEEfE%Z Flvs 72 BMAD 1T X 2 A0 & O 1,2-cis-B-37. 1558
R Z 27 P MERIGIC X D Zh3RIICHEER T & 3 L& 2 72,

)&' nozﬂ\
(0]
@7\820 BnG
253
BMAD

NH N
+ J\ method +
"o HO o cch OH
OH
263 AcO@z HO 0
AcO BzO 520
Z!

OAc OMe
343 245

Figure 2.2.20 =W 263 D& kT

2.6.3 [EIRE 7B, 7C. RU 7D DK BREATH I =HEEHFTENE 263 DA

High regio- and

OB(OH) stereoselectivities
247 (0.2 eq
BnO
BnO Me MeCN (0.05 M to 253)

O °C,6h
253 (1.5eq.) 245 (1.0 eq.) 345 87%
(B(1,6) Isomer 346: 5%)
NH
(0]
CCl3
1-Benzoylimidazole AcO Q
OBz

(1.1 eq.) AcO
DBU (0.2 eq.) W /éﬁ OAc 343 (3.0 eq.
BzO
TMSOTf (0.5 eq.)

MeCN (0.05 M) MS 4 A (100 wi% to 343)

50 °C, 2 h, 60% o
Recovery of 345: 16% 344 (1.0 eq.) CH,Cl> (0.01:M),0°C, 1 h
80% (o only)

OBz OH
1) H, (balloon) o

Bno@f R e Pd(OH),/C (100 wt%) Ho@f 20
BnG 05 THF (0.01 M), rt, 0.5 h HO Ho

0 OMe o) OMe
2) NaOMe (10.0 eq.) o
ACO@# MeOH/THF (3:1, viv, 0.01 M) HO 263
AcO 4, 347 rtto 50 °C, 3 h, 86% in 2 steps HO 4,

Figure 2.2.21 =H#§H 263 DAL
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T3, BELG0R 253 L BEZAMR 245 & O, B v VR 247 % B 76708 e ONB- AL (A IR
)7 27 o MEROGERRET L 72, £ DfER. RIGITHESL 2 ICET L, FUB(1,4)-7 47 ¥ F
345 DEICE D D EALE K OCSAREIRICRE O s 2 & 2 BRI L 72, 345 DR 13. 345
D UARFE VRIKFRE D CH A1y 7)) v 7ERBOED 156Hz TH DB Z Lo b, BIKRTH
5 EERMER Lz, T2, 345 OREAIIE 13, 345 % 1 FOKIEELEIRN 2~ v V' A4 b 247
S72AER, THNMR A7 P LicBWT 67w b v MES S 7 P Lz2 2256, 44K
P CRUGDSEIT L7z EIRE L 72, RIT, 344 LEFAID 7 L7 & F 343% L BRI 5 %
FIF L 72 PREIRI 77 ) 3 o LRI X 0 . = HRESACREMR 347 2 AL 72, RIC, RV
UNE TR T, KRR VANERBRET 5 2 LT, MRBKE 7B, 7C. KUTTD
D HE PR = BESEAER 263 DAL EIEK L 72 (Figure 2.2.21),

2.7 R

2 ETIE, AR Y BCAEWE T 1,2-cis-p-aL BRI 7 4 ) o MLRIGD RS &
IGHICOWTHR 7, 9. 12-Tv e FaJ L4 —R 253 2 HiLGM4, 6-_v It F o
- F Y Q02 EZERE LGEIRL, MARY VIEEH T ) a v LRI E
Wt L7z, Z OffiR, R0 R Y V%203 2 O CRIERTS T LT, WGT 3p-7 4/
v F 318 BEINEL O TERRVAERE TR O NS B R L 72, 72 SR R
SO DFT 5HE % Fl o 72 SOSEERERRIT IC X 0 o ARBOG I3 S B o 2200 7 Sai U
THEIT L T 5 T & 29R X N7 (Figure 2.2.22),

o

BnO Sni-Type mechanism Complete
@) stereoselectivity
2583n(% 0eq.) 3{0" : /\MOBn

.0 eq. : 070

oo (o B0 S ooz o

5 2 MeCN (0.1 M) OBn "B"\*Ar BnO 44
o I
202 (1.0 eq.) 203 (0.2 eq.) 0°C,Th Ar 318: 94% (B Only)

['3C KIE measurement] [DFT calculations]

Figure 2.2.22 253 & 202 & DB-3LAEE R T L 7 o MLIG

T oI, RFEIFLE AT ) A= ABEZRARICICH L 7255581, ek LB RE cEirp-
L)Y ERELND Z L& R L 7-(Figure 2.2.23), 2 ks % H 3 2 HiZ A 330-332
KO 337 13, L EMEOF Y VIEE 203 A HW T, FHICKR Y VBT AT AL EITI T &
T, FIEE D O EINE» DR O R VARERETETB-7 4/ & F 333-335 [ UF 338 231%
bid Z &% B L 72 (Figure 2.2.24),
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sn0 2507
(6]

BnO

253 (2.0 eq.)
B-Rhamnoside

MeCN (0.1 M), 0 °C

Acceptor
(1.0 eq.)
203 (0.2 eq.)
Bnggfwo 4/
Bn
BnO BnO o BnO
OH Bn35§§;rﬁ OH :::;.?f‘
BnO BnO
OMe BnO
254: 94% (B Only) 255: 89% (3 Only) 327: 97% (B Only)
BzO
o T BN
(0] - e z
now ~Ny
(0] OOMe
BnO OH 0 Bnow
BnO OH
328: 86% (B Only) 256: 82% (B Only)

Figure 2.2.23 filllifE DR Y V8 203 %\ 72 B- IR R R 7 2 7 > MERIG
BnO@Z\
(0]
BnO
\©\ /©/ Toluene (25 mM) | Ar__Ar 253 (2.0eq.)
ROH ‘,3 — > B-Rhamnoside
MeCN (0.1 M)

reflux, 3 h OR
Acceptor then concentrated 0°C,6h
(1.0 eq.) 203(1.0 eq.)

BnO HO OTBDPS

333: 82% (B Only) 334: 65% (B Only) %o
335: 56% (B Only) 338. 67% (;3 Only)

Figure 2.2.24 {LFBEIHEDOFR Y V203 % 72 p-3ARKF RN 7 4 7 o MALRG

RIC, ATV FELEVE R e VBBICEE L, ¥4 — ARSI 3 2 0718 J O B- Ak
BRI T 27 o MURIEE G L7z, 2 OSSR, iR D p-= b r 7 = =R v V[$(247)
FAET. 253 LA A —AWEZERE D7) a v MURIGZITS 2 & T, MNIET 5B(1,4)-
7 L/ FHEIEED D @ ALE R CVAGERE TS o s 2 & & B L 72 (Figure 2.2.25),
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OZNOB(OH)z

247 (0.2 eq.)

o} .
Bno@ + 4'6'D|OI sugar - OO @O B-Rhamnoside
(6] acceptor (1.0 eq.)
BnO MeCN
253 (1.5eq.)

OH OBz
O O O BnO
BnO wm&om B”Omz&) m ﬁg
BnO AcHN

257. 84%
B(1,6) Isomer 258: 7%

261: 87%

259. 86%
B(1,6) Isomer 262: 6%

B(1,6) Isomer 260: 5%

Figure 2.2.25 v v [l 247 % F v 72 0@ R OB-SEAEIRIY 7 4 7 o AMALKIG
EBIC, AFERZMRERE 7B, 7 C. KU 7D O L@ PR = HESHFEK 263 O A RIS IGH
L7z $T72b b, 253 KN 245 ITHF L, ztﬁrﬂ:mﬁ‘“\@“%:a'@ %Wfﬁwrju R ST
RIERETR(1,4)-7 L/ & FREGZREEE L, fid HEFE/ICX Y, MREKE 7B, 7C &
O 7D D E H R = HEBHFEER 263 DRI 2 G K & EK Lf’(Flgure 2.2.26),

OZNOB(OH)
OH
(0] 247 (0 2eq.)
Z’Z\ Bzo W BzO

BzO MeCN (0.05 M to 253)
OMe .
0°C,6h 345 87%

253 (1.5 eq.) 245 (1.0 eq.) (B(1,6) Isomer 346: 5%)

OH
0 R
., "o o HOOMe
Hoﬂz
HO

OH
263

Figure 2.2.26 JfiRERE 7B, 7 C. KU 7D O H@EYUR = HESHFEA 263 DA K
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FIE RRUKXKBE O1 BRAREDEM L FERFAEXBE O1
D IR x4 FE S O A2 A

31 HIRESR

311 RERFREXEE(APEC)O1

BERIEIERIBEAPEC)IZ. =7 F V) & ¥ o BREICHEE 2R EEREEO T
Y. KEFIECRER 2 BTk A REYYEDFIKFE CTH % %8, APEC 285] ¥ & 3 RYYE
2. REOHT, HULAD, RUOHEOWHOEMIC XY, R TOBBEECE T, %
KuEfRFHEEE D725 LT b, APEC KGR Z B CIafti 2 osh3R N e Fik e L <. BEE
¥k, PUAEVERERINTE 2, L L, JIAEYE OHE RS 13, EEOFEANCiE
A9 5 APEC Rz R T HER & 72 0 | ZAIMHE APEC #R23, JEFEREH S 1 Tw 5 %,
MR D APEC BYYED FEAFHRE & LT, Ol, 02 XU 078 MG nTH ., FriC
Ol it FOJRIFEMKRIGE & 77 LU L T B 2 b, ABILERIYES B2 ST
W3 N L7z23o T, APECO1 I3 27 27 F VEIFRP KO bILTW5,

31.2 FTHER : BEFHEAMAYILERSEHREFALIZAPECO1 DI FY

Kong & (%, EZFHAMEX I LVESX TEEKEZFHA L7 APECO1 77 F v ZHEL Tw»
20 $hbb, FAEFTHEICKEE O1LPS © O-JURZHIHE ¥ 23 77 2 I F (pSS27)
B L. 598t Salmonella Typhimurium (S740) 1CE A9 % Z & T, APECO1 ® O-Fiii %
FJE LicHET 28T HARAZ I L ES THEHOPFRZEK L 72, T Hic, FARL =z 125
JWE =7 b VG L2/, APEC Ol BELIC X 2 UHREZHEF IV T I ¢+ 2 2 2 R/
HLTw3, L728-> T, O-Fiffild. APECOL ICHT 37 7 F v o LTEHTH Y,
HE TR L7 L S IALHABPUREREHEZ 2Lt oEn T 7 F VB~ DGR S
INTW3, LaL, KiffFtix, EnrlAafaz 34 7EICHEE L ZHEZFIH L v
%7-%. APEC Ol icx$ 27 27 F v O fts A M7 BEE O FEl 2 h& (X80 5 221 72 o T
AR

3.1.3 APEC O1 fiR{xMpEH D&

KIGE O1 BESEHUR 12, Jann 512 X - T3 DD 0 K L& 253218 X T v 3 (Figure
23.0), T7abb, WEESHE ST 5 KIGE O1 £k (E. coli21450) 75 O1A HiFAE Y
IR L IBESRGE 2 % JRIRMEAIRE I T WRIGHE O1 ¥k (A197 L UF A47) 725 O1B
J O O1C FUFME D R L AbEREE P 2 2 2 hilfiE L Cnw 3, -~ v/ ¥ 3= Mtz it
EREEIC, O1A PURME Y IR L ABESIER-T &/ & Fid&E% . OIB U OIC HUE#E VIR L 1L
W lZa-H T 27 v FiEEZ 2N EFNHE LT3, APECOI 3. KIGHE Ol o—fE<dHh 3 7=
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B, b 3O DMEHEE D APEC Ol DU EGEgHch 2 E2 5N S,

O1A Antigen 0O1B Antigen 0O1C Antigen

OH Ho OH OH
07070 0 0 OH o
O - o 0 OH
7 on NHhe Jo IS '&&)&
o T=0 o NHAC o Z5Q e
T O1A Specific HO 018 Specific o NHAC
OH substructure HO O substructure o
HO@% w HO@?
——— 0 %\o
HO— NHAc NHAc NHAc
HO o / Common W Common Common
HO substructure substructure substructure
Figure 2.3.1 KMH O1 LPS O-UJ5#E 0 iR L U

3.2 HIREM

Rk U 7238 0 | SRR lijiﬂﬁl(APEC) X BIREEICL K ERFREEEZ -0 L, »
O%ﬁ'ﬁfﬂﬂ“l‘iﬁ#ﬂjfﬁb“cb\ 32 L O ERBER I TS, BRI, APEC © £ 8 7 MG
D 1fETH% APECOI 13, ABILEBRYYEN B I TwE 2 L5, APECOL ICxfd %
77 FVREENRRKOONTWE, 2D X RERDH, APECO1LPS ® O-§it)iiA* APECOI
KT 272 FVvofiJEE LTHHTH 3 2 ALY, AKXk 3 O-YUES
BiRxHoizZe2Eome7 7 F vEEPBF I CTw S, L2l V27 F v ofititicEH
7 B O T e RS (X R FIH© B 5, —J7. KIBE O1 LPS O-HU5 o B ifE 12, 3 FifH#
HINTEY, O1A PUFITHRENZ /R RKIBE O1 ¥4 5. 01B KU O1C HU I3im/sit: %
NI WKIGE Ol kA b, ZNZ N EHE - EREI N TS, LA >T, OIAPIED
DR L TKESEAS, APEC Ol IKNT 27 27 F v ol L CTHERET 20Tl hnd e HE X
7z(Figure 2.3.2), % ZC, AW TiE. KIHE O1A P D ViR L TbEHEEIK 268 O &
B KU 266— 2 v o8 7 EEAR L APECOL %% =7 b U IiE% A7z ELISA 7 v & 4 I
£ % APEC O1 $iJs it B o i 2 17 - 72,

OH

o«é&/%( ‘e
Howoﬁ/o
ol

NHAc NH,

Z/ 7‘ OH NHAc
:> HO@#
(0]
@7' O1A Specific OH
substructure HO Q
NHAc HO
HO o) Cbommon HO—_ NHAc
HO substructure HO o)

HO 266

O1A Antigen

Figure 2.3.2 APEC O1 TR A5 845514 266
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3.3 HFTHA U EHEREN

Fr VTR VYNIEEDEASLK U ELISA 7L — F ~DEEND =D, BICKIICT 3
J Ry R ) =N EE AL ISR 266 2 T A4 v LT, 72, /N OEEYURREE D
fiEHH. M ON O1A VUR O BN i O1A-C ViR o @& 5.2 2 B R R+ 2729
I, = HESE A 35 348 O —HESE A 95 349 T A v L7z, 266, 348, MUY

349 DA EAAENT % LA ISR 3 (Figure 2.3.3).

Ho@f ’é& O} N,
0 AcHN

OH
’H\NH (0]
O /_NH, HOW OH
HO@# 0 OH HOW%S&&/N\%NW
0 AcHN 5

Q OH

HO—_ NHAc o
HO O HO
HO HO— NHAc ° HO
349 " OW 266 HO oy 348
HO

HO {} NHCbz \i
s [2+3]
358 Glycosylatlon
o
Bnowo
PMBO Y . @7\ BzgéwogNHCbz
5

TrocHN

&/ ;
BnO
BnO
OAc
Stereoselective glycosylation .
and inversion at C-2 using N3 j S;T;zg:;':ﬁgxe
BnO SPh CCI3 OBZ
BnO O
BnO /( + BnO BnO NH + BnOWBZo ogNHCbz
BzO g NHTroc

PMBO 4, PMBO
353 354 355
Regio- and stereoselective B-rhamnosylation NO,
using boronic acid catalyst (BMAD method) /©/
(HO),B
247
OH
0 HO
(0] BnO
0 LY o (= 0L o
HO L, : PMBO 820 0 NHCbZ :>
NHTroc cr NH3
356 264 265 357

Figure 2.3.3 APEC O1 TR BE SRSk 266, 348, S U 349 i &5 ik filgtfr

HFEHRAER 266 (2. T HEHH 350 & =R 351 LD ) a v ALRIG, Hit K PR IC X
D, o2 LF X7, HEE 350 12, WEAL Gk 352 L BEZ A 353 & oBEEEEER 5 & A
L 7= ASEIRI 27 ) 2 o MU S, $i Zva—REro 2 fricsd 3 7Y F okl
KGR BOEMEHFENIC X WV ERTE B L E 27, ZHHE 351 13, WEft5(k 354 & :ﬂ%ﬁ,‘é
355 & ORI S % FIIH L 72 SEASEIRIY 77 a2 > AL ROG it < PMBIEDBEERFEIC X 0 |
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o s &E 2=, “HEH 355 236 3 2 ERINEE R B(1,4)-7 & /7 > FiEG X, 56 2 ECh%
L7z R v Bl % F 72 BMAD 51 X 2 (i@ R OB- AR 7 4 ) o LG & B
52 LT, AERINICREER T E 3 LB 2 7, SHESHARELE 348 1. FRESHERELE 266 O AR
MATH 2 =HEH 351 OBURHEIC X VGO N2 EFE 272, T2, FHEAE 349 13, Tk
PHAAEIR 266 OAKHFRIATH 2 HEEH 350 £ 7 I/ _v 2 ) —LiFEk 358 Lo ) o
UG, el I L WV R TE R & E 2T,

3.4 APEC O1 MRIEHABEHFENE 266 DS

3.41 THEH 350 DA

¥, WS 350 D AKX % 1T o 72 (Figure 2.3.4), Mt 54 35294 L W2 24K 353%° & D%
BBG 2 M L 72 iGER 7 a o ALROG, #e 7 v a —ZREALD 2 iy A Vi
DOWIFREIC X b, S 360 % 2 TREIE 86% TAH L 72, 360 DAL %13, '"HNMR
RZ FMICBWT PhKFEE 2AKROREERD 80Hz TH LI b pIETH S Lik
ELT. KIT, PV TZAFERRY ZANF VBHEAKY)ICE S 360 D7V — G 2 fif
KIBHD Y 77— MU, i T F 7 7F AT vE=ZT LT Y F (TBAN3) T X 3 K@i
FOGIC XY, =v /73 I vikEk 361 %z 2 TRRIGEK 87% THL L7z, 361 ® 'H NMR A~
7 PricBnT, PAKHRE 260KFEDREGERD 0.8 Hz, 220 UiikFEL 'Kz E D
C-H By 7YV v 7 ERDMEMN159Hz TH B &hb, 36108~V /¥ IvihEzaLTw»
5L ERMER L, LIS, NBSICX Y 361 ZHMUKASEL, S5 7 7 F =itk L,
N-Zz=nAbY7rtuaTeb A I VA vrn) FEEREE5 22T, 350 Z4A0L 72,

/11

SPh
OBn SPh TMSOTf (0.2 eq.) BnO 0
BnO o) MS4A (100 wt% to 356) PMBG
BnO NH + Q o)
BnO OBn
Bz0| J_ PMBO CH,Cl, (0.02 M)
0~ ~CCly OH 80°C. 15h BnO O
1 BnO
352 (1.2 eq.) 353 (1.0 eq.) 0Bz
- 359 -
NaOMe (20 eq.) w Pyridine (100 eq.)
THF/MeOH 0 CH,Cl, (0.04 M) 0
BnO 2Ll
(1:3, viv, 0.02 M) oMBG 220°Ct00°C, 4h BnO
=, o, o PMBO |
rtto 50 °C, 24 h o . 2) TBAN; (4.0 eq.) BnO— N3
86% in 2 steps BnO ! Toluene (0.1 M) 0
BnO BnO
oH 60 °C, 24 h BnO 1
o
360 87% in 2 steps 361
1) NBS (1.05 eq.), H,0 (5.0 eq.), MeCN/THF (7:3, viv, 0.02 M) Oj(CFS
-40 °C t0 -30 °C, 4 h, quant. (d.r. = 81/19) |3n0$£7rr N
PMBO Ph

2) 2,2,2-Trifluoro-N-phenylacetimidoyl chloride (4.0 eq.) BnO N3 o
Cs,CO3 (4.0 eq.), CH,Cl, (0.1 M), rt, 13 h, 97% (/B = 23/77) BnO o
BnO
350

Figure 2.3.4 #4350 DAk
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3.4.2 =HEH 355 DEEL

12-7v e FaJ L/ —2264 DEREAT - 72 (Figure 2.3.5), 7 L/ —Z—IKHI¥YI(356) >
D4 THRTHEELAZALFZ ATV 3620 ICX L, 34-ZAXT X — %W 3 AKEE
FOEIRI 7 PMB L% 1T 5 T & T 363 ZUEE 90% THK L 72, RIC. BnBr Z 7z 4 fif
IKIEFH DX v I AbIc X D, 364 G L 72, &FRIC, TMSCLIC X 24V b T AT VDB
BozT )~ — o2 vufl, §i< BuOK IZ X 3 Vi ARERN AR RFALICI Y, 12-7
veRFaIL)—Z264 % 2 TRIGE90% TEHK L 72,

"Bu,Sn0O (1.2 eq.)
Toluene (0.05 M)

o OH  4steps HO@Z\O reflux, dean-stark, 3 h
HO% HO —, H "\Me
HO 2 0 O/K

OH OMe then
356 362 PMBCI (1.5 eq.), TBAB (1.0 eq.)
Toluene (0.1 M), 90 °C, 15 h, 90%

HO@Z\O BnBr (2.0 eq.), NaH (2.0 eq.) BnO@Z\O y
% Me PMBO  Me
PMBO L X

9 o)
DMF (0.3 M), t, 15 h, 84% OMe

363 364

1) TMSCI (1.5 eq.), CH,Cl, (0.5 M)
reflux, 3 h Bno/_©

2) BUOK (3.0 eq.), THF (0.1 M) PMBO
-40 °C, 0.5 h, 90% over 2 steps 264

Figure 2.3.512-7 v b F B 7 L J — % 264 DEK

RIT, PEZER 265 DE L% T - 72 (Figure 2.3.6), 27 v a4 3 VIEEEE (35705 5 TR T
FHELL 273y I VIFER 3657 IS L, BT 2 F ALK 4,6 fKIEH DRV ) 7
VIRERITH T LT, 366 ZAK L 7z, fHED 72 366 D 3 HiKEEEE DXV V4 b, Fil R
YOV T VHOBREERITO T LT, VA —ABERER 265 AL 72,

1) NaOMe (1.0 eq.), MeOH (0.1 M)

OH OAc
HO OH AcO OR

CI NH; NHTroc  2) PhCH(Me), (3.0 eq.), CSA (0.1 eq.)
MeCN (0.2 M), rt, 2 h, 94%

357 365

1) BzCl (2.0 eq.), pyridine (0.05 M)

H
Ph/vo%&/ rt, 1 h, 98% HO’§&/
HO OR B20 OR

NHTroc 2) p-TsOH (0.1 eq.) NHTroc

CH,Cly/MeOH (1:2, viv, 0.07 M)
265
R= %NHCDZ

366 rtto 45 °C, 5h, 94%
Figure 2.3.6 HH52 744K 265 D E K
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B L 72264 L 265 & D, Ko VR 247 % I\ 72 BMAD 2 X 2 {7 {8 J OB-17 AT
RHYZ 27 v ELROGZRET L 720 % ORGSR FOGIZE L ICET L, EUR(1,4)-7 L7 &
N 367 23 92% DUGE» DR BB M O VAERE R oS 2 L 2RI L 72, 367 DiL
RAL2E1E, 367 D AR FE & PAIKFEE D CH A1y 7)) v 7EROED 156Hz TH B Z &
o, BIRTH 2 Z L MR L, $72. 367 DFEANE T, 367 2~V VA4 L L 724G
'THNMR 27 P MICEWT 67\ b v AMERKES; > 7 b L7722 &2 b, 4 hKEEEE < RIG
DHEIT L2 ERTE Lo X v VA MEIC X D 155 37z 368 1ICx] L HFIP/CH.Cl IR & VA I
HAIEFHE e 22 & T, PMB EPNURE S Nz 355 2 A L7z, RICHERID 7 L
J v 354% & TS 355 & o BEEEERE G A R L 72 GBI 27 ) 2 o ML RIS R RET L
7o $7bbH, TIOH KUEL F 27— — 7 4ATFME F. 355 1T L 1.5 48D 354 Z#1EH
THB LT, UM 369 2K 77% 0 ho-VRERECEO NS Z L2 R
L7z, 369 OARLAEIE, 369 @ 17k & 1"MkFELED C-H # vy 7 v 7 EROMHED
170 Hz TH B Z L5, afkTH B LT L7=, KT, HFIP/CH,CL BAAR T, 1EEE % F
¥ 2% 2 & T, PMBHEDWIRE S 7z = HESH 351 2 45K L 72(Figure 2.3.7).

OZN@B(OH)Z

OH 1 OH BzCl (8.0 eq.)
Bno@O . Ho o 247 (0.2 eq.) 070 o pyridine (0.05 M)
PMBO BzO O THF (0.025 M) Bnow&o OR
. PMBO NHTroc rt, 10 h, 97%
NHTroc 0°C, 1h OH
264 (1.5 eq.) 265 (1.0 eq.) 367: 92%
(B(1,4) Only) O\“/CC|3
Bno@z NH
PMBO
ozz HCl aq. (1.0 eq.) Ozz 154 12/*0
5"0@7\3020 orR TESH(11eq) pgno Q705 OR (1.5 eq.)
PMBO g, NHTroc o ciyHFIP HO g, NHTroc TfOH (0.2 eq.)
(1:1, viv, 0.04 M) MS4A (100 wt% to 354)
368 0°C,3h, 98% 355 CH,Cl, (0.05 M)

20 °C, 2 h, 77% (a only)

OBz OBz

070 0 HCl aq. (1.0 eq. 070 0
Bnowsz&/m TESH“m(wq‘;) Bnoﬁ\f\az&/m
] TrocHN T, ] TrocHN

OBz OBz

" HoClo/HFIP
3”0@#1 (C1:12,Cv/2\£, 0.04 M) B”O@# R= %k
PMBO  oac H - NHCbz

: 9 o
269 0°C,3h, 96% OAc 354

Figure 2.3.7 =} 351 DA
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3.4.3 THEEH 266 DERL

AR L 7 ZFESE 3508 & =HESE 351 & D2+3]2°) a v ARG ERET L2, Thbb,
TOH M UEL ¥ 27— — 7 4ATFE F.351 ICxf L 1.5 U ED 3508 % EH X% 2 & T,
Y FHEEE 370 % K 80% TARK L 72, 370 DAL LI, 370 @ 1k L 17 AikH &
D CH By 7)Y IERDMED 174Hz THEZ b, afkTH B LREL, KIT,
Staudinger SIS & 2 7 ¥ FEDEIC, Hi < MKEFRIC X 2 7 F b %175 2 & T, 371
% 2 THRIGK 87% CAK L 72, 5607z 371 Icxt L, EKFERRTAAE . Hgh—iA» v 7
ZERHZ ¥ 22T, buy 7 ROBRERTELCET I voT v F Ui —ZIT(T .,
372 UK 80% TEHM L 72, iR IC . NaOMe I X BN v ' A VEER OV T & F LB iR,
5t < PA(OH),/C T77E T\ fEESM: T (7 atm) TOAIKEN R % 1T 5 2 & T, WEEKRIGHE 01
LPS # U iR L FUBESHRREAR 266 DY) D AR % i#E /K L 7= (Figure 2.3.8),

OBz

0
Bnow\o CF, o
OBz PI\/ILBO S \N‘( WBon ~ OR'
0 0 fo) BnO 3 ~ Bz roci
Bnowgzgé&/ow BHO&J&/ Ph
O oy  TrocHN BnO 3508 (1.5 eq.)
O oac
0
BnO TOH (0.3 eq.), MS4A (100 wt% to 3508 )
HO  oac 351 Toluene (0.05 M), -40 °C, 2 h, 80% F’MBO
Recovery of 351: 10% N
3
R =§®/NHCbz ngo 370
5
OBz
0
1) PPh (1.3 eq.), THF (0.06 M) B“OWBOZ&/OV
rtto40°C,7h @ oz TrocHN Zn-Cu (1000 wt%), Ac,0 (20 eq.)
then H,0O (12 eq.), reflux, 17 h BnO@# AcOH/1,4-Dioxane (1:1, v/v, 0.01 M)
2) Acz0 (10.0 eq.) 9 0Oac rt, 2 h, 80%
MeOH/CH,Cl, (1:1, v/v, 0.01 M) o
1, 3 h, 88% in 2 steps BnO
PmBo [
BnO— NHAGc
BnO 0 371
BnO
OBz OH
o o)
BzO OR' Q ?40 OR?
AcHN AcHN

O; f ) NaOMe (20 eq.) W
OAc MeOH/THF (1:3, viv, 0.01 M)
Bnow rt, 24 h, 84% w ) NH,
PMBO 2) Pd(OH),/C (300 wt%) R%= f\%
BnO NHAC 372 H, (7 atm), MeOH (2 mM) NHAc
BnO rt, 3 h, 86% 266
BnO

Figure 2.3.8 AR PERIGF O1 LPS 4 0 3% L FFESHREEIA 266 DK
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3.5 APEC O1 iRIRHNESHER B 348 RV 349 DERK

3.5.1 APEC O1 fi/RIEMH =M 348 DERL

APEC O1 HUF{sH = HESHFE SR 348 O &K % 1T - 72 (Figure 2.3.9), ¥ 3", 266 O & H1fH
RTd 2 351 1Kt L, BOKEFEETEAE T, Hish—r v 7L 2 {EHE ¢ 52 L T, buy 73
DIRERSEL 72T I v DT 2 FMbe —2I{To 72, Hi\ T, NaOMe ZFHE#5 Z
T, RYVANERET v F VIEDBBRE SN 373 & 2 TREIGEE 69% THK L 72, &
#12, PA(OH)/C fF#7E T, THF &EH ., SESMFE T (7 atm) TONKEDEEFT S T L T,
APEC O1 PR RAHFESHER SR 348 Z UK 59% THMK L 72,

1) Zn-Cu (1000 wt%)
Ac,0 (30 eq.)
OBz AcOH/1,4-dioxane OH

B0~ 2= o (11wt 0.01 M) Bno@f%ﬁow
0 ’ o]

OBz TrocHN

OH
0 2) NaOMe (20 eq.) 0
B”OW THF/MeOH BnO

HO oac 351 (1:3, Vv, 0.01 M) HO On 373
t, 10 h
69% in 2 steps

Q 0&&0#
Pd(OH),/C (300 wt%), H, (7 atm) HOW HO
O oH
MeOH (3 mM), rt, 4 h, 59% o
HO

Figure 2.3.9 APEC O1 ¥R = H BHF5E K 348 DA K

3.5.2 APEC O1 HiRi&+## —HESH 349 DA RL

APEC O1 /s il — B HEHE AR 349 DG Z 1T - 72 (Figure 2.3.10), £ 3. 266 D&
MR TH 2350 7 I 7~V x )/ —VikEK358 LD 7Y 2 v MLRIGIC X Y, —HEEH 374
AL 72 374 OVAMLAEIE, 374 D 1 fiRFRE 1 KFELE D C-H Ay 7Y v IERD
23 171Hz TH B2 Do, affTH B EPRE L, AL 7374 I L, Staudinger K&
Tk 37 Y FEDEIC, Hid EKFRRIC X 272 FA{LEITH 2 & T, 375 % 2 TRICK
85% CHI L 7z, wf2IC. PA(OH)/C FE . THF/MeOH (RAREF . SHSAMF T (7 atm) T
DINAKEIIAEZTT 5 T & T, APEC O1 FilBAibESHES A 349 % I 90% THM L 72,

81



HOH,NHCbZ O’Q;NHCbZ
5

0
Bnowo CF 1
oved 1 O 3 358 (1.0 eq.) BnO—L2
e 1] PMBG
&3&/ Ph  TfOH (0.2 eq.) BnO— Ns °
BnO ?
0 MS4A (100 wt% to 350p) Bnow

THF (0.05 M) Bno
o o,
3508 (1.5 eq.) 0°C.2h, 55% 374
1) PPh; (3.0 eq.), THF (0.06 M) OHNHCbZ
rtto 40 °C, 14 h 5 Pd(OH),/C (300 wt%)
then H,O (12 eq.), reflux, 6 h BnO Q H, (7 atm)
2) Ac,0 (30 eq.) PMBO
(o eq. MeOH/THF (1:3, v/v, 4 mM)
CH,Cl,/MeOH (1:1, viv, 0.01 M)  BnO— NHAC i, 3 h, 90%
rt, 1 h, 85% over 2 steps BnO O
BnO
OHNHZ 375
5
HO@#
HO
HO— NHAc °©
HOW
HO
349

Figure 2.3.10 APEC O1 HUJ el — Wi SHE A 349 DAL

3.6 APEC O1 iRiEmEH—F VNV BEEAKDER

Fr )T RYANZEELT, ELISA 7L — F ~DEECICHHAMICHER I T3 7 &
Mg 7 V7 1 v(BSA)ZiEIR L. APEC O1 fUR AR 3 266, 348, U~ 349 & BSA & D

At p-=tu 7z —AiEMHE P 2 CTITo72, £3. 266 12X L. DMF g,
FYVZFAT IVEET. THUED 376 ZFH ¢ 5 2 & T, BUAMICHEET AT L% E

AL7237T B 7=, T B8 u~ b 2777 4 =X b, B&IFE L7376 2 RE L 7214,

PBS v 7 7 —H1 BSA LiIRAT 5 T & T.266—BSA A4 267 % A K L 72(Figure 2.3.11),

OH OH
o
Ho@? 0N ° 0 NO, HO$0Q7 NH
(0] OH 376 (7.0 eq.) 5 OH
Hofaj —~

EtsN (10 eq.), DMF (0.02 M), tt, 5 h How o= 4
%NHz HO o
HO—  NHAe 0 ; HO— NHAc

vo~o/ MO

HO 266 HO

377

5
) ) OH
HO 2
DMF/PBS buffer (1:24, v/v, 70 um, pH 7.5) "o (0]
0 py

25°C.18h HO—_ NHAc
HO 0
HO

267

Figure 2.3.11 APEC O1 §U/R {7 fEHH 268—BSA #H A4 267 DA
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7235, BSA DIRAEIZ. BSADRET 37 I/ HOMEEE L, 377 & BSA DA 60:1 IT7
5 X510, 377 1L 00167 YEAZIE IR L 72, FEROTIEIC XD, 348 X1 349 & BSA #
Halb L. 348—BSA &4 379 K UF 349—BSA 414 381 % &K L 72(Figure 2.3.12).

376 (7.0 eq.)

AcHN NH
0 EtsN (10 eq.), DMF (0.01 M), rt, 5 h HO on 0
HO R= &NH:
HO  on 5 o 04 o

348 378 NO,

AR

R h’@i%ﬁ%&

(N
59 -3:3 'S, OH
O 0 o] H /
BSA (0.0167 eq.) HOWH&/OHNMNH o
O oH AcHN s 5 ¢
DMF/PBS buffer (1:24, viv, 70 um, pH 7.5) o
. HO
25°C, 18 h g
OH
379
e
o o
@7 5 O,5N NO, HO
7 K .
HO 376 (7.0 eq.) Ha

HO NHAc
EtzN (10 eq.), DMF (0.04 M), rt, 5 h
N (10 eq.), DMF (0.04 M) W&ﬁ&//
HO

380

‘< P WW
BSA (0.0167 eq.) @7
HO

DMF/PBS buffer (1:24, v/v, 70 pm, pH 7.5) HO— NHAc O
25°C, 18 h HOW
HO

381
Figure 2.3.12 APEC O1 HUREHIHE 3 —BSA A4 379 L UF 381 D &K
RIZ MALDI—TOFMS I X b, BEEEHE OFHEAROME 21T > 72, Z DFEHR. 267

1% 266 2342 11.2 1. 379 1% 348 23 F35) 13.1 {ffl. 381 1% 349 233 4 fHfE&E L Cnwb 2 &
Z B 5 2> L 72 (Figure 2.3.13),
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—-
o
o

A) BSA

Intencity (%)

o

66466.8614

—_
o
o

B) 267

Intencity (%)

Ak Ao o .. A on - an

78282.9116

o

C) 379

Intencity (%) ‘8‘

(=]

75768.9064

D) 381

Intencity (%) ‘8‘

74345.2014

30000

Figure 2.3.13 MALDI-TOF MS

60000 90000
m/z

A7 v A)BSA,B) 267, C) 379, D) 381
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3.7 APEC O1 In[RizHHEH DAREA

3.71 APECO1f&="7 + Y MEDHH"

APEC O1 DHtJEM:%# /RIS ZIHS 25 % 72 ®1C, APECO1 E="7 t I % J5L
L 7= (Figure 2.3.14), £ 3. APEC Ol OEfEE L T ATCC11775'% % &R L, LB Hberp,
37 CCOSMET ., —Mils#+ 2% 2 & ¢, 10° CFU/mL ® ATCC11775 Bl % %L 7=, RiC,
LB #H1C¢ 10° CFU/MmML ICFHR L 72 E# % 1 mL, 4% 10 HD =7 I U (Specific-pathogen-free
(SPF) chicken?)IC #2145 L, 74 VL —x =t 14 HEfAE L7z, ATCC11775 H#(10°
CFU/mL. I mL)Z #4545 L, & 512 14 HREEAF L 2., SR MG #3252 & <,
APEC O1 MG 2 dH# L 72, Ric, IEFPEL 72 Sl )G % 3l 3~ % 72912, APEC O1 3
FIZOMNM="7 P VIEZHB L 7z, Thbb, T4V L —%— 538 HEEABL7Z=
7 b U (SPF chicken)IZ X L, 28RIM M MG #ET 2 2 &< fll="7 + VIl 28 L 72,

ATCC11775 ATCC11775
(5.0x108 CFU) 14 days (5.0x10°CFU) 14 days Exsanguination

> > > > >

~ Oral immunization Oral immunization Serum separation

10-Days-old APEC O1 immune
specific-pathogen-free chicken serum
(SPF) chicken 28 days Exsanguination

Serum separation Non-immune
chicken serum

Figure 2.3.14 APEC O1 ffE="7 + U IfiiF R Ofid =7 + U Ik o F7

3.7.2 APEC O1LPS (i
i, FABIL 2= F VIMFOFHMICH V3 ATCC11775 LPS i #+ >y b 7=/ —
EONCE 0 Toz, UFICh Yy b7 =2/ —AdED 7 v b+ ai ik 3 (Figure 2.3.15),

D 5 mL @ LB §#hic, ZREHICR#E L 7= ATCC11775 % 1 CFU Ml %, 37 °COEAET.
18 FFfE]RGE L 72,

b HERE R ITEIY EBRE B R OKRDO T, EEREIT o7, UKBE5: AW20Jan005H)
¢ SIGMA-ALDRICH £ ® LB Broth (L3022)% F\» 7z,

4 VALO BioMedia GmbH #:2> & A L 7= SPF Ul % B EIEm A M e b3 ¥/2=7 + V
T FEERICH W=,

¢ BREIN U e b OEHE A SYERIICTEAR ICRRRE S n - RIRE 2 B 3 5 I,
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@ ATCCI11775 B & i@ 0o L. EBA DRI ZTY bR\ 7z,

@ Tris-HCl ~¥» 7 7 —(pH 6.8, 0.1 M)% 2 mL Il 2 FHARE L 724, W Z 5B T 15
L7z,

@ 5 N7ZEIRICH L. DNase I (50 units) & RNase A (0.5 mg) % Zi Tl Z. 37 °CT 30 43
A vFax—1L7

® fFoNEAWIC, Proteinase K (1.0 mg)Z M 2. 59 °CT—Hif v F a2 x—F L7,

© EAMIC tris-saturated phenol ZHz. 10 IR LT v 7 AL 725212, 65 °CT 15 4rfElA
VEFaxX—} L7,

@ FER T THL LZIRAIRICELO (S0mL) 24, 10 BRIALT v 7 2L 72,
ARk TR % 2 [V IR L 7=,

O B o N7=KEZ BN, Wit X $2 2 LT, APEC Ol (ATCC11775) LPS %#157=,

%5 17= LPS % SDS PAGE CaFfii L 72,

@ @ ® Tris-HCI @ ®
LB broth il (01 M, pH = 68) DNase (50 units) Proteinase K
(5 mL) 37°C [  Centrifuge ( 2mL /’ RNase (0.5 mg) (1.0 mg)
ATCC11775 ’ 18 h \‘ Decantation | 99 °C, 15 min /":ﬁ ’ 37 °C, 30 min 59 °C,
(1 CFU) s " thenrt, 15 min overnight
® @ ©)
Tris-saturated Et,0 Dialysis, 4 °C ih
phenol (2 mL) rt (50 mL)  Centrifuge overnight ATCC | I
1775 —
vortex (10 sec.) 15min vortex Extract Same then Lyphilize  LPS
then 65 oC, 15 min extract
SDS-PAGE

Figure 2.3.15 v v + 7 = 7 — W ikiC X 5 ATCC11775(APEC O1) LPS Dt

%5 7= LPS @ SDS PAGE #% Figure 2.3.16 IC7R 3, 12%DKI 727 VAT I K5 A%
WCERIKEI ATV, R RO L, L—Y LIt FTFRE~>—H—. L=V 21355
7= LPS @ PBS ¥&iR(2.0 mg/mL)D L — ¥ TH 5, L — 2 X D, 45000-66000 F£JE D531
HONY PR TE 2 h 0, OVIEZED 7 LPS ZHHITE T 5 2 & Z2ffEl L 72,
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Lane 1 2

97000 w=

66000 ‘
45000

30000 .-
21000 W
14400 Cooi

Figure2.3.16 ATCC11775(APEC O1)2> b it} L 72 LPS @ SDS-PAGE f#f#r. L —v 1 i3, &
THE~—H—, L=V 235N/ LPS @ PBS iR#(2.0 mg/mL), 2% DKV 727 VLT 3
FI7vERGCESIKE 21T\, B TRAEL 7,

3.7.3 APEC O1 fi[Ri&MEE—42 > /) AEA O

B L 72 APEC O1 JU RIS —BSA #2514 267, 379 )L U 381 & §it APECOI1 [MiliF & D
BAE%E ELISA JRICCEHMI L 72, b, BT 4 7av buo—nt LT, BETHMLZ
APECOI1LPS Zfl\vs, #4774 7av ru—nt LTBSA ZH\:7z, ELISA D 70 k 2
V% LU ISR 3 (Figure 2.3.17),

D 96-well plate IZ 267, 379, 381, APEC Ol LPS. & U BSA @ PBS iA#(10 ng/mL)% % i1
ZI100uL Mz, 37 °CT1HfEA v Fa—1+F2 2 & CREELLL 7

@ BWHEZRELZE, vty v 7Ny 77 —(5% glucose and 2.5% defatted
milk-containing 10 mM PBS buffer)% 200 uL il 2, 37 °CT 1 Kffflf v F 2=+ L7z, 2D
. PBS-T(0.05% Tween-20-containing 10 mM PBS buffer) T 3 [BIFEH L 7z,

@ %V zicoNy 77 —(1% BSA-containing 10 mM PBS buffer) T 2000 51 AR L 72 APEC
O1 SfZIME £ 72 1T IRIMIE 2 100 uL Mz, 4 "CT—Mif v Fa~—F L7,

@ WA RE L 7%, PBS-T KU PBS T 3 [l¥Ei L 7.

® %7z ity 77 —(1% BSA-containing 10 mM PBS buffer) T 5000 fi5 IC AL 72 2 K
PUAR(HRP-linked goat anti-chicken IgY antibody’)% 100 uL il 2. 37 °CC 1 FffE] 4 v F 2 X —
L7z,

© ¥R FRE L 72, PBS-T XU PBS T# 3 [y L 7z,

f Southern Biotech. Associates £1:7> 585 A L7- HRP ik =vU N Z%k$FiiEx#H L7,
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@ %7 = LI OPD 7Ai%(0.4 mg/mL in 0.1% H,O,-containing citrate-phosphate buffer)% 100 uL
Mz, ERWT300MA vFax—1+ L7,

® #v AT 5 NEiEEE 100 uL 1z 72, 490 nm (KB T 2 EEE T L — 1+ Y — 4 —
THIE L 72,
@ @ @ @
2.5% Defatted milk W
5% Glucose
267, 379, 381, BSA in PBS Serum Wash using PBS-T
or APEC O1 LPS (200 uL) (100 uL) (x3)
_ =
(10 pg/mL, 100 uL) 37°C,1h 4 °C, overnight Wash using PBS
37°C,1h blocking (x3)
Wash using PBS (x3)
96 well plate
(for ELISA)
NH»
® *#’ ® @ C[
v NH,
Anti IgY-HRP Wash using PBS-T o-Phenylenediamine (OPD)
(1:5000 dilution, 100 pL) (x3) H,0, 5 N Sulfuric acid
37°C,1h Wash using PBS rt, 30 min

(=3)

A= 490 nm

Figure 2.3.17 ELISA {51 X 2 ZFEE G HE O FFA

A ELISA 7 v & 4 D % Figure2.3.18 IR T, &L — vV DF TR L7 ED Y — 1% APEC
Ol =" b VIMiEE A WZFEREZR L TEY ., KEBTRLEAD =X, APECO1 FER
FEOMB=7 b VMO RER L, £, L= | @BFEYTF4 72y ba—ATH2
APECOILPS, L — Y234 #5472y bu—ATHEBSA, L—> 313267, L—> 4
12379, KL —v 513381 DFERZR L, . L—v 1 OFRICK Y, APECOILPS
. A= U IE & L T, APEC O1 =7 b VIIiH IS WBIAEEZ RS T L %
R L7, L7z235 T, APECOl =7 F VICHhE 3T % Z & T, IMiE+IC APECOI1LPS iC
FREP)ICH A3 2 JUARET APEC O1 LPS i) EA L 72 2 L 2R LTz 720 L—V 2

DAEFIC X Y, APECO1 SJZ="7 b U 3G KR ONIE="7 } U I7E & I BSA BRI %R
TV L EMEE L, Ric, KBE 01 @ OlA PUEEE Y & L HEHFERE2 G 285
PE 267 % 5 L 7z %@,ﬁﬁ% L—v3iomd Loic, HAEE 267 1, NE=7 F Vi
HEIEEL T, APEC Ol %% =" F VIiE s B2 "3 L 2 /HH L7, APEC Ol
fE="7 b V& IZ. BSA ICIEHMMEA RS o722 205, APECOI =" + Vil
HHOTUAIX OIA-FUR O VIR L HHICH AT 2 2 e 2 /R L 72, 510, BEIRE W C
iz, L—Vv 45 OfiR2 5. APEC O1 % =7 b VIGEKROWIR="7 + VIIFE L &I,
BEEPEE 379, KU381 i, 12 A LBIIEZ RS AW LR X7z, APECOI %
=7 bV IMEF OFiEL . O1A HUR ORFER 72 =M 01A-C FUR O @G TH 5 —Hk
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BICIZIZ LA LA LD o722 & 25, PTAPECOI ViAo P E k1. O1A PUFHEY
WL RS RN EECH B L EIALIC L,

sk koK k

35 ¢
T 3+
2
T m APEC O1 immune
E 25 | chicken serum
m)
% Non-immune
E 2t chicken serum
C
S
2 1.5 |
©
8
c 1 r
©
2
g 0-5 i * %k * ok k%

— *
1 -
0 = - _ - z
1 2 3 4 5
APEC O1 BSA Conjugate  Conjugate Conjugate
Compounds | pg 267 379 381

Average values with standard error means are represented. * p < 0.05, ** p <0.01, **** p < (0.0001.

