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Abbreviations:

Ac
AgOTf
All

Bn

Bz
CAN
CSA
DBU
DDQ
DIPEA
DMF
DMSO
GalNAc
GlcA
GlcNAc
Lev
MBn
MBz
MeCN
MP

NIS
NaAsc
Rbo
TBAF
TBDMS
TBDPS
TCA
TFA
THF
THTPA
TMSCHN,
TMSOTf
Xyl

V4

acetyl

silver triflate

allyl

benzyl

benzoyl

cerium (IV) di-ammoniumnitrate
(+)-10-camphorsulfonic acid
1,8-diazabicyclo[5.4.0Jundec-7-ene
2,3-dichloro-5,6-dicyano-p-benzoquinone
N, N-diisopropylethylamine
N,N-dimethylformamide

dimethyl sulfoxide
D-N-acetylgalactosamine
D-glucuronic acid
D-N-acetylglucosamine

levulinoyl

4-methoxybenzyl

4-methylbenzoyl

acetonitrile

4-methoxyphenyl

N-iodosuccinimide

sodium ascorbate

ribitol

tetra-n-butylammonium fluoride
tert-butyldimethylsilyl
tert-butyldiphenylsilyl
trichloroacetyl

trifluoroacetic acid

tetrahydrofuran
tris-hydroxypropyltriazolylmethylamine
trimethylsilyldiazomethane
trimethylsilyl triflate

D-xylose

benzyloxycarbonyl
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FNTBY, Fv o700l by, vl ryatrixlERn’sds, £
T E Xyl 23 B-1,4 L7 ESRO EHHIC a-12 fER T 4-0-A F LTV 7 v g
BEES LIV 7m )% T30, a-l3 A TTr I8 /) —ANELITHEA LT
TIORE I INIa )X TR ERNGFET DI, e iEFE I ko —
Db FERERZHE T, 7L a—20 B-14 A THAE LR B-1.4 7 v
ZEHIC, o-1,6 FEAOF v —AABEAE SN E LTV ARG EZ AL LT
WBHY, g rsvat el ABEORI AT 7Y a By FEk LT
HIREHT 7Y F Nl B-1,3 TXylERi=ZTT-HDTHD Y,

ﬁ%
0 OH

HO

H

© o\/‘ %

0
OH | HO
0 O—Ser

S » ~ — (@)
o4 LaL=gE

oo && é& w -

TOTF T h oS EEmE

HO

B 2-1-1 B TIhE THRBSI Xyl BEEZ S T3 Y TFEH
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Xyl X 6 (ifkFx2H L TEBOTRGICEKEET 2720, AILFRIhiES %
AT DT, T~ =R M LIz 1,2-cis 7'V a2 ROEILKNEET S
5o ZNET, W ONDTI—T7 Xyl D 12-cis 7'V 222 NORIRAGIEL %
iToC&E, IRSKHEHEIN TS Xyl f#t54K13 2,3,4 kR E %2 4T Bn TR
LSRR TH D, K2-1212, ZDHIER LTz, /INIBIEAFILVF AT
2y REMHRIZHWT, 2 20—k e L, Tt a7 av R
ELTER 62% TIUMELZ TV DH(A)Y, M OILB-T ==L FF 7Y ad R
ARV T, ZRE R 046%, P46% CTHEMM 215 T 5 (B)),

(A)

"0 N
N
BnO 0

BnO

SMe OBn o

OBn OBn
Bno— Q B0 oBn
+ CuBr,-BuyNBr-HgBr,, MS4A/ CH3NO, " 5 o
! Bn
OH o
OBn

OBn

BnO 0 BnO OBn BnO
BnO o o) BnO %
OBn

OH

ad #62%>5)
(B)
(0]
Bngmsph Bng@ﬁ W°
OBn
OBn
. NIS, TfOH, MS4A / THF:CH,Cl, (2:1) o o
%9 ]
o} H

O/f/ a:46%

B : 46%7

X 2-1-2(A,B) 2,34 f/kEEE % Bn ZCTRE LT Xyl it 5.4k (F4 7V =
VR) ZRWEZY a ke
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— 5. ~a i AeiEE W=7 U 2 ke LTIE, Sager Hlx 7 v AbLBEE
HERIZHW T, ZNENIE 066%, P11% THEERM 25TV H(C)Y, HH S
7 v WAKE &2 LRIV T IR a34%, B20% TR 21T 5 (D)), Lo

L6 /NIBDORIEHE] (A) ZFRWT, SERRSRERNEZ R LTz
Uy,

(®)
B”°%O
BnO
OBn E
+ BF;+ET,0/ CH,Cl,
Bno%‘u
BnO
0Bn o
a : 66%
HO

B : 11%9)

(D)

BnO R
BnO

0
Tl @
+ Tetramethylurea, MS4A / CH,Cl, I OBn t%‘o
X
OH h

a:34%
B : 20%9

¥) ERWETY av L)
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—J7. Tsvetkov H 73, 2,4 fi/KEER: %2 Bn £, 3 (/KRR A Ac FLTIRFE L 7=
Tz VF AT ay ReftERE L THWERITIE, 3-0Ac DR 512 X
ST, VEREZHIET 22N TELEBZ LTINS (¥2-1-3) 19 28K 2-1-
4DE T, ZRMRIZE > TTBIEEZ RS RN EDRHER SN TS 1D,

0 o)
B B N
RN, "Ro Ny B0
OBn CCI3 OBn ‘\/

>\o B 0
o %Ei;ﬁ
F\?\O‘ \ R_QH BnO
OBn  OBn

ad #80%0)

2 2-1-3 2,4 KBRS Bn BT, 3MKMRER Ac B TRE L7 Xyl ft54k% A
SRR 7 Y a vk (Tsvetkov ©) 10

(o]
HO Ny CiaHaz
1) DMTST, MS4A / CH,Cl, oBn s
2) NaOMe/MeOH

0 : Z
Cy3Har

OBn

a: 35%
B:36%"
OBn
X 2-1-4 2,4 fI/kKER¥E:% Bn T,

3hIkEREE Ac R LT Xyl #tE4% AV
7Y a ik (Okamoto ©) '
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fih )5, Jacquinet HIX 7 7 A7 U A fEEFEBIUGE DS R B 5 #HAE T,
XA IT— AR LTERIZ, Xyl #8508 C1 & 1C Ol 5 OB EEFE M
L THLNTEZEZHREL TS (M2-1-5) 12, S HIZHBRENZ &1iZ,
HEE 1% DERIL C1 BB TOHIFHI TS, Jacquinet & (% 1C BLEE TH H 1
FIHRENZOWT, BEIMLZZ U ZaaT7& b I RANLEORNT /~—%)
ROTDEZELEL TS,

0B 0B
OBz OBz oB2
B20 o o g obn
OBz OBz

1) Pd-C / EtOAc
2) CCLLCN, DBU / CH,Cl,

NH

NH )k
)k |
OBz
o8 08B:
o8z, oBz/°% osd  CC 0Bz, " 0Bz -0
B20 o 0 4 BzO o 0 OBz
OBz 0Bz OBz 0Bz

C1 a imidate 72% 1C B imidate 16%

NHCOOBn

CCly

HO o
HN \ TMSOTT, MS4A / CH,Cl,

BnO
0Bz
2 NHCOOBn

B:
0B: i OBz
0 0 Bzw\o/’;O
BzO o 0 (9 HN
0Bz
o

OBz

C1D#H#91% Bro

B 2-1-5 70737 Y I UREEEREEA I T — e SerGly L DS
(Jacquinet &)
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BB TR LHIC, ~ NV T U D EZEKRTDHITHILD ., -3Xylal-
3GIcABL-7> 672 % HEMIK L O EMERSERE OGN RD b d, Z DB, kT
L fEa =y b Xyl(X) & GleAG)DNEFRIBEIZ 72 5, X-G DIEFIZ L7y
H. WREETH D 1,2-cis 7V 2> ROFBRITEA O _FEER T, Y d~—
LDER. GleAB DIERIT I T 2 MO BREER R G- 2 F U, LIk b2 76
RlCary ba—LT&5, LERS> T, X-GDIEFZH@o B L 4+52 &
NERTHS,

Xylal-3GlcAR W5 & A3 2 e ) OFEREIIHER D 1,2-cis 77V 2> ROFEHKIC
B 5, ITH- Demchenko HII/KFBFERZIT LIZT 7 U a2 VB ISEBRR L2 ),
e HARD 4 fKEEH % picolyl ZE TRFE L, P RIARDKIEE & ORIIKERE
EERSET=OBIZ, B TFF O a i OREZERNPKEST S L2k ->7TI1,2-
cis 7V av REEKTDHHLOTHD (X 2-1-6),

glycosyl donor glycosyl acceptor
0]
o= \~\_LG R-OH
\ SN Premixing
Z ®

Activation O. OR

o /7 \ oX
oé/m/u; A y

N HO-R of LG X |!|
H-Bonded Z N

Donor-Acceptor ™ !
Complex

Oxacarbeium ion
intermediate

Delivery of Nucleophilel

0 (@)
X 2-1-6 AKFRKEEZM LT o} /tﬁ

N
7 7Y 2 EBRE Ty

13)
(Demchenko 5) Diastereomerically

Pure Glycoside
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ZAUZx LT Kan HiE, Xyl @ 4 (i/KEEEE % picolyl 2 TR L CTHEG 217 9
&L 12-trans 7'V 2 RORIERRIDEOND Z & 2 2-1-T(ANT R LTI W, &
TSI Y 2 b DBRIC 1IC BB Z BT 5 L O 5 ThiILXZ o
RIEZEGEE L, 1,2-cis 7'V a3 RE@EWESRRETE LN D &5 272 (X 2-1-7(B)),
ZORER, ICBHE L 72D L) ICAR SNz Xyl 58 % Gal = BEKD 3 it L
<UL 6 PEKEEES & BRI DNARIRIRAIIZ 1,2-cis 7V 2 ¥ REEKTHZ LIC
P LTz, 7272 L, ZOFEITMGEEZE D ETOEGMRTENEV &V D KRN
bo, M, FFESRBERE LSRN T 7 ) a Vi is (IAD) 11t 5k %215
LHETOTRENENEWIFERH D D, EFIIFHED OB L7z IAD L%
FIHLT, 12-cis 7V a2y ROEKREITH Z & L Lz,

o ®
o 0
" e &nm PichO/E%
- H n
N.. OBn
N\ / “H. )
o

BnO OR

BnO LG promoter

i 0o ROH
e ||

3

HOR
g PicoO O 4/ Picggo/E&/OR
BnO OTf BnO
TBSO @
O=
(B) -
O (0] OBn
N p— Ot .
TBSO
LG g
-0 ROH
R < PicoO O
. promoter TBSO
PicoO OBn BnO
OR
4 TBSO OTf g
LG = Leaving group S M

PicoO OBn HOR

B 2-1-7(A) 1,2-trans 7Y 2 R/ ONDBEESEZN LT 7Y a VEBKIEGD
R E$HE(B) 1C BLEE D Xyl 5462 AW AKFE/BEEN LT 7Y a VEBRIEG
(Kan ) ™
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WO IADEZ WS ERRIG 7 ) =224k

FH—Hi T~z kDT, B SROTRNES Th L2 0O OB L2 ik
ZRHATHZ & & Lz, TAD {5 2 (kg EEE 4-A FF X2 UL (MBn) #%
0T 7 FEETIRE LB SR 2 D CTiThh s (K 2-2-1), DDQ f#1E T,
MARGEMETT Va— L EHT 52 LT, IBRET XY —VEERT D, TDk,
T )L EiEAE T A Z L Ty 12-cis 77V 3 FEERICER T3 2 & 28

TZ 5,
RO (0] R—OH RO (0]
o DDQ O_ oR
OMe OMe
Activation of LG RO o) RO (0]
Qor OH oR
.
MeO

X 2-2-1 3 FA7 7'V a2 VEEBRIG

Xylal1-3GlcA DA U F~<—1t (-3Xylal-3GlcABl-) %179 7=, Xylal-3GIcA

DOHED “HEHEN Z15D 2 & L Lz, Xylal-3GIcAp D AR 2 X 2-2-2
(T, 3l AL E LTHWD 72, Mie sl s Xyl O 3 AiKEEEEIEA
IV TP HIRE FTRER Lev TR L. 2,4 MK ELIXRIRFICIRET 5 2 &
MTE, /D GleA I T Bz &4 L7-B2Z NMR CHEEIZLAY OMERRMN T
XH LI 4-ATF NV AL (MBz) REBRHT 5, Xyl MIORELEDO TR
REATH T2, Xyl & GleA (1+1) FEARTO Xyl D 34 NKEEFIL, MaZIE R
ICRECE D Z N E LV, 22T, 3ANKEEIEZ FRIFCR#ECTE DT X
VT L=/ (BDA) &M, 2 KEEHIT IAD 41T 9 72, MBn A TR
LT, GleA ITHEE R E 70D 3 MKBEFOSKEESE LD, 63-T 7
Moz RBT252 &8 L, GleA O 2.4 (KR OREIZIX Ac & Bz A3k
L7,

22



HO

OH

PNvon HonOH

OMe
COOMe
RO 0 o o]
MOMP + i/OW/SCmst
OR OMe OMBn

R=Ac or Bz

OMe J

OMe

R %N

0
émf SC1oHp5COOMe é/o ~ < cooms
0 R
% OMe O%OMP
a OR
R=Ac or Bz (
MeO:

RO
OMe o] OMP
OR
R=Ac or Bz

MeO

OMe

] 2-2-2 (FiE S DBE3E LT~ IAD
_ oﬁ% COOMe
EEFA Lz Xylol-3GleA — HoO Mow
e O
OO REH OB — | oM oR

R=Ac or Bz

BEHID 1,2,3,4-tetra-O-acetyl-D-xylopyranose & 1-dodecanethiol % TMSOTT f£7E
Ty 12-Y7mrua 2 vipCiiGl. 20X F AcHZRET oz, FU A
—(2-10, 2-1B)2 7 7/ = — (ap) DREME L7z (K 2-2-3), RiZ, ©7
J — ABRICEE % [EE 3 5 72, 2.3-butanedione T 3,4 /KR % {3 L CT 2-2aq,
22 & L7z, B&o 7z 2 fKEEHEZ NaH & MBnBr # FH T A F F o _vPfp
L. Bt 5{KQ2-30, 2-3p)% 7 / ~—DRAWME L THEZ, —J. Methyl (4-
methoxyphenyl 2,3,4-tri-O-acetyl-B-D-glucopyranosid)uronate(2-4) % fll 7K 73 % L 7z 1%
6,3-7 7 + v &ARH L T 3 MK RERE D B2 /IR Q-5) 2 1572, #iiWv T, IADE
FHWTCaZ ) a2y FOBKEITR -7, HEE51802-30, 2-3p) & 2-5 % DDQ %
FAwTiEa L, BAT X —1Q2-6)k L7z, NIS & AgOTf ZH\WToHT N
U a bl <27 %%, TFA CTEEMK RS2 2 LT, W U4 —1(2-8a)
EAES X OVHGERNICHE 2 2 S ICII LT, % D%, Ac 5k Cilithf o KR
ERETIRE L, HZEMRQR-5)2 5 4 TRIGEK 20%T 29 21872, ZOCKILE
WHDTIE L, HEDPDETH o7, Ac b Bz % & & 2 722 HIRQ2-10)%
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TR KIS 2T\, MieaW%E TFA THIK@T 22T, A —n
Q-Ba)ZfIE B L CVAERNICHE 2, Lo L, BIZEMERE-10)2 5 3 TR
11%&, T HIRIETD > 72,

Tetra-O-acetyl-D-xylopyranose COOMe
a AcO Q
HO (o) AcO oA OMP
HO (2-4) ~7°
SCyoH
(@2-1a), (2-1p) 7 T
d,e,f or g,h,i
b or b2
oM
° o COOMe
(0] RO (@]
é% Homomp
AOMe SCyzHzs OR
(2-2a), (2-2B) R=H i (2-5) R=Ac
corc2 ( (2-3a), (2-3B) R = MBn (2-10) R =Bz
OMe
o}
é/oo/m,scmmscoom

O, Q
OMe ROc%ownv
OR
k or k2 (2-6) R =Ac
OMe / Mo (2-11) R=Bz
o)
o% 2 Q
o) COOMe R2Q
lorl2 R%m COOMe

OMe ~ OM it oMP
(2-7) R=Ac m OR!
(2-12) R=Bz (2-8a) R' =Ac,R2=H —1— (2-9)R'=R2=Ac,

(2-13a) R' =Bz, R2 = H

X 2-2-3 IAD % F\ 7z Xylal-3GlcAp D&

Reaction conditions: (a) 1-dodecanethiol, TMSOTf, MSAW300 / (CH2Cl),, =18 °C, 4 h, then
NaOMe/MeOH, overnight, 25% (2-1a), 51% (2-1pB) (2 steps); (b) (MeO)3;CH, 2,3-butanedione, CSA
/ MeOH, 50 °C (oil bath), overnight, 27% (2-2a); (b2) (MeO);CH, 2,3-butanedione, CSA/MeOH,
46 °C (oil bath), overnight; (c) 4-MeOCgH4CH2Cl, NaH / DMF, 4 h, 62% (2-3a) ; (c2) 4-
MeOCsHsCH>Cl, NaH/DMF, 3 h (68% to 2-3B in 2 steps from 2-1f); (d) NaOH/MeOH, 0 °C, 2 h;
(e) Ac20, I, 6.5 h; (f) reflux (oil bath) in MeOH, 10 d, 33% (2-5); (g) LiOH/aq THF, 0 °C, 6 h; (h)
Bz,O/DMF, 79 °C (oil bath), 3 h, then pyridine, DMAP, r.t., overnight; (i) NaOAc/MeOH, reflux (oil
bath), 5 h, 38% (2-10); (j) DDQ / CH>Cly; (k) NIS, AgOTf, MS4A / CH,Cl,, =20 °C, 2 h; (1) aq TFA,
0 °C ~ rt., 2 h; (m) Ac2O, pyridine (20% to 2-9 in 4 steps), (k2) NIS, AgOTf, MS4A / CH,Cl,,
—20 °C, 3 h; (12) aq TFA, 0 °C, 2.5 h (11% to 2-13a in 3 steps).
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FFNZ Y a3l E TR DRI T - 2 & 25, TAD iE%x M
W7z 1,2-cis 70 2 ¥ FOBRORIEOFRIL 7Y 2 o MO KEICH 5 & &
Abid, IBRAET X —NVZIZK L ZBEO VR L EZ 224183, T/ <% —
ML L 2BR D ik % RIK SIRZ NZENTRIUR L7228, Wi h oAk
BT 2 REOBERIIR N o7z, —F. BZEKRLRS GleA D
24 DKIEHE . Ac R CIREL 256 L. Bz R CREL EH MR % ik 3
2L, Bz BERERHOEGAEDO T PMEINEE 272, BAET X —LZEKL 2RI,
MBn KD R v ¥ VIR L GleA BHERERL D Bz O V¥ VB & DD -1 A
2y x Vv IZHAERICXY, T ~—{i~DREKERLFNC 22 X 5 iiik
Ko 72Dh b Lt A, FEll ARG 8308 Th 5,

0 Q
S N

—5N 0;05&
?H 7
R

® OMe Stk

X = leaving group

MeO

K 2-2-4 IBE T & 2 — A DAL

Xylal-3GlcA —HERFEAR(2-9)I1C aqg CH3CN H1, 0 °C C CAN Z{Eflcs#5 Z &
TMP ZFRELZE, CH.CLH, CCLCN #/1%, 0°C TDBU Z{MLTA
T— F2-14)% 2 TRIGE 82% TH7e (K 2-2-5), 4 I7— h2-14)& Z TR
N ) — T I U —% CH.Ch W TMSOTE774E ., §afAl & LT
MS4A ZfEH LT, -20°C THE L. 67%DINET 3-2 #1537
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OMP _—

Ac/gmy COOMe AcO O
AcOO M a A(% COOMe
AcO o
(2-9) (2-14) O. (CCl

AcO
AcO COOMe

STONHZ

(2- 15)

X 2-2-5 ZETREINZZ X)) —AT IV Y Y A—%FT 5 Xylol-3GleA DGR
Reaction conditions: (a) CAN /aq CH3CN, 0 °C, 1.5 h, then CCI3CN, DBU / CHCl,
0°C ~r.t., 1 h, 82%; (b) TMSOTT, MS4A / CH2Cl», —20 °C, 2.5 h, 67%.

225 3R
1) Y. Oikawa, T. Yoshioka, O. Yonemitsu, Tetrahedron Lett., 23, 885-888 (1982).

2) R. Johxnsson, B. Samuelsson, J. Chem. Soc. Chem. Commun., 201-202 (1984).
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FH BRI BEE A W T STARIERIR A DA R T

5 Hi Tl IAD 3EIC X 2 ZHE O AGEIRITZAMEIEE & v 5 [ RIS D
Tib_7z, TR LT, 12-cis 77V 2 FZ2EIRWICEK T 2D TIE%R<, o
KBRS T AT LA—DREME LD B ICHEWITHEEL T 1,2-cis 7
Vay Fu552EDERERTL 72,

WRKDZ Y 2 MEIRIC X 2 AR EIT I ICH 720 ZEFRIZF L 2-5 2 #
L., 54013 2,34 (KBRS ST BnfbE =542 22 F 2-16 Z AW
72 (¥ 2-3-1), FA427) ay P54 Bla Lbit 64/36 TH V. Sn2 )G THEST
L7256, TCOMBER 02 5 WEBEZ T 5720, a-2" ) 2> FHAERICE
NBEEZT. L2l PHEEIIERRD, HOoNEERYD Xyll L0tk
FEEGR 1 AL R % KL TE 53, 0°C TRIG X 725E. Pa=83/17 TH
D, -20°C TRIGXH-5ED pla=82/18 TH -7z, T, KIGHIA (Hr
RAFAYV) BERLTHREILERBLTVS, XylOov 7 7 — BT Cl1 i
JED B 1C BB BB ICKERT 5 2 EDH ST B D, IHER: A L 72 i,
TR AFAVITXVRER H BEEZ L eEz2bN5 (K 2-3-1),
Z OECEE T 2,4-diaxial & 72 o7z Bn FEIC o 2> O OWEL YT S, B HEID S D

o COOCH;Z
SCyzH + HO
OBn 121125 o
(2-16) (2-5)
8/0=64/36 BEN S DREKEN AR5

) )
H@o I I ®@”H
NIS, AgOTF / CH,Cl, . \2_'\H — BnOBnO\) H
BnO H
4
3H4 H

3

S BnO 0
BnO o] AcO OMP + BnO COOC"S
Bnmo OBn| AcO
o OMP
OAc

(2-BB) 0°C, quant. (3/a=8317) .
20°C, 82% (B/a=82/18) (2189

B 2-3-1 23,4 GKEEE % Bn EECIREL 72 Xyl it54k (FA 7Y a2 F) 2HWEREE
BKXs7)avrit
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KW e 2 ded <y, HNE LAWY -7V av FAERCEONTLE
ol EZ NG, LieoT, iEE CLICEET S Z e, 7T/ v—5R%
WL 2 W DIBICEE 2 & F 2 72,

Z T, B0 IAD IE TR L 72 34 fkiEEEE 7 v 2 — L CR#EL, I
JE % [ 5E L 72 548 02-30p)Z T 7Y a v fb 2475 C i L7z, #£2-3-1 1
“HoEERE, T/ ~~— DR VKO R EEKEH W) av
LD RIGAER %R 3, Entry 1 & 2 Tld CHCL 2738 L L CH W7z, Entry 1 Tl
BDOADHEREMH L, entry 2 Tld o/p = 12 DGR EMHRH L 72z, BRI
Zlic, L LDMIGENETY HYI DRI a/p =2/1 TH o7z, ThiT, [F
CANKRATF A R ERET 2 S\ RICAEITLTWE 0 eE2 b5,

Entry 3 TlZ B DADMEGRZMHH L, entry 4 Tl a DARDEEGARZMEH L
BEE &5 5 D toluene/1,4-dioxane=1/1 ZHH L 72, ZORIGEETH., 551
-HWYORIT L HiC aB =51 THY., [FRIC SN RISBHETLZLEEZ D
N3, 72, BT 1,4-dioxane ZHEH L 722 & T, K232 T LI IChHAR
N F A RIS T 7~ =3RRI X D 1,4-dioxane 2% B HICELS 5 T & T,
o H2 o DKEPAEICR Y, CHCL ZiEHE e L CHWRGA LKL THW
832 0-7Yav PSRt CcELLEIXLND,

£ 2-3-1 VAREAEE I NEZF ATV ad Pt EEZRAWE/EEEICLX 3 277Y avafb

Qe COOMe OMe
AcO 2 owp o ol COOMe
@%SCQHZS H&OAC/ NIS, AgOTf/—20°C é%%gmm
Me "~ OMe OAc
(2-3aB) (2-5) (2-17)
S B R = ) R
1 (B only) (2/1) CH.CI,

2 1 (a/ B =1/2) (2/1) CH.ClI, 5 64 2/1

3 1 (B only) (1.5/1) toluene : dioxane=1 : 1 2 72 51

4 1 (a only) (1.5/1) toluene : dioxane=1: 1 2 70 51
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T I

ROH ROH

v

X 2-3-2 1,4-dioxane 2% p 2> HBLHL L 72 VR A F 4 v ik

HiVE 32 a B0 ZHEFIERICHE LN S 2 L 2L T % 72 toluene/1,4-dioxane
=1/1 @iﬁﬁ%%\fﬁ“u:wwt%ﬁm VT ATVLAY—DREY (ap) &L
TR (M2:3-3), L2258, VT RAFLA<—DRAWE217)iE TLC LCHi
—THY, YV ATNATLTH, FAXHrI7 v~ 757 4 —TH BER
DHEDTE o T2,

OMe
(0]
(0]
é& SCi2Hos
OMe OMe
(2-3aB) NIS, AgOTf / toluene : dioxane=1:1,
—20 °C, 2 h, 72% (D/A=1.5/1) R o o COOM
: TN
cO
MBnO O%OMP
COOMe OMe OAC
(0]
A OMP (2-17)
OAc
(2-5)

X 2-3-3 %3k D 7Y a v afbiEEZ Vi O

REEDRE I N Tl CHES 2L T2 2 L TY T AT LA~ —DoiEds
A[REIC 72 5 2 & EHARFL . RIGZRDOBEFEICHED CToffid 5 2 & 2ilAarz (X
2-3-4), LHLAERb, Xyl REORELEZREL TP VA —1ehoTH YT
AT LA —DIREMENEET 2 LR TE LD o7,
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OMe

MBnO

o)
o o COOMe
AcO 0
o}

oM OMP
e
(2_1 7) OAc

1)aq TFA,0°C, 2.5 h
2) TMSCHN, / toluene, MeOH, 0 °C, o.n.,
2 steps 82%

HO 0
ggS:::gﬁ COOMe COOMe
HO |AcO Q HO QO AcO O
0 OMP HMO OMP
2-8a OAc OH 2-8p OAc

X 2-3-4 TFA % F\» 72BNk o2

LIAD, TNHLDT )~ — BERPABR RN SR R T L 2R
L7z (K2-3-5), §72bb, a7/ <—2-8u)A 7 1 u ki iy ERL R
—T T BT/ 7 —Q2-8B)E 7 v a RN NCEGICER L2, TOBRREFAL
T, BNEF 207/ ~v— DA ERNICHEET 22 21T ILE, 7Y ay
MU TIREERVMEIRMEZ R E R o 7255, Fiamooitkic kv, TRED
FafE & DKM _EICEID L 72,

HO 0
m COOMe COOMe
HO |AcO Q HO O AcO 0
0 OMP Hmo OMP

2-8a OAc OH 2.8B OAc

2-8B(ICHCL; 28R Y 5 H'2-8aldiEME L 720

CHCI,

/
2-8a and 2-8p > 2-8a only
\ 2-86\(soluble in CHCly)

X 2-3-5 BFRBESEEEZ 7 1,2-cis 77V 2 ¥ F OFIRBDEE (GleA-2,4-0Ac)
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ZDXHIiCLTERZ Xylal-3GleA “HEiZ FWT, “HHREERO AR 21T -
72 (®2:3-6), + YA —n(2-80)% kAT vt BuySnO TYLEE L 727%. MBzCl
%R0 T 2,4 BOKBERE 2 MBz JECIREE L. A & 70 5 30EHED 3 KMo+
Y TN HRFETTRE 7 Lev 2O L 4 TAEINE 22%T 2-18 %157,

0 o)
HOM COOMe MBZL%M COOMe
HO |AcO Q MBzO | AcO o]

o} OMP a o OMP

OAc ’ OAc

(2-8a) (2-18)

X 2-3-6 Xylal-3GlcA(Ac £ 4 7) SR #EE DA
Reaction conditions: (a) BuSnO/toluene, reflux (oil bath), 2 h, then 4-
MeCsHsC(=0)Cl, overnight, then TMSCHN>/toluene-MeOH, 0 °C, 1 h,
then Lev.O, DMAP/pyridine, 2 h (22% to 2-18 in 4 steps).

S 3CHik
1) H. Abe, S. Shuto, A. Matsuda, J. Am. Chem. Soc., 123, 11870-11882 (2001).
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Yavaxd

[
Tl

BT, XyIREGIZRKIE LT W, 7 ~— R 2 W5 L7 iR
HHNREECTH D Z LI HOW TR LTz, E72, 1,2-cis 7'V 222 RO
2OV TR L T2,

BT AT 7 a VRO E W T 2-cis 7)) 2 RS E AT
% Xylal-3GlcA “KEENL DB E 1T o 72, FERIARHIEN IRk Th L7228, il /&
TRRIZ IR B 7o T,

BEHI TR, NEREGEEEE LIk 7 ) a v U IBIC L > TRV T
AT VA~ —OREWE . FEEDPRR LI RORB BRI X > CTolfcx
HZ EEFER L, BHE T 5 Xylal-3GlcA B 2 NSRS D Z S Iakzh L
722 L2 OW Tl 7=,
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B R UKL R (X-G) oA Y d<—1k
e T G

—BETIX, ~ VU B UNRT HEAMAE/ERT S Z LIz TR
Ato;ﬂif@ %%@mﬁﬁ% TR T I = L oA RE

HFEnwWZrdE, 93=0DG RAAL VR~ YT )ﬁ/&%ﬁ%n'fﬁﬁﬁf/ﬁﬁﬁ%
FOZ N TEAHEITIERFRETHLZ E0NbhoTWA, 2T, A Y
T2l ASHERRGER IR L2 (K 3-1-1),

HO 0
HO COOH
HO | ho Q Ho le)
o oﬁ@, COOH
OH HO | no O HO Q
o O~2S::;§ﬁ COOH

OH o

(0]
on > ONHy

X 3-1-1 Biy=+ U 2V m v =Z8E 5

AR—P—RIIZIE, TAFUREDEREZATIV VI—2EETED
Eo73 /ﬁ%ﬁwbtoﬁﬁ@ 7 2 1L NHS = 2 7 LV GHEZERG A & 595
HWREMESME T NHS TATAKINZ L »TT 2 REEGEBRL, 20 Va7 —§
L ENEDH (IK3-12) Y,

0.
o (o]
(o) (o]
m/\/\NHZ + OJKO/N — MN)LO
(0]
X 3-1-2 NHS T 2 7 VG

WEETIE, v MU 2 U kR L A A ROt SR~ L FRE L0
bio, AV d~—{b&175, £7=. ZEEK (U, =& S o&pkizo
WTIE~D,
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MB2Q Q
Lev COOMe
o)

OMP (0]
MB,
OAc 518 COOMe
2-18 MBzO Ao 2 o
~o
OAc NHZ
(C)R=Lev
HO
ST Nz (DDR=H
(B)
MBzQ Q
Lev! COOMe
MBzO | oco o)
(0]
OAc
(A) O._ _CCl,

NH

MBzO Q
ROA—~ COOMe o
Z O MBzO
o’%oxﬁ COOMe

(E)R =Lev OAc
(FPR=H

MBzO Q
LevO COOMe
MBzO AcO QMBzO o) ‘
© 0 S coome ¥ o
OAc MBzO | p QO MBzO
oy OM' COOMe

(@) Oz

HO
m COOH
% m COOH
m cooH.

HO

o
\/\
OH NH,

X 3-13 =+ V27U A vISEOAEBRER
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3-1-3 IZAMRBRKE 2T, #H B TAM L Xylal-3GIcAQR-18)% A 25—
MIFFE L, HlEo B 5RA)ET 5, KRIZ, Kl Z ECTR#ES N X
=TI =B A L. ZHERERO) ZHE D, Ma R E 7D Xyl FE
R 3 NAKEEFEIT AN Y T VICHLRERTREZR Lev R THRESN TV DD,
INEBLRET DL TS EERD)E 2D, £ LT, D LIEO HELER
A ZfEa L, UBERERE)EE D, PSS & FERIC Lev XA FRE L TIUKE
SREREF)E LI2ic, BOEEO R 5RA) EMEG T2 2 & TARBERER
G/ ETDOT INHEET IV EREL TN ZEZNIR#EL TH)ET D,
KimDT I & NHS T AT VRS ATV, et ivic~ U 77U 0 o RSHE%
B TED EE 2T,

% Sk
1) G. W. Anderson, J. E. Zimmerman, F. M. Callahan, J. Am. Chem. Soc., 85, 3039
(1963).
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%A -3Xylal-3GIcABL- &K (JUFE) ORI

B—HiTR L AR E b LI, Xylal-3GleA —Ei& (JUFE) OB EIT-
720 FWNT GleA FREED 2,4 NIKEEFEA Ac FECREI N 2-18 Z VW T, &
Kbz 772572,

T HE(2-18)1Z aqg CH3CN 1, 0 °C T CAN Z{EflSH5Z L TMP #krE L
#%. CH:CL H', CCLCN # /1%, 0°C CDBU Z iR L CTImo pEfik 5Kk & 72
HA X7 — FE-1D)% 2 TRRINE 55% TH7- (14 3-2-1),

0 Q

MB: MBzO

%_%M COOMe LevO oS0 COOMe
MBz0 | Aco Q o*%%

a
OMP AGO

OA -
(2-18) ’ @1 Ny

NH

B 3-2-1 38 Rt 54ERG-1) D &K
Reaction condition: (a) CAN /aq CH3CN, 0 °C, 3.5 h, then CCI3CN,
DBU / CHCly, 0 °C ~ r.t., 0.n., 55%

@ o it 583-1)E 2z EChRh#ESINTIZ X ) — AT I ) U h—%
CH,Cl, §' TMSOTF 1#E . H2lfFl & LT MS4A 2l LT, -20°C THiA L.
T2% DI T3-2) 257~ (K 3-2-2),

X 3-2-2 3@ —HEt R L ZECREI N X)) AT IV ) VA —LOWE
Reaction condition: (a) N-(Benzyloxycarbonyl)ethanolamine, TMSOTf, MS4A / CH:Cl,,
—20°C, 3 h, 72%.
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Uyﬁ~%ﬁ¢é:%®m@Lw%%HNMhAwH%%wtgﬂm’
L. "B RIRGE-3)Z UK 51% TR (K3-2-3), Hoi7-3-3 Lddo = %L
HAR@3-1) & % CHClL 1, TMSOTS 1775 T %@%lMMA%ﬁ%L\JWCT
7V ay i fbEz T o0z, L L s, BIOIFEIXSE o7, BIZERSY & LT,
TRERL GRS A L b Losa — ARV Y = AT VBRI BE3-4) LM S

7otz (K 3-2-4), Z OfEFIT R 5RG-1) D SO OIK SRR & 5
LEZ7,

MBzO
m cowe
> NHZ

MBzom COOM
g ( (3-2) R=Lev MBzO MZ% COOM
e
(3_3) R=H % MBzO AcO

Oz
OAc

X323 <FY 27U A vluEOER (Ac 24 7)

Reaction conditions: (a) HiNNH,-AcOH / toluene—EtOH (1:2), 0 °C, o.n., 57%; (b) 3-1,
TMSOT{, MS4A / CHxCl,, =78 °C, 2.5 h

(3-4)

X 3-2-4 MEAORIEEME L CEILE Lz b Loy o — ZRERIUEE(3-4)
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FH RPN BEE 2 W TS IREIREY ZhE O Ak 1T

B I T, GleA D 2.4 (KIEHE % Bz i CILRE L 72 2 AR(2-10) % ff
L. IADEIC X 5T 2-13a AL 720 ZHEQ-18) 2 &R L 725/ & [HfkIC, b
Y 7 —(2-130)D 2,4 fKEEH A% MBz 3, 3 f/KIESE I Lev A CIRAE L, 4 T2
IHK 62%T 3-5 2537 (K 3-3-1), FbNiz 3-5 % Ac R#ESLORE L FAIERIC aq
CH;CN H1, 0 °C T CAN Z{EfH &% T MP #FR%E L7=%. CH.CL ., CCIL,CN
ZMZ. 0°C TDBU ZML TA 25— b(3-6)% 2 THEILE 80% TH7=,

0 Q
HO MBzO
M GpOMe Levo% COOMe
HO |BzO a Z o]
O%OMP OMOMP

OBz OBz

(2-13q) (3-5)

X 3-3-1 Xyla1-3GlcA(Bz % 4 7") _Fa{REE D AR

Reaction conditions: (a) Bu2SnO/toluene, reflux (oil bath), 2 h, then 4-MeCsH4C(=0)Cl,
overnight, then TMSCHN,/toluene-MeOH, 0 °C, 1 h, 62% (in three steps), then Lev,0,
DMAP/pyridine, 2 h, quant; (b) CAN / aq CH3CN, 0 °C, 4.5 h, then CCI3CN, DBU /
CH>Cl, 0 °C, 1 h, 80%.
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(3-6) OYCCIS
MBzO e
NH |_evo$®y COOMe
+ a MBz0 |gz0 O MBzO Q
_ 0 0 S COOMe
L Z! o
OBz O%OMP

MBzO Q
Hosﬁ COOMe (1 01) OBz
MBZO BZO O
o OMP
OBz

(100)

X332 <FY 20 hvIuUEOAR Bz 24 7)
Reaction condition: (a) TMSOTf, MSAW300 / CH,Cl,, -20 °C, 3 h, 32%.

IR EER L7724 2T — h3-6) L 3-5 DERDOBTTELND 3 (KRl

BiED 100 & 7'V = 3 Ak LIUAE(101) % L =R 32% CF537- (E 3-3 2) HOHITR
L7=X 912, Ac THR#E L 7= GlcA Z W= 242 fi & LT U)o T

2, TOREDARICITREI L TW5, L, 212 fie (32%)}:%)%—»(2 -130)
2155 1+1 OFFEG TR 11%) D Z N Z O IERUGED KD b s,

5B =IO L T R REEARE S HEE 2. Bz D GleA 7 V7235
ALHEHTE L LE L2, £ T, GleA D 24 (KIEHE % Bz HCIRE L /2%

OMe

o SC2Has
OMBn o o} COOMe

OMe m BzO Q

2-3aB OMBIT™0 OMP
A) AgOTf, NIS / toluene : dioxane=1:1, OMe OBz
+ —20°C, 2.5 h (D/A=1.6/1) R 3-x G/B = 2/1 (A)
— O,
COOMe B) AgOTf, NIS / CH,Cl, —20 °C, 2 h (D/A=2/1) a/f = 1/2 (B), 45%
o}
Bz omMP
OBz aq TFA, 0°C, 1.5 h
2-10

o)
HOM COOMe o 8o GooMe
0 HO
HOoMOMP H&O%OMP
OBz OH OBz

2-13a 2 steps 39% 2-1 36

X 3-33 /KD 7Y aifbEE AW 2-13 Bz &4 7) OERK
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BHR@-10Z VT, FBRICEREICE 22770 avifbziTk -7 (X 3-3-3),
CH.CL iR L L CHWEE, IR 45%TT / ~—DRAEY (p=1/2) %
B-oicxt L, BT toluene/1,4-dioxane = 1/1 % AW 72356 13K 64% T T /
~—DREY (Wp=2/1) 2HB2LB8TE, HWET S a7/ ~—%E\0E
RECTHLZERTER, BONZ3x1E, op DIRAEYTH 528 TLC ETH
—THY), YIATNANTLTH, AR v~ 777 4 —TH R
TR TE Dol 2T T, ZOTHEDT = —REYNITH LT FEERNA
BEBERECTE 5 2 L BHREL 72,

“HEapRAY (3x) % TFA ZHWTHUKGEL, P Y A — A (2-13)~FHE
L7z TOEETHRIEIY, Ao BERSEHICE b o7, B HNTZ 2-13
7 mukn L e CRBEIEESEEE 2 AT, EDB6DT /) v —biA
fRLCTLEW, Dt CE b ot, KFMHEBECODMiZREI Lz 25, B
b 7 ra RN LICHERE L2V 7 aa 2 & VISR BIEBEIC oW T,
2-130 & R L T 2-13p MEfLICE W L 2 R L 72 (M 3-3-4), ZDHR%F
LT, BWE T2 a7/ ~v—DhEHEERNICORT 5 2 LICHIL 72,
VruuRAR YR aT ) BEBELTLE I b DD, T DHE DEEE
LD, 2 TE39%DIECTHNE T2 0T/ ~v~—DRh%E{SL I ENTE,
IAD i£ED 3 THE 11% & i L C, LD & IO M FITII L 7z,

o) OMP HO
2-13a —- OH OBz

2 steps 39% (AJL— MEH) 2-13p

0]

CHQCIQIZﬁ—d—%ﬁEﬁE'li : 2-13a << 2'13B

/ CH2C|2

' 2-13a
and > 2-13a only
2-13p 2-13a+2-1\3|'3 (soluble in CH,Cly)

X 3-3-4 FRBESEEEZ 2 1,2-cis 77V 2 ¥ F OREIRDEE (GleA-2,4-0OBz)
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HVUET  -3Xylal-3GlcAPL-—BAA (PUFE) DOARLII

5 = HC IR R AR Bl A F O 72 LB A AT X0 L RERIC 2-13a
B ERTER, FHUHITCIRZOAS) Iv—{bEMEt LT,

HH O M 5R3-6) Zz ETRESINT-=X /) — VT IV I—%
CHoCl H1, TMSOTf fF1E T, A MS4A A L T-20 °C TV a3 L4k
ATV, 95%DEIHET 3-7 21572 (K 3-4-1), FHY4T 25 Ac ¥ A 7O 54k 3-
1 ZHWTESEOMEIEE 2% L i L TRESWETH I ENTET, GleA
D 2,4 NEKFEIEDIRFEIL) Ac L Bz LT, "t 5RO IEMENR K E S E
LU AIE, Bz B VAR B F 4 RIS 2 7 Bz F:D /LR = )L ERFE N
DA NREBELE LAY 2 AT VPRI B VR EGT 57290, LD
ANRIFA LY bHEEEEZ LMD 2N TED (¥ 3-4-2), LL Ac
HETITHBEGHENL < <, Bz oA Y 2 27 VRGBHANZ E TH 5
tHEELLND,

MBfDEQS::;S% COOM 0
evl e
MBzO
MBZOO‘M‘ RO ™ COOMe
V4

0
0 > S NHZ
CCly OBz
(3-6) NH b C (3-7) R = Lev
(3-8)R=H

X 34-1 =+ Y 27YHVEAEDOAR Bz X4 7)
Reaction conditions: (a) N-(Benzyloxycarbonyl)ethanolamine, TMSOTTf, MS4A / CH:Cl,
—20°C, 1 h, 95%; (b) H2NNH>-AcOH / toluene—EtOH (1:2), 0.n., 80%.