Figure 2.3.18 ELISA {5IC X %2 APECO1 %% =" bt U Ifilif % F\» 72 B G0 E o G,

KIT, O1A PUF#E V& L HFEHA YT APECOL LPS JUAICH AL T w2 202 LI 2
72 ®1Z, ELISA 7£IC X % APECOILPS % 723 ABHERERZ 1T - 7z, ELISA#Eo 7 v b
avit, Figure2.3.17 IZfi€\>, APECOILPS IX, »¥v 7 7 —(1% BSA-containing 10 mM PBS
buffer) T 16000-64000 {5 IZFFR L 72 APECO1 ftfE =7 + VU Ifli&IC 10 pg/mL DI 5 X
JICHANICRA LD D ZEH W, £/, AHAT 473 br—LTH 5 BSA D 490nm I
BT 2WNEDRERZ [FIZAFED 267 DS OFEFR S S LEI{ 2 & T, ODawofEZFH L
72 % DFER % Figure 2.3.19 12789, 16000-64000 57D 3R T D i IC BT, APEC
O1LPS DAMNIC X V|, ODago HABAZFITIE T Lz 2 & o6, HAENH 267 ICk5A3 % APEC
Ol HfE="7 b VIMEFDOPIAIZ. APEC O1 LPS IC b AT AT 2 2 & 2L A
720 A EDFER S S T APECO1 LPS §iLiA23, KIGH O1A Filiig v iR L HAEHICH AT 2
TEEHLICL, KIGH O1A Fii o VR L LA APEC Ol 7 27 F v ofuRe 7 b
52 huURIERR S ch 2 L Z R L 72,
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3 p
FrEx Serum
14 L O N '{:{:{e
= No inhibitor | Ay | B
Conjugate 267
P |
5 Ll r h N
e APEC O1LPS LRpol J E A .
S 1 L ® }\Q Anti IgY 3=
£ LPS -HRP
()] Hokkok Conjugate 267
S 08 |
€
c
o 06
D sk ok
N
(W]
o 04 r
O
0.2 r
0
16000 32000 64000

Serum dilution factor

Average values with standard error means are represented. **** p < (0.0001.

Figure 2.3.19 fifiti L 72 APEC O1 LPS IZ X % APEC Ol #J& =" t V i h ofitk & HAH
B 267 L DFEATHESEER. ELISA 0 7 1 F 2%, Figure 2.3.17 i\, APEC Ol LPS
1Z. 2% v 7 7 —(1% BSA-containing 10 mM PBS buffer) T 16000-64000 {5 i % L 7= APEC Ol
f)%E="7 b VIMIEIC 10 pg/mL DEREICR % L 5 ICHATICRAL DD EH W,

3.8 W

53 E Tl WEEREE O BEEEPURME 0 R U B BEER SR 266 DY DAL L APEC
Ol HURBEHIBESH OMEINIC DWW T X7z, 37, HESH 350 % BEfiL 504k 352 & 27514 353
& DR G A FIF L 72 VMASEIR 277 ) 2 LRI, #E< Zva — 256 2 frics i
%7 ¥ FORKEWSIC % &S EFFEIC X D AR L 72 (Figure 2.3.20).

OBn SPh
BnO o o Bn0@7I ?\jl/
BnO =~ j‘l* * BnO — PMBG [ “Ph
YA
0 cCly PMBO OH BnO N3
BnO 0
BnO
352 353 350

Figure 2.3.20 B84 350 D&KL

90



Ric, 52 %fﬁﬁ% L 760 % OS2SR IR 5 2 7 o UG R Bl 3 2 & T, KB
O1A LR Y IR L FHEH 266 DY) D A K % 7L L 7= (Figure 2.3.21).

Complete regio-

OZN@B(OH)Z and stereoselectivities

OH OH

(6] 247 (0.2 eq.

Bno@o . "éOgé&/OW (02eq) Bnowgzo 0 o

Z B

PMBO NHTroc THF (0.025 M) PMBO ), NHTroc

0°C,1h
264 (1.5 eq.) 265 (1.0 eq.) 367: 92%
(B(1,4) Only)

Bnow 0 o 0

0Bz PMBGO BHOWBZO OR'
/éﬁ/ BnO Ns O oz TrocHN

BZO BnO W

Bz  TrocHN BnO 3508 (1.5 eq.) BnO
o ? onc
BnO TfOH (0.3 eq.), MS4A (100 wit% t0 3508) o NHCDz
HO oac 351 Toluene (0.05 M), -40 °C, 2 h, 80% ”PMBO R'= fiw
Recovery of 351: 10% 0 5

B"O&NL/
BnO 0,
OH e 370
—_—
B W
NHAc
266

Figure 2.3.21 Ji 14K E O1 LPS O-FUE#E iR U FHESHEREM 266 DAk

R2 =5‘*@/NH2
5

266 O AR 351 S U 3504 . X 4L APEC O1 P {fiilEse 348 S 1f 349 % &
B L 7z (Figure 2.3.22),

OBz OH
0
WBZ&/OQNHCM HOW%;&/OQNHZ
Bz  TrocHN O oH AcHN 5
Bnoﬁ\f Ho@z
HO  oac 351 HO on 348
O'H\NHz
Bnow 5
PMBG . Ho@#
BnO N3 Ph — HO
Bnoﬁ/ HO— NHAc
HO
3508 349

Figure 2.3.22 APEC Ol HUFEAINESHTHE( 348 S U 349 DE K

p-=t8a 7z —=EHALEIC X V. APEC O1 HURMEHIEE 266, 348, XN 349 X v,
EHEREE 267, 379, KO 381 % &K L 72 (Figure 2.3.23),
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2

1
*ythr
L
O,N NO
376

Et;N, DMF, rt, 5 h

266
2)
DMF
Phosphate buffer
pH7.5,25°C,18 h
1) 376
EtsN, DMF, rt, 5 h
348
2) BSA, DMF
Phosphate buffer
pH 7.5,25°C, 18 h
1) 376
EtsN, DMF, rt, 5 h
349
2) BSA, DMF
Phosphate buffer
pH 7.5,25°C, 18 h HO

14.0

381

Figure 2.3.23 &M 267, 379, MU 381 DAL

RZIC, APECOL BRZ =7 b VicHhfEd 3 Z & THELL 72JT APECO1 i &, &KL 7=
EEPEE % T T APECO1 fifk L HAREE & ofia 2 il L 72, 2 DR, KIEGH O1A
PR VR L b2 APECOL 7 7 F v DY & 72 0 15 2 FUEEHINES < H 2 © & & A
L 7z (Figure 2.3.24),

High affinity . Low affinity
OH :
o AcHN
o
gh e

5
HO NH
o b, o
HO@? o
HO

HO— NHAc ° HN H

Hoﬁ/ OQNMNH

HO 4
HO@? *o ‘o

— = ‘ HO o

HO Q

HO
OH 379

OH
H o
HO%&Z\%E&/OHNY@YNH {
AcHN . P
OH C 5o ‘o ¢
13.1

1 HO—_ NHAc
Glycotope candidate of APEC O1, with a great potential HOW
as an antigen for vaccine development 1 HO 381

Figure 2.3.24 APEC O1 U HESH o fidt BRI 52
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)

AHFZE T3, BMAD ik % BEfd U 72 (28 B O 1,2-cis-B-MEAREIRIG 77 ) 2 o AALOE DB FE
LIRIRFE TR AR~ DICH 1T o 72, £, Ao VBRI v 72 (708 K Op-I7 A5
Ry~ v 7 2 MMERIEDBRFE % T\ KB 075 LPS O-HUa#E 0 iR L PUBESHERE M 252 ©
BTG L 72, Bty KV VR %2 v 72 B2 AREIR 7 4 7 S LRI R R
v WA % P 72 7 18 S OB-SZMGEIRI 5 4 7 o MURIG DO BRFE 2 1TV, KRR 7B, 7
C. XU 7D o Ml PilR = EHREEM 263 D GRUICIEH L7z, wZIC, B L 72 BMAD %
% BRAE U 720 B ME RS I O1 BESH PR 0 3K L FUBESHARIER 266 DU DA K Z 1TV, 266 28
APECO1 7 7 F v OfitJi & 7= W15 2 U ERiREHcH 2 2 L 2 A L 7=,

RO VEMEZANHAERUB-ILFRIRMT >/ VIILERIEDEH
fLGH

A VR % F v 72 BMAD IS X 3 ALE K OB-L SR < v /7 o ALRIS DR %
Hi L L% T o720 SRS A — A E 7213 R ) F—Aicht LT, RO p-=
07z ARu VEQADNEHCT, 1227 e Rawy /) —2209 £ DY a L A ALRIG
IR L 72455, W03 2B-< v /7 ¥ P @R O @ WAL E R O SERE TR o S
Z & FH L 72 (Figure 2.4.1), & 51T, A BMAD k% Bi{#H L 72 K 075 LPS O-HUHE  #
DR L PUBESHERE IR 252 O hERIN) 7 A5G % N7 L 72 (Figure 2.4.2),

OH
on-( )4
OH
HO HO, 247 (0.2 eq. BnO HO, BnO HO
HO HO BnO (0] BnO O
(OP), (

(OP), (OH), OBn OH),
Diol Poly-ol Bno/éz/o B-Mannoside B-Mannoside
BnO High regio- and stereoselectivities
209

Figure 2.4.1 R v v RANE % H 7A@ MO B-ZAEIRR < v 7 o ALRIG

Regio- and
BnO HO _OH 1,2-cis-B-stereo§eIective ﬁ
HO o o glycosylation HI?O O _OH
0 (0] _ HO e}
NPhth  BzO HO&&/O
BnO Q o 0 HOO
s ; o) N 5
OBn HO
251 HO

Figure 2.4.2 BMAD %% 72 KB 075 LPS O-FUR D 0 1K L PUBHSHFEER 252 O A K
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FHRAORIEEVERVIB-AIFBRMS L/ VILIEREDRFEE

it A

X OGRS RB-7 L 7 ¥ FiEOWE~DICHEZER L, G+ v B LaYitii % H
V272 BMAD 51T X 3 B-3IAREEIRIY T 4 7 o MURIGOBIFE % A L=k %2 iT- 72, %
T, BRI URLEME LTRY V203 ZEIRL, AT/ A —ricxf LT, 12-7
velrueoLn/—2253 07 a v ALRKIEERET L 26EER. WG d5p-7 47 & K8
ECR DD 5E R ERE S o N 3 2 & & RH L 7-(Figure 2.4.3), X 512, RN
[EIAZAARZNSRIE f O DFT 15 % FIH U 72 ROGEEREREIT 247 o 74558, RIS & #ErE o
2310 Sni LD [ EHERE CIEFT 375 2 & R X Tz,

< Syi-Type mechanism
F B-OH Complete stereoselective
: ; 2 05
203 (0.2 eq. 37\? 07OR
( q ) BnO = OR —_— Bnow

ROH oLt BnO

Bw OH
(o] P Ar
Mono-ol B”O@O AF B-Rhamnoside
BnO TS
253

Figure 2.4.3 R U VEEARIE % I\ 72 -2 (AGEIRM 7 20 7 > W ALR)G
KIT, BHEFATENMEDE LTR e V247 ZBIRL, SHAYA—ricxf LT, 1,2-

TvelraI L) =253 D27 a UG EBE L 268, WIGd 5p-7 47 & F
DIEIER D> D E O LE K OV AGERME TR b5 2 & & B L 72 (Figure 2.4.4),

0
O2N4<i>*B(OH)2 B”O@Z\o High regio- and

BnO stereoselectivities
OH 247 (0.2 eq.) 253 oH
.2 eq.
(0] (0}
Ho BnoWOQ@
(OP), BnO oH (OP),
4,6-Diol sugar acceptor B-Rhamnoside

Figure 2.4.4 v VIRAME 2 s 72 (6718 ) OB-3ZAGEIRIN 7 2 2 AALRIE

X HIT, KBMAD iE% B L 72l KB 7B, 7C. KUY 7D O M@ HUR = HEEHEEEA 263
DEK % K L 7z (Figure 2.4.5),
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Bz — > 0 OMe

OMe HO Q
253 245 HO OH 263

BnO

Regio- and OH
1,2-cis-pB-stereoselective 0 o«é%
OH . How
lycosylation HO
BnOz% + HO (e} glycosylatl >~ HO HO
(0] (0]
BzO

Figure2.4.5 BMAD 5% W7z ilfi %8 BKR 7B, 7C. KU 7D o @i =W HEHEAK 263 D
Bk
=

RREXEE O1 BXXAEHDE K L RERFRFAEXEE 01 DHR

145 PR SH O 2 A

LA HPUREEZ W27 7 5 VEFEZE R L, BMAD 3 % BUE U 72958 5 14 K5
Ol HRBEHFEEIR 266 DA & BERFEIEKRIGE O1 DU RN Z B & L 720t
Fex{To 72, £, AWFFECTHIFE L 72 BMAD i%IC X 2 {7iE K O 1,2-cis-B-SLARBIR T 7 L
) U MURIGZBEIGS 5 LT JRETERIGE O1 Bk IIBESHERER 266 D] DA K % 2
B L 7z (Figure 2.4.6).

OH
BnO 0 o O 0 2
R d OR

PMBO egio- an AcHN

264 1,2-cis-p-stereoselective
glycosylation W
+

OH R' = egéa/NHCbz
o =
'écz’oéwow °
NHTroc NHAC R2= ﬁM/NHz
265 5

266

Figure 2.4.6 BMAD %% W 720 JE R IG R O1 Bk BHEREMA 266 D &K

X 5HIT, APECO1 HkZ =7 b VicufEd 5 2 & CTIHELL 7241 APEC O1 IfiE & . &AL
7- HBERE 266 AL L 72 APEE 267 T, T APEC Ol Hifk L EHATEE & oitid
ZEHE L 72, Z DfER. WRIEMEREE O1 2R TFEH 266 23, APECO1 iICxf§ 257 27 F v
BHFICH L PURIERRE ©H 2 2 & 2 S 2212 L 72 (Figure 2.4.7), 54, TLHHHH 266 %
JURICH W72 APECOLl © 7 7 F VAR HIFfEh 3,
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Glycotope candidate of APEC O1, with a great potential

Anti-APEC O1 , .
as an antigen for vaccine development

chicken serum
Figure 2.4.7 E&HE 267 % 272 APEC O1 U5 oAb $5 o fiz i
Db, ARigEcfEo NI, 12-cis-B-7") a > FiEEZE T 2 WEETURKEZ 13

U &5 2 EMENDFOERNERKI T 7F v 2 i Lo L $ 2 EEMFFICKRECHE
k35 2 easiffEnsg,
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General methods for chemical synthesis

NMR spectra were recorded on a JEOL ECA-500 (500 MHz for 'H, 125 MHz for "°C)
spectrometer, JEOL ECA-400 (400 MHz for 'H, 100 MHz for *C) spectrometer, or a JEOL ECZ-
4008 (400 MHz for 'H, 100 MHz for °C) spectrometer. '"H-NMR data are reported as follows;
chemical shift in parts per million (ppm) downfield or upfield from CDCls (67.26), CDsOD (3.31),
D,0 (64.79) or tetramethyl silane (0 0.00) integration, multiplicity (br = broad, s = singlet, d =
doublet, t = triplet, q = quartet, and m = multiplet), and coupling constants (Hz). *C-NMR
chemical shifts are reported in ppm downfield or upfield from CDCIl; (6 77.0) or CD;0D (549.0).
Using D,0O as an NMR solvent, ’C-NMR chemical shifts are reported in ppm downfield or
upfield from acetone (J29.8) as an external reference. ESI-TOF MS spectra and MALDI-TOF
MS spectra were measured on a Waters LCT premier XE and MALDI-7090 (Shimadzu Co.),
respectively. Melting points were determined on a micro hot-stage (Yanako MP-S3) and were
uncorrected. Optical rotations were measured on a JASCO P-2200 polarimeter. Silica gel TLC
was performed on a Merck TLC 60F-254 (0.25 mm) or a Merck PLC 60F-254 (0.5 mm). Column
chromatography separation was performed on a Silica Gel 60N (spherical, neutral, 63-210 um or
40-50 um) (Kanto Chemical Co., Inc.). Reverse phase column chromatography separation was
performed on a Wakosil 25C18 (Wako pure chemical industries, Ltd.) or Sep-Pak C18 reversed-
phase cartridge (Waters). Size exclusion column chromatography separation was performed using
a Sephadex™ LH-20 (GE Healthcare). Air- and/or moisture-sensitive reactions were carried out
under an argon atmosphere using oven-dried glassware. Autoclave was performed using TVS-1-
50 (Taiatsu Techno. Co.). UV-Vis spectra were measured using SpectraMax i3 (Molecular

Devices) micro plate reader.

Experimental Procedure and Characterization Data for Chapter 1

General procedure A for glycosylation of 209 and 245 using glycosyl acceptor-derived
boronic ester catalysts 243, 272-274

To a solution of glucoside 245 (0.01-0.04 mmol, 1.0 equiv.) in dry toluene (0.3 M to
glycosyl acceptor) was added boronic acid 188, 270, 271, or 247 (2-8 umol, 0.2 equiv.) at room
temperature under Ar atmosphere. After stirring under reflux conditions for 3 h, the reaction
mixture was concentrated in vacuo. The residue was diluted with dry solvent under Ar atmosphere,
and then the resulting mixture was cooled to the temperature indicated. To the mixture was slowly
added a solution of 209 (0.03-0.16 mmol, 3.0 equiv.) in dry solvent (50 mM final conc. of 209).
After the reaction mixture was stirred for the reaction time indicated, the reaction was quenched
by addition of 50 mM NaBOs ag. (4.4-17.6 umol, 2.2 equiv.). The resultant mixture was added
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sat. NH4Cl ag. (2 mL) and extracted with EtOAc (3 mLx3), and then the extracts were washed
with brine (6 mL), dried over anhydrous Na,SO4, and concentrated in vacuo. Purification of the
residue by preparative TLC or column chromatography gave the corresponding glycosides.

General procedure B for glycosylation of 209 and glycosyl acceptors using boronic acid
catalyst 247

To a solution of 4-nitrophenylboronic acid (247) (2-8 umol, 0.2 equiv.) and glycosyl
acceptor (0.01-0.04 mmol, 1.0 equiv.) in dry MeCN was added a solution of 209 (0.03-0.12 mmol,
3.0 equiv.) in dry MeCN (10-50 mM final conc. of 209) at 25 °C, 0 °C or -20 °C under Ar
atmosphere. After the reaction mixture was stirred for reaction time indicated, the reaction was
quenched by addition of 50 mM NaBOszaqg. (4.4-17.6 umol, 2.2 equiv.). The resultant mixture
was added sat. NHCl ag. (2 mL) and extracted with EtOAc (3 mLx3), and then the extracts were
washed with brine (6 mL), dried over anhydrous Na,SOs, and concentrated in vacuo. Purification
of the residue by preparative TLC gave the corresponding glycosides.

Synthesis of 1,2-cis-B-glycosides 248-250, 281-283, 286-288, 291, and 293

Compound 248

BnO OH
BnO o
HO R
BzO 1
BzO

248p OMe

Compound 248 was synthesized in 90% yield according to the general procedure A from

glucoside 245, 209 (0.05 M final conc.), and 247.

Data for 248B: White solid; R;0.60 (2/1 toluene/acetone); [a]**p +68.1° (¢ 1.0, CHCl3); mp 65.0-
67.0 °C; *H NMR (500 MHz, CDCls) & 7.99-7.96 (4H, m, Ar-H), 7.51-7.46 (2H, m, Ar-H), 7.37-
7.24 (17H, m, Ar-H), 7.20-7.18 (2H, m, Ar-H), 5.75 (1H, dd, J.3=10.0 Hz, J;4= 11.5 Hz, H-3),
5.23 (1H, dd, J12= 4.0 Hz, J,3= 10.0 Hz, H-2), 5.09 (1H, d, J:>= 4.0 Hz, H-1), 4.86 and 4.52
(2H, ABq, J = 11.0 Hz, ArCHz2), 4.75 and 4.65 (2H, ABq, J = 11.5 Hz, ArCH), 4.59 and 4.35
(2H, ABq, J = 12.0 Hz, ArCHz2), 4.54 (1H, br-s, H-1"), 4.24 (1H, dd, Js6.= 3.5 Hz, Jeaep= 11.0
Hz, H-6a), 4.15 (1H, d, J>- 3= 3.0 Hz, H-2"), 4.02 (1H, m, H-5), 3.92 (1H, dd, Js 6= 5.5 Hz, Jea v
= 11.0 Hz, H-6b), 3.88-3.82 (2H, m, H-4, 4°), 3.75 (1H, dd, Js: ¢a= 2.0 Hz, Jsae» = 11.0 Hz, H-
6’a), 3.69 (1H, dd, Js 6= 6.0 Hz, Js'aer = 11.0 Hz, H-6’b), 3.57 (1H, dd, J2-3= 3.0 Hz, J3- 4= 9.0
Hz, H-3"), 3.46 (1H, m, H-5"), 3.40 (3H, s, OCHs); *C NMR (125 MHz, CDCls) §167.2, 165.9,
138.1, 138.0, 133.3, 129.8x2, 129.3, 129.1, 128.3x2, 128.4, 128.0, 127.7, 127.6, 100.1 (*Jcn =
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158 Hz), 96.9, 81.3, 75.2, 75.1, 74.1, 74.0, 73.4, 71.4, 70.6, 70.5, 69.1, 68.9, 68.0, 55.3; HRMS
(ESI-TOF) m/z 835.3342 (835.3330 calcd for CasHs1013 [M+H]?).

Compound 269

BnO OAC
oo -0
BnO Lo
AcO O
BzO 1
BzO

269 OMe

To asolution of 248 (6.6 mg, 7.90 umol) in pyridine (0.158 mL) were added Ac20 (6.1 uL,
0.0632 mmol) and DMAP (1.0 mg, 7.90 umol) at 0 °C. After the reaction mixture was stirred for
2 h at room temperature, the reaction was quenched by addition of water (2 mL). The resultant
mixture was extracted with EtOAc (2 mLx3), and then the extracts were washed with brine (2
mL), dried over anhydrous Na2SOs, and concentrated in vacuo. The residue was subjected to silica
gel column chromatography (2/1 n-hexane/EtOAC) to give 269 (6.4 mg, 6.97 umol, 85% yield).
Data for 269: Colorless syrup; R, 0.26 (10/1 toluene/acetone); [a]*’p +44.8° (¢ 1.0, CHCls); *H
NMR (500 MHz, CDCls) §7.98-7.93 (4H, m, Ar-H), 7.53-7.48 (2H, m, Ar-H), 7.42-7.23 (17H,
m, Ar-H), 7.18-7.14 (2H, m, Ar-H), 5.95 (1H, dd, J23= 9.5 Hz, J34= 9.5 Hz, H-3), 5.71 (1H, br-
d, J»3=3.0 Hz, H-2"), 5.19-5.12 (3H, m, H-1, 2, 4), 4.87 (1H, d, J = 11.0 Hz, ArCHz), 4.76 (1H,
d, J=11.0 Hz, ArCH2), 4.65 (1H, d, J = 12.0 Hz, ArCHz2), 4.58 (1H, br-s, H-1"), 4.53-4.48 (3H,
m, ArCHz), 4.11 (1H, m, H-5), 4.03 (1H, dd, Js6a= 2.0 HZ, Jeaer = 11.0 Hz, H-6a), 3.83-3.78 (3H,
m, H-4’, 6’a, 6’b), 3.69-3.66 (1H, dd, J»-3-= 3.0 Hz, J3-4- = 9.5 Hz, H-3"), 3.61 (1H, dd, Js6o= 7.5
Hz, Jsaen = 11.0 Hz, H-6b), 3.48 (1H, m, H-5), 3.41 (3H, s, OCHs), 2.20 (3H, s, OC(O)CHs), 1.91
(3H, s, OC(O)CHs); *C NMR (125 MHz, CDCls) §170.4, 169.9, 165.8, 165.7, 133.3, 138.2,
138.1, 137.5, 133.2, 129.9, 129.7, 129.2, 129.0, 128.4x2, 128.3, 128.2, 127.9x2, 127.7, 127.6,
99.5, 96.5, 80.2, 75.5, 75.2, 74.2, 73.5, 72.0, 71.5, 70.6, 69.1, 69.0, 68.9, 68.5, 67.8, 55.1, 21.1,
20.6; HRMS (ESI-TOF) m/z 957.3116 (957.3100 calcd for Cs2Hss015K [M+K]").

Compound 248a

o

BzO
BzO,

2480, OMe

Data for isomer 248a.: Colorless syrup ; Ry 0.59 (2/1 toluene/acetone) [a]*p +114.4° (¢ 0.99,
CHCls); *H NMR (500 MHz, CDCls) & 8.03-7.96 (4H, m, Ar-H), 7.53-7.48 (2H, m, Ar-H), 7.39-
7.19 (17H, m, Ar-H), 7.14-7.10 (2H, m, Ar-H), 5.75 (1H, dd, J23=10.5 Hz, J;4= 9.0 Hz, H-3),
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5.23 (1H, dd, J12= 4.0 Hz, J,3=10.5 Hz, H-2), 5.13 (1H, d, Ji12= 4.0 Hz, H-1), 4.97 (1H, br-s,
H-1), 4.75 and 4.72 (2H, ABq, J = 11.5 Hz, ArCH.), 4.52 and 4.49 (2H, ABq, J = 12.5 Hz,
ArCHz), 4.79 and 4.46 (2H, ABq, J = 11.0 Hz, ArCHz), 4.20-4.16 (2H, m, H-2’, 6’a), 3.97-3.85
(4H, m, H-3",4,5,5%),3.82 (1H, dd, Js ¢, = 2.0 Hz, Jsa6» = 11.0 Hz, H-6"b), 3.75 (1H, dd, J3 4
= 9.5 Hz, Js» 5= 9.5 Hz, H-4"), 3.69 (1H, m, H-6a), 3.60 (1H, dd, Jsg, = 6.0 Hz, Jeasr = 10.5 Hz,
H-6b), 3.40 (3H, s, OCHz3); *C NMR (125 MHz, CDCls) §167.0, 166.0, 137.9, 137.8, 137.5,
133.3, 133.2, 129.9x2, 129.5, 129.2, 128.6, 128.4x2, 128.3x2, 128.1, 128.0, 127.8, 127.7, 99.5
(*Jcr = 168 Hz), 97.2, 80.2, 75.2, 74.4, 73.8, 73.3, 72.2, 71.5, 70.6, 68.7, 68.6, 68.4, 65.6, 55.4;
HRMS (ESI-TOF) m/z 857.3135 (857.3149 calcd for CasHsoO13Na [M+Na]").

Compound 268

BnO OAc
BnO 0 1
BnO

0]

ACO&% 1
BzO
BzO

268 OMe

To a solution of 248a. (20.8 mg, 24.9 umol) in pyridine (0.498 mL) were added Ac20 (9.6
uL, 0.0996 mmol) and DMAP (3.0 mg, 24.9 umol) at 0 °C. After the reaction mixture was stirred
for 0.5 h at room temperature, the reaction was quenched by addition of water (2 mL). The
resultant mixture was extracted with EtOAc (2 mLx3), and then the extracts were washed with
brine (2 mL), dried over anhydrous Na2SQa, and concentrated in vacuo. The residue was subjected
to silica gel column chromatography (1/1 n-hexane/EtOAC) to give 268 (16.5 mg, 17.9 umol,
72% yield).

Data for 268: Colorless syrup ; R;0.64 (1/1 n-hexane/EtOAc) [a]*’p +111.3° (¢ 0.81, CHCls); *H
NMR (500 MHz, CDCls) 67.98-7.93 (4H, m, Ar-H), 7.53-7.47 (2H, m, Ar-H), 7.40-7.25 (17H,
m, Ar-H), 7.18-7.16 (2H, m, Ar-H), 5.93 (1H, dd, J23=10.0 Hz, Js4= 10.0 Hz, H-3), 5.39 (1H,
dd, Ji-»»=2.0 Hz, J» 3= 3.5 Hz, H-2"), 5.26 (1H, dd, Js2=10.0 Hz, Js5=10.0 Hz, H-4), 5.17 (1H,
dd, Ji2=3.5Hz, J;3=10.0 Hz, H-2), 5.13 (1H, d, J12= 3.5 Hz, H-1), 491 (1H, d, J-»»= 2.0 Hz,
H-1"), 4.87 and 4.49 (2H, ABq, J = 10.5 Hz, ArCH), 4.73 and 4.58 (2H, ABq, J = 11.0 Hz,
ArCH2), 4.67 and 4.51 (2H, ABq, J = 12.5 Hz, ArCHz2), 4.05 (1H, m, H-5), 3.99 (1H, dd, J»-3- =
3.5 Hz, J»4=9.5 Hz, H-3), 3.90 (1H, dd, J 4= 9.5 Hz, J;-» = 9.5 Hz, H-4"), 3.84-3.76 (3H, m,
H-5°, 6°a, 6°b), 3.69 (1H, br-d, Jsaen = 11.0 Hz, H-6a), 3.58 (1H, dd, Jse = 2.0 Hz, Jeasr = 11.0
Hz, H-6Db), 3.35 (3H, s, OCHs), 2.16 (3H, s, OC(O)CHj3), 1.92 (3H, s, OC(O)CHs); *C NMR (125
MHz, CDCls) 6170.4, 169.5, 165.8x2, 138.5, 138.2, 137.9, 133.3, 133.2, 129.9, 129.7, 129.2,
129.1, 128.3x2, 128.1, 127.8, 127.7, 127.6, 127.5, 97.7, 96.7, 77.7, 75.0, 74.1, 73.4, 71.9, 71.8,
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71.6, 70.7, 68.9, 68.8, 68.7, 68.0, 65.9, 55.4, 21.1, 20.6; HRMS (ESI-TOF) m/z 941.3353
(941.3360 calcd for Cs2Hs4O15Na [M+Na]").

Compound 275

Data for 275: Colorless syrup; R, 0.65 (2/1 toluene/acetone); [a]**p +43.0° (¢ 1.0, CHCl3); *H
NMR (500 MHz, CDCls) & 7.99-7.95 (4H, m, Ar-H), 7.52-7.43 (2H, m, Ar-H), 7.38-7.22 (30H,
m, Ar-H), 7.19-7.16 (2H, m, Ar-H), 7.11-7.09 (2H, m, Ar-H), 5.90 (1H, dd, Jo3= 10.5 Hz, Js.4=
8.5 Hz, H-3), 5.25 (1H, dd, Ji2= 4.0 Hz, J25= 10.5 Hz, H-2), 5.07 (1H, d, J12= 4.0 Hz, H-1), 4.85
and 4.49 (2H, ABq, J = 11.0 Hz, ArCHz2), 4.80 and 4.35 (2H, ABq, J = 11.0 Hz, ArCHz), 4.74
and 4.59 (2H, ABq, J = 12.0 Hz, ArCH), 4.60 and 4.51 (2H, ABq, J = 12.5 Hz, ArCH), 4.48
(1H, br-s, H-1%), 4.47 (1H, br-s, H-1""), 4.25 and 4.18 (2H, ABGq, J = 12.0 Hz, ArCH:), 4.18-4.05
(5H, m, H-2*, 2°*, 4, 6a, 6b), 3.83 (LH, dd, Js4~ = 9.0 Hz, Jis» = 9.0 Hz, H-4""), 3.78-3.73 (2H,
m, H-5, 6”°a), 3.70 (1H, dd, Js-¢ = 5.0 Hz, Js a5 = 11.0 Hz, H-6"b), 3.54 (1H, dd, J»5 = 3.0
Hz, J;-4 = 9.0 Hz, H-3"), 3.50-3.41 (3H, m, H-3’, 4°, 5}, 3.36 (3H, s, OCH), 3.31 (1H, dd,
Js.0a = 2.0 Hz, Jouon = 10.5 Hz, H-63), 3.23 (1H, m, H-5), 2.80 (1H, br-s, OH), 2.73 (1H, dd,
Jsgb = 6.5 Hz, Jouss = 105 Hz, H-6’h), 2.52 (1H, br-s, OH); *C NMR (125 MHz, CDCls)
0167.0,165.9, 138.4, 138.2, 138.1, 138.0, 137.7, 133.3, 132.9, 130.3, 129.9, 129.8, 129.2, 128.5,
128.4x2,128.3,128.2, 128.0, 127.9x2, 127.8, 127.7x2, 127.6, 127.5, 100.2 (*Jcn = 160 Hz), 98.3
(*JcH = 159 Hz), 96.7, 81.6, 81.3, 75.5, 75.4, 75.1x2, 74.8, 74.3, 74.1, 73.4, 73.0, 71.4x2, 71.2,
71.0, 69.3, 69.1, 68.3, 68.1, 67.9, 55.3; HRMS (ESI-TOF) m/z 1284.5527 (1284.5532 calcd for
C75Hs2NO1s [M+NH4]").

Compound S1

BnO OAc
BnO O o

BnO
BnO Oéc 1"
BnO
0 O
BnO " BzO 1
BzO,

s1 OMe

To a solution of 275 (4.9 mg, 3.87 umol) in pyridine (0.077 mL) were added Ac20 (3.0 uL,
0.0310 mmol) and DMAP (0.5 mg, 3.87 umol) at 0 °C. After the reaction mixture was stirred for
2 h at room temperature, the reaction was quenched by addition of water (2 mL). The resultant
mixture was extracted with EtOAc (2 mLx3), and then the extracts were washed with brine (2
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mL), dried over anhydrous Na2SOs, and concentrated in vacuo. The residue was subjected to silica
gel column chromatography (2/1 n-hexane/EtOAC) to give S1 (4.9 mg, 3.64 umol, 94% yield).
Data for S1: Colorless syrup; Ry 0.60 (8/1 toluene/acetone); [a]*’p +23.1° (¢ 0.48, CHCls); *H
NMR (400 MHz, CDCls) §8.00-7.94 (4H, m, Ar-H), 7.51-7.42 (2H, m, Ar-H), 7.38-7.15 (30H,
m, Ar-H), 7.13-7.02 (4H, m, Ar-H), 6.03 (1H, dd, J23 = 9.6 Hz, Js4 = 9.6 Hz, H-3), 5.82 (1H, d,
Jo3» = 2.0 Hz, H-2>%), 5.71 (1H, br-s, H-2), 5.11 (1H, d, J;2 = 3.6 Hz, H-1), 5.03 (1H, m, H-2),
4.85 and 4.52 (2H, ABq, J = 11.2 Hz, ArCH>), 4.76 and 4.48 (2H, ABg, J = 10.8 Hz, ArCH),
4.72 (1H, br-s, H-1""), 4.68 and 4.38 (2H, ABq, J = 10.8 Hz, ArCHz), 4.67 (1H, br-s, H-1"), 4.61
(2H, s, ArCH2), 4.57 and 4.37 (2H, ABq, J = 11.2 Hz, ArCH2), 4.53 and 4.25 (2H, ABq, J =12.4
Hz, ArCHz2), 4.13 (1H, br-d, Jsas» = 10.0 Hz, H-6a), 4.06 (1H, dd, J;4 = 10.0 Hz, J.5 = 10.0 Hz,
H-4), 3.98 (1H, m, H-5), 3.88-3.71 (7H, m, H-3°, 3>, 4”°, 6b, 6°a, 6°’a, 6°°b), 3.59 (1H, m, H-5""),
3.36 (3H, s, OCHs), 3.24 (1H, dd, Js: ¢ = 3.2 Hz, Jeaer = 11.2 Hz, H-6"b), 2.92-2.89 (2H, m, H-
4’ H-5%), 2.27 (3H, s, OC(0O)CHa), 2.14 (3H, s, OC(O)CHs); **C NMR (125 MHz, CDCl3) 5171.2,
171.1, 166.0, 164.9, 138.5, 138.4, 138.3, 138.1, 137.6, 137.4, 133.2, 133.0, 129.9, 129.6, 129.1,
128.4, 128.3, 128.2, 128.1, 127.9%2, 127.8, 127.7%x2, 127.6x2, 127.5, 127.3, 100.4, 98.5, 96.8,
80.5, 76.1, 75.7, 75.6, 75.1, 75.0, 74.5, 73.6, 73.5, 73.3, 72.4, 71.8, 71.7, 71.4, 69.5, 68.6, 68.4,
68.1, 67.9, 67.7, 55.2, 21.3, 21.1; HRMS (ESI-TOF) m/z 695.2557 (695.2552 calcd for
Cr5Hg2018K [M+H+K]*").

Compound 281 and 282

BnO OH
BnO&I&; BnO
BnO o Bnoﬁ/ﬁo
Hoﬁ BnO : Oﬁom
BzO OMe BzO e

AcHN 1 AcHN 1
281 282

Compound 281 was synthesized in 78% yield according to the general procedure B from
glucosaminide 277 and 209 (0.05 M final conc.), and along with 282 in 4% yield.
Data for 281: Colorless syrup; R, 0.64 (1/2 toluene/acetone); [a]*’p —17.3° (¢ 1.0, CHCl;); *H
NMR (500 MHz, CDCls) 68.01 (2H, d, J = 8.0 Hz, Ar-H), 7.55 (1H, t, J = 7.5 Hz, Ar-H), 7.41
(2H, t, J = 7.5 Hz, Ar-H), 7.36-7.22 (13H, m, Ar-H), 7.17-7.16 (2H, m, Ar-H), 5.64 (1H, d, J =
9.5 Hz, NH), 5.28 (1H, dd, J>3 = 10.5 Hz, J34 = 10.5 Hz, H-3), 4.83 (1H, d, J = 11.0 Hz, ArCH?2),
4.72 and 4.64 (2H, ABq, J = 12.0 Hz, ArCH), 4.57-4.45 (5H, m, H-1, 1°, ArCHz2), 4.22 (1H, dd,
Js6a = 2.0 Hz, Jeagp = 11.5 Hz, H-6a), 4.10-4.17 (2H, m, H-2, 2°), 3.93 (1H, dd, Jse» = 5.5 Hz,
Jsasb = 11.5 Hz, H-6b), 3.81 (1H, dd, J3-4- = 9.0 Hz, Js 5 = 9.0 Hz, H-4"), 3.78-3.64 (4H, m, H-4,
5,63, 6’b), 3.54 (1H, dd, J» 3 =3.0 Hz, J3 4+ =9.0 Hz, H-3’), 3.50-3.42 (5H, m, H-5’, OH, OCHs),
1.85 (3H, s, NHC(O)CHa),; *C NMR (125 MHz, CDCls) §170.3, 167.6, 138.1, 138.0, 137.7,
133.5, 129.9, 129.2, 128.5x2, 128.4, 128.0, 127.9, 127.8, 127.7, 127.6, 101.9, 100.2 (*Jcr = 159

104



Hz), 81.2, 76.4, 75.1, 75.0, 74.7, 74.1, 73.4, 71.5, 71.2, 69.8, 69.0, 68.0, 56.6, 53.8, 23.3; HRMS
(ESI-TOF) m/z 772.3337 (772.3333 calcd for CasHsoNO12 [M+H]").

Data for 282: Colorless syrup; R;0.51 (1/2 toluene/acetone); [a]**p —6.85° (c 0.44, CHCls); *H
NMR (500 MHz, CDCIs) 68.02 (2H, d, J = 7.5 Hz, Ar-H), 7.52 (1H, t, J = 8.0 Hz, Ar-H), 7.22-
7.39 (15H, m, Ar-H), 7.12-7.08 (2H, m, Ar-H), 5.67 (1H, d, J = 9.0 Hz, NH), 5.46 (1H, dd, J =
9.0 Hz, J=10.5Hz, H-3),4.77 and 4.39 (2H, ABq, J = 11.0 Hz, ArCHz2), 4.70 and 4.60 (2H, ABq,
J =12.0 Hz, ArCH>), 4.55 (1H, br-s, H-1), 4.50 (1H, d, J;» = 8.0 Hz, H-1), 4.30 and 4.24 (2H,
ABq, J = 12.0 Hz, ArCHz), 4.21-4.12 (2H, m, H-2, 4), 4.02 (1H, br-d, J» 5 = 3.0 Hz, H-2"), 3.92
(1H, dd, Jsga = 2.0 Hz, Jeasn = 12.0 Hz, H-6a), 3.78 (1H, dd, Jse» = 4.0 Hz, Jsaer = 12.0 Hz, H-
6b), 3.65 (1H, dd, Js-4 = 9.0 Hz, Js-s = 9.0 Hz, H-4"), 3.60 (1H, m, H-5), 3.51 (3H, s, OCHa),
3.46 (1H, dd, 3.5 = 3.0 Hz, Js4 = 9.0 Hz, H-3"), 3.24-3.18 (2H, m, H-5’, 6°a), 3.10 (1H, dd,
Js 6 = 5.0 Hz, Jeasy = 10.5 Hz, H-6"b), 1.86 (3H, s, NHC(O)CHz); *C NMR (125 MHz, CDCls)
0170.3, 167.1, 138.1, 137.8, 133.3, 129.9, 129.7, 128.5, 128.4, 128.3%2, 127.9, 127.8, 127.8,
127.7,127.5,102.1, 99.5 (1JCH =160 Hz), 81.5,75.2,75.1, 75.0, 74.8, 74.0, 73.9, 73.0, 71.4, 68.7,
68.2, 61.7, 56.8, 53.8, 23.3; HRMS (ESI-TOF) m/z 772.3364 (772.3333 calcd for CasHsoNO12
[M+H]").

Compound S2

BnO OAc
BnO Yo
(0]
A%go OMe

AcHN 1
S2

To a solution of 281 (6.3 mg, 8.16 umol) in pyridine (0.163 mL) were added Ac20 (6.2 uL,
0.0656 mmol) and DMAP (1.0 mg, 8.16 umol) at 0 °C. After the reaction mixture was stirred for
4 h at room temperature, the reaction was quenched by addition of water (2 mL). The resultant
mixture was extracted with EtOAc (2 mLx3), and then the extracts were washed with brine (2
mL), dried over anhydrous Na2SQOs, and concentrated in vacuo. The residue was subjected to
preparative TLC (2/1 n-hexane/acetone) to give S2 (7.0 mg, 8.18 umol, quant.).

Data for S2: Colorless syrup; Ry 0.84 (1/2 toluene/acetone); [a]*’p —33.5° (¢ 0.62, CHCl3); *H
NMR (500 MHz, CDCls) 6 7.97 (2H, d, J = 7.5 Hz, Ar-H), 7.57 (1H, t, J = 7.0 Hz, Ar-H), 7.43
(2H, t, J = 8.0 Hz, Ar-H), 7.35-7.26 (13H, m, Ar-H), 7.16-7.14 (2H, m, Ar-H), 5.65 (1H, br-d,
J» 3= 3.0 Hz, H-2"), 5.49 (1H, d, J = 8.0 Hz, NH), 5.41 (1H, dd, J23 = 11.0 Hz, J34 = 9.5 Hz, H-
3), 5.06 (1H, dd, J34 = 9.5 Hz, J45 = 9.5 Hz, H-4), 4.85 (1H, d, J = 10.5 Hz, ArCHz2), 4.74 (1H, d,
J=11.0 Hz, ArCH2), 4.66 (1H, d, J = 12.0 Hz, ArCHz), 4.59 (1H, br-s, H-1"), 4.55-4.47 (4H, m,
H-1, ArCHz), 4.05 (1H, m, H-2), 3.96 (1H, dd, Js ¢« = 2.0 HZ, Jsa6 = 11.5 Hz, H-6’a), 3.81-3.74
(4H, m, H-4°, 5, 64, 6°b), 3.68-3.62 (2H, m, H-3’, 6b), 3.50 (3H, s, OCHzs), 3.46 (1H, m, H-5"),
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2.20 (3H, s, NHC(O)CHs), 1.88 (3H, s, OC(O)CH), 1.86 (3H, s, OC(O)CH3):; *C NMR (125
MHz, CDCls) §170.5,170.2, 169.7, 166.7, 138.2, 137.5, 133.6, 129.9, 128.8, 128.6, 128.4, 128.3,
128.2,127.9,127.8,127.7,127.6, 101.8,99.7, 80.3, 75.4, 75.2,74.2, 73.6, 73.5, 73.1, 71.5, 69.2%2,
69.0, 67.9, 56.8, 54.6, 23.4, 21.2, 20.6; HRMS (ESI-TOF) m/z 856.3529 (856.3544 calcd for
C47Hs4aNO14 [M+H]").