41



TtEFILE

i s Pl
TN TN

R
R R R R

S e s B

[0)

LEIZMAT + B f\ «—> \ <« \\‘
+

X 3-4-2 ANKHF A v RO LREF 5 EE

NoJAILE

57z 3-7 D Lev £% HoNNH>AcOH % W CEERIICERE L, WS R
{Zl§(3-8)7£’llﬂ>$ 80% CT1F7=,
S5 N7 3-8 & Hal o It 54K(3-6) % CH.Cl ', TMSOTE 7#7E . Ro/8HA)
IZ MS4A ZfEF LT, 20 °C TZ' Y av bz iT-7= (X 3-4-3(a)), BHIET
% VUBE(3-9) % 43% DI TH: D Z LN TE 72, it 5IRHE 3D GleA 7IEN
1,2-7 VT — &R LTe 3-10 AR S iz, 2 ORIERS DS b v RIRI
FLFaT—P—TAOREHEILICE > T, GleA BEDO 2 i 7 1 bR &
Witz LR LT, £ 2T, o Rt 5R3-6) & i ARG3-8)%
CHoCL 1, TMSOTf 1F1E T kgl Z 12, -20°C T/ Y @ i fbz17-
= (B13-4-30b) & ZA, IEERMEL, HINET S IEI%“E(3-9)7% 69% DI T
52 ENTE I, TR GRERD 1,2-7 0 7 — ARIRI AR X E MRS S 78
o Tz, MK S T~ T2 X2 — VEEIN S =0, ZudAf 25— Mex
T2 THAIHTE %,
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MB2O 0
LevO COOMe
MBzO OM
BzO

3-6 O._ccl,
(3-6) Y

MBZO
/TS::;ﬁ COOMe
N

(3-8)

COOMe
MBzO MBZO (0]
oxﬁ COOMe
OBz MBz0 | g,0 Q
(3-9) OBz
+
MBzO Q
LevO COOMe
MBzO | g,0 0
o)
(3-10) OBz

K343 <+ Y27V h DA (Bz X4 7)
Reaction conditions: (a) TMSOTf, MS4A / CH,Cl,, —20 °C, 2 h, 43%; (b) TMSOTY, /

CHxCl, =20 °C, 2.5 h, 69%.
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WHET -3Xylal-3GIcABI-= &K OSHE) DERk

FEVURTClE, GleA FRE D 2,4 (kg % Bz L CRE I N HEH w3 Z &

T, "B (U o&BICEKI L2 dicownTiiR7, Kficii=81K ON
W DAL BfREIC oW,

ANEOERZITORNC, H _EH _MicAR LT A 2635
VA —EfEE T E (F3-5-1), £9. ZHEQ-15)% aqTHF 1, ALK Fv 7 —
o B REEE <729, 1.25 M LIOH % 0 °C TEH X TAF AT XA T A% R
£ L. BIEEER, MeOH ICAAE X 2. 0.5 M NaOH TR TD Ac Kz REL T
102 %K 86% TfH72, R\ T, 102 D Z #% H,0 H'. AcOH %# M L Pd/C %
Fil 1 F > TR B 53 fi% L 724% . Propargyl-PEG1-NHS ester % FH\wC7 I F{L L.
i%?tﬂ@ﬁﬂi'}’ﬂ/f\' vERTA~ MY Y Ay G-I E AL 72, TLC LTl

WCHE—DEEY %R L=05, A3 e it 2 2 e e, IEEH
?:aiﬁéﬁ#oto:@ﬁ&%%mfﬂﬁ@%%m%ﬁ&é:ambto

(0]
AcO (0]
AM COOMe a HO COONa
AcooAco 0 E— > OHO MO
S NHZ

o
AcO TNz OH
(2-15) (102)
b, c
o)
(o]
(o]
% COOH
HO
% ON
(3-11)

X 3-5-1 Bt Ehiz~+ Y 7Y v ZHEG-11)DEK

Reaction conditions: (a) 1.25 M LiOH / aq THF, 0 °C, 4 h, then, 0.5 M NaOH /
MeOH, 0 °C, 4 h, 2 steps 86%; (b) Hz, Pd/C, AcOH / H2O, r.t., 0.n.; (c) Propargyl-
PEGI1-NHS ester / 0.1 M Na3zPOs, 0.15 M NaCl, CH3CN, r.t., o.n.
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FUUET AR L 72 PUBE R EAR(3-9)D Lev £:%4 HoNNH,- AcOH % AU TEERAY
IZBRE L. DU R (3-12) 2 IR 98% CT157- (M 3-5-2), &bt/ 3-12 & Jm
TR 5K(3-6) % CH.CL H', TMSOTS {7/E . POFEA R OB & FIERIC MS Z{f
HE312-20°C TZ U 22 b L, ASHERFEMRG-13) I 51% THT,

MBzO
COOMe
MBzO 2820 0 MBzO
COOMe
MBzO BZO

a C (3-9) R=Lev OBz
(3-12)R=H

X 3-52 <+ Y 27V A vAHEREERG-13)DARK
Reaction conditions: (a) H:NNH,-AcOH / toluene—EtOH (1:2), 2 h, 98%; (b) 3-6,
TMSOT{/ CH2Clz, =20 °C, 2 h, 51%.
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e CTATHRER ORI RE L TR - 72(IX 3-5-3), HMEFREL 22 &AL ERF
CHOEDE 2. BB TAREESRE L kb, £ T T, umﬂmﬂHF;
DHI LI BREEZRZ LICd W, AF AT AT ILVOERWEREICE L 72 Lil %
7= 4&th 2Bt Uz, NH#G3-13) % pyridine . Lil Z2/EFHE ¥ XA F LT 2T
WEEIRIIC A VR VD Li A L, A 1%, aq MeOH TR & 2,
0.1MNaOH TETDT U VRIRERZREL T3-14 21872, LHELAHEL, £
D% D 7 HOFREL, PAC % I 72 KR R A HEFT & 37, WREEE %2 AN
L7209, W22 L3225 7291, 2-propanol ZBH1 L 7223, RISIZHEST L 72 2>
o7, BEOLL, BKETH 2 Z HaBUKMEL oo RT3 T 20T X 5

5 OMBz0 0
o COOMe
OBZ MBzO BZO 0O MBzO
% coowe
(3-13) S NHZ

HO Q
o) 0 COONa

O.
(3-14) TNz

yﬁ COOH
% COOH
° %o
SN,

(3-15)

X 3-5-3 <} Y 7Y b vAKEG-15)D AR (KSR IMAKE DR
Reaction conditions: (a) Lil / pyridine, reflux, o.n., then, ag NaOH / MeOH, H-O,
0 °C-r.t., 1 week; (b) Ha, Pd/C, AcOH / H,0, 2-propanol, r.t., 1 week.
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I MROMGEZER L T L, OCHET L o b HEHIL T 5, %
7z, 2-propanol Z M2 TH RIGHHET L a0 72 &b, 2272 0 7 I &L
DML CwizEzond, ERICREI TR 2EET VX v ) v — 23
L72NBEE 3 v &3 2 b b 288 % NMR HIERFICR L7z (B8 =58 SHiICRE
i),

MBzO 0
LevO COOMe
MBZOOBZO 0 MBzO 0
o] COOMe
OBz MBzO BzO Q MBz

0
% COOMe
oo 0 %@
(3-13) ST NHZ

a
MBzO 0
LevO COOMe
MBzOOBZo

° MBZO% COOM
e
MBzO BzO (0] MBzO cooMm
e
MBzO

mo
(3-16) ° N,

b
HO 0
HO COOH
HO HO

Q Ho
yﬁ COOH
HO | Ho
COOH

(3-15) OH

X 3-5-4 =+ Y 27U H vAEEG-15DERK (KRR MK E)
Reaction conditions: (a) Hz, Pd/C, AcOH / EtOAc, o.n.; (b) 1.25 M LiOH / aq THF, 0 °C, o.n.,

\/\NHZ

then, aq NaOH / 2-propanol, H>O, 0 °C-r.t., 2 d; (c) Propargyl-PEG1-NHS ester / 0.1 M Na3POs,
0.15 M NaCl, CH3CN, r.t., o.n.
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Z T CRICDNER: 2 AE 2 MUKFE RO, T oV HDREERZITS 2 LI
L 72(K 3-5-4), 75H#(3-13)IC EtOAc H' AcOH Z 7N L Hy ZEFAS T I Pd/C % fil
Mgz lT, ZEEREL L, RISk, BEZEE L, aqTHF THRL <,
1.25MLIOH ZEH X A F LT X TV ZfRE L, BHE £ 1T 2-propanol THi
L. 0.1MNaOH TETD 7 I NV RIREREZIREL T3-15 2L DEAY L L
TH7z, %Dk, Propargyl-PEG1-NHS®ester Z W\ CT7 I NMLZE{T- 7225, &G
BT L o7z, = U 27U 7 vy G-I FERR DS TERTETn B Z
Ero, ROCEDOREE WS X0 b, ZHDOBRENTE v o 2B L FERIC, S
e wIEIcER T 2METHL LEZXONS, 2 ZTC.TI/EEFET2 R
R—Y—FHELGIER, TLXVEAETL) v A—LiaEE 50 TIERL,
BUIDOTAVF Vv EHT2 ) v —fiGIE NI OMELZBERTE 2 L E 2
Teo REITZDAKICOVWTIARRS,
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HAHET TAF Y U — &R U2-3Xylal-3GIcABL-—BAK OSHE) DA Rk

BHE CIIAEONAREARZERKTEL L DD, Kis7T I T Propargyl-
PEGI-NHS ester = H 727 X NEEADOIEMN TE ey iz, ANEICIIbEH &
Propargyl-PEG3-alcohol Z E #5952 & T, ZOMEERNHETHZ & & LT,

i@ HE(L 5.K(3-6) & Propargyl-PEG3-alcohol % CH>CL, ', TMSOTS /77 T,
Rz & LT MS4A Z A L C-20 °C THEA L. 3-17 Z UL 81% T2 (¥ 3-
6-1), 5517z 3-17 O Lev %% HoNNHz- AcOH % FWCRRE L2, UG 2.5 R
[#]C Lev 2= 218 RAYIZBRE L HEZ AR (3-18) 2 IR 93% THF 7= (UL S b,
ftt )7, HoNNHz- AcOH (TE LAl TH H D70, BRFRIKS S D E T % 037
W ATBEITLENTLEW, T3%IZ B OIEERPMET Lz (BUSSRME o).

3-17 : R=Lev
borc C

3-18 : R=H

2 3-6-1 B EHEL TAX VYRR T B Y v — L OWEA
Reaction conditions: (a) Propargyl-PEG3-alcohol, TMSOT{, MS4A / CHxCl,, =20 °C, 2 h,
81%; (b) HoNNH-AcOH / toluene—EtOH (2:1), r.t., 2.5 h, 93%; (c) H.NNH2-AcOH /
toluene—EtOH (2:1), r.t., 0.n., 73%.
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13 AT HESE AR (3-18) & kil T HE L 5.K(3-6)% CH2Cl, H'. TMSOTS {#1E

T HLIEEA 2 T712-20°C THis G L DUBECREAR(3-19) 2 ILH 48% CTF7- (M
3-6-2), Propargyl-PEG3-alcohol ® X 512, BUSHED @AM & DOffa G TI,
P GRSk D 1,2-7 v T — VIR A BN EI S 72 Dy o 1o 3 L RS SRR
PUESZ AR & DU TIX 1,2-7 )V — ARSI N AT D 2 LN TREND
7=, MS ZERAEFICHEGT 22 & Lz, TDO®%II.NHZ ) > I—%HFT 5
RIEDERK & FIERIZ, Lev HDOBRE LRI ZHEH L7 U a v i b z170,
TNF Y I — 2 HT D NEEREIR(3-21) & IR 42% T 7.

MBzO
ﬁﬁ COOMe

3 18) MBZO% coom
- e
e
o + a V820 |70
MBZO0 COOM ’
ev e
MBzO \

- b C 3-19 : R=Lev

(3-6) N 3-20 : R=H

K 3-62 7% v ) v h—%HT 3AHEREEOAR
Reaction conditions: (a) TMSOTf/ CH»Cl,, —20 °C, 3 h, 48%; (b) H.NNH;AcOH / toluene—EtOH
(1:1), r.t., 3 h, 99%; (¢) TMSOTf/ CH,Cl,, —20 °C, 1.5 h, 42%.
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REBICHRES X, 27 ) v 7RISR L 7zv 4 F vz 1T 5 72 (1K 3-6-3),
INPECRER(3-21)% aq THF THRL T, 125 M LiOH % {EH ¥ A F LT 2T
NEBRE L. B £421C 2-propanol THM L., 0.1 MNaOH TETODT ¥ L%
PRAEIL & B U CONPEMAREMR(3-22) & K 55% TR 72, Hiffio Lil ZfH L 72
AFNIATNADBRETEAFANIRATAZERNICKRESTZZENTERD
DD, Lil HRDOER TN 21877 L%F LG RLTLE S 729, LiOH %Zf#
3 2 RICR L7z, X 3-6-4(A)IZEIR T, (B)IZ 60°C THIE L7z 3-22 ® 'HNMR
ZoRd, EIETHIE L7 'THNMR Tl 2.8 ppm UL AL E T 5-CH.C=CH D
SEIX. GleA D I D7 m b 2L 325 & 0.65 TRl Sz, & 2 AN,
60°C THIE L& Z A, [ML7 1 b 3.3 ppm (UTIZRESME 0.92 & FEED
FEIERBH SNz, ZHEIBEAEZRR L TODREEIC - RIICA DI 584
THY ALBEMNEE L CO DAL Oy OEESMENME T L, =27 BN 71—
N2 %, ZO5E, MOMEITERREL RS20 5, £lo, A—72RIKREIC
o TNDHEHRRTZEHTE, NMRIEENOHTLHZ &R, 7 F LD
FE MBS IERME TIEe < 725,60 °C IZFHIE L7256 Tl GEBMEN M\ L L7272,
SR &b L CEMREISE SV TWnS LB 6D,

BoNEZTAF Vv EETLZ M) 7D A VAREG2)ETY VP EEZET S
AFv I vAh—=D7 Y v 7 KIGIE 0.1 MCuSOs, 0.02M THTPA ¥ X TF 1 M NaAsc
ZHWTHB IR o72, DMSO &V v ERERMETIR 2 B L. RIGH D pH % 55
R CHET 2 T, A F vk~ b Y 7Y A vINEE3E-23) % EENICE K
TEHEZENRTE -,

BRPE, RO FEICm T T AR L et F vk~ b Y 2770 5 v oShEG3-
23)1k, HFEFFRICE Y 7 I = v oMHAEEHOHRE ED LT W5,
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N AU N2
o oﬁﬁ COOMe
OBz MBzO BzO Q MBzO

% COOMe

(3-21 )

HOG b \ NS\/\O/\/O\/\O/\/H S
Tl °

OH OH 4o %% HoO
xﬁ COOH,
OH HO

OH

=0

HN"NH
Nsn

O\/\ ~_O H
o Oﬁﬁ/Nwo/\/o\/\O/\,N

(3-23)

X 3-63 ©A4AF vi{t~=F Y 7Y A vINHEG-23) DA
Reaction conditions: (a) 1.25 M LiOH / aq THF, 0 °C, o.n., then, aq NaOH / 2-propanol, H>O,
0 °C-r.t., o.n., 55%; (b) 0.1 M CuSOs4, 0.02 M THTPA, 1 M NaAsc / 0.1 M Phosphate Buffer
Solution pH 7.4, DMSO, r.t., 5 h quant.
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-CH,C=CH

Xyl-1x 3

oo m e
— A

L L D e |
5.5 5.0 4.5 4.0 3.5 3.0 2.5

A NI IR ERMRERRE )
IR R AR s A R b Al ] =]
-

T7
108/

~CH,C=CH
Xyl-1x3 /

! GlcA-1

\ ~CH,C=CH
/

I} - © of Jof o) [+ o

et N ] R A e AR ]

o o - <| N[ o« | (=]
-

X 3-6-4 = F Y 7'V h vISEEROREAR(3-22)D ' HNMR (A)ZiR. (B)60 °C
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fotse —

=
FLH

B—ETIE, v N U D OGO E & NHST 2T Vi & Wiz
FEEE OSBRI DV TR L 7~

BB TR TN AREIRAIC S - Xylal -3GlcA RN DA ) T —1k
AT o712, Ackk TR L7 ZHEtGRZ W e S /IR & ofi a1k, 54K
DIEEDIR S NS IUEEZ 155 Z LN TE o iz,

B HITCIEL, BB E RS L W e R AR BEE A B2 EICE A L. C
HCL TIEmBECE 2o 723, CH.Chx VWD Z & TF / ~— R (KO SrHEC
h L=,

FUUETTIL, BziE CHRGE L7 St 5% W e RS AR & Ofi a1, Ac
A AT TGRS L CEEOB WG IR THh oo E B 2 D, TFEE
BrZmTER, LML, MAERIGORIERM E LT, Wt EARHED]2-
NI =V GBI, BIAR S DAL FIRNIT A & L CHsIn L 7=MS®
FHOEIEMEIC LY 7 bR 5| kil LB 2Tz, sz Rng3
e+ sZ T BIAERYIIEE AL BN, MalRZmELE,

FHETIE, B oEH RO Z R S EAEELS, L., BifrE L
TRESIR SIS B ABEE AL L TV D LB BN, B RO BERED
HENTE o7,

EAEHTIE, TAX Y U= PO SR RIRICHES SE, ) v —{kEx
ITolz, EOMR, LROMEEEREL, TAX U 2HT L~ MY 70U I RKEE
DERRIZKEI LTz, ZORBEET Y REaHTHEFF D7 Y v 7 KIGEITV,
AT A RV T U B ARNEESGL I ENTE T, £, AV E2HT 5~
NU 27U T R BERER E RS TENEANMRIEST S Z & T, SRR
AR L TND D & EMR LT,
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FWNE X7 A)E M= R EFOIERETCMIFEEO AR
B S

FB—E TR/~ X o1, Ve b—n) v (RboP) AHFIATHRELINZD
X5 ED O-MG BT TH B, TIE T RboP 1377 LBHEME O ML D
RTF RV H ORI TH B 24 AaBITHFET 52 ERHALNT S D,
XA aAEDEARA N =X LIZHL I 7 > Tk ) WIS TarK & Tarl 23
CDP-Rbo % fifit 54Kk & L C RboP ZHsf5 & ¥ %,

F—E TR~ X912, O-MG DIEMITE WEEFFREIC X > TiTbN 5, X
¥ 7 s RboP 57 TlE RboP 22 = D#E& L CTWwb, 1 2H®D RboP & FKTN IC X
> T CDP-Rbo ZMEfft54AL LT GalNAc @ 3 fikKEERICHEFE S, 2 DHD
RboP (X CDP-Rbo % Hifit 5.4k & LT FKRP IC X > T I N3 Z L 3 HIS T
W3, BRZEZ T, RboP iEf4E%3E CH % FKRP (X FKTN 2 RIE X #7- %1
BT, GalNAc IZ5f LT RboP ZHsf5 &4 % Z L 23T & 7\ (X 4-1-1 AP, FKTN
Y FKRP (3FE0 7 CTH Y 72255, RboP ZHsf & ¢ 2 HFF 3B TH Y . FKIN

OH o

N | X OH_on oy  HO-P-OH
on react! O-. OH

0 HO 0, o
HO 0 o -
B) HO 0 NHAGC NHAc HO
( ) HO O—Ser/Thr
OH

O0—UDP ( RXYLT1

% ¢
HO-P-OH
OH OH !
oHoH OH (N0 Ho 0 o\
Non react!  Ho A _A_o-p-0 o o '
OH O NHAc NHAc HO
O—Ser/Thr

X 4-1-1 27 M3O-MG DOfERfRIC BT 2 BEBEROER RN
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23 RboP #Hifs & ¥ 2% Z L7, FKRP |3 RboP #¥iff X ¥ 2% Z L IZTE 2\,
FKTN 2ARIBL 7MY 2 b a7 4 —fEREILEERERH Y A b a7 4 —fE & W
i, P CHARNCREWICRIEST 2 Atr 7 4 —fETH Y, HARICE
F2HY A w7 4 —fETIE EFEICHEIERD E V. 51T, RboP 12X L T Xyl
ZHEt% X & 5 RXYLT1 (TMEMS) (3FFRICHID RboP I L T D ABLtS i &
$ o FKRP %Z RIE X &, FKTN IC D HHifs & & 72 PEHHIC N L € RXYLT1 33 ME %
N E 720 (K 4-1-1 BYY,

ARETIE, Rbo ICXf 3 % Xyl FilsfSEEHE 2 RXYLT1 LR I Tk nik
o, BERNICE R DOEE L v Xylpl-4Rbo % EHMH & 32 27 M30-MG DERiHE
EE AT 5, RMMICEHR S 20 ME IR D 7 7 4 -~ —ilBRIcH
WBIZLBTE B,

23 3CHR

1) S.Brown, J. P. Sant Maria Jr., S. Walker, Annu. Rev. Michrobiol., 67,313-336 (2013).

2) H.Manya, Y. Yamaguchi, M. Kanagawa, K. Kobayashi, M. Tajiri, K. Akasaka-Manya,
H. Kawakami, M. Mizuno, Y. Wada, T. Toda, T. Endo, J. Biol. Chem., 291, 24618-
24627 (2016).
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Ffi Xylpl-4Rbo —AELRIER DB RE

AHITIX Xylpl-4Rbo % FHH & 954 Y THEHEZ RFEMINCERKT D729,
XylB1-4Rbo —FELRFEIRZ G LT 5, Rbo 7KL Xyl & OFEG R TH D 4 (KR
Kl VoBELORERTHD 5 MAKBEIEIZA VY TF/VIZHRGET 208
Do, 2T, BAIDOYF —n@-1)DD— kg% 3R TBDPS # TR
i% L. Rbo ZAIK@A-2)Z UK 98% CTfF7- (X 4-2-1),

QBn QH QBn QH
HO\/Y\/OAII a TBDPSO\/?\(?\/OAM
OBn OBn

(4-1) (4-2)

] 4-2-1 Rbo ZE#F4-2)D &K
Reaction condition: (a) TBDPSCI, imidazole / DMF, 0 °C, 3 h, 98%.

BoETRLEX YIS, BEDO ) as bt Xyl kR EHIET 2 D
WEtchH 5, 22T, 1,2-transB-7°V 2 FZIEKT 5 Xyl HEGARITHF © DR
HLEAREACSE &L Lz (M4-2-2) 9, 1513 2,3,4 fiKEEH: % 4T Lev
FCIRH#EL 72 Xylosyl 7 v 74 F%&, AgOTf % 7B E— &% — & LT Ser ifi&fk &
AT 52T, BRI 12-rans B-F >0 ¥ FA)BIBT 2 2 LI L T
W,

o]

0 Lev
kg\\ig AgOTf, MS4A / (CH,Cl), L&V u/o
LevO oo j\
Cl
@3) A ZuN COO0Bn

X 4-2-2 1,2-trans p-27°Y 2> FiEEEERT 3 Xyl 54 (HNS) ?
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%z 2T, [FU Xyl tlt51484-3) & 4 (KEEFIERED Rbo ZA5K4-2)% . AgOTf
7O E—X—L LT, MS4A fFTE T, 0°C T L 7z, AgOTFIC X 2 S
fF1C & o T Rbo #&: D TBDPS A i 2 C & 2 S 2 72, RISITIE
collidine Z Mz 7z, RIGIZ—BECHRT L, HE T 2MEEEMYIT B ERMIC
INFE 87% TR b Tz (X 4-2-3), HIEEWZ &, Z2DfLAEYDRAYITH
Hh., 'THNMR T Xyl EDOER 7 v + voOfSGER BT L2 25, J,=77
Hz, J25=9.5Hz, J;34=95Hz Db D&, Ji2=4.0Hz, Jo3=3.7Hz, J3.=48 Hz D
D DH 2:1 THER I N7z, Karplus D HHIHE DfEIZ 1~4 OB T v b v 237
FUTNUHRAKHEINTNS Cl IETHE L, BEDHEIT 14O
ObhyBIsT MY TAFBEICKEINT NS IC BUED Xyl TH 2 Z L &L
FFLTHH, Cl BfE4-4) L 1C BEG-) DRV TS 5 2 L BRI LT,
TLC BT o DLEWNIDHERTRE T H - 72, BoMEEMERIZ B 221 7o 1T 1
Lo THAZEMRT 2 -0 ARKNICIZFE CILEYTH L b, BEVDOEE
ZOBROKIGICH B Lz, 2Dk, Al HEZERE L T 81%DIHE T

XylB1-4Rbo Z 7 14(4-18,4-18°) & L 7=,

Lev QBn QH
Lev : :
LevO + TBDPSO OAll
Cl
@3) (42) OBn
AllO AllO
o a
kg\\i Quee O
LevO OBn OLev OBn
-0
BnQOumi- + BnQune-
4-4 4-4
@4 ¢ )OLev OLev
TBDPSO TBDPSO
b
HO HO
(0]
IEgyl Qe Qe
LevO OBn OLev oBn
BnOum- BnQue-
4-18 * 418
( ) ¢ )OLev OLev
TBDPSO TBDPSO

X 4-2-3 Xylp1-4Rbo —FE{R#E (R (4-18, 4-18°) D EAX
Reaction conditions: (a) AgOTH, collidine / (CH2Cl),, 0 °C, o.n., 87%. C1:1C = 2:1;
(b) [Ir (COD)(MePPh,),PFe] / THF, r.t., 1 h, then, I, NaHCO3; / H>0, 1 h, 0 °C, 81%.
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% Sk
1) B. Grzeszczyk, A. Banaszek, A. Zamojski, Carbohydr. Res., 175, 215-226 (1988).
2) J. Tamura, J. Nishihara, J. Org. Chem., 66, 3074-3083 (2001).
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/5:'%‘#/#\-‘ Loy ]\‘—‘/l/&%@ﬁ'ﬁaj—u j*ﬂ:nﬁ@/fl\ﬁi

FHHITIE. Xylpl-4Rbo —HEIRFEIAR(4-4, 4-4) 2 L 72, ARITIZ, Thz

o _HiT
FIH L T, XylBl1-4Rbo(4-5), XylB1-4Rbo5P(4-6), Xylp1-4Rbo5P-1Rbo(4-7), Xylol-

3GIcAB1-4XylB1-4Rbo (4-8) D R AAIE AT DV TR 5 (¥ 4-3-1),

0
HO HO—P-OH
0 0
HBN\_on-
OH 0
OH H8m/On -----
HOwm- OH OH
_ ~ HQuwm-
(4-5) HG (4-6)
HO
0
H3 0
OH £
OH E (I? OH OH
HO 0-P-0 : ‘. _OH
@-7) OH
HQ Q
HO >~ HOOC
0
5.HO o
FoN—~\_©
OH OH ¢
H i
HO\/::\(g\/OH
(4-8) OH

X 4-3-1 Xylp1-4Rbo % EF1% & T 3Bt &¥4-5,6,7, 8)
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%—IH Xylpl-4Rbo & Xylpl-4RboP DAL

AN Xylpl-4Rbo(4-5) DAk E 1T~ 72(X 4-3-2), % _Hicih~7= X 51,
THERER(4-18, 4-18) XU REROREY CHE OO T, T EMHAL
72 E3. AcOH FE{E I n-BwNF % F\»C TBDPS E#[BE L. V4 — 1 (4-9,4-
i 37z, % D, aqMeOH H1, EtsN Z W T Lev £ ZRE L 7z, FALAERK
P1(4-10)D Xyl B&Felx C1 BB D A THE L7z, wIZIC PA/C Z L 3 2k
F R T Bn 2% FRZE L Xylpl-4Rbo(4-5) % (4-18, 4-18°)7> 5 3 TAEIK 93% TfF
52 LB TE T, (LEVIA-5D Xyl HEFElL J1,=7.80Hz TH Y, BAGH L 7AEH
CEWEERT 2 2 LR TE Iz, BERLEY O Xyl BBEIZRAYI L [F L Cl form
LB EHMERATE -,

Bt T. RboS Mi/KIEHEEIC V) v IR 235G L 72 XylB1-4RboP(4-6) % &K L 7=
(X 4-3-3), Xylp1-4Rbo —HHifRi# (R (4-18,4-18")% IH-T t 7V —AFFLE T
(BnO)PN(Isop), &#ffitr L7z % Dk, mCPBA I\ CH A7 74 + %[t
L. UVIRZT AT L(4-11, 4-11°) % 2 TR 98% TV 7 / — AR DL HE Bk
DREY & L TIR72, Hi\> T, TBDPS # % X 4-3-2 O LS (b) & FIRR D F7ik
X o TERZEL, K T7%TE-12,4-12°) ¢ L7=DH T, PA/C %l L 3 20
IKFEFRICE D 4 DD BnHEETREL, 4-13 Z UK 36% TIF72, TLC 547
TREEBMIEE I N A 572720, ZOBRICEO R ITEH O V) v FEICH
5EEZ2T05, NMKBSROKIGTIE, PA-CEZHWTE Y, BUETlIE T
A T2 EITIR o7z, WHEDO ) VIEEZ AT 5 4-13 13 4-5 L LKL T, Pd-C %
74 PCBEINLCTVWEEZ LN, ZNBINEOETICE R o TnE L HE
ZATW5, VVBERZLRVERIATH 2 45 DEKTRINEOETIZR L
Bholzlldb, TOEZHEIFHFLTWDS, B 413 O Xyl AL Cl1
BCHE D 277 5 72, LEYI(4-10)15(4-9,4-9)D Lev B Z AT % 2 & T Xyl R
23 C1 BEEDARIT IR o 72 DK LT, (4-12,4-12)D Bn % fRE$ 25 2 L T 4-
13 D Xyl BHEIE Cl BABORIC R o7z, FE_EWETHBRRZ LI, FruEr7
) — AR CTOEMEFLOVAHRNRRIEL, Fvur 7 —RBROERHILL 7
7Y a v OO RAER DL S AEOEREF ERI LT H
ZHNTW5, &I, 4-13 % aqMeOH 1 EtsN Z T Lev &2 FRZE L,
Xylp1-4RboP(4-6) % INFH 60% T 7z,
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HO HO

evom/Onu--- O

LevO OBn OLev oBn
BnOw- 2/ snom-
(4-18) + 4-18)

OLev OLev
TBDPSO TBDPSO

HO HO

0]
Il:g\\// m/ol""" Qe

LevO OBn OLev OBn
-0
BnOm- + BnO
4 o

OLev OLev
(4-9) HO -9’) H

| b
0
H%m/oww
OH

HO
OBn
BnOm-
(4-10)
HO
c
HO
(0]
Hgm/om
OH OH
HOIIH---
(4-5)
HO

X 4-3-2  Xylp1-4Rbo(4-5) DA B
Reaction conditions: (a) 1 M TBAF, AcOH / THF, r.t., o.n.; (b) EtzN, MeOH, H,O,
0 °C; (c) Ha, Pd/C / 2-propanol, r.t., 2 weeks, 93% (in 3 steps).
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HO HO

o
Lev m/on“"' T

LevO OBn OLev OBn
BnQOu- Y BnO-
(4-18) + (a-18)

OLev OLev
TBDPSO TBDPSO
a
P o)
BnO—F-08n BnO—b-0Bn
q 5
(0]
Il:g\\// m/o"""' (@ [N
LevO OBn OLev 0Bn
-0
BnOm- + BnOmm-
OLev OLev
RO RO
(4-11, 4-11°) R = TBDPS
(412, 412)R=H
0. .
HO_T_OH HO—I|3—OH
< 0]
0 0
I[g\\// %/Omn-- Hgm/o"""'
LevO OH - OH o
HOuwm- HO -
(4-13) (4-6)

X 4-3-3 Xylp1-4RboP(4-6) D A X

Reaction conditions: (a) (BnO)PN(Isop)., 1H-tetrazole / CH>Cly, r.t., 1.5 h, then,
mCPBA, 1 h, 98% (in 2 steps); (b) 1 M TBAF, AcOH / THF, r.t., o.n., 77%; (c) Ha,
Pd/C/MeOH, r.t., 2 days, 36%; (d) EN, MeOH, H,O, r.t., 0.n., 60%.
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% IH  Xylp1-4Rbo5P-1Rbo D £ fik

XylB1-4Rbo5P-1Rbo (4-7) D5 AL, EITLHI D Rbo BG4 6 4h 8 72 (IX] 4-3-4),
Rbo #HEARM4-2)D 5 (i All FAFRE L, V4 —/1(4-14) % IR 81% CTE7-, Hb
AOBT, P BRRERESZIFTOTL DL, —OOKBEEE TS| HERET
D Ac FTIR#E LT-, WL 72 o7 4, 5 (iKIEH: A AcO & pyridine Z T
Ac FETIRFE L, 4-15 Z IR 94% TH:7- . AcOH 7#/E | n-BuNF Z T 147
® TBDPS X #FEL., TEMIZ 416 &7, H o 416 %
(Isop)2NPCI(OCH,CHCN)Z - FEY T H AR AR 7 I XA M4-17)Z =R 45%
THE,

OBn OH OBn OH
TBDPSO\/?Y\/OAII a TBDPSO\/?\‘/?\/OH
OBn OBn
@-2) (a-14)
OBn OAc
b H H c
———  TBDPSO_ _A__A~__OAc ——

N\ :

/P—O - . OAc
NC(H,C),0
OBn OBn
(4-16) (4-17)

OBn \\(/
OBn OQAc (4-15) v_ OBn OAc

HO : : OAc _

X 4-3-4 Rbo xR F 7 I X4 Ft54HR4-17) DA

Reaction conditions: (a) [Ir (COD)(MePPh,),PFs] / THEF, r.t., 1 h, then, I, NaHCO;
/ Hy0, 1 h, 0°C, 81%; (b) Ac,0O / pyridine, r.t., 6 h, 98%; (c) 1 M TBAF, AcOH /
THF, r.t., o.n., quant.; (d) (Isop).NPCI(OCH,CH,CN), DMAP / CH.Cl,, r.t., o.n.,
45%.
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fli/5. Xylpl-4Rbo —WH{IR#EIRZ HKIR(4-18,4-18) L BIE E AR L 2R A Fu T
XA P @-1D% H-T F 7V —MEE T ICHES L. mCPBA TlEgfk322¢ T
XylB1-4Rbo5P-1Rbo {Ri&EA(4-19)% 2 THRIE 60% T372, 15 D 1172 4-19 |XEH]
DHFYIE D Xyl RFEED C1 BLFE4-18) L 1C BLEM4-18)DREVITH 7212 b
b o3, Cl BREOATHELN, T, 1C BEEREEK L 2B, &I
flld Rbo 28 3 f2D Lev J& & ARMWICRKF T 5720, KiEZR Cl BFEICR o7z L
ZEibihb,

HO HO,
(0]
kg\\ll Oneee (o NI
LevO OBn QLev OBn
BnQue- BnQOue-
+ y
4-18 4-18
( ) ¢ )OLev OLev
TBDPSO TBDPSO
}N\ OBn OAc
P-0O : - OAc a
NC(H,C),0
OBn
(4-17)
Le Q
Le\\i )
LevO E
OBn £ Q OBn OAc
TBDPSO\/:\‘/\/Q—T_O ; : OAc
O(CHW
OBn 2’2 OBn

(a-19)

X 4-3-5 Xylp1-4Rbo5P-1Rbo fR# & (4-19) D &K
Reaction condition: (a) 4-17, 1H-tetrazole / CH,Cly, r.t., 0.n., then, mCPBA, 2 h,
60% (in 2 steps).
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e\ > T, Xylpl-4RboSP-1Rbo {R7#{4(4-19)> TBDPS # % frZE L, aq MeOH H
EtsN Z W T Lev £ %ZFRZE L. PA/C ZfillE L L 72 DKFESRIC X Y Bn 2R
£ L7z, mf&IC aqNaOH T A LT % & & TEEFLEY) Xylp1-4Rbo5P-1Rbo(4-
N % 4 TRRIK 85% TEAL L 72 (1X 4-3-6),

Lev Q

Lev!

i Q

LevO =
OBn OBn OAc

TBDPSO Oo— P o}
VYV CHW

Bn

(4-19)
(o]
H3 N

I a,b,c,d
OH

0} P o
\/Y\/Na+o \/\‘/\/

(4-7)

wnmnQ

| 4-3-6 Xylp1-4Rbo5P-1Rbo (4-7)D &%
Reaction conditions: (a) 1| M TBAF, AcOH / THF, r.t., 2 days; (b) EtsN, MeOH, H,O,
r.t., o.n.; (c) Hy, Pd/C/MeOH, H»0, r.t., 4 days; (d) ag NaOH / H»O, r.t., 4 days 85%

(in 4 steps).

7 4-3-1 1T XylB1-4Rbo5P-1Rbo(4-7) & FEFE I IC A K X 4172 RXYLT1 product) D
'H & BCNMR OfL¥> 7 Mz R L7z, 78 b v ofb¥y 7 MEZFERIC—
Lz, $72, I—FRvofb¥y 7 MR BEAZEEZHTWE 20, 2
ppm TN TNWDE T EZEET L&, TRIC—HL 7, FrcEEoRnTHEHroft
¥ 7 MEO—EIT XY, Rbo L Xyl ) VIO AMEZRET L &
BTE, Thbb, Xyl 1ZIEZEITH Rbo @ 4 f/KIERICHEEG L. £ D Rbo D
SHLEEICHD 1 FLoKIEFEIZ ) VIEY T AT A THRIA L TW3 T & HEE L

7"—,
<o

66



& 4-3-1 Xylp1-4Rbo5P-1Rbo(4-7) & RXYLT1 product’® 'H I X U* 3C NMR DfL2¥ Y
7 MMED B

(ppm)
. . Compound
Residue |Position -
Xyl-Rbo-P-Rbo (72) | RXYLT1 product
1 4.07, 3.97 41,4.0
67.5 69.2
2 3.8 4
72.57-72.45 73.5
4 3.74 3.79
Rbo 3 72.57-72.45 73.87
4 3.93 4
71.83 73.5
5 3.80, 3.63 4.1,4.0
63.49-63.21 69.2
1 3.80, 3.63 3.81, 3.62
63.49-63.21 65.3
9 3.84 3.8
72.96 74.32
2 3.86 3.87
Rbo 3 72.57-72.45 74.27
4 413 414
79.85 81.6
5 417, 4.07 417, 4.07
65.33 67.12
1 4.61 4.62
103.84 105.62
5 3.29 3.29
74.08 75.91
3.45 3.46
Xyl 3 76.49 78.26
4 3.61 3.61
70.2 72.03
5 3.95, 3.31 3.95, 3.32
66.01 67.84

235 3k

1) H. Manya, Y. Yamaguchi, M. Kanagawa, K. Kobayashi, M. Tajiri, K. Akasaka-Manya,
H. Kawakami, M. Mizuno, Y. Wada, T. Toda, T. Endo, J. Biol. Chem., 291, 24618-
24627 (2016).
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F=IH  Xylal-3GlcAP1-4Xylpl-4Rbo DAk

4-3-7 1R T XK 91T, Xylpl-4Rbo —HE{RFE(R(4-4, 4-4") D Lev #% aq MeOH
HFEGN ZFHWTERRE L. 7T5% DR T 420 & L7z, ZDLEWIE C1 ELED &4
THolz, FONZ Y F—14-200D 23 fikgHE2 4 Y 7o) F 72 £
— LV CEIRIICIRE L 4 AKIBERIERE D Xylpl-4Rbo B2 251K (4-21)% 60% D
WHETH, ZhEFH B _HTEMR LI A I 7 — M Xylal-3GIcA(2-14)
% CHaCl, ' TMSOTS 7#7E F-78 °C THfie L. Xylal-3GlcAP1-4Xylp1-4Rbo 147
R4-22)% 1572, A Y 7 u T o ERITRIGHE OB D B TR 3 2 52 )
7ol Wi & 7o T KEERL T Ac (b L CIROBUSIZH W2, 2 TRAERIL 35%
=57,

RQ 0
A
RO z O S
CE)Bn OR OBn OBn
: : p :
o OBn

TBDPSO\\//i\I/;\\//OAu -
OBn OR
TBDPSO

(4-4, 4-8) R =Lev b
(4-20)R=H (C1D#)

unQ
T
00
gj
mnQ

AcQ 0
ACOTS:%E?ﬁ COOMe \E;
C
QA0 Q o

o)
Acm/g
AcO AcO 5
OBn
(4-22) TBDPso\\//i\I/;\\//OAn
OBn

X 4-3-7 Xylal-3GlcAp1-4Xylp1-4Rbo {7 (4-22) D AR

Reaction conditions: (a) HoNNH2-AcOH / toluene—-EtOH, r.t., o.n., 75%; (b) CH,=C(OMe)CH3,
CSA / DMF, r.t., o.n., 68%; (c) 2-14, TMSOT{ / CH,Cl,, =78 °C, 1.5 h, then, Ac,O pyridine, o.n.,
35% (in 2 steps).

68



B 572 422 O All 2 & TBDPS EA4ENZFNFRE L, 2 TIRRINE 54% T
A —/1(4-23) & L7=(1X] 4-3-8), Zi1% ., aq THF THM L. 1.25M LiOH % {EH]
TERAFANIRATAEREL, BIHEHEE#IC MeOH THM L. 0.1 M NaOH T
ETD Ac HZFRE L 7%, Pd/C ZAlBEIC 72 K FE 2RI X Y Bn B % R
L. Xylal-3GlcAB1-4XylB1-4Rbo (4-8)% 3 LFRIN=R 92% CTHH7-,

i |||||O

AcO

% COOMe
AoO
OBn ¢
(4-22) R'= TBDPS, Re2= All

OBn
(4-23) R'=R2=H

OH
OH ¢
(4-8) HO\/?\‘/E\/OH
X 4-3-8 Xylal-3GlcAp1-4Xylp1-4Rbo (4-8) D AEK OH

Reaction conditions: (a) [Ir (COD)(MePPh,),PFs] / THF, r.t., 1.5 h, then, I, NaHCOs / H,O, 2 h, 0
°C, 81%; (b) 1 M TBAF, AcOH / THF, r.t., 2 days, 54% (in 2 steps); (c) 1.25 M LiOH / aq THF, 0
°C, 1 h, then, 0.1 M NaOH /MeOH, 0 °C, o.n.; (d) Hz, Pd/C, AcOH / MeOH, H:0, r.t., 0.n. 92% (in
3 steps).

] 4-3-9 |Z Xylal-3GlcAB1-4XylB1-4Rbo (4-8)> HSQC A~X” kL& R~d, b
AW 4-8 X RI2DNNEDT ) ~—D Xyl =L TEY ., 52ppm T2~ 7V
YU ER38Hz D a-F vy REL 44ppm UTich » 7V o ZEH 7.9 Hz D
B-FvrY REZNZENMRT D ENTE, £/, GleAlZIZB L TIiXB
FETHDHI &, Rbold Xyl & DFEETNMENSGS 7 L TWH 40 TH D
ZEBENENMER TE T,

iy A b a7 ¢ —IElX O-MG OFEHERIT 030 2 BAG 1 DR B R IBITEN 4
B IED X HIZLTHE724-5,6,7,8 2 X LICHERLT D2 LT, AAKT
ERVEMEE ARy T HI20DEE LY 9 5,
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LS
ER.S

I 7 M30-MG®PDRboP (U & ~h—/L U UE8) 23 ZOfiaE L2134 7 ARbo
PRI D, FH—HiTlEL. RboPIEEEE CTh HFKRP &, Xylis#REE ThH HR
XYLTI2S, mb\;ﬁ;’fé%ﬁ:'i%ﬁ LTWDZ LIz oW TR LT,

BRI, BRI AR N #E T H Xylpl-4Rbox & e A U SHED AL EFT -
720 DBERIZXylB1-4Rbo —BEDXylFEFE NS CELEE & 1CELE DB BAEIROIRE Y
ELTELNTEZ EIZOWTHREEELE LT,

% =Hi Tk, Ak L7=XylB1-4Rbo AL & F L, #f—TH CTldXylp1-4Rbo & Xylp
1-4RboP % &k L 72, XylB1-4RboP s i fA5E TIRINER 72 o 7o RN IR & 72 o 72
U B L DB L 72 PA/ICOTEVERICR A L CLEoT2/eb & B 2 T,

%I T, Xylpl-4RboD &I H L7zRbo HAZ R AR T I XA MIH
B L., Xylpl-4Rbo5P-1RboZ &k L7z, HH=IHTIL, & = TH M L72Xylal-3Gl
cAft 5K Z VT, Xylal-3GlcAP1-4XylB1-4Rbo% A hk L 7=,
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HHE 27 M3GalNAc X LT AU E h— U VERE ST BES DAY
e T G

HARNICS S BAET 2 @ILA Y 2 b v 7 4 —fE X, FKRP *° % O O fH
REIT ORISR L T2 220b b3, &PID RboSP % GalNAc
D O-3 ICHES T 2 BEAEIESIEED 1 O TH 2 [FKIN| BAERL TV 3570
ICHIET B D, L72235 T, FKIN I X o THE X1 350 D W % 48 2 & it
fad i, RIGoH 241D RboSP Dfrfga A ¥ v 7' LT, ZDEOEHME
S L ., Ry R a2 ) v e HilEst~ Yy 7 2o X o THI
WAL 2 FREEE X 2 TREME DS B 2, COTRE D D /2% | AREE T3 FKRP
DG E L THRAEZT 7Y ayv & 3O Rbo5P-3GalNAc # &K% (X
5-1-1)s TS EHWTEITH DO Rbo DI HEMHREICOWTHFHET
%,

—77. BEHZ X S IR I 72 5-5 9 5-6 ([X5-1-1) (F. Rbo §nfs- Xyl Haf%
2 2 BT RIBICX 2EAGMAEEMEL 5 2 54 2L LCTEAT
% 3, Rbo5P-3GalNAc IZfl 2T, & SICIEEICMANCIESR L 72 5-5. 5-6 DEHKIC
DWTHIER 3B,

HO OH
onoon 0 51 R=Ac
HOVY\/O\Q, ORI m 52 R = C(=0)CeHaNO,(p)
| 5-3 R = C(=0)(C,H,0)sCH,CCH
OH O HN*Ety 5-4 R = C(=0)C,H,OCH,CCH
OH OH oY
OH O OH OH
Ho A0 oA _A_of omo\/\ >
\/Y\/ \Fl,/ VY\/ \|F|,/ NHAG NHAc
OH OHN*Et;  OH Cl)'HN+Et3
(0]
HO O
H/OvHOA/ Ho OH
W o % &@y
B H H o)
: : : : O -
HO\/\‘/\/O\%/O\/\‘/\/O\'I:L/O e \/\NHAC 5-6
HO OHN*Et; HO (l)'HN+Et3

X 51-18%3727Vav%FT3 coreM3 Rbo5P-3GalNAc FHE(5-1~5-4),
Rbo5P-1Rbo5P-3GalNAc(5-5)% X U} Xyl1-4Rbo5P-1Rbo5P-3GalNAc(5-6)

72



2 3CHk

1) K. Kobayashi, Y. Nakahori, M. Miyake, K. Matsumura, E. Kondo-Iida, Y. Nomura,
M. Segawa, M. Yoshioka, K. Saito, M. Osawa, K. Hamano, Y. Sakakihara, I. Nonaka,
Y. Nakagome, I. Kanazawa, Y. Nakamura, K. Tokunaga, T. Toda, Nature, 394, 388-
392 (1998).
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Yax

% ffi  Rbo5P-3GalNAcP DA kL

5-2-1 I MEBEL D720 D ) v h — %G L7z GaNs ZER DA &R L 72,
3. 3NKIEHEE Lev 3, 46 fKBRAR VYV T Vv T X — L CIREL 72
BEAI D GalN; 4 27 — }(5-7)V& HOCH,CH,NHZ % CH,CH: H'. BF;-OEt: f£7E
T, MS4A ZfEH L., -50°C T L7z, HINE 32 p-27) 2 F(5-8p) % LK
33%., BIEBPITH 2 o-7") 2> F(5-8a)Z K 1% TENZE NGz, % DIk,
HoNNH2-AcOH Z W T, 5-88 D Lev % FRZE L. GalN3 ZAM(5-9) % 99% DX
1472, HOCHCHoNHZ & OFE A IHRINETH O | SAFERPED & < 137 <,
WEBBIEETH 572, )7, 3,46 MKEHREZ Ac K CIR#EL 72 GaINs 4 I 7 — T
(5-10) & HOCH,CH,NHZ % toluene ', BF;*OEt f7-7E . MS4A ZffH L. -50
~14°C THiEd 52 & T, HWE 32 -7V a3 FGE-11)DAZEIE 73%TIH 5
LR TE T, T BERME, BEEESR, BENESLH Y v X2 — A F v DF)
ROVTNTHPHARTE o7z, BZHL, 510 DbV 7muTE A 3
FANVED WS T C o A ICB L L. ZBEBROKBELES B 2 53
LB EZLND, ZD%., Ac B2 BN CERMICHRE L 7214,
4,6 Pk % THF W, p-TsOH f£7E F. PhCH(OMe), Z T v Y U 7 V1t
L. GalN; ZAMRGB-9)% EBIICH 72,

Ph
e} éO
o
Q
LevO a 0
N3 —_— LevO
O~

5-7) © HO~~ ., (5-8a,5-88) \° NHZ

OAc
OA d
AcO U ° 59
o] c o
AcO - AcO O~
N NHZ
s MO GOl o Ng
NHZ
(5-10) Y (5-11)

K 5-2-1 GalN; Z&R(5-3) D &K

Reaction conditions: (a) BF3*OEt;, MS4A / CH,Cly, -50 °C, 20 min, 5-8f: 33%, 5-8a: 7%;
(b) HNNH2' AcOH / toluene—EtOH (1:4), r.t., 40 min, 99%; (c) BF3;*OEt;, MS4A / toluene,
-50~14 °C, 2.5 h, 73%; (d) EtsN, MeOH, H,O, r.t., 0.n., quant.; (¢) PhCH(OMe),, p-TsOH /
THF, r.t., 3 h, quant.
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BTy 4 AKERESEERED Rbo 58K 4-2)% CH.CH, 1. TMSOTS 7#7E T
benzyl 2,2, 2-trichloroacetimidate % F\>T-20~7 °C TRV ¥ AL L, 5-12 # LK
7% T, AlEZ A VY LA CTREML, AL 2=V —T V% I, TR
£ L. 513 % 2 T 7T1%DIEE TR 72 (K15-2-2), it T, 5 MK D 5-
13 % CH3CN-pyridine ', Salicylchlorophosphite T L T2, FAF Vgt U =
FNT VEZT L(GB-14) I 77% T, TN % pyridine H'. PivCl TiEMAL L 72
D, THIT GalN3 ZEMRB-9)Z M2 T, FAKVEEY T AT V(5-15) % ILFE 62%
T, LTIl d 5 2 & T, 98%DINFHK T 5-16 %157z, TBDPS %% THF H
TBAF Z{FH X2 % Z & ThREL. 5-17 Z EEIICIG 72,

OBn OR! OBn OBn
o
TBDPSOV’\‘/’VOFQ _° . TBDPSO\/\‘/\/O\Q/H
|
OBn OBn OHN*Etg
(5-14)

4-2) R'=H, R2=All
a C( )

Ph
(5-12) R'= Bn, R2= Al &
(5-13) R'=Bn, R?= H d o7
g&
0
Ph HO ~"\

éo 9

NHZ

0]
(?)Bn C§)Bn o o
TBDPSO - : o o) )
\/Y\/ \g/ » ~ NNz
|
OBn (5-15) H
e
Ph
<o
(0]

(:)Bn (:)Bn

: (0]
RO : : o o] o
\/Y\/ \II:L/ N \/\NHZ
| 3

OBn OHN*Etg

(5-16) R=TBDPS

(5-17) R=H
X 5-2-2 Rbo5P-3GalN; A4 (5-17) D &K
Reaction conditions: (a) benzyl trichloroacetimidate, TMSOT{ / CH2Cly, -20~7 °C, 2.5 h, 77%; (b) [Ir
(COD)(MePPh,),PF¢] / THF, r.t., 2 h, then, I, NaHCO;3; / H>O, 30 min, 0 °C, 71% (in 2 steps); (c) 2-
chloro-1,3,2-benzodioxaphosphorin-4-one / CH3CN, pyridine, r.t., 2 h, 77%; (d) PivCl / pyridine, r.t., 4
h, 62%:; (e) I / pyridine, H,O, r.t., 40 min, 98%; (f) 1 M TBAF / THF, r.t., 4 days, quant.
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523ICENT 4 VI TRy VGEANER R BT 7V aveaRET 5
Rbo5P-3GalNAc DAKIC DWW TR L 7z,

Ph
OH

<o
o] HO
OBn  QBn o o gH gH o o
- : o]l _o O~ abc  HO A~ : o_J_o O~
Sp NHzZ 220 \/\‘/\/ Sp NHAc

HO.
VW | Ny NHAC

OBn O'HN*Ety OH O'HN*Ety

(5-17d) l 1)
e

Ph
O

OH
o) HO
OBn 0Bn o oH OoH o 0 Q
H H o HO, s A O\H/O O~
~"\Hz VW p NHAG N
NO,

o
HO. Ol _O
Np
V\AA/ P NHAc |
| OH O'HN'Ety

0OBn O'HN*Ety
(5-18) (5-2)
fg h
OH oH
HO HO
OH OH o oH oM 0 it
HO. : : O Q o] o) i HO . . O\ﬁ/o O )J\A
VW\Q/ N N, ——— T NHAC N N
| o 4 OH OHN*Ety
OH OHN*Et, q 1.
(5-19) . T o LA (5-3)
o
. N
| | Climop
o]
OH
HO
OH OH o)
HO O ﬁ o 2 O~ )LV\
AN
\/Y\/ T NHAc H oi\
OH O'HN*Etg
(5-4)

X 5-2-3 EH{LAH) Rbo5P-3GalNs(5-1, 5-2, 5-3, 5-4) D AKX

Reaction conditions: (a) Pd/C, AcOH / 2-propanol, 3 days, then, H,O, o.n.; (b) Ac,O, EtsN / H,O, 2.5 h;
(c) Pd/C, AcOH / H20, 2 days, 41% (in 3 steps); (d) Zn, AcOH / EtOAc, 2 days; (¢) Ac2O, EtsN / MeOH,
2 h, 97% (in 2 steps); (f) Pd/C, AcOH / 2-propanol, 4 days; (g) Pd/C, AcOH / H,0, 3 days, quant.; (h) 4-
nitrobenzoyl chloride, EtsN / acetone, H,O, 40 min, 34%; (i) Propargyl-PEG1-NHS ester / CH3;CN, 0.1
M NazPOy4, 0.15 M NaCl, quant.; (j) Propargyl-PEG4-NHS ester, aq EtsN / CH3CN, 20 h, 94%.
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AT 4 v 77 ay 7(5-17)% aq. 2-propanol T NNKFRSED %, EaN 77
TETFIC HoO 1T, AcO ZFH VB EETT 2 + 7 2 FEEAL 7225, Bn HEA3HE
BRI Tz 3 H0 FChlkRSE L. 5-1 2 I 49% T 72,

—77. 517 DT ¥ FE % Zn/AcOH §FCiERIICEIT L. MeOH 1T Ac b
352 L T,518 % 2 THEIEK 97% TR 720 £ DI DANIKFE /7 # Tl 2-propanol
HFc4 HiE, HHOH T3 HIMRIGT 2 2 & T, Bnke ZERERICHREI N
5-19 2372, Fo N7 519 2@ EEH & LT, 52,5354 2 2 nEHL
7o (LEPIGB-19YDT I 7 FHICH L CTp-=brRy VL, BT L F v AR—
P—BLUOTAXFVEETLIZF LYY 3=V AR=F—%{EiE L7z 5-2,53,
5-4 % ZNZ N 46%. EEMN. B X 96%DINE T/, AKX L 7z—iH D Rbo5P-
3GalNAc FHEMRIF LRI IC X Y FKRP I X 2R D 794 ~—¢ LTH
W7z 4,

23 3CHR

1) F. Goto, T. Ogawa, Bioorg. Med. Chem. Lett., 4, 619-624 (1994).

2) R. Anschiitz, W. O. Emery, Justus Liebigs Ann. Chem., 239, 301-313 (1887).

3) T.M. Slaghek, A. A. M. Mass, J. P. Kamerling, J. F. G. Vliegenthart, Carbohydr. Res.,
211, 25-39 (1991).

4) J. Tamura, T. Tamura, S. Hoshino, R. Imae, R. Kato, M. Nagase, S. Ohno, N. Manabe,
Y. Yamaguchi, H. Manya, T. Endo, submitted.
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% =fii Rbo5P-1Rbo5P-3GalNAcB 35 L U XylB1-4Rbo5P-1RboSP-3GalNAcP DAk

HIEiCld. PivCl ZF W/ H 27 7 4+ ZiMAL I 2 /56 C B2 AR(5-17,
Rbo5SP-3GalN:3)Z & L. 7% 7 7Y 2 v % T % Rbo5P-3GalNAc A8 % 15
77 o AHTlE. Rbo5P-3GalNAc 7* & X & ICIEE TCflIc i X & 72, Rbo5P-1Rbo5P-
3GalNAc 5-5)% X U, XylB1-4Rbo5P-1RboSP-3GalNAc (5-6) D A IC D Wb~ 3,

o
0]
OBn  OBn (:)Bn OBn 0
TBDPSO\/\‘/\/ \/Y\/ \||/ \/\NHZ

o HN*Et, o HN*Ety
(5-14) (5-17)
a,b

Ph
<o

e}
OBn OBn OBn OBn o
o 9 o © o

TBDPSO
\/Y\/ T \/Y\/ T N,

OBn O'HN*Et, OBn O'HN*Ety
(5-20)
| c,d,e,f
Ho OH
oH  oH o OH OH o)
: : f i o}
HO Ol _o : - o) o) o
NQ [| ~"\
V\‘/\/ T \/\‘/\/ \IT/ NHAG NHAC
OH OHN*Ety OH O'HN*Ety

(5-5)

X 5-3-1 Rbo5P-1Rbo5P-3GalNAc (5-5)D &K

Reaction conditions: (a) PivCl/ pyridine, r.t., 3.5 h,; (b) I / pyridine, H>O, r.t., 1 h 40 min, 57%
(in 2 steps); (c) 1 M TBAF / THF, r.t., 5 days; (d) Pd/C, AcOH / 2-propanol, H,O, 4 days; (e)
Acy0, EtsN / Hy0, 2.5 h; (f) Pd/C, AcOH / H0, 7 days, 75% (in 4 steps).
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A CARK L 72 “HEZBIRG-17) L 5-14 %, 5-16 %4727k L RO 5T
AL, L CHLT3 L TCERAFAFYIRATAZE AN ) ZF AT I VI
(5-20) & L TULK 57% T157- (K 5-3-1) , Z D, JEEITCA YR O TBDPS %:13 TBAF
ZHWTERE L. PA/C Rt L 3 2 KRS L AcfLZ 1TV, Rbo5P-1Rbo5P-
3GalNAc (5-5)% 4 TARIK 75% TS 7=,
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TBDPSO ' : OH TBDPSO : - O._ || _OH
OBn OBn (|D'HN+Et3
(4-18) (5-21)
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HoL A S o f o 2 o b,c
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OBn O HN*Etg
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(@]
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TBDPSO o ﬁ o) : : o9 o & o]
\/Y\/ \P/ \/Y\/ \lFl’/ \ \/\NHZ
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OBn OHN*Etg OBn OHN*Etg

(5-22)

HO- N0
O ¢ HO OH
HO HO HO o
HO o) (l? o o) (ﬁ o] O~
~p—
HO OHN*Et; HO O'HN*Et,

(5-6)

X 5-3-2  Xylp1-4Rbo5P-1Rbo5P-3GalNAc (5-6) D AKX

Reaction conditions: (a) 2-chloro-1,3,2-benzodioxaphosphorin-4-one / CH3sCN, pyridine, r.t., 2.5 h,
60%; (b) PivCl / pyridine, r.t., 3.0 h; (c) I / pyridine, H>O, r.t., 3.5 h, 25% (in 2 steps); (d) 1 M TBAF
/ THF, r.t., 10 days; (¢) Pd/C, AcOH / 2-propanol, H>O, 2 days; (f) Ac,O / H20, 3 h; (g) Pd/C / H20,
5 days; (h) Ac,O, EtsN / H>0, o.n., 65% (in 5 steps).
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BT, R CTHK L 72 Xylpl-4Rbo F5iE (R (4-18)I1C, CH3CN-pyridine .
salicylchlorophosphite Z FH &4, INF 60% CHAFVEF ) ZF LT VE=Y
2 (5-21) & L7=t4, PivCl TiEMAL L7z, 2 é 517 #fEeté. L THEL L.
5-22 % 2 TR 25% T8 72 (X1 5-3-2), #f%I1C TBDPS %5 X O Xyl D 3
DD Lev BDRE, 2L T Lk FARDOIKEDFEL Ac fLIT X b XylBl-
4Rbo5P-1Rbo5P-3GalNAc (5-6) % 4 LRI 62% TH472 . Rbo5SP-1RboSP-3GalNACp
(5-5)F &£ U* XylB1-4Rbo5P-1Rbo5P-3GalNAcP (5-6) NMR (X, % > 7 Z» RboP
DBIEFHIC Iz =27 2R L, Z DG DPIRAE o T B 72 D fifHT 25 K
ThHholze ZZ T, VVERTIKEHLZ, V VRT L ZDEEEUNICHELET S
KRB T-1E BC3P A1y 7Y v 7%k Ffb . —#IYIC complete decoupling HIE T
TFNPGHEST S, ¥ 5-3-31C5-6D BCNMR DF ¥ — FD—f%ExRd, VVIE
T2 5 2 JiT#Ed 72 Rbo?-5 % GalNAc-3 JRBE TR L CHER S I, 3 Tt 7z
Rbo'-4, Rbo*-4 I X ¥ GalNAc-2 IRRIFFO v — 27 b AL Tl d Nk, 20
BCNMR O F % — F2:2H Y VRFIGAEWRFER O —27 2 O H L, COSY
® HSQC O F v — bt & AbE TR TEZ 72X 5-3-4), AL 7= RboP-
GalNAc FFE(R(5-1~5-4), FEZETCHNIC R X 472 RboSP-1Rbo5P-3GalNAc B(5-5)
¥ X U Xylp1-4Rbo5P-1Rbo5P-3GalNAc B(5-6) i3 iR D 77 4 ~—& L TH
WBZENBTE, NMR I X 2 RAYOEEREICERHTH 5, ZbIIREE
GFICL o TEARTE R WIEHT D 2/ > B o532 2 & T, HARMB
BRI I NG, RIBEETIC X o THEAK T 7 W EEEE
DEHOIETRET S LT, IS Ao FERBEICKLD Z & AR
INb,

G :GalNAc
RI2 .
R R13 X Xyl
G3 5 R': @ TilRbo
x2 R3 R?1 R?: JEE EBIRbo
U Jria X Rl x5
G5 R4 "0 ot opis G6
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R4 X3 s &
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1 (ppm)

X 5-3-3 Xylp1-4Rbo5P-1Rbo5P-3GalNAcP (5-6)? *C NMR F ¥ — F (&5
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FEETIE, mIUEGH YA be T o —EN, FKINDBERT 5 Z LI L0 FE
TBHZLITOWTHER LT,

B HITCIE. GalNZAUE 5/K X HOCH,CHoNHZ & Oiffii & C i =R D AR IR
PN B 257, ZHERWT, BERIEHMRED S 74 ~— LD L9 ICR
BTV Ay R STV < D0 DRbo5P-3GalNAcE Ak L 7=,
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BIE, Fflav )7 4 LR SARS-CoV-2 ICX 23V T Iy 7O ETT L
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IS VvEREET L EER L, T2 3T M30-MG O RAEME % #H 5 M
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TS AHIE A REECH 2 2 LIt D WTih 7z, 72, 1,2-cis 77V 2+ F OFERW
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83



7Y ay FiEAEET 5 Xylal-3GleA “ N O AR E1T > 72, 584 7L AH
FNCTIIR L7223, Wi e RIC b b o 72, LA LEZAEITlIE, IERSGE%
HiVE LR 7Y a v MBI X > TEEY T AT LA~ —DIRAY %,
FEEDBF L 2RISR Lo ColffcE 2 2 L2 KAL, HNE T
% Xylal-3GlcA Z M % VL AREIRINICE S Z LI L2 2 L icDownwTih~<7z,

BoBEE TR, ~ b)Y A OEHEREDOHRE L. NHS T 2T AKIG
RV EEOBRELIC O W TR L 72, 55 C I3 B T RGEIRI IR
7z Xyla1-3GleA —fEHA 04 ) I~ — Lz T o572, Ac X4 7 LG4 % Hw
e HERZ AR L Offit id. S RORKICHEORI 2L UELZG 5 L3 TE X
Dotz HBEAEITI, BTN L R RAAS S EEL % Bz £ 4 O I
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HIUES i T3, RboP LK TH 2 FKRP &, Xyl HEETH 3
RXYLTI 23, BWHEBEEZA L CTwB 2 2 iconTliFiL 72, 55 HiCld.
BRI R GRS HEECH % XylBl-4Rbo Z &L A4 Y IO AKETT - 72, Xylpl-
4Rbo —HED Xyl FRFEEA C1 BLE & 1C B DB EMIRDEEY & L THELN
2l LI ODWTHRZZEE L 72, FHE=HiTld, AL 72 XylB1-4Rbo HLA7 % {5 H
L. @il & IEETTANc 2 nE Nfp R X 2 72558 2 & L 72,
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Summary

Recently, due to the pandemic of the new coronavirus SARS-CoV-2, the relationship
between the virus and saccharides has received a great deal of attention. The saccharides
function not only in the interaction with viruses in vivo but also in various situations. For
example, proteins bind glycans, which also play a role to stabilize muscle fibers.
Dystroglycan (DG) is a glycoprotein found in skeletal muscle as a component of the
dystrophin-glycoprotein complex. Myofibrils are the building blocks of the
microstructure of the muscle fibers, and their cell membranes are covered with a basement
membrane made of type IV collagen and other members of extracellular matrix. DG is
composed of two subunits, a and B. a-DG is modified with glycans, and binds to the
extracellular matrix via the interaction of laminin and glycans. B-DG penetrates the cell
membrane and connects the cytoskeleton to stabilize muscle fibers.

Chapter 1, Section 1 outlined the role of the glycans in muscle fibers. Repeating
glycan consisting of a-Xyl (xylose) and B-GIcA (glucuronic acid) which are alternately
trasferred by LARGE, is called matriglycan and directly interacts with laminin. In Section
2, the author mentioned the biosynthetic mechanism of O-mannosyl glycan (MG) and the
direct interaction of the core M3 O-MG and laminin. Section 3 was described the factors
that cause muscular dystrophy. In Section 4, the author devised a synthetic bypass-glycan
which links dystroglycan and laminin. The author also designed another type of glycan
that skips the deficient step of the core M3 O-MG; XylB1-4Rbo (ribitol) synthesis was
targeted which was enzymatically difficult to be synthesized, and was designed as primers
for glycan elongation.

In Chapter 2, Section 1, selective formation of 1,2-cis glycosides of xylose was
outlined. Due to the easy flip of Xyl-ring, it was difficult to achieve the steric control by
the help of the anomeric effect. In Section 2, intramolecular aglycone delivery was
adopted to obtain the Xyla1-3GIcA disaccharide possessing 1,2-cis glycoside. Although
complete steric control was achieved, the yield was not satisfactory. In Section 3, the
author optimized the conventional glycosylation method to improve the a-selectivity and
the yield, and I finally discovered the separation method with specific solvent which

showed complete difference in the solubility for a- and B-glycosides. Thus, the desired
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Xylal-3GIcA disaccharide was stereoselectively obtained.

Chapter 3, Section 1 outlined the synthetic pathway for matriglycan based on the
retrosynthetic analysis and the functionalization with amine at the reducing end using the
NHS ester. In Section 2, oligomerization was performed using the Xylal-3GIcA
disaccharide unit which was stereoselectively obtained in Chapter 2. Coupling with the
disaccharide acceptor employing a disaccharide donor protected with Ac group failed to
obtain tetrasaccharide due to the low reactivity of the donor. In Section 3, the coupling
with the disaccharide acceptor and the disaccharide donor protected with Bz group
successfully afforded the desired tetrasaccharide. However, the 1+1 and 2+2 coupling
yields were required to be improved. The separation method with specific solvent was
applied to the a- and - mixture of the disaccharide. CH>Cl> enabled the separation of the
anomeric mixture to give the desired Xylal-3GlcA disaccharide was stereoselectively
obtained again. In section 4, the coupling with the disaccharide acceptor and the
disaccharide donor protected with Bz group successfully afforded the desired
tetrasaccharide in good yield. In section 5, the tetrasaccharide obtained in the previous
section was extended to hexasaccharide. However, unmasked hexasaccharide might form
a micelle-like structure, of which amidation was not accomplished. In Section 4, synthetic
strategy was revised. The alkyne linker was coupled with the disaccharide at the earlier
stage, and then disaccharide donor was added stepwise. Finally, the matriglycan
hexasaccharide equipped with alkyne linker was obtained, which was coupled with biotin
linker via click reaction in good yield.

The two consecutive RboP (phosphate) in the core M3 O-MG is called tandem RboP.
Chapter 4, Section 1 outlined the high substrate specificity of FKRP (RboP transferase)
and RXYLT1 (Xyl transferase). In Section 2, oligosaccharides containing Xylp1-4Rbo
which are enzymatically difficult to obtain were synthesized. It is noteworthy that the
xylosyl residue in XylB1-4Rbo formed C1 and 1C conformation as a mixture, and the
mechanisms were discussed. In Section 3, based on the information above, Xylf1-4Rbo5P,
XylB1-4Rbo5P-1Rbo and Xyla1-3GlcA-XylB1-4Rbo were regio- and stereo-selectively
synthesized.

Chapter 5, Section 1 outlined that Fukuyama-type muscular dystrophy was caused

by the mutations or genomic defects in FKTN. In Section 2, Rbo5P-3GalNAcs with
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different aglycons were synthesized as primers for enzymatic glycan elongation. In
Section 3, Rbo5P-1Rbo5P-3GalNAc and XylB1-4Rbo5P-1Rbo5P-3GalNAc were
synthesized. Rbo5P-3GalINAc-PhNO; was active for further enzymatic glycan
elongation by FKRP, RXYLT1, B4GAT1 and LARGE. Synthetic glycans are anticipated
for the reconstruction of muscular tissue.

Chapter 6 summarized this thesis.
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General methods. Optical rotations were measured at 22 + 3°C with the HORIBA
automatic polarimeter SEPA-500. 'H and '3C NMR assignments were confirmed by two-
dimensional HH COSY and 'H and *C HSQC techniques using the Bruker AVANCE II
(600 and 150 MHz) and JEOL ECP (500 and 125 MHz) spectrometer with Me4Si as
internal standard in CDCl; as 0 ppm. fert-BuOH was used as internal standard in D>O
(123 and 30.5 ppm at 'H and 3C NMR, respectively). DSS [sodium 3-
(trimethylsilyl)propane-1-sulfonate], tert~-BuOH, and DHO were also used as internal
standards (0, 1.23, and 4.70 ppm, respectively) in D>O. 'D 3'P and 'H-3'P HMBC spectra
were measured using the JEOL NM-ECZ600R/S1 spectrometer (‘H 600 MHz, 3'P 243
MHz). *'P chemical shifts were indirectly referenced to the absolute 'H frequency of DSS
with the frequency ratio 3'P/'H = 0.404808636. As signal assignments, Rbo! and Rbo?
stand for Rbo residues at the reducing and non-redusing sides, respectively. High-
resolution mass spectra were recorded by electrospray ionization on an Extractive-
Orbitrap (Thermo Fisher SCIENTIFIC). Silica gel column chromatographies were
performed in columns of Silica Gel 60 (Merck) and Silica Gel 60N (spherical neutral;
Kanto Kagaku). The gel for size-exclusion chromatography (Sephadex LH-20 and S-X1)
was from GE Healthcare and Bio-Rad, respectively. The molecular sieves 4A was from
GL Science and was activated at 200°C under reduced pressure prior to use. All reactions
in organic solvents were performed in a dry Ar-containing atmosphere. The organic phase
of the reaction mixture was successively washed with aq NaHCOs3 and brine, and then

dried over anhyd MgSO4 by a typical work-up.
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OMe OH SC,Hps
Dodecyl 3,4-0-(2,3-dimethoxybutan-2,3-diyl)-1-thio-a-D-xylopyranoside (2-2a)

Dry MS AW300 powder (6.0 g) was added to a solution of 1,2,3 4-tetra-O-acetyl-B-D-
xylopyranose (20.0 g, 62.8 mmol) and 1-dodecanethiol (17 mL, 99.4 mmol) in 1,2-
dichloroethane (520 mL). This suspension was cooled to -18 °C after stirring at r.t. for 30
min. TMSOTT (5.7 mL, 20.9 mmol) was added to the mixture with stirring for 4 h. The
reaction was quenched with saturated NaHCOs. The mixture was filtered on Celite and
extracted with CHCIs. The organic phase was treated as usual, and the residue was
subjected to a column of Silica Gel 60 (50:1-1:2 n-hexane:EtOAc) to give 2,3,4-tri-O-
acetyl-1-thio-o-D-xylopyranoside  (9.12 g) and 2,3,4-tri-O-acetyl-1-thio-B-D-
xylopyranoside (14.58 g) in 31 and 51% yield as a syrup, respectively. NaOMe (1 M) in
MeOH (6.0 mL) was added to a solution of 2,3,4-tri-O-acetyl-1-thio-a-D-xylopyranoside
(10.48 g, 22.75 mmol) in MeOH (150 mL) with stirring overnight. The reaction mixture
was quenched with 1 M HCI, and the volatiles were removed under diminished pressure.
The residue was subjected to a column of Silica Gel 60N (spherical neutral) (1:1
toluene:EtOAc—10:1 EtOAc:MeOH) to give 1-thio-a-D-xylopyranoside (2-1a, 6.19 g) in
81% yield as a syrup. This compound was used in the next reaction without further
purification. Trimethyl orthoformate (18 mL), 2,3-butanedione (6.5 mL, 74 mmol), and a
catalytic amount of camphorsulfonic acid were added to a solution of 2-1a (6.19 g, 18.5
mmol) in MeOH (94 mL) with stirring at 50 °C overnight. EtsN was added to the solution,
and the volatiles were removed under diminished pressure. The residue was subjected to
a column of Wakogel C-300 (20:1-5:1 toluene:EtOAc) to give 2-2a.(2.97 g) in 27% yield,
"H NMR (600 MHz, CDCl3): § 5.32 (d, 1H, J1,2= 5.5 Hz, H-1), 4.01 (t, 1H, Jy50 = Jgem =
10.8 Hz, H-5a), 3.94 (m, 1H, H-2), 3.72 (ddd, 1H, J34=9.7 Hz, J45. = 5.1 Hz, H-4), 3.65
(brt, 1H, J = 9.9 Hz, H-3), 3.60 (dd, 1H, H-5¢), 3.28, 3.27 (2s, 3Hx2, 20Me), 2.62 (m,
2H, SCH>), 2.23 (d, 1H, J20u = 7.3 Hz, OH-2), 1.63 (m, 2H, SCH>CH>), 1.37 (m, 2H,
SCH>CH,CH>), 1.34, 1.30 (2s, 3Hx2, 2CMe), 1.26 (ms, 16H, 8CH>), 0.88 (brt, 3H, J =
7.1 Hz, CH3). BC{1H} NMR (150 MHz, CDCl5): 4 99.9, 99.6 [each acetal (q)], 88.3 (C-
1), 71.6 (C-3), 69.5 (C-2), 66.2 (C-4), 60.6 (C-5), 48.0, 47.9 [each OMe (acetal)], 31.9,
31.9,29.9, 29.6, 29.6, 29.6, 29.5, 29.3, 29.2, 28.8, 22.7 [each CH: (dodecyl)], 17.8, 17.6
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[each CMe (acetal)], 14.1 [CH3 (dodecyl)]. HR ESI-MS m/z: caled for C23H4406SNa [M
+ Na'], 471.2756; found, 471.2744. These compounds were used in the next reaction

without further purification.

OMe
0
OMSCQHQS
OH
OMe

Dodecyl  3,4-0-(2,3-dimethoxybutan-2,3-diyl)-1-thio-f-D-xylopyranoside  (2-2f).
NaOMe (1 M) in MeOH (2.0 mL) was added to a solution of 2,3,4-tri-O-acetyl-1-thio-3-
D-xylopyranoside (2.91 g, 6.32 mmol) in MeOH (50 mL) with stirring overnight. The
reaction mixture was quenched with 1 M HCI, and the volatiles were removed under
diminished pressure. The residue was subjected to a column of Silica Gel 60N (spherical
neutral) (1:1 toluene:EtOAc—10:1 EtOAc:MeOH) to give 1-thio-B-D-xylopyranoside (2-
1B, 2.10 g) quantitatively as a syrup. This compound was used in the next reaction without
further purification. Trimethyl orthoformate (6 mL), 2,3-butanedione (2.4 mL, 27.5
mmol), and a catalytic amount of camphorsulfonic acid were added to a solution of 2-1
(2.10 g, 6.28 mmol) in MeOH (30 mL) with stirring at 46 °C overnight. EtsN was added
to the solution, and the volatiles were removed under diminished pressure. The residue
was subjected to a column of Wakogel C-300 (20:1-3:1 toluene:EtOAc) to give 2-2f
(2.52 g). '"H NMR (600 MHz, CDCl3): & 4.26 (d, 1H, J; > =9.4 Hz, H-1), 4.15 (brt,1H, J
=4.8 Hz, J=10.5 Hz, H-4), 4.07 (dd, 1H, J25 = 8.9 Hz, J54 = 10.6 Hz, H-3), 4.04 (dd,
1H, Jy4 5= 4.8 Hz, Jgem = 10.9 Hz, H-5e), 3.39 (ddd, 1H, J20n = 1.6 Hz, H-2), 3.36, 3.30
(2s, 3Hx2, 20Me), 3.23 (brt, 1H, J = 10.6 Hz, H-5a), 2.70 (m, 2H, SCH>), 2.46 (d, 1H,
OH-2), 1.63 (m, 2H, SCH.CH»), 1.41, 1.36 (2s, 3Hx2, 2CMe), 1.37 (m, 2H,
SCH2CH>CH3), 1.26 (ms, 16H, 8CH>), 0.88 (brt, 3H, J = 7.1 Hz, CH3). HR ESI-MS m/z:
caled for C23H44NaOgS [M + Na'], 471.2756; found, 471.2738. Compound 2-2 was used

in the next reaction without further purification.

OMe
0o
@%
OMe MBnO SC12H25

Dodecyl 3,4-0-(2,3-dimethoxybutan-2,3-diyl)-2-0-(4-methoxy)benzyl-1-thio-a-D-
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xylopyranoside (2-3a).

A diastereomeric mixture of 2-2a (942 mg, 2.10 mmol) was diluted with DMF (11 mL),
to which NaH (55%; coated with oil, 106 mg, 2.44 mmol) was added with stirring for 2
h. p-methoxybenzyl chloride (0.57 mL, 5.64 mmol) was added to the mixture and stirring
was continued for 4 h. The reaction was quenched with ice and 5 M NH4Cl, and then
extracted with EtOAc. Crude materials were subjected to a column of Silica Gel 60 (50:1—
1:10 n-hexane:EtOAc) to give 2-3a (743 mg) in 62% yield as a syrup. A portion of 2-2a.
(173 mg) was recovered in 18% yield, R/0.71 (5:1 toluene:EtOAc); 'H NMR (600 MHz,
CDCl3): 8 7.32-7.29 (ms, 2H, Ph), 6.89-6.85 (ms, 2H, Ph), 5.20 (d, 1H, J;>= 5.6 Hz, H-
1),4.71,4.63 (ABq, 2H, J=11.8 Hz, ArCH>), 4.03 (brt, 1H, J=10.8 Hz, H-5a), 3.94 (brt,
1H, J=9.9 Hz, H-3), 3.80 (s, 3H, ArOMe), 3.74 (ms, 2H, H-2,4), 3.50 (dd, 1H, J45.= 5.2
Hz, Jeem = 10.6 Hz, H-5¢), 3.29, 3.27 (2s, 3Hx2, 20Me), 2.48 (m, 2H, SCH>), 1.57 (m,
2H, SCH:CH>), 1.36 (m, 2H, SCH.CH>CH>»), 1.33, 1.30 (2s, 3Hx2, 2CMe), 1.26 (ms,
16H, 8CH>), 0.88 (brt, 3H, J= 7.1 Hz, CH3). *C{'H} NMR (150 MHz, CDCl3): § 130.6,
129.2 [each Ph (q)], 113.7 [Ph (t)], 85.1 (C-1), 75.8 (C-2), 72.4 (PhCH>), 70.8 (C-3), 66.7
(C-4), 59.7 (C-5), 55.3 (PhOMe), 47.9, 47.9 [each COMe (acetal)], 31.9, 29.7, 29.6, 29.6,
29.4, 29.3, 22.7 [each CH: (dodecyl)], 30.1 (SCH2), 29.0 (SCCCH>), 17.9, 17.6 [each
CMe (acetal)], 14.1 [CH3 (dodecyl)]. HR ESI-MS: m/z calcd for C31Hs207SNa [M+Na*],
591.3331; found, 591.3317.

OMe
0]
@M/SCQH%
OMe OMBnN

Dodecyl 3,4-0-(2,3-dimethoxybutan-2,3-diyl)-2-0-(4-methoxy)benzyl-1-thio-f-D-
xylopyranoside (2-3f).

A diastereomeric mixture of 2-2f (2.52 g, 4.4 mmol) was diluted with DMF (28 mL), to
which NaH (55%; coated with oil, 0.50 g, 11.5 mmol) was added with stirring for 2 h. p-
methoxybenzyl chloride (1.60 mL, 8.85 mmol) was added to the mixture and stirring was
continued for 3 h. The reaction was quenched with ice and 5 M NH4Cl, and then extracted
with EtOAc. Crude materials were subjected to a column of Silica Gel 60 (50:1-6:1 n-
hexane:EtOAc) to give 2-3p (2.43 g) in 68% yield over 2 steps as a syrup. R/0.47 (5:1 n-
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hexane:EtOAc), 'H NMR (600 MHz, CDCl3): & 7.39-7.27 (ms, 2H, Ph), 6.89-6.85 (ms,
2H,Ph), 4.76, 4.73 (ABq, 2H, J =10.2 Hz, ArCH>), 4.34 (d, 1H, J12=9.3 Hz, H-1), 3.91
(dd, 1H, Jsse= 4.8 Hz, Jeem= 10.7 Hz, H-5e¢), 3.80 (m, 1H, H-4), 3.80 (s, 3H, ArOMe),
3.75 (brt, 1H, J=9.5 Hz, H-3), 3.41 (brt, 1H, J=9.2 Hz, H-2), 3.36 (brt, 1H, J=10.6 Hz,
H-5a), 3.29, 3.28 (2s, 3Hx2, 20Me), 2.66 (m, 2H, SCH>), 1.61 (m, 2H, SCH,CH>), 1.39
(m, 2H, SCH>CH,CH.>), 1.37, 1.30 (2s, 3Hx2, 2CMe), 1.25 (ms, 16H, 8CH>), 0.88 (brt,
3H,J=7.1 Hz, CH3). HR ESI-MS: m/z calcd for C31Hs5»0O7SNa [M+Na'], 591.3331; found,
591.3317.

COOMe
AcO 9]
HO OMP
OAc

Methyl (4-methoxyphenyl 2,4-di-O-acetyl-f-D-glucopyranosid)uronate (2-5).

Methyl (2,3,4-tri-O-acetyl-B-D-glucopyranosid)uronate (2-4, 14.20 g, 32.24 mmol) was
diluted with 1 M NaOH (100 mL) and MeOH (200 mL) with stirring at 0 °C for 2 h. The
reaction mixture was neutralized with 1 M HCI, and volatiles were removed under
diminished pressure. Ac,O (450 mL) and 1> (0.18 g) were added with stirring at room
temperature (r.t.) for 6.5 h. MeOH, ice, and 1 M NaS,03 were added to the reaction
mixture and then extracted with EtOAc. The organic phase was washed with ice-cooled
1 M HCI and brine and then dried over anhyd. MgSOs. The usual work-up gave crude
materials that were subjected to a column of Silica Gel 60 (5:1 toluene:EtOAc) to give
crude materials, which were diluted with MeOH (350 mL) and heated to reflux for 10 d.
Volatiles were removed under diminished pressure and the residue was subjected to a
column of Silica Gel 60 (2:1 toluene:EtOAc) to give 2-5 (4.29 g) in 33% yield over 3
steps. R;0.30 (1:1 toluene:EtOAc), [a]p —29 (c 0.65, 1:1 CHCIl; : CH30OH), '"H NMR (600
MHz, CDCl3): § 6.97-6.95 (ms, 2H, Ph), 6.83-6. 81 (ms, 2H, Ph), 5.22 (brt, 1H, J=9.3
Hz, H-4), 5.11 (dd, 1H, Ji2= 7.3 Hz, J»3=9.2 Hz, H-2), 4.97 (d, 1H, H-1), 4.07 (d, 1H,
Jas=9.4 Hz, H-5), 3.85 (m, 1H, H-3), 3.77, 3.73 (2s, 3Hx2, COOMe, ArOMe), 2.73 (d,
1H, J3,0n= 6.4 Hz, OH-3), 2.16, 2.12 (2s, 3Hx2, 2Ac). *C{'H} NMR (CDCls): 5 170.6,
170.3, 167.4 (each C=0), 155.8, 150.8, 118.8, 114.6 (each Ar), 100.2 (C-1), 73.7 (C-2),
73.0 (C-3), 72.7 (C-5), 71.7 (C-4), 55.7, 52.9 (each OMe), 20.9, 20.7 (each Ac). HR ESI-
MS: m/z calced for Ci1sH22NaOjo [M+Na*], 421.1111; found, 421.1096.
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Methyl (4-methoxyphenyl 2,4-di-O-benzoyl-f-D-glucopyranosid)uronate (2-10).

Methyl (2,3,4-tri-O-acetyl-B-D-glucopyranosid)uronate (2-4, 23.92 g, 54.31 mmol) was
diluted with THF (212 mL) and H>O (31 mL) and then ice-cooled, followed by the
addition of 1.25 M LiOH (296 mL) with stirring for 6 h. HCI (1 M, 296 mL) was added
to the ice-cooled reaction mixture, and volatiles were removed under diminished pressure.
Crude materials were diluted with DMF (550 mL). Benzoic anhydride (172.24 g, 761
mmol) was added to the solution and kept at 79 °C for 3 h. Pyridine (226 mL) and DMAP
(3.40 g, 27.8 mmol) were added to the solution with stirring and kept at r.t. overnight.
After the addition of ice, the reaction mixture was extracted with EtOAc. The organic
phase was washed with ice-cooled 1 M HCI and brine and then dried over anhyd MgSOs.
Insoluble materials were filtered off and volatiles were removed under diminished
pressure. Crude materials were diluted with MeOH (536 mL). The solution was heated to
reflux with NaOAc (7.86 g, 95.8 mmol) for 5 h. Volatiles were removed under diminished
pressure and the residue was diluted with CHCI3. The usual work-up afforded crude
materials that were subjected to a column of Silica Gel 60 (8:1 n-hexane:EtOAc—EtOAc)
to give 2-10 (10.90 g) in 38% yield over 3 steps. Ry 0.38 (5:1 n-hexane:EtOAc), [a]p
+0.14 (¢ 1.42, CHCI3), 'H NMR (600 MHz, CDCl3):  8.08-8.03 (ms, 4H, Ph), 7.61-7.57
(ms, 2H, Ph), 7.45-7.43 (ms, 4H, Ph), 6.99-6.97 (ms, 2H, Ph), 6.81-6. 89 (ms, 2H, Ph),
5.56 (t, 1H, J34=Js45= 8.8 Hz, H-4), 5.44 (dd, 1H, J12= 7.0 Hz, J>3= 8.6 Hz, H-2), 5.24
(d, 1H, H-1),4.35 (d, 1H, H-5),4.21 (t, 1H, H-3), 3.76, 3.66 (2s, 3Hx2, COOMe, ArOMe),
3.02 (br. 1H, OH-3). BC{'H} NMR (150 MHz, CDCl3): 6 167.7, 166.2, 165.9 (each C=0),
155.9, 150.9 [each (q)Ar], 133.6, 133.6, 130.0, 129.9, 129.2, 129.1, 128.5, 118.9, 114.6
(each Ar), 100.3 (C-1), 74.1 (C-2), 72.9 (C-5), 72.8 (C-3), 72.2 (C-4), 55.6, 52.9 (each
OMe). HR ESI-MS: m/z calcd for C2gH26NaO1o [M+Na*], 545.1425; found, 545.1417.
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Methyl a-D-xylopyranosyl-(1-—>3)-fi-(4-methoxyphenyl 2,4-di-O-benzoyl-fi-D-
glucopyranosid)uronate (2-13a).