Compound S3

BnO Oéc AcO
BnO
1' BzO
AcHN 1

OMe

S3

To a solution of 282 (7.4 mg, 9.59 umol) in pyridine (0.192 mL) were added Ac20 (7.2 uL,
0.0767 mmol) and DMAP (1.2 mg, 9.59 umol) at 0 °C. After the reaction mixture was stirred for
7 h at room temperature, the reaction was quenched by addition of sat. NaHCOsag. (2 mL). The
resultant mixture was extracted with EtOAc (2 mLx3), and then the extracts were washed with
brine (2 mL), dried over anhydrous Na2SO4, and concentrated in vacuo. The residue was subjected
to preparative TLC (2/1 toluene/acetone) to give S3 (6.8 mg, 7.94 umol, 83% yield).
Data for S3: Colorless syrup; Ry 0.38 (2/1 toluene/acetone); [a]*’p —40.2° (¢ 0.62, CHCl3); *H
NMR (500 MHz, CDCls) § 8.04 (2H, m, Ar-H), 7.52 (1H, m, Ar-H), 7.38-7.26 (15H, m, Ar-H),
7.14-7.11 (2H, m, Ar-H), 5.61 (1H, d, J = 9.5 Hz, -NH), 5.53 (1H, d, J»3- = 2.5 Hz, H-2’), 5.39
(1H, dd, J =9.0 Hz, J = 10.0 Hz, H-3), 4.78 (1H, d, J = 11.0 Hz, ArCH2), 4.68 (1H, d, J =115
Hz, ArCHz2), 4.55 (1H, br-s, H-1"), 452 (1H, d, J = 12.0 Hz, ArCH.), 4.45-4.34 (5H, m, H-1, 6a,
6b, ArCHz), 4.18-4.09 (2H, m, H-2, 4), 3.73 (1H, m, H-5), 3.65 (1H, dd, J»»+ =9.5Hz, J;- 5 = 9.5
Hz, H-4’), 3.57 (1H, dd, J»»3- = 3.5 Hz, J3-4 = 9.5 Hz, H-3’), 3.48 (3H, s, OCHs), 3.44 (1H, dd,
Js6a = 4.5 Hz, Jeaen = 10.5 Hz, H-6"a), 3.33 (1H, br-d, Jeaeb = 10.5 Hz, H-6’b), 3.19 (1H, m,
H-5%), 2.09 (3H, s, NHC(O)CHs), 1.98 (3H, s, OC(O)CHs), 1.85 (3H, s, OC(O)CHs); *C NMR
(125 MHz, CDCls) 6170.7,170.2, 166.6, 138.3, 138.1, 137.4, 133.4, 130.0, 129.4, 128.4x2, 128.4,
128.3, 128.1, 127.9x2, 127.7, 127.6, 102.0, 98.1, 80.1, 75.5, 75.1, 74.1, 73.9, 73.3, 73.0, 72.7,
71.5, 68.5, 67.8, 62.6, 56.7, 53.8, 23.3, 20.9, 20.7; HRMS (ESI-TOF) m/z 878.3386 (878.3364
calcd for C47HssNO12Na[M+Na]").

Compound 249

BnO OH
JERNSCRE
BnO 0
BzO = 1

249
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Compound 249 was synthesized in 91% yield according to the general procedure B from

glucal 278'* and 209 (0.05 M final conc.).

Data for 249: White solid; R;0.60 (2/1 toluene/acetone); [a.]*°p —43.5° (¢ 1.0, CHCIs); mp 39.0-
41.0 °C; *H NMR (500 MHz, CDCIs) § 8.05 (2H, d, J = 7.5 Hz, Ar-H), 7.58 (1H, t, J = 7.5 Hz,
Ar-H), 7.47 (2H, t, J = 7.5 Hz , Ar-H), 7.37-7.24 (13H, m, Ar-H), 7.20-7.19 (2H, m, Ar-H), 6.50
(1H, dd, J12 = 6.5 Hz, J13 = 2.0 Hz, H-1), 5.71 (1H, m, H-3), 4.87 and 4.53 (2H, ABq, J = 11.0
Hz, ArCH2), 4.83 (1H, dd, J1», = 6.5 Hz, J,3 = 2.0 Hz, H-2), 4.75 and 4.66 (2H, ABq, J=11.5 Hz,
ArCH:), 4.60 and 4.55 (2H, ABq, J = 12.0 Hz, ArCHz), 4.54 (1H, br-s, H-17), 4.32 (1H, dd, Js s
= 3.0 Hz, Jeagb = 11.0 Hz, H-6a), 4.18 (1H, d, J»-5- = 2.5 Hz, H-2°), 4.11 (1H, m, H-5), 4.05 (1H,
dd, Jsu = 6.5 Hz, Jas = 9.5 Hz, H-4), 3.96 (1H, dd, Jse = 5.5 Hz, Jsaen = 11.0 Hz, H-6b), 3.45 (1H,
m, H-5%), 3.86 (1H, dd, Js-4 = 9.0 Hz, Js-5 = 9.0 Hz, H-4"), 3.76 (1H, dd, Js- ¢ = 2.0 Hz, Jasb =
10.5 Hz, H-6"a), 3.58 (1H, dd, J» 5 = 2.5 Hz, Jy-.4 = 9.0 Hz, H-3"), 3.69 (1H, dd, J5» = 5.5 Hz,
Jeass = 10.5 Hz, H-6"b); *C NMR (125 MHz, CDCls) §167.9, 146.4, 138.1, 137.7, 138.0, 133.4,
129.8,129.6, 128.5, 128.4, 128.4, 128.1, 127.9x2, 127.7, 127.6, 100.1 (*Jc+ = 157 Hz), 99.0, 81.4,
77.5, 75.3, 75.1, 74.1, 74.0, 73.5, 71.4, 69.1, 68.2, 68.0; HRMS (ESI-TOF) m/z 700.3143
(700.3122 calcd for Ca0Ha6NO10 [M+NHa4]").

Compound S4

BnO OAc
JERNSCRE
BnO 0
Aco%ﬂ
BzO — 1

S4

To a solution of 249 (13.1 mg, 19.2 umol) in pyridine (0.384 mL) were added Ac20 (14.4
uL, 0.154 mmol) and DMAP (2.34 mg, 19.2 umol) at 0 °C. After the reaction mixture was stirred
for 2 h at room temperature, the reaction was quenched by addition of water (2 mL). The resultant
mixture was extracted with EtOAc (2 mLx3), and then the extracts were washed with brine (2
mL), dried over anhydrous Na2SQOs, and concentrated in vacuo. The residue was subjected to
preparative TLC (2/1 n-hexane/acetone) to give S4 (10.1 mg, 13.2 umol, 69% yield).

Data for S4: Colorless syrup; R, 0.45 (2/1 n-hexane/acetone); [a.]*’p —88.5° (¢ 1.0, CHCl;); *H
NMR (500 MHz, CDCls) 6 8.01 (2H, d, J = 8.5 Hz, Ar-H), 7.52 (1H, m, Ar-H), 7.41 (2H, t, J =
7.5 Hz, Ar-H), 7.34-7.22 (13H, m, Ar-H), 7.20-7.19 (2H, m, Ar-H), 6.49 (1H, d, J.> = 6.5 Hz, H-
1), 5.70 (1H, br-d, J»- 5 = 3.0 Hz, H-2’), 5.46 (1H, m, H-3), 5.33 (1H, dd, J = 6.0 Hz, J = 6.0 Hz,
H-4), 5.00 (1H, dd, J1, = 6.5 Hz, J,3 = 4.0 Hz, H-2), 4.88 (1H, d, J = 11.0 Hz, ArCH.), 4.77 (1H,
d, J=10.5 Hz, ArCH2), 4.62 (1H, d, J = 13.5 Hz, ArCHz), 4.61 (1H, br-s, H-1"), 4.52-4.48 (3H,
m, ArCHz), 4.38 (1H, m, H-5), 4.11 (1H, dd, Jsea = 3.0 Hz, Jeaen = 11.5 Hz, H-6a), 3.87 (1H, dd,
Js6b = 7.5 Hz, Jeaep = 11.5 Hz, H-6b), 3.80 (1H, dd, J3-4- = 9.0 Hz, J& 5 = 9.5 Hz, H-4"), 3.77-3.73
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(2H, m, H-6, 6°b), 3.67 (1H, dd, J».3- = 3.0 Hz, Js-4 = 9.0 Hz, H-3), 3.46 (1H, m, H-5’), 2.14
(3H, s, OC(O)CHs), 2.06 (3H, 5, OC(O)CHs); *C NMR (125 MHz, CDCls) §170.5, 169.6, 165.8,
145.7, 138.2, 138.1, 137.5, 133.2, 129.8, 129.6, 128.4x2, 128.3x2, 128.2, 127.9, 127.8, 127.7,
127.6, 99.3, 98.4, 80.3, 75.6, 75.1x2, 74.1, 73.5, 71.5, 69.0, 67.7, 67.6, 67.4, 67.2, 21.1, 20.8;
HRMS (ESI-TOF) m/z 789.2896 (789.2887 calcd for CasHasO12 Na[M+Na]").

Compound 283

BnO
B%On&oﬁlo OBz
Eavce
283 OMe
Compound 283 was synthesized in 81% yield according to the general procedure B from

mannoside 279'% and 209 (0.05 M final conc.).
Data for 283: Colorless syrup; R;0.55 (1/1 n-hexane/acetone); [a.]*°p —38.8° (¢ 0.73, CHCLs); *H
NMR (400 MHz, CDCls) 68.05 (2H, d, J = 7.2 Hz, Ar-H), 7.89 (2H, d, J = 7.2 Hz, Ar-H), 7.57
(1H, m, Ar-H), 7.52-7.43 (3H, m, Ar-H), 7.36-7.24 (15H, m, Ar-H), 7.19-7.18 (2H, m, Ar-H),
5.56-5.53 (2H, m, H-2, 3), 4.87-4.85 (2H, m, H-1, ArCHz), 4.74 and 4.65 (2H, ABq, J=12.0 Hz,
ArCH2), 4.60-4.50 (4H, m, H-1’, ArCHz2), 4.31 (1H, dd, Js6. = 2.8 Hz, Jsaep = 10.8 Hz, H-6a),
4.19-4.13 (2H, m, H-2’, 4), 4.00 (1H, m, H-5), 3.93 (1H, dd, Js v = 5.6 Hz, Jeasn = 10.8 Hz, H-
6b), 3.68 (1H, dd, Js 6'a = 5.6 Hz, Jsa6» = 10.8 Hz, H-6’a), 3.84 (1H, dd, J34 = 9.2 Hz, J»- 5 = 9.2
Hz, H-4’), 3.75 (1H, dd, Js ¢ = 2.0 Hz, Jsaev = 10.8 Hz, H-6’b), 3.55 (1H, dd, J.'3- = 3.2 Hz,
Jy 4 =9.2 Hz, H-3), 3.48-3.43 (4H, m, H-5’, OCHs), 2.97 (1H, d, J = 4.4 Hz, OH), 2.46 (1H, br-
s, OH); *C NMR (125 MHz, CDCls) 5166.8, 165.4, 138.1x2, 137.8, 133.4, 133.3, 129.9, 129.8,
129.5, 129.4, 128.6, 128.5, 128.4x2, 128.3, 128.1, 127.9x2, 127.8x2, 127.6, 100.1 (*Jcn = 157
Hz), 98.5, 81.4, 75.3, 75.1, 74.2, 73.5, 72.9, 71.6, 71.5, 70.5, 69.3, 69.2, 68.2, 67.8, 55.2; HRMS
(ESI-TOF) m/z 835.3326 (835.3330 calcd for CssHs1013 [M+H]").

Compound S5

BnO OAc
BnO Yo oBz
AcO 0
BzO 1

§5 OMe

To a solution of 283 (15.4 mg, 18.4 umol) in pyridine (0.368 mL) were added Ac20 (13.9
uL, 0.147 mmol) and DMAP (2.3 mg, 18.8 umol) at 0 °C. After the reaction mixture was stirred
for 3 h at room temperature, the reaction was quenched by addition of water (2 mL). The resultant
mixture was extracted with EtOAc (2 mLx3), and then the extracts were washed with brine (2
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mL), dried over anhydrous Na2SOs, and concentrated in vacuo. The residue was subjected to silica
gel column chromatography (11/1 toluene/acetone) to give S5 (15.4 mg, 16.7 umol, 91% yield).
Data for S5: Colorless syrup; Ry 0.72 (4/1 toluene/acetone); [a]*n —76.3° (¢ 0.65, CHCl3); *H
NMR (500 MHz, CDCls) §8.04 (2H, d, J = 7.5 Hz, Ar-H), 7.93 (2H, d, J = 7.0 Hz, Ar-H), 7.60
(1H, t, J = 7.5 Hz, Ar-H), 7.51-7.46 (3H, m, Ar-H), 7.35-7.26 (15H, m, Ar-H), 7.16-7.14 (2H, m,
Ar-H), 5.71 (1H, br-d, J,- 5 = 3.0 Hz, H-2"), 5.66 (1H, dd, J»3 = 3.5 Hz, J34 = 10.5 Hz, H-3), 5.59
(1H, dd, J12 = 2.0 Hz, J23 = 3.5 Hz, H-2), 5.44 (1H, dd, J23 = 10.5 Hz, J34 = 10.5 Hz, H-4), 4.89
(1H, d, J12 = 2.0 Hz, H-1), 4.86 (1H, d, J = 11.0 Hz, ArCH2), 4.75 (1H, d, J = 11.0 Hz, ArCH2),
4.64 (1H, d, J = 11.0 Hz, ArCHz), 4.59 (1H, br-s, H-1°), 4.53-4.47 (3H, m, ArCHz), 4.13-4.07
(2H, m, H-4, 5), 3.80-3.74 (3H, m, H-6a, 6°a, 6’b), 3.70-3.65 (2H, m, H-3’, 6b), 3.49-3.45 (4H,
m, H-5°, OCHs), 2.16 (3H, s, OC(O)CHs), 1.92 (3H, s, OC(O)CHs); **C NMR (125 MHz, CDCls)
0170.3,170.1, 165.5, 165.3, 138.1, 137.5, 133.4, 133.2, 129.9, 129.7, 129.3, 129.2, 128.6, 128.4,
128.4,128.3,128.2, 127.9, 127.7, 127.6, 99.6, 98.2, 80.2, 75.5, 75.2, 74.2, 73.5, 71.5, 70.4, 70.0,
69.5, 69.2, 69.1, 67.8, 66.8, 55.1, 21.0, 20.7; HRMS (ESI-TOF) m/z 936.3810 (936.3806 calcd
for Cs2HssNO1s [M+NH4]").

Compound 250

BnO OH
BnO (e}

o
BzO OMe

250 BzO 1

Compound 250 was synthesized in 86% yield according to the general procedure B from
galactoside 280 and 209 (0.05 M final conc.).
Data for 250: White solid; R;0.59 (2/1 toluene/acetone); [a]*°p +26.5° (¢ 1.0, CHCls); mp 153.0-
155.0 °C; *H NMR (500 MHz, CDCls) § 7.98 (2H, d, J = 7.5 Hz, Ar-H), 7.87 (2H, d, J = 7.0 Hz,
Ar-H), 7.50 (2H, m, Ar-H), 7.40-7.24 (17H, m, Ar-H), 7.09-7.05 (2H, m, Ar-H), 5.69 (1H, dd,
J12=8.0 Hz, J23 = 10.0 Hz, H-2), 5.41 (1H, dd, J23 = 10.0 Hz, J34 = 3.0 Hz, H-3), 4.80 (1H, d, J
=11.0 Hz, ArCH), 4.72 (1H, d, J = 12.0 Hz, ArCHz2), 4.60 (1H, d, J1> = 8.0 Hz, H-1), 4.55 (1H,
d, J =120 Hz, ArCH2),3.24 (1H, dd, J» 3 = 3.0 Hz, J» 4+ = 9.0 Hz, H-3), 4.50 (1H, br-d, J34 =
3.0 Hz, H-4), 4.45-4.39 (3H, m, ArCH2), 4.29 (1H, br-s, H-1"), 4.27 (1H, br-d, J» 3- = 3.0 Hz, H-
2%), 4.03 (1H, dd, Js62 = 10.5 Hz, Jeaer = 10.5 Hz, H-6a), 3.77 (1H, m, H-6b), 3.72 (1H, dd, Jsea
=10.5 Hz, Js6p = 5.0 Hz, H-5), 3.61-3.59 (2H, m, H-4’, 6°a), 3.53 (3H, s, OCHg), 3.44 (1H, dd, J
= 8.0 Hz, J = 10.0 Hz, H-6’b), 3.29 (1H, m, H-5°); *C NMR (125 MHz, CDCls) §165.5, 165.4,
137.7,137.5,137.3, 133.7, 133.2, 129.8, 129.6, 129.5, 128.8, 128.6, 128.5, 128.4x2, 128.3, 128.2,
128.1, 127.9x2, 102.3, 100.8 (*JcH = 157 Hz), 80.9, 75.2, 74.2, 74.1, 73.8, 73.5, 73.3, 70.8, 70.0,
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69.1, 67.6, 59.0, 57.2; HRMS (ESI-TOF) m/z 857.3147 (857.3149 calcd for CasHsoONa
[M+Na]").

Compound S6

BnO OAc
Bno% OAc
BnO (0]

o
BzO OMe

s6 BzO 1

To a solution of 280 (17.5 mg, 21.0 umol) in pyridine (0.420 mL) were added Ac20 (15.7
pL, 0.166 mmol) and DMAP (2.6 mg, 21.3 umol) at 0 °C. After the reaction mixture was stirred
for 3 h at room temperature, the reaction was quenched by addition of water (2 mL). The resultant
mixture was extracted with EtOAc (2 mLx3), and then the extracts were washed with brine (2
mL), dried over anhydrous Na2SOs, and concentrated in vacuo. The residue was subjected to silica
gel column chromatography (11/1 toluene/acetone) to give 250 (17.9 mg, 19.5 umol, 93% vyield).
Data for 250: White solid; R,0.42 (10/1 toluene/acetone); [a]**p +30.2° (¢ 0.92, CHCl3); mp 53.0-
55.0 °C; *H NMR (500 MHz, CDCls) § 8.01-7.97 (4H, m, Ar-H), 7.50 (2H, t, J = 7.5 Hz, Ar-H),
7.24-7.38 (17H, m, Ar-H), 7.13-7.11 (2H, m, Ar-H), 5.72-5.69 (2H, m, H-2, 2°), 5.41 (1H, dd, J.3
=10.5 Hz, J34 = 3.0 Hz, H-3), 4.64 and 4.51 (2H, ABq, J = 12.0 Hz, ArCH?2), 4.67 and 4.26 (2H,
ABq, J =11.0 Hz, ArCH2), 4.60 (1H, d, J1> = 8.0 Hz, H-1), 4.52 (1H, br-s, H-1"), 4.43 (1H, br-d,
J34=3.0 Hz, H-4), 4.38-4.36 (2H, m, H-64a, 6b), 3.91 (1H, dd, J = 5.0 Hz, J = 6.0 Hz, H-5), 3.75-
3.69 (2H, m, H-4’, 6°b), 3.62 (1H, br-d, J = 11.0 Hz, H-6’a), 3.52 (3H, s, OCHs), 3.32 (1H, dd,
Jr 3 = 3.0 Hz, J34 = 9.5 Hz, H-3’), 3.12 (1H, dd, J = 4.5 Hz, J = 10.0 Hz, H-5’), 2.23 (3H, s,
OC(O)CHs), 2.05 (3H, s, OC(O)CHs); *C NMR (125 MHz, CDCls) §170.6, 170.2, 165.7, 165.1,
138.5, 138.1, 137.5, 133.8, 133.0, 129.8, 129.7, 129.6, 128.8, 128.6, 128.4, 128.3x2, 128.2, 128.0,
127.9,127.7, 127.5x2, 101.7, 99.0, 80.2, 75.7, 75.2, 74.0, 73.9, 73.5, 73.1, 72.2, 71.2, 69.2, 69.0,
67.5, 63.6, 56.2, 21.0, 20.8; HRMS (ESI-TOF) m/z 941.3359 (941.3360 calcd for Cs2Hs4015Na
[M+Na]").

Compound 286 and 287
BnO
OB OH

n OH BnO o]

B”o_&&v X om <
e
BnO o] —~ HO OMe

BzO

286 287

Compound 286 and 287 were synthesized in 71% yield (B/a = 92/8) (The B/a ratio was
determined by *H NMR analysis.) and 21% yield, respectively, according to the general
procedure B from galactoside 284" and 209 (10 mM final conc.).
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Data for 286 (B anomer is only shown): Colorless syrup; R;0.45 (2/1 toluene/acetone); *H NMR
(500 MHz, CDCls) 6 8.06-8.01 (4H, m, Ar-H), 7.62-7.54 (2H, m, Ar-H), 7.48-7.40 (4H, m, Ar-
H), 7.34-7.22 (13H, m, Ar-H), 7.18-7.14 (2H, m, Ar-H), 5.54 (1H, dd, Ji, = 8.0 Hz, J,5 = 10.0
Hz, H-2), 4.81 (1H, d, J= 11.0 Hz, ArCH?2), 4.68-4.59 (2H, m, H-6a, 6b), 4.56-4.45 (6H, m, 1, 1°,
ArCH2), 4.39 (1H, d, J = 11.5 Hz, ArCH), 4.26 (1H, br-s, H-4), 3.95 (1H, dd, J.5 = 10.0 Hz, J34
= 3.0 Hz, H-3), 3.92-3.87 (2H, m, H-2’, 5), 3.76 (1H, dd, J» 4+ = 9.0 Hz, J» 5 = 9.0 Hz, H-4’),
3.70-3.62 (2H, m, H-6’a, 6°’b), 3.46 (3H, s, OCHa), 3.41 (1H, m, H-5"), 3.32 (1H, dd, J» 3 = 3.0
Hz, J3- 4 = 9.0 Hz, H-3"); **C NMR (125 MHz, CDCls) §166.4, 165.3, 138.0, 137.9, 137.5, 133.2,
133.1, 130.0, 129.9, 129.7, 128.5, 128.4x2, 128.1, 127.8x2, 127.7, 101.8, 100.8, 80.8, 80.4, 75.2,
75.1,73.8,73.4,72.3,71.5,71.1, 69.2, 68.6, 67.7, 63.7, 56.4.

Data for 287: Colorless syrup; R, 0.63 (2/1 toluene/acetone); [a]**p —23.4° (¢ 1.0, CHCl3); *H
NMR (500 MHz, CDCls) 68.08-8.04 (4H, m, Ar-H), 7.62-7.54 (2H, m, Ar-H), 7.49-7.38 (6H, m,
Ar-H), 7.35-7.18 (13H, m, Ar-H), 5.23 (1H, dd, J:2 = 8.0 Hz, J,3 = 10.0 Hz, H-2), 4.87 and 4.55
(2H, ABqg, J = 11.0 Hz, ArCH2), 4.82 (1H, br-s, H-1"), 4.81 and 4.66 (2H, ABq, J = 12.0 Hz,
ArCH2), 4.78 (1H, dd, Js6a = 4.5 Hz, Jsaep = 12.0 Hz, H-6a), 4.59 (1H, dd, Jsg» = 7.5 Hz, Jeasb =
12.0 Hz, H-6b), 4.55 and 4.47 (2H, ABq, J = 12.0 Hz, ArCHz2), 4.51 (1H, d, Ji> = 8.0 Hz, H-1),
4.31 (1H, m, H-2"), 4.29 (1H, br-d, J = 3.0 Hz, H-4), 3.92-3.86 (3H, m, H-3, 4, 5), 3.74-3.68 (2H,
m, H-6’a, 6°b), 3.58 (1H, dd, J»-3- = 3.0 Hz, J5-4 = 9.0 Hz, H-3’), 3.51 (3H, s, OCHz), 3.47 (1H,
m, H-5%), 3.21 (1H, d, J = 6.5 Hz, OH), 2.54 (1H, br-d, J = 2.0 Hz, OH); *C NMR (125 MHz,
CDCls) 6167.4, 166.3, 138.2, 137.9, 133.5, 133.1, 130.1, 130.0, 129.6, 129.4, 128.5x2, 128.4,
128.3,128.1, 127.9, 127.8, 127.7, 127.4, 101.7, 100.4 (*Jcn = 161 Hz), 81.2, 75.3x2, 75.1, 74.2,
74.1,73.4%x2,72.4,71.3, 69.6, 67.9, 64.2, 56.9; HRMS (ESI-TOF) m/z 857.3123 (857.3149 calcd
for CssHs0013Na [M+Na]").

Compound S7 and S8
0Bz o2\ 98z 0Bz
n BzO
BnO OBz BzO BnO z
BnO o) OMe o OMe
BzO BzO
s7 s8

To a solution of 286 (11.2 mg, 0.0134 mmol) in pyridine (268 uL) was added BzCl (6.2 pL,
0.0536 mmol) at 0 °C. After the reaction mixture was stirred for 1 h at room temperature, the
reaction was quenched by addition of water (2 mL). The resultant mixture was extracted with
EtOAc (2 mLx3), and then the extracts were washed with brine (2 mL), dried over anhydrous
Na>SOs4, and concentrated in vacuo. The residue was subjected to preparative TLC (9/1
toluene/acetone) to give S7 (12.0 mg, 0.0115mmol, 86% yield) and S8 (1.1 mg, 1.05 umol, 8%
yield).
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Data for S7: colorless syrup; R0.58 (8/1 toluene/acetone); [a]**p +34.4° (¢ 1.0, CHCl;); *H NMR
(500 MHz, CDClIs) § 8.10-8.09 (2H, m, Ar-H), 8.01-8.00 (2H, m, Ar-H), 7.69-7.68 (4H, m, Ar-
H), 7.62-7.59 (1H, m, Ar-H), 7.53-7.47 (3H, m, Ar-H), 7.41-7.40 (2H, m, Ar-H), 7.36-7.33 (6H,
m, Ar-H), 7.29-7.24 (4H, m, Ar-H), 7.17-7.06 (11H, m, Ar-H), 5.83 (1H, br-d, J;4 = 3.5 Hz, H-
4),5.57 (1H, dd, J1, = 8.0 Hz, J,5 = 11.0 Hz, H-2), 5.45 (1H, br-d, J,-5- = 3.0 Hz, H-2"), 4.84 and
4.61 (2H, ABq, J = 12.0 Hz, ArCH2), 4.73 and 4.47 (2H, ABq, J = 10.5 Hz, ArCH.), 4.66 (1H,
br-s, H-1°), 4.56 (1H, d, J1, = 8.0 Hz, H-1), 4.55 and 4.17 (2H, ABq, J = 11.5 Hz, ArCHz), 4.46-
4.41 (2H, m, H-6a, 6b), 4.25 (1H, dd, Jas = 10.0 Hz, Js4 = 3.5 Hz, H-3), 4.07 (1H, br-t, J = 6.5
Hz, H-5), 3.89 (1H, dd, Js ¢ = 5.0 Hz, Jewss = 11.5 Hz, H-6"a), 3.82-3.76 (2H, m, H-4’, 6b),
3.49 (3H, s, OCHz), 3.46 (1H, m, H-5), 3.40 (1H, dd, J2: 5> = 3.0 Hz, Js:4- = 9.5 Hz, H-3"); 3C
NMR (125 MHz, CDCls) 6166.1, 165.4, 165.0, 164.8, 138.8, 138.1, 137.4, 133.3, 133.1, 132.7,
132.3, 129.8, 129.7x2, 129.4, 129.0, 128.9, 128.6, 128.3x2, 128.2, 128.1, 128.0, 127.9, 127.7,
127.6, 127.3, 127.2, 102.1, 99.6 (*Jc+ = 155 Hz), 80.0, 76.1, 75.3, 73.9, 73.6, 71.9, 71.8, 70.9,
70.2, 69.3, 67.5, 62.9, 56.8; HRMS (ESI-TOF) m/z 1065.3689 (1065.3673 calcd for Ce2HssO15Na
[M+Na]").

Data for S8: colorless syrup; R, 0.70 (8/1 toluene/acetone); [a]*’p +50.3° (¢ 0.65, CHCl3); *H
NMR (500 MHz, CDCls) & 8.26-8.25 (2H, m, Ar-H), 8.03-7.96 (6H, m, Ar-H), 7.64-7.61 (1H,
m, Ar-H), 7.57-7.49 (4H, m, Ar-H), 7.44-7.39 (3H, m, Ar-H), 7.32-7.22 (9H, m, Ar-H), 7.20-7.15
(2H, m, Ar-H), 7.14-7.09 (3H, m, Ar-H), 7.05-7.03 (2H, m,Ar-H), 6.80-6.78 (2H, m, Ar-H), 5.85
(1H, br-d, J34 = 3.5 Hz, H-4), 5.53 (1H, dd, J12 = 8.0 Hz, J23 = 10.0 Hz, H-2), 5.42 (1H, dd, J1-»
= 2.0 Hz, J»3 = 2.5 Hz, H-2’), 5.31 (1H, d, Ji'»» = 2.0 Hz, H-1"), 4.70 (1H, dd, Js6a = 6.0 Hz,
Jsasb = 11.0 Hz, H-6a), 4.61-4.57 (2H, m, H-1, ArCH.), 4.54 and 4.20 (2H, ABq, J = 11.5 Hz,
ArCH2), 4.49 (1H, d, J=10.5 Hz, ArCH2), 4.41-4.36 (2H, m, H-6b, ArCH?2), 4.28 (1H, dd, J.3 =
10.0 Hz, J34 = 3.5 Hz, H-3), 4.13-4.11 (2H, m, H-5, ArCH2), 3.78 (1H, dd, J3 4+ = 9.5 Hz, J»- 5> =
9.5 Hz, H-4’), 3.66-3.60 (2H, m, H-3", 5°), 3.56 (3H, s, OCHj3), 3.38-3.43 (2H, m, H-6’a, 6°b);
13C NMR (125 MHz, CDCls) §166.1, 165.8, 165.0x2, 138.7, 138.5, 137.8, 133.6, 133.3, 133.1,
132.9, 130.2, 130.0x2, 129.8, 129.5, 129.4, 129.2, 128.7, 128.5, 128.3, 128.2, 128.1x2, 127.9,
127.4, 127.3, 127.2, 127.0, 102.4, 95.5 (1Jcn = 170 Hz), 77.8, 74.2, 73.8, 73.5, 73.3, 72.0, 71.3,
71.0, 70.4, 68.8, 68.2, 66.3, 62.1, 57.1; HRMS (ESI-TOF) m/z 1065.3708 (1065.3673 calcd for
Ce2Hs8015Na [M+Na]").

Compound S9

BnO OAc
Bnoﬁ/ OBz
BnO O
AcO OMe

BzO
S9
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To a solution of 287 (6.5 mg, 7.79 umol) in pyridine (0.156 mL, 50 mM) were added Ac20
(6.0 pL, 0.062 mmol) and DMAP (0.95 mg, 7.79 umol) at 0 °C. After the reaction mixture was
stirred for 0.5 h at room temperature, the reaction was quenched by addition of water (2 mL). The
resultant mixture was extracted with EtOAc (2 mLx3), and then the extracts were washed with
brine (2 mL), dried over anhydrous Na2SO4, and concentrated in vacuo. The residue was subjected
to silica gel column chromatography (9/1 toluene/acetone) to give S9 (7.0 mg, 7.62 umol, 98%
yield).
Data for S9: colorless syrup; R, 0.53 (8/1 toluene/acetone); [a]**p —11.2° (¢ 0.95, CHCls); *H
NMR (500 MHz, CDCls) §8.08-8.00 (4H, m, Ar-H), 7.60-7.54 (2H, m, Ar-H), 7.47-7.41 (4H, m,
Ar-H), 7.37-7.35 (2H, m, Ar-H), 7.33-7.23 (11H, m, Ar-H), 7.20-7.16 (2H, m, Ar-H), 5.76 (1H,
br-d, J2» 3 = 3.0 Hz, H-2"), 5.52 (1H, dd, J12 = 7.5 Hz, J23 = 10.0 Hz, H-2), 5.28 (1H, dd, J23 =
10.0 Hz, Js4 = 3.0 Hz, H-3), 4.87 (1H, d, J = 11.0 Hz, ArCH2), 4.82 (1H, d, J = 11.5 Hz, ArCH2),
4.73 (1H, br-s, H-1°), 4.61 (1H, dd, J = 5.0 Hz, J = 7.0 Hz, H-6a), 4.57-4.50 (5H, m, H-1, 6b,
ArCH:), 4.43 (1H, d, J = 12.0 Hz, ArCH2), 4.39 (1H, br-d, Js4 = 3.0 Hz, H-4), 4.00 (1H, m, H-5),
3.73 (1H, dd, Js-4 = 9,5 Hz, Jus = 9.5 Hz, H-4’), 3.71-3.69 (2H, m, H-6a, 6°b), 3.64 (1H, dd,
J> 3 =3.0 Hz, J3-4 = 9.5 Hz, H-3"), 3.48 (3H, s, OCHs), 3.39 (1H, ddd, J =2.5Hz, J=4.5Hz, J
= 9.5 Hz, H-5°), 2.24 (3H, s, OC(0)CHs), 1.93 (3H, s, OC(O)CHs); **C NMR (125 MHz, CDCls)
6 170.2, 170.0, 166.2, 165.2, 138.3, 138.1, 137.5, 133.2, 133.1, 130.0, 129.8, 129.7, 129.6,
128.4x3, 128.3x2, 128.0, 127.8, 127.7, 127.6, 127.5, 101.8, 98.3, 80.2, 75.9, 75.3, 74.3, 73.4,
73.0, 72.5, 72.0, 71.4, 69.5, 69.4, 67.5, 64.0, 56.1, 21.0, 20.8; HRMS (ESI-TOF) m/z 941.3395
(941.3360 calcd for Cs;Hs4O15Na [M+Na]").

Compound 288
:Bu
‘Bu-Si~g— OH
o oy oG IQ
Bno&ﬂ/
BnO OMe
288

Compound 288 was synthesized in 75% yield according to the general procedure B from

mannoside 285 and 209 (25 mM final conc.).

Data for 288: Colorless syrup; R, 0.43 (4/1 toluene/acetone); [a]**p +14.2° (¢ 1.0, CHCl;); *H
NMR (500 MHz, CDCls) 6 7.37-7.26 (13H, m, Ar-H), 7.19 (2H, m, Ar-H), 4.87 and 4.52 (2H,
ABq, J=10.0 Hz, ArCH>), 4.84 (1H, br-s, H-1"), 4.74 and 4.66 (2H, ABq, J = 11.5 Hz, ArCH2),
4.66 (1H, d, J12 = 1.0 Hz, H-1), 4.60 and 4.52 (2H, ABq, J = 12.0 Hz, ArCH.), 4.36 (1H, dd, Js4
= 9.5 Hz, Jss = 9.5 Hz, H-4), 4.25 (1H, dd, J23 = 2.5 Hz, J34 = 9.5 Hz, H-3), 4.16 (1H, br-d, J>- -
= 2.5 Hz, H-2’), 4.11 (1H, dd, Jsea = 5.0 Hz, Jsaep = 10.0 Hz, H-6a), 4.03 (1H, br-s, H-2), 3.99
(1H, dd, Js b = 10.5 Hz, Jeasr = 10.0 Hz, H-6b), 3.87 (1H, dd, J3- 4 = 9.5 Hz, J4- 5 = 9.5 Hz, H-4"),
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3.76-3.64 (4H, m, H-5, 6’a, 6’b, -OH), 3.55 (1H, dd, Jo-3: = 2.5 Hz, J-4 = 9.5 Hz, H-3°), 3.49
(1H, ddd, Jas: = 9.5 Hz, Js-60 = 2.5 Hz, Js.6% = 6.0 Hz, H-5"), 3.36 (3H, s, OCHs), 2.90 (1H, br-
s, OH), 1.01 (9H, s, 'Bu), 1.00 (9H, s, 'Bu): *C NMR (125 MHz, CDCls) 5138.0, 137.7, 128.5,
128.4, 128.3, 128.2, 127.9x2, 127.6, 101.4, 95.9 (*Jcn = 160.0 Hz), 81.5, 77.1, 75.3, 73.9, 73.5,
715, 71.4, 70.5, 68.9, 68.6, 67.8, 66.7, 55.2, 27.5, 27.0, 22.6, 19.9; HRMS (ESI-TOF) m/z
789.3621 (789.3646 calcd for C42Hss01:NaSi [M+Na]*).

Compound S10

To a solution of 288 (16.2 mg, 21.1 umol) in pyridine (0.156 mL, 50 mM) were added Ac20

(16.0 uL, 169 mmol) and DMAP (2.6 mg, 21.1 umol) at 0 °C. After the reaction mixture was
stirred for 0.5 h at room temperature, the reaction was quenched by addition of water (2 mL). The
resultant mixture was extracted with EtOAc (2 mLx3), and then the extracts were washed with
brine (2 mL), dried over anhydrous Na2SQa, and concentrated in vacuo. The residue was subjected
to silica gel column chromatography (10/1 toluene/acetone) to give S10 (18.0 mg, 21.1 umol,
guant.).
Data for S10: Colorless syrup; R, 0.68 (8/1 toluene/acetone); [a.]**p —30.5° (¢ 1.0, CHCLs); *H
NMR (500 MHz, CDCls) ¢ 7.36-7.14 (15H, m, Ar-H), 5.50 (1H, br-d, J>-3- = 3.0 Hz, H-2"), 5.27
(1H, dd, J12 = 2.0 Hz, J»3 = 3.0 Hz, H-2), 4.85 (1H, d, J = 11.0 Hz, ArCH,), 4.73 (1H,d, J=11.5
Hz, ArCHy), 4.72 (1H, d, J = 12.0 Hz, ArCH), 4.67 (1H, br-s, H-1°), 4.60 (1H, d, J:12 = 2.0 Hz,
H-1), 4.57-4.50 (3H, m, ArCH.), 4.11 (1H, dd, Js6a = 5.0 Hz, Jsaer = 10.0 Hz, H-6a), 4.05-4.01
(2H, m, H-3, 6b), 3.96 (1H, dd, J34 = 10.5 Hz, Js5 = 10.5 Hz, H-4), 3.86 (1H, dd, Js ¢a = 4.0 Hz,
Jeaey = 11.5 Hz, H-6’a), 3.85 (1H, dd, J3-4 = 9.0 Hz, Js 5 = 10.0 Hz, H-4’), 3.79 (1H, dd, Js- 6
= 2.0 Hz, Joa6b = 11.5 Hz, H-6’b), 3.72 (1H, m, H-5), 3.68 (1H, dd, J> 3 = 3.0 Hz, J5-4- = 9.0 Hz,
H-3"), 3.45 (1H, ddd, J&- 5 = 10.0 Hz, Js 6« = 4.0 Hz, J5° 6 = 2.0 Hz, H-57), 3.37 (3H, s, OCH3),
2.17 (3H, s, OC(O)CHa), 2.12 (3H, s, OC(O)CHs), 1.02 (9H, s, 'Bu), 0.95 (9H, s, '‘Bu); *C NMR
(125 MHz, CDCls) 6 170.7, 170.5, 138.6, 138.4, 137.7, 128.4, 128.3, 128.2x2, 128.0, 127.8x2,
127.6, 127.4, 99.5, 96.0, 80.2, 76.2, 75.2, 74.3, 73.9x2, 72.9, 71.4, 69.4, 68.4, 67.6, 67.4, 66.7,
55.2, 27.4, 27.0, 22.6, 21.0, 20.9, 19.9; HRMS (ESI-TOF) m/z 873.3892 (873.3857 calcd for
Cu6Hs2013NaSi [M+Na]").
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Compound 291 and 292
BnO
BnO OH Bng Og
BQ,?(&&O BnO v
291

To a solution of p-nitrophenylboronic acid (247) (1.69 mg, 10.1 umol), 289 (7.4 mg, 50.6
umol) and H,O (4.6 uL, 0.256 mmol) in dry MeCN (1.42 mL) was added a solution of 209 (65.7
mg, 0.152 mmol) in dry MeCN (1.42 mL) at 0 °C under Ar atmosphere. After the reaction mixture
was stirred for 10 h, the reaction was quenched by addition of 0.05 M NaBOs ag. (0.444 mL, 22.2
umol). The resultant mixture was added sat. NH4Cl ag. (5 mL) and extracted with EtOAc (5
mLx3), and then the extracts were washed with brine (5 mL), dried over anhydrous Na;SOs, and
concentrated in vacuo. Purification of the residue by silica gel column chromatography (2/1
PhMe/acetone) gave 291 (23.6 mg, 40.8 umol, 81% yield) and 292 (1.2 mg, 2.07 umol, 4% vyield).
Data for 291: Colorless syrup; R 0.46 (1/1 PhMe/acetone); [a]*®s —3.4° (¢ 1.0, CHCls); *H-NMR
(500 MHz, CDCls) §7.37-7.27 (13H, m, Ar-H), 7.21-7.19 (2H, m, Ar-H), 6.29 (1H, dd, J:,=6.0
Hz, J13= 1.5 Hz, H-1), 4.87 and 4.52 (2H, ABq, J = 10.5 Hz, ArCH,), 4.75 and 4.66 (2H, ABq,
J=12.0 Hz, ArCH), 4.71 (1H, dd, J1.= 6.0 Hz, J23=2.0 Hz, H-2), 4.59 and 4.53 (2H, ABq, J =
12.0 Hz, ArCHy), 4.52 (1H, d, J1-2'= 1.0 Hz, H-1"), 4.21 (1H, dd, Jssa= 3.0 Hz, Jsaso = 10.5 Hz,
H-6a), 4.18-4.14 (2H, m, H-3, 2”), 4.00-3.92 (2H, m, H-5, 6b), 3.83 (1H, dd, J3 4= 9.0 Hz, Js 5
= 9.5 Hz, H-4’), 3.91 (1H, dd, Js:'a= 2.5 Hz, Jg-aev = 10.5 Hz, H-6"a), 3.71-3.65 (2H, m, H-4,
6°b), 3.57 (1H, dd, J2 3> = 3.0 Hz, J3-4- = 9.0 Hz, H-3), 3.46 (1H, m, H-5"), 3.26 (1H, br-s, OH),
2.70 (1H, br-s, OH), 2.30 (1H, br-s, OH); *C-NMR (125 MHz, CDCls) § 143.9, 138.1, 137.8,
128.5, 128.4, 128.3, 128.0x2, 127.8, 127.7, 103.0, 100.3 (*Jcn = 157 Hz), 81.3, 76.9, 75.1, 75.0,
74.0, 73.4, 71.2, 70.7, 69.6, 69.0, 68.8, 67.9; HRMS (ESI-TOF) m/z 601.2392 (601.2414 calcd
for Ca3H2s09Na [M+Na]").

Data for 292: Colorless syrup; Rs 0.51 (1/1 PhMe/acetone); [a]**p +78.7° (c 0.15, CHCI3); *H-
NMR (500 MHz, CDCls3) 6 7.35-7.26 (13H, m, Ar-H), 7.17-7.16 (2H, m, Ar-H), 6.32 (1H, dd, J.»
=6.0 Hz, J;3= 1.5 Hz, H-1), 4.93 (1H, d, J»-»» = 1.5 Hz, H-1) 4.81 and 4.48 (2H, ABq, J = 11.0
Hz, ArCH.), 4.71 (1H, dd, J12= 6.0 Hz, J;3= 2.0 Hz, H-2), 4.70 and 4.68 (2H, ABq, J = 11.5 Hz,
ArCHy), 4.59 and 4.56 (2H, ABq, J = 12.5 Hz, ArCHy), 4.19 (1H, m, H-3), 4.14 (1H, m, H-2’),
4.12 (1H, dd, Js6a= 2.5 Hz, Jear = 11.0 Hz, H-6a), 3.91-3.88 (3H, m, H-6b, 3’, 5°), 3.81 (1H, m,
H-5), 3.76-3.71 (3H, m, H-4, 6’b, 4-OH), 3.67 (1H, dd, J3»+ = 9.5 Hz, Js 5 = 9.5 Hz, H-4"), 3.60
(1H, dd, Js'6 = 7.0 Hz, Js:aen = 10 Hz, H-6"b), 2.51 (1H, d, J2: 2.0n = 2.0 Hz, 2°-OH), 1.93 (1H,
d, Js3-0n=5.0 Hz, 3-OH);**C-NMR (125 MHz, CDCl3) 5 144.2, 137.8, 137.7, 137.5, 128.6, 128.5,
128.4, 128.2, 128.1, 128.0, 127.9x2, 127.8, 102.8, 99.8 (}Jcn = 169 Hz), 80.2, 77.1, 75.2, 74.4,
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735, 72.2, 71.7, 70.1, 69.2, 69.1, 68.3, 66.1; HRMS (ESI-TOF) m/z 601.2439 (601.2414 calcd
for C33H2809Na [M+Na]*).