(Method 1) A solution of 2-10 (706 mg, 1.35 mmol) in CH>Cl> (7 mL) was added
dropwise to a solution of DDQ (474 mg, 2.09 mmol) in CH2Clz (3 mL) in the presence of
MS4A (1.74 g) with stirring at r.t. for 1 h. A solution of 2-3p (963 mg, 1.69 mmol) in
CH>Cl: (8 mL) was then added with stirring at 0 °C. Stirring was continued at r.t. for 2 d.
Additional DDQ (160 mg, 706 umol) was added at 0 °C for 5 h. The reaction mixture was
quenched with 0.1 M ascorbic acid, filtered on Celite, and extracted with CHCls. The
organic phase was washed with 0.1 M ascorbic acid, ag. NaHCO3, and brine. After the
usual treatment, the crude mixture was subjected to columns of gel permeation (1:1
CHCl3:MeOH) and Wakogel® C-300 (toluene—2:1 toluene:EtOAc) to give a mixed acetal
(2-11, 436 mg) in 30% yield. This compound was used in the next reaction without further
purification. A light-shielded suspension of NIS (125 mg, 554 pmol) and AgOTf (62 mg,
0.24 mmol) in CH2Cl; (4 mL) in the presence of MS4A (0.43 g) was stirred at r.t. for 20
min. A solution of 2-11 (232.9 mg) in CH>Cl» (4 mL) was then added with stirring at —
20 °C for 3 h. The reaction mixture was quenched with 1 M Na»S>03, aq NaHCO3, and
brine and treated in the usual manner. The crude mixture was subjected to a column of
gel permeation (1:1 CHCI3;:MeOH) to give a crude mixture of containing 2-12 (157 mg),
which was diluted with 90% TFA (8 mL) with stirring at 0 °C for 2.5 h. Volatiles were
removed under diminished pressure, and the residue was subjected to columns of gel
permeation (1:1 CHCl3:MeOH) and Silica Gel 60N (3:1 toluene:EtOAc to 50:1
EtOAc:MeOH) to give 2-13a (49 mg) in 35% yield over two steps.

(Method 2) The crude mixture of 3-xa and 3-xp (12.38 g, from method A) was diluted
with 90% TFA (8 mL) with stirring at 0 °C for 1.5 h. Volatiles were removed under
diminished pressure, and the residue was diluted with CH2Cl. A solution of the crude
filtered, and the residue was collected to give 2-13a (4.76 g) in 39% yield over 2 steps.
R;0.37 (50:1 EtOAc:MeOH), [a]p +12 (¢ 0.42, 1:1 CHCl3:MeOH), 'H NMR (600 MHz,
CDCI3-CDs;0OD): 6 8.08-8.07 (ms, 2H, Ph), 8.03-8.01 (ms, 2H, Ph), 7.62-7.60 (ms, 2H,
Ph), 7.48-7.44 (ms, 2H, Ph), 6.94 (ms, 2H, Ph), 6.78 (ms, 2H, Ph), 5.67 (brt, 1H, J = 8.6
Hz, GlcA-4), 5.53 (brt, 1H, J= 7.7 Hz, GlcA-2), 5.26 (d, 1H, J12= 7.0 Hz, GIcA-1), 5.03
(d, 1H, Ji2= 3.9 Hz, Xyl-1), 4.42 (t, 1H, J23=J34= 8.4 Hz, GIcA-3), 4.39 (d, 1H, Ja5=
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8.8 Hz, GIcA-5),3.75, 3.61 (2s, 3Hx2, OMe), 3.46 (t, 1H, J>3=J34= 8.9 Hz, Xyl-3), 3.33
(ms, 2H, Xyl-4, 5e), 3.21 (ms, 2H, Xyl-2, 5a). "“C{'H} NMR (150 MHz,
CDCI13+CD30D): 6 172.0, 169.8, 169.6 (each C=0), 159.7, 154.9, 137.5, 133.6, 133.2,
133.0, 132.5, 122.7, 118.4 (each Ar), 105.0 (Xyl-1), 104.3 (GlcA-1), 77.7 (Xyl-3), 76.3
(GlcA-2), 76.0 (GIcA-5), 75.8 (Xyl-2), 75.1 (GlcA-4), 73.4 (Xyl-2), 66.5 (Xyl-5), 59.4,
56.7 (each OMe). HR ESI-MS: m/z calcd for C33H34NaO14 [M+Na'], 677.1846; found,
677.1841.

OmMP

o)
Acg%) &

OAc
Methyl (2,3,4-tri-O-acetyl-a-D-xylopyranosyl) -(1-33)-f-(4-methoxyphenyl 2,4-di-O-
acetyl-f-D-glucopyranosid)uronate (2-9).

A solution of 2-5 (536 mg, 1.35 mmol) in CH>Cl, (10 mL) was added dropwise to a
solution of DDQ (477 mg, 2.10 mmol) in CH2Cl> (5§ mL) in the presence of MS4A (1.5
g) with stirring at r.t. for 1 h. A solution of 2-3a (967 mg, 1.70 mmol) in CH>Cl> (7 mL)
was added with stirring at 0 °C. Stirring was continued at r.t. for 4 h. The reaction was
quenched in the same manner as the synthesis of 2-6. The crude mixture was subjected to
a column of Silica Gel 60 (6:1-1:10 n-hexane:EtOAc) to give mixed acetal (2-6, 1.074 g)
in 83% yield. This compound was used in the next reaction without further purification.
A light-shielded suspension of NIS (526 mg, 2.34 mmol) and AgOTf (195 mg, 760 pmol)
in CH2Cl; (22 mL) in the presence of MS 4A (2.3 g) was stirred at r.t. for 1 h. A solution
of 2-6 (1.074 g) in CH2Cl» (220 mL) was then added with stirring at -20 °C for 2 h. The
reaction was quenched in the same manner as the synthesis of 2-7. The crude mixture was
subjected to a column of Silica Gel 60 (30:1-1:10 n-hexane:EtOAc—30:1 EtOAc:MeOH)
to give a crude mixture containing the desired disaccharide (754 mg). An aliquot of the
mixture (300 mg) was diluted with 90% TFA (15 mL) with stirring at 0 °C ~ r.t. for 2 h.
Volatiles were removed under diminished pressure to give 2-8a. The crude mixture of 2-
8a was acetylated with Ac,O (3 mL) and pyridine (3 mL) for 3 h. Volatiles were removed
under diminished pressure, and the residue was subjected to columns of gel permeation
(1:1 CHCI3:MeOH) and Wakogel C-300 (10:1-2:3 n-hexane:EtOAc) to give 2-9 (86 mg)
in 24% yield. R;0.54 (1:1 toluene:EtOAc), [a]p +7.7 (¢ 0.86, CHCl3), "H NMR (600 MHz,
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CDCl3): & 6.94-6.92 (ms, 2H, Ph), 6.82-6.80 (ms, 2H, Ph), 5.73-5.33 (ms, 2H, Xyl-3,
GlcA-4), 5.28 (dd, 1H, GlcA-2), 5.26 (d, 1H, J12 = 3.8 Hz, Xyl-1), 4.96-4.91 (ms, 2H,
Xyl-4, GlcA-1), 4.72 (dd, 1H, J>3= 10 Hz, Xyl-2), 4.05-4.01 (ms, 2H, GlcA-3, 5), 3.78-
3.74 (ms, 4H, OCH3, Xyl-5a), 3.71-3.64 (ms, 4H, OCH3, Xyl-5b), 2.11, 2.08, 2.05, 2.03,
2.01 (5s, 3Hx5, 50CH3). BC{!H} NMR (150 MHz, CDCl5): § 169.7, 169.0, 168.6, 168.5,
167.9, 166,2 (each C=0), 154.8, 149.9, 117.7, 113.5 (each Ar), 99.4 (GlcA-1), 95.2 (Xyl-
1), 75.6 (GlcA-3), 71.8 (GlcA-5), 70.8 (GlcA-2), 70.0 (Xyl-2), 70.0, 68.0 (GlcA-4, Xyl-
3),67.9 (Xyl-4), 57.7 (Xyl-5), 54.6, 51.9 (each OCH3), 19.9, 19.7, 19.7, 19.6 (each OCH3).
HR ESI-MS: m/z caled for C2oH3¢NaO17 [M+Na*], 679.1850; found, 679.1840.
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Methyl (2,3,4-tri-O-acetyl-a-D-xylopyranosyl)-(1—>3)-f-(2,4-di-O-acetyl--D-
glucopyranosylimidate)uronate (2-14).

CAN (204 mg, 371 pmol) was added to a solution of 2-9 (83 mg, 0.13 mmol) in CH3;CN
(4 mL) and H>O (1 mL) with stirring at 0 °C to r.t. for 1.5 h. The reaction was quenched
with 0.1 M ascorbic acid. The conventional work-up and purification by silica gel column
chromatography with Silica Gel 60 (5:1-2:3 toluene:EtOAc) gave a product containing
hemiacetal (73.6 mg), Ry 0.23 (1:1 toluene:EtOAc), which was diluted with CH>Cl, (2
mL) and CCI3CN (127 pL, 1.25 mmol). DBU (2 drops) was added to the solution at 0 °C
to r.t. with stirring for 1 h. The reaction mixture was subjected to a column of Silica Gel
60 (10:1-1:1 toluene:EtOAc) to give 2-9 (73 mg) in 82% yield (2 steps). This compound
was used in the next reaction without further purification. Ry 0.55 (1:1 toluene:EtOAc),
[a]p +38.4 (¢ 1.52, CHCl3), 'H NMR (600 MHz, CDCls): 6 8.71 (s, 1H, NH), 6.67 (d, 1H,
J12=3.5 Hz, GIcA-1), 5.36-5.33 (m, 2H, Xyl-1, 3), 5.30 (dd, 1H, J34=9.4 Hz, J45=10.1
Hz, GlcA-4), 5.10 (dd, 1H, J23= 10.0 Hz, GlcA-2), 4.95 (m, 1H, Xyl-4), 4.72 (dd, 1H,
Ji2=3.8 Hz, /3= 10.3 Hz, Xyl-2), 4.37-4.34 (ms, 2H, GIcA-3, 5), 3.76 (ms, 2H, Xyl-
5a, €),3.73 (s, 3H, COOMe), 2.09, 2.04, 2.04, 2.02, 2.01 (5s, 3Hx5, 5Ac). 3C {!H} NMR
(150 MHz, CDCl3): 6 170.7, 169.9, 169.7, 169.7, 169.4, 167.2 (each C=0), 160.5 (C=N),
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129.0 (CCl3), 95.8 (Xyl-1), 92.7 (GlcA-1), 72.6 (GlcA-3), 71.0 (Xyl-2), 71.0 (GlcA-4),
70.6 (GlcA-2), 70.6 (GIcA-5), 69.0 (Xyl-3,4), 58.6 (Xyl-5), 53.0 (COOMe). HR ESI-MS
m/z [M+Na'], calcd for C24H30C13NNaOis: 716.0528 found, 716.0512.

AcO Q
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Methyl 2,3,4-tri-0-acetyl-a-D-xylopyranosyl-(1>3)-f-{2-N-
(benzyloxycarbonyl)aminoethyl 2,4-di-O-acetyl-fi-D-glucopyranosidluronate (2-15).
MSAW300 (0.42 g) was added to a solution of 2-14 (46.4 mg, 66.8 pumol) and
HOC;H4NHZ (38.5 mg, 0.197 mmol) in CH>Cl, (3 mL) with stirring at r.t. for 1 h.
TMSOTT (8.0 uL, 44 umol) was added to the mixture at -20 °C with stirring up to r.t. for
2 h. The reaction was quenched with sat. NaHCOs3. The usual work-up and purification
by gel permeation (LH-20, 1:1 CHCI3:MeOH) gave a 2-15 (23.0 mg) in 47% yield. This

compound was used without further purification.
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Methyl  {3,4-0-(2,3-dimethoxybutan-2,3-diyl)-2-O-(4-methoxy)benzyl-o. and p-D-
xylopyranosyl}-(1—>3)-f-(4-methoxyphenyl 2,4-di-O-acetyl-f-D-

glucopyranosid)uronate (2-170 and 2-17p).

(Method 1) A light-shielded suspension of 2-3f (205 mg, 360 umol) and 2-5 (73 mg,
0.18 mmol) in CH2Cl> (6.0 mL) in the presence of MS 4A (0.31 g) was stirred at r.t. for
1.5 h. NIS (125 mg, 0.553 mmol) and AgOTT (40 mg, 0.16 mmol) were then added at -
20 °C for 2 h. The reaction was quenched in the same manner as the synthesis of 2-11.
The crude mixture was subjected to columns of gel permeation (1:1 CHCl3:MeOH), Silica
Gel 60 (6:1-2:1 toluene:EtOAc), and the same gel permeation again to give a 2:1 mixture
of 2-17a and 2-17B, Ry 0.57 (2:1 toluene:EtOAc), (77 mg) in 55% yield.

(Method 2) A light-shielded suspension of 2-3f (185 mg, 325 pmol) and 2-5 (87 mg, 0.22
mmol) in toluene (3.0 mL) and 1,4-dioxane (3.0 mL) in the presence of MS 4A (0.33 g)
was stirred at r.t. for 2 h. NIS (110 mg, 489 umol) and AgOTf (38 mg, 0.15 mmol) were
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added at -20 °C for 2 h. The reaction was quenched in the same manner as the synthesis
of 2-11. The crude mixture was subjected to a column of gel permeation chromatography
(1:1 CHCI3:MeOH) to give a 5:1 mixture of 2-17a and 2-17f (121 mg) in 72% yield.
(Method 3) A light-shielded suspension of 2-3a (398 mg, 699 umol) and 2-5 (184 mg,
461 umol) in toluene (3.0 mL) and 1,4-dioxane (3.0 mL) in the presence of MS 4A (0.64
g) was stirred at r.t. for 1 h. NIS (238 mg, 1.06 mmol) and AgOTf (71 mg, 0.28 mmol)
were added at -20 °C for 1.5 h. The reaction was quenched in the same manner as the
synthesis of 2-11. The crude mixture was subjected to a column of gel permeation (1:1
CHCIl3:MeOH) to give a 5:1 mixture of 2-17a and 2-17p (246 mg) in 70% yield.
(Method 4) A light-shielded suspension of a 1:1 mixture of 2-3a and 2-3f (1.05 g, 1.85
mmol) and 2-5 (491 mg, 1.23 mmol) in toluene (10.0 mL) and 1,4-dioxane (10.0 mL) in
the presence of MS 4A (1.81 g) was stirred at r.t. for 1 h. NIS (588 mg, 2.62 mmol) and
AgOTf (192 mg, 746 umol) were then added at -20 °C for 2 h. The reaction was quenched
in the same manner as the synthesis of 2-11. The crude mixture was subjected to a column
of gel permeation (1:1 CHCI3:MeOH) to give a 5:1 mixture of 2-17a and 2-17p (754 mg)
in 80% yield.

0
Hom COOMe
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Methyl (a-D-xylopyranosyl)-(1—33)-a-(4-methoxyphenyl 2,4-di-0-acetyl-f-D-
glucopyranosid)uronate (2-8a).

[Separation of (2-8a and 2-8f)] Aqueous TFA (90%, 10 mL) was added to a 5:1 mixture
of 2-17a and 2-17f (173 mg, 226 umol) with stirring at 0 °C ~ r.t. for 2.5 h. Volatiles were
removed under diminished pressure. The residue was subjected to a column of gel
permeation (1:1 CHCI3:MeOH) to give a 2:1 mixture of 2-8a and 2-8p (101 mg). This
diastereomeric mixture was washed with CHCI3 to give crude 2-8ap (50 mg). The filtrate
was then diluted with DMF to give 2-8a (51 mg) in 62% (from 2-17a and 2-17) yield.
(2-8a) [a]p +26 (c 0.43, DMF), 'H NMR (600 MHz, CD30D):  6.94-6.92 (ms, 2H, Ph),
6.84-6.82 (ms, 2H, Ph), 5.18-5.11 (ms, 3H, GlcA-1, 2, 4), 4.95 (d, 1H, Ji>= 3.8 Hz, Xyl-
1), 4.27 (d, 1H, Js5= 10.0 Hz, GlcA-5), 4.12 (brt, 1H, J= 9.24 Hz GIcA-3), 3.74, 3.69
(2s, 3Hx2,20Me), 3.51-3.41 (ms, 4H, Xyl-3, 4, 5ab), 3.31 (m, 1H, Xyl-2),2.12,2.07 (2s,
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3Hx2, 2Ac). BC{'H}NMR (150 MHz, CD3;0OD): & 171.7, 171.4, 169.6 (C=0), 157.3,
152.4, 119.8, 115.6 (each Ar), 102.7 (GlcA-1), 101.3 (Xyl-1), 80.2 (GIcA-3), 74.9, 71.3
(Xyl-3, 4), 73.5 (Xyl-2), 73.2 (GIcA-5), 73.2, 72.8 (GIcA-2, 4), 69.5 (GlcA-4, Xyl-4),
63.8 (Xyl-5), 56.1, 53.3 (each OCH3), 21.2, 20.9 (each CH3). HR ESI-MS: m/z calcd for
C23H30NaO14 [M+Na*], 553.1533; found, 553.1524.

OMP

0

OAc
Methyl {3-O-levulynoyl-2,4-di-O-(4-methyl) benzoyl-a-D-xylopyranosyl}-(1—>3)-f-(4-
methoxyphenyl 2,4-di-O-acetyl-f-D-glucopyranosid)uronate (2-18)

Dibutyltin (IV) oxide (4.76 g, 19.1 mmol) was added to a solution of 2-8a (2.04 g, 3.85
mmol) in toluene under azeotropic removal with the Dean-Stark apparatus for overnight,
and the mixture was then ice-cooled and 4-methylbenzoyl chloride (1.52 mL, 11.5 mmol)
was added with stirring at r.t. overnight. The reaction was quenched in the usual manner.
The crude mixture of the product was subjected to a column of gel permeation (1:1
CHCIl3:MeOH). The product was diluted with CHCI3, washed with 1 M HCI and aq.
NaHCO3, and volatiles were removed under diminished pressure from the organic phase.
The residue was diluted with toluene (100 mL) and MeOH (100 mL), followed by the
addition of 2 M TMS diazomethane (5.8 mL, 12 mmol) in Et;O with stirring at 0 °C for
1 h. Volatiles were removed in the same manner, and the residue was subjected to columns
of gel permeation (1:1 CHCI3;:MeOH) and Silica Gel 60N (toluene to MeOH) to give
dimethylbenzoyl compounds (3.92 g). Levulinic anhydride (1 M, 15 ml, 15 mmol) in
(CH2Cl); and a catalytic amount of DMAP were added to a solution of dimethylbenzoyl
compounds (3.92 g, 5.12 mmol) in pyridine (640 pL) with stirring overnight. The
conventional work-up and purification by silica gel column chromatography with Silica
Gel 60 (3:1 n-hexane:EtOAc—1:2 n-hexane:EtOAc) gave 2-18 (745.0 mg) 22% yield over
4 steps. [a]p +28 (¢ 0.61, CHCl3), 'H NMR (CDCl3): § 7.90-7.87 (brt, 4H, J = 7.8 Hz, Ar-
H), 7.27-7.25 (ms, 4H, Ar-H), 6.92-6.91 (m, 2H, Ar-H), 6.79-6.78 (m, 2H, Ar-H), 5.75
(brt, 1H, J = 10.0 Hz, Xyl-3), 5.50 (d, 1H, J1» = 3.8 Hz, Xyl-1), 5.29-5.25 (m, 2H,
GlcA-2,4),5.21-5.17 (m, 1H, Xyl-4),4.97 (dd, 1H, X-2),4.90 (d, 1H, J12=7.3 Hz, GIcA-
1), 4.07 (brt, 1H, J= 9.1 Hz, GlcA-3), 3.97-3.94 (d, 2H, GlcA-5, Xyl-5a), 3.83-3.79 (m,
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1H, Xyl-5b), 3.75 (s, 3H, OMe), 3.63 (s, 3H, OMe), 2.53-2.50 (m, 2H, CH,), 2.43-2.35
(m, 8H, CH,, CHs), 2.07, 1.95, 1.75 (s, 3H, CHs), BC{'H}NMR (CDCL): & 205.59,
171.57, 169.24, 167.25, 166.28, 165.65 (C=0), 155.79, 150.95, 144.56, 144.38, 130.15,
129.98, 129.31, 129.27, 126.23, 126.05, 118.77, 114.53 (Ar), 100.49 (GlcA-1), 97.09
(Xyl-1), 77.53 (GlcA-3), 72.76 (GlcA-5), 72.08, 70.81 (GlcA-2,4), 71.82 (Xyl-2), 69.52
(Xyl-4), 59.18 (Xyl-3), 55.63 (Xyl-5), 52.81, 37.87 (CHs), 29.47 (CH,), 27.97 (CHs),
21.77, 21.73 (CHa,, CHs), 20.95, 20.35 (CHs), HR ESI-MS m/z: caled for CasHagNaO1
[M + Na‘], 887.2738; found, 887.2717.

Q
B
'&%% COOMe

OAc

OMP

Methyl 2,3,4-tri-O-benzyl-a- and -f-D-xylopyranosyl-(1—3)- f-(4-methoxyphenyl 2,4-
di-O-benzoyl-B-D-glucopyranosid)-uronate (2-tBa and 2-tBf).

(Method 1) A light-shielded suspension of NIS (85 mg, 0.38 mmol) and AgOTTf (29 mg,
0.11 mmol) in CH2Cl; (2 mL) in the presence of MS4A (0.20 g) was stirred at r.t. for 1 h.
A solution of a 64:36 mixture of 2-16a and 2-16p (101 mg, 167 umol) and 2-5 (51 mg,
0.13 mmol) in CH2Cl, (5 mL) was then added with stirring at -20 °C for 2.5 h. The
reaction mixture was quenched with 1 M Na»S>03, ag NaHCO3, and brine and treated in
the usual manner. The crude mixture was subjected to a column of gel permeation (1:1
CHCIl3:MeOH) to give a 19:81 mixture of 2-tBa and 2-tBp (83 mg) in 15 and 67% yield,
respectively.

(Method 2) A light-shielded suspension of a 70:30 mixture of 2-16a and 2-16p (100 mg,
0.165 mmol) and 2-5 (49 mg, 0.12 mmol) in CH>Cl, (12.0 mL) in the presence of MS4A
(0.20 g) was stirred at r.t. for 1.5 h. NIS (62 mg, 0.28 mmol) and AgOTf (8 mg, 30 umol)
were then added at 0 °C for 30 min. The reaction mixture was quenched in the same
manner as described in Method 1. The crude mixture was subjected to a column of gel
permeation (1:1 CHCl3:MeOH) to give a 17:83 mixture of 2-tBa and 2-tBf (100 mg), Ry
0.42 (5:1 n-hexane:EtOAc), in 17 and 83% yield, respectively. 'H NMR (600 MHz,
CDCl3): 6 7.35-7.24 (ms, 3Ph), 6.92 (d, 2H, J = 9.1 Hz, MeOPh), 6.79 (d, 2H, J=9.1 Hz,
MeOPh), 5.42 (brt, J=9.5 Hz, GlcA-4a), 5.33 (dd, J1,2= 7.6 Hz, J>3=9.1 Hz, GIcA-2p),
5.30 (brt, J = 9.4 Hz, GlcA-4p), 5.28 (brt, J = 8.3 Hz, GlcA-2a), 4.92 (d, GlcA-1P), 4.89
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(d, J1,2="17.5 Hz, GlcA-1a), 4.85,4.78 (ABq, J = 10.9 Hz, PhCH:a), 4.81, 4.62 (ABq, J =
10.9 Hz, PhCH2p), 4.80 (brt, J = 3.7 Hz, PhCH2p), 4.78 (d, J;1> = 3.4 Hz, Xyl-1a), 4.70,
4.61 (ABq, J = 12.0 Hz, PhCHza), 4.69, 4.58 (ABq, J = 11.6 Hz, PhCH»p), 4.67, 4.59
(ABq,J=12.8 Hz, PhCHza), 4.44 (d, J1,2 = 7.3 Hz, Xyl-1PB), 4.13 (d, J45=9.7 Hz, GIcA-
5B), 4.08 (d, J4+5 = 9.8 Hz, GlcA-5a), 4.03 (d, J23 = J34 = 9.1 Hz, GlcA-3p), 3.84 (ms,
GlcA-3a, Xyl-3a, 5ep), 3.76 (s, PhOMe), 3.73 (ms, Xyl-4a, Sea), 3.73 (s, PhOMe), 3.58
(dd, J=11.7 Hz, 13.6 Hz, Xyl-5aa), 3.56 (ms, Xyl-5ea, 4P), 3.53 (t, J23 =J34= 8.7 Hz,
Xyl-3B), 3.35 (dd, J>3 = 9.7 Hz, Xyl-2a), 3.31 (dd, J>3 = 8.7 Hz, Xyl-2p), 3.20 (dd, J4 54
= 11.8, Jgem = 9.0 Hz, Xyl-5apB), 2.05, 1.83 (2s, 2Aca), 2.01, 1.94 (2s, 2AcP). BC{'H}
NMR (150 MHz, CDCls): 6 169.2 (o + B), 169.1 (o), 169.0 (B), 167.3 (B), 167.3 (o) (each
C=0), 155.8 (o), 155.7 (B), 151.1 (), 151.0 (B), 138.8 (), 138.6 (B), 138.4 (B), 138.4 (),
138.3 (), 138.1 (B) [each Ph (q)], 128.5 (B), 128.4 (), 128.3 (), 128.3 (B), 128.1 (B),
128.1 (o), 128.0 (o), 127.9 (B), 127.8 (B), 127.7 (B), 127.6 (), 127.5 (o), 127.5 (B), 127.5
(B), 118.7 (n), 118.6 (B), 114.6 (B) (each Ph), 104.2 (Xyl-1pB), 100.7, 99.3 (Xyl-1a, GIcA-
la), 100.5 (GIcA-1p), 83.5 (Xyl-3pB), 81.4 (Xyl-2B), 80.7, 79.5, 77.9 (Xyl-3a, 4a, GlcA-
3a), 80.1 (Xyl-2a), 78.1 (Xyl-4pB), 77.5 (GlcA-3p), 75.7 (B), 75.3 (w), 75.1 (o), 73.6 (),
73.2 (a), 73.1 (B) (PhCH>), 73.3 (GlcA-5pB), 73.1 (GlcA-5a), 72.7 (GlcA-2p), 72.2 (GlcA-
2a), 69.9 (GlcA-4a), 69.7 (GlcA-4p), 63.8 (Xyl-5B), 61.1 (Xyl-5a), 55.6, 52.8 (each
OMe), 20.9 (a), 20.8 (B), 20.7 (B), 20.5 (&) (each Ac). HR ESI-MS m/z: calcd for
C44H52NO14 [M + NH4 "], 818.3388; found, 818.3361.

Methyl {3-O-levulynoyl-2,4-di-O-(4-methyl)benzoyl-a-D-xylopyranosyl}-(1->3)--(2,4-
di-O-acetyl-B-D-glucopyranosylimidate)uronate (3-1).

CAN (2.36 g,4.30 mmol) was added to a solution of 2-18 (1.24 g, 1.43 mmol) in CH3CN
(40 mL) and H>O (10 mL) with stirring at 0 °C to r.t. for 3.5 h. The reaction was quenched
with 0.1 M ascorbic acid. The conventional work-up and purification by a column of
Silica Gel 60N (6:1 n-hexane:EtOAc—1:4 n-hexane:EtOAc) gave a product containing
hemiacetal (0.89mg), which was diluted with CH>Cl, (9.0 mL) and CCI3CN (1.44 mL,
14.3 mmol). DBU (1 drop) was added to the solution at 0 °C to r.t. with stirring overnight.

102



The reaction mixture was subjected to a column of Silica Gel 60 (6:1 n-hexane:EtOAc—
1:2 n-hexane:EtOAc) to give 3-1 (703.4 mg) in 55% yield (2 steps). '"H NMR (600 MHz,
CDCl3): 6 8.67 (s, 1H, NH), 7.87-7.86 (m, 4H, Ar-H), 7.27-7.24 (m, 4H, Ar-H), 6.65 (d,
1H, J12=3.7 Hz, GlcA-1), 5.74 (brt, 1H, J=10.0 Hz, Xyl-3), 5.57 (d, 1H, J1> = 3.8 Hz,
Xyl-1), 5.21-5.17 (m, 2H, GlcA-4, Xyl-4), 4.99 (dd, 1H, J>3 = 10.3 Hz, Xyl-2), 4.39 (brt,
1H, J=9.6 Hz, GIcA-3),4.31 (d, 1H, J45 = 10.3 Hz, GlcA-5), 3.99-3.96 (d, 1H, Xyl-5a),
3.93-3.89 (m, 1H, Xyl-5b), 3.65 (s, 3H, O-Me), 2.53-2.50 (m, 2H, CH3), 2.42-2.38 (m,
8H, CHa, CH3), 1.98, 1.95, 1.88 (s, 3H, CHz).

MBzO
% coowe
S SNHZ

Methyl {3-0-levulyn0yl-2,4-di-0-(4-methyl)benzoyl—a-D-xylopyranosyl}-(1 —3)--{2-
N-(benzyloxycarbonyl)aminoethyl 2,4-di-O-acetyl-fi-D-glucopyranosidluronate (3-2)

MS4A (0.1 g) was added to a solution of 3-1 (115.7 mg, 130.1 pmol) and HOC,H4sNHZ
(28.1 mg, 144.4 pmol) in CH>Cl; (4.0 mL) with stirring at r.t. for 1.5 h. TMSOTT (9.5 pL,
52.3 pmol) was added to the mixture at -20 °C with stirring up to r.t. for 3 h. The reaction
was quenched with sat. NaHCO3. The usual work-up and purification by gel permeation
(LH-20, 1:1 CHCl3:MeOH) gave 3-2 (86.7 mg) in 72% yield, [a]p +35 (¢ 0.37, CHCL),
"H NMR (600 MHz, CDCls): § 7.87 (brt, 4H, J= 8.6 Hz, Ar-H), 7.33 (m, 4H, Ar-H), 7.26-
7.24 (m, 5H, Ar-H), 5.71 (brt, 1H, J = 9.9 Hz, Xyl-3), 5.46 (d, 1H, Ji2 = 3.7 Hz, Xyl-1),
5,24 (m, 1H, NH), 5.20-5.07 (m, 4H, GlcA-4, Xly-4, CH), 5.02 (dd, 1H, J>3 = 9.1 Hz,
GlcA-2), 4.95 (dd, 1H, J>3 = 10.3 Hz, Xyl-2), 4.42 (d, 1H, Ji» = 7.3 Hz, GlcA-1), 3.99
(brt, 1H, J = 9.2 Hz, GlcA-3), 3.94-3.91 (m, 1H, Xyl-5a), 3.86-3.83 (m, 2H, GIcA-5,
1/2CHy), 3.75 (brt, 1H, J=10.9 Hz, Xyl-5b), 3.43-3.32 (m, 2H, CH>), 2.52-2.49 (m, 2H,
CH), 2.42, 2.41 (s, 3H, CHz3), 2.39-2.36 (m, 2H, CH>), 1.98, 1.95 1.73 (s, 3H, CHz),
BC{'H} NMR (150 MHz, CDCl3): § 205.55, 171.58, 169.33, 169.26, 167.37, 166.25,
165.62 (C=0), 156.40, 144.57, 144.38, 136.54, 130.12, 130.07, 129.96, 129.31, 129.27,
128.47, 128.08, 128.06, 126.22, 126.03 (Ar), 101.05 (GlcA-1), 96.97 (Xyl-1), 77.50
(GlcA-3), 72.54 (GIcA-5), 72.25 (GlcA-2), 71.79 (Xyl-2), 70.82 (GlcA-4), 69.49 (Xyl-4,
CH>), 69.00 (Xyl-3), 66.67 (CH»), 59.11 (Xyl-5), 52.78 (OCH3), 37.86 (CH»), 29.45
(CH3), 27.96 (CH»), 21.76, 21.72, 20.86, 20.33 (CH3), HR ESI-MS m/z: calcd for
C47Hs53NNaOj9 [M + Na*], 958.3109; found, 958.3086.
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MBzO
ﬁﬁ COOMe
SSNHZ

Methyl {2,4-di-O-(4-methyl) benzoyl-a-D-xylopyranosyl}-(1—->3)-f-{2-N-
(benzyloxycarbonyl)aminoethyl 2,4-di-O-acetyl-fi-D-glucopyranosidluronate (3-3)
Compound 3-2 (189.7 mg, 219.5 pmol) was diluted with toluene (3.0 mL) and EtOH (6.0
mL). HoNNH2°AcOH (54.9 mg, 0.560 mmol) was then added with stirring for 5 h. Then,
additional H-NNH2°AcOH (54.9 mg, 0.560 mmol) was added with stirring overnight. The
reaction mixture was directly added to gel permeation (LH-20, 1:1 CHCl3:MeOH) to give
a crude material which was purified by a column of Silica Gel 60N (30:1-5:1 n-
hexane:EtOAc) to give 3-3 (104.9 mg) in 57% yield, [a]p —5.5 (¢ 0.35, CHCl3), '"H NMR
(600 MHz, CDCl3): 6 7.92-7.90 (m, 4H, Ar-H), 7.33-7.24 (m, 9H, Ar-H), 5.46 (d, 1H, Ji»
= 3.7 Hz, Xyl-1), 5,23 (brt, 1H, NH), 5.14-5,07 (m, 4H, GlcA-4, Xly-4, CH), 5.03 (dd,
1H, J>5 = 9.1 Hz, GlcA-2), 4.87 (dd, 1H, J>5 = 10.0 Hz, Xyl-2), 4.41 (d, 1H, Ji»=7.6
Hz, GlcA-1), 4.33-4.30 (m, 1H, Xyl-3), 4.02 (brt, 1H, J=9.2 Hz, GIcA-3), 3.90-3.83 (m,
3H, GlcA-5, Xyl-5a, 1/2CH>), 3.72-3.65 (m, 2H, Xyl-5b, 1/2CH>), 3.60 (s, 3H, O-Me),
3.43-3.32 (m, 2H, CH>), 2.47 (d, 1H, J5.0n = 3.3 Hz, Xyl-3-OH), 2.42, 2.41, 1.99, 1.75
(3s, 3Hx4, 4CH3). *C{'H} NMR (150 MHz, CDCl3): 8 169.45, 169.35, 167.32, 166.59,
166.13 (C=0), 144.44, 144.40, 136.51, 129.97, 129.83, 129.25, 128.49, 128.10, 126.45,
126.37 (Ar), 101.03 (GlcA-1), 96.68 (Xyl-1), 76.70 (GlcA-3), 73.94 (Xyl-2), 72.41,72.02,
71.84, 71.16 (GlcA-2,4, CH»), 69.50(CH>), 68.98 (Xyl-3), 66.71 (Xyl-4), 59.05 (Xyl-5),
52.80 (CHs), 40.90 (CH»), 21.76, 21.72, 20.93, 20.43 (CH3), HR ESI-MS m/z: calcd for
C42H47NNaO;7 [M + Na*], 860.8178; found, 860.2738.

MBzO
LevO COOMe

Mzm

Methyl {3-O-levulynoyl-2,4-di-O-(4-methyl)benzoyl-a-D-xylopyranosyl}-(1—>3)-f-(4-
methoxyphenyl 2,4-di-O-benzoyl-B-D-glucopyranosid)uronate (3-5).

Dibutyltin (IV) oxide (328 mg, 1.32 mmol) was added to a solution of 2-13a (239 mg,
365 pumol) in toluene under azeotropic removal with the Dean-Stark apparatus for 2.5 h,
and the mixture was then ice-cooled and 4-methylbenzoyl chloride (122 pL, 923 umol)
was added with stirring at r.t. overnight. The reaction was quenched in the usual manner.

The crude mixture of the product was subjected to a column of gel permeation (1:1
CHCI3:MeOH). The product was diluted with CHCls, washed with 1 M HCI and aq.
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NaHCOs, and volatiles were removed under diminished pressure from the organic phase.
The residue was diluted with toluene (12.5 mL) and MeOH (2.5 mL), followed by the
addition of 2 M TMS diazomethane (660 pL, 11.6 umol) in Et;O with stirring at 0 °C for
1 h. Volatiles were removed in the same manner, and the residue was subjected to columns
of gel permeation (1:1 CHCI3;:MeOH) and Silica Gel 60N (toluene-MeOH) to give
dimethylbenzoyl compounds (203 mg) in 62% yield. Ry 0.40 (5:1 toluene:EtOAc),
Levulinic anhydride (1 M, 325 ul, 325 mmol) in (CH2Cl), and a catalytic amount of
DMAP were added to a solution of dimethylbenzoyl compounds (111 mg, 125 pmol) in
pyridine (640 pL) with stirring for 2 h. The conventional work-up and purification by
silica gel column chromatography with Silica Gel 60 (50:1 n-hexane:EtOAc—EtOAc)
gave 3-5 (124.8 mg) quantitatively. Ry 0.45 (5:1 toluene:EtOAcx2), [a]p +11.9 (c 1.44,
CHCIl3), 'H NMR (600 MHz, CDCI3): 6 7.99 (ms, 2H, Ph), 7.73 (d, 2H, J = 8.1 Hz, Ph),
7.64 (ms, 2H, Ph), 7.58 (d, 2H, J= 8.2 Hz, Ph), 7.50 (m, 1H, Ph), 7.41 (m, 1H, Ph), 7.29-
7.21 (ms, 6H, Ph), 7.10 (d, 2H, J = 8.0 Hz, Ph), 6.92 (ms, 2H, Ph), 6.74 (ms, 2H, Ph),
5.68 (brt, 1H, J=9.9 Hz, Xyl-3), 5.65 (brt, 1H, J = 8.9 Hz, GlcA-4), 5.64 (dd, 1H, Ji2=
7.1 Hz, J»3= 8.4 Hz, GlcA-2), 5.46 (d, 1H, J1,= 3.8 Hz, Xyl-1), 5.19 (d, 1H, GIcA-1),
4.99 (m, 1H, Xyl-4),4.97 (dd, 1H, J>3=10.1 Hz, Xyl-2), 4.48 (brt, 1H, J= 8.7 Hz, GIcA-
3),4.21 (d, 1H, Js5= 9.2 Hz, GIcA-5), 3.72 (s, 3H, PhOMe), 3.69 (brt, 1H, J = 10.9 Hz,
Xyl-5a),3.58 (dd, 1H, Js5¢= 5.9 Hz, Jsa5¢= 11.2 Hz, Xyl-5¢), 3.51 (s, 3H, COOMe), 2.42,
2.39 (2s, 3Hx2, 2PhMe), 2.40-2.20 (ms, 4H, 2CH>), 1.88 (s, 3H, COCH3). *C{'H} NMR
(150 MHz, CDCls): 6 205.5, 171.4, 167.2, 165.5, 165.4, 165.0, 164.6 (each C=0), 155.8,
151.0, 144.1, 143.9, 133.4, 133.3, 130.0, 130.0, 129.6, 129.6, 129.3, 129.1, 128.9, 128.5,
128.4, 128.3, 126.2, 125.7, 119.1, 114.5 (each Ar), 100.7 (GlcA-1), 97.6 (Xyl-1), 77.4
(GlcA-3), 72.8 (GIcA-5), 72.3 (GlcA-2), 71.6 (GlcA-4), 70.6 (Xyl-2), 69.5 (Xyl-4), 69.2
(Xyl-3), 59.3 (Xyl-5), 55.6 (PhOMe), 52.7 (COOMe), 37.9 [CHz (Lev)], 29.4 [CH3 (Lev)],
27.9 [CH2 (Lev)], 21.7 (2PhMe). HR ESI-MS: m/z calcd for CssHs:NaO1g [M+Na'],
1011.3051; found, 1011.3004.

Methyl {3-O-levulynoyl-2,4-di-O-(4-methyl) benzoyl-a-D-xylopyranosyl}-(1—>3)--(2,4-
di-0-benzoyl-B-D-glucopyranosylimidate)uronate (3-6).
CAN (362 mg, 661 pmol) was added to a solution of 3-5 (125 mg, 126 umol) in CH3;CN
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(5.8 mL) and H>O (1.4 mL) with stirring at 0 °C to r.t. for 4.5 h. The reaction was
quenched with 0.1 M ascorbic acid. The conventional work-up and purification by a
column of Silica Gel 60N (50:1 n-hexane:EtOAc—EtOAc) gave a product containing
hemiacetal (111 mg), Ry0.14 (5:1 toluene:EtOAcx2), which was diluted with CH>Cl, (1
mL) and CCI3CN (125 pL, 1.25 mmol). DBU (1 drop) was added to the solution at 0 °C
to r.t. with stirring for 1 h. The reaction mixture was subjected to a column of Silica Gel
60 (50:1 toluene:EtOAc—EtOAc) to give 3-6 (110 mg) in 80% yield (2 steps). Ry0.39 (5:1
toluene:EtOAcx2), [a]p +28.5 (¢ 1.40, CHCl3), '"H NMR (600 MHz, CDCIl3): 8 8.61 (s,
1H, NH), 7.97 (ms, 2H, Ph), 7.63 (ms, 2H, Ph), 7.60 (ms, 2H, Ph), 7.52 (ms, 3H, Ph),
7.31 (ms, 3H, Ph), 7.22 (ms, 2H, Ph), 7.15 (d, 1H, J = 8.0 Hz, Ph), 7.10 (d, 1H, J = 8.0
Hz, Ph), 6.84 (d, 1H, J12= 3.7 Hz, GlcA-1), 5.60 (brt, 1H, J=10.0 Hz, Xyl-3), 5.57 (ms,
2H, GlcA-2, 4), 5.50 (d, 1H, J12= 3.9 Hz, Xyl-1), 5.00 (dd, 1H, J>3= 10.4 Hz, Xyl-2),
4.97 (m, 1H, Xyl-4),4.72 (t, 1H, J23=J34= 9.5 Hz, GlcA-3), 4.52 (d, 1H, Js5=10.2 Hz,
GIcA-5), 3.70 (brt, 1H, J= 11.0 Hz, Xyl-5a), 3,63 (dd, 1H, J45.= 6.1 Hz, Jsa5.= 11.2 Hz,
Xyl-5e), 3.53 (s, 3H, COOMe), 2.40 (s, 6H, 2PhMe), 2.35-2.16 (ms, 4H, 2CH>), 1.85 (s,
3H, Lev). *C{'H} NMR (150 MHz, CDCl3): § 205.5, 171.5, 167.2, 165.3, 165.2, 164.6,
160.1 (each C=0), 144.1, 144.0, 133.6, 133.4, 130.0, 129.9, 129.7, 129.6, 129.0, 128.9,
128.6, 128.3, 128.3, 126.2, 126.1, 125,6 (each Ar), 97.6 (Xyl-1), 92.8 (GlcA-1), 74.6
(GlcA-3),71.6 (GlcA-4 or 2), 70.6 (GIcA-5), 70.6 (GlcA-2 or 4), 70.5 (Xyl-2), 69.4 (Xyl-
4), 69.2 (Xyl-3), 59.3 (Xyl-5), 52.9 (COOMe), 37.8, 27.9 (each CH>), 29.3 (CH3CO),
21.7,21.7 (2PhMe). HR ESI-MS: m/z calcd for C40H4sCIsNNaO7 [M+Na*], 1048.1729;
found, 1048.1681.