Compound S11

BnO OAc
B"O&&
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S11

To a solution of 291 (12.5 mg, 21.6 umol) in pyridine (0.432 mL) were added Ac20 (16.6
pL, 0.173 mmol) and DMAP (2.64 mg, 21.6 umol) at 0 °C. After the reaction mixture was stirred
for 3 h at room temperature, the reaction was quenched by addition of water (2 mL). The resultant
mixture was extracted with EtOAc (2 mLx3), and then the extracts were washed with brine (2
mL), dried over anhydrous Na,SOs, and concentrated in vacuo. The residue was subjected to silica
gel column chromatography (3/1 n-hexane/acetone) to give S11 (14.0 mg, 21.6 umol, quant.).
Data for S11: Colorless syrup; Rs 0.66 (4/1 PhMe/acetone); [a]**o —45.5° (¢ 1.0, CHCI3); *H-
NMR (500 MHz, CDCls) §7.35-7.26 (13H, m, Ar-H), 7.18-7.16 (2H, m, Ar-H), 6.46 (1H, dd, J.
=6.5 Hz, Ji3= 1.0 Hz, H-1), 5.66 (1H, br-d, J» 3> = 3.5 Hz, H-2’), 5.25 (1H, m, H-3), 5.13 (1H,
dd, Js2=5.0 Hz, J45s=7.0 Hz, H-4), 4.86 and 4.49 (2H, ABq, J = 11.0 Hz, ArCH), 4.83 (1H, dd,
J12= 6.5 Hz, J,3= 3.5 Hz, H-2), 4.77 and 4.49 (2H, ABq, J = 11.0 Hz, ArCH,), 4.63 and 4.52
(2H, ABq, J = 12.5 Hz, ArCH.), 4.57 (1H, br-s, H-1"), 4.28 (1H, ddd, Js5= 7.0 Hz, Js6.= 3.5 Hz,
Jseb= 7.0 Hz, H-5), 4.01 (1H, dd, Js6a= 3.5 Hz, Jsasn = 11.5 Hz, H-6a), 3.79-3.72 (4H, m, H-6b,
4’, 6’a, 6’b), 3.65 (1H, dd, J> 3> = 3.5 Hz, J» 4 = 9.0 Hz, H-3’), 3.46 (1H, m, H-5"), 2.19 (3H, s,
OC(O)CHs), 2.05 (3H, s, OC(O)CHj), 2.00 (3H, s, OC(O)CHs); *C-NMR (125 MHz, CDCls) &
170.5, 170.4, 169.6, 145.7, 138.2, 137.5, 128.4, 128.3, 128.2, 127.9, 127.8, 127.7, 127.6, 99.1,
98.3, 80.3, 75.6, 75.2, 74.2,73.5,71.5, 69.1, 67.7, 67.6, 67.3, 66.6, 21.1, 21.0, 20.8; HRMS (ESI-
TOF) m/z 722.3202 (722.3177 calcd for CzoHssNO12 [M+NH.]").

Compound S12

o)
AcO 0
AcO 1

S12

To a solution of 292 (12.5 mg, 21.6 umol) in pyridine (0.432 mL) were added Ac.O (16.6
uL, 0.173 mmol) and DMAP (2.64 mg, 21.6 umol) at 0 °C. After the reaction mixture was stirred
for 3 h at room temperature, the reaction was quenched by addition of water (2 mL). The resultant
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mixture was extracted with EtOAc (2 mLx3), and then the extracts were washed with brine (2
mL), dried over anhydrous Na>SOs, and concentrated in vacuo. The residue was subjected to silica
gel column chromatography (3/1 n-hexane/acetone) to give S12 (14.0 mg, 21.6 umol, quant.).
Data for S12: Colorless syrup; Rs 0.66 (4/1 PhMe/acetone); [a]*°o —45.5° (¢ 1.0, CHCIs); *H-
NMR (500 MHz, CDCls) § 7.35-7.26 (13H, m, Ar-H), 7.17-7.15 (2H, m, Ar-H), 6.44 (1H, dd,
Ji2= 6.5 Hz, Ji3= 1.5 Hz, H-1), 5.35 (1H, dd, Ji-» = 2.0 Hz, J» 3 = 3.0 Hz, H-2’), 5.31 (1H, m,
H-3), 5.20 (1H, dd, J34= 5.5 Hz, J45= 7.5 Hz, H-4), 4.87 (1H, d, Jr» = 2.0 Hz, H-1"), 4.85 and
4.47 (2H, ABq, J = 11.0 Hz, ArCHy), 4.81 (1H, dd, J12= 6.5 Hz, J23= 3.5 Hz, H-2), 4.70 and
456 (2H, ABq, J = 11.0 Hz, ArCH,), 4.66 and 4.51 (2H, ABq, J = 12.0 Hz, ArCH,), 4.22 (1H,
m, H-5), 3.99 (1H, dd, J> 3- = 3.0 Hz, Js-4- = 9.0 Hz, H-3"), 3.91-3.84 (2H, m, H-6a, 4°), 3.80-3.76
(2H, m, H-5°, 6°a), 3.69 (1H, m, H-6°b), 3.63 (1H, dd, Js o= 3.5 Hz, Jeaen = 11.5 Hz, H-6b), 2.14
(3H, s, OC(O)CHs), 2.06 (3H, s, OC(O)CHg), 2.03 (3H, s, OC(O)CHs); *C-NMR (125 MHz,
CDCIs) 6 170.4%x2, 169.5, 145.7, 138.4, 138.1, 137.9, 128.4, 128.3x2, 128.1, 127.9, 127.7, 127.6,
98.6,97.9,78.1,75.1, 74.6, 74.2, 73.4, 72.0, 68.8, 68.7, 67.7, 67.3, 65.4, 21.1, 21.0, 20.9; HRMS
(ESI-TOF) m/z 722.3202 (722.3177 calcd for C39H48NO12 [M+NH.]").

Compound 293 and 294

BnO OH
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To a solution of p-nitrophenylboronic acid (247) (1.77 mg, 10.6 umol), 290 (15.5 mg, 53.0
umol) and H2O (4.8 uL, 0.267 mmol) in dry MeCN (1.59 mL) was added a solution of 209 (65.7
mg, 0.152 mmol) in dry MeCN (1.59 mL) at room temperature under Ar atmosphere. After the
reaction mixture was stirred for 22 h, the reaction was quenched by addition of 0.05 M NaBO3
ag. (0.466 mL, 23.3 umol). The resultant mixture was added sat. NH4Cl ag. (5 mL) and extracted
with EtOAc (5 mLx3), and then the extracts were washed with brine (5 mL), dried over anhydrous
Na,SO4, and concentrated in vacuo. Purification of the residue by silica gel column
chromatography (1/1 CHCls/acetone) gave 293 (26.8 mg, 37.0 umol, 70% yield) and 294 (0.4 mg,
5.52 umol, 1% yield).

Data for 293: White solid; R¢ 0.35 (1/1 CHCls/acetone); [a]*°p —28.6° (¢ 1.0, CHCIs); mp 146-
147 °C; *H-NMR (500 MHz, CDCl3) § 7.38-7.24 (13H, m, Ar-H), 7.19-7.15 (2H, m, Ar-H), 4.85
and 4.49 (2H, ABq, J = 11.0 Hz, ArCHy), 4.74 and 4.63 (2H, ABq, J = 12.0 Hz, ArCH>), 4.59
and 4.52 (2H, ABq, J = 12.0 Hz, ArCHy), 4.49 (1H, br-s, H-1"), 4.26 (1H, d, J12= 8.0 Hz, H-1),
4.16 (1H, dd, Jsga= 2.5 Hz, Jsasn= 11.0 Hz, H-6a), 4.13 (1H, br-d, J»- 3= 3.0 Hz, H-2’), 3.85 (1H,
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dd, J3 »=9.5 Hz, J»- 5= 9.5 Hz, H-4"), 3.86-3.79 (2H, m, H-6b, OCH,C7H:s), 3.73 (1H, dd, Js ¢’
= 2.0 Hz, Jsasn = 10.5 Hz, H-6'a), 3.70 (1H, dd, Js.s5= 5.0 Hz, Jeagn = 10.5 Hz, H-6’h), 3.56-
3.40 (6H, m, H-3, 4, 5, 3’, 5°, OCH,C7Hs5), 3.35 (1H, dd, J12.= 8.0 Hz, J,3=8.5 Hz, H-2), 1.63-
1.56 (2H, m, OCH2CH.CsHis), 1.24 (10H, m, OC,H4CsH1,CHs), 0.86 (3H, t, J = 6.0 Hz,
OC7H14CHs); *C-NMR (125 MHz, CDCl3) & 138.1, 137.8, 137.7, 128.5, 128.4x2, 128.0x2,
127.9, 127.8, 102.5, 100.3 (1Jcn = 160 Hz), 81.4, 76.3, 75.1, 75.0, 74.5, 74.0, 73.5%x2, 71.7, 71.4,
70.2, 69.7, 68.9, 68.0, 31.8, 29.6, 29.4, 29.2, 26.0, 22.6, 14.1; HRMS (ESI-TOF) m/z 747.3688
(747.3720 calcd for C41Hs6011Na [M+Na]").

Data for 294: Colorless syrup; R 0.41 (1/1 CHCls/acetone); [a]*®p +3.4° (c 0.98, CHCIs); *H-
NMR (500 MHz, CDCls) & 7.36-7.26 (13H, m, Ar-H), 7.19-7.15 (2H, m, Ar-H), 4.91 (1H, d, J;- »-
= 1.5 Hz, H-1°), 4.80 and 4.48 (2H, ABq, J = 11.0 Hz, ArCHy), 4.70 and 4.67 (2H, ABg, J = 11.5
Hz, ArCH,), 4.59 and 4.53 (2H, ABg, J = 12.0 Hz, ArCH,), 4.22 (1H, d, J.. = 7.5 Hz, H-1), 4.12
(1H, br-s, H-2%), 4.01 (1H, dd, Jsg2= 4.0 Hz, Jeasr = 11.0 Hz, H-6a), 3.91-3.83 (3H, m, H-3", 5,
OCH.C7His), 3.79 (1H, dd, Jsep = 2.5 Hz, Jeago = 11.0 Hz, H-6b), 3.73-3.69 (2H, m, H-6"a, OH),
3.73 (1H, dd, Js:6:a= 6.0 Hz, Jgaen= 10.0 Hz, H-6’a), 3.57 (1H, dd, Js4= 9.5 Hz, J45= 9.5 Hz, H-
4), 3.50-3.43 (3H, m, H-3, 4’, OCH,C7Hs), 3.39-3.31 (1H, m, H-2, 5), 2.69 (1H, br-s, OH), 2.52
(1H, br-s, OH), 2.45 (1H, br-s, OH), 1.64-1.54 (2H, m, OCH,CH.CsHi3), 1.34-1.20 (10H, m,
OC,H4CsHisCHs), 0.87 (3H, t, J = 7.0 Hz, OC7H1,CHs); *C-NMR (125 MHz, CDCls) § 138.0,
137.8,137.7, 128.5, 128.4, 128.3, 128.1, 128.0, 127.9, 127.8, 127.7, 102.7, 99.4 (*Jcr = 168 Hz),
80.2, 76.4, 75.1, 74.7, 74.3, 73.6, 73.4, 72.1, 71.3, 70.3, 69.6, 69.0, 68.2, 66.2, 31.8, 29.5, 29.4,
29.2, 25.9, 22.6, 14.1; HRMS (ESI-TOF) m/z 763.3475 (763.3460 calcd for C41H56011K
[M+K]").

Compound S13

(e}
A‘,’Q&LO“CBHW
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To a solution of 293 (13.3 mg, 18.3 umol) in pyridine (0.366 mL) were added Ac.O (14.0
uL, 0.146 mmol) and DMAP (2.23 mg, 18.3 umol) at 0 °C. After the reaction mixture was stirred
for 3 h at room temperature, the reaction was quenched by addition of water (2 mL). The resultant
mixture was extracted with EtOAc (2 mLx3), and then the extracts were washed with brine (2
mL), dried over anhydrous Na,SO4, and concentrated in vacuo. The residue was subjected to silica
gel column chromatography (3/1 n-hexane/acetone) to give S13 (12.9 mg, 15.2 umol, 83% yield).
Data for S13: Colorless syrup; Rt 0.71 (4/1 PhMe/acetone); [a]*°p —31.6° (¢ 1.0, CHCl3); *"H NMR
(500 MHz, CDCls) ¢ 7.38-7.24 (13H, m, Ar-H), 7.16-7.13 (2H, m, Ar-H), 5.63 (1H, br-d, J» 3=

118



3.0 Hz, H-27), 5.19 (1H, dd, J23= 9.5 Hz, Js4= 9.5 Hz, H-3), 4.93 (1H, dd, J1,= 8.0 Hz, J,3= 9.5
Hz, H-2), 4.87 (1H, dd, J3.4= 9.5 Hz, Js5= 9.5 Hz, H-4), 4.84 and 4.48 (2H, ABg, J = 11.0 Hz,
ArCHy), 4.74 and 4.47 (2H, ABq, J = 11.0 Hz, ArCH,), 4.65 and 4.51 (2H, ABq, J = 12.0 Hz,
ArCHy), 4.56 (1H, br-s, H-17), 4.47 (1H, d, J1,= 8.0 Hz, H-1), 3.91 (1H, dd, Jsea = 2.0 Hz, Jeaen
=11.0 Hz, H-6a), 4.13 (1H, dt, J = 6.5 Hz, J = 10.0 Hz, OCH,C7H1s), 3.79 (1H, dd, Jz »- = 9.5 Hz,
Jrs = 9.5 Hz, H-4%), 3.77-3.74 (2H, m, H-6’a, 6°b), 3.68 (1H, ddd, Js5= 9.5 Hz, Jsg = 2.0 Hz,
Jsep = 7.5 Hz, H-5), 3.64-3.59 (2H, m, H-6b, 3’), 3.48 (1H, dt, J = 6.5 Hz, J = 10.0 Hz,
OCH,C7His), 3.45-3.42 (1H, m, H-5°), 2.19 (3H, s, OC(O)CHa), 2.03 (3H, s, OC(O)CHa), 2.00
(3H, s, OC(O)CHs), 1.99 (3H, s, OC(O)CHa), 1.60-1.49 (2H, m, OCH,CH,C¢H13), 1.34-1.18 (10H,
m, OC,H4CsH10CHs), 0.86 (3H, t, J = 6.0 Hz, OC7H14CH3); *C NMR (125 MHz, CDCI3) § 170.4,
170.3, 169.7, 169.3, 138.2, 138.1, 137.5, 128.4, 128.3, 128.5, 127.9, 127.8, 127.7, 127.6, 100.5,
99.7, 80.4, 75.4, 75.2, 74.1, 73.5, 73.4, 72.9, 71.5x2, 70.2, 69.3, 69.1, 68.9, 67.8, 31.8, 29.4,
29.3x2, 25.9, 22.6, 21.1, 20.6, 14.1; HRMS (ESI-TOF) m/z 931.3873 (931.3882 calcd for
CaoHs4015K [M+K]H).

Compound S14

BnO OAc
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To a solution of 294 (12.5 mg, 17.2 umol) in pyridine (0.344 mL) were added Ac,0O (13.1
ul, 0.138 mmol) and DMAP (2.07 mg, 17.2 umol) at 0 °C. After the reaction mixture was stirred
for 0.5 h at room temperature, the reaction was quenched by addition of water (2 mL). The
resultant mixture was extracted with EtOAc (2 mLx3), and then the extracts were washed with
brine (2 mL), dried over anhydrous Na.SQ., and concentrated in vacuo. The residue was subjected
to silica gel column chromatography (3/1 n-hexane/acetone) to give S14 (13.6 mg, 16.0 umol,
93% yield).

Data for S14: Colorless syrup; Colorless syrup; Rs 0.22 (3/1 n-hexane/acetone); [a]**p +21.9° (c
1.0, CHCls); *H-NMR (500 MHz, CDCls) 6 7.35-7.26 (13H, m, Ar-H), 7.15-7.13 (2H, m, Ar-H),
5.36 (1H, dd, Jr-» = 1.5 Hz, J» 3= 3.0 Hz, H-2"), 5.19 (1H, dd, J23= 9.5 Hz, J34= 9.5 Hz, H-3),
4.98 (1H, dd, Js4=9.5 Hz, Js5= 9.5 Hz, H-4), 4.96 (1H, dd, J:2,= 8.0 Hz, J23=9.5 Hz, H-2), 4.85
(1H, d, J»>» = 1.5 Hz, H-1"), 4.85 and 4.47 (2H, ABq, J = 11.0 Hz, ArCH>), 4.71 and 4.44 (2H,
ABq, J=11.0 Hz, ArCH>), 4.66 and 4.49 (2H, ABq, J = 12.5 Hz, ArCH,), 4.43 (1H, d, J:2,=8.0
Hz, H-1), 3.94 (1H, dd, J>-3 = 3.0 Hz, J3-» = 9.5 Hz, H-3"), 3.86 (1H, dd, J3:4-= 9.5 Hz, Js 5 =
9.5 Hz, H-4), 3.82-3.74 (4H, m, H-6a, 5, 6’a, OCH,C7H1s), 3.69-3.62 (2H, m, H-5, 6°b), 3.54
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(1H, dd, Js.ep= 2.0 Hz, Jeaso = 11.0 Hz, H-6b), 3.37 (1H, dt, = 6.5 Hz, J = 9.5 Hz, OCH,C7Hs),
2.14 (3H, s, OC(0)CHs), 2.03 (3H, s, OC(0)CHs), 2.00 (6H, s, OC(O)CHs), 1.50-1.40 (2H, m,
OCH,CH2CeHyz), 1.30-1.22 (10H, m, OC2HsCsH1oCHs), 0.87 (3H, t, J = 7.0 Hz, OC7H1uCHs);
13C-NMR (125 MHz, CDCls) § 170.4, 170.3, 169.4, 169.3, 138.5, 138.1, 137.9, 128.3x2, 128.2,
128.1, 127.7x2, 127.6, 127.5, 127.4, 127.3, 100.6, 97.5, 78.0, 74.9, 74.0, 73.3, 72.9, 72.5, 71.8,
71.4,70.0, 69.2, 68.7, 68.5, 66.0, 31.8, 29.3, 29.2, 25.8, 22.6, 21.1, 20.6, 14.1; HRMS (ESI-TOF)
m/z 931.3926 (931.3882 calcd for C49HB64015K [M+K]").

Synthesis of the tetrasaccharide 252

Compound 311
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To a solution of compound 126 (1115 mg, 2.33 mmol) and 310 (515 mg, 1.17 mmol) in dry
CHCl, (11.7 mL) was added MS 4 A and the reaction mixture was stirred under Ar at room
temperature for 30 min. The reaction mixture was cooled to —40 °C and NIS (524 mg, 2.33 mmol)
and TfOH (23.3 uL, 0.23 mmol) were added to it. After stirring at same temperature for 1 h, NEt;
(5.0 mL) was added to the reaction mixture. The resultant mixture was added 10% Na,S,03 aq.
(15 mL), sat. NaHCO3 aq. (15 mL) and extracted with CHCl; (30 mL), and then the extracts were
washed with brine (30 mL), dried over anhydrous Na,SO4, and concentrated in vacuo. Purification
of the residue by column chromatography (4/1 to 2/1 n-hexane/EtOAc) gave 311 (920 mg, 1.07
mmol, 92% yield).

Data for 311: Foam; R;0.54 (2/1 n-hexane/EtOAc); [a]*’p —5.3° (¢ 1.0, CHCl3); "H-NMR (500
MHz, CDCl3) 67.86 (2H, br-t, J=7.5 Hz, Ar-H), 7.78-7.72 (2H, m, Ar-H), 7.52-7.46 (2H, m, Ar-
H), 7.32-7.24 (12H, m, Ar-H), 7.21-7.11 (4H, m, Ar-H), 6.94-6.89 (2H, m, Ar-H), 5.54 (1H, s,
CHPh), 5.42 (1H, d, J1-»» = 10.5 Hz, H-1"), 4.48 and 4.79 (2H, ABq, J = 11.5 Hz, ArCH,), 4.68-
4.62 (2H, m, H-1, 3°), 4.49 (1H, d, J = 12.0 Hz, ArCH:), 4.45-4.38 (2H, m, H-6’a, ArCH>) 4.35
(1H, dd, J1»»» = 10.5 Hz, J» 3> = 10.0 Hz, H-2"), 3.98 and 3.94 (2H, ABq, J =12.0 Hz, ArCH.),
3.88 (1H, m, H-5), 3.80 (1H, t, J=10.0 Hz, H-6°b), 3.77-3.72 (2H, m, H-3, 5°), 3.64 (1H, dd, /=
9.0 Hz, J=9.5 Hz, H-4’), 3.44 (1H, dd, J12 = 2.0 Hz, J23 = 3.0 Hz, H-2), 3.37 (1H, dd, J34=9.5
Hz, Jas = 9.5 Hz, H-4), 2.68 (2H, m, CH,), 1.20 (3H, t, /= 7.5 Hz, CHs), 0.81 (3H, d, J55 = 6.5
Hz, H-6); *C-NMR (125 MHz, CDCl;) 5 167.8, 167.1, 138.6, 138.4, 137.7, 136.8, 134.5, 134.4,
131.1,128.9, 128.1, 128.0, 127.9x2, 127.6, 127.3, 127.2x2, 127.0, 126.2, 123.6, 101.6, 98.1, 81.6,
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80.3, 80.0, 79.4, 77.2, 76.0, 74.8x2, 72.2, 71.6, 70.7, 68.4, 68.1, 55.5, 24.1, 17.2, 14.8; HRMS
(ESI-TOF) m/z 858.3345 (858.3312 calcd for CsoHs:NO 1S [M+H]").

Compound 306
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To a solution of compound 311 (302 mg, 0.35 mmol) in dry CH>Cl, (1.8 mL) was added TES

(281.1 pL) and TFA (135 uL) at 0 °C. The reaction mixture was stirred under Ar at room
temperature for 4 h and then quenched by sat. NaHCOs ag. (5 mL). The reaction mixture was
diluted with EtOAc = (10 mL), washed with brine, dried over anhydrous Na,SO4 and concentrated
in vacuo. Purification of the residue by column chromatography (20/1 to 10/1 toluene/acetone) of
the residue gave 306 (234 mg, 77%).
Data for 306: Foam; R;0.48 (2/1 n-hexane/EtOAc); [a]*’p +23.5° (¢ 1.0, CHCl3); 'H-NMR (500
MHz, CDCl3) ¢ 7.80-7.78 (2H, m, Ar-H), 7.75-7.68 (2H, m, Ar-H), 7.37-7.22 (14H, m, Ar-H),
7.20-7.12 (4H, m, Ar-H), 7.02 (2H, br-d, J = 7.5 Hz, Ar-H), 5.27 (1H, d, Jr»» = 9.5 Hz, H-1"),
4.79 and 4.52 (2H, ABq, J=11.0 Hz, ArCH:>), 4.73 (1H, d, J12=2.0 Hz, H-1), 4.65 and 4.61 (2H,
ABq, J=12.0 Hz, ArCH>), 4.32 and 4.19 (2H, ABq, J = 12.0 Hz, ArCH,), 4.31-4.20 (4H, m, H-
2°, 3°, ArCH>), 3.93-3.86 (2H, m, H-5, 6’a), 3.76 (1H, dd, J5 ¢» = 5.5 Hz, Jeaenr = 10.5 Hz, H-
6’b), 3.68 (1H, dd, J23 = 2.5 Hz, J34 = 8.0 Hz, H-3), 3.65 (1H, m, H-5"), 3.57 (1H, dd, J= 7.0 Hz,
J=9.5Hz, H-4’), 3.51 (1H, dd, J34 = 8.0 Hz, J45 = 8.0 Hz, H-4), 3.23 (1H, br-s, H-2), 2.68 (2H,
m, CHy), 1.30 (3H, d, Js6 = 6.5 Hz, H-6), 1.22 (3H, t, J = 5.0 Hz, CH;); >*C-NMR (125 MHz,
CDCl3) 6167.9,167.2,138.3,138.2,138.1, 137.5, 134.2, 131.4, 131.3, 128.2, 128.2, 127.7, 127.6,
127.5,127.4%2,123.4,99.9, 83.8, 80.9, 79.6, 79.4, 78.9, 74.9, 74.8, 73.4, 72.4, 71.8, 70.6, 69.6%2,
54.1, 24.0, 18.0, 14.9; HRMS (ESI-TOF) m/z 882.3292 (882.3288 calcd for CsoHssNOjoNaS
[M+Na]").

Compound 312a and 3123
BnO _0OBn
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To a solution of a borinic acid 203 (2.76 mg, 13.6 umol) and 309 (10.0 uL, 63.2 pmol) in
dry THF (42 mM to glycosyl acceptor) was added a solution of 308 (126 pmol) in dry THF (62.1

mM) at 0 °C under Ar atmosphere. After stirring at same temperature for 24 h, the reaction was
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quenched by addition of 0.05 M NaBO; aq. (29.9 umol). The resultant mixture was added sat.
NH4Cl aq. (2 mL) and extracted with EtOAc (3 mLx3), and then the extracts were washed with
brine (6 mL), dried over anhydrous Na;SOs, and concentrated in vacuo. Purification of the residue
by preparative TLC (0.25 mm silica gel plate) gave 312 (26.5 mg, 47.1 umol, o/f =>95/5, 74%
yield).

Data for 312a.: White solid; R, 0.61 (8/1 toluene/acetone); [a]*’p +95.7° (¢ 1.0, CHCI3); mp 69-
70 °C; "H-NMR (500 MHz, CDCls) §7.40-7.22 (15H, m, Ar-H), 4.93 (1H, d, J12 = 4.0 Hz, H-1),
4.90 and 4.57 (2H, ABq, J = 11.5 Hz, ArCH>), 4.74 (2H, s, ArCH.), 4.51 and 4.43 (2H, ABq, J =
12.0 Hz, ArCH>), 4.15 (1H, ddd, J12 = 4.0 Hz, J23 = 12.5 Hz, J>0n = 8.5 Hz, H-2), 3.99 (1H, d,
J34=2.0 Hz, H-4), 3.93 (1H, dd, /= 6.5 Hz, J= 7.0 Hz, H-5), 3.68 (1H, dd, Jo3 = 12.5 Hz, J34 =
2.0 Hz, H-3), 3.68 (1H, dt, J= 4.0 Hz, J = 10.0 Hz, H-1A), 3.60 (1H, dd, J56. = 7.0 Hz, Jeaeb =
9.5 Hz, H-6a), 3.55 (1H, dd, Jse» = 6.5 Hz, Jeago = 9.5 Hz, H-6b), 3.45 (1H, dt, /= 6.5 Hz, J =
10.0 Hz, H-1B), 2.09 (1H, d, J = 8.5 Hz, OH), 1.60 (2H, m, CH,), 1.35-1.22 (10H, m, CH>), 0.88
(3H, t,J=7.0 Hz, CH;); >*C-NMR (125 MHz, CDCl;) §138.4, 138.2, 137.8, 128.3, 128.2, 128.1,
128.0, 127.6x2, 127.5, 127.4, 98.5, 79.7, 74.5, 74.0, 73.3, 72.3, 69.5, 69.0, 68.8, 68.2, 31.7, 29.3,
29.2, 29.1, 26.0, 22.5, 14.0, HRMS (ESI-TOF) m/z 585.3212 (585.3192 calcd for C3sHssOsNa
[M+Na]").

Data for 312f: White solid; Ry 0.68 (8/1 toluene/acetone); [0]*’n —10.0° (¢ 1.0, CHCIs); mp 81-
82 °C; 'H-NMR (500 MHz, CDCl;) & 7.39-7.22 (15H, m, Ar-H), 4.89 and 4.60 (2H, ABq, J =
12.0 Hz, ArCH>), 4.73 and 4.68 (2H, ABq, J= 12.0 Hz, ArCH>), 4.47 and 4.43 (2H, ABq, J=11.5
Hz, ArCH,), 4.22 (1H, d, J:» = 7.5 Hz, H-1), 3.95 (1H, m, H-2), 3.92 (1H, br-d, J34 = 2.5 Hz, H-
4),3.87 (1H, dt, J= 7.0 Hz, J=9.5 Hz, H-1A), 3.65-3.55 (3H, m, H-5, 6a, 6b), 3.47 (1H, dt, J =
7.0 Hz, J= 9.5 Hz, H-1B), 3.43 (1H, dd, J23 = 9.5 Hz, J34 = 2.5 Hz, H-3), 2.35 (1H, br-s, OH),
1.64-1.56 (2H, m, CH>), 1.34-1.22 (10H, m, CH,), 0.87 (3H, t, J = 7.0 Hz, CHs); *C-NMR (125
MHz, CDCls) 6 138.5, 138.1, 137.9, 128.5, 128.4, 128.2, 128.1, 127.9, 127.8, 127.7, 127.6, 127.5,
103.2, 81.9, 74.5, 73.7, 73.5, 72.9, 72.4, 71.4, 70.0, 68.7, 31.8, 29.5, 29.4, 29.2, 25.9, 22.6, 14.1;
HRMS (ESI-TOF) m/z 585.3217 (585.3192 calcd for C3sHssOsNa [M+Na]").

Compound 313
BnO _0OBn
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To a solution of 312a (23.9 mg, 42.5 umol) in dry pyridine (850 pL) was added BzCl (14.9
pL, 128 pumol) at 0 °C under Ar atmosphere. The reaction mixture was stirred for 18 h at room

temperature, then quenched by addition of H>O (3 mL). The resultant mixture was extracted with
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EtOAc (5 mLx3), washed with brine (5 mL), dried over anhydrous Na,SOs, and concentrated in
vacuo. Purification of the residue by column chromatography (6/1 n-hexane/EtOAc) gave 313
(25.4 mg, 38.1 umol, 90% yield).

Data for 313: White solid; R;0.61 (6/1 n-hexane/EtOAc); [0]**p +104.6° (¢ 1.0, CHCl;); '"H-NMR
(500 MHz, CDCl3) 6 8.05 (2H, m, Ar-H), 7.56 (1H, br-t, /= 7.5 Hz, Ar-H), 7.43 2H, t,J=7.5
Hz, Ar-H), 7.37-7.24 (15H, m, Ar-H), 5.53 (1H, dd, J12 = 4.0 Hz, J23 = 10.5 Hz, H-2), 5.19 (1H,
d, J=4.0 Hz, H-1), 4.96 and 4.60 (2H, ABq, J = 11.5 Hz, ArCH>), 4.71 (2H, s, ArCH>), 4.43 and
4.51 (2H, ABq, J = 12.0 Hz, ArCH:), 4.11 (1H, dd, J>3 = 10.5 Hz, J34 = 3.0 Hz, H-3), 4.06 (1H,
br-s, H-4), 4.03 (1H, dd, /= 6.5 Hz, J=7.0 Hz, H-6a), 3.68-3.55 (3H, m, H-5, 6b, 1A), 3.36 (1H,
dt, J= 6.5 Hz, J = 10.0 Hz, H-1B), 1.49 (2H, m, CH>), 1.28-1.09 (10H, m, CH,), 0.84 3H, t, /=
7.0 Hz, CHs); "C-NMR (125 MHz, CDCls) §166.0, 138.4, 138.2, 137.9, 132.9, 130.1, 129.7,
128.3, 128.2x4,127.7x2,127.5%2,127.4,96.3, 76.8, 74.7,74.5, 73.4,72.5,71.8, 69.2, 68.8, 68.2,
31.7, 29.3, 29.2, 29.1, 26.0, 22.6, 14.0, HRMS (ESI-TOF) m/z 689.3459 (689.3454 calcd for
C4Hs007Na [M+Na]").

Compound 307

Hia Hig
307

To a solution of 313 (25.4 mg, 38.1 umol) in anhydrous THF (1.27 mL) was added 100%

Pd/(OH),/C (25.4 mg) under H, atmosphere (balloon) at room temperature. After stirring for 30
min, the reaction mixture was filtrated through celite pad, and the filtrate was concentrated in
vacuo. Purification of the residue by silica gel column chromatography (1/1 toluene/acetone) gave
307 (14.8 mg, 38.1 umol, 98% yield).
Data for 307: colorless syrop; R;0.55 (1/1 toluene/acetone); [a]*’p +194.7° (¢ 1.0, CHCI;); 'H-
NMR (500 MHz, acetone-ds) 6 8.08-8.05 (2H, m, Ar-H), 7.65 (1H, tt, J= 1.5 Hz, J= 8.5 Hz, Ar-
H), 7.52 (2H, m, Ar-H), 5.21 (1H, dd, /1> = 4.0 Hz, J>3 = 10.0 Hz, H-2), 5.08 (1H, d, J12 =4.0
Hz, H-1), 4.25 (1H, br-s, OH), 4.16 (1H, dd, J>3=10.0 Hz, J34 = 3.0 Hz, H-3), 4.10 (1H, br-s, H-
4), 4.02 (1H, br-s, OH), 3.91 (1H, dd, /= 5.0 Hz, J= 5.5 Hz, H-6a), 3.79 (3H, m, H-5, 6b, OH),
3.72 (1H, dt, J= 6.5 Hz, /= 10.0 Hz, H-1A), 3.37 (1H, dt, /= 6.5 Hz, J=10.0 Hz, H-1B), 1.53
(1H, m, CH,), 1.36-1.13 (10H, m, CH,), 0.84 (3H, t, J = 7.5 Hz, CH3); >*C-NMR (125 MHz,
acetone-ds) 0 166.8,133.8,131.2,130.3, 129.2,97.0, 73.4, 71.7,70.8, 68.6, 68.2, 62.4,32.4, 30.1,
30.0, 29.9, 26.8, 23.2, 14.3; HRMS (ESI-TOF) m/z 419.2051 (419.2046 calcd for C1H3,0O7Na
[M+Na]").
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To a solution of 307 (42.2 mg, 106 umol) in dry acetone (1.0 mL) was added boronic acid
188 (17.8 mg, 117 umol) at room temperature under Ar atmosphere. After stirring under reflux
condition for 3 h, the reaction mixture was concentrated in vacuo. To a solution of the reaction
mixture and MS 4A (100 wt% to glycosyl acceptor) in dry toluene (50 mM to glycosyl acceptor)
was added a solution 0f 306 (213 pmol) in dry 1,2-dichroloethane (101 mM to glycosyl acceptor)
at room temperature for 30 min under Ar atmosphere. Then the reaction mixture was cooled to
=30 °C and NIS (57.5 mg, 256 umol) and TfOH (2.11 uL, 21.3 umol) were added to it. After
stirring at same temperature for 3 h, NEt; (5 mL) was added to the reaction mixture. The resultant
mixture was added 10% Na,S>0; aq. (3 mL), sat. NaHCO3; aq. (3 mL) and extracted with EtOAc
(15 mL), washed with brine (15 mL), dried over anhydrous Na,SQ4, and concentrated in vacuo.
Then the resultant mixutre was added MeCN (1 mL) and 0.05 M NaBOs aq (1 mL) and stirred
for 30 min at room temperature. The reaction mixture was extracted with EtOAc (3 mLx3),
washed with brine (3 mL), dried over anhydrous Na,SOs, and concentrated in vacuo. Purification
of the residue by flash silica gel column chromatography (10/1 to 4/1 toluene/acetone) gave 251
(122.7 mg, 103 pmol, 96% yield).
Data for 251: Foam; R;0.29 (4/1 toluene/acetone); [o]*'p +70.0° (¢ 1.0, CHCl3); "H-NMR (500
MHz, CDCl3) 67.64 (2H, dd, J = 1.5 Hz, J= 8.0 Hz, Ar-H), 7.46-7.35 (8H, m, Ar-H), 7.34-7.08
(17H, m, Ar-H), 6.97 (2H, br-d, J= 7.0 Hz, Ar-H), 5.33 (1H, br-d, J1-»- = 8.5 Hz, H-17), 5.28 (1H,
dd, Ji»» = 4.0 Hz, J>>3» = 10.0 Hz, H-2"’), 5.00 (1H, d, J1~»>> = 4.0 Hz, H-1""), 4.75 and 4.48
(2H, ABq, J = 10.5 Hz, ArCH>), 4.64 (1H, d, J12 = 2.5 Hz, H-1), 4.62 and 4.58 (2H, ABq, J =
12.0 Hz, ArCH>), 4.31 (2H, m, H-4"’, OH), 4.24-4.15 (4H, m, H-2’, 3°, ArCH>), 4.21 and 4.07
(2H, ABq, J=11.5 Hz, ArCH>), 4.14 (1H, dd, J2» 3~ = 10.0 Hz, J3 4 = 3.5 Hz, H-3""), 3.93-3.84
(3H, m, H-6’a, 5*, 6’a), 3.82 (1H, dd, /= 7.0 Hz, /= 9.0 Hz, H-5), 3.75-3.74 (3H, m, H-5’, 6’b,
6’b), 3.62 (1H, dt, J= 7.0 Hz, J= 10.5 Hz, H-1A), 3.57 (1H, dd, J>3=2.5 HZ, J34 = 9.0 Hz, H-
3), 3.50 (1H, dd, J34 =9.0 Hz, J45s = 9.0 Hz, H-4), 3.50 (1H, dd, J>»»» = 9.0 HZ, J»- 5 = 9.0 Hz, H-
4%),3.28 (1H, dt, J= 7.0 Hz, J= 10.5 Hz, H-1B), 3.11 (1H, dd, J12 = 2.5 Hz, J23= 2.5 Hz, H-2),
2.95 (1H, br-s, OH), 2.32 (1H, br-d, J = 9.5 Hz, OH), 1.45 (2H, m, CH»), 1.27 3H, t, Jss = 7.0
Hz, H-6), 1.24-1.03 (10H, m, CH,), 0.83 (3H, t, J = 7.0 Hz, CH3); >*C-NMR (125 MHz, CDCl;)
0165.2,138.2, 138.0x2, 137.5, 133.8, 132.6, 129.5, 129.2, 128.5, 128.3x2, 128.2, 128.0, 127.8,
127.6x2, 127.4, 100.1, 99.0, 96.1, 82.6, 79.5, 78.6, 77.7, 75.2, 74.9, 74.8, 73.5, 72.5, 71.7, 70.8,
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70.2, 69.8, 69.7, 69.5, 68.6, 68.2, 63.0, 54.7,31.7, 29.2,29.1, 26.0, 22.6, 18.0, 14.1; HRMS (ESI-
TOF) m/z 1216.5206 (1216.5246 calcd for CeoH7oNO7Na [M+Na]").

Compound S15
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To asolution of 251 (8.3 mg, 6.95 umol) in dry pyridine (400 uL, 17 mM) was added Ac,O

(400 pL, 4.23 mmol) and DMAP (2.0 mg, 1.64 umol) at 0 °C. The reaction mixture was stirred
for 3 h at room temperature and then H,O (1.0 mL) was added at O °C. The layers were separated
and the organic phase was diluted with EtOAc (2.0 mL), washed with brine (2.0 mL), and then
dried over anhydrous Na,SO4. Concentration under reduced pressure followed by column
chromatography (2/1 n-hexane/EtOAC) of the residue afforded S15 (9.0 mg, 98%).
Data for S15: Colorless syrop; R;0.30 (2/1 n-hexane/EtOAc); [a]**p +82.2° (¢ 0.90, CHCl3); 'H-
NMR (500 MHz, CDCl3) § 7.72 (2H, m, Ar-H), 7.58 (1H, m, Ar-H), 7.40-7.35 (6H, m, Ar-H),
7.31-7.12 (16H, m, Ar-H), 7.05 (2H, m, Ar-H), 6.99 (2H, m, Ar-H), 5.56 (1H, d, J3» 4> = 3.5 Hz,
H-4""), 5.30 (1H, d, J1-»» = 8.5 Hz, H-1"), 5.11 (1H, dd, J1»» = 3.5 Hz, J> 3> = 10.0 Hz, H-2"’),
4.99 (1H, d, J1»»» = 3.5 Hz, H-1""), 4.96 (1H, dd, J5- 4 = 10.0 Hz, Js 5 = 10.0 Hz, H-4"), 4.77 and
4.49 (2H, ABq, J = 11.0 Hz, ArCH>), 4.65 and 4.59 (2H, ABq, J= 11.5 Hz, ArCH>), 4.58 (1H, br-
s, H-1), 4.48 (1H, dd, J2> 3> = 10.0 Hz, J> 4 = 10.0 Hz, H-3"), 4.29 (1H, dd, J>» 3> = 10.0 Hz, J3~ 4>
=3.5Hz,H-3""),4.22 and 4.16 (2H, ABq, J = 12.5 Hz, ArCH>), 4.14-4.06 (3H, m, H-2", 5, 6’’a),
4.00 (1H, m, H-6"’b), 4.11 and 3.88 (2H, ABq, J = 11.5 Hz, ArCH>), 3.76 (1H, ddd, J» s = 10.0
Hz, Js ¢a= 3.5 Hz, J5 ¢ = 6.5 Hz, H-5"), 3.70-3.55 (4H, m, H-1A, 5, 6’a, 6’ b), 3.52 (1H, dd, J23
=2.5Hz, J34=9.5 Hz, H-3), 3.35 (1H, dd, J34 = 9.5 Hz, J45 = 9.5 Hz, H-4), 3.29 (1H, dt, /= 6.5
Hz, J=10.0 Hz, H-1B), 3.10 (1H, t, J23 = 2.5 Hz, H-2), 2.17 (3H, s, OC(O)CHa), 2.00 (3H, s,
OC(O)CHs), 1.97 (3H, s, OC(O)CHs), 1.50-1.41 (2H, m, CH,), 1.28-1.05 (10H, m, CH>), 1.15
(3H, d, J = 6.5 Hz, H-6), 0.84 (3H, t, J = 7.0 Hz, CH3); *C-NMR (125 MHz, CDCl;) & 170.4,
170.1, 169.8, 165.3, 138.7, 138.2, 138.1, 137.9, 133.8, 133.0, 129.8, 129.0, 128.4, 128.2x2,
127.6x2,127.4,127.3, 127.2,99.9, 98.7, 95.9, 79.8, 79.7, 75.3, 74.8, 73.7, 73.6, 73.3, 72.3, 71.6,
71.5,70.5,70.3,70.1, 69.2, 68.4, 66.8, 62.9, 55.8,31.7,29.7,29.2x2, 29.1, 26.0, 22.6, 21.2, 20.7,
17.7, 14.1; HRMS (ESI-TOF) m/z 1342.5618 (1342.5563 calcd for C7sHgsNO2oNa [M+Na]").
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Compound 315 was synthesized in 91% yield according to the general procedure B from
glycoside 251 and 209 (0.05 M final conc.).
Data for 315: Foam; R;0.38 (4/1 toluene/acetone); [o]*’p +36.8° (¢ 1.0, CHCls); "H-NMR (500
MHz, CDCl3) 67.78-7.75 (2H, m, Ar-H), 7.62-7.57 (2H, m, Ar-H), 7.53 (1H, br-t, J= 7.5 Hz, Ar-
H), 7.49 (2H, br-d, J = 7.0 Hz, Ar-H), 7.42-7.37 (3H, m, Ar-H), 7.33-7.24 (17H, m, Ar-H), 7.22-
7.18 (4H, m, Ar-H), 7.16-7.06 (8H, m, Ar-H), 7.02-6.96 (4H, m, Ar-H), 6.89 (1H, d, /= 7.0 Hz,
Ar-H), 5.26 (1H, d, Jv» = 8.5 Hz, H-1"), 5.12 (1H, dd, J1~»» = 3.5 Hz, Jo» 3> = 10.5 Hz, H-2""),
5.01 and 4.84 (2H, ABq, J = 11.5 Hz, ArCH:), 4.92 (1H, br-s, H-1"""), 4.92 (1H, d, J1»>» = 3.5
Hz, H-1""), 4.88 and 4.45 (2H, ABq, J = 11.5 Hz, ArCH>), 4.75 and 4.46 (2H, ABq, J = 11.5 Hz,
ArCH>), 4.69 (1H, d, J1» = 3.0 Hz, H-1), 4.57 and 4.54 (2H, ABq, J= 12.0 Hz, ArCH,), 4.48 and
4.43 (2H, ABq, J=12.5 Hz, ArCH,), 4.50-4.44 (2H, m, H-4"*,2°*"), 4.34-4.29 (2H, m, H-3", 3”"),
4.24 and 4.20 (2H, ABq, J=12.5 Hz, ArCH>), 4.15 and 4.06 (2H, ABq, J=11.5 Hz, ArCH>), 3.98
(1H, dd, J1-»» = 8.5 Hz, J» 3> = 11.0 Hz, H-2"), 3.93-3.86 (4H, m, H-5, 6’a, 5°°, 6’’a), 3.80 (1H, dd,
Jo» 3 =3.0 Hz, J3> 4 = 9.0 Hz, H-3"""), 3.77-3.68 (3H, m, H-5’, 6”’b, 4°*"), 3.65-3.52 (7H, m,
H-1A,3,4°,6’b,5°”’,6’’a, OH), 3.51-3.44 (2H, m, H-4, 6*’b), 3.25 (1H, dt, /= 6.5 Hz, J=10.0
Hz, H-1B), 3.16 (1H, dd, J12 = 3.0 Hz, J,3=3.0 Hz, H-2), 2.30 (1H, br-s, OH), 1.43 (2H, m, CH>),
1.30 (3H, d, J = 6.0 Hz, H-6), 1.26-1.02 (10H, m, CH»), 0.84 (3H, t, J = 7.0 Hz, CH3); "C-NMR
(125 MHz, CDCl3) 6167.5, 167.2, 165.3, 138.2x2, 138.1, 137.4, 137.6, 133.8, 133.7, 132.9, 130.8,
130.6, 129.7,129.2, 128.9, 128.3x2, 128.2, 128.1, 128.0, 127.7, 127.6, 127.5, 127.4, 123.0, 122.8,
100.8 ("Jeu= 161 Hz), 99.8 (‘Jeu = 169 Hz), 99.1 (‘Jen= 164 Hz), 95.9 (‘Jeu= 169 Hz), 81.8,
81.6, 79.6, 78.5, 75.9, 75.3, 75.0x2, 74.8, 74.7, 74.2x2, 73.5, 73.2, 72.3, 71.7, 70.8, 70.5, 69.6,
69.3,69.2, 68.8, 68.2, 67.2,59.4,55.2,31.7,29.2, 29.0, 25.9, 22.5, 17.9, 14.0; HRMS (ESI-TOF)
m/z 832.8460 (832.8495 caled for CosHi0sNO»K [M+H+K]*").
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To asolution of 315 (14.8 mg, 9.10 umol) in dry pyridine (400 uL, 23 mM) was added Ac,O

(400 pL, 4.23 mmol) and DMAP (2.0 mg, 1.64 umol) at 0 °C. The reaction mixture was stirred
for 3 h at room temperature and then H,O (1.0 mL) was added at O °C. The layers were separated
and the organic phase was diluted with EtOAc (2.0 mL), washed with brine (2.0 mL), and then
dried over anhydrous Na,SO4. Concentration under reduced pressure followed by column
chromatography (2/1 n-hexane/EtOAC) of the residue afforded S16 (15.5 mg, 97%).
Data for S16: Colorless syrop; R;0.30 (2/1 n-hexane/EtOAc); [a]**p +42.3° (¢ 0.96, CHCl3); 'H-
NMR (500 MHz, CDCl:) §7.79 (2H, br-d, J = 7.5 Hz, Ar-H), 7.65-7.61 (2H, m, Ar-H), 7.52-7.40
(5H, m, Ar-H), 7.37-7.09 (30H, m, Ar-H), 7.00-6.95 (4H, m, Ar-H), 6.79 (1H, m, Ar-H), 5.74 (1H,
d, Jy»3»=3.0 Hz, H-2"""), 5.26 (1H, d, Jr»» = 8.5 Hz, H-1"), 5.05 (1H, dd, J1» 2 = 3.5 Hz, Jo» 3>
=10.0 Hz, H-2""), 5.01 and 4.76 (2H, ABq, J = 10.5 Hz, ArCH.), 5.02-4.98 (2H, m, H-1""", 4),
4.98 (1H, d, Ji»2» = 3.5 Hz, H-1"), 4.90 and 4.57 (2H, ABq, J = 11.0 Hz, ArCH,), 4.78 and 4.49
(2H, ABq, J = 10.5 Hz, ArCH>), 4.69 and 4.54 (2H, ABq, J = 12.0 Hz, ArCH>), 4.64 (1H, br-s, H-
1), 4.61 (1H, dd, J»3 = 11.0 Hz, Js4 = 9.5 Hz, H-3"), 4.52 and 4.47 (2H, ABq, J = 12.0 Hz,
ArCH,), 4.33 (1H, dd, J = 3.5 Hz, J = 12.0 Hz, H-6"’a), 4.29-4.25 (2H, m, H-3"", 4>°), 421 (1H,
m, H-6"’b), 4.19 and 4.22 (2H, ABq, J = 12.0 Hz, ArCH.), 4.07 (1H, dd, J1.» = 8.5 Hz, Jr3 =
11.0 Hz, H-2"), 4.05 and 3.85 (2H, ABq, J = 11.5 Hz, ArCH>), 4.03 (1H, m, H-3"""), 3.99 (1H, dd,
J=3.0Hz, J=8.0 Hz, H-5""), 3.84-3.71 (4H, m, H-5", 6’a, 4°*’, 6°"’a), 3.70-3.51 (6H, m, H-1A,
3,5,6b,5°,6°b), 3.37 (1H, dd, Js4=9.5 Hz, Jas =9.5 Hz, H-4), 3.28 (1H, dt, J=7.0 Hz, J =
10.0 Hz, H-1B), 3.16 (1H, dd, J12 = 2.5 Hz, J23 = 2.5 Hz, H-2), 2.12 (3H, s, OC(O)CHs), 2.01
(3H, s, OC(O)CHs), 1.97 (3H, s, OC(O)CHs), 1.44 (2H, m, CH,), 1.17 (3H, d, Js5 = 6.0 Hz, H-6),
1.02-1.28 (10H, m, CH,), 0.84 (3H, t, J = 7.5 Hz, CH;); ®C-NMR (125 MHz, CDCLs) § 170.6,
170.3,169.8,167.6,167.1, 165.0, 138.7%x2, 138.6, 138.3, 138.1, 137.9, 137.8, 134.1, 133.9, 132.9,
130.9, 130.5, 129.9, 129.4, 99.9, 98.9, 98.6, 95.8, 80.7, 79.7, 76.3, 75.6, 75.2, 75.0x2, 74.9%2,
74.5,73.6,73.5,73.4,72.3,71.6x2,71.4,70.7,69.9, 69.7, 69.2, 68.1, 68.0, 67.9, 64.6, 56.1, 31.7,
29.7, 29.2x2, 29.1, 26.0, 22.6, 21.2, 21.0, 20.8, 17.7, 14.1; HRMS (ESI-TOF) m/z 895.8638
(895.8653 calcd for Co2H11sNO»sK [M+H+K]?H.
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To a solution of 315 (20.2 mg, 12.0 umol) in dry MeOH (600 uL, 20 mM) was added 28%
NaOMe in MeOH (14.5 uL, 69.6 umol) at 0 °C. The reaction mixture was stirred for 4 h at room
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temperature and then the reaction temperature was raised to 40 °C and stirred for 6 h. Then the
reaction miture was neutralized with Dowex 50W-4X, filtered, and concentrated in vacuo.
Concentration under reduced pressure gave colorless syrup. Then, resultant mixture was dissolved
in n-BuOH (1.24 mL, 10 mM) and added ethylene diamine (60 uL, 0.60 mmol). After stirring
under reflux condition for 12 h, the reaction mixture was concentrated under reduced pressure.
Purification of the residue by column chromatography (20/1 CHCIs/MeOH) of the residue
afforded 316 (16.1 mg, 93%).

Data for 316: Colorless syrop; R;0.75 (20/1 CHCl3/MeOH); [a]*p +10.9° (¢ 1.0, CHCls); 'H-
NMR (500 MHz, CDCls) 6 7.35-7.12 (35H, m, Ar-H), 4.92 (1H, br-s, H-1"""), 4.90 and 4.63 (2H,
ABq, J=11.0 Hz, ArCH.),4.87 (1H, d, J1»»» = 3.5 Hz, H-1""), 4.86 (1H, br-s, H-1), 4.84 and 4.46
(2H, ABq, J = 11.0 Hz, ArCH>), 4.73 and 4.67 (2H, ABq, J = 12.0 Hz, ArCH.) 4.72 and 4.57 (2H,
ABq, J = 11.5 Hz, ArCH,), 4.60 and 4.48 (2H, ABq, J = 12.0 Hz, ArCH.), 4.48 and 4.42 (2H,
ABq, J = 12.5 Hz, ArCH.), 4.47 and 4.20 (2H, ABq, J = 12.0 Hz, ArCH>), 4.38-4.36 (2H, br-s,
H-4>’, OH), 4.34 (1H, d, J1»» = 8.0 Hz, H-17), 4.19 (1H, br-d, Jo3» = 2.5 Hz, H-2"), 3.94-3.86
(3H, m, H-5, 6’a, 2°°), 3.84-3.62 (9H, m, H-1B, 2, 3, 4, 6’b, 3”°, 6’’a, 4’>’, OH), 3.62-3.50 (4H,
m, H-5°, 6”’b, 3°”’, 6°”’a), 3.50-3.34 (SH, m, H-1A, 4°, 5, 5°°, 6’”’b), 3.16 (1H, dd, J» 3 = 8.0
Hz, J» 4 = 9.5 Hz, H-3"), 2.67 (1H, dd, J1-»» = 8.0 Hz, J>-3» = 8.0 Hz, H-2"), 2.31 (1H, br-s, OH),
1.58 (2H, m, CH,), 1.35 (3H, d, Js¢ = 6.0 Hz, H-6), 1.24-1.34 (10H, m, CH,),0.89 (3H, t, J=7.0
Hz, CH;); "C-NMR (125 MHz, CDCl3) & 138.2, 138.1x2, 137.9, 137.7, 137.5, 128.4, 128.3x4,
128.2, 128.0x2, 127.9, 127.8x2, 127.7, 127.6x3, 127.4x2, 105.8, 100.3, 100.1, 98.5, 89.2, 81.8,
81.5, 80.0, 78.4, 75.5, 75.3, 75.1, 74.9, 74.5, 74.0, 73.2, 72.8, 72.6, 71.1, 69.7, 69.4, 69.3, 69.1,
68.8, 68.4x2, 67.8, 62.4,59.4, 56.2, 34.8,31.7, 29.4,29.3,29.1, 26.1, 22.6, 18.8, 17.9, 14.0, 13.8;
HRMS (ESI-TOF) m/z 707.8462 (707.8466 calcd for CsiH10oNO9sNa [M+H+Na]*").

Compound 317

To asolution of 316 (16.1 mg, 11.6 umol) in dry pyridine (480 uL, 24 mM) was added Ac.O
(480 pL, 5.08 mmol) and DMAP (1.4 mg, 11.6 umol) at 0 °C. The reaction mixture was stirred
for 4 h at room temperature and then H,O (1.0 mL) was added at 0 °C. The layers were separated
and the organic phase was diluted with EtOAc (2.0 mL), washed with brine (2.0 mL), and then
dried over anhydrous Na,SO.. Concentration under reduced pressure followed by column
chromatography (8/1 toluene/acetone) of the residue afforded 317 (17.5 mg, 95%).
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Data for 317: Foam; R, 0.55 (4/1 toluene/acetone); [0]*°p +14.0° (¢ 1.0, CHCl3); '"H-NMR (500
MHz, CDCl3) 57.35-7.17 (35H, m, Ar-H), 6.20 (1H, d, J = 7.0 Hz, NH), 5.65 (1H, br-s, H-2"""),
5.02 (1H, dd, Ji-2+ = 4.0 Hz, Jo-3 = 10.0 Hz, H-2"), 4.98 (1H, br-d, J12 = 2.0 Hz, H-1), 4.96
(1H, d, Ji-2» = 4.0 Hz, H-17"), 4.95 (1H, d, Ji» = 7.5 Hz, H-1°), 4.92 (1H, dd, J3 4 = 10.0 Hz,
Ji-s-=10.0 Hz, H-4"), 4.87 and 4.58 (2H, ABq, J = 11.0 Hz, AcCH.), 4.85 and 4.52 (2H, ABq, J
= 11.0 Hz, ArCH.), 4.77 and 4.56 (2H, ABq, J = 11.5 Hz, ArCH>), 4.68 and 4.64 (2H, ABq, J =
12.0 Hz, ArCH.), 4.64 (1H, br-s, H-17"), 4.63 and 4.50 (2H, ABq, J = 12.0 Hz, ArCH), 4.59 (1H,
m, H-3"), 4.47 (2H, s, ArCH?), 4.43 and 4.38 (2H, ABq, J = 12.0 Hz, ArCH.), 4.36 (1H, dd, J- -4
= 6.0 Hz, Jo»asv = 11.5 Hz, H-6""a), 4.27 (1H, dd, J5»¢v = 6.0 Hz, Js»as» = 11.5 Hz, H-6"’b),
4.13 (1H, dd, Jo-3- = 10.0 Hz, Jo-4- = 3.0 Hz, H-3"), 4.08 (1H, d, J34» = 3.0 Hz, H-4""), 3.94
(1H, t, J= 6.0 Hz, H-5""), 3.75-3.67 (6H, m, H-3, 5, 3°*, 5>, 6’’a, 6’”’b), 3.65 (1H, dd, J12 =
2.0 Hz, J>3=2.0 Hz, H-2), 3.62-3.58 (2H, m, H-1B, 5°), 3.57-3.48 (3H, m, H-6’a, 6’b, 4°""), 3.42-
3.35 (2H, m, H-1A, 4), 3.14 (1H, m, H-2"), 2.22 (3H, s, OC(O)CHs), 2.12 (3H, s, NHC(O)CHs),
1.99 (3H, s, OC(O)CHs), 1.95 (3H, s, OC(O)CHs), 1.79 (3H, s, OC(O)CH), 1.58-1.52 (2H, m,
CHy), 1.31-1.22 (13H, m, CH,, H-6), 0.88 (3H, t, J = 7.0 Hz, CHs); *C-NMR (125 MHz, CDCls)
0171.2, 170.9, 170.4, 169.9, 138.8, 138.5x2, 138.4, 138.3, 137.7x2, 128.5, 128.4, 128.3x2,
128.2x2, 128.1, 127.8%x2, 127.7x2, 127.6x2, 127.5, 127.4%x2, 127.3, 100.8, 99.2, 99.0, 95.8, 80.1,
79.7,76.2, 75.5, 75.4, 75.0, 74.9, 74.2, 73.5, 73.4, 72.9, 72.5, 72.1, 71.6, 71.0, 70.9, 69.5, 69.4,
68.9, 68.5, 68.3, 67.6, 63.7, 60.4, 58.8, 31.8,29.3%2,29.2, 26.1, 23.4,22.6,21.2,21.1,20.8, 17.9,
14.1; HRMS (ESI-TOF) m/z 820.8563 (820.8600 calcd for CoH12NO2K [M+H+K]).

Compoud 252

(o]
1 HNAc >(\/\/\/
O
HO Hia Hig
HO 4y 252

To a solution of 317 (17.5 mg, 10.9 umol) in dry THF (1.09 mL, 10 mM) was added 10%
Pd/(OH),/C (17.5 mg) under H, atmosphere (balloon) at room temperature. After stirring for 40
min, the reaction was filtrated through celite pad, and the filtrate was concentrated under reduced
pressure.

To a solution of resultant mixture in dry MeOH (1.09 mL, 10 mM) was added 28% NaOMe
in MeOH (2.0 uL, 10.9 pumol) at 0 °C. The reaction mixture was stirred for 2 h at room
temperature. Then the reaction miture was neutralized with Dowex 50W-4X, filtered, and
concentrated in vacuo. The residue was purified by reverse-phase column chromatography eluted
with 30% MeOH/H.0 to give 252 (8.7 mg, 10.8 umol, 99% vyield).
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Data for 8: White solid; R;0.20 (1/1 CHCl;/MeOH); [a]*p +8.04° (¢ 1.0, H,0); mp 154-155 °C;
'H-NMR (500 MHz, D,0) 65.02 (1H, br-s, H-1""), 4.97 (1H, d, J1»2» = 4.0 Hz, H-1""), 4.93 (1H,
br-s, H-1), 4.88 (1H, d, Ji-> = 9.0 Hz, H-1°), 4.42 (1H, br-s, H-4""), 4.12 (1H, dd, J2-3» = 10.5
Hz, J3»4» = 2.5 Hz, H-3"), 4.08 (1H, d, J 3> = 3.0 Hz, H-2"""), 4.01-3.97 (5H, m, H-5, 6’a, 2",
6°’a, 6°"a), 3.91-3.74 (8H, m, H-1B, 2, 3,2’, 6’b, 5, 6”’b, 6*°b), 3.70 (1H, dd, J> 3 = 3.0 Hz,
J3 4 =10.0 Hz, H-3""), 3.67 (1H, dd, J» 3 = 10.0 Hz, J3- 4 = 10.0 Hz, H-3"), 3.63-3.52 (4H, m,
H-1A,4°,5°,4°>"),3.49 (1H, dd, Js4 = 9.5 Hz, Jas = 9.5 Hz, H-4), 3.42 (1H, m, H-5"""), 2.13 (3H,
s, NHC(O)CHa), 1.69 (2H, m, CH,), 1.48-1.32 (10H, m, CH,), 1.30 (3H, d, Js¢ = 6.5 Hz, H-6),
0.93 (3H, t, J= 7.0 Hz, CH;); *C-NMR (125 MHz, D,0) § 174.9, 102.0, 100.9, 99.3, 82.0, 78.1,
76.7,76.6,73.6, 72.5, 71.4, 71.2, 70.8%2, 69.5, 69.3, 69.2, 68.8, 67.7, 61.8, 61.5, 61.3, 56.5, 31.8,
29.3,29.2,29.1, 26.1, 22.8, 22.7, 17.1, 14.1; HRMS (ESI-TOF) m/z 826.3647 (826.3685 calcd
for C34Hs1NO2Na [M+Nal").

NMR Spectral Charts of Compounds in Chapter 1
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Experimental Procedure and Characterization Data for Chapter 2

General procedure A for glycosylations of 1,2-anhydrorhamnose 253 and glycosyl acceptors

using a catalytic amount of borinic acid 203

Glycosyl acceptor (25-55 pumol, 1.0 equiv.) and di(4-fluoro)phenylborinic acid (203) (5-11
umol, 0.2 equiv.) were diluted with dry MeCN under Ar atmosphere, and then the resulting
mixture was cooled to 0 °C. To the mixture was slowly added a solution of 1,2-anhydro-3,4-di-
O-benzyl-B-L-rhamnose (253) (50-110 umol, 2.0 equiv.) in dry MeCN (0.1 M final conc. for
glycosyl acceptor). After the reaction mixture was stirred for the reaction time indicated, the
reaction was quenched by addition of 0.05 M NaBO; aq. (110-242 uL, 1.1 equiv. to 203). To the
resultant mixture was added sat. NH4Cl aq. (3 mL). The aqueous layer was extracted with EtOAc
(4 mLx3), and then the combined extracts were washed with brine (4 mL), dried over anhydrous
Na,SQO4, and concentrated in vacuo. Purification of the residue by silica gel column

chromatography or preparative TLC (0.25 mm silica gel plate) gave the corresponding glycosides.

General procedure B for glycosylations of 1,2-anhydrorhamnose 253 and glycosyl acceptors

using a stoichiometric amount of borinic acid 203

To a solution of glycosyl acceptor (40-60 umol, 1.0 equiv.) in dry PhMe (1.6-2.4 mL, 25
mM for glycosyl acceptor) was added di(4-fluoro)phenylborinic acid (203) (40-60 umol, 1.0
equiv.) at room temperature under Ar atmosphere. After stirring under reflux conditions for 3 h,
the reaction mixture was concentrated in vacuo. The residue was diluted with dry MeCN under
Ar atmosphere, and then the resulting mixture was cooled to 0 °C. To the mixture was slowly
added a solution of 1,2-anhydro-3,4-di-O-benzyl-p-L-rhamnose (253) (80-120 pumol, 2.0 equiv.)
in dry MeCN (0.1 M final conc. for glycosyl acceptor). After the reaction mixture was stirred for
6 h, the reaction was quenched by addition of 0.05 M NaBOs aq. (880-1320 uL, 1.1 equiv. to 203).
To the resultant mixture was added sat. NH4Cl aq. (2 mL). The aqueous layer was extracted with
EtOAc (3 mLx3), and then the combined extracts were washed with brine (6 mL), dried over
anhydrous Na,SOs, and concentrated in vacuo. Purification of the residue by silica gel column

chromatography gave the corresponding glycosides.

General procedure C for glycosylations of 1,2-anhydrorhamnose 253 and glycosyl acceptors

using a catalytic amount of boronic acid 247
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Glycosyl acceptor (0.01-0.04 mmol, 1.0 equiv.) and 4-nitrophenylboronic acid (247) (2-8
umol, 0.2 equiv.) were diluted with dry MeCN under Ar atmosphere, and then the resulting
mixture was cooled to 0 °C. To the mixture was added a solution of 1,2-anhydro-3,4-di-O-benzyl-
B-L-rhamnose (253) (0.015-0.06 mmol, 1.5 equiv.) in dry MeCN (0.05 M final conc. of 253).
After the reaction mixture was stirred for 6 h, the reaction was quenched by addition of 0.05 M
NaBOs aq. (88-352 uL, 2.2 equiv. to 247). To the resultant mixture was added sat. NH4Cl aq. (2
mL). The aqueous layer was extracted with EtOAc (3 mLx3), and then the combined extracts
were washed with brine (3 mL), dried over anhydrous Na>SQOs, and concentrated in vacuo.
Purification of the residue by preparative TLC or silica gel column chromatography gave the
corresponding glycosides.

Synthesis of B-L-rhamnosides 318, 254-256. 333-335, 338. 257. 259. 261.
and 345

Compound 318

"
BnO@Z\O/@;/OBn
BnO OH

318

Compound 318 was synthesized in 94% yield according to the general procedure A from
202'” and 253.
Data for 318: Colorless syrup; Ry 0.54 (3/2 n-hexane/EtOAc); [a]*®p +25.4° (¢ 1.0, CHCl); 'H-
NMR (500 MHz, CDCl3) 67.45-7.25 (15H, m, Ar-H), 4.94 and 4.64 (2H, ABq, J = 10.5 Hz,
PhCH>), 4.77 and 4.67 (2H, ABq, J=12.0 Hz, PhCH>), 4.49 (2H, s, PhCH>), 4.36 (1H, d, J1 2 =
0.5 Hz, H-1"), 4.09 (1H, br-s, H-2’), 3.89 (1H, dt, /= 6.5 Hz, J=9.5 Hz, H-1a), 3.55-3.50 (2H,
m, H-3’, 4°), 3.50-3.42 (3H, m, H-1b, 6a, 6b), 3.31 (1H, m, H-5"), 2.40 (1H, d, /= 1.5 Hz, OH),
1.70-1.53 (4H, m, H-2, 5), 1.43-1.35 (4H, m, H-3, 4), 1.34 (3H, d, Js-¢ = 6.5 Hz, H-6"); *C-NMR
(125 MHz, CDCls) 6138.4, 138.2, 137.7, 128.2, 128.1x2, 127.9, 127.6x2, 127.5, 127.3, 127.2,
99.3 (1w = 156 Hz), 81.2, 79.4, 75.2, 72.6, 71.2, 71.0, 70.1, 69.4, 68.2, 29.4, 29.2, 25.8, 25.6,
17.7; HRMS (ESI-TOF) m/z 535.3035 (535.3060 caled for C33Ha306 [M+H]").

Compound 254
"
O

WO

BnO 0

BnO

OH ﬁﬁ 1
BnO,

OMe

BnO

254
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Compound 254 was synthesized in 94% yield according to the general procedure A from 34'"°
and 253. Spectroscopic data were in agreement with previously reported data.'"!
Data for 254: Colorless syrup; Ry 0.60 (1/1 n-hexane/EtOAc); [a]**p +30.3° (¢ 1.0, CHCL;); 'H-
NMR (500 MHz, CDCl3) 67.55-7.24 (25H, m, Ar-H), 4.98 and 4.85 (2H, ABq, J = 11.0 Hz,
PhCH>), 4.94 and 4.62 (2H, ABq, J = 11.0 Hz, PhCH>), 4.85 and 4.73 (2H, ABq, J = 11.0 Hz,
PhCH>), 4.80 and 4.67 (2H, ABq, J = 12.5 Hz, PhCH,), 4.75 and 4.64 (2H, ABq, J = 13.0 Hz,
PhCH>), 4.59 (1H, d, J12 = 3.5 Hz, H-1), 4.42 (1H, br-s, H-17), 4.21 (1H, dd, Js6a = 3.5 Hz, Jeasb
= 11.5 Hz, H-6a), 4.11 (1H, br-s, H-2"), 3.98 (1H, dd, J23 = 9.5 Hz, J34 = 9.0 Hz, H-3), 3.79-3.77
(2H, m, H-5, 6b), 3.62 (1H, dd, J34 = 9.0 Hz, J45 =10.0 Hz, H-4), 3.56-3.45 (3H, m, H-2, 3°, 4°),
3.35 (3H, s, OCH3), 3.30 (1H, m, H-5"), 2.24 (1H, br-s, OH), 1.30 (3H, d, J5 ¢ = 6.0 Hz, H-6’);
3C-NMR (125 MHz, CDCl3) 6138.7, 138.3x2, 138.1, 137.9, 128.4, 128.4, 128.3, 128.1x2, 127.9,
127.8,127.7,127.6, 99.3 (Ncn = 157 Hz), 98.2, 82.0, 81.1, 79.7, 79.6, 75.7, 75.5, 75.1, 73.4, 71.5,
71.1, 69.8, 68.3, 67.0, 55.2, 17.9; HRMS (ESI-TOF) m/z 813.3637 (813.3615 calcd for
CusHs4010Na [M+Na]").

Compound 255
"

BnO@Z\O
BnO

OH BnO

(0]
BnO OMe

255 BnO 1

Compound 255 was synthesized in 89% yield according to the general procedure A from
324'"% and 253.
Data for 255: Colorless syrup; Ry 0.48 (1/1 n-hexane/EtOAc); [a]**p —16.5° (¢ 1.0, CHCl;); 'H-
NMR (500 MHz, CDCl3) 67.60-7.12 (25H, m, Ar-H), 4.98 and 4.64 (2H, ABq, J = 12.5 Hz,
PhCH), 491 and 4.63 (2H, ABq, J = 11.0 Hz, PhCH>), 4.90 and 4.75 (2H, ABq, J = 11.0 Hz,
PhCH), 4.80 and 4.77 (2H, ABq, J = 10.5 Hz, PhCH>), 4.74 and 4.69 (2H, ABq, J = 12.0 Hz,
PhCH>), 4.26 (1H, d, J12, = 7.5 Hz, H-1), 3.94 (1H, br-d, J34 = 2.5 Hz, H-4), 3.85 (1H, dd, Js 62 =
4.0 Hz, Jeasp = 8.5 Hz, H-6a), 3.82 (1H, d, Jir2» = 1.0 Hz, H-1"), 3.82 (1H, dd, J12, = 7.5 Hz, J>3 =
9.0 Hz, H-2), 3.71 (1H, br-s, H-2"), 3.66-3.49 (6H, m, H-3, 5, 6b, OCH3), 3.48-3.35 (2H, m, H-
3°,4%),3.22 (1H, m, H-5"), 2.20 (1H, d, J = 2.0 Hz, OH), 1.30 (3H, d, Js'¢ = 6.0 Hz, H-6"); **C-
NMR (125 MHz, CDCls) 6138.8, 138.7, 138.4, 138.2, 137.8, 128.7, 128.6, 128.4x2, 128.3, 128.2,
128.1x3, 128.0, 127.6, 127.5x2, 105.1, 99.5 ({Jcy = 155 Hz), 82.4, 81.0, 79.7, 79.6, 75.5, 75.2,
74.0, 73.2, 72.3, 72.0, 71.5, 71.4, 68.3, 66.8, 57.0, 17.8; HRMS (ESI-TOF) m/z 813.3599
(813.3615 calcd for C4sHs4O19Na [M+Na]").
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Compound 327

327

Compound 327 was synthesized in 97% yield according to the general procedure A from 325
and 253.
Data for 327: White solid; R;0.63 (1/1 n-hexane/EtOAc); [a]*°p +29.3° (¢ 1.0, CHCls); mp 108-
109 °C; '"H-NMR (500 MHz, CDCls) §7.39-7.27 (10H, m, Ar-H), 4.94 and 4.65 (2H, ABq, J =
11.0 Hz, PhCH:), 4.76 and 4.67 (2H, ABq, J = 12.0 Hz, PhCH), 4.34 (1H, br-s, H-1"), 4.33 (1H,
m, H-2), 4.16 (1H, br-s, H-2"), 4.07 (1H, dd, J= 6.5 Hz, J= 8.5 Hz, H-1a), 3.87 (1H, dd, /= 5.0
Hz, J = 10.5 Hz, H-3a), 3.69 (1H, dd, J = 6.5 Hz, J = 8.5 Hz, H-1b), 3.61 (1H, dd, J= 7.0 Hz,
10.5 Hz, H-3b), 3.56-3.50 (2H, m, H-3’, 4°), 3.32 (1H, m, H-5"), 2.40 (1H, br-s, OH), 1.41 (3H,
s, CH3), 1.36 (3H, s, CH3), 1.34 (3H, d, Js' 6 = 6.0 Hz, H-6"); **C-NMR (125 MHz, CDCls) 5 138.3,
137.8, 128.5, 128.4, 128.1, 127.9x2, 127.8, 109.6, 99.6 (*Jcn = 156 Hz), 81.2, 79.5, 75.5, 74.8,
71.5, 71.3, 70.6, 68.2, 66.7, 26.8, 25.3, 17.8; HRMS (ESI-TOF) m/z 481.2184 (481.2202 calcd
for Co6H3407Na [M+Na]").

Compound 328
"
o NHBoc
Bno$\7\o “_OMe
BnO \\/A\H/
OH 1 4

328

Compound 328 was synthesized in 94% yield according to the general procedure A from 326
and 253.
Data for 328: Colorless syrup; Ry 0.55 (2/1 n-hexane/acetone); [a]**p +19.1° (¢ 1.0, CHCl); 'H-
NMR (500 MHz, CDCls) 6 7.44-7.26 (10H, m, Ar-H), 5.72 (1H, d, J = 9.0 Hz, NH), 4.93 and
4.64 (2H, ABq, J = 10.5 Hz, PhCH>), 4.75 and 4.66 (2H, ABq, J = 12.0 Hz, PhCH>), 4.44 (1H,
ddd, J=3.0 Hz, J=3.0 Hz, J=9.0 Hz, H-2), 4.34 (1H, d, J1'»» = 0.5 Hz, H-1"), 4.11 (1H, dd, J =
10.5 Hz, J = 3.0 Hz, H-1a), 4.05 (1H, br-s, H-2"), 4.02 (1H, dd, J= 10.5 Hz, J = 3.0 Hz, H-1b),
3.75 (3H, s, OCH;), 3.59-3.44 (2H, m, H-3’, 4°), 3.33 (1H, m, H-5"), 2.35 (1H, br-s, OH), 1.44
(9H, s, C(CHs)3), 1.36 (3H, d, Js'6 = 6.5 Hz, H-6"); *C-NMR (125 MHz, CDCl3) §170.9, 155.5,
138.2,137.7,128.5,128.4, 128.1, 127.9, 127.8, 100.0 (*Jcn = 157 Hz), 81.1, 79.9, 79.3, 75.5, 71.7,
71.4, 70.3, 68.2, 53.9, 52.5, 28.3, 17.7; HRMS (ESI-TOF) m/z 546.2723 (546.2703 calcd for
Ca9H4oNOy [M+H]H).
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Compound 256
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Compound 256 was synthesized in 82% yield according to the general procedure A from
329'" and 253.
Data for 256: White solid; R;0.46 (1/1 n-hexane/EtOAc); [a]*’p +42.1° (¢ 1.0, CHCls); mp 147-
148 °C; "H-NMR (500 MHz, CDCl;) & 8.06-8.01 (2H, m, Ar-H), 8.00-7.92 (4H, m, Ar-H), 7.57-
7.22 (19H, m, Ar-H), 5.83 (1H, dd, J>3 = 10.0 Hz, J34 = 10.0 Hz, H-3), 5.62 (1H, dd, J34 = 10.0
Hz, Jus5 = 10.0 Hz, H-4), 4.93 (1H, d, J12 = 3.5 Hz, H-1), 4.86 and 4.47 (2H, ABq, J= 11.0 Hz,
PhCH:), 4.75 and 4.61 (2H, ABq, J = 12.0 Hz, PhCH>), 4.59 (1H, dd, Js62 = 2.5 Hz, Jeagp = 12.5
Hz, H-6a), 4.50-4.43 (2H, m, H-1’, 6b), 4.33 (1H, ddd, Ja5 = 10.0 Hz, Js562 = 2.5 Hz, Js6p = 5.5
Hz, H-5), 4.22 (1H, dd, J1» = 3.5 Hz, J,3 = 10.0 Hz, H-2), 4.09 (1H, br-s, H-2"), 3.52 (3H, s,
OCHs), 3.41 (1H, dd, J>» » = 2.5 Hz, J>» 4 = 9.0 Hz, H-3"), 3.28 (1H, dd, J>»» = 9.0 Hz, J»-5 = 9.5
Hz, H-4’), 3.15 (1H, m, H-5"), 2.53 (1H, br-s, OH), 0.86 (3H, d, Js & = 6.0 Hz, H-6"); *C-NMR
(125 MHz, CDCls) 6166.8, 166.1, 165.3, 138.3, 138.0, 133.4, 133.1, 132.8, 130.0, 129.9, 129.8,
129.7,128.9, 128.4, 128.4, 128.3, 128.1x2, 127.8, 127.7, 127.6, 97.6, 97.0 (*Jcn = 156 Hz), 80.9,
79.3, 75.4, 74.7, 71.5, 71.4, 69.1, 68.0, 67.5, 63.1, 55.5, 17.2; HRMS (ESI-TOF) m/z 855.3009
(855.2993 calcd for CasHas013Na [M+Na]").

Compound 333
tBIu
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Compound 333 was synthesized in 82% yield (96% BRSM) according to the general
procedure B from 330" and 253.
Data for 333: Colorless syrup; Ry 0.40 (3/1 n-hexane/acetone); [a]*’p +0.32° (¢ 1.0, CHCls); 'H-
NMR (500 MHz, CDCl;) §7.43-7.17 (10H, m, Ar-H), 6.27 (1H, dd, J12 = 6.0 Hz, Ji5 = 1.5 Hz,
H-1), 5.00 (1H, d, Ji-2 = 1.0 Hz, H-17), 4.93 and 4.68 (2H, ABq, J = 11.0 Hz, PhCH.), 4.81 (1H,
dd, Ji2 = 6.0 Hz, J3 = 2.0 Hz, H-2), 4.76 and 4.64 (2H, ABq, J = 11.0 Hz, PhCH?), 4.50 (1H,
ddd, Jis = 1.5 Hz, Jo3 = 2.0 Hz, Js4 = 6.0 Hz, H-3), 4.18-4.10 (3H, m, H-2", 4, 6a), 3.96 (1H, dd,
Jseb = 10.5 Hz, Jeasp = 10.5 Hz, H-6b), 3.85 (1H, ddd, /= 5.0 Hz, /= 10.5 Hz, /= 10.5 Hz, H-5),
3.55(1H, dd, J» 4+ =9.5 Hz, J»5 = 8.5 Hz, H-4"), 3.48 (1H, dd, J» 3 = 3.5 Hz, Js»» = 9.5 Hz, H-
3°), 3.28 (1H, m, H-5"), 2.45 (1H, br-s, OH), 1.36 (3H, d, Jo-o = 6.5 Hz, H-6"), 1.04 (9H, s,
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C(CHs)s), 0.97 (9H, s, C(CHs)s); ®*C-NMR (125 MHz, CDCl3) 5 144.1, 138.2, 137.7, 128.5, 128.4,
128.3, 128.0, 127.9, 127.8, 102.2, 99.3 (\Jen = 160 Hz), 81.6, 79.5, 76.9, 75.6, 75.2, 72.3, 71.6,
715, 68.7, 65.8, 27.4, 26.9, 22.6, 19.8, 17.8; HRMS (ESI-TOF) m/z 635.3010 (635.3016 calcd
for C34Hs0sNaSi [M+Na]").

Compound 334
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Compound 334 was synthesized in 65% yield (94% BRSM) according to the general
procedure B from 331'"° and 253.
Data for 334: Colorless syrup; Ry 0.41 (2/3 n-hexane/Et,0); [a]*’p +25.6° (¢ 1.0, CHCLs); 'H-
NMR (500 MHz, CDCL) & 7.69-7.61 (4H, m, Ar-H), 7.46-7.20 (16H, m, Ar-H), 4.93 and 4.63
(2H, ABq, J = 10.5 Hz, PhCH>), 4.72 and 4.62 (2H, ABq, J = 12.0 Hz, PhCHy), 4.65 (1H, br-s,
H-1°), 4.07 (1H, br=d, J»-3 = 2.5 Hz, H-2’), 3.99 (1H, m, H-2), 3.65 (1H, dd, /= 7.0 Hz, J=11.0
Hz, H-3a), 3.57 (1H, dd, J = 4.0 Hz, J = 11.0 Hz, H-3b), 3.52 (1H, dd, Js-4 = 9.0 Hz, Ja-5 = 9.0
Hz, H-4"), 3.43 (1H, dd, Jo.3 = 2.5 Hz, J3.4 = 9.0 Hz, H-3"), 3.23 (1H, m, H-5"), 2.38 (1H, br-s,
OH), 1.33 3H, d, Js-5 = 6.5 Hz, H-6"), 1.17 3H, d, /= 6.5 Hz, H-1), 1.02 (9H, s, C(CH)s); °C-
NMR (125 MHz, CDCls) 6§138.3, 137.9, 135.5, 133.3, 133.2, 129.8, 128.5, 128.4, 128.2, 127.9,
127.8x2, 127.7, 99.4 (Ncn = 157 Hz), 81.4, 79.6, 75.6, 75.5, 71.3x2, 68.6, 68.1, 26.8, 19.1, 18.0,
17.9: HRMS (ESI-TOF) m/z 663.3087 (663.3118 calcd for CsHisOgNaSi [M+Na]").

Compound 335
1 OMe
300 Z5% 0 2787
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Compound 335 was synthesized in 56% yield (90% BRSM) according to the general
procedure B from 332"'® and 253.
Data for 335: Colorless syrup; R;0.24 (2/1 n-hexane/EtOAc); [a]**p +57.4° (¢ 1.0, CHCl;); 'H-
NMR (500 MHz, CDCl3) 68.10 (2H, dd, /= 1.5 Hz, J= 8.0 Hz, Ar-H), 7.90 (2H, dd, /= 1.5 Hz,
8.5 Hz, Ar-H), 7.62 (1H, m, Ar-H), 7.52-7.43 (3H, m, Ar-H), 7.40-7.20 (12H, m, Ar-H), 5.70 (1H,
dd, J23=3.5 Hz, J34=9.0 Hz, H-3), 5.53 (1H, dd, J1» = 1.5 Hz, J>3 = 3.5 Hz, H-2), 4.83 (1H, d,
Ji2=1.5 Hz, H-1), 4.83 and 4.43 (2H, ABq, J = 11.0 Hz, PhCH:), 4.76 and 4.63 (2H, ABq, J =
12.0 Hz, PhCH:), 4.44 (1H, br-s, H-1"), 4.05 (1H, br-s, H-2"), 4.02-3.96 (2H, m, H-4, 5), 3.44
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(3H, s, OCH3), 3.38 (1H, dd, Jr 3 = 2.5 Hz, Js-s- = 9.0 Hz, H-3"), 3.23 (1H, dd, Js.4- = 9.0 Hz,
Jis = 9.0 Hz, H-4%), 3.06 (1H, m, H-5"), 2.63 (1H, br-s, OH), 1.38 (3H, d, Jss = 6.0 Hz, H-6),
0.64 (3H, d, Js-5 = 6.0 Hz, H-6"); *C-NMR (125 MHz, CDCl;) 5166.3, 165.6, 138.3, 138.0,
133.4, 132.8, 130.3, 129.9, 129.8, 128.5, 128.4, 128.3, 128.0, 127.8, 127.7, 99.2 (*Jcn = 157 Hz),
98.3,81.4,79.2,78.1, 75.3, 71.5, 71.4, 71.1, 69.9, 68.3, 67.1, 5.1, 17.9, 17.0; HRMS (ESI-TOF)
m/z 735.2810 (735.2781 caled for CaHasO1Na [M+Na]").

Compound 338
Ph
.
BnO@Z\O&% ]
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Compound 338 was synthesized in 67% yield (98% BRSM) according to the general
procedure B from 337" and 253.
Data for 338: Colorless syrup; R;0.34 (1/1 n-hexane/EtOAc); [a]*’p +123.9° (¢ 1.0, CHCls); 'H-
NMR (500 MHz, CDCl3) §8.16-8.07 (2H, m, Ar-H), 7.60-7.48 (3H, m, Ar-H), 7.46-7.05 (15H,
m, Ar-H), 5.57 (1H, s, PhCH), 5.51 (1H, dd, J12 = 3.0 Hz, Jo5 = 10.0 Hz, H-2), 5.20 (1H, d, J12 =
3.0 Hz, H-1), 4.92 and 4.57 (2H, ABq, J = 10.5 Hz, PhCH>), 4.73 and 4.59 (2H, ABq, J = 12.0
Hz, PhCH>), 4.60 (1H, br-s, H-1°), 4.59 (1H, m, H-3), 4.37 (1H, br-d, Js4 = 3.0 Hz, H-4), 432
(1H, br-d, /= 12.5 Hz, H-6a), 4.11 (1H, br-d, J= 12.5 Hz, H-6b), 4.05 (1H, br-s, H-2"), 3.75 (1H,
br-s, H-5), 3.53-3.45 (2H, m, H-3’, 4°), 3.43 (3H, s, OCH;), 3.28 (1H, m, H-5"), 2.39 (1H, br-s,
OH), 1.24 (3H, d, Js.5 = 6.0 Hz, H-6"); *C-NMR (125 MHz, CDCl5) 5166.4, 138.4, 138.0, 137.5,
133.0, 130.0x2, 129.0, 128.3x2, 128.2, 128.1, 127.7%x2, 127.6, 126.2, 125.3, 100.9, 98.3, 95.8
(YJcn = 156 Hz), 81.0, 79.5, 75.4, 73.4, 71.6, 70.8%x2, 69.4, 69.3, 68.2, 62.3, 55.7, 17.9; HRMS
(ESI-TOF) m/z 735.2768 (735.2781 caled for CaHasO1Na [M+Nal").

Compound 257 and 258

AcHN 1 AcHN 1
257 258

Glucosaminide 277 (13.0 mg, 38.3 umol) and 4-nitrophenylboronic acid (247) (1.28 mg, 7.7
pmol) were diluted with dry MeCN under Ar atmosphere. To the mixture was added a solution of
1,2-anhydro-3,4-di-O-benzyl-B-L-rhamnose (253) (20.8 mg, 63.7 umol) in dry MeCN (0.025 M

final conc. of 253). After the reaction mixture was stirred for 6 h, the reaction was quenched by
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addition of 0.05 M NaBOs aq. (337 uL). To the resultant mixture was added sat. NH4Cl aq. (3
mL). The aqueous layer was extracted with EtOAc (4 mLx3), and then the combined extracts
were washed with brine (4 mL), dried over anhydrous Na,SQOs, and concentrated in vacuo.
Purification of the residue by silica gel column chromatography (4/1 PhMe/acetone) gave 257
(21.3 mg, 32.0 umol, 84% yield) and 258 (1.7 mg, 2.55 umol, 7% yield).

Data for 257:White solid; R,0.63 (1/2 PhMe/acetone); [a.]**p —7.4° (¢ 1.49, CHCl3); mp 93-94 °C;
'H-NMR (500 MHz, CDCls) §8.04-8.01 (2H, m, Ar-H), 7.59 (1H, m, Ar-H), 7.45 (2H, t, J = 8.0
Hz, Ar-H), 7.32-7.18 (8H, m, Ar-H), 7.16-7.12 (2H, m, Ar-H), 5.67 (1H, d, J = 9.0 Hz, NH), 5.45
(1H, dd, J23 = 10.5 Hz, J34 = 9.5 Hz, H-3), 4.82 and 4.54 (2H, ABq, J = 11.0 Hz, ArCH>), 4.57
(1H, d, J12» = 8.5 Hz, H-1), 4.48 (1H, br-s, H-1"), 4.38 and 4.21 (2H, ABq, J = 11.5 Hz, ArCH,),
4.16 (1H, m, H-2), 4.08 (1H, dd, Js4 = 9.5 Hz, J45 = 9.5 Hz, H-4), 4.02-3.88 (2H, m, H-6a, 6b),
3.73 (1H, br-d, J» 3 = 1.5 Hz, H-2’), 3.61 (1H, m, H-5), 3.51 (3H, s, OCH3), 3.42 (1H, dd, Jz s> =
9.5 Hz, J» 5 = 9.5 Hz, H-4"), 3.30 (1H, m, H-5’), 3.12 (1H, dd, J» 3 = 1.5 Hz, J3» = 9.5 Hz, H-
3’), 3.04 (1H, t, J = 7.5 Hz, OH), 2.34 (1H, br-s, OH), 1.86 (3H, s, NHC(O)CHs), 1.33 (3H, d,
Js 5 = 6.0 Hz, H-6); *C-NMR (125 MHz, CDCls) §170.3, 166.4, 138.0, 133.8, 129.6, 129.0,
128.8,128.4x2,128.1, 127.8x2, 127.6, 101.9, 100.7 (*Jcn = 154 Hz), 81.2, 78.8, 76.5, 75.6, 75.5,
744,719, 71.0, 67.9, 62.3, 56.6, 54.0, 23.2, 17.7; HRMS (ESI-TOF) m/z 688.2723 (688.2734
calcd for C3sHasNO1;:Na [M+Na]").

Data for 258: White solid; Ry 0.23 (2/1 PhMe/acetone); [a]*’p +5.8° (¢ 0.70, CHCls); mp 97-
98 °C; 'H-NMR (500 MHz, CDCls) 6 8.06-8.02 (2H, m, Ar-H), 7.56 (1H, m, Ar-H), 7.45-7.28
(12H, m, Ar-H), 5.67 (1H, d, J = 9.0 Hz, NH), 5.31 (1H, dd, J = 9.5 Hz, J = 10.5 Hz, H-3), 4.92
and 4.61 (2H, ABq, J = 11.0 Hz, ArCHy,), 4.79 and 4.68 (2H, ABq, J = 12.0 Hz, ArCH,), 4.48
(1H, br-s, H-1"), 4.47 (1H, d, J12 = 9.0 Hz, H-1), 4.21-4.03 (4H, m, H-2, 2°, 4, 6a), 3.91 (1H, br-
d, J =11.0 Hz, H-6Db), 3.54-3.47 (7TH, m, H-3’, 4’, 5, OH, OCH), 3.33 (1H, m, H-5), 2.65 (1H,
br-s, OH), 1.86 (3H, s, NHC(O)CHa), 1.26 (3H, d, Js'¢ = 6.0 Hz, H-6"); **C-NMR (125 MHz,
CDCls) 6170.4, 167.4, 138.2, 137.8, 133.4, 129.9, 129.4, 128.5%2, 128.4, 128.1, 127.9, 127.8,
102.3, 99.9 ({Jcn = 158 Hz), 81.0, 79.4, 75.5, 75.3, 75.1, 71.7, 71.3, 68.2, 68.1, 67.3, 56.6, 54.0,
23.4,17.7; HRMS (ESI-TOF) m/z 666.2905 (666.2914 calcd for C3sHssNO11 [M+H]?).