Omo COOMe
o) BzO Q
omﬁ%omo'\ﬂp

OMe OBz
Methyl  {3,4-0-(2,3-dimethoxybutan-2,3-diyl)-2-O-(4-methoxy)benzyl-o. and p-D-
xylopyranosyl}-(1—>3)-f-(4-methoxyphenyl 2,4-di-O-benzoyl-fi-D-

glucopyranosid)uronate (3-xa and 3-xp).

(Method A) A light-shielded suspension of 2-3af (16.97 g, 29.83 mmol) and 2-10 (9.64
g, 18.4 mmol) in toluene (160 mL) and 1,4-dioxane (160 mL) in the presence of MS 4A
(10 g) was stirred at r.t. for 2 h. NIS (10.09 g, 39.28 mmol) and AgOTTf (3.09 g, 13.7
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mmol) were added at -20 °C for 3 h. The reaction was quenched in the same manner as
the synthesis of 2-11. The crude mixture was subjected to a column of Silica Gel 60 (10:1—
6:1 toluene:EtOAc), gel permeation chromatography (1:1 CHCl3:MeOH) to give a 2:1
mixture of 3-xAa and 3-xp (12.38 g). This compound was used without further
purification.

(Method B) A light-shielded suspension of 2-3af (597.3 mg, 1.050 mmol) and 2-10
(272.6 mg, 522 umol) in CH>Cl (15 mL) in the presence of MS 4A (1 g) was stirred at
r.t. for 1.5 h. NIS (355.4 mg, 1.580 mmol) and AgOTTf (103.6 mg, 0.403 mmol) were
added at -20 °C for 1.5 h. The reaction was quenched as above. The crude mixture was
subjected to a column of gel permeation chromatography (1:1 CHCI3:MeOH), Silica Gel
60 (5:1-1:1 toluene:EtOAc) to give a 1:2 mixture of 3-xa and 3-xf (209.2 mg). This

compound was used without further purification.

Methyl {3-O-levulynoyl-2,4-di-O-(4-methyl) benzoyl-a-D-xylopyranosyl}-(1—>3)-f-{2-
N-(benzyloxycarbonyl)aminoethyl 2,4-di-O-benzoyl-f-D-glucopyranosid}uronate (3-7)

MS4A (0.1 g) was added to a solution of 3-6 (85.5 mg, 83.2 umol) and HOC,H4sNHZ
(24.9 mg, 127 pmol) in CH2Cls (5.0 mL) with stirring at r.t. for 1 h. TMSOTf (5.0 uL, 32
umol) was added to the mixture at -20 °C with stirring up to r.t. for 2 h. The reaction was
quenched with sat. NaHCO;. The usual work-up and purification by gel permeation (LH-
20, 1:1 CHCI3:MeOH) gave a 3-7 (83.5 mg) in 95% yield, [a]p +2.67 (¢ 1.53, CHCl3) 'H
NMR (600 MHz, CDCl3): 6 7.97-7.96 (m, 2H, Ar-H), 7.71-7.61 (m, 4H, Ar-H), 7.54-7.48
(m, 3H, Ar-H), 7.37-7.26 (m, 8H, Ar-H), 7.20-7.07 (m, 6H, Ar-H), 5.63 (brt, 1H, Xyl-3),
5.54 (brt, 1H, GlcA-4), 5.43-5.39 (m, 2H, GlcA-2, Xyl-1), 5.25-5.22 (m, 1H, NH), 5.02-
4.89 (m, 4H, Xyl-2,4, OCH>), 4.70 (d, 1H, J12 = 7.3 Hz, GlcA-1), 4.40 (brt, 1H, GlcA-3),
4.09 (d, 1H, J15=9.5 Hz, GlcA-5), 3.94-3.91 (m, 1H, CH>), 3.69-3.65 (m, 1H, CH>), 3.62
(brt, 1H, Xyl-5a), 3.55-3.52 (m, 1H, Xyl-5b), 3.50 (s, 3H, OMe), 3.40-3.30 (m, 2H, CH>),
2.41 (s, 3H, CHz3), 2.39 (s, 3H, CH3), 2.37-2.34 (m, 2H, CH>), 2.28-2.17 (m, 2H, CH>),
1.86 (s, 3H, CH3), 3C{'H} NMR (150 MHz, CDCl5): 4 205.50, 171.40, 167.40, 165.44,
165.38, 164.63, 156.40 (C=0), 144.10, 143.94, 136.64, 133.41, 133.23, 129.95, 129.92,
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129.61, 129.53, 129.16, 129.06, 128.93, 128.51, 128.41, 128.26, 127.94, 126.20, 125.61
(Ar), 101.25 (GlcA-1), 97.59 (Xyl-1), 77.70 (GIcA-3), 72.64 (GlcA-2), 72.60 (GIcA-5),
71.72 (GlcA-4), 70.62, 69.53 (Xyl-2,4), 69.38 (CH2), 69.19 (Xyl-3), 66.48 (OCH>), 59.23
(Xyl-5), 52.73 (OCH3), 40.90 (CH>), 37.82 (CHz2), 29.35 (CH3), 27.91 (CH2), 21.72 (CH3),
21.69 (CH3), HR ESI-MS m/z: calcd for Cs7Hs7NNaOi9 [M + Na*], 1082.342; found,
1082.3387.

MB20 Q
HO COOMe

OBz

Oz
Methyl {2,4-di-O-(4-methyl)benzoyl-a-D-xylopyranosyl}-(1—->3)--{2-N-
(benzyloxycarbonyl)aminoethyl 2,4-di-O- benzoly-f-D-glucopyranosidluronate (3-8)
Compound 3-7 (433.7 mg, 409.1 umol) was diluted with toluene (2.0 mL) and EtOH
(4.0 mL). H2NNH2*AcOH (165.3 mg, 1.68 mmol) was then added with stirring for 1 h.
Then, additional HoONNH2*AcOH (164.4 mg, 1.68 mmol) was added with stirring
overnight. The reaction mixture was directly added to gel permeation (LH-20, 1:1
CHCl3:MeOH) to give 3-8 (318.4 mg) in 80% yield. [a]p +2.96 (¢ 0.56, CHCl3), 'H NMR
(600 MHz, CDCIl3): 6 8.00 (d, 2H, J = 7.5 Hz, Ar-H), 7.67-7.63 (m, 6H, Ar-H), 7.53-7.50
(m, 2H, Ar-H), 7.38-7.26 (m, 8H, Ar-H), 7.22-7.18 (m, 4H, Ar-H), 7.10 (d, 2H, J = 8.0
Hz, Ar-H), 5.53 (brt, 1H, J = 9.4 Hz, GlcA-4), 5.44-5.42 (m, 2H, GIcA-2, Xyl-1), 5.19
(m, 1H, NH), 5.03-4.87 (m, 3H, Xyl-4, OCH>), 4.83 (dd, 1H, J12=3.8 Hz, J>3=10.0 Hz,
Xyl-2), 4.68 (d, 1H, Ji 2 = 7.4 Hz, GlcA-1), 4.40 (brt, 1H, J=9.1 Hz, GlcA-3), 4.22 (brt,
1H, J= 9.5 Hz, Xyl-3), 4.09 (d, 1H, Js5 = 9.7 Hz, GIcA-5), 3.93-3.90 (m, 1H, 1/2CH>),
3.70-3.67 (m, 1H, 1/2CH>), 3.60-3.51 (m, 2H , Xyl-5a,5b), 3.49 (s, 3H, OMe), 3.40-3.32
(m, 2H, CH>), 2.42 (s, 3H, CHz3), 2.40 (s, 3H, CH3), 2.28 (s, 1H, Xyl-3-OH), B3C{'H}
NMR (150 MHz, CDCI3): 6 167.35, 165.93, 165.91, 165.24, 164.78 (C=0), 156.39,
144.06, 143.87, 136.61, 133.49, 133.35, 129.88, 129.82, 129.65, 129.56, 129.10, 129.00,
128.90, 128.52, 128.48, 128.44, 128.33, 127.98, 126.42, 126.05 (Ar), 101.29 (GIcA-1),
97.19 (Xyl-1), 77.22-76.81 (GIcA-3), 72.93 (Xyl-2), 72.53 (GIcA-5), 72.42 (GIcA-2),
72.01 (GlcA-4), 71.77 (Xyl-4), 69.58 (CHz), 69.14 (Xyl-3), 66.54 (OCH2), 59.26 (Xyl-
5), 52.75 (OCHs), 40.93 (CH»), 21.73 (CH3), 21.72 (CH3), HR ESI-MS m/z: calcd for
Cs2Hs5:1NNaOj7 [M + Na*], 984.3055; found, 984.3027.
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Methyl {3-0O-levulinoyl-2,4-di-O-(4-methyl) benzoyl-a-D-xylopyranosyl}-(1—3)-
(methyl 2,4-di-0-benzoyl-B-D-glucopyranosyluronate)-(1—3)-{2,4-di-O-(4-

methyl)benzoyl-a-D-xylopyranosyl}-(1— 3)-{2-N-(benzyloxycarbonyl)aminoethyl 2,4-
di-0-benzoyl-B-D-glucopyranosidjuronate (3-9) and Methyl {3-O-levulinoyl-2,4-di-O-
(4-methyl) benzoyl-a-D-xylopyranosyl}-(1—3)-{2,4-di-O-benzoyl-D-arabino-hex-1-
enopyranosyl}uronate (3-10)

(Method 1) MS4A (0.85 g) was added to a solution of 3-6 (405.3 mg, 394.5 umol) and
3-8 (318.4 mg, 331.0 umol) in CH>Cl> (10 mL) with stirring at r.t. for 2 h. TMSOTT (36
pL, 0.20 mmol) was added to the mixture at -20 °C with stirring up to r.t. for 2 h. The
reaction was quenched with sat. NaHCOs. The usual work-up and purification by gel
permeation (LH-20, 1:1 CHCI3;:MeOH) gave 3-9 (83.5 mg) in 43% yield (vs. 3-8)
accompanied by crude mixture. The crude mixture was subjected to a column of Silica
Gel 60 (4:1-1:2 n-hexane:EtOAc) again to give 3-10 (86.9 mg) in 25% yield (vs. 3-6).
(Method 2) A mixture of 3-6 (96.0 mg, 93.5 umol) and 3-8 (50.6 mg, 52.6 mmol) was
diluted with CH>Cl, (2.0 mL). TMSOTT (8.5 pL, 44.0 umol) was added to the solution
with stirring at -20 °C. The reaction was quenched with sat. NaHCOs after 2.5 h. The
usual work-up and purification by gel permeation (LH-20, 1:1 CHCl3:MeOH) gave 3-9
(66.3 mg) in 69% yield.

(3-9) [a]p —0.4 (¢ 0.70, CHCI3), 'H NMR (600 MHz, CDCl3): & 7.87-7.85 (m, 4H, Ar-H),
7.54-7.49 (m, 7H, Ar-H), 7.40 (d, 2H, J = 7.5 Hz, Ar-H), 7.32-7.27 (m, 7H, Ar-H), 7.26-
7.22 (m, 3H, Ar-H), 7.18 (brt, 1H, J=7.4 Hz, Ar-H), 7.14 (d, 4H, J= 8.0 Hz, Ar-H), 7.08-
7.05 (m, 4H, Ar-H), 6.90 (brt, 2H, J = 7.7 Hz, Ar-H), 5.46-5.38 (m, 3H, GlcA'-4, GlcA2-
4, Xyl2-3), 5.33-5.29 (m, 2H, GlcA!-2, Xyl'-1), 5.27 (d, 1H, Ji» = 4.0 Hz, Xyl*-1), 5.22
(brt, 1H, J = 8.5 Hz, GlcA2-2), 5.17-5.15 (m, 1H, NH), 4.99-4.87 (m, 3H, GlcA%-1, CH>),
4.81-4.74 (m, 3H, Xyl'-4, Xyl>-2,4), 4.68 (dd, 1H, Ji2 = 3.7 Hz, J>3 = 9.5 Hz, Xyl'-2),
4.60 (d, 1H, Ji» = 7.3 Hz, GIcA!-1), 4.37 (brt, 1H, J=9.1 Hz Xyl'-3), 4.23 (brt, 1H, J =
8.8 Hz, GlcA!-3), 4.16-4.08 (m, 2H, GlcAZ2-3,5), 3.98 (d, 1H, Jis5 = 9.7 Hz, GIcA'-5),
3.88-3.85 (m, 1H, 1/2CH>), 3.65-3.59 (m, 2H, CH,, Xyl!-5a), 3.52 (s, 3H, OCH3), 3.43
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(s, 4H, Xyl!'-5b, OCH3), 3.36-3.25 (m, 3H, Xyl*-5a, CH>), 3.22-3.20 (m, 1H, Xyl?-5b),
2.48 (s, 3H, CH3), 2.44 (s, 3H, CH3), 2.38 (s, 3H, CH3), 2.36 (s, 3H, CH3), 2.34-2.29 (m,
2H, CHy), 2.22-2.11 (m, 2H, CH>), 1.83 (s, 3H, CH3), *C{!H} NMR (150 MHz, CDCl5):
8205.51,171.18,167.36, 166.88, 165.71, 165.44, 165.30, 165.26, 164.80, 164.59, 164.48
(C=0), 144.03, 144.00, 143.87, 143.59, 136.58, 133.35, 133.32, 133.21, 132.76, 130.35,
129.94,129.88, 129.77, 129.56, 129.51, 129.37, 129.04, 129.02, 128.97, 128.94, 128.90,
128.68, 128.56, 128.41, 128.27, 128.26, 127.99, 127.94, 126.62, 126.14, 125.91, 125.63
(Ar), 101.21 (GIcA!-1), 100.64 (GIcA%-1), 97.17 (Xyl?-1), 96.73 (Xyl'-1), 77.97 (GlcA!-
3), 76.39 (GlcA2-3), 73.44 (Xyl!-3), 72.82 (Xyl'-2), 72.62, 72.47, 72.42 (GlcA!-2,5,
GlcA2-5),72.10 (GIcA%-2), 71.83 (GlcA!-4, GlcA2-4), 70.60 (Xyl*-2), 69.54 (CH>), 69.29
(Xyl'-4, Xyl>-4), 69.01 (Xyl*-3), 66.49 (CH), 59.63 (Xyl!-5), 59.00 (Xyl*-5), 52.66,
52.51 (OCHs), 40.87, 37.80 (CH2), 29.32 (CH3), 27.84 (CH>), 21.86, 21.76, 21.71, 21.68,
21.05 (CH3), HR ESI-MS m/z: calcd for CooHosNNaOs3 [M + Na'], 1848.5684; found,
1848.5685.

(3-10) [a]p -65.6 (¢ 1.69, CHCI3), 'TH NMR (600 MHz, CDCls): & 8.08-8.03 (m, 4H, Ar),
7.97 (d, 2H, J= 8.2 Hz, Ar), 7.88 (d, 2H, J= 8.22 Hz, Ar), 7.59-7.56 (m, 1H, Ar), 7.52-
7.49 (m, 1H, Ar), 7.45 (brt, 2H, J= 7.9 Hz,Ar), 7.34 (m, 2H, Ar), 7.30-7.26 (m, 4H, Ar),
7.02 (s, 1H, GlcA-1), 5.71-5.68 (m, 2H, Xyl-3, GlcA-4), 5.45 (d, 1H, J; = 3.7 Hz, Xyl-
1), 5.16-5.12 (m, 1H, Xyl-4), 5.04-5.01 (m, 2H, Xyl-2, GlcA-3), 4.50 (dd, 1H, J=1.3,2.2
Hz, GIcA-5), 3.94 (s, 3H, OCH3), 3.86 (brt, J =11.0 Hz, Xyl-5a), 3.74 (dd, 1H, J= 6.0
Hz, J=11.0 Hz, Xyl-5b), 2.55-2.52 (m, 2H, CH2»), 2.43-2.40 (m, 8H, CH>, CH3x2), 1.97
(s, 3H, CH3), BC{'H} NMR (150 MHz, CDCl;3):  205.6, 171.8, 166.82, 166.1, 165.5,
165.1 (C=0), 144.3, 144.2 (Ar), 139.0 (GlcA-1), 133.6, 130.1, 130.0, 129.9, 129.9, 129.5,
129.2, 129.2, 129.0, 129.0, 128.7, 128.5, 128.4, 128.4, 126.5, 126.4 (Ar), 97.3 (Xyl-1),
72.5 (GIcA-5), 71.4 (Xyl-2), 70.3 (GIcA-3), 69.6, 69.6 (Xyl-4, Xyl-3 or GlcA-4), 69.5
(Xyl-3 or GlcA-4), 59.0 (Xyl-5), 53.2 (OCH3), 37.9 (CH2), 29.4 (CH3), 28.1, 21.8 (CH>),
HR ESI-MS: m/z calcd for C47H44NaOj6 [M+Na*], 887.2527; found, 887.2490.

% cooH
" NHz

a-D-Xylopyranosyl-(1—3)-fi-D-glucopyranosyluronic acid—(1—3)-2-N-
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(benzyloxycarbonyl)aminoethyl-f-D-glucopyranosyluronic Acid (102).

Compound 2-15 (17.0 mg, 23.4 umol) was diluted with THF (4 mL) and H>O (0.2 mL).
1.25 M LiOH (0.1 mL) was added to a solution was stirred for 2 h. Volatiles were removed
under diminished pressure, and the residue was directly subjected to a column of gel
permeation (LH-20, 1:1:1 CHCI3:MeOH:H20) gave a compound of carboxylic acid,
which was diluted with MeOH (2 mL). 0.5 M NaOH (0.1 mL) was added to a solution
was stirred overnight. The usual work-up and purification by gel permeation (LH-20, 1%
AcOH) gave 102 (8.7 mg) in 74% yield. This compound was used in the next reaction

without further purification.

O COOH
OH
%o\/\ )KA
a-D-Xylopyranosyl-(1—3)-2-N-(4-oxa-hept-6-yn)amidoethyl f-D-

glucopyranosyluronic Acid (3-11).

Compound 102 (8.7 mg, 17.3 mmol) was diluted with H>O (2 mL), and stirred in the
presence of Pd on carbon and AcOH (1 drop) under a H, atmosphere for 2 d. Insoluble
materials were removed on Celite. Volatiles were removed under diminished pressure.
Propargyl-dPEG®;-NHS ester from Quanta Biodesign Ltd. (Plain City, OH) (6.9 mg, 30.6
umol) in CH3CN (0.3 mL) was added to the solution of reduced compound (6.2 mg) in
0.1 M Na3PO4 and 0.15 M NaCl (0.7 mL, pH 7.7) with stirring at r.t. for 1 h. The reaction
mixture was directly subjected to a column of gel permeation (LH-20, 1% Et:N) and
BondElut C8 to give 3-11 (16.2 mg) as a mixture with salt. [a]p +21 (c 0.84, H,0), 'H
NMR (600 MHz, D>O): ¢ 5.22 (d, 1H, J;>= 3.8 Hz, Xyl-1), 437 (d, 1H, Ji>= 8.1 Hz,
GlcA-1), 4.09 (d, 2H, J= 2.3 Hz, CH,C=CH), 3.85-3.69 (m, 2H, OCH>»), 3.77 (t, 1H,
J15e=Jsq5.= 9.7 Hz, Xyl-5e), 3.72 (t, 2H, J= 6.0 Hz, OCH>»), 3.63 (d, 1H, J34= 2.7 Hz),
3.62 (s, 1H, GIcA-5), 3.56 (brt, 1H, J= 9.3 Hz, Xyl-3), 3.52 (m, 2H, Xyl-5a, GIcA-3),
3.44 (m, 1H, Xyl-4), 3.41 (dd, 1H, J;>=3.8 Hz, J>3=9.7 Hz, Xyl-2), 3.33 (m, 2H, NCH>»),
3.31(dd, 1H, J;>= 8.1 Hz, J>3=9.2 Hz, GIcA-2),2.77 (t, 1H, J= 2.3 Hz, C=CH), 2.44
(t, 2H, CHz), HR ESI-MS m/z: calcd for CioH20NO13 [(M-H)], 478.1566; found,
478.1575.
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0 .
Methyl  {2,4-di-O-(4-methyl)benzoyl-a-D-xylopyranosyl}-(1—3)-(methyl  2,4-di-O-
benzoyl-f-D-glucopyranosyluronate)-(1— 3)-{2,4-di-O-(4-methyl) benzoyl-a-D-
xylopyranosyl}-(1—3)-{2-N-(benzyloxycarbonyl)aminoethyl 2,4-di-O-benzoyl-fi-D-
glucopyranosid}uronate (3-12)

Compound 3-9 (254.6 mg, 139.4 umol) was diluted with toluene (3.0 mL) and EtOH
(6.0 mL). HONNH2°AcOH (55.1 mg, 562 pmol) was then added with stirring for 2 h. The
reaction mixture was directly added to gel permeation (LH-20, 1:1 CHCl3:MeOH) to give
3-12 (235.6 mg) in 98% yield, [a]p +19 (¢ 0.20, CHCI3), 'H NMR (600 MHz, CDCl3): &
7.88-7.85 (brt, 4H, J = 8.4 Hz, Ar-H), 7.68-7.67 (m, 2H, Ar-H), 7.55-7.51 (m, 6H, Ar-H),
7.41 (d, 2H, J= 7.4 Hz, Ar-H), 7.35-7.24 (m, 16H, Ar-H), 7.19-7.16 (m, 3H, Ar-H), 7.12
(d, 2H, J=7.9 Hz, Ar-H), 7.09-7.05 (m, 4H, Ar-H), 6.92 (brt, 2H, J= 7.8 Hz, Ar-H), 5.42-
5.39 (m, 2H, GlcA'-4, GlcA2-4), 5.33-5.30 (m, 2H, GlcA!-2, Xyl?-1), 5.27 (d, 1H, Ji, =
3.9 Hz, Xyl!-1), 5.25 (brt, 1H, J= 8.7 Hz, GlcA2-2), 5.15 (brt, 1H, J= 5.6 Hz, NH), 4.99,
4.88 (ABq, 2H, J=12.2 Hz, Z), 4.96 (d, 1H, Ji2 = 8.0 Hz, GlcA2-1), 4.78-4.71 (m, 1H,
Xyl'-4), 4.70-4.66 (m, 3H, Xyl'-2, Xyl>-2,4), 4.60 (d, 1H, Ji» = 7.3 Hz, GlcA!-1) 4.39
(brt, 1H, J=9.3 Hz Xyl!-3), 4.25 (brt, IH,J=9.0 Hz, GlcA!-3),4.15-4.10 (m, 2H, GlcA2-
3,5), 4.05-3.99 (m, 2H, Xyl2-3, GlcA!-5), 3.89-3.85 (m, 1H, 1/2CH>), 3.66-3.60 (m, 2H,
1/2CHz, Xyl!-5a), 3.53 (s, 3H, OCH3), 3.44 (s, 3H, OCH3), 3.44-3.42 (m, 1H, Xyl'-5b),
3.35-3.28 (m, 2H, CH>), 3.25 (brt, 1H, J = 11.0 Hz, Xyl>-5a), 3.20 (brt, 1H, J4s5» = 6.1 Hz,
Jsa 50 = 11.2 Hz, Xyl2-5b), 2.49, 2.44, 2.39, 2.38 (s, 3H, CH3), 2.15 (d, 1H, J = 4.6 Hz,
Xyl-3-OH), 3C{'H} NMR (150 MHz, CDCl3): § 167.35, 166.91, 165.86, 165.82, 165.71,
165.27, 164.80, 164.72, 164.70, 164.56, 156.35, 144.15, 143.93, 143.77, 143.65, 136.55,
133.32, 130.37, 129.87, 129.76, 129.57, 129.56, 129.49, 129.40, 129.09, 129.05, 128.91,
128.88, 128.85, 128.78, 128.66, 128.55, 128.40, 128.32, 128.28, 128.02, 127.94, 126.61,
126.32, 126.06, 125.89 (Ar), 101.20 (GlcA!-1), 100.69 (GlcA2-1), 96.74 (Xyl!-1), 96.68
(Xyl2-1), 76.70 (GlcA2-3), 77.39 (GlcA!-3), 73.51 (Xyl!-3), 73.06 (Xyl!-2), 72.80 (Xyl*-
2), 72.60, 72.55, 72.44 (GlcA'-2,5, GlcA2-5), 71.87, 71.75, 71.63 (Xyl*-4, GlcA'!-4,
GlcA2-2, 4), 69.54 (Xyl!'-4, CH,), 68.80 (Xyl?-3), 66.49 (OCH>), 59.45 (Xyl!-5), 59.03
(Xyl2-5), 52.67, 52.52 (OCH3, CH>), 40.85 (CH>), 21.86, 21.76, 21.71, 21.68 (CH3), HR
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ESI-MS m/z: calcd for Co4aHgoNNaO3; [M + Na*], 1750.5316; found, 1750.5276.

MBzO 0
LevO: COOMe
MBzO J OMBZO
COOMe
MBzO 820 o] MBzO
COOMe
MBzO Je

Oz
Methyl {3-0O-levulinoyl-2,4-di-O-(4-methyl) benzoyl-a-D-xylopyranosyl}-(1—3)-
(methyl 2,4-di-0-benzoyl-B-D-glucopyranosyluronate)-(1—3)-{2,4-di-O-(4-
methyl)benzoyl-a-D-xylopyranosyl}-(1— 3)-(methyl 2,4-di-O-benzoyl-fi-D-

glucopyranosyluronate)-(1—3)-{2,4-di-O-(4-methyl)benzoyl-a-D-xylopyranosyl}-
(1—3)-{2-N-(benzyloxycarbonyl)aminoethyl 2,4-di-O-benzoyl-fi-D-
glucopyranosid}uronate (3-13)

A mixture of 3-6 (101.1 mg, 98.4 umol) and 3-12 (94.5 mg, 54.6 mmol) was diluted
with CH2Clz (6.0 mL). TMSOTT (7.6 pL, 39.3 umol) was added to the solution with
stirring at -20 °C. The reaction was quenched with sat. NaHCOjs after 2 h. The usual work-
up and purification by gel permeation (LH-20, 1:1 CHCIl;:MeOH) gave crude material,
which obtained was purified by a column of Silica Gel 60N (2:1-1:4 n-hexane:EtOAc)
to give 3-13 (72.1 mg) in 51% yield, [a]p +12 (c 0.23, CHCI3), 'H NMR (600 MHz,
CDCl3): 6 7.83 (d, 4H, J = 7.0 Hz, Ar-H), 7.76 (d, 2H, J = 8.0 Hz, Ar-H), 7.65-7.43 (m,
18H, Ar-H), 7.36-7.19 (m, 20H, Ar-H), 7.16-7.11 (m, 7H, Ar-H), 7.08-7.02 (m, 4H, Ar-
H), 6.84 (brt, 2H, J = 7.7 Hz, Ar-H), 6.72 (brt, 2H, J = 7.5 Hz, Ar-H), 5.42-5.34 (m, 3H,
Xyl3-3, GlcA%-4, GlcA3-4), 5.31-5.25 (m, 3H, GlcA!-2, GlcA!-4, Xyl*-1), 5.23 (d, 1H,
Jip = 4.0 Hz, Xyl3-1), 5.19 (d, 1H, Ji> = 3.8 Hz, Xyl!-1), 5.17-5.13 (m, 3H, GlcA2-2,
GIcA3-2, NH), 4.98-4.85 (m, 4H, GlcA?-1, GlcA3-1, CH,), 4.78-4.74 (m, 2H, Xyl3-2,4),
4.73-4.69 (m, 1H, Xyl>-4), 4.64 (dd, 1H, Ji» = 3.8 Hz, J»3 = 9.6 Hz, Xyl>-2), 4.60-4.55
(m, 2H, GlcA'-1, Xyl'-4), 4.53 (dd, 1H, Ji2 = 3.8 Hz, J23 = 9.8 Hz, Xyl'-2), 4.34 (brt,
1H, J=9.2 Hz Xyl?-3), 4.23-4.18 (m, 2H, GlcA!-3, Xyl!'-3), 4.14-4.07 (m, 1H, GlcA3-3),
4.04-3.97 (m, 4H, GlcA'-5, GlcA2-3,5, GlcA3-5), 3.87-3.84 (m, 1H, 1/2CH>), 3.64-3.60
(m, 1H, 1/2CH>), 3.57-3.54 (m, 1H, Xyl?-5a), 3.47 (s, 3H, OCH3), 3.46 (s, 3H, OCH3),
3.42 (s, 3H, OCH3), 3.39 (brt, 1H, J= 11.0 Hz, Xyl?-5b), 3.34-3.24 (m, 4H, Xyl'-5a, Xyl3-
5a, CHa), 3.18-3.15 (m, 1H, XyI3>-5b), 3.06 (brt, 1H, J = 11.0 Hz, Xyl!-5b), 2.48, 2.46,
2.42,242,2.37,2.35 (each s, 3Hx6, 6CH3), 2.31-2.27 (m, 2H, CH>»), 2.20-2.09 (m, 2H,
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CH,), 1.81 (s, 3H, CHs), BC{'H} NMR (150 MHz, CDCL): § 205.54, 171.15,
166.85 ,166.11 ,165.69, 165.64, 165.48, 165.27, 164.64, 164.59, 164.42 (C=0), 156.40,
143.96, 133.32, 130.35, 130.33, 129.91, 129.86, 129.76, 129.65, 129.57, 129.53, 129.52,
129.48, 129.29, 129.24, 129.0, 129.02, 128.94, 128.88, 128.64, 128.47, 128.39, 128.36,
128.28, 128.26, 128.21 (Ar), 101.19 (GlcA!-1), 100.49, 100.47 (GlcA2-1, GleA®-1), 97.09
(XyB-1),96.73 (XyI>-1), 96.05 (Xyl'-1), 77.99-76.31 (GlcA!-3, GlcA2-3, GlcA3-3), 73.09,
72.97,72.95,72.93 (Xyl'-2,3, Xyl2-2,3), 72.48, 72.41,72.35,72.14, 71.91, 71.68 (GlcA -
24,5, GlcA2-2,4,5, GleA-2,4,5), 70.56, 69.54, 69.53, 69.37, 69.36, 69.24, 68.94, 68.29,
68.18, 68.16 (Xyl'-4, Xyl>-4, Xy3-2,3,4, CHa), 66.47 (CHa), 59.31 (Xyl'-5), 59.14 (Xyl>-
5), 58.92 (Xyl3-5), 52.68, 52.44, 52.44 (OCHs), 40.83 (CHo), 37.78 (CHa), 29.33 (CHs),
27.80 (CHy), 21.88, 21.85, 21.74, 21.71, 21.70, 21.68 (CHs), HR ESI-MS m/z: calcd for
C121H133NNaO47 [M + Na'], 2614.7946; found, 2614.8027.

HO 0
HO. COOH
HO| vo 0 Ho 0
0 Om COOH
OH HO | 1o 0 HO 0
o o% COOH
0%

OH 2 o
\/\NH2
OH

a-D-Xylopyranosyl-(1—3)-(f-D-glucopyranosyluronic acid)—(1—3)-a-D-
xylopyranosyl-(1— 3)-f-D-glucopyranosyluronic acid—(1—3)-a-D-xylopyranosyl-
(1—3)-(2-aminoethyl f-D-glucopyranosyluronic acid) (3-15).

Compound 3-13 (33.5 mg, 12.9 umol) was diluted with EtOAc (3 mL) and stirred in the
presence of Pd on carbon and AcOH (1 drop) under a H, atmosphere for 1 week. Volatiles
were removed under diminished pressure, and the residue was diluted with 2-PrOH (2
mL) and H>O (0.5 mL). 1.0 M NaOH (500 puL) was added to a solution was stirred for 2
d. The usual work-up and purification by gel permeation (LH-20, 1% AcOH) gave 3-15
(72.1 mg) as a mixture with salt. [a]p +12.3 (¢ 1.01, H,0), 'H-NMR (600 MHz, D>0): §
(selected) 5,37-5.33 (m, 3H, Xyl"23-1), 4.80-4.75 (m, 2H, GlcA?3-1), 4.55 (d, 1H, J; 2=
8.0 Hz, GIcA!-1), BC{'H} NMR (150 MHz, D>0): § 104.12 104.08 (GlcA?3-1), 103.53
(GlcAl-1), 100.48, 100.31, 100.25 (Xyl">3-1), HR ESI-MS m/z: caled for C3sHssNOs;
[(M-2H)*], 491.6301; found, 491.6314.
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Methyl {3-O-levulynoyl-2,4-di-O-(4-methyl)benzoyl-a-D-xylopyranosyl}-(1-33)-(3,6,9-
trioxadodec-11-yl 2,4-di-O-benzoyl-f-D-glucopyranosid)uronate (3-17)

MS4A (0.85 g) was added to a solution of 3-6 (151.1 mg, 147.1 umol) and propargyl
alchohol (50 pL, 0.29 umol) in CH>Cl, (4 mL) with stirring at r.t. for I h. TMSOTT (9.0
pL, 47 pmol) was added to the mixture at -20 °C with stirring up to r.t. for 2 h. The
reaction was quenched with sat. NaHCOs. The usual work-up and purification by gel
permeation (LH-20, 1:1 CHCl3:MeOH) gave 3-17 (125.8 mg) in 81% yield. [a]p +7.7 (¢
1.53, CHCI3), 'H NMR (600 MHz, CDCl3): § 8.00-7.99 (m, 2H, Ar-H), 7.70 (d, 2H, J =
8.2 Hz, Ar-H), 7.62-7.60 (m, 2H, Ar-H), 7.54-7.48 (m, 3H, Ar-H), 7.41-7.39 (m, 1H, Ar-
H), 7.29-7.20 (m, 8H, Ar-H), 7.08 (d, 2H, J = 4.4 Hz, Ar-H), 5.63 (brt, 1H, J = 9.8 Hz,
Xyl-3), 5.52 (brt, 1H, J = 9.4 Hz, GlcA-4), 5.43-5.40 (m, 2H, GIcA-2, Xyl-1), 4.97-4.93
(m, 2H, Xyl-2,4),4.86 (d, 1H, Ji12 = 7.5 Hz, GIcA-1), 4.42 (brt, 1H, GlcA-3),4.18 (d, 1H,
CH,-C=CH), 4.10 (d, 1H, J15 = 9.7 Hz, GIcA-5), 3.99-3.96 (m, 1H, 1/2CH>), 3.77-3.73
(m, 1H, 1/2CH3), 3.65-3.63 (brt, 3H , Xyl-5e, 1/2CH>), 3.61-3.50 (m, 9H, Xyl-5a, 5/2CHa,
OCHs3), 3.46-3.42 (m, 2H, CH>), 3.38-3.36 (m, 2H, CH>), 2.43 (brt, 1H, /= 2.4 Hz,=CH),
2.42,2.40 (s, 3Hx2, 2CH3), 2.37-2.34 (m, 2H, CH>), 2.28-2.18 (m, 2H, CH>), 1.87 (s, 3H,
CH3), *C NMR &¢ (CDCl3): 205.52, 171.35, 165.42, 164.98, 164.63 (C=0), 144.07,
143.90, 133.23, 129.95, 128.91, 128.56, 128.37, 128.23, 126.22, 125.62 (Ar), 101.04
(GlcA-1),97.60 (Xyl-1), 79.71 (C=CH), 77.90 (GIcA-3), 74.56 (C=CH), 72.64 (GIcA-5),
72.48 (GlcA-2), 72.09 (GlcA-4), 70.61, 70.56, 70.43, 70.39, 70.24 (Xyl-2, CH>), 69.44,
69.22, 69.21, 69.03 (Xyl-3,4, CH>), 59.16 (Xyl-5), 58.34 (CH,-C=CH), 52.68 (CH3),
37.83 (CH2), 29.35 (CH3), 27.90 (CHz), 21.72 (CHs), HR ESI-MS m/z: calcd for
CssHsoNaO20 [M + Na*], 1075.3580; found, 1075.3553.

MBzO Q
o o
OBz Moa;\
Methyl {2,4-di-O-(4-methyl)benzoyl-a-D-xylopyranosyl}-(1-3)-(3,6,9-trioxadodec-11-
Yl 2,4-di-O-benzoyl-f-D-glucopyranosid)uronate (3-18)

Compound 3-17 (39.5 mg, 37.5 umol) was diluted with toluene (4.0 mL) and EtOH (2.0

115



mL). H2NNH2*AcOH (14.6 mg, 148 umol) was then added with stirring for 3.5 h. The
reaction mixture was directly added to gel permeation (LH-20, 1:1 CHCl3:MeOH) to give
3-18 (33.3 mg) in 93% yield. [a]p +57 (¢ 0.88, CHCl3), 'H NMR (600 MHz, CDCl3): §
8.03-8.02 (m, 2H, Ar-H), 7.68-7.63 (m, 6H, Ar-H), 7.52-7.49 (m, 1H, Ar-H), 7.41-7.39
(m, 1H, Ar-H), 7.31-7.25 (m, 4H, Ar-H), 7.18 (d, 2H, J= 7.9 Hz, Ar-H), 7.10 (d, 2H, J =
8.0 Hz, Ar-H), 5.51 (brt, 1H, J = 9.4 Hz, GlcA-4), 5.44 (dd, 1H, Ji1»=7.7 Hz, )23 =9.1
Hz, GlcA-2), 5.41 (d, 1H, Ji2 = 3.8 Hz, Xyl-1), 4.90-4.86 (m, 1H, Xyl-4), 4.84-4.82 (d,
2H, GlcA-1, Xyl-2), 4.42 (brt, 1H, J= 9.1 Hz, GlcA-3), 4.24-4.20 (m, 1H, Xyl-3), 4.17
(d, 2H, J = 2.4 Hz, CH,-C=CH), 4.10 (d, 1H, J45 = 9.8 Hz, GIcA-5), 3.98-3.95 (m, 1H,
1/2CHb), 3.77-3.74 (m, 1H, 1/2CHb), 3.65-3.63 (m, 2H, CHz), 3.60-3.57 (m, 2H , Xyl-
5a, CH»), 3.55-3.49 (m, 7H, Xyl-5b, CH3, CH»), 3.45-3.42 (m, 2H, CH»), 3.38-3.36 (m,
2H, CHy), 2.43 (brt, 1H, J= 2.4 Hz, C=CH), 2.42, 2.39 (s, 3H, CH3), 2.38 (d, 1H, J 3,0n=
4.9 Hz, Xyl-3-OH), C{'H} NMR (150 MHz, CDCl3): § 167.52, 165.91, 165.89, 165.08,
164.77 (C=0), 144.01, 143.81, 133.31, 133.29, 129.89, 129.82, 129.66, 129.54, 129.50,
128.97, 128.87, 128.56, 128.40, 128.30, 126.45, 126.07 (Ar), 101.09 (GIlcA-1), 97.15
(Xyl-1), 79.70 (C=CH), 76.75 (GlcA-3), 74.58 (C=CH), 72.89 (Xyl-2), 72.55(GIcA-5),
72.35, 72.27 (GlcA-2,4), 71.81 (Xyl-4), 70.56, 70.44, 70.41, 70.25, 69.25, 69.07 (CH>),
69.04 (Xyl-3), 59.21 (Xyl-5), 58.35 (CH»-C=CH), 52.68 (OCH3), 21.72, 21.71 (CH3), HR
ESI-MS m/z: calcd for Cs1Hs4KO15 [M + K*], 993.2947; found, 993.2924.

MBzQ 0
LevO COOMe
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Methyl {3-0O-levulinoyl-2,4-di-O-(4-methyl) benzoyl-a-D-xylopyranosyl}-(1—3)-
(methyl 2,4-di-0-benzoyl-$-D-glucopyranosyluronate)-(1—3)-{2,4-di-O-(4-

methyl)benzoyl-a-D-xylopyranosyl}-(1-33)-(3,6,9-trioxadodec-11-yl 2,4-di-O-benzoyl-
p-D-glucopyranosid)uronate (3-19)

A mixture of 3-6 (178.5 mg, 173.8 umol) and 3-18 (98.0 mg, 103 mmol) was diluted
with CH>Cl, (6.0 mL). TMSOTTf (13.0 pL, 67.3 umol) was added to the solution with
stirring at -20 °C. The reaction was quenched with sat. NaHCOj3 after 3 h. The usual work-
up and purification by gel permeation (LH-20, 1:1 CHCI3:MeOH) gave a crude material,
which obtained was purified by a column of Silica Gel 60N (1:1-1:2 n-hexane:EtOAc)
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to give 3-19 (89.0 mg) in 48% yield. [a]p +1.8 (¢ 1.32, CHCIs), 'H NMR (600 MHz,
CDCL): & 7.90-7.87 (m, 4H, Ar-H), 7.65-7.58 (m, 6H, Ar-H), 7.53-7.48 (m, 6H, Ar-H),
7.39 (d, 2H, J = 7.4 Hz, Ar-H), 7.32-7.24 (m, 7H, Ar-H), 7.19-7.10 (m, 7H, Ar-H), 7.05
(d, 2H, J = 7.9 Hz, Ar-H), 6.90 (brt, 2H, J = 7.7 Hz, Ar-H), 5.45-5.37 (m, 3H, Xyl>-3,
GIcA'-4, GlcA2-4), 5.34-5.30 (m, 2H, GlcA'-2, Xyl'-1), 5.26 (d, 1H, Ji> = 3.9 Hz, Xyl*-
1), 5.26 (d, 1H, Ji2 = 3.9 Hz, Xyl>-1), 5.22 (brt, 1H, Jo3 = 8.6 Hz, GlcA2-2), 4.95 (d, 1H,
Ji2 = 8.0 Hz, GlcA2-1), 4.80-4.74 (m, 4H, Xyl'-4, Xyl>-2,4, GIcA!-1), 4.67 (dd, 1H, Ji»
= 3.8 Hz, o3 = 9.7 Hz, Xyl'-2), 4.38 (brt, 1H, J= 9.3 Hz, Xyl'-3), 4.28 (brt, 1H, J=9.1
Hz GlcA'-3),4.15 (d, 2H, J = 2.4 Hz, CH,-C=CH), 4.16-4.11 (m, 1H, GlcA2-3), 4.09 (d,
1H, Jas = 9.8 Hz, GlcA2-5), 4.01 (d, 1H, Jas = 9.7 Hz, GlcA!-5), 3.93-3.90 (m, 1H,
1/2CH>), 3.73-3.70 (m, 1H, 1/2CH>), 3.62-3.59 (m, 3H, CH,, Xyl!-5ab), 3.54-3.50 (m,
7H, 2CH,, OCH3), 3.47 (s, 3H,0CH3), 3.43-3.40 (m, 2H, CH>), 3.36-3.33 (m, 2H, CH>),
3.30 (brt, 1H, J = 11.0 Hz, Xyl?-5a), 3.19 (dd, 1H, Jasp = 5.7 Hz, Jsa 5o = 11.4 Hz, Xyl*-
5b), 2.49 (s, 3H, CH3), 2.45 (s, 3H, CH3), 2.41 (t, 1H, J = 2.4 Hz, C=CH), 2.38 (s, 3H,
CH3), 2.36 (s, 3H, CH3), 2.32-2.29 (m, 2H, CH>), 2.21-2.10 (m, 2H, CHy), 1.83 (s, 3H,
CH3), BC{'H} NMR (150 MHz, CDCl3): & 205.53, 171.16, 167.50, 166.87, 165.10,
164.75, 164.68, 164.58, 164.47 (C=0), 144.00, 143.98, 143.86, 143.57, 133.26, 133.20,
132.73,130.37, 129.93, 129.88, 129.77, 129.55, 129.52, 129.36, 129.32, 129.03, 128.97,
128.90, 128.66, 128.57, 128.31, 128.25, 127.96, 126.63, 126.12, 125.90, 125.61 (Ar),
101.01 (GIcA'-1), 100.64 (GIcA%-1), 97.15 (Xyl*-1), 96.68 (Xyl!-1), 79.67 (C=CH),
77.97 (GlcA2-3), 76.35 (GlcA!-3), 74.56 (C=CH), 73.45 (Xyl'-3), 72.92 (Xyl'-2), 72.49
(GlcA2-5), 72.43 (GIcA!-5), 72.26 (GlcA'*-4), 72.21 (GlcA!-2), 72.05 (GlcA2-2), 70.58-
70.22 (Xyl2-2, CH), 69.27, 69.20 (Xyl'2-4), 69.00 (Xyl>-3, CH>), 59.44 (Xyl'-5), 58.97
(Xyl2-5), 58.32 (CH»-C=CH), 52.61, 52.50 (OCH3), 37.80 (CH>), 29.33 (CH3), 27.82
(CHa), 21.87, 21.76, 21.72, 21.69 (CHs), HR ESI-MS m/z: calcd for CosHosNaOss [M +
Na*], 1841.5837; found, 1841.5824

% AN
Methyl {2,4-di-0-(4-methyl)benzoyl—a-D-xylopyranosyl}-(l—>3)-(methyl 2,4-di-0-
benzoyl-f-D-glucopyranosyluronate)-(1— 3)-{2,4-di-O-(4-methyl) benzoyl-a-D-
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xylopyranosyl}-(1->3)-f-(3,6,9-trioxadodec-11-yl 2,4-di-O-benzoyl-fi-D-
glucopyranosid)uronate (3-20)

Compound 3-19 (81.3 mg, 44.7 umol) was diluted with toluene (3.0 mL) and EtOH (3.0
mL). HoNNH2*AcOH (18.2 mg, 185 umol) was then added with stirring for 3 h. The
reaction mixture was directly added to gel permeation (LH-20, 1:1 CHCl3:MeOH) to give
3-20 (76.0 mg) in 99% yield. [a]p +4.5 (¢ 0.73, CHCl3), 'H NMR (600 MHz, CDCI3): §
7.89-7.87 (m, 4H, Ar-H), 7.69-7.67 (m, 2H, Ar-H), 7.63-7.59 (m, 4H, Ar-H), 7.54-7.51
(m, 6H, Ar-H), 7.40 (d, 2H, J = 7.3 Hz, Ar-H), 7.34-7.30 (m, 4H, Ar-H), 7.27-7.26 (m,
3H, Ar-H), 7.18-7.16 (m, 3H, Ar-H), 7.12-7.07 (m, 6H, Ar-H), 6.90 (brt, 2H, J = 7.7 Hz,
Ar-H), 5.42-5.38 (m, 2H, GlcA'-4, GlcA%-4), 5.34-5.32 (m, 2H, GlcA2-2, Xyl*-1), 5.27
(d, 1H, Ji2 = 3.9 Hz, Xyl!-1), 5.25 (m, 1H, GlcA!'-2), 4.96 (d, 1H, Ji» = 8.0 Hz, GlcA!-
1),4.77 (d, 1H, Ji2 = 7.4 Hz, GlcA2-1), 4.77-4.66 (m, 4H, Xyl'-2,4, Xyl>-2,4), 4.40 (brt,
1H, J=9.4 Hz, Xyl!-3), 4.29 (brt, 1H, J=9.1 Hz GIcA%-3), 4.14 (d, 2H, J = 2.4 Hz, CH,-
C=), 4.13-4.11 (ms, 2H, GlcA!-3,5), 4.04-4.00 (ms, 2H, Xyl?-3, GlcA2-5), 3.93-3.90 (m,
1H, 1/2CHz), 3.73-3.69 (m, 1H, 1/2CH>), 3.67-3.59 (ms, 3H, CH», Xyl!-5¢), 3.55-3.49
(ms, 7H, 2CH>, OCH3), 3.45-3.39 (m, 3H, Xyl!-5b, CH>), 3.26-3.17 (m, 2H, Xyl>-5ab),
2.49 (s, 3H, CH3), 2.45 (s, 3H, CH3), 2.41 (brt, 1H, J=2.4 Hz, C=CH), 2.39 (s, 3H, CHz),
2.37 (s, 3H, CHz3), 2.21 (s, 1H, Xyl-3-OH), BC{'H} NMR (150 MHz, CDCls): 8 167.50,
166.91, 165.86, 165.81, 165.71, 165.11, 164.77, 164.71, 164.70, 164.56 (C=0), 144.12,
143.92,143.77, 143.62, 134.77, 133.31, 133.26, 133.17, 132.82, 130.39, 129.87, 129.75,
129.57,129.51, 129.40, 129.32, 129.09, 129.05, 128.88, 128.85, 128.79, 128.69, 128.61,
128.31, 128.25, 128.00, 126.65, 126.33, 126.07, 125.93, 117.07 (Ar), 101.01 (GlcA2-1),
100.70 (GlcA!-1), 96.71 (Xyl3-1), 96.65 (Xyl!-1), 79.68 (C=CH), 76.70 (GlcA!'-3), 76.40
(GIcA2-3), 74.55 (C=CH), 73.55 (Xyl'-3), 73.15, 72.81 (Xyl'-2, Xyl>-2), 72.55, 72.51
(GIcA'-5, GlcA2-5), 72.62, 72.29, 72.24 (GlcA'-4, GlcA2-4, GlcA2-2), 71.75 (GlcA!-2),
71.64 (Xyl'-4), 70.53, 70.46, 70.41, 70.37, 70.23 (CH>), 69.70 (Xyl>-4), 69.20, 69.01
(CH»), 68.82 (Xyl-3), 59.33 (Xyl'-5), 59.00 (Xyl?-5), 58.33 (CH,-C=CH), 52.60, 52.50
(OCH3), 21.87,21.76,21.71, 21.67 (CHs), HR ESI-MS m/z: calcd for Co3H9oNaO32 [M +
Na'], 1743.5469; found, 1744.5429.
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Methyl {3-0O-levulinoyl-2,4-di-O-(4-methyl) benzoyl-a-D-xylopyranosyl}-(1—3)-
(methyl 2,4-di-0-benzoyl-$-D-glucopyranosyluronate)-(1—3)-{2,4-di-O-(4-
methyl)benzoyl-a-D-xylopyranosyl}-(1—>3)-(methyl 2,4-di-O-benzoyl-fi-D-

glucopyranosyluronate)-(1—3)-{2,4-di-O-(4-methyl)benzoyl-a-D-xylopyranosyl}-
(1-33)-p-(3,6,9-trioxadodec-11-yl 2,4-di-O-benzoyl-f-D-glucopyranosid)uronate (3-21)
A mixture of 3-6 (91.5 mg, 89.1 umol) and 3-20 (73.2 mg, 42.5 pmol) was diluted with
CH>Cl (6.0 mL). TMSOTT (7.0 pL, 36.2 umol) was added to the solution with stirring
at -20 °C. The reaction was quenched with sat. NaHCOj after 1.5 h. The usual work-up
and purification by gel permeation (LH-20, 1:1 CHCI3;:MeOH) gave 3-21 (46.3 mg) in
42% yield. [a]p -0.18 (¢ 1.59, CHCI3), 'TH NMR (600 MHz, CDCl3): 6 7.87-7.84 (m, 4H,
Ar-H), 7.77-7.75 (m, 2H, Ar-H), 7.66-7.47 (m, 18H, Ar-H), 7.37-7.33 (m, 3H, Ar-H),
7.32-7.26 (m, 7H, Ar-H), 7.23-7.19 (m, 4H, Ar-H), 7.16-7.08 (m, 9H, Ar-H), 7.04-7.00
(m, 3H, Ar-H), 6.85-6.82 (m, 2H, Ar-H), 6.73-6.71 (m, 2H, Ar-H), 5.42-5.34 (m, 3H,
Xyl3-3, GlcAl-4, GlcA3-4), 5.32-5.25 (m, 3H, GlcA!-2, GlcA%-4, Xyl*-1), 5.22 (d, 1H,
Jip = 4.0 Hz, Xyl*-1), 5.19 (d, 1H, Ji2 = 3.7Hz, Xyl!-1), 5.17-5.12 (m, 2H, GlcA2-2,
GlcA3-2),4.89 (d, 1H, Ji» = 8.1 Hz, GIcA3-1), 4.86 (d, 1H, Ji» = 8.0 Hz, GIcA%-1), 4.78-
4.73 (m, 3H, GlcA'-1, Xyl3-2,4), 4.72-4.67 (m, 1H, Xyl*-4), 4.64 (dd, 1H, Ji» = 3.8 Hz,
Jo3 = 9.7 Hz, Xyl*-2), 4.60-4.56 (m, 1H, Xyl'-4), 4.53 (dd, 1H, Ji» = 3.8 Hz, />3 = 9.9
Hz, Xyl!-2), 4.36 (brt, 1H, J = 9.3 Hz, Xyl>-3), 4.26 (brt, 1H, J= 9.1 Hz, GIcA!-3), 4.20
(brt, 1H, J=9.4 Hz, Xyl'-3),4.13 (d, 2H, J = 2.3 Hz, CH,-C=), 4.08 (brt, I1H, J=9.0 Hz,
GlcA3-3), 4.05-3.99 (ms, 4H, GIcA!-5, GIcA%-3,5, GlcA3-5), 3.92-3.89 (m, 1H, 1/2CH>),
3.72-3.68 (m, 1H, 1/2CH>), 3.61-3.49 (ms, 4H, Xyl*-5¢, 3/2CH>), 3.47 (s, 6H, 20CH3),
3.45 (s, 3H, OCH3), 3.42-3.38 (ms, 2H, Xyl*-5a, CH3), 3.35-3.32 (m, 1H, 1/2CH>), 3.31-
3.24 (ms, 2H, Xyl!-5e, Xyl3-5¢), 3.18-3.15 (m, 1H, Xyl*-5a), 3.06 (brt, IH, J= 11.0 Hz,
Xyl!-5a), 2.48, 2.46, 2.43, 2.42 (4s, 3Hx4, 4CH3), 2.40 (brt, 1H, J= 2.4 Hz, C=CH), 2.35
(s,3H, CH3), 2.31-2.27 (m, 2H, CH3), 2.21-2.09 (m, 2H, CH>), 1.82 (s, 3H, CH3), *C{'H}
NMR (150 MHz, CDCI3): & 205.54, 171.14, 167.50, 166.82, 166.78, 165.69, 165.64,
165.44, 165.28, 165.08, 164.82, 164.72, 164.68, 164.62, 164.55, 164.44 (C=0), 144.15,
143.99, 143.96, 143.84, 143.58, 143.48, 133.32, 133.26, 133.15, 132.69, 132.65, 130.36,
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130.35, 130.12, 129.93, 129.87, 129.78, 129.67, 129.59, 129.54, 129.51, 129.33, 129.30,
129.26, 129.08, 129.02, 128.94, 128.88, 128.85, 128.70, 128.60, 128.57, 128.46, 128.29,
128.28, 128.23, 128.22, 127.92, 126.99, 126.62, 126.54, 126.12, 125.97, 125.84, 125.63
(Ar), 100.99 (GIcA!-1),100.61 (GlcA%-1), 100.48 (GIcA3-1), 97.09 (Xyl3-1), 96.04 (Xyl>-
1), 79.67 (C=CH), 77.99 (Xyl'-1), 76.49 (GlcA3-3), 75.92 (GIcA!-3), 74.54 (GlcA2-3),
73.36 (C=CH), 73.1 (Xyl%-3), 73.1 (Xyl!-3), 73.1,73.0, 72.7, 72.5,72.4,72.4, 72.3, 72.2,
72.2,72.0 (Xyl'-2, Xyl2-2, GlcA'-2,4,5, GlcA%-4,5, GlcA*-4,5), 71.7 (GlcA2-2, GIcA3-2),
70.6, 70.5, 70.4, 70.4, 70.2 (Xyl*-2, CH>), 69.7 (Xyl*>-4), 69.6 (Xyl!-4), 69.3 (Xyl3-4),
69.2 (CH»), 69.0 (Xy13-3), 59.3 (Xyl%-5), 59.2 (Xyl!-5), 59.0 (XylI3-5), 58.3 (CH,-C=CH),
52.6 (OCH3), 52.4 (OCH3), 37.8 (CH2), 29.3 (CH>), 27.8 (CH3), 21.9,21.89, 21.79, 21.79,
21.7 (CH3). HR ESI-MS m/z: calcd for Cia0H136NaO4g [M + Na'], 2607.8099; found,
2607.8176.

m% coon
OIONI o
a-D-Xylopyranosyl-(1—3 )-ﬂ-D-glucopyranosyluromc acid-(1—3)-a-D-xylopyranosyl-
(1—3)-p-D-glucopyranosyluronic acid-(1—3)-a-D-xylopyranosyl-(1—3)-3,6,9-
trioxadodec-11-yl f-D-glucopyranosyluronic acid (3-22).

Compound 3-21 (21.9 mg, 8.47 umol) was diluted with THF (3 mL). A solution of 1.25
M LiOH (60 pL, 48 pumol) was added with stirring overnight. Volatiles were removed
under diminished pressure, and the residue was diluted with 2-propanol (1 mL) and H,O
(1 mL). To this was added 0.1 M NaOH (400 puL) and stirring overnight. Additional 0.1
M NaOH (800 pL) was added to a solution was stirred for 11 d. The usual work-up and
purification by gel permeation (LH-20, 1% AcOH) gave 3-22 (72.1 mg) in 55% yield,
[a]p +0.94 (c 0.72, H,0), 'H NMR (600 MHz, D,0) (selected): 6 4.64-4.61 (ms, 3H,
Xyl2-1, Xyl*-1, Xylb-1), 4.02-4.00 (m, 2H, GlcA3-1, GlcA>-1), 3.77 (d, 1H, Ji»= 8.0 Hz,
GlcA!-1),3.51 (d, 2H, CH»-C=), 2.71 (dd, 1H, J12= 8.0 Hz, J>3=9.2 Hz, GIcA!-2), 2.17
(brt, 1H,J=2.4 Hz, C=CH), *C{'H} NMR (150 MHz, D,0) (selected): 5 104.11, 104.07,
103.75 (GlcA%3-1), 100.32, 100.15, 100.04 (Xyl!>3-1), 62.95, 62.73, 62.67 (Xyl'23-5),
59.40 (CH>-C=CH), HR ESI-MS m/z: calcd for C42He2034 [(M-2H)*], 555.1561; found,
555.1571.
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5-0-Allyl-2,3-di-O-benzyl-1-O-tert-butyldiphenylsilyl-D-ribitol (4-2).

tert-Butylchlorodiphenylsilane (26.0 mL, 101 mmol) and imidazole (13.15 g, 193.2
mmol) were added to a solution of 5-O-allyl-2,3-di-O-benzyl-D-ribitol (31.91 g, 85.72
mmol) in DMF (300 mL) with stirring at 0°C for 3 h. The reaction mixture was diluted
with ethyl acetate and worked up as usual. The crude mixture was added to a silica gel
column (Silica Gel 60, 10:1-4:1 n-hexane:EtOAc) to give 4-2 (51.26 g) in 98% yield.
[a]p?® +7.15 (¢ 1.37, CHCI3). 'H NMR (600 MHz, CDCl3): § 7.69 (m, 4H, Ar-H), 7.43—
7.39 (m, 2H, Ar-H), 7.36-7.24 (m, 12H, Ar-H), 7.21 (m, 2H, Ar-H), 5.88 (m, 1H,
CH=CH>), 5.24 (m, 1H, =CH>»), 5.16 (m, 1H, =CH>»), 4.69, 4.52 (ABq, 2H, J=11.73 Hz,
CH»Ph), 4.64, 4.61 (ABq, 2H, J = 11.28 Hz, CH,Ph), 4.01-3.95 (m, 4H, H-1a,4, OCH>»),
3.90 (dd, 1H, Jiv2 = 5.10 Hz, J1a,15 = 11.10 Hz, H-1b), 3.83-3.79 (m, 2H, H-2,3), 3.55 (s,
1H, H-5a), 3.55 (m, 1H, J4 5o = 2.58 Hz, H-5b), 2.81(d, 1H, J40n = 3.96 Hz, 4-OH), 1.07
(s, 9H, #-Bu). *C{'H} NMR (150 MHz, CDCls): & 138.42, 138.39, 135.76, 135.68 (Ar),
134.70 (CH=CH>), 133.39, 133.25, 129.69, 128.31, 128.30, 127.89, 127.71, 127.70,
127.69, 127.57, 127.51 (Ar), 117.07 (=CH>), 80.67 (C-2), 78.95 (C-3), 73.71, 72.55
(CH2Ph), 72.23 (OCH»), 71.17 (C-4,5), 63.31 (C-1), 26.89 (z-Bu), HR ESI-MS m/z
[M+Na"]: calcd for C3sHssNaOsSi: 633.3012; found, 633.2989.
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5-0-Allyl-2,3-di-O-benzyl-1-O-tert-butyldiphenylsilyl-4-0-(2,3,4-tri-O-levulinoyl-f-D-
xylopyranosyl)-D-ribitol (4-4).

A suspension of AgOTf (2.29 g, 8.91 mmol), collidine (1.2 mL, 9.08 mmol), and MS4A
(4 g) in (CH2Cl)2 (5 mL) was stirred at r.t. Compound 4-2 (1.67 g, 2.30 mmol) in (CH2Cl),
(10 mL) and 2,3,4-tri-O-levulinoyl-B-D-xylopyranosyl chloride 4-3 (1.98 g, 4.28 mmol)
in (CH2Cl), (12 mL) were then added dropwise at 0°C with stirring overnight. The

121



reaction mixture was diluted with CHCls, brine, and aq. NaHCO3, then filtered on celite,
and the filtrate was worked up as usual. The crude mixture was added to columns of silica
gel (Silica Gel 60N, 100:1-4:1 n-hexane:EtOAc—2:1 toluene:EtOAc) and gel permeation
(LH-20, 1:1 CHCI3;:MeOH) to give 4-4 (2.17 g) in 87% vyield as a 2:1 mixture of
conformational isomers (C1 and 1C) of the Xyl residue. [a]p?* —0.32 (¢ 1.55, CHCl3). 'H
NMR (600 MHz, CDCl3): 8 7.67 (m, 4H, Ar-H), 7.39 (m, 2H, Ar-H), 7.34-7.23 (m, 12H,
Ar-H), 7.19 (m, 2H, Ar-H), 5.85 (m, 1H, CH=CH>), 5.32 (d, 0.33H, J; > = 4.20 Hz, Xyl-
116), 5.25-5.19 (m, 1.67H, =CH>, Xyl-3 ¢!), 5.14 (m, 0.33H, Xyl-3'¢), 5.00-4.95 (m,
1.34H, Xyl-2 ¢!, 41, 4.76-4.68 (m, 3H, Xyl-1¢!, 4'C CH,Ph), 4.48 (m, 2H, CH,Ph), 4.35
(m, 0.33H, Rbo-41¢), 4.27 (m, 0.67H, Rbo-4“"), 4.18 (brt, 0.33H, J = 3.86 Hz, Xyl-2'¢),
3.99 (m, 0.67H, Xyl-5a%!), 3.95-3.91 (m, 2.34H, Rbo-2¢!, 3!, OCH>), 3.88 (m, 1H,
OCHb), 3.76 (dd, 0.33H, Ju 5. = 4.62 Hz, Jsa,50 = 12.54 Hz, Xyl-5a'¢), 4.00-3.83(m, 2H,
Rbo-1ab!“c1) 3,69 (dd, 0.33H, J4 5= 5.70 Hz, Xyl-5b'°), 3.64-3.60 (m, 0.99H, Rbo-2'C,
31€, 51€), 3,58 (m, 1.34H, Rbo-1ab®"), 3.55 (dd, 0.33H, Jasp = 6.12 Hz, Jsa 5o = 10.26 Hz,
Rbo-5b'¢), 3.25 (dd, 0.67H, Jaso = 9.96 Hz, Jsu5p = 11.70 Hz, Xyl-5b¢?), 2.78-2.54 (m,
12H, CH>), 2.17, 2.15, 2.10 [3s, 3Hx3, 3Ac], 1.06 (s, 9H, tert-Bu), *C{'H} NMR (150
MHz, CDCl3): 6 207.80, 206.43, 206.37, 206.28, 206.19, 205.96, 171.94, 171.81, 171.70,
171.28, 170.68 (C=0), 135.77, 135.64, 134.82 (CH=C), 129.65, 129.62, 129.60, 129.58,
128.32,128.23, 128.19, 127.94, 127.89, 127.74, 127.69, 127.66, 127.61, 127.58, 127.44,
127.39, 127.35 (Ar), 116.63 (OCH>), 101.32 (Xyl-1'€), 96.96 (Xyl-1¢1), 79.26 (Rbo-4<1),
79.76, 79.68, 79.26, 79.20 (Rbo-2 ¢!, 3 €1, 2 1€/ 316) 7473 (Xyl-2!C), 73.86 (CH,Ph),
72.70 (Rbo-41€), 72.56 (OCH,), 72.09 (OCH>), 72.04 (OCH>), 71.87 (Xyl-3¢!), 71.44
(Xyl-2¢1), 70.95 (Rbo-5¢1), 69.81 (Rbo-5C), 69.32 (Xyl-31€), 69.21 (Xyl-4¢1), 67.07
(Xyl-41€), 63.41, 63.22 (Rbo-1¢!, 116), 62.41 (Xyl-5¢"), 60.83 (Xyl-5'¢), 37.81, 37.83,
37.75 (CH2), 29.87,29.74 29.69 (CH3CO), 27.94, 27.88, 27.84, 27.77 (CH2), 26.90, 26.85
(tert-Bu), HR ESI-MS m/z [M+Na']: caled for CssH72NaOisSi: 1059.4538; found,
1059.4492.
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2,3-Di-0-benzyl-1-O-tert-butyldiphenylsilyl-4-0-(2,3,4-tri-O-levulinoyl-fi-D-
xylopyranosyl)-D-ribitol (4-18).

A suspension of a catalytic amount of (1,5-
cyclooctadiene)bis(methyldiphenylphosphine)iridium(I) hexafluorophosphate in THF
(5.0 mL) was stirred under a H> atmosphere, which was then replaced by argon. This
manipulation was repeated a few times. A solution of 4-4 (C1:1C=1:1, 581.8 mg, 535.1
umol) in THF (10.0 mL) was then added to the above solution of the iridium complex.
After stirring for 1.5 h, H>O (2.0 mL), NaHCOs3 (92.5 mg, 1.10 mmol), and I, (280.6 mg,
1.11 mmol) were added to the reaction mixture. The solution was stirred at 0°C for 1 h
and diluted with CHCIls. The organic phase was washed with aq. Na;S>0;3 and brine. The
crude material obtained was eluted from columns of silica gel (Silica Gel 60, 10:1
toluene:EtOAc—30:1 EtOAc:MeOH) and gel permeation (LH-20, 1:1 CHCI3;:MeOH) to
quantitatively give 4-18 (533.6 mg) as a 1:1 mixture of conformational isomers (C1 and
1C) of the Xyl residue. [a]p?® +5.76 (¢ 1.58, CHCl3). 'H NMR (600 MHz, CDCl3): & 7.68
(m, 4H, Ar-H), 7.54-7.24 (m, 16H, Ar-H), 5.31 (d, 0.5H, Ji » = 4.02 Hz, Xyl-1€), 5.20 (t,
0.5H, J>3 = J34 = 9.54 Hz, Xyl-3"), 5.14 (dd, 0.5H, J>3 = 3.72 Hz, J34 = 4.80 Hz, Xyl-
31€), 5.09-4.95 (m, 1H, Xyl-2€!, 4¢1), 4.77-4.41 (m, 4H, 20CH,Ph), 4.61 (d, 0.5H, J1» =
7.68 Hz, Xyl-1¢1), 4.18 (m, 0.5H, Rbo-41€), 4.10 (brt, 0.5H, J = 3.72 Hz, Xyl-2!€), 4.06
(m, 0.5H, Rbo-4¢"), 3.99-3.83 (m, 3.5H, Rbo-1ab¢!1€ 21€ 3C1 Xy]-5a1¢), 3.75-3.71 (m,
2.5H, Rbo-3'¢, 5ab!¢, Xyl-5ab!C), 3.69-3.63 (m, 1.5H, Rbo-3'¢, 5ab‘!), 3.54 (m, 0.5H,
Rbo-2¢1),3.21 (m, 0.5H, Xyl-5b¢!), 3.00 (m, 0.5H, Rbo-5-OH), 2.84-2.49 (m, 12H, CH>),
2.18-2.10 (m, 9H, CH3C=0), 1.08-1.05 (m, 9H, fert-Bu), *C{!H} NMR (150 MHz,
CDCl3): 6206.40,206.26,205.98, 171.80, 170.80 (C=0), 135.75, 135.61, 129.75, 129.70,
128.45, 128.32, 127.99, 127.97, 127.83, 127.78, 127.73, 127.68, 127.65 (Ar), 101.72
(Xyl-1¢1), 96.86 (Xyl-11€), 81.45 (Rbo-4¢1), 80.25 (Rbo-3¢!, 21€), 79.56 (Rbo-2¢1), 79.32
(Rbo-3'%), 75.46 (Xyl-2C), 74.44 (Rbo-41C), 74.23, 72.75, 72.26 (CH,Ph), 71.97 (Xyl-
3¢, 71.66 (Xyl-2¢1), 69.10 (Xyl-31€), 69.07 (Xyl-4<1), 66.73 (Xyl-41€), 63.24 (Rbo-1¢1),
63.04 (Rbo1'¢), 62.21 (Xyl-5¢1, Rbo-511€), 61.26 (Xyl-5'¢), 38.70, 37.80, 37.73 (CH>),
29.74, 29.86 (CH3C=0), 27.89, 27.85, 27.74 (CHz), 26.90 (tert-Bu), HR ESI-MS m/z
[(M+Na)*]: calcd for CssHesNaO15Si: 1019.4225; found, 1019.4186.
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4-0-p-D-Xylopyranosyl-D-ribitol (4-5).

Solution of n-BuwNF (1 M) in THF (300 pL, 300 pmol) and AcOH (35 pL, 0.62 mmol)
were added to a solution of 4-18 (58.7 mg, 58.9 umol) in THF (5.0 mL) with stirring at
r.t. overnight. The reaction mixture was diluted with CHCIl;, and the organic phase was
washed with sat. NaHCO3 and brine. Volatiles were removed under diminished pressure,
and the residue was subjected to a silica gel column (Silica Gel 60N, 5:1 toluene:EtOAc
to 100:1 EtOAc:MeOH) to give a desilylated compound (35.1 mg), which was diluted
with MeOH (4.0 mL), EtsN (2.0 mL), and H>O (2.0 mL) with stirring at r.t. overnight.
Volatiles were removed under diminished pressure, and the residue was subjected to gel
permeation (LH-20, 1:1 CHCI3:MeOH) to give the saponified compound (24.7 mg),
which was diluted with 2-propanol (3.0 mL), and the solution was then exposed to a H
atmosphere in the presence of a catalytic amount of Pd/C with vigorous stirring for 2
weeks. Insoluble materials were filtered on celite and the volatiles were removed under
diminished pressure to predominantly give 4-5 (15.7 mg) in 93% yield (over 3 steps) as
a C1 conformer. [a]p?° —12° (¢ 0.52, H,0). 'H NMR (600 MHz, D,0, selected): § 4.55 (d,
1H, J1, =7.80 Hz, Xyl-1), 3.94 (dd, 1H, Js 5. = 5.46 Hz, Xyl-5a), 3.44 (brt, I1H, J=9.21
Hz, Xyl-3), HR ESI-MS m/z [M+Na'*]: calcd for C10H20NaOy: 307.1005; found, 307.0992.
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2,3-Di-0-benzyl-5-0-dibenzyloxyphosphinyl-1-O-tert-butyldiphenylsilyl-4-0-(2,3,4-
tri-O-levulinoyl-fi-D-xylopyranosyl)-D-ribitol (4-11).
From 4-18 of the C1 conformer of Xyl

Dibenzyl N, N-diisopropylphosphoramidite (120 pL, 0.357 mmol) and 1H-tetrazol (44.5
mg, 0.635 mmol) were added to a solution of 4-18 (C1, 120.9 mg, 121.2 pmol) in CH>Cl»

(8.0 mL) with stirring overnight. Additional dibenzyl N, N-diisopropylphosphoramidite
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(40 pL, 0.12 mmol) and 1H-tetrazol (18.1 mg, 0.258 mmol) were supplied to the reaction
mixture. After 1.5 h, mCPBA (126.2 mg, 731.3 pmol) was added with stirring for 1 h. at
r.t. The reaction mixture was diluted with CHCls, and the organic phase was washed with
aq. NaxS203 and brine. The crude material obtained was eluted from columns of gel
permeation (LH-20, 1:1 CHCl3:MeOH) to predominantly give 4-11 (148.5 mg) as a C1
conformer of Xyl in 98% yield. [a]p —5.11 (¢ 1.69, CHCI3). 'H NMR (600 MHz, CDCl5):
0 7.64 (m, 4H, Ar-H), 7.39 (m, 2H, Ar-H), 7.33-7.23 (m, 22H, Ar-H), 7.17 (m, 2H, Ar-H),
5.14 (t, 1H, J34 = 9.54 Hz, Xyl-3), 4.99-4.95 (m, 5H, 2POCH2Ph, Xyl-2), 4.92 (m, 1H,
Xyl-4), 4.67, 4.48 (ABq, 2H, J = 11.22 Hz, CH»Ph), 4.62, 4.41 (ABq, 2H, J=11.70 Hz,
CH2Ph), 4.44 (d, 1H, J12 = 7.68 Hz, Xyl-1), 4.28-4.22 (m, 2H, Rbo-4, 5a), 4.15 (m, 1H,
Rbo-5b), 3.96 (dd, 1H, J = 2.64, 11.32 Hz, Rbo-3), 3.91-3.85 (m, 2H, Xyl-5a, Rbo-1a),
3.79 (dd, 1H, Jiv2 = 4.74 Hz, Jia,1b = 11.22 Hz, Rbo-1b), 3.56 (m, 1H, Rbo-2), 3.04 (dd,
1H, Ja50 = 10.02 Hz, J5450 = 11.64 Hz, Xyl-5b), 2.81-2.44 (m, 12H, CH>»), 2.18, 2.15, 2.03
(3s, 3Hx3, 3CH3), 1.04 (s, 9H, tert-Bu), BC{'H} NMR (150 MHz, CDCl3): & 206.51,
206.41, 206.39, 171.88, 171.70, 171.44 (C=0), 135.83, 135.79, 135.73, 135.61, 129.66,
129.65, 128.64, 128.55, 128.29, 128.22, 127.94, 127.90, 127.69, 127.64, 127.48, 127 .46,
127.41 (Ar), 101.74 (Xyl-1), 79.41 (Rbo-4), 79.19 (Rbo-2), 78.93 (Rbo-3), 73.94
(CH2Ph), 72.09 (CH2Ph), 71.68 (Xyl-3), 71.19 (Xyl-2), 69.22-69.20 (POCH:Ph), 69.06
(Xyl-4), 67.90 (Rbo-5), 62.83 (Rbo-1), 62.40 (Xyl-5), 37.82, 37.79, 37.66 (CH>), 29.75,
29.69, 29.59 (CH3), 27.91, 27.83, 27.72 (CH2), 26.82 (tert-Bu), HR ESI-MS m/z
[M+Na']: calcd for CeoHgiNaO1gPSi: 1279.4827; found, 1279.4784.

From 4-18 of a 1:1 mixture of the C1:1C conformer of Xyl

In a similar procedure, 4-18 (C1:1C=1:1) (107.8 mg, 108.1 umol) gave 4-11 (79.8 mg)
in 59% yield as a 5:3 mixture of C1:1C conformers. '"H NMR (600 MHz, CDCls): & 7.65
(m, 4H, Ar-H), 7.43-7.35 (m, 2H, Ar-H), 7.33-7.21 (m, 22H, Ar-H), 7.16 (m, 2H, Ar-H),
5.18 (d, 0.4H, Ji1 2 =4.14 Hz, Xyl-1'¢), 5.15-5.11 (m, 1H, Xyl-3¢"-1€) 5.02-4.95 (m, 2.6H,
CH,Ph, Xyl-2¢1), 4.92 (m, 0.6H, Xyl-41), 4.72-4.60 (m, 2.4H, CH,Ph, Xyl-4!C), 4.49-
4.37 (m, 2.6H, CH,Ph, Xyl-1¢"), 4.27-4.22 (m, 2H, Rbo-4¢"1€, 5a¢11C) 414 (m, 1H,
Rbo-5bCH1€), 4,08 (brt, 0.4H, J = 3.99 Hz, Xyl-2!€), 3.95 (m, 1H, Rbo-3¢%1€), 3,90-3.82
(m, 2H, Xyl-5a¢!, Rbo-1a®H1€, 1b!€), 3.79 (dd, 0.6H, Jiv» = 4.65 Hz, Jiaip = 11.16 Hz,
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Rbo-1b1), 3.56 (m, 0.6H, Rbo-2€1), 3.51 (m, 0.4H, Rbo-21C), 3.04 (dd, 0.6H, Js 55 = 10.05
Hz, Jsaso = 11.64 Hz, Xyl-5bC1), 2.82-2.43 (m, 12H, CH), 2.20-2.03 (m, 9H, COCH),
1.05 (s, 3.6H, tert-Bu'®), 1.04 (s, 5.4H, tert-Bu‘!).

HO 0
m
OH
OoH Q

5-0O-Phosphono-4-0-f-D-xylopyranosyl-D-ribitol, triethylammonium salt (4-6).
Solution of n-BuwNF (1 M) in THF (320 pL, 320 pmol) and AcOH (40 pL, 0.70 mmol)

were added to a solution of 4-11 (C1:1C=5:3, 86.8 mg, 64.2 umol) in THF (5.0 mL) with

no

stirring at r.t. overnight. The reaction mixture was diluted with CHCl; and the organic
phase was washed with sat. NaHCO3 and brine. Volatiles were removed under diminished
pressure, and the residue was subjected to a silica gel column (Silica Gel 60, 10:1
toluene:EtOAc—50:1 EtOAc:MeOH) to give a desilylated compound (50.6 mg), a part of
which (49.0 mg) in ethyl acetate (2.0 mL) was vigorously stirred in the presence of a
catalytic amount of Pd/C under a H> atmosphere at r.t. overnight. MeOH (2 mL) was then
added to the mixture and the reaction was continued for 2 more days. The reaction mixture
was filtered on celite and volatiles were removed under diminished pressure. The residue
was subjected to BondElut® (C8, H,0-20%MeOH). The compound obtained (11.4 mg)
was diluted with MeOH (0.4 mL), EtsN (0.2 mL), and H>O (0.2 mL) with stirring
overnight. Volatiles were removed under diminished pressure, and the residue was
subjected to BondElut® (C8, H>0) to predominantly give 4-6 (5.8 mg) as a C1 conformer
in 17% yield (over 3 steps). '"H NMR (600 MHz, selected): § 4.61 (d, 1H, J1» = 7.80 Hz,
Xyl-1), 3.94 (dd, 1H, Js 5. = 5.40 Hz, Jsa50 = 11.64 Hz, Xyl-5a), 3.45 (t, 1H, Jo3 = J34 =
9.18 Hz, Xyl-3), HR ESI-MS m/z [(M-HNEt3) ]: calcd for Ci1oH20PO12: 363.0692; found,
363.0700.

OBn  OH

TBDPSO\/Y'\/OH

OBn
2,3-Di-0O-benzyl-1-O-tert-butyldiphenylsilyl-D-ribitol (4-14).

A suspension of a catalytic amount of (1,5-
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cyclooctadiene)bis(methyldiphenylphosphine)iridium(I) hexafluorophosphate in THF
(5.0 mL) was stirred under a H> atmosphere, which was then replaced by argon. This
manipulation was repeated a few times. A solution of 4-2 (1.61 g, 2.64 mmol) in THF
(15 mL) was then added to the above solution of the iridium complex. After stirring for 1
h, H,O (2.0 mL), NaHCO3 (445.3 mg, 5.301 mmol), and 1> (1.35 g, 5.32 mmol) were
added to the reaction mixture. The solution was stirred at 0°C for 1 h and diluted with
CHCIs. The organic phase was washed with aq. Na>S>03 and brine. The crude material
obtained was eluted from a silica gel column (10:1-1:3 n-hexane:EtOAc) to give 4-14
(1.22 g) in 81% yield. [a]p —0.81 (¢ 0.33, CHCI3). '"H NMR (600 MHz, CDCl3): & 7. 68
(m, 4H, Ar-H), 7.43 (m, 2H, Ar-H), 7.37-7.26 (m, 12H, Ar-H), 7.20 (m, 2H, Ar-H), 4.66,
4.46 (ABq, 2H, J = 11.64 Hz, CH2Ph), 4.62, 4.59 (ABq, 2H, J=11.16 Hz, CH;Ph), 3.97
(dd, 1H, Jia2 = 4.02 Hz, J1a,1b = 11.28 Hz, H-1a), 3.87 (dd, 1H, Jiv2 = 4.56 Hz, H-1b),
3.86 (m, 1H, H-4), 3.79 (brt, 1H, J = 6.12 Hz, H-3), 3.74 (m, 1H, H-2), 3.71 (m, 2H, H-
5ab), 3.19 (d, 1H, Json = 4.32 Hz, 4-OH), 2.20 (brt, 1H, J = 6.39 Hz, 5-OH), 1.08 (s, 9H,
tert-Bu), BC{'H} NMR (150 MHz, CDCl3): § 135.78, 135.65, 129.85, 128.46, 127.95,
127.83, 127.81, 127.76 (Ar), 80.88 (C-2), 78.96 (C-3), 73.88, 72.55 (CH2Ph), 72.23 (C-
4), 63.58 (C-5), 62.81 (C-1), 26.90 (tert-Bu), HR ESI-MS m/z [M+Na']: calcd for
C35H42NaOsSi: 593.2683; found, 593.2699.

OBn  OAc

TBDPSO\/Y:\/OAC

OBn
4,5-Di-0-acetyl-2,3-di-O-benzyl-1-O-tert-butyldiphenylsilyl-D-ribitol (4-15).

Ac20 (3.0 mL) was added to a solution of 4-14 (1.22 g, 2.14 mmol) in pyridine (3.0 mL)
with stirring at r.t. After stirring for 6 h, the solution was concentrated to give 4-15(1.32
g) in 98% yield. [a]p —19 (¢ 0.30, CHCl3). 'H NMR (600 MHz, CDCl3): § 7.67 (m, 4H,
Ar-H), 7.41 (m, 2H, Ar-H), 7.34-7.24 (m, 12H, Ar-H), 7.22-7.17 (m, 2H, Ar-H), 5.51 (m,
1H, H-4), 4.98, 4.53 (ABq, 2H, J = 11.70 Hz, CH2Ph), 4.64, 4.54 (ABq, 2H, J = 11.16
Hz, CH,Ph), 4.37 (dd, 1H, Jasa = 2.82 Hz, Jsa 50 = 12.24 Hz, H-5a), 4.24 (dd, 1H, Ja 5o =
7.20 Hz, H-5b), 3.92-3.89 (m, 2H, H-1a,3), 3.83 (dd, 1H, Jis,> = 4.92 Hz, Jia1b = 11.04
Hz, H-1b), 3.67 (m, 1H, H-2), 1.99 (s, 6H, 2Ac), 1.06 (s, 9H, fert-Bu), *C{'H} NMR
(150 MHz, CDCL): 6 170.16, 169.90 (C=0) 135.73, 135.63, 129.71, 129.69, 128.35,
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128.30 127.98, 127.79, 127.72, 127.69, 127.53 (Ar), 78.90 (C-2), 77.88 (C-3), 73.45,
72.41 (CH2Ph), 71.69 (C-4), 63.24 (C-5), 62.95 (C-1), 26.86 (tert-Bu), 21.02, 20.82
(CH3CO), HR ESI-MS m/z [M+Na']: calcd for CsoHssNaO7Si: 677.2911; found,
677.2894.

OBn  OAc

HO\/Y\/OAC

OBn
4,5-Di-0-acetyl-2,3-di-O-benzyl-D-ribitol (4-16).

A solution of #-BuwNF in THF (1 M, 10.0 mL) and AcOH (1.1 mL, 19 mmol) were
added to a solution of 4-15 (1.32 g, 2.02 mmol) in THF (8.0 mL) with stirring at r.t. After
stirring overnight, the reaction mixture was diluted with CHCl; and the organic phase was
washed with brine. Volatiles were removed under diminished pressure, and the residue
was subjected to a silica gel column (Silica Gel 60, 10:1-1:4 n-hexane:EtOAc) to
quantitatively give 4-16 (846.5 mg). [a]p —2.3(c 0.39 CHCl;). 'H NMR (600 MHz,
CDCl): 6 7.37-7.29 (m, 10H, Ar-H), 5.45 (m, 1H, H-4), 4.70, 4.63 (ABq, 2H, J=11.28
Hz, CH»Ph), 4.65 (s, 2H, CH2Ph), 4.39 (dd, 1H, J4 5. = 2.94 Hz, Js4 5o = 12.30 Hz, H-5a),
4.22 (dd, 1H, Js s = 7.56 Hz, H-5b), 3.84 (dd, 1H, J>3, J34 = 3.28, 6.54 Hz, H-3), 3.82-
3.75 (m, 2H, H-1ab), 3.62 (m, 1H, H-2), 2.05, 2.03 (2s, 3Hx2, 2Ac¢), *C{'H} NMR (150
MHz, CDCl): 6 170.71, 170.17 (C=0), 137.57, 137.47, 128.57, 128.51, 128.21, 128.09,
128.04, 128.02 (Ar), 78.31 (C-2), 78.15 (C-3), 73.82, 72.29 (CH2Ph), 71.72 (C-4), 63.01
(C-5), 60.75 (C-1), 21.04, 20.82 (CH3CO), HR ESI-MS m/z [M+Na']: caled for
C23H2sNaO7: 439.1733; found, 439.1705.

OBn OAc
IsopzN\P _0 : . OAc

OCH,CH,CN  OBn
4°,5°-Di-0-acetyl-2°,3’-di-O-benzyl-D-ribitol 1’- (2-Cyanoethyl N,N-
diisopropylphosphoramidite) (4-17).

Isop2NPCI(OCH2CH2CN) (0.5 mL, 2.2 mmol), DMAP (224.3 mg, 1.837 mmol) and
DIPEA (0.3 mL, 1.7 mmol) were added to a solution of 4-16 (520.6 mg, 1.250 mmol) in

CHCl> (7.0 mL) with stirring at r.t. overnight. The reaction mixture was diluted with
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CH,Cl; and washed with sat. NaHCO3 and brine. Volatiles were removed in vacuo, and
the crude material obtained was eluted from a column of silica gel (Silica Gel 60, 50:1—
2:1 n-hexane:EtOAc) to give 4-17 (346.5 mg) in 45% yield. This compound was used for
the next reaction without further purification. One pair of diastereomers (A and B)
appeared in NMR spectra. '"H NMR (600 MHz, CDCls): § 7.38-7.26 (m, 12H, Ar-H), 5.47,
5.44 (m, 1H, H-4AB), 4.77-4.59 (m, 4H, OCH2Ph), 4.40-4.37 (m, 1H, H-5aAB), 4.26-
4.22 (m, 1H, H-5bAB), 4.00 (m, 0.5H, H-1aA), 3.90-3.72 (m, 6H, H-2AB, 3AB, 1bA,
1aB, POCH>), 3.67 (m, 0.5H, H-1bB), 3.61 (m, 2H, 2CHMe), 2.55 (m, 2H, CH2CN),
2.08-1.99 (m, 6H, 2Ac), 1.20-1.12 (m, 12H, 4CH3), 3C{'H} NMR (150 MHz, CDCls): §
128.39, 128.37, 128.35, 128.07, 128.06, 128.04, 127.86, 127.83 (Ar), 77.97 (C-1B), 77.86
(C-3),73.73,72.40 (OCH>), 72.24, 71.81 (C-4AB), 63.09(C-5AB), 62.53 (C-2AB), 61.80
(C-1A), 58.67 (POCH2), 43.19 (CH), 24.69, 24.64, 24.60 (CH3), 21.07, 20.82 (COCH3),
22.29 (CH2CN).