Compound 259 and 260
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Compound 259 was synthesized in 86% yield according to the general procedure C from
glucal 278 and 253, and along with 260 in 5% yield.
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Data for 259: Colorless syrup; R, 0.60 (2/1 PhMe/acetone); [a.]**p —52.0° (c 0.83, CHCLs); *H-
NMR (500 MHz, CDCls) 6 8.00 (2H, dd, J=1.5Hz, J= 8.0 Hz, Ar-H), 7.61 (1H, m, Ar-H), 7.46
(2H, t, J = 8.0 Hz, Ar-H), 7.35-7.21 (10H, m, Ar-H), 6.45 (1H, dd, J1, = 6.0 Hz, J;3 = 1.5 Hz, H-
1), 5.80 (1H, ddd, Ji3 = 1.5 Hz, J23 = 1.5 Hz, J34 = 8.5 Hz, H-3), 4.87 and 4.60 (2H, ABq, J =
11.0 Hz, ArCHy), 4.82 (1H, dd, J12 = 6.0 Hz, J23 = 1.5 Hz, H-2), 4.65 (1H, d, J1->» = 0.5 Hz, H-
1%), 4.57 and 4.48 (2H, ABq, J = 11.5 Hz, ArCH), 4.38 (1H, dd, J34 = 8.5 Hz, J45 = 10.0 Hz, H-
4), 4.10 (1H, dd, Jsa = 3.0 Hz, Jeaep = 13.5 Hz, H-6a), 4.00 (1H, ddd, Js5 = 10.0 Hz, Js62 = 3.0
Hz, Js b = 3.0 Hz, H-5), 3.96 (1H, br-d, J,- 3 = 3.0 Hz, H-2"), 3.87 (1H, m, H-6b), 3.48 (1H, dd,
J3 4= 9.0 Hz, Jss» = 9.0 Hz, H-4"), 3.37 (1H, m, H-5"), 3.32 (1H, dd, J>-3- = 3.0 Hz, J3-4- = 9.0
Hz, H-3%), 2.31 (1H, br-s, OH), 1.39 (3H, d, Js:¢ = 6.0 Hz, H-6); *C-NMR (125 MHz, CDCls)
0166.0, 146.4, 138.0, 137.4, 133.4, 129.8, 129.4, 128.7, 128.5x2, 128.2, 128.0, 127.9, 127.8,
100.4 (1Jcn = 157 Hz), 99.3, 81.2, 78.9, 77.8, 75.6, 73.3, 73.2, 72.0, 71.5, 68.2, 61.2, 17.7; HRMS
(ESI-TOF) m/z 599.2244 (599.2257 calcd for CssHssOsNa [M+Na]").

Data for 260: Colorless syrup; Ry 0.66 (2/1 PhMe/acetone); [a]*p —29.1° (¢ 0.31, CHCl); *H-
NMR (500 MHz, CDCls) & 8.09-8.06 (2H, m, Ar-H), 7.60-7.55 (1H, m, Ar-H), 7.48-7.42 (2H,
m, Ar-H), 7.39-7.28 (10H, m, Ar-H), 6.46 (1H, dd, Ji» = 6.0 Hz, J13 = 1.5 Hz, H-1), 5.60 (1H,
ddd, Ji3=1.5Hz, Jo3=2.5Hz, J34 = 7.0 Hz, H-3), 493 and 4.63 (2H, ABq, J =11.0 Hz, ArCH,),
4.85 (1H, dd, Ji2 = 6.0 Hz, J»3 = 2.5 Hz, H-2), 4.75 and 4.67 (2H, ABq, J = 12.0 Hz, ArCH,),
4.47 (1H, d, Ji-2- = 0.5 Hz, H-1"), 4.28-4.20 (2H, m, H-4, 6a), 4.14 (1H, br-d, J>-3- = 3.0 Hz, H-
2’), 4.02 (1H, dd, Jse = 2.5 Hz, Jsaep = 11.5 Hz, H-6b), 3.98 (1H, m, H-5), 3.73 (1H, br-s, OH),
3.55 (1H, dd, J3 4> = 9.0 Hz, J»- 5 = 9.0 Hz, H-4"), 3.51 (1H, dd, J23 = 3.0 Hz, J3 4 = 9.0 Hz, H-
3°), 3.36 (1H, m, H-5°), 2.46 (1H, br-s, OH), 1.35 (3H, d, Js¢ = 6.5 Hz, H-6"); *C-NMR (125
MHz, CDCls) 6167.2, 146.2, 138.2, 137.7, 133.2, 130.0, 129.8, 128.5, 128.4x2, 128.1, 127.9%2,
127.8, 99.9, 99.7 (e = 155 Hz), 81.2, 79.3, 77.9, 75.5, 73.0, 71.8, 71.5, 68.3, 67.1, 66.6, 17.7;
HRMS (ESI-TOF) m/z 599.2252 (599.2257 calcd for Cs3sHzsO9Na [M+Na]").

Compound 261 and 262
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Compound 261 was synthesized in 87% yield according to the general procedure C from
mannoside 279 and 253, and along with 262 in 6% vyield.
Data for 261: Colorless syrup; R, 0.55 (2/1 PhMe/acetone); [a.]**p —24.1° (¢ 1.05, CHCLs); H-
NMR (500 MHz, CDCls) 6§ 8.05 (2H, dd, J= 1.0 Hz, J = 8.0 Hz, Ar-H), 7.87 (2H, dd, J = 1.0 Hz,
J = 8.5 Hz, Ar-H), 7.61 (1H, m, Ar-H), 7.54 (1H, m, Ar-H), 7.48 (2H, br-t, J = 7.5 Hz, Ar-H),
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7.39-7.17 (10H, m, Ar-H), 7.15-7.12 (2H, m, Ar-H), 5.75 (1H, Jos = 3.5 Hz, J34 = 10.0 Hz, H-3),
5.60 (1H, dd, J12 = 2.0 Hz, J,5 = 3.5 Hz, H-2), 4.88 (1H, d, J1, = 2.0 Hz, H-1), 4.86 and 4.58 (2H,
ABq, J = 11.0 Hz, ArCH,), 4.53 (1H, br-s, H-1°), 4.42 and 4.28 (2H, ABq, J = 11.5 Hz, ArCH,),
4.38 (1H, dd, Js4 = 10.0 Hz, Jus = 10.0 Hz, H-4), 4.09 (1H, m, H-6a), 3.95-3.85 (2H, m, H-5, 6h),
3.80 (1H, d, J2 3 = 2.5 Hz, H-2"), 3.47 (1H, dd, J34- = 9.0 Hz, Js5 = 9.0 Hz, H-4"), 3.45 (3H, s,
OCHs), 3.36 (1H, m, H-5%), 3.19 (1H, dd, J» 3 = 2.5 Hz, J34- = 9.0 Hz, H-3"), 2.97 (1H, br-t, J =
7.0 Hz, OH), 2.30 (1H, br-s, OH), 1.38 (3H, d, Js'¢- = 6.0 Hz, H-6); *C-NMR (125 MHz, CDCl5)
0165.4,165.0, 138.0, 137.3, 133.4x2, 129.8, 129.4x3, 128.6, 128.5, 128.4, 128.1, 127.8, 127.7,
127.6, 100.8 (1JCH =160 Hz), 98.8, 81.1, 78.8, 75.5, 73.5, 72.2, 71.8, 71.1, 71.0, 70.7, 67.9, 62.1,
55.2, 17.8; HRMS (ESI-TOF) m/z 751.2714 (751.2730 calcd for C41H44012Na [M+Na]").

Data for 262: Colorless syrup; R, 0.67 (2/1 PhMe/acetone); [a]*’p —9.0° (¢ 0.91, CHCls); *H-
NMR (500 MHz, CDCls) & 8.09 (2H, dd, J = 1.0 Hz, 7.5 Hz, Ar-H), 7.93 (2H, dd, J = 1.0 Hz, J
= 8.0 Hz, Ar-H), 7.57 (1H, m, Ar-H), 7.52-7.45 (3H, m, Ar-H), 7.36-7.27 (12H, m, Ar-H), 5.61
(1H, J23 = 3.5 Hz, J34 = 10.0 Hz, H-3), 5.56 (1H, dd, J1» = 2.0 Hz, J23 = 3.5 Hz, H-2), 4.93 and
4.64 (2H, ABg, J = 11.0 Hz, ArCHy), 4.90 (1H, d, J:» = 2.0 Hz, H-1), 4.69 and 4.60 (2H, ABg, J
=11.5 Hz, ArCH,), 4.53 (1H, d, J1-»» = 1.0 Hz, H-1"), 4.48 (1H, dd, J34 = 9.5 Hz, J45 = 9.5 Hz,
H-4), 4.28 (1H, dd, Jse. = 3.0 Hz, Jsaer = 11.5 Hz, H-6a), 4.18 (1H, br-d, J» 3 = 3.0 Hz, H-2’),
3.94 (1H, dd, Jsep = 2.0 Hz, Jsaer = 11.5 Hz, H-6b), 3.89 (1H, m, H-5), 3.57 (1H, dd, Jz:4- = 9.0
Hz, J»5 = 9.0 Hz, H-4"), 3.51 (1H, dd, J> 3> = 3.0 Hz, J3 4 = 9.0 Hz, H-3), 3.45 (3H, s, OCHa),
3.36 (1H, m, H-5°), 3.04 (1H, br-s, OH), 2.43 (1H, br-s, OH), 1.35 (3H, d, Js:¢ = 6.0 Hz, H-6°);
13C NMR (125 MHz, CDCls) 5166.3, 165.5, 138.2, 137.8, 133.4, 133.1, 129.9, 129.8, 129.6,
128.6, 128.5, 128.4, 128.3, 128.1, 127.9, 127.8, 99.9 (*Jcn = 155 Hz), 98.7, 81.2, 79.4, 75.5, 72.1,
71.9,71.7,71.3, 70.7, 68.4, 67.7, 65.8, 55.3, 17.8; HRMS (ESI-TOF) m/z 751.2719 (751.2730
calcd for C41H44012Na [M+Na]®).

Synthesis of the trisaccharide 263

Compound 345 and 346

4
1 OH Bno@?\o
BnO 070 O 4 BnO ;4 HO Q
BnO BzO BzO
n
OH Bz00Me Bz00Me
34

5 346
Compound 345 was synthesized in 87% yield according to the general procedure C from
glucoside 245 and 253, and along with 346 in 5% yield.
Data for 345: Colorless syrup; R, 0.57 (2/1 PhMe/acetone); [a.]*°p +97.8° (¢ 1.32, CHCLs); H-
NMR (500 MHz, CDCls) 67.97 (4H, br-d, J =7.0 Hz, Ar-H), 7.56-7.48 (2H, m, Ar-H), 7.43-7.35
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(4H, m, Ar-H), 7.34-7.20 (8H, m, Ar-H), 7.18-7.14 (2H, m, Ar-H), 6.03 (1H, dd, J.3 = 10.0 Hz,
J34 = 10.0 Hz, H-3), 5.18 (1H, dd, J:2 = 3.5 Hz, J,3 = 10.0 Hz, H-2), 5.14 (1H, d, Ji> = 3.5 Hz,
H-1), 4.83 and 4.56 (2H, ABq, J = 11.0 Hz, ArCH>), 4.49 (1H, br-s, H-1"), 4.41 and 4.24 (2H,
ABgq, J = 11.5 Hz, ArCH>), 4.14 (1H, dd, J34 = 10.0 Hz, Js45 = 10.0 Hz, H-4), 4.07 (1H, m, H-
6a), 3.91 (1H, dt, J = 3.5 Hz, J = 10.0 Hz, H-5), 3.84 (1H, m, H-6b), 3.78 (1H, br-d, J>-3 = 2.5
Hz, H-2’), 3.44 (1H, dd, J3 »» = 9.5 Hz, J»- 5 = 9.5 Hz, H-4"), 3.41 (3H, s, OCH3), 3.30 (1H, m, H-
5%), 3.08 (1H, dd, J»3- = 2.5 Hz, J3-4> = 9.5 Hz, H-3’), 3.06 (1H, br-s, OH), 2.31 (1H, br-s, OH),
1.36 (3H, d, Js ¢ = 6.0 Hz, H-6); *C-NMR (125 MHz, CDCl3) §165.9, 165.3, 137.9, 137.4,
133.5, 133.3, 129.9, 129.4, 129.3, 129.1, 128.7, 128.4x2, 128.1, 127.9, 127.8, 100.8 (*Jc = 159
Hz), 97.1, 81.1, 78.7, 75.8, 75.6, 72.7, 71.9x2, 71.1, 70.0, 67.9, 61.6, 55.4, 17.7; HRMS (ESI-
TOF) m/z 751.2720 (751.2730 calcd for C41H44012Na [M+Na]").

Data for 346: Colorless syrup; R;0.65 (2/1 PhMe/acetone); [a.]*p +108.9° (¢ 0.43, CHCl;); ‘H-
NMR (500 MHz, CDCl3) & 8.02-7.96 (4H, m, ArH), 7.53-7.48 (2H, m, Ar-H), 7.40-7.28 (14H,
m, Ar-H), 5.80 (1H, dd, J23 = 10.0 Hz, J34 = 10.0 Hz, H-3), 5.21 (1H, dd, J1» = 3.5 Hz, J,5 = 10.0
Hz, H-2), 5.12 (1H, d, J1» = 3.5 Hz, H-1), 4.93 and 4.63 (2H, ABq, J = 11.0 Hz, ArCH,), 4.78
and 4.70 (2H, ABq, J = 11.5 Hz, ArCH,), 4.50 (1H, br-s, H-1°), 4.23 (1H, dd, J».5- = 3.0 Hz, Js
= 7.0 Hz, H-3’), 4.18 (1H, br-s, H-2’), 4.08 (1H, dd, Js4 = 10.0 Hz, J45 = 9.0 Hz, H-4), 3.93-3.86
(2H, m, H-5, 6a), 3.57-3.52 (2H, m, H-4’, 6b), 3.34 (3H, s, OCHj3), 3.36 (1H, m, H-5"), 3.30 (1H,
br-s, OH), 2.47 (1H, br-s, OH), 1.33 (3H, d, Js:¢ = 6.5 Hz, H-6°); **C-NMR (125 MHz, CDCls)
0166.8, 166.0, 138.2, 137.8, 133.3, 133.1, 129.9x2, 129.6, 129.2, 128.5, 128.4x2, 128.3, 128.1,
127.9, 127.8, 99.7 ({Jcn = 155 Hz), 97.2, 81.2, 79.4, 75.5, 73.1, 71.8, 71.8, 71.5, 70.7, 68.7, 68.3,
67.4, 55.4, 17.8; HRMS (ESI-TOF) m/z 751.2706 (751.2730 calcd for C41H401,Na [M+Na]").

Compound 344
1' OBz
0
Bno@ﬁg&ﬂ 1
BnO OH BZOOMe

344

To a solution of 345 (65.5 mg, 89.9 umol) in dry MeCN (1.0 mL) was added DBU (2.2 pL,
18.0 pmol), and the mixture was allowed to stir at 50 °C for 10 min. 1-Benzoylimidazole (17.0
mg, 98.7 umol) in dry MeCN (0.8 mL) was added to the reaction mixture and it was allowed to
stir at 50 °C for 2 h. MeCN was removed under reduced pressure and the resulting mixture was
purified by silica gel column chromatography (12/1 PhMe/acetone) to afford 344 (44.6 mg, 53.5
pmol, 60% yield).
Data for 344: Colorless syrup; Ry 0.57 (4/1 PhMe/acetone); [a]*p +118.9° (¢ 0.94, CHCl;); *H-
NMR (500 MHz, CDCls) ¢ 8.10-8.06 (2H, m, Ar-H), 8.04-7.96 (4H, m, Ar-H), 7.61-7.35 (9H,
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m, Ar-H), 7.31-7.20 (8H, m, Ar-H), 7.18-7.13 (2H, m, Ar-H), 6.06 (1H, dd, J3 = 10.5 Hz, J34 =
9.5 Hz, H-3), 5.21 (1H, dd, Ji> = 3.5 Hz, J3 = 10.5 Hz, H-2), 5.14 (1H, d, J1» = 3.5 Hz, H-1),
4.81 and 4.52 (2H, ABg, J = 10.5 Hz, ArCH;), 4.73 (1H, dd, Jsea = 2.5 Hz, Jeaeo = 12.0 Hz, H-
6a), 4.70 (1H, dd, Jssp = 4.5 Hz, Jeagp = 12.0 Hz, H-6b), 4.43 (1H, br-s, H-1°), 4.40 and 4.21 (2H,
ABq, J = 11.5 Hz, ArCHy), 4.23 (1H, m, H-5), 4.12 (1H, dd, Js4 = 9.5 Hz, Js5 = 10.0 Hz, H-4),
3.78 (1H, br-s, H-2°), 3.43 (3H, s, OCH3), 3.38 (1H, Js'+ = 9.0 Hz, Js 5 = 9.0 Hz, H-4"), 3.10 (1H,
m, H-5%), 3.05 (1H, J» 3 = 2.5 Hz, J3- 4+ = 9.0 Hz, H-3°), 2.32 (1H, br-s, OH), 1.17 (3H, d, Js'¢- =
6.5 Hz, H-6"); *C-NMR (125 MHz, CDCls) §166.2, 165.9, 165.4, 138.1, 137.6, 133.5, 133.4,
133.0,130.2, 129.9, 129.6, 129.5, 129.3, 129.0, 128.7, 128.4x2, 128.1, 127.8, 127.7, 100.8, 96.9,
81.3, 79.0, 76.0, 75.5, 72.7, 71.8, 71.6, 70.9, 68.5, 68.1, 63.3, 55.4, 17.5; HRMS (ESI-TOF) m/z
855.2993 (855.2993 calcd for CssHas013Na [M+Na]*).

Compound 347

1 OBz

Bnowg?zgé%1
BnO o) BZOOMe
Aco@z1
AcC L, 347

To a solution of compound 344 (14.8 mg, 17.8 umol) and 343 (23.2 mg, 53.4 umol) in dry
CH.Cl, (1.78 mL) was added MS 4A (23.2 mg) and the reaction mixture was stirred under Ar at
room temperature for 1 h. The reaction mixture was cooled to 0 °C and TMSOTT (1.6 uL, 8.9
pmol) were added to it. After stirring at same temperature for 1 h, NEt; (2.5 pL) was added to the
reaction mixture. The resultant mixture was filtrated through celite pad, and then added sat.
NaHCOs aq. (2.0 mL). The layers were separated and the organic phase was diluted with EtOAc
(2.0 mL), washed with brine (2.0 mL), and then dried over anhydrous Na>SOs, and concentrated
in vacuo. Purification of the residue by silica gel column chromatography (12/1 PhMe/acetone)
and preparative TLC (15/1 CHCls/acetone) gave 347 (15.8 mg, 14.3 pmol, 80% yield).

Data for 347: Colorless syrup; R, 0.49 (8/1 PhMe/acetone); [a.]*'p +64.0° (c 0.68, CHCls); *H-
NMR (500 MHz, CDCls) ¢ 8.12-8.07 (2H, m, Ar-H), 8.01-7.96 (4H, m, Ar-H), 7.59-7.35 (9H,
m, Ar-H), 7.30-7.17 (8H, m, Ar-H), 7.13-7.08 (2H, m, Ar-H), 5.99 (1H, dd, J23 = 10.5 Hz, J34 =
8.5 Hz, H-3), 5.41-5.37 (2H, m, H-1"’, 3*’), 5.21 (1H, dd, J1> = 3.5 Hz, J,3 = 10.5 Hz, H-2), 5.14
(1H, d, Ji2 = 3.5 Hz, H-1), 5.07 (1H, dd, J = 9.5 Hz, J = 10.0 Hz, H-4""), 5.01 (1H, br-s, H-2""),
4.77 (1H, dd, Js6a = 2.0 HZ, Jsaso = 12.0 Hz, H-6a), 4.76 and 4.54 (2H, ABq, J = 10.5 Hz, ArCH>),
4.72 (1H, dd, Jse = 4.5 Hz, Jsasp = 12.0 Hz, H-6b), 4.45 (1H, br-s, H-1°), 4.33 (1H, m, H-5"’),
4.32 and 4.24 (2H, ABq, J = 11.5 Hz, ArCH), 4.18-4.09 (2H, m, H-4, 5), 3.83 (1H, br-d, J» 3 =
2.5 Hz, H-2’), 3.42 (3H, s, OCHs), 3.40 (1H, dd, Jz 4 = 9.5 Hz, J»- 5 = 9.5 Hz, H-4’), 3.11 (1H,

186



m, H-5), 3.00 (1H, dd, J»3 = 2.5 Hz, J3-4» = 9.5 Hz, H-3°), 2.09 (3H, s, C(O)CHj), 2.05(3H, s,
C(O)CHs), 1.92(3H, s, C(O)CHs), 1.36 (3H, d, Js5+6~ =6.5 Hz, H-6>"), 1.17 (3H, d, J56- = 6.0 Hz,
H-6"); *C-NMR (125 MHz, CDCls) §170.2, 169.9, 169.7, 166.0, 165.9, 165.2, 138.1, 137.5,
133.5, 133.4, 132.8, 130.5, 129.9, 129.6, 129.5, 129.3, 129.0, 128.7, 128.4x2, 128.3x2, 128.2,
127.7, 127.5, 127.3, 99.8 (Ncrn = 156 Hz), 97.6 (Meirn = 174 Hz), 97.0 (ernr = 169 Hz),
82.2,79.4,75.6,74.9, 72.8, 72.1, 71.6, 71.5%x2, 71.4, 69.8, 69.2, 68.6, 66.6, 63.2, 55.4, 20.9, 20.7,
20.6, 17.4, 17.3; HRMS (ESI-TOF) m/z 1143.3667 (1143.3628 calcd for CeoHssO20K [M+K]*).

Compound 263
. OH
070 0
o HOOMe
»
HO L8
HO OH 263

A mixture of 347 (15.8 mg, 14.3 umol) and 20% Pd/(OH),/C (15.8 mg) in dry THF (1.43
mL) was stirred under an atmosphere of H, at rt for 30 min, after which the reaction mixture was
filtered through celite pad, and concentrated under reduced pressure.

To a solution of resultant mixture in MeOH/THF (3:1) (1.43 mL) was added 28% NaOMe

in MeOH (28.6 uL, 143 umol) at 0 °C. The reaction mixture was stirred for 1.5 h at room
temperature and then the reaction temperature was raised to 50 °C and stirred for 1.5 h. Then the
reaction mixture was neutralized with Dowex 50W-4X, filtered, and concentrated in vacuo. The
residue was purified by reverse-phase column chromatography eluted with 14% MeOH/H-O to
give 263 (6.0 mg, 12.3 pumol, 86% yield).
Data for 263: Colorless syrup; Ry 0.41 (1/1 CHCl3/MeOH); [a]**p +82.2° (¢ 0.60, MeOH); 'H-
NMR (500 MHz, CDs0D) ¢ 4.96 (1H, br-s, H-1""), 4.78 (1H, br-s, H-1"), 457 (1H, d, J:2 = 3.5
Hz, H-1), 4.04 (1H, m, H-5"), 3.98 (1H, br-d, J> 3 = 2.0 Hz, H-2’), 3.89 (1H, dd, J=2.0 Hz, J =
3.0 Hz, H-2"’), 3.82 (1H, dd, Js6a = 2.0 Hz, Jeasp = 12.5 Hz, H-6a), 3.69 (1H, dd, J=9.0 Hz, J =
9.5 Hz, H-3), 3.63-3.55 (2H, m, H-3*,6b), 3.49 (1H, m, H-5), 3.41-3.18 (8H, m, H-2, 4, 3’, 4°,
4, OCHg), 3.14 (1H, m, H-5), 1.22 (3H, d, Js-¢ = 6.0 Hz, H-6°), 1.14 (3H, d, J5» 6> = 6.5 Hz, H-
6’); *C-NMR (125 MHz, CD;0D) §102.9, 101.7, 101.1, 77.9, 77.7, 75.5, 75.3, 74.0x2, 73.6,
72.4%x2,72.2, 69.6, 63.3, 55.5, 18.0, 17.7; HRMS (ESI-TOF) m/z 509.1837 (509.1846 calcd for
C19H34014Na [M+Na]").
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13C KIE measurements

The measurement of *C KIE was performed according to a modified reported procedure.?'
Reaction was carried with 253 (1.0 equiv.), 202 (0.5 equiv.), and 203 (0.1 equiv.) in MeCN (0.2
M) at 0 °C for 0.5 h under Ar atmosphere. The experimental detail of the glycosylation was shown
below. The experimental KIEs were calculated by equation (1). F, the fractional conversion of
253, was determined by HPLC/UV. Ry and R, which are the ratio of the anomeric and C4 carbon
integrals in the substrate and product, respectively, were measured by the quantitative >C-NMR
technique. NMR spectra were recorded on a Bruker AVANCE III (500 MHz) spectrometer,
equipped with a 5 mm CPDCH cryoprobe. Also, in the NMR experiments, C¢Ds (0.5 M for 253)
and CDCls (0.5 M for 318) were used because of the resolution of integrated peaks (C1, and C4).
The inversion-recovery technique was used for the measurement of T1 relaxation times of C1,
and C4 in 253 and 318, which were found 0.2-0.7 s. The relaxation delay was set to 30 s. Typically
5 spectra with 100 ppm sweep width were acquired with 64 scans.

To a solution of di(4-fluoro)phenylborinic acid (203) (0.1 equiv.) and 202 (0.5 equiv.) in dry
MeCN (0.2 M for 202) was added a solution of 253 (1.0 equiv.) in dry MeCN (0.4 M for 253) at
0 °C under Ar atmosphere. After the reaction mixture was stirred for 20 h, the reaction was
quenched by addition of 0.05 M NaBOs aq. (0.11 equiv.). To the resultant mixture was added sat.
NH4Cl aq. (5 mL). The aqueous layer was extracted with EtOAc (5 mLx3), and then the combined
extracts were washed with brine (5 mL), dried over anhydrous Na,SQs, and concentrated in vacuo.

Purification of the residue by silica gel column chromatography gave 318.

DFT calculation data
All geometries were fully optimized using the B3LYP functional and the 6-31G* level of

theory. All optimized geometries were verified by frequency calculations as minima (zero
imaginary frequencies) or a transition structure (a single imaginary frequency). Single-point
energy calculations on the optimized geometries were then evaluated using B3LYP and the 6-
31+G** basis set. The transition state structure was located using a standard eigenvector
following method by using vibrational analysis. Intrinsic reaction coordinate (IRC) calculations
were carried out in order to ensure that the TS indeed connected the appropriate a reactant and a
product. Conformational searches were performed with Macromodel version 11.1'"* and the
OPLS-3 force field. All quantum chemical calculations were performed using Jaguar version

9.1." NBO analysis was performed using NBO program 6.0.”
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Geometry of TS1

Cl

C2

C3

C4

Cs

H6

H7

HS8

H9

010
011
B12
013
014
CI15
H16
HI17
HI18
C19
H20
H21
H22
C23
H24
H25
H26
C27
C28
C29
C30
C31
C32
F33
H34
H35

-3.4389000000000
-3.8314000000000
-5.0943000000000
-5.7556000000000
-4.7173000000000
-4.1474000000000
-4.8367000000000
-6.0970000000000
-5.1015000000000
-3.0042000000000
-4.2173000000000
-3.3000000000000
-6.8547000000000
-5.9132000000000
-2.8863000000000
-2.0377000000000
-2.5113000000000
-3.4364000000000
-6.7305000000000
-6.1202000000000
-7.4673000000000
-7.2379000000000
-7.7338000000000
-7.2655000000000
-8.0874000000000
-8.5879000000000
-3.2012000000000
-2.3422000000000
-2.3908000000000
-3.2698000000000
-4.1167000000000
-4.0939000000000
-3.1686000000000
-1.6620000000000
-1.7296000000000

4.0360000000000
2.2550000000000
1.8625000000000
3.0764000000000
3.7852000000000
2.7337000000000
1.1485000000000
3.7723000000000
4.7154000000000
3.3142000000000
2.8978000000000
3.4592000000000
2.6023000000000
1.2637000000000
1.1021000000000
1.4265000000000
0.6760000000000
0.3308000000000
0.1869000000000
-0.6118000000000
0.5285000000000
-0.2040000000000
3.6100000000000
4.2302000000000
4.2565000000000
3.0876000000000
0.3934000000000
1.4834000000000
2.4246000000000
2.3019000000000
1.1815000000000
0.2251000000000
-0.5280000000000
1.5843000000000
3.2877000000000
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1.7658000000000
0.1487000000000
0.9355000000000
1.5960000000000
2.4821000000000
-0.7827000000000
1.7270000000000
0.8082000000000
2.9174000000000
0.8051000000000
3.4517000000000
4.5776000000000
2.3384000000000
-0.0535000000000
-0.1259000000000
-0.7347000000000
0.8099000000000
-0.6720000000000
0.4028000000000
0.8489000000000
1.1349000000000
-0.4827000000000
2.8222000000000
3.5970000000000
2.0047000000000
3.2590000000000
7.7749000000000
7.8353000000000
6.8070000000000
5.7149000000000
5.7076000000000
6.7269000000000
8.7701000000000
8.6761000000000
6.8600000000000



H36
H37
C38
C39
C40
C41
42
C43
F44
H45
H46
H47
H48
H49
050
Csl1
H52
H53
H54

-4.8199000000000
-4.7546000000000
-4.9969000000000
-3.7275000000000
-3.1989000000000
-3.9074000000000
-5.1864000000000
-5.7424000000000
-5.5228000000000
-3.1708000000000
-2.1984000000000
-5.7550000000000
-6.7254000000000
-2.7303000000000
-1.9854000000000
-1.0992000000000
-0.2573000000000
-0.7035000000000
-1.5783000000000

1.0556000000000
-0.6374000000000
7.2553000000000
7.2713000000000
6.0745000000000
4.8626000000000
4.9053000000000
6.0854000000000
8.4081000000000
8.2035000000000
6.0755000000000
3.9815000000000
6.1092000000000
4.7836000000000
3.7501000000000
2.6877000000000
3.0782000000000
2.2435000000000
1.8775000000000

Geometry of 1,2-anhydrorhamnose 319

Cl
C2
C3
C4
Cs5
H6
H7
H8
H9
0o10
011
013
014
C15
HI16

-3.2429150000
4.21513000000
-5.4166960000
-5.8015130000
-4.5757960000
-4.4951630000
-5.1404950000
-6.2580710000
-4.7251040000
-3.0523570000
-3.6987290000
-6.7609480000
-6.4862050000
-3.7970830000
-2.9331040000

3.36827200000
2.31146800000
1.91525800000
3.08087700000
3.66442800000
3.21419100000
1.04976000000
3.86353500000
4.57781900000
2.61970100000
2.70151100000
2.60472000000
1.59929100000
1.21507900000
1.54274000000
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4.8884000000000
6.7196000000000
6.1387000000000
5.5791000000000
5.0851000000000
5.1392000000000
5.7282000000000
6.2246000000000
6.6201000000000
5.5424000000000
4.6598000000000
5.8222000000000
6.6867000000000
2.1062000000000
3.9508000000000
3.6810000000000
3.0949000000000
4.6037000000000
3.1069000000000

2.2820180000
0.3482160000
1.2284870000
2.1511060000
2.8273750000
-0.2179360000
1.8458740000
1.5205430000
3.4062260000
1.1433610000
3.4561770000
3.0876540000
0.3500770000
-0.6182280000
-1.2045390000



H17 -3.5160330000
HI18 -4.6211520000
C19 -7.3453440000
H20 -8.0794580000
H21 -6.7892390000
H22 -7.8587870000
C23 -7.5231580000
H24 -6.9121760000
H25 -8.0380420000
H26 -8.2701430000
H49 2.40043300000
Geometry of MeOH (320)
Cl -0.9125570000
H2 -0.9007060000
H3 -1.9540840000
H4 -0.4950470000
05 -0.2486660000
H6 0.67757300000

Geometry of borinic acid 247

Cl
C2
C3
C4
Cs5
Co6
H7
H8
F9
HI10
HI1
B12
C13
Cl4
C15

-3.3870740000
-3.8956550000
-3.8654930000
-3.3304580000
-2.8213550000
-2.8490220000
-3.4128620000
-4.3143420000
-4.3593280000
-3.3107840000
-2.3950590000
-2.2772080000
1.87753700000
1.16853700000
-0.1517340000

0.30986300000
0.97959600000
0.55784000000
0.40356300000
-0.3790560000
0.82548100000
3.61851900000
4.26174300000
4.25310400000
3.11339500000
4.03848000000

1.60390800000
1.41861900000
1.60306900000
2.60586800000
0.58903200000
0.57841500000

1.10542000000
2.38733400000
2.95748900000
2.25764000000
0.97533200000
0.39535900000
0.66577500000
2.94683000000
4.20055900000
2.71925800000
0.43908200000
-1.0596940000
-1.5053710000
-0.3554890000
-0.2115130000

191

-0.0688820000
-1.2953230000
0.7941310000
-0.0017190000
0.9506140000
1.7233850000
3.7162890000
4.3661770000
2.9777710000
4.3338180000
2.4452950000

1.9220020000
0.8364390000
2.2550610000
2.1079610000
2.6579120000
2.3743880000

3.3316880000
3.1360820000
1.8674300000
0.7906880000
0.9822510000
2.2544660000
4.3192520000
3.9590580000
1.6798030000
-0.1850870000
0.1455110000
2.4780820000
3.8019580000
4.1306850000
3.7104860000



Cl6 -0.7691480000
C17 -0.0419080000
C18 1.27800800000
F19 3.15786800000
H20 1.65050200000
H21 -0.6869010000
H22 -0.5001060000
H23 1.84220300000
024 -2.8404170000
H25 -3.6631060000
Geometry of H,O

05 -0.0657550000
H6 0.66662100000
H3 0.37696200000

Geometry of borinic ester 321

Cl
C2
C3
C4
Cs
Cé6
H7
H8
F9
HI10
HI1
B12
C13
Cl4
C15
Cl16
C17
C18
F19

-4.1987390000
-5.1611730000
-4.7357040000
-3.3883620000
-2.4450210000
-2.8196480000
-4.5305240000
-6.2236180000
-5.6578350000
-3.0984600000
-1.3911680000
-1.7491100000
-1.8798740000
-1.0195530000
-0.9937070000
-1.8155490000
-2.6642060000
-2.7043530000
-1.9121010000

-1.2181900000
-2.3708190000
-2.5134860000
-1.6437110000
0.41811200000
0.69040500000
-3.1604340000
-3.3999410000
-2.0424850000
-1.7318240000

-0.0127500000
-0.6465320000
0.84887600000

0.26739800000
1.24451000000
2.53520900000
2.87179300000
1.87255000000
0.54870700000
-0.7402330000
1.02349600000
3.49170700000
3.89426700000
2.13862600000
-0.5769540000
-3.1705870000
-3.4848060000
-2.6460680000
-1.5038770000
-1.2311360000
-2.0530380000
-3.9763570000

192

2.9573120000
2.6340860000
3.0556640000
4.2104360000
4.7087910000
3.9694930000
2.0552110000
2.8092180000
1.7251490000
1.3428410000

0.0000000000
0.0000000000
0.0000000000

2.1209370000
1.8680180000
1.5810400000
1.5323410000
1.7667800000
2.0694890000
2.3587130000
1.8965520000
1.3441250000
1.3111300000
1.7258790000
2.3531340000
5.8630140000
4.8159020000
3.7061010000
3.6171240000
4.7069320000
5.8318970000
6.9449750000



H20
H21
H22
H23
024
C25
H26
H27
H28

Geometry of Borinic ester 322

Cl
C2
C3
C4
Cs
Hé6
H7
H8
H9
010
Bl11
012
013
Cl4
HI5
Hl6
H17
C18
HI19
H20
H21
C22
H23
H24
H25

-0.3915890000
-0.3225450000
-3.3015930000
-3.3547610000
-0.6971970000
-0.4773540000
0.31770800000
-0.1471310000
-1.3804190000

-2.9106350000
-3.3856060000
-4.4550890000
-5.0200520000
-3.8916310000
-3.8996480000
-3.9957840000
-5.5887790000
-4.3067740000
-3.2114490000
-3.0365220000
-5.8942180000
-5.4735430000
-2.6708440000
-1.9548690000
-2.1217290000
-3.3974690000
-6.1017120000
-5.3708560000
-6.6289370000
-6.8162440000
-6.8312750000
-6.3519490000
-7.4209370000
-7.5032780000

-4.3676290000
-2.8735410000
-0.3520270000
-1.8422100000
-0.8188610000
-0.2314580000
0.51953200000
-1.0213230000
0.23994100000

3.5816300000
1.3508340000
1.1809280000
2.5480350000
3.5514100000
1.7293230000
0.7036680000
2.9410690000
4.5550460000
3.1232430000
3.8329300000
2.3560070000
0.3575270000
0.0507850000
0.2092880000
-0.3143910000
-0.7054630000
-0.5271460000
-1.2096220000
0.0157310000
-1.1175590000
3.4013050000
4.3378510000
3.5935340000
3.0680890000

193

4.8858130000
2.8830770000
4.6816080000
6.6750680000
1.5170960000
0.2423450000
0.3147910000
-0.4397850000
-0.1566840000

1.2327050000
0.5734260000
1.6746050000
2.0904460000
2.4122640000
-0.3278350000
2.5512590000
1.2299250000
2.5526130000
3.5786970000
4.7330440000
3.1893980000
1.1239810000
0.2408200000
-0.5716190000
1.1156900000
-0.0668980000
2.0409340000
2.5018860000
2.8320080000
1.4601930000
3.3925470000
3.7096390000
2.4829030000
4.1875990000



C26
C27
C28
C29
C30
C31
F32
H33
H34
H35
H36
C37
C38
C39
C40
C41
C42
F43
H44
H45
H46
H47
C48
H49
H50
H51
052
H53
054

Geometry of B-L-rhamnoside 323

Cl
C2
C3
C4
(O8]

-4.3420270000
-3.5269570000
-3.1249960000
-3.5097160000
-4.3247790000
-4.7556710000
-4.7425000000
-3.2212330000
-2.4930260000
-4.6328860000
-5.3907910000
-1.0637740000
-1.2310230000
-1.8683470000
-2.3376840000
-2.1322570000
-1.5040520000
-0.4514720000
-0.8646900000
-1.9942500000
-2.4736000000
-1.3482240000
-0.9365300000
-1.4412590000
-0.2189530000
-0.4153490000
-1.8667200000
-3.4495550000
-2.3892120000

-2.7745280000
-2.9219630000
-4.0933500000
-4.8650580000
-3.9125450000

7.9790850000
7.6790590000
6.3570030000
5.3309040000
5.6932070000
7.0053810000
9.2554790000
8.4721050000
6.1172980000
4.9331190000
7.2816610000
1.6175900000
2.9888730000
3.6889350000
3.0457690000
1.6545470000
0.9325920000
0.9275360000
3.4840680000
4.7628990000
1.1351010000
-0.1396480000
4.6384060000
5.0177830000
5.3828750000
3.7077870000
4.4459110000
3.9342240000
2.2915100000

3.5512790000
1.3304590000
0.9874860000
2.2582200000
3.3550070000

194

5.2970630000
4.2130300000
4.0232120000
4.9098250000
6.0007740000
6.1969940000
5.4831130000
3.5372600000
3.1724580000
6.7147490000
7.0330440000
7.9385240000
8.0816200000
7.0585930000
5.8971080000
5.8008990000
6.8108820000
8.9239500000
8.9755800000
7.1633180000
4.9105180000
6.7415360000
0.4770830000
-0.4243720000
0.8280310000
0.2334660000
1.5390410000
0.3277720000
0.9801400000

1.1304290000
0.3031820000
1.2472790000
1.6352210000
2.1412710000



H6

-3.3541460000

H7 -3.6946990000

H8 -5.3650750000

H9 -4.4508750000
010 -3.3994420000
0o11 -5.8429010000
012 -4.9233910000
Cl13 -2.0334690000
H14 -1.2387430000
HI15 -1.5681930000
H16 -2.6286780000
Cl17 -5.5730250000
H18 -4.8446620000
H19 -6.2817660000
H20 -6.1070580000
C21 -6.7416310000
H22 -7.5221500000
H23 -7.2084870000
H24 -6.2536880000
C25 -0.7632860000
H26 -1.0924570000
H27 -0.2029910000
H28 -0.1271010000
029 -1.8836740000
H30 -3.1692020000
031 -2.0906000000
H32 -2.5773580000
Geometry of TS2

C1 -2.2889370000000
C2 -3.4854440000000
C3 -4.6588910000000
C4 -4.3605340000000
C5 -3.5415490000000
H7 -3.0902680000000
H8 -5.4942690000000

1.7090370000
0.5289030000
2.6376840000
4.3148060000
2.9684410000
1.8879640000
0.0775780000
0.1323790000
0.4113440000
-0.2298530000
-0.6723560000
-0.9018580000
-1.5019250000
-0.4490410000
-1.5591280000
2.9165430000
2.4474900000
3.3837570000
3.6959300000
4.7937000000
5.2102980000
5.5546670000
3.9225760000
4.4564480000
3.9538160000
2.3412780000
3.4760090000

5.2988140000000
7.3753300000000
6.9049390000000
5.6641970000000
4.6710560000000
8.2998480000000
6.6165300000000

195

-0.6398590000
2.1622760000
0.7249300000
2.2164100000
3.4017300000
2.5913490000
0.5381020000
0.0084220000
-0.6906160000
0.9318500000
-0.4299990000
1.3358130000
1.9031180000
2.0361590000
0.6432370000
2.9593880000
3.5641050000
2.0773280000
3.5602620000
0.8982680000
-0.0649030000
1.4459160000
0.7150910000
1.7113570000
0.1755930000
0.8809480000
3.5174390000

5.5380090000000
5.1205640000000
6.0108470000000
6.8681200000000
6.0410560000000
5.5431590000000
5.3598540000000



H9

H10
011
013
B14
015
016
C17
H18
H19
H20
C21
H22
H23
H24
C25
H26
H27
H28
C27
C28
C29
C30
C31
C32
H33
H34
H35
H36
H37
N38
039
040
C41
C42
C43

-3.7707310000000
-3.3107860000000
-2.2687630000000
-4.1886170000000
-3.8725010000000
-5.6160010000000
-4.9894780000000
-3.8525030000000
-3.0042040000000
-4.1788870000000
-4.6742990000000
-6.3362510000000
-7.0467510000000
-6.5381600000000
-6.4651130000000
-5.5879450000000
-6.5957330000000
-5.3395370000000
-4.8767360000000
-5.7528370000000
-6.4532340000000
-5.8460330000000
-4.5590220000000
-3.8864920000000
-4.4680350000000
-7.4470020000000
-6.3743920000000
-2.8796290000000
-3.9538990000000
-1.3468120000000
-6.3813640000000
-7.5120880000000
-5.7467000000000
-3.8534660000000
-1.7927610000000
-2.3315450000000

5.9655910000000
3.7551690000000
6.4999850000000
4.4094000000000
3.0643460000000
5.1510100000000
8.0502710000000
7.5268720000000
7.8987440000000
6.5621240000000
8.2459590000000
8.0962980000000
7.9866860000000
7.3119680000000
9.0809060000000
3.9006570000000
3.7516220000000
3.0775920000000
3.9188490000000
2.9188560000000
2.4167880000000
2.4576070000000
2.9884780000000
3.4711990000000
3.4470050000000
2.0088790000000
2.0685950000000
3.8643750000000
3.8195240000000
4.7725340000000
2.8898950000000
2.4065920000000
3.3527890000000
0.7535300000000
1.7742000000000
0.8171220000000

196

7.7527920000000
6.5909970000000
5.1284970000000
4.8113400000000
4.2363590000000
7.2557510000000
6.7774470000000
3.6549740000000
3.0735510000000
3.2561580000000
3.5770580000000
7.2442330000000
6.4115150000000
7.9802230000000
7.7005500000000
7.9416810000000
8.3366680000000
7.2606680000000
8.7824560000000
0.2406300000000
1.3378170000000
2.5901390000000
2.7701860000000
1.6350040000000
0.3708540000000
1.1941130000000
3.4567170000000
1.7553930000000
-0.5075610000000
5.3884130000000
-1.0854010000000
-1.1798630000000
-2.0368700000000
5.0192510000000
4.0446820000000
5.1179770000000



H44 -4.1305210000000
H45 -4.2588080000000
H46 -2.0052800000000
H47 -2.0653220000000
048 -2.3831240000000
C49 -0.2872650000000
H50 -0.0643710000000
Cs1 -0.3588080000000
C52 0.3789560000000
H53 0.3011320000000
H54 -0.1932820000000
055 -1.7572970000000
056 0.2721480000000
057 0.1594610000000
C58 -0.2853930000000
H59 0.2235070000000
HG0 -0.0171530000000
H61 -1.3698960000000
062 -4.3755270000000
C65 2.2774020000000
066 1.5487530000000
C67 3.7914310000000
HG68 4.1890170000000
H69 4.0311610000000
H70 4.2851500000000
N75 1.8004740000000
H76 2.4349250000000
C71 0.5167780000000
072 0.3824200000000
C73 0.9856540000000
H74 1.7942660000000
H75 0.1570350000000
H77 1.3179800000000
Geometry of TS3

C1 -4.4804080000000

0.3165000000000
0.1051760000000
1.3238750000000
1.2121150000000
3.0421450000000
1.8934230000000
2.4352580000000
-0.4608210000000
0.5134620000000
0.0805090000000
-0.1623680000000
-0.4710090000000
2.6170500000000
-1.7250830000000
-2.7168380000000
-3.6443020000000
-2.4453850000000
-2.8590280000000
2.0548320000000
1.0918300000000
1.5652820000000
1.0663830000000
2.0578340000000
0.8599550000000
0.3278340000000
0.6059810000000
0.0970710000000
3.9317080000000
4.5602910000000
4.5257500000000
3.9242140000000
4.5151250000000
5.5517640000000

4.0734940000000

197

4.0450390000000
5.8050050000000
3.0594210000000
6.1135320000000
4.1477130000000
4.2177750000000
5.1361850000000
5.1858160000000
4.2388990000000
3.2372300000000
6.2341800000000
4.9219140000000
3.0947410000000
4.9346370000000
5.8551140000000
5.5828060000000
6.8873870000000
5.7921940000000
5.1777100000000
5.7461070000000
6.6141810000000
5.8985310000000
5.6526490000000
6.9439070000000
5.2583660000000
4.5589960000000
3.9627330000000
3.2412080000000
4.2738690000000
1.9349130000000
1.5090990000000
1.2179780000000
2.0966980000000

7.3153410000000



C2

C3

C4

C5

H7

H8

H9

H10
011
013
B14
015
016
C17
H18
H19
H20
C21
H22
H23
H24
C25
H26
H27
H28
C27
C28
C29
C30
C31
C32
H33
H34
H35
H36
H37

-3.3372390000000
-4.1481600000000
-5.2987460000000
-4.9104770000000
-3.5073740000000
-3.4666570000000
-6.1895080000000
-5.7135410000000
-3.8031580000000
-3.6862500000000
-3.4122100000000
-5.5332910000000
-4.5948580000000
-1.8582290000000
-1.3317770000000
-1.7285550000000
-1.4346700000000
-4.9206900000000
-4.0808290000000
-5.8014490000000
-5.1198150000000
-6.5998720000000
-6.7879290000000
-6.3293680000000
-7.5157490000000
-6.0723180000000
-6.4645040000000
-5.6094190000000
-4.3803840000000
-4.0197760000000
-4.8504260000000
-7.4132310000000
-5.8922760000000
-3.0583440000000
-4.5759900000000
-4.6249650000000

6.1615130000000
6.8859220000000
6.0697130000000
4.5918700000000
6.6842290000000
7.1109820000000
6.1661900000000
3.9754300000000
4.7735610000000
4.4384090000000
3.0894860000000
6.6361870000000
8.0783370000000
6.0106420000000
5.5268670000000
5.4246900000000
7.0097000000000
9.1403420000000
9.3600480000000
8.9078050000000
10.0128960000000
6.0589110000000
6.7384710000000
5.0749610000000
5.9716890000000
2.7821600000000
2.1620280000000
2.2315330000000
2.9105370000000
3.5040020000000
3.4489720000000
1.6394900000000
1.7371060000000
4.0063660000000
3.9053870000000
3.0400880000000

198

7.7900230000000
6.6894130000000
6.0700040000000
5.9900210000000
8.7313940000000
5.8580640000000
6.7164480000000
5.5717670000000
8.1307800000000
5.3241010000000
4.7077290000000
4.8007970000000
7.3106150000000
7.4755640000000
8.3031190000000
6.5614870000000
7.3296850000000
6.4160820000000
5.7410890000000
5.8090070000000
7.0426460000000
4.0517200000000
3.2178240000000
3.6511150000000
4.6564230000000
1.1775590000000
2.3625570000000
3.4614230000000
3.4052120000000
2.1824100000000
1.0681310000000
2.4029020000000
4.3881330000000
2.1142440000000
0.1242950000000
7.6156090000000



N38
039
040
cal
C42
C43
H44
H45
H46
H47
048
C49
H50
c51
C52
H53
H54
055
056
057
C58
H59
H60
H61
062
C65
066
C67
H68
H69
H70
N75
H76
c71
072
C73

-6.9676480000000
-8.0407340000000
-6.6015960000000
-3.1764940000000
-1.5088950000000
-1.6872690000000
-3.6774950000000
-3.3212450000000
-2.0516120000000
-1.1609140000000
-2.0040650000000
-0.0394770000000
0.5041830000000
0.2226050000000
0.5485040000000
0.0899230000000
0.7363580000000
-1.1803310000000
0.0753900000000
0.6381440000000
0.5398560000000
0.9507820000000
1.1283420000000
-0.5011410000000
-3.7303830000000
2.4946410000000
1.8316670000000
3.9617740000000
4.3443420000000
4.0478420000000
4.5608760000000
1.9767420000000
2.5262710000000
1.1834050000000
2.0550060000000
1.2080360000000

2.7308240000000
2.1352960000000
3.2905860000000
0.8014750000000
1.8597440000000
0.9151690000000
0.2765610000000
0.2057640000000
1.4250330000000
1.3555800000000
3.1319040000000
1.9325710000000
2.4762930000000
-0.3674850000000
0.5212040000000
0.0636340000000
0.0235100000000
-0.3789210000000
2.6576450000000
-1.6551510000000
-2.5480330000000
-3.5019690000000
-2.1843380000000
-2.6842860000000
2.0892290000000
0.5413220000000
0.2462560000000
0.9358990000000
0.6818960000000
2.0181960000000
0.4329160000000
0.5759090000000
1.0793810000000
3.4007110000000
3.5847390000000
3.9063200000000

199

0.0141460000000
0.1378670000000
-1.0209900000000
5.5663830000000
4.0365120000000
5.2355210000000
4.7367910000000
6.4756290000000
3.1790300000000
6.1004190000000
4.3657320000000
3.6704960000000
4.4507390000000
4.6857060000000
3.4717040000000
2.5922240000000
5.5914280000000
4.9407200000000
2.4317270000000
4.4044030000000
5.5072810000000
5.1698870000000
6.3646060000000
5.8213510000000
5.7636340000000
1.9490640000000
0.9634620000000
1.8701650000000
0.8805940000000
2.0272290000000
2.6374570000000
3.2241600000000
3.9095540000000
2.2247220000000
3.0522840000000
0.8053420000000



H74 1.4194420000000 3.0510060000000 0.1526740000000
H75 0.2335920000000 4.3106720000000 0.5180530000000
H77 1.9879580000000 4.6606960000000 0.6940530000000

NMR Spectral Charts of Compounds in Chapter 2
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13C-NMR spectrum of 318
201

X : parts per Million : 13C
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SOURPATLE (Appresnowg)

13C-NMR spectrum of 254
202

X : parts per Million : 130
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Experimental Procedure and Characterization Data for Chapter 3

Synthesis of disaccharide donor 350

Compound 360

To a solution of 353 (1.51 g, 3.24 mmol) and 352 (2.70 g, 3.87 mmol) in dry CH,Cl, (64.6
mL) was added MS4A (2.70 g) at room temperature under Ar atmosphere. After the reaction
mixture was stirred vigorously for 1 h, TfOH (127 uL, 0.646 mmol) was added to the reaction
mixture at —80 °C. After the reaction mixture was stirred for 1.5 h at the same temperature, the
reaction mixture was neutralized with EtsN. The resulting mixture was filtered through celite pad,
and the filtrate was concentrated in vacuo. The residue was diluted with CHCI; (30 mL) and sat.
NaHCOs aq. (30 mL). After separation, the aqueous layer was extracted with CHCI3 (30 mLx2).
The combined extracts were washed with brine (30 mL), dried over anhydrous Na;SOs, filtered
and concentrated in vacuo. The residue was used for the next reaction without further purification.