0
LevO
9
LevO. H

OLev

08

TBDPSO. A i o—ﬁ—o H ; onll
\/Yv I \/\(v

OBn 0Bn

2,3-Di-0-benzyl-5-0-(2-cyanoethyloxy)(2-O-acetyl-1-0-allyl-3,4-di-O-benzyl-D-ribit-
5-yDphosphinyl-1-O-tert-butyldiphenylsilyl-4-0-(2,3,4-tetra-O-levulinoyl-f-D-

OCHCHCN ~ OBn  OAc

xylopyranosyl)-D-ribitol (4-19).

1H-tetrazol (118.4 mg, 1.690 mmol) and a solution of 4-17 (346.5 mg, 0.562 mmol) in
CH:Cl: (8.0 mL) were added to a solution of 4-18 (C1:1C=1:1, 415.5 mg, 0.417 mmol)
in CH>Cl; (8.0 mL) with stirring at r.t. overnight. mCPBA (479.7 mg, 2.779 mmol) was
then added to the reaction mixture with stirring for 2 h. The reaction mixture was diluted
with CHCI3. The organic phase was washed with aq. Na>S>O3 and brine. The crude
material obtained was eluted from a column of gel permeation (LH-20, 1:1
CHCI3:MeOH) to give 4-19 (385.2 mg) in 60% yield over 2 steps predominantly with the
C1 conformer of Xyl. [a]p—0.43 (¢ 0.70, CHCIs), '"H NMR (600 MHz, CDCl3): & 7.64
(m, 4H, Ar-H), 7.43-7.36 (m, 4H, Ar-H), 7.33-7.23 (m, 16H, Ar-H), 7.20-7.14 (m, 4H,
Ar-H), 5.44, 5.41 (m, 1H, Rbo!-4), 5.20 (m, 1H, Xyl-3), 5.01-4.92 (m, 2H, Xyl-2, 4),
4.73-4.41 (m, 8H, CH,Ph), 4.67 (m, 1H, Xyl-1), 4.35-4.25 (m, 2H, Rbo!-5a, Rbo?*-4),
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4.26-4.16 (m, 1H, Rbo!-5b), 4.09-3.09 (m, 5H, Rbo?-3,5ab, OCH>), 3.96-3.90 (m, 3H,
Xyl-5a, Rbo!-1ab), 3.88 (m, 1H, Rbo*-1a), 3.82-3.78 (m, 3H Rbo!-2, 3, Rbo*1b), 3.57
(m, 1H, Rbo?-2), 3.18 (m, 1H, Xyl-5b), 2.76-2.68 (m, 6H, CH>), 2.60-2.53 (m, 6H, CH>),
2.52-2.42 (m, 2H, CH2CN) 2.17-2.07 (m, 9H, CH3), 2.04-1.98 (m, 6H, CH3CO), 1,04 (m,
9H, tert-Bu), C{'H} NMR (150 MHz, CDCl3): & 206.48, 206.44, 206.34, 195.86,
181.62, 171.96, 171.67, 171.51 (C=0), 137.74, 135.62, 129.70, 129.05, 128.49, 128.47,
128.34, 128.26, 128.24, 128.17, 128.08, 128.05, 127.94, 127.72, 127.67, 127.49, 127.46
(Ar), 101.60 (Xyl-1), 79.27 (RboB-4), 78.95 (RboB-2, 3, OCH>), 77.5-77.0 (RboA-2,3),
73.88 (CH2Ph), 73.75 (CH2Ph), 72.50 (CH2Ph), 72.03 (CH2Ph), 71.66 (Xyl-3), 71.25
(Xyl-2), 71.25, 71.19 (RboA-4), 62.82 (RboA-5), 62.68 (RboB-1), 62.37 (Xyl-5), 61.96
(RboA-1), 61.93 (RboB-5), 37.79, 37.75, 37.71 (CH>), 29.74, 29.68, 29.66 (CHs), 27.90,
27.84, 27.72 (CHy), 26.85 (tert-Bu), 21.01, 20.81 (CH3CO), 19.23 (CH.CN), HR ESI-
MS m/z [M+Na*]: calcd for CsiHogNNaO24PSi: 1550.5883; found, 1550.5816.

O-D-Ribitol 1-{O-f-D-xylopyranosyl-(1-4)-D-ribit-5-yl sodium phosphate}, sodium salt
(4-7).

A solution of n-BusNF in THF (1 M, 0.6 mL, 0.6 mmol) and AcOH (70 pL, 1.2 mmol)
were added to a solution of 4-19 (C1, 191.5 mg, 125.3 umol) in THF (5.0 mL) with
stirring at r.t. for 2 d. The reaction was worked up as the synthesis of 4-5, and the residue
was subjected to a silica gel column (Silica Gel 60N, 10:1 n-hexane:EtOAc—1:1
EtOAc:MeOH) to give a desilylated compound (176.3 mg), a part of which (46.4 mg)
was diluted in MeOH (2.0 mL), EtsN (1.0 mL), and H>O (1.0 mL) with stirring overnight.
Volatiles were removed under diminished pressure, and the residue was subjected to a
column of gel permeation (LH-20, 1:1 CHCI3;:MeOH) to give a crude saponified
compound (38.7 mg), a part of which (28.5 mg) was diluted in MeOH (3.0 mL). The
solution was vigorously stirred in the presence of a catalytic amount of Pd/C under a H»
atmosphere at r.t. for 2 d. H,O (0.5 mL) was then added to the mixture and the reaction
was continued for 2 more d. The reaction mixture was filtered on celite, and the volatiles

were removed under diminished pressure. The residue was diluted with H,O (1.0 mL)
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and 0.1 M NaOH (0.06 mL) and stirred for 4 h. After neutralization with dil. AcOH, the
solution was subjected to a column of gel permeation (LH-20, 1% AcOH) and BondElut®
(C8, H20) to give 4-7 (10.3 mg) in 85% yield (over 4 steps) predominantly as a Cl
conformer. [a]p —30 (¢ 0.65, H>O). Chemical shifts in '"H and '*C NMR are listed in Table
1. 'TH NMR (600 MHz, D>O, selected): & 4.61 (d, 1H, Ji> = 7.80 Hz, Xyl-1), 3.74 (brt,
1H, J = 6.27 Hz, Rbo!-3), 3.45 (brt, 1H. J = 9.24 Hz Xyl-3), HR ESI-MS m/z [(M-Na)]:
calcd for CisH30016P: 497.1277; found, 497.1278.

OBn

TBDPSO\\//«\I//\\//OAH

OBn
5-0-Allyl-2,3-di-O-benzyl-1-O-tert-butyldiphenylsilyl-4-O-f-D-xylopyranosyl-D-ribitol
(4-20).

H>NNH>*AcOH (112 mg) was added to a solution of 4-4 (274 mg, 252 umol) in toluene
(6.0 mL) and EtOH (3.0 mL) with stirring overnight. Volatiles were removed under
diminished pressure. The residue was purified by gel permeation (1:1 CHCl3:MeOH) and
a column of Silica Gel 60 (100:1 EtOAc:MeOH) to give 4-20 (137 mg) in 75% yield. Ry
0.47 (50:1 EtOAc:MeOH), [a]p +62 (¢ 0.27, CHCl3); 'H NMR (600 MHz, CDCl3): §
7.69-7.66 (ms, 4H, Ph), 7.43-7.39 (ms, 2H, Ph), 7.35-7.24 (ms, 10H, Ph), 7.21 (ms, 2H,
Ph), 7.16 (ms, 2H, Ph), 5.85 (m, 1H, CH=CH>), 5.24 (m, 1H, =CH>), 5.17 (m, 1H, =CH.>),
4.74, 4.58 (ABq, 2H, J = 11.3 Hz, CH:Ph), 4.68, 4.46 (ABq, 2H, J = 11.8 Hz, CH,Ph),
4.39 (d, 1H, Ji2 = 7.2 Hz, Xyl-1), 4.22 (m, 1H, Rbo-4), 3.99 (dd, 1H, J = 3.6, 6.78 Hz,
Rbo-3), 3.97-3.93 (ms, 2H, Xyl-5a, Rbo-1a), 3.90 (m, 2H, OCH>), 3.85 (t, 1H, J = 5.0,
6.2 Hz, Rbo-1b), 3.72-3.67 (m, 1H, Xyl-4), 3.66-3.63 (ms, 2H, Rbo-5a, Rbo-2), 3.51-3.46
(ms, 2H, Xyl-3, Rbo-5b), 3.37-3.34 (m, 1H, Xyl-2), 3.22 (dd, 1H, J=9.8, 11.6 Hz, Xyl-
5b), 2.86 (d, 1H J = 2.6 Hz, Xyl-3-OH), 2.43 (d, 1H, J= 3.1 Hz, Xyl-4-OH), 1.06 (s, 9H,
-Bu). BC{'H} NMR &¢ (150 MHz, CDCls): 138.4, 138.3, 137.9, 135.7, 135.6 (each Ar),
134.0 (CH=CH>), 133.4, 133.2, 129.7, 129.7, 129.0, 128.3, 128.3, 128.2, 127.9, 127.9,
127.7, 127.7, 127.6, 125.3 (each Ar), 117.3 (=CH>), 105.2 (Xyl-1), 81.4 (Rbo-4),79.1
(Rbo-3), 78.9 (Rbo-2), 76.5 (Xyl-3), 74.1 (OCH>»), 74.0 (Xyl-2), 72.2, 72.1 (OCH2), 70.1
(Rbo-5), 69.5 (Xyl-4), 65.4 (Xyl-5), 63.0 (Rbo-1), 26.8 (+-Bu). HR ESI-MS: m/z calcd for
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C43Hs4NaOoSi [M+Na'], 765.3435; found, 765.3414.

BN o

TBDPSO\/\‘/VOAII

OBn
5-0-Allyl-2,3-di-O-benzyl-1-O-tert-butyldiphenylsilyl-4-O-(2,3-O-isopropylidene-D-
xylopyranosyl)-f-D-ribitol (4-21).

Camphorsulfonic acid (4 mg) and 2-methoxypropene (14 pL, 0.15 mmol) were added
to a solution 0f 4-20 (97 mg, 0.13 mmol) in DMF (5.0 mL) with stirring for 8 h. Additional
2-methoxypropene (14 pL, 0.15 mmol) was then added. 2-Methoxypropene (28 uL, 0.29
mmol) was added again the next day, and the reaction was quenched with DIPEA after 2
h. The conventional work-up and purification by Silica Gel 60 (6:1—4:1 toluene:EtOAc)
gave 4-21 (70 mg) in 68% yield. Rr0.45 (3:1 toluene:EtOAc), [a]p —1.88 (¢ 1.28, CHCIy).
"H NMR (600 MHz, CDCl3): § 7.69-7.67 (ms, 4H, Ph), 7.42-7.37 (ms, 2H, Ph), 7.35-7.20
(ms, 14H, Ph), 5.88 (m, 1H, CH>=CH), 5.24 (m, 1H, CH,=CH), 5.12 (m, 1H, CH,=CH),
494 (d, 1H, J; 2= 7.5 Hz, Xyl-1), 4.72, 4.56 (ABq, 2H, J = 11.8 Hz, PhCH>), 4.71, 4.60
(ABq, 2H, J = 11.3 Hz, PhCH2>), 4.28 (m, 1H, Rbo-4), 3.99-3.87 (ms, 7H, OCH>, Xyl-4,
5a, Rbo-1ab, 3), 3.78 (m, 1H, Rbo-2), 3.70-3.63 (ms, 2H, Rbo-5ab), 3.49 (brt, I1H, J=9.2
Hz, Xyl-3), 3.30 (dd, 1H, J23 = 9.5 Hz, Xyl-2), 3.17 (d, 1H, Js,0n = 4.0 Hz, Xyl-4-OH),
1.64 (s,3Hx2, CH3), 1.44 (s, 9H, -Bu). *C{'H} NMR (150 MHz, CDCls): 5 138.8, 138.6,
135.8, 135.7, 133.5, 129.6, 129.6, 128.2, 128.1, 127.7, 127.6, 127.6, 127.5, 127.3 (each
Ar), 135.8 (CH2=CH), 116.5 (CH>=CH), 101.8 (Xyl-1), 81.0 (Xyl-3), 79.8 (Rbo-2), 79.2
(Rbo-3), 77.7 (Rbo-4), 76.7 (Xyl-2), 73.8, 72.3 (PhCH>), 72.1 (OCH>), 70.6 (Rbo-5), 69.5
(Xyl-4), 67.1 (Xyl-5), 63.6 (Rbo-1), 26.9 (+-Bu), 26.6 (2CH3). HR ESI-MS: m/z calcd for
C46HssNaOoSi [M+Na*], 805.3748; found, 805.3727.

Ac8 O
Ac COOMe
A0 laco o o o
o8n
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OBn

5-0-Allyl-2,3-di-O-benzyl-1-O-tert-butyldiphenylsilyl-4-0-{(2,3,4-tri-O-acetyl-a-D-
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xylopyranosyl)-(1—3)-(methyl  2,4-di-O-acetyl-f-D-glucopyranosyluronate)-(1—3)-
2,4-di-0-acetyl-B-D-xylopyranosyl}-D-ribitol (4-22).

MSAW300 (0.20 g) was added to a solution of 2-14 (135 mg, 195 umol) and 4-21 (110
mg, 141 pumol) in CH>Cl (8.0 mL) with stirring at r.t. for 15 min. TMSOTTf (4 uL, 0.02
umol) was added to the mixture at —78 °C with stirring for 1.5 h. The reaction was
quenched with sat. NaHCOs. The usual work-up and purification by gel permeation (1:1
CHCIl3:MeOH) gave a product (76 mg), to which Ac,0 (3.0 mL) and pyridine (3.0 mL)
were added with stirring overnight. Volatiles were removed under diminished pressure
and the residue was purified by a column of Wakogel® C-300 (3:1 toluene:EtOAc) to give
4-22 (67 mg) in 35% yield over 2 steps. R 0.62 (1:1 toluene:EtOAc), [a]p +58 (¢ 0.50,
CHCIl3); 'TH NMR (600 MHz, CDCI3): 6 7.68-7.66 (ms, 4H, Ph), 7.41-7.38 (ms, 2H, Ph),
7.33-7.24 (ms, 10H, Ph), 7.19-7.14 (ms, 4H, Ph), 5.87-5.81 (m, 1H, CH=CH>), 5.29 (4,
1H, J = 9.9 Hz, Xyl*-3), 5.23-5.17 (ms, 3H, CH=CH,, Xyl*-1, GIcA-4), 5.14-5.09 (ms,
2H, CH=CH,, Xyl-3), 4.95-4.87 (ms, 3H, Xyl*-4, GlcA-2, Xyl?-2),4.75 (d, 1H, J1,="7.2
Hz, Xyl?-1), 4.72-4.68 (ms, 3H, O-CH,, Xyl*-2), 4.52-4.46 (m, 2H, O-CH>), 4.42 (d, 1H,
J12="7.7Hz, GlcA-1), 4.28-4.25 (m, 1H, Rbo-4), 3.96-3.91 (ms, 3H, GlcA-3, Rbo-1a, 3),
3.87-3.83 (ms, 5H, CH-CHa, GlcA-5, Xyl>-5a, Rbo-1b), 3.76-3.67 (ms, 5SH, O-CH3, Xyl*-
5a, Xyl?-4), 3.64-3.62 (m, 1H, Rbo-2), 3.59-3.52 (ms, 3H, Xyl*-5b, Rbo-5a, 5b), 3.24 (dd,
1H, J =9.7, 11.8 Hz, Xyl-5b), 2.06 (s, 3H, Ac), 2.03-2.02 (4s, 12H, 4Ac), 2.00 (s, 3H,
Ac), 1.98 (s, 3H, Ac), 1.06 (s, 9H, #Bu). BC{'H} NMR (150 MHz, CDCls): & 170.7,
167.0,169.7, 169.6, 169.5, 169.5, 167.0 (each C=0), 137.9(C=0), 135.8, 135.6 (each Ar),
134.7 (CH=CH>), 133.6, 133.4, 129.6, 129.0, 129.0, 128.6, 128.2, 127.6, 127.5, 127.4,
125.3 (each Ar), 116.8 (CH=CH>), 101.0 (Xyl?-1), 100.5 (GlcA-1), 96.2 (Xyl*-1), 79.4
(Rbo-2), 79.2 (Rbo-3), 79.1 (Rbo-4), 77.08-76.80 (GlcA-3), 76.1 (Xyl>-4), 73.9 (OCH>),
72.82 (GlcA-5 or CH-CH3), 72.18 (CH-CH: or GlcA-5), 72.0 (OCH), 72.0 (GlcA-2,
Xyl2-3), 71.4 (Xyl%-2), 71.3 (GlcA-4), 71.1 (Xyl*-2), 70.8 (Rbo-5), 69.0 (Xyl*-4), 68.9
(Xyl*-3), 63.3 (Rbo-1), 62.5 (Xyl*-5), 58.7 (Xyl*-5), 52.7 (COOCH3), 26.9 (¢-Bu), 21.4,
20.8,20.7, 20.6, 19.3 (each CCH3). HR ESI-MS: m/z calcd for CeoHgsNaO26Si [M+Na*],
1381.5074; found, 1381.5056.
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2,3-Di-0-benzyl-4-0-[(2,3,4-tri-O-acetyl-a-D-xylopyranosyl)-(1—3)-(methyl 2,4-di-O-
acetyl-p-D-glucopyranosyluronate)-(1—3)-2,4-di-O-acetyl-f-D-xylopyranosyl]-D-
ribitol (4-23).

A catalytic amount of (1,5-cyclooctadiene)bis(methyldiphenylphosphine)iridium (I)
hexafluorophosphate in THF (1.0 mL) was activated with H,. Compound 4-22 (67 mg,
50 pumol) in THF (5.0 mL) was added to this solution with stirring for 1.5 h. H>O (1.0
mL), NaHCOs3 (9 mg, 0.1 mmol), and I> (26 mg, 0.10 mmol) were then added with stirring
at 0 °C for 2 h. The reaction was quenched with 1 M Na;S,03 and worked up
conventionally. The crude material obtained was purified by a column of Silica Gel 60N
(3:1 toluene:EtOAc—10:1 EtOAc:MeOH) to give a product (60 mg) that was diluted with
THF (4.0 mL). AcOH (25 pL) and 1 M n-BusNF in THF (220 pL) were added to this
solution with stirring for 2 d. The conventional work-up and purification by a column of
Wakogel® C-300 (1:1 toluene:EtOAc) gave 4-23 (29 mg), Ry 0.25 (1:2 toluene:EtOAc),
in 54% yield over 2 steps. This compound was used in the next reaction without further

purification.

H Q
Hg%NaOOC
oH gco/m/g

OH H
o

How:c‘MNOH
a-D-Xylopyranosyl-(1—3)-(f-D-glucopyranosyluronic acid)-(1—3)-f-D-
xylopyranosyl-(1—4)-D-ribitol, sodium salt (4-8).

LiOH (1.25 M) (210 puL) was added to a solution of 4-23 (29 mg, 27 umol) in THF (4.0
mL) and H>O (0.2 mL) with stirring at 0 °C for 1 h. Volatiles were removed under
diminished pressure. The residue was diluted with MeOH (4.0 mL), and 0.1 M NaOH
(0.1 mL) was added with stirring overnight. The reaction was quenched with 50% AcOH.

Volatiles were similarly removed, and the residue was subjected to a column of gel

permeation (1% AcOH). The product (20 mg) was diluted with MeOH (1 mL) and H,O
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(1 mL) and stirred in the presence of Pd on carbon under a H> atmosphere overnight.
Insoluble materials were removed on Celite to give 4-8 (15 mg) in 92% yield over 2 steps.
R;0.71 (33:33:33:5 EtOAc:MeOH: H,0:AcOH), [a]p +33 (¢ 0.63, H>0), 'H NMR (500
MHz, D>0) (tert-BuOH = 1.23 ppm): 6 5.31 (d, 1H, J1,=3.8 Hz, Xyl*-1), 4.58 (d, 1H, Ji >
= 8.0 Hz, Xyl*-1), 4.54 (d, 1H, Ji2= 7.5 Hz, GlcA-1), 4.09 (dd, 1H, J = 5.5, 12.0 Hz,
Xyl*-5a), 3.98 (m, 1H, Rbo-4), 3.90-3.86 (ms, 4H, Xyl>-4, Rbo-3, la, 5a), 3.81-3.72 (ms,
5H, Xyl?-5a, Xyl*-4, GlcA-5, Rbo-2, 5b), 3.68-3.57 (ms, 6H, Xyl>-3, 5b, Xyl*-3, GlcA-3,
4,Rbo-1b), 3.51 (dd, 1H, J»3=9.5 Hz Xyl*-2), 3.42-3.35(ms, 3H, Xyl2-2, Xyl*-5b, GlcA-
2). BC{'H} NMR (125 MHz, D;0) (tert-BuOH = 30.5 ppm): & 103.8 (Xyl>-1), 102.1
(GlcA-1), 99.7 (Xyl*-1), 81.9 (GlcA-4), 81.6 (Rbo-4), 77.7 (Xyl*-4), 76.3 (Rbo-3), 74.7
(Xyl2-3), 74.0 (Xyl>-2), 73.9 (Xyl*-3), 73.1, 72.7 (GlcA-5, Rbo-2), 72.5 (Xyl*-2), 72.4
(Xyl*-4), 72.2 (GlcA-2), 70.2 (GlcA-3), 63.8 (Xyl?-5), 63.5 (Xyl*-5), 62.3 (Rbo-1), 61.0
(Rbo-5). HR ESI-MS: m/z calcd for C21H3sNaO19 [M+H'], 615.1748; found, 615.1744.
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o

o
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N3 NHZ

2-N-(Benzyloxycarbonyl)aminoethyl 2-azido-4,6-0-benzylidene-2-deoxy-3-0-
levulinoyl-a and f-D-galactopyranoside (5-8a and 5-8).

MS4A (0.73 g) was added to a solution of 5-7 (1.77 g, 3.30 mmol) and HOC,H4sNHZ
(1.00 g, 5.12 mmol) in toluene (20 mL) with stirring at r.t. for 1 h. BF3*OEt: (62 pL, 0.49
mmol) was added to the mixture at =50 °C with stirring for 20 min. The reaction was
quenched with sat. NaHCOj. The usual work-up and purification by gel permeation (LH-
20, 1:1 CHCl3:MeOH) and Wakogel® C-300 (3:1-1:5 n-hexane:EtOAc) gave 5-8a.(135.5
mg, 0.24 mmol) and 5-8f (617.2 mg, 1.09mmol) in 7 and 33% yield, respectively. R0.32
and 0.20 (1:1 n-hexane:EtOAc), 5-8a, [o]p +72.4 (¢ 1.07, CHCl3); 'H NMR (600 MHz,
CDCl3): & 7.51-7.49 (m, 2H, Ar-H), 7.39-7.30 (m, 8H, Ar-H), 5.52 (s, 1H, PhCH), 5.32
(dd, 1H, J>3=11 .1 Hz, J34= 3.4 Hz, H-3), 5.26 (br, 1H, NH), 5.13, 5.10 (ABq, 2H, J=
12.5 Hz, PhCH>), 5.06 (d, 1H, Ji2= 3.3 Hz, H-1), 4.41 (d, 1H, H-4), 4.22 (brd, 1H, J=
12.4 Hz, H-6a), 4.00 (dd, 1H, Jse,= 1.2 Hz, Jeasb= 12.7 Hz, H-6b), 3.93 (dd, 1H, H-2),
3.84,3.60 (2m, 1Hx2, 1/20CH2>x2), 3.72 (s, 1H, H-5), 3.48, 3.40 (2m, 1Hx2, 1/2NCH2x2),
2.78-2.65 (m, 4H, Lev), 2.11 (s, 3H, COCH3). BC{'H} NMR (150 MHz, CDCl3): §
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206.17 (C=0), 172.17 [OC=0(Lev)], 156.42 (NHC=0), 137.46, 136.51, 129.10, 128.54,
128.21, 128.13, 128.09, 126.16 (Ar), 100.76 (PhCH), 98.90 (C-1), 73.38 (C-4), 69.41 (C-
3), 69.02 (C-6), 68.02 (OCH>), 66.77 (PhCH>), 62.80 (C-5), 57.37 (C-2), 40.75 (NCH>),
37.87 [CHa(Lev)], 29.69 (COCHs3), 28.15 [CHz(Lev)]. ESI-HRMS: m/z calcd for
CasH3:2N4O9Na [M+Na*], 591.2067; found, 591.2055, m/z calcd for CigH32N4O9K
[M+K*], 607.1806; found, 607.1793. 5-8f, [a]p +10 (c 0.3, CHCl3); '"H NMR (600 MHz,
CDCl): 8 7.52-7.50 (m, 2H, Ar-H), 7.50-7.30 (m, 8H, Ar-H), 5.51 (s, 1H, PhCH), 5.36
(m, 1H, NH), 5.10 (s, 2H, PhCH>»), 4.73 (dd, 1H, J>3=10.9 Hz, J34= 3.5 Hz, H-3), 4.35
(d, 1H, Ji2= 8.0 Hz, H-1), 4.28 (dd, 1H, Js56.= 1.3 Hz, Jeab = 12.5 Hz, H-6a), 4.27 (d,
1H, H-4), 4.01 (dd, 1H, J56,= 1.6 Hz, H-6b), 3.99, (m, 1H, 1/20CH>), 3.89 (dd, 1H, H-
2),3.74, (m, 1H, 1/20CH>), 3.48, 3.44 (2m, 1Hx2, 1/2NCH2x2), 3.42 (s, 1H, H-5), 2.77-
2.74 (m, 2H, 1/2Lev), 2.70-2.62 (m, 2H, 1/2Lev), 2.10 (s, 3H, COCH3). BC{'H} NMR
(150 MHz, CDCls): & 206.14 (C=0), 172.08 [OC=0(Lev)], 156.48 (NHC=0), 137.47,
136.63 [C (q), Ar], 129.12, 128.50, 128.21, 128.04, 128.01, 126.28 (Ar), 102.47 (C-1),
100.91 (PhCH), 72.58 (C-4), 72.02 (C-3), 69.59 (OCH>), 68.84 (C-6), 66.66 (PhCH>),
66.42 (C-5), 60.34 (C-2), 40.99 (NCHz), 37.87 [CHz(Lev)], 29.69 (COCH3), 28.09
[CH2(Lev)]. HR ESI-MS: m/z caled for CasH3:N4sOoK [M+K*], 607.1806; found,
607.1793.

Aco OAc
o

AcO SN
N NHZ
3

2-N-(Benzyloxycarbonyl)aminoethyl 3,4,6-tri-0-acetyl-2-azido-2-deoxy-f-D-
galactopyranoside (5-11).

MS4A (0.07 g) was added to a solution of 3,4,6-tri-O-acetyl-2-azido-2-deoxy-D-
galactopyranosyl trichloroacetimidate 5-10 (166.9 mg, 0.351 mmol) and HOC,H4sNHZ
(171.3 mg, 0.877 mmol) in toluene (2.5 mL) with stirring at r.t. for 1 h. BF3*OEt; (10 pL,
80 mmol) was added to the mixture at —50 °C with stirring up to —14 °C for 3 h. The
reaction was quenched with sat. NaHCO3. The usual work-up and purification by gel
permeation (LH-20, 1:1 CHCl3;: MeOH) gave 5-11 (131.8 mg, 0.259 mmol) in 73% yield.
Ry 0.38 (10:1 EtOAc:MeOH), [a]p —5.19 (¢ 1.31, CHCI3); 'H NMR (600 MHz, CDCl5):
0 7.37-7.31 (m, 5H, Ar-H), 5.32 (dd, 1H, J34= 3.4 Hz, Js5= 0.8 Hz, H-4), 5.27 (m, 1H,
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NH), 5.11 (s, 1H, PhCH>), 4.76 (dd, 1H, J>3= 11 Hz, H-3), 4.35 (d, 1H, J12,= 10 Hz, H-
1), 4.12 (m, 2H, H-6ab), 3.96 (m, 1H, 1/20CH>), 3.83 (dt, 1H, Js56a=Js560= 6.6 Hz, H-5),
3.78 (m, 1H, 1/20CH»), 3.67 (m, 1H, H-2), 3.48 (m, 2H, NCH>), 2.15, 2.05, 2.03 (3s,
3Hx3, 3Ac). BC{'H} NMR (150 MHz, CDCIl3): 6 170.3, 170.0, 169.75 (C=0), 156.41,
136.50, 128.56, 128.18, 128.15 (Ar), 102.59 (C-1), 70.95 (C-3), 70.87 (C-5), 69.93
(OCH>), 66.81 (PhCH2), 66.32 (C-4), 61.29 (C-6), 60.83 (C-2), 41.01 (NCH>), 20.62,
20.62, 20.59 (CHs). HR ESI-MS: m/z calced for C22H2sN4OioNa [M+Na*], 531.1703;
found, 531.1692.
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2-N-(Benzyloxycarbonyl)aminoethyl 2-azido-4,6-0-benzylidene-2-deoxy- -D-
galactopyranoside (5-9).

(Method 1) B-Anomer (5-8f) (490.1 mg, 0.862 mmol) was diluted with toluene (2.5 mL)
and EtOH (10 mL). HoNNH2¢AcOH (166.1 mg, 1.693 mmol) was then added with stirring
for 40 min. The reaction mixture was directly added to gel permeation (LH-20, 1:1
CHCIl3:MeOH) to give 5-9 (403.0 mg) in 99% yield. R£0.31 (1:1 toluene:EtOAc).
(Method 2) A solution of 5-11 (2.35 g, 4.62 mmol) in a mixture of MeOH (20 mL), H,O
(10 mL) and EtsN (10 mL) was stirred at r.t. overnight. Volatiles were removed under
diminished pressure to give triol (1.77 g) in quantitative yield which was diluted with
THF (20 mL). Benzaldehyde dimethylacetal (1.4 mL, 9.07 mmol) and catalytic amount
of p-TsOH*H>0O were then added with stirring for 3 h. The reaction mixture was quenched
with EtsN. The volatiles were removed under diminished pressure, and the residue was
recrystallized from EtOH to give crystal (1.35 g). The mother liquor was concentrated
and the residue was added to Silica Gel 60 (5:1-1:10 toluene:EtOAc—10:1 EtOAc:MeOH)
gave 5-9 (0.36 g) (1.71 g in total) in 78% yield over 2 steps. M.p. 174.0 °C (from EtOH).
[a]p +2.9 (¢ 1.27, CHCI3). 'H NMR (600 MHz, CDCI3): 8 7.51-7.49 (m, 2H, Ar-H), 7.40-
7.29 (m, 8H, Ar-H), 5.56 (s, 1H, PhCH), 5.37 (m, 1H, NH), 5.11 (s, 2H, PhCH>), 4.31 (dd,
1H, Js5.6a= 1.3 Hz, Jsasb = 12.6 Hz, H-6a), 4.29 (d, 1H, J12= 8.0 Hz, H-1), 4.16 (dd, 1H,
J34=3.7Hz, J15=0.7 Hz, H-4),4.05 (dd, 1H, J56,= 1.7 Hz, H-6b), 4.00, 3.74 (2m, 1Hx2,
1/20CH: x2), 3.63 (dd, 1H, J>3=10.2 Hz, H-2), 3.55 (bdt, 1H, J=3.7, 9.9 Hz, H-3), 3.51,
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3.44 (2m, 1Hx2, 1/2NCH2x2), 3.42 (s, 1H, H-5), 2.59 (d, 1H, J3,0u = 9.6 Hz, 3-OH).
BC{'H} NMR (150 MHz, CDCl3): § 156.50 (NHC=0), 137.20, 136.61 [C (q), Ar],
129.41,128.51, 128.34, 128.05, 128.02, 126.34 (Ar), 102.40 (C-1), 101.44 (PhCH), 74.46
(C-4), 71.41 (C-3), 69.57 (OCH2), 68.94 (C-6), 66.65 (C-5, PhCH>), 64.06 (C-2). HR
ESI-MS: m/z calcd for C23H26N4O7K [M+K*], 509.1439; found, 509.1426.

OBn OBn
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5-0-Allyl-2,3,4-tri-0-benzyl-1-O-tert-butyldiphenylsilyl-D-ribitol (5-12).

MS4A (0.81 g) was added to a solution of 5-0-Allyl-2,3-di-O-benzyl-1-O-tert-
butyldiphenylsilyl-D-ribitol 4-2 (3.48 g, 5.68 mmol) and benzyl trichloroacetimidate (2.1
mL, 11 mmol) in CH2Cl; (32 mL) with stirring at r.t. for 1 h. TMSOTT (0.25 mL, 1.4
mmol) was added to the mixture at —20 °C with stirring up to 7 °C for 2.5 h. The reaction
was quenched with sat. NaHCOs3. The usual work-up and purification by column of Silica
Gel 60 (n-hexane—100:1-10:1 n-hexane:EtOAc) gave 5-12 (3.00 g, 4.38 mmol) in 77%
yield. Ry 0.61 (30:1 toluene:EtOAc), [a]p +7.1 (¢ 1.83, CHCIl3); 'H NMR (600 MHz,
CDCl3): 6 7.68-7.62 (m, 4H, Ar-H), 7.40-7.05 (m, 21H, Ar-H), 5.89-5.84 (m, 1H, -CH=),
5.24-5.20, 5.14-5.10 (2m, 1Hx2, 1/2CH2=x2), 4.71-4.52 (m, 6H, 3PhCH>), 3.92 (m, 2H,
OCHa»), 3.97-3.81 (m, 3H, H-2 or 3, 4), 3.79 (m, 1H, H-3 or 2), 3.69 (dd, 1H, Jss5.= 2.6
Hz, Jsasp = 10.6 Hz, H-5a), 3.63 (dd, 1H, Jss, = 5.7 Hz, H-5b), 1.06 (s, 9H, tert-Bu).
BC{'H} NMR (150 MHz, CDCI3): & 138.78, 138.75, 138.58, 135.74, 135.68 [C (q), Ar],
134.97 (=CH-), 133.59, 133.43, 129.57, 129.56, 128.22, 128.20, 127.88, 127.72, 127.63,
127.60, 127.43,127.34,127.29 (Ar), 116.61 (=CH>), 79.99, 78.66, 78.63 (C-2,3,4), 73.70,
72.46, 72.36 (3PhCH>), 72.15 (OCH), 70.34 (C-5), 63.82 (C-1), 26.90 (C-CH3), 19.21
(C-CH3). HR ESI-MS: m/z caled for C45sHs205SiK [M+K*], 739.3221; found, 739.3194.
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2,3,4-Tri-O-benzyl-1-O-tert-butyldiphenylsilyl-D-ribitol (5-13).
A catalytic amount of (1,5-cyclooctadiene)bis(methyldiphenylphosphine)iridium (I)
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hexafluorophosphate in THF (1.5 mL) was activated with Ho. Compound 5-12 (74.3 mg,
108 umol) in THF (3.0 mL) was added to this solution with stirring for 1 h (solution A).
Another catalytic amount of the same iridium (I) complex in THF (1.5 mL) was activated
with Ha. To this was added the solution of the solution A with stirring for 40 min. H2O
(1.0 mL), NaHCO3 (188 mg, 2.24 mmol), and I (53.5 mg, 0.211 mmol) were then added
with stirring at 0 °C for 30 min. The reaction was quenched with 1 M Na;S>03, and
worked up conventionally. The crude material obtained was purified by a column of Silica
Gel 60N (30:1-5:1 n-hexane:EtOAc) to give 5-13 (49.3 mg) in 71% yield. [a]p +7.7 (¢
1.51, CHCl3); "H NMR (600 MHz, CDCl3): 8 7.66 (m, 4H, Ar-H), 7.41-7.22 (m, 21H, Ar-
H), 4.70, 4.62 (ABq, 2H, J=11.2 Hz, PhCH>), 4.69, 4.55 (ABq, 2H, J=11.8 Hz, PhCH>),
4.56 (s, 2H, PhCH>), 3.97 (m, 2H, H-3, 4), 3.90 (m, 2H, H-1ab), 3.77 (m, 1H, H-2), 3.74
(m, 2H, H-5ab), 2.31 (brt, 1H, J= 6.2 Hz, OH-5), 1.06 (s, 9H, tert-Bu). *C{'H} NMR
(150 MHz, CDCl3): 6 138.33, 138.18, 138.13, 135.71, 135.66 [C (q), Ar], 133.40, 133.28,
129.69, 129.67, 128.92, 128.42, 128.37, 128.31, 127.99, 127.78, 127.75, 127.69, 127.54
(Ar), 79.74,79.01, 78.96 (C-2,3,4), 73.88, 72.61, 71.86 (3PhCH2>), 63.49 (C-1), 61.50 (C-
5), 26.90 (C-CH3), 19.20 (C-CH3). HR ESI-MS: m/z calcd for C4,H4305SiNa [M+Na*],
683.3169; found,683.3145.
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2,3,4-Tri-O-benzyl-1-O-tert-butyldiphenylsilyl-D-ribitol 5-(triethylammonium
phosphonate) (5-14).

To a solution of 5-13 (748.1 mg, 1.092 mmol) in CH3CN (10 mL) and pyridine (10 mL)
was added 2-chloro-1,3,2-benzodioxaphosphorin-4-one (777 mg, 3.84 mmol) at r.t. for 2
h. The reaction was diluted with CHCl3 and quenched with 1 M EtsNH2COs. The mixture
was extracted with CHCI3. The organic phase was washed with 1 M EtszNH>COs. and
treated in the usual manner. The residue was subjected to a column of Silica Gel 60N
(spherical neutral) (50:1-1:1 n-hexane:EtOAc—20:1 EtOAc:MeOH-2:1 CHCl3:MeOH
containing 1% E3N) to give 5-14 (694.6 mg) in 77% yield. This compound was used for
the next reaction without further purification. '"H NMR (600 MHz, CDCl3): § 7.65-7.61
(m, 3H, Ar-H), 7.40-7.34 (m, 2H, Ar-H), 7.30-7.17 (m, 20H, Ar-H), 5.85 (d, 1H, Jpu=
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556.3 Hz, PH), 4.73-4.51 (m, 6H, 3PhCHy,), 4.21 (m, 1H, H-5a), 4.10 (m, 1H, H-5b),
3.95-3.84 (m, SH, H-1ab, 2, 3, 4), 2.95 (m, 6H, 3CH;CH,), 1.24 (t, 9H, J = 7.3 Hz,
3CH3CHb), 1.03 (s, 9H, fert-Bu). HR ESI-MS: m/z caled for C42HasO7PSi [(M-EGNH')],
723.2907; found, 723.2930.
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O-{2-N-(Benzyloxycarbonyl)aminoethyl 2-azido-4,6-0-benzylidene-2-deoxy-f-D-
galactopyranoside)} 3-(2,3,4-Tri-O-benzyl-1-O-tert-butyldiphenylsilyl-D-ribit-5-yl
triethylammonium phosphate) (5-16).

A mixture of 5-14 (97.1 mg, 0.118 mmol) and 5-9 (56.2 mg, 0.120 mmol) was twice co-
evaporated with pyridine and dried in vacuo, then diluted with pyridine (2 mL). PivCl (7
mL) was added to the solution with stirring at r.t., and additional PivCl (7 mLx3) were
added after 20, 90, and 140 min, respectively. The reaction was diluted with CHCI3 after
1 h and quenched with sat. NaHCO3. The mixture was extracted with CHCls. The organic
phase was treated in the usual manner. The residue was subjected to a column of gel
permeation (LH-20, 1:1 CHCI3:MeOH) to give 5-15 (85.3 mg, 0.724 mmol) in 62% yield.
Rr0.32 and 0.45 (1:1 toluene:EtOAcx2). This compound was used for the next reaction
without further purification.

Compound 5-15 (85.3 mg, 72.4 mmol) was diluted with pyridine (2.4 mL). A solution of
I (50.8 mg, 0.200 mmol) in pyridine (2.4 mL) and H>O (0.12 mL) was added to the
solution with stirring at r.t. for 40 min. The reaction was diluted with CHCI3 and quenched
with 1 M Na»S,0s. The mixture was extracted with CHCIs. The organic phase was treated
in the usual manner. The residue was subjected to a column of Silica Gel 60N (spherical
neutral) (50:1 EtOAc:MeOH-100:1-10:1 CHCI3:MeOH containing 1% E3N) to give 5-
16 (91.8 mg, 70.9 mmol) in 98% yield. Rr0.53 (10:1 CHCl3:MeOH containing 5% AcOH).
[a]p +7.4 (¢ 1.50, CHCI3). 'H NMR (600 MHz, CDCl3): 8 12.42 (s, 1H, EtsNH"), 7.66-
7.59 (m, 4H, Ar-H), 7.46-7.44 (m, 2H, Ar-H), 7.39-7.16 (m, 29H, Ar-H), 5.44 (s, 1H,
PhCH), 5.38 (br, 1H, NH), 5.11, 5.07 [ABq, 2H, J=11.7 Hz, PhCH> (Z)], 4.80, 4.57 (ABq,
2H, J=11.7 Hz, PhCH>), 4.73, 4.62 (ABq, 2H, J= 11.2 Hz, PhCH>»), 4.69, 4.66 (ABq,
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2H, J=11.7 Hz, PhCH>), 4.35 (m, 1H, Rbo-5a), 4.22 (m, 1H, Rbo-5b), 4.08 (m, 2H, Gal-
3, 6a), 4.05 (d, 1H, J12= 8.0 Hz, Gal-1), 3.99 (m, 2H, Gal-4, Rbo-4), 3.91 (m, 5H, Rbo-
lab, 2, 3, 1/20CH>»), 3.79 (d, 1H, Jea,6o = 11.2 Hz, Gal-6b), 3.71 (dd, 1H, J>3=10.4 Hz,
Gal-2), 3.62 (m, 1H, 1/20CH>), 3.41 (m, 2H, NCH>), 2.96 (s, 1H, Gal-5), 2.71 [m, 6H,
3NCH: (EtsN)], 1.03 (s, 9H, t-Bu), 1.00 [t, 9H, J= 7.4 Hz, 3CH;3 (Et:N)]. BC{!H} NMR
(150 MHz, CDCl3): 6 156.48 (NHC=0), 139.11, 138.84, 138.11, 136.66 [C (q)], 135.69,
135.66 (Ar), 133.59, 133.44 [C (q), Ar], 129.52, 129.00, 128.92, 128.69, 128.46, 128.18,
128.13,128.02, 127.98, 127.77, 127.70, 127.60, 127.58, 127.50, 127.42, 127.26, 127.19,
127.14,126.51 (Ar), 102.21 (Gal-1), 100.89 (PhCH), 80.36, 78.62 (Rbo-2,3,4), 79.07 (d,
3Jccop = 6.6 Hz, Gal-4), 73.78 (PhCH>), 73.57(d, 2Jcor = 4.1 Hz, Gal-3), 72.34, 72.04
(2PhCH>), 69.43 (OCH»), 68.85 (Gal-6), 66.60 [PhCH> (Z)], 66.37 (Gal-5), 65.13 (d,
2Jcor = 5.0 Hz, Rbo-5), 63.95 (Rbo-1), 62.26 (d, *Jccor = 7.8 Hz, Gal-2), 45.13 [CH,
(Et)], 41.05 (NCH2), 26.87 [CH3 (tert-Bu)], 19.18 [CMes (fert-Bu)], 8.19 [CH3 (Et)]. HR
ESI-MS: m/z calcd for CesH72N4014PSi [(M-EtsNH") ], 1191.4557; found, 1191.4570.
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O-{2-N-(Benzyloxycarbonyl)aminoethyl 2-azido-4,6-0-benzylidene-2-deoxy-f-D-
galactopyranoside} 3-(2,3,4-Tri-O-benzyl-D-ribit-5-yl triethylammonium phosphate)
(5-17).