The above residue was diluted with THF/MeOH (1/3, v/v, 161 mL), and then to the resulting
mixture was added 28% NaOMe solution in MeOH (12.9 mL, 64.5 mmol) at room temperature
under Ar atmosphere. After the reaction mixture was stirred for 24 h at 50 °C, the reaction mixture
was neutralized with 1 N HCl aq. The aqueous layer was extracted with EtOAc (40 mLx3), and
then the combined extracts were washed with sat. NaHCOj3 aq. (40 mL) and brine (40 mL), dried
over anhydrous Na»SOs, filtered and concentrated in vacuo. Purification of the residue by silica
gel column chromatography (5/1 n-hexane/EtOAc) gave 360 (2.51 g, 2.79 mmol, 86% yield in 2
steps).
Data of 360: Colorless syrup; R, 0.39 (4/1 PhMe/acetone); [a]*p = —57.6° (¢ 1.0, CHCls); 'H-
NMR (400 MHz, CDCl3) 6 7.43-7.15 (27H, m, Ar-H), 6.90-6.85 (2H, m, Ar-H), 5.64 (1H, d, Ji >
= (.8 Hz, H-1), 5.02 and 4.81 (2H, ABq, J=11.6 Hz, ArCH>), 4.89 and 4.65 (2H, ABq, J=10.8
Hz, ArCH>), 4.84 and 4.51 (2H, ABq, J=11.2 Hz, ArCH>), 4.71 and 4.62 (2H, ABq, J=11.2 Hz,
ArCH,), 4.48 and 4.44 (2H, ABq, J = 12.4 Hz, ArCH,), 4.25 (1H, d, Ji-»>= 8.0 Hz, H-1"), 4.14
(1H, m, H-5), 4.00 (1H, dd, Ji» = 0.8 Hz, J>3 = 3.2 Hz, H-2), 3.86 (1H, dd, />3 =3.2 Hz, J34 =
9.2 Hz, H-3), 3.79 (3H, s, OCH3), 3.68-3.47 (6H, m, H-4, H-2’, H-3*, H-4’, H-6’a, H-6"b), 3.43-
3.37 (2H, m, H-5", OH), 1.32 (3H, d, J5 6 = 5.6 Hz, H-6); *C-NMR (100 MHz, CDCl;) (125 MHz,
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CDCls) 6 159.6, 138.8, 138.2, 138.1, 138.0, 134.2, 130.9, 130.1, 129.4, 128.9, 128.4, 128.3x2,
128.0, 127.7x2, 127.6, 127.5, 127.0, 113.9, 105.8, 87.0, 84.6, 80.7, 80.4, 79.4, 76.9, 75.5, 75.4,
75.0, 74.8, 73.3, 72.8, 69.2, 68.8, 55.2, 17.7; HRMS (ESI-TOF) m/z 921.3665 (921.3648 calcd
for Cs4HsgO10NaS [M+Na]").

Compound 361

361

To a solution of 360 (347 mg, 386 umol) and pyridine (3.12 mL, 38.7 mmol) in CH>Cl; (9.65
mL) was added Tf,0 (3.09 mL, 3.09 mmol, 1.0 M in CH,Cl,) at =20 °C under Ar atmosphere.
After the reaction mixture was stirred for 4 h at 0 °C, the reaction mixture was poured into H,O
(10 mL). The aqueous layer was extracted with CHCI3 (10 mLx3), and then the combined extracts
were washed with brine (10 mL), dried over anhydrous Na,SOs, filtered and concentrated in vacuo.
The residue was used for the next reaction without further purification.

The above residue was diluted with PhMe (3.86 mL), and then to the resulting mixture was

added tetrabutylammonium azide (439 mg, 1.54 mmol) at room temperature under Ar atmosphere.
The reaction mixture was warmed to 60 °C and stirred for 24 h. The reaction mixture was directly
subjected to silica gel column chromatography (100/0 to 30/1 PhMe/EtOAc) to give 361 (311 mg,
337 umol, 87% yield in 2 steps).
Data for 361: Colorless syrup; R;0.48 (3/1 PhMe/EtOAc); [0]*’p —84.7° (¢ 1.0, CHCl3); 'H-NMR
(400 MHz, CDCl3) 6 7.42-7.15 (27H, m, Ar-H), 6.86-6.81 (2H, m, Ar-H), 5.70 (1H, d, Ji,=1.2
Hz, H-1), 4.92 and 4.66 (2H, ABq, J = 10.8 Hz, ArCH:), 4.82 and 4.49 (2H, ABq, J = 10.8 Hz,
ArCH>), 4.70 and 4.54 (2H, ABq, J = 11.2 Hz, ArCH>), 4.69 and 4.59 (2H, ABq, J = 11.6 Hz,
ArCH,), 4.52 (1H, d, J= 0.8 Hz, H-1"), 4.48 and 4.41 (2H, ABq, J = 11.6 Hz, ArCH>), 4.19 (1H,
dd, Ji1,=1.2Hz, J,3=2.8 Hz, H-2), 4.14 (1H, m, H-5), 4.09 (1H, dd, Ji-»= 0.8 Hz, J> 3= 3.6 Hz,
H-2"),3.83 (1H, dd, J>3=2.8 Hz, J34=9.2 Hz, H-3), 3.75 (3H, s, OCH3), 3.64 (1H, dd, J34=9.2
Hz, J»5=9.2 Hz, H-4’), 3.63-3.58 (2H, m, H-6’a, H-6’b), 3.57 (1H, dd, J34=9.2 Hz, J45=9.2
Hz, H-4), 3.46 (1H, dd, J» 3= 3.6 Hz, J3»=9.2 Hz, H-3’), 3.27 (1H, m, H-5"), 1.32 (3H, d, Js¢
= 6.0 Hz, H-6); >*C-NMR (125 MHz, CDCls) § 159.4, 138.4, 138.1, 137.9, 137.5, 134.5, 131.0,
130.2, 129.5, 128.9, 128.5, 128.4x2, 128.3, 128.1, 127.9x2, 127.8, 127.7, 127.5, 127.0, 114.0,
101.2 (Jeu = 159 Hz), 87.2 (Jcu = 170 Hz), 80.3%2, 80.0, 78.1, 75.8, 75.5, 75.2, 74.1, 73.5, 72.5,
71.8, 69.2, 69.0, 61.4, 55.2, 17.7, HRMS (ESI-TOF) m/z 946.3680 (946.3713 calcd for
CssHs7N3;09NaS [M+Na]").
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Compound S17

To a solution of 361 (47.5 mg, 51.4 umol) in MeCN/THF (7/3, v/v, 2.37 mL) were added

NBS (9.6 mg, 53.9 mmol) and H20 (4.6 uL, 257 umol) at —40 °C under Ar atmosphere. After the
reaction mixture stirred for 4 h at =30 °C, the reaction was quenched by sat. Na;S,03 ag. (5 mL).
To the resultant mixture was added sat. NaHCO; aq. (5 mL). The aqueous layer was extracted
with EtOAc (10 mLx3). The combined extracts were washed with brine (10 mL), dried over
anhydrous Na,SOs, filtered and concentrated in vacuo. Purification of the residue by silica gel
column chromatography (2/1 n-hexane/EtOAc) gave S17 (42.8 mg, 51.4 umol, quantitative yield,
d.r.=81/19).
Data for S17: Colorless syrup; Ry 0.21 (5/1 n-hexane/EtOAC); [a]*p —21.3° (¢ 1.0, CHCIs); mp
152-154 °C; *H-NMR (400 MHz, CDCI3) (major diastereomer) 6 7.39-7.12 (22H, m, Ar-H), 6.84-
6.78 (2H, m, Ar-H), 5.31 (1H, br-s, H-1), 4.90 and 4.63 (2H, ABq, J = 11.2 Hz, ArCH-), 4.81 and
4.47 (2H, ABq, J = 10.4 Hz, ArCH:), 4.67 and 4.55 (2H, ABq, J = 10.8 Hz, ArCH>), 4.65 and
4.52 (2H, ABq, J = 11.6 Hz, ArCH:), 4.57 and 4.54 (2H, ABq, J = 10.8 Hz, ArCH:), 4.56 (1H,
br-s, H-1°), 4.12-4.06 (2H, m, H-2, H-2"), 3.96-3.88 (2H, m, H-3, H-5), 3.72 (3H, s, OCHz), 3.71
(1H, m, H-6a), 3.64-3.47 (2H, m, H-4’, H-6’b), 3.48 (1H, dd, J34 = 9.6 Hz, Js5 = 9.6 Hz, H-4),
3.43 (1H, dd, J>-3» = 4.0 Hz, J> 4 = 9.2 Hz, H-3"), 3.29 (1H, m, H-5), 3.05 (1H, d, J = 2.8 Hz,
OH), 1.28 (3H, d, Js6 = 6.4 Hz, H-6); *C-NMR (100 MHz, CDCls) (major diastereomer) ¢ 159.2,
138.5, 138.0, 137.9, 137.5, 130.5, 129.3, 128.5, 128.3, 128.1, 127.9, 127.8x2, 127.6x2, 113.9,
101.0, 93.8, 80.6, 80.3, 79.3, 75.5, 75.3, 75.2, 74.1, 73.3, 72.4, 71.8, 69.0, 67.9, 61.5, 55.2, 18.0;
HRMS (ESI-TOF) m/z 854.3586 (854.3629 calcd for CasHssN3O1oNa [M+Na]").

Compound 350

o CFs
Bnom NPh
PMBO |

BnO N3

BnO 0 .

BnO 1

350
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To asolution of S17 (387 mg, 0.465 mmol) in CH,Cl; (4.65 mL) were added 2,2,2-trifluoro-
N-phenylacetimidoylchloride (293 pL, 1.86 mmol) and Cs>CO3 (606 mg, 1.86 mmol) at room
temperature under Ar atmosphere. After the reaction mixture was stirred for 13 h at room
temperature, the reaction mixture was filtered through celite pad, and the filtrate was concentrated
in vacuo. Purification of the residue by silica gel column chromatography (40/8/1
PhMe/EtOAC/NEt;) gave 350 (452 mg, 0.451 mmol, 97% yield, o/p = 23/77).

Data for 350a.: Colorless syrup; Rt 0.73 (74/24/2 n-hexane/EtOAC/NEL); [a]*’p —41.1° (¢ 1.0,
CHCls); *H-NMR (400 MHz, 233 K, CDCls) ¢ 7.46-7.07 (25H, m, Ar-H), 6.85 (2H, br-d, J = 8.0
Hz, Ar-H), 6.64 (2H, br-d, J = 7.2 Hz, Ar-H), 6.42 (1H, d, J12= 2.0 Hz, H-1), 4.96 and 4.68 (2H,
ABq, J = 10.0 Hz, ArCH>), 4.85 and 4.60 (2H, ABq, J = 11.2 Hz, ArCH.), 4.85 and 4.45 (2H,
ABq, J = 10.4 Hz, ArCH.), 4.80 and 4.68 (2H, ABq, J = 10.8 Hz, ArCH.), 4.61 (1H, br-s, H-17),
453 and 4.22 (2H, ABq, J = 12.0 Hz, ArCH,), 4.32 (1H, br-d, J = 3.2 Hz, H-2"), 3.99-3.86 (2H,
m, H-3, H-5), 3.82-3.73 (5H, m, H-2, H-4’, OCHs), 3.65-3.56 (3H, m, H-4, H-3’, H-6’a), 3.48
(1H, br-d, J = 10.0 Hz, H-6’b), 3.25 (1H, m, H-5"), 1.42 (3H, d, Js6 = 6.0 Hz, H-6); '*C-NMR
(100 MHz, 233 K, CDCl;) 0 159.1, 143.3, 137.5, 137.4, 137.1, 137.0, 129.9, 129.4, 128.5, 128.4,
128.2, 128.1, 127.9, 127.7, 127.6, 123.9, 118.9, 113.6, 100.8, 95.4, 79.1, 79.0, 77.8, 75.9, 75.3,
75.2, 74.6, 73.2, 73.0, 71.3, 70.6, 67.3, 60.5, 55.1, 17.8; HRMS (ESI-TOF) m/z 1041.3618
(1041.3664 calcd for CssHs7N4O10F:K [M+K]).

Data for 350B: Colorless syrup; Ry 0.67 (74/24/2 n-hexane/EtOAc/NEts); [a]*p —59.4° (¢ 1.0,
CHCls); "H-NMR (400 MHz, 233 K, CDCl3) § 7.45-7.06 (25H, m, Ar-H), 6.87-6.79 (4H, m, Ar-
H), 5.75 (1H, br-s, H-1), 4.96 and 4.68 (2H, ABq, J = 10.4 Hz, ArCH.), 4.82 and 4.44 (2H, ABgq,
J=10.4 Hz, ArCH,), 4.73 and 4.57 (2H, ABq, J = 11.6 Hz, ArCH.), 4.70 (1H, br-s, H-1°), 4.68
and 4.57 (2H, ABq, J = 11.2 Hz, ArCH.), 4.51 and 4.49 (2H, ABq, J = 12.4 Hz, ArCH,), 4.50
(1H, br-s, H-2), 4.19 (1H, br-s, H-2"), 3.79-3.68 (8H, m, H-3, H-4, H-4’, H-6’a, H-6’b, OCH5),
3.57-3.47 (2H, m, H-3’, H-5), 3.38 (1H, m, H-5"), 1.46 (3H, d, Js 5= 4.8 Hz, H-6); '>*C-NMR (100
MHz, CDCls) 6 159.4, 143.6, 138.3, 138.0x2, 137.7, 129.7, 129.3, 128.6, 128.4x2, 128.3, 128.2,
128.1, 127.9, 127.8, 127.7, 127.6, 127.4, 124.2, 119.5, 114.0, 100.5, 94.6, 81.6, 80.9, 79.4, 76.0,
75.4,75.3,74.2,73.4,73.3,72.7,71.7, 69.3, 61.5, 55.1, 17.8; HRMS (ESI-TOF) m/z 1041.3633
(1041.3664 calcd for CssHs7N4O10FsK [M+K]).

Synthesis of trisaccharide acceptor 351

Compound 363
1
HO L/ 0
PmOMe
363
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To asolution of 362 (452 mg, 2.05 mmol) in dry PhMe (41.1 mL) was added "Bu.SnO (614

mg, 2.46 mmol) at reflux with the dean-stark trap under Ar atmosphere. After the reaction mixture
was stirred for 3 h, the reaction mixture was concentrated to half its initial volume. Then, to the
reaction mixture were added PMBCI (416 pL, 3.08 mmol) and TBAB (662 mg, 2.05 mmol). After
the reaction mixture was stirred for 15 h at 90 °C, the reaction mixture was poured into MeCN
(160 mL). The resultant mixture was washed with n-hexane (160 mL). After separation, the n-
hexane layer was extracted with MeCN (160 mL), and the combined extracts were concetrated in
vacuo. Purification of the residue by silica gel column chromatography (100/250/7 n-
hexane/EtOAC/NELts) gave S2 (625 mg, 1.84 mmol, 90% vyield).
Data for S2: White solid; Rs 0.32 (2/1 n-hexane/acetone); [a]*'b +59.8° (c 1.0, CHCIs); mp 80-
81 °C; *H-NMR (500 MHz, CDCl3) §7.32 (2H, br-d, J = 8.5 Hz, Ar-H), 6.90 (2H, br-d, J = 8.0
Hz, Ar-H), 5.34 (1H, d, J;» = 2.0 Hz, H-1), 4.75 and 4.59 (2H, ABq, J = 11.5 Hz, ArCH.), 4.42
(1H, m, H-2), 3.81 (3H, s, OCHs), 3.56 (1H, m, H-4), 3.46 (1H, dd, J.3 = 3.5 Hz, J;4 = 9.0 Hz,
H-3), 3.33-3.26 (4H, m, H-5, OCHj), 1.70 (3H, s, CH3), 1.31 (3H, d, Js s = 6.0 Hz, H-6); ®C-NMR
(125 MHz, CDCls) 6159.6, 129.7, 129.5, 124.0, 114.1, 97.5, 78.5, 76.2, 71.3, 70.9, 70.4, 55.3,
49.7, 24.4,17.7; HRMS (ESI-TOF) m/z 363.1418 (363.1420 calcd for C17H2407Na [M+Na]*).

Compound 364

1
(0] O

Bnow
PMBO /LOMe

(0]
364

To a solution of 363 (1.47 g, 4.32 mmol) in dry DMF (14.4 mL) was added 60% NaH (0.35
g, 8.64 mmol, dispersion in paraffin liquid) at 0 °C under Ar atmosphere, followed by BnBr (1.03

mL, 8.64 mmol). After the reaction mixture was stirred for 15 h at room temperature, the reaction
was quenched by addition of H,O (10 mL). The agueous layer was extracted with n-
hexane/EtOAc (1/1, viv, 20 mLx3), and then the combined extracts were washed with brine (20
mL), dried over anhydrous Na,SO, filtered and concetrated in vacuo. Purification of the residue
by silica gel column chromatography (2/1 n-hexane/EtOAc) gave 364 (1.57 g, 3.65 mmol, 84%
yield).

Data for 364: White solid; Ry 0.40 (2/1 n-hexane/EtOAC); [a]*%o —1.74° (c 1.0, CHCI3); mp 96-
97 °C; 'H-NMR (500 MHz, CDCls) §7.40-7.26 (7H, m, Ar-H), 6.86 (2H, br-d, J = 8.5 Hz, Ar-
H), 5.28 (1H, d, Ji> = 2.5 Hz, H-1), 4.95 and 4.66 (2H, ABq, J = 11.0 Hz, ArCH>), 4.71 (2H, s,
ArCH>), 4.35 (1H, dd, Ji» =2.5 Hz, J,3 = 4.0 Hz, H-2), 3.80 (3H, s, OCHs), 3.66 (1H, dd, J,3 =
4.0 Hz, J:4 = 9.0 Hz, H-3), 3.46 (1H, dd, J34 = 9.0 Hz, J45 = 9.0 Hz, H-4), 3.32 (1H, m, H-5),
3.29 (3H, s, OCH3), 1.72 (3H, s, CH3), 1.31 (3H, d, Jss = 6.0 Hz, H-6); *C-NMR (125 MHz,
CDCls) 6 159.4, 138.3, 129.8, 129.7, 128.4, 128.0, 127.8, 123.8, 113.9, 97.3, 79.4, 78.5, 75.5,
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71.8, 70.2, 55.2, 49.8, 24.4, 17.9; HRMS (ESI-TOF) m/z 453.1868 (453.1889 calcd for
C24H3007Na [M+Na]*).

Compound 264

BnO

PMBO
264

To a solution of 364 (2.14 g, 4.97 mmol) in dry CH»Cl> (9.94 mL) was added TMSCI (945.9
pL, 7.45 mmol) at room temperature under Ar atmosphere. After the reaction mixture was
refluxed for 3 h, the reaction mixture was concentrated in vacuo. The residue was used for the
next reaction without further purification.

To a solution of the above residue in dry THF (49.7 mL) was added '‘BuOK (1.10 g, 14.9

mmol) at —40 °C. After the reaction mixture was stirred for 30 min at the same temperature, the
reaction mixture was poured into a solution of CH2Cl./brine (2/1, v/v, 500 mL). The organic layer
was washed with brine (150 mL), dried over anhydrous Na,SO., filtered through celite pad, and
concetrated in vacuo. Purification of the residue by recrystallization (n-hexane/Et,O) gave 264
(1.59 g, 4.47 mmol, 90% yield).
Data for 264: White solid; [o]®p +25.1° (¢ 1.0, CHCI3); mp 66-67 °C; *H-NMR (500 MHz,
CDCl3) 67.37-7.25 (7TH, m, Ar-H), 6.87 (2H, br-d, J = 9.0 Hz, Ar-H), 4.88 (1H, d, Ji» = 2.5 Hz,
H-1), 4.86 and 4.64 (2H, ABq, J=11.0 Hz, ArCH>), 4.76 and 4.73 (2H, ABq, J = 11.5 Hz, ArCH,),
3.88 (1H, dd, J,3 = 2.0 Hz, J3 4 = 8.0 Hz, H-3), 3.80 (3H, s, OCHj3), 3.66 (1H, m, H-5), 3.53 (1H,
dd, J;4 = 8.0 Hz, J45 = 10.0 Hz, H-4), 3.30 (1H, dd, J,» = 2.5 Hz, J,3 = 2.0 Hz, H-2), 1.26 (3H, d,
Js6 = 6.5 Hz, H-6); ®*C-NMR (125 MHz, CDCls) 6159.4, 138.1, 130.1, 129.5, 128.4, 128.0x2,
113.9, 80.8, 79.0, 78.7, 75.4, 75.1, 71.7, 55.2, 54.7, 17.7; HRMS (ESI-TOF) m/z 357.1709
(357.1702 calcd for C1H250s [M+H]").

Compound S18
OH
HO O
Hgéﬁ/o\/\/\/NHCbz
TrocHN 1 5'

s18
To a solution of 365 (3.00 g, 4.29 mmol) in MeOH (42.9 mL) was added 28% NaOMe
solution in MeOH (857 nL, 4.29 mmol) at 0 °C under Ar atmosphere. After the reaction mixture
was stirred for 30 min at the same temperature, the reaction mixture was neutralized with
amberlite, filtered and concentrated in vacuo. Purification of the residue by silica gel column
chromatography (12/1 CHCIls/MeOH) gave S18 (2.19 g, 3.82 mmol, 89% vyield).
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Data for S18: White solid; Ry 0.39 (8/1 CHCly/MeOH); [o]%p —15.6° (¢ 1.0, MeOH): *H-NMR
(500 MHz, 9/1 CDCl,/CD;0D) & 7.41-7.28 (5H, m, Ar-H), 551 (1H, br-s, NH), 5.09 (2H, s,
ArCH), 4.76 and 4.70 (2H, ABq, J= 12.0 Hz, OCH,CCls), 4.41 (1H, d, J1, = 7.6 Hz, H-1), 3.90-
3.81 (2H, m, H-6a, H-17a), 3.77 (1H, dd, Js0 = 4.4 Hz, Jeags = 12.0 Hz, H-6b), 3.51-3.40 (3H, m,
H-3, H-4, H-1"b), 3.40-3.31 (2H, m, H-2, NH), 3.28 (1H, m, H-5), 3.15 (2H, m, H-5"a, H-5°b),
1.64-1.30 (6H, m, H-2’, H-3’, H-4"); *C-NMR (125 MHz, 9/1 CDCls/CD;0OD) ¢ 156.7, 155.2,
136.3, 128.3,127.9, 127.8, 127.6, 101.1, 95.5, 75.5, 74.3, 73.8, 70.2, 69.5, 66.4, 61.3, 57.5, 40.6,
29.2, 28.7, 22.7; HRMS (ESI-TOF) m/z 595.0988 (595.0993 calcd for C:H31N>O9NaCls
[M+Na]").

Compound 366

TN
HO O\/\/\/NHCbZ

TrocHN 1 5
366

To a solution of S18 (440 mg, 0.767 mmol) in MeCN (3.84 mL) were added benzaldehyde

dimethyl acetal (34.3 uL, 2.30 mmol) and 10-camphorsurfonic acid (17.8 mg, 76.7 umol) at room
temperature under Ar atmosphere. After the reaction mixture was stirred for 2 h at the same
temperature, the reaction mixture was neutralized with Et;N, and concentrated in vacuo.
Purification of the residue by silica gel column chromatography (7/1 CHCls/acetone) gave 366
(475 mg, 0.718 mmol, 94% yield).
Data for 366: White solid; Ry 0.73 (1/1 PhMe/acetone); [a]*°s —29.6° (c 1.0, CHCIs); mp 165-167
°C; 'H-NMR (400 MHz, 323 K, CDCl3) § 7.52-7.45 (2H, m, Ar-H), 7.40-7.24 (8H, m, Ar-H),
5.58-5.48 (2H, m, PhCH, NH), 5.11 (2H, s, ArCH>), 4,83 (1H, br-s, NH), 4,74 and 4.71 (2H, ABq,
J=12.0 Hz, OCH.CCls), 4.59 (1H, d, J12 = 7.6 Hz, H-1), 4.31 (1H, dd, Js6a = 5.0 Hz, Jsar = 10.0
Hz, H-6a), 4.04 (1H, m, H-3), 3.84 (1H, m, H-1"a), 3.77 (1H, dd, Js 6, = 10.0 Hz, Jsaer = 10.0 Hz,
H-6b), 3.51 (1H, dd, J34 = 9.0 Hz, Js5 = 9.0 Hz, H-4), 3.48-3.34 (3H, m, H-2, H-5, H-1°b), 3.22-
3.10 (2H, m, H-6’a, H-6’b), 2.98 (1H, br-s, OH), 1.62-1.33 (6H, m, H-2’, H-3’, H-4"); *C-NMR
(100 MHz, 323 K, CDCls) ¢ 156.5, 154.6, 137.2, 136.7, 129.2, 128.5, 128.3, 128.0x2, 126.3,
101.8, 101.2, 95.6, 81.6, 74.7, 70.9, 69.8, 68.7, 66.7, 66.2, 59.0, 41.0, 29.4, 28.9, 23.0; HRMS
(ESI-TOF) m/z 661.1510 (661.1486 calcd for C20H3sN200Cls [M+H]).

Compound S19

R
B0 Oo._~_~_NHCbz

TrocHN 1 5
S19
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To a solution of 366 (423 mg, 0.639 mmol) in pyridine (12.8 mL) was added benzoyl

chloride (149 uL, 1.28 mmol) at room temperature under Ar atmosphere. After the reaction
mixture was stirred for 1 h at the same temperature, the reaction was quenched by addition of
H>0 (20 mL). To the resultant mixture was added EtOAc (20 mL). After separation, the aqueous
layer was extracted with EtOAc (20 mLx2), and then the combined extracts were washed brine
(20 mL), dried over anhydrous Na,SOs, filtered and concentrated in vacuo. Purification of the
residue by silica gel column chromatography (14/1 CHCls/acetone) gave S19 (475 mg, 0.620
mmol, 97% yield).
Data for S19: White solid; Ry 0.67 (10/1 CHCls/acetone); [0]*°p —43.2° (¢ 1.0, CHCI3); *H-NMR
(500 MHz, CDCls) ¢ 8.04 (2H, br-d, J= 7.0 Hz, Ar-H), 7.56 (1H, m, Ar-H), 7.45-7.28 (12H, m,
Ar-H), 5.69 (1H, d, J = 9.5 Hz, NH), 5.63 (1H, dd, J23= 10.0 Hz, J34= 10.0 Hz, H-3), 5.52 (1H,
s, PhCH), 5.13 and 5.09 (2H, ABq, J = 12.5 Hz, ArCH,), 4.82 (1H, br-s, NH), 4.69 and 4.56 (2H,
ABq, J = 12.5 Hz, OCH,CCls), 4.56 (1H, d, Ji 2 = 8.0 Hz, H-1), 4.37 (1H, dd, Js 6a= 10.0 Hz, Jeaeb
= 4.5 Hz, H-6a), 3.93 (1H, dd, J;»= 8.0 Hz, J,3= 10.0 Hz, H-2), 3.88-3.79 (3H, m, H-1"a, H-4,
H-6b), 3.61 (1H, m, H-5), 3.44 (1H, m, H-1°b), 3.22-3.13 (2H, m, H-5"), 1.63-1.43 (4H, m, H-2",
H-4%), 1.37 (2H, m, H-3"); ®C-NMR (125 MHz, CDCl;)  166.6, 156.4, 154.6, 136.9, 136.6,
133.5, 130.0, 129.1, 128.9, 128.5, 128.4, 128.2, 128.1x2, 125.9, 102.1, 101.2, 95.5, 79.1, 74.3,
72.2, 69.9, 68.6, 66.6, 66.1, 56.6, 40.8, 29.4, 28.8, 23.0; HRMS (ESI-TOF) m/z 765.1714
(765.1749 caled for C3sHaoN,010Cls [M+H]").

Compound 265
OH
o)
HO
Bzgéﬁ/o\/\/\/wcm
TrocHN 1 5'

265
To a solution of S19 (471 mg, 0.614 mmol) in dry CH,Cl,/MeOH (1/2, vi/v, 8.78 mL) was
added p-TsOH (11.7 mg, 61.4 umol) at room temperature under Ar atmosphere. After stirring for
5 h at reflux, the reaction mixture was neutralized with EtsN, and then concentrated in vacuo.
Purification of the residue by silica gel column chromatography (2/1 PhMe/acetone) gave 265
(390 mg, 0.575 mmol, 94% yield).
Data for 265: White solid; R;0.36 (2/1 PhMe/acetone); [a]*p +8.0° (¢ 1.0, CHCI3); mp 60-62 °C;
'H-NMR (500 MHz, 323 K, CDCl;) ¢ 8.06-8.02 (2H, m, Ar-H), 7.54 (1H, m, Ar-H), 7.41-7.37
(2H, m, Ar-H), 7.35-7.26 (5H, m, Ar-H), 5.71 (1H, d, J = 1.0 Hz, NH), 5.36 (1H, dd, J>3=10.0
Hz, J;4= 10.0 Hz, H-3), 5.08 (2H, s, ArCH.), 4.87 (1H, br-s, NH), 4.64 and 4.56 (2H, ABq, J =
12.0 Hz, OCH,CCls), 4.58 (1H, d, J = 8.0 Hz, H-1), 3.97-3.78 (5H, m, H-2, H-4, H-5, H-6a, H-
1°a), 3.55-3.48 (2H, m, H-6b, H-1°b), 3.43 (1H, br-s, OH), 3.15-3.09 (2H, m, H-5"), 2.55 (1H, br-
s, OH), 1.66-1.34 (6H, m, H-2’, H-3’, H-4"); *C-NMR (100 MHz, 323 K, CDCl;) § 167.4, 156.7,
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154.6, 136.7, 133.5, 130.0, 129.3, 128.5x2, 128.0x2, 101.3, 95.5, 76.4, 75.7, 74.5, 69.9, 69.7,
66.7, 62.3, 56.3, 41.0, 29.4, 28.8, 23.0; HRMS (ESI-TOF) m/z 699.1271 (699.1255 calcd for
C29H35N2010NaCls [M+Na]+).

Compound 367
1 OH
BnOW&E&&/OMNHCbZ
PMBO 4 TrocHN 1 5"

367

To asolution of 265 (19.2 mg, 25.1 umol) and p-nitropheylboronic acid (247) (0.83 mg, 4.97
umol) in dry THF (500 uL) was added a solution of 1,2-anhydo donor 264 (13.4 mg, 37.6 umol)
in dry THF (500 uL) at 0 °C under Ar atmosphere. After the reaction mixture was stirred for 1 h
at the same temperature, the reaction was quenched by addition of 0.05 M NaBOs ag. (109 pL).
To the resultant mixture was added sat. NH4Cl ag. (2 mL). The aqueous layer was extracted with
EtOAC (2 mLx5), and then the combined extracts were washed with brine (2 mL), dried over
anhydrous Na,SO., and concentrated in vacuo. Purification of the residue by preparative TLC
(3/2 n-hexane/acetone) gave 367 (23.8 mg, 23.0 umol, 92% yield).
Data for 367: Colorless syrup; R, 0.52 (2/1 PhMe/acetone); [a]*’p +11.6° (¢ 1.0, CHCls); *H-
NMR (400 MHz, CDCls) 6 8.02 (2H, br-d, J=7.2 Hz, Ar-H), 7.62 (1H, m, Ar-H), 7.50-7.44 (2H,
m, Ar-H), 7.38-7.22 (10H, m, Ar-H), 7.05-7.01 (2H, m, Ar-H), 6.76-6.71 (2H, m, Ar-H), 5.50
(1H, dd, J23=10.4 Hz, J34 = 9.6 Hz, H-3), 5.43 (1H, br-d, J = 10.0 Hz, NH), 5.11 and 5.09 (2H,
ABq, J=12.4 Hz, ArCH.), 4.87 (1H, br-s, NH), 4.81 (1H, d, J = 10.4 Hz, ArCH,), 4.69 (1H, d, J
= 11.6 Hz, OCH,CCls), 4.58-4.51 (3H, m, H-1, PhCH,, OCH,CCls), 4.48 (1H, br-s, H-1"), 4.31
and 4.17 (2H, ABq, J = 11.6 Hz, ArCH>), 4.06 (1H, dd, Js4 =9.6 Hz, J,5=9.6 Hz, H-4), 3.98 (1H,
m, H-6a), 3.93-3.80 (3H, m, H-2, H-6b, H-1""a), 3.78 (3H, s, OCHs), 3.72 (1H, br-d, J>-3- = 3.2
Hz, H-2"), 3.55-3.46 (2H, m, H-5, H-1°"b), 3.38 (1H, dd, J3-4- = 9.2 Hz, Js- 5= 9.2 Hz, H-4"),3.27
(IH, m, H-5%), 3.22-3.14 (2H, m, H-5"), 3.10 (1H, dd, J2> 3 = 3.2 Hz, J3 4 = 9.2 Hz, H-3"), 3.07
(1H. br-s, OH), 2.28 (1H, br-s, OH), 1.65-1.33 (6H, m, H-2’*, H-3"’, H-4""), 1.33 3H, d, Js's' =
6.0 Hz, H-6"); *C-NMR (125 MHz, CDCls) & 165.9, 159.3, 156.5, 154.3, 137.9, 136.6, 133.8,
129.6, 129.4, 129.0, 128.8, 128.5, 128.4, 128.1, 128.0, 127.9, 113.8, 101.1 (Jcn = 157 Hz), 100.6
(Jen = 156 Hz), 95.4, 80.8, 78.7, 76.1, 75.5, 74.9, 74.5, 74.2, 71.9, 70.7, 69.4, 67.8, 66.5, 62.0,
56.3, 55.2, 40.9, 29.4, 28.7, 23.0, 17.6; HRMS (ESI-TOF) m/z 1055.2899 (1055.2879 calcd for
CsoHsoN,O1sNaCls [M+Na]").
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To asolution of 367 (16.9 mg, 16.3 umol) in pyridine (326 uL) was added benzoyl chloride

(15.1 pL, 130 pumol) at room temperature under Ar atmosphere. After the reaction mixture was
stirred for 10 h at the same temperature, the reaction was quenched by addition of H.O (1 mL).
To the resultant mixture was added EtOAc (1 mL). After separation, the aqueous layer was
extracted with EtOAc (1 mLx2), and then the combined extracts were washed brine (1 mL), dried
over anhydrous Na,SO, filtered and concentrated in vacuo. Purification of the residue by
preparative TLC (2/1 PhMe/acetone) gave 368 (19.6 mg, 15.8 umol, 97% yield).
Data for 368: White solid; Ry 0.44 (2/1 PhMe/acetone); [a]*°p +41.8° (c 1.0, CHCI3); mp 61-63
°C; 'H-NMR (400 MHz, CDCls) 6 8.10-8.01 (6H, m, Ar-H), 7.63-7.15 (19H, m, Ar-H), 7.04 (2H,
br-d, J = 8.8 Hz, Ar-H), 6.70 (2H, br-d, J = 8.8 Hz, Ar-H), 5.54-5.43 (2H, m, H-2’, NH), 5.40
(1H, dd, J23=10.0 Hz, J34= 10.0 Hz, H-3), 5.13 and 5.08 (2H, ABq, J = 12.4 Hz, ArCH,), 4.83
(1H, br-s, NH), 4.76 (1H, d, J = 10.4 Hz, ArCH.), 4.67 (1H, d, J = 12.4 Hz, OCH.CCl5), 4.65 (1H,
br-s, H-1°), 4.59-4.50 (3H, m, H-6a, H-6b, OCH,CCls), 4.49-4.40 (3H, m, H-1, ArCH>), 4.17 (1H,
dd, J34=10.0 Hz, Js5=10.0 Hz, H-4), 4.05 (1H, d, J = 10.8 Hz, ArCH:), 3.90 (1H, m, H-2), 3.80
(1H, m, H-1"a), 3.74 (3H, s, OCHj), 3.61 (1H, m, H-5), 3.45 (1H, m, H-1"b), 3.35-3.33 (2H, m,
H-3°, H-4%),3.21 (1H, m, H-5"), 3.13 (2H, m, H-5""), 1.64-1.28 (6H, m, H-2"*, H-3">, H-4""), 1.19
(3H, d, Js 5 = 5.6 Hz, H-6"); **C-NMR (100 MHz, CDCls) & 166.1, 165.9, 165.6, 159.1, 156.5,
154.5, 138.0, 133.7, 133.5, 133.0, 130.2, 130.1, 129.9 129.8, 129.7, 129.6, 129.5, 129.0, 128.8,
128.5, 128.4, 128.3, 128.1, 128.0, 127.8, 113.6, 101.2, 98.8, 95.4, 79.8, 79.4, 75.4, 75.1, 74.3,
73.7,72.7,71.9, 70.6, 69.4, 68.4, 66.5, 63.1, 56.2, 55.2, 40.9, 29.3, 28.7, 22.9, 17.7, HRMS (ESI-
TOF) m/z 1263.3358 (1263.3403 calcd for CesHe7N2O17NaCls [M+Na]").

Compound 355

y OBz
HO OBz

NHTroc
355

To asolution of 368 (25.4 mg, 20.4 umol) in dry CH.CIo/HFIP (1/1, v/v, 510 uL) were added
TESH (3.6 pL, 22.6 umol) and 0.2 M HCI aqg. in HFIP (102 puL, 20.4 umol) at 0 °C under Ar
atmosphere. After the reaction mixture was stirred for 3 h at the same temperature, the reaction
was guenched by addition of sat. NaHCO; ag. (1 mL). To the resultant mixture were added CHCl;
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(2 mL) and H20 (1 mL). After separation, the aqueous layer was extracted with CH.Cl, (2 mLx2),
and then the combined extracts were washed with brine (2 mL), dried over anhydrous Na,SOa,
filtered and concentrated in vacuo. Purification of the residue by silica gel column
chromatography (3/2 n-hexane/EtOAC) gave 355 (22.4 mg, 20.0 umol, 98% vyield).

Data for 355: White solid; Rs 0.39 (1/1 n-hexane/EtOAC); [a]*p +38.2° (¢ 1.0, CHCIs); mp 75-
77 °C; *H-NMR (400 MHz, 323 K, CDCls) 6 8.08-7.99 (6H, m, Ar-H), 7.61-7.13 (19H, m, Ar-
H), 5.42-5.33 (2H, m, H-3, NH), 5.31 (1H, br-s, H-2), 5.11 and 5.07 (2H, ABq, J = 12.0 Hz,
ArCH,), 4.77-4.70 (2H, m, H-1’, ArCH.), 4.67-4.48 (5H, m, H-6a, H-6b, ArCH, OCH,CCls),
4.46 (1H, d, J1p = 7.5 Hz, H-1), 4.16 (1H, dd, Js4 = 9.0 Hz, Ju5 = 9.0 Hz, H-4), 3.87 (1H, m, H-
2), 3.78 (1H, m, H-1""a), 3.63 (1H, m, H-5), 3.58 (1H, m, H-3°), 3.44 (1H, m, H-1"’b), 3.32-3.21
(2H, m, H-4’, 5°), 3.14-3.07 (2H, m, H-5""), 2.15 (1H, br-s, OH), 1.59-1.48 (2H, m, H-2""), 1.47-
1.39 (2H, m, H-4""), 1.34-1.28 (2H, m, H-3"), 1.25 (3H, d, Js- ¢ = 6.0 Hz, H-6"); *C-NMR (125
MHz, 323 K, CDCls) §166.7, 166.1, 156.5, 154.5, 138.1, 136.9, 133.7, 133.2, 132.9, 130.4, 130.0,
129.8, 129.7x2,129.2, 128.7, 128.5%2, 128.3, 128.0x2, 127.9, 101.2, 98.2, 95.5, 81.3, 75.3, 74.5,
73.4,73.1,73.0,72.6, 72.0, 69.4, 66.6, 63.4, 56.5, 41.0, 29.4, 28.8, 23.0, 17.8; HRMS (ESI-TOF)
m/z 1159.2512 (1159.2567 caled for CssHsoN201sCLK [M+K]).

Compound 369

NHTroc

" OBz
Bnow&mow NHCbz
Q OBz

BnO Q7
PMBO  ac
369

To a solution of 355 (10.2 mg, 18.2 umol) and 354 (13.6 mg, 12.1 umol) in dry CH,Cl, (242
pL) was added MS4A (10.2 mg) at room temperature under Ar atmosphere. After the reaction
mixture was stirred vigorously for 1 h, TfOH (0.21 pL, 2.37 pumol) was added to the reaction
mixture at —20 °C. After the reaction mixture was stirred for 2 h at the same temperature, the
reaction mixture was filtered through celite pad, and the filtrate was concentrated in vacuo. The
residue was diluted with CHCI3 (1 mL), and then the solution was washed with sat. NaHCO3 aq.
(1 mL). After separation, the aqueous layer was extracted with CHCl3; (1 mLx2). The combined
extracts were washed with brine (1 mL), dried over anhydrous Na,SOs, filtered and concentrated
in vacuo. Purification of the residue by preparative TLC (8/1 PhMe/acetone) gave 369 (14.1 mg,
9.27 umol, 77% yield).

Data for 369: Colorless syrup; R 0.45 (8/1 PhMe/acetone); [a]*’n +35.0° (¢ 1.0, CHCIs); *H-
NMR (500 MHz, CDCls) 6 8.16-7.98, (6H, m, Ar-H), 7.62-7.20 (24H, m, Ar-H), 7.08-7.02 (2H,
br-d, J = 8.5 Hz, Ar-H), 6.72-6.66 (2H, br-d, J = 8.5 Hz, Ar-H), 5.63 (1H, d, J = 9.5 Hz, NH),
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5.44-5.34 (2H, m, H-3, 2°), 5.20 (1H, br-s, H-2”), 5.11 and 5.06 (2H, ABq, J = 12.5 Hz,
OCH-CCl3), 4.91 (1H, br-s, NH), 4.80 (1H, br-s, H-1""), 4.79 and 4.53 (2H, ABq, J = 11.5 Hz,
ArCHy>), 4.69 (1H, br-s, H-17), 4.67 and 4.53 (2H, ABq, J = 11.5 Hz, ArCHy), 4.65 and 4.50 (2H,
ABgq, J=11.0 Hz, ArCH), 4.59-4.44 (2H, m, H-6a, 6b), 4.41 (1H, d, J;» = 8.0 Hz, H-1), 4.35 and
4.19 (2H, ABq, J=10.5 Hz, ArCH,), 4.18 (1H, dd, Js4 = 9.2 Hz, Ju5s = 9.2 Hz, H-4), 3.90 (1H, m,
H-2), 3.82-3.72 (2H, m, H-5”, H-1""a), 3.72-3.65 (4H, m, H-3’, OCH3), 3.60-3.52 (2H, m, H-5,
H-3"), 3.48-3.38 (2H, m, H-4’, H-1""’b), 3.29 (1H, dd, J5»4» = 9.5 Hz, Ju»5» = 9.5 Hz, H-4""), 3.22
(1H, m, H-5"), 3.17-3.07 (2H, m, H-5"""), 2.02 (3H, s, C(O)CH3), 1.58-1.24 (6H, m, H-2", H-3"”,
H-4"), 1.20 (3H, d, Js¢ = 5.5 Hz, H-6"), 1.05 (3H, d, J5» ¢ = 6.0 Hz, H-6”); *C-NMR (125
MHz, CDCls) §169.9, 166.0, 165.8, 165.1, 159.0, 156.4, 154.4, 138.7, 137.3, 136.7, 133.6, 133.0,
132.9, 130.1, 129.9, 129.8, 129.6, 129.5x2, 128.9, 128.6, 128.4, 128.3, 128.2, 128.1, 127.9%2,
127.8,127.5, 127.3, 113.5, 101.0 (Jcn = 159 Hz), 99.2 (Jcr = 170 Hz), 98.1 (Jcn = 159 Hz), 95.3,
80.4, 79.3, 77.7, 77.2, 75.5, 74.9, 74.1, 72.6, 71.7, 71.5, 71.3, 69.3, 69.2, 68.5, 66.4, 63.1, 56.1,
55.0, 40.8, 29.2, 28.6, 22.9, 20.9, 17.5x2; HRMS (ESI-TOF) m/z 1541.4615 (1541.4557 calcd for
C79HgsN20,:NaCls [M+Na]™h).

Compound 351
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To asolution of 369 (58.7 mg, 38.6 umol) in dry CH.CIl/HFIP (1/1, v/v, 965 uL) were added
TESH (6.8 uL, 42.7 umol) and 0.2 M HCI aqg. in HFIP (193 uL, 38.6 umol) at 0 °C under Ar
atmosphere. After the reaction mixture was stirred for 1 h at the same temperature, the reaction
was guenched by addition of sat. NaHCO3 ag. (1 mL). To the resultant mixture were added CHCl;
(5 mL) and H20 (4 mL). After separation, the aqueous layer was extracted with CH,Cl; (5 mLx2),
and then the combined extracts were washed with brine (5 mL), dried over anhydrous Na,SOa,
filtered and concentrated in vacuo. Purification of the residue by silica gel column
chromatography (3/2 n-hexane/EtOAc) gave 351 (52.1 mg, 37.2 umol, 96% yield).

Data for 351: White solid; R 0.45 (1/1 n-hexane/EtOAc); [a]*°b +30.2° (¢ 1.0, CHCls); *H-NMR
(400 MHz, CDCls) 6 8.10-7.98, (6H, m, Ar-H), 7.62-7.22 (24H, m, Ar-H), 5.44-5.33 (3H, m, H-
3, H-2’, NH), 5.14-5.05 (3H, m, H-2”*, ArCH>), 4.85-4.78 (2H, m, H-1"’, NH), 4.74-4.64 (5H, m,
H-1°, ArCH.), 4.57-4.50 (2H, m, ArCH), 4.49-4.44 (2H, m, H-6a, H-6b), 4.40 (1H, d, J12 = 8.8
Hz, H-1), 4.18 (1H, dd, J34=9.6 Hz, Js5 = 9.6 Hz, H-4), 3.93-3.74 (4H, m, H-2, H-3”’, H-5”, H-
1’’a), 3.62-3.54 (2H, m, H-5, H-3"), 3.47-3.38 (2H, m, H-4°, H-1"""b), 3.29-3.17 (2H, m, H-5’,
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H-47), 3.17-3.08 (2H, m, H-5""), 2.03 (3H, s, C(O)CHs), 1.91 (1H, d, J = 4.4 Hz, OH), 1.56-1.48
(2H, m, H-2"""), 1.47-1.37 (2H, m, H-4""), 1.35-1.25 (2H, m, H-3""), 1.20 3H, d, Js-¢ = 6.4 Hz,
H-6"), 1.09 (3H, d, Js- ¢+ = 6.4 Hz, H-6"); 3C-NMR (125 MHz, CDCls) §170.2, 166.0, 165.9,
165.3, 156.4, 154.4, 138.5, 137.6, 136.9, 133.6, 133.0, 132.9, 130.3, 130.0, 129.8, 129.7, 129.6,
129.2,128.7, 128.4x2, 128.3, 128.1, 128.0, 127.9, 127.8, 127.6, 101.1, 99.3, 98.3, 95.4, 81.0, 80.6,
78.1, 75.6, 75.0, 74.5, 73.3, 73.1, 73.0, 72.5, 72.0, 71.5, 69.3, 69.0, 68.0, 66.5, 63.3, 56.4, 41.0,
29.3, 28.8, 23.0, 20.7, 17.7, 17.6; HRMS (ESI-TOF) m/z 1421.3936 (1421.3982 calcd for
C71H77N,02/NaCl; [M+Nal").

Synthesis of pentasaccharide 266

Compound 370
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To a solution of 3508 (19.7 mg, 19.6 umol) and 351 (18.4 mg, 13.1 umol) in dry PhMe (262
uL) was added MS4A (19.7 mg) at room temperature under Ar atmosphere. After the reaction
mixture was stirred vigorously for 1 h, TfOH (0.35 pL, 3.96 umol) was added to the reaction
mixture at —40 °C. After the reaction mixture was stirred for 2 h at the same temperature, the
reaction mixture was filtered through celite pad, and the filtrate was concentrated in vacuo. The
residue was diluted with EtOAc (1 mL) and then the solution was washed with sat. NaHCOs aq.
(1 mL). After separation, the aqueous layer was extracted with EtOAc (1 mLx2). The combined
extracts were washed brine (3 mL), dried over anhydrous Na;SOs, filtered and concentrated in
vacuo. Purification of the residue by preparative TLC (8/1 PhMe/acetone) gave 370 (23.3 mg,
10.5 umol, 80% yield).

Data for 370: Colorless syrup; R 0.52 (8/1 PhMe/acetone); [a]*°s —3.6° (¢ 1.0, CHCI); *H-NMR
(400 MHz, CDCls) 0 8.07-7.97 (6H, m, ArH), 7.60-7.05 (46H, m, Ar-H), 6.79-6.72 (2H, br-d, J =
8.8 Hz, Ar-H), 5.48-5.33 (3H, m, NH, H-2’, H-3), 5.14-5.04 (3H, m, H-2"*, ArCHy), 4.99 (1H, br-
s, H-1""), 4.85-4.74 (5H, m, H-1”, ArCH> NH), 4.70-4.40 (14H, m, H-1’, H-1""’, H-6a, H-6b,
ArCH, OCH,CCls), 4.37 (1H, d, J= 8.0 Hz, H-1), 4.34 and 4.21 (2H, ABq, /= 11.6 Hz, ArCH,),
4.28 (1H, d, J=11.2 Hz, ArCH,), 4.17 (1H, dd, J = 8.8 Hz, J = 8.8 Hz, H-4), 4.00-3.94 (2H, m,
H-2”,H-3"), 3.91 (1H, br-s, H-2"""), 3.87 (1H, m, H-2), 3.80-3.62 (7H, m, H-3"*, H-4”*, H-5",
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H-1"""a, OCH3), 3.60-3.46 (4H, m, H-3’, H-5, H-5"", H-6"""a), 3.45-3.26 (6H, m, H-3*, H-4’,
H-4”, H-4>’, H-6"’b, H-1""""’b), 3.20 (1H, m, H-5), 3.16-3.07 (3H, m, H-5"”’, H-5"""’a, H-
577°b), 2.02 (3H, s, C(O)CHs), 1.56-1.46 (2H, m, H-2""a, H-2"""’b), 1.44-1.40 (2H, m, H-4"""a,
H-4""’b), 1.35-1.26 (2H, m, H-3"’a, H-3"’b), 1.18 (3H, d, J = 6.0 Hz, H-6"), 1.02 (6H, m, H-
6”, H-6""); ®°C-NMR (125 MHz, CDCls) §169.8, 165.9x2, 165.5, 159.1, 156.4, 154.4, 138.4x2,
138.0, 137.5%2, 136.6, 133.7, 133.0, 132.9, 130.3, 130.1, 129.8, 129.7, 129.5, 129.0, 128.9, 128.6,
128.5, 128.4, 128.3x2, 128.2%2, 128.0, 127.9, 127.8%x2, 127.7, 127.5x2, 127.4%2, 113.8, 101.0%2
(Jen = 174 Hz, Jen = 161 Hz), 100.7 (Jen = 161 Hz), 98.9 (Jcn = 174 Hz), 98.0 (Jeu = 161 Hz),
95.3, 80.4, 80.1, 80.0, 79.5, 79.4, 78.9, 75.8, 75.7, 75.4, 75.1, 75.0, 74.9, 74.2, 74.0, 73.1, 72.7,
72.4,72.4,72.2,71.7, 71.4, 69.3, 68.6, 68.4, 66.4, 63.0, 61.4, 56.1, 55.0, 40.8, 29.2, 28.6, 22.8,
20.9, 17.6, 17.5; HRMS (ESI-TOF) m/z 2250.7346 (2250.7341 calcd for Ci19Hi2sNs5030CL13K
[M+K]H.

Compound 371
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To a solution of 370 (21.7 mg, 9.80 umol) in THF (163 uL) was added PPhs (3.3 mg, 12.6
umol) at room tempature under Ar atmosphere. After the reaction mixture was stirred for 8 h at
40 °C, H0 (2.1 uL, 11.7 umol) was added to the reaction mixture. After the reaction mixture
was refluxed for 9 h, the reaction mixture was concentrated in vacuo. The residue was used for
the next reaction without further purification.

To a solution of the above residue in CH,Cl,/MeOH (1/1, v/v, 980 uL) was added Ac.O (9.3
uL, 98.4 umol) at room tempature under Ar atmosphere. After the reaction mixture was stirred
for 2 h at the same temperature, the reaction was quenched by addition of NaHCOs3 ag. (1 mL).
To the resultant mixture was added CHCI; (1 mL). After separation, the aqueous layer was
extracted with CHCI; (1 mLx2), and then the combined extracts were washed with brine (1 mL),
dried over anhydrous Na;SO, filtered and concentrated in vacuo. Purification of the residue by
preparative TLC (6/1 PhMe/acetone) gave 371 (19.2 mg, 8.61 umol, 88% yield).

Data for 371: Colorless syrup; R 0.55 (5/1 PhMe/acetone); [a]*’n +7.20° (¢ 1.0, CHCIs); *H-
NMR (400 MHz, CDCls) 6 8.10-7.96 (6H, m, Ar-H), 7.60-7.08 (46H, m, Ar-H), 6.73 (2H, br-d, J
= 8.0 Hz, Ar-H), 5.68 (1H, d, /= 9.2 Hz, NH), 5.48-5.30 (3H, m, H-2’, H-3, NH), 5.18-5.02 (3H,
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m, H-2”", ArCH>), 4.90 (1H, br-s, H-1""), 4.87-4.27 (23H, m, H-1, H-6a, H-6b, H-1°, H-1", H-
17, H-2"", NH, ArCH,, OCH,CCls), 4.23-4.12 (2H, m, H-4, ArCH>), 3.95 (1H, m, H-3"), 3.87
(1H, m, H-2), 3.82 (1H, br-s, H-2"""), 3.79-3.70 (2H, m, H-5”, H-1""""a), 3.69-3.34 (14H, m, H-
5,H-3’, H-4’, H-3", H-4’”, H-5", H-3””, H-5""", H-6"’a, H-6""’b, H-1"""""b, OCH;), 3.31 (1H,
dd, J=9.6 Hz, J = 9.6 Hz, H-4"), 3.26-3.15 (2H, m, H-4"", H-5"), 3.15-3.05 (2H, m, H-5"""a,
H-5"""b), 2.03 (3H, s, C(O)CHj3), 1.83 (3H, s, C(O)CH3), 1.58-1.47 (2H, m, H-2"""a, H-2"""’b),
1.47-1.36 (2H, m, H-4""a, H-4""""b), 1.35-1.23 (2H, m, H-3"""a, H-3"""’b), 1.17 3H, d, J= 5.6
Hz, H-6%), 1.03 (3H, d, J= 6.0 Hz, H-6), 0.98 (3H, d, J = 5.6 Hz, H-6"""); ®*C-NMR (100 MHz,
CDCl3) §170.7, 169.8, 166.0, 165.9, 165.4, 159.1, 156.4, 154.4, 138.7, 138.6, 138.2, 137.9x2,
137.5, 136.7, 133.7, 133.0, 132.9, 130.3, 130.1, 129.9, 129.8, 129.7, 129.6, 129.0, 128.9, 128.7,
128.5, 128.3x2, 128.2, 128.0x2, 127.9, 127.8, 127.6, 127.5, 127.4, 127.3, 113.8, 101.0, 100.9,
99.9, 99.0, 98.1, 95.3, 80.2, 80.1, 80.0, 79.7, 79.5, 78.9, 77.2, 76.0, 75.7, 75.2, 74.9, 74.6, 74.2,
74.1,73.6,73.2,72.8, 72.4x2,72.3,71.8, 71.5, 71.4, 69.4, 68.9, 68.6, 68.4, 66.5, 63.1, 56.2, 55.1,
49.3, 40.8, 29.3, 28.6, 23.4, 22.9, 20.9, 17.7, 17.6, 17.5, HRMS (ESI-TOF) m/z 2250.7803
(2250.7803 calcd for C121H132N303NaCl; [M+Na]").

Compound 372
1 OBz
O OBz NHAc 1™

071"
o

OAc
Bnow ™
PMBO
BnO NHAc 0
BnO ™ 372
To a solution of 371 (24.1 mg, 10.8 umol) in AcOH/1,4-dioxane (1/1, v/v, 1.08 mL) were
added Ac,0 (20.4 uL, 216 umol) and Zn-Cu (241 mg) at room tempature under Ar atmosphere.

BnO

After the reaction mixture was stirred for 2 h at the same temperature, the reaction mixture was
filtered though celite pad, and to the filtrate was added NaHCOs3 ag. (2 mL). After separation, the
aqueous layer was extracted with EtOAc (2 mLx2), and then the combined extracts were washed
with brine (2 mL) dried over anhydrous Na,SQs, filtered and concentrated in vacuo. Purification
of the residue by preparative TLC (6/1 PhMe/acetone) gave 29 (18.2 mg, 8.68 umol, 80% yield).
Data for 372: Colorless syrup; Rt 0.55 (8/1 PhMe/acetone); [a]*°p +8.8° (¢ 1.1, CHCI3); *H-NMR
(400 MHz, CDCls) 6 8.08-7.96 (6H, m, Ar-H), 7.59-7.08 (46H, m, Ar-H), 6.73 (2H, br-d, J = 8.8
Hz, Ar-H), 5.99 (1H, d, J= 9.6 Hz, NH), 5.69 (1H, d, J= 9.2 Hz, NH), 5.41 (1H, d, J=2.4 Hz,
H-2), 5.35 (1H, dd, J = 8.0 Hz, J = 8.0 Hz, H-3), 5.13 (1H, br-s, H-2""), 5.08 (2H, s, ArCHy),
4.94 (1H, m, NH), 4.90 (1H, br-s, H-1""), 4.87-4.70 (7H, m, H-1’, H-1"", H-2"", ArCH,), 4.66
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(1H, d, J=11.6 Hz, ArCH>), 4.60-4.52 (3H, m, H-1""", ArCH,), 4.52-4.28 (9H, m, H-1, H-6a, H-
6b, ArCH,, OCH,CCls), 4.28-4.18 (2H, m, H-2, ArCH,), 4.16 (1H, dd, J= 8.0 Hz, J= 8.0 Hz, H-
4),3.95 (1H, dd, J=3.2 Hz, J= 9.2 Hz, H-3"), 3.81 (1H, br-s, H-2*"), 3.80-3.17 (19H, m, H-5,
H-3’, H-4’, H-5, H-4”, H-5”, H-3"”, H-4>", H-5>", H-3"", H-4"”*, H-5"”, H-6""a, H-6"""’b, H-
17”a, H-1""""b, OCH;), 3.16-3.03 (2H, m, H-5""), 2.04 (3H, s, C(O)CH;), 1.90 (3H, s,
C(0O)CHs), 1.82 (3H, s, C(O)CH3), 1.56-1.47 (2H, m, H-2""), 1.46-1.38 (2H, m, H-4""), 1.35-
1.27 (2H, m, H-3"""), 1.17 (3H, d, J = 6.0 Hz, H-6), 1.04 (3H, d, J = 6.0 Hz, H-6"), 1.00 (3H,
d, J= 6.0 Hz, H-6"""); ®*C-NMR (125 MHz, CDCl3) §170.9, 170.2, 169.8, 166.1, 166.0, 165.8,
159.1, 156.4, 138.7, 138.5, 138.2, 137.9x2, 137.4, 136.7, 133.7, 133.1, 132.9, 130.3, 130.0, 129.9,
129.8, 129.6x2, 129.0, 128.9, 128.7, 128.5, 128.4x2, 128.3x3, 128.2, 127.9x2, 127.8x2, 127.6,
127.5, 127.4, 127.3, 113.8, 101.0, 99.9, 99.2, 98.1, 80.1, 80.0, 79.7, 79.5, 79.4, 76.1, 75.7, 75.2,
74.9,74.6,74.3,74.2,73.5,73.2,73.0,72.4,72.3,72.1,71.8, 71.7, 71.4, 69.0x2, 68.7, 68.5, 66.4,
63.3, 55.1, 52.8, 49.3, 40.9, 29.3, 28.7, 23.4, 23.1x2, 20.9, 17.7, 17.6x2; HRMS (ESI-TOF) m/z
2096.9031 (2096.9047 caled for C120H34N3030Na [M+H]").

Compound S20

BnO NHAc
BnO 0
BnO o S20

To a solution of 372 (26.3 mg, 12.5 umol) in THF/MeOH (1/3, v/v, 1.25 mL) was added
28% NaOMe solution in MeOH (50 uL, 250 umol) at room tempature under Ar atmosphere. After
the reaction mixture was stirred for 24 h at the same temperature, the reaction mixture was
neutralized with 1 N HCI ag. To the resultant mixture were added EtOAc (2 mL) and H.O (2 mL).
After separation, the aqueous layer was extracted with EtOAc (2 mLx4), and then the combined
extracts were washed brine (2 mL), dried over anhydrous Na;SO., filtered and concentrated in
vacuo. Purification of the residue by preparative TLC (1/1 PhMe/acetone) gave S20 (18.4 mg,
10.6 umol, 84% yield).

Data for S20: Colorless syrup; Rs 0.58 (1/1 PhMe/acetone); [a]*p —29.5° (¢ 1.0, CHCIs); *H-
NMR (400 MHz, CDCls) 6 7.40-7.14 (37H, m, Ar-H), 6.77-6.74 (2H, m, Ar-H), 6.18 (1H, d, J =
4.5 Hz, NH), 6.03 (1H, d, J= 9.5 Hz, NH), 5.21-5.13 (2H, m, H-1"", OH), 5.07 (2H, s, ArCHy),
5.01 (1H, br-s, H-1"), 4.97 (1H, m, NH), 4.91-4.83 (3H, m, H-1°, H-2""", ArCH}), 4.83-4.58 (6H,
m, ArCHy), 4.57-4.51 (3H, m, H-1"", ArCHy), 4.47-4.31 (6H, m, H-1, ArCHy), 4.14 (1H, br-s,
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H-2"), 4.08-3.97 (3H, m, H-2”, H-5"), 3.94-3.78 (6H, m, H-2°”, H-3"’, H-1""""a), 3.77-3.71 (2H,
m, H-4”, H-5"), 3.69-3.57 (6H, m, H-3’, OCH3), 3.57-3.30 (9H, m, H-2, H-4’, H-3”*, H-5”, H-
4’ H-3”,H-1"""b), 3.30-3.10 (4H, m, H-5"”, OH), 2.57 (1H, br-s, OH), 2.38 (1H, br-s, OH),
2.01 (3H, s, C(O)CHz3), 1.91 (3H, s, C(O)CHs), 1.65-1.45 (4H, m, H-2>>”, H-4>”), 1.41-1.34
(2H, m, H-3"*), 1.29 (3H, d, J= 6.0 Hz, H-6°), 1.25 (3H, d, /= 6.0 Hz, H-6), 1.14 (3H, d, J =
6.0 Hz, H-6); **C-NMR (125 MHz, CDCl3) §172.8, 170.9, 159.3, 156.5, 138.4, 138.3, 138.2,
138.0, 137.8, 137.7, 136.5, 130.3, 129.2, 128.5, 128.4%x2, 128.3%2, 128.1, 128.0, 127.9x2, 127.7,
127.6, 113.9, 101.6, 101.0, 100.2, 100.2, 100.0, 82.1, 80.1, 79.9, 79.8x2, 79.5, 79.1, 76.9, 76.5,
75.5,75.1,74.8,74.6,73.5,73.3,72.6, 71.5,71.4,71.2,70.7, 69.0x2, 68.6, 68.3, 66.6, 62.0, 58.6,
55.1, 49.3, 40.9, 29.3, 28.8, 23.4, 23.3, 23.0, 18.0, 17.9, 17.7; HRMS (ESI-TOF) m/z 1764.8052
(1764.7980 calcd for CosH119N3026Na [M+Na]").

Compound 266
" OH
HO@Z\%@O\/\/\/NHZ
O oH NHAc 1™
HO@# 1

O oH

HO@?T"

HO

Ho_ NHAc °
Hgmu 266

A solution of S20 (7.50 mg, 4.30 umol) in dry MeOH (2.15 mL) was stirred under H;
atmosphere (7 atm) in the presence of 20% Pd(OH),/C (22.5 mg) in the autoclave at room
temperature for 3 h. After restoring the atmospheric pressure to normal pressure, the resultant
mixture was filtered through a disposable membrane filter (DISMIC-13cp), and then the filtrate
was concentrated in vacuo. Purification of the residue by reverse phase silica gel column
chromatography (H>O) gave 266 (3.50 mg, 3.69 umol, 86% yield).
Data for 266: Colorless syrup; Ry 0.61 (1/1/2 n-butanol/MeOH/25% NHs aq.); [a]*p —44.6° (c
0.53, H.0); 'H-NMR (400 MHz, D,0) 6 5.10 (1H, br-s, H-1” or H-1), 4.81 (1H, br-s, H-1” or
H-1"), 4.70 (1H, br-s, H-1"), 4.69 (1H, d, J= 1.6 Hz, H-1"), 4.37 (1H, dd, J=1.6 Hz, J= 4.8
Hz, H-3"), 4.31 (1H, d, /=7.2 Hz, H-1), 3.99-3.90 (3H, m, H-2’, H-2”*, H-2""), 3.78-3.58 (10H,
m), 3.54-3.10 (12H, m), 2.79-2.72 (2H, m), 1.90 (3H, s, C(O)CH3), 1.84 (3H, s, C(O)CH3), 1.50-
1.36 (4H, m), 1.25-1.17 (2H, m), 1.13 (3H, d, J= 5.6 Hz), 1.10 (3H, d, J = 6.4 Hz), 1.07 (3H, d,
J=5.6 Hz); *C-NMR (100 MHz, D;0) §176.1, 174.9, 102.6, 101.7, 101.5, 101.2, 100.8, 80.7,
79.3, 78.5, 77.1, 76.3, 74.9, 73.9, 72.6, 72.4, 71.9, 71.8, 71.6, 70.9, 70.4, 70.2, 70.0, 69.5, 69.4,
66.8, 61.1, 60.5, 56.0, 53.6, 39.7, 28.4, 27.1, 22.5, 22.3, 17.1, 17.0x2; HRMS (ESI-TOF) m/z
948.4423 (948.4400 calcd for C30H70N30,3 [M+H]").

238



Svynthesis of trisaccharide 348 and disaccharide 349

Compound 373
" OH
Bnowga&&o\/\/\/wcm
O oH NHAc 5"
BnO Q71
HO OH 373

To a solution of 351 (37.4 mg, 26.7 umol) in AcOH/1,4-dioxane (1/1, v/v, 2.68 mL) were
added Ac20 (75.7 uL, 0.801 mmol) and Zn-Cu (374 mg) at room tempature under Ar atmosphere.
After the reaction mixture was stirred for 2 h at the same temperature, the reaction mixture was
filtered though celite pad, and to the filtrate was added sat. NaHCOs ag. (5 mL). To the resultant
mixture was added EtOAc (5 mL). After separation, the agueous layer was extracted with EtOAc
(5 mLx2), and then the combined extracts were washed with brine (5 mL) dried over anhydrous
Na,SOq, filtered and concentrated in vacuo. The residue was used for the next reaction without
further purification.

The above residue was diluted with THF/MeOH (1/3, v/v, 2.67 mL), and then to the resulting
mixture was added 28% NaOMe solution in MeOH (107 pL, 0.535 mmol) at room temperature
under Ar atmosphere. After the reaction mixture was stirred for 24 h at the same temperature, the
reaction mixture was neutralized with 1 N HCI aq. To the resulting mixture were added EtOAc (5
mL) and H>O (5 mL). After separation, the aqueous layer was extracted with EtOAc (5 mLx2),
and then the combined extracts were washed with sat. NaHCOs aq. (5 mL) and brine (5 mL),
dried over anhydrous Na,SOs, filtered and concentrated in vacuo. Purification of the residue by
silica gel column chromatography (15/1 CHCl3/MeOH) gave 373 (16.8 mg, 18.4 umol, 69% yield
in 2 steps).

Data for 373: Colorless syrup; R 0.52 (6/1 CHCls/MeOH); [a]*®5 —17.9° (¢ 0.76, MeOH); *H-
NMR (400 MHz, CD;OD) 6 7.40-7.23 (15H, m, Ar-H), 5.05 (2H, s, PhCH>), 4.94 (1H, br-s, H-
1”), 4.89 and 4.63 (2H, ABq, J=10.8 Hz, ArCH>), 4.81 (1H, br-s, H-1°), 4.79 and 4.60 (2H, ABq,
J=11.2 Hz, ArCH>), 4.37 (1H, m, H-2), 4.06 (1H, br-d, J = 2.8 Hz, H-2’), 4.01-3.82 (5H, m, H-
6a, H-2>’, H-3’, H-5"", H-1"""a), 3.72 (1H, dd, J = 5.2 Hz, J = 12.4 Hz, H-6b), 3.65-3.57 (3H, m,
H-1, H-3, H-3’), 3.54-3.30 (6H, m, H-4, H-5, H-4’, H-5’, H-4’*, H-1"""b), 3.09 (2H, t, J = 6.8 Hz,
H-5""), 1.95 (3H, s, C(O)CH3), 1.60-1.43 (4H, m, H-2*"’, H-4*"), 1.40-1.32 (2H, m, H-3"""), 1.27
(3H, d, J=6.0 Hz, H-6""), 1.23 (3H, d, J = 6.4 Hz, H-6"); **C-NMR (100 MHz, CDs0D) §173.7,
158.9, 140.2, 139.6, 138.5, 129.4, 129.2%3, 128.9, 128.8x2, 128.6, 104.3, 102.6, 101.8, 83.4, 82.5,
80.8, 78.4, 76.5, 76.4, 76.0, 75.7, 73.1, 72.8, 72.7, 72.2, 70.4, 69.3, 67.3, 63.2, 57.8, 41.8, 30.5,
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30.2, 24.3, 23.0, 18.3, 18.2; HRMS (ESI-TOF) m/z 913.4364 (913.4334 calcd for C47HgsN2O16
[M+H]H.

Compound 348
1 OH
10 L5 GoNRL 0
O oH NHAc 5
Ho 271
HO  on
348

A solution of 373 (8.23 mg, 9.01 umol) in dry MeOH (3.0 mL) was stirred under H»

atmosphere (7 atm) in the presence of 20% Pd(OH)./C (24.7 mg) in the autoclave at room
temperature for 4 h. After restoring the atmospheric pressure to normal pressure, the resultant
mixture was filtered through a disposable membrane filter (DISMIC-13cp), and then the filtrate
was concentrated in vacuo. Purification of the residue by reverse phase silica gel column
chromatography (H-O) gave 348 (3.18 mg, 5.31 umol, 59% yield).
Data for 348: Colorless syrup; Rs 0.62 (1/1/2 n-butanol/MeOH/25% NH; aq.); [a]*o —41.0° (c
0.20, H,0); "H-NMR (400 MHz, D,0) 64.87 (1H, br-s, H-1""), 4.73 (1H, br-s, H-1"), 4.34 (1H,
d, J =5.6 Hz, H-1), 3.98 (1H, br-s, H-2"), 3.90 (1H, br-s, H-2”), 3.81-3.64 (5H, m), 3.55-3.39
(5H, m), 3.38-3.22 (4H, m), 2.84-2.76 (2H, m), 1.87 (3H, s, C(O)CH3), 1.55-1.38 (4H, m), 1.28-
1.19 (2H, m), 1.16 (3H, d, J= 5.6 Hz, H-6™), 1.12 (3H, d, J = 6.4 Hz, H-6"); *C-NMR (100 MHz,
D20) 6174.9, 102.7, 101.5, 100.8, 80.7, 77.1, 74.9, 74.0, 72.4, 72.3, 71.6, 70.9, 70.4x2, 69.4,
61.1, 56.0, 39.7, 28.4, 27.0, 22.5, 17.0, 16.9; HRMS (ESI-TOF) m/z 599.3019 (599.3022 calcd
for C2sHa7N>O14 [M+H]).

Compound 374
O~ NHCbz
BnO Q7 1 °
PMBO
BnO N3
BnO 0
BnO 1" 374

To a solution of 3508 (42.5 mg, 42.4 pmol) and 358 (6.70 mg, 28.2 umol) in dry THF (565
puL) was added MS4A (42.5 mg) at room temperature under Ar atmosphere. After the reaction
mixture was stirred vigorously for 1 h, TfOH (1.27 pL, 8.47 umol) was added to the reaction
mixture at 0 °C. After the reaction mixture was stirred for 2 h at the same temperature, the reaction
was quenched by addition of NaHCO; aq. (5 mL). To the resultant mixture was added EtOAc (5
mL). After separation, the aqueous layer was extracted with EtOAc (5 mLx2), and then the
combined extracts were washed brine (5 mL), dried over anhydrous Na;SO,, filtered and
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concentrated in vacuo. Purification of the residue by preparative TLC (8/1 PhMe/acetone) gave
374 (16.3 mg, 15.5 umol, 55% vyield).

Data for 374: Colorless syrup; R 0.48 (8/1 PhMe/acetone); [a]*’n —35.0° (¢ 1.0, CHCIs); *H-
NMR (400 MHz, CDCls) §7.37-7.16 (27H, m, Ar-H), 6.84-6.80 (2H, m, Ar-H), 5.08 (2H, s,
ArCHs), 4.90 and 4.65 (2H, ABq, J = 10.4 Hz, ArCH,), 4.88 (1H, d, J = 1.6 Hz, H-1°), 4.83 and
4.50 (2H, ABq, J = 10.8 Hz, ArCH,), 4.74 (1H, br-s, NH), 4.67 and 4.52 (2H, ABq, J = 11.6 Hz,
ArCH,), 4.65 and 4.55 (2H, ABq, J = 12.0 Hz, ArCH,), 4.59 (1H, br-s, H-1), 4.58 and 4.53 (2H,
ABq, J = 12.0 Hz, ArCHy), 4.09 (1H, br-d, J = 2.8 Hz, H-2), 4.00 (1H, br-s, H-2"), 3.84 (1H, dd,
Jrs = 3.2 Hz, Jy4 = 9.6 Hz, H-3%), 3.73 (3H, 5, OCHs3), 3.72-3.55 (5H, m, H-4, H-5, H-5", H-6’a,
H-1a), 3.48 (1H, dd, J3-4» = 9.6 Hz, Jss» = 9.6 Hz, H-4’), 3.43 (1H, dd, J,3 = 2.8 Hz, J34=9.2
Hz, H-3), 3.35-3.26 (2H, m, H-6’b, H-1"’b), 3.20-3.10 (2H, m, H-5"*), 1.55-1.42 (4H, m, H-2"’,
H-4°"), 1.34-1.25 (2H, m, H-3""), 1.30 (3H, d, Js¢ = 6.0 Hz, H-6); *C-NMR (125 MHz, CDCls)
0159.3, 156.3, 138.5, 138.2, 138.0, 137.6, 136.6, 130.6, 129.3, 128.5%2, 128.4x2, 128.3, 128.1,
128.0,127.9, 127.8x2, 127.7, 127.6, 113.9, 101.0 (Jcu = 159 Hz), 99.0 (Jer = 171 Hz), 80.6, 80.4,
79.8, 76.4, 75.7, 75.5, 75.2, 74.2, 73.5, 72.4, 71.8, 69.3, 67.9, 67.1, 66.6, 61.4, 55.2, 40.9, 29.7,
29.1, 234, 17.9; HRMS (ESI-TOF) m/z 1073.4846 (1073.4888 calcd for CeH70N4Oi2Na
[M+Nal").

Compound 375

O\/\/\/NHCbZ

5
BnO Q/ 1

a0, NHAG
BE?W 375

To a solution of 374 (58.2 mg, 55.4 umol) in THF (923 pL) was added PPhs (43.6 mg, 166
umol) at room tempature under Ar atmosphere. After the reaction mixture was stirred for 2 h at
40 °C, H,0 (12.0 uL, 664 umol) was added. After the reaction mixture was refluxed for 2 h, the
reaction mixture was concentrated in vacuo. The residue was used for the next reaction without
further purification.

To a solution of the residue in CH,Cl,/MeOH (1/1, v/v, 5.54 mL) was added Ac,O (157 uL,
1.66 mmol) at room tempature under Ar atmosphere. After the reaction mixture was stirred for 2
h at the same temperature, the reaction was quenched by addition of sat. NaHCOs3 ag. (10 mL).
To the resultant mixture was added CHCIs (10 mL). After separation, the aqueous layer was
extracted with CHCI; (10 mLx2), and then the combined extracts were washed with brine (10
mL) dried over anhydrous Na,SO., filtered and concentrated in vacuo. Purification of the residue
by preparative TLC (4/1 PhMe/acetone) gave 375 (48.1 mg, 45.1 umol, 81% vyield).
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Data for 375: Colorless syrup; Ry 0.38 (1/1 PhMe/acetone); [a.]*’p —20.0° (¢ 1.0, CHCI3); *H-NMR
(400 MHz, CDCl3) 67.38-7.18 (27H, m, Ar-H), 6.82-6.79 (2H, m, Ar-H), 6.02 (1H, J=9.0 Hz,
NH), 5.08 (2H, s, ArCH.), 4.89 and 4.61 (2H, ABq, J = 11.0 Hz, ArCH,), 4.86 (1H, dd, J;-» =
1.5 Hz, Jo 3 =4.0 Hz, H-2"), 4.83 and 4.46 (2H, ABq, J = 11.5 Hz, ArCH,), 4.80 (1H, br-s, H-1),
4.78 and 4.40 (2H, ABq, J = 11.0 Hz, ArCH,), 4.78 (1H, br-s, NH), 4.68 and 4.52 (2H, ABq, J =
11.0 Hz, ArCHy), 4.61 (1H, d, J;-»» = 1.5 Hz, H-1"), 4.53 and 4.49 (2H, ABq, J = 12.0 Hz, PhCH,),
3.89 (1H, br-s, H-2), 3.80 (1H. dd, J,3 = 3.0 Hz, J;4 = 9.5 Hz, H-3), 3.76-3.69 (2H, m, H-6’a, H-
6°b), 3.70 (3H, s, OCHs), 3.65-3.53 (4H, m, H-5, H-3’, H-4’, H-1"’a), 3.45 (1H, dd, J;4 = 9.5 Hz,
Jis=9.5 Hz, H-4), 3.42 (1H, m, H-5%), 3.27 (1H, m, H-1""b), 3.20-3.12 (2H, m, H-5"), 1.55-1.44
(4H, m, H-2>*, H-4""), 1.36-1.27 (2H, m, H-3"*), 1.25 (3H, d, Js5 = 6.0 Hz, H-6); **C-NMR (125
MHz, CDCls) §170.8, 159.2, 156.3, 138.6, 138.2, 138.0x2, 136.6, 130.5, 129.2, 128.5, 128.3%2,
128.1,128.0,127.9, 127.7, 127.6, 113.9, 100.4, 98.9, 80.3, 79.9, 79.8, 75.5, 74.9, 74.5, 73.8, 73.3,
72.5, 71.5, 69.2, 68.0, 67.1, 66.6, 55.2, 49.4, 40.9, 29.7, 29.1, 23.4x2, 18.0; HRMS (ESI-TOF)
m/z 1089.5095 (1089.5089 calcd for Cs3H74N>013Na [M+Na]").

Compound 349
O~ NH2

HO Q1 5

HO O
HO 1 349

A solution of 375 (7.90 mg, 7.40 umol) in THF/MeOH (1/3, v/v, 1.85 mL) was stirred under
H, atmosphere (7 atm) in the presence of 20% Pd(OH)./C (23.7 mg) in the autoclave at room
temperature for 3 h. After restoring the atmospheric pressure to normal pressure, the resultant
mixture was filtered through a disposable membrane filter (DISMIC-13cp), and then the filtrate
was concentrated in vacuo. Purification of the residue by reverse phase silica gel column
chromatography (H>O) gave 349 (3.00 mg, 6.63 umol, 90% yield).
Data for 349: Colorless syrup; Ry 0.61 (16/16/23 n-butanol/MeOH/25% NH; aq.); [a]*’p —34.5°
(c 0.40, H.0); *H-NMR (400 MHz, 333 K, D,0) §5.20 (1H, br-s, H-1), 5.10 (1H, br-s, H-1"),
4.79 (1H, br-s, H-2"), 4.20 (1H, m, H-2), 4.11 (1H, dd, J» 3 = 2.8 Hz, J» 4+ = 12.0 Hz, H-63),
4.08-4.00 (2H, m, H-3’, H-6‘b), 3.98 (1H, dd, J,3 = 4.0 Hz, J; 4 = 9.6 Hz, H-3), 3.95-3.83 (2H, m,
H-5¢, H-1""a), 3.82-3.74 (2H, m, H-4’, H-1"’b), 3.61 (1H, m, H-5), 3.55 (1H, dd, J;4 = 9.6 Hz,
Jis=9.6 Hz, H-4), 3.24 (2H, t, J=8.0 Hz, H-5""), 1.98-1.82 (4H, m, H-2’, H-4""), 1.72-1.63 (2H,
m, H-3""), 1.48 (3H, d, Js6 = 9.6 Hz, H-6); *C-NMR (125 MHz, 333 K, D,0) §176.4, 101.5,
99.6, 79.7, 77.0, 73.1, 72.5, 70.9, 69.4, 68.4, 67.6, 61.4, 54.0, 40.3, 28.8, 27.6, 23.2, 22.9, 17.5;
HRMS (ESI-TOF) m/z 453.2454 (453.2448 calcd for C19H3;N,019 [M+H]").
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Svynthesis of glycoconjugates 267, 379, 381

Synthesis of glycoconjugate 267

To a solution of free amine 266 (3.3 mg, 3.5 pmol) in dry DMF (174 uL) were added linker
376" (9.5 mg, 24 pumol) and Et;N (4.9 pL, 35 umol) under Ar atmosphere. After the reaction
mixture was stirred for 5 h when TLC indicated almost complete conversion of the free amine

266, the reaction mixture was purified by a size exclusion chromatography (MeOH) to afford
corresponding crude 377 (3.8 mg). The crude 377 were used for the next reaction without further
purification.

To a solution of the crude 377 (3.8 mg) in DMF (30 uL) was added a solution of BSA in
phosphate buffer (pH 7.5, 70 uM, 728 uL). After the reaction mixture was incubated for 18 h at
25 °C, the reaction mixture was diluted with deionized water and dialysed against 5 changes of
deionized water (300 mL). Lyophilization of the solution gave white solid 267 (3.9 mg).

Synthesis of glycoconjugate 379

To a solution of free amine 348 (1.6 mg, 2.7 umol) in dry DMF (267 uL) were added linker
376 (7.3 mg, 19 umol) and EtsN (3.7 uL, 27 umol) under Ar atmosphere. After the reaction
mixture was stirred for 5 h when TLC indicated almost complete conversion of the free amine

348, the reaction mixture was purified by a size exclusion chromatography (MeOH) to afford
corresponding crude 378 (1.9 mg). The crude 378 were used for the next reaction without further
purification.

To a solution of the crude 378 (1.9 mg) in DMF (21 yL) was added a solution of BSA in
phosphate buffer (pH 7.5, 70 uM, 535 uL). After the reaction mixture was incubated for 18 h at
25 °C, the reaction mixture was diluted with deionized water and dialysed against 5 changes of
deionized water (300 mL). Lyophilization of the solution gave white solid 379 (2.8 mg).

Synthesis of glycoconjugate 381
To a solution of free amine 349 (4.0 mg, 8.8 umol) in dry DMF (220 pL) were added linker
376 (24 mg, 62 umol) and EtsN (12 uL, 86 pumol) under Ar atmosphere. After the reaction mixture

was stirred for 5 h when TLC indicated almost complete conversion of the free amine 349, the
reaction mixture was purified by a size exclusion chromatography (MeOH) to afford
corresponding crude 380 (3.9 mg). The crude 380 were used for the next reaction without further
purification.

To a solution of the crude 380 (1.7 mg) in DMF (22 yL) was added a solution of BSA in
phosphate buffer (pH 7.5, 70 uM, 560 pL). After the reaction mixture was incubated for 18 h at
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25 °C, the reaction mixture was diluted with deionized water and dialysed against 5 changes of
deionized water (300 mL). Lyophilization of the solution gave white solid 381 (2.4 mg).

MALDI-TOF MS analysis

The sample (1.0 pL) was mixed with a matrix solution (1.0 pL) of sinapinic acid (15 mg/mL
in 50:50 H,O/MeCN containing 0.1% TFA). Analyses by MALDI-TOF MS were performed in

the positive ion mode.

Materials and experimental methods for biochemical assays

Bacteria culture and LPS extraction

Escherichia coli (E. coli) ATCC®11775™ was purchased from the American type culture
collection (ATCC). E. coli LPS was extracted with hot phenol-water method. E. coli
ATCC®11775™ was grown in Luria Broth (LB) medium (5 mL) at 37 °C for 18 h. After
centrifugation, the supernatant was removed. The resulting pellet was resuspended in Tris-HCI
buffer (pH 6.8, 0.1 M, 2 mL), and then suspended bacteria was boiled in a water bath for 15 min.
To the resulting bacteria suspension were added DNase I (50 units) and RNase A (0.5 mg) at room
temperature, and then the resulting mixture was incubated at 37 °C for 30 min. Next, to the
suspension was added proteinase K (1.0 mg), and then the resulting mixture was incubated at
59 °C overnight. To the resulting mixture was added ice-cold tris-saturated phenol (2 mL), and
the resulting mixture was vortexed for 10 seconds. And then, the mixture was incubated at 65 °C
for 15 min. After incubating cool to room temperature, Et,O (50 mL) was added to the resulting
mixture, and the mixutre was vortexed for 10 sec. After centrifugation, the sample was extracted