Compound 5-16 (15.6 mg, 12.1 mmol) was diluted with THF (1 mL). To this was added
a solution of 1 M n-BusNF in THF (48 puL) was added with stirring for 4 d. The solution
was subjected to a column of gel permeation (LH-20, 1:1 CHCl3:MeOH containing 1%
Et:N) to give 5-17 quantitatively. Rr0.54 (10:1 CHCl3:MeOH containing 1% AcOH). [a]p
+4.6 (¢ 1.62, CHCI3); 'H NMR (600 MHz, CDCls): § 12.33 (s, 1H, EtsNH"), 7.48 (m, 2H,
Ar-H), 7.35-7.23 (m, 23H, Ar-H), 5.48 (s, 1H, PhCH), 5.44 (m, 1H, NH), 5.11, 5.08 [ABq,
2H, J=12.3 Hz, PhCH> (Z)], 4.83-4.57 (m, 6H, 3PhCH>), 4.39 (m, 1H, Rbo-5a), 4.23 (m,
1H, Rbo-5b), 4.14-4.08 (m, 3H, Gal-1, 3, 6a), 4.02, 3.95, 3.82 (3m, 4H, Rbo-2, 3, 4, Gal-
4),3.92 (m, 1H, 1/20CH>»), 3.86 (d, 1H, Jea6b= 11.2 Hz, Gal-6b), 3.78-3.73 (m, 3H, Rbo-
lab, Gal-2), 3.67 (m, 1H, 1/20CH>), 3.43 (m, 2H, NCH>), 3.02 (s, 1H, Gal-5), 2.76 [m,
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6H, 3NCH: (Et;N)], 1.06 [t, 9H, J = 7.3 Hz, 3CH; (Et:N)]. *C{!'H} NMR (150 MHz,
CDCl3): 6 156.50 (NHC=0), 138.62, 138.48, 138.48, 138.09, 136.65 [C (q), Ar], 129.05,
128.90, 128.87, 128.79, 128.47, 128.39, 128.31, 128.27, 128.10, 127.99, 127.96, 127.79,
127.75, 127.69, 127.58, 127.47, 126.54, 126.08 (Ar), 102.16 (Gal-1), 101.05 (PhCH),
79.37, 79.12 (Rbo-2,3,4), 78.85 (d, *Jccor = 7.7 Hz, Gal-4), 73.88 (PhCH>), 73.63 (d,
2Jcor = 4.8 Hz, Gal-3), 72.28, 71.90 (2PhCH>), 69.44 (OCH>), 68.91 (Gal-6), 66.62
[PhCH: (Z)], 66.39 (Gal-5), 62.34 (d, 2Jcor = 7.9 Hz, Rbo-5), 62.34 (d, *Jccor = 7.9 Hz,
Gal-2), 61.59 (Rbo-1), 45.23 [CH> (Et)], 41.03 (NCH>), 8.23 [CH3 (Et)]. HR ESI-MS:
m/z calcd for CssH71NsO14P [M+H'], 1056.4735; found, 1056.4634, m/z calcd for
C49H54N4014P [(M-EtzsNH")], 953.3379; found, 953.3357.

Ho OH

oH  OH o
HO. : : o ? o o
\/Y\/ \IF!/ >N ac

| NHAc

O-(2-Acetamidoethyl  2-acetamido-2-deoxy-f-D-galactopyranoside)  3-(D-ribit-5-yl
triethylammonium phosphate) (5-1).

Compound 5-17 (20.8 mg, 19.7 mmol) was diluted with 2-propanol (3 mL), and stirred
in the presence of Pd on carbon and AcOH (1 drop) under a H» atmosphere for 3 d. H,O
(1 mL) was added to the reaction mixture, and the reaction continued for 1 d. Insoluble
materials were removed on Celite. Volatiles were removed under diminished pressure,
and the residue was diluted with H>O (2 mL). EtsN (3 drops) and Ac;O (3 drops) were
added to the solution with stirring for 2.5 h. The reaction mixture was evaporated and
diluted with H>O (1.5 mL). The solution was stirred in the presence of Pd on carbon and
AcOH (1 drop) under a H; atmosphere for 2 d. Insoluble materials were removed on
Celite. Volatiles were removed under diminished pressure, and the residue was subjected
to gel permeation (LH-20, 1% Et3N) to give 5-1 (5.0 mg, 8.0 mmol) in 41% yield over 3
steps. Rr0.46 (1:1:1 EtOAc:MeOH:H>O containing 5% AcOH), [a]p =32 (¢ 0.06, H>0),
"H NMR (600 MHz, D>0) (DSS = 0 ppm): 4 4.38 (d, 1H, Ji 2= 8.5 Hz, Gal-1), 4.04-4.00
(m, 2H, Gal-3, 4), 3.91-3.87 (m, 1H, Gal-2, Rbo-5a), 3.81-3.75 (m, 3H, Rbo-4, 5b,
1/20CH>CH2N), 3.69 (m, 1H, Rbo-2), 3.67-3.61 (m, 3H, Gal-6ab, Rbo-1a), 3.59-3.53 (m,
3H, Gal-5, Rbo-3, 1/20CHz), 3.50 (dd, 1H, Jia15=11.9 Hz, J1v2= 7.0 Hz, Rbo-1b), 3.21
(m, 2H, NCH>), 3.05 [q, 6H, J= 7.3 Hz, 3NCH: (EtsN)], 1.89, 1.83 (2s, 3Hx2, 2NAc),
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1.10 [t, 9H, 3CH; (EN)]. *C{'H} NMR (150 MHz, D,0) (DSS = 0 ppm): & 99.07 (Gal-
1), 72.98 (d, 2Jcor = 5.7 Hz, Gal-3), 72.42 (Rbo-3), 69.78 (Rbo-2), 69.40 (Gal-5), 68.68
(d, *Jecop = 7.4 Hz, Rbo-4), 65.81 (OCH,CH,N), 64.66 (Gal-4), 62.31 (d, 2Jcor = 5.6 Hz,
Rbo-5), 60.03 (Rbo-1), 58.64 (Gal-6), 48.98 (d, 3Jccop = 6.4 Hz, Gal-2), 44.40 [CHa (Et)],
37.05 (NCHy), 20.06, 19.54 (COCHs), 8.17 [CH; (Et)]. HR ESI-MS: m/z caled for
C21H36N,01sP [M-Na'], 587.1858; found, 587.1865.

O-[2-N-(Benzyloxycarbonyl)aminoethyl 2-acetamido-4,6-0-benzylidene-2-deoxy-f-D-
galactopyranoside] 3-(2,3,4-Tri-O-benzyl-D-ribit-5-yl triethylammonium phosphate)
(5-18).

Compound (5-17, 13.6 mg, 12.9 mmol) was diluted with EtOAc (1.5 mL). To this were
added AcOH (0.1 mL, 1.75 mmol) and Zn (83.0 mg, 1.27 mmol) with stirring for 2 d.
Insoluble materials were removed on Celite. Volatiles were removed under diminished
pressure, and the residue was diluted with MeOH (2 mL). EtzN (0.1 mL) and Ac2O (0.1
mL) were added to the solution with stirring for 2 h. The reaction mixture was evaporated
and the residue was subjected to gel permeation (LH-20, 1:1 CHCI3:MeOH containing
1% Et:N) to give 5-18 (13.4 mg, 12.5 mmol) in 97% yield over 2 steps. Ry 0.29 (10:1
CHCl3:MeOH containing 5% AcOH). This compound of which '"H NMR afforded NAc

signal at 1.88 ppm was used for the next reaction without further purification.
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O-(2-Aminoethyl 2-acetamido-2-deoxy-f-D-galactopyranoside) 3-(D-ribit-5-yl
triethylammonium phosphate) (5-19).

Compound 5-18 (12.2 mg, 11.4 mmol) was diluted with 2-propanol (2 mL), and stirred
in the presence of Pd on carbon and AcOH (1 drop) under a H» atmosphere for 2 d. H,O

(1 mL) was added to the reaction mixture, and the reaction continued for 2 d. Insoluble
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materials were removed on Celite. Volatiles were removed under diminished pressure,
and the residue was diluted with H>O (2 mL). The solution was stirred in the presence of
Pd on carbon and AcOH (1 drop) under a H, atmosphere for 3 d. Insoluble materials were
removed on Celite. Volatiles were removed under diminished pressure to give 5-19
quantitatively. Ry0.45 (1:1:1 EtOAc:MeOH:H>O containing 5% Et3N), [a]p +26 (c 0.40,
H>0), 'H NMR (600 MHz, D,0) (tert-BuOH = 1.23 ppm): 6 4.57 (d, 1H, Ji1»= 8.5 Hz,
Gal-1), 4.18 (ddd, 1H, J>3=10.6 Hz, J34= 3.1 Hz, J3p= 8.6 Hz, Gal-3), 4.15 (d, 1H, Gal-
4), 4.09-4.03 (m, 3H, Gal-2, Rbo-5a, 1/20CH>CH2N), 3.96-3.89 (m, 3H, Rbo-4, 5b,
1/20CH>CH2N), 3.83 (m, 1H, Rbo-2), 3.80-3.78 (m, 3H, Gal-6ab, Rbo-1a), 3.74-3.71 (m,
2H, Gal-5, Rbo-3), 3.64 (dd, 1H, Jia,1b= 11.9 Hz, Jivp = 7.1 Hz, Rbo-1b), 3.23 (m, 2H,
NCH>), 3.19 [q, 6H, J= 7.3 Hz, 3NCH: (Et:N)], 2.06 (s, 3H, NAc), 1.91 (s, 3H, OAc),
1.27 [t, 9H, J= 7.3 Hz, 3CH3 (Et:N)]. *C{'H} NMR (150 MHz, D>0) (ter--BuOH = 31.1
ppm): & 176.56 [NHC=0], 102.63(Gal-1), 76.55 (d, 2Jcor = 5.6 Hz, Gal-3), 76.26 (Rbo-
3), 73.57 (Rbo-2), 73.16 (Gal-5), 72.44 (d, *Jccor = 7.6 Hz, Rbo-4), 68.41 (Gal-4), 63.11
(d, 2Jcor = 5.5 Hz, Rbo-5), 67.08 (OCH>), 63.81 (Rbo-1), 62.50 (Gal-6), 52.68 (d, *Jccor
= 5.4 Hz, Gal-2), 48.18 [CH: (Et)], 41.00 (NCH2CH-0), 23.89 (NCOCH3), 9.73 [CH3
(Et)]. HR ESI-MS: m/z caled for CisH3oN2013P [(M-HN'Et3)], 477.1491; found,
477.1492.
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O-[2-N-(4-Nitro)benzamidoethyl 2-acetamido-2-deoxy-fi-D-galactopyranoside] 3-(D-
ribit-5-yl triethylammonium phosphate) (5-2).

Solution of 4-nitrobenzoyl chloride (4.1 mg, 22 mmol) in acetone (0.18 mL) was added
to the solution of 5-19 (7.2 mg, 11 mmol) in H>O (1 mL) and Et3N (5 mL, 36 mmol) with
stirring at r.t. for 40 min. The reaction mixture was directly subjected to a column of gel
permeation (LH-20, 1% Et:N) and BondElut C8 to give 5-2 (2.7 mg, 3.7 mmol) in 34%
yield. Rr0.62 (3:2:1 EtOAc:MeOH:H>O containing 5% Et;N), [a]p -39 (¢ 0.12, H>0), 'H
NMR (600 MHz, D>0), (DOH =4.70 ppm): & 8.30-8.28 (m, 2H, Ar-H), 7.90-7.88 (m, 2H,
Ar-H), 4.49 (d, 1H, Ji = 8.5 Hz, Gal-1), 4.09 (ddd, 1H, J>3=10.7 Hz, J34= 3.1 Hz, J3p
=8.7 Hz, Gal-3), 4.107 (d, 1H, Gal-4), 4.01-3.93 (m, 3H, Gal-2, Rbo-5a, 1/20CH>), 3.86-
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3.81 (m, 2H, Rbo-4, 5b), 3.80-3.74 (m, 2H, Rbo-2, 1/20CH,), 3.71 (dd, 1H, Jia1o=11.8
Hz, Jia2= 3.1 Hz, Rbo-1a), 3.68 (m, 2H, Gal-6ab), 3.64-3.62 (m, 2H, Gal-5, Rbo-3), 3.56
(dd, 1H, Jiv2 = 7.2 Hz, Rbo-1b), 3.54 (m, 2H, NCH,), 3.11 [q, 6H, J= 7.3 Hz, 3NCH,
(EtsN)], 1.68 (s, 3H, NAc), 1.19 [t, 9H, 3CH; (EtN)]. °C {'HINMR (150 MHz, D,0)
(DSS = 0 ppm): & 77.23, 171.69 (C=0), 152.30, 142.32 [C (q), Ar], 131.16, 126.70 (Ar),
104.02 (Gal-1), 77.93 (d, 2Jcop = 5.4 Hz, Gal-3), 77.43 (Rbo-3), 74.80 (Rbo-2), 74.41
(Gal-5), 73.69 (d, *Jccor = 7.6 Hz, Rbo-4), 70.59 (OCH,), 69.68 (Gal-4), 69.33 (d, %Jcor
= 5.7 Hz, Rbo-5), 65.06 (Rbo-1), 63.64 (Gal-6), 53.99 (d, *Jecor = 6.4 Hz, Gal-2), 49.42
[CH, (Et)], 42.65 (NCH,CH,0), 21.78 (NCOCHs), 10.97 [CH3 (Et)]. HR ESI-MS: m/z
caled for CooHisN3016P [(M-Et:NH')], 626.1603; found, 626.1611.
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O-{2-N-(4-Oxa-hept-5-ynamidoethyl 2-acetamido-2-deoxy-f-D-galactopyranoside)} 3-
(D-ribit-5-yl sodium phosphate) (5-3).

Propargyl-dPEG®;-NHS ester from Quanta Biodesign Ltd. (Plain City, OH) (6.0 mg, 27
mmol) in CH3CN (0.2 mL) was added to the solution of 5-19 (7.3 mg, 11 mmol) in 0.1
M NazPO4 and 0.15 M NaCl (0.5 mL, pH 7.7) with stirring at r.t. for 1 h. The reaction
mixture was directly subjected to a column of gel permeation (LH-20, 1% Et:N) and
BondElut C8 to give 5-3 (7.0 mg, 11 mmol) in quantitative yield. Ry 0.60 (3:2:1
EtOAc:MeOH:H>O containing 5% Et3N). [a]p —4.1 (c 0.38, H>0O), 'H NMR (600 MHz,
D,0), (tert-BuOH = 1.23 ppm): 6 4.53 (d, 1H, J12,=8.5 Hz, Gal-1), 4.20 (m, 2H, CH.C=),
4.17 (ddd, 1H, J>3=10.4 Hz, J54= 3.1 Hz, J5p= 8.5 Hz, Gal-3), 4.14 (d, 1H, Gal-4), 4.03
(dd, 1H, Gal-2), 4.03 (m, 1H, Rbo-5a), 3.92 (m, 3H, Rbo-4, 5b, 1/20CH>CHN), 3.83 (m,
3H, Rbo-2, OCH,CH2C=0), 3.78 (m, 3H, Rbo-1a, Gal-6ab), 3.72 (m, 4H, Rbo-3, Gal-5,
1/20CH>CH2N), 3.64 (dd, 1H, Jiaw = 11.9 Hz, Ji,2 = 7.1 Hz, Rbo-1b), 3.38 (m, 2H,
NCH>), 2.88 (t, 1H, J = 2.31 Hz, C=CH), 2.54 (m, 2H, CH.C=0), 2.05 (s, 3H, NAc).
BC{'H} NMR (150 MHz, D>0) (tert-BuOH = 31.1 ppm): & 176.23, 175.36 [2NHC=0],
102.88 (Gal-1), 76.74 (d, 2Jcop = 6.6 Hz, Gal-3), 76.24 (Rbo-3), 73.57 (Rbo-2), 73.17
(Gal-5), 72.45 (d, *Jccor = 7.1 Hz, Rbo-4), 71.26 (C=CH), 69.66 (OCH,CH>N), 68.46
(Gal-4), 68.10 (d, 2Jcor = 5.1 Hz, Rbo-5), 67.39 (OCH.CH,C=0), 63.81 (Rbo-1), 62.45
(Gal-6), 59.33 (C=CH), 52.79 (d, 3Jccor = 6.8 Hz, Gal-2), 40.88 (NCH), 37.39
(CH2C=0), 23.92 (NCOCH3). HR ESI-MS: m/z caled for C21H3sN2015P [(M-Na)],
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587.1858; found, 587.1865.
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0-{2-N-(4,7,10,13,16-Pentaoxa-nonadec-18-ynamidoethyl 2-acetamido-2-deoxy-f-D-
galactopyranoside)} 3-(D-ribit-5-yl triethylammonium phosphate) (5-4).

Propargyl-PEG4-NHS ester from BroadPharm (San Diego, CA) (15.5 mg, 38.6 mmol)
in CH3CN (0.2 mL) was added to the solution of 5-19 (10.2 mg, 15.9 mmol) in 0.1% EtsN
(0.5 mL) with stirring at r.t. Additional 0.1% EtN (0.1 mLx2) were added after 2 and 18
h, respectively. The reaction mixture was evaporated, and the residue was subjected to a
column of gel permeation (LH-20, 1% EtN) to give 5-4 (13.0 mg, 15.0 mmol) in 94%
yield. Ry 0.60 (3:2:1 EtOAc:MeOH:H>O containing 5% Et:N). [a]p —5.9 (¢ 0.95, H>0),
"H NMR (600 MHz, D,0) (tert-BuOH = 1.23 ppm): 8 4.53 (d, 1H, Ji>= 8.5 Hz, Gal-1),
4.23 (m, 2H, CH.C=), 4.17 (ddd, 1H, J>3=10.4 Hz, J34= 3.1 Hz, J3p= 8.6 Hz, Gal-3),
4.14 (d, 1H, Gal-4), 4.03 (dd, 1H, Gal-2), 4.03 (m, 1H, Rbo-5a), 3.92 (m, 3H, Rbo-4, 5b,
1/20CH,CH2N), 3.83 (m, 1H, Rbo-2), 3.78 (m, 2H, OCH>CH,C=0), 3.75 (m, 1H,
1/20CH2CH2N), 3.73-3.67 (m, 21H, Rbo-1a, 3, Gal-5, 6ab, 8OCH>), 3.64 (dd, 1H, Jia,1v
=11.8 Hz, Jib2= 7.1 Hz, Rbo-1b), 3.38 (m, 2H, NCH>), 2.88 (t, 1H, J = 2.43 Hz, C=CH),
3.19 [q, 6H, J= 7.3 Hz, 3NCH: (EtzN)], 2.53 (m, 2H, CH>C=0), 2.04 (s, 3H, NAc), 1.27
[t, 9H, J = 7.3 Hz, 3CH;3 (EtzN)]. *C{!'H} NMR (150 MHz, D,0), (ter--BuOH = 31.1
ppm): & 176.16, 175.53 [2NHC=0], 102.88 (Gal-1), 76.74 (d, 2Jcor = 5.5 Hz, Gal-3),
76.24 (Rbo-3), 73.57 (Rbo-2), 73.17 (Gal-5), 72.44 (d, *Jccor = 7.6 Hz, Rbo-4), 71.24,
71.09, 71.06, 71.04, 71.00, 70.93 (OCHz), 70.16 (C=CH), 69.62 (OCH>CH:2N), 68.45
(Gal-4), 68.22 (OCH2CH2C=0), 68.09 (d, *Jcor = 5.5 Hz, Rbo-5), 63.81 (Rbo-1), 62.45
(Gal-6), 59.39 (C=CH), 52.77 (d, *Jccor= 6.2 Hz, Gal-2), 48.18 [CH: (Et)], 40.84 (NCH>),
37.47 (CH2C=0), 23.91 (NCOCH3). 9.73 [CH3 (Et)]. HR ESI-MS: m/z calcd for
C29H352N2019P [M-EtzNH], 763.2907; found, 763.2969.
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O-{2-N-(Benzyloxycarbonyl)aminoethyl 2-azido-4,6-0-benzylidene-2-deoxy-f-D-
galactopyranoside)} 3-{1-(1-O-tert-butyldiphenylsilyl-2,3,4-tri-O-benzyl-D-ribit-5-yl
triethylammonium  phosphoryl)-2,3,4-tri-O-benzyl-D-ribit-5-yl  triethylammonium
phosphate} (5-20).

A mixture of 5-14 (32.0 mg, 38.7 mmol) and 5-17 (34.6 mg, 32.8 mmol) was co-
evaporated three times with pyridine and dried overnight in vacuo, then diluted with
pyridine (1 mL). PivCl (2.4 mL) was added to the solution with stirring at r.t., and
additional PivCl (2.4 mL) were added after 1 h. The reaction was diluted with CHCl; after
3.5 h and quenched with 1 M EtsNH>CO3;. The mixture was extracted with CHCls. The
organic phase was washed with 1 M Et;NH2COs. The residue was subjected to a column
of gel permeation (LH-20, 1:1 CHCI;:MeOH containing 1% Et:N) to give crude
phosphoryl compound (51.5 mg). Ry 0.67 (10:1 CHCIl3:MeOH containing 1% Et:N). 'H
NMR showed some diastereomeric two separate peaks. 'H NMR (600 MHz, CDCl3)
(selected): & 12.38 (br, I1H, NHEt3), 7.64-7.60 (m, 4H, Ar-H), 7.47 (m, 2H, Ar-H), 7.41-
7.14 (m, 44H, Ar-H), 5.46, 5.45 (diastereomeric 2s, 1H, PhCH), 5.42 (m, 1H, NH), 5.10,
5.07 [ABq, 2H, J = 8.4 Hz, PhCH: (Z)], 4.79-4.56 (m, 12H, 6PhCH), 3.65 (m, 1H,
1/20CH>), 3.42 (m, 2H, NCH>), 3.02, 3.00 (diastereomeric 2s, 1H, Gal-5),2.72 [m, 6H,
3NCH: (EtsN)], 1.02 [m, 18H, 3CH;3 (EtsN), tert-Bu]. HR ESI-MS: m/z caled for
Co1H101N4O20P2Si [(M-EtzNH) ], 1659.6259, 1660.6292; found, 1659.6190, 1660.6222.
This compound was used for the next reaction without further purification.

The crude phosphoryl compound (51.5 mg) was diluted with pyridine (1 mL). A solution
of I (25.2 mg, 99.3 mmol) in pyridine (1 mL) and H>O (50 mL) was added to the solution
with stirring at r.t. for 1 h 40 min. The reaction was diluted with CHCl3 and quenched
with 1 M NaxS>03. The mixture was extracted with CHCls. The organic phase was washed
with 1 M EtzNH2COs. The residue was subjected to a column of gel permeation (LH-20,
1:1 CHCl3:MeOH containing 1% Et3N) to give 5-20 (35.4 mg, 18.8 mmol) in 57% yield
over 2 steps. R¢0.48 (10:1 CHCl3:MeOH containing 1% Et:N). [a]p +0.78 (¢ 0.77, CHCl3).
Acceptor (5-17) was recovered (14.8 mg) in 43% yield. '"H NMR (600 MHz, CDCls)
(selected): 6 7.64-7.08 (m, 50H, Ar-H), 5.44 (br, 2H, PhCH, NH), 5.11, [br, 2H, PhCH>
(2)], 2.75 [brd, 12H, 6NCH> (Et3N)], 1.03 [brs, 18H, 6CH3 (EtzN)], 1.01 (s, 9H, tert-Bu).
HR ESI-MS: m/z calcd for CoiHi00N4O21P2Si [(M-2Et:NH)?], 837.3068, 837.8084; found,
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837.3052, 837.8063.
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O-(2-Acetamidoethyl 2-acetamido-2-deoxy-fi-D-galactopyranoside) 3-{I1-(D-ribit-5-yl
trimethylammonium phosphoryl)-D-ribit-5-yl triethylammonium phosphate} (5-5).

Compound 5-20 (31.8 mg, 16.9 mmol) was diluted with THF (1.5 mL). To this was
added a solution of 1 M n-BusNF in THF (100 uL) was added with stirring for 5 d. The
solution was subjected to a column of gel permeation (LH-20, 1:1 CHCl;:MeOH
containing 1% Et:N) to give desilylted compound (24.6 mg, 14.9 mmol) in 89% yield. Ry
0.35and 0.41 (10:1 CHCI3:MeOH containing 1% AcOH). '"H NMR measurement showed
the disappearance of TBDPS group. This compound was used for the next reaction
without further purification. HR ESI-MS: m/z calcd for C75sHgoN4O21P> [(M-2EtsNH)?],
718.2479; found, 718.2492.

Desilylted compound (24.2 mg, 14.7 mmol) was diluted with 2-propanol (3 mL) and
H>0 (0.3 mL) with stirring in the presence of Pd on carbon and AcOH (1 drop) under a
H> atmosphere for 2 d. H,O (1 mL) was added to the reaction mixture, and the reaction
continued for 4 d. Insoluble materials were removed on Celite. Volatiles were removed
under diminished pressure, and the residue was diluted with H,O (2 mL). Et3N (5 drops)
and Ac>O (5 drops) were added to the solution with stirring for 2.5 h. The reaction mixture
was evaporated, and the residue was subjected to gel permeation (LH-20, 1% EtN).
Fractions collected were diluted with H,O (1.5 mL). The solution was stirred in the
presence of Pd on carbon and AcOH (1 drop) under a H, atmosphere for 7 d. Insoluble
materials were removed on Celite. Volatiles were removed under diminished pressure,
and the residue was subjected to gel permeation (LH-20, 1% Et3N) to give 5-5 (11.6 mg,
12.4 mmol) in 84% yield over 3 steps. Rr0.36 (3:2:1 EtOAc:MeOH:H>O containing 5%
Et:N), [a]p —23 (¢ 0.36, H>0), "H NMR (600 MHz, D,0). (DSS =0 ppm): 6 4.53 (d, 1H,
Ji2= 8.4 Hz, Gal-1), 4.17 (ddd, 1H, J>3=10.7 Hz, J34= 3.0 Hz, J5p = 8.4 Hz, Gal-3),
4.15 (d, 1H, Gal-4), 4.10-4.02 (m, 4H, Gal-2, Rbo!-1a, 5a, Rbo?-5a), 3.98-3.90 (m, 5H,
Rbo!-1b, 4, 5b, Rbo*-4, 5b), 3.85 (m, 1H, Rbo?-2), 3.82-3.77 (m, 4H, Gal-6ab, Rbo*-1a,
1/20CHz), 3.76-3.68 (m, 4H, Gal-5, Rbo'-3, Rbo?-3, 1/20CH>), 3.65 (dd, 1H, Jiaib =
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12.0 Hz, Jia2 = 7.0 Hz, Rbo?1b), 3.36 (br, 2H, NCH,), 3.19 [br, 12H, 3NCH, (Et:N)],
2.05,1.99 (2s, 3Hx2, 2NAc), 1.27 [t, 18H, 6CH; (Et:N)]. 3C{'H} NMR (150 MHz, D;0),
(DSS = 0 ppm): § 177.42, 176.88 (C=0), 104.13 (Gal-1), 77.91 (d, 2Jcor = 5.7 Hz, Gal-
3), 77.47 (Rbo-3), 74.79 (Rbo>-2), 74.44, 73.92 (Gal-5, Rbo'-2, 3), 73.70, 73,64, 73.59
(Rbo'-4, Rbo-4), 70.85 (OCH,), 69.68 (Gal-4), 69.27, 69.24, 69.19, 69.15 (m, Rbo'-1, 5,
Rbo2-5), 65.06 (Rbo-1), 63.69 (Gal-6), 54.00 (d, Jecor = 6.3 Hz, Gal-2), 49.43 [CH,
(Et)], 42.09 (NCH,CH,0), 25.99, 25.11 (NCOCH3), 10.95 [CH; (Et)]. HR ESI-MS: m/z
caled for CooHaaN2O21 P2 [(M-2EtNH)>], 366.0883; found, 366.0866.
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2,3-Di-0-benzyl-1-O-tert-butyldiphenylsilyl-4-0-(2,3,4-tri-O-levulinoyl-fi-D-
xylopyranosyl)-D-ribitol 5-(triethylammonium phosphonate) (5-21).

To a solution of 4-18 (125.2 mg, 125.5 mmol) in CH3CN (1.6 mL) and pyridine (1.6
mL) was added 2-chloro-1,3,2-benzodioxaphosphorin-4-one (105.6 mg, 521.4 mmol) at
r.t. for 2.5 h. The reaction was diluted with CHCl3 and quenched with 1 M EtsNH>COs.
The mixture was extracted with CHCls. The organic phase was washed with 1 M
EtsNH>CO:s. and treated in the usual manner. The residue was subjected to a column of
Silica Gel 60N (spherical neutral) (1:1 n-hexane:EtOAc—20:1 EtOAc:MeOH-20:1-8:1
CHCl3:MeOH containing 1% EgN) to give 5-21 (87.7 mg, 75.4 mmol) in 60% yield. 'H
NMR (600 MHz, CDCI3) (selected): & 12.33 (br, 1H, NH'Et3), 7.70-7.63 (m, 6H, Ar-H),
7.41-7.16 (m, 14H, Ar-H), 5.19 (brt, 1H, J= 9.5 Hz, Xyl-3), 4.99 (dd, 1H, Ji»,= 7.7 Hz,
J23=9.7 Hz, Xyl-2), 4.95 (brdt, 1H, J= 5.6 Hz, J= 9.6 Hz, Xyl-4), 4.77 (d, 1H, Xyl-1),
4.72,4.53 (ABq, 2H, J= 11.2 Hz, PhCH>»), 4.67, 4.52 (ABq, 2H, J= 11.7 Hz, PhCH.>),
4.29 (m, 1H, Rbo-5a), 4.01 (m, 1H, Rbo-5b), 3.96 (m, 1H, Xyl-5a), 3.26(dd, 1H, Ja 50 =
10.0 Hz, Jsa50 = 11.6 Hz, Xyl-5b), 2.96 [m, 6H, 3NCHa> (Et:N)], 2.75 (m, 6H, Lev), 2.58
(m, 6H, Lev), 2.17, 2.14, 2.09 (3s, 9H,3COCH3), 1.23 [t, 9H, J= 7.3 Hz, 3CH3 (Et:N)],
1.03 (s, 9H, tert-Bu). HR ESI-MS: m/z calcd for CssHesO17PSi [(M-EtsNH)? ], 1059.3969;
found, 1059.3988. This compound was used without further purification.
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O-{2-N-(Benzyloxycarbonyl)aminoethyl 2-azido-4,6-0-benzylidene-2-deoxy-f-D-
galactopyranoside} 3-[1-{1-O-tert-Butyldiphenylsilyl-2,3-di-O-benzyl-4-O-(2,3,4-tri-O-
levulinoyl-f-D-xylopyranosyl)-D-ribit-5-yl triethylammonium phosphanyl}-2,3,4-tri-O-
benzyl-D-ribit-5-yl triethylammonium phosphate] (5-22)

A mixture of 5-21 (79.8 mg, 68.7 mmol) and 5-17 (84.0 mg, 79.5 mmol) was twice co-
evaporated with pyridine and dried in vacuo, then diluted with pyridine (2 mL). PivCl
(4.4 mL) was added to the solution with stirring at r.t., and additional PivCl (4.4 mLx2)
were added after 40 and 90 min, respectively. The reaction was diluted with CHCl; after
I h and quenched with 1 M EtsNH>COs. The mixture was extracted with CHCls. The
organic phase was treated in the usual manner. The residue was subjected to a column of
gel permeation (LH-20, 1:1 CHCl;:MeOH containing 1% EgN) to give phosphoryl
compound (22.0 mg) and the recovery of 5-21 and 5-17 (134.8 mg) which was coupled
again in a same manner to give phosphoryl compound (17.0 mg) The total yield of
phosphoryl compound was 27%. R;0.59 (10:1 CHCI3:MeOH containing 5% AcOH). 'H
NMR showed some diastereomeric two separate peaks. 'H NMR (600 MHz, CDCl3): &
12.29 (br, 1H, NH'Et3), 7.63 (m, 4H, Ar-H), 7.47-7.36 (m, 4H, Ar-H), 7.34-7.15 (m, 37H,
Ar-H), 5.46 (2s, 1H, PhCH), 5.44 (m, 1H, NH), 5.18 (2t, 1H, J>3=J34= 9.5 Hz, Xyl-3),
5.11, 5.07 [ABq, 2H, J= 12.4 Hz, PhCH> (Z)], 4.97 (dd, 1H, J12= 7.6 Hz, Xyl-2), 4.93
(dt, 1H, J34=Jasa= 9.5 Hz, Jas.= 5.6 Hz, Xyl-4), 4.80-4.48 (m, 10H, SPhCH>), 4.61-
4.05 (m, 11H, Xyl-1, Gal-1, 3, 6a, Rbo'-1ab, 5ab, Rbo?>-4, 5ab), 4.00-3.88 (m, 7H, Xyl-
5e, Gal-4, Rbo!-2, 3, 4, Rbo?-3, 1/20CH>), 3.85 (m, 2H, Gal-6b, Rbo?-1a), 3.75 (m, 2H,
Gal-2, Rbo*-1b), 3.66 (m, 1H, 1/20CH>), 3.52 (m, 1H, Rbo?-2), 3.43 (m, 2H, NCH>),
3.16 (t, 1H, Jsase = Jasa = 11.8 Hz, Xyl-5a), 3.07, 3.03 (2s, 1H, Gal-5), 2.76 [m, 6H,
3NCH: (EsN)], 2.17, 2.17, 2.14, 2.14 (4s, 6H, 2COCH3), 1.05 [t, 9H, J= 7.4 Hz, 3CH3
(EtsN)], 1.04, 1.03 (2s, 9H, tert-Bu). HR ESI-MS: m/z calcd for Ci04H121N4O30P2Si [(M-
EtsNH)], 1995.7316; found, 1995.7297. This compound was used without further
purification.

Phosphoryl compound (36.4 mg, 17.2 mmol) was diluted with pyridine (0.6 mL). A
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solution of I» (13.0 mg, 51.2 mmol) in pyridine (0.7 mL) and H>O (0.03 mL) was added
to the solution with stirring at r.t. The same I, solution was added (0.3 mL) after 2.5 h.
The reaction was diluted with CHCI3 after 1 h and quenched with 1 M Na»S>03. The
mixture was extracted with CHCls. The organic phase was washed with 1 M Na,S,03 and
1 M EtsNH2COs. The residue was subjected to a column of gel permeation (LH-20, 1:1
CHCI3:MeOH containing 1% EgN) to give 5-22 (36.6 mg, 16.4 mmol) in 95% yield. Ry
0.29 (10:1 CHCI3:MeOH containing 5% AcOH). This compound was used without
further purification. "H NMR (600 MHz, CDCI3): & 12.26 (br, 1H, NH'Et3), 7.63-7.62 (m,
4H, Ar-H), 7.46-7.45 (m, 2H, Ar-H), 7.39-7.15 (m, 39H, Ar-H), 5.44 (brs, 2H, PhCH,
NH), 5.18 (t, 1H, J23=J34= 9.5 Hz, Xyl-3), 5.10, 5.07 [ABq, 2H, J= 12.4 Hz, PhCH»
(2)],4.99 (dd, 1H, J12,= 7.7 Hz, Xyl-2), 4.95 (dt, 1H, J34= Jas5.= 9.5 Hz, Ja5.= 4.8 Hz,
Xyl-4),4.81 (d, 1H, Xyl-1), 4.72-4.49 (m, 10H, 5PhCH>), 4.32 (m, 3H, Rbo!-5a, Rbo*-4,
5a), 4.19 (m, 1H, Rbo!-1a), 4.15 (m, 1H, Rbo!-5b), 4.13 (m, 1H, Gal-1), 4.10 (m, 1H,
Gal-6a), 4.09 (m, 1H, Gal-3), 5.05 (m, 2H, Rbo'-1b, Rbo?-5b), 3.95 (m, 5H, Gal-4, Rbo'-
2, 3, 4, Rbo?-3), 3.91 (m, 1H, Xyl-5¢), 3.90 (m, 2H, 1/20CH>), 3.80 (m, 2H, Gal-6b,
Rbo?-1a), 3.75 (m, 1H, Rbo?-1b), 3.71 (m, 1H, Gal-2), 3.65 (m, 1H, 1/20CH>), 3.59 (m,
1H, Rbo?-2), 3.42 (m, 2H, NCH>), 3.21 (dd, 1H, Jsa 55 = 11.5 Hz, Xyl-5a), 3.06 (br, 1H,
Gal-5), 2.76 [m, 18H, 6CH2 (Lev), 3NCH: (Et:N)], 2.56 (m, 6H, 3Lev), 2.17, 2.13, 2.01
(3s, 9H,3COCH3), 1.05 [t, 18H, J= 7.3 Hz, 6CH3 (Et:N)], 1.02 (s, 9H, tert-Bu). 3C{'H}
NMR (150 MHz, D;0), (tert-BuOH = 31.1 ppm): & 207.07, 206.55, 206.46 (CH3C=0),
171.83, 171.71, 171.68 [OC=0 (Lev)], 139.00, 138.87, 138.75, 138.13, 136.68 [C (q)],
135.74,135.62, 133.62, 133.33, 129.51, 129.04, 128.94, 128.85, 128.64, 128.46, 128.41,
128.318, 128.13, 128.09, 128.04, 127.97, 127.85, 127.75, 127.60, 127.56, 127.49, 127.31,
127.21, 127.11, 126.52 (Ar), 102.21 (Gal-1), 101.31 (Xyl-1), 100.91 (PhCH), 79.42
(Rbo?-4), 79.23 (m, Gal-4), 79.06 (Rbo'-2,3,4, Rbo?-2,3), 73.84, 73.75, 73.75 (3PhCH2>),
73.57 (m, Gal-3), 72.35, 72.02 (2PhCH>), 71.81 (Xyl-3), 71.22 (Xyl-2), 69.41 (OCH>),
69.25 (Xyl-4), 68.86 (Gal-6), 66.58 [PhCH: (Z)], 66.36 (Gal-5), 65.6, 64.7, 64.6 (Rbo!-1,
5, Rbo?-5), 63.06 (Rbo?-1), 62.36 (Xyl-5), 62.29 (d, *Jccor = 7.3 Hz, Gal-2), 45.20 [CH>
(Et)], 41.03 (NCH>»), 37.83, 37.78 [CH2 (Lev)], 29.76, 29.68, 29.65 [3COCHs; (Lev)],
27.94,27.87,27.82 [CH2 (Lev)], 26.82 [CHs (t-Bu)], 19.19 [C (q)(t-Bu)], 8.28 [CH; (Et)].
HR ESI-MS: m/z caled for Cio4Hi20N4O31P2Si [(M-2Et:NH)*], 1005.8613; found,
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1005.8630.
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O-{2-N-(2-Acetamidoethyl 2-acetamido-2-deoxy-f-D-galactopyranoside)3}-{1-(4-O-f}-
D-xylopyranosyl-D-ribit-5-yl triethylammonium phosphanyl)-D-ribit-5-yl
triethylammonium phosphate} (5-6)

Compound 5-22 (36.6 mg, 16.4 mmol) was diluted with THF (1.5 mL). To this was
added a solution of 1 M n-BuwNF in THF (100 pL) was added with stirring for 3 d.
Additional 1 M n-BusNF in THF (100 pL) was added. The reaction continued for more 7
d, then the solution was subjected to a column of gel permeation (LH-20, 1:1
CHCIl3:MeOH containing 5% Et3N) to give desilylted compound (24.2 mg, 14.4 mmol)
in 88% yield of which 'H NMR showed no TBDPS and Lev. Rf0.14 (8:1 CHCl3:MeOH
containing 1% Et;:N). This compound was used without further purification. HR ESI-MS:
m/z calcd for C73HsaN2025P2 [(M-2Et3NH)? ], 739.2455; found, 739.2473.

Desilylted compound (21.4 mg, 12.7 mmol) was diluted with 2-propanol (2 mL) and
H>0 (0.5 mL) with stirring in the presence of Pd on carbon under a H> atmosphere for 1
d. H>O (1.5 mL) was added to the reaction mixture, and the reaction continued for 1 d.
Insoluble materials were removed on Celite. Volatiles were removed under diminished
pressure, and the residue was diluted with H,O (2 mL). Ac2O (5 drops) was added to the
solution with stirring for 3 h. The reaction mixture was evaporated, and the residue was
subjected to gel permeation (LH-20, 1% Et3N). Fractions collected were diluted with H.O
(2.5 mL). The solution was stirred in the presence of Pd on carbon under a H, atmosphere
for 5 d. Insoluble materials were removed on Celite. Volatiles were removed under
diminished pressure, and the residue was subjected to BondElut®C8 (H,0) to give non-
acetylated compounds (6.5 mg) which was dilute with H,O (1.5 mL) and exposed to
acetylation condition (3 drops of Ac2O and Et;N) with stirring for 1 d. Volatiles were
removed under diminished pressure. Purification by gel permeation (LH-20, 1% Et:N)
afforded 5-6 (6.9 mg, 6.5 mmol) in 51% yield over 4 steps. Ry 0.37 (3:2:1
EtOAc:MeOH:H>O containing 5% Et;N), [a]p +3.9 (¢ 0.69, H>0), 'H NMR (600 MHz,
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D;0), (tert-BuOH = 1.23 ppm): 8 4.61 (d, 1H, Ji1,= 8.0 Hz, Xyl-1),4.52 (d, 1H, J1,=8.5
Hz, Gal-1), 4.17 (ddd, 1H, J>3=10.9 Hz, J34= 3.0 Hz, J; p= 5.7 Hz, Gal-3), 4.15 (s, 1H,
Gal-4), 4.14 (m, 2H, Rbo?-4, 5a), 4.08-4.02 (m, 4H, Gal-2, Rbo!-1a, 5a, Rbo?-5b), 3.99-
3.89 (m, 6H, Xyl-5¢, Rbo!-1b, 2, 4, 5b, 1/20CH>), 3.86 (dd, 1H, J = 7.1, 4.7 Hz, Rbo*-
3), 3.82-3.75 (m, 5H, Gal-6ab, Rbo!-3, Rbo?-1a, 2), 3.73-3.69 (m, 2H, Gal-5, 1/20CH>),
3.63-3.58 (m, 2H, Xyl-4, Rbo?-1b), 3.45 (t, 1H, J>3=J34= 9.2 Hz, Xyl-3), 3.35 (m, 2H,
NCH>), 3.31 (brt, 1H, J = 11.1 Hz, Xyl-5¢), 3.29 (dd, 1H, Xyl-2), 3.18 [q, 12H, J=17.3
Hz, 6NCH; (Et:N)], 2.04, 1.98 (2s, 3Hx2, 2NAc), 1.26 [t, 18H, 6CH3 (EtzN)]. *C{'H}
NMR (150 MHz, D,0) (DSS = 0 ppm): 6 177.41, 176.87 (C=0), 105.63 (Xyl-1), 104.13
(Gal-1), 81.65 (d, *Jccor = 7.1 Hz, Rbo?-4), 78.32 (Xyl-3), 77.90 (d, 2Jcor = 6.0 Hz, Gal-
3), 77.47 (Gal-5), 75.92 (Xyl-2), 74.34, 74.31 (Rbo!-2, Rbo?-3), 73.93 (Rbo!-3), 73.62
(Rbo'-4), 72.04 (Xyl-4), 70.84 (OCH>), 69.68 (Gal-4), 69.26, 69.22 (Rbo'-1, 5), 67.84
(Xyl-5), 67.15 (Rbo*-1), 63.69 (Gal-6), 54.00 (d, *Jccor = 6.5 Hz, Gal-2), 49.43 [CH,
(Et)], 42.09 (NCH>CH:0), 25.11, 24.58 (2NCOCH3), 10.94 [CH3 (Et)]. HR ESI-MS: m/z
calcd for C27HsoN2025P2 [(M-2EtsNH)? ], 432.1094; found, 432.1101.

153



FEA L

1. B H :Regio- and stereo-controlled synthesis of B-Xyl(1-4)Rbo-5P1-Rbo, the partial

structure of O-mannosyl glycan
